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Neuromonitorace?

 Ma veést k individualizaci terapie

» Cil: minimalizace sekundarniho poSkozeni CNS (edém, hypoxie, porucha

metabolizmu, excitoxicita, kieCova aktivita, zanét)




Neuromonitorace

Ne monitorace samotna, ale monitorace, ktera vede k
cilené terapii vede k pozitivnimu ovlivneni outcome

Read and fully understand
operator's manual before

using this machine.

Failure to follow operating
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Neuromonitorace

Ne monitorace samotna, ale monitorace, ktera vede k
cilené terapii vede k pozitivnimu ovlivneni outcome
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Moznosti neuromonitorace

Klinické vysetreni — védomi, hybnost koncetin, zornice
Méreni intrakranialniho tlaku (ZKD, intraparenchymové cidlo)
Jugularni oxymetrie

NIRS (blizka infraCervena spektroskopie)
Tkanova oxymetrie (Licox®)

Transkranialni doppler

Mikrodialyza (laktat/pyruvat, glukéza, glutamat)
EEG




Doporuceni pro klinickou praxi

Pacient s kraniotraumatem
Vzbud pacienta (pokud je to bezpecCné), nebo monitoruj ICP (zlaty standard)

Kdyz jsou k dispozici dalSi moznosti neuromonitorace pouzij je — cilem je tkanova

perfuze a oxygenace, absence EPI aktivity, normoventilace










Jugularni oximetrie

* Retrogradne zavedeny katetr do oblasti jugularniho bulbu
« Cil: zhodnotit globalni nabidku vs. spotfebu kysliku mozkem (A-V rozdil)

- Detekuje globalni stav ne regionalni poruchu, ktera je rizikova pro sekundarni

poskozeni
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Jugularni oxymetrie

« Jugularni oxymetrie — pozitivni ovlivnéni outcome pacientu s TBI (3-6 mesic), Level
[ll doporuceni

$icp d
+PaCO; < 28 mm Mg ]
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Invazivni tkanova oximetrie

* Invazivni méreni — implantace elektrody do mozkoveé tkané (bila hmota)
« Licox® - polarograficka Clarkova elektroda — PbTO2

* Neurotrend® - opticka luminiscence — PbTOZ2 + pH
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Tkanova oxymetrie

Hypoxie merena je spojena s negativnim outcome

Implantace elektrody (majoritné spolecné s ICP Cidlem)

Méreni mozkoveé tkanoveé oxygenace (PbrO2)

Umoznuje ovlivnit oxygenaci (FIO2, transfuze, optimalizace CPP)

EBM data 50% benefit vs. 50% bez benefitu, Level lll doporuceni




Tkanova oxymetrie

Hypoxie mérena je spojena s negativnim outcome

Implantace elektrody (majoritné spolecné s ICP Cidlem)

Intuitive - touch screen Menu —— Trend Data
* Upto 5days visible on the screen
Wide screen to have a full insight of oxygen trend
* A18 cm large touch during patient treatment.

screen interface.

—

USB Output (back)

» Convenient and rapid data export
through a USB output makes reviewing
five days of patient data simple.




Hypoxie mérena

Implantace elektr

Craniectomy right side

LICOX catheter |ntracranial pressure

(partial removal of skull bone) Skull (bone)

Right middle cerebral
artery infarct

catheter

Hemorrhagic area
inside infarcted brain

e on the screen
ht of oxygen trend
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Tkanova oxymetrie (Licox®)

Riziko pfi <15mmHg (PbtiO2)
Délka trvani (<15mmHg = 4 hod, <10mmHg = 1 hod 45 min, <bmmHg = 30 minut)

PbtiO2 = perfuzni tlak, lokalni perfuze, hemoglobin, PaO2
Mozno pouzit k optimalizaci (individualizaci) perfuzniho tlaku — CPP

Retrospektivni data PbtiO2 > 20mmHg = lepSi outcome

OXMGEN IS A




NIRS

* InfraCervené svétlo 600-1000nm

« Transmise a absorpce koreluje s oxygenaci (saturace hemoglobinu)

