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Cardiogenic shock: from ‘hemo’ to hemo-metabolic condition
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Cardiogenic Shock is a complex clinical that begins with

hemodynamic instability and can progress to multi-organ failure and
profound hemo-metabolic compromise

European Journal of heart failure (2020) 22, 1315-1341
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@PL ACE%g Cardiogenic shock: the goal

MAP= (CO0 x SVR Microcirculation alteration during cardiogenic shock
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Inotropes/Vasopressors/Mechanical support
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@PL ACE 29 Inotropes and Vasoactive Agents: when?
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Proposed Vasoactive Treatment Strategy

SCAI Shock Classification

Stage A - At risk

A hemodynamically stable patient who is
not experiencing signs or symptoms of CS,
but is at risk for its development

Stage B - Beginning

A patient who has clinical evidence of I
hemodynamically  instability ~ without v
hypoperfusion. SBP <90 mmHg or MAP 1
<60 mmHg or drop >30 mmHg from .
baseline, HR > 100 bpm. 1

Stage C - Classic

A patient who has clinical of
hypoperfusion that initially requires
pharmacological or mechanical support.
Hypotension is usually present. Lactate >
2 mmol/L. CI <2.2 L/min/m2. May include
impairment of renal or liver function.

Stage D - Deteriorating

A patient who has clinical evidence of
shock that worsens or fails to improve
despite esacalation therapy. Lactate > 2
mmol/L. May include deterioration of
renal or liver function.

Stage E - Extremis

A patient with refractory shock or
actual/impending  circulatory  collapse E
despite maximal hemodynamic support. ‘

Lactate > 8 mmol/L. Typical unconscious.

CONGRESSO ROMA, 25 - 27 Giugno 2026 Bloom et al. ] Am Heart Assoc. 2023;12:e029787
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@PL ACE 22 Inotropes and Vasoactive Agents

In the intensive care unit (ICU) setting,

=25% of admitted patients
CONTEMPORARY REVIEW recejve

State of Shock: Contemporary Vasopressor at least 1 vasoactive medication
and Inotrope Use in Cardiogenic Shock

Jason E. Bloom ©, BSc, MBBS; Wiliam Chan ©, MBBS, PhD; David M. Kaye 2, MBBS, PhD*;

Dion S 6, VIBBS, Pr increasing to >90% in patients with CS

Journal of the American Heart Association

~+~ Noinolropes =+ Inotropes 4~ Noinotropes == Inotropes
1.00 1.00
0751 p <0.0001 0751 p =0.00046
] 5
Jon Gutteling . . . 3 3
: Vasoactivemedication
. . g 3
andRCTs:animpossible
. 025 025
marriage
A review and introduction of the concept “enough”
0.00 0.00
We provide a brief overview of important physiology and the pharmacology of 0 5 10 Tme‘(iiays) 2 % % o o T|n1109 (vears) 15 2

vasoactive drugs that are currently used in the ICU as well as newer agents,

along with a concise review of recent publications comparing these agents. Number at risk Number at risk
We attempt to answer the question what drug dose should be administered A 9100 6103 5669 5490 5369 5297 5244 trog 5233 2990 1820 996 226
as well as what haemodynamic values to pursue, and how much fluids must < 17075 4285 3672 3441 3309 3212 3149 3137 1548 814 318 56

be infused by introducing the concept of “enough”. 0 5 10 25 30 0 5 15 20

15 10
Time (days) Time (years)

Petursson et al. EHJ-Cardiovasc Pharmacotherapy (2005) 11, 57-65
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Cardiac Tissue

Vascular Smooth Muscle

Vasopressin

@ Dobutomi
Catecholamines @ V.y:::ﬁg'm‘ Nonpmepmm.\v. Epinephrine
@

Increased Ca®" uptake by
sarcoplasmic reticulum

J Am Heart Assoc. 2023;12:e029787




VASOCONSTRICTION
Which Inotropes and Vasoactive Agents?

Phenylephrine

Vasopressine ONorepinephrine ‘ Epinephrine, high dose

Midodrine
@ Dopamine, high dose

Epinephrine, low dose
Dopamine, medium dose

POSITIVE
INOTROPY

@ Dopamine, low dose Isoproterenol
. Dobutamin
Table 1 Beta-adrenergic drugs: pharmacology and clinical effects
O Levosimendan
Am rinone Drug Main mode of action Main clinical effect Bolus Infusion rate Elimination th
- . .y
MI ) |n0d|latat°r| ...........................................................................................................................................
. . lirnone Dobutamine p1 Inotropy - 2-20 pg/kg/min +2 min
Nitroglycerin
B2) Chronotropy
Vasodilatation
. . Epinephrine/ A-1 Inotropy + 0.05-0.5 pg/kg/min +2.5 min
Nitroprusside ppuiig o1 Chromrony
B2 Vasoconstriction
VASO DILATION Norepinephrine/ A-1 Vasoconstriction - 0.2-1.0 pg/kg/min +1-2 min
noradrenaline (B-1)
Dopamine Low dose: Low dose: selective - Low dose: <3 pg/kg/min +2 min
Dopamine receptors vasodilatation High dose: >5 pg/kg/min
High dose: High dose: vasoconstriction

B-1 and A-1 and inotropy |

CONGRESSO RoMA, 25 - 27 Giugno 2026 Gustafsson et al. European Journal of Heart Failure (2023) 25, 457-468




@PL ACE %g Effects of Inotropes on the Pressure—Volume Loop
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Increase in CO Adrenergic Non adrenergic
Normal B Ev Isoproterenol B1 B2 Inodilators
Ea Ev , PDE3 inhibitors
E / Co = dP/R . Levosimendan
v 2 / Dobutamine
2 & ,// Others
()
= /,I’ R4 Istaroxime
<" EDPWR A s
b Epinephrine
Volume

Volume

Increase in MAP

Dopamine

Ea—»Ea’
\Y

Cardiogenic shock

v v’ v y dP=COxR _ _
2 ,/ Norepinephrine
i

g , = / v

2 / / .

