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Extracorporeal Membrane Oxygenation: Past, Present and Future

Jae-Seung Jung

Department of Thoracic and Cardiovascular Surgery, Korea University Anam Hospital,
Korea University College of Medicine, Seoul, Korea

Extracorporeal membrane oxygenation (ECMO) was originated from heart-lung machine for cardiac surgery. This technique that
receive the blood from venous system, oxygenate it and support to selected patients with severe respiratory or cardiac failure as
flow and oxygen. ECMO can provide partial or total support, is temporary, and requires systemic anticoagulation. ECMO controls
gas exchange and perfusion, stabilizes the patient physiologically, decreases the risk of ongoing iatrogenic injury, and allows
enough time for decision, diagnosis, treatment, and recovery from the primary injury or disease. The two major ECMO modalities
are venoarterial and venovenous. Until 1980s, ECMO usually used to pediatric respiratory failure. However after HIN1 influenza
epidemic in the world, venovenous ECMO support for adult has been increased rapidly. Venoarterial ECMO support for cardiac
failure and resuscitation also abruptly has been increased. As a support modality, cannula position and possibility of complication is
different. Survival rate of ECMO has a range from 30% in extracorporeal cardiopulmonary resuscitation to 70% for acute my-
ocarditis and acute respiratory distress syndrome in adult, and better in neonate and pediatrics. Advancing ECMO technology and
increasing experience with ECMO techniques have improved patient outcomes, reduced complications and expanded the potential
applications of ECMO. Awareness of the indications and implications of ECMO among physicians managing patients with severe
but potentially reversible respiratory or cardiac failure may help facilitate better communication between health care teams and im-
prove patient recovery. (Korean J Med 2015;88:651-657)

Keywords: Extracorporeal membrane oxygenation; Cardiac support; Respiratory support; Cannula
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lw8 7hers] FE okl W ise] Bagh B )

jud

o] A= AL & "oz wjfo] A3tE AlA THA
AUZ gol= FAE di=th T2 AWNES wjjo] 4
23R & FHe Fal| thA] go] A U(veno-arterial [VA]
support) OFUTH ThA] A A A0 2 o)A Eth(veno-
venous [VV] support) (Fig. 2). thgo] Folls A9z =2hA|

Figure 1. Commercial ECMO device in Korea (left: MAQUET
PLS®, right: TERUMO EBS®). ECMO, extracorporeal membrane
oxygenation.

y /
Figure 2. Various ECMO modalities (VAV mode) (Biscotti et al.,
ASAIO J2014 [25]). ECMO, extracorporeal membrane oxygen-
ation; VAV, veno-arterio-veno.
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Z7]0f| axofe} A0S 9152 AIQETE ECMO= 2009
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Y| E$ =9l Extracorporeal Life Support Organization (ELSO)

P Extracorporeal Life Support Organization
2800 Plymouth Road
Building 300, Room 303

pelert

Ann Arbor, Ml 48109

ECLS Registry Report
International Summary
January, 2015

Overall outcomes

Total patients Survived ECLS Survived to DC or transfer
Neonatal
Respiratory 27,728 23258  84% 20592 74%
Cardiac 5,810 3,600 62% 2,389 41%
ECPR 1,112 712 64% 449 40%
Pediatric
Respiratory 6,569 4327 66% 3760 57%
Cardiac 7.314 4,825 66% 3,679 50%
ECPR 2,370 1,313 55% 976 41%
Adult
Respiratory 7,008 4587  65% 4026 5%
Cardiac 5,603 3,129 56% 2,294 41%
ECPR 1,857 639 39% 47 28%

Total 65,171 46,490 71% 28,636 59%
Figure 3. ELSO annual report. ELSO, Extracorporeal Life Support
Organization; ECLS, extracorporeal life support; DC, discharge;
ECPR, extracorporeal cardiopulmonary resuscitation.
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Table 1. Indication of ECMO

Pulmonary
Pneumonia
Acute respiratory distress syndrome
Traumatic lung injury
Near-drowning
Support after lung transplantation
Meconium aspiration syndrome
Congenital diaphragmatic hernia
Persistent pulmonary hypertension of the newborn
Cardiac
Support after cardiac surgery
Support after heart transplantation

Short-term bridge to heart transplantation or ventricular
assist device insertion

Non-ischaemic cardiogenic shock (fulminant myocarditis
and cardiomyopathy)

Extracorporeal cardiopulmonary resuscitation
Myocardial infarction

Massive pulmonary embolism

Drug overdose (eg, cardiodepressants)
Sepsis-induced myocardial depression
Hypothermia

Congenital heart disease

ECMO, extracorporeal membrane oxygenation.

w27} 7Ps ke Table 1), H ol sg—owgsq EERES

21 79 AAola] 5 5 WA

_{
-l!I 1
P
=2
.
i
>
>

—%—% SFA] Il ARl ARE AXNEE itk o] B4
2 oA F2 o] R A= Abb-o|iksbek A mBtogh 21§
ot - mzol o] HAl o ol FE v
2|2 A Fr} VV supporti= 71 A1Z Q1-5-2F7], Nitric Oxide
gas ¢ 5 A=A T57) ARoE EFkaL 7Augto]
A2 o] FA X A] k& 75‘% AA1A Al

