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Importance of nomenclature, definitions & understanding



Importance of nomenclature, definitions & understanding
Unload, offload ...



Importance of nomenclature, definitions & understanding
Unload, offload ... NOT OFFSIDE - s:mply a GOAL !
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Cardiac unloading
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Decreased IMVO Improve Myocardial Limit/reverse
PCWP 2 CBF salvage remodelling

Burkhoff D. Interventional Cardiology Review 2019 %
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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

Leuven, Belgium

OBJECTIVES = We sought to investigate the effect of a catheter-mounted microaxial blood pump (Impella,
Aachen, Germany) on myocardial infarct size.
BACKGROUND The small rotary blood pump Impella provides unloading of the left ventricle and is

introducible via the femoral artery.

METHODS Myocardial infarction was induced by occlusion of major branches of the left anterior
descending coronary artery for 60 min followed by 120 min of reperfusion in 26 sheep. The
%
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Special Issue: EuroELSO 2024 (E:rfuswn
Perfusion
The physiology of venoarterial extracorporeal 6 e Authorty 2024
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Libera Fresiello,' Jeannine A.). Hermens,?® Lara Pladet,’
Christiaan L. Meuwese** and Dirk W. Donker'*?

* Unloading or decompressing strategies:
to reduce mechanical (over-)load on the LV
depends on LV cavity pressures & geometry (Laplace’s law)

* Venting strategies:
to assure transpulmonary & transcardiac blood flow
to prevent LV cavity & aortic root thrombosis

* Combined MCS strategies:
VA ECMO & adjunct device
to increase total systemic blood flow >> VA ECMO alone
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LV Unloading During Veno-Arterial ECMO

comparison of LV unloading interventions
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ASAIO Journal 2019

Left Ventricular Unloading During Veno-Arterial ECMO:
A Simulation Study

Adult Circulatory Support

Dirk W. DONKER,* DANIEL BRODIE, T JOsE P. S. HENRIQUES, ¥ AND MICHAEL BROOMES T I

Table 1. Hemodynamic Data for Normal Physiology, Isolated Left Ventricular (LV) Failure and LV Failure Supported With VA ECMO and Various Adjunct Therapies

LV Coronary
ECMO Heart MAP MPAP LVEDV LVESV LVSV LVEF LV PVA PCWP RAP Flow
Flow (/min) Rate (/min) (mm Hg) (mmHg) (mL) (mL) (mb) (%) (MmHgmL) (mmHg) (mmHg) (ML/min) Qp/Qs’ Comment
1 Normal 0 100 101 17 121 51 70 58% 11,470 r——- 4 164 99%
2 LV heart failure 0 100 61 33 158 127 31 20% 5946 30 11 67 97%
3  +VAECMO 4L/min 4 100 85 36 173 161 12 7% 8076 35 10 106 21% Increase in LV
loading
4 +Afterload | 4 100 65 33 161 134 27 17% 6294 30 10 74 38%
5  +800mL blood volume | + 4 100 65 25 153 135 18 12% 5945 22 3 85 30%
afterload | —

6 +Inotropic support + 4 100 65 22 138 103 36 26% 6305 17 3 90 46%

afterload | p—
7 +lABP (no inotropic 4 100 65 24 149 125 24 16% 5343 21 3 121 36% Increase in

support) coronary flow
8  +Impella 2.5L/min 4 100 72 23 143 131 13 9% 5600 20 3 106 40%
9  +Impella 5.0L/min 4 100 89 19 118 100 18 16% 3775 13 3 159 55%
10 +Impella 5.0L/min + 4 100 65 19 118 100 18 16% 3811 13 3 106 55%

afterload |
11 +ASD 0.5cm? 4 100 58 20 123 114 9 7% 4133 14 4 85 105%
12 +ASD 1.0cm? 4 100 54 19 107 102 4 4% 3158 10 5 84 150%
13 +ASD 1.5cm? 4 100 52 18 98 95 2 2% 2683 8 5 83 175% Risk of LV

thrombus
14 +ASD 1.5cm? + afterload 1 4 100 65 18 98 97 1 1% 2740 8 5 112 177% Risk of LV
— thrombus
15 +Pulmonary artery venting 4 100 63 22 146 130 15 11% 5490 20 3 77 26%
1.50L/min

16  +Left atrial venting 1.25L/ 4 100 63 23 145 130 15 11% 5477 20 3 77 49%

min
17  +Left ventricular venting 4 100 61 23 142 119 23 16% 5120 19 4 74 58%

1.90L/min
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e
The EVOLVE-ECMO randomized controlled trial

118 Patients who had undergone VA-ECMO
were assessed for eligibility

58 Were excluded
7 Met inclusion criteria but

declined to participate
» 51 Met exclusion criteria
22 No pulmonary congestion
15 Severe coagulopathy
A 8 Prolonged (=30 mins) CPR
6 Irreversible brain injury

60 Underwent randomization

l l

30 Were assigned 30 Were assigned
to the early LV unloading group to conventional group
30 (100.0%) Were included 30 (100.0%) Were included
in the final analysis in the final analysis

Figure 1 Study flow-chart. CPR, cardiopulmonary resuscitation; LV, left ventricular; VA-ECMO, venoarterial extracorporeal membrane
oxygenation.

Park H et al. Eur Heart J 2023
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The EVOLVE-ECMO randomized controlled trial

118 Patients who had undergone VA-ECMO
were assessed for eligibility

58 Were excluded
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e
The EVOLVE-ECMO randomized controlled trial

Early versus late LV unloading

LV unloading during VA-ECMO - 86.7% of all cases !

