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Platon - Obrana Sokratova: ,Zda se tedy, ze alespon v teto
maliCkosti jsem moudrejsi, protoze nejsem toho nazoru, ze neco
vim o vecech, o kterych nic nevim.”



Co resim(e) v soucasné dobe

* Smysluplnost
e Multimodalnost monitorace

* Optimalni hodnoty nitrolebniho tlaku (ICP), mozkového perfuzniho
tlaku (CPP), autoregulaci mozku
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Functional outcomes over the first year after moderate to
severe traumatic brain injury in the prospective,
longitudinal TRACK-TBI Study

Severe Moderate

Severe disability ~Moderate disability ~ Good recovery Severe disability Moderate disability — Good recovery
B Dead [] Lower ] Lower [ Lower [l oead [] Lower [] Lower [ ] Lower
[ ] vegetative state [T Upper I upper [ upper [ ] Vegetative state [] Upper B upper [ upper
100+ — 4 — ™~ - o e,
12% 100
] |GOSE ——
’ 24
8 gl 45% 51% % R g 41%
= GOSE . GOSE 3 GOSE
o
2 24 24 . 2 £ >4
2 s = 69% 71% 75%
'S | = GOSE GOSE GOS
g ol 7 607 - 24 24 24
b | | -
. | = ] v
Lun 40 b § 40 4
- -
: 5 =
(WN] =
wy Click on image tc L
o 20 3 i
) I i I .
0 0 || .
%Wk 3_mo S_mo 13 mo 2 wk 3mo 6 mo 12 mo
n=290 n=278 n=282 n=271 e s n=75 =72

Follow-up postinjury Follow-up postinjury



The Seattle Internatiol Severe Traumatic Brain
Injury Consensus Conference (SIBICC

Tier Zero (Basic Severe TBI Care - Not ICP Dependent)

Expected Interventions:

= Admission to ICU = Consider anti-seizure medications for 1w only

{in the absence of an indication to continue)
+ Endotracheal intubation and mechanical ventilation

» Maintain CPP initially z &0 mmHg
» Serial evaluations of neurclogical status and pupillary reactivity

* Maintain Hb = 7g/dL
= Elevate HOB 30-45°

* Avold hyponatremia
+ Analgesia to manage signs of pain (not ICP directed)

+ QOptimize venous return from head

* Sedation to prevent agitation, ventilator asynchrony, etc. {eq. keaping head midline, ensure cervical collars are no too tight)
(nat ICP directed)

+ Arterial line continuous blood pressure monitoring
» Temperature management to prevent fever

Measure core femperaiure * Maintain SpO2 = 94%
Traat core lemperature above 38°C

Recommended Interventions:

+ |nsertion of a central line

+ End-lidal CO, monitoring

Fig. 1 Consensus-based basic severe traumatic brain injury care for patients with an ICP monitor in situ. These are basic treatments recommended
as fundamental to the care of patients with sTBI, to be initiated {(*Expected interventions”) or considered ("Recommended interventions”) upon ICU
admission of a patient with an ICP monitor, regardless of the monitored pressure. CO, carbon dioxide, CPP cerebral perfusion pressure, Hg hemo-
globin, HOB head of bed, ICP intracranial pressure, ICU intensive care unit, spO, arterial oxygen saturation




The Seattle Internatiol Severe Traumatic Brain
Injury Consensus Conference (SIBIC

+ Maintain CPP 60-70 mmHg + Hypertonic saline by intermittent bolus* Principles for Using Tiers:
* Increase analgesia to lower ICP « CSF drainage if EVD in situ * When possible, use lowest tier treatment
* Increase sedation to lower ICP = Consider placement of EVD to drain CSF * There is no rank order within a tier
« Maintain PaCO:2 at low end of normal if parenchymal probe used initially + It is not necessary to use all modalities in
(35-38 mmHg/4.7-5.1 kPa) * Consider anti-seizure prophylaxis for 1 week only a lower tier before moving to the next tier
+ Mannitol by intermitient bolus (0.25-1.0 gikg) (unless indication to continue) » If considered advantageous, tier can be
* Consider EEG monitoring skipped when advancing treatment

¥

+ Re-examine the patient and
Y consider repeat CT to re-evaluate

« Mild hypocapnia range 32-35 mmHg/4.3-4.6 kPa) ekl pethokogy

Reconsider surgical options

) s : s M GE
Neuromuscular paralysis in adequately sedated patients if efficacious for potentially surgical lesions

