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Vedomie — ,,fyziolégia“

Plné uvedomovanie

* seba
« svojho vztahu k okoliu

Schopnost reagovat’
na vonkajsie podnety
a vnutorné potreby

e uvedomele
 adekvatne




Vedomie — struktura procesu

Proces uvedomovania a reakcie:
* Podnet (stav snimacov a dostredivych dréhN /

¢ 2

e Spracovanie v centre (integrita centier)

* Reakcia (stav odstredivych drah a efektorov) \,

. subjekt dokaze podnet,
jeho vyznam

a na zaklade toho vie, mo6ze a chce




/meny vedomia

 Kvalitativne

kognitivhe

behavioralne > poruchy

afektivne

 Kvantitativne

plné vedomie

-->

areflexna kdbma

(mozgova smrt)




Vedomie — ,,anatomia“

Komponenty vedomia:

Speoific Sensory Fibers

« Bdelost (alertness, arousal) A=W Y
ascendentny retikularny Dittlinoy Rrolenting
aktivadny systém (ARAS)
(mozgovy kmer, mezencefalon,
diencefalon)

« Uvedomovanie (awareness)
suma koérovych funkcii
(kognitivnych, afektivnych)




Stavy vedomia

Conscious
wakefulness

Lucid 3 . e
dreaming . . .LOCked'"\ Syndrome.

Drowsiness
REM
sleep Light sleep

Deep sleep

anesthesia
Coma

Content of consciousness: awareness

Level of consciousness: wakefulness

Figure 1 Oversimplified illustration of the two major dimensions of consciousness: the level of consciousness (i.e., arousal or
wakefulness) and the content of consciousness (i.e., awareness or experience). Adapted from Laureys S (2005) The neural cormrelate
of (un)awareness: Lessons from the vegetative state. Trends in Cognitive Sciences 9: 556-559.
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Uroven vedomia (bdelost)




Stavy vedomia

Normal Vegetative Minimally Locked-in
consciousness state conscious syndrome
state

Awareness
Awareness
Awareness
Awareness
Awareness

— I"'—

Figure2 Graphical representation of the two dimensions of consciousness: arousal (red arrow) and awareness (green arrow) and their
alterations in coma, the vegetative state, the minimally conscious state, and the locked-in syndrome. Adapted from Laureys S, Owen AM,
and Schiff ND (2004 ) Brain function in coma, vegetative state, and related disorders. Lancet Neurology 3: 537-546.




Bezprostredna pricina komy
Poskodenie
« koérovych struktur (bilateralne) a/alebo
* retikularneho aktivacného systému
* Primarne poskodenie

etiologické faktory (dej, ktory sa uz stal: uraz, otrava, hypoxicky
inzult atd.)

« Sekundarne poskodenie
(potencialne) ohrozenie dalsim patofyziologickym vyvojom




A Metabolic encephalopathy

B Upper midbrain damage
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[I"lll‘l 2-10. Motor re sponses to noxious stimulation in p.lJ!lL nts with acute cerebral dyvsfunction. Levels of associated
lu.uu dy \JIJ]JL[IU]J are mu'fh]\ indicated at left. Patients with forebrain or dience pll.l]lt ]l sions often have a he miparesis
(note ]u k of motor response with left arm, extern: |]]\ rotated left foot, and left extensor p].mt.u response), 1, but can gen-
er: |]]\ make purpose sful movements with the opposite ‘\Illl Lesions |1nn]\|1rf the junction of the dience; plj alon and the n‘m]
brain Ly show decorticate postunng, inc ]Hlll]l;_{ flexion of the upper extremities and extension of the lower extremities. As
the lesion progresses into the midbrain, there is ;_‘"l.‘]'JL‘J'iI.]]_‘. a shilt to decerehrate posturing (), in which there is extensor
posturing ol both upper and lower extremities. (From Saper, C. Brain stem maodulation of sensation, movement, and con-
sciousness. Chapter 45 in: Kandel, ER, Schwartz, JH, Jessel, TM. Principles of Neural Science. 4th ed. McGraw-Hill, New
York, 2000, pp- 871-909. By permission of MeGraw-Hill.)




Posudenie kvantitativhych zmien
vedomia |

* Subjektivne

(z hladiska osoby posudzujuceho)

* Objektivne

(skorovacie systemy)



Posudenie kvantitativnhych zmien

vedomia ll

* Verbalny opis
Akutne zmeny Subakutne alebo chronické zmeny
Obnubilacia Demencia
Delirium Hypersomnia
Sopor Abulia
Stupor Akineticky mutizmus
Koma Minimalne vedomie
Locked-in sy. Vegetativne stavy

Smrt mozgu (mozgového kmena)



Posudenie kvantitativhych zmien
vedomia lll

Obijektivizacia:
skorovacie systemy

Glasgow Coma Scale
(GCS)

Full Outline UnResponsiveness System
(FOUR)



Glasgow Coma Scale

Bodové Oc¢na reakcia | Slovna reakcia Motoricka reakcia
ohodnotenie
Gl asgow 6 - - vykona prikaz
Coma
5 - orientovana lokalizuje bolest’
Scale J
t ri oo /4 /4 * 9
il (s) \(])cr)lténne zmatena normalna flexia na bolest
(3—15b.) y
otvori na , abnormalna flexia na bolest’
3 , neadekvatna e e .
vyzvu (,,dekortikacne* postavenie)
otvori na o, extenzia na bolest’
2 , nezrozumitelna . e :
bolest (,,decerebracné* postavenie)
1 7ziadna ziadna ziadna

Holdgate A, Ching N, Angonese L (2006)

Variability in agreement between physicians and nurses
when measuring the Glasgow Coma Scale

in the emergency department limits its clinical usefulness
Emergency Medicine Australasia 18 (4), 379-384.




