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

Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association
(HFA) of the ESC

CLINICAL PRACTICE GUIDELINE

2025 ACC/AHA/ACEP/NAEMSP/SCAI
Guideline for the Management of
Patients With Acute Coronary Syndromes

I Comanties on Cinical Practice Cuséebnes
Oeveloped in Colzboration

e intarventions

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!)

UTE HEART FAILURE IS NOT CARDIOGENIC SHOCK...
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Baseline characteristics and hospital mortality in the
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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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

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 myxoma
Acute mitral regurgitation (chordal rupture)
Acute aortic insufficiency

Maragement of patients with suspected acute heart failure

Immediate phase
{intal 60-120 min)

Free-wall rupture Acute massive pulmonary embolism
Pericardial tamponade Acute stress cardiomyopathy
Right ventricular infarction Pheochromocytoma

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

@Esc

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

Poor prognosis of cardiogenic shock

TRENDS IN INCIDENCE AND OUTCOMES OF CARDIOGENIC SHOCK
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Hunziker L et al. Circ Cardiovasc Interv. 2019;12:¢007293

= From 2003 to 2010, | 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...)

A = A w
L L g
i g/ EE ———
FH H 2w
EH x §u

i .  ; T s e

Year

Yoar

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

48 centers ' 772 patients
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Delmas C et al. ECS Heart Failure 2022; 9:408-19

‘Overall population
(n =772)

Medications used, n (%)

Diuretics 633 (82.0)
Volume expander 321 (41.6)
Dobutamine 632 (81.9)

Maximum dose:
5-10 ug/kg/min 405/632 (52.5)
10-15 pg/kg/min 136/632 (17.6)
>15 pg/kg/min 47/632 (6.1)
Unknown 184/632 (23.8)

Norepinephrine 410 (53.1)

Epinephrine 95 (12.4)

Norepinephrine and dobutamine 352 (45.6%)

combination

Levosimendan 57 (7.4)

Dopamine 2(03)

Isoprenaline 32 (4.1)

Antiarthythmic 298 (38.6)

Transfusion 128 (16.6)

Fibrinolysis 130.7)

Organ replacement therapies, n (%)

Respiratory support
wasive 291 (37.9)
Non-invasive 199 (25.9)
Mechanical circulatory support [§
188P 48/143 (34.3)
Impella 26/143 (18.6)
ECLS 85/143 (60.7)
Renal replacement therapy 122 (15.8)




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

B 50
600 N E
N - % 40
2
2 )
- 2
2 4001 0 8
8 c
5 &
pe 20 3
z ] s
200+ 2
g
10 g
o ]
. B W,
D 4P qP oD 3P P P
W N g a
Lactate concentration (mmol/L)

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

Low Lactate Clearance
—— High Lactate Clearance

40

All-cause death (%)

HR 0.55 (95% CI, 0.42-0.70)
Log-rank p <0.001
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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 1o 60 Post-Discharge Death: Days 61 to 365 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

VENTRICULAR REMODELING

= 30% of patients after M (infarct size is the principal risk factor)
= Main origin of chronic heart failure after M| AdverseRemedeling
= Increased parietal stress (+++) and myocardial work

= Increased myocardial oxygen consumption

= Decreased coronary blood flow (+++) P

= Increased compliance of infarcted zone 2
= 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™ [ 1ABP-SHOCK II't [ ESC HF Guidelines'® |
linical it | SBP <90 mm Hg with adequate volume|
SBP <90 mmHg for >30 mmlow SBP <90 mm Hg for >30 min FR 3 cvcal or Taboratory Sgns o
Tpport To mamtam SEPSI0 mm Hg e ToTamTamSEP 90 mmHg | hypoperfusion
AND A

Clinical hypoperfusion:
Cold extrenitis, oliguria, mental

End-organ hypoperfusion (urine output | | Clinical pulmonary congestion
AND confusion, dizziness, narrow pulse pressure]

30 mL/h or cool extramities).

