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CONFLICTS OF INTEREST 





CLINICAL DEFINITION

 Life threatening end-organ hypoperfusion and tissular hypoxia from cardiac 

dysfunction  

 Persistent low-cardiac output unresponsive to volume loading  (fluid loading 

challenge+++)

 Both clinical and biochemical manifestation 

 Majority of Cardiogenic Shock (≈80%) are caused by Acute Coronary Syndrome 

(STEMI+++) 

 5-10% of patients hospitalized for AMI (leading cause of mortality in these 

patients)

 Results from extensive damage to left ventricular myocardium or mechanical 

complications (please check by repeating TTE exam!)



ACUTE HEART FAILURE IS NOT CARDIOGENIC SHOCK...

Follath F et al. Int Care Med 2011 



2011



CAUSES OF CARDIOGENIC SHOCK (SPECIFIC PHARMACOLOGICAL 
AND MECHANICAL THERAPEUTIES)

Reynolds HR et al. Circulation 2008;117:686-97



Mc DonaghTA et al. Eur Heart J 2021; 42:3599-3726
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Hunziker L et al. Circ Cardiovasc Interv. 2019;12:e007293 



TRENDS IN INCIDENCE AND OUTCOMES OF CARDIOGENIC SHOCK

 From 2003 to 2010, 1 990 486 patients (≥ 40 years ) with STEMI  

 Early revascularization increased from 30.4% to 50.7%

 Overall incidence of cardiogenic shock was 7.9% (trends to increase...)

 Global in-hospital mortality was 39% (trends to decrease...)

Kolte D et al. J Am Heart Assoc 2014



Delmas C et al. ECS Heart Failure 2022; 9:408-19



Delmas C et al. ECS Heart Failure 2022; 9:408-19



Frydland M et al. Shock 2019;51:321-7



Park IH et al. J Intensive Care 2021;9:63

*High lactate clearance was defined as > 66% in 24 hours



X 1.62 X 1.08

X 1.28

Shah RU et al. JACC 2016;67:739-47
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CHRONIC HEART FAILURE ATFER MYOCARDIAL INFARCTION

Ezekowitz JA et al. J Am Coll Cardiol 2009;53:13-20



VENTRICULAR REMODELING

 30% of patients after MI (infarct size is the principal risk factor)

 Main origin of chronic heart failure after MI

 Increased parietal stress (+++) and myocardial work  

 Increased myocardial oxygen consumption 

 Decreased coronary blood flow (+++) 

 Increased compliance of infarcted zone 

 Thinning of myocardial wall

 Left ventricular dilation  
Deja MA et al. Circulation 2012; 125:2639-48

Michler RE et al. J Thorac Cardiovasc Surg 2013;146:1139-45

Jackson BM JACC 2002; 40:1160-7



Van Diepen S et al. Circulation 2017;136:e232-68 

64% 28%

5%
3%

5% of patients presented end-organ hypoperfusion while SAP was > 90 mmHg





CALSSIFICATION SCAI DU CHOC CARDIOGÉNIQUE 

Baran DA, et al. Catheter Cardiovasc Interv. 2019;94: 29–37

SCAI: Society for Cardiovascular Angiography and Interventions (SCAI)



Jentzer JC et al. A Am Coll Cardiol 2019; 74:2117-28



Jentzer JC et al. A Am Coll Cardiol 2019; 74:2117-28





Atkinson TM et al. J Am Coll Cardiol Interv 2016;9:871–83



DISEASE OF ENTIRE CIRCULATORY SYSTEM

 Decreased stroke volume and thus reduced cardiac output while compensatory 

mechanism (tachycardia)

 Reduction myocardial contractility 

 Inadequate oxygen delivery: mismatch between oxygen delivery and oxygen 

consumption 

 Disturbances of entire circulatory system (peripheral vasculature) 

 Adaptative vasoconstriction through increased afterload (neurohumoral system)

 Pathological vasodilation related to systemic inflammatory response (end organ 

hypoperfusion and/or ischemia reperfusion phenomenon)



ALTERATION OF MICROCIRCULATORY BLOOD FLOW 

Jung C et al. Clin Hemorheol Microcirc 2009; 42:141-8

Microvascular flow index (MFI)



