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Stocchetti et al. Critical Care 2013, 17:201
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Jen specificke!!

Hemodynamika
Ventilace
Teplota

Bilance tekutin

Vnitrni prostredi...

Consensus Summary Statement of the International
Multidisciplinary Consensus Conference on Multimodality

Monitoring in Neurocritical Care

A statement for healthcare professionals from the Neurocritical Care Society and the
European Society of Intensive Care Medicine
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Rozdeéleni

Invazivni X neinvazivni
Globalni x regionalni

Spontanni x vyvolané



PbtO2
TCD Sjv0O2

Local CBE SctO2 [NIRS]

Regional CBF @ Microdialysis
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Open Journal of Anesthesiology, 2014, 4, 131-152
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ICP - invazivnée

EVD

+ terapie

Prevodnik

Umisténi

J Neurocrit Care 2016:9(2):92-104
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ICP (mm Hg)

Lundberg A waves

Lundberg B waves

Lundberg C waves

Figure 2. Lundberg waves. Lundberg A waves are ICP increases
for 5 to 10 minutes. They reflect reduced cerebral compliance
and impending herniation. Lundberg B waves have unclear val-
ue in clinical practice. Lundberg C waves are thought to reflect
normal interactions between the cardiac and pulmonary cycles.

ICP, intracranial pressure.




Je tak vSude v mozkovnée stejny?

Transmission of Increased Intracranial Pressure

I. Within the Craniospinal Axis*
II. Within the Supratentorial Space*

Tromas W. Langritr, M.D., James D. WrinsTEIN, B.S., NEAL F. KaSsELL,
ANDLJH (nG IARDI, B.S.

__,/'Mm Depariment of Neurosurgery, Pennsylvan H;ntl,Phldlph,P nsylvania
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A Trial of Intracranial-Pressure Monitoring
in Traumatic Brain Injury

N ENGL ) MED 367;26 NEJM.ORG DECEMBER 27, 2012

Pressure-Monitoring  Imaging—Clinical
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Conclusions. The TMD test can be used on a regular basis as a reproducible investigative tool in the assessment of ICP in children with shunted hydrocephalus,

thereby reducing the need for invasive ICP monitoring. The equipment necessary to perform this testing is mobile. It will provide a useful serial guide to ICP
abnormalities in children with shunted hydrocephalus.

The tympanic membrane displacement analyser
for monitoring intracranial pressure in child: chiigs Nerv Syst (2013) 29:927-933
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ICP

SCIENTIFICREPORTS|  (2018)8:15776 | DOI:10.1038/s41598-018-34083-6
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Conclusion

This study showed that the TMP waveforms measured in the outer ea1| could not be used to correctly predict
the ICP waveform parameter MWA non-invasively. An estimate that might possibly be acceptable in clinic was
only observed in}4/28 (14%)|individuals. An observation of the study was that the cochlear aqueduct worked as
a physical lowpass filter. This reduced the TMP measurement’s ability to reproduce the entire spectral content of
the ICP waveform, and hence affected the MWA estimation.




Noninvasive detection of elevated
ICP using spontaneous tympanic
membrane pulsation

End tidal
CO, monitor

Earlobe Pulse

Scientific Reports|  (2021)11:21957 |

— OO0 OO —b-
Stethoscope Q '

with flexible

PVC tube Pressure

Data acquisition Computer
transducer

system

The study results arelencouraginglas they may result in a relatively simple, noninvasive diagnostic technique

to detect ICP elevation. More studies are needed to confirm the generality of these results in a larger number of
subjects, including patients with (or at risk of) elevated ICP.