£ // E?PVR // Vasopressin

A / / _ Phenylephrine Methylene blue
74 /7 - v al . .
/ Volume Angiotensin ||

Volume VasopreSSOI"S BE - i
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International Journal of Cardiology 369 (2022) 37-44

Contents lists available at ScienceDirect

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

CARBIOLOGY]

Sodium nitroprusside in acute heart failure: A multicenter historic

cohort study

Laura Garatti, Simone Frea ", Pier Paolo Bocchino ", Filippo Angelini °, Marco Cingolani ",

Alice Sacco “, Giulia Maria Rondinara “,

Vincenzo Bagnardi‘, Isabella Maria Sala“,

Navin K. Kapur 9. Paolo C. Colombo ©, Gaetano Maria De Ferrari ", Nuccia Morici

Afterload changes
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Table 2 Randomized controlled trials on the use of inotropes/vasopressors in cardiogenic shock
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SOAP-II, 2010**

CAT, 2008%

OptimaCC, 2018%4

Levy et al, 20117

—J
—

DOREMI, 202138 ]

Fuhrmann et al,
20087

LIDO, 2002

SURVIVE, 20072

Drugs

Dopamine vs.

norepinephrine

Epinephrine vs.
norepinephrine

Epinephrine vs.
norepinephrine

Norepinephrine-
dobutamine vs.
epinephrine

Dobutamine vs.

milrinone

Enoximone vs.

levosimendan

Dobutamine vs.
levosimendan

Dobutamine vs.

il

Samimi-Fard etal.,
2008"!

LEAF,2013%

Dobutamine vs.
levosimendan
Levosimendan vs.

placebo

No. of patients

1679 (dopamine n=858;
norepinephrine n=821); among
these paients, 280 had CS (135 in
the dopamine group and 145 in the
norepinephrine group)

280 (n="140 in each treatment arm);
among these, 128 had CS (64 in
each treatment arm)

57 (epinephrine n=27;
norepinephrine n=30)

30 (n=15in each treatment arm)

192 (n=96 in each treatment arm)

32 (1=16n each group)

203 (levosimendan n=103;
dobutamine n=100)

1327 (levosimendan n= 664,
dobutamine n= 663)

22 (n=11in each group)

61 (levosimendan n=30; placebo
n=31); among these, 9 had CS
(levosimendan n=4; placebo n=5)

Shock (defined as MAP <70 mmHg or
SBP <100 mmHg with signs of
hypoperfusion) with need for
\asopressor agent

Need for infusion of epinephrine or
norepinephrine for any cause

AMI-CS successfully revascularized, SBP
<90 mmHg or MAP <65 mmHg,
cardiac index <2.2 L/min/m?, PCWP
>15mmHg, LVEF <40% and evidence
of tissue hypoperfusion

Non-AMI-CS (defined as LVEF <30%
and cardiac index <2.2 L/min/m?,
absence of hypovolaemia, lactate
>2mmollL, MAP <60 mmHg or SBP
<90 mmHg, urine output
<0.5 mfkg/h, signs of hypoperfusion,
no signs of acute cardiac ischaemia)

CS SCAI B-D

Refractory CS patients requiring
additional therapy

Low-output HF (including ADHF)

ADHF 3 low cardiac output

AMICS

STEMI with signs of decreased wall

motion in at least 3 of 16 segments of

the LV + clinical HF

Primary endpoint

Death at 28days

Time taken to achieve a MAP
270 mmHg for >24 h without
vasopressors

Change in cardiac index (primary
occurrence of

efficacy endpoi
refractory CS (primary safety

endpoint)

Haemodynamic effects using the drugs
to obtain a MAP of 65-70 mmHg

Composite of in-hospital death from any
cause, resuscitated cardiac arrest,
cardiac transplant or MCS, non-facal
MI, TIA/stroke or RRT

Survival at 30 days

Proportion of patients with
haemodynamic improvement at the
end of the 24-h infusion period

All-cause morality at 180 days

Cardiac death at 12 months

Wall motion score index at 5 days

Results

Increased rate of death among the

280 patients with CS treated with
dopamine (p=0.03)

No difference in the time to achieve
MAP both in the whole population
and in CS setting (RR 0.89, 95% CI
0.62-1.27, p=049)

Cardiac index evolution was similar
between groups (p=0.43). Higher
incidence of refractory shock in
the epinephrine group (37% vs. 7%,
p=0.008)

Both regimes increased cardiac index
and oxygen-derived parameters in
a similar manner

Primary endpoint was 4%% in the
milrinone group vs. 54% in the
dobutamine group (RR 0.90, 95%
C10.69-1.19, p=0.47)

Survival rate at 30 days was higher in
the levosimendan group (69% vs.
37%,p=0.023)

Primary endpoint met in 28% of
patients in the levosimendan group
vs. 15% in the dobutamine group
(hazard ratio 1.9,95% C1 1.1-33,
p=0022)

No significant diflerence in 180-day
death (26% in the levosimendan

More arrhythmic events in the dopamine
group (24.1%) vs. norepinephrine group
(124%) (p<0.001)

Development of significant tachycardia and
lactic acidosis with epinephrine, in
addition to increased insulin
requirements

HR increased significantly with epinephrine
(p<0.0001); increase in cardiac double
product (p=0.0002) and lactic acidosis
(p<0.0001) with epinephrine

