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History

1953 Gibbon Heart lung machine

1960s Development of membrane
oxygenators

1969 Dorson et al. 1t neonate case

1971 Hill et al. 1st successful adult case

1975 Bartlett et al. 1st successful neonate case

1989 ELSO was founded



Heart Lung Machine

* The first heart — lung machine
- John Gibbon (1937)
— first successful heart operation
(1953; Cecelia Bavolek)

« Limitation
— minimize hemolysis, prevent air
bubbles & infection
— direct air— blood interface
— duration of use limited to a
few hours




1st successful ECLS 1971

N Engl J Med 286:629-634,1972

J Donald Hill MD and Maury Bramson BME, Santa Barbara, Ca, 1971, Courtesy Dr. R. Bartlett




1st successful neonate case

Heparin Infusion Pump

1975, Dr. Robert Bartlett, the father of modern extracorporeal support

The 15t use of in a child (Esperanza), meconium aspiration
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ELSO Discussion Board

Click here to check out recent posts and updates.

Announcements

If you need a log in please see your center administrator.

Motice

OriGen Biomedical Notice:
Welcome!

Please see the notice from OriGen Biomedical.
Download Here.
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The Extracorporeal Life Support Organization (ELSC) is an interna Py E
institutions who are dedicated fo the development and evaluation of novel t S a I S e I n

Crucial is the promotion of a broad multidisciplinary collaboration. The primj
a registry of, at least, use of extracorporeal membrane oxygenation in activ

[ d L[]
other novel forms of organ system support are within the purview of ELSO.| @ E LS O u I d e | I n e text b O O k
rch, support regulatory agencies, and support individual ELSO cente 9’

acti enters as well as for the broader medical and lay communities

« Focus on collection and sharing
of data & experiences
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Overall OQutcomes

Total Runs Survived ECLS Survived to DC or

Transfer
Meanatal
Pulmonary 30,844 25 922 B4% 22 5849 3%
Cardiac 7,718 5,011 G4% 3,231 41%:
ECPR 1,694 1,125 GE5% 504 40%
Pediatric
Pulmaonary 8739 5 890 G % 5079 58%
Cardiac 10,332 7088 58% 5,375 529%
ECPR 3,881 2,223 57% 1,643 4 2%
Adult
Pulmonary 15,686 10,463 6% g 264 59%
Cardiac 15,201 3489 55% G379 41%
ECPR 4 745 1,830 3B% 1,381 29%

Total g@a 540 68,041 G5 240,843 6%



Extracorporeal Life Support (ECLS) System

Extracorporeal Life Support (ECLS)

SYSTEM Extracorporeal Membrane Oxygenation (ECMO) Extracorporeal Carbon Dioxide Removal (ECCO,R)

SUPPORT VA ECMO VVA ECMO VV ECMO

Respiratory
fallure

WODE

Cardiorespiratory

CONDITION Cardiac
fallure

fallure

C02 retention

= Cardiac ECMO

. Cardiac and Respiratory .
APPLICATION ' ET}SFE}HH respiratory ECMO ECMO Lung protection

AV = arteriovenous; ECPR = extracorporeal cardiopulmonary resuscitation; EISOR = extracorporeal
interval support for organ retrieval; VA = venoarterial; VV = venovenous; VVA = venovenoarterial

Am J Respir Crit Care Med 2018,;198:447



Level 1: Cannula Hierarchy

e All cannulas contributing to the primary (major) draining
and return circuit flow are written in upper case letters,
such as “V-V”

o All cannulas with minor flow for secondary drainage are
written in lower case letters after the major flow cannula
to which side it belongs, such as “V-Aa”

e The use of a dual-lumen cannula for venovenous support
would be indicated with a preceding “(dl)” abbreviation
such as"(dl)V-V”



Level 2: Cannulation Site

e The next level of descriptors includes the vessel that is
cannulated through the use of subscripted lowercase
letters indexing the relevant drainage or return
cannulation descriptor.

o Bifemoral cannulation for venoarterial support would be
indicated as "V-A."

e The traditional two-cannula venovenous configuration
with drainage from the femoral and return to the internal
jugular would be indicated as "V{-V,."