From head micro-motions
towards CSF dynamics
and non-invasive intracranial

Arnost Mladek™?, Vaclav Gerla?, Petr Seba?®, Vladimir Kolar*, Petr Skalicky’*, Helen Whitley?,

p ress U re m 0 n Ito rl n g Lenka Lhotska*, Vladimir Bene$! & Ondfej Bradac*

Scientific Reports|  (2021) 11:14349
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S. Makarenko et al. /Journal of Clinical Neuroscience 26 (2016) 8-13
,Further prospective, randomized controlled studies should be
undertaken to clarify its role in the acute management of TBI.“
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C Pressure Reactivity and Optimal CPP

PRx +1 Curr Neurol Neurosci Rep. Author manuscript; available in PMC 2019 November 07.
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Thermal Diffusion Flowmetry

larger trials are needed to confirm

I'hermal Diffusion Flowmetry
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Cerebral perfusion and blood—-brain
barrier assessment in brain trauma using
contrast-enhanced near-infrared
spectroscopy with indocyanine green:

A review

Journal of Cerebral Blood Flow &
Metabolism

2020, Vol. 40(8) 1586—1598
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I1l. Mozkova oxygenace

Saturace v jugularnim bulbu

Tkanova oxymetrie
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Parcialni tlak kysliku v mozkove tkani - PbtO,

20— 40 mmHg

DO, x VO,
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MAP, CO

Hb
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Autoregulace, metabolismus, krece




Kam umistit ? Penumbra: |
Blood flow: 10-17 ml/100g/min

Electric silence
Spreading depression
Reversible damage in case of recirculation

Ischemic core:

Blood flow is permanently under <7.7-14 ml/100g/min
Irreversible membrane damage
Damaged brain tissue




Near Infrared Spectroscopy - NIRS
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l1l. Metabolismus

= mikrodialyza

biomarkery

PbtO2
TCD Sjv02

Local CBF SctO2 [NIRs)
Regional CBF

Interpretation

Therapeutic implications

Microdialysis

Remote




CMD

20kDa

0,3 pl/min % .
100kDa g s
Makromolekuly - =

S10083
N-acetylaspartat
\[®




Analyte Brain Subcutaneous

Glucose [.5-2 mM 5 mM
Lactate 2 mM

Pyruvate 120 uM

Lactate/pyruvate 15-20

Glycerol 50 UM 200 uM
Glutamate 10 UM

Neurocrit Care (2015) 22:348-359
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Biomarkery

S-1008

Glial fibrillary acidic protein

Neuron specific enolase

LEL

Amyloid B

Neurofilament heavy chain

Ubiquitin carboxy-terminal hydrolase

Alpha ll-spectrin
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Systematic Review
Raman Spectroscopy as a Neuromonitoring Tool in Traumatic
Brain Injury: A Systematic Review and Clinical Perspectives

Raman Technique

Author Year Type Animal Model Used Overall Risk of Bias

(Wavelength)
Banbury et al. 2020 Article Mouse ln'\"wo .Q.U Confocal RS (785 nm) Moderate
’ mTBI/sTBI
Ercole et al. 2017 Abstract Mouse In vivo — Confocal RS imaging Moderate
sTBI (785 nm)
Stretch Stlmulated'[{aman
organotypic scattering
Hu et al. 2016 Article Rat R ¥ (720-990 nm pump Moderate
hippocampal
lice cult beam, 1064 nm
SHce cultures Stokes laser)
. In vivo CClI . -
Mowbray et al. 2021 Article Rat <TBI Confocal RS (785 nm) Moderate
Surmacki et al. 2016 Article Mouse In vivo CCI Confocal RS (785 nm) Moderate
Tay et al. 2011 Article Mouse In vivo CCI Confocal RS (785 nm) Moderate
Confocal RS
(532 nm)—
Kawon et al. 2021 Article Rat In Vivoe .dn” . .Addltlonally, Moderate
focal injury FTIR-only Raman

findings reported in
this article

Cells 2022, 11, 1227. https:/ /doi.org/10.3390/cells11071227
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EEG

20-40% TBI epilepsie

Nekonvulzivni

gEEG

L

Compressed spectral array Density compressed spectal array ~ Frequency band
graticule trends (alpha)