HR, lactate levels and PCO, gap, a
surrogate for splanchnic perfusion
adequacy, increased in the epinephrine
group (p<0.05, p< 0.01 and p < 0.01,
respectively)

No significant differences in HR, MAP,
serum lactate level, serum creatinine
level, or hourly urine output between
the treatment groups

N/A

Angina pectoris, chest pain, or myocardial
ischaemia more frequent in the
dobutamine group, in addition to a
higher proportion of patients with rate
and rhythm disorders; trend towards a
higher frequency of headache or
migraine in the levosimendan group

Higher incidence of cardiac failure in the

dobutamine group; higher incidence of

group vs. 28% in the
group; hazard ratio 091, 95% CI
0.74-1.13, p=040)

No significant difference in 1-year
cardiac death (p=024)

Larger improvement from baseline to
day § in the levosimendan group
(from 1.94:£020 t0 1.6 0.31
v5.1.99+022 to 1.83 026,
p=0031)

AF, ia and headache in the
levosimendan group

N/A

Significantly more episodes of hypotension
during study drug infusion in the
levosimendan group (67% vs. 36%,
p=0.029); in CS subgroup, NSVT was
observed in 3 patients in the placebo
group and in 1 in the levosimendan

group

CONGRESSO RoMA, 25 - 27 Giugno 2026
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Inotropic agents and vasodilator strategies for the treatment of é Ei‘:)crg:;“e

cardiogenic shock or low cardiac output syndrome (Review)

Cochrane Database of Systematic Reviews

Authors' conclusions
(Survive Beta-blocker therapy)
Apart from low quality of evidence data suggesting a short-term mortality benefit of levosimendan compared with dobutamine,

at present there are no robust and convincing data to support a distinct inotropic or vasodilator drug-based therapy as a superior

solution to reduce mortality in haemodynamically unstable people with cardiogenic shock or LCOS.

Considering the limited evidence derived from the present data due to a generally high risk of bias and imprecision, it should be
emphasised that there remains a great need for large, well-designed randomised trials on this topic to close the gap between
daily practice in critical care medicine and the available evidence. It seems to be useful to apply the concept df 'early goal-

[directed therapy'}n cardiogenic shock and LCOS with early haemodynamic stabilisation within predefined timelines. Future

clinical trials should therefore investigate whether such a therapeutic concept would influence survival rates much more than

looking for the 'best' drug for haemodynamic support.

CONGRESSO RoMA, 25 - 27 Giugno 2026
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Which Inotropes and Vasoactive Agents?

@ ESC European Journal of Heart Failure (2024) 26, 411-431

European Society  doi:10.1002/ejhf.3162
of Cardiology

REVIEW ARTICLE

Medical therapy of cardiogenic shock:
Contemporary use of inotropes
and vasopressors

CARDIOGENIC SHOCK

Inadequate cardiac output

Few evidence-

Dobutamine/Levosimendan

PLUS
Clinical signs of hypoperfusion based data
AND/OR
Biochemical manifestations of
hypoperfusion
AMI-CS ADHF-CS RV-predominant CS
. First-line therapy: First-line therapy: First-line therapy:
AMI-CS: & Norepinephrine (if & Norepinephrine (if hypotension = Norepinephrine (if
Lower SVR and trend towards higher CI hypotension prevails) prevails) hypotension prevails)
Vs & Dobutamine OR Milrinone OR % Dobutamine OR Milrinone OR & Milrinone OR Levosimendan
Levosimendan (if CS Epinephrine + Sodium (if CS «normotensive»)
«normotensive») Nitroprusside OR Levosimendan Second-line therapy:
ADHF-CS: Second-line therapy: (if CS «normotensive») & Norepinephrine +
Higher SVR and lower CI & Norepine!ohrine + . Second-lipe therapv: MiIrinc?ne/Levosimendan/Do
Dobutamine/Levosimendan % Norepinephrine + butamine

CONGRESSO RoMA, 25 - 27 Giugno 2026

Riccardi et al. European Journal of Heart Failure (2024)

‘n" ol
26,411-431




QOPLACESs

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

@ ESC European Journal of Heart Failure (2024) 26, 411431 REVIEW ARTICLE . .
European Society doin'()).woz/e;hf.sm . . . Mechanical Metabolic
o Cardiology Mechanical efficiency inefficiency inefficiency

< > < >
> <

. . . . - Irreversible
Medical therapy of car:chogemc shock: Organ injury MODS
Contemporary use of inotropes

Acidosis

and vasopressors

a‘qe SIRS + infection
%@“ Microcirculatory dysfunction
013\ Tissue hypoxemia

Nt
w1111 11T

Compensatory Vasopressor-induced
vasoconstriction vasoconstriction

Vasodilation Vasoplegia

Disconnection macro-microcirculation I.
Desensitization of adrenoreceptors |

CONGRESSO ROMA, 25 - 27 Giugno 2026 Riccardi et al. European Journal of Heart Failure (2024) 26, 411-431
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PR L BE LB _LE "L 0 0 T T T =T

. . <4

/ / \
|. > Rescue phasg. >> Optimization phase >> | Weaning phase* >

| | |
i Stabilize and “buy time” ifor aetiological interventions |
. . l .
| | Adjust according to tissué perfusion and SCAI stage
i I Consider interaction wutI] MCS or MV
|
i I I Taper sIowa to avoid inotrope-dependence**
. : . May weanrapidly when aetiology is solved
| | | |
| GOAL: | I GOAL: |
R . . . . GOAL:
. Maintain adequate tissue perfusion AND Tailor the pharmacological support to . L .
. - . tart de-escalation in order to keep devices
| recognize and treat tlje cause maintain a MAP 3|65 mmHg (combination of i .
. . and drugs as short as possible

x responsible for £S vasopressor andsinotropes or use of MCS) .
\ \ 7 1

* * . -

N Echocardiographw, lactates and markers offend-organ dysfunction, cogabined with invasive monitoring

