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Cardiogenic shock pathophysiology and management :/ 3 \\J 7 H% m 7_—\\/ \ 4 X
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. . Goals )
Acute myocardial infarction/ « Timely recognition
decompensated heart failure o livasive hemodynamics
« Minimise inotropes/ ! ;4*

Vasopressors
* Coronary reperfusion

Left ventricular systolic/ : gr’;";;:‘:f SSUDPC(;I';

diastolic dysfunction ulatory supp

« Elevated LVEDP |« Recovery )

¢ Decreased cardiac
output
¢ Decreased coronary Systemic hypoperfusion

rfusion =
peee ki e IABP IMPELLA TANDEMHEART VA-ECMO

* Progressive myocardial dysfunction 0.3-0.5 L/ min 1-5L/ min 2.5-5 L/ min 3-7 L-min
» Multi-organ failure E E B
ek (Impella 2.5, Impella CP, Impella 5)
(' Mcs support considerations ok LY a8 ol A2 A
* Need for support Weeks 7 days 14 days Weeks
* Timing of support
* Right, left, biventricular support 7-8 Fr 13-14 Fr 15-17 Fr Arterial 14-16 Fr Arterial
* Degree of support Impella 5.0 - 21 Fr 21 Fr Venous 18-21 Fr Venous

* Respiratory support

« Institutional availability/expertise
e Continuous clinical reassessment
» Weaning and escalation protocols
e Futility
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LV pressure

Pressure—volume loop
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Pressure—volume loop

ESPVR
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Pressure—volume loop
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LV pressure
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LV pressure

Pressure—volume loop
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VA-ECMO

Veno-arterial (VA) ECMO

supports both heart and lungs

Oxygenator

Drainage cannula

Retum\;annula

Pulmonary circulation

COpry * COpcu

Systemic arculation
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ECMO0-PV loop
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ImpellaG)PV loop

Partial support

Saku et al. A FITEERERAFE
Total support
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Impella partial support
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Impella partial support
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Impella partial support
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Impella total support
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Impella total support

WS =fa sl

TRIRI PV loop



IEED

LVP (mmHg)

LVP (mmHg)

iR dEO6IN2— 2>

150

100

50

150

100

50

No support

50 100 150

150

100

50

150

" 100

50 100 150

50

Impella 2.5

0O 50 100 150
LVV (ml)
0 50 100 150

LVV (ml)

Impella 5.0

150

100 | /

o
2 |
|
|
|

50

0 Il S\mﬂ_J

0O 50 100 150

150

0 50 100 150



<
-1
-l
Ll
Q.
)
L




150

100

50

ECPELLAIC& 3PV LoopO)ZE(L

LV failure
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Oxvygen supply-demand imbalance
= Myocardial ischemia

Therapies for O2 supply 1
Early coronary reperfusion

Hyperoxemia

1

Myocardial
ischemia

Diuretics
Hypothermia
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Impella in AMI reduces MI size

Left Ventricular Support by Catheter-Mounted
Axial Flow Pump Reduces Infarct Size

Bart Meyns, MD, PHD, Jarek Stolinski, MD, Veerle Leunens, Erik Verbeken, MD, PHD,
Willem Flameng, MD, PHD

® Swine Group 1 : Control group

® 1 hr MI and 3 hrs reperfusion Group 2 : Maximum Impella entire exp.
Group 3 : Maximum Impella during reperfusion
Group 4 : Partial Impella during reperfusion

Changes in MVO, MI size (%)
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Impella in AMI reduces MI size

Left Ventricular Support by Catheter-Mounted
Axial Flow Pump Reduces Infarct Size

Bart Meyns, MD, PHD, Jarek Stolinski, MD, Veerle Leunens, Erik Verbeken, MD, PHD,
Willem Flameng, MD, PHD

® Swine Group 1 : Control group

4

1 2 3

© 2 4 s B0 100 120 140 160 180 200 Meyns et al. JACC 2003.



Total support of Impella reduces Mi

and prevents the worsening of HF

QEIQIN el e BIIQI E Circulation: Heart Failure
Left Ventricular Mechanical Unloading by Total Support == 585
of Impella in Myocardial Infarction Reduces Infarct

Size, Preserves Left Ventricular Function, and Prevents
Subsequent Heart Failure in Dogs

® Dog
® 3 hrs MI and reperfusion _ .
® Assessment in a month after MI 20 Infarct size (%)
® [mpella CP
758, LV-PV loop 5 LV-E., (mmHg/ml) _ NT—prSBNP(pg/mI) 15 .
t-Impella .. VR *
100 A 56 +§ 5000 - |
£ 50 | 4000 - _ 10 4
£ 18
S 60 I 1
- (= 3000 | .
[ - T
£ 40 | 2000 * 5 - TI
> i _— I
20 - 7 = 1000 {— -
0 T T 1 O fb 0 (b O
0 15 30 45 & @ & o° & @ 3 o® ?
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Saku et al. Circ Heart Fail 2018.