« Regionalni tkannova saturace kysliku mozkové tkané (Cislo, nebo %)

« Chybi standardizace algoritmu vypoctu rScO2

« V klinické praxi 30 let — porad neni dostateCné rozsiren (chybi EBM data)

« Kardiochirurgie, Endarterectomie a.carotis, celkova anestezie, TBI




« Chybi standardizace

NIRS u TBI

* 1rScO2 <60% rizikové pro téZzkou hypoxii mozku (senzitivita 73%, specificita 86%)

* NIRS — nemuze nahradit standardni monitoraci (ICP), ale user-friendly, neinvazivni
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Review

Shedding light on the adult brain: a review of
the clinical applications of near-infrared
spectroscopy

BY MARTIN SnmrTal2:*

JOURNAL OF NEUROTRAUMA 32:933-941 (July 1, 2015) H
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Near-Infrared Spectroscopy in the Monitoring
of Adult Traumatic Brain Injury:
A Review
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* Doporucen k zhodnoceni zavaznosti TBI pri prijmu (Grade 2+, silné doporuceni)

Transkraniélni doppler (TCD)

Transforaminal

 Index pulsatility — Pl (systolicky, diastolicky a stfedni pratok)

« TCD, nebo tkanova oxymetrie muze byt implementovana k optimalizaci perfuze a

oxygenace u pacientu s TBI

« TCD - 88% negativni prediktivni hodnotu 11CP




Transorbital

Transtemporal

Transkramalm doppler (TCD)

" 3 . Submandibular 1 - middle
2 - posterior

Transforaminal 3 - anterior

DoporucCen k zhodnoceni zavaznosti TBI pfri prijmu (Grade 2+, silné doporuceni)

Index pulsatility — Pl (systolicky, diastolicky a stfedni pratok)

TCD. nebo tkanova oximetrie miize bvt imbplementovana k ontimalizaci nerfuze a

Anaesth Crit Care Pain Med 37 (2018) 171-186

— Société Francaise d'Anesthésie et de Réanimation




Transkranialni doppler (TCD)

Transcranial Doppler in the Diagnosis of Cerebral
Vasospasm: An Updated Meta-Analysis

Jean-Mathieu Mastantuono, MD'; Christophe Combescure, PhD**; Nadia Elia, MD, MSc"**;
Martin R. Tramer, MD, DPhil'? Christopher Lysakowski, MD*”

* NejCastéjSi vyuziti = detekce vazospazmu (u pacientd po SAK)




TABLE 2. Diagnostis Accuracy of Transcranial Doppler and Transcranial Color-Coded

Duplex Doppler

Estimate and
Number of
Studies

n studies

Pooled sensitivity

2, %
Pooled specificity

I, %
Positive LR

Negative LR

Positive predictive
value

Negative
predictive value

Middle Cerebral

Artery

10

66.7%
(55.9-75.9)

578

89.5%
(80.3-94.7)

89

6.86
(3.57-12.50)

0.38
(0.27-0.50)

93.7%
(88.9-96.6)

53.4%
(46.7-60.9)

Transcranial Doppler

Anterior Cerebral

Artery

4

32.7%
(10.9-65.7)

78

89.6%
(48.2-98.7)

65

5.77
(0.565-25.60)

0.79
(0.41-1.33)

87.4%
(67.8-98.3)

35.4%
(24.6-50.6)

Basilar Cerebral

Artery

2

62.1%
(33.3-84.3)

66

84.5%
(71.1-92.3)

24

4.05
(2.28-6.76)

0.44
(0.20-0.74)

90.0%
(84.6-93.9)

48.6%
(36.5-67.6)

All Arteries

2

71.2%
(65.7-76.1)

0]

79.4%
(43.5-95.1)

98

4.54
(1.24-14.00)

0.40
(0.27-0.69)

88.9%
(74.3-97.1)

53.9%
(38.1-61.2)

Transcranial Color-Coded

Duplex Doppler

Middle Cerebral

Artery

3

81.5%
(67.5-90.3)

0.00

96.6%
(93.2-98.3)

0.00

25.0
(11.9-49.9)

0.20
(0.11-0.34)

98.2%
(96.4-99.1)

69.1%
(56.1-80.9)

p?