= = = = =(inchedingPAC)=faciliterte thre’ appropriate escalation artd de-escalation strategy

*Dopa, Dob: 1 ug/kg/min per hour; NE: 0.1 pug/kg/min per hour
**Worsening end-organ function, deteriorating hemodynamics, exacerbation of HF symptomes, or significant hypotension on attempted inotrope wean

CONGRESSO ROMA, 25 - 27 Giugno 2026 Riccardi et al. European Journal of Heart Failure (2024) 26, 411431
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/ N\ Continuous Flow Pumps [ )
Pulsatile Axial*low

Centrifl‘gal Flow
1

IABP Impella CP TandemHeart VA-ECMO
\ Intracorporeal/ Extracprporeal )
Axial Flow Centrifugal Flow
i~
e
/ hg;‘ :
Impella RP o .
Impella RP VA-ECMO Tandem pRVAD Protek Oxy-RVAD

CONGRESSO RoMA, 25 - 27 Giugno 2026



Hemodynamic consequence of cardiogenic shock E F F ETTI E M O D l N AM I C I

A : Normal
Cardiogenic Shock SW &
R LVEDP
o
E
E PVA v
o
2
]
a
>
- ) SW
LVEDP ¥
>
LV Volume (mL) Pv A ‘
Impact of mechanical support devices on hemodynamics
SwW \4
A Cardiogenic Shock
ECMO
ot Lvepp #
ECMO + Impella
——— 1ABP
g PVA f
E
2
3
o
E IABP Impella VA-ECMO
= Pump mechanism Balloon inflation-deflation ~ Axial-flow continuous pump  Centrifugal-flow continuous pump
Cannula placement Descending thoracic aorta Left ventricle-to-Ascending Right Atrium-to-Aorta
f_DP;l\:;‘e‘n‘\c sock | Aorta (CP/5.5);
et Right Atrium-to-Pulmonary
> Artery (RP)
LV Volume (mL) Peripheral resistance Decreased Mildly increased Increased
Cardiac output 0.5-1 L/min 2.5-5.5 L/min 4-7 L/min
Impella Arterial femoral access 7-8 Fr 13 Fr (2.5), 14 Fr (CP), 21 Fr 14-22 Fr
(5.0 and 5.5), 9 Fr (ECP)
Caval Right Right Pulm Left Left Prox. Aorta Venous access None None 17-28 Fr
Vein Atrium | Ventricle | Artery Atrium | Ventricle Aorta
L | 4 4
 — Moller et al. Eur Heart J 2025 Apr 22; 46(16): 1480-1492

VA ECMO TABP



@PL ACE%% PV Loops tell the whole story

Pressure support/afterload reduction

25 L/min Qo = mmHg gg/ol (81)
40 Umin PAF,  48/29 (35) LVEDP |,
SOUmin(ef) | HP, 26/20 (24)
5.0 L/min (right) L) oo mﬁg 5/2 (3) LAP 4’
plantable P D gmplcvp 25 5
Micropump ¢ 75 " PCWP \l/
Centrifugal Flow1 | B 154 102 .
Centrifugal Flow 2 = EEEQ 24 5 Natlve LV SV 1\
Axial Flow @ E ssure support rload redtictior2 68 Afterload |
50 r 150 Eil:g 85 46
e muwae|S 37 36 MVO2 P
>;0(‘ CO
- SAWAWARA T
Volume 20 B - | A\ : 3 Ljmin 0.00 0.00
) — 1 I ! 12 125 — EF 24 36
IABP Maximum Volume C )
AN NI | -
0 25 50 309 —— — ——— — 072 =031
[ — | + 3 105 L L5 12 125 ﬂ!ﬁgml 6861 2785
Eslay 0 E;o e M/Yn%Z 22.22 588
'[')éaration 0 _jz g'/B"'v:'/ns/;g “““
DAY AW N AT A e A

. MakeAGIF.com
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IABP does not reduce all-cause mortality at 30 days

Mortality (%)

1o P=0.92 by log-rank test

Control

40| .,

IABP

30

Intention to treat
39.7% the 1ABP group

Vs

41.3% in the control group

(RRR 0.96; 95% [CI], 0.79 to 1.17; p=0.92).

20+

10

0 T T T T T

Days since Randomization

0 5 10 15 20 2'5) 30

IABP
SHOCK] |

Thiele et al. N Engl J Med 2012; 367:1287-1296

* 10% asymmetrical cross-over through IABP arm,;
 Lack of haemodynamic data and shock stage

Limitations

definition (probably class C Yvhich is not ideal for

IABP);

* No information about contact to balloon/contact to

unloading time;

‘PrevatenttABP-useafterPEHE6% ) andmotbefore

ESC Recommendation Class — LoE
2017 2023
llaC llaC

IABP in STEMI-CS due to mechanical complications

«Routine» use of IABP in STEMI



@PLACE322 Haemodynamic changes observed after IABP insertion

+0.1 L/min; +10% +0.6 L/min; +25%

3

N

0

.....I..|||||\HH”|| e — i ‘|

“““HH TG

1

Change in Cardiac Output (L/min)

w

B AMI-CS W ADHF-CS

e __[‘\7 " ' 1 | gt
CONGRESSO RoMA, 25 - 27 Giugno 2026 Malick et al, Am J Cardiol 2019



COPACEZ2 Intra.-Aorti.c Balloon Pump in Hear.t Failure—ReIe}ted
— L2226 Cardiogenic Shock: A Meta-Analysis of Randomized
Clinical Trials

60-DAY SURVIVAL OR SUCCESSFUL BRIDGING TO HRT

IABP + SoC SoC Risk Difference Risk Difference

Study Events Total Events Total Weight MH, Fixed, 95% CI MH, Fixed, 95% CI

Morici, 2025 43 53 36 48 75.9% 0.06[-0.10;0.22] —'-.-—

den Uil, 2019 13 16 8 16 24.1% 0.31[0.00;0.62] .
Overall cohort !

