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A. SCAI Classification B. Phenotypic Classification

Refractory circulatory collapse, frequently
In refractory cardiac arrest

D. Similar to category C but getting worse with
Deterlorating failure of initial interventions

L

J
Hypoperfusion signs requiring intervention (volume
c. C|ass ic resuscitation, lonotropes, vasopressors, mechanical
support) without deterioration after these treatments
! §

Hypotension or tachycardia WITHOUT
signs of hypoperfusion

Neither hypotensiontachycardia nor
hypoperfusion but at risk

C. Hemodynamic Classification

Wet Dry

. $CI ASVRI #PCWP  (HCI 4SVRI ¢ PCWP|
| Cold Classical Cordiogenic | Euvolemic Cardiogenic|
: shock shock

‘ $CI $/@SVRI 4PCWP (¢ $SVRI §PCWP
g Warm | Vosodilatory Cardiogenic | Vasodilatory shock
a

shock or Mixed shock | Not cardiogenic shock

Classifications of cardiogenic shock. A SCAI classification. B Phenotypic classification: Three different
phenotypes are proposed (I-Not congested, Il-cardiorenal, and lll-cardiometabolic). C Hemodynamic

classification: Cl, cardiac index; PCWP, pulmonary capillary wedge pressure; and SVRI, systemic vascular
resistance index

Laghlam, D et al. Management of cardiogenic shock: a narrative review. Ann. Intensive Care 14, 45 (2024)
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Volumoterapie a ladiolol
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Preferred pharmacotherapy
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Vasopressors Inodilators
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Short-term use with caution in selected patients
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| Norepinephrine |

Mechanical circulatory support
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ESC GUIDELINES

E S C European Heart journal (2021) 42, 3599 - 3716

European Society 4oi10.1093/eurheartj/'ehab368
of Cardiology

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

TS 77

vazopresory, preferenéné noradrenalin, u nemocnych v KS ke zvyeni TK a
zlepSeni organové perfuze

European Heart Journal (2021) 42, 35993726 ESC GUIDELINES doi:10.1093/eurheartj/ehab368




n=1679

Noradrenalin vs Dopamin

mortalita 28.den (52,5 % ve skupiné s dopaminem a 48,5 % ve skupiné s norepinefrinem; P = 0,10
pfi |é¢bé dopaminem vice arytmickych prihod (207 prihod [24,1 %] vs. 102 prihod [12,4 %], P<0,001)
u nemocnych s KS (n=280) dopamin vs norepinefrin vy$si mortalita po 28 dnech
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P=0.07 by log-rank test

Norepinephrine

Dopamine

o

Norepinephrine 821

858

4 8 12 16 20 24 28

Days since Randomization

617 553 504 467 432 412 394
611 546 494 452 426 407 386

Type of shock
Hypovolemic
Cardiogenic
Septic

All patients

Hazard Ratio (95% Cl)

I
0.5

-

Norepinephrine

Dopamine

Better Better

De Backer D et al. N EnglJ Med 2010;362:779-789




Nevyhody katecholaminu

e ZvySeni koncentrace vapnikovych iontu v cytosolu
myokard:
* zvysSeni spotreby kysliku v myokardu
* zhorSeni acidozy
*arytmie
* nekrdza ¢i apoptdza bunék
cévy:
* poruchy regionalni perflize az deficit

e ZvySeni systémové zanétlivé odpovédi (I1-6)




Existuje bod zlomu ?

