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¥ Hypoperfuze sice peni synonymem pro hypotenzi, nicméné hypoperfuze je £asto doprovézena hypotenzi



Doporuéeni Trida | Uroven
Diuretika
i.v. klickova diuretika u vSech pacienta s ASS prijatych | C

se znamkami/symptomy tekutinového pretizeni (ke
zlepseni symptomu)

furosemid 20-40 mg i.v,,
v pripadé chron. [éCby inicialni davka = oralni davka

bolusové nebo kontinualni podavani

g

kombinace klickoveho diuretika s thiazidy nebo Ilb
spironolaktonem u pacienta s rezistentnimi otoky o
nebo nedostatecnou odpoveéedi

Antagonisté vazopresinu (akvaretika)
tolvaptan u pacientu s tek. pretizenim Ilb

a rezistentni hyponatremii




Vazodilataéni léky

i.v. — symptomaticka lecba pri STK > 90 mmHg za lla
tésné monitorace symptomu a TK

inicialni lé¢ba u pacientt s hypertenznim ASS (ke lla

zlepseni symptomu a redukci méstnani)

|

Vazodilatans Davkovani NU Jiné
Nitroglycerin inicialné 10-20 ug/min hypotenze, tolerance
(aZ do 200 ug/min) bolest hlavy
Isosorbid inicialné 1 mg/hod hypotenze, tolerance
dinitrat (aZ do 10 mg/hod) bolest hlavy
Nitroprusid inicialné 0,3 ug/kg/min hypotenze, fotosensitivita
(az do 5 ug/kg/min) toxicita izokyanatu
Nesiritid bolus 2 ug/kg hypotenze
infuse 0,01 ug/kg/min
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Terapie ASS — nove potencionalni smeéery

m vasopresin antagonist — tolvaptan (EVEREST)
m endotelin-1 receptor antagonist
tezosentan (RITZ, VERITAS)
m adenosin antagonist — rolophylline (PROTECT)
m toborinone - PDE lll inhibitor
m omecantiv mecarbil — cardiac myosin activator

(ATOMIC-HF)
m istaroxime — Na/K ATPase inhibitor
m ularitide (TRUE-HF)
m serelaxin (RELAX-AHF 2)
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‘Wet’ patient

l

‘Dry’ patient

b

ADEQUATE PERIPHERAL PERFUSION?

YES | \ NO

N,
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"Wet and Warm' patient
(typically elevated or
normal systolic
blood pressure)

YES /

‘Dry and warm’
Adequately perfused
= Compensated

:

Adjust oral
therapy

‘Dry and cold’
Hypoperfused,
Hypovolemic

!

Consider fluid challenge
Consider inotropic agent
if still hypoperfused

‘Wet and Cold’ patient

Systolic blood pressure <30 mm Hg

Vascular type - Cardiac type - - Sy
fluid redistribution fluid accumulation YEEJJ ~._NO
Hypertension Congestion x A

predominates
|
v
+*Vasodilator
* Diuretic

predominates

¥

* Diuretic

*Vasodilator

» Ultrafiltration
(censider if diuretic
resistance)

* Inotropic agent
* Consider vasopressor
in refractory cases

* Diuretic {when perfusion
corrected)

* Consider mechanical
circulatory support
if no response to drugs

*Vasodilators

* Diuretics

* Consider inotropic
agent in refractory
cases



Rizika podani vazopresorlt a/nebo inotropik

» Myocardial * PCWP
demand
 Hypoxia
* Ischemia
" « RV Afterload
= « Atrial
& Arrhythmia * Peripheral
- Vasoconstriction
5 « Ventricular
S Arrhythmia + Splanchnic
= Vasoconstriction
a
Inotropy/
Chronotropy LV Afterload

Van Diepen S, JACC 2018, 72: 183-186




Inotropika

) cAMP dependentni:

* dobutamin

e dopamin

* inhibitory PDE 3 — milrinon
enoximone

Il) non-cAMP dependentni

* J|evosimendan

e omecantiv mecarbil — aktivator myosinu

e istaroxime —inhibitor Na/K ATPazy a aktivator kalciové pumpy




Table 4. Mechanism of Action and Hemodynamic Effects of Common Vasoactive Medications in CS

