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Postresuscitacni syndrom
,Pozastavovy syndrom* ?
Post—cardiac arrest syndrome
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kompletni globalni ischemie nasledovana nekompletni
globalni ischemii (KPR) a dale reperfuzi

trigger je ischemicka depolarizace, >30 minut = smrt
neuronu

zména Ca2+ homeostazy, formace volnych radikalu,
mitochondrialni dysfunkce, aktivace proteaz, zména genove
exprese a inflamace

morfologicky : nekroza a apoptéza

selektivni vulnerabilita neuronu: hippocampus, cerebellum,
striatum, cortex

morfologické zmény nejsou patrny hodiny az dny
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Fig. 1. Neuronal calcium homeostasis. VGGC, Voltage-gated Ca2- channels; NMDA-R, NMDA receptor; AMPA-R,
AMPA receptor; PMCA, plasma membrane Caz+ ATPase; SERCA, sarcoplasmic/endoplasmic reticulum Caz+ ATPase;
RYR, ryanodine receptor Caz+ channel; IP; R, IP, receptor Caz+ channel.
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Fig. 3. Mitochondrial permeability transition. MPT, Mitochondrial permeability transition; TNF-a, tumor necrosis factor a;
APAF-1, apoptosis-activating factor 1.
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Fig. 5. Programmed cell death pathways. MPT, Mitochondrial permeability transition; JKN, N-terminal jun kinase.
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Fig. 2. Postischemic free radical production. NOS, Nitric oxygen synthase; NO, nitric oxide, ONOO - , peroxynitrite; H,

0, , hydrogen peroxide; O, - . hydroxyl radical: MnSOD, manganese superoxide dismutase; CuSOD, copper superoxide
dismutase.
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Fig. 4. Extracellular proteolytic cascades. PAI-1, Plasminogen activator inhibitor 1; PN-1, protease nexin 1; tPA, tissue-
type plasminogen activator; uPA, urinary plasminogen activator; TIMP, tissue inhibitor of metalloproteases; BBB, blood
brain barrier.
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Fig. 6. Inflammatory cascades. IL-1pB, Interleukin 1B; TNF-a, tumor necrosis factor-a; ICE, interleukin-converting enzyme;
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no-reflow

hyperémie p Fi reperf Gizi (ztrata autoregulace)

— *MAP>100 mmHg v 1.minutach nezlepsuje vysledek, vyssi tlak v dalSich
dvou hodinach zlepSoval vysledny neurologicky stav

nadbytek O, po reperfuzi zhorSuje neuronalni poskozeni (volné

radikaly )

pokles CBF a CMRO,, ale stale dostateCny, pokles spotfeby glukozy
— nimodipin nezlepSuje vysledek

mozkovy edém jen jako nasledek, prechodné a zfidka zvySeny ICP
— pozdni mozkovy edém béhem hyperémie
— cCastéji u asfyxie pred KPR

1C nad 37 T b éhem 48 hodin zvysSuje riziko nepfiznivého vysledku

2X

hyperglykémie zhorSuje neurologicky vysledek
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‘I ORIGINAIL ARTICLE I‘

Thrombolysis during Resuscitation
for Out-of-Hospital Cardiac Arrest

Outcome e TN “osea) . pvalue
no. ftotal no. (%)
Neurologic outcome* 0.69

Good cerebral performance 41/86 (47.7) 45/9%6 (46.9) 102 (0.75-138)
Moderate cerebral disability 13/86 (15.1) 9/% (9.4) 112 (0.88-1.42)
Severe cerebral disability 10/86 (11.6) 16/96 (16.7) 102 (0.86-1.21)
Coma 14/86 (16.3) 18/96 (18.8) 0.9 (0.90-1.08)
Brain death 8/86 (9.3) 8/96 (3.3) 100
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) hype ré m |e po 1 2_ 24 Fig. 1. Changes in intracranial pressure (ICP) following cardiopul-

monary resuscitation (CPR). Numbers indicate the individual
patient
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koma

— probouzeni: ascendentni retikularni formace, pons,
mesencepalon, diencephalon, cortex

« zotaveni vede k vegetativnimu stavu nebo ke stavu minimalniho
védomi
— uvédomovani sebe: bilateralni kortikalni subkortikalni
struktury

krece, myoklonus
mozkova smrt

neurokognitivni dysfunkce
— poruchy pameéti...vegetativni stav

motorické a poruchy koordinace




2. Myokardialni dysfunkce

bezprostiedné po KPR velka variabilita TK a TF
— pusobeni cirkulujicich katecholamind normalni a zvySeny TK a TF

*systolicka a diastolicka dysfunkce -stunning , (norm. koron. prutok)

— pokles EF z 58% na 25%, vzestup LVEDP o 10 mmHg v experimentu do 5 hodin po
KPR

**myokardialni dysfunkce v klinice
kardialni vydej nejnizsSi cca 8 hodin __ po KPR
zlepSeni za 24 h
normalizace 72 hodin

****raversibilita dokonce béhem tydnu a mésicu
reaguje leCebné na dobutamin v experimentu
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143 pacientu po KPR
iIndikovanych ke koronarografii