Pokles ucinnosti

{ Mortalita (>50%) J

Cca 0.5 pg/kg/min

Intenzita vazopresorické podpory /\,/w(_




JACC Journals » JACC » Archives » Viol. 83 No. 13_Supplement

VASOPRESSIN ADMINISTRATION IN PATIENTS WITH CARDIOGENIC SHOCK

Spotlight On Special Topics

Dhruv Sarma, Mitchell Padkins, Kianoush Kashani, Benjamin M. Hibbert, and Jacob Colin Jentzer

JACC. 2024 Apr, 83 (13_Supplement) 2374

n=721 (median véku 69, 36 % Zeny, 61 % s IM)
NEE > 0,3 mcg/kg/min
n=207 (29 %) vazopresin béhem prvnich 24 hodin

podani vazopresinu spojeno s nizsi hospitalizacni mortalitou
(OR 0,59, 95% Cl 0,37-0,94, p=0,03)

In-hospital Mortality
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Dhruv Sarma et al. JACC 2024; 83:2374-2374



ESC GUIDELINES
ESC

European Heart journal (2021) 42, 3599 - 3716

European Society 4oi10.1093/eurheartj/'ehab368
of Cardiology

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

L TS )

nemocni s STK < 90 mmHg a nalezem hypoperfuze bez reakce na standardni llb
|éCbu véetné bolusu tekutin ke zlepSeni periferni perfuze a udrzeni organovych
funkci

rutinni podavani inotropik neni doporuceno s vyjimkou symptomatické 1 C
hypotenze a nalezu hypoperfuze

European Heart Journal (2021) 42, 35993726 ESC GUIDELINES doi:10.1093/eurheartj/ehab368




The HNEW ENGLAND JOURENAL of MEDICINE

ORIGINAL ARTICLE

Milrinone as Compared with Dobutamine
in the Treatment of Cardiogenic Shock

DOREMI trial n=192, 94% SCAI C-E

primarni kompozitni endpoint: hospitalizacni umrti z jakékoliv pfiCiny, srdecni zastava, srdecni transplantace nebo
mechanicka podpora, nefatalni IM, TIA ¢i CMP, zahajeni HD

Primary Composite Outcome In-Hospital Death from Any Cause
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Average MAP

»' Average — 270 — <70
MAP < 70 A 100
Randomized to N=39
Dobutamine 9
192 patients with L0 | MAX;raQ;O £
cardiogenic shock N—527 B §
randomized in the — £ E —
CAPITAL DOREMI £8™
- 0
compaREd to Milrinone) MAP < 70 ] -
trial Randomized to V N=32 T Adjusted RR, 0.70 (95% Cl, 0.53-0.92)
Milrinone P=0.01
N=06 N Average 0 ' : :
MAP > 70 0 10 20 30

CAPITAL DOREMI 2
(NCT05267886)

KS SCAI C nebo D

milrinon ¢i dobutamin vs placebo

Simon Parlow et al. The association between mean arterial pressure and outcomes in patients with cardiogenic shock: insights from
the DOREMI trial, European Heart Journal. Acute Cardiovascular Care, Volume 10, Issue 7, September 2021, Pages 712-720,




SURVIVE studie

n=1237 akutni dekompenzace srdecniho selhani
randomizovana, dvojité zaslepena studie — podani levosimendan x dobutamin
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0 30 60 9 120 150 180 —800-
s T T T T T 1
_ Time Since Start of Study Drug Infusion, d 0 1 ) 3 4 5
No. at Risk . .
e pam & = Time Since Start o
Study Drug Infusion, d
No. (%) of Patients
ILuwv.nimm:lm Dobummo' P
(n = 660) (n = 660 Valuet
fAny adverse event 518 (78.5) 502 (76.1) .32
lAny serious adverse eventt 195 (29.5) 217 (32.9) .21
i 102 (15.5) 92 (13.9) 48
81(12.3) 112 (17.0) 02
62 (9.4) 39 (5.9) 02
80 (9.1) 40 (8.1) 05
55 (8.3) 31(4.7) 01
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. Alexandre Mebazaa et al. Levosimendan vs D¢
i £ The SURVIVE Randomized Trial. JAMA. 2007
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European journal of HF&

Heart Failure —

Levosimendan vs. dobutamine: outcomes for acute heart failure patients on (3-blockers in SURVIVET

