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MERANTH AR, ECMO NAEEEE#RHS 72, 17 ECMO SZRNEBENRFEREEH TG, BEEGTIRETR, HTFRER
MINEER T HITHRATT, EMBH MMM NRAR™EXMEEMENSHRE. RICRZIE ECMO S2FRgEmANSH, HEH
P M SRS AR AR MFTESTIBIE A ECMO BEFM S EXEE, ARSI ERFET—ENHE, FTTBRREENRN
Ihet. MieENEREBRHSENBERMLR, ENACEREMENZ. TMXAUENRMINEE, WS MEMRM QN7

2, 31T ECMO ZHrBEMSs = —MAFHNITA,

ECMO BE 53 i B8 Rz 1l 4234 1 E B Rz A
wise
REEFHERHERAR

BE

RSMERTEA (Extracorporeal Membrane Oxygenation, ECMO) BF—MRAGOIFERER, RS ieRITmIhaeia
BUROATHRERIBBEN LSRR A. £ ECMO AITHE, ATRENRNYELENRT, BHESRER U EMNHRIE:
Hmfmig, BERMIERDEE. FUETNEAMENY, 2 ECMO B2FATIRHTEEN—IF, SERNRMEN 7 EMEL,
migRAHEERTEANBERMERS, BESMRRONMELEE, KUFRUREEEONER. RELTET2ER
ECMO JATHREINHAIE, ESERNEMCNEL, miesHEAEEEEMMNIRKERNE. RIBEENMEMEUKRIRKER
0, FEEFRERENNSE, REERS THWIETIER, 2 ECMO SIaTrIX 3,

E1E

ECMO 2o EsniF (ECLS) W—HMAR, B—ME
ERBKINS | RSN, 23 AT OMERASREENRAGIKEK
BIARS, BB OMENRERNNEY. TBEATHEE
OFRTIRERIE B ERMFFEREINT RS RIS, UERREE
o Bl ECMO RANFFEONRIBNNRRIBEEMS
EXRBEIRARAR L,

1R ECMO &R IRERHN AR RRA S 79
B#BK-88 Bk (veno-venous, VV) ECMO 8, & Bk-E1Bk
(veno-arterial, VA) ECMO #&3{1, VV-ECMO REHFMIR
BN, M VA-ECMO BEE MRS it BB 2 HHERC,
3HF VA-ECMO BRHs, HEZRATERMEEMERTE
HEW— L IGE B (temporary circulatory support ,
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TCS) , ERAMNREGLERES, N 2E0IERE. BE%
DK, BEOIFESMEREUROEEEY, BREFHLER
BRNRE, W SR RNIER E e R e
TEAFARN L MAEEFENT, PR THEEFRS
2. BEEMRR. MR, MEM R MmE RO
FREZEWERTF VV-ECMO &=

K& ECMO EAMNRESRNS, HNAMRE Z,
EF= ECMO BRI AERZ, HAEM™ ECMO tBEBZNFA
&K, ECMO AR EMHHLEBLSINEN, REL
WHAEMRSHDMU KNG, XREEEHEFES - BER
W, AXEERY ECMO MAZREFHIMAH LUK |2
BIMINEER BRG], MmiesEAEERGNREEALRIINEE
BIFERAR, WfAIE ECMO BRMEEHISNEEMN H MR
BRI E A
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ECMO 477 B E %l
THARNSRT

AFLRMADENNE (MREFHEARR) , &
ECMO 7&y7HAiE), TAMRNIEEESTIFM, MRRX
FTHSEYNUNEaSRNENESHTIABATE
MIEFMREN, NMESREHMAANL. THAMIR=ZNT
TRMEMRNNERPRIEEERNER, ERRFE,
FRABMEEAMENERRE B SN —FIAB LIRS E
o, ERAARTESEATSESNAE S0%MN TR
ARG, MRIMMETIERE, RENHEFERRK
SN

I/ VR BB 2

HRET, £ ECMO JATHRE], M/MREEEThRER EIE
WBUREESELD, MRRLDRENBEER 21%, HER
FTER: mRMIMRBREREEME, SEYN—FERELL
IMRGEM, IBINMie R A KBS, /)MRTEFRER 25 2 /) v
B F—FHE, BETINEMAM/IMRRESZ AR, /) vMkEs
Mt F#EZE A Iba (glycoproteinlba, GPIba) FIFEZEH VI

