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Vyznam kraniocerebralnich poranéni

* nejcastejsi pricina smrti mladych dospélych
jedincu

e - Casta pricina celozivotni invalidity
* 69 000 000 rocCné




Tezka KCP

* Definovana hloubkou bezvédomi GCS 3-8
* Mortalita 14 — 30/100 000 obyvatel /rok

e 1/3 vSech ndhlych imrti ve véku do 45 let
* Nejcastejsi pricina smrti u deéti

* Nejvice trvalych nasledku ze vSech traumat



Patofyziologie poraneni mozku

*Primarni poranéni

* fraktury lebecnich kosti
 extracerebralni hematom
. epiduralni

. subduralni

* intracerebralni hematom
« SAK

e kontuze mozku

* difuzni axonalni poranéni




Sekundarni poranéni mozku - ischémie

+  CBF

— neuronalni dysfunkce
— strukturdlni posSkozeni neuront

— celkova

— fokalni

— razna pricina
— patofyziologie
— lokalizace




Patofyziologie poranéni mozku

*Sekundarni poranéni

. vlivy systémové

. hypotenze

. hypoxie

. vlivy nitrolebni

. nitrolebni hypertenze

. edém mozku



Principy lécby KCP

urientnl' operace (evakuace hematomu,
dekompresivni kraniektomie, komorova
drenaz

multimodalni monitorace (ICP, CPP, tkanova
oxymetrie, mikrodialyza, SvjO,...)

|écba podle zasad udrzeni CPP nad 60 mmHg

CT monitoring, reakce na vyvoj klinickeho
stavu a CT nalezu



SIBICC

A management algorithm for patients with
intracranial pressure monitoring: the Seattle
International Severe Traumatic Brain Injury Consensus
Conference (SIBICC)

Gregory W. J. Hawryluk, Sergio Aguilera, Andras Buki, Eileen Bulger, Giuseppe Citerio,
D. Jamie Cooper, Ramon Diaz Arrastia, Michael Diringer, Anthony Figaji, Guoyi Gao,
Romergryko 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. Rubiano, 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 Randall M. Chesnut

Intensive Care Med (2019) 45:1783-1794
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Management of moderate to severe 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 I. R. Maas, Geoffrey
Manley, David K. Menon, Virginia F. J. 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.

Intensive Care Med (2022) 48:649-666



Zakladni cile Uvodni resuscitace

Blood pressure MAP > 80 mmHg Preserving CBF
SBP > 100 or 110 mmHg

Sp02 > 90% Avoiding brain hypoxia
EtCO2 30-35 mmHg Preserving CBF

Hb > 7 g/dI Avoiding brain hypoxia
Anticoagulant Reversal Limiting blood loss and

expansion of hemorrhagic
contusions



Optimizing the balance between substrate delivery and
consumption is the main therapeutic goal, a strategy
which may be challenging as a continuous exercise, even
in highly specialized centers.

The management of traumatic brain injury (TBI) has changed over

the past decade, from a dogmatic approach where intracranial
pressure control in isolation was confused with TBI management, to a

multimodal approach, in which pathophysiological derangements
are detected and treated accordingly.



|CP 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 IIB evidence). As for ICP thresholds, the same
guidelines indicate 22 mmHg.



Synapse ICU

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

Chiara Robba*, Francesca Graziano*, Paola Rebora*, Francesca Elli, Carlo Giussani, Mauro
Oddo, Geert Meyfroidt, Raimund Helbok, Fabio S Taccone, Lara Prisco, Jean-Louis Vincent,
Jose | Suarez, Nino Stocchetti, Giuseppe Citerio, for the SYNAPSE-ICU |

nvestigatorst

Lancet Neurol 2021; 20: 548-58



Synapse ICU

We did a prospective, observational cohort study at 146 intensive care units (ICUs) in
42 countries.

18 years or older who were admitted to the ICU with either acute brain injury due to
primary haemorrhagic stroke (including intracranial haemorrhage or subarachnoid
haemorrhage) or traumatic brain injury

* 4776 patients were assessed for eligibility
e 2395 patients were included in the study

* including 1287 (54%) with traumatic brain injury



Synapse ICU — 128 z CR

Czech Republic (National Coordinator, Spatenkova Vera)

St Anne's University Hospital, Brno, Czech Republic (10, Fencl Marek)

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

Masaryk Hospital in Usti Nad Labem, Usti Nad Labem, Czech Republic (33,
Skola Josef, Provaznikova Eva)

University Hospital Plzen, Plzen, Czech Republic (38, Kletecka Jakub, Lavicka
Pavel) 26

Regional Hospital Czech Republic, Liberec, Czech Republic (12, Spatenkova
Vera)



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% ClI
0-26—0:47; p<0-0001), and better neurological outcome at 6 months (odds
ratio 0-38, 95% Cl 0-26—0-56; p=0-0025)

The use of ICP monitoring might be associated with a more intensive
therapeutic approach and with lower 6-month mortality in more severe
cases and better long term clinical results.



Indikace k ICP monitoringu

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

2. GCS < 8 + normalni CT nalez pri pritomnosti
aspon 2 z téchto podminek: vék > 40 let
porucha hybnosti
TKsyst < 90 mmHg.

3. Neni doporuceni pro rutinni monitoring u pacientia s GCS >
8



Lécebny prah pro hodnotu
nitrolebniho tlaku

- 1écba nitrolebni hypertenze by meéela byt zahajena
pri hodnoté nitrolebniho tlaku 22 mmHg.