Table III. Vessel density (n/ mm)

Control
patients
(n 15)

Cardiac
fa ilure
(n 9)

Cardiogenic
shock

(n 31)

Total number of vessels 5.9 [5.4–6.7] 4.8 [4.0–5.2] 5.1 [3.9–6.5]
Perfused vessels 5.8 [5.5–6.3] 4.6 [3.6–4.9]* 4.1 [2.8–5.0]†
Perfused large vessels 2.2 [1.9–2.7] 2.1 [1.8–2.9] 2.0 [1.6–2.8]
Perfused small vessels 4.0 [3.7–4.4] 1.3 [1.1–1.7]† 1.2 [0.7–1.9]†

*P .01 versus control patients.
†P .001 versus control patients.

>2
0 

µm
<2

0 
µm

Proportion of perfused vessels



IMPAIRMENT OF MICROCIRCULATION 

Bertini P et al; Curr Opin Crit Care 2021;27:409-415

• Present early in cardiogenic shock 

• Microcirculatory network seems to be initially present 

and functional 

• A decreased in capillary density by reduced blood flow 

• Organ dysfunction (liver, kidney…)

• Intestinal barrier (bacterial translocation) 

• Lipopolysaccharide (endotoxins) in blood stream 

(endotoxemia)

• Inflammatory response (cytokine release) and 

multiorgan failure 



SYSTEMIC CARDIOVASCULAR  AND INFLAMMATORY DISEASE

Reynolds HR et al. Circulation 2008; 117:686-97

Intestinal hypoperfusion 

Bacterial translocation 

sympathetic nervous system, AVP, Ag II
(afterload increase, overload water)

Coronary 
endothelial 
dysfonction

Myocardial 
depression

Early revascularisationEarly revascularisation
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ERV IMS



Hochman JS et al. N Engl J Med 1999; 341:625-34

Early myocardial revascularization (SHOCK Trial)
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Neumann FJ et al. Eur Heart J 2019; 40: 87-165



Thiele H et al. New Engl J Med 2017;377: 2419-32



Auffret V et al.  Eur Heart J 2018; 379:2090-102

ORBI Risk score 



Menees DM. et al.  New Engl J Med 2013; 369:901-9

IS « TIME IS MUSCLE » CONCEPT ENOUGH?



Yellon DM et al. N Engl J Med 2007;357:1121-35

Cardioprotective strategies
for reducing lethal
reperfusion injury must be
applied before or during
myocardial reperfusion



Kapur et al. Circulation 2013; 128:328-36





Yellon DM et al. N Engl J Med 2007;357:1121-35



CLINICAL FAISABILITY 

Kapur NK et al. Circulation 2019 



SYSTEMIC CARDIOVASCULAR  AND INFLAMMATORY DISEASE

Reynolds HR et al. Circulation 2008; 117:686-97
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SYSTEMIC INFLAMMATORY RESPONSE 

Deswal et al. Circulation 2001



Bagate F et al. Shock 2017; 47:86-92





Combes A et al.  Am J Respir Crit Care Med 2015;192: 1179-90



Ibanez B et al. Eur Heart J 2017 



SYSTEMIC CARDIOVASCULAR  AND INFLAMMATORY DISEASE

Reynolds HR et al. Circulation 2008; 117:686-97
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Harjola VP et al. Eur J heart Failure 2017;19:821-36

Short term consequences of  LV congestion 

PVC





Chen L et al. Br J Anaesth 2022; 128:785-95



SYSTEMIC CARDIOVASCULAR  AND INFLAMMATORY DISEASE

Reynolds HR et al. Circulation 2008; 117:686-97
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• Improvement of end‐organ
perfusion (Pulsatility)

Improvement energetic balance of myocardium 
‐ Increase myocardial oxygen supply (increase 

coronary perfusion)
‐ Decrease Myocardial oxygen demand (decrease 

loading conditions)

 Increase diastolic aortic pressure from 30 to 70%
(rapid inflation)

 Decrease systolic aortic pressure from 5 to 15%
(rapid defletion)

 Decrease LV afterload
 Decrease LV preload
 Decrease HR (10%)
 Increase SV and CO (5‐10%).

