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Purpose of the cardiorespiratory
system

M Brings oxygen into our cells (oxygenation)

B Remove carbon dioxide
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ExtraCorporeal Membrane Oxygenator

Venous Line

Arterial Line

MEMBRANE
OXYGENATOR
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ExtraCorporeal Membrane Oxygenator

M thin gas-permeable membrane separating the blood

and gas flows

W CO2 is removed and Oxygen is added

Membranes and Membrane Technologies volume 1, pages201-211(2019)
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FAdO2 and Sweep Gas Flow

BLENDER

OXYGENATOR
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Centrifugal Pump

Rotation per minute (RPM)

Liter per minute (LPM)
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Factors affecting Oxygenation
and Decarboxylation

M Oxygenation: FdO2 and Blood flow

M Decarboxylation: Sweep gas flow and (Blood flow)

M Blood flow rates of 1-3 L/min may be sufficient to fully remove the entire
CO2 production of most patients, but insufficient to provide the patient’s full

O2 consumption
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VV vs VA ECMO

B Desaturated blood is drained via venous cannula
M Saturated blood is returned via another vein (VV-ECMO) or artery (VA-ECMO)

VV ECMO a.’; VA ECMO lﬁ

I ner Apher Dial, Vol. 18, No. 6, 2014
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Indications
M acute severe cardiac or pulmonary failure that is potentially reversible and
unresponsive to conventional management

*severe neurologic injury, end stage malignancy

VvV ECMO BVA ECMO
- ARDS - Cardiogenic shock
- Air leak syndrome - Cardiac arrest (ECPR)
- Severe Asthma Exacerbation - Massive Pulmonary Embolism

- Decompensated pulmonary hypertension

- bridge to either cardiac or lung transplantation
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ECMO survival rate

Table 1. ECLS Cases and Survival to Discharge

No. Survived ECLS, Discharged,
Cases N (%) N (%)

Neonatal
Respiratory
Cardiac
ECPR

Pediatric
Respiratory
Cardiac
ECPR

Adult
Respiratory
Cardiac
ECFR

Total

29,153
6,475
1,336

7,552
8,374
2,996

10,601
9.025
2,885

78,397

24,488 (84)
4,028 (62)
859 (64)

5,036 (67)
5,504 (67)
1,645 (55)

6,997 (66)
5,082 (56)
1,137 (39)

54,866 (70)

21, 545 (74)
2,695 (42)
547 (41)

4,371 (58)
4,265 (51)
1,232 (41)

6,121 (58)
3,721 (1)
8438 (29)
45,345 (58)

ECLS, extracorporeal life support; ECPR, ECLS to support car-
diopulmonary resuscitation.

ASAIO Journal 2017; 63:60-67.




SNUHWY £3481%23¢

Configurations of VV-ECMO
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Reason for Hypoxemia during VV-ECMO

M Oxygenator Dysfunction: Plasma Hb, LDH, Post membrane(oxygenator)

blood gas analysis

M Insufficient ECMO flow (including Drainage insufficiency)
M Recirculation
M Increased cardiac output and Poor native lung function

M Right Ventricle Failure




SNUHY gaxgasy

Drainage Insufficiency

Fluctuating Flow rate and Limes Chattering (or Kicking or shaking)

Poiseuille’s Law

Pressure
Pi gradient Radius
Flow
(litres per
second)
- 8nL\
' Length
Viscosity

Flow increase with lumen diameter and decrease with length
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Location of Catheter Tip
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Drainage insufficiency management

6 HasIT

Y

Reduce pump speed until blood flow stable.
If patient not adequately supported,
incremental increase in pump speed. v

< Persistent DI? >
v
< Recurrence in DI? >

Assess fluid responsiveness.
Y Consider Trendelenburg position.

/As appropriate, evaluate & treat for: \ If improvement in DI, resuscitate to
volume replete state.