Kortikalni snimani
i ] . Stocchetti et al. Critical Care 2013, 17:201
Spreading depolarization — 50% TBI http://ccforum.com/content/17/1/201




<« Awake EEG

Energy requirement for
electrophysiologic activity

EEG suppression

CMR-CBF

Energy requirement for cellular homeostasis

Cumulative barbiturate dose =——p
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Stocchetti et al. Critical Care 2013, 17:201
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Agent SSEP MEP BAEP
Latency Amplitude Latency Amplitude Latency Amplitude

Opioids
Ketamine
Etomidate

Barbiturates-
low dose
Barbiturates-high dose

Benzodiazepines-low
dose
Dexmedetomidine

Propofol
NMBA
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Pupil escape

Review \
Eyeing up the Future of the Pupillary Light Reflex

in Neurodiagnostics = o . —
] Diagnostics 2018, 8, 19; doi:10.3390/ diagnostics8010019

The pupillary light reflex serves as a valuable indicator of autonomic nervous system

OIS

function. Moreover, measurement of the reflex using dynamic pupillometry provides a quantitative,
non-invasive tool, which may aid the diagnosis and clinical management of a wide range of clinical
conditions, varying from neurodegenerative disease to exposure to toxic chemicals.
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Biomarkers

Pupillometer

LG e W U SN

v

Ct AR i AT SR

TCD ,
@ .‘ Ultrasound
N —~

NIRS/DCS

Thermal
diffusion
* flowmetry

Robba et al. Intensive Care Medicine Experimental (2024) 12:1
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Rodriguez et al. Critical Care (2024) 28:104
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Main Effects in TBI

Highlights

IL1B

Detrimental

Raised CSF IL1p correlates with both raised ICP and poorer outcome.
The balance between members of the IL1 cytokine family, in particular
between IL1p and its endogenous inhibitor IL1ra, is an important
determinant of the degree of inflammatory response, rather than the
absolute concentration of IL1{3. In TBI patients, high microdialysate
IL1ra/IL1b ratio is associated to favourable outcomes [54-56].

TNFx

Detrimental in acute phase and beneficial
during the healing process

Upregulated in the injured brain early after trauma, reaching a peak
within a few hours following the initial injury. This cytokine triggers the
apoptotic cascade but also, pathways resulting in activation of
pro-survival genes [57-59].

IL6

Beneficial

A trophic factor that is upregulated in the CNS after injury and
promotes neuronal survival and brain repair through astroglia and
vascular remodelling. Following TBI, its concentration rises
dramatically [60,61].

Complement

Detrimental

The complement system significantly triggers inflammation in TBI,
increasing BBB permeability and inducing cytokines, chemokines, and
adhesion molecules. Key products like C3a and C5a enhance vascular
permeability and inflammation. The cascade forms the membrane
attack complex (MAC), affecting both non-nucleated and nucleated
cells. C5a, a major pro-inflammatory component, amplifies cytokine
production and leukocyte adhesion, leading to more inflammation. This
system also contributes to apoptosis and cell death in TBI [62-64].

Angiopoietins

Beneficial (Angl) and detrimental (Ang2)

They are family of growth factors that are important in regulating
angiogenesis and vascular permeability, and also have been implicated
in BBB disruption. TBIs models show acute decrease in Angiopoetin-1
expression and concomitant increase in Angiopoetin-2 which is
associated with endothelial apoptosis and BBB permeability [65-69].
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Awake

* Anatomické intervence
Vs.