deWaha S et al. Vascular Pharmacology 2014;61:30-34

Ro SK et al. Eur J Cardiothorac Surg 2014; 46:186-92

Aso S et al. Crit Care Med 2016; 44:1974-9 

Intra-aortic balloon pump (IABP)



Amélioration perfusion coronaire… 
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COURBES DE PRESSION ARTÉRIELLE

Systole 
non assistée

Pression aortique
télédiastolique 
non assistée

Insufflation 

 Pression diastolique assistée
( Apports en O2)

 Pression télédiastolique assistée
( Demande en 02)

 Pression systolique assistée 
( Demande en O2)

Non assisté Assisté



Thiele H et al. N Engl J Med 2012;367:1287-96 



Thiele H et al. N Engl J Med 2012;367:1287‐96 



Thiele H et al. Lancet 2013; 382:1638-45



McDonaghTA et al. Eur Heart J 2021; 42:3599-3726



Patients were not eligible for the study if they had undergone resuscitation for more than 30

minutes, had no intrinsic heart action, were in coma with fixed dilation of pupils that was not

induced by drugs, had a mechanical cause of cardiogenic shock (e.g., ventricular septal defect or

papillary muscle rupture);…



Baldetti L. Circ Heart Fail. 2021;14:e008527





J Am Coll Cardiol. 2025



SYSTEMIC CARDIOVASCULAR  AND INFLAMMATORY DISEASE

Reynolds HR et al. Circulation 2008; 117:686-97
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Cytoplasm

Toller WG. et al.  Anesthesiology 2006

Positive inotropic drugs



Dobutamine

 Increased myocardial oxygen 
consumption

 High incidence of arrhythmia 

 Tolerance (receptor 
internalisation, decoupling….)

 Profound vasodilation 

Nelson GS et al. Circulation 2000; 102: 3053-9



Felker GM et al. J Am Coll Cardiol 2003;41:997-1003
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INOTROPES COULD BE HARMFUL
IN DECOMPENSATED HEART FAILURE FROM OPTIME-CHF STUDY?



Basir MB et al. Am J Cardiol 2017;119:845-51
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Levy B et al. J Am Coll Cardiol 2018; 72:173-81

P=0.008
Samuels LE et al. J Card Surg 1999; 14:288-93

Refractory cardiogenic shock 
(from <1% to more than 15%...)



De Backer D et al. N Engl J Med 2010;362:779-89



Anesthesiology 2008; 108:979-87



Léopold V et al. Intensive Care Med 2018;44:847-56 

OR 3.3 [2.8-3.9]



 Prospective, double-blinded, multicenter RCT

 Haemodynamic efficacy and tolerance of Epinephrine (n=27) and norepinephrine (n=30) in

patients with CS due to MI successfully revascularized

 Tested drugs were increased by 0.02 µg/kg/min

 Primary efficacy endpoint was increase in CO

 Primary safety endpoint was the incidence of refractory CS (major cardiac dysfunction according

to echocardiography, lactates levels, acute deterioration organ function despite 1 µg/kg/min

Epinephrine or 10 µg/kg/min of dobutamine)

 Dobutamine was used in 67% of patients in both groups

Levy B et al. J Am Coll Cardiol 2018; 72:173-81

OptimaCC



Levy B et al. J Am Coll Cardil 2018; 72:173-81



Levy B et al. J Am Coll Cardil 2018; 72:173-81



Levy B et al. J Am Coll Cardil 2018; 72:173-81



ADVERSE EFFECTS OF CARDIO VASO ACTIVE  DRUGS

Increased myocardial oxygen demand

Myocardial ischemia 

Tachycardia 

Malignant arrhythmia

Increase left ventricular afterload 

Pro-apoptotic effect  

Valente S et al. Int J Cardiol 2007;114:176-82
Singh K et al. Cardiovasc Res 2000;45: 713–9



 Inotropic effects:

 Calcium sensitizer of myocardial contractile proteins

 Improve cardiac contractility without increasing intracellular calcium concentration 

 Myocardial oxygen consumption unchanged

 Diastolic function preserved 

 Vasodilatory effects (openers K-ATP channels) 

 Coronary, pulmonary and systemic vasodilation

 Organ protective properties (myocardium, liver, kidney, digestive tractus…)

 Anti-apoptotic properties

 Anti-inflammatory effects 

Levosimendan: Attracting properties...