Eye response (€)

Grage the basl possite response after at least 3 1nas in
an sttempt to ebolt the best leve! of alertness. A score of B4
Indicates &l hast 3 voluntary excursions. If eyes are closad,
the axaminer shoukl apen tham and sxamine tracking of a
firger or object. Tracking with the opening of 1 ayelid wil
sutfion in cases of oyeild edema or facial trauma, if tracking
18 absern honzantaly, examing vertical tracking. Altermnatively,

2 binikcs on command shoukd be documented, This will
recognize a lockedin syndrome (patient is fully aware). A
&= score of E3 Indcates the absance of volurtary tracking with

open éyes. A score of E2 incicates épelids opening o loud
voke, A scom of E1 Indicates eyellcs open to pain stimuius,
A score of BO indcates no eyelids opening Lo pan.

Motor response (M)

Grage tha bast possbie response of the arms. A score of
M4 indicates that the patient demonsirated al wast 1 of 3
handg positions {thumbs-up, fist, or peace Sgn) with aither
hand. A score of M3 indicates 1hal the patiert touched the
pxaminer’s hand after @ panfid stimuys compressing the
temporamandbuler joinl or Supracrbisl nesve
(ocalization), A scor of M2 Indicates any floxion
movement of the upper limbs. A score of M1 indicates
sxtensor postwing, A score of MO indicates no motor
respanse of myockanus siatus eplepticus,

F u I I Brainstem refiexes (8)
Grade the best possibla response. Examine pupillary and
. corneal reflexes. Preferably, comeaal reflexes are tested by
Instiiling 2-3 drops of steeile saling on the comea from a
O u tl I n e dstance of 4.8 inches (this minimizes corneal trauma from
repeated examnations). Cotton swabs can also be usad
> The cough reflex to tracheal suctioning is tested only when
U n - both of these raflexes are absent. A score of B4 indicates
pupil and cornea reflexes are present. A score of B3

Indicates one pupil wide and fixad. A score of B2 Indicates

R . ether pupll or camea reflexes are shsent, B1 indicates
eS po n S Ive n eSS A ) ' both pupil and cormaa reflexes are absant, and 8 scom of
: | BO indcates pupil, comea, and cough reflex {Lsing
. trachesl suctioning) are absent.

. Do L Resplration (R)
0 1 6 b 3 Determing spontaneous beeathng pattem in a
- . AR - nonintubated patient and grade smply as reguiar RS,

Imeguiar R2, or Cheyna-Stokes R3 reathing. In
mechanically ventilated pabents, assess the pressure
wavefonm of SPONEENS0US MNESPBIOY pattem or 1he patent
triggering of the ventilator R The ventilator menntor

Validation of a new coma scale: The FOUR score ‘ sy oAb e
adustments are made to the ventilator while the patiem s
EeICO F M . et al .y raded, but grading is done preferably with Paco, within

pormal limits, A standard apnea (oxygen-diffusion) test may

DIVISIOn Of Crltlcal Care NeurOIOgy, MayO C||n|C CO”ege Of . be needed whan patient breathes at ventsator ate RO.
Medicine’ ROCheSter’ MN e IV, Bt WL Vs B Mssre T, AbSuiend B Whamen of 5 e Coves Sowe Tw FOUR Gwe Avum o fn s, 000 SREREGI0 £ Miry Faadiden by Vindad bdaaton sl Rees s




Full Outline of UnResponsiveness
(FOUR skore)

Bodové . : . : . . . :
: Oc¢na reakcia Motoricka reakcia Kmenové reflexy Dychanie
ohodnotenie

Sleduje pohyb Fotoreakcia a

4 prsta, zazmurka StIaC|’prsty na kornealny refllex Spon.tanne’,
. vyzvu : ; X pravidelne
na vyzvu bilat. pritomné
Fixovana mydriaza SIS,
3 Otvara spontanne  Lokalizuje bolest . y Cheyne -
na jednom oku
Stokesovo
2 Otvara na hlasnu Flekéna odpoved Chybg FR alebo Spqntanne,
vyzvu kornealne reflexy Biotovo
1 Otvara na bolest  Extenc¢na odpoved Chy’ba ARE P trlggerUJe
kornealne reflexy ventilator
. Chyba FR, Pac.
. NiC alebo . . :
0 Neotvara kornealne reflexy a netriggeruje
myoklonus

kaslaci reflex ventilator




Condition

Self Awareness

Cyclical Eye
Opening

Motor function

Glasgow Coma
Scale

EEG activity

Experience pain

Respiratory
Function

Auditory
Function
Visual Function

Communication

Emotion

No

No

Reflex &
Postural

E1-2 M1-4
V1-2

Typically
slow wave
activity
No

Depressed
or varied

None

None

None

None




Condition

Self Awareness

Cyclical Eye
Opening

Motor function

Glasgow Coma
Scale

EEG activity

Experience pain

Respiratory
Function

Auditory
Function
Visual Function

Communication

Emotion

No

No

Reflex &
Postural

E1-2 M1-4
V1-2

Typically
slow wave
activity
No

Depressed
or varied

None

None

None

None

Vegetative State
\[o]