Vasopressorfinotropes
Dopamine 0.5-2 pg-kg-"-min-* - + - +—+ 1CO
510 pg-kg-*-min-* + +H+ + ++ T1CO, 15VR
10-20 pg-kg-"-min-’ +H+ ++ - + T15VR, 1CO
Norepinephrine 0.05-0.4 pg-kg-"-min-"' +H+ ++ + - t1SVR, 1CO
Epinephrine 0.01-0.5 pg-kg-"-min-' ———- —++— —++ - 1CO, H1SVR
Phenylephrine 0.1-10 pg-kg-"-min-' ++- - - - 11SVR
Vasopressin 0.02-0.04 U/min Stimulates V, receptors in vascular smooth musde H1SVR, « »sPVR
Incdilators
Dobutamine 2.5-20 pg-kg-"-min-’ + e - - T1C0, |SVR, |PVR
lsoproterenol 2.0-20 pg/min - ++++ +++ - T1C0, |SVR, |PVR
Milrinone 0.125-0.75 pg-kg-"-min-' PD-3 inhibitor 1C0O, |SVR, |PVR
Enoximone 2-10 pg-kg"-min-’ PD-3 inhibitor tCO, |SVR, |PVR
Levosimendan 0.05-0.2 pg-kg-"-min-' Myofilament Ca* sensitizer, PD-3 inhibitor 1C0, |SVR, |PVR

CO indicates cardiac output; CS, cardiogenic shock; PD-3, phosphodiesterase-3; PVR, pulmonary vascular resistance; and SVR, systemic
vascular resistance.




Inotropika

Doporuceni

Trida

Uroven

i.v.inotropika ke zvyseni CO, TK, periferni

C

hypoperfuze azachovaniorg. funkci

i.v. levosimendannebo PDEIll inhibitork reverzi
Gginku betablokétord

inotropika nejsou doporucena pokud pacientnema
symptomatickou hypotenzi nebo hypoperfuzi

podobu podavaniinotropik monitorace EKG a TK
(riziko arytmii, ischémie myokardu a hypotenze)

2016 ESC Guidelines for the diagnosis and

treatment of acute and chronic heart failure
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Table 4. Mechanism of Action and Hemodynamic Effects of Common Vasoactive Medications in CS

Vasopressorinotropes
Dopamine 0.5-2 pg-kg-"-min-* - + - +++ 1CO
510 pg-kg-*-min-* + +-+ + ++ 11C0O, 15VR
10-20 pg-kg-"-min-’ +++ ++ - ++ T15VR, 1CO
Norepinephrine 0.05-0.4 pg-kg"-min-' ++++ ++ + - T1SVR, 1CO
Epinephrine 0.01-0.5 pg-kg-"-min-! +—++ —++= —++ - 1CO, H1SVR
Phenylephrine 0.1-10 pg-kg-"-min-* ++- - - - H1SVR
Vasopressin 0.02-0.04 Wmin Stimulates V, receptors in vascular smooth musde t1SVR, «»PVR
Inodilators
Dobutamine 2.5-20 pg-kg-"-min-’ = - = - 11C0, |SVR, |PVR
lsoproterenol 2.0-20 pg/min - +++ +++ - 11CO, |SVR, |PVR
Milrinone 0.125-0.75 pg-kg-"-min-"' PD-3 inhibitor 1C0O, |SVR, |PVR
Enoximone 2-10 pg-kg-"-min-’ PD-3 inhibitor 1C0O, |SVR, |PVR

Levosimendan

0.05-0.2 pg-kg-"-min-'

Myofilament Ca®* sensitizer, PD-3 inhibitor

1C0O, |SVR, |PVR

CO indicates cardiac output; CS, cardiogenic shock; PD-3, phosphodiesterase-3; PVR, pulmonary vascular resistance; and SVR, systemic
vascular resistance.




The NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IN 1812 MARCH 4, 2010 VOL. 362 NO.9

Comparison of Dopamine and Norepinephrine
in the Treatment of Shock

Daniel De Backer, M.D., Ph.D., Patrick Biston, M.D., Jacques Devriendt, M.D., Christian Madl, M.D.,
Didier Chochrad, M.D., Cesar Aldecoa, M.D., Alexandre Brasseur, M.D., Pierre Defrance, M.D.,
Philippe Gottignies, M.D., and Jean-Louis Vincent, M.D., Ph.D., for the SOAP Il Investigators™

Supplementary Figure 7: Kaplan-Meier curves for 28-day survival in car
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Mean Arterial Pressure (mm Hg)

Heart Rate (beats/min)
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Epinephrine Versus Norepinephrine @l
for Cardiogenic Shock After
Acute Myocardial Infarction

Bruno Levy, MD, PuD,® Raphael Clere-Jehl, MD,"” Annick Legras, MD,“ Tristan Morichau-Beauchant, MD,"
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Vazopresory

Doporuéeni Trida | Urover

Vazopresory (pref. noradrenalin) u pacient( v KS pfes
lecbu inotropiky

po dobu podavani vazopresort monitorace EKG a TK
(riziko arytmii, ischémie myokardu)

