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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...

| ® Highcardiac output failure
‘ Right HF

50 1 1

404 W Hypertensive HF
304 W Cardiogenic shock
204

¥ Pulmenary edema
B ADHF

Follath F et al. Int Care Med 201 |
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Baseline characteristics and hospital mortality in the 2011
Acute Heart Failure Database (AHEAD) Main registry

Jindrich Spinar', Jiri Parenica'?", Jiri Vitovec™*, Petr Widimsky*, Ales Linhart®, Marian Fedorco®, Filip Malek’,
Cestmir Cihalik®, Lenka Spinarova®, Roman Mikiik', Marian Felsoci', Miroslav Bambuch®, Ladislav Dusek” and
Jiri Jarkovsky®

In-hospital mortality (%)
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127%

Total

ADHF
Hypertensive AHF
Pulmonary cedema
Cardiogenic shock 62.7% **
High output failure

Right heart failure
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CAUSES OF CARDIOGENIC SHOCK (SPECIFIC PHARMACOLOGICAL

AND MECHANICAL THERAPEUTIES)

Acute myocardial infarction
Pump failure
Large infarction
Smaller infarction with preexisting left
ventricular dysfunction
Infarction extension
Severe recurrent ischemia

cute mitral regurgitation caused by
papillary muscle rupture
Ventricular septal defect
Free-wall rupture
Pericardial tamponade
Right ventricular infarction

Other conditions
End-stage cardiomyopathy
Myocarditis
Myocardial contusion
Prolonged cardiopulmonary bypass
Septic shock with severe myocardial
depression
Left ventricular outflow tract obstruction
Aortic stenosis
Hypertropic obstructive cardiomyopathy
Obstruction to left ventricular filling
Mitral stenosis
Left atrial mysoma
Acute mitral regurgitation (chordal rupture)
Acute aortic insufficiency
Acute massive pulmonary embolism
Acute stress cardiomyopathy
Pheochromocytoma

Maragement of patients with suspected acute heart failure

Immediate phase
{intal 60-120 min)

@Esc

Reynolds HR et al. Circulation 2008;117:686-97 Mc Donagh TA et al. Eur Heart | 2021; 42:3599-3726

Poor prognosis of cardiogenic shock

TRENDS IN INCIDENCE AND OUTCOMES OF CARDIOGENIC SHOCK

500 = From 2003 to 2010, | 990 486 patients (= 40 years ) with STEMI
B 700 = Early revascularization increased from 30.4% to 50.7%
600 .
g = Overall incidence of cardiogenic shock was 7.9% (trends to increase...)
O 500 1
_—‘.':;.400 = Global in-hospital mortality was 39% (trends to decrease...)
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Hunziker L et al. Circ Cardiovasc Interv. 2019;12:¢007293 Kolte D et al. | Am Heart Assoc 2014

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

The FRENSHOCK registry
A Reol Life Picture of Cordiogenic Shock in France

‘Overall population
48 centers 772 patients a2}
Medications used, n (%)
Diuretics 633 (82.0)
= Volume expander 321 (41.6)
doge ot logt Dobutamine 632 (81.9)
L Hemodynamic criteris Maximum dose:
2. teft oncfor right owerlood criveria 5-10 pg/kg/min 405/632 (52.5)
3 Orgen motperfusion crteria 10-15 g/kg/min 136/632 (17.6)
>15 pg/kg/min 7/632 (6.1)
Soniachmic CaiTH Unknown 184/632 (23.8)
Norepinephrine 410(53.1)

Levosimendan 57 (7.4)
Dopamine 2(03)
i
‘i'il""' g Fibrinolysis 1301.7)
1 Organ replacement therapies, n (%)
i iii i'l i Respiratory support
Invasive 291(37.9)

Epinephrine 95 (12.4)
High Risk Nowsdrenabne : Norepinephrine and dobutamine 352 (45.6%)

Isoprenaline 32 41)

Antiarrhythmic 298 (38.6)

i Non-inasive 199 (25.9)

fiiiiiii 0 Mechanical circulatory support 143118)
. © 148 38/143 34.3)

hosphakza Impella 267143 (18.6)

ECs 857143 (60.7)

"‘ii'i"‘ combination
Transfusion 128 (16.6)
Renal replacement therapy 122 (15.8)

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




Frydland M et al. Shock 2019;51:321-7
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*High lactate clearance was defined as > 66% in 24 hours

Shah RU et al. JACC 2016;67:739-47

Death: Days 61 to 365 Post-Discharge

Death: Days 1 to 60 Post-Discharge
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CHRONIC HEART FAILURE ATFER MYOCARDIAL INFARCTION
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Ezekowitz JA et al. ] Am Coll Cardiol 2009;53:13-20

A Practical Approach to Mechanical ®
Circulatory Support in Patients Undergoing
Percutaneous Coronary Intervention

An Interventional Perspective Atkinson TM et al. | Am Coll Cardiol Interv 2016;9:871-83

Spectrum of Cardiogenic Shock

Pre/Early Shock Severe shock

shock
clnieat Clinical
580 <100 mm Hg Ciincal
HR 70-100 beats/min S8p <00 mm Hg SBP <90 mm Hg
Homa ucore e - HR >120 beats/min
Normal mentation
% Lactate >4
Coot extremities Lactate >2
Hemodynamic Avs Obtunded
222 Cool extremities Cool extremities
Pow <20 Hemodynamic Hemodynamic
Lveop 20 e
cpo 1w a<s
Vasoactive medications PCWP 30
Oortlow dose LVEDP =30
PO <06 W

Vasoactive medications

Vasoactive medications
1 moderate to high dose

2 or more

NATIONAL REGISTRY OF MYOCARDIAL INFARCTION

Total Shock Cardiogenic Shock at
Hospital Presentation

Giinical Event Shock.