Yes

Postures or withdraws.
Occasional non-purpose
occasionally stereotypic

movements

E4 M1-4 V1-2

Typically slow wave activity

No

Normal
Startle. Brief orientation

Startle.Brief orientation

None

None or reflex smiling crying




Condition

Self Awareness

Cyclical Eye
Opening

Motor function

Glasgow Coma
Scale

EEG activity

Experience pain

Respiratory
Function

Auditory
Function

Visual Function

Communication

Emotion

No

No

Reflex &
Postural

E1-2 M1-4
V1-2

Typically
slow wave
activity
No

Depressed
or varied

None

None

None

None

Vegetative State
\[o]

Yes

Postures or withdraws.
Occasional non-purpose
occasionally stereotypic

movements

E4 M1-4 V1-2

Typically slow wave activity

No

Normal
Startle. Brief orientation

Startle.Brief orientation

None

None or reflex smiling crying

Minimal Conscious State
Partial

Yes

May localise, reach for objects
but inconsistently

E4 M1-5v1-4

Insufficient data

Not known

Normal
Localise.Inconsist commands-
following

Sustained visual fix. Sustained
pursuit.

Contingent vocalisation
Inconsistent verbalisation or
gesture

Contingent smiling or crying




Condition

Vegetative State

Minimal Conscious State

Locked-in Syndrome

Self Awareness

Cyclical Eye
Opening

Motor function

Glasgow Coma
Scale

EEG activity

Experience pain

Respiratory
Function

Auditory
Function

Visual Function

Communication

Emotion

No

No

Reflex &
Postural

E1-2 M1-4
V1-2

Typically
slow wave
activity
No

Depressed
or varied

None

None

None

None

No
Yes

Postures or withdraws.
Occasional non-purpose
occasionally stereotypic

movements

E4 M1-4 V1-2

Typically slow wave activity

No

Normal

Startle. Brief orientation

Startle.Brief orientation

None

None or reflex smiling crying

Partial

Yes

May localise, reach for objects
but inconsistently

E4 M1-5v1-4

Insufficient data

Not known

Normal
Localise.Inconsist commands-
following

Sustained visual fix. Sustained
pursuit.

Contingent vocalisation
Inconsistent verbalisation or
gesture

Contingent smiling or crying

Full

Yes

Quadriplegic
Vertical eye movement

E4 M1 V1

Typically normal

Yes

Normal

Preserved

Preserved.

Aphonic/ anarthric.
Verical eye movement
and blinking

Preserved




Ina klasifikacia pricin komy
Z hladiska potencialnych lieCebnych modalit

« Loziskoveé (,chirurgické®) poSkodenie
lokalizované, fokalne

« Difuzne (metabolicke, multifokalne) poskodenie
vratane intoxikacii



Priciny

Loziskové 40

Intraparenchymoveé krvacanie 17.4

Subarachnoidalne krvacanie 7.8
NCPM ischemicka - infarkt 4.3

Subduralny hematém 3.5
Epiduralny hematom 2.6
Kontuzia mozgu 1.7
Tumor mozgu 0.9

Tromboza intrakranialnych zil 0.9
Centralna pontinna myelinolyza 0.9

Jan-Dec 1999, 446 pacientov
Okinawa Chubu Hospital, Japan

Y Tokuda, N Nakazato, G H Stein
Postgrad Med J 2003;79:49—-51

komy v %

Difuzne

Otrava (lieky, drogy)
Alkohol
Hypoglykémia
Sepsa

Pneumaonia
Kardialne zlyhanie
Hypoxia
Kapnonarkoza
Hepatalna koma
KfCovy stav

Urémia
Hyponatrémia
Diabeticka ketoacidoza
Astma

Upal

Neznama etiologia



Loziskoveé (,,chirurgické®) inzulty
« Kompresivne (supra- a infratentorialne)

hematomy, tumory, abscesy, herniacie mozgu

 Destruktivne
kontuzie

lokalizovana akutna a subakutna anoxia
. ~ P . . . Axon Shear (Post Concussion Syndrome)
(hypoxia) kéry a podkérovej bielej hmoty —— s of e pcntcn Pt ramCrd

infarkt v thalame, v mezencefale a ponte

difuzne axonalne poskodenie (DAI)




Multifokalne, difuzne a metabolicke
Inzulty

Deficit substratov a kofaktorov energetickeho metabolizmu
neuronov
hypoxia, ischémia, hypoglykémia, hypovitamindzy
(thiamin, pyridoxin, folaty, ...)