Agitation

Bleeding

Vasodilation y

Tension pneumothorax < Persistent DI? >
Cardiac tamponade

Intra-abdominal hypertension

\ Cannula clot or malposition / [ Place additional drainage cannula

VV-V configuration

Crit Care . 2020 Apr 15;24(1):151.
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Recirculation in VV ECMO

Right atrium

Venous Venous
blood system Right ventricle

(Low RA) (High RA)
Native lungs
(Additional oxygenation)
Oxygenator l

Korean Circ J. 2019 Aug;49(8):657-677.
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Oxygenator
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A.J. Bastin, Heart 2011;97:1701-3




SNUH® reHsaazsn

Measurement of Recirculation

M A high Recirculation will raise the Pre-oxygenator Oxygen saturation (SpreO2)
M Recirculation (%) = [(SpreO2 — SvO2) / (SpostO2 — SvO2)]x 100

D

=
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REC% = sV/sA o _ '» | Art Flow = 3657 mumin

ECF =
Effective Cardiac Flow
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ECMO blood flow and Recirculation

M Recirculation should also be suspected with a paradoxical decrease in

systemic saturation with increasing VV ECMO flow

Sa02

Recirculation (%) == == =
Effective flow (mL/min e——

Circuit Blood Flow (mL/min)
ASAIO J . Mar-Apr 2015;61(2):115-21.
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Bi-caval dual-lumen single catheter (DLSC)

VV ECMO
(dI) V;-V Configuration
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Increased Cardiac output with poor lung
function

Venous Venous
blood system Right ventricle

(Low RA) (High RA)
=
T cardiac output l

Native lungs
(Additional oxygenation)
Oxygenator l

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

—
3.5 L/min
SatdO, SatrO,

3.5 L/min
SatdO, SatrO,

Arterial SatO,
Arterial SatO,

v

ﬁ
6.5 L/min
1.5 L/min

- - | Resistance conduit
! e?\:::c:a::)“ uit {Vena cava)
0 Ll Sevo, 10.0 L/min

i Peripheral
_ C::\:g?t?;zll’\t — compartment
5.0 L/min 10.0 L/min

ECMO flow/cardiac output > 0.6 associated with adequate blood oxygenation

ScvO,

moderate hypothermia, neuromuscular blockade; pain control and sedation;

Short-acting beta-blockers

Clinics (Sao Paulo). 2014 Mar;69(3):173-8.




Right Ventricle Failure

Associated with underlying lung disease

Conversion to V-VA (or V-AV) ECMO
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V-VA ECMO flow management

Low resistance RV decompression
venous return and support
(2L/min)

N\

N Y Partial clamp : increase resistance
( \ Exact blood flow monitoring

(B
High resistance o
Arterial return

(3L/min)

)

Courtesy by Prof. JS Jung

Nort 63,7

Drainage
(5L/min)
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Worsened lung function during VA ECMO

High ECMO flow=Low native cardiopulmonary flow
: stasis in the cardiac chamber and ascending aorta
:increased risk of stroke

High native cardiopulmonary flow=Low ECMO flow
: decreased risk of stroke

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

B Conversion to V-AV ECMO

A.J. Bastin, Heart 2011;97:1701-3




Hybrid mode ECMO

Drainage VV'A

Veno-Arterial i VenoVenous-Arterial
| 2(@\% (@) | 2(8)\Y (0)

Cardiac
recovery but
remained
respiratory
failure

Veno-Venous Veno-Artero Venous
|2(@\%(0) . 5 ECMO
Cardiac failure

(partial circulato
(artil ciculstory \/_AV/ or V-VA

Cardiac
failure (total
circulatory
support)

Differential oxygenation

ASAIO Journal: August 3, 2021
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RESEARCH Open Access

The ELSO Maastricht Treaty for ECLS ®eeee
Nomenclature: abbreviations for

cannulation configuration in extracorporeal

life support - a position paper of the
Extracorporeal Life Support Organization

iDrainage side —— Return side

LEVEL 1

MINOR FLOW
CANNULA / CATHETER
(Lower case letters)