Hemodynamic crtera Impaired end-organ perfusion (altered Laboratory hypoperfusion

S o T gmimd | | Metaboiic acidoss, levated serum lactae,
PCWP 215 mmHg et 10 molhd 3 . elevated serum creatinine

Volume Status

Wet
Classic Cardiogenic Shock Euvolemic Cardiogenic Shock
) Cod (LCl; TNSVRI; TPCWP) 64% (L.CI; DSVRI; €3PCWP) 289/,
Vasodilatory Cardiogenic Shock Vasodilatory Shock

> or (Not Cardiogenic Shock)
4 Warm Mixed Shock 5%
3 3%

(Cl; L/4$>SVRI; TPCWP) (NCl; LSVRI; L PCWP)

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




Table 4: INTERMACS Profiles
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(Dependent stability)

Resting symptoms on oral
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INTERMACS 5

CALSSIFICATION SCAI DU CHOC CARDIOGENIQUE

SCAI: Society for Cardiovascular Angiography and Interventions (SCAI)
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Adjusted OR for Hospital Mortality
entzer JC et al. AAm Coll Cardiol 2019; 74:2117-28
J J Jentzer |C et al. AAm Coll Cardiol 2019; 74:2117-28
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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
Cuinical iz ini
Clinical
58P <100 mm Ho Clinical
HR 70-100 beats/min SBP <80 mm Hg SBP <90 mm Hg
Normal lactate HR >100 beats/min HR >120 beats/min
Normal mentation
> Lactate >4

Cool extremities Lactate >2

Hemodynamic Ams Obtunded
az22 Cool extremities Cool extremities
pewe <20 Hemodynamic Hemodynamic
LvEDP <20
01w a1s-20 a<1s

Vasoactive medications (ReliP =210 PCWP 30
0or 1low dose LVEDP 20 LVEDP =30

PO 1w PO <06 W

Vasoactive medications
1 moderate to high dose

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

= 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)
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Microvascular flow index (MFl)

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

Table Il Vessstdensty (o )
Control  Cardiac
pationts  failure
=15 (=9

Total number of vesels 59 54-67] 48[40-52) 5.1(39-65]
e T TTZOT T
Purussd arge vessis 22[19-27] 21 [18-29] 20(16-28]
Purtund aroll veses 40(37-44] 13 [11-171 12(0719)1

16 001 v conwl s

Proportion of perfused vessels

IMPAIRMENT OF MICROCIRCULATION

Inflammation

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

Ny —a— —p—
o5 s . .
g w * Table IV. £/ f topical acstylcholine [10-2M) applicat
i . T —— .
22 Cardiogenic shock
g .
Acetylcholine
s A4 Baseline 10-2M
Total number of vessels (n/mm) 50[48-57] 58(43-62] =
% 100 Pesfused vessels (%) 84[80-89) 98 [97-991t
90 - ) 100(100-] .
:: - Perfused smoll vessels (%] 69[59-731% 91 [88-95]t
Y multiorgan failure
[
av o
]
*
H
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cardisc  cardiogenic
fallrs shock

Inflammatory response (cytokine release) and

Fndathetum

Vascular smeoth
Mascle Celle

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

SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

Coronary
endothelial
dysfonction

Myocardial
depression

(IL-6, TNF-q, NO)

Wyocardil infarcion |

Myocardial dysfunction

Systemic
Inflammatory Systolic Diastolic N
syndrome

VCardiac output
* |/Stroke volume

LVEDP
Pulmonary congestion

CVP (iiver, kidney congestion)

Systemic Hypotension
perfusion
yCoronary

>

Compensatory
vasoconstriction

]
dysfunction

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

Reynolds HR et al. Circulation 2008; 1 17:686-97

The New England

. Journal of Medicine
< R

EARLY REVASCULARIZATION IN ACUTE MYOCARDIAL INFARCTION
COMPLICATED BY CARDIOGENIC SHOCK

Hanver D, Wi, D.5c..J. DA Tatey, M. Gwestomen £ Bouen, M.D. Auce K, Jacons, M.O..
Ta

I_ Acute myocardial infarction

s 36hes

s 12his

s 6hrs 2 54hrs
Emergency Initial medical
revascularization stabilization
* |ABP/pharmacologic support - IABP/pharmacologic support
+ Possible prlor thrombolysis + Thrombolysis uniess absolute
« Emeigency early PTCA/CABG contraindication Ms
+ Possible delayed
ERV revascularization




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

Cardiogenic Shock (N=9535)

— 50
£ 88.8
E 904 ° Median door-to-balloon time
e 540  (P=0.001)
= F40 __
§ 80 &
=
= £
$ wi o §
é 70 s
[=] 27.4 -
2 26.4 27.2
=
T 60 E20
=

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.

