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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

PROLONGED EXTRACORPOREAL PARTIAL BYPASS
Physiologic Effects

IOOF 40 01\
PO, 75[ pCO, 35 E( P
50 .

30 gy !
300,000
PLATELETS - v
100,000 ' . - e
10
0 L 1 1 ! J
205
BUN +
ol L 1 1 J
204
LACTATE ’\\’"—‘\0—4
0! | | 1 !
20 - —ind
RESPIRATION »

B.P. mean -.\..M

FLOW l




1St ECMO Case

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



1St ECMO Case

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



ECMO Histor

— Abstract —

orea (1985~1990)

Cardiovascular Surgery in Korea(lIl)

Table 11. Ventricular Assist Device

Weaning from Device /No. of patients

SI'® g5 g5 87 88 89 90  Total

1/47/106/85/126/8 7/8 32/50
RVAD 171 121

LVAD

Total 1/47/106/85/126/8 8/9 33/51

VAD : Ventricular Assist Device

young Mook Kim, M.D."
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21,761 operations for con-

genital, and 5.2% of the 8, 300 operations for acquired heart diseases).

OGut of the
mortality as 2.0%,

total congenital cases,
and 4,458 cases were cvanotic group with a hospital mortality as 14.1%.

17,303 cases were

acyanotic group with

a operative

The incidence of corrective operations for complex congenital cardiac anomalies were inc-

reasing recently with decreasing age group.
3. During the year in 1990, 38 institutes performed 5.427 cardiovascular surgery with a

hospital mortality of 3.4%2.

4. Of the total cummulative 6,458 cases for cardiac valve surgery more than 90% cases

were put to prosthetic valve replacement with hospital mortality as 4.8%;.
idence of re-Do valve surgery was increasing recently as 13.1% in 1990,
- =

And the inc

total 440 cases.

vear.

5. Coronary artery bypass graft was incresing recently with
Intracardiac operation for intractable arrhythmia was started since 1987 as
49 cases in total, Experiences on VAD and ECMQO were also reported sporadically in recent

7.9%5 of hospital mortality in

6. Home made

oxygenator(OXYREX) is

now in clinical

eriment for clinical trial in near future,

use,

and under ammal exp-



15t Korean Oxygenators

® 1stoxygenator (1982) I W W
- Korea-Kim venotherm oxygenator V4
® 1stclinical study (1990 Oxyrex) 7

- HM KIM KJTCSurg 023(06):1049-56

water
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Operations No. of Patients

9
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1St ECMO Cases

® 1% casereport (4cases 1990.7~1991.12)

Table 1. ¥5- ECMO 23

d¥ls dx ek | d# AAFEHe F57 Q1 H el A eegazt Az
i 1990 M 8M Truncus arteriosus Kuraray V-V, V-A 1147} Abeg
Acksl AAred A
Alhdek e
2 1990 M 13M # 24, 7\F Kolobow V-A 404]7k Abet
+Kuraray
3 1991 F 23M  TOF =A<t +x7 Kuraray V-A 9047k AE
ATedr 4 33
4 1991 M 51 34 42wl o heparin V-A 12%7¢ A
4 prosthetic valve <A}
failure Maxima

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

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

® 1stExtracorporeal Cardiopulmonary
Resuscitation (E-CPR)

-JH JUN KJTC Surg 1999;32:53-7







VA X Cardiac support
VV X Venous support



VA

ECMO Support Type

espiratory support
(VA)

ECPR
(VA) Cardiac or
o Ftc. respiratory

support Etc.



ECMO Support Target

Cardiac Respiratory

espirat
ry
upport
Etc.)

ardiac
Etc.)