* 29 (96.7%) cases - early LV unloading
LV unloading after VA-ECMO initiation; median 2.4 h (1.2-7.9 h)

« 23 (76.7%) cases - conventional LV unloading group
LV unloading after VA-ECMO initiation; median 48.4 h (47.8-96.5 h)

30 Were assigned 30 Were assigned
to the early LV unloading group to conventional group
30 (100.0%) Were included 30 (100.0%) Were included
in the final analysis in the final analysis

Figure 1 Study flow-chart. CPR, cardiopulmonary resuscitation; LV, left ventricular; VA-ECMO, venoarterial extracorporeal membrane

oxygenation.
Park H et al. Eur Heart J 2023 %g



e
The EVOLVE-ECMO randomized controlled trial

Table 2 Medication, vital signs, and laboratory data at randomization

Early LV unloading Conventional LV unloading

30 (100.0%) Were included
in the final analysis

30 (100.0%) Were included
in the final analysis

group (n=30) group (n=30) p-value
Medication at randomization, n (%)
IV dobutamine 12 (40.0) 9 (30.0) 0.417
IV dopamine 7 (23.3) 7 (23.3) 0.999
IV norepinephrine 26 (86.7) 26 (86.7) 0.999
IV milrinone 1(3.3) 1(3.3) 0.999
IV vasopressin 15 (50.0) 10 (33.3) 0.190
IV furosemide 9 (30.0) 9 (30.0) 0.999
Vital signs at randomization
Systolic blood pressure, mmHg 95.8+25.2 863+17.2 0.099
Diastolic blood pressure, mmHg 69.0+205 63.7+17.0 0.288
Mean blood pressure, mmHg 77.9+20.4 719+ 151 0.206
Heart rate, bpm 82.2+280 93.8+29.2 0.124
| |

Figure 1 Study flow-chart. CPR, cardiopulmonary resuscitation; LV, left ventricular; VA-ECMO, venoarterial extracorporeal membrane

oxygenation.

Park H et al. Eur Heart J 2023



LV Unloading During Veno-Arterial ECMO
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LV Unloading During Veno-Arterial ECMO
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LV Unloading During Veno-Arterial ECMO

simulation study
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LV Unloading During Veno-Arterial ECMO
simulation study
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Cardiac energetics physics meets biology !?
Effect of contractility on oxygen consumption

)
£ -

Increased
Contractility

MVO2 (ml O2/beat)

PVA (mmHg.ml)

Burkhoff D. et al. Catheterization and Cardiovascular Interventions 2012



Cardiac energetics in physics
Pressure volume loop area and heart rate

Increased
Heart Rate

MV02 (ml 02/beat)

PVA (mmHg.ml)

Burkhoff D. RadcliffCardiology 2021 %%



e
The EVOLVE-ECMO randomized controlled trial

Table 2 Medication, vital signs, and laboratory data at randomization

Early LV unloading Conventional LV unloading
group (n=30) group (n=30) p-value
Medication at randomization, n (%)
IV dobutamine 12 (40.0) 9 (30.0) 0.417
IV dopamine 7 (23.3) 7 (23.3) 0.999
IV norepinephrine 26 (86.7) 26 (86.7) 0.999
IV milrinone 1(3.3) 13.3) 0.999
IV vasopressin 15 (50.0) 10 (33.3) 0.190
IV furosemide 9 (30.0) 9 (30.0) 0.999
Vital signs at randomization
Systolic blood pressure, mmHg 95.8+25.2 863+172 0.099
Diastolic blood pressure, mmHg 69.0+205 63.7+17.0 0.288
Mean blood pressure, mmHg 77.9+20.4 719+ 151 0.206
Heart rate, bpm 82.2+28.0 93.8+29.2 0.124

Pulmonary oedema on chest radiography, n (%) 29 (96.7) 29 (96.7)

LA pressure on catheterization, mmHg 17.9+10.2 21.9+119

Figure 1 Study flow-chart. CPR, cardiopulmonary resuscitation; LV, left ventricular; VA-ECMO, venoarterial extracorporeal membrane
oxygenation.

Park H et al. Eur Heart J 2023
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The EVOLVE-ECMO randomized controlled trial

Therapeutic trial - early versus late LV unloading

Earl!! LV unloadinq strateqv No differencein clinical outcomes
LV unloading performed .
atthe time of VA-ECMO insertion (E[a;:’yp Con;‘e‘;::)nal
\ (n=30) (n=30)
b Fopiind 70.0% 76.7% ns
'eaning
Significantpulmonary oedema or Survival to
5 - 53.5% 50.0% ns
AV closureduringVA-ECMO discharge
- In-hospital CV
mortality 16.7% 16.7% ns
|
Bridge to HT or
LVAD 40.0% 36.7% ns
o Duration of
Randomization mechanical 12.9days 36.4days ns
1:1 ventilation
Conventional strategy Length of ICU
LV unloading performed when medically refractory stay & daye i i
pulmonary oedema identified
Adverse events 53.3% 76.7% ns
=l \ _
| ong | " Improvement of pulmonary congestion
\j ' E only in the early group
‘“‘ Farly LY unleading graup ®) Conventions! LV wnlonding grovp
: 20807 17406 H 20207 1.9:0.7

Park H et al. Eur Heart J 2023



Clinical intuition driven LV unloading ...

Intra-Aortic Balloon Pump Effects jon
Macrocirculation and Microcirculation in
Cardiogenic Shock Patients Supported by
Venoarterial Extracorporeal Membrane Oxygenation*

Thibaut Petroni, MD'; Anatole Harrois, MD, PhD? Julien Amour, MD, PhD’;
Guillaume Lebreton, MD* Nicolas Brechot, MD, PhD'; Sébastien Tanaka, MD?;
Charles-Edouard Luyt, MD, PhD!; Jean-Louis Trouillet, MD'; Jean Chastre, MD';
Pascal Leprince, MD, PhD?* Jacques Duranteau, MD, PhD? Alain Combes, MD, PhD!