Topolian S et al. Crit Care Med 2008; 36[Suppl.]:566-574




VENTRICULAR REMODELING

30% of patients after MI (infarct size is the principal risk factor)
Main origin of chronic heart failure after MI AdvrseRemedeling
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.| Thorac Cardiovasc Surg 2013;146:1139-45
Jackson BM JACC 2002;40:1160-7

Van Diepen S et al. Circulation 2017;136:¢232-68

SHOCK Trial’* I IABP-SHOCK II't I ESC HF Guidelines™ |
sicalcita 2P <90 mm g with acequate voume]
SBP <90 mmHo for 230 min]oR SBP <90 mmHg for 230 minpR 30 CTCaT o aboratory g 0
TRpo To AT mmHg SRS To WM S6P >90 mmHg | hypoperfusion
AND AnD Clinical hypoperfusion:
End-organ hypoperfusion (urine output | | Clinical pulmonary congestion Cold exremite, oigura, mental
<30.mL/h ar cool extremities) AND

confusion, dizziness, narrow pulse pressure|
Impaired end-organ perfusion (altered
mental status, cold/clammy skin and

extremities, urine output <30 mUh, or

Hemodynamic criteria
Clof £2.2 Lmin"m- AND

Laboratory hypoperfusion:
Metabolic acidosis, elevated serun lactate,

PCWP 215 mmHg Jactate 52,0 mmoll) elevated serum creatinine
Classic Cardiogenic Shock Euvolemic Cardiogenic Shock
J cold
(4-Cl; TSVRI; TPCWP) 64% (4.CI; TSVRI; <>PCWP) 28%
« Vasodilatory Cardiogenic Shock Vasodilatory Shock
b or (Not Cardiogenic Shock)
M warm Mixed Shock 5%
5 3%
(Cl; L/€>SVRI; TPCWP) (Cl; LSVRI; LPCWP)

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

Table 4: INTERMACS Profiles

Brief Description

INTERMACS 7

INTER

CALSSIFICATION SCAI DU CHOC CARDIOGENIQUE

SCAI: Society for Cardiovascular Angiography and Interventions (SCAI)
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Baran DA, et al. Catheter Cardiovasc Interv. 2019;94:29-37
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40% -

30% -

20% -

Observed Hospital Mortali

10% -

0% +
ACS HF Neither ACS nor HF
(n=4,267) (n =4,564) (n=2,704)

W Stage A W Stage B Stage C StageD M StageE

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

A. SCAI Classification

B. Phenotypic Classification
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CENTRAL ILLUSTRATION: Clinical Variables and Parameters to Define
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Kapur NK, et al. J Am Coll Cardiol. 2022;80(3):185-198.

A Practical Approach to Mechanical

Circulatory Support in Patients Undergoing

Percutaneous Coronary Intervention

An Interventional Perspective

Pre/Early Shock
Clinical
58P <100 mm Hg
HR 70-100 beats/min
Normal lactate.
Normal mentation
Cool extremities
Hemodynamic
222
Pcwp <20
LVEDP <20
o 1w
Vasoactive medications.
0 or 1 low dose

Spectrum of Cardiogenic Shock

Shock
Clinical
SBP <90 mm Hg
HR 100 beats/min
Lactate >2
AMS
Cool extremities.
Hemodynamic
11520
POWP >20
LVEDP >20
PO <1W
Vasoactive medications
1 moderate to high dose

®

AtkinsonTM et al. Am Coll Cardiol Intery 2016;9:871-83

Severe shock
Clinical
SBP <90 mm Hg
HR >120 beats/min
Lactate >4
Obtunded
Cool extremities

Hemodynamic

Vasoactive medications
2 or more

DISEASE OF ENTIRE CIRCULATORY SYSTEM

ALTERATION OF MICROCIRCULATORY BLOOD FLOW

= Decreased stroke volume and thus reduced cardiac output while compensatory

mechanism (tachycardia)
= Reduction myocardial contractility

= |nadequate 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)

o

=
- Non-CS
=acs

Microvascular flow index (MFI)

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

Table Il Veseetdensiy v/ )
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15 001 s st s

Proportion of perfused vessels

IMPAIRMENT OF MICROCIRCULATION

« Present early in cardiogenic shock Talammation

+ Microcirculatory network seems to be initially present -
and functional

* Adecreased in capillary density by reduced blood flow

* Organ dysfunction (liver, kidney...) Fndathelum

* Intestinal barrier (bacterial translocation)

*  Lipopolysaccharide (endotoxins) in blood stream
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§§ multiorgan failure
3%
D
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faiurs shock

Vascular Sevcoits
Muscle Cells

+ Inflammatory response (cytokine release) and

v
Vasocomtriction

Bertini P et al; Curr Opin Crit Care 2021;27:409-415
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SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

[ yocardial nfrction

Coronary
endothelial

Myocardial dysfunction

dysfonction  FhmeT ory

N

response
Myocardial m-_fémr':; o) Mveop
depression y e NO) L Veardiadoutput

Pulmonary congestion

** {Stroke volume
CVP (liver, kidney congestion)

| Systemic Hypotension
perfusi

 Coronary

Early revascularisation

o

myocar
dysfunction

2 s4hrs

Emergency Initial medical
Compensatory 4 o
vasoconstriction revascularization stabilization

sympathetic nervous system, AVP, Ag |1 « IABP/pharmacologic support + 1A8P/pharmacologic support
(afterload increase, overload water) = Possible prior thrombolysis « Thrombolysis uniess absolute
| « Emergency early PTCA/CABG contraindication MS

+ Possible delayed

ERV revascularization

Reynolds HR et al. Circulation 2008; | 17:686-97

Early myocardial revascularization (SHOCK Trial) " 1
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IS « TIME IS MUSCLE » CONCEPT ENOUGH?

