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ECMO Loading in Korea
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Components

e Introduction

* Types of ECMO
* VAvs VV
e Different configurations

* Physiology of VA-ECMO

* Troubleshooting
* LV unloading
* Harlequin syndrome

* Weaning from VA-ECMO



Extracorporeal Life Support - ECLS
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failure
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Extracorporeal Membrane Oxygenation - ECMO
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Types of ECMO

VENO-ARTERIAL ECMO

Parallel

=l

— Cardiopulmonary support

VENO-VENOUS ECMO
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— Respiratory support only




Traditional Circuits Hybrid Circuits

Different
Configurations

of
ECMO

VA ECMO VV-A ECMO

JTCVS Tech. 2021 Feb 24;8:77-85.

Parallel Circuits

N
Parallel VA ECMO



Different
Configurations

of
ECMO

Position of cannula
: Routine X-ray

: EchoCG (TEE/TTE)
: Fluoroscopy

JTCVS Tech. 2021 Feb 24,8:77-85.






Basic configuration

(Antegrade Native Cardiac Output) x (Arterial CO,) @@ﬁ“

Venous ) .
blood (RA) Native cardiopulmonary system

(Retrograde ECMO flow)
x (Perfusate CO,)

¢ via Femoral vein via Femoral artery ?

Cardiopulmonary bypass

Pump Membrane lung

Korean Circ J. 2019 Aug;49(8):657-677



Anticipated Goals of VA-ECMO support

* Adequate end-organ perfusion (tissue oxygen supply)
* Increase systemic flow & MAP

* Increase DO,
—> Native CO (x arterial CO,) + ECMO flow (x perfusate CO,)

* Promote “Rest & Recovery” of native heart

* Increase coronary perfusion
* Decrease MVO,

* Volume reduction & ventricular unloading ( | LV preload)
* Minimizing inotropes & vasopressors



Hemodynamic Effects of VA-ECMO

o Afterload Stress

* FlowPressor
* Afterload = MAP
* Decreasing RPM = Decreasing SVR



Understanding Hemodynamics

Heart/Lung
BP
Total CO
, \ - CVP
PCWP (LVEDP)
Etc...
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Pressure-Volume Loop of LV
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Ventricular — Vascular Coupling

Afterload

Preload

LVP
LVP

Lusitropy/Diastole "y

LV EDP (mmHg)

LV EDV (ml)

Contractility

LVP

LVV



Ventricular — Vascular Coupling

End systolic pressure- 1. End-systole {AV closes)
volume relationship 2. MV opening
(ESPVR) 3. End-diastole (MV closes)

Arterial elastance <
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Ventricular Energetics — MVO,,

PVA=SW+PE
PVA=Total Work
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Acute Cardiogenic Shock

Pressure-Volume

* Caused by
* | Contractility

* CGS defined by
| BP
* | SVand CO

LVP and AoP

 Variably associated with
1 PCWP
1 CVP




Impact of VA-ECMO

1 Afterload
* 1Preload

* TA0P
* 1LVP

o Pressure-Volume

=

“ AoP and LVP




Regional Tissue Oximetry Reflects Changes in Arterial Flow in
Porcine Chronic Heart Failure Treated With Venoarterial

Extracorporeal Membrane Oxygenation

Flow
1L/min Baseline

5L/min 4L/min  3L/min 2L/min

LVV -
AoP E
CVP ,
S
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50
Physiol. Res. 65 (Suppl. 5): S621-5S631, 2016



Impact of Pump Flow on Hemodynamics

150+

LV Volume (ml)

-~
(&}

120 -
100 1 LAP i ig f‘\f -.f\}\f\}\_ A

oo
s

Pressure (mmHg)
N & O
$L.8C

N
(3]

)

ure (mmHg
- - N
o I

Press
3

-
N
(3 ]

_

o

o
1

— ECMO FLOW =)
Base 1 2 3 4 4.75

o
L

LV Pressure (mmHg)

)
Qe 475
(.\0‘" 4
100 €03 TN
> a———-(
7 B
80 - Baseline /\'\\\
0 LA BE S R S B S RS S S S S — |
80 90 100 110 120 130 140 150

LV Volume (ml)

Circ Heart Fail. 2018 Sep;11(9):e004905



Impact of Pump Flow on Hemodynamics
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Variability of Hemodynamic Response

* Hemodynamic response to device and drug therapies are variable
among patients

Degree of LV and/or RV compromise

Short term recoverability of LV/RV function
SVR and PVR

Volume Status

Degree of MR and TR

Background medical therapy

Etc...