DRAINAGE CANNULA MEMBRANE RETURN CANNULA

ADDITIONAL
(Upper case letters) LUNG (Upper case letters)

CANNULA

A 17/18 d
\—l—l

LEVEL 2 LEVEL 4

CANNULA SITE CANNULA / CATHETER CANNULA SIZE
(Indexed lower TIP POSITION (Diameter and
case letters) (Indexed lower case letters) Length)

Crit Care, 2019 Feb 8;23(1):36

SNUHY #2iga2ed

V23/55;, \yc-V15/15,A15/23,d,

J Thorac Dis 2018;10(Suppl 5):S707-S715
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Hybrid vs Parallel

Hybrid Circuits Parallel Circuits

W-AECMO Parallel VA ECMO
JCTVS Tech. 2021 Feb 24;8:77-85

The Korean Journal of Critical Care Medicine 2014; 29(3): 207-211.




Outcomes of Hybrid mode
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Study variables

Study, y

Stohr Biscotti
et al, 2011™ et al, 2014""

Tus et al, 2015"

Werner
et al, 2016

Cakici
et al, 2017"

No. of adult patients on V-AV

Initial cannulation strategy: VA/
VVIV-AV

Reason for conversion to hybrid
ECMO, n
VV with cardiac failure
VA with harlequin syndrome
Relractory hypoxia
Other

Qutcomes
Time with hybrid, d
Time on ECMO, d
Mortality

11 21
3/5/3 2/8/11

11 21

1(9%) 16 (76.1%)
0 1(4.7%)

10 (91%) 2 (10%)
0 2 (10%)

N/A
753 £721
27%

10
1/9/0

10

9 (90%)
1 (10%)
0
0

23
7/6/10

13

6 (46%)

5 (38%)

2 (15%)
0

4.58 (IQR, 2.63, 7.46)

12
9/3/0

64 + 1.8

5.88 (IQR, 4.04, 10.5) N/A

61%

33%

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

L
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Summary

VV ECMO can support gas exchange in patients with the ARDS. Venous
blood is drained from a central vein via a cannula, pumped through a
semipermeable membrane that permits diffusion of oxygen and carbon

dioxide, and returned via a cannula to a central vein

Patients with severe combined cardiopulmonary failure may require both
respiratory and hemodynamic mechanical support. The VAV or VVA ECMO may
provide sufficient physiological support when traditional VV or VA configurations

are inadequate




Summary

Hypoxaemia

A
~ .

No

RV- Failure
0,/ CO,
High Pressure MV

Biventricular
0]
LV failure

A 4

=

v
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Hypercapnia

—

with
Hypoxaemia

\ 4

Veno-Venous
ECMO

Veno-Arterial ECMO
Venous- Arterial Venous ECMO

Veno-Venous
ECMO

Without
Hypoxaemia

\4
VV-ECCO,R
AV-ECCO,R

Membranes (Basel) . 2021 Mar 22;11(3):225.
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Extracorporeal life support for adults 2

with acute respiratory distress syndrome

Alain Combes'*®, Matthieu Schmidt', Carol L. er!gson Eddy Fan**, Niall D, Fevguson“’ John F. Fraser®,
Samir Jaber”'®, Antonio Pesenti"’, Marco Ranieri'?, Kathryn Rowan'3, Kiran Shekar'%, Arthur S. Slutsky'®'”
and Daniel Bmdle" )