c Myocardial ey Less lethal

infarction

strategy

reperfusion

reperfusion injury

Cardioprotective strategies Thrombolytic
o chdnn i
reperfusion injury must be # ﬁ

applied before or during

utan
myocardial reperfusion cororERntion

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,
M : 120° 1 120 I Harvest
* * *
Occlusion

Harvest

MI+ L 1200 30' ]
LV Unloading | =

*

LV Unloading

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

Myocardial ischemia in absence

[
70— —-— = 7

e N
601 k i

Myocardial ischemia with reperfusion

309 = = Reperfusion reduces infarct size by 40%

Part of the remaining 3056 infarct is due
to lethal reperfusion injury and

20-{ is therefore preventable

Infarct Size (%)

Myocardial ischemia with reperfusion
A and cardioprotection
Preventing lethal reperfusion injury reduces 8
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

Door To Unload: STEMI Pilot Trial: Study Design Infarct Size v:
5 Total LV M:

Antes d for Primary PCI

U-IR U-DR

Clinical Variable U-IR (n=25) U-DR (n=25)* p-value
Symptom to Unload Time, Min (mean_SD) ~ 200+152 176£73 NS
Unload to First PTCA Time, Min (mean_SD) 117 3443 <0.01

SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

Myocardial infarction

Coronary | Bagte:
b

endothelial Myocardial dysfunction

1
I systemic
dysfoncion | SRt : Diastolic
| respanse N
Myocardial syndrome !

1 (IL-6, TNF-g, NO)
1

depression dcardgiadoutput

o Pulmonary congestion
" Stroke volume $

CVP (iiver, kidney congestion)

Systemic Hypotension
+ perfusion

Early revascularisation

S

myoc:
dysfunction

Compensatory

**{ vasoconstriction
AVPAgll

(afterload increase, overload water)

Reynolds HR et al. Circulation 2008; 1 17:686-97

IC INFLAMMATORY RESPONSE

~+ < 25 percentile
—— 25 - 50 percentile

A  TNF B |L-6 — 50-75percentite
— > 75 percentile

3 1.0 1.0

e 09

§ 0.8 — 0.9

g 0.7 0.8 .
=

E 08 p < 0.007 0.7 4 p<0.007

6 o1 0!

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

[ .5 Mational Library of Medicine
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Early High-Volume Hemofiltration versus Standard Care for 2017 ESC Guidelines for the management of
Post-Cardiac Surgery Shock

acute myocardial infarction in patients
The HEROICS Study

presenting with ST-segment elevation

indicated according to blood gases.

.
=]
S

P = 0.72 by log ranktest Fibrinolysis should be considered in patients

8

Recommendations
Cantrol

z

Immediate PCl is indicated for patients with

£
g
H
H
2
£

cardiogenic shock if coronary anatomy is
HVHF suitable. If coronary anatomy is not suitable
for PCI, or PCI has failed, emergency CABG

"
is recommended.”

Invasive blood pressure monitoring with an

0 T T T T T T T T d arterial line is recommended.

0 10 20 30 4 30 6 770 8 90 Immediate Doppler echocardiography is

Follow-up (days) indicated to assess ventricular and valvular

funetiane lmading conditiane and ta detact

Combes A et al. Am | Respir Crit Care Med 2015;192: 1179-90 Ibanez B et al. Eur Heart | 2017

Short term consequences of LV congestion

SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

Cardiac output I
- - s e = - - - YJr— ! Pulmanary sefp-Pulmonary
1 N ] 1 congestion oedema
Intestinal .
Coronary Bagterial [ trocardal ercion ] 1‘29‘%?::':210& n: ressure : ]
u u
endothelial : sniic : Myocardial dysfunction P Lungs
i (T, | o T o : g
M N | oNonse 1 | pressure
o ThF-a NO) | *Lveop !
depression . dcarsiooutout | Pulmonary congestion !
- "_ Jstroke volume N |
VP (iver,Kidney congeston) |
o R LV dysfunction
| Systemic Hyeotansion Central venous congestion oy and failure
b atierload
oronary

Y ——————

Organ injury, dysfunction, and failure.

| |T Inflammation ., |

- ey - oloe
vasoconstriction \ > P - \..—' 'S

. AVP,Agll | % I . l |nﬂammavor;“-»-./ i * '

(afterload |ncreas|e. overload water) Kidnaya ke intestine | Brain | activation |

Reynolds HR et al. Circulation 2008; 1 17:686-97 Harjola VP et al. Eur | heart Failure 2017;19:821-36




Risk indicators for acute kidney injury in cardiogenic shock

Johannes P.C. van den Akker **, Jan Bakker **““, A.B] Groeneveld *', CA. den Uil **

. o 301560, Rotterdam,th Netherands
. Mgy and Crical New Yok, NY, USA

< New Yok, Y, USA
 Department of nensive Santiago, Chle

. EsmusM Rottrdam 3015, the Netherands

Univariate and multivariate regression analysis (n = 62).