(glycoprotein VI, GP VI) jF/, MEMMAEKRAT (von
Willebrand factor, vWF) ZEMARL, RETE vWF M/
REAFL, M/MREEMIMEREMES, £ 2018 FHMN—NMEZ
REZT, HE ECMO MERHPNERREERIELA
g, REZRALEHBBMHO/NREVDMNBERERLK. T
ECMO B&iahl 15 78, IMRIRGMESEHBAE, B
ENEBRELLTEE,

k- dinlzER: b e

ECMO #5idi2AR, MR %5k 0 R F 7K TR
#BIRE ECMO ERAE 24 /NERERIEFIL. V. VI VI,
IX. XURALEZEAR. NEYR (F5BR. NEDE
n . ZACHMERS) BEEERAKFELTI,

ECMO BYH R EE

MEREARNEZEETRA, ECMO BENRERGHT
B, BHOSmitMESBRtCNEERRZZ—, HEHENGE
EKE 10% ~ 33%!%, ECMO BFARRETH, FH
T HRIMOTBIRE R RE R POSSNEMERK, RATRERIER
i, MigteEE. BRIMMIHAEMERE LM LE, thin DIC G
BMMENEM) . MARM. FERIREEKMSED, Hin
fmieR ECMO EMHKIE, MEXMBENTE, EE
Bt hBELES, “EEEER—BEDHE,
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FEENMEE, MRINEEURMEASRMRES (B
EF. VR FEEHFRATERR) BEMEMKRSHE
ERR, 17 ECMO ZFHEE, SA%. #TTEMREN
EEABTMEENINE, REFSAE—ENEYIEES
M, HIMRSEYMEHEREREUE, RYER, Mm5IE
BESHMIMREE. BRRE, EERBM/IMR; MR
BIESRG, MR EEPMRIAEEIR DAL T
MR, MEREIIERZ5 M, XITEENIEINGUE
FIRFIE, MARmERIRNFEE AR TUETIRTE. T
RESRMREMS, ECMO ZIRHESREASHRAES
BEWMHRE, FESRUESYR, IMREBUETT4
RARNBFAZSBUL/MRIT RO REKENH LD,

STFKBBIHREEIT ECMO MEHE RN, SRR
Bl ECMO WEBRREZMLUFHIHMm, ERHNRR
FEHR: NEFFERFEERTA. BORTFRZ. /MR
REFEIS R ER/LV. EREATSEUNFRIESHNERMER
16, ECMO BuR25HRESH ECMO HIMHFRENTE
FER, RElmEHnNEERNKITE, LBRBEEE
ECMO HBhiY RS,

£ ECMO SBITH, ERARIRENTUEKTFLLEE M
R pmitRREERN, ERA ECMO &THdER, A
FEERFEERES, BTFEERNTHI TR, TEIRKLIER
Mt RMASER, BRPEZRNMERZEN, XTE
BHTMERHEINSRET MEREZAMRNERP URERE
BT, 1B 2015 EMEXIREER, REEREAPE/AL
R VA-ECMO 5 12.9%, VV-ECMO % 9.6%'7, AT
FABA M2 IR A TISREX T D HUES AT R REER B H MK
[, IBARESR, FAIMUBIER 10.5% ~ 202%, EEH
M=EF 132% ~ 18.5%, HMMEFRNEEERR 22% ~
3.9%1%, HMMRERREFNT BENTE, WFEE
=, ERAEEKSHEAMENERENNAE, B&
EREHAuEm, FIAMAEDREEAESEKRELT, B
2020 K 4 & @ 4A 4 ( Extracorporeal Life Support
Organization, ELSO) ZiBfEE01#7, &= VA-ECMO HEH
MABIEEER 1.8%, VV-ECMO ZIFHEHEBIAA H M
REEHR3.6%"

ECMO B Y% 5877

T HmAmie™ERMEE RN EEREMEBRE,
IEEBA ECMO %Ry, f0fanéise i s miskIRE 2 E T
FEZEMEM, XBEF ECMO P2 ERERMINAEMNLE
MEHEAT BELAESR. BRiEEN. AT ARBEEMT