2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

German — Austrian S3 guide 2012 pro KSIM
cile: MAP 65-75 mm Hg
TF <110/min




CardShock study- inotropika a vazopresory
(Tarvasmaki, CCM 2016:208)

Vazopresory
Noradrenalin 75 %
Adrenalin 21 %
Dopamin 26 %
Vazopressin/terlipressin 4 %
Vazopresory - kombinace 30 %
Inotropika
Dobutamin 49 %
Levosimendan 24 %
PDE3i 4% =219

Vazopresor + inotropikum 55 %




Kardiogenni sok — farmakoterapie
- zavery

1) Kauzalni lécba
(farmakoterapie AKS)

2) Individualizace farmakoterapie dle
etiologie a hemodynamického profilu

3) Vazopresory/inotropika
— co nejkratsi dobu, co nejmensi davky
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Figure 2 Ninety-day survival according to the presence of identified precipitating factors of acute heart failure (AHF). A difference in 90-day
survival according to the presence of identified precipitating factors of AHF was found (overall log-rank P < 0.001). Pairwise comparisons with
patients without identified precipitating factors showed lower survival in patients with acute coronary syndrome or infection as precipitants
of AHF (adjusted log-rank P < 0.001 for both), and increased survival in patients with atrial fibrillation or hypertension as precipitants of AHF

(adjusted log-rank P = 0.004 and P < 0.001, respectively). No difference in survival was found in patients with non-compliance as the precipitating

Arrigo, EHJ 2017, 19:201-208, GREAT registry
1



Serelaxin, recombinant human relaxin-2, for treatment of
acute heart failure (RELAX-AHF): a randomised,

placebo-controlled trial

John R Teerlink, Gad Cotter, Beth A Davison, G Michael Felker, Gerasimos Filippatos, Barry H Greenberg, Piotr Ponikowski, Elaine Unemori,

B
14+ Placebo: 65 deaths (11-3%)
~ - —— Serelaxin: 42 deaths (7-3%)
Lancet 2013; 381: 29-39 3
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Kardiogenni sok
Definice

Porucha srdecni pumpy:
e Srdec¢niindex< 2.2 L/min/m?2
nebo

 sTK <100 mmHg + LVEF < 35% (nebo vyssi v pripadé tézke
chlopenni nebo mechanické vady)

* Vlyloucena hypovolemie (CVP >7 mmHg a PAWP > 12
mmHg)

Tkanova hypoperfuze:

 Chladna akra, cyanoza, oligurie, encefalopatie
* Laktat, SvO,, NIRS oxymetrie

Guidelines ESC 2016




Kardiogenni sok
- etiologie
Kardiogenni sok (N=219)

AKS 81% non-AKS 19%

STEMI 68% NSTEMI 13%

Mechanické

Chronické HF
10%

komplikace

Ischemickda KMP

Neischemickda KMP

Card Shock Study
Harjola 2015

=HTOL

Ostatni 9%

Chlopenni
vady 5%
Takotsubo 2%
Myocarditis 2%




Kardiogenni sok pri akutnim IM

STEMI or high-risk ECG signs or symptoms suggesting AMI, < 3 hours
& hemodynamic instability or resuscitated cardiac amrest

\4

PCl should be performed < 120 min:
alert & transfer to cardiac shock center for primary PCI

|

During the transport, start:
* Aspirin orally or iv
« Consider potent P2Y, inhibitor (prasugrel or
ticagrelor), or clopidogrel if contraindicated, orally
* Anticoagulation iv
* If hemodynamic instability: volume loading < 250 ml &

norepinephrine on peripheral line
* If Sp0, < 90%: 0, therapy

< 2 hours

'

Cardiac Shock Center

Mebazaa A, Intensive Care Med (2018) 44:760—-773
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KS - hemodynamicky profil

Volume Status

Wet Dry |
= Classic Cardiogenic Shock Euvolemic Cardiogenic Shock
2 Cold
g (4 Cl; TSVRI; TPCWP) (4 Cl; TSVRI; «>PCWP)
o
% Vasodilatory Cardiogenic Shock Vasodilatory Shock
o or (Not Cardiogenic Shock)
(4 Warm Mixed Shock
T
Q.
(L Cl; &/€2SVRI; TPCWP) (PCl; JSVRI; L PCWP) }
== + o
=== &'l




latrogenni Sok

grevsssssssssssssnasssnns Go Lo naey Occlusion

Large Risk Region

Prior M1

volume

Impairment of LV Filling
and Systolic Function
Lower C.O. " due to change in LV

l Geometry

Hypotension

v

Cardiogenic Shock

% toward LV
‘ Preload
Irtravascular

E 2 z Prior Diastolic Dysfunction L
- ey 4 (.. HTN) (no volume i
E = Tachycardia loss) A
+ 1| (Occult) Low Stroke Volume v LV compliance .
"  pcwe RVEDP (>15) k—l volume
- t cvp Loading
- C.0. Yor unchanged ;
- Redistribution of t rveov
- Intravascular Volume to Lungs ‘
. : Shift of
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The role of levosimendan in acute heart failure complicating acute
coronary syndrome: A review and expert consensus opinion