Cardiogenic Shock (N=9535)

= 50
E 90+ Median door-to-balloon time
o 4.0 (P=0.001)
E )
= 40 __
§ 804 =
= Z
3 =
8 Mortality (P=0.60) Lo £
§ 70-] 2
27.4 .
- 26.4 27.2
=2
T 60 L20
=
0
2005- 2006— 2007- 2008
2006 2007 2008 2009
Year of Procedure

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

From Door-to-Balloon
to Door-to-Unload
Time

BY NAVIN K. KAPUR, MD.

i i i Myocardial 3 Less lethal
infarction strategy reperfusion reperfusion injury

A Cardioprotective strategies Temboic
.
for  reducing lethal
reperfusion injury must be -
applied before or during [N
| myocardial reperfusion coronaryintervention

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

Mechanically Unloading the Left Ventricle Before Coronary
Reperfusion Reduces Left Ventricular Wall Stress and
Myocardial Infarct Size

A Occlusion _ Reperfusion
i = 120' = 120 I Harvest
* L *
Occlusion
Vil 120’ m Harvest
LV Unloading | ¥ ’

LV Unloading

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

Infarct size, 70%

Myocardial ischemia with reperfusion

304 [=——{ = Reperfusion reduces infarct size by 40%

Part of the remaining 30 infarct is due
to lethal reperfusion injury and

20 is therefore preventable

Infarct Size (%)

Myocardial ischemia with reperfusion

5 -— and cardioprotection
o,l Preventing lethal reperfusion injury reduces

infarct size by a further 25%, realizing the
full benefits of reperfusion

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

Kapur NK et al. Circulation 2019

CLINICAL FAISABILITY

oad: STEMI Pilot Trial: Study D Infarct Size v

h Total LV Mas:
ir ]

Inpella CPInsertion » Actvatcn

Explant Impell

Clinical Variable

U-IR (n=25) U-DR (n=25)* p-value
Symptom to Unload Time, Min (mean_SD) 200+152 176473 NS
Unload to First PTCA Time, Min (mean_SD) 117




Left ventricular unloading in anterior STEMI without shock: The STEMI
Door to unload (DTU) randomized

Kapur NK et al. JACC 2026 (in press)

Symptom Hospital Coronary
Onset arval Intervention

Total lschemic Time 185 (134, 220) mins

Symptom Hospital TEmAFR Coronary TmAFP
Onset Asrival Insertion Intervention Removal
Tneatmentl 108 (72, 158) mins | S4 (41, 77) mins |4u (35, 46) mins | 104 (5.5, 18.3) hours
[[Total Ischemic Time 212 (174, 272) mins; p<0.0001 vs Cerirol | []= rvmarpoN

Infarct Size / LV Mass (%)
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SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

Myocardial infarction |

Coronary . |

endothelial | . Myocardial dysfunction |

dysfonction | rnammatory ' Systolic | _Diastolic \\
| response

Myocardial syndrome |

wveop

depression | (1L-6, TNF-q NO)
monary compestion

' s dcardincutput

"~ JStroke volume

CVP (iver, kidney congestion)

Early revascularisation

myocardial
dysfunction

.| Compensatory
vasoconstriction

AVP,Agl
(afterload increase, overload water)

Reynolds HR et al. Circulation 2008; | 17:686-97

SYSTEMIC INFLAMMATORY RESPONSE

—— < 25 percentile
— — 25 - 50 percentlile
A  TNF B JL-6 — 50-75percentile
= >75 percentile
1.0 1.0

0.9
09 %
0.8 o
0.8 i

0.7
0.7 } p<0.007

0.6

Cumulative Survival

Deswal et al. Circulation 200 |

PROGNOSTIC VALUE OF RELATIVE ADRENAL INSUFFICIENCY DURING
CARDIOGENIC SHOCK: A PROSPECTIVE COHORT STUDY
WITH LONG-TERM FOLLOW-UP

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

Plasma cortisol concentration, nmoll.  Survivors (n = 43) Nonsurvivors (n = 49) P
T 666 (497-1,191) 819 (527-1,041) 034
T30 949 (603-1.588) 913 (690-1.212) 084
T60 1.332 (635-2.094) 1,155 (899-1.614) 089"
z 12ssZiais 1126 ieseiac oo
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Mekontso Dessap eral. Tl (2022) 234

hitps/dolorg/10.1186/513063-021-05947-6 Trials
STUDY PROTOCOL Open Access

Low-dose corticosteroid therapy for
cardiogenic shock in adults (COCCA): study
protocol for a randomized controlled trial

