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Tezka KCP

— definovana hloubkou bezvédomi GCS 3-8

— 1/3 vSech nahlych umrti ve véku do 45 let
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— nejvice trvalych nasledku ze vSech traumat
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Patofyziologie - primarni poraneni
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fraktury lebecnich kosti

extracerebralni hematom
epiduralni
subduralni

iIntracerebralni hematom

SAK

kontuze mozku |

difuzni axonalni poranéni




Sekundarni poraneéni-faktory systéemove

- hypoxemie — v ramci hypoventilace, poraneni hrudniku,
aspirace, anemie

- hypotenze — hypovolemie, srdeCni selhani, sepse,

poraneni michy

- hyper- nebo hypokapnie

- hypertermie

- hyper- nebo hypoglykemie
- hyponatremie




Sekundarni poraneni - faktory nitrolebni

-zvyseneé ICP a/nebo presuny mozkoveé tkaneé — vicecetneé leze,
vazodilatace, porusena venozni drenaz, hydrocefalus

-edém mozku
- vazospasmus, rozvoj ischemie - subarachnoidalni krvaceni

- kfeCe — poraneni mozkove kury
- infekce — zlomeniny baze lebni
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Principy lecby KCP

— urgentni operace (evakuace hematomu,
dekompresivni kraniektomie, komorova
drenaz)

— multimodalni monitorace (ICP, CPP, tkanova
oxymetrie, mikrodialyza, Svj0O,...)

—|écCba podle zasad udrzeni CPP nad 60 mmHg

— CT monitoring, reakce na vyvoj klinického
stavu a CT nalezu
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MMM - ICP monitoring

In the latest edition of the Brain Trauma Foundation (BTF)
Guidelines 2016

“Management of severe TBI patients using information from ICP
monitoring is recommended to reduce in- hospital and 2-week post-
injury mortality”

(Level 1IB evidence). As for ICP thresholds, the same guidelines
indicate 22 mmHg.
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THE LANCET
Neurology

Synapse ICU

Observational Study > Lancet Neurol. 2021 Jul;,20(7):548-558.
doi: 10.1016/51474-4422(21)00138-1.

Intracranial pressure monitoring in patients with
acute brain injury in the intensive care unit
(SYNAPSE-ICU): an international, prospective
observational cohort study

Chiara Robba 1, Francesca Graziano 2, Paola Rebora 2, Francesca Elli 3, Carlo Giussani 4,

Mauro Oddo 2, Geert Meyfroidt & Raimund Helbok 7, Fabio S Taccone ¢, Lara Prisco 7,

Jean-Louis Vincent &, Jose | Suarez 19, Nino Stocchetti 11, Giuseppe Citerio 12;

SYMNAPSE-ICU Investigators
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Synapse ICU

146 ICUs in 42 countries
hCMP, SAK, TBI

* 4776 patients were assessed for eligibility
« 2395 patients were included in the study
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Synapse ICU — CR 128 pac.

Czech Republic

« St Anne's University Hospital (10, Fencl Marek)

* University Hospital Brno (47, Gal Roman, Hrdy Ondrej, Vrbica Kamil)

« Masaryk Hospital in Usti Nad Labem (33, Skola Josef, Provaznikova Eva)
« University Hospital Plzen (38, Kletecka Jakub, Lavicka Pavel)

« Regional Hospital Czech Republic (Liberec) (12, Spatenkova Vera)
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Synapse ICU - vysledky

6 month mortality was lower in patients who had ICP monitoring (441/1318
34%]) than in those who were not monitored (517/1049 [49%]; p<0-0001).

ICP monitoring was associated with significantly lower 6 month mortality in
patients with at least one unreactive pupil (hazard ratio [HR] 0-35, 95% CI 0-26—
0-47; p<0-0001), and better neurological outcome at 6 months (odds ratio 0-38,
95% CI 0-26—-0-56; p=0-0025)

= =
m e
O =



Brain
Trauma

Current Se p 30, 2016

Indikace k ICP monitoringu

..U vSech zachranitelnych pacientll se zavaznym TBI

(GCS 3-8 po resuscitaci) a abnormalnim CT nalezem.

