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History of ECMO



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 



Heart Lung Machine

 Dimethylpolysiloxane (1957)

- silicone rubber membrane

- artificial lungs

- Bramson ML J Thorac Cardiovasc Surg 50:391, 1965

 Heparin titration & ACT 

measurement

- Bartlett RH Surg Forum. 1969;20:152-3.

 5 day extracorporeal circulation 

in animals

- Bartlett RH, Ann Surg 180:850-856, 1974



1st ECMO Case

N Engl J Med 286:629-634,1972-9. 



1st ECMO Case

Bartlett RH, ASAIO Trans 22:80-93,1976Cardiac failure post-Mustard atrial baffle 



ECMO History in Korea (1985~1990)



1st Korean Oxygenators

 1st oxygenator (1982)

- Korea-Kim venotherm oxygenator

 1st clinical study (1990 Oxyrex)
- HM KIM KJTCSurg 023(06):1049-56



1st ECMO Cases

 1st case report (4cases 1990.7~1991.12)

- korean J Anestheisol 1992;025(02):424-32

 1st Respiratory support
- KP Hong KJTC Surg 1994;27:60-2

 1st Extracorporeal Cardiopulmonary 

Resuscitation (E-CPR)
- JH JUN KJTC Surg 1999;32:53-7



Present



VA = Cardiac support 

VV = Venous support



ECMO Support Type

Cardiac support
(VA)

ECPR
(VA)

Respiratory support
(VA)

Respiratory support
(VV)

Cardiac or 
respiratory 
support Etc.

VA
VV

Etc.



ECMO Support Target

Cardiac support
(VA)

ECPR
(VA)

Cardiac 
(Etc.)

Cardiac Respiratory

Respiratory 
support
(VV)

Respiratory 
support
(VA)

Respirat
ory 
support
(Etc.)



Extracorporeal Life Support 

Organization (ELSO)
 Established in 1989

 ELSO guide line

 Focus on collection and sharing of 

data & experiences



ELSO Results(2017)

Respirratory Cardiac ECPR

10601

9025
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5082
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Case Weaning Discharge
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(41%)
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ELSO Results(2017)

Cardiac

Respiratory



ECMO in Korea

PCPS KI Sung Ann Thorac Surg 2006;82:651–6

EBS 

ECPR Chen YS Lancet 2008; 372: 554–61

CESAR PEEK GJ Lancet 2009, 

374:1351-1363

Korean Health Insurance Review 

Maquet  PLS 
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change

ECMO 연구회



Methods

 Pilot study(2013.6)

- For evaluate the adequacy of 

multicenter study   

- Six center data collection 

- Modified the new data form

 Multicenter data collection

- 2013. 7~9(2011~12 data)

 End point

- Total cases - Indications 

- Weaning ECMO - Survival rate

- Support type, target, time

no Year Month Days Sex Age

ECMO insertion

department
Insertion place Arrest or not

Out of hospital 

arrest vs. in hos

pital arrest

Indication Support type

Support target Equipment Distal perfusion
Type of Cannula 

& size

Oxygenator

change
Weaning date

Support time
Anticoagulation

method
Alive discharge Cause of death Complications CPC score



Demography

 N=1087(1087/2668, 40.7%)

- M:F = 685:401, 52.8±21.9yrs

- 2011=537/1174(45.7%), 2012=550/1494(36.8%)

0~15 15~29 30~39 40~49 50~59 60~69 70~79 80~

93

73 72

137

214

242

198

58

936, 
86.1%

93, 
8.6%

58,
5.3%

15~80 <15 >80



ECMO Insertion I 

 Patients status before ECMO support 

- Arrest = 304/833(36.5%)  (RR 833/108, 76.6%)

 Where?

(RR 830/1087, 76.3%)

 Who? 