49% instabilnich , rizikové
faktory:

e vySSi davka adrenalinu béhem
KPR

e trvani KPR
e koronarni okluze- trend

pokles MAP (85-69-75 mmHQ)
vzestup potreby katecholaminu
nizky kardialni vydej
norm. plnici tlaky (PAOP)

e B M @ & ¢ @ N ® @

vazodilatace




ShlSChemie/Eeperituze

» Ischémie/reperflize ve spojeni s kyslikovym dluhem vedou k aktivaci endotelu
a imunologickych a koagula¢nich kaskad

— obdobny proces jako v sepsi

— vzestup cytokind, solubilnich receptoru, endotoxin, adheznich molekul P, E
selektiny

* korelace s mortalitou

endotoxinova tolerance = ex vivo nizka reaktivita leukocyta- riziko
nozokomialnich infekci

koagula¢ni/antikoagulaéni a fibrinolytické/antifibrinolytické systémy aktivovany, AT
a protein C pokles ( po jeho aktivaci)
« Klinicky manifestace
intravaskularni deplece objemu
porucha vazoregulace
porucha dodavky a utilizace kysliku
vySSi riziko infekce
relativni adrenalni insuficience
ischémie/reperflize odpovida na terapii a je reversibilni
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v/

akutni koronarni syndrom- 50% pfic¢in KPR
— specifita CK 73% a Troponinu T 80% (Mdullner M,1996)

plicni embolie
— 2-10% nahlych smrti
plicni onemocneni : COPD, astma, pneumonie

— zhorSeni po obnoveni cirkulace- edem plic
— mozkove postizeni v_etSi

zastava po krvaceni- samostatna jednotka
sepse, ARDS, MOF
Intoxikace
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Table 2. Post—Cardiac Arrest Syndrome: Monitoring Options

1. General intensive care monitoring
Arterial catheter
Oxygen saturation by pulse oximetry
Continuous ECG
CVP
SCWO;
Temperature (bladder, esophagus)
Urine output
Arterial blood gases
Serum lactate
Blood glucose, electrolytes, CBC, and general blood sampling
Chest radiograph
2. More advanced hemodynamic monitoring
Echocardiography
Cardiac output monitoring (either noninvasive or PA catheter)
3. Cerebral monitoring
EEG (on indication/continuously): early seizure detection and treatment
CT/MRI
CVP indicates central venous pressure; Scvoe, central venous oxygen saturation;

CBC, complete blood count; PA, pulmonary artery; EEG, electroencephalogram; and
CT/MRI, computed tomography/magnetic resonance imaging.




SHEMBeEyREmIke

MAP 65- 100 mmHg
— zohlednit pacientav normalni tlak, pfi¢inu zastavy a tizi myokardialniho postizeni
— no reflow vs hyperémie v ¢asnych fazich

— u myokardialnich infarktl a tézké myokardialni dyfunkce je vyhodna nizsi hodnota
MAP

CVP 8 - 12 mm Hg, ScvO, 70%, diuréza 1 ml/kg/h, normalni nebo klesajici laktat,
Hb 90-100 g/l ?
k dosazeni hemodynamickych cilu tekutiny a inotropni latky
— 3,5-61/24 hodin prvni den v jedné studii (Laurent 2002), bilance tekutin ¢asto
pozitivni
— neni preference ur¢itého vazopresoru a inotropu -podle TF , ECHO..
Intraaortalni kontrapulzace
— po koronarni intervenci s kardiogennim Sokem
— kardiogenni Sok
— perkutanni kardiopulmonalni bypass (70% odpojeno, 45% pfeziti, Nichol G. 2006)
lecba akutniho koronarniho syndromu-nejcasté;Si patologie
koronarografie a PCI u ST elevaci
koronarografie u vSech podezfeni na AIM- dle doporucéeni kardiologu

alternativa pfi nedostupnosi koronarografie — trombolyza
koronarografie u vSech po KPR ?




ventilace

— FiO, s cilem saturace O, 94% -
96%

— normalni p,CO,

leCebna hypotermie -standard
— 32-34 C, 24 hodin u vSech KPR
— néavrat teploty 0.5C/h

— 72 h po KPR zabranit pyrexii >37
T

sedace

— vzdy (pokud nedojde k obnové
védomi do 5 -10 minut po
resuscitaci a neni dale UPV)
opioidy a benzodiazepiny nebo
propofol

pfi nevyhnutelné neuromuskularni
blokaddé doporu¢eno EEG

kontrola kfeci
— kfecCe, myoklonus 5-15% pacientu
— prevence-nejsou studie
— |é¢ba benzodiazepiny, phenytoin,
valproat, propofol, barbituraty

|éEba myoklonu: clonazepam, valproat,
propofol

— benefit kontinualni monitorace EEG ?