1. GCS <8 + abnormalni CT nalez (hematom, kontuze
mozku, edém mozku, komprese basalnich cisteren)

2. GCS <8 + normalni CT + aspon 2 z
* vék > 40 let
« porucha hybnosti
* TKsyst < 90 mmHg

3. Neni doporuceni pro rutinni monitoring u pacientu
s GCS>38
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MMM - oxygenace mozku
— neinvazivni metody nejsou doporuceny

— BOOST Ill, BONANZA GT 2025
—kombinace ICP a PbtO, Meyfroid,ICM 2022

— SvjO, — globalni stav
— PbtO, — lokalni stav mozkové tkane




Normalni hodnoty PO,

—20- 45 mmHg

—ischemicky prah 5-10 mmHg (Valadka)

— obecne — nizka hodnota koresponduje s hypoxii

— cilem je hodnota PbtO, nad 20 mmHg

| kratky interval snizeni PbtO, muze byt pricinou sekundarniho
poraneni mozku, pripadne ischemie i bez zvyseni ICP
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Zpusob zavedeni Cidla

— soucasna aplikaci ICP cidla do jednoho trepanacniho otvoru
- meri lokalni teplotu mozku

- optimalné oblast penumbry

- jedna nebo obé hemisfery
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KARIM — monitotace PbtO, + teplota mozku




PbtO,

— Lécebny protokol fidici se merenymi hodnotami tkanoveé oxymetrie v mozku zlepsil v
nékterych studiich vysledky IéCby u KCP. Ve studii Stiefela a kol. bylo zaznamenano snizeni
mortality o 19 % pfi monitoraci PbtO2 ve srovnani s kontrolni skupinou pacientu bez
monitorace mozkové oxygenace (Stiefel, 2005).

— Obdobné vysledky publikoval ve své studii Narotam (Narotam, 2009). Ve srovnani s kontrolni
skupinou bez monitorace PbrO2 zde byl pfi méreni PbtO2 pozorovan pokles mortality o 37%.

— Po optimalizaci hodnoty PbrO2 bylo také zaznamenano statisticky vyznamné snizeni hodnoty

ICP a nasledné také zvySeni CPP.
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SIBICC 2020 (ICP + PbtO.,)

Intensive Care Med (2020) 46:919-929
https://doi.org/10.1007/500134-019-05900-x

CONFERENCE REPORTS AND EXPERT PANEL

: . ®
A management algorithm for adult patients ===
with both brain oxygen and intracranial
pressure monitoring: the Seattle International

Severe Traumatic Brain Injury Consensus
Conference (SIBICC)

Randall Chesnut'?®, Sergio Aguilera®*, Andras Buki*®, Eileen Bulger’, Giuseppe Citerio®?, D. Jamie Cooper'®'!,
Ramon Diaz Arrastia'?, Michael Diringer'?, Anthony Figaji'*, Guoyi Gac'?, Romer Geocadin'®, Jamshid Ghajar"’,
Odette Harris'®, Alan Hoffer'®, Peter Hutchinson®®, Mathew Joseph?’, Ryan Kitagawa®’, Geoffrey Manley®,
Stephan Mayer?*, David K. Menon?, Geert Meyfroidt?®, Daniel B. Michael?”, Mauro Oddo?®®, David Okonkwo??,
Mayur Patel®, Claudia Robertson®', Jeffrey V. Rosenfeld®~*, Andres M. Rubianc®**, Juan Sahuquillo®,

Franco Servadei*”, Lori Shutter*®, Deborah Stein®®, Nino Stocchetti*!*?, Fabio Silvio Taccone™,

Shelly Timmons*, Eve Tsai**, Jamie S. Ullman®, Paul Vespa®’, Walter Videtta®, David W. Wright*®,

Christopher Zammit>® and Gregory W. J. Hawryluk®'""
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ICM 2022

Intensive Care Mad (2022) 48649666
https:/doi.org/ 10.1007/500134-022-06702-4

NARRATIVE REVIEW

Management of moderate to severe iy

traumatic brain injury: an update for the
intensivist

Geert Meyfroidt'"®, Pierre Bouzat®, Michael P. Casaer' ®, Randall Chesnut’®, Sophie Rym Hamada*®,
Raimund Helbok®®, Peter Hutchinson®®, Andrew 1. B. Maas’®, Geoffrey Manley?, David K. Menon®,
Virginia F. ). Newcombe®®, Mauro Oddo'%®, Chiara Robba''®, Lori Shutter'*®, Martin Smith ',
Ewout W. Steyerberg'*®, Nino Stocchetti'*®, Fabio Silvio Taccone'®®, Lindsay Wilson'”, Elisa R. Zanier'
and Giuseppe Citerio'
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« Consider “ICP dose" « Increase CPP to 70 mmHg
« Increase FiO: to 60%

