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Porucha prietoku krvi
mozgom

Porucha autoregulacie
ZvySené ICP
Hypotenzia

Nizky srdcovy vydaj

Porucha v energetickom
metabolizme

- Porusena utilizacia glukézy
- Nizka dostupnost glukozy
- Poskodenie mitochondrii

Immediate, Primary

Physical Injury

Secondary
Biochemical Injury

Porucha v zasobeni 02

Hypoxia

Opuch mozgu
Zvysena spotreba 02
Porucha O2 regulacie



Zakladny monitoring pacienta Nasledny manazment pacienta:

s tazkym TBI
Pravidelne neurologicke vySetrenie - udrzanie vsetkych parametrov vo fyziologickom
ICP, CPP (ICP <20 mmHg, rozmedzi

CPP 60-70 mmHg) - lie¢ba je riadena podla ICP/CPP (Rosnerov
Pa02, Sp02, PaCO2, EtCO2 koncept)
Hemodynamika, tekutinova bilancia

Hemoglobin, ionogram, osmolalita

Problémy:

- ICP je ukazovatelom intrakranialnej expanzie.

- Umiestnovanie arterialneho tlakového prevodnika.

- CPP iba odhadujeme na zaklade vypoctu CPP = MAP - ICP.
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Multimodality Monitoring in Neurocritical Care — Peripheral Brain

Tas J, Czosnyka M, van der Horst ICC, Park S, van Heugten C, Sekhon M, Robba C, Menon DK,
Zeiler FA, Aries MJH. Cerebral multimodality monitoring in adult neurocritical care patients with
acute brain injury: A narrative review. Front Physiol. 2022 Dec 1;13:1071161. doi:
10.3389/fphys.2022.1071161. PMID: 36531179; PMCID: PMC9751622.
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Odporucania pre monitoring pacientov s TBI/SAH

BTF 2016 TBI

Intracranial pressure monitoring

Cerebral perfusion pressure
monitoring

Advanced cerebral monitoring

Level 1IB

* Management of severe TBI patients using information from ICP monitoring is recommended 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 TBI (GCS 3-8 after resuscitation) and an abnormal CT
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 bilateral motor posturing, or SBP <90 mm Hg.

Level IIB

* Management of severe TBI patients using guidelines-based recommendations for CPP monitoring is
recommended to decrease 2-wk mortality.

Level Il
* Jugular bulb monitoring of AVDO,, as a source of information for management decisions, may be considered to
reduce mortality and improve outcomes at 3 and 6 mo post-injury.

AHA/ASA 2023 Guideline for the Management of Patients With Aneurysmal Subarachnoid Hemorrhage

4. In patients with high-grade aSAH, invasive
monitoring of brain tissue oxygenation,
lactate/pyruvate ratio, and glutamate may
be considered to predict DCI.2?373%%
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112 sStudii v rokoch 2015-2022.

Review > Front Physiol. 2022 Dec 1:13:1071161. doi: 10.3389/fphys.2022.1071161.
eCollection 2022. Heterogénna skupina pacientov.

Cerebral multimodality monitoring in adult
neurocritical care patients with acute brain injury: A

Vacsina bola observacna.

narrative review 7 z9 MMM guided intervencnych studii ukazalo
Jeanette Tas 1 2, Marek Czosnyka 3, lwan C C van der Horst 1 4, Soojin Park 5, S|gn|f|kantné Zlepéer”e kl|n|Ckéh0 Outcome \V/ Skup|ne
Caroline van Heugten 2158 Mypinder Sekhon 7 8 Chiara Robba 2, David K Menon 19,

Frederick A Zeiler 10 11 12 13 14 15 pMgrcel J H Aries ' 2 rladel”lej MMM.
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NEUROVENT-PTO

Monitoring PbtO2 (odr1993)

* Licox PbtO2 monitoring system (Integra Life Sciences Corporation)

Clarkova elektroda

Reflektuje oblast asi 13 mm2

Doba pouzitelnosti 5 dni

Neurovent-PTO (Raumedic)