Rognoni et al. Recent Pat Cardiovascular Drug Discov 2011; 6:9-15 



PHARMACOKINETICS

 Levosimendan: 0.2 μg/kg/min during 24h without initial bolus

 Active metabolites between 7 and 14 days 

77



NS

Mebazaa A et al. JAMA 2007; 297:1883-91







J Cardiovasc Pharmacol 2018; 71:1-9

CABGOther procedures



LEVO-HEART SHOCK STUDY

 Effect of early use of levosimendan versus placebo on top of a conventional strategy 
of inotrope use on a combined morbidity-mortality endpoint in patients with 
cardiogenic shock

 The study goal is to evaluate the effect of the early use of levosimendan versus 
placebo on top of a conventional use of inotrope with regard to a composite 
endpoint of 30-day mortality and/or ExtraCorporeal Life Support (ECLS) requirement 
and/or dialysis.

 Experimental group: patients with cardiogenic shock treated with levosimendan in 
addition to the conventional strategy.

 Control group: Patients with cardiogenic shock treated with placebo for 
levosimendan in addition to the conventional strategy.

 610 patients should be included



Mc DonaghTA et al. Eur Heart J 2021; 42:3599-3726



Kapur NK et al. Circulation 2017; 136:314-26

Involvement of RV dysfunction or failure

Incidence of CS 33%

Primary predominant 3-5%

Higher intra-hospital mortality 

9.4% versus 3.0%

More difficult management 



Ventetuolo CE et al. Ann Am Thorac Soc 2014; 11:811‐22

Different adaptative response to changes 
in loading conditions 



RIGHT VENTRICULAR DYSFUNCTION

Pulmonary artery pulsatility index= (sPAP-dPAP)/RAP < 1.0

RAP/PCWP > 0.6

Korabathina R et al. Catheter Cardiovasc Interv 2012; 80:593-600

Tehrani BN et al. J Am Coll Cardiol 2019; 73:1659-69
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Eichhorn EJ et al.  Am J Cardiol 1987;60:1329-33



UNICENTRIC  (sept 2017 to May 2020

(class B to E) 2.5-10 µg/kg/min0.125-0.5 µg/kg/min

Composite primary outcome

Mathew R et al. New Engl Med 2021 385; 516-25

DOREMI



PLEASE,  USE  VASOACTIVE 

AND INOTROPICS AT THE 

LOWEST DOSE AND DURING 

THE SHORTEST TIME 

POSSIBLE ...





SYSTEMIC CARDIOVASCULAR  AND INFLAMMATORY DISEASE

Reynolds HR et al. Circulation 2008; 117:686-97
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Ann Intensive Care 2015; 5:17



SHORT TERM MECHANICAL CIRCULATORY SUPPPORT (STMCS)

IABP IMPELLA ECMO pVAD



30-day survival according to group and time period

Tehrani B et al. JACC 2019; 73:1659-69

Multidisciplinary “Shock team” :
• Tertiary expert center
• Standardized protocol (clear objectives)
• Advanced hemodynamic monitoring modal)

BY WHO? CARDIOGENIC SHOCK TEAM









Randomized studies and several meta-analyses have failed to confirm a clinical

benefit of the PAC in a wide range of critically ill patient pathologies

Current recommendations of the European Society of Intensive Care Medicine

still consider PAC as a useful tool in some patients with severe CS

Especially in case of right ventricular dysfunction or CS unresponsive to initial

therapies, reflecting standard practice in expert centers in the management of this

condition.

Use of pulmonary artery catheter?