Impact of VA ECMO - with LV contractile reserve

., Pressure-Volume

AoP and LVP
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Impact of VA ECMO - w/o LV contractile reserve

1 Afterload
* MPreload

* TA0P
* T1LVP

“ AoP and LVP




Impact of VA ECMO - w/o LV contractile reserve

oo Pressure-Volume

* 1 Afterload =
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Hemodynamic Effects of VA-ECMO

o Afterload Stress

* FlowPressor
* Afterload = MAP
* Decreasing RPM = Decreasing SVR



ASAIO Journal 2018 Adult Circulatory Support

The Starling Relationship and Veno-Arterial ECMO: Ventricular
Distension Explained

MAarc L. DICKSTEIN

STARLING RELATIONSHIP AND VA ECMO
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* Normal LV
Contractility

LVEDP MAP

N/

SV

* Impaired LV
Contractility

LVEDP MAP

\ o

SV




ECMO & Vasodilator

== Baseline CGS
e ECMO+vasodilator
- ECMO alone

LV pressure

LV volume

Korean Circ J. 2019 Aug;49(8):657-677



ECMO & IABP

Augmented DBP

\ Reduced SBP

MAP actual
MAP LV




Reduce LVEDP by other methods

—— Baseline CGS ~ ECMO+preload |
- ECMO+inotropic agent w— ECMO alone
— ECMO alone
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Korean Circ J. 2019 Aug;49(8):657-677



Minimizing Ventricular Load during VA-ECMO

* Minimizing Do of Vasopressors
» Afterload reduction

* Fluid removal
* Preload reduction

* Optimizing ECMO flow

e Adequate tissue oxygenation

Let the native Heart Rest!

' Balancing Tissue Oxygen Supply & Demand !



LV distention & Pressure overload

Loss of AoV opening

* Pulmonary edema

Bronchial bleeding

LV thrombosis




LV distention & Pressure overload

SNUH
2021-06-17

Loss of AoV opening - _ 9502754221929
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Pulmonary edema

Bronchial bleeding

LV thrombosis




LV distention & Pressure overload

Loss of AoV opening
Pulmonary edema
Bronchial bleeding

LV thrombosis




LV distention & Pressure overload

Loss of AoV opening

»Thrombus

Left ventricle

Pulmonary edema

Bronchial bleeding

LV thrombosis

Thrombus

Left ventricle

Perfusion. 2018;33(4):283-288.



Indications of LV Decompression

* No obvious ejection & closed AoV

» Refractory pulmonary edema

* Distended LA/LV with T LAP/LVEDP

* Pulmonary hemorrhage

 Significant AR

* LV thrombus d/t stasis

* Impaired RV function

* |nsufficient LV unloading by ECMO circuit
* Elevated LV wall stress

* Severe or persistent LV dysfunction



LV Decompression during VA-ECMO

* Reduce ECMO speed
* [notropes

» Afterload reduction
 VVasodilators (e.g., nitroprusside)
* |ABP

* Mechanical LV decompression



LV Decompression during VA-ECMO

LEFT VENTRICLE UNLOADING STRATEGIES
* Mechanical LV decompression

Percutaneous Direct
Trans-aortic catheter

Percutaneous Indirect
IABP

e Surgical
e LA or LV venting " petine deice.

* Pulmonary a. or v. venting

Surgical Indirect
Left atrial *

¢ P er Cu tan eous Percutaneous Indirect
* Trans-septal venting |

Surgical Direct
Trans-mitral
Trand-ventricular Apex

* LA or LV venting
* Trans-aortic venting: Impella

Surgical / Percutaneous Indirect
Pulmonary artery connulation

Percutaneous Indirect
Transeptolly LA and RA drainage **
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Percutaneous Venting

© AboutKidsHealth.ca




Percutaneous Venting




LV “Unloading”

* Reduction of total mechanical power expenditure of the ventricle
« J MVO,
* ' Hemodynamic forces that lead to ventricular remodeling

Myocardial Limit
Salvage Remodeling

Del;:glsls’ed } MVO, Improve CBF



Non Pulsatile ECMO

Worsening Pulmonary Oedema

.
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A, 95 fin
\«\/\,\/\.\_ 65 mmHg
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i /\'\/\/W 82 % Sat
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v
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% NO IMPROVEMENT

Direct IMPELLA
Septostomy Drainage
JTCVS Open. 2021 Oct 19,8:70-76




Before VA-ECMO insertion
High probability of LV distension under VA-ECMO
* Myocardial stunning, AMI, CHF
Pulmonary congestion before VA-ECMO
PVAD or IABP before VA-ECMO