Abbreviations for Cannulation

Level Abbreviation Definition
Primary or secondary access Aara Systemic artery
A Systemic vein
P Pulmonary artery
Cannulation site c Carotid artery
f Femoral vessel
] Jugular vein
= Subclavian vessel
Central cannulation sites RA Right atrium
LA Left atrium
LY Left ventricle
AO Aorta
PA Pulmonary artery

Vo Left atrial vent



Schematic of VA & VWA ECMO
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Schematic of VW ECMO
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Schematic of ECCO,R
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Basic Physiology of ECMO

Hollow-fiber membrane

oxygenator

Centrifugal pump: totally

nonocclusive and afterload-

dependent

Circuitry interfaced between

the patient and the system

Closed circuit = No Venous Reservoir

Drain amount = Reinfusion amount = Constant total volume


http://cardiacsurgery.ctsnetbooks.org/content/vol2/issue2003/images/large/495fig4.jpeg
http://cardiacsurgery.ctsnetbooks.org/content/vol2/issue2003/images/large/495fig4.jpeg

ECMO Equipment

\ Direct cut-down : Seldinger technique

Chest tubes Thin walled cannula

hollow fiber




EBS; 66.7%
Emergency Bypass?

PLS: 18.2%
Permanent life support ?

® Quadrox PLS® oxygenator
® Capiox EBS ( Terumo com.) - durability silicon membrane
- Quick, Compact and Simple
(have the minimum number of
necessary functions).

approval for 14 days
Rota flow RF 32 pump
minimal priming volume
minimal hemolysis



Emergency Bypass System
( EBS® Terumo, Japan )

= Quick / Compact / Simple / Safe

2= 19954 g
fclttel 20038 &, &M U 1010H AFS




2010 : LX oxygenator

2015 : SP-200
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QUADROX PLS 2007 MAQUET

— Permanent Life Support —
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Cardiohelp (MAQUET)




HLS set advance(Cardiohelp—i)

PRESSURE MEASUREMENT

Venous pressure sensor:

[1JLEDs
[2] Optical sensors

[3]) Infrared temperature sensor

I/ C r
. GETINGE 3¢
Optical sensors measure
* Hemoglobin Hb
x * Hematocrit Het
Venous pressure sensor Prassure sensor post-pump = Arterial pressure sensor 5 Sosd —
* n } t ratur
pressure pre-oxygenstor Sp AR

» Venous blood saturation $,0; N

on<nvasive measurement

NCVRR MM ENRe ()

12838 N=slizs 2843 808, 6128 83 s&EJ[d 4



- — VFEM®
Femoral Venous Cannula

ldwards

Proprietary ultra thin wall technology \
enhances flow and flexibility W
Polyurethane body with wire reinforcement

helps prevent kinking

Dilator locks in full extended position for
smooth insertion

VFEMO18 18 (6.0)

VFEMO020 20(6.7) 21.6" (55¢cm)
VVFEM femoral venous cannula VFEMO022 22 (7.3)
VFEMO024 24 (8.0

80 26.8" (68 cm)

VFEMO028 28 (9.3)




Medtronic Bio-Medicus® Multi-Stage
Femoral Venous Cannula

60 cm tip length accommodates femoral

insertion of the cannula tip into the SVC Available in 19, 21 and 25 Fr sizes
with additional side holes distributed to accommodate different patient
through the atrium and IVC size requirements

\

Additional dilator now included to stretch
tissue/vessel to approximate the cannula size

(annula depth marks

allow the surgeon to

visualize the insertion Elongated taper allows the

depth of the cannula body introducer to dilate the vessel over
a longer distance during insertion

Multiple side holes
provide additional sites
for drainage, improving or
maintaining blood flow

Extended length allows the introducer to follow the guidewire
into the patient vasculature to aid in cannula insertion

" nmmmmmmmlmm'“'“mm'_.