BUAYZERER. SAKMS, ECMO MNERNHEAME D
WAF, REEINIINES SR EZAREECE MR, 4
EREMBENRY, R UEBNG MRS 80E, X4
MR A BRMEFEERIPIER, BUNELEYEEYE. BT
R RN R BT AYd 12 HpAE X R M A0 M M K B
REFZENAE,

R I S T A A AN 7R R T 385 P BR B DL MO B B8 [nig
Mo, D-ZRABEREEMRMIEIR, &4 5 MY
(ACT) REARENAFEERAMRNIER. B ERFZRF
{ERHE ECMO iEHHAE ACT ERFHERTE 160 ~ 200
s, HFESRBENSRYE, —M ECMO AITHEREEN
RICHRIELEAEE S MEOLRNESLR, HRAUS
ECMO RIEIBTHELL, BENM/IMRIHESHTHETRE, M
EE D RMEESATIE) (APTT) . EIMBESEME (PT) £
TR, FRETNEFR, HVNBERPAER, AFHRD
BBHAMERURALEEARNRLERE, FE4E0E
(FIB) RAZMMEE, BHEN/G FIB XEAREHIIMTHE
ftm, FEit ECMO JAITHEINEEN R IMThAERE 2.
EREER, TRNERER, FEEWE 1 h W—K ACT,
itT 24 h [FiERR 2 hW—R, ACT RREFFAEIEME 4 h N—
Ko MEMBEIER 6 h Wll—X, HHMMAMMELE T
RfREHMXEE, /MREEN THEEEEERNRNA
%, FELIFMIRET 50 x 10° /L. PTHEEHRNEE
12 NBEE—R, AT REIEHIAEIRE, BEARFLETH
JRTE 150 mg/dL LAk, i PT BRZIZ/NF 15 2%, APTT #8EL
F ACT URIEKRSHEN ACT FRNIRE, FE4H
APTT 7 60 ~ 80 s, LhIMA Xa SEMEAYMIE LUK 1234 57
E#HEEENENFE,

&L SEREED ECMO ZFERM, 7 ECMO
FriaRI4AFHIRFRFIZE 50 ~ 100 [U/Kkg, 7£ ECMO FIA/E5%
ERTH/NEFRNRAFERFT ACT, FEHAERFE 160
~200s CERBEREBERERR, BIULOoREHREHET, &
R WL LTS ACT WEKEE) , EREZH LS

(HRER) , FENAEE—RRN 50 ~ 100 IUKkg, BHEE
ACT > 400 s MITT4EHS ECMO R0 TR RS, EEHERER
EAFMAFR, UREGFLES, BBEEANFERNERE
ECMO B%/53% 1.0 mg : 100 IU Z bR, FHHM ACT,

ECMO 877 BYHi 5B

ECMO AP HEERTRMIHEENERS. A, Him
MmieRFHRE, BEMLBEESRBNERYE, BBETAT
FERISMMRMS, BERSERBMARRHRIE,

©2022 IMPROVE MEDICAL All Rights Reserved
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FHRERSEN. ARHMRRDNREESRESRINER,

40 (RBC) MAEH (Hb) MM AL FATF
fhiEtR, 7E 2014 £ ELSO JATTHUEHERIHIRHEIE Hb
HREEEKTE (12 ~ 14 gdl) , X¥AEHRZ=EEEY
RERERR R EMEMURERAESHNE RS, FIEEFEEINA
F—EEHFELEEN Hb KT, ABERFHSENARESK
FHFALIE ECMO BEMREIMHIRIEFRE, RAE
Hi3TREA RBC RIS R,. FEHAEREE—EN
KEXRY, 30 FFSREREXG. Mk SEE R T U HNIE
IRPRESED, UL A SRFTIARR ST H 16 A PR B M 4 53R
B, VOELKER M T FAEARFALI, ECMO BEEAR
FMEMERE (KT 7 oL FRkm) HEESBFETENE
mnes, ROMCEISMNEHN S (European Association For Cardio
Thoracic Surgery, EACTS) ¥7F1E ECMO JAfTHAE], & Hb <
8 g/L BEHIE RBCY, FRILZ INEAFITL UK A& E R EERERT
ECMO ;&7 I B EHE RBC ff Hb > 8 g/L BiAI,