(VA)



15t Asia Pacific ELSO Conference
Oct.11-13,2013 Beijing,China

Beijing International Convention Center

oy s

Contact with Peter Rycus at prycus@umich.edu; JuZhao at zhaojucpb@163.com
y www.elsonet.org or apelso2013.chinacpb.com
ELSO Asia—Pacific ELSO ChSECC CSCCM




ELSO Results(2017)
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Meonate  Pediatic  Adutt
(%) (%) (%)

Aespiratory
Mechanical: pump maiunction 18 29 15
Machanical: cvygenator talure 57 106 0.1
Cennula hemorhage 78 i3 132
Sumical hemomhape B3 1286 105
Pulmonary hemamhage 45 8.1 6.1
CHS T8 B4 19
CMS Infarction B2 42 21
Aenal fallure iy 124" a.at
Hypertillrubinemia 74 52 87
miection 5.4 88 175
Cardlac
Machanical: pump mafiunction 15 14
Machanical: cvygenator talure 6.1 72
Cennula slte hamarage 107 156
Sumical site hemorhage 204 209
PuImonary hemanage .2 54
CNS hemomhage 113 54
CNS Infarction 14 5.0
Aenal fallure 128" 7o
Hypertillrubinemia 49 72
infection R 1.0




ECMO in Korea
1 insurance indicatior

ICESAR PEEK GJ Lancet 2009, change
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Korean Health Insurance Review



Methods

no Year Month Days Sex Age

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%)

58,
5.3%

242

M 15~80 <15 u>80

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



ECMO Insertion |

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

35,
_ 4.9%

M Cardiac surgeon
M Cardiologist
M Emergency physician

M|CU ®mAngio room sER mOR

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



ECMO Insertion 1l

® Cannulation

= VA/VAV
- Arterial cannula 16.55 z1.7Fr -Venous cannula 21.0 £ 2.4Fr
(RR265/836, 31.7%) (RR265/836, 31.7%)
156 173
126
71
38
Artery Vein
altfemoral ®Rt femoral central M Lt artery/Lt vein MRt artery/Rt vein

Lt artery/Rt vein M Rt artery/Lt vein

- 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



ECMO Management |

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

M Cardiac M Respiratory = ECPR

“AVAY VA u Etc

ELSO data Korean daata



ECMO Management 11|

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




ECMO Management Il

® 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+121.9vs.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 148.71544.4hrs
- Respiratory support 224.3+303.9hrs
- ECPR 73.7£107.6.5hrs



ECMO Management IV

® ECMO Equipment ® Equipment change ‘from start
(RR 1074/1087, 98.8%) to wean’ (RR 1074/1087, 98.8%)
716 N\
|, 65,6.1% 652
195 195 /162
y 65 I
mm I
MEBS HPLS uBiopump HEtc Bio pump Etc

M Start ™ Weaning

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



Results of ECMO |

m Case mWeaning ®|Survival

® \Weaning
- Total 485/1087(44.6%) 1087
- 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



Results of ECMO 11

—o—Weaning rate —#~Survival rate P>0.05
53.3%
\ 48.3%
43.6% --o
39..1NF
4
29:1% 27.6%
~15 16~79 80~
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%)




Results of ECMO 111

-&-Weaning rate —@Survival rate P<0.05

92.2%

'/‘N-zas%
28.5%
21.9%
VA ECMO VV ECMO Etc
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%)




Results of ECMO IV

——Weaning rate —®—Survival rate P<0.05
50.1%
w4.1%
39.3%
ﬂ
k
34.4% —8—
-
29.6% 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%)




Summary of Cardiac Support

N=433(M:F=264:169, mean age= 54.41+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,

90
80
70
60
50
40
30
20
10

0

ECMO support over 7days
Survival rate

!

1 3 5 7 9 1113151719 21 23 2527 29

B death malive

I Death mmAlive —Survival rate

100.0

80.0

60.0

40.0

20.0



Summary of Respiratory Support

® Survival rate

100
80
60
40
20

0

l

2 4 6 8101214161820222426283032

H Alive H Death

250
200
150
100

50

N=331(M:F=130:201, mean age=46.91+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.