Improved cannula transition provides ease of insertion



http://www.medtronic.com/for-healthcare-professionals/business-unit-landing-Page/Navigation/
http://www.medtronic.com/for-healthcare-professionals/business-unit-landing-Page/Navigation/

HLS CANNULAE

* Four different insertion lengths

» Arterial short: 15 cm

= Arterial long: 23 cm
= Venous short: 38 cm
* Venous long: 55 cm
B

VA- ECMO VV- ECMO

0
oy

HLS cannula: 128 1 & 1DAl, 8820 50%, 836,000&, 30 & guarantee @



= Side holes on arterial and
venous

= canhnulae tip
» Excellent flow/ drainage char

acteristics

» Reduced risk of plaque embol

ism due to reduced infusion je

t, efficient drainage characteri

= One-piece design
» Reduced risk of hemolysis an

d thromboembolic events
» Excellent flow/ drainage char
acteristics with minimized ri

sk for flow turbulences
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Pressure drop vs. flow 20, 23, 27, 31 Fr.
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1st ECMO Cases in Korea

« 1st case report (4cases 1990.7~1991.12)

Prolonged Extracorporeal Lung and Heart Assist
{Extracorporeal Membrane Oxygenation)
—4 cases report—

Hyun Choi, M.D., Wang Gyu Lee, M.D,, Sang Min Lee, M.D.*, Hyun Soo Moon, M.D.*
Young Kyun Chung, M.D.**, Kook Hyun Lee, MD.!, Byung Moon Ham, M.D.! and Kwang Woo Kim, MD.*

Department of Anesthesiology, College of Medicine, Hallym University
“Department of Anesthesiology, Sejong General Hospital
**Department of Anesthesiology, College of Medicine, Kyung Sang University
*Department of Anesthesiology, College of Medicine, Seoul National University

— korean J Anestheisol 1992;025(02):424-532

e 1st Respiratory support

- KP Hong KJTC Surg 1994,27:60-2 - W =
st Extracorporeal Cardiopulmo | BESE=
Resuscitation (E-CPR) i

- JH JUN KJTC Surg 1999:32:55-7




1t APESLO. in Beijing , 2013 Oct

Current ECMO in Korea
from 15 Center Data

Total: 2668 (based on HIRA, 2011:
1174, 2012: 1494)
N=1087 (based on 15 Center data)

- M:F = 685:401
- mean age: 52.8+21.9yrs



o 22 SE
(2006~2014 HZAAME IR XHE)  http://www.hira.or.kr

1 Maquet PLS launching
2500

1 CESAR PEEK GJ Lancet 2009, 374:1351-1363

e - m
CESAR Trial: Extracorporeal Membrane Oxygenation

Improves Survival in Patients With Severe Respiratory

Failure
Emma Hitt, PhD

February 05, 2008

2000 ECPR Chen YS Lancet 2008; 372: 554

1500
i — ——
PCPS KI Sung Ann ) . . . .
EBS Cardiopulmonary resuscitation with assisted extracorporeal life-support versus
conventional cardiopulmonary esuscitation in adults with in-hospital cardiac
1000 arrest: an observational study and propensity analysis

Lancet 2008;372:554-561 by Chen-YS

findings of the trial here at a late-breaking session at the

T
Society of Critical Care Medicine 37th Critical Care Congress.
500 ] I
0 . l

2006 2007 2008 2009 2010 2011 2012 2013 2014



ECMO in KOREA

5,267,482
1000 won
4,157,340
2,935,941
1,385,528
965,776 I
2008 2009 2010 2011 2012

Insertion = Support m=mTotal

Korean Health Insurance Review, HIRA-NPS-2009-0051 & http://www.hira.or.kr



ECMO in KOREA

® ECMO center (2011) 71(1122 cases)

® Morethan 20 cases

® Planed to open

180

19 center
15 hospital

20
0

160
140
120
100
80
60
40

1 4 7 10 13 16 19

ITTITTTTT I TTT T T T r T YT T
22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67

Telephone Survey(2011)



ECMO in KOREA
ECMO Insertion I

® Where? ® Who?
(RR 830/1087, 76.3%) (RR 887/1087, 81.6%)

[2i],
H

[HEE]

e

u Cardiac surgeon
u Cardiologist
u Emergency physician

@ICU mAngio roomuER s OR

® Patients status before ECMO support
- Arrest = 304/833(36.5%) (RR 833/108, 76.6%)