Total (95% CI) 69 64 100.0% 0.12 [-0.02; 0.27] T+

Heterogeneity: Tau? = 0.0156; Chi® = 1.98, df = 1 (P = 0.16); I? = 49% [ T

Test for overall effect: Z = 1.66 (P = 0.096) -06-04-02 0 0.2 04 06

Favours SoC Favours IABP + SoC

IABP + SoC SoC Risk Difference

Author Events Total Events Total SE MH, Fixed, 95% CI

Subgroup: SCAI C-D

mm., 41 23 32 0.11[-0.08;0.30] -l

den Uil, 2019 13 16 8 16 0.31[0.00;0.62] —a—
Subgroup testing for est for overall effect: Z =2.06 (P =
admission SCAI stage ‘

Morici, 2025 9 12 13 16 -0.06 [-0.37; 0.25] —!—

den Uil, 2019 0 0 0 0 0.00[-1.07;1.07]

] ); Ch ).01,df=1 (P
‘ wverall effeg 7 (P =0.712)
Test for subgroup differences: Chi? = 1.73, df = 1 (P = 0.19) f T T |

-1 -0.5 0 0.5 1
Favours SoC Favours IABP + SoC

CONGRESSO RoMA, 25 - 27 Giugno 2026 ASAIO Journal 72(4):p e56-e59, April 2026.
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AMI-CS HF-CS

The IABP “best responder” phenotype in hypoperfused ADHF

- - Heart RV Resistive Pulmonary Heart
Failure Function Load Circulation Rate

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 MI) or long-

term MCS or transplantation.**°

IABP is not routinely recommended in post-Ml
| 500—502

©ESC2021

cardiogenic shoc

PAPi >2.0
La 1 mPAP
: L cvp 1 SVR HR <92 bpm
2
LCPOI 20.33 W/m RCPOI 50.13 W/m?2 PCWP <25 mmHg

i
whr(‘”

CONGRESSO ROMA, 25 - 27 Giugno 2026 Baldetti L, et al. Circulation HF. 2021



QPLACE3S Microaxial flow pump (Impella)

World'’s
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@PLACE%% Microaxial flow pump (Impella)

A 120 .
———— Baseline CGS
= LVAD 4.5 L/min
LVAD 6.0 L/min
90 .
e LVAD 7.5 L/min
(=]
T i
£
E
o 60 - §
3
. 3
a )
30 g
0 T T T T T T T 1
0 50 100 150 200
Volume (ml)
LVEDP { LAP | PCWP

Native LV SV, Afterload | MVO02 J,
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FDA 510(k):
Impella 2.5
cleared for <6 hr
support

Clearances
& Approvals

CE Mark
(Europe): First
human use

Clinical Trials

2008 2009

2012

FDﬁ PMAf: FDA label

3 Impella CP for expansion:

FDA 510(k): AMI and post- 2.5and CP

Impella CP cardiotomy for high-risk
cleared shock PCI

FDA PMA:
Impella CP
with
SmartAssist

2015 2016 2017 2018 2019 2020

Future

. FDA PMA: FDA PMA:
FDA 510(K): D8 FMes Impella RP for | | Impella 5.5
Impella 5.0 and fgr hiah- right with
LD cleared e ngI ventricular SmartAssist
failure
PROTECT Il ( ) UNLOAD-HF-CS
impela 2.5 v IABR 0 R EC Impella 5. oir Z\ZI:A-SII; jin AMI-CS !m,gg”/j'Fs-isc‘és At S }’,’L’\’{'?ps ella
& 0-day MACE difference eg - Vs /n. ’ Ly AMI) (non CP (pre-PCl) vs
I Q T Bleeding & vascular complications SOC in STEMI-
@) Trend to | repeat revascularization N —— o cs
(P=0.023, per-protocol) o dm mPe aarm. I, wﬂhgﬁﬂﬁfﬁgzg/ Endpoi?tt: I3t0
BT o hemodynamic or survival benefi titian ay mortality
/
D08 ) ) )20 )24 U B

ISAR-SHOCK

IMPRESS

DanGer Shock (DANGER-SHOCK)

N

Impella 2.5 vs IABP in AMI-CS
&> Cardiac index (Impella superior)
& No mortality difference
\ Sample size: n =25

Impella CP vs IABP in AMI-CS
Q No difference in hemodynamics or survival
Small sample size, most patients post-arrest

N

Impella CP vs Standard Care in STEMI-CS
1 180-day mortality
0 (45.8% vs 58.5%, HR 0.74, 95% CI 0.55-0.99)
1 10-year mortality
C} (52.5% vs 68.8%, HR 0.70, 95% CI 0.54-0.92)
Q T Bleeding, sepsis, renal complications
Large randomized trial (n=355)