B9 EMIZ (fresh frozen plasma, FFP) BEHEMHEX
Wi XIRERE ECMO X5 T, HERLIZELE
(International Normaized Ratio, INR) < 1.5 & PT% >
70%%5E FFP 74 BIAFATT B4R McMichael & ATRIE B
CHAREN, ¥ ECMO JATHE) L@kt FFP AIER
MEAFHERZ, FFP WHESIEH 11 mLkg/d, SR TEHDL
IR¥E FFP AE N 129 mLkgd F 15 mLkg/d®, £
Guillaume Guimbretiére FEAARA, HiFHNMBERD 2
B8 19 MR RBC, 5 MERALERI/IMRH/E 12 N
By FFP, BEMIFETIERAIEIX 80% U £,

/MR X F I MRE 2R R ERREE LA
Eit, 20 x 109 L ~100 x 10° /L RF, HEERMBHE, K
BoMARPOBFERIHEN 75 ~ 100 x 10° /L7,
Greinacher #1 Selleng ##: HEHEWBIFEA Mg & M)
REE B, REZBENIVIMRIACESEREERH#ITHL
NMREVEE, WERREBLBRIFMNRITE < 50 x
101, EHALF IR Mk,

%R (cryoprecipitate) 2 TUEE SEPRAIE AL ES
REEXRLD, £ 2001 FRNETHARA, HER ECMO AfF
WEEAAZEARNKEEEARTF 2.0 g/LP, 7 Bembea HJ
HRRER, FEERRNEIHRESN 145 mg/dLB, F7T
2018 £, AMRINAUERAETHRN L2 e
HEARFEEHAT 150 mg/dL, HHBEMm, NEEE 200
o} 250 mg/dL BL_EPY,

£ ECMO A7 T, BEBMNFRZRAN, EHF

X#kSiE | Article Reading Guidance [q 3
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ERANSEZHEIT. £ 2017 FFHXF VA-ECMO H—I
Meta DMTHEI, 10 DHAK ALK — D RIERAL
#HHIE: RBC17U (8~21U) « FFP15U (4~210) .
MRS U (2 ~ 41 U) B, EEBHEXMNIREIEL ECMO
AT TRENRCESANMNASTABEERX, TEE
H—IRZIt 24T, 3T 18 F™EM ARDS EEFA ECMO
WIMHTHRIT R, FETFIARD 38.9%, BHTRFIER M
REEET, FETEEHFABCY, AGERSTRAND FAXS 38 &
57T ECMO By ARDS BEXRBTIRFI4HME, &R
BREREERN 73.7%, BEREEHMBHLERSBES, 7
NEEERENRMARPHLEREL, RARSIER DR
(EEME Hb < 7 g/dL) FMFAMRMERMEER, MELR, F
REBEENRATCEXEEEEZRL, AWM, A8, RENH
MEEXS ECMO BEWATEXEE,

&% E

1M #2583 (thromboelastography, TEG) & IR
AREVEREA A MR E U R BRI BRLE, THAS LR Mg MmE

FRCERM/ MR — AL T AMBRER, BRMESERN
BRe3#E, A REE, KBTE. o . MAE. LY30ES
WRMENET. /MR, AETARUKRTBRS
4 PmThee (WX 1) o

S5EMENGEEL, mieBOEEmRE. Bk #
ELERNAE, BTmiEENERNRANESMm, EmmaE
BANEMBAMFTERE R M/ MRNFEEFBERRRE
ERRRENMER, EERGHERTBNENIE, BM
BAMETEEENENSR, MHMES Mg RBAESE
—ERIZEENXE ¥, BRimieEHEr 2NN B FIESE
m, FHMEBREREM2RUNRENEMFFER. Hum/ ik
@Y (MR, AMEREE) . IieRNEELESZME
KPR, BRTFOMME. EFAH. emarFIdiEd
WlgmIhaE, FEAI ZNASHMNA. RIEH. ICcU
F, RNMEEREATORIRNERE, FEiRRPET RN
SEEHER ERMEURFENME &, FELF&NA
B DU R /D fan I R A R 0