ECMO in KOREA
ECMO Management I

® Support Type of ECMO ® Targetof ECMO
(RR1087/1085,99.8%) (RR1087/1087,100.0%)

® Cardiac M Respiratory = ECPR

uvv HVA u Etc

ELSO data Korean daata



ECMO in KOREA

ECMO Management 11

® Indication (Response Rate(RR), 912/1087, 84.2%)




ECMO in KOREA

ECMO Management 1V

® ECMO Equipment ® Equipmentchange ‘fromstart
(RR 1074/1087, 98.8%) to wean’(RR 1074/1087, 98.8%)
716 \~‘s;

_65,6:1% 632
195 195
,f’,ﬁsz
65 65 III

W EBS PLS wBiopump i Etc Bio pump Etc
® Start ®Weaning

® Anticoagulation(RR 427/1087, 38.8%)
- Heparin 233/425(54.6%), Futhan102/422(23.9%), None 82/422(19.4%)



ECMO in KOREA

3000
2500

2000

1500
1000
- i

2010 2011 2012 2013 2014 2015 2016 2017

m EBS(125) mPLS (150) o total

o
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ECMO in KOREA
Results of ECMO

= =Weaning rate =@=Survival rate

P<0.05
50.1%
= — — 2Q 20/
— —&i
29.0% 25.7%
Respiraroy Cardiac ECPR
Cases Weaning Survival discharge
Respiratory 331 166(50.1%) 114(34.4%)
Cardiac 433 191(44.1%) 128(29.6%)
ECPR 323 128(39.6%) 83 (25.7%)

Total 1087 483(44.4%) 325(29.9%)




ECMO in KOREA

Summary of ECMO Results

® ECMO Weaning Rate ® Survival Rate
——HKorean data —8-ELSO data —o—Korean data -#-ELSO data

7o 63.8 554
60 !\\\ #45.7
50 \9.3 /'
40
30
20
10

0

Respiratoy  Cardiac ECPR Total Respiratoy Cardiac ECPR Total
support support support support



ECMO Type

VA cannulation

/\\ J.f\

Cardiac ECMO (VA)
- Support for both heart & lungs
- Severe cardiopulmonary failure

- As a bridge to heart transplantation

Respiratory ECMO (VV)

- Support for lungs only

- Potentially reversible respiratory failure



ECMO Support Type

ECMO Support Target
ECPR Cardiac Respiratory
(VA) Cardiac or
o Etc_ respiratollz'y
pport Etc.

Respirat

Cardiac

(Etc.) (Etc.)

ECPR
(VA

VA X Cardiac support
VV X Venous support



ECMO to Rescue Lung Injury in

Severe ARDS (EOLIA) trial

ECMO for Severe ARDS . ;Zw
‘ ‘ \ = 0.8+
£ N 2 074 ECMO group
X A 0.6-]

2
7]
% ]
= 0.5 Contro group
= 0.4
3
S 0.3
e 024
0.1 P=0.07 by log-rank test
0.0 \ \ T T \ 1
7 0 10 20 30 40 50 60
Y Days
27 '
No. at Risk
4 ECMO 124 105 100 92 88 83 80
A O\" A ‘ Control 125 94 81 79 74 72 69

Extracorporeal Membrane

Combes et al. N Engl J Med 2018; 378:1965-1975. DOI: 10.1056/NEJM0a1800385

A11% (p = 0.09)

Oxygenation for Severe Acute  After 6.5 + 9.7 days, 35 (28%) patients in
Respiratory Distress Syndrome control arm crossover to ECMO




1950s
1972
1975
1979
1986
1989
1994
2009
2009

~CMO In A

q

DS

Development of membrane oxygenator in lab
First adult ECMO successful case

First neonatal case

Trial in ARDS, 10% survival (15t RCT by Zapol)
48.8% survival rate by ECCO,R (Gattinoni et al)

ELSO registry

42% vs 33% survival rate (2" RCT by Morris)
CESAR trial (379 RCT by Peek)
ECMO during HINT influenza pandemic



Efficacy and economic assessment of conventional
ventilatory support versuslextracorporeal membrane
oxygenation forsevere adult respiratory failure (CESAR):
a multicentre randomised controlled trial