Organoveé insuficiencie (cerebrotoxicita metabolitov)
napr. hepatalna kdma, uremicka kbma, kapnonarkdza

Endokrinné dysfunkcie
napr. hypofyza, Stitna zlaza, prisStitne telieska,
m. Addison, m. Cushing, diabetes mellitus



Multifokalne, difuzne a metabolicke
Inzulty

Poruchy metabolizmu vody, mineralov a acidobazickej
rovnovahy
aj iatrogénne (pri lieCbe inych priCin komy)

Primarne ochorenie neuronov a glie
Kreuzfeld-Jacobova choroba, gliomatoza

Zapalové postihnutie CNS (s infekciou alebo bez nej)
encefalitida, meningitida, ,toxicka” encefalopatia,
subarachnoidalne krvacanie

Poruchy tepelnej homeostazy
podchladenie, upal



Multifokalne, difuzne a metabolicke
Inzulty
Exogénne toxickeé latky (lieky, drogy, jedy)

. sedativne pbésobiace (hypnotika, trankvilizéry, etanol,
opioidy)
. psychotropné (tricyklické antidepresiva, anticholinergika,

amfetaminy, fenotiaziny, inhibitory MAQ, litium,
fencyklidin, LSD, meskalin)

. kyseliny a ich prekurzory (paraldehyd, metanol, etylenglykol,
chlorid amonny)

. iné  (antikonvulziva, steroidy, kardioglykozidy, penicilin,
salicylaty, kyanidy, tazke kovy, organofosfaty)



Patofyziologia sekundarneho
poskodenia mozgu |

Decreased cerebral perfusion
Depletion in energy stores

|

Cerebral Ischemia

_:——'_'_'_'_
k-7

Apoptosis Inflammation (Programmed Cell Death)

Cell shrinkage o Cyvtokine (IL-1, TNF-w) prodoction
Chromatin aggregation - Chemokines

Preservation of cell membrane = Adhesion molecules (selectins, integrins, TCAM-1)
integrity Preservation of Proteases
mitochondria St BEBEEB breakdown
Lack of inflammation : 3

‘____.-" emic brain injury -\_‘_“‘——__’_

Activation of ionophore-linked channels Activation of Metabotropic
(NMDA., AMPA) receptors

|

- o= - T
Influx of intracellular Ca~"

'

Protein phosphorviation
Protenlysis

MO, oxygen free radical production
Altered gene expression

~

MNeuronal Cell Death -

Modification

Fig. 1. Schematic diagram representing events leading to ischemic brain injury.



Patofyziologia sekundarneho
poskodenia mozgu li

Choroid
Plexus

ko
() Arterial

! Torr
Supine

Arachnoid

) Villi
Spinal
Subarachnoid Foramen
Space Magnum Arachnoid
: Villi
Schematic of Normal

Intracranial Contents Subarachnoid Foramen

Space Magnum

Fia 1b Schematic of Contents During
19 Raised Intracranial Pressure




Patofyziologia sekundarneho
poskodenia mozgu lli

100 | Intracranial
Pressure
(mmHg)

Intracranial Volume —



Vazodilatacna a vazokonstrikcna
kaskada

Cardiogenic
Pharmacological

Spontaneous
¥ SABP Hypovolaemia
|
4 Oedema ¥CPP

4 CSF

|: MCC +}alsndilati _| Spontaneous

Pharmacological
Vascular Volume
Ischaemic Response

on
z; | MSABP

AcCBvV ACMR |
4 Viscosity ng:d:g‘"?wm ACPP
Hypoxia

. Hypercapnia
Fig 3a Vasodilatory iICP AVasoconstricti

Cascade ,\ I/ on |

YCBV ¥CMR
¥Viscosity
Hyperoxia
Hypocapnia

. VYasoconstriction
Flg 3b Cascade



Vymena plynov v plicach
a perfuzia mozgu
100 | Cerebral

Blood Flow
(mI/100g/min)

Cerebral Blood Flow
100 (ml/100mg / min)

12
SN Arterial Pcoy (kPa)

12 18 24
Arterial Po2 (kPa)




Perfuzia mozgu
a vymena plynov v tkanivach

Marin-Caballos et al. Critical Care 2005 9:R670

PtiO2 (mm Hg)
- .

i

<40  40-49 50-59 60-69 70-79 80-89 90-99 100-109 =>110
CPP (mm Hg)




Vysetrenie komatézneho pacienta

« Koma je urgentna medicinska situacia

= vysSetrenia a lieCba musia prebiehat subezne

« zhodnotenie urovne vedomia (neformalne i formalne)

« anamneéza (od svedkov, pribuznych, RZP)

 Kklinicke (fyz.) vysetrenie (vSeobecné i neurologicke)

e pomocné vysetrenia (lab., zobrazovacie, funkcne testy)

« zabezpecenie adekvatnej perfuzie a oxygenacie mozgu



Vysetrenie komatézneho pacienta

Anamneéza (od pribuznych, sprievodcu, zachranarov)
Rychlost nastupu komy (nahle, postupne)

Subjektivne tazkosti (bolesti hlavy, depresia, oslabnutia koncatin,
zavrat)

Nedavne urazy

Systémove ochorenia (diabetes, ochorenia srdca, obliCiek)

Psychiatricka anamnéza
Pristup k liekom a drogam (alkohol, sedativa, psychotropné latky)



Vysetrenie komatézneho pacienta

Ale ¢o ked’ dovezu v bezvedomi

» febrilného depresivneho epileptika,

« ktory sa lieCi na hypertenziu a diabetes,

« posledné dni ho bolela hlava a mal zavraty

* a prijednom zavrate dnes spadol zo schodov ?