Univariate Multivariate
0dds 95%Cl P Odds 95%CI P
ratio ratio

Central Venous 1199 1.007-1428 0041 1241 1030-1.495 0023
Pressure,
mmHg

3

n=38
Diastolic arterial 0950 0902-1.000 0049 0952 0897-1010 0.105
blood pressure,

mmHg

PEEP,cmH,0° 1180  1017-1369 0020 -

Dobutamine, 1239 0985-1559 0067 1264 0976-1639 0076
pg kg min~!

Ct: confidence interval. PEEP: positive end expiratory pressure.
* For non-ventilated patients we assumed a pressure of 0 cm H;0.

Journal of Critical Care 50 (2019) 11-16

Intraoperative venous congestion rather than hypotension is
associated with acute adverse kidney events after cardiac surgery: a BJA
retrospective cohort study

OR(99%Cl)  Pwvalue
Absolute cumulative time (per

cumulative 10 min epoch)

CVP212mmHg  1.03(1.01-1.06) <0.001 |
CVP216mmHg  1.06 (1.03-1.10) <0.001 e
CVP220mmHg  1.13(1.06-121) <0.001 bow
MAP<55 mmHg  1.07 (1.03-1.12)  <0.001
MAP<65mm Hg  1.05(1.03-1.08) <0.001
MAP<7SmmHg  1.05(1.03-1.07)  <0.001

Area (per cumulative 60 mm Hg min)

CVP212mmHg 104 (1.02-1.08) <0.001
CVPz16mmHg  1.07 (1.04-1.11)  <0.001
CVPz20mmHg 1.1 (1.04-1.19)  <0.001 —a—
MAP<S5 mmHg  1.05(1.02-1.09) <0.001
MAP<65mm Hg  1.02 (1.01-1.04) <0.001
MAP<75mmHg 1.02(1.01-1.02) <0.001

e B ——
08 1 12
< Lower AKI risk Higher AKI risk »

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

SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

Myocardial infarction |

Coronary !
endothelial Myocardial dysfunction |
dysfonction TN
Myocardial |

depression Jcardiadoutput -

"= Jstroke volume A\
CVP (iver, kid|ly congestion)
14

» | Systemic Hypotension

rFBeian

Compensatory
vasoconstriction

AVP,Ag
(afterload increase, overload water)

| DEATH

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

dysfunction

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%) ¥ e -

= 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
perfusion (Pulsa ) deWaha S et al.Vascular Pharmacology 2014;61:30-34
Ro SK et al. Eur | Cardiothorac Surg 2014; 46:186-92

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

Amélioration perfusion coronaire...

Left coronary

Coronary blood i
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Intraaortic Balloon Support for Myocardial Infarction
with Cardiogenic Shock

£ P=0.92 by log-rank test
Control
40
1ABP
£ 30
z
R
3
10
T T T T T .
5 10 15 20 2 30
Days since Randomization

Thiele H et al.N Engl | Med 2012;

No.of P Value for
Baseline Variable  Patients  1ABP Control Relative Risk (95% CI) Interaction
30 oy mortaiy (%)

sec 061
Female W o 62 —— 103 (0.74-1.43)

Male a3 ws — 092(072-118)

Age 008
<soyr 00 104 M1 ——— 044(021-095)
s0-75yr 3 us s — 095 (071-127)
75y 16 57 500 —_— 107 (081-141)

Disbetes 052
Yes 5 @29 467 —_— 092 (067-126)

No w0 w2 we —r 096 (074-123)

Hypertension 005
Yes a0 w9 s —_— 106 (034-134)

No 8 w9 40 — 067 (045-101)

Type of MI 076
STEMI/LBES a0 a2 —_ 096 (077-121)
NonSTEMI woows w3 —_— 098 (067-143)

STEMIype. o1
Anterior 2 w4 a7 —_— 081 (058-113)
Nonanteror 6 a3 a2 —_— 116 (085-1.57)