0.138

0.127




TABLE 2. Diagnostis Accuracy of Transcranial Doppler and Transcranial Color-Coded
Duplex Doppler

Transcranial Color-Coded

Transcranial Doppler Duplex Doppler

Estimate and -

Number of Middle Cerebral Anterior Cerebral Basilar Cerebral Middle Cerebral

Studies Artery Artery Artery All Arteries Artery

n studies 10 4 2 9 3

Pooled sensitivity 66.7% 32.7% 62.1% 71.2% 81.5% 0.138
(55.9-75.9) (10.9-65.7) (33.3-84.3) (65.7-76.1) (67.5-90.3)

2, % o738 78 66 0 0.00

Pooled specificity 89.5% 89.6% 84.5% 79.4% 96.6% 0.127
(80.3-94.7) (48.2-98.7) (71.1-92.3) (43.5-95.1) (93.2-98.3)

Transkranialni doppler = senzitivita 66, 7%, specificita 89,5%,
Transkranialni color duplex doppler: senzitivita 81,5%,
specificita 96,6% (ACM).

Pozitivni prediktivni hodnota 93,7% a negativni prediktivni
hodnota 53,4%



TABLE 2. Diagnostis Accuracy of Transcranial Doppler and Transcranial Color-Coded
Duplex Doppler

CONCLUSIONS

For the MCA, and in the context of a high prevalence of vaso- =
spasm, both conventional and color Doppler are likely to detect
a vasospasm, but neither is useful to exclude one. There is no
evidence that the accuracy of TCCD is any better than that of
TCD; however, more studies are needed to confirm this state-
ment. For other arteries, the use of TCD cannot yet be recom-

mended because there is a lack of relevant and valid data.
FOZIUVIII [JICUIKLIVIII Nnoaurnowd 9,7/ 7o d lleg'dI.IVlll [JIGUIKLIVHI

hodnota 53,4%
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HANDBOOK OfIF

ICU EEG

EEG MONITORING

AR L ALY

U pacientu s TBI frekventni EPI aktivita

Majorita non-konvulzivni

Kontinualni EEG vs. jednorazove EEG

Kvantitativni EEG hodnoceni pro intenzivisty §  svzTie M. LaRoc
EEG doporuéeno u vSech pacientt s TBI a trvajici poruchou védomi

EEG doporuéeno u vsech pacientl s poruchou védomi bez vysvétlujiciho

nalezu na zobrazovaci metodeé

EEG doporuc¢eno u pacienu se SAK k detekci pozdni ischemie
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EEG pro intenzivisty?

Sensitivity of quantitative EEG for seizure
identification in the intensive care unit

A

Hiba A. Haider, MD ABSTRACT
Rosana Esteller, PhD

Objective: To evaluate the sensitivity of quantitative EEG (QEEG) for electrographic seizure iden-
Cecil D. Hahn, MD,

tification in the intensive care unit (ICU).
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Figure 1 Example of a 1-hour quantitative EEG (QEEG) panel without automated seizure detection (SzD) as viewed by the QEEG and QEEG +
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Introduction

Non-convulsive seizures are common in the critically ill
- Detectable only by electroencephalography (EEG)
Continuous EEG in ICU is interpreted intermittently
« Delays between seizure recognition & treatment
Quantitative EEG (QEEG) can simplify interpretation
« Color Density Spectral Array (CDSA)

- Amplitude-integrated EEG (aEEG)

Limited data on utility of QEEG in the hands of critical
care providers in pediatric ICU




cEEG from critically ill children aged 1 month-18 years
Gold standard: Seizures confirmed by review of the
raw cEEG by a board-certified neurophysiologist
Participants underwent 2h of formal QEEG training
Performed supervised review of 27 cEEG recordings
with only CDSA and aEEG displays visible (Figure 1)

Figure 1: Representative CDSA and aEEG displays

L

Stewart et al., Neurology 2010.