A Favours Deaths. n (%)
- = 3

Day L i D i L P-value
0-5 — ol 29 (4.4) 40 (6.0) 017
0-14 e 59 (8.9) 69 (10.4) 0.33
0-31 R 79(11.9) 91 (13.7) 0.29
Variablea B-blocker users (n = 669) B-blocker non-users (n = 658)
01 0.5 1 2 10
Levosimendan Dobutamine Levosimendan Dobutamine Hozard ratio (95 C)
= = = = B HF w Eavows __Deaths.n(%)  _ Pvalue
(n=336) (n=333) (n=328) (n=330) o oy Y oot )
0-5 Yes | 20 (3.4) 34 (5.8) 0.05 o
1
No R 9(115)  6(7.7) 042
0-14 Yes =] 41 (7.0) 60 (10.3)  0.045
,,,,,,,, 0.01
No 18(23.1)  9(11.5) 0.08
!
0-31 Yes 59(10.1) 78(13.3) 0.07
fod i 0.046
No . 20(256) 13(16.7) 018
0.1 0.5 1 2 10
Hazard ratio (95% CI)
. o v/ v . , . C  Useofp- Favours Deaths, 1 (%) P-value
a— Day blocker Levosi D Levosi D i HR
u pacientd, kteri uzivali B-blokatory (n = 669), byla mortalita 5. den

0-5 Yes | . 5(15) 17(5.1) 0.01

vyznamneé nizsi u levosimendanu nez u dobutaminu (1,5 vs. 5,1 % umrti; HR o L
0’29; CI 0’11_0’78’ P — 0’01) 0-14 Yes e 15(45) 25(7.5)  04c -

No —t— 44(134) 44(133) 100

0-31 Yes ——t 24(7.1) 31(9.3) 0.29
Q.55
No —t— 55(16.8) 60(18.2) 0.2

o1 0.5 1 2 10
Hazard ratio {95% Cl}

LevoHeartSchock trial (NTC04020263..vliv levosimendanu vs placebo na 30 denni mortalitu, VA-ECMO, HD

Alexandre Mebazaa et al. Levosimendan vs. dobutamine: outcomes for acute heart failure patients on B-blockers in SURVIVET



https://onlinelibrary.wiley.com/doi/10.1093/eurjhf/hfn045

Can I Anesth/] Can Anesth (2022) 69:1537—1553 Sny m)
https:dod.org/ 10, 10071 2630-022-02337-7 ! :L:::I-.:- fox

REVIEW ARTICLE/BRIEF REVIEW

Inotropes, vasopressors, and mechanical circulatory support
for treatment of cardiogenic shock complicating myocardial
infarction: a systematic review and network meta-analysis

Analyza 7 studii s inotropni podporou (1145 pacientll) levosimendan pravdépodobné snizuje
mortalitu ve srovnani s placebem (odds ratio [OR], 0,53; 95% interval spolehlivosti [Cl], 0,33 az 0,87;
stfedni jistota), ale primarné u Soku SCAI A nebo B

Milrinon (OR, 0,52; 95% Cl, 0,19 az 1,39; nizka jistota) a dobutamin (OR, 0,67, 95% Cl, 0,30 az 1,49;
nizka jistota) nemusi mit Zadny vliv na mortalitu ve srovnani s placebem.

myocardial infarction: a systematic review and network meta-analysis. Can J Anaesth. 2022 Dec;69(12):1537-1553

g ’! e Fernando SM et al. Inotropes, vasopressors, and mechanical circulatory support for treatment of cardiogenic shock complicating




Effect of Tilarginine Acetate in Patients With Acute
Myocardial Infarction and Cardiogenic Shock
The TRIUMPH Randomized Controlled Trial

The TRIUMPH Investigators®

# Author Affiliations | Article Infarmation

JAMA. 2007;297(15):1657-1666. doi:10.1001/jama.297.15.joc70035

tilarginin acetat — antagonista NO

n=398 pacientl

1.0 mg/kg i.v. bolus a poté 1.0 mg/kg /hod po dobu 5 hod vs
placebo

zvyseni MAP, zvyseni diurézy
neprokazan efekt na mortalitu

Triumph Trial

...............