Armand Mekontso Dessap' 2, Frangois Bagate'**! ®, Clément Delmas’, Tristan Morichau-Beauchant’,
Bernard Cholley®, Alain Cariou’, Benoit Lattuca®, Mouhamed Moussa®, Nicolas Mongardon'®', Damien Fard'?,
Matthieu Schmidt', Adrien Bouglé'", Mathieu Kemeis', Emmanuel Vivier'®, Frangais Roubille'”,

Matthieu Duprey', Véronique Decalf”, Thibaud Genet™, Messaouda Merzoug®, Etiennie Audureau® and
Pierre Squara®'?*
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Low Dose of Adult (cocca)
CleicalTrisis gov 10 @ NCTO3773872
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Last Update Posted @ 2231107

Early High-Volume Hemofiltration versus Standard Care for
Post-Cardiac Surgery Shock
The HEROICS Study

100
P =0.72 by logranktest
£ 80
%’ Control
> 60
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g 20 HVHF
g
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a 20
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o 10 20 30 40 50 60 70 80 S0
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Combes A et al. Am | Respir Crit Care Med 2015;192: 1179-90




2017 ESC Guidelines for the management of
acute myocardial infarction in patients
presenting with ST-segment elevation

indicated according to blood gases.

SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

[ Myocardial infarction

Coronary |
Fibrinolysis should be considered in patients endothelial Myocardial dysfunction |
dysfoncdon | 3 matory , [systolic T viastolc | X
response
Secommencatons Mool omen s L 1 Hveop !
depression e JeardiaSutput ]
Immediate PCI is indicated for patients with - " §stroke volume : Pulmonary congestion:

CVP (ivr, idnoy congestion)
cardiogenic shock if coronary anatomy is e !
suitable. If coronary anatomy is not suitable (o, l Systemic Hypotension
for PCI, or PCI has failed, emergency CABG ot
is recommended.”* P
Invasive blood pressure monitoring with an
arterial line is recommended.

Compensatory
Immediate Doppler echocardiography is vasoconstriction fisl]
indicated to assess ventricular and valvular (afterioad incrona werioad water)
functinne lmadine ronditinne and ta detect
Ibanez B et al. Eur Heart | 2017 Reynolds HR et al. Circulation 2008; | 17:686-97
Short term consequences of LV congestion Risk indicators for acute kidney injury in cardiogenic shock ™
i

| Cardiac cmpm
e o o - wn wn w w- o-
T Right atrial and
central venous pressure

Pulmonary == Pulmonary
congestion oadema

|
M Filing

pressure

i Lungs
: |

Johannes P.C. van den Akker **, Jan Bakker *““, AB,J Groeneveld *', CA. den Uil **

D 3015GD, Rotterdam, the Necherlands
N lergy and Criica New York, NY, USA

« New York, VY, USA

a ” i

. Erasmus MC, R 3015, the Netheriands

Univariate and multivariate regression analysis (n = 62).

Univariate Multivariate
odds  95%CI P Odds 95%CI B
ratio ratio
ﬁfdy?unc?un_ - CE;!:EI‘:;‘:I;nDuS 1199 1.007-1.428 0.041 1241 1.030-1.495 0.023
Central venous congestion and failure mmblg
* Aanerioad A
Diastolic arterial ~ 0.950 0.902-1.000 0.049 0952 0.897-1.010 0.105
blood pressure,
Organ injury, dys(unmlun and failure N Y === - - .
y - PEEP,cmH,0' 1180 1017-1369 0029 -
—— -+ | o | Dobutamine, 1239 0985-1.559 0.067 1264 0976-1639 0076
\ i
| | " \\.// ] pgkg " min
AR CI: confidence interval. PEEP: positive end expiratory pressure.
| | £ | 2 For non-ventilated patients we assumed a pressure of 0 cm H;0.
ml\ammamry R . .
K\dneys Liver intesine | Brain L activation |
Journal of Critical Care 50 (2019) 11-16
Harjola VP et al. Eur ] heart Failure 2017;19:821-36
Intraoperative venous congestion rather than hypotension is
associated with acute adverse kidney events after cardiac surgery: a BJ[ \ MIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

retrospective cohort study

OR (99% CI) P-value
Absolute cumulative time (per
cumulative 10 min epoch)
CVP212mmHg 1.03 (1.01-1.06) <0.001 HH
CVPz16mmHg  1.06(1.03-1.10)  <0.001 -

CVP220mmHg  1.13(1.06-1.21)  <0.001 Com
MAPsS5mmHg  1.07(1.03-1.12) <0.001 | —m—
MAP<6SmmHg  1.05(1.03-1.08) <0.001 | rm-

MAP<7SmmHg 1.05(1.03-1.07) <0.001 HH

Area (per cumulative 60 mm Hg min)

CVPz12mmHg  1.04 (1.02-1.06) <0.001 HH
CVPz16mmHg  1.07 (1.04-1.11) <0.001 -
CVPz20mmHg  1.11(1.04-1.19) <0.001 —.
MAP<55 mm Hg  1.05(1.02-1.09) <0.001 = =
MAP<85mmHg 102(1.01-1.04) <0001 |m

MAP<7S mmHg  1.02(1.01-1.02) <0001 |m

e
08 1 12
«Lower AKI risk Higher AKI risk-»

Chen L et al. Br | Anaesth 2022; 128:785-95
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Reynolds HR et al. Circulation 2008; 1 17:686-97




Intra-aortic balloon pump (IABP)

* 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%).

energetic balance of
Increase myocardial oxygen supply (increase

coronary perfusion)
Decrease Myocardial oxygen demand (decrease
loading conditions)

+ Improvement of end-organ

perfusion (Pulsatility) deWaha S et al.Vascular Pharmacology 2014;61:30-34

Ro SK et l. Eur | Cardiothorac Surg 2014; 46:186-92
Aso S et al. Crit Care Med 2016; 44:1974-9

Amélioration perfusion coronaire...