(RR 887/1087, 81.6%)

499, 
60.1%

137, 
16.5%

99, 
11.9%

95, 
11.4%

ICU Angio room ER OR

742, 
83.7%

110, 
12.4%

35,
4.9%

Cardiac surgeon
Cardiologist
Emergency physician



ECMO Insertion II

 Cannulation

▪ VA/VAV

- Arterial cannula   16.55 ±1.7Fr   - Venous cannula   21.0 ± 2.4Fr

- Distal perfusion (RR 700/836, 81.1%) 98/700,14%

▪ VV cannulation 

- In-flow cannula      18.6 ±4.0Fr

- Out-flow cannula   21.1 ±4.0Fr

45

126

26 29

Lt artery/Lt vein Rt artery/Rt vein

Lt artery/Rt vein Rt artery/Lt vein

Artery Vein

71 75

156
173

38 37

Lt femoral Rt femoral central

(RR265/836, 31.7%) (RR265/836, 31.7%)



ECMO Management I

 Support Type of ECMO

(RR1087/1085,99.8%)

331, 
30.5%

433, 
39.8%

323, 
29.7%

Respiratory Cardiac ECPR

P<0.05

 Target of ECMO

(RR 1087/1087, 100.0%) 

249, 
22.9%

795, 
73.3%

41, 3.8%

VV VA Etc



ECMO Management II 

247

208

106

67 64 64

36 34 29 22 18 10 3 3 1

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



ECMO Management III 

 ECMO support time

▪ Total ECMO support time 149.4±396.5hrs

- Weaning vs. failure group   140.2±410.7 vs.157.3±385.2hrs 

- Alive vs. Mortality group(p<0.05) 114.2±121.9 vs.164.5±466.1hr

▪ ECMO support time(Type of ECMO, p<0.05)

- VA support group 114.2±415.0hrs

- VV support group 234.7±318.8hrs

▪ ECMO support time (Target of ECMO, p<0.05) 

- Cardiac support 148.7±544.4hrs

- Respiratory support 224.3±303.9hrs

- ECPR 73.7±107.6.5hrs



ECMO Management IV

 ECMO Equipment 

(RR 1074/1087, 98.8%)

 Equipment change ‘from start 

to wean’ (RR 1074/1087, 98.8%)

716, 
66.7%

195, 
18.2%

65, 6.1%

98, 9.1%

EBS PLS Biopump Etc

 Anticoagulation(RR 427/1087, 38.8%)

- Heparin 233/425(54.6%), Futhan102/422(23.9%), None 82/422(19.4%) 

716

195

65
98

652

195

65

162

EBS PLS Bio pump Etc

Start Weaning



Results of ECMO I

 Weaning

- Total 485/1087(44.6%)

- 2011 230/537(42.8%) 

- 2012  255/550(46.3%)

 Survival discharge 

- Total 325/1087(29.9%)

- 2011 157/537(29.2%)

- 2012  168/550(30.8%)

 CPC 1-2 rate (225/325 RR 69.2%)

- 212/231(92.0%)
Total 2011 2012

1087

537 550

485

230
255

325

157 168

Case Weaning Survival



Results of ECMO II

Cases Weaning Survival discharge

~15 92 49(53.3%) 36(39.1%)

15~79 937 408(43.6%) 273(29.1%)

80~ 58 28(48.3%) 16 (27.6%)

53.3%

43.6%
48.3%

39.1%

29.1% 27.6%

~15 16~79 80~

Weaning rate Survival rate P>0.05



Results of ECMO III

Cases Weaning Survival discharge

VA ECMO 794 344(43.3%) 227(28.5%)

VV ECMO 249 130(52.2%) 89(35.7%)

Etc 41 11(26.8%) 9 (21.9%)

43.3%

52.2%

26.8%

28.5%

35.7%

21.9%

VA ECMO VV ECMO Etc

Weaning rate Survival rate P<0.05



Results of ECMO IV

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%)

50.1%

44.1%
39.3%

34.4%

29.6% 25.7%

Respiraroy Cardiac ECPR

Weaning rate Survival rate P<0.05



Summary of Cardiac Support

 N=433(M:F=264:169, mean age= 54.4±20.7)

 Mean support time 148.7±544.4hrs

 Weaning rate 191/433(44.1%), Survival rate 128/433(29.6%)

 CPC 1~2 rate(94/128, 74.2%) 92/95(97.8%)

 Risk Factors(p<0.05)

- Cannula insertion department, ECMO equipment, 

ECMO support over 7days

 Survival rate

64
51

41
33

22 18 11 9 6

28

20

6
12

12
6

6 5 5
0.0

20.0

40.0
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100.0Death Alive Survival rate

0
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death alive



Summary of Respiratory Support

 N=331(M:F=130:201, mean age= 46.9±25.1)

 Mean support time 224.3±303.9hrs

 Weaning rate 166/331(50.1%) survival rate 114/331(34.4%)

 CPC 1~2 rate(89/114, 78.0%) 80/89(89.9%)

 Risk Factors(p<0.05)

- Oxygenator change, ECMO support over 3days.