« Increase Pa0: to 150 mmHg

« Decrease ICP to a lower threshold
« Increase sedation

« Increase CPP to >70 mmHg

5

« Increase PaCO: while avoiding
intracranial hypertension

18 20 28 « Increase PaO: to >150 mmHg

Insult intensity (mmHg) « Consider transfusion

Insult duration (minutes)

+ Maintain CPP
« Deepen sedation

« Strict normoventilation

« Hypertonic solutions by intermittent bolus
« CSF drainage

« Monitor or treat seizures

« Increase CPP to 70 mmHg
« Increase FiO: to 60%

« Increase PaO: to 150 mmHg g

« Increase sedation

eGP o370 v
« Mild hypocapnia

« Neuromuscular blockers
« Increase PaO: to >150 mmHg g

« Raise CPP, consider a MAP challenge
« Consider transfusion

« Barbiturate coma
« Secondary DC
« Mild hypothermia

’ \ PbtO:
\< >J ‘ .N:'r'nalvange Not in place

o Before moving to a hagher ter,
pertorm inker-tier evaluation

ICP
. Nomal range

@ pamnological range

B Fathological range

Table 1 Initial resuscitation targets

Parameter Values/targets Objectives

Blood pressure MAFP >80 mmHg
58F = 100 or 110 mmHg

Preserving CBF

5p0, =90% Avoiding brain hypoxia
EtCO, 30=-35 mmHg Preserving CBF
Hb =7 afdl Avoiding brain hypoxia
Anticoagulant Reversal Limiting blood loss and
expansion of hemaor-
rhagic
contusions

Table 2 Proposed target values for some neuromonitoring
modalities

Mormal Desirable Critical
ICF ~10mmHg <18=-22mmHg > 25 mmHg
CPP 50-60 mmHg 60- (B0) mmHg <50 mmHg
PotCh ~30mmHg  20-25 mmHg < 15 mmHg
Lactate/Pyruvate Ratio <25 <25 =40
Brain Glucose > 1 mmol/l = 0.8 mmaol/ < 05 mmel/l
Brain temperature ~365%C 36.5=37°C »375°%C
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ICP < 22 ICP > 22
mmHg mmHg
Type
Pbt02 >
20 mmHg
Pbt02 <
20 mmHg
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SIBICC — nulta rada

— endotrachealni intubace a UPV, Sa02 = 94%

— opakované neurologicke vysetreni a reaktivity zornic
— elevace trupu do 36 - 45 st.

—analgezie a sedace

— management teploty- mereni centralni teploty a IéCba
TT nad 38°C?

— zavedeni CVK a arterialniho katetru

— monitorace etCO,
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Inicialni léecba

— analgosedace — plna analgosedace, event.. svalova relaxace

—ventilace — protektivni ventilace

Cilové paO, = 13,0 kPa
Cilové pC0O2 4,7 — 5,3 kPa
Vyvarovat se poklesu pCO2 pod 4,0 kPa kromé kritickych situaci k ziskani ¢asu ( pred vykonem, CT apod.)

— NCH intervence — Casna evakuace expanzivne se chovajicich lezi
— optimalizace mozkoveé perfuze — CPP =2 60 mmHg [ICP <22 mmHg

— oxygenace mozkove tkane — PbtO, =2 20 mmHg
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Inicialni léecba

— komorova drenaz — zvazit zavedeni k managementu nitrolebni
hypertenze

—télesna teplota — monitorace, vyvarovat se teploty =2 38°C

— optimalizace obehu a tekutinoveho bilance

— Vvyziva — casne zahajeni EN

— kontrola glykemie — v rozmezi 4,5 — 10 mmol/Il

— zavedeni medikace antiepileptiky na 1 tyden

—infekce — patrani po potencialnich zdrojich, Casneé zahajena IéCba
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Lécebny prah pro hodnotu
hitrolebniho tlaku

- lécba nitrolebni hypertenze by mela byt zahajena
pri hodnote nitrolebniho tlaku 22 mmHg.