J




DA NGER Shock trial Shock cardiogeno in STEMI

Randomizzato, multicentrico, 360 pazienti
Mortalita a 180 gg, safety endpoint

A Death from Any Cause B Secondary Composite Cardiac End-Point Event *
100+ 100+
90 90
80 80
Standard care alone
8 704 a 70+
] Standard care alone S
o = 4
® 60 s 60
5 5
S s04 2 50
E,n T 404 mAFP+standard care
S 40 g
g mAFP+standard care & 304
o 30_
204
20
10+ 4
10— Hazard ratio, 0.74 (95% Cl, 0.55-0.99) Hazard ratio, 0.72 (95% Cl, 0.55-0.95)
P=0.04 0 T T T T T )
0 . ; . . . . 0 30 60 90 120 150 180
0 30 60 90 120 150 180 Days since Randomization
Days since Randomization No. at Risk
. Standard care 176 80 75 71 71 68 64
No. at Risk
AFP+standard 179 93 85 85 84 84 84
Standard care 176 94 89 82 81 77 72 e ranaar
mAFP+standard 179 108 99 99 97 97 97
care *escalation of treatment to additional MCS,

heart transplantation, or death from any cause

_ Moller et al. N Engl J Med 2024 Apr 18; 390(15): 1382-1393




CIPLACEZ2S The DanGer shock trial

Post-Procedural Impact of MCS
Haemodynamics from the DanGer Shock Trial

[ A] vasoactive inotropic score

6_
25+
Standard
MAFP 54 m’;gard
20+
— 44
=
15+ 2
R&J E
5 g7
vy ]
104 G
- 2_
5- 14
0 T T T T T T 1 0 T T T T T T T 1
ICU 1 3 6 12 24 48 72 Randomization ICU 1 3 6 12 24 48 72

Time, h Time, h

Patients who received mAFP support required less inotropic support and had faster lactate:

T ﬁ‘, 4,;— |0 ’ 1 |
CONGRESSO Rroma, 25 - 27 Giugno 2026 Udesen, JAMA Cardiology 2024




DANGER shock trial

% Uomini
<67 anni
PAM < 82
mAFP+ Hazard Ratio for Death from Any Cause
Subgroup Standard Care  Standard Care at 180 Days (95% Cl)
no. of deaths/total no. (%)
Overall 82/179 (45.8)  103/176 (58.5) D — 0.74 (0.55-0.99)
Sex
Female 24/37 (65) 24/37 (65) — & > 101(058-179)
Male 58/142 (41) 79/139 (57) -—— 0.66 (0.47-0.93)
Age Figure 1. Odds Ratios for 180-Day Mortalit
<67 yr 31/98 (32) 42/89 (47) -——— 0.64 (0.40-1.02) b lic Blood domizati
67y 51/81 (63) 61/87 (70) e 085 (0.59-1.24) y Systolic Blood Pressure at Randomization
Arterial lactate level
<4.5 mmol/liter 31/88 (35) 45/92 (49) -—— 0.68 (0.43-1.07)
>4.5 mmol/liter 50/90 (56) 58/84 (69) ——— 0.74 (0.51-1.08) 16.07
Mean arterial pressure Unadjusted
<63 mm Hg 40/88 (45) 56/85 (66) _—— 0.61 (0.41-0.92) .
>63 mm Hg 40/87 (46) 45/86 (52) —_——— 0.88 (0.57-1.34) 8.04 T Adjusted
LVEF
<25% 55/100 (55) 73/105 (70) _— 0.75 (0.53-1.06)
>25% 27/79 (34) 29/70 (41) -—— 0.79 (0.47-1.34) 4.0 S
Location of STEMI =]
Nonanterior 24/53 (45) 26/47 (55) -—— 0.76 (0.44-1.32) ]
Anterior 58/126 (46) 77/129 (60) —_— 0.73 (0.52-1.03) 3
No. of diseased vessels 8 2.0+ S -
1 19/51 (37) 19/47 (40) 0.99 (0.52-1.87)
22 63/128 (49) 84/129 (65) - 0.68 (0.49-0.94) /
Year of randomization 1.0 0T -
2013-2018 28/54 (52) 41/59 (69) -~ 0.66 (0.41-1.07)
2019-2023 54/125 (43) 62/117 (53) —_— 0.80 (0.56-1.15)
SCAI-CSWG stage '/—\
C 35/100 (35) 45/97 (46) —— 0.73 (0.47-1.13) 0.51
DorE 47/79 (59) 58/79 (73) . S 0.74 (0.50-1.08) T T T T
o N s 40 60 80 100
Systolic blood pressure at randomization, mm Hg
mAFP+Standard Care Better Standard Care Better

Moller et al. N Engl J Med 2024 Apr 18; 390(15): 1382-1393
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Circulation:
Cardiovascular Interventions

Delay from first symptoms in patients presenting with ST-segment elevation
myocardial infarction and cardiogenic shock. Insights from the DanGer Shock trial

() Y 100%
L &
Va e e e e = — —_——) =
%&\ \ £
7 g 5%
®
3
Early Median time Late ©
presenters delay eoeors 2
66 years 4.1 hours p71 — T 50%
2z 15%female ‘ 34 % female g
2 3
H ] 2
1 7 3 8 16, 32 T o
Time from onset of symptoms tofandomization, hours G °
k J .
4

0% — v
12 16 32

mAFP + Standard care Standard care
N=179 N=176

1 2 4 8
STEMI and Time from onset of symptoms to randomization, hours
cardiogenic shock 4.001 avours Standemey
LVEF <45% { o, 2001
Lactate 22.5 mmol/L =
Systolic blood pressure @ 1004 = mcm oo oo oo oo oo o - R ——
<100mmHg 3
(]
. 0.50
No comatose cardiac arrest
0.251 Favours mAFZ
32

1 2 4 8
Time from onset of symptoms to randomization, hours

The delay from symptoms to shock diagnosis was associated with increased mortality.
In patients with STEMI complicated with cardiogenic shock, the treatment benefit of
mAFP seemed to be weakened with prolonged time from the onset of symptoms. This
may be caused by latecomers being more frequent elderly women.