Petroni T et al. Crit Care Med. 2014 %%
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PCWP with/ without JABP during ECMO
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Pulmonary Artery Occlusion Pressure
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Petroni T et al. Crit Care Med. 2014 %%



Original scientific paper

European Heart Journal

Acute @

Cardiovascular cureeean
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Intra-aortic balloon pump protects
against hydrostatic pulmonary
oedema during peripheral
venoarterial-extracorporeal
membrane oxygenation

Nicolas Bréchot':2, Pierre Demondion3?#, Francesica Santi?,
Guillaume Lebreton?4, Tai Pham?$, Apostolos Dalakidis’,

European Heart Journal: Acute Cardiovascular Care
-8

© The European Society of Cardiology 2017
Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav

DOI: 10.1177/2048872617711169
journals.sagepub.com/home/acc

®SAGE

Laetitia Gambotti®, Charles-Edouard Luyt!4, Matthieu Schmidt!'+4,

Guillaume Hekimian'#, Philippe Cluzel*’, Jean Chastre'#,
Pascal Leprince?®* and Alain Combes'+*



IABP protects against hydrostatic pulmonary edema
during peripheral VA ECMO

g %4 ner
< -~ |ABP*
W oo
o o
: P <0.001
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e | | | | |
0 1 2 3 4 5 6 7
No. at risk Days
IABP- 155 129 103 77 28
IABP* 104 96 89 68 42

Bréchot N et al. Eur Heart J: Acute Cardiovasc Care 2017 %
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ORIGINAL RESEARCH ARTICLE

Early Left Ventricular Unloading or Conventional

Approach After Venoarterial Extracorporeal
Membrane Oxygenation: The |EARLY-UNLOAD
Randomized Clinical Trial

Min Chul Kim®, MD, PhD; Yongwhan Lim‘, MD; Seung Hun Lee, MD, PhD; Yoonmin Shin, MD; Joon Ho Ahn, MD, PhD;
Dae Young Hyun®, MD, PhD; Kyung Hoon Cho®2, MD, PhD; Doo Sun Sim‘2, MD, PhD; Young Joon Hong‘2, MD, PhD;

Ju Han Kim, MD, PhD; Myung Ho Jeong‘®, MD, PhD; Yong Hun Jung, MD, PhD; In-Seok Jeong, MD, PhD;

Youngkeun Ahn®, MD, PhD

Circulation 2023 %%
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Early LV unloading versus Conventional VA ECMO

Prophylactic trial - randomized transseptal LA venting

| 228 Patients were assessed for eligibility |

112 Were ineligible
78 Did not meet inclusion criteria
16 Had post-cardiotomy cardiogenic shock
41 Remained comatose after E-CPR
13 Were < 19 years of age
8 Received VA-ECMO for non-cardiac causes of shock
2 Declined to participate
7 Were not available to obtain informed consent immediately
25 Had other reasons
21 Received VV-ECMO
2 Had been enrolled in another trial
2 Received VA-ECMO in another hospital

116 Underwent randomization

58 Were assigned to receive early LV unloading with transseptal cannulation 58 Were assigned to receive conservative approach
53 Received assigned treatment 55 Received assigned treatment
5 Did not receive assigned treatment 3 Received early transseptal cannulation
1 Had anomalous iliac vein anatomy 3 Had refractory pulseless ventricular arrhythmia
2 Received transseptal cannulation 2 12 hours 29 Received rescue transseptal cannulation

2 Decided not to receive transseptal cannulation by medical staffs

58 Were included in the intention-to-treat analysis 58 Were included in the intention-to-treat analysis

Kim MC et al. Circulation 2023



Early LV unloading versus Conventional VA ECMO
Randomized transseptal LA venting
100;

HR 1.02 (95% CI, 0.59 to 1.74),
P=0.96 by log-rank test
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Days since enroliment
No. at risk
Early 58 53 45 39 35 33 31
Conventional 58 51 43 40 38 35 32

Kim MC et al. Circulation 2023 %%
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Early LV unloading versus Conventional VA ECMO

Randomized transseptal LA venting

Early Conventional

Subgroup N(%) N(%) Hazard Ratio Pvalue P for interaction
Overall ~ 27/58 (46.6%) 26/58 (44.8%) }_L—| 0.942
Age, years 0.164
<70 10/24 (41.7%) 8/28 (28.6%) } = I 0334
=270 17/34 (50%) 18/30 (60%) : » } 0.325
Sex 0924
Female  10/19 (526%)  7/15 (46.7%) | . | 0.971
Male  17/39 (43.6%) 19/43 (44.2%) } » : 0.965
Origin of cardiogenic shock 0.215
Non-ischemic 7/19 (36.8%) 10/20 (50%) } | 0.355
Ischemic ~ 20/39 (51.3%) 16/38 (42.1%) - - | 0.426
Extracorporeal CPR 0.746
No  16/33 (48.5%) 13/30 (43.3%) } L ] | 0.789
Yes 11/25 (44%) 13/28 (46.4%) | =» | 0.823
[ 1 I 1
0.20 050 10 20 500
<--- Early better Conventional better --->

Kim MC et al. Circulation 2023
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Early LV unloading versus Conventional VA ECMO

Prophylactic trial - randomized transseptal LA venting

e ‘1sY RCT ‘early routine LV unloading’ vs conventional VA ECMO

 Early =<12 h after VA ECMO
* No reduction of all-cause mortality at short term (30 days)

* 50% crossed over for ‘rescue LV unloading - clear indication’

* Increased afterload

e LV distension with blood stagnation

* No or minimal opening of AoV with no or minimal arterial pulse wave
* Medically refractory pulmonary congestion

Kim MC et al. Circulation 2023 %%
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Early LV unloading versus Conventional VA ECMO

Randomized transseptal LA venting
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More evidence-for LV unloading ... ?
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ASAIO Journal 2019
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Adult Circulatory Support

Simultaneous Venoarterial Extracorporeal Membrane
Oxygenation and Percutaneous Left Ventricular Decompression

Therapy with Impella Is Associated with Improved Outcomes

in Refractory Cardiogenic Shock

SANDEEP M. PATEL,* JERRY LiPINSKI, T SADEER G. AL-KINDI, ¥ TORAL PATEL,§ PETAR SARIC,§ JUN LI, ¥ FAHD NADEEM,
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CENTRAL ILLUSTRATION Left Ventricular Unloading During Venoarterial Extracorporeal Membrane Oxygenation

Unloading
Events Total

No Unloading
Events Total

Risk Ratio
Mantel-Haenszel, Random, 95% CI

Study or Subgroup

Weight

1.1.1 Intra-Aortic Balloon Pump

Aoyama, 2014 22 35 2 3 1.2%
Aso, 2016 330 604 708 1,046 14.3%
Brechot, 2018 45 104 92 155 75%
Doll, 2004 105 143 62 76 11.7%
Kai Chen, 2018 17 38 17 22 3.9%
Lin, 2016 144 302 110 227 10.3%
Overtchouk, 2018 33 63 34 43 6.7%
Park, 2014 21 M 30 55 4.5%
Ro, 2014 M 60 139 193 9.7%
Sakamoto, 2012 62 94 4 4 5.6%
Tepper, 2018 15 30 22 30 3.9%
Wang, 2013 13 | 31 46 3.0%
Subtotal (95% CI) 1,555 1,900 82.3%
Total events 848 1,251