- hodnoty nitrolebniho tlaku a IéCba nitrolebni hypertenze
by mela byt interpretovana v korelaci s udaji o CPP
a klinickém nalezu.
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Zvyseni ICP — stupen 1

— udrzovat CPP na 60-70 mmHg

— prohloubeni analgosedace

— udrzovat hodnotu pCO2 na 4.7 — 5,1 kPa

— manitol ve formé bolusu 0,25-1,0 gr/kg t.hm.

— bolusy 10% roztoku NaCl

—drenaz likvoru pokud je zavedena zevni komorova drenaz(ZKD)
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Zvyseni ICP — stupen 2

— mirna hypokapnie s pCO2 4,3-4,6 kPa
— svalova relaxace u dostate¢né sedovanych pacientu

— provest MAP challenge k vysetreni stavu mozkové autoregulace

— zvySit MAP o0 10 mmHg po dobu 20 minut, zaznamenat hodnoty MAP,ICP,CPP a PbtO2
prfed, béhem a po provedeni

- zvysit MAP a CPP k poklesu ICP pri zachované autoregulaci
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Zvyseni ICP — stupen 3
— thiopentalové koma ke snizeni ICP, je-li efektivni
— sekundarni dekompresni kraniektomie

— mirna hypotermie 35 — 36°C
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PbtO2 < 20 mmHg a ICP = 22 mmHg st.1

— prohloubeni analgosedace
— CPP 60-70 mmHg
—paCO024,7 - 6,0 kPa

—pa02 13,3 — 16 kPa
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PbtO2 =< 20 mmHg a ICP = 22 mmHg st.2

—zvysit CPP na 70 - 80 mmHg
—zvysit paO2 na 16 - 20 kPa
— doporucena svalova relaxace

_ zvysit hladinu Hb = 90 g/L
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PbtO2 <20 mmHg a ICP 2 22 mmHg st 1.

— prohloubeni analgosedace
— CPP 60-70 mmHg
—paCO024,7 - 6,0 kPa
—pa02 13,3 — 16 kPa

— zvazit osmoterapii

—zvazit ZKD a drenaz likvoru
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PbtO2 < 20 mmHg a ICP 2 22 mmHg st.2+3

—zvysit CPP na 70-80 mmHg
—zvysit paO2 na 16 — 20 kPa
— doporucena svalova relaxace
— zvysSit hladinu Hb = 90 g/L

— pokud je pozitivhi MAP challenge zvysit CPP
— zvazit zvyseni pa02 = 20 kPa

— zvazit thiopentalove koma

— zvazit chirurgickou dekompresi
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Cilové hodnoty MMM

Normal
ICP 10
CPP 50 — 60
PbtO2 30

Lactate/Pyruvate Ratio < 25
Brain Glucose > 1 mmol/l

Brain temperature 36.5 °C

Desirable
<18 - 22
60 - (80)
20 - 25

<25
> (0.8 mmol/l

36.5-37 °C

Critica
> 25 mmHg
< 50 mmHg
< 15 mmHg

> 40
< 0.5 mmol/l

>37.5°C

MUNI
MED
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> ) Crit Care Med (Targu Mures). 2023 Feb 8;9(1):12-19. doi: 10.2478/jccm-2023-0001.
I eCollection 2023 Jan.

rhe Joursal Of Critical Care Medicine

- Brain Tissue Oxygen Levels as a Perspective

Therapeutic Target in Traumatic Brain Injury.
Retrospective Cohort Study

Gal Roman 7, Ondrej Hrdy 1 Kamil Vrbica ', Jan Hudec 7, Andrej Mrlian 2 Martin Smrcka 2

77 pacientu s téZkym KCP GCS < 8
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Nizke hodnoty PO, (pod 20 mmHg)

nizka dodavka kysliku

hypotenze (volumoterapie, noradrenalin)
hypovolemie (volumoterapie)

anemie (transfuze erytrocytarnich koncentratu)
hypoxie (zvyseni FiO2, zvyseni hodnoty PEEP)
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Nizke hodnoty PO, (pod 20 mmHg)

zvysena spotreba kysliku

zvyseny nitrolebni tlak (manitol, komorova drenaz, sedace,
dekomprese)

bolest (analgetika)

tres (meperidine, chlorpromazin, relaxace)
neklid (sedativa)

kreCe (benzodiazepiny, antikonvulsiva)

teplota (acetaminophen, nesteroidni antiflogistika,
fyzikalni chlazeni)
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BM) Open Brain Oxygen Optimization in Severe
Traumatic Brain Injury (BOOST-3): a
multicentre, randomised, blinded-
endpoint, comparative effectiveness
study of brain tissue oxygen and
intracranial pressure monitoring versus
intracranial pressure alone