Meria simultanne ICP, teplotu a PbtO2

PbtO2 meria fibroopticky luminiscencCne

Informacie z 22 mm2 mozgu

Vyhodnocuje PRx, ORx a CPPopt

(Pressure Reactivity index — funkénost mozgovej tlakovej autoregulacie ,

Oxygen Reactivity index (PbtO2, CPP), Optimalny cerebralny perfuzny tlak)

10






Hawryluk, G. W. J., Phan, N., Ferguson, A. R., Morabito, D, Derugin, N, Stewart, C. L., Knudson, M. M., Manley, G., & Rosenthal, G.
(2016). Bram tissue oxygen tension and its response to physiological manipulations: tnfluence of distance from impury site 1n a swine
model of traumatic brain tury. Journal of Neurosurgery JNS, 123(5), 1217-1228. hitps://dot.org/10.3171/2015.7INS 3809
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Nizke PbtO2 Mozog

- Tvori 2% hmotnosti tela
- Vyzaduje 15% CO

Dodavka 02 pre mozgovy parenchym: CBF x Ca0O2

Qz clelive:-s = cardiac ou{'pcd" X Ca01 - Spotrebuje 20% O2
Ca0, = ("3"‘ < [He)x Srot) i (0'003" qua-) PbtO2 odréza
— CBF

* presun O2 cez HEB (edem, porucha mikrocirkulacie) Metabolizmus mozgu

Spotreba 02 z4visi od: - Poruchu extrakcie O2 v
* urovne metabolizmu mozgu mozgu

(sedacia, epilepticky zachvat, horucka, tras)
e funkcnosti mitochondrii

13



> Crit Care Med. 2015 Feb;43(2):445-52. doi: 10.1097/CCM.0000000000000720.

., , Accuracy of brain multimodal monitoring to detect
Merania su lokalne

cerebral hypoperfusion after traumatic brain injury

Pierre Bouzat !, Pedro Marques-Vidal, Jean-Baptiste Zerlauth, Nathalie Sala, Tamarah Suys,

Patrick Schoettker, Jocelyne Bloch, Roy T Daniel, Marc Levivier, Reto Meuli, Mauro Oddo

e 27 pacientov s TBI (89% s difuznym poranenim)

* ICP, PbtO2, CMD sondy umiestnené do normalneho tkaniva pravého frontalneho laloka, nasledne
perfuzne CT - perfuzia v okoli sondy (regionalny prietok krvi) a bilateralne v supraventrikularnych
oblastiach (globalny prietok krvi mozgom)

e 30 perfuznych CT

* Regionalny CBF signifikantne koreloval s globalnym CBF.
» Zaver:

MMM v zmysle ICP + PbtO2 alebo ICP + PbtO2 + CMD je presnejsi ako ICP
samotne v bedside detekcii mozgovej hypoperfuzie u pacientov so zavaznym
TBI, a predominantne difuznym poranenim

14



PbtO2 moéze ukazovat normalne hodnoty a vyvinie sa ischémia:

* Vzdialenost od loziska

* Metabolicka kriza pri normalnom zasobeni oblasti sa na PbtO2 neprejavi
(mitochondrialna dysfunkcia pri zvysenych energetickych poziadavkach), CMD
LPR > 40

Carre E, Ogier M, Boret H, Montcriol A, Bourdon L, Jean-Jacques R. Metabolic crisis in severely head-injured patients: is ischemia
just the tip of the iceberg? Front Neurol. 2013 Oct 11;4:146. doi: 10.3389/fneur.2013.00146. PMID: 24130548; PMCID:
PMC3795329.

Podstata pouzivania PbtO2 sondy:
 zlepSenie hodnoty PbtO2 sa odrazi na lepSom klinickom vysledku pacientov

* jednoznacny nazor vsak zatial neexistuje

PbtO2 sa pri kraniocerebralnom poraneni pouziva od r. 1993, studie maju
protichodné vysledky.