mm Death mm Alive ==Survival rate

ARDS

16
—

Post 10

operation

17
|

others9

3
[E—

Sepsis 11

80.0

60.0

40.0

20.0

0.0



Summary of ECPR

® N=323(M:F=103:220, mean age=56.7+18.4)
® Mean support time 73.7+107.6.5hrs
® \Weaning ratel28/323(39.6%), Survival rate 83/323 (25.7%)
® CPC 1~2rate(41/83, 49.4%) 35/41(85.3%)
® Risk Factors(p<0.05)
- ECMO support over 4days
® SurVivaI rate m Death mmmAlive e==Survival rate
150 120 50.0
100 40.0
100 1 80
30.0
60
50 20.0
40
. ) 20 10.0
1234567 8 910111213141516 0 0.0

10
23 iti
= Alive W Death ACS Etc others myocard|t|§
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Summary of ECMO Results

® ECMO Weaning Rate

——o—Korean data -—®-ELSO data

63.8

Respiratoy
support

Cardiac
support

ECPR

Total

® Survival Rate

—o—Korean data -®-ELSO data

55.4

N

39.3

Respiratoy
support

Cardiac
support

ECPR

Total






Clinical Trial

® Neonatal respiratory
- 1985 Bartlett randomized trial
- 1996 UK Collaborative trial
® Adult respiratory
- 1979 NIH-ARDS randomized trial
- 1986 Gattinoni ECCOZ2R cohort trial
- 1994 Morris ECCO2R randomized trial
- 2009 PEEK CESAR randomized trial
® Adult Cardiac support
- 2008 cardiopulmonary resuscitation
with ECMO and observational study



Venoarterial extracorporeal membrane oxygenation for
treatment of cardiogenic shock: Clinical experiences in 45
adult patients

Farhad Bakhtiary, MD,® Harald Keller,” Selami Dogan, MD,* Omer Dzemali, MD,® Feyzan Oezaslan, MD,?
Dirk Meininger, MD, PhD,® Hanns Ackermann, MD, PhD,” Bernhard Zwissler, MD, PhD,® Peter Kleine, MD, PhD,? and
Anton Moritz, MD, PhD?

TABLE 3. ECMO results
Total CABG AVR  CABG + MVR CABG + AVR LVAD CABG + VSD  HTX Others*

No. 45 20 2 5 3 6] 3 2 9
Duration of ECMO(d) 6445 68+42 60+28 43+25 52+78 80+42 43+29 62+53 72+52

Successful weaning 25 (56%) 1?]fﬁ[]”f“k 2|100%! §]%t 2{6}'% 5 (100%) Zi}'%| _1150%) _0(0%)

Brid I : ) 0 Y P A ,%} I./J% 0 (50%)
ridge to DngCar la\ﬂ’c—r w}ﬁ}!‘l por

assist devic
Heart transplanta 0m0%) >~ 2'11[1]%} 0 (50%)

Mechanical 12.6 + 10.3 116+88 MO0+14 167+227 T2+86 240+142 120+69 115+42 98+62
ventilation (d)
ICU stay (d) 2105+ 208 211184 47535 170x234 21.0+285 240+ 142 45314 545 +45 88+6.3

Post-ECMO hospital 256 + 192 182+ 158 305+ 148 33.2+29 345134 340+17 595+21 593+30303+08
stay (d)

30-d Mortality 24 (53%) 10 (50%) 1(50%) 4(80%) 3(100%) 2 (40%) 1(33%)  1(50%) 2(40%)
Discharged from 13 (67%) 6 (30%) 1(50%) 0(0%) 0(0%) 3 (60%) 2(67%)  1(50%) 0(0%)
hospital

In-hospital mortality 32(1%)  14(70%) 1(50%) 5(100%)  3(100%) 2 (40%) 1(33%)  1(50%) 5(100%)

CABG, Coronary artery bypass grafting; AVA, aortic valve replacement; MVA, mitral valve repair; LVAD, left ventricular assist device; VSO, ventricular septal
defect;, HTX, heart transplantation; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit. *Including double-valve replacement (n = 2},
liver transplantation (n = 2}, and type A aortic dissection {n = 1).

J Thorac Cardiovasc Surg 2008;135:382-8



CPR Time before ECMO

Author

CPR <30 min

CPR > 30 min

Hill et al.

Wittenmyer et al.

Willms et al.

Hartz et al.

Cochran et al.