1.1.2 Percutaneous Left-Ventricular Support

Akanni, 2018 16 29 100 196 5.0%
Pappalardo, 2017 16 34 98 123 4.7%
Patel, 2018 17 30 28 36 4.9%
Subtotal (95% CI) 93 355 14.6%
Total events 49 226

1.1.3 Right Upper Pulmonary Vein or Transseptal Left Atrial Cannula
Poptsov, 2014 2 28 6 18 0.4%
Shmack, 2017 9 20 21 28 2.7%
Subtotal (95% CI) 48 46 3.1%
Total events 1 27

Total (95% CI) 1,696 2301 100.0%
Total events 908 1,504

Russo, J.J. et al. J Am Coll Cardiol. 2019;73(6):654-62.
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The association between left ventricular unloading during VA-ECMO for cardiogenic shock and all-cause mortality was assessed before and after stratification by left
ventricular unloading strategy (IABP, pVAD, or RUPV or trans-septal left atrial cannula). The Mantel-Haenszel method was used to examine the overall risk ratio
associated with left ventricular unloading during VA-ECMO using a random effects model. Left ventricular unloading during VA-ECMO for cardiogenic shock was
associated with reduced mortality (RR: 0.79; 95% Cl: 0.72 to 0.87; p < 0.00001). There was no heterogeneity in this association in relation to the specific left
ventricular unloading strategy used (p = 0.47). Cl = confidence interval; IABP = intra-aortic balloon pump; LA = left atrial; pvAD = percutaneous ventricular assist
device; RR = relative risk; RUPV = right upper pulmonary vein; VA-ECMO = venoarterial extracorporeal membrane oxygenation.
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ASAIO Journal 2019 Adult Circulatory Support

Simultaneous Venoarterial Extracorporeal Membrane
Oxygenation and Percutaneous Left Ventricular Decompression
Therapy with Impella Is Associated with Improved Outcomes
in Refractory Cardiogenic Shock
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Figure 1. A: 30 day and (B) 1 year Kaplan—-Meier survival estimates demonstrating statistically significant and maintained improved cumulative
survival for the ECPELLA strategy as compared with VA-ECMO strategy. VA-ECMO, venoarterial extracorporeal membrane oxygenation. [full color
O




LV Unloading &
Reduced Mortality in VA ECMO

100% == VA-ECMO, matched
== ECMELLA
o
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°
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o 50%
g HR 0.79 (95% CI 0.63-0.98, p=0.03)
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8
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2 (]
o
0%
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Time (days)
Number at risk
VA-ECMO, matched { 255 132 89 76
ECMELLA{ 255 165 115 88
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Schrage B et al. Circulation 2020 %%



LV Unloading &
Reduced Mortality in VA ECMO

30-day mortality
Variable N  ECMELLA  VA-ECMO ) ~ HR(95% Cl)  p-interaction
Age NS
<52years 167  41.4% (36/87) 46.3% (37/80) } = | 0.81 (0.52-1.29)
52-62years 173  59.3% (48/81) 68.5% (63/92) [ E— 0.75 (0.52-1.09)
>62years 170  70.1% (61/87) 74.7% (62/83) —— 0.80 (0.56-1.14)
Sex 0.19
Female 120  46.7% (28/60) 63.3% (38/60) } L | | 0.59 (0.36-0.96)
Male 390  60.0% (117/195)  63.6% (124/195) —— 0.85 (0.66-1.10)
Cause of CS 0.84
AMI 321 56.6% (90/159)  61.7% (100/162) —— 0.80 (0.60-1.06)
Non-ischemic 187  57.3% (55/96) 66.7% (62/91) [ 0.76 (0.53-1.10)
Prior cardiac arrestr - - - o - 0.14
Yes 341  59.4% (101/170)  70.2% (120/171) —a— 0.69 (0.53-0.90)
No 169 51.8% (44/85) 50.0% (42/84) . 1.01 (0.66-1.55)
eCPR 0.39
Yes 172 70.2% (59/84) 73.9% (65/88) i 0.90 (0.64-1.29)
No 338  50.3%(86/171)  58.1%(97/167) —a— 0.74 (0.55-0.99)
Lactate NS
<5mmoll 150  44.3% (31/70) 43.8% (35/80) } o1 | 0.99 (0.61-1.60)
5-10.8mmoll 159  61.0% (47/77) 76.8% (63/82) i 0.68 (0.47-0.99)
>10.8 mmoll 138  67.2% (43/64) 74.3% (55/74) —— 0.66 (0.44-0.98)
SAVE score ' - - o ~ Ns
>6 130  47.8% (33/69) 59.0% (36/61) } i} ] 0.70 (0.44-1.12)
6--11 143 57.3% (43/75) 63.2% (43/68) . 0.85 (0.56-1.30)
<11 112 750%(48/64)  81.3% (39/48) —a—  0.70(0.46-1.06)
SAPS I NS
<62 134  43.7% (31/71) 61.9% (39/63) } o) i 0.58 (0.36-0.92)
5276 151  59.2% (42/71) 60.0% (48/80) - 0.90 (0.59-1.36)
>76 137 72.0% (59/82) 74.6% (39/41) . 0.85 (0.57-1.27)
Overall 510 56.9% (145/255) 63.5% (162/255) e  0.79(0.63-0.98)  0.03
I T 1 T T 1
0.30 0.50 075 10 125 15175
Favors ECMELLA <=sss) Favors VA-ECMO

Figure 3. Association between ECMELLA use and 30-day all-cause mortality in prespecified subgroups.

Schrage B et al. Circulation 2020



LV Unloading &
Reduced Mortality in VA ECMO comes at a price!?