0 24 48 72 96 120 144 358 192 216 240 204 268 312 336 300

Time 10 Shock Resolution, h
No. ot Risk
Thargnine 201 158 103 8 74 70
Peceto 177 151 108 L 76 74
Trumrgh iovesigatirs. JAMA, 2007 207 1697 - 16646
Triumph Trial
70
Thwgree
60
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50
¥
g 0 Log-Rank P« 20
20
w0
0 0 &0 90 120 150 180
Days From Randomization
No. ot Fisk
Tiwgnne 204 104 &9 88 84 & 78
Paceto 188 108 & ™ 73 73

Tramph Imvestgators, JAMA. 2007 287 1637 - 1666
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TRIUMPH Investigators; Alexander JH et al. Effect of tilarginine acetate in patients with acute myocardial infarction and cardiogenic shock:
the TRIUMPH randomized controlled trial. JAMA. 2007 Apr 18;297(15):1657-66




Single-dose of adrecizumab versus placebo in acute cardiogenic shock (ACCOST-HH):
an investigator-initiated, randomised, double-blinded, placebo-controlled,
multicentre trial

Dominik Jarczak, MD 2 - et al. Show more

« adrenomedulin se uvolfiuje pfi KS

e podani adrecizumabu, humanizovana, monoklonalni, neneutralizujici protilatka adrenomedulinu zvysujici jeho
koncentraci

150 nemocnych, 77 (51%) adrecizumab a 73 (49%) placebo
* mortalita 30.den (hazard ratio 0-99 [95% CI 0-60—1:65]; p=0-98) a 90.den (1-10 [0-68—1-77]; p=0:71).
* adrecizumab byl dobre tolerovan, neredukoval potirebu orgdnové podpory a nezvysil preziti 30. a 90. den

— — L2 s T Karakas, Mahir et al. Single-dose of adrecizumab versus placebo in acute cardiogenic shock (ACCOST-HH): an investigator-
— —— % . ‘I £ initiated, randomised, double-blinded, placebo-controlled, multicentre trial The Lancet Respiratory Medicine, Volume 10, Issue 3, 247

254
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Beneficial Effects of Ketone Ester in @
Patients With Cardiogenic Shock

A Randomized, Controlled, Double-Blind Trial

- Ketone Ester  wmm
0.5 g/kg 075
IIJ llJ OH (‘)‘ _—E e0 Cardiac Power Output
A= //L\\/\ § 025 Mean arterial pressure
® A il x
\ o \\ Cardiac output / 451
0o 60 120 180
== = - 2
Randomized { 1 ( \ Ketone Ester
n=12 Y
( ) | I Placebo l ’
= (Maltodextrin) —
j : : ~
3 hours 3 hours 3 hours

Corebral  Somatic

B |
KE zvysil srdec¢ni vydej (0,07 W [95% CI: 0,01-0,14]; P = 0,037), smiSenou vendzni saturaci (3 procentni body [95% Cl: 1-5

procentnich bodu]; P = 0,010) a perfazi predlokti (3 procentni body [95% ClI: 0,6 procentni body]; P2 = 0.06
Plnici tlak PK (P = 0,048) a LK (P = 0,017) komory byl snizen

Kristoffer Berg-Hansen et al. Beneficial Effects of Ketone Ester in Patients With Cardiogenic Shock: A Randomized,
Controlled, Double-Blind Trial, JACC: Heart Failure, Volume 11, Issue 10, 2023, Pages 1337-1347




® Euopean ournalo o Dipeptidylpeptidaza 3 (DPP3) se podili na regulaci krevniho
Heart Failure Ly . .. . L - v . ,
. tlaku, zanétu, inaktivuje bioaktivnich peptidu prostrednictvim
Research Article | & Free Access Stépeni, zejména angiotensinu Il, enkefalin( a endorfint
Circulating dipeptidyl peptidase 3 is a myocardial depressant
factor: dipeptidyl peptidase 3 inhibition rapidly and
sustainably improves haemodynamics