Vysetrenie komatézneho pacienta

Ale co ked’ dovezu v bezvedomi

» febrilného depresivneho epileptika,
« ktory sa lieCi na hypertenziu a diabetes, ~am”
« posledné dni ho bolela hlava a mal zavraty

* a prijednom zavrate dnes spadol zo schodov ?



Vysetrenie komatozneho pacienta

Vseobecné fyz. vysetrenie

TK, P, TT, frekvencia dychania

Znamky urazu

Znamky akutnych a chronickych systémovych ochoreni
Znamky aplikacie liekov a drog (vpichy, alkoholovy foetor)

Rigidita Sije (ak sa uz vylucCil uraz krénej chrbtice)



Vysetrenie komatozneho pacienta li

Neurologické vysSetrenie

« Slovné reakcie « Spontanne pohyby ocCi
« Dychovy typ a rytmus o ,0Cné" reflexy
vieCkovy reflex, kornealny reflex
 Tonus kostrového svalstva velkost zrenic, fotoreakcia
okulocefalicky reflex
» Motoricka odozva ak sa vylucil uraz C — chrbtice,
obranné pohyby a reflexy okulovestibularny reflex

Slachovo-okosticoveé reflexy
(pritomnost’ patologickych reflexov) «  O¢&né pozadie



Vysetrenie komatézneho pacienta

Neurologické vysetrenie

Loziskové priznaky (lateralizacia)

lozisko
normalny nalez ho nevylucuje !
(bilat. subduralny hematom

Subarachnoidalne krvacanie
frontalne lokalizované lozisko, . . . )




Vysetrenie komatézneho pacienta

Mstabollc lesaons

Nsemcephals: lesions
Smal. reactni pupds

Third-memve |meeal | IEEi0NS
Pugils dlated and fised

Midbrain lesione
Pugils at midpesition and fixsd

Tectal besions

Pupils large and fixed, hippus

et

Ponline lesisas
Finpar pupls

Figure 1. PeplE in comatose pabens provide valuable dues b cause of pama.

Adarad WAl parmas e, {am F s Poaster

Velkost’ zrenic, fotoreakcia



Adaprad Wl mearms

Vysetrenie komatézneho pacienta

Oculocephalic responses Caloric responses

‘ Cool water

Turn right Turn left Titback Tiltforward | Right side Left side Bilateral

A P =
Brainstem intact o

(metabolic % ( \ )

encephalopathy) - =y

/

RS

'
Right lateral ~ |
pontine lesion - < 3 xin ’9
(gaze paralysis) A . =

|
|
1
|
|
|
i
: |
|

C

MLF lesion
(bilateral internuclear
ophthalmoplegia)

D

Right paramedian
pontine lesion
(1 1/2 syndrome)

E
Midbrain lesion
(bilateral)

L A T T

Warm water
Bilateral

Okulocefalicky reflex
(ak sa vylucil uraz C-chrbtice)

Okulovestibularny reflex



Vysetrenie komatézneho pacienta
Niektoré diagnosticke tipy a triky

exantém (purpura) = meningokokova sepsa
okuliarovy hematom = fraktura lebeCnej bazy
bilateralna mydriaza bez fotoreakcie = oftrava atropinom
jednostranna mydriaza, spomalena fotoreakcia = lézia n. lll, temporalny kdnus
stredne Siroké zrenice bez fotoreakcie = |ézia v mezencefale
bilateralna bodkovita mioza s fotoreakciou = otrava opioidmi

Hornerov syndrom = |ézia v oblongate

oponujuca Sija = meningitida

gynekomastia, pavuckové nevy, flapping = hepatalna encefalopatia
myoklonus = hypoxicka encefalopatia
hypoventilacia = mozgovy kmen

Cheyne - Stokesovo dychanie = hlboké bilateralne subkortikalne lézie

apneustickeé dychanie = l|ézia v ponte



Vysetrenie komatozneho pacienta

« Pomocne vysetrenia
WLGINIE! (orientacne glukomerom)

biochémia: glykémia, aABB, Na, K, Cl, Ca, kreatinin, urea,
hepatalne testy
krvny obraz + dif., koagulacny skrining

toxikologicky skrining (prvy moc, krv)
alkohol (biochem. a sudnolek.)

EEG, evokovane potencialy

Likvor - lumbalna punkcia ? (kontraindikovana pri susp. 1ICP)



LieCba komatozneho pacienta

Vseobecneé postupy (resuscitacne)

1. Rychla korekcia hypoxie a hypotenzie (objem, mimetika)

2. ETI (od GCS < 9) (ochrana pred aspiraciou a zateCenim do dychacich
ciest, profylaxia sekundarnej hypoxie, ulahCenie vysSetreni)

3. Ventilacna podpora (na dosiahnutie normalneho pO, a pCO,)
4. Korekcia hypoglykémie (20-25 g glukozy i.v., 50-60 ml G40%)
5. U alkoholickej anamnézy thiamin 100mg i.v. (ev. aj pyridoxin a B,,)

6. Korekcia hydratacie, mineralov, osmo- a onkotickych parametrov
(pozor na prudku upravu hyponatrémie !)



LieCba komatozneho pacienta

VSeobecne postupy (resuscitacne) — iny algoritmus:
(pokial nie je zjavny uraz hlavy)

glukoza i.v. 02, objem, mimetika
thiamin i.v. ETI, ...
naloxon I1.v.

flumazenil i.v. — zvazit rizika (poruchy rytmu, vracanie, aspiracia, ...)