© 2000 Seringer ko b Gemory, g of Springes Noture

Abstract
Exracorporeal e suppoet (ECLS) can support gas exchang with the acute respi syndrome
(ARDS). During ECLS, venous b'ood Is drined fiom a cental v via a cannul, pumped through asemiperesbie
membrane that Gff d carbon dicxide, via 3 cannula 1o Two
of ECLS are used. (ECMO), which high blood
flow rates to both oxygenate the biood may be ARDS
whose oxygenation or ventilation cannot practic hanical
tilation and adjunctive therapies, includ positioning. arbon diowide removal (ECCO,R)
uses lowe cannulae and provides substantial CO, elimination (~20-70% of total
o, producionabel with marginal improvement in oxygenation. The rationale for using ECCO,Rin ARDS isto
faciltate lung-protective ventilation by allowing a reduction of tidal volume, respiratory rate, plateau pressure, driving
pressute and mechanical power delivered by the mechanical ventitator. This narrative review summarizes physiologi-
cal concepts elted 10 ECLS, a5 wel s the ationale MO and ECCOR for
ARDS. It fimitations, hat can arise in with ECLS,
Finall, it discusses future key research questions and challenges for this technology:
s: spiratory failure, £ i membrane Mechanical ventiation, Outcome

Introduction

In a prospective international study conducted in 459
ICUs across 50 countries, acute respiratory distress syn-
drome (ARDS) represented 10.4% of total intensive care
unit (ICU) admissions [1]. Over the past two decades, in-
hospital mortality from ARDS has remained very high at
approximately 40% [1]. Despite strong experimental and
clinical evidence [2] that lung protection improves out-
comes in ARDS, it remains underutilized [1
With the ultimate goal of protecting the injured lung,
AN, and improving oxygenation, there has been increasing
e s adoption of extracorporeal life support (ECLS) in adult
Al Combes it Schmid, st st b ecshy corte patients with very severe ARDS. Advances in support-
it otk ive care, innovations in technologies and insights from

Sursy

~Conespendence. sncombesgechal
Sorbcrne Untverste, RSERM, UVRS_1166KAN, Insite

2 Springer
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Management of Adult Patients.

Guidedines.

Supported with Venovenous

Extracorporeal Membrane Oxygenation (VV ECMO): Guideline

from the Extracorporeal Life S

upport Organization (ELSO)

Josew . Tonna®, MD, MS,*+ Dasion. Aseasss, MD,# Darset Brooe®, MD3# Jory C. Greswoon®, MD,§
Jost Atronso RuBio MATZO-SoRon, MD, § Asan Usvan®, MD, MPH, || axo Eoov Fax, MD, PhD#

Reviewers: Nicotas Bareert, MBBS,** MATIHIEU ScHavoT,
Kirax Stiekar, M

Disclaimer: The use of venovenous extracorporeal membrane

tion (VW ECMO) in adults has rapidly increased
worldwide, This ELSO guideline is intended to be a practical
guide o patient selection, initiation, cannulation, manage-
ment, and weaning of V¥ ECMO for adult respiratory failure.
This is a consensus document which has been updated from
the previous version to provide guidance 1o the clinician.

Key Words: venovenous ECMO, extracorporeal life support,
A 4 e

4 Thoas MueLier, MD,33 Aua Costses, MD, PhDH
IBBS, PhDSS

Support Organization provides guidelines 10 inform and guide
the initiation, use, management, and weaning of VW ECMO for
adult patients with respiratory failure.

In this statement, we provide recommendations for the clini-
cal management of adult patients supported with VW ECMO.
Alhough these: recommendations wese ot deseloped using a
formal, reproducible methodology, we have reviewed English-
language publications in PubMed, where available, in develop-
ing the guidance provided herein. As this is the fifth revision of

agement, fluid management, cannulation/decannulation

INTRODUCTION

The use of venovenous extacorporeal membrane oxgen-
ation (VW ECMO)