Previous infarction 004

B w33 ——  ls@e-22)
No w6 w3 a3 — 036 (069-107)

Hypothermia 031

Yes w6 451 a2 —— 109 (082-1.44)
No w1 3 — 039 068-116)

Blood pressure 076
<a0mm Hg W 507 464 —_ 109 (079-150)

280 mm Hg s 2 —— 092 072-117)
oo os 10 Is 20 15
IABP Better  Control Better

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

9+k@ @ Intra-aortic balloon counterpulsation in acute myocardial
infarction complicated by cardiogenic shock (IABP-SHOCK Il):
final 12 month results of a randomised, open-label trial

60 — 18P 12 month mortality
— Control
PR

Martality ()

p-0.94;log ranktest
10 Relative sk 102, 95% 10.88-119

6 s 6 s w0 1o b 2o 20 20 30 30 360 3P0 40
Nomberatrisk Daysaiter andomisation

WP 301 181 ;1 65 161 159 154 12 9 7 146 a4 136 45 2

Contol 299 174 166 165 159 150 iS4 12 7 W7 M6 144 40 55 29

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® Level®

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 i patients with cardio-

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

ment of the cause of cardiogenic shock (i.e. c
mechanical complication of acute M) or long-

term MCS or transplantation.**

1ABP is not routinely recommendedin post-MI
cardiogenic shock.”*—*%?

McDonaghTA et al. Eur Heart | 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);

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

ADVANCES IN HEART FAILURE, MECHANICAL CIRCULATORY SUPPORT AND
IRANSPLANT

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

Vitoio Pazzanese®, MD; Francesco Calvo, MD; Stefania Sacchi, MD; Nicolas M. Van Misghem®, MD, PhD:
Corstiaan A. den U, MD: Marco Metra®, MD: Alberto Maria Cappelettio, MD

ABSTRACT: Trials on itra-aortic related to infarction have
The role of

premises of inra-aortic countarpulsation may underpin the rationsle to maintain IABP as a valuable therapautc option
for patints with acute docompensated heart failure and tissuo hypoperiusion. Several pathaphysiclogical features
iffr botween myocardial inarction- and acute decompensated heart falure-related hypoperfusion, encompassing
cardiognic shock soverty,filing status, systemic vascular resstancos riso, and adaptation to chroni (1 proexisting)
loft ventricular dysfunction. IABP combins a moro substantial offect on loft ventricular aftorioad with a modast

increase in afterload without profound hemodynamic compromise. The acute decompensated heart failure syndrome
is characterized by exquisite afterload-sensitivty of cardiac output and may be an ideal setting for counterpulsation.
Several hemodynamic variables have been shown to predict response to IABP within this scenario, potentially guiding

selection. Finally, acute 4 heart failure with hypoperfusion may frequently reprsent
an end stage in the heart faiure history: IABP may provide sufficient hemodynamic support and prompt end-organ
function recovery in view of more definitive heart replacement therapies while preserving ambulation when used with
2 transaxillary approach.

Koy Vs o m et cardogonic

Baldetti L. Circ Heart Fail. 2021;14:008527
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100{
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SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

Myocardial infarction |

Positive inotropic drugs
Ca2+

voltage-gated
L-type Ca2*-channel

_
e

Cororary W%@%ﬁ%ﬁ%%ﬁ%% S
endothelial Myocardial dysfunction ’(@)/ _ P o
dysfonction e
CaZ+
Myocardial alcium-induced
depression < release
VP (iver, kid|ly congistion)
™~ Lt SR
2
Ca?*
Cytoplasm
= Ca2+
Compensatory
vasoconstriction SERCA2
AVP,Agll dysfunction
(afterload increase, overload water)
Reynolds HR et al. Circulation 2008; | 17:686-97 Toller WG. et al. Anesthesiology 2006
INOTROPES COULD BE HARMFUL
026 —8— LV Pacing
—O— Dobutamine| | |5 b ine
on
= Increased myocardial oxygen - :‘g [
? <005 consumption . ) 4w
% A : - = %
g = High incidence of arrhythmia § 20
= - {
=5
= Tolerance (receptor ; £
internalisation, decoupling....) - =15
10 {
o4 = Profound vasodilation . ey 5
500 600 700 800 900 1000 0
. -« Pt acheemc
AP/t (mmHgs) [ ep——— Ischemic Nonischemic
- - v - - -
Do
L —