Francis Bernard © " William Barsan,” Ramon Diaz-Arrastia,* Lisa H Merck,”
Sharon Yeatts.® Lori A Shutter © 7
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Boost - 2

Published Precursor Results
While final Phase lll data is pending, the current trial is entirely built upon the
highly successful results of the BOOST-2 pilot trial, which showed:

74% Reduction in Hypoxia: Combining brain oxygen tracking with ICP
monitoring reduced the total time a patient's brain suffered from lack of oxygen
by 74% compared to tracking ICP alone.

Positive Trend: The pilot group showed a strong trend toward improved
functional outcomes and lower mortality at the 6-month checkup. [1, 2]
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https://bmjopen.bmj.com/content/12/3/e060188
https://www.michiganmedicine.org/health-lab/boost-3-trial-seeks-improve-outcomes-after-severe-traumatic-brain-injury

Current Enroliment Status

Active Progress: The multi-center trial continues to actively screen
and enroll patients who suffer severe, non-penetrating traumatic
brain injuries (TBI).

Enroliment Target: The adaptive trial design allows for a
maximum sample size of up to 1,094 participants.

Patient Accrual: Over 725 participants have been randomized
into the study so far. [1, 2, 3]
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https://pubmed.ncbi.nlm.nih.gov/35273066/
https://www.sciencedirect.com/science/article/pii/S2451865425001607
https://www.yalemedicine.org/clinical-trials/brain-oxygen-optimization-in-severe-tbi-phase-3-boost3

Protocol

Open access

BMJ) Open Brain tissue oxygen monitoring for

severe traumatic brain injury: the
international multicentre randomised

controlled BONANZA-GT

study protocol

Screen

.

Enrol

v

All participants receive PbtO,
probe

|

All participants are managed
according to BONANZA-GT
PbtO, and ICP protocol

!

6-month and 12-month
follow-up

Incliidad in Senaratinn anahucic

Screen

.

Enrol

v

All participants receive PbtO,
probe

|

Post-procedure
randomisation

Intervention group Control group
PbtO, and ICP-guided ICP-only-guided management
management (PbtO, values are hidden)

| |

————————————————— Hunnvir hiirden calenlated

Screen

.

Enrol

v

Pre-procedure
randomisation

l

|

Intervention group
PbtO, and ICP-guided
management

Control group
ICP-only-guided management

6-month and 12-month
follow-up



Tier1
(mandatory)

Tier 2
(at least one)

Tier 3
(optional)

BONANZA-GT ICP optimization algorithm

ICP>target

.

Assess sedation and analgesia
Ensure CPP 60—-70 mmHg
Ensure PaCO, 35-40 mmHg
Consider osmotherapy
Consider EVD/drain CSF

Recommend neuromuscular blockade

!

Consider raising CPP if MAP challenge successful
Consider barbiturate coma

Consider surgical decompression

Consider mild hypothermia (35-36°C)

Consider titrating ventilator to PaCO, 32-35 mmHg (short
duration only and if effective at lowering ICP)

Inter-tier recommendations

The clinical team should always consider these prior to escalating to the next tier:
1. Re-examine the patient and consider repeat CT to re-evaluate intracranial
pathology.

2. Reconsider surgical options for potentially amenable lesions.

3. Consider extracranial causes of ICP elevation.

4. Review the basic physiological parameters are in desired range (eg CPP and
blood gas values).

5. Consider consultation with higher level of care if applicable for local health care
system.

Optional MAP Challenge

Perform MAP challenge to assess cerebral auto-regulation and guide MAP and CPP
goals in individual patients.

1. Performed under direct supervision of a physician who can assess response and
ensure safety.

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

3. Initiate or titrate vasopressors or inotrope to increase MAP by 10 mmHg for not
more than 20 min.

4. Monitoring and recording of key parameters (MAP, CPP and ICP) should be
done before, during and after the challenge.

S. If ICP improves with challenge, consider higher CPP range

(maximum MAP 110 mmHg).