* Funkcni intervence




Doporuceni monitoraci

Topic section

Clinical evaluation
I C P Systemic hemodynamics
TBI Intracranial pressure and cerebral perfusion pressure
Cerebrovascular autoregulation
C P P . Systemic and brain oxygenation
IC M P Cerebral blood flow and ischemia
Electrophysiology
PRX

Cerebral metabolism

V4 Y 4
Krva Ce n I Glucose and nutrition

Hemostasis and hemoglobin

P bt O 2 S A K Temperature and inflammation

Biomarkers of cellular damage and degeneration

ICU processes of care

/7
ZO b ra Ze n I Multimodality monitoring informatics integration, display and

analysis
Monitoring in emerging economies

Future directions and emerging technologies
[N N ]




SctO2 rCBF ICBF

+
EEG EP MCD SyjO2 PbtO2 (NIRS) (TDP) (LDF)

TCD

Intraoperative neuromonitoring
1. Neurosurgery
Invasive spine or spinal cord surgery

Deep or intermediate hypothermia for brain
vascular neurosurgery

Normothermic brain vascular neurosurgery

Cortical brain tumour resection
(meningioma and astrocytoma)

Posterior fossa surgery™® SEP/AEP

Epilepsy surgery**

Awake surgery***

Monitoring Brain and Spinal Cord
Metabolism and Function”
Surgical peripheral nerve release

2. Cardiac & vascular surgery Open Journal of Anesthesiology, 2014, 4, 131-152

Normothermic thoracic and thoracoabdominal
. ) SEP/MEP
aortic surgery

Optic nerve. hypothalamic. pituitary gland.
and diaphragma sellae surgery****

Normothermic cardiac or vascular surgery

Intermediate hypothermia for cardiac or
vascular surgery

Deep hypothermia for cardiac or vascular surgery®
Carotid endarterectomy

Intensive care unit

SEP/VEP
SEP/AEP
SEP/VEP
SEP/AEP
SEP/VEP
SEP/AEP

Post-anoxic coma

Hypothermic coma

Intoxication and poisoning

SEP/VEP
SEP/AEP

Non-epileptic seizures SEP/VEP
Status epilepticus SEP/VEP

Brain death

Subarachnoid haemorrhage
Stroke (acute phase)

Trauma bram injury

Trauma spinal cord injury




Trauma center

Klinika
ICP
USG

Non-trauma center

70% o 90%

® Dead W \egetative state ® Lower severe disability
Upper severe disability ® Lower moderate disability ® Upper moderate disability
m Lower good recovery m Upper good recovery




Per Bertla
Becntlovmn

Zlepseni fyziologickych hodnot

Evidence o dopadu na outcome chybi

Neurointenzivni péce

Protokoly
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External Insults and

Immune Respon
e Response immune response

Amplification signals

Primary Injury

Chronic Immune-
Mediated Response

N , o e e e Tertiary Injury
Biomedicines 2024, 12, 520. https:/ /doi.org/10.3390/biomedicines12030520
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PbtO2

TCD SjvO2
SctO2 [NIRS)
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Local CBF

Regional CBF MiCFOdiGlYSiS

Open Journal of Anesthesiology, 2014, 4, 131-152
Interpretation

Therapeutic implications
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Cerebral Edema in Traumatic Brain Injury: a Historical
Framework for Current Therapy

Evidence of Edwin Discovery of Written 1stEVD Osmolar fluid Continuous Lundberg  ICP & TBI
trepanation (Peru) Smith skulls with description of manipulation CSF drainage waves Outcome
Papyrus therapeutic ~  trepanation to of brain volume & manometry ’ (Narayan)
| trepanation  relieve pressure Monro-Kellie (Weed & McKibben) ~ (Robinson)
inii ' hypothesis
;Xm”ang) (Hippocrates) yP Hypertonic
rovince '
Craniectomy ‘ saline for ICP
. Mannitol
resurgence Barbituates for ICP Euroth
for ICP urotherm
DECRA 3935
Hypertonic
urea for ICP Best:trip | RESCUEicp

-.- -*— _L _‘- -._.4 \ ] ® ) ‘ [ ) | [ ] @@= Current day

TIME 8000 BCE 1700 BCE| | | /1000 BCE| | || 400 BCE 1744 1783 1800s 1920s/71930s 1940s\ 1950s 1960s\1970s 1980s 19903/ 2000s)2010s
YEA :
NC()T 0 S%lLE ‘ice caps” ‘ice bomb” NABIS:H  NABIS:HII
(Phelps, TBI) (Fay, CNS tumor)
! POLAR
TBI neuroprotection ICP
hypothermia hypothermia
(Lundberg)

Curr Treat Options Neurol. 2020 March ; 22(3): . doi:10.1007/s11940-020-0614-x.