Coronary blood flow (milmin)

Systole Diastole
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Intraaortic Balloon Support for Myocardial Infarction

mmHg with Cardiogenic Shock
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&) B0 P=0.92 by log-rank test
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Thiele H et al.N Engl | Med 2012;367:1287-96
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Thiele H et al. N Engl J Med 2012;367:1287-96

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




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

Recommendations Class™

Short-term MCS should be considered in

patients with cardiogenic shock as a BTR, BTD,

BTB. Further indications include treatment of lla
the cause of cardiogenic shock or long-term

MCS or transplantation.

IABP may be considered in patients with cardio-

genic shock as a BTR, BTD, BTB, including treat-

ment of the cause of cardiogenic shock (i.e.

mechanical complication of acute M) or long-

term MCS or transplantation.**®

IABP is not routinely recommended in post-MI

cardiogenic shock.”*~*%

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

Level®

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);...

WGie b
Let’s not throw the baby out
with the bath water.

ADVANCES IN HEART FAILURE, MECHANICAL CIRCULATORY SUPPORT AND
TRANSPLANT

Intra-Aortic Balloon Pumping in Acute
Decompensated Heart Failure With Hypoperfusion:
From Pathophysiology to Clinical Practice

MD; atteo Pagnes, MD; Maro Gramegra®, MD: Alessandro Beleti®, MD; Alesandio Beneduce, MD;
, MD; Francesco Calo, MD; Stefaia Sacch, MD; Nicols M. Van Miegfem, MD, FhD;
) MD: \MD

ABSTRACT: Trials on intra-aortic infarction have
The role of

premises of infra-aortic counterpulsation may underpin the rationale to maintain IABP as  valuable therapeuic option

for patients with acute decompensated heart failure and tissue hypoperfusion. Several pathophysiological features

differ between myocardial infarction- and acute decompensated heart falure-related hypoperfusion, encompassing

cardiogenic shock severity,filing status, systemic vascular resistances rise, and adaptation fo chronic (f preexisting)

left ventricular dysfuncion. IABP combines a more substantial effect on left ventricular afterload with a modest
be most

increase in afterload without profound hemodynamic compromise. The acule decompensated heart falure syndrome.
is characterized by exquisite afterload-sensitivty of cardiac output and may be an ideal satting for counterpulsation.
Several hemodynamic variables have been shown to predict response to IABP within this scenario, potentially guiding
appropriate patient selection. Finally, acute decompensated heart failure with hypoperfusion may frequently represent
an end stage in the heart faiure history: IABP may provide sufficient hemodynamic support and prompt enc-organ
function recovery in view of moro definitive heart replacemont therapies while proserving ambulation when used with
a transaxillry approach.

Key Vs lowm cardogenic

= vascutr esaance

Baldetti L. Circ Heart Fail. 2021;14:008527

Early infra-aortic balloon pump in acute
Jecomp { heart failure complicated by
cardiogenic shock: Rationale and design of the

randomized Altshock-2 trial

e Saccn, MY, G v, MDY, Ml Ciptant, MDY,

Gianfeanco Frgerko MDY, Srafin Vaae, M. crgio Lonardi, D' Elcna Corrada, MDY,
Ninuisr Bonieut, MDY, Dol e, WD, i Coclavlla, MD., Mria Frgerio, MDY, al
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e
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heartfalre-<ardiogenic shock s ’ Girculatory support: 42%

(HF-CS) with mean LVEF = 20%
(53 patients for)
Intra-aortic balloon pump
(IABP) and SoC

' d Escalation to other mechanical

% ¥ * | drculatory support: 75%
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o
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z ™
z
i
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l§ = P=045
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J Am Coll Cardiol. 2025

MIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

[ Fhvocardal mfarcion

Coronary
endothelial | Myocardial dysfunction
dysfonction | ,sn”":'mmmy I
| Fesponse
e i, Toe-q o) =
depression ¥ B -
P 1 =
1 GVP (iver, kidy conglstion) |

Compensatory
vasoconstriction
AVP, Agll
(afterload increase, overload water)