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

Felker GM et al. ] Am Coll Cardiol 2003;41:997-1003
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Moral

Refractory cardiogenic shock

(from <1% to more than [5%...)

sk %)

Mild shock Severe shock Refractory shock
50
42
21
2 3 — , 50
No  Lowdose Moddose 1highdose 2highdose 3highdose P=0.008
= 40
Samuels LE et al. | Card Surg 1999; 14:288-93 g POZICT)
230
ey rasst g0
- K
- - £ 230 0%)
o i i . [
| o
g Epinephrine  Norepinephrine

== S "1 — Lewy B et al.| Am Col Cardiol 2018; 72:173-81

Basir MB et al. Am | Cardiol 2017;119:845-5 1

Comparison of Dopamine and Norepinephrine
in the Treatment of Shock

o
$-007 by log kst Hazard Ratio (95% Cl)
g w
H Novepinephrine Type of shock
S =
3 Dopamie —— Cardiogenic [E——
3 Septic —.—
& All patients —u|
o
0 4 8 12 16 20 % £ 0.5 10 15
Days since Randomization -_—
No.at sk Norepinephrine  Dopamine
o S D A Better Better
Adverse events
[ Arthythmias— no. (%) 207 (24.1) 102 (12.4) <0.001
Atrial fibrillation 176 (20.5) 90 (11.0)
Ventricular tachycardia 21 (2.4) 3(L0)
Ventricular fibrillation 10(12) 4(05)

De Backer D etal.N Engl ] Med 2010;362:779-89

Perioperative Use of Dobutamine in Cardiac Surgery and
Adverse Cardiac Outcome

Propensity-adjusted Analyses

Jean-Luc Fellahi, M.D.,* Jean-Jacques Parienti, M.D., Jean-Luc Hanouz, M.D., Ph.D.,$ Benolt Plaud, M.D., Ph.D.,§
Bruno Riou, M.D., Ph.D.,|| Alexandre Ouattara, M.D., Ph.D.#

Table . Catecholamines: Crude and Adjusted Effects for Major Cardiac Morbidity and Global In-hospital Morsality Endpoints

Method Ocde Ratio 959% Gonfidence Intenval PVas
Major cardiac morbidity
a2z R573 <0001
Stratifying on PS quasties” 21 [10-44 <008
Cavariate adj ing PSt 23 [1.0-50 <005
Marginal struetural modalst 18 nas-zs <0.001
PS malching 30 (R <002
In-hospital merfality
Crude 29 [pi-452) <0001
Straifying on PS quarties. — — —
Covariate adjustment using PS5 27 o208 0
Marginal structural models - - —
PS malching 20 P10 08
Model Vvl 24 h ater surgery (P < 0.001).+ Model aciusted for
higher crdiac troponin |levl 24 - 0.001) < <015 % Model adusted for

higher cardiae troponin | level 24 h fter surgery (P < 0.001), combined surgery (P < 0,001), longer aortic cross clamping time (P < 0.009), and lowar lft
efection fracton (P < 0.001).

Anesthesiology 2008; 108:979-87

A
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LéopoldV et al. Intensive Care Med 2018;44:847-56

Epinephrine Versus Norepinephrine
for Cardiogenic Shock After

Acute Myocardial Infarction 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

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

=

60

Mean Arterial Pressure (mm Hg)
o
3

50 P=025

25

20

Cardiac Index (ml/min/m?)

n

p=043

HO H2 H4 H6 HI12 H24 H48 HT2
Hours

HO H2 H4 HE6 HI2 H24 H48 H72
Hours

Levy B et al.] Am Coll Cardil 2018;72:173-81
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n
o

Arterial Lactate (mmol/l)
Refractory Shock (%)

5

TN

14
p<0.0001

® Epinephrine ® Norepinephrine

Fisher's exact p-value
p=0.008
10/27 (37%)

2/30 (7%)

HO M2 M6 M2 W4 W48 M2
Hours

Epinephrine Norepinephrine

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

ADVERSE EFFECTS OF CARDIO VASO ACTIVE DRUGS

Levosimendan: Attracting properties...