+ Perform MAP Challenge to assess cerebral autoregulation and guide MAP and CPP goals in individual patientst Coraldar exitracan il caiisss
* Should be performed under direct supervision of a physician who can assess response and ensure safety of ICE elevation

* No other therapeutic adjustments (ie. sedation) should be performed during the MAP Challenge

* Initiate or titrate a vasoprassor or inotrope to increase MAP by 10 mmHg for not more than 20 minutes
* Monitor and record key parameters (MAR CPF, ICP and Py, O, ) before during and after the challenge
* Adjust vasopressoriinotrope dose based on study findings

Review that basic physiologic
parameters are in desired range
(e.g. CPP, blood gas values)

-

Consider consultation with higher
* Raise CPP with fluid boluses, vasopressors and/or inotropes to lower ICP when autoregulation is intact level of care if applicable for your

health care system

)

A 4
* Pentobarbital or Thiopentone coma * Secondary decompressive craniectormy
fitrated to ICP control if efficacious « Mild hypothermia (35-36°C) using active cooling measures




Vaha doporuceni

We present a series of consensus-based algorithms for FLevel I IT and [TT
adult sTBI management. Our consensus working group
(CWG) established 18 interventions as fundamental to * Although hyperosmolar therapy may lower intracranial pressure, there was insufficient
sTBI care and ten treatments not to be used. It also estab-
lished a three-tier algorithm focused on treating elevated evidence about effects on clinical outcomes to support a specific recommendation, or to
ICP wherein higher tiers involve therapies with higher i i i i i
risk. We suggest considerations to address when advanc- support use of any specific hyperosmolar agent, for patients with severe traumatic brain
ing from lower to higher tiers and recommendations for -
critical neuroworsening aimed at assisting the recogni- myury.

tion, workup, and treatment of declining patients. Novel
elements include guidance for autoregulation-based ICP
treatment and the performance of MAP Challenges, as
wall as two sets of heatmaps to guide (1) consideration of Level  and IT A
sedation holidays to facilitate neurological examination

and (2) ICP-monitor removal. * There was insufficient evidence to support a Level I or IT A recommendation for this

topic.
Level IT B
* Prolonged prophylactic hyvperventilation with partial pressure of carbon dioxide in arterial

blood (PaCOs) of 25 mm Hg or less is not recommended.

Levell and [T

* There was insufficient evidence to support a Level I or IT recommendation for this topic.

Level Il
*  An FVD system zeroed at the midbrain with continwous drainage of CSF may be
considered fo lower ICP burden more effectively than intermittent use.
s Use of C5F drainage to lower ICP in patients with an initial Glasgow Coma Scale (GCS)
=6 during the first 12 hours after injury may be considered.
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From: Use a “GHOST-CAP” in acute brain injurv

On Daily Basis Interventions
»Alarm” Mode Brain Physiology
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Define Tarvets Therapeutic Multi-disciplinary Monitoring
FHIRESS Protocols Approach Integration




Multimodalni monitorace- Jen ICP nestaci

NPi-300
Pupillometer ¥

NPi'-300 Wireless
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Brain Tissue Oxygen Monitoring and Management in Severe Traumatic Brain Injury (BOOST-II): a Phase Il
Randomized Trial. David O. Okonkwo, et al. Crit Care Med. 2017. Nov 45

Values in mmHg ICP E 22 ICP > 22

PbtO22 20 Type A Type B

No interventions needed Interventions to lower ICP

PbtO2< 20 Typs C

Interventions to increase PbtO,



https://pubmed.ncbi.nlm.nih.gov/?term=Okonkwo%20DO%5BAuthor%5D

Scenario Tier
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Adjust head of bed to lower ICP
Ersure temperature < 38
Adjust sedation and analgesia

Adjust ventilation to abtain PaCO2 between 35-40 mmHg

CSF drainage
Standard dose mannitol (0.25 = 1.0 g/kg)
Hypertonic saline

et == | w] O L

A el

Adjust ventilation to lower PaCO2 to 32-35 mmHg,
High dose mannitol (> 1g/kg), or higher requency of standard dosa

Repeat CT = lock for increased size of intracranial mass lesions

Treal surgically remediable lesions with craniotomy
Adjust temperature o 35- 37 °C

<u Lo Rl o= L0

Pentobarkbital coma

Lecompréssive craniectomy
Adiust Temperature bo 32 — 34,5 °C

Meursmuscular paralysis
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Effect of Haemoglobin Transfusion Treshold on Cerebral Haemodynamics
and Oxygention. Jamal JM. Neurotrauma 2015. Aug 15

TABLE 3.