i revascularisation

RN

myocard
dysfunction

Reynolds HR et al. Circulation 2008; 1 17:686-97
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Positive inotropic drugs
Ca2+
B-AR
AV IA voltage-gated
oo (V0 T - v
e
f § 1 —&— LV Pacing
s [ ey | Bl |
\ Q:\/ Digoxn. 7 ) baseline Dobutamine
z = Increased myocardial oxygen
x Z .
£ 008 consumption
] = High incidence of arrhythmia
=2
= = Tolerance (receptor
Ca2+ internalisation, decoupling....)
Cytoplasm 014 = Profound vasodilation
500 600 00 800 900 1000
> Ca2* AP/t (mmgls)
SERCA2
Toller WG. et al. Anesthesiology 2006 Nelson GS et al. Circulation 2000; 102: 3053-9
Refractory cardiogenic shock
INOTROPES COULD BE HARMFUL (from <I% to more than 15%...)
Mildshock  Severeshock  Refractory shock
8
42
- i“; ! 21
. 40 2 3 tii3 | 50
g% No  Lowdose Moddose 1highdose 2highdose 3highdose P=0.008
. $2 o e ot g 1999, 1423853 g# omom
£ EE)
H H
- 2 15 2
i . ‘g | | = reason g0
W, s =1 H
B L 1 ° e
— e e Ischemic Non-schemic = wn . [ ]
" - . - r . - { . Epinephine _ Norepinephine
- Vo lmege  Vmime e Wespe Levy B et al | Am Col Cardiol 2018; 72:173-81
[SP—
Basir MB et al. Am | Cardiol 2017;119:845-51
Felker GM et al.] Am Coll Cardiol 2003;41:997-1003
Comparison of Dopamine and Norepinephrine Perioperative Use of Dobutamine in Cardiac Surgery and
in the Treatment of Shock Adverse Cardiac Outcome
Propensity-adjusted Analyses
100. ./ean-Luq Fellahi, M.D.,” Jean-Jacques Parienti, M.D.,T Jean-Luc Hanouz, M.D., Ph.D.,} Benoit Plaud, M.D., Ph.D..§
P~0.07 by log rank test Hazard Ratio (95% Cl) Bruno Riou, M.D., Ph.D.,| Alexandre Ouattara, M.D., Ph.D.#
g w
H St Type of shock
- »
5 N Doparme Cardiogenic J— ] Table 4. Catecholamines: Crude and Adjusted Effects for Major Cardiac Morbidity and Global In-hospital Mortality Endpoints
2 Septic —o— Method Odds Fato 5% Contidsncs Interval P Vakis
& Al patients — | Major cardiac morbidity
— Crude. a2 <0001
i N 0s 10 L5 g P e 2 <o
Days since Randomization -~ s il 18 <0001
No.at Risk Norepinephrine Dopamine | pemaicng 30 <002
o™ WG e ek s s o o Better Better e ney, . -
Straifying on PS quarties = 2
ato acustment usng PS5 27 033
Marginal structural models S
Adverse events PO meihing o e
Arthythmias — no. (%) 207 (24.1) 102 (12.4) <0.001 P fibess o o - g gl P s o
P— 176 (203) 90 (11.0) aer i g e 241 g P < 001, cenbd vy P < 01, e s o i < 0058, o v bl
Ventricular tachycardia 21 (2.4) 2(10)
Ventricular fibrillation 10(1.2) 4(05)

De Backer D et al. N Engl ] Med 2010;362:779-89 Anesthesiology 2008; 108:979-87
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LéopoldV et al. Intensive Care Med 2018;44:847-56

Epinephrine Versus Norepinephrine
for Cardiogenic Shock After
Acute Myocardial Infarction

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

OptimaCC

Prospective, double-blinded, multicenter RCT

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

patients with CS due to Ml successfully revascularized

Tested drugs were increased by 0.02 pg/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 | pg/kg/min

Epinephrine or 10 pg/kg/min of dobutamine)

Dobutamine was used in 67% of patients in both groups

A B
40 c B
- 140
2 %0
H T35 . 130 _ 16000 T .
E = o = 3 .
@ 80 E30 E 120 E .
E E 1000 .
E i s T £ 10 £ T
=} 2 T +- - .
3 < / <100 £ 12000 —~
g FELEN% b H —1T=
< 60 E £ 90 & 10000 -
§ 315 £ 80 H b -
= solp-ox 10 P=043 704 p=0.031 ¥ saoo
HO H2 H4 H6 HI12 H24 H48 H72 HO H2 H4 HE6 HI2 H24 H48 H72 peooon
Hours Hours HO H2 H4 HE HI2 H24 H48 H72 Wo W wa W6 W2 e me wn
Hours Hours
Levy Betal.JAm 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
@ Epinephrine @ Norepinephrine
E
1 50 o .
° EEbei s e Increased myocardial oxygen demand
s p=0.
| <404 10727 37%) . .
%; 1. g Myocardial ischemia
El N o
slb .
g 2 Tachycardia
! . g2
800 \ T g . .
2 T N\ g Malignant arrhythmia
2L NG N 10 230 (7%)
] T 3 .
' p<0c00t o Increase left ventricular afterload
HO W2 HE W12 H24 H4E W2 Epinephrine Norepinephrine

Hours

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

Pro-apoptotic effect

Valente S et al. Int | Cardiol 2007;1 14:176-82
Singh K et al. Cardiovasc Res 2000;45:713-9
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Involvement of RV dysfunction or failure

Cardiac index <2.2 Umin/m? despite continuous high dose ino-
tropes or 1 inotrope or vasopressor medication + any of the
following criteria:

CVP >10 mm H
CVP/PCWP ratio >0.63

1 0, PAPi <2
Incidence of CS 33% RVEWI <450 mim Hg*mum?
RV dysfunction and/or dilation on echocar-
. . o diography:
Primary predominant 3-5% TAPSE <17 mm
RV systolic TDI S' velocity <10 cm/sec

RVFAC <35%
RV free wall longitudinal strain <—20%
RV basilar diameter >42 mm
RV short axis (or mid cavity) diameter

>35mm

5 o
9.4% versus 3.0% Severe RV CVP ~15 mm Hg
dysfunction CVPIPCWP ratio >0.8

PAPi <15

RVSWI <300 mm Hg*mLim?
Clinical Ascites

Edema

Bilirubin elevation

Creatinine elevation

Higher intra-hospital mortality

More difficult management

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

Different adaptative response to changes
in loading cond
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Ventetuolo CE et al. Ann Am Thorac Soc 2014; 11:811-22

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. | Am Coll Cardiol 2019;73:1659-69

Heart rate (bpm) Eichhorn EJ et al. Am ] Cardiol 1987;60:1329-33

oep e

® Dobutamine

-3
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g 8

PA endsystoic pressure

2
2
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HRAVESV: pe0.08 va. ba
THPAESP. £+0.05 vs.