ECMO guidelines, we expect that it will
e revised at regular intervals as new information, devices, treat-
ments, and techniques become available. As with all guidefines,

this stotement should it replace the medical jdgment and the
multdisciplinary decision 10 establish and manage a patients
ECMO support strategy. A number of important management prin-

ciples and made in other ELSO guidelines,
includbes: circuit components, patient selection, patient and cir-
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s amang 202 oérirs Iternaional, Venovenuss Giracon
poreal membrane axygenation is a therapy in

patient sedation, and nutrition. This document
ot e ckiirsl B ek, organized by

of respiatory failure in multiple guidelines. Extracorporeal Life

topic, found in Digital Cantent 1, hitp:/finks |
CONVASAIOVA626.

rom the *Divisicn of Cardicthoracic Surgey,
Uniersly of Uiah Hesty, Sl ake o, Ui #DWisin ofEmegoncy
e, Deps rgery, Universiy of Utah Health, Salt Lake
G Uik $0kidon a F\llvmn Al and Cral Care Medici,
Department o it and Sy
N Pyt 1 u.-;.n.[ o Yok, New ok Soeporiae o
Anesthesiology and Criical Care, Depariment of Emﬂ(v Medicine,
Philucefph

HULITRO00105 and ULTRRDZ5764), Dr. Greenood was supporied by

athon & Criical Care. Dx. Fan i supported by a New Imvostgator
o the Canackan tes o el Rseach repors prsons
e from Abbot, ALurg Technologes, and MC3 Cardicpulmanary oul-
e o she submited work. D, Brode receved resesrch sppor from

v o these y boord

Pencyhanis. § Critcal Care Department, Hospal Uriversiario 12 de
Octubre, Madi, Spain; | Deparsmert of Arweshesiology and Citical Care,
Fvbadeipha

Division of Critical Care Medcine, Uniersity of Toroeno, Universy Healh
ork ey

Londony HHUniversity o Parks, Paris, Frances 2S¢ oseph Hospatal, Bl
Germany and 33Adl Iniesive Care Services, The Prince Charles
Fiospital, Brisae. Ques
Sabeni rdlmumuh-ummhnm 2021; acceped for publication
in revised form fana
Diclonme: D Tomys Ch, Sclenic Ovenigh Comminee, €50
R teesing Comnmiiee,
Brodie: President-elect, Exi af Life Support Organization, b
Fan: Chai, kuwnl)(omm e, 150, The cther uthars v o o
lics of Inferest o repon
on et appored by 4 caer dvelopment avard
Luny Blocd Instiute
s consuk.

Thi study wssaio e, in pat, by he Uniesy of Uh Sy
Doy an Bt o, wih frcing i par s the Nt
Cenver o Research Resources )
Tt Sente, VL Bech Coat SULTTROOIOET 1 By

601

[ Abioened),
Xeios and Homover, Tho conier s soely the esponcbilty o tho
authors and does nat necessaily rpeosent the offcial views of the NIF

e 4 hrchng surces wite iovobed e desig o condoctof
he . collecion, maogees, nlyss of rieAILGn of e o,
o gregaration, review of ppeonal of e

JET. had full aceess 1o all the sections in the guidcline and tokes
pnaily ko the ke
inception :
tie Gesign; o a s i he oSl e e e

portaat intellectual content, had final appeonal of the work (0 be
i, ard sgree 1o be accommiable 10 o all mpects of o ok
This ELSO Guidelines for
Venion 1.4 from August 2017.
plementldigtal condert s wllabl o i arice Drct U
citations appear in the pei ind links 1o the digsal fles are
gprovdednthe HTML and PP vasion of e aicle an he foorars
w.asaijournal.com).

(uvlm‘un‘l«w kogghE o ML Division ol Cardicihoracie
Surgery, Divisson Wedicine, Department of Surgery,
Dy of U et o Lk iy G ik ocphsorpa
ic.utah.ed, Twitter: #jocTonnabD

Copyright © ELSO 2021

DOJ: 10.1097/MAT.0000000000001432

opyright @ Extracorporeal Life Support Organization. Unautharized reproduction of this article is prohibited.

M2 %Y

SEQUL NATIONAL UNIVERSITY BUNDANG HOSPITAL




