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Cardiac unloading

Burkhoff D. Interventional Cardiology Review 2019





• 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







Donker DW et al. Perfusion 2019

LV Unloading During Veno-Arterial ECMO
comparison of LV unloading interventions
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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)
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The EVOLVE-ECMO randomized controlled trial

A total of 52 (86.7%) of the study participants 

underwent LV unloading during VA-ECMO

• 29 (96.7%) cases in the early LV unloading group (LV unloading from 

VA-ECMO initiation; median 2.4 h, interquartile range 1.2–7.9 h)

• 23 (76.7%) patients in the conventional LV unloading group (LV 

unloading from VA-ECMO initiation; median 48.4 h, interquartile 

range 47.8–96.5 h).



Donker DW et al. ASAIO 2018

LV Unloading During Veno-Arterial ECMO
simulation study

HF

normal VA ECMO

0 – 4 L/min flow
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LV Unloading During Veno-Arterial ECMO
simulation study



Cardiac energetics physics meets biology !?
Effect of contractility on oxygen consumption

Burkhoff D. et al. Catheterization and Cardiovascular Interventions 2012



Cardiac energetics in physics
Pressure volume loop area and heart rate

Burkhoff D. RadcliffCardiology 2021
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The EVOLVE-ECMO randomized controlled trial

A total of 52 (86.7%) of the study participants 

underwent LV unloading during VA-ECMO

• 29 (96.7%) cases in the early LV unloading group (LV unloading from 

VA-ECMO initiation; median 2.4 h, interquartile range 1.2–7.9 h)

• 23 (76.7%) patients in the conventional LV unloading group (LV 

unloading from VA-ECMO initiation; median 48.4 h, interquartile 

range 47.8–96.5 h).



The EVOLVE-ECMO randomized controlled trial
Therapeutic trial - early versus late LV unloading

Park H et al. Eur Heart J 2023



Petroni T et al. Crit Care Med. 2014

Clinical intuition driven LV unloading …



PCWP with/ without IABP during ECMO 

Petroni T et al. Crit Care Med. 2014





IABP protects against hydrostatic pulmonary edema

during peripheral VA ECMO

Bréchot N et al. Eur Heart J: Acute Cardiovasc Care 2017



Circulation 2023



Early LV unloading versus Conventional VA ECMO
Prophylactic trial - randomized transseptal LA venting 
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Early LV unloading versus Conventional VA ECMO
Prophylactic trial - randomized transseptal LA venting 

Kim MC et al. Circulation 2023

• ‘1st’ 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
• LV distension with blood stagnation
• No or minimal opening of AoV with no or minimal arterial pulse wave
• Medically refractory pulmonary congestion



Early LV unloading versus Conventional VA ECMO
Randomized transseptal LA venting 

Kim MC et al. Circulation 2023



More evidence for LV unloading … ?











LV Unloading & 

Reduced Mortality in VA ECMO

Schrage B et al. Circulation 2020
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Mechanical Unloading in Fulminant Myocarditis
LV-IMPELLA, ECMELLA, BI-PELLA, and PROPELLA Concepts

Tschöpe C. et al. JCTR. 2019
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Tschöpe C. et al. JCTR. 2019

cardiac unloading effect !? 



Mechanical Unloading in Fulminant Myocarditis
PROPELLA Concept

Spillmann F. et al. EHJ. 2019





ECPR – AMI   ECMELLA vs VA ECMO   survival
unmatched vs. propensity score-matched

Thevathasan T al. Resuscitation 2023



Crit Care Med 2021



Chatzis G et al. Crit Care Med 2021

Impella 2.5 – AMI shock post cardiac arrest 
pre PCI vs. post PCI



Preclinical LV unloading
Impella® prior to reperfusion
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Chatzis G et al. Crit Care Med 2021

Impella 2.5 – AMI shock post cardiac arrest 
pre PCI vs. post PCI
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Circulation: Heart Failure 2019
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LV Mechanical Unloading & 

Outcomes During VA ECMO

Grandin EW et al. JACC 2022
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LV Mechanical Unloading & 

Outcomes During VA ECMO

Grandin EW et al. JACC 2022
Donker DW et al. JACC 2022
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Low CJW et al. Am J Cardiol 2023

Another plea for temporary MCS …





7% 22%





Truby LK et al. ASAIO J 2017

Pulmonary artery diastolic P (= LVEDP)



Donker DW et al. ASAIO J 2021

Mechanistic insights – physiological reasoning
RV - LV interdependence in ECMO



Schrage B et al. JACC HF 2018

IMPOSSIBLE without … RV-LV interdependency under ECMO



Donker DW et al. ASAIO J 2021

Mechanistic insights – physiological reasoning
RV - LV interdependence in ECMO



VA ECMO versus native heart
competition in peripheral VA ECMO

Courtesy of Alois Philipp, Regensburg



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



Rajat Kalra et al. Catheter Cardiovasc Interv. 2024

Gordian knot ?



Rajat Kalra et al. Catheter Cardiovasc Interv. 2024

Discrepancy between theory and practice ?