Markku S. Nieminen **, Michael Buerke ®, Alain Cohen-Solal £, Susana Costa 9, Istvan Edes'
International Journal of Cardiology 218 (2016) 150-157

STK < 85 mmHeg, perif. vazokonstrikce

.v. furosemid +
betablokator vysadit
vazodilatancia (nitraty) -
inotropika (dobutamin) + inicialné
vazopresory (noradrenalin) + (cil STK > 90 mmHg
s inotropiky/inodilatatory)
inodilatator {levosimendan) + (s vazopresory)
ECMO, LVAD, (IABK) + (pfi Cl < 1,8 I/min/m2 a absenci

response na léky)




Physiol. Res. 59: 373-378, 2010

The Effects of Short-Term Norepinephrine Up-Titration
on Hemodynamics in Cardiogenic Shock

R. ROKYTA, Jr', J. TESAROVA!, V. PECHMAN', P. GAJDOS', A. KROUZECKY"

35 1 //*\ n=12 3 1 n=12
7 /\
5 2] " - W
E 3 s m
E_ 20 4 E W
S
S 15- =
E —_
10 - o 1 4 .-!""'_/J\x"_\\.
5 =
0 T T T
MAP 65 (1) MAP 85 MAP 65 (2) 0 } t .
MAP 65 (1) MAP 85 MAP 65 (2)
Fig. 3. Time course of pulmonary arterial occlusion pressure. Fig. 4. Time course of cardiac index. CI — cardiac index, MAP —

PAOF.‘ — pulmanary arterial occlusion pressure, MAP — mean mean arterial pressure
arterial pressure

Vychodisko: 1) Titrace MAP na vyssi hodnoty mize zlepsit perfazi ledvin a/nebo

2)

splanchniku u kriticky nemocnych
Noradrenalinem navozené zvyseni afterloadu muize kompromitovat funkci srdce



Circulation. 2017;1.36:e232—e268.

Contemporary Management of
Hemodynamicky podklad

Vazoaktivni lécba
NE (pfi I TF n. arytmiich)
Dopamin (pfi { TF, riziko arytmii)

Cardiogenic Shock
A Scientific Statement From the American Heart Association

Prezentace
nebo pf¥icina KS
Wet and cold Noradrenalin n.
dopamin
Inotropika Inotropikum — pridej po stabilizaci
a revaskularizaci (pri IM)
Euvolemic cold Noradrenalin n. NE (pfi I TF n. arytmiich)
and dry dopamin Dopamin (pfi {/ TF, riziko arytmii)
Inotropika Inotropikum — pridej po stabilizaci
a revaskularizaci (pfi IM)
LVEDP mUze byt {, — malé bolusy

tekutin

Malé bolusy tekutin
M TF zkrati diastolu komor a

J LVEDP.
Definitivni reSeni dle priciny,

Aortalni regurgitace Dopamin
Docasna
kardiostimulace kardiochirurgie

5 l
2 e
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Epinephrine Versus Norepinephrine )
for Cardiogenic Shock After '
Acute Myocardial Infarction

Bruno Levy, MD, PuD,® Raphael Clere-Jehl, MD,"” Annick Legras, MD,“ Tristan Morichau-Beauchant, MD,"

TABLE 2 Serious Adverse Events and Outcomes

Odds Ratio
Epinephrine Norepinephrine (95% Confidence
(n = 27) (n = 30) p Value* Interval) p Valuet
Refractory shock 10 (37) 2 (7) 0.008 B.24 (1.61-42.18) 0.01
Arrhythmia 1 (417) 10 (33) 0.59 1.37 (0.47-4.05) 0.56
ECLS 3 (1) 1(3) 0.34 3.62 (0.35-37.14) 0.28
Death 14 (52) 1 (37) 0.29 1.86 (0.65-5.36) 0.25
Death within 7 days 8 (30) 3 (10) 0.093 3.79(0.89-16.17) 0.072
Death within 28 days 13 (48) 8 (27) 0.1 2.55(0.84-7.72) 0.097

Values are n (%) unless otherwise indicated. Odds ratios were expressed by using the norepinephrine group as
reference. *p value from the Fisher exact test. tp value from the Wald test.

ECLS = extracorporeal life support.