6. If no improvement, return vasopressor/inotrope dose to pre-test upon
completion.
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Tier1
(mandatory)

Tier 2
(at least one)

Tier 3
(optional)

BONANZA-GT PbtO, optimization algorithm

PbtO,>20 mmHg and ICP>target
v

Assess sedation and analgesia
Ensure CPP 60-70 mmHg
Ensure PaCO, 35-40 mmHg
Consider osmotherapy
Consider EVD/drain CSF

:

Recommend neuromuscular blockade
Consider titrating ventilator to
PaCO, 32-35 mmHg

:

Consider raising CPP if MAP challenge
successful

Consider barbiturate coma

Consider surgical decompression
Consider mild hypothermia (35-36°C)

PbtO,<20 mmHg and ICP<target

Pbt0,<20 mmHg and ICP>target

v v
Assess sedation and analgesia
Assess sedation and analgesia Ensure CPP 60-70 mmHg
Ensure CPP 60-70 mmHg Ensure PaCO, 35-45 mmHg
Ensure PaCO, 35-45 mmHg Ensure PaO, 100-120 mmHg
Ensure Pa0, 100-120 mmHg Consider osmotherapy
Consider EVD/drain CSF
‘ {
Increase CPP to 70-80 mmHg

Increase Pa0O, to 120-150 mmHg
Recommend neuromuscular blockade
Reduce ICP<20 mmHg

Transfusion of RBCs to Hb>90g/L

Consider titrating ventilator to PaCO, 45-50

Increase CPP to 70-80 mmHg
Increase PaO, to 120-150 mmHg
Recommend neuromuscular blockade
Transfusion of RBCs to Hb>90 g/L

mmHg (stop if ICP=20 mmHg)
A

h 4

Y
h 4

Consider raising CPP if MAP challenge
successful

Consider titrating ventilator to PaCO, 45-50
mmHg (stop if ICP=25 mmHg)

Consider Pa0,>150 mmHg

Consider raising CPP if MAP challenge
successful

Consider barbiturate coma

Consider surgical decompression
Consider Pa0,>150 mmHg
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Analgosedace

— nutno zajistit dostatecne hlubokou analgosedaci
— Propofol 2- 4 mg/kg/hod, max. 400mg/hod.

— Sufentanil 1-5 ug/kg/hod.

— Midazolam 5 -10 ug/kg/hod

— Dexmedetomidin

— Ketamin

— pouzivat skorovaci systemy — Richmond ASS

— BISS skore udrzovat na hodnotach 20 — 30
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Ketamin - neuroprotektivni ucinky

— inhibici excitotoxicity
— zprostifedkované NMDA receptory muze ketamin pomoci chranit neurony
pred prilivem vapniku a naslednou bunecnou smrti
— protizanétlivé ucinky
— ketamin snizuje mnozstvi prozanétlivych cytokinti a neurozanétlivych
faktoru
— snizuje ischemické poskozeni
— ketamin stabilizuje bunécCny metabolismus a zlepsuje dodavku kysliku do
mozkove tkane
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Ketamin

— je slibna neuroprotektivni latka s multifaktorialnim pfinosem, vCetné snizeni
excitotoxicity, zanétu a ischemického poskozeni.

— v preklinickych i klinickych studiich prokazal pozitivni vysledky, ackoli je
zapotrebi dalsiho vyzkumu, aby bylo stanoveno jeho misto ve standardni
lécbé TBI.

— vyzaduje peclivé davkovani a monitorovani, aby se predeslo komplikacim,
zejména ve vztahu k ICP a kardiovaskularni stabilite.
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© gureus

ning Beyond Open Access

= Cureus. 2025 Jun 6;17(6):e85456. doi: 10.7759/cureus.85456 2

Ketamine in Neurocritical Care: New Potentials and Perspectives

Rudin Domi **, Alma Cani !, Asead Abdyli %, Gentian Huti ?, Stela Dodaj 3, Filadelfo Coniglione **, Mirel Grada ®,

Vojsava Leka *, Majlinda Naco !, Mustafa Bajraktari *

Historically, ketamine was avoided in neurocritical patients due to the belief that it could
elevate ICP, potentially exacerbating cerebral injury. However, a growing body of literature
has refuted these concerns, demonstrating that ketamine does not produce sustained

increases in ICP and may, in some cases, even reduce it. Furthermore, studies have shown

that ketamine does not adversely affect cerebral oxygenation or impair cerebral

fluctuating systemic pressures [7,8].