Increased myocardial oxygen demand
Myocardial ischemia

Tachycardia

Malignant arrhythmia

Increase left ventricular afterload

Pro-apoptotic effect

Valente S et al. Int | 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

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

PHARMACOKINETICS

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

= Active metabolites between 7 and 14 days

1000 Levosimendan

100

Concentration (ng/mi)

Time (days)

Levosimendan vs Dobutamine for Patients

With Acute Decompensated Heart Failure
The SURVIVE Randomized Trial
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Figure 3. Mean Change From Baseline in
B-Type Natriuretic Peptide Levels at 1, 3, and
5 Days by Treatment Group
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Mebazaa A et al. JAMA 2007;297:1883-91
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Levosimendan in Patients with Left Ventricular
Dysfunction Undergoing Cardiac Surgery

Levosimendan for Hemodynamic Support
after Cardiac Surgery
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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,}§

Dominique Bettex, MD, PhD,{ Stefaan Bouchez, MD, PhD,|| Viadimir V. Lomivorotov, MD, PhD,**
Angela Rajek, MD, 1 Matti Kivikko, MD, PhD,}§§ and Piero Pollesello, PhD}f

Leveimendan &) 62841

Piscabo 07 22270 CABG

evonimandan &) (20428 "
Placeb ) 1421)

V8, 0.259 (5% 1, 0,105 -0.0640) p=0.0016

FRL G643 (95% 0, 0,365 - 1.133) peb. 1235

W ol % @ B @ B om ® o 1 3 W om W @ P om oW
oo B om

J 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

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, c
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 c

has symptomatic hypotension and evidence of

hypoperfusion 37467478

~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

Involvement of RV dysfunction or failure

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

CVP =10 mm Hg
CVPIPCWP ratio >0.63

i 0, PAPi <2
Incidence of CS 33% RVSWI <450 mm Hg*mUm?

RV dysfunction and/or dilation on echocar-
diography:
TAPSE <17 mm
RV systolic TDI §* velocity <10 cmisec
RVFAC <35%
RV free wall longitudinal strain <—20%
RV basilar diameter >42 mm
RV short axis (or mid cavity) diameter

Primary predominant 3-5%

Higher intra-hospital mortality

>35mm
o o
9'4/° versus 3'0/° Severe RV CVP =15 mm Hg
dysfunction CVPIPCWP ratio >0.8
. PAPI <1.5 N
More difficult management RVSWI <300 mm Hg*mUm
Clinical Ascites
Edema

Bilirubin elevation
Creatinine elevation

Kapur NK et al. Circulation 2017; 136:314-26
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Different adaptative response to changes
in loading conditions

60 110
50 » 100 : .
¢ 40 . Left ventricle §_§ 90
) 30 ; ] % 80
2 20 ! "’7‘3 70 Right ventricle Left ventricle
-} : z
@ 10 H &0
o ?/D;‘QMM:M 50
0 10 20 30 40 0 10 20 30100 110 120 130 140

Patrial (cmH,0) P vessel (mmHg)

Ventetuolo CE et al. Ann Am Thorac Soc 2014; 1

1:811-22

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)
oe e

#9008 va. banelion

MAP (mmHg) 00

(% of basaline

PA endsystoic pressure

100 RVESV (% of baseline)

THPAESP. £+0.05

HRVESY: p<0.05 vs.

Eichhorn EJ et al. Am ] Cardiol 1987;60:1329-33

® Dobutamine
o Milrinons

™ NEW ENGLAND JOURNAL# MEDICINE  DOREMI

Milrinone vs. Dobutamine in Cardiogenic Shock

| Dobutamine
N=9%6, |
|| Wigmin  asilighynin
49% 54%
47 patients 52 patients

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

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)
ClinicarTrials.gov 10 @ NCT05267886

Sponsor @ Ottawa Heart Institute Research Corporation
by @ Ottawa Research Ce Party)

Last Update Posted @ 2024-04-08
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SYSTEMIC CARDIOVASCULAR AND INFLAMMATORY DISEASE

Coronary
endothelial
dysfonction

Myocardial
depression

Myocardial infarction

Bagterial
)

| systemic
| Inflammatory
response

| respor
syndrome
| (IL-6, TNF-g. NO)

Compensatory
vasoconstriction

AVP, Ag
(afterload increase, overload water)

Myocardial dysfunction

]
dysfunction

Reynolds HR et al. Circulation 2008; 1 17:686-97

REVIEW

Open Access

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

© Annals of Intensive Care

aspringerOpen 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'?,
is

Fabrice Vanhuyse™, Thierry Boulain'* and Kaldoun Kuteifan

A IABP

D ECMO

8 Impella

SHORT TERM MECHANICAL CIRCULATORY SUPPPORT (STMCS)