kontrola glykémie
— intenzivni rezimy nezlepSuji mortalitu po
KPR, zvysuji riziko hypoglykémii
— horni mez glykémie 8,1-10 ? mmol/|
— Casté méfeni glykémie doporuceno
infekce
— az 50% pneumonie v prvnich 4 hodinach

neuroprotektivni 1atky (anestetika,
antikonvulziva, Ca a Na antagonisté, N-methyl-D-
aspartat— receptor antagonista, immunosupresiva,
growth factors, inhbitory proteaz, magnézium,gama-
aminobutyric acid agonists)

— nejsou dukazy




Inhospital standardised treatment plan after ROSC at Ulleval University Hospital
Goal: to reduce the vital organ injuries (brain, heart), through:
1. Initial optimising haemodynamics and oxygenation
F (a) Treat the cause of arrest; reperfusion (PCl) after STEMI and
(b)) Therapeutic hypothermia (33 °C in comatose patients for 24 h)

Start as early as possible after decision making in the ED

Initially 1-3 | of ice-cold 0.9% NaCl i.v. together with icebags

Endovascular cooling/external cooling for maintenance after arrival at the ICU

3. A standardised treatment protocol for the following days
3.1. Factor Goal Strategy

Reperfusion Reperfusion PCI in STEMI

Blood pressure MAP > 65— 70 mmHg Volume, vasopressors, inotropic
agents, LIABP

Central venous pressure 8—12 mmHg Volume, giyceryl trinitrate,
diuretics

ECG, ratefischasmia 60— 100/ min Volume, sedation, ghyceryl

trinitrate, beta-blocker (normally
not indicated when using
therapeutic hypothermia because
of relative bradycardia)
Temperature 33°C for 24h Initially icecold (4°C) NaCl 0.9% i.w.
and icepacks, then
internals/external cooling device

wentilator S5p0,; 95—98 Respiratory control, FiO;, PEEP
pCOz 5—6 kPa (MB! Avoid hyperventilation)

Blood glucose 5—8 mmol/1L Actrapid-infusion (MB! Avoid
hypoglycemia/ hypokalemia)

Electrolytes Mormal values Replacement/ specific treatment

Haemoglobin =9—10g/dl Transfusion if necesarry

Diuresis >1mlfkegsh Violume, diuretics or pressors

Buffers pH=>7.1, BE>—10 wWhen indicated, trometamol
125—250ml 1w

Seizures Prevent/treat seizures Increase sedation, or specific

anticonvulsive medication
EEG when indicated (early contact
with a neurclogist)

3.2. Sedation
Fentanyl and propofol (paralysis when indicated with cisatracurium/ pancurcnium




3.3. Monitoring
Arterial catheter
0;-saturation
Continous ECG
Central venous line with central venous pressure
Temperature (bladder)

Arterial blood gases (pH, BE, pCO;, p0;)
Blood glucose and electrolytes
Echocardiography, chest X-ray

EEG and SEP

3.4. Vasopressors/inotropic agents

First choice: dopamine If tachycardia, check volume

(2—10 pg/kg/min) status, or change to
noradrenaline (norepinephrine)
(0.02—.3 pg/kag/min)

If pump failure/cardiogenic IABP

shock Dobutamine (2—10 pg/kg/min)
and if necessary adrenaline
{epinephrine)(0.02—0.3 pg/kg/min)
{levosimedane as last resort)

3.5. Awakening protocol/respirator weaning

After 24h of cooling, patients should be slowly rewarmed (0.5°C/h). Sedation may be stopped after the

body temperature has reached 35.5°C. Extubation using normal indications. Avoid long term ventilator
treatment (if no complications are present)




KIINICK € Stanoven I progni ozy.

neurologické vySetfeni
vegetativni stav nebo smrt, 3. den po KPR
— absence zornicového (21%) nebo kornealniho reflexu (13%)
nebo motorické opovédi na bolest (35%) = maximalné extenze
— myoklonicky status eplepticus za 24 hodin - Spatna progndza
neurofyziologie
— absence bilateralni komponenty N20 SSEP pfi stimulaci n. medianus od 1. az 7. dne po
KPR = Spatna prognoza
— EEG nedostatecné ke stanoveni prognozy
zobrazovaci metody (CT a MR mozk- diffusion weighted imaging, spekroskopie,
— jen ke stanoveni intrakranialni patologie, krvaceni CMP
biochemické markery
— neuron-specificka enolaza (NSE)
« VveétSi nez 30 to 65 ug/L- Spatna prognosa
— protein S100 beta
e VétSinez 1.2 ug/L

Il pfesnost stanoveni prognozy nebyla detailné zkouméana u pacientt s leCebnou
hypotermii

— prognostifikace muze byt modifikovana
— stanoveni prognozy pozdéji v pribéhu zotavovaci faze (6. den ?)
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e ukazuje soucasné chapani patofyziogie ,
lecby a prognozy pacientu s obnovenou
spontanni cirkulaci po zastave srdce

e cilem je optimalizace péce o pacienty po
zastave srdce a urcit oblasti potreb dalsiho
vyzkumu