Severe bleeding
Variable N ECMELLA VA-ECMO ~OR (95% Cl)  p-interaction
Age ) NS
<52 years 165 37.9% (33/87) 32.2% (19/78) b 1.90 (0.97-3.77)
52-62 years 172 42.0% (34/81) 18.7% (17/91) . 3.15 (1.60-6.38)
>62 years 170 35.6% (31/87) 10.8% (9/83) ——M—) 4.55(2.08-10.86)
Sex 0.05
Female 120 51.7% (31/60) 15.0% (9/60) M 6.06(2.62-15.17)
Male 387  40.0% (67/195) 18.8% (36/192) —— 2.27 (1.43-3.65)
Cause of CS 0.08
AMI 320  40.3% (64/159) 17.5% (24/161) —a— 3.85 (2.27-6.68)
Non-ischemic 187  35.4% (34/96)  23.1% (21/91)  h——F—— 1.83(0.97-3.51)
Prior cardiac anesf ) ) 0.43
Yes 339  42.9% (73/170) 18.9% (32/169) —— 3.22 (1.99-5.31)
No 168 29.4% (25/85) 15.7% (13/83) } = i 2.24 (1.07-4.88)
eCPR 0.47
Yes 171 45.2% (38/84) 25.3% (22/87) —a— 2.44 (1.29-4.71)
No 336  35.1%(60/171)  13.9% (23/165) —a— 13.34(1.97-5.82)
Lactate NS
<5 mmoll 149 27.1% (19/70) 13.9% (11/79) o 2.30 (1.02-5.41)
5-10.8 mmol/l 159 46.8% (36/77) 15.9% (13/82) —— 4.66(2.26-10.08)
>10.8 mmol/l 136 43.8% (28/64) 22.2% (16/72) ! = 2.72 (1.31-5.82)
SAVE score NS
>6 130 31.9% (22/69) 14.8% (9/61) [ i} 2.70 (1.16-6.74)
6--11 143 38.7% (29/75) 22.1% (15/68) i m { 2.23 (1.08-4.75)
<11 112 547%(35/64)  35.6% (16/45) . ~ 219(1.01-4.87)
SAPS Il NS
<52 134 33.1% (24/71) 20.6% (13/63) | ] | 1.96 (0.91-4.40)
52-76 151 26.8% (19/71) 18.8% (15/80) +—F— 1.58 (0.74-3.46)
>76 137 52.4% (43/82) 30.8% (16/52) b L 2.48 (1.21-5.25)
Overall 507 38.4% (98/255) 17.9% (45/252) e 2.87 (1.92-4.35) <0.01
I T 1
0.90 25 50 75
» Higher likelihood in
ECMELLA

Figure 4. Association between ECMELLA use and severe bleeding in prespecified subgroups.

Schrage B et al. Circulation 2020




LV Unloading &
Reduced Mortality in VA ECMO comes at a price!?

Intervention due to access-
site related ischemia

Variable N ECMELLA VA-ECMO OR (95% CI) p-interaction
Age NS
<52 years 165 24.1% (21/87) 12.8% (10/78) t : ! 2.16 (0.97-5.12)
52-62 years 172 24.7% (20/81) 15.4% (14/91) ¢ s | 1.80 (0.85-3.93)
>62years 170  16.1%(14/87)  8.4% (7/83) ¢ = i  208(0.82-577)
Sex 0.38
Female 120 21.7% (13/60) 16.7% (10/60) ++—lF— 1.38 (0.56-3.53)
Male 387  21.5% (42/195) 10.9% (21/192) e 2.24 (1.28-4.01)
Cause of CS 0.66
AMI 320  21.4% (34/159) 13.0% (21/161) H—— 1.81 (1.01-3.33)
Non-ischemic 187 21.9% (21/96) 11.0% (10/91) . ! 2.27 (1.02-5.32)
Prior cardiac arresf - o o ) ) 0.21
Yes 339  25.3% (43/170) 12.4% (21/169) —— 2.39 (1.36-4.30)
No 168 14.1% (12/85) 12.1% (10/83)  +-ill— 1.20 (0.49-3.01)
eCPR o o o 021
Yes 171 29.8% (25/84) 12.8% (11/87) I o { 2.93 (1.36-6.65)
No 336  17.5% (30/171)  12.1% (20/165) ——lF— ~ 1.54(0.84-2.88)
Lactate NS
<5mmoll 149 18.6% (13/70) 8.9% (7/79) } i ] 2.35 (0.90-6.60)
5-10.8 mmolll 159 20.8% (16/77) 13.4% (11/82) ¢ ' ] | 1.69 (0.74-4.02)
>10.8 mmoll 136 31.3% (20/64)  11.1% (8/72) b L) ) 3.64(1.52-9.46)
SAVE score NS
>6 130 20.3% (14/69) 8.2% (5/61) = ) 2.85(1.02-9.31)
6--11 143 22.7% (17/75) 13.2% (9/68) ¢ il ! 1.92 (0.81-4.84)
<11 112 26.6% (17/64) 6.7% (3/45) p—— M 5.06 (1.57-22.79)
SAPS II NS
<52 134 15.5% (11/71) 9.5% (6/63) ¢ L 3 1' 1.74 (0.62-5.34)
52-76 151 18.3% (13/71) 15.0% (12/80) H—ll— 1.27 (0.54-3.03)
>76 137 30.5% (25/82) 15.4% (8/52) I =4 { 2.41 (1.03-6.19)
Overall 507 21.6% (55/255) 12.3% (31/252) | o ©1.96 (1.22-3.20)  <0.01
I 1 I 1
0.90 25 50 75
» Higher likelihood in
ECMELLA

Figure 5. Association between ECMELLA use and intervention because of access site—related ischemia in prespecified subgroups.

Schrage B et al. Circulation 2020
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Mechanical Unloading in Fulminant Myocarditis
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Mechanical Unloading in Fulminant Myocarditis
PROPELLA Concept
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ECPR - AMI ECMELLA vs VA ECMO survival

unmatched vs. propensity score-matched
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Early Impella Support in Postcardiac Arrest
Cardiogenic Shock Complicating Acute
Myocardial Infarction Improves Short- and

Long-Term Survival®

OBJECTIVES: Early mechanical circulatory support with Impella may im-
prove survival outcomes in the setting of postcardiac arrest cardiogenic
shock after out-of-hospital cardiac arrest complicating acute myocardial
infarction. However, the optimal timing to initiate mechanical circulatory
support in this particular setting remains unclear. Therefore, we aimed to
compare survival outcomes of patients supported with Impella 2.5 before
percutaneous coronary intervention (pre-PCl) with those supported after
percutaneous coronary intervention (post-PClI).