200
p=0.0002
= 150
Characteristics All DPP3, below median DPP3, above median P-value E ——
{n=174) (n = 88) {n = 86&) {EJ'I i
sasssaas 4 EEA S EEE4EEEEESESEEEESEEEEESSEEEESEE S ES S E SIS NS EASdEEESEEEEEEAE A NS AR EEESAA A AR E
Surgery = 1004
CABG 6 (3.5) 3(34) 3 (3.6) 0.7100 by
Valvular surgery 7 (4.1) 4 (4.6) 3 (3.6) 0.9622 S
Other major surgery 14 (8.2) 7(8.1) 7 (8.3) 0.8157 |
90-day mortality 72 (41.4) 23 (26.1) 49 (57) 0.0001 20
—
1} .. -
Survivors Mon survivors
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1_(:‘ -=- |50-HF + PES A p . 1 s
e70; ¥ = ISC-HF + PCZ :”:g .. Inhibice DPP3 procizumabem, specifickou protilatkou
g sof T4 5 40l namirenou proti cDPP3, rychle normalizovala srdecni funkci a
‘: . o p=33de07 é ; . . v/ 7 v s
2 50 s g 20 hemodynamiku ledvin na mysim modelu akutniho srdecniho
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Deniau, B. et al. Circulating dipeptidyl peptidase 3 is a myocardial depressant factor: dipeptidyl peptidase 3 inhibition rapidly
and sustainably improves haemodynamics. Eur J Heart Fail, 22: 290-299
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Safety and efficacy of istaroxime in patients with acute heart
failure-related pre-cardiogenic shock — a multicentre,
randomized, double-blind, placebo-controlled, parallel group
study (SEISMiC)

Research Article & Open Access

Istaroxim je derivat androstendionu

(1) inhibuje aktivitu Na+/K+-ATP&zy, ¢imZ dochdzi ke zvy$eniiCa m==p tkontraktility
(2) aktivuje isoformy 2a ATPazy vapniku v sarkoplazmatickém retikulu zpétnym
vychytavanim Ca sarkoplazmatickym retikulem, ¢imz se zlepsuje relaxace (lusitropie)
a kontraktilita a také se potencialné snizuje riziko arytmii.

Bylo prokazano, zZe istaroxim zlepSuje PCWP a diastolickou srdec¢ni funkci a vyvolava
na davce zavisly ndrust STK bez aktivace adrenergniho systému

studie 2a
60 pacientl SCAI stage B

Vysledky:

A STK za 6 hodin istaroxime 53,1 (SE 6,88) mmHg x placebo 30,9 (SE 6,76) mmHg
Istaroxime x placebo Cl (+0,21 L/min/m2; p = 0,016), plocha LS (-1,8 cm2; p =
0,008) a end-systolicky objemu LK (-12,0 ml; p = 0.034).
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Metra, M. et al. Safety and efficacy of istaroxime in patients with acute heart failure-related pre-cardiogenic shock —a
multicentre, randomized, double-blind, placebo-controlled, parallel group study (SEISMIC). Eur J Heart Fail, 24: 1967-1977
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Methylene blue dosing strategies in critically ill adults with shock—A

retrospective cohort study

NO pUsobi jako vazodilatator, ktery primo pUsobi proti
endogennim nebo exogennim vazokonstriktordm a tim snizuje
vaskularni tonus. Zvysena endotelialni produkce NO podstatné
prispiva k patofyziologii Soku.

n=262 (64 KS)
definice Soku NA >0.1 pg/kg/min a laktat >2 mmol/

Podani methylenové modfi jako bolus + kontinuadlni infuze
bylo spojeno se snizenou mortalitou po 28 dnech.