® 1. MgRHESHKREX

2 BWEN [:173 8°4
K REBMETHERE
RESiE) (min) | RAASINBOEHIEOBOETFEAER.
@i RECRMET A
(B iy | PARSTAREARARA20 o RO, RIAMARTAL K RTAARaRmETE
V8 m
R, HohSFHEENIERE, .
Mﬂﬂﬁﬂﬁiﬁiﬁ.gﬁiﬂEiméi?-lllﬁﬂitﬂéi'—ﬁykfliéiﬁﬂi l‘Ej( EEH?&EEE%ﬁEﬁ,i&
afs () f, RBREFHEE B AM /) RIE DUERT AT BT OB Y
SR, SREREERN BRSNS E, BN RTETHREERIDETR
VA oy | RN RRTMRANRARS, B0 NRFAR A R/ MRIREUE
" EEﬁJI\EKggHE]J EFFEHJJ\EB?{‘EE*;{J;SSD%., H’J‘: Eﬁlﬁl’]\ﬁﬂ]ﬁ%ﬁ‘ﬂ
LY30 (%) | MAIRNEE 30 S ios0iRtEmEE, R0 T DICSRNER, A RTABAH
<-3: &5
a BhSAEY, RMBEAEESHEHE THENEARE,
>+3: B&

4 [ x#kSis | Article Reading Guidance




M3 HEE ECMO BEPNR A

ECMO KHEMERSSIRRENFHRIE, Hilmkmizmi
ECMO XFrafrdEdEiRaER. RABMELBHELS
BT AR AERS N ECMO BE B R Hus R O RE IR T
BHiE, ERHATF ECMO BENMEERKMRK, HEE
RIZER—, MU RIZEHEA—, FIUTERIESD
B[ENRMINEL TRERS. EEMERNEERNER
T, HIE M ERAR TR KT ST AR BT Bl AL 9 R R
ECMO BRATTHAIR, Mg HER NG ERITHERE
YRR, FaEnHRERENBIHRMIEE. 225
RZ—HRIRIRIEIN T MUa R RAYE], BIE(TBIESHIMmEk
RAEMIBXIERE, RARS + HENRAHTEELR,
XF ECMO ME, EEBEIRKERN, KIENEERMK
AT R B RS T H X M T EER AT AR

TEG EMMASMEIR (CPB) BYBUSRMIHAEFERSH AENS
B M RNEEREEIRE, TEG BT AMUSEHEES
BB MERSS, ERIUHIFIFASEPNEEHMFRR, HiY
RETE_RFAURAEBEEANTNEZE, HEEEEF
SENNBRAMEY, BT ECMO MHZESKAVEMINEE
FImEFMEBENTE, RIS ECMO BEWEMNIIR
BAHIEELHIT, E5EMETEEX, FNREEHH
3§ ECMO Sz#5AR S M IhAERY BRI T e M LA R R B R B2 0 ek
ZirFiIE LURL I SEVESE, X4 ECMO BEMEBEX
BEMN, EUENIIRD, BERA ACT HE#HTRERFER
TURAIRIER, 18 ACT FReREHMERNSTRBUZFAR
RESAHMMBENRMINERILEE, BXREEY,
Northrop FNBI ELEST Xa FEMENE. AT BXE TEG BUERI
M5 ACT $8SH ECMO BIEXSLL, AIMM AR AR
XA LUE ECMO EREPHIMEM 22% TR 12%, ErI1L
FESFRIBIEBALH MM 38% TR 25%,

LRRENE ECMO 2B ACT W EN—RAS
BT, BREMRALME, BTMRKEHERFUREIMET
WHFESH ACT SHENEXMRE, SEINEAMIHT
FZRENZHEAE, FEFEBHRLEME, TEFREREFL
I MRBDFIBIN®, SIME ECMO 2t Mt RER
B, REELBRN—RRAEREQPIFER, 5AKM
=, EREARTRMAER, BrEEMEBURE, IR
FIEIHIVER, 0] LIRS E MR AR R AR B AT AR IR
BUER (t-PA) INERMINEERE™, 1 Murray FARHAR
RERTULR, RABBEEATNERENRRENES
ACT SBUBKECHIME, M TEG RIEERN LR EE T LL
KM B LR FHITE AT R LN &5 BRI,