DESIGN: Retrospective single-center study between September 2014
and December 2019 admitted to the Cardiac Arrest Center in Marburg,
Germany.

PATIENTS: Out of 2,105 patients resuscitated from out-of-hospital car-
diac arrest due to acute myocardial infarction with postcardiac arrest
cardiogenic shock between September 2014 and December 2019 and
admitted to our regional cardiac arrest center, 81 consecutive patients re-
ceiving Impella 2.5 during admission coronary angiogram were identified.

OUTCOMES/MEASUREMENTS: Survival outcomes were com-
pared between those with Impella support pre-PCI to those with support
post-PCI.

Crit Care Med 2021
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Impella 2.5 - AMI shock post cardiac arrest

pre PCl vs. post PCI
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Preclinical LV unloading

Animal /device
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Study design

Group 1: reperfusion only (control)

Group 2: full support from onset of ischemia (60 min)
and during reperfusion

Group 3: full support during reperfusion

Group 4: partial support during reperfusion

Group 1: reperfusion only (control)
Group 2: 60 min support before reperfusion

Group 1: reperfusion only (control)

Group 2: 15 min support before reperfusion

Group 3: 30 min support before reperfusion

Group 4: 60 min support before reperfusion

Group 5: 30 min reperfusion followed by LV unloading
and an additional 120 min reperfusion

Group 1: reperfusion only (control)
Group 2: support (90 min after onset of ischemia and
during reperfusion)

Group 1: reperfusion only (control)

Group 2: 15 min support before reperfusion
Group 3: 30 min support before reperfusion
Group 4: 30 min reperfusion followed by 90 min
reperfusion with support

Group 1: sham (thoracotomy only)

Group 2: reperfusion only (control)

Group 3: partial support (60 min after onset of ischemia
to 60 min after reperfusion)

Group 4: full support (60 min after onset of ischemia to
60 min after reperfusion)

Group 1: 30 min continued occlusion (control)

Group 2: 30 min Impella support before reperfusion
Group 3: 30 min extracorporeal membrane oxygenation
support before reperfusion

Group 1: reperfusion only (control)
Group 2: support only before reperfusion
Group 3: support with immediate reperfusion

Infarct size end point

Infarct percent size
(TTC and Evan’s blue)
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67.2 4+ 4.6%

Group 2:

18.1 + 10%

Group 3:

41.6 £ 58%

Group 4: 54.0 + 8%
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3534+6.2%
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18.1+4.8%
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Group 1: 52 + 15%
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54.7 + 20.3%
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43.3 +24.6%
Group 3:
22.1 +£13.4%

Study (year)

Meyns et al. (2003)

Kapur et al. (2015)

Kapur et al. (2015)1

Sun et al. (2015)

Esposito
etal. (2018)

Saku et al. (2018)

Briceno et al. (2019)

Ko et al. (2020)

1This preclinical study was reported in a TCT presentation. An additional metric of infarct size reduction, infarct size as percentage of area at risk, was presented as a figure accompanying the presentation; however, exact measurements
were not provided. Per the figure bar charts, infarct size as a percentage of area-at-risk was ~67% in group 1, ~60% in group 2, ~30% in group 3, ~40% in group 4 and ~55% in group 5, indicating that best infarct size outcome
was achieved with 30 min of unloading prior to reperfusion.
#nfarct percent sizes in group 2 and 4 were not provided; however, the authors state that unloading followed by perfusion in these two groups failed to reduce infarct size compared with reperfusion alone.
LAD: Left anterior descending; LCx: Left circumflex; LV: Left ventricle; NA: Not available; NS: No significant reduction; TTC: Triphenyltetrazolium chloride.

Parikh MJ et al. Future Cardiol. 2021
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pre PCl vs. post PCI
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3-5 Day IS/AAR (%)

30-day IS/TLVM (%)

24 25 26 27 28
Z ST-Segment Elevation (mm)

30-day Infarct Size / Total LV Mass (%)

24 25 26 27 28
I ST-Segment Elevation (mm)

3-5 Day IS/TLVM (%)

MVO (%)

7.0

3-5 day Infarct Size / Total LV Mass (%) U-IR

24 25 26 27 28
I ST-Segment Elevation (mm)

Microvascular Obstruction (%)

£ ST-Segment Elevation (mm)
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FIGURE 1 Study Flowchart

855 registrations of CS patients
treated with and without active LV
unloading on top of VA-ECMO

= 352 patients without active
LV unloading on top of VA-
ECMO

= 19 patients with missing
information on the interval
between active LV unloading
and VA-ECMO implantation

= 63 patients in whom the
interval between active LV
unloading and VA-ECMO
implantation was >24 hours

421 CS patients treated with active
LV unloading on top of VA-ECMO

310 CS patients with early
active LV unloading
(implantation 24 hours
before until 2 hours after
VA-ECMO implantation

111 CS patients with

v | delayed active LV unloading

(implantation >2 hours after
VA-ECMO implantation)

CS = cardiogenic shock; LV = left ventricular; VA-ECMO = venoarterial extracorporeal
membrane oxygenation therapy.
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FIGURE 2 Association Between Timing of Active LV Unloading and 30-Day All-Cause Mortality as Well as Safety Endpoints

Outcome Odds ratio/Hazard ratio  P-value

Bleeding complications

Intracerebral bleeding é. i 0.29 (95%Cl 0.07-1.2) 0.09

Severe bleeding l 7 | 1.02 (95%Cl 0.5-2.07) 0.95

Moderate bleeding I . { 0.67 (95%CI 0.34-1.31) 0.24

Bleeding requiring an intervention ——— > 2.47 (95%CI 0.84-7.22) 0.1
Hemolysis I I | 0.62 (95%Cl 0.34-1.12) 0.11

Ischemic complications

Access-site related ischemia t . 0.52 (95%Cl1 0.27-1) 0.05
Abdominal compartment } . { 0.84 (95%Cl 0.42-1.69) 0.63
Bowel ischemia <. { 0.29 (95%Cl 0.07-1.3) 0.11

Other complications

Stroke 1 i 0.42 (95%Cl 0.2-0.9) 0.03
Hypoxic brain damage k . 1.7 (95%C1 0.6-4.84) 0.32
Renal replacement therapy F 7 | 1.18 (95%CI 0.65-2.13) 0.59
Sepsis I B { 0.61 (95%Cl 0.35-1.07) 0.08
30-day mortality e 0.64 (95%Cl 0.46-0.88) <0.01
T T T T T 1
0.25 0.50 1.5 20 2530

Lower with early active LV unloading <4sss Higher with early active LV unloading

Abbreviation as in Figure 1.