14/54 (25.9%)

16/63 (25.4%)

15/29 (51.7%)

1/19 (5.3%)

N/A

8/56 (14.3%)

1/13 (7.7%)

1/20 (5.0%)

0/10 (0%)

2/3 (67%)

- Perfusion 2002;17:269-77



CPR with ECMO

Cardiopulmonary resuscitation with assisted extracorporeal
life-support versus conventional cardiopulmonary
resuscitation in adults with in-hospital cardiac arrest:

an observational study and propensity analysis

Yih-Sharng Chen*, Jou-Wei Lin*, Hsi-Yu Yu, Wen-Je Ko, Jih-Shuin jerng, Wei-Tien Chang, Wen-Jone Chen, Shu-Chien Huang, Nai-Hsin Chi,
Chih-Hsien Wang, Li-Chin Chen, Pi-Ru Tsai, Sheoi-Shen Wang, juey-Jen Hwang, Fang-Yue Lin

Summary

Background Extracorporeal life-support as an adjunct to cardiac resuscitation has shown encouraging outcomes in
patients with cardiac arrest. However, there is little evidence about the benefit of the procedure compared with
conventional cardiopulmonary resuscitation (CPR), especially when continued for more than 10 min. We aimed to
assess whether extracorporeal CPR was better than conventional CPR for patients with in-hospital cardiac arrest of
cardiac origin.

Methods We did a 3-year prospective observational study on the use of extracorporeal life-support for patients aged
18-75 years with witnessed in-hospital cardiac arrest of cardiac origin undergoing CPR of more than 10 min compared
with patients receiving conventional CPR. A matching process based on propensity-score was done to equalise
potential prognostic factors in both groups, and to formulate a balanced 1:1 matched cohort study. The primary
endpoint was survival to hospital discharge, and analysis was by intention to treat. This study is registered with
ClinicalTrials.gov, number NCT00173615.

Findings Of the 975 patients with in-hospital cardiac arrest events who underwent CPR for longer than 10 min,
113 were enrolled in the conventional CPR group and 59 were enrolled in the extracorporeal CPR group. Unmatched
patients who underwent extracorporeal CPR had a higher survival rate to discharge (log-rank p<0-0001) and a better
1-year survival than those who received conventional CPR (log rank p=0-007). Between the propensity-score matched
groups, there was still a significant difference in survival to discharge (hazard ratio [HR] 0-51, 95% CI 0-35-0-74,
p<0-0001), 30-day survival (HR 0-47, 95% CI 0-28-0-77, p=0-003), and 1-year survival (HR 0-53, 95% CI 0-33-0-83,
p=0-006) favouring extracorporeal CPR over conventional CPR.

Interpretation Extracorporeal CPR had a short-term and long-term survival benefit over conventional CPR in patients
with in-hospital cardiac arrest of cardiac origin.

- Lancet 2008; 372: 554-61



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

® ECPR groups ; higher survival rate to discharge (p<0-0001) and
better 1-year survival
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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

Respiratory Support




Clinical Trial in Korea

® 1stCardiac support clinical study

Wi,
- N=16 (1993~95 mean age 2.5 £3.5yrs) m
- Weaning 9 (56.3%) - Alive 5 (31.3%) ":::w

- OC Kwon KJTC Surg 2000;33:385-90
® 1stPercutaneous cardiopulmonary
support clinical study
- N= 22 (2003~05 mean age 63 x14yrs)
- Mean support duration 48.5 £29.0min
- Weaning 13 (59.0%) - Alive 9 (41.3%)
-KI Sung Ann Thorac Surg 2006;82:651- 6
® 1stExtracorporeal Life Support
machine
- Twin pulse life support (T-PLS®, New

heart bio.BHK, Seoul, Korea)




ECMO Equipment 1

Direct cut-down
Chest tubes

whole blood ACT

Solid silicon rubber

Roller pump with
negative pressure
control

\ Heparin titration to

\,

Seldinger technique
Thin walled cannula

Non thrombogenic
surface

Microscopic/solid
hollow fiber

\
\
\

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 1400m|
- 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 11

EBS; 66.7% PLS: 18.2%
Emergency Bypass? Permanent life support ?