Total support of Impella reduces Ml

and prevents the worsening of HF

Circulation: Heart Failure

EMERGING INVESTIGATORS.
Curstany Mery Rumsdaing 1 Firsis W

Left Ventricular Mechanical Unloading by Total Support =i ﬁa-‘-ﬂ?

of Impella in Myocardial Infarction Reduces Infarct St M —

Size, Preserves Left Ventricular Function, and Prevents le— o
a = =N 1 a | a [ et st e s

0 15 30 45 ,o@ &
A AN
LV volume-V, (mi) ) < » g <

Saku et al. Circ Heart Fail 2018.
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Ischemia-reperfusion injury

Theoretical infarct size

. in absence of PPCI (AAR)
2 ”
P Myocardium salvaged by
i timely and effective PPCI
”
N ’ 'a . .
D - 1 cté?l infarct size after
. . PP
g Infarction
= due to reperfusion injury
- o S g O Theoretical infarct size
. If reperfusion injury
Infarction oy ented
due to
ischemic injury

Ischemic time Reperfusion time

! ¢
Onset of PPCI
chest pain

Hausenloy et al. JCI 2013.



Pathophysiology of IR injury

Thrombotic Coronary Occlusion
J

ST elevation Myocardial Infarction
}

/ Reperfusion with PCl/Thrombolysis \

ROS | /' Rapid pH

: ; ; Inflammation

Impaired Xanthine L Overload Washout of PRI

i oxidase and Reverse function lactic acid - 2
Metabolism \ mitochondrial of Na*-Ca*+ and activation ce";dohse"g::'omzf:u'es

oxygen exchanger of Na*-HCO ; ¢
‘ transport chain ,\ ) transportara Complement
?d‘;’;h&"ﬁ:.a"d H nrng::tyr taecture Atherothrombotic emboli

FOUYN Py yee Platelet emboli

| Microvascular spasm/edema

Mitochondrial Permeability
Transition Pore Opening
1!
Myocyte and Endothelial Cell Necrosis
}

Lethal Reperfusion Injury

Prasad et al. Circulation 2009.
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Unloading 'before reperfusion

Basic Science Review

Percent (%)

Mechanical Left Ventricular Unloading
Prior to Reperfusion Reduces Infarct Size
in a Canine Infarction Model

Hela Achour, mp, Fernando Boccalandro, mp, Patricia Felli, James Amirian,
Margaret Uthman, mp, Maximillian Buja, mp, and Richard W. Smalling,* mp, php

EICONTROL N=8 [ILV ASSISTPRE N=8 EILV ASSIST POST N=8
80 «
p <0.08
1
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30 9
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10 4
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NFCcolL RN —tEIFPre-PCI

twl o Ceenm]) POIZ5ATL TlmpellaZ R L 1= 75
’ e T Impella Post PCI h‘\\ MI%%o)Eﬁﬁ&)f:%fﬁh‘\E
ol LM Z & US-pella registry £2 ¢VAD

e 2" registry . IQ database THH L VI
154 101 88 79 69 67 63 f; 0 T: O

Number of patients at risk

Figure 3. Kaplan-Meier curve survival to 30 days. CS, cardiogenic shock; DBP, diastolic blood pressure; MAP, mean arterial pressure; MV,
mechanical ventilation; NSTEML non-ST elevation myocardial infarction; PVD, peripheral vascular disease; SBP, systolic blood pressure.

Lower 95% Upper95%
Variable StandardError | Pr> Chi-Square p— Confidence Limit | Confidence Limit
for OddsRatio | for Odds Ratio

Odds Ratio

Age -0.0184 0.00242 <.0001 0.982 0.977 0.986
Gender - Male 0.0362 0.0327 0.2678 1.075 0.946 1.222
PA catheter use 0.2538 0.0298 <,0001 1.661 1.478 1.867

Impella used Pre PCI 0.1467 0.02¢1 <.0001 1.341 1.196 1.503

Impella CP use 0.1241 0.0341 0.0003 1.282 1.121 1.465
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The concept of DTU
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STEMI DTU Pilot trial