Schrage B et al. J Am Coll Cardiol HF 2023



CENTRAL ILLUSTRATION Association Between Timing of Active LV Unloading and
30-Day Mortality

1.8 -

1.5 7

1.2 4

Hazard Ratio

Higher relative risk when

1.0
used as a bail-out approach

0.8 -

-20 -10 0 10 20
Hours
Active LV unloading «— Active LV unloading
before VA-ECMO implantation after VA-ECMO implantation

Schrage B, et al. J Am Coll Cardiol HF. 2023;11(3):321-330.

The y-axis displays the interval between initiation of active left ventricular (LV) unloading and venoarterial extracorporeal membrane
oxygenation (VA-ECMO) implantation in hours, with negative values indicating initiation of active LV unloading before VA-ECMO
implantation. The x-axis displays the HR for the outcome of 30-day mortality based on an adjusted Cox regression model.

Schrage B et al. J Am Coll Cardiol HF 2023
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Outcomes During VA ECMO
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LV Mechanical Unloading &
Outcomes During VA ECMO

-#- Mechanical Unloading
-%- |ABP Use

-4~ pVAD Use

VA-ECMO Cases

Adj. OR (95% CI) P Values

In-Hospital Mortality -

|-.-|
On-Support Mortality - o

Medical Bleeding A
Cannula Site Bleeding -
Limb Ischemia -
Ischemic Stroke -
Hemolysis -

Renal Injury -

0.1

Less With
Mechanical Unloading

Grandin EW et al. JACC 2022
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Left Ventricular Unloading With Impella Versus IABP 1)

Check for

in Patients With VA-ECMO: A Systematic Review and ™~
Meta-Analysis

Kruti D. Gandhi, MD™', Errol C. Moras, MD™', Shailesh Niroula, MBBS",

Persio D. Lopez, MD MSHS", Devika Aggarwal, MBBS", Kirtipal Bhatia, MD", Yoni Balboul, MD",
Joseph Daibes, DO®, Ashish Correa, MDY, Abel Casso Dominguez, MD", Edo Y. Birati, MD",
David A. Baran, MD", Gregory Serrao, MD", Kiran Mahmood, MD",

Saraschandra Vallabhajosyula, MD, MSc¥, and Arieh Fox, MD""*

Venoarterial extracorporeal membrane oxygenation (VA-ECMO) use for circulatory sup-
port in cardiogenic shock results in increased left ventricular (LV) afterload. The use of
concomitant Impella or intra-aortic balloon pump (IABP) have been proposed as adjunct
devices for LV unloading. The authors sought to compare head-to-head efficacy and safety

outcomes between the 2 LV unloadmg strategles We conducted a search of Medlme,

IABP in patnents on VA ECMO The prlmary outcome of mterest was in- hospltal mortal-
ity. The secondary outcomes included transition to durable LV assist devices/cardiac
transplantation, stroke, limb ischemia, need for continuous renal replacement therapy,
major bleeding, and hemolysns Pooled risk ratios (RRs) with 95% confidence interval and
heterogeneity statistic I” were calculated using a random-effects model. A total of 7 obser-
vational studies with 698 patients were included. Patients on VA-ECMO unloaded with
Impella vs IABP had similar risk of short-term all-cause mortality, deﬁned as either 30-
day or in-hospital mortality- 60.8% vs 64.9% (RR 0.93 [0.71 to 1. 21], 1> =71%). No signifi-
cant difference was observed in transition to durable LV assist devices/cardiac transplan-
tation, continuous renal replacement therapy initiation, stroke, or limb ischemia between
the 2 strategies. However, the use of VA-ECMO with Impella was associated with
increased risk of major bleeding (57.2% vs 39.7%) (RR 1.66 [1.12 to 2.44], I’ = 82%) and
hemolysis (31% vs 7%) (RR 4.61 [1.24 to 17.17], 12 = 66%) compared with VA-ECMO,
along with IABP. In conclusion, in patients requiring VA-ECMO for circulatory support,
the concomitant use of Impella or IABP had comparable short term mortality. However,

Impella use was associated with i nd hemolysis. © 2023
Elsevier Inc. All rights reservedy(Am J Cardiol 2023;208:53—59)
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Meta-analysis of LV Unloading with VA-ECMO + Impella vs VA-ECMO + |IABP

7 studies included with a total of 698 patients. Median age 52-66y, 47% females
Safety Outcomes Efficacy Outcomes
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Figure 4. Meta-analysis of LV unloading with VA-ECMO+Impella versus VA-ECMO+IABP.
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A
ECMO+Impella ECMO+IABP RR Weight
Study Year Events Total Events  Total I Mortality I with 95% CI (%)
Piechuraetal 2020 12 19 12 16 — 0.84[0.54, 1.31] 13.18
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SYSTEMATIC REVIEW
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Mechanical circulatory support Gy

for cardiogenic shock: a network meta-analysis
of randomized controlled trials and propensity
score-matched studies
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Identification of studies via databases and registers
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ECMO

ECMO+IABP

ECMO+mVAD

No MCS

mVAD+IABP
IABP

mVAD
Fig. 2 Network geometry plot for the primary analysis. The size of each node (circle) represents the number of studies reporting on the interven-
tion. The thickness and depth of color of each edge (line) represent the number of studies in each pairwise comparison
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Another plea for temporary MCS ...