©2022 IMPROVE MEDICAL All Rights Reserved
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ELEIRIERF, ECMO J&Tr HAiEM/ MRV IhAES S 5
FENFEM, BENSRABCEEE SRR MNIIAENNE,
Fithi/MREGATTHE ECMO RISHEEHEH, BRMNET
BRERFORSBEMHA LT, FHAREMIITENFRA
R MRARA, FTAREN/RAMEMMDARES SR MITIEN
8, EI/MRESMIBRNIEREENAS, Fibil/ iR
THEEM B RSN ECMO BEMBREXEEM, EINES
ABFRSTIRE S, 55 il ECMO XiFEE, 28 FIRHIETE
T, 27 BI7FEE, 55 BIBRERNEN R. MA. CI BBEETF
ECMO 7B, HAPZETHM R, MA. CILEEXBEEETER
4B, LY30 & TERAEY, X#EF7mDUYAT ECMO BT HAE],
M/MREITHEERR R4 E, BERMBEMTIGS, M TEG AR
DRMBEEANELSSR, WNIL/MRINEE, whaSRERE T
2318,

B4

B 1956 FEERMEERANETFEIMEF UK,
ECMO EARMHFIARRE, HEENBIERBERE Z,
ESEFHEEE ECMO AFARIERE, WEEEHAR
RARNBTER. ERRES, XEBEAGFEERL2118
AT, B ECMO IR TRANME. BEMRHTE
RN, ECMO ZHRPFRENHLENSITEM, EHm
MmeRMmEFM ECMO BEMEMNHLIE, TH ECMO
TR MINAECN T RIM I U A HAB R B9 1277 AR B E
MERRREMNEETEMNF, ECMO BEMNEMINAEL I
BT ERAN A EZP A A RIFINELE, BREERAR
HARE, BREUEEMS N, M IEEBMNSENEE
BMeIR, ERNEEHBERNTZ, RRELFEED)
e, WA MEMEIM R ENAYTH. RMERTH
m#EHE, EOLE. ICU. FRUERENER, AE
BRWMEUBARASR, FOUTIN, mieEAHEERKPH
AP BEE— MY, FIINREMmEHIERMT
RIRME AR INRE R &R, EXNFIMRSIERNEEE
ERREMSBMNENINGERE (REEEE) TERN
U8, WFEFZENSZES i HERNLLE, SMHUE
WMENBERM—TEENER, BEEERFNFREUR
I FRIERRINERNENERNEE, BLMAEME, £ ECMO
AT, Mg AHEERERMBENEERNINE, T
TERNEHMSMmieHLET, HBBRMAMEMBREER
MR, AL mEGIREE, BRETE, WalRIFHIE
ERZUKBHEEANAS, X0 LS DUk miEEH
o RE ECMO MEARXBRADE, BREVHLED
FREEA, ECMO BENFTEMENRS, FEERAL

X#kSiE | Article Reading Guidance [ 5
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BAA, BEZEAMMEKER ECMO BEEIFHM
=B
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Lansink-Hartgring AO, Hoffmann R, van den
Bergh W, de Vries A. Changes in Red Blood Cell
Properties and Platelet Function during
Extracorporeal Membrane Oxygenation. J Clin
Med. 2020 Apr 19;9(4):1168. doi:
10.3390/jcm9041168. PMID: 32325803; PMCID:
PMC7230459.

HE

ROMERES (ECMO) SHMEH A Mmigie B L AE
X, ECMO MW AAFHLERMEIES EIEEHEEALS R
REERRL, BMKBEMEEMRRBESIETEREM
£I48R (RBC) FI/MREVTHEE, LLINAEIMEIEINERAR
HEBRZSH ECMO /&7 5 — B MMERERE. EMHE