Cardiac (un-)loading conditions under VA ECMO
an intricate patient - device interaction

Ezad SM et al. Circulation 2023



Cardiac mechanical support
The ideal device !?

Burkhoff D. et al. Catheterization and Cardiovascular Interventions 2012





Multicenter RCT – ECMELLA - VA ECMO
… recruiting 



c.meuwese@erasmusmc.nl

clinicaltrials.gov NCT 05913622



The hemodynamics of VA ECMO
an intricate patient - device interaction

Ezad SM et al. Circulation 2023



Take home messages
LV unloading trials - VA ECMO & MCS

• Experimental data provide …
  mechanistic rationale

• Epidemiological evidence …
    hypothesis generating
    backbone for daily clinical decision making

    LV unloading/ adjunct LV unloading

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

• Bedside reasoning remains crucial … 
  points to complexity of individual cases
  underscores: NOT one size fits all !!! 



Thank you !

University of Twente – TechMed Center




	Diapositive 1 Mechanical Unloading Trials  Critical appraisal of rationale & evidence 
	Diapositive 2 Conflicts of interest
	Diapositive 3 Importance of nomenclature, definitions & understanding 
	Diapositive 4 Importance of nomenclature, definitions & understanding Unload, offload … NOT OFFSIDE – simply a GOAL !? 
	Diapositive 5 Importance of nomenclature, definitions & understanding Unload, offload … NOT OFFSIDE – simply a GOAL !? 
	Diapositive 6 Cardiac unloading  
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14 The EVOLVE-ECMO randomized controlled trial
	Diapositive 15 The EVOLVE-ECMO randomized controlled trial
	Diapositive 16 The EVOLVE-ECMO randomized controlled trial Early versus late LV unloading
	Diapositive 17 The EVOLVE-ECMO randomized controlled trial
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22 Cardiac energetics physics meets biology !? Effect of contractility on oxygen consumption
	Diapositive 23 Cardiac energetics in physics Pressure volume loop area and heart rate 
	Diapositive 24 The EVOLVE-ECMO randomized controlled trial
	Diapositive 25 The EVOLVE-ECMO randomized controlled trial Therapeutic trial - early versus late LV unloading
	Diapositive 26
	Diapositive 27 PCWP with/ without IABP during ECMO 
	Diapositive 28
	Diapositive 29 IABP protects against hydrostatic pulmonary edema during peripheral VA ECMO
	Diapositive 30
	Diapositive 31
	Diapositive 32
	Diapositive 33
	Diapositive 34
	Diapositive 35
	Diapositive 36
	Diapositive 37
	Diapositive 38
	Diapositive 39
	Diapositive 40
	Diapositive 41 LV Unloading &  Reduced Mortality in VA ECMO 
	Diapositive 42 LV Unloading &  Reduced Mortality in VA ECMO 
	Diapositive 43 LV Unloading &  Reduced Mortality in VA ECMO comes at a price!? 
	Diapositive 44 LV Unloading &  Reduced Mortality in VA ECMO comes at a price!? 
	Diapositive 45 Mechanical Unloading in Fulminant Myocarditis LV-IMPELLA, ECMELLA, BI-PELLA, and PROPELLA Concepts
	Diapositive 46 Mechanical Unloading in Fulminant Myocarditis LV-IMPELLA, ECMELLA, BI-PELLA, and PROPELLA Concepts
	Diapositive 47 Mechanical Unloading in Fulminant Myocarditis PROPELLA Concept
	Diapositive 48
	Diapositive 49
	Diapositive 50
	Diapositive 51
	Diapositive 52 Preclinical LV unloading Impella® prior to reperfusion
	Diapositive 53
	Diapositive 54
	Diapositive 55
	Diapositive 56
	Diapositive 57
	Diapositive 58
	Diapositive 59
	Diapositive 60
	Diapositive 61
	Diapositive 62
	Diapositive 63 LV Mechanical Unloading &  Outcomes During VA ECMO 
	Diapositive 64 LV Mechanical Unloading &  Outcomes During VA ECMO 
	Diapositive 65 LV Mechanical Unloading &  Outcomes During VA ECMO 
	Diapositive 66
	Diapositive 67
	Diapositive 68
	Diapositive 69
	Diapositive 70
	Diapositive 71
	Diapositive 72
	Diapositive 73
	Diapositive 74
	Diapositive 75
	Diapositive 76
	Diapositive 77 Pulmonary artery diastolic P (= LVEDP)
	Diapositive 78
	Diapositive 79
	Diapositive 80
	Diapositive 81 VA ECMO versus native heart  competition in peripheral VA ECMO
	Diapositive 82
	Diapositive 83
	Diapositive 84
	Diapositive 85
	Diapositive 86
	Diapositive 87
	Diapositive 88 Cardiac mechanical support The ideal device !?
	Diapositive 89
	Diapositive 90
	Diapositive 91
	Diapositive 92
	Diapositive 93
	Diapositive 94 Thank you !
	Diapositive 95