Giles) Peek, Miranda Mugford, Ravindranath Tiruvoipati, Andrew Wilson, Elizabeth Allen, Mariamma M Thalanany, Clare L Hibbert,
Ann Truesdale, Felicity Clemens, Nicola Cooper, Richard K Firmin, Diana Elbourne, for the CESAR trial collaboration

Summary

Background Severe acute respiratory failure in adults causes high mortality despite improvements in ventilation
techniques and other treatments (eg, steroids, prone positioning, bronchoscopy, and inhaled nitric oxide). We aimed
to delineate the safety, clinical efficacy, and cost-effectiveness of extracorporeal membrane oxygenation (ECMO)
compared with conventional ventilation support.

Methods In this UK-based multicentre trial, we used an independent central randomisation service to randomly
assign 180 adults in a 1:1 ratio to receive continued conventional management or referral to consideration for treatment
by ECMO. Eligible patients were aged 18-65 years and had severe (Murray score >3.0 or pH <7-20) but potentially
reversible respiratory failure. Exclusion criteria were: high pressure (>30 cm H,O of peak inspiratory pressure) or
high FiO, (>0-8) ventilation for more than 7 days; intracranial bleeding; any other contraindication to limited

heparinisation; or any con - e was dea‘th or Severe
disability at 6 months afte E C M O VS C O nve ntl O n al s was by intention to
> 63% Vs 47% (p=.03)

treat. Only researchers wh . Data about resource
use and economic outcon st generating events
were undertaken, and we odelled lifetime cost
utility. This study is registd

Findings 766 patients were screened; 180 were enrolled and randomly allocated to consideration for treatment by
ECMO (n=90 patients) or to receive conventional management (n=90). 68 (75%) patients actually received ECMO;
63% (57/90) of patients allocated to consideration for treatment by ECMO survived to 6 months without disability
compared with 47% (41/87) of those allocated to conventional management (relative risk 0-69; 95% CI 0-05-0-97,
p=0-03). Referral to consideration for treatment by ECMO treatment led to a gain of 0-03 quality-adjusted life-years
(QALYs) at 6-month follow-up. A lifetime model predicted the cost per QALY of ECMO to be £19252 (95% CI
7622-59200) at a discount rate of 3-5%.

(TS

Lancet 2009; 374: 1351-63

Published Online
September 16, 2009
DOE10.1016/50140-
6736(09)61069-2

See Comment page 1307

See Department of Error
page 1330

Department of Cardiothoracic
Surgery (G | Peck MD,

R K Firmin MBBS) and
Department of Extracorporeal
Membrane Oxygenation

(G ) Peek, R Tiruvoipati FRCSEd,
R K Firmin), Glenfield Hospital,
Leicester, UK; School of
Medicine, Health Policy and
Practice, University of East
Anglia, Norwich, UK

{Prof M Mugford DPhil,

M MThalanary M5c);
Department of Health Sciences,
University of Leicester,
Leicester, UK (Prof & Wilson MD,
N Cooper PRD); Medical
Statistics Unit, London School
of Hygiene and Tropical
Medicine, London, UK

(EAllen PhD, A Truesdale BSe,
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rHLEE 82 20 - HZ20 25X L S0 AUIIXIES,
(‘“18.1.1. &Y HI} HA 73.5& J|=)
=SHS oE =5 A = H(])
Mo XXl & ==& S
M1&E HX & =2
[=21D]]

A0 01903 | R22M2U==-ECMO AtE 9,079.03 667,310
Partial Extracorporeal Circulation
S2MHA=EH0AIZ2H =1 LLEH[1LH] 4,766.98 350,370

01904

-ECMOAI=

* 3XFE R JHAHB0%), EL 21D JHAH100%)

11903 -> 1.735.620 x 0.05 = 86.750

HF, OHS = 5%
11904 -> 910.962 x 0.05 = 45.548

7 2 (ARDS E&h 11903 -> 1.735.620 x 0.2 = 34/.001
= 20% 11904 -> 910.962 x 0.2 = 182.192



Traning & Simulation
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2016 Basic course of ECMO
: Hand on simulation
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Take Home Massage
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