Yes

JTCVS Open. 2021 Oct 19,8:70-76

No

At the time of VA-ECMO insertion

No LV ejection
* No AV opening, low arterial pulsatility
Left sided valve insufficiency
* Aortic regurgitation > mild***
» Severe mitral regurgitation
Blood stagnation or “smoke” in left-sided cavities
Evidence of high left atrial pressure

Yes

No

During VA-ECMO support

No LV ejection
Evidence of LV distension / overload**

Evidence of pulmonary congestion
High LV afterload

* High flow on VA-ECMO

* High systemic blood pressure

No

»| No need for LV unloading

Reactive LV unloading*

Pre-emptive LV unloading*

Need to be determined

* Any modalities (IABP, Impella, artrial septostomy, PA canula ect.,)
** clinical, TTE, TEE, Chest XR, PA catheter

*** If severe AR, consider other strategy



Monitoring
in VA-ECMO

Ann Transl Med. 2020 Jun; 8(12): 792.

Pulmonary artery catheter

Near infrared spectroscopy

Electrocardiogram

Arterial line

Pulsatility (waveform) Blood gas Lactate

Sublingual microcirculation

Clinical assessment

Neurological status Capiliary refill time

- —

Urinary output Cold and clammy skin




Harlequin Syndrome

Respiratory Failure

Deoxygenated Blood
Supplied to the Upper Part
of the Body

Recuperating Heart

Hyperoxygenated Blood
Supplied to the Lower Part
of the Body

Circulation
Volume 130, Issue 13, 23 September 2014; Pages 1095-1104



Mixing Cloud in VA-ECMO

Native Blood Flow Native Blood Flow Native Blood Flow
from the Heart from the Heart from the Heart

!

Mixing Cloud
Shifts Proximally
in the Aorta
Mixing Cloud
Shifts Distally
in the Aorta
ECMO Blood Flow from ECMO Blood Flow from ECMO Blood Flow from

the Femoral Cannula the Femoral Cannula the Femoral Cannula




Differential Hypoxia

* Flow competition in the Aorta
* Blue head vs. Red legs

* Monitoring
* SpO, probe: Rt. hand or Rt. earlobe
 ABGA sampling: Rt. radial artery

* Management
* Adequate mechanical ventilation —add NO gas
e Conversion to Central or V-AV ECMO
* Weaning to VV ECMO



V-AV ECMO VAV

 Venous return flow

* 10% of total flow
* Improvement in LV oxygen tension

* 30% of total flow
* Mean LV saturation 74% = 94%

* 02 1.5L /min
 Mean Ao. Saturation 81% =2 99%

y
| ] 1 ¢

* Maintain flow > 1.5-2L/min 220 (OO (M N

e

e Minimize thrombus formation

JTCVS Tech. 2021 Feb 24,8:77-85.



V-AV ECMO

L80/50
SUPINE
PORTABLE

Venous drainage — Venous Perfusion cannula
: 15cm apart to prevent recirculation

JTCVS Tech. 2021 Feb 24;8:77-85.



JACC Heart Fail. 2018 Jun;6(6):503-16.

Cannulation Strategies

Central Cannulation Peripheral Cannulation

Oxygenator ) ie8

«

L

e

Peripheral Cannulation ) ——
with Distal Perfusion  Peripheral Cannulation via Internal

Catheter Jugular Vein and Axillary Artery Possible Ambulation with
Internal Jugular and
Axillary Artery Cannulation




Cannulation Strategies

Central aortic
cannulation \\\*\“




Weaning from VA-ECMO

Recovery of end-organ function and/or support
via replacement therapy

Incremental decrease pump flow 0.5-1 L/min per turn until £ 1.5 L/min

Echocardiography

CVP<15 mmHg LVEF 2 25%
PAM:CVP21.5 No LV/RV distention
MAP > 65 mmHg No stasis/”smoke”
Pulse Pressure 230 mmHg Aortic VTI > 10 cm
Success /\ Failure
v NO v
Final Wean in OR E— Failure ——>  Consider Durable MCS
SV02 > 60%, Cl 2 2.2 or Heart
v YES Transplantation

Decannulate

JACC Heart Fail. 2018 Jun;6(6):503-16.



Daily Weaning

']
ND

Decrease Has patient

Does patient
Flow 0.5 L/ _p : reached 2 L/min
: fail?**
min flow?

Ready to
Wean*

Trial last stable e
flow for 8-24 Bedside Assessment for

stable flow rate
hours .
Decannulation

Trial 2 L/min
flow for 8-24 Increase to 2 L/min g
hours
No
ves Decrease b
| Does patient ¥ Patient tolerates 1-

0.5 L/min

fail?** :
increments

1.5 L/min flow

Final Assessment

Yes

Patient tolerates
no flow

Clamp circuit

Crit Care. 2020 Jun 8;24(1):307.