PCWP (mmHg)

™

™ NEW ENGLAND JOURNAL# MEDICINE  DOREMI

Milrinone vs. Dobutamine in Cardiogenic Shock

N=96

i

2510 glkg/min

54%
52 patients
69-1.19; P=0.47

Th-hospital deach from any cause, QU (1 /8

TIA, stroke, or cardlovacar N & s

composite outcome or in important secondary outcomes

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

Levosimendan: Attracting properties...

= |notropic 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

Rognoni et al. Recent Pat Cardiovascular Drug Discov 201 1;6:9-15
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PHARMACOKINETICS

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

= Active metabolites between 7 and 14 days

Levosimendan vs Dobutamine for Patients

With Acute Decompensated Heart Failure  Figure 3. ean change from paseine in
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Levosimendan for Hemodynamic Support
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Use of Levosimendan in Cardiac Surgery: An Update After
the LEVO-CTS, CHEETAH, and LICORN Trials in the Light of
Clinical Practice
Fabio Guarracino, MD, PhD.* Matthias Heringlake, MD, PhD,} Bernard Cholley, MD, PhD,1§

Dominigue Bettex, MD, PhD,{ Stefaan Bouchez, MD, PhD, | Viadimir V. Lomivorotov, MD, PhD,**
Angela Rajek, MD, 11 Matti Kivikko, MD, PhD,##S§ and Piero Pollesello, PhDt?
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) Cardiovasc Pharmacol 2018;71:1-9

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
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LEVOHEARTSHOCK

4
CHOC CARDIOGENIQUE DEFINI PAR :

ly

of inotrope use on a combined morbidity-
‘mortality endpoint in patients with

EUCT: 2024-513811-29-00.

Lactates > 2 mmoUL.
- TRC>3 socondos, marbrures

- Olgurie < 500 mL/2¢h ou' 20 mUh depuis 2 heures
- 5cV025 60% 0u CO24apa 5 mmHg.

'AGR e causenon cardiaque ou ythme non choguable
NoFlow>3min (o nconnu, NFALF > 48 mintes
© Car e septiaue
GO VA, mpall ot LVAD.
3

Inotropic agents
Inotropic agents may be considered in patients
with SBP <90 mmHg and evidence of hypoperfu-

sion who do not respond to standard treatment,
including fluid challenge, to improve peripheral
perfusion and maintain end-organ function.®”
Inotropic agents are not recommended rou-
tinely, due to safety concerns, unless the patient
has symptomatic hypotension and evidence of

hypoperfusion.*’4¢747¢

(e}

Vasopressors
A vasopressor, preferably norepinephrine, may
be considered in patients with cardiogenic shock

to increase blood pressure and vital organ

perfusion.*# 7

Mc Donagh TA et al. Eur Heart | 2021;42:3599-3726

Arch Cardiovasc Dis 2026 Mar 31:51875-2136(26)0005 -3
Annals of Intensive Care 16 (2026) 100038
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PLEASE, USE VASOACTIVE
AND INOTROPICS AT THE
LOWEST DOSE AND DURING
THE SHORTEST TIME

POSSIBLE ...

e

CAPITAL DOREMI 2: Inotrope Versus Placebo Therapy for Cardiogenic Shock (DOREMI-2)

ClinicalTrials.gov 1D @ NCT05267886

Sponsor @ Ottawa Heart Institute Research Corporation

Information provided by @ Ottawa Heart Institute Research Corporation (Responsible Party)
Last Update Posted @ 2024-04-08

SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE
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| response
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Reynolds HR et al. Circulation 2008; 1 17:686-97
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Stage A
(Referent) (]

Stage B E 3

¢

Stage C

SCAI Shock Stage

Stage D

Stage E Y 3

0o 1 2 3 4 5 6 7 8 9 10 1 122
Adjusted OR for Hospital Mortality

Jentzer |C et al. AAm Coll Cardiol 2019; 74:2117-28

REVIEW Open Access

Experts’ recommendations for the
management of adult patients with
cardiogenic shock

© Annals of Intensive Care

2Springeropen Journal
Ann Intensive Care 2015; 5:17
Bruno Levy"", Olivier Bastien”, Karim Benjelid®, Alain Cariou®, Tahar Chouihed®, Alain Combes®, Alexandre Mebazaa’,

Bruno Megarbane®, Patrick Plaisance’, Alexandre Ouattara ', Christian Splaulding', Jean-Louis Teboul',
Fabrice Vanhuyse™, Thierry Boulain'* and Kaldoun Kuteifan'®

D ECMO

A IABP B Impella

SHORT TERM MECHANICAL CIRCULATORY SUPPPORT (STMCS)

) ) = )