TREEE) URI/MREIOBREE . 2 5IREMNH
FHEY 16 BBFE ECMO JATRIFGIT/ESE 1. 20 3. 5.
7 RHME, B RATHIAABEE 5N

(Lorrca) #MATARAERIBREEME SRR, RERBHM L
FHTIE. TUEAIEE ZM S EMETIEMGZ, RBC EMHE
ERETIN N TAZEM, EFERTINAT, $ 2 XN
BEIEBEFREM ( p=0.004) , BEE T, REAZH
WoEtsEE (Multiplate) &M M/\RINEE, XFEb ECMO
SR RG | ~ 7 RIVIMRTHEEIO LS R, 3 FgUE
FIESHIVIMRBRENTEEER (ZHBRE [ADP]
p=0.61; BRMEEZABIERL [TRAP6] p = 0.77; IHETIE
& [RISTO] p = 0.25) . XEKRELAEIGREFRLL
M/NMRESZ ECMO BIFM, HRIRERSHIIN S
T, (IARRRI TR AR TR

©2022 IMPROVE MEDICAL All Rights Reserved

Thomas J, Kostousov V, Teruya J. Bleeding and
Thrombotic Complications in the Use of
Extracorporeal Membrane Oxygenation. Semin
Thromb Hemost. 2018 Feb;44(1):20-29. doi:
10.1055/s-0037-1606179. Epub 2017 Sep 12.
PMID: 28898902.

BE

FSMERE S (ECMO) ATFZIHOMINEERIBESR 40
LENHSE, HMAMMEFER—ER™ENHLE. I
BANENERGEFEFMEUIE. BRIMINAERRS.
/ML M/MRIDAERERS. RS MM B M MR RS
RIEMLATTS, LB RERIEE (L. ITHRFARL]
A. mE®K. A, BFE. O. 2. BE. BREAOX
o FIAAEIERATANE AL, ATFRERER
Byt EsiEl, #LEIR, BRAEEEEEH ML
m, ARG HIET ., Fifith o BT 38 A% R AT 33 A9 A 43
5, FEit, NETEEERIIRIT S ZRIMB AL MY
RE, MMEFRNFEERSESFEERRNELR T
VIII BRA. FRIEAALNMREY. £ ECMO &
B, ARSI RS L B A iR R IR
S0, F& ECMO RGN A LRI T FORIFEE
RIERBIIATT.

Cavayas YA, Del Sorbo L, Fan E. Intracranial
hemorrhage in adults on ECMO. Perfusion. 2018
May;33(1_suppl):42-50. doi:
10.1177/0267659118766435. PMID: 29788836.
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BE

BitEM: EIENTED, FIMNERES (ECMO)
NERERE, BEAReGE, FHETEHRE,
M. OEIEE, B, Mg, SERENRD. HPE
AREMFAREMZMEM (ICH)  AXFEA
ECMO 78fFTH ICH FIRME. 2. KEEE. KiE
£EF Wifa. BrAMATT MRASCENEHITSR,

FELRW: XHMET ICH AFEEEE, HREKRE
FEXEGHE: ECMO RFTOMEE. RBMAE. .
BrigemiB. BREMAT. AOMMREVE. &
ENRARAE, BT I/ MRINAEFEESH M/ VR H#E
£ ECMO £%E ICH MEEZRFRE, AEINRINE
B/ MREII RS, PHARET R BT RIS
(CT) BJEMTF. THIMbhL B KR IR,
£ ECMO ZHERT, BEBEEXEMGHERS2M, &
VV-ECMO B&™, ¥ CT MESITIFEEINEFHAE
HZENKHRERIELR LT LM, SXEFEMBATIE
kb, FEELT.

#5i8: ECMO 5 ICH WS AWERIAX, RELRHMAR
EBRRIE TEANEARH#TNER, BNETHRNE
RRE, BEICH RRANENENRESTRIENS
H—BHR,

Eol

Barton R, Ignjatovic V, Monagle P.
Anticoagulation during ECMO in neonatal and
paediatric patients. Thromb Res. 2019
Jan;173:172-177. doi:
10.1016/j.thromres.2018.05.009. Epub 2018 May 8.
PMID: 29779622.

H/E

FIMNERE S (ECMO) BfFsMEASSF (ECLS) H—
M, BRT)LRNHE)LE, BTSISMgsEN
FHOFIDIRER ST, ECMO AT REIMRIUER LB E
MiEBIRZR, EFETEXIEMT HMMXEL. mmE#

10 [N TEIEE | Article Abstract Collection

BEF LR EMET AT S BT S NHUR A5
%, ERNERS) | ZERERHENTURETIEM IR
[EAEFX MR R IERAMEHEEE L

aH

-~

£

Appelt H, Philipp A, Mueller T, Foltan M, Lubnow
M, Lunz D, Zeman F, Lehle K. Factors associated
with hemolysis during extracorporeal membrane
oxygenation (ECMO)-Comparison of VA- versus
VV ECMO. PLoS One. 2020 Jan
27;15(1):e0227793. doi:
10.1371/journal.pone.0227793. PMID: 31986168;
PMCID: PMC6984694.