ventilation management, and prevention of delayed complications. In patients with

subarachnoid hemorrhage (SAH), for example, vasospasm remains a leading cause of delayed

ischemic deficits. A growing body of evidence supports ketamine's ability to suppress

cortical SDs, which are implicated in the pathophysiology of vasospasm-related secondary

injury [26].
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Profylaxe trombembolické nemoci/ TEN

— zahajit mechanickou tromboprofylaxi — elastické puncochy a
intermitentni pneumatickou kompresi (SCD)

— zvazit farmakologickou profylaxi u pacientu s nizkym rizikem
krvaceni a stabilnim CT nalezem po 24 hodinach

— zvazit farmakologickou profylaxi u pacientu se stfednim rizikem
krvaceni a stabilnim CT nalezem po 72 hodinach

— preference uziti LMWH, davkovani podle hladiny antiXa — cilova
hodnota 0,3 — 0,5
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BRAIN TRAUMA FOUNDATION TBI GUIDELINES

Gregory W. J. Hawryluk, MD, PhD,
FRCSC ™ *

Andres M. Rubiano, MD* %
Annette M. Totten, PhD*

Cindy O'Reilly BS* Guidelines for the Management of Severe Traumatic
Rian L fewia S8 Brain Injury: 2020 Update of the Decompressive
Niranjan Kissoon, MDY Craniectomy Recommendations

Lori Shutter, MD""

Level [IA-to improve mortality and overall outcomes

Secondary DC performed for /ate refractory ICP elevation is recommended to improve
mortality and favorable outcomes

Secondary DC performed for early refractory ICP elevation is not recommended to improve
mortality and favorable outcomes

A large frontotemporoparietal DC (not less than 12 x 15 cm or 15 cm in diameter) is
recommended over a small frontotemporoparietal DC for reduced mortality and improved
neurological outcomes in patients with severe TBI

Secondary DC, performed as a treatment for either early or late refractory ICP elevation,
iIs suggested to reduce ICP and duration of intensive care, though the relationship
between these effects and favorable outcome is uncertain

= =

m
O =



Decompressive craniectomy in diffuse traumatic brain injury
The DECRA trial n=155

+ Despite optimised first-tier treatment during a one-hour period, ICP > 20 mmHg for >15 minutes,

patients were randomly allocated to undergo bifrontal DC or receive standard medical treatment

« Compared to medical treatment, surgical decompression was associated with lower mean ICP and

shorter stays at the ICU

« Mortality rates were similar in both groups, although unfavourable neurological outcomes were

more frequent in the surgery group than in the standard care group

Cooper DJ, Rosenfeld IV, Murray L, Arabi ¥YM, Davies AR, D'Urs P, et al. Decompressive craniectomy in diffuse
traumatic brain injury. M Eng J Med. 2011;364:1493—502
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Trial of decompressive craniectomy for intracranial hypertension RESCUEicp

Trial

ICP greater than 25 mmHg of 1-12 hours’ duration, and lack of response to first- and second-tie

interventions

+ Patients were randomly allocated to undergo DC (hemicraniectomy or bifrontalcraniectomy) or

standardised medical treatment
+ DC was associated with a reduction in ICP, compared to standard treatment.

+ However, the RESCUEicp trial did find significantly lower mortality rates in the DC group,

although this benefit was associated with higher rates of severe disability

==
m e

Hutchinson PJ, Kolias AG, Timofeev |15, Corteen EA, Czosnyka M, Timothy J, et al., RESCUEicp Trial Collaborators. Trial of
decompressive craniectomy for intracranial hypertension. N Eng J Med. 2016;375:1119—30
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Complications after DC

Figure 397.7. (A) Computed tomography image revealing a parafalcine
cerebrospinal fluid collection, typically observed after decompression.
(B) Computed tomography image revealing a subgaleal cerebrospinal
fluid collection, typically observed after decompression.
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ACS 2024

— ¢asna tracheostomie u tézkych KCP (TS az 40% pacientu)
— antiepileptika — 7 denni profylaxe
— casna multidisciplinarni rehabilitace

—NINR

— Praha, Usti nad Labem, Brno
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British Journal of Anaesthesia, 131 (2): 294—301 (2023)

BJA (@D

ITISH AOUNIAL GF ANAESTHESIA doi: 10.1016/j.bja.2023.04.030
Advance Access Publication Date: 22 May 2023
Special Article

NEUROSCIENCE AND NEUROANAESTHESIA

Targeted temperature management in patients with intracerebral
haemorrhage, subarachnoid haemorrhage, or acute ischaemic
stroke: updated consensus guideline recommendations by the
Neuroprotective Therapy Consensus Review (NTCR) group