. A
MCS devices vs. no MCS
Treatment (All-cause Mortality) OR 95% CI
ECMO+IABP — 0.54 10.33; 0.806]
ECMO+mVAD — 0.61 [0.34; 1.10]
mVAD — 0.70 [0.52; 0.94]
IABP 0.77 [0.62; 0.95]
cVAD —e 0.90 [0.34; 2.39]
ECMO — 0.99 [0.75; 1.30]
No MCS 1.00
mVAD+IABP ' 4.52 [0.17; 120.26]
I 1 1
0.1 051 2 5 130
Favours MCS Favours no MCS
Fig. 3 Network forest plot demonstrating network estimates for
all outcomes. While the IABP and mVAD estimates demonstrate
significance here, we derived the final estimates from direct and
indirect estimates, respectively, for those outcomes, based on our
supplemental Methods
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COMMENT ~ OpenAccess
®

Check for
updates

Mechanical circulatory support
in cardiogenic shock: microaxial flow pumps
for all ana VA-ECMO consigned to the museum?

Daniel De Backer'", Dirk W. Donker®?, Alain Combes”, Alexandre Mebazaa®, Jacob E. Moller®” and
Jean-Louis Vincent®

Table 1 Main differences in the three largest randomized controlled trials (RCTs) on mechanical circulatory support (MCS) in

cardiogenic shock

Ostadal et al. [4] Thiele et al. [5]

Moller et al. [9]

VA-ECMO
SCAI D-E

VA-ECMO

SCAIC-E
(SCAI C 539%)

CPR>45 min excluded (post-CA

MCS type
Patients

Cardiac arrest exclusions (proportion of included  Comatose after cardiac arrest

patients who were post-CA) excluded (post-CA 11%) 78%)
Mechanical ventilation at inclusion 70% 88%
Unloading strategy 22% 6%

Rescue MCS in control group Rescue VA-ECMO 39% Rescue VA-ECMO 13%

Rescue MFP 13%
0%

Additional MCS in intervention group 0%

MFP

SCAIC-E
(SCAI C 559%)

Comatose after cardiac
arrest excluded (post-CA
20%)

18%
Not relevant
Rescue VA-ECMO 13%

Rescue VA-ECMO 12%
Other MFP 16%




ASAIO Journal 2017 Adult Circulatory Support

Incidence and Implications of Left Ventricular
Distention During Venoarterial Extracorporeal
Membrane Oxygenation Support
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ASAIO Journal 2019 Adult Circulatory Support

EC-VAD: Combined Use of Extracorporeal Membrane
Oxygenation and Percutaneous Microaxial Pump Left
Ventricular Assist Device
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Mechanistic insights — physiological reasoning
RV - LV interdependence in ECMO
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IMPOSSIBLE without ... RV-LV interdependency under ECMO
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Mechanistic insights — physiological reasoning
RV - LV interdependence in ECMO
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VA ECMO versus native heart

competition in peripheral VA ECMO

Courtesy of Alois Philipp, Regensburg
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Editorial
Left ventricular unloading during VA-ECMO: A N
Gordian knot of physiology ity

We suggest that the best way to break the Gordian knot of

unloading is to refine our understanding of VA-ECMO physiology.

Left ventricular unloading has been theoretically proposed to
have two main physiologic benefits in patients on VA-ECMO: (1)
reduction in left ventricular afterload and (2) a reduction of LV
preload and, consequently, pulmonary vascular pressures -
particularly pulmonary capillary wedge pressure. However, these
theoretical benefits are not supported by strong physiologic data.

Rajat Kalra et al. Resuscitation 2024
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Discrepancy between theory and practice ?

(A) —— Actual VA-ECMO at 3.8 L/min (B)
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Invasive and theoretical left ventricular pressure volume loops at high and low VA-ECMO support.

Rajat Kalra et al. Catheter Cardiovasc Interv. 2024
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Cardiac (un-)loading conditions under VA ECMO

an intricate patient - device interaction

Dilated
ventricle

Increased LV Afterload

Unloading
Criteria

Closed aortic valve

», Spontaneous Echo
contrast
2N Ventricular thrombus

Echocardiographic

LVOT VTi<10cm

(e? Pulmonary edema

Ventricular
Clinical arrhythmia

== PCWP >18mmHg

Pulse pressure

Haemodynamic <15mmHg

Unloading methods

LR

\J

Surgical Left atrial Atrial
cannula Pulmonary cannula septostomy Impella IABP

artery cannula

Ezad SM et al. Circulation 2023



Cardiac mechanical support
The ideal device !?

1. Safe, Easy-to-Use

2. Hemodynamic Support

3. Myocardial Protection

Burkhoff D. et al. Catheterization and Cardiovascular Interventions 2012



@ ESC oo reoummt 019 40,2671 268 CLINICAL REVIEW

European Society doi:10.1093/eurheartj/ehz363 Clinical update
of Cardiology

Management of cardiogenic shock complicating
myocardial infarction: an update 2019

Holger Thiele**, E. Magnus Ohman?, Suzanne de Waha-Thiele?, Uwe Zeymers,
and Steffen Desch'?

Optimal timing
(early versus late, futile situation?)

Optimal €————————3 Prevention MCS
Support (Flow 2-7 I/min) device-complications

Cardiogenic shock complicating infarction |

‘ ~50-60% survival without MCS ~40-50% no survival |
CohortC

. NoMCS or BTD

Death with/without
device
~25-35%7?
Anoxic brain death,
sepsis, efc.

If 100% MCS device
use

Survival | ] Death




Multicenter RCT - ECMELLA - VA ECMO

... recruiting

UNLOAD-ECMO
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The hemodynamics of VA ECMO

an intricate patient - device interaction

(mmHg)
o 8 g 3

Ezad SM et al. Circulation 2023




Take home messages
LV unloading trials - VA ECMO & MCS

* Experimental data provide ...
v mechanistic rationale

* Epidemiological evidence ...
v hypothesis generating
v backbone for daily clinical decision making

v/ LV unloading/ adjunct LV unloading

- early & tailored
- careful weighing considerable risks & benefits
- limited group of well-selected patients

* Bedside reasoning remains crucial ...
v/ points to complexity of individual cases

¢/ underscores: NOT one size fits all 1! %@



Thank you !

University of Twente - TechMed Center
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