NajvyznamnejSia studia BOOST2




NEUROLOGIC CRITICAL CARE

Brain Oxygen Optimization in Severe Traumatic Brain
Injury Phase-ll: A Phase Il Randomized Trial*

Okonkwo, David O. MD, PhD'; Shutter, Lori A. MD'; Moore, Carol MA?; Temkin, Nancy R. PhD3; Puccio, Ava M. RN,
PhD': Madden, Christopher ). MD* Andaluz, Norberto MD>; Chesnut, Randall M. MD3; Bullock, M. Ross MD, PhD®;
Grant, Gerald A. MD, FACS’; McGregor, John MD&; Weaver, Michael PhD?; Jallo, Jack MD, PhD'%; LeRoux, Peter D. MD,
FACS'; Moberg, Dick MSE'?; Barber, Jason MS3; Lazaridis, Christos MD'3; Diaz-Arrastia, Ramon R. MD, PhD'

Randomizovana prospektivna Sudia, publikovana v 2017 v Critical Care Medicine
10 ICU v USA, 119 pacientov so zavaznym TBI

VsSetci pacienti mali zavedeny parenchymovy ICP snimac¢ a sondu Licox.
Polovica mala zakryty monitor PbtO2.

Sonda kontralateralne viditelnym léziam, do oblasti frontalneho laloka, ktory vyzera
neposkodeny, do hlbky 2cm.

Snimac zavedeny 5 dni.

Pri vzostupe ICP nad 20mmHg na viac ako 5 minut sa postupovalo podla
Standardizovaného protokolu.

Ak mal pacient monitorované ICP a PbtO2, manazment zvySeného ICP bol rovnaky, plus pri
poklese PbtO2 pod 20 mmHg po dobu viac ako 5 minut sa tiez postupovalo podla
Standardizovaného protokolu. 16



Vysledky:
- ICP bolo v oboch skupinach priblizne rovnaké
- Lieébou sa znizilo trvanie hypoxie 0 66% a hibka hypoxie 0 72%

- Mortalita 34 vs 25%, zlepSené GOS-E skore v kategdrii 5-8 0 11%, v kategorii 8 to bolo 13% vs 6%,
vyhodnotili to ako trend k lepsiemu outcome vzhladom na maly pocet pacientov
- protokol na liecbu vzostupu ICP /poklesu PbtO2 vyhodnotili ako bezpecny

GOS-E at 6 Months

g EB7 EH6 OS5 B4 B3 EB2 B

btO2 + ICP

8 = Upper Good Recovery, 7 = Lower Good Recovery. 6 = Upper Moderate Disability; S = Lower Moderate
Disability,; 4 = Upper Severity Disability; 3 = Lower Severe Disability; 2 = Vegetlative State; 1 = Dead

17



> Intensive Care Med. 2020 May;46(5):919-929. doi: 10.1007/s00134-019-05900-x. Epub 2020

A management algorithm for adult patients with
both brain oxygen and intracranial pressure
monitoring: the Seattle International Severe
Traumatic Brain Injury Consensus Conference

(SIBICC)
ICP < 22 ICP > 22
mmHg mmHg

42 expertov na TBl z celého sveta Type

F'H'DE -
Odporucany liecebny algoritmus 20 mmHg A
Class I
Nie je pravne zavazny

quz <

20 mmHg c




Multimodalny neuromonitoring hasho pacienta

27-rocny pacient - po pade zo strechy z vysky cca 4m

na mieste nehody - GCS 7 (E1M5V1)

na vstupnom CT vySetreni:

traumaticky SAH T vpravo, prepontinne a v PC uhle vlavo, minoritne v supraselarnej
cisterne

ICP snimac bol zavedeny frontalne vpravo do zdravého parenchymu
* vstupna hodnota ICP bola 17 mmHg
* PbtO2 bolo nizke prvych 6 hodin

Realizovana kyslikova vyzva na overenie funkénosti sondy

* Napr. podla protokolu BONANZA studie:

e ZvySit FiO2 na 100% na 5 minut, alebo kym PbtO2 nestupne o 5 mmHg. Ak stupne 0 5 mmHg,
ukoncite vyzvu a vratte FiO2 na pévodnu hodnotu

Ak PbtO2 stupne o 5 mmHg, sonda je funkéna (vysledok mdze byt aj menej ako 20 mmHg)
* Ak nestupne, treba monitorovat PbtO2 eSte 10 minut, mdze reagovat oneskorene.