 Survival rate

154

10 9 11

57

16 17 3

0.0

20.0

40.0

60.0

80.0

0

50

100

150

200

250

ARDS Post

operation

others Sepsis

Death Alive Survival rate

0
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100

2 4 6 8 101214161820222426283032

Alive Death



Summary of ECPR

 N=323(M:F=103:220, mean age= 56.7±18.4)

 Mean support time 73.7±107.6.5hrs

 Weaning rate128/323(39.6%), Survival rate 83/323 (25.7%)

 CPC 1~2 rate(41/83, 49.4%) 35/41(85.3%)

 Risk Factors(p<0.05)

- ECMO support over 4days

 Survival rate

82
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10 8
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4
4 6
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34.4

29.5

25.3
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55.4
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45.7

Respiratoy
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Cardiac
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Summary of ECMO Results

 ECMO Weaning Rate  Survival Rate



Clinical Trial



Clinical Trial

 Neonatal respiratory

- 1985 Bartlett randomized trial

- 1996 UK Collaborative trial

 Adult respiratory 

- 1979 NIH-ARDS randomized trial

- 1986 Gattinoni ECCO2R cohort trial

- 1994 Morris ECCO2R randomized trial

- 2009 PEEK CESAR randomized trial

 Adult Cardiac support

- 2008 cardiopulmonary resuscitation

with ECMO and observational study 



J Thorac Cardiovasc Surg 2008;135:382-8



CPR Time before ECMO

Author CPR < 30 min CPR > 30 min

Hill et al. 14/54 (25.9%) 8/56 (14.3%)

Wittenmyer et al. 16/63 (25.4%) 1/13 (7.7%)

Willms et al. 15/29 (51.7%) 1/20 (5.0%)

Hartz et al. 1/19 (5.3%) 0/10 (0%)

Cochran et al. N/A 2/3 (67%)

- Perfusion 2002;17:269-77 



CPR with ECMO

- Lancet 2008; 372: 554–61



 N= 113 vs 59 (conventional CPR group vs ECPR group)

 ECPR groups ; higher survival rate to discharge (p<0·0001) and 

better 1-year survival



CESAR Randomized Trial

 Multicenter, randomize trial

 N= 180 (18~65yrs ECMO support vs conventional support)

 6 months survivors

- 63% (57/90) vs 47% (41/87) p =0.03

- 0·03 quality-adjusted life-years



Clinical Trial in Korea

 1st Cardiac support clinical study

- N= 16 (1993~95  mean age 2.5 ±3.5yrs)

- Weaning   9 (56.3%)  - Alive 5 (31.3%)
- OC Kwon KJTC Surg 2000;33:385-90

 1st Percutaneous cardiopulmonary  

support clinical study

- N= 22 (2003~05 mean age 63 ±14yrs)

- Mean support duration 48.5 ±29.0min

- Weaning  13 (59.0%)  - Alive 9 (41.3%)
-KI Sung Ann Thorac Surg 2006;82:651– 6

 1st Extracorporeal Life Support 
machine

- Twin pulse life support (T-PLS® , New 

heart bio.BHK, Seoul, Korea)



ECMO Equipment I

Direct cut-down

Chest tubes

Seldinger technique

Thin walled cannula

Heparin titration to 
whole blood ACT

Non thrombogenic 
surface

Solid silicon rubber
Microscopic/solid 

hollow fiber

Roller pump with 
negative pressure 

control

Centrifugal pump 
with bearing 

supported / floating 
rotators



 Capiox EBS ( Terumo com.)

- Quick, Compact and Simple 

(have the minimum number 

of necessary functions). 

 Quadrox PLS®  oxygenator

- durability silicon membrane

- approval for 14 days

- Rota flow RF 32 pump

- minimal priming volume

- minimal hemolysis 



 Lifebridge B2T®  

- Priming volume 1400ml

- Auto priming 5min

- Hollow fiber oxygenator

- Internal battery 120min

- 18kg

 MAQUET Cardiohelp®

- Flow 7L/min

- Bioline coating

- Internal battery 90min

- 10Kg

- Approved for up to 30 days

 Affinity® Closed Chest 

Extracorporeal Support System 

- Rapid setup & prime 

- Heparin coated

- With Bio pump



ECMO Equipment II 

 Type of  ECMO Support (p<0.05) 

110 
66 

578 

119 

26 

10 

EBS PLS

VV VA Etc

15.4%

33.8%

81.0%

61.0%

3.6% 5.1%

EBS PLS

VV VA Etc

EBS; 66.7%

Emergency Bypass? 