- cEEG from critically ill children aged 1 month-18 years
« Gold standard: Seizures confirmed by review of the
raw cEEG by a board-certified neurophysiologist

Results

1. Critical care providers performed as well as
neurophysiologists at seizure identification using both
CDSA and aEEG (Table 1, Figure 2)

2. ICU Fellows and ICU nurses had similar performance:
i. Median sensitivity ranged from 82.4%-88.2% for

CDSA and 73.1%-83.8% for aEEG

i Fwnmrmmuwu“" Tk

Stewart et al., Neurology 2010.




Mikrodialyza

Katétr do nepostizené mozkové tkané
Analyza po 30-60 minutovach
glukodza, laktat, pyruvat (laktat/pyruvat ratio), glutamat, glycerol, Na+, K+

detekce sekundarniho postizen

Nizka CMD glukoéza (0,46-1,39mmol/l) — negativni outcome
Glutamat > 20umol/l — negativni outcome
Glycerol > 83umol/l — negativni outcome

Tlaktat/pyruvat > 25 — negativni outcome




Mikrodialyza

Acta Neurochir (2017) 159:2245-2273 @ CrossMark
DOI 10.1007/s00701-017-3338-2

REVIEW ARTICLE - BRAIN INJURY

A systematic review of cerebral microdialysis and outcomes
in TBI: relationships to patient functional outcome,
neurophysiologic measures, and tissue outcome

Frederick A. Zeiler "~ - Eric Peter Thelin"® - Adel Helmy" - Marek Czosnyka™® -
Peter J. A. Hutchinson” - David K. Menon™""*"

» Glycerol > 83umol/l — negativni outcome

« tlaktat/pyruvat > 25 — negativni outcome




Cerebral microdialysis

Table S catheter Bedside Monitoring
2oy dialysate
Physiolo, j Glucose
oA Pyruvate
ICPAPP Lactate 1t numbers
LPR lations but
° LD Glutamate
vere limitations
j % U microvial .
SivO, (20 L of brain with
extracellular fluid)
[ J
PbtO, tations
All significantly
in this area.
Autoregt interstitial * . 0, Bias high.
(PRx ¢ tissue e diffusion
S o Of molecules
wavel biomarkers, :
Imaging drugs ° xtremely scarce,
permeable n publication bias,
. merrlbiane. \ nappropriate to assign
a at this time

ICPintrz
brain tiss

on monitoring, PhtO,

L

brain cell

4

microdialysis probe




Zaver
U pacienta s kraniotraumatem je nutny neuromonitoring

V pripadé, Ze je to mozné (bezpecné), vzbudit pacienta po kontrolnim CT vySetreni

(po 4 hodinach) — neuromonitoring = klinické vysetfeni, vedomi atd.

V pripadé, ze ne nutny neuromonitoring

Zlaty standard ICP Cidlo (intraparenchymové/intraventrikularni)

Pokud mozno pouzij dalsi moznosti — LICOX, EEG, TCD, mikrodialyza, NIRS

Nelé€i metoda, ale metoda muze vést k cilenému managementu = pozitivné ovlivnit

outcome




U pacienta s kra =2

trolnim CT vySetreni
“atd.

V pripade, ze je
(po 4 hodinach) -
V pripadé, ze ne

Zlaty standard IC

Pokud mozno pc -, ydialyza, NIRS

Experimental setup. A butternut squash is being studied. The oximetry

Neléci metOda, c probes are applied transversely at the widest level. The optical sensors u = pOZitiVné ovlivnit

are affi_xed side to side with the light emitting diodes positiqned laterally.
outcome A portion of the subject was obscured to ensure anonymity.




Dekuji za pozornost