LieCba komatozneho pacienta

VSseobecne postupy (profylaktického charakteru)

/. Profylaxia ventilatorovej pneumonie a VILI

8. Profylaxia stresovych ulceracii GITu, v€Casna enteralna vyziva
9. Profylaxia tromboembolickych komplikacii

10. Profylaxia dekubitov, svalovej atrofie a kontraktur

11. Antikonvulzivna profylaxia

12. Nootropna lieCba, pasivna a aktivna rehabilitacia, bazalna stimulacia



LieCba komatozneho pacienta

Korekcia a prevencia hypoxie mozgu (z hypoperfuzie)

* vnutrolebecného tlaku —ICP
« cerebralneho perfuzneho tlaku — CPP
« spotreby kyslika v mozgu — SjvO, (NIRS ?, ...)

* mozgova perfuzia

« transportna kapacita krvi

« korekcia vazospazmov

« korekcia poruch cievnej permeability a mikrocirkulacie

* hypotermia
« barbituraty, propofol, etomidat
« opioidy, svalova relaxacia



Kauzalna lieCba a prevencia
sekundarneho poskodenia mozgu

Korekcia a prevencia hypoxie mozgu (z hypoperfuzie)

LieCba edému mozgu (vazoaktivny, cytotoxicky)
Chirurgicka korekcia (evakuacia loziska, dekompresia, drenaz likvoru)

Obnovenie lokalnej perfuzie
(nimodipin, trombolyza, transluminalna angioplastika)



Protektivny efekt hypotermie ?

Is keeping cool still hot? An update on hypothermia in brain injury.

Neuroscience
Current Opinion in Critical Care. 10(2):116-119, April 2004.
Clifton, Guy L

Abstract:

Purpose of review: The purpose of this review is to examine recent research results for hypothermia as a treatment for brain
injury.

Recent findings: One potential application for hypothermia is as a means of control of elevated intracranial pressure in which
hypothermia is induced when intracranial pressure becomes uncontrollable by conventional means. A second application is as a
neuroprotectant in which hypothermia is induced very early and maintained for a specified period as a means of diminishing the
biochemical cascade that produces secondary brain injury. The clinical data indicate that hypothermia reduces elevated
intracranial pressure, but no conclusion can be drawn as to whether this improves outcome over existing techniques (eg,
mannitol and barbiturates). There is little evidence that hypothermia acts as a neuroprotectant in trials, all of which used
treatment windows of over 4 hours.

Summary: Hypothermia is a useful adjunct to barbiturates and mannitol to control
elevated intracranial pressure. The results of trials that have tested systemic
hypothermia as a neuroprotectant have been negative or equivocal, and cooling
may have been induced outside the treatment window.



Protektivny efekt hypotermie ?
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Protektivny efekt hypotermie ?

Is keepik& 70 - Cope till hot? An update on hypothermia in brain injury.
Neuroscien /701‘.9
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Protektivny efekt hypotermie ?

Pro - con debate

Hypothermia Does Not Improve Outcome From
Traumatic Brain Injury

1. SEPPELT
Department of Intensive Care Medicine, University of Sydney, Nepean Hospital, Sydney, NCW SOUTH WALLS

ABSTRACT

Therapeutic hypothermia is a potentially dangerous treatment with a very narrow therapeutic index. It
is of proven benefit in certain conditions, including post ventricular fibrillation cardiac arrest and
intermediate severity neonatal asphyxia. It is of no benefit and may cause harm in other contexts, such as
4 Ve NeUrovasc irgery. In raymaltic brain injury (h 108 been much provocative early evidence
‘hile it is clear that hypothermia decreases intracranial pressure, a major phase Il trial demonstrated no
; t with severe
head injury. More focused phase Il trials are underway but until the results are known this treatment
should not be offered to patients outside the context of a clinical trial. (Critical Care and Resuscitation

2005; 7: 233-237)




Protektivny efekt hypotermie ?

Hypothermia Therapy after Traumatic Brain
Injury in Children

CONCLUSIONS

In children with severe traumatic brain injury, hypothermia therapy that is initiated
within & hours after injury and continued for 24 hours does not improve the neu-
rologic outcome and may increase mortality. (Current Controlled Trials number,
[SRCTN77393684.)

M ENGL ] MED 358;23 WWW.NE/M.ORG |UNE 5, 2008




Protektivhy efekt hypotermie ?

Association between therapeutic hypothermia and long-

term quality of life in survivors of cardiac arrest: A R_E SU SC[TATIGN T

b}*StE‘math l‘e‘?—ie‘\' : - FLL!] l|I IrTIT:'rI:'SI;-Il'r ik
vryrmarcadu

Jignesh K. Pateli-i-' . Puja B. Parikh®

Abstract June 2016 Volume 103, Pages 54-59

Objectives
Therapeutic hypothermia (TH) has increasingly become a part of the current standard of care for treating
patients with cardiac arrest (CA). However, little is known regarding the association between TH and long-term

quality of life (QoL) In adult survivors of CA. We conducted a systematic review to investigate the association
between TH implementation and long-term QoL outcomes in adult survivors of CA following hospital discharge

Methods

\We systematically searched MEDLINE and Cochrane databases to identify randomized and observational

studies from January 2005 to January 2016 investigating the relationship between TH implementation
mmediately post-CA and long-term QoL in CA survivors post-hospital discharge

Results

\We included 9 studies with a total of 801 patients. Six of these were prospective cohort studies. 2 were

substudies of randomized controlled trials, and 1 was a retrospective cohort study. Six studies included patients
only with out-of-hospital CA while 3 included patients with both in-hospital and out-of-hospital CA. There was
marked between-study heterogeneity with respect to study population. TH implementation. and QoL assessment
tool. TH was not asso

ciated with long-term QoL in this population

Conclusions

In this systematic review, the included studies do not suggest any association between TH implementation in CA
with long-term QoL in CA survivors. Further larger scale studies are needed to investigate the sustainability of
TH effects long term in this patient population.