Table 1. Escalating options to treat elevated intracranial pressure.

Intervention

Effect

Pot. Benefit

Pot. Risk

(Deepening of)
Analgosedation, Barbiturates

Osmotherapy with Mannitol

Decrease of brain metabolism and

therefore oxygen consumption

Reduction in brain tissue volume,

increase in CBF

Decrease in CBF, CBV and ICP

Decreases ICP, no improvement of

tissue oxygenation

Adverse effects of long-term sedation,
impaired neurological assessment
Fluid overload, osmotic diuresis

leading to hypovolemia,
hyperosmolarity, rebound brain edema

Osmotherapy with hypertonic
saline

CSF drainage

Reduction in brain tissue volume,

increase in CBF

Allows for expansion of brain
tissue by reducing CSF volume

Decreases ICP, improvement of
tissue oxygenation

Lowers ICP

Fluid overload, osmotic diuresis leading
to hypovolemia, hyperosmolarity
Transcerebral ventricular drainage
required, risk of ventriculitis,
meningitis

Hyperventilation

Cerebral vasoconstriction leading

to reduced CBV

Lowers ICP if autoregulation is
intact

Reduction in CBF leading to brain
tissue ischemia

Decnmpressive cr;miectnmy

Allows for expansion of the
edematous brain

Decreases ICP, may improve
tissue perfusion

Aggravation of brain edema,
unfavorable outcome after 6 months

ICP: Intracranial pressure, CBV: Cerebral blood volume, CBF: Cerebral blood flow, CSF: Cerebrospinal fluid.

Med. Sci. 2019, 7, 37




SEVERE ISOLATED TBI PATIENTS

(1)
COMMUNICATION HUB & SPOKE NEEDING TRANSEER TO

TELEMEDICINE

THE HUB CENTER
MANAGEMENT:
MONITORING: * SAP > 110 mmHg or MAP > 80 mmHg(3)
.« ABPQ) * HOB ELEVATION 30-45° (6)
. ECG * HEAD in the MIDLINE AVOIDING NECK VEINS COMPRESSION
SEDATION + INTUBATION + MV: . HR * BCT <37.5°C(NORMOTHERMIA)
SPO * Hb>7g/dl
° 5 . )
* SpO,>94% * E1CO; . ::vl:R%:fifr:\El\%LCOAGULANTS DRUGS
* PaCO, 35-38 mmH . (5)
’ ) GCS + PUPILS + PLT >75.000 mm3®)
* PT/aPTT < 1.5 normal control(®
COAGULATION POC TEST (i.e. TEG, ROTEM)®)

CC TRAINED PERSONNEL WITH:
* EXPERIENCE IN AIRWAY

IN CASE OF NEED of EMERGENT NEUROSURGERY(2):

* DIRECT TRANFER in the OR || TRANSFER TO THE HUB CENTER MANAGEMENT AND LIFE
* OSMOTHERAPY SUPPORT STRATEGIES
* SHORT TERM HYPERVENTILATION * BASIC KNOWLEDGE IN

e INCREASED in SEDATION Picetti et al. World Journal of Emergency Surgery 2023, 18(1):5 NEUROCRITICAL CARE




VENOUS
4 CSF BLOOD
: VOLUME
- AUTOMATED
X PUPILLOMETRY

COLLAPSE OF THE
MICROCIRCULATION

CEREBRAL
ULTRASOUND

Intracranial Pressure, mmHg

ICP :
WAVEFORM oMW AW
C %“’C“
BRAIN
HIGH COMPLIANCE INJURY

Rodriguez et al. Critical Care (2024) 28:104 B rai n VOI u me’ m L



Nihilismus

Realismus

Fyziologie

Outcome
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