-@- Bolus + continous infusion -~ Bolus only
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Sari-Yavuz S et al. Methylene blue dosing strategies in critically ill adults with shock-A retrospective cohort study.
Front Med (Lausanne). 2022 Oct 28;9:1014276



Pharmacologic Hemodynamic

DIHE Standard Doses HEEE Mechanism Effect EHHHesﬁnns for Use

Vasopressors
Morepinephrine  0.05-0.5 pg/f&kg/min 4 = [} agonism T15VR First-line vasopressor in most forms of CS including mixed shock
THR, tInotropy  Toxicity: Tachycardiafdigital ischemia, increased LV afterload
Epinephrine 0.01-0.2 pgMg/min f = = agonism 15VR Bradyrhythmias or second-line vasopressorfinotrope
THR, fInotropy  Increased toxicity compared to NE (OptimaCC trial)
Low doses (up to 0.1 pg/kg/min) may be considered for inotropic
support in patients with reduced vascular tone
Toxicity: arrythmia, lactic acidosis, tachycardia
Vasopressin 0.02-0.04 U/min V1 agonism TSVR Vasopressor for severe vasoplegia (mixed shock) or RV failure
Generally contraindicated in C5 due to LV failure unless CO is
- — - normalized
Dopamine Low: 2-5 ng/kg/min low:-D=>[1>a Low: TInotropy Bradyrrhythmias or second-line inotrope {not recommended as a
Intermediate: High: o= (1 >D High: T15VR VAsOpressor)
5-10 pg'kg/min Increased mortality compared to NE when used at high doses
High: 10-20 pgfegfmin (SOAP trial)
Low doses (up to 5 pg'kg/min} may be considered for inotropic
— - _ _ support in patients with reduced vascular tone
Inodilators
Dobutamine 2.5-20 pgfkg/min B} Agonism THR First-line inotrope in C5. Short half-life
T Inotropy Toxicity: Tachycardia, vasodilation, arrhythmia. concomitant
| = SVR Beta blocker use may theoretically limit efficacy
Milrinone 0.125-0.75 pgkg/min PDE-3 inhibitor 1 Inotropy Equivalent to dobutamine for outcomes and toxicity (DOREMI)
LSVR Consider in RV shock given | PVR
| PVR Can be combined with beta-agonist
- - - _Tomcity: Vasodilation may be poorly tolerated. Longer half-life

'

—_—— - =,
——4 —= @:‘L -

<

Dhruv Sarma, Crit Care Clin 40 (2024) 37-56 https://doi.org/10.1016/j.ccc.2023.05.001



Pharmacologic Hemodynamic

Drug Standard Doses Ranges  Mechanism Effect Suggestions for Use
lsoproterenol 2-20 pg/min {1 and 2 Agonism T THR Bradyrrhythmia
{ Inotropy Toxicity: Use may be limited by hypotension due to | 5VR.
| SVR
Levosimendan 0.05-2 pgfkgi/min PDE-3 Inhibrtor T Inotropy Mot available in USA.
Ca** Sensitizer | SVR Comparatively lower increase in myocardial Oz consumption.
| PR

Dhruv Sarma, Crit Care Clin 40 (2024) 37-56 https://doi.org/10.1016/j.ccc.2023.05.001




Few evidence-
based data |

Dékuji za pozornost




»

Agents Mechanism of action Main effects Indications Side effects
Norepinephrine a1, = By, Vasoconstriction First-line vasopressor in cardiogenic shock Excessive vasoconstriction,
immunomodulation
Dobutamine By, lonotropy, moderate First-line inotropic agent in cardiogenic shock Tachycardia, hypotension (excessive
vasodilatation vasodilatation)
Milrinone PD-3 inhibitor lonotropy Second-line inotropic agent in CS Tachyarrhythmias, hypotension, headache

Levosimendan

Myofilament calcium
sensitizer

lonotropy and inodilator

Second-line inotropic agent in cardiogenic shock
(patients under betablockers)

Hypotension, atrial and ventricular
tachyarrhythmias, headache
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