Mebazaa A et al. Intensive Care Med. 2018;44:760-73



NEJM

JAMA

Lancet

JAMA

JAMA

NEJM

JAMA

Ann Surg

No study conducted in patients suffering from cardiogenic 

shock treated or not by mechanical circulatory support 

Hadian M and Pinsky MR Crit care 2006;10(suppl3):S8



 Original Research  Impact of Pulmonary Artery Catheter
Use on Short- and Long-Term Mortality 
in Patients with Cardiogenic Shock 

 Prospective cohort (2005-2009) of 
patients suffering from CS (n=129) 
divided in two groups PAC + versus 
PAC –

 Logistic regression identifying risk 
factors of 30-day mortality

 30-day mortality rate was 64%
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HR (95% CI)
Use of PAC 0.55 (0.35–0.86)

Age 1.03 (1.01–1.05)
CS upon admission 1.43 (0.91–2.24)

Male gender 0.80 (0.51–1.26)

p
0.008
0.001
0.119
0.340

1 20.5
HR (log scale)b

Rossello X et al. Cardiology 2017;136:61-9 



Hernandez GA et al. J Cardiac Fail 2019; 25:364-71



Epidemiology, pathophysiology and
contemporary management of cardiogenic
shock – a position statement from the Heart
Failure Association of the European Society
of Cardiology

European Journal of Heart Failure (2020) 22, 1315–1341 POSITION PAPER
doi:10.1002/ejhf.1922

Ovidiu Chioncel1,2*, John Parissis3,4, Alexandre Mebazaa5, Holger Thiele6,7,
Steffen Desch6,7, Johann Bauersachs8, Veli-Pekka Harjola9, Elena-Laura Antohi1,2,
Mattia Arrigo10, Tuvia B. Gal11,12, Jelena Celutkiene13, Sean P. Collins14,
Daniel DeBacker15, Vlad A. Iliescu1,2, Ewa Jankowska16, Tiny Jaarsma17,18,
Kalliopi Keramida4,19, Mitja Lainscak20,21, Lars H Lund22,23, Alexander R. Lyon24,25,
Josep Masip26,27, Marco Metra28, Oscar Miro29,30, Andrea Mortara31,
Christian Mueller32, W ilfried Mullens33,34, Maria Nikolaou3, Massimo Piepoli35,
Susana Price36, Giuseppe Rosano37, Antoine Vieillard-Baron38,39,
Jean M. W einstein40, Stefan D. Anker41,42, Gerasimos Filippatos43,44,
Frank Ruschitzka10, Andrew J.S. Coats45, and Petar Seferovic46,47

“Based on expert opinion, PAC is currently
recommended in selected patients who failed to
respond to initial therapeutic interventions
(persistence of hypotension and hypoperfusion)…”



Iborra-Egea O et al. Eur heart J 2020;41:3839-48



Circulating dipeptidyl peptidase 3 and
alteration in haemodynamics in cardiogenic
shock: results from the OptimaCC trial

European Journal of Heart Failure (2020) 22, 279–286 RESEARCH ARTICLE
doi:10.1002/ejhf.1600

Takagi K et al. Eur heart J 2020; 22: 279-86



Deniau B et al. Eur heart J 2019; 22:290-9



Deniau B et al. Eur heart J 2019; 22:290-9



Cardiogenic shock 
- SAP < 90 mmHg
- CI < 2-2.2 L.min-1.m-2

- PCWP > 25 mmHg (congestion...)
- EF < 25 %
- End-organ hypoperfusion (cold extremities, oliguria…)

In despite of optimal therapy 
- Infusion of inotropes and vaso active drugs: epinephrine >0.5 μg.kg.-1min-1 and/or 

dobutamine > 10 μg.kg.-1min-1

- At least two high dose drugs with IABP 

Refractory cardiogenic shock

Pagani FD et al. Ann Thorac Surg. mars 2001;71(3 Suppl):S77-81

Combes A, et al. Crit Care Med. 2008;36:1404-11

Bréchot N et al. Crit Care Med. 2013;41:1616-26



CONCLUSION   

 Pathophysiology of CS is complex and incompletely known (cardiovascular and inflammatory 

disease)

 High in-hospital mortality rate 30-40% 

 Early myocardial revascularization improve outcomes but does not seem sufficient 

 Steroids may have therapeutic place (???)

 Haemodynamic management of CS requires end-organ perfusion supply (organ hypoperfusion) 

as well as cardiac assist (LV and RV congestion) 

 Use of inotropic agents did not demonstrate any outcome improvement but remain useful 

therapy for restoring haemodynamic 

 Further randomized trials still required to define the optimal therapeutic approach 



Many thanks…