* Ak nestupne, treba zopakovat vyzvu po 4-6 hodinach, ak bude negativna, treba CT kontrolu

polohy sondy.
19
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Pacient bol Typ C
(ICP <22 mmHg; PbtO2 <20 mmHg)

Uroven 1:
ICP < 22 ICP > 22 * Elevacia hlavy, aby sa znizilo ICP
mmHg mmHg * Telesnateplota <38 °C.
Type Type e Optimalizacia CPP: navySenie CPP na maximum 70
PO, > mmHg.

20 mmHg A B * Optimalizacia hemodynamiky

* korekcia hypovolémie zlepSi prietok krvi mozgom

* korekcia hypervolémie diuretikami - zlepSsi difuzibilitu 02

* Optimalizacia PaO2 - po odbere ABR, ak PaO2 je
menej ako 20 kPa

* FiO2 zvysit do max 0.6
» 2zvySit PEEP

Type
Pbt02 <

20 mmHg C

* toaleta dychacich ciest
* Antiepileptika

e Znizit minutovu ventilaciu na PaCO2 38 - 42 mmHg (5-

SIBICC TBI severe algorithms 5.6 kPa), cielové pH 7.35 - 7.45 21



Pacient bol Typ C
( s PbtO2 <20 mmHg)

Uroven 2 Uroven 3

e Skusit navySit CPP nad 70 mmHg. e ZniZzit minutovu ventilaciu na paCO2 > 6 kPa,

e Znizit minutovu ventilaciu na paC0O2 40 — 45 mmHg cielove pH 7.3 - 7.45.

(5.3-6 kPa), cielové pH 7.35 - 7.45. « ZvySit srdcovy vydaj - inotropikami
* Optimalizacia PaO2 - po odbere ABR  CTAG, Doppler - vylucit:
* FiO2 zvysitdo 1.0, hned ako je to mozné FiO2 * vazospazmus
znizovat, ale len 0 5% za 30min e kortikalnu ischémiu,
* 2vysit PEEP * trombdzu splavov

e Sanacia dychacich ciest - bronchoskopia . C . . 3
e Skusit hyperventilaciu (mozny reverzny
* Drenaz likvoru - ak je zavedena drenaz Robin Hood syndrém)

e ZnizitICP pod 15 mmHg

e ZvySitanalgosedaciu

* Transfuzia erymasy.

e Skusit neuromuskularne relaxancia

22
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Klinické situacie nasho pacienta
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Klinické situacie nasho pacienta
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pokles PbtO2 - intervencia: znizenie ventilacie = vzostup pCO2 (z 4,8 na 5,6 kPa)
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Klinické situacie nasho pacienta
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-Pokles PbtO2 pod 20 mmHg, v.s. pri poklese CPP na 65 mmHEg (pre budenie sa pacienta
a vzostup ICP navy$ena sedécia) — intervencia: zvysena vazopresoricka podpora
Noradrenalinom = CPP 75-80 mmHg 2



Klinické situacie nasho pacienta
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aver

Viacere klinické studie ukazali:
» epizddy mozgovej ischémie a hypoxie su po TBI bezné napriek normalizacii ICP
* hypoxia mozgu je spojena so zlym kratkodobym vysledkom pri tazkej TBI nezavisle
od zvySenej ICP, nizkej CPP a zavaznosti poranenia

|de teda o zlozitejsiu suhru medzi cerebralnym prietokom krvi (CBF),
cerebralnym metabolizmom, hypoxiou a sekundarnym poskodenim

Hodnoty PbtO2 nizsie ako 15 mmHg pocas viac ako 30 minut su nezavislym
prediktorom nepriaznivého vysledku a smrti

Monitorovanie PbtO2 moéze hrat vyznamnu ulohu v multimodalnom
terapeutickom pristupe k TBI, ¢o pomaha pri optimalizacii CBF, dodavky
kyslika a metabolizmu mozgu - v konecnhom dbésledku zlepsuje vysledky u
tychto pacientov

V sucasnosti prebiehaju dve multicentrické randomizované kontrolované
studie zamerané na pomoc pri odpovedi na tieto otazky (BOOST Ill,
BONANZA) e



Dakujem za pozornost
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