ECMO in Korea
1 insurance indicatior
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Future of ECMO 1
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Future of ECMO 11

® Hard/softwear

ECMO 1, 1980-2008 ECMOII, 2009-2017 ECMO I1I, 2018- 2077

Sedation, paralysis Awake, spontaneous Awake, ambulatory
breathing

Intubated Tracheostomy, extubate Extubated

Rest vent settings CPAP Off vent

Specialist 24-7 1CU Nurse, ‘Conventional care, weeks
ECMO team support Home, months

Lung recruitment Watch and wait Spontaneous breathing

Bleeding:major Bleeding : minor No anticoagulation




New Indication & Aim

Patients transfer with ECMO

OHCA ECMO

(after cardiac death)
Bridge to TPL
Bridge to Bridge
Artificial lung
Sepsis and others
Standardization!
The wind of change
IS blowing powerfully!

Rehabilitation + Awake ECMO
ECMO for organ donation

Extracorporeal Support for Organ Donation after Cardiac

Death Effectively Expands the Donor Pool

Joseph F. Magliocca, MD, John C. Magee, MD, Stephen A. Rowe, MD, Mark T. Gravel, RN,
Richard H. Chenawlt I, Robert M. Merion, MD, Jeffrey D. Punch, MD, Robert H. Bartleit, MD,

and Mark R. Hemmila, MD

Background: We sought to evaluate
the effect on short-term outcomes of nor-
mothermic,  extracorporeal  perfusion
(ECMO) for donation of abdominal or-
gans for transplantati after cardiac
death (DCD). Study parameters included
increase in number of donors and organs,
types of organs procured, and viability of
kidneys transplanted.

Methods: We retrospectively re-
viewed medical record data for all pa-
tients enrolled in our ECMO-supported
DCD d protocol hetween October 1,
2000, and Febru; 2, 2004. We also re-
viewed the records for all patients under-

=
(DBD) during the study period at our in-

stitution. Recipient data were obtained
and analyzed for all Kidneys procured
from both groups.

Resulls: Twenty ents were en-
rolled in our DCD protocol and under-
went attempted organ donation, Fifteen
patients completed the protocol; 3 main-
tained cardiac function throughout the
preseribed 60 minutes after withdrawal of
life support, and two patients’ organs
were deemed for

transplanted by 24% (100 versus 124) A
total of 24 Kidney, 5 liver, and 1 pancreas
transplants were performed with these or-
gans. Two of 24 (8.3%) DCD kidneys had

delayed graft function. There were no
perioperative rejection episodes or deaths,
Conclusion: The implementation of a

DCD protocol using extracorporeal perfu-
sion increased the potential organ donor
pool at our institution by 33%. This was

n. Fourteen (70%) of the DCD donor
patients originated on the trauma service
x (30%) were from other clinical
The DCD program increased the
potential donor pool by 33% (61 versus 81
patients) and the number of kidneys

P without shert term adverse
effect on organ function compared with
kidneys transplanted from DBD donors.

Key Words: Organ donation extra-
corporeal perfusion ECMO, cardiopulmo-
nary bypass, cardiac death, transplant

J Trauma. 2005:58:1095-1102.
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New Mechanical Device

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

Q Er Catheter
>, F Diameter

1 4 H Compatible with
-+ Abiomed’s 14 Fr sheath

14 Fr pump motor g Blood Inlet
I TR Area

‘

Outlet Area

September 2012, received FDA 510(k) clearance



¥ Circutite

SYNERGY Surgical System

® 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.

AORTIX™ harnesses fluid entrainment to augment native blood flow

—

" Portion of native flow
enters Aortix

Aortix accelerates
| flow downstream

1 High velocity jets |
entrain native flow

Net increase in
total aortic flow ’
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Thorac Surg 2003;76:5218¢



Take Home Massage

® Past
- History of Extracorporeal Membrane

Oxygenation(ECMO) |
- History of ECMO Il (Korea)
® Present
- 2017 ELSO data
- ECMO current status in Korea
- Clinical study
- Equipment

® Future
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