PLS: 18.2%

Permanent life support ?
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Future
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Future of ECMO I

 ECMO Weaning Rate  Survival Rate



Future of ECMO II

 Hard/softwear

- Access  - femoral v.  the method of choice

- new double lumen device

- Circuit - minimize stagnation and thrombosis

- Servo regulation 

- Anticoagulation 

- inhibit platelet adhesion to the surface.

(nitric oxide eluting from the plastic)

- Non heparin drug

- ICU management

- ECMO special list, Nursing systerm



New Indication & Aim

 Patients transfer with ECMO

 OHCA ECMO

 Rehabilitation + Awake ECMO)

 ECMO for organ donation

(after cardiac death) 

 Bridge to TPL

 Bridge to Bridge

 Artificial lung

 Sepsis and others

 Standardization!

 The wind of change

is blowing powerfully!

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj21MiHhI7UAhXMNpQKHR_lCy8QjRwIBw&url=http://www.af.mil/News/Article-Display/Article/108919/a-5000-mile-journey-to-recovery/&psig=AFQjCNFGd8OROYkd7vHcXKBUBU8UU5eSOw&ust=1495904285854897
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj21MiHhI7UAhXMNpQKHR_lCy8QjRwIBw&url=http://www.af.mil/News/Article-Display/Article/108919/a-5000-mile-journey-to-recovery/&psig=AFQjCNFGd8OROYkd7vHcXKBUBU8UU5eSOw&ust=1495904285854897
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https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj91rr8hI7UAhXEn5QKHbh-BnoQjRwIBw&url=https://www.rush.edu/news/press-releases/rush-honored-excellence-life-support&psig=AFQjCNFxA1IRxHUSnLebpLKhU2rW_C_gQA&ust=1495904528652410




New Mechanical Device

 Impella 5.0 L/min of forward blood flow from the left ventricle



 SYNERGY Circulatory Support System

Blood is drawn from the Left Atrium via the Inflow Cannula 

that is connected to the micro-pump which pumps the blood 

back to the body via the Outflow Graft to the Subclavian artery. 



 Aortix 0.6*6.5cm, Aortix reduces the heart's energy 

consumption by 39 percent. 

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiKl7r09IzUAhWFnJQKHXa2A1EQjRwIBw&url=https://www.mdtmag.com/article/2015/04/circulatory-support-without-surgery&psig=AFQjCNEW_qpt5oZlhWv85aJO7fQaeEWymQ&ust=1495865698670384
https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiKl7r09IzUAhWFnJQKHXa2A1EQjRwIBw&url=https://www.mdtmag.com/article/2015/04/circulatory-support-without-surgery&psig=AFQjCNEW_qpt5oZlhWv85aJO7fQaeEWymQ&ust=1495865698670384
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Take Home Massage

 1930년대 부터 태동하기 시작한 에크모는 많은 선각자들의 노력에 의해
2000년대가 되면서 전 세계적으로 시행되기 시작하였고, 80년대에 태동
되었던 국내의 에크모 현황도 90년대를 기점으로 발달하기 시작하여
2015년 메르스 사태 등을 거치면서 흉부외과 특히 에크모 연구회를 중심
으로 활발히 시행되고 있다.

 국내 에크모 현황은 심장보조, ECPR이 상대적으로 폐 보조 보다 많은 특
징을 가지고 있으며 최근 폐 보조를 의한 에크모도 크게 증가하고 있으며
현재 에크모의 결과는 ELSO의 결과 비교하여 낮은 수준을 보여주나 빠
른 속도로 발전하고 있다.

 국내 에크모 건수는 빠르게 증가하여 연간 2000례를 넘고 있으며 심평원
의 적응증 조절이 있었다. 레지스트리도 현재 활발하게 진행되고 있다.

 향후 에크모는 장비 발달, 시스템의 표준화 등으로 좀더 확대 될 것으로
보이며 새로운 장비들이 개발 되며 현재의 한계 등을 극복하게 될 것으로
판단되어 이에 대한 준비가 필요할 것으로 생각된다.

 향후에도 운용의 표준화, 새로운 장비의 도입, 연구 등에 흉부외과에서
더욱 노력 해야 할 것으로 보인다. 