B

Short term circulatory support and cardiogenic shock

IABP-SHOCK Il

T e
| sotat ainee | ECMO-CS
[E—— = ECLS-SHOCK
iwm entg st o § DANGER
Extracorporeal Life Support B
n ——

Microaial Fow Pump or Sandard Care
n Tofarc Relatd Cardiogenc Shock

NEJM 2012

CIRCULATION 2023

4 4 NEJM 2023
NEJM 2024
IABP IMPELLA ECMO pVAD
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Multidisciplinary “Shock team” :
* Tertiary expert center
« Standardized protocol (clear objectives)
* Advanced hemodynamic monitoring modal)

Clnical criteratoapilyidentityshock stte:
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Evidence of end-organ hypoperfuion
Lactate level 32 mmol
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Daly bedsideechocardograms for patents with PMCS
Frequent newtovasculrassesments fo pients with PYCS
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Tehrani B et al. JACC 2019;73:1659-69
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Multidisciplinary cardiogenic shock team
approach improves the long-term outcomes

of patients suffering from refractory cardiogenic (O] o —
shock treated with short-term mechanical oy Mo O e 108
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Use of pulmonary artery catheter?

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.

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

Hadian M and Pinsky MR Crit care 2006;10(suppl3):58
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No study conducted in patients suffering from cardiogenic

shock treated or not by mechanical circulatory support
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Impact of Pulmonary Artery Catheter Original Research
Use on Short- and Long-Term Mortality
in Patients with Cardiogenic Shock

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

‘Table 3. In-Hospital Outcomes After Propensity Score Matching

Cardiogenic Shock Heart Failure
. PAC PA No PAC OR
. 5
Prospective cohort (2005-2009) of Outcome (m=11139) (n=11.139) OR(95%CI* PValue (n=11,640) (n=11640)  (95%CD* P Value
patients suffering from CS (n=129) : Sty Tor wor oomom o em ;2% oo
divided in two groups PAC + versus H MCS use 39.0% 2586 184173199 <001 305 1118 (775- 1607) <001
8 RTrequismng Femodalysre T TR S8 =0T 107 T ToT <
PAC - b Acutc Kidney injury 564% 4B6%  137(130-144) <001 320% I81%  2130200-226 <001
E “Transfusion 27.9% 228% 1.31(1.23-1.39)  <.001 13.3% 5.6% 2.57(2.34-2.83) <001
Intubation 56.9% 50.8% 128(121-135) <001 10.0% 2.1% 5.14(4.47-591) <001
Py " + e " Vascular complications. 17.6% 1.14(1.07-1.22)  <.001 5.9% 1.6% 3.84(3.26-4.52) <.001
= Logistic regression identifying risk Acute respiratory filure a34%  LIQ0S-LI7) <001 1345 69%  207(190-227) <001
) Major Bleeding 7% 103(093-113) 6l 3.5% 220 160(37-187) <001
factors of 30-day mortality LOS =54 677%  204(192-207) <001 756 A30%  A10GE8-434) <001
224% 0.81(0.76-0.87)  <.001 2.8% 1.5% 1.92(1.60-2.31) <.001
A A Cardine arrest 189%  076(071-081) <001 15% 06%  267001-356) <001
- " : Median LOS, d (IQR) 8G3-15) B <001 8(5-14) 40-7) - <001
30-day mortality rate was 64% Days after discharge Median hospital costs $31.734 <001 520168 §7869 - <001
“ABG 13.2% L16(1.08—1.25)  <.001 3.5% 04% 941 (691-1281) <001
LVAD placement 4% 327273391 <001 226 03%  719(5.09-10.16) <001
Heart transplantation 08% 2450191314 <001 214 03%  854(580-1256 <001
HRES%HO) Nursing home discharge 956 1I7003-133) 013 150% 126%  190(164-220) <001
Use of PAC * 055(035-086) 0008 KL, acute rjury; CABG, bypass graft; IQR. MCS. ipport; PCI,
Age r 103(101-105) 0001 itervention; LVAD, left ventricular assis device; LOS, length of stay.
CSupon admission H———— 143001228) 0119
Male gender — 080(051-126) 0340
-
05 1 2 .
HR (log scale) Hernandez GA et al. J Cardiac Fail 2019; 25:364-71
®ESMC e e O e POSITION PAPER Molecular signature of cardiogenic shock
ofCorsolony

‘Ovidiu Chioncel 2, bhn Parisis®, Alexands

Epidemiology, pathophysiology and St Do, i Baermcn
contemporary management of cardiogenic X7
shock — a position statement from the Hearl
Failure Association of the European Society
of Cardiology

ro Mobazaa’, Holgor Thieles7,
-Pokka Harjola%, Elena-Laura Antohi'Z,

“Based on expert opinion, PAC is currently
recommended in selected patients who failed to
respond to initial  therapeutic interventions
(persistence of hypotension and hypoperfusion)...”
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Circulating dipeptidyl peptidase 3 and
alteration in haemodynamics in cardiogenic
shock: results from the OptimaCC trial
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Figure 2 Kaplan-Meler analysis of 90-day allcause mortaicy
een - e In cardiogenic shock pacients wich, at inclusion, high (circulidng
R LI Speptdyl peptidase 3 [DPP3] 259.1 ngimL, third quartie) vs.
i a1 e fow cDPP3 values (cDPP3 <59.1 ngimL). HR, hazard ratio.

Takagi K et al. Eur heart | 2020; 22: 279-86
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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 (22?)

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
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