& AAE Sl AR
ol & 845 EO]—I— &
olA HE A Tz #H9 FEE FXAT=
ol2# felglolx, ol AFFEo] 20091 HINI
SR Al 7] 421 Tg71E gl 412 ECMO

Aol itk 378 3] WEo] Wol AgEX oot

old
=
=T

rO

FlF

itk 1980 7R = T8 HA A] EE VA supportS A}
koLt AR el AolH BER Bool
VV supportE Sttt o]= Euﬂoﬂ 3 Fse] Ao 2 dhay
A= AT AHe Sl
FAE o 7] wiiZolt}. 2009'd CESAR trialof 4] 544 %
T SFto Al ECMOS| ARG A-p-ollA AEEo] 72
S stk AE Hagk 3 oF s8j9] VV ECMO support”}
S7FFATHS). 12l o] oA Y] $& Aol Ets)
31 Z4zke] AEulct USR] B5 A} wae <ls) 34
TEFA S|4 ECMO9| oS es] HoFAl=
el

Z|ofl Hare w2 ‘E%L oA Al =
ECMO &8 A] AEE-2 S1-79%71A] HALskal QIti15,16].

3 22 9

s AAIA ] v &

L ot

T QfBt AlmA Mz (extracorporeal CPR)

ECPRO] A o= 114129 A#|AAP<4= return of sponta-
neous circulation®] E|A] 9k7L} 208 o]A) X|<&ER] Halal
NHEH O R A7} & 79 EMOS At 2
TH4th ECMO in Critical Care: Redbook).

2012 g wj= Aso] ofstd Hel U A1gx9] 4
AZE|Q-80] 13.7% (20001)0l|A] 22.3% (20099)= Ak
2& HolFT glott HER F AT ojee 417
2 R 797t oF 40%E ARt 53] 3 A
2 AZE L0 10% o]5t= B ITH17].
wr 1zéz]94 7oL xg_:_E] AL0] 9.6%= HIil%]

.
=Rl

-

mlo

Ho ok o

o
2
785

A

rjz
4z
>~F

F AR 0] A9 2013 NEHE AR 24
AR HAERA Gol| A AYEE UL 4.4%, A178HE 410 F

1|3t 7 -9(cerebral performance category 1, 2)7} ©A] 1.8%4+
of HA] G2 HalskGitk ofof] AEES wolal HEYS
Zo| 17} Sl wejSo] AT glovt ofxe 1 ant
A %2 AAoltt

SEA|TE 2008 =] I Chen 5{10]9] HAiL o] % gk
7)o} AEJo A ECPRS 220 2 Aaoka &80
St 8- marsha glot A B4 A9 tha
AT7k A9l glol ok 1 AT Bk A
skl oA Aaagto] Q191 AW AR -
Shin 5{191¢] ZAzte} vl AuE HofF=qlont o] 414
Ao] A4 olAMIE & ATE HolFT 917 etk

ob) U elskont gt G AT Tt Ale}

[o

Mlodor

o o

O

- 654 -



— A5 ECMOY| 1% —

ECMO 1313]0]| 4] 2011-2012 ©] ECPR dataZ = 77 H
flo] B2 elo]ElE W=t ECPR & ECMO o|g82
39.6% (ELSO data: 39%), A<EQLe2 25.7% (ELSO data:
W AA S20] AEES HolFT S-S TRl

Z| 2ol MHESH =2 o)A] Fagnoul 5{20]& R4l ECPR
919l 5714 9He AN A, AAT HeEe [g
slolof ik B, A5 FHRPTIE ASHe Aol Fr.
AR, FVs we] Aes 2IEARE Yol AR 2
W AzkelA. WA, ShakaZS Tjsjof Sk Tela thAl
A grre] g]lo] FAATAMo|mR Wrlo] 9le
£ kst We) Aud s A4S Aseis 20|
zt},

e oA AEgo] Fae Fi Xl A RE
ECMO AJ2+ A|7k0] 305 o]uQ] 79 £& AE8E Hole
Ao Bastgrh21,22). ntebd & 22¥ ECMO U7t &
Rolah, wal7| Y, gRolshl, g7\ 5 el B
o) §712Q) Wxet 7t BTL AET S ol THsA

= EaolEh= o)A g Zlolt:

¢

ECMOZ2| ShH=
Ay Eiel et s
ECMOE &8 5ol AT o= o= A d852 &
29} . o]} T2 PSS Aol SUekaL z
ZA = o] IE5E I 7hs/do] Wk 3 Au] 9] 7
digol| whet 11 Rleg= A o5 Stk A& &9 3
o At 2o} e )% ez Aol 9Fo] AAF

k|
A3 APH] BEE 7] 9l8] 9 PR distal perfusion) ]

ol

ol Arelo] 7120] MBI THF AES PhE gl
oh EE Sl e AAYT AL E5 o] FYFS
Folt- o 2 A2 Ut

Table 2. Side effect and potential complication during ECMO

Surgical site complication including bleeding

Renal dysfunction

Dysarrhythmia

Limb ischemia and amputation of cannulated limbs
Hemorrhage associated with anticoagulation requirements
Circuit-associated inflammation or coagulopathy

Hemolysis

Mechanical events (eg, failure of the oxygenator, thrombosis)
Infection

Neurological complications

ECMO, extracorporeal membrane oxygenation.
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