DTU-STEMI Results: Primary Safety Outcome
STEMIDTU

Clinical Variable U-IR (n=25) U-DR (n=25)  p-value
CV mortality, n (%) 1(4%) 1(4%) NS

SAFETY & FEASIBILITY STUDY

H H 0,
STEMI patient indicated for PPCI e I ) L L A

z Stroke or TIA, n (%) 1 (4%) 0 NS

Patient meets all inclusion criteria Traditional 30-Day MACCE, n (%) 2 (8%) 1 (4%)
Age 21-80 years . . .
First Ml Major Vascular Events, n (%) 0] 2 (8%)

Acute STEMI (ST elevation 22 mm in 22 contiguous or 24 Total Composite 30-Day MACCE, n (%) 2 (8%) 3 (12%)
mm ST-segment deviation sum in anterior leads)

Presents within 1-6 hrs symptom onset

Informed Consent Infarct Size / Total LV Mass (%) Infarct Size / Area at Risk (%)

*
Enrollment and Randomization pigS3 p=053 b Ll L
n=40 n=236 n=34 n=30

r
] B o oA
30 min unlc\)l’ading, then Initiate utloading, ﬂ E a B H H

PPCI immediate PPCI
p=0.28 p=0.10 p=0.09 p=004
| I n=40 n=35 n=33 n=30

v

Explant Impella after 3-4 hrs support

v

Composite of MACCE at 30 days

0
Total STE>4 STE>5 STE>6 Total STE>4 STE>5 STE>6

— D1 EE Pivotal triall2ES C &L A gELGFL R
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Primary mechanical unloading in high-risk myocardial infarction:
Perspectives in view of a paradigm shift

Luca Baldetti *, Alessandro Beneduce, Federico Pappalardo

Intensive Cardiac Care Unit, Advanced Heart Failure and Mechanical Circulatory Support Program, Cardio-Thoracic-Vascular Department, San Raffaele Scientific Institute, Milan, Italy

/\ . Primary
> PCI

FMC: EMS

A J

strategy
Non-MCS centre
High-risk STEMI identification
(out-of-hospital setting)
* ECG: extensive M|
* Killip Class II-1l
Symptoms onset Hemodynainic instability
High-risk STEMI identification
A (in-hospital setting)
Primary
——p + ECG: extensive M| —p | LV unloading
* Killip Class II-11 strategy

* Hemodynamic instability
FMC: MCS centre * Echo: LV dysfunction
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What's next?



Impella+tlvabradine

Mechano-chronotropic Unloading During the Acute Phase
of Myocardial Infarction Markedly Reduces Infarct Size
via the Suppression of Myocardial Oxygen Consumption

Genya Sunagawa' - Keita Saku® - Takahiro Arimura’ - Takuya Nishikawa' - Hiroshi Mannoji' - Kazuhiro Kamada' -
Kivokazu Abe” - Takuya Kishi” - Hiroyuki Tsutsui' - Kenji Sunagawa*

® Dog
- M-Voébwm ® 3 hrs Ml and 3 hrs reperfusion
mi‘mini s Q
® Treatment started from 1 hr after Ml
® Partial support with Impella CP
.5 . Infarct ratio
Chronotropic (%)
unloading
» 0"
10 - |
60 /
S0 / |
S+ 40 / e
30 ;
: 20 4
3020 2500 104
5 1500 4000 500 o 50 \,\g@o‘“‘ 2 ' ) ‘
VA (g emy, v e Control  Impella Impella
+IVA,

Sunagawa et al. JCTR 2018.



Impella+Landiolol

The effect of combined treatment with Impella® and landiolol
in a swine model of acute myocardial infarction

Isamu Yoshitake - Mitsumasa Hata - Akira Sezai -
Satoshi Unosawa * Shinji Wakui - Haruka Kimura -
Kin-ichi Nakata « Hiroaki Hata +- Motomi Shiono

® Swine _ :
® 2 hrs MI and 4 hrs reperfusion MI size (%)
® Impella LD and landiolol 0.5 mg/kg/min

P<0.001

P<0.001

== 120min === 1 240min

reperfusion phase

Group A

— 90min h no support and physiological saline was given —
as placebo

Group B

reperfusion phase

Circulatry assist with Impella® LD and
== omin ) —— b —
physiological saline was given as placebo

reperfusion phase

Group C

- 90min h Circulatry assist with Impella® LD and — ’ Group A Group B Group C

landiolol was given as active rate control

Yoshitake et al. J Artif Organs 2012.



Impella+Vagal nerve stimulation




iVNS (intravenous VNS)
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