- hodnoty nitrolebniho tlaku a Ié€ba nitrolebni hypertenze
by méla byt interpretovana v korelaci s udaji o CPP
a klinickém nalezu.



Multimodalni monitoring

* velka variabilita u dalsich modalit
* neni jednoznacnha evidence z klinickych studii

* monitorace zamerena na

— priciny 1 ICP - ischemie, edém, hyperémie
— nasledky TICP — hypoperfuze, herniace



MMM — oxygenace mozku

— neinvazivni metody nejsou doporuceny

— Boost Il trial
— kombinace ICP a PbtO, Meyfroid,ICM 2022

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




Normalni hodnoty P,O,

20- 45 mmHg
- ischemicky prah 5-10 mmHg
(Valadka)
obecnée — nizka hodnota koresponduje s hypoxii
cilem je hodnota PbtO, nad 15 mmHg

short periods of reduced PbtO, can lead to
secondary brain injury and ischemia even in the
absence of an observed increase in ICP



Klinické pouziti

* monitorace nasledku ischemického poskozeni
mozkové tkaneé (sekundarniho poranéni)

— kraniocerebralni poranéni
— indikace shodna s mérenim ICP
— subarachnoidalni krvaceng




Zpusob zavedeni Cidla

e - soucasna aplikaci ICP Cidla do jednoho
trepanacniho otvoru

- meéri lokalni teplotu mozku
- optimalné oblast penumbry
- jedna nebo obé hemisféry




Interpretace namerenych hodnot

Co meérime?
pO, — hodnoty parciadlniho tlaku ve tkani

nejasny vztah mezi intra a extrabunécnou hodnotou

dale mezi hodnotou pO, na vendznim a arterialnim
konci kapilary

predpoklada se, ze mérené hodnoty jsou adekvatni pO,
na konci kapilary

PO, je indikatorem pomeru mezi dodavkou kysliku a
metabolismem



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)



Nizke hodnoty PO, (pod 20 mmHg)

nizka dodavka kysliku

hypotenze (volumoterapie, noradrenalin)
hypovolemie (volumoterapie)

anemie (transfuze erytrocytarnich
koncentratu)

hypoxie (zvyseni FiO2, zvyseni hodnoty PEEP)



KARIM — monitotace PbtO, + teplota

TEMPERATLIRS




PbtO,

Lécebny protokol fidici se mérenymi hodnotami tkanové oxymetrie v
mozku zlepsil v nékterych studiich vysledky lécby 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.

BOOST Il — 1050 pacientu, vysledky 20237



Nase studie PbtO, Licox

e 77 pacientu s tézkym KCP GCS < 8

monitorace ICP X ICP + PbtO2
pacientU 40 37

ICP 12 11
GOS1m 3 3
GOS6m 3 4

GOS 4+5 40% 65%

00,013
0 0,029



Jugularni oxymetrie — SvjO,,

* Meéri saturaci kyslikem ve venozni krvi
odtékajici z mozku jako indikator extrakce
kysliku mozkovou tkani




Fickova rovnice

+ CMRO, = DajO2 x CBF
* SvjO, ... CBF/ CMRO,

. norma SvjO, ... 55-75%
— ischemie SvjO, ... <55%
— hyperémie SVjo, ... >75%

 obé hodnoty jsou spojeny s vyssi mortalitou a horsSim
neurologickym vysledkem |éCby u pacientU s tézkym
KCP



Kanylace jugularniho bulbu

- - pravostranna
jugularni véna
- Uroven C1/2

katétr s fibrooptickym vilak




Cilové hodnoty

Normal
ICP 10
CPP 50-60
PbtO2 30

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

Brain temperature 36.5 °C

Desirable

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

<25
> 0.8 mmol/I

36.5-37 °C

Critical

> 25 mmHg
<50 mmHg
< 15 mmHg

> 40
< 0.5 mmol/I

>37.5°C



Meéreni teploty

e Mozek-lokalizace shodna s monitoraci ICP
— epiduralné
— intraventrikularné

— intraparenchymalné

rozdily uvnitr mozku

Lateral ventricle
Brain tissue
oxygen probe
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Noninvasive Measurements of Human Brain Temperature
Using Volume-Localized Proton Magnetic Resonance

Spectroscopy

Ron Corbetl, Abbol Laptook and Paul Weatherall

Parameter Age (yrs) Wt (kg) Trorehead (g Torall " ClTprain-rL °Q ThraidTH (°C)

Mean 36 70 4.0 37.9
= SD 4 15 1.1 0.6
Range 11 45 3.4 1.8

Table 1. Physiological data andtemperatures for human

subjects

Romano et al., Brain temperature exceeds systemic temperature in head-injured patients.
Crit care Med 1998;562-567



Dalsi modality

mikrodialyza
pupilometrie
TCD
EEG



MMM- prutok, TCD (FV 55 +/-12

*detekce vazospazmu

estanoveni
vazoreaktivity
mozkovych cév

ediagnostika
intrakranialni
hypertenze

ediagnostika smrti
mozku




kontinualni digitalni EEG

tt_‘-‘.‘

-detekce non konvulzivni
Epi aktivity

-funkcni stav kury pri
odtlumovani

- kvantitativni analyza k
detekci depolarizacnich vin
spojenych s poklesem
perfuze
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