Monitorovanie faktorov ovplyvnujucich
energeticku bilanciu mozgu

~ monitoring | cardiovascular
Brain St monitoring
temperature

EEG/CSD

CBF

cerebral
metabolism




Lund concept :
,novinka“ stara 25 rokov ?

Asgeirsson B, Grande P O, Nordstrom C H:
A new therapy of post-trauma brain oedema based on

haemodynamic principles for brain volume regulation.
Intensive Care Med 20:260-267, 1994

Nordstrom C H:

Physiological and biochemical principles underlying volume-
targeted therapy--the "Lund concept".
Neurocrit Care 2(1):83-95, 2005

Department of Neurosurgery, Lund University Hospital, Sweden
carl-henrik.nordstrom@neurokir.lu.se



Lund concept

Podstata:
Fyziologicka regulacia objemu vnutrolebecnych kompartmentov

Vintrakran = Vkrv + Vmozog + VIikvor + VIézia

Ciel’
Optimalizacia dodavky a spotreby kyslika v energetickom metabolizme neurénu

Princip:

1. PotlaCenie stresovej odpovede organizmu, znizenie energetickeho metabolizmu
mozgu

2. Znizenie hydrostatického tlaku v kapilarach mozgovej cirkulacie

3. Stabilizacia koloidne-osmotického tlaku a tekutinovej bilancie

4. Znizenie objemu krvi v mozgu



Lund concept

1. PotlaCenie stresovej odpovede organizmu, znizenie energetickeho
metabolizmu

napr.: thiopental 0,5 — 3 mg/kg/hod + fentanyl 2 — 5 mcg/kg/hod

2. Znizenie hydrostatického tlaku v kapilarach mozgovej cirkulacie

metoprolol (beta1 Iytikum) 0,2 — 0,3 mg/kg/24 hod i.v.
klonidin (alfa2 mimetikum) 0,4 — 0,8 mcg/kg 4-6 x i.v.

Po evakuacii loziska, dosiahnuti normovolémie, norm. CVT, albuminu a Hb

Cielovy perfuzny tlak (CPP) 60 — 70 torr



Lund concept

3. Stabilizacia koloidne-osmotického tlaku a tekutinovej bilancie

Transfuzia : ciefovy Hb 125 — 140 g/l
Infuzia plazmy alebo albuminu: ciefovy albumin nad 40 g/l

Bilancia tekutin vyrovnana alebo mierne negativna (furosemid)
Nutricny prisun: 15 — 20 kcal/kg/24 hod CSF  Siul

Choroid

4. Znizenie objemu krvi v mozgu

Arachnoid
Villi

Arterialna Cast rieCiska reaguje na THP Subarachnold u Foramen

Venodzna Cast rieCiska reaguje na DH-ergotamin SRR Schemaic of Contents During
. ~ Raised Intracranial Pressure

1.den 0,8 mcg/kg/hod 4.den 0,2

2.den 0,6 5.den 0,1 mcg/kg/hod

3.den 0,4 (aplikovat' max. & dni, riziko periférnej ischémie)



Lund concept

Vysledky autorov

pred zavedenim konceptu po zavedeni konceptu
Glasgow Outcome Scale 1982 — 1986 1989 - 1994
zotaveny alebo 42 % 79 %

mierna dysfunkcia

tazka disabilita alebo 58 % 21 %
smrt’



Potencialne perspektivy
vo farmakologickej prevencii a liecbe

MgCl — v experimente redukuje rozsah poskodenia mozgovej kbry

Melatonin — scavenger volnych radikalov, brani dezintegracii bunkovych
membran

Cannabinoidy — protekcia pred excitotoxickymi transmitermi

Karnitin — stabilizuje mitochondrie (podavany 4 tyzdne pred
experimentalnym inzultom ?77?)