BRAIN OXYGENATION SUMMARY VARIABLES AND COMPLICATIONS

7 g/dL group
n=92
Time Pbt0; was monitored (h), median (IQR) 76.5 (78.5)
Develaped brain tissue hypoxia, n (26)* 31/92 (33.7)
When probe was in normal tissue, n (%) 16/64 (25)
When probe was in abnormal tissue, n (%) 15/28 (53.6)
Time Pbt0; was <10 mm Hg (h), median [IQR)b 0(9.5)
When probe was in normal tissue (h, n=123), median 0 (5)
(1QR)
When probe was in abnormal tissue (h, n=64), median 9 (28.5)
(1Qr)

Pbt0;, brain tissue oxygenation; IQR, interquartile range

10g/dL group
n=95

103 (95)
26/95 (27.4)
6/59 (10.2)
20/36 (55.6)

0(7)

0 (0)

9 (20.5)

p

value

0.04

0.43

0.04

=0.99

059

0.06

0.86

Open in a separate window

2p=0.11 for threshold=tissue interaction (logistic regression with outcome brain tissue hypoxia).

hp=0‘0? for threshold =tissue interaction (logistic regression with outcome time Pbt0; <10 mm Hg [0 vs. =0]).

Skupina s prahem 10g/dl
mela mensi riziko umrti do
/2h, pak se rizika srovnala
28denni mortalita stejna
Nebyla hodnocena rizika
transfuze



Visualizing the Pressure and time burden of intracranial hypertension in adult and pediatric brain
injury. Guiza F et al. Intensive Care Med 2015 Jun; 41(6)
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Mozkova autoregulace

= schopnost udrzet konstantni cerebral blood flow (CBF) za
meniciho se CPP diky zménam cerebrovaskularni rezistence, t;.

vasodilataci a vasokonstrikci
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Fic. 1. Cerebral blood flow and blrmd prrcssurc Mean valut:s of 11 groups of subjects re-
ported in ‘; studies have been olotiad tlanis msleibiEgpic conditions haw: bocn sclected,
FChange in blood pressure. In all, this ﬁgurc is based O i

¢ and 2z, Drug-induced severe hypotension (81). 3 and ¢, Drug-induced mederate hy-
potension (206). 5 and 6, Normal pregnant women and normal young men (206, 173).
7. Drug-induced hypertension (230). #, Hypertensive toxemic pregnancy (2o06). g, 10,
r1, Essential hypertension (229, 131, 228).




Differential Hemodynamic Response of Pial
Arterioles Contributes to a Quadriphasic
Cerebral Autoregulation Physiology

Samuel P. Klein

, MD, PhD; ieerle De Sloovere, MD; Geert Meyfroidt, MD, PhD; Bart Depreitere "=, MD, PhD
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Figure 5. Quadriphasic curve compared with the classic triphasic cerebral perfusion pressure
(CPP)-cerebral blood flow (CBF) curve.

A, Cerebrovascular autoregulation (CA) is classically visualized as a triphasic curve consisting of a wide
plateau of steady CBF (red curve) between a CPP of 50 and 150 mm Hg (green area). Red areas indicate
absent CA with a passive CPP-CBF relationship. Cerebrovascular resistance is represented by the
purple dashed line. The underlying physiology is explained by maximal vasodilation at the lower limit of
autoregulation (LLA) and maximal vasoconstriction at the upper limit of autoregulation (ULA). B, We have
demonstrated a quadriphasic curve with a relatively narrow plateau between the LLA and ULA1 (green
area). Between ULA1 and ULAZ2, there is progressive failure of CA starting at the level of the smallest
arterioles and progressing toward larger arterioles (blue area) until all arterioles fail to resist increasing
CPP and flow becomes completely pressure passive (right-sided red area). During maximally maintained
vasoconstriction (blue area), the CPP-CBF relationship is sloped but attenuated.