BY WHO? CARDIOGENIC SHOCK TEAM

[ [ —— \

[ —

Multidisciplinary “Shock team” :
« Tertiary expert center
Evidence of end-organ hypoperfusion « Standardized protocol (clear objectives)
— ——— * Advanced h mic monitoring modal)
‘@ Acthate Shock Team thraugh  one-call e for moltdscplinary discussion ‘
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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):8

= = = Impact of Pulmonary Artery Catheter Original Research
= Use on Short- and Long-Term Mortality
- o in Patients with Cardiogenic Shock Rossello X et al. Cardiology 2017;136:61-9
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Table 3. In-Hospital Outcomes After Propensity Score Matching

Cardiogenic Shock Heart Failure

PAC NoPAC PAC NoPAC R
Outcome (=11139) @=11139) OR(95%C* PValie (n=1L640) (1=11640)  (95%CD* P Value

34.9% 370%  091087-097) 001 67% 24% 295256339 <001

30.0% 258% 184073194 <001 30% 03% 1118781607 <001

EquiTIng hemodialysts 2ia 13 TE6 (15T 159 =007 0% KL IEI00S-AA) <

Acute Kidney injury 56.4% 137(130-144) <001 81%  213200-226 <001
Transfusion 27.9% 131(123-139) <001 560  257(234-283) <001
Intubation 56.9 128(121-135) <001 2% 514347 <001
Vascular complications 19.6% 2) <ol 16% 3840326 <001
Acute respiratory failure 45.9% ) <001 69%  207(1% <001
Major Bleeding 7.8% 3 6l6 22% 160 (1.3 <001

81.0% 204(192-217) <001 430% 41068434 <001

19.0% 081(0.76-087) <001 1.5% 192(1.60-231) <001
Cardiac arrest 15.1% 0.76(0.71-081) <001 06% 267201356 <001
Median LOS. d (IQR) 12(6-20) - <001 41 - <001
Median hospital costs 550911 - <001 57.869 - <001
CABG 150% 116(L08-125) <001 0.4% 941(691-1281) <001
LVAD placement 45% 327Q73-391) <001 03%  7095.09-10.16) <001
Heart transplantation 20% 245(L91-3.14) <001 03%  854(580-1256) <001
Nursing home discharge 108% LI7003-133) 013 126% 190(164-220) <001

AKI, acute Kidney injury: CABG, coronary artery bypass graft; IQR M support; PCL

intervention: LVAD, left ventricular assist device: LOS. length of stay.

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  amiwenssns. e kaie, Grmimos ipptosics
of Cardiology

‘Ovidiu Grioncel 12, b Parissis?, Alexandre Mebazaa, Holger Thiels”,
na-Laura Antohi'?,

bsap Masipi, Marco Metraf, Oscar Miro%, Andrea Mortara™,

‘Susana Price%, Glussppe Rosano®, Antoine Vieilarc-Baron3»,

Frank Ruschitzkat”, Androw 5. Coate#, and Potar Seforovict 4"

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

owskat, Tiny Ja
1da¥, Wita Lainscaki®?, Lars H Lundé22, Aloxandor R. Lyons3,
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Molecular signature of cardiogenic shock

Cardiogenic

Shock Clinical Variables

Metabolom ey

Tramscriptomes

Genomics Targeted Therapy

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

o e o 229 2. 27528 RESEARCH ARTICLE

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

90-day oitcaune mortabty
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Figure 2 Kapian-Meser anaysis of 90-day allcause mortacy
wenn ED - D In cardiogenic shoek patents with, at inclusion. high (circuliting

% dpepod pepuidase 3 [DPPI] 259.1 ngiml. third quartle) vs
low cDPP values (cDPF3 <59.1 ng/mL). HR, hazard ratio

Takagi K et al. Eur heart | 2020; 22: 279-86
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Refractory cardiogenic shock

Cardiogenic shock
- SAP < 90 mmHg

- Cl <2-2.2 Lmin'.m?

- 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 pg.kg~'min-' and/or

dobutamine > 10 pg.kg'min-!

- At least two high dose drugs with IABP

Pagani FD et al.Ann Thorac Surg. mars 2001;71(3 Supp)):S77-81
Combes A, et al. Crit Care Med. 2008;36:1404-1 |
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 (227)

= 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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