Jensen LO, et al. Circ Cardiovasc Interv. 2026,19:e015718
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@PLAC% The DanGer shock trial

41,9

o 26,7
/0 21,8
19 17
5,6 39, 4,5
1,1 ,
— B = L
MODERATE OR SEVERE LIMB ISCHEMIA RENAL REPLACEMENT STROKE SEPSIS
BLEEDING THERAPY

= mAFP m Standard care

CONGRESSO RoMA, 25 - 27 Giugno 2026 ACC presentation 2024 & N Engl J Med 2024,;390:1382-139



QPLACEZS The DanGer shock trial

Post-Procedural Impact of MCS
A subanalysis from the DanGer Shock Trial

Acute Kidney Injury

Age <+ 0.98 (0.96 - 1.01)
Male sex : Y 3 1.69 (0.81 - 3.52)
LVEF QE 0.94 (0.91 - 0.97)
SCAlclassDorEvs C : ¢ 2.07 (1.12 - 3.92)
eGFR at admission Q' 0.99 (0.98 - 1.00)
Lactate at admission by 10% increase :-Q- 1.07 (1.01 - 1.14)
I Suction event : - 8.54 (3.80 - 21.98) I
P level at 6 hours (7-9) vs (1-6) : Y 2.86 (1.39 - 6.03)
05 o0 20 40 8.0 16.0 32.0

QOdds ratio of AKI

In addition to clinical variable device related
e Consider Escalatlon'
factors was associated with AKI g

CONGRESSO RoMA, 25 - 27 Giugno 2026 Zweck et al, Circulation 2024



QOPLACEZS If you want to use Impella, do not use it blindly!

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

HEMODYNAMIC MONITORING IN IMPELLA RECIPIENTS

|Q Database' cVAD Registry?
76%
68%
P=0.002
63%
49% /
P<0.0001
N=8767 N=5217 N=634 N=516
No Hemodynamic Hemodynamic No Hemodynamic Hemodynamic
Monitoring Monitoring Monitoring Monitoring

1. Abiomed Impella Quality (IQ) Database, US AMI/CGS Apr 2009- Jan 2017. Survival to Explant. Danvers, MA: Abiomed.
2. c¢VAD survival to explant 2009-2016

CONGRESSO RoMA, 25 - 27 Giugno 2026



@PLACEmgg ECMO: PV Loops tell the whole story

A 125 — Baseline CGS

|——ECMO 1.5 L/min
— ECMO 3.0 L/min
100 { —ECMO 45 Ljmin
CI
I
= 4
Er
g
2 50-
[«
& -
251
0 T T T T T T T ]
20 140 160 180 200
LVEDP 4 LAP 1 PCWP 1

Native LVSV{ Afterload  MVO2 4 . ...
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QOPLACESs

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

ECLS Shock trial Shock cardiogeno post SCA

Randomizzato, multicentrico, 420 pazienti
Mortalita a 30 giorni

Extracorporeal life support - ==- Control Venoarterial extracorporeal membrane oxygenation in
100- patients with infarct-related cardiogenic shock: an individual
patient data meta-analysis of randomised trials

g ¥ ~ e e
-% wssoon omemisn  an e VA-ECMO did not reduce 30-day
& 60— I | t IS . death rate compared with medical
° - et therapy alone in patients with
) el Rl MAGK sMpmue o wm 1Y infarct-related cardiogenic shock,
g 404 r nsmn o | bl and an increase in major bleeding
o L and vascular complications was
& 20- T — observed.
Relative risk, 0.98 (95% cl, 0-80'1~19) Zeymer U et al- Venoarterial extracorporeal membrane oxygenation in patients with infarct-
P=0.81 related cardiogenic shock: an individual patient data meta-analysis of randomised trials. Lancet.
o 1 I 1 1 1 1 2023
0 5 10 15 20 25 30

Days since Randomization

m/" i ﬂ"‘! i |




@PLACE%% There is no such a thing as a free lunch
CONSEQUENCES OF LV OVERLOAD

Erw. Echo TIS0.1  MIO07
X7-2t

53Hz

Tdcm 0

2
C50
P Aus

Allg

Thrombosed Asc. )

64 Imin

Belohlavek J, Hunziker P, Donker DW. Left ventricular unloading and the role of ECpella.
Eur HeartJ Suppl. 2021;23(Suppl A):A27-A34.
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

The ECPELLA concept

LV UNLOADING: ECPELLA

Crucial for outcome

Multidevice support in VA ECMO
patients (ECPELLA)

Stepwise approach

PCWP (mmHg)

40~ 1.1
!

Shock ECMO only ECMO + Impella
AL TR
Mok A\ LT
" " .[|; :’l L
LN
"
L i ) W W '
o M""‘.A.m' "'2\'."’)"'
T
40
\ Time (seconds)
A n; I "'l" 1t bl nv..w iy AL A, unuHmmll'hnuﬂ MAAGLL I
¥ 1" J ',L|."'||1u,f]|.,v'1k.b|.| n..l.mulhIt.huI!f;num.hhﬁn.ml.ll .|||||1h.11.\nlu1mi ,Luanr.

Iy l

n”“,h! i

Schrage B, et al. Unloading of the left ventricle during venoarterial extracorporeal membrane oxygenation

CONGRESSO RoMA, 25 - 27 Giugno 2026

therapy in cardiogenic shock. JACC Heart Fail. 2018;6:1035-1043.