Table 1 Statements on which consensus was reached (R1,2,3 =round 1,2,3)
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Cerebrovascular Autoregulation Monitoring s e e e o

Ing ta Its nend> The curr—"-r.t Delphl comﬂmu} process fo-c:use< on thﬂ cIIn Ical assessrnen l:lf the
ability to maintzin constant global CBF In response to different external stimull

in the Management of Adult Severe Traumatic  » <mmrmsssrsmrmensss, v v

plateay oo the LD 2yl

. . . . L 3(2) A CPP below 50 mmHg should never be accepted N/A M/A @
Brain Injury: A Delphi Consensus of Clinicians < me———
sion, may occur In the higher rangas of (PP In these ranges, additional monitoring for such side
effects may be considared
- " — . -3 - - F. - 7 L 5(2) Bath Intensity and duration of low CPP Insults are determinant In terms of assoclation with poor 83.3% B5.7%
B. Depreitera®, G. Citerio?, M. Smith®, P David Adelson™®*, M. J. Aries®, T. P Bleck’, P Bouzat®, R. Chesnut®, ’ Tutrome o
- :_\ A I
V. De 5|DDVEFE']:I M. lelﬂgE'f” 1 D'UFE'EIFI[ESU] A ETEG|EH G, HEIWF'_';"|U|(1 C Haw[hl::-rne‘“ R HE| hﬂkm 6(2) Boc‘;‘htglﬂl;r':wmddummnofh[ghCPPInsuIEaredeterm[nanﬂnrermsofassmaﬂunwllhpoor B33%  BST%
S.PKlein'’, J. 0. Neumann'®, C. Robba", L. SIemerm‘ N. Stocchetti®, F.5. Taccone™, A, Valadka™, 5. Wolf*, ———2 Episodes of ow CPP are more detrimenta than episodes of igh CPP :
BECaUST U
F A, ZE‘”EF:{I:;”E" 913 and . ME-}.I‘F[D“j[}D CPP zone can differ between Individuals and can change within Indhiduals
(2 The CPP target zone depends on CA status a5 weall as on ather variables, and 1s/can be narmowerthan 78.3% 100%
the area betwean the lower and upper lImit of CA
10 (4) The comelation batween extracellular glutamate concentration as measured with microdialysis and TTE% 85.7%
PP Is Inaccurate In reflecting CA
11 (4) The comelation batween axtracellular glutamate concentration as measured with microdialysis and T6.5% 93.7%
CPP s not valldated as a reflection of CA
12(4) Currant methods to estimate CA status are Insufficiently understood. The different indices produce 735% 95.2%
diffarent information
13(4) Infompatico. eIy e nelprul, but s subordinats to ICP PP and PRO2 signals ToTn =

Impaired CA worsens tolerabllity for high KCP {1e, assocdation with worse outcome oocurs 3t lower ICP 62.6% 90.5% \
walues)

Impaired CA worsens tolerability for low PbO2 (1.2, association with worse outcome oocurs 3t higher 59.1% 55.0%/
Py

16 (5) Impaired CA worsens overall tolerability for secondary Insults (1.2, unfaworably shifts the thresholds B7.0% 95.2%
assoclated with worse outcome)

17 (5) ‘Whether overall CA status Is Intact or deficlent, has an Independant assoclation with outcome (regard-  783% 100%
less of actual CPR)

18 (8) The priority for research on CAls high 69.5% 76.2%

19 (8) When 3 new CA assessment mathod Is developed, It should be validated against 2 method that MNAA NAA 91.7%
Indudes quantitative CBF analysis In the eguation, elther In animal research In the lab or In patlents

20 (8) CA resaarch should move to patient studies, Investigating whether CA-based protocols are safe and MNAA WA 100%
whether they lead to different treatment strategles and different cutcomies

211(8) Research should focus on prospective patient feasibility studies to test protocols that incorporate CA B26% 85.7%
Information

22(8) Research should foous on prospective patlent feasibility studies to test whether dynamic CPP targets 783% 90.5%
from CPPopt algorithms can be achlieved/maintainad

23(g) Research should foous on prospective patlent safety studies on the Implementation of CA Information  783% 85.7%
In clinical sttuations

24(8) Research should foous on prospective patlent safety studles on dynamic CPP targets from CPPopt 727% 85.7%
algortthms

25(8) Research should foous on randomitzed controlled trials on dynamic CPP targets from CPPopt algo- H9.55% 81.0%

rithms wersus standard CPP management

CA cerebrovascular autoregulation; CBF cerebral blood flow; (PP cershral perfusion pressure; CPPopt optimal cerebral perfusion pressure; ACP intracranial pressure;
PBOZ partial pressure of oxygen in the brain tissus; #1123 round 1.2.3



Dekuji za pozornost!

One size does not fit all Ma to smysl!
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