Andrea Lavinio®*® | John Andrzejowskiz, Ileana AntonopoulouB, Jonathan Coles™*

Pierce Geoghegan®, Kyle Gibson®® | Sandeep Gudibande’, Carmen Lopez-Soto®
Randeep Mullhi”® | Priya Nair'?® | Vijai P. Pauliah'’® | Aocife Quinn'®, Frank Rasulo"’

Andrew Ratcliffe’”, Ugan Reddy®, Jonathan Rhodes*® | Chiara Robba'*, Matthew Wiles*® and

Ashleigh Williams™

above 37.5°C. The panel noted that temperature should ideally
be centred at 36.5°C on the understanding that the maintained
temperature willbe susceptible to the accuracy of the device and

e variabihty of individual techniques, and that brain temper-
ture can be up to 2°C higher than core temperature. The group

Results: Recommendations were formulated based on existing evidence, literature review, and consensus. After intra-
cerebral haemﬂrrhage, aneur}rsmal subarachnoid haemﬂrrhage, and acute ischaemic stroke in patients who require

critical care admission, core temperature should ideally be monitored continuously and maintained between 36.0°C and
37.5°C using automated feedback-controlled devices, where possible. Targeted temperature management should be

commenced within 1 h of first fever identification with appropriate diagnosis and treatment of infection, maintained for
as long as the brain remains at risk of secondary injury, and rewarming should be controlled. Shivering should be
monitored and managed to limit risk of secondary injury. Following a single protocol for targeted temperature
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Neuroprotektivni metody
— pouziti farmakologickych prostfedku nebo jinych technik
vedoucich ke zlepseni konecného neurologickeho vysledku IéCby u

nemocnych s rizikem vzniku ischémie mozkove tkane

— cilem je zachovani integrity neuronalnich funkci




Neuroprotektivni ucinky hypotermie

—snizeni metabolizmu => snizeni CMRO,
— pfiblizné o 7% na kazdy 1°C

—snizeni ischemii indukovaného uvolnéni excitatornich

aminokyselin

— pozorovano i pfi mirnych stupnich hypotermie
Zornow MH
University of Texas, Galveston
J Neurosurg Anestesiol Apr 1995
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Moznou priCinou efektivnosti hypotermie je multifaktorialni ovlivheni
Ischemicke kaskady

W. Dalton Dietrich
Departments of Neurological Surgery,

Neurology, Cell Biology and Anatomy
University of Miami, USA
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Multifaktorialni vliv hypotermie na ischemickou kaskadu
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Jak to funguje (teorie) Al

— shizuje metabolismus mozku: snizeni teploty snizuje potrebu
Kysliku a energie mozku, Cimz ho chrani pred poskozenim po
pocCatecnim traumatu.

— snizuje intrakranialni tlak (ICP): chlazeni pomaha snizit otok a tlak
uvnitr lebky.

— chrani bunky: potlacuje skodlivée chemické reakce (napriklad
zanét) a muze chranit neurony.

= =
m e



Klinicke pouziti

— Casto se pouziva u tézkych traumatickych poraneni mozku s vysokym
intrakranialnim tlakem (>20 mmHgQ).

— metody chlazeni se lisi (intravendzni tekutiny, chladici prikryvky) a klicove je
dosazeni presné a stabilni teploty (napr. 32—33 °C).

— nacasovani: musi byt zahajeno brzy po urazu.

— zahfivani: musi byt pomalé (napr. 0,25 °C/hod.), aby se zabranilo rebound
efektu.

— smisené vysledky studii: Néktere studie (napf. EuroTherm 3235) zjistily horsi
vysledky u hypotermii u dospelych, zatimco jiné studie ukazuji prinos,
zejmeéna u specifickych podskupin nebo pri delSim trvani (>48 hodin). |
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Budouchost

— hypothermie je povazovana za ucinnou neuroprotektivni metodu,
zejmena po srdecni zastave, ale jeji role pri traumatickem
poraneni mozku se stale upresnuje.

— probihajici vyzkum se zabyva kombinaci hypothermie s jinymi
terapiemi a optimalizaci metod ochlazovani.

— faktory souvisejici s pacientem: Dulezity je vék (pacientum starSim
45 let muze indukovana hypothermie uskodit) a konkrétni typ
poraneni.
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