Cyklosporin — dtto, zatial sa nedostal za fazu |l testov



Potencialne perspektivy
vo farmakologickej prevencii a liecbe

Editorial
Pharmacotherapy in neurointensive care

an update on new options and developments
Oddo, Mauro

Current Opinion in Critical Care: April 2019 - Volume 25 - Issue 2 - p 95-96

Critical care outcomes in resource-limited settings
Vukoja, Marija; Riviello, Elisabeth D. Schultz, Marcus J

Current Opinion in Critical Care: October 2018 - Volume 24 - Issue 5 - p 421-427



https://journals.lww.com/co-criticalcare/toc/2019/04000
https://journals.lww.com/co-criticalcare/toc/2018/10000

Prognoza komatozneho pacienta

. Pri pracach s funkénou (metabolickou) MRI — fMRI sa ukazalo,
Ze miera zachovania (aspon parcialneho) urovne medzineurdnovej komunikacie
koreluje s vysSou pravdepodobnostou zotavenia z kdmy (2015).

fMRI ako prognosticky nastroj ?
. Sledovanie ucinkov systematickej sluchovej stimulacie komatoznych
pacientov hlasmi rodinnych prislusnikov a blizkych os6b (FAST - familiar auditory

sensory training) naznacuju zretelné zlepsovanie mozgovych funkcii (2015).

prispevok k rehabilitacii mozgovych funkcii ?
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Figure 3 Cerebral metabolism in conscious wakefulness, in brain death (hollow skull sign confirming the absence of neuronal function
in the whole brain in irreversible coma), physiological (slow wave sleep) and phamacological (general anesthesia) modulation of arousal
reflecting massive global decreases in cortical metabolism (in REM sleep, metabolic activity is paradoxically prominent); and in
wakefulness without awareness (i.e., the vegetative state). Note that recovery from the vegetative state may occur without substantial
increase in overall cortical metabolism, emphasizing that some areas in the brain are more important than others for the emergence
of awareness. Images of halothane-induced loss of consciousness from Alkire M, Pomfrett CJ, Haler RJ, et al. (1999) Functional
brain imaging during anesthesia in humans: Effects of halothane on global and regional cerebral glucose metabolism. Anesthesiology
80: 701-=708.



Prognoza komatozneho pacienta

0 Currently, the only quantitative method for assessment of postarrest
brain injury in regular clinical use is the measurement of neuron-specific
enolase in serum.

. Since 2015 several promising methods to standardize assessment
have been introduced including pupillometry, standardized
electroencephalography interpretation and the quantification of
somatosensory evoked potentials, computed tomography and MRI-
signals. In addition, novel and superior blood biomarkers are on the verge
of clinical introduction.


https://journals.lww.com/co-criticalcare/toc/2019/06000
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Intoxikacie ako pricina komy

e priamo — neurotoxicita
* nepriamo — prostrednictvom zlyhania obehu, dychania,
metabolickym rozvratom atd.

liekové

(neziaduce ucinky / predavkovanie)
anestetika, benzodiazepiny, opioidy
antidepresiva, salicylaty, ...

alkohol, drogy

jedy rastlinné nahodne
Zivocisne
.poriemyselné“ umyselné



Jaroslav Prokes et al.
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Systematicky postup u intoxikacii

Resuscitacia

|dentifikacia latky

Eliminacia latky

Specifické postupy (napr. antidota Zivogignych jedov)

Podporna a symptomaticka lieCba



Resuscitacia

zakladna + rozsirena KPCR
hypotermia (vekové extrémy, alkohol)

hypertermia (salicylaty, anticholinergika,
maligna hypertermia, sepsa)

rhabdomyolyza (pri hypotermii, kbme, traume,
prolongovanych kféoch)



Identifikacia latky

co, kolko, kedy, ako
okolnosti (umysel, svedkovia, prazdne obaly, trauma)

anamneéza (predoslé pokusy, pridruzené ochorenia, alergia)

priznaky (prejavy, podana prva pomoc, kompletné fyzické
vySetrenie)

pomocné vysetrenia

(toxikologia, biochémia, ABR + krvné plyny, EKG,
rtg hrudnika)



Eliminacia latky

» externa dekontaminacia (organofosfaty, hydrokarbony)

e Indukovzin<vracanie (obsolentné, u komy NIKDY ! —
aspiracia, sy. Mallory-Weiss)

« |lavaz zaludka (do 1 hod., teofylin a salicylaty i neskér)
zavery metaanalyz Cochrane Library — neovplyvriuje dlhodobu
prognozu
 aktivne uhlie (velmi ucinné, ALE:

NIE u elementarnych kovov- Fe, LI,
NIE u pesticidov — DDT, malathion,
NIE u alkoholov, kyanidov)

Cochrane Library — neovplyvruje dlhodobu prognozu

SEARCH




Eliminacia latky

chirurgickou cestou

laxancia

forsirovana diuréza

hemodialyza

hemoperfuzia

(,bodypackers” — paseraci drog)

(riziko dehydratacie a ibnového rozvratu,
parafinovy olej u lipofilnych substancii)

(riziko prevodnenia, edém pluc, mozgu
alkalizacia mocCu — barbituraty, salicylaty)

(mala mol. hmot., mala véazba na proteiny,
mala lipofilia, maly spontanny klirens)

(s aktivnym uhlim, so Zivicou
lipofilne latky — teofylin, barbituraty)



Specifické postupy - antidota

acetaminofen (paracetamol)
anticholinergika
anticholinesterazy
benzodiazepiny

etylénglykol

hypoglykemizujuce latky
Kyanidy

metanol
methemoglobinémia
opioidy
organofosfaty

oxid uholnaty

Antidotum

N-acetylcystein

fyzostigmin

zlige]ollg

flumazenil

etanol / fomepizol, tiamin

a pyridoxin

glukoza, glukagon, oktreotid
amylnitrit, Na-thiosulfat,
hydroxocobalamin

etanol / fomepizol, ac. folicum
metylénova modra

naloxon

atropin, pralidoxamin

kyslik, HBO
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