@PLACE%% There is no such a thing as a free lunch

B Adj. OR (95% CI) P Values

In-Hospital Mortality - == 0.84 (0.77-0.92) < 0.001
o] 0.77 (0.70-0.84) < 0.001
1.04 (0.89-1.20) 0.62
1.25(1.11-1.40) < 0.001
1.13 (0.97-1.31) 0.12
Ischemic Stroke - 1.05(0.86-1.30) 0.62
Hemolysis - —— 1.27 (1.03-1.57)  0.024

On-Support Mortality -
Medical Bleeding -
Cannula Site Bleeding -
Limb Ischemia -

try

Renal Injury - |io-| 1.05(0.96-1.16) 0.26
0.1 1 10
Less With More With
Mechanical Unloading Mechanical Unloading

Grandin EW, et al. J Am Coll Cardiol. 2022;79(13):1239-1250.
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Additive benefit of Impella pump on top of VA-ECMO in CS

Results for 30-day mortality

a) ECMO + Impella
(N=30)
IABP ECMO + IABP
(N=2470) (N=597)

ECMO
(N=728)
Impella
(N=346)
TandemHeart
(N=59)
No MCS
(N=6887)

Mechanical circulatory support in patients with
cardiogenic shock not secondary to cardiotomy:
a network meta-analysis

CONGRESSO RoMA, 25 - 27 Giugno 2026

b) Mechanical support Forest plot 0Odds Ratio (95% Crl)
ECMO — 0.37 (0.15-0.90)
ECMO + IABP . 0.19 (0.05-0.63

E— _ —
ECMO + ImEIIa e 0.13 (0.02-0.80!
IABP 0.90 (0.59-1.30)
Impella 0.77 (0.37-1.50)
TandemHeart 0.66 (0.22-1.80)
k t |
0.02 < > 5
Comparator best Reference best

Treatment ranking

c) No MCS
IABP

Impella
TandemHeart
ECMO

ECMO + IABP

0

Benenati S, Porto I, Heart Fail Rev. 2021



The HSM Shock Team approach: IMPELLA CP—>5.0




The HSM Shock Team approach
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC E!

evaluation and
prognostication

EXTREMIS

A patient with refractory shock or actual/i

circulatory collapse.

(A) Modifier:
CA with concern for

anoxic brain injury

A patient who has clinical evidence of shock that worsens or
fails to improve despite escalation of therapy.

CLASSIC

A patient who has clinical evidence of hypoperfusion
that initially requires pharmacologic or mechanical support.
Hypotenslon is usually present.

BEGINNING

A patient who has clinical evidence of hemadynamic
di 2 or abnormal

AT RISK

without t

systemic t

A hemodynamically stable patient who is NOT experiencing
signs or symptoms of CS, but is at risk for its development (i.e.
large AMI or decompensated HF).

Proposed 3-axis model
of cardiogenic shock

Shock severity
¢ SCAl shock stage
¢ Hemodynamics

Cardiogenic

Acute vs..

Chronic shock patient
¢ Clinical
.
e Cardiac vs.
cardiopulmor
. iac arrest with coma
O ence/reversibility

~ of organ failure
e Systemic inflammatory
response
® Frailty/risk of complication

s1aIpow sy

Naidu et al. Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022)
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The HSM protocol

Mancato raggiungimento dei target con terapia medica:
PAM >75 mmHg, FC <110 b/min, PVC 8-12 mmHg, SvcO, >65-70%,
IC >2 I/min/m?, lattati <2 mmol/l, diuresi oraria >1 ml/kg/h

[

PAS 90-100 mmHg

FC 70-100 b/min

Lattacidemia di norma

Normale funzione cognitiva

Estremita fredde

IC 2-2.2 I/min/m?

PCWP <20 mmHg

CPO>1W

Non necessita di inotropi o solo
un farmaco a bassa dose

SHOCK

PAS <90 mmHg

FC >100 b/min

Lattacidemia 2-4 mmol/|
Alterato stato cognitivo

Estremita fredde

IC 1.5-2 I/min/m?

PCWP 20-30 mmHg

CPO 0.6-1 W

1 inotropo a dose medio-alta

|

PAS <90 mmHg

FC >120 b/min

Lattacidemia >4 mmol/l

Ottundimento

Estremita fredde

IC <1.5 I/min/m?

PCWP >30 mmHg

CPO <0.6 W

2 o pil inotropi

Rivalutazione clinica frequente.
In caso di mancata risposta a
terapia medica appropriata:

IABP
(considerare Impella CP o
VA-ECMO se evoluzione a

shock/shock severo)

Disfunz.ione .sini.stra isolata, Ipossiemia pisquione ) Disfunzione
non ipossiemia severa biventricolare isolata del VD
VA-ECMO
Impella RP o
Impella CP +1-Impella CPI2.5 0 IABP so b i
o ur g
Impella CP + RP VA-ECMO

Benenati S et al, G Ital Cardiol (Rome). 2021 Sep;22(9 Suppl 1):295-38S




@QPLACE32 Conclusions

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Inotropes and vasopressors as a bridge to interventions and strategies that improve outcomes

CENTRAL ILLUSTRATION: Cardiogenic Shock Survivorship Continuum

Advanced HF Therapies (LVAD/HT)

------------- > Refractory e —————————
Cardiogenic End-of-life Care
Shock

Survivorship Remission Recovery
Resolution of shock physiology, Sustained myocardial recovery with
gtent myocardial dysfunction durable functional reserve

Native Heart Survival
Survival without LVAD or transplant

In-Hospital Optimization and Postdischarge
Stabilization Trajectory Assessment Shock Care
Early recognition - Hemodynamic support Weaning tMCS - HF GDMT initiation Risk Factor Modification - Surveillance
End organ rescue Target reversible pathophysiology Survivorship clinics

Team-based ;

@l Actionable window for disease-modifying therapy through interdisciplinary care

Postdischarge
Checkpoints Z @ 714days @ 4 6wee|-

Blumer V, et al. JACC. 2026;10.1016/j.jacc.2026.02.5080

$‘@4 roberta.dellabona@gmail.com
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