BE

BRAK-BRAK (VV) FIERBK-ZhAX (VA) (RIMNERES
(ECMO) RAIrEERENAERZRAR. ECMO
XWBMBETENHAEZ — AXEHNZEB/T VA-
ECMO #83%# VV-ECMO #EXIBMMNZRRS. B0
EIEiES T (2012 £ 1 BE 2018 £ 9 A) 1063 BRA
£E (VA, n=606; VV, n=457) , S&FHRITER
m GEZEMmMFIMLIER, Hb > 500 mg/L) BIREERSD
A 4% (VA) M 2% (VV) (p < 0.001) o VV-
ECMO 5 VA-ECMO #8tb, RkmiefzpE (PHT) f
VV-ECMO WyAMEZEEM (9% vs. 2%; p <
0.001) o XWHE VA-ECMO BT BEMITOAEAESM
E7AAR (ECPR, DEFAR) 25 Mb mifAKEFH
=, MIMINE ECMO FRRAN [FRusk (MoaHce
E) ], VA: fHb ®iffA: 225.0 (83.9 ~ 458.0) ; VV:
fHb BUHEA: 72.0 (42.0 ~ 138.0) ; p < 0.001) o HREE



BEFEERRE BECMO XEME [40% (VA) vs. 63%

(VV) ; p < 0.001]c VA ECMO BEAMALEXRE
=, TERHTEREARRMIE ECMO RE5[#EM,
PHT & ECMO #FSHBM&RmENRI, ERHET
RRERRR, B VV-ECMO hEE LK EERNESR
FareEEk,

Oliver WC. Anticoagulation and coagulation
management for ECMO. Semin Cardiothorac
Vasc Anesth. 2009 Sep;13(3):154-75. doi:
10.1177/1089253209347384. PMID: 19767408

BE

FMERES (ECMO) Afr NS ERB TR H LIE,
BHRENRERNARS, AACNARNEERRE
HIAmMAETZR. MBI S IFRIRREEMS EERIAR
REERN, SEBEREEYRMGTEYSBEFENE
Eo ) NI ARTUEaMEREFEERERTEKX
ENInREIERS I RMEENES N, EnGEAme
HERHEERTREMENA TR 2, KA
K TEBFRDHERGHRENEE, ECMO FX
BEFREE I AR ERNATT MR,

Vogel DJ, Murray J, Czapran AZ, Camporota L,
Ioannou N, Meadows CIS, Sherren PB, Daly K,
Gooby N, Barrett N. Veno-arterio-venous ECMO
for septic cardiomyopathy: a single-centre
experience. Perfusion. 2018 May;33(1_suppl): 57-
64. doi: 10.1177/0267659118766833. PMID:
29788842.

BE

BHR. REMERRBENAE ECMO MRHEH T ER.

©2022 IMPROVE MEDICAL All Rights Reserved
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H5R7A%E: EREDHRAEETRRIE S FIRS L
BRZBER VAV-ECMO #E#l, IRREIEMEFRHH
IREY, BEEHN ECMO BiZHIEEEURR,

HRER: 2014 £ 1 AZE 2017 £ 12 AFE, 12 Gl
EFF IS VAV-ECMO SBTIREIE AR, PER
4 X (IQR 3.0 ~ 53) o AREE (41.7%) ERH
ECMO ZHRZRIZEOIRESE, EE&8, LOEHS
Fh{uUEn 16.25% (IQR 13.13 ~ 17.5) , PaO2/FiO2 b
EPMIEA 9 kPa (IQR 6.5 ~ 12.0) [67.50 mmHg
(IQR 48.75, 90.00) Jo TEAFARMAE VAV-ECMO &
FIEHRMEERAER, TEER 5%, ERIFHEAE
(FFiigk 6 ™) , FEEEEENERT,

#it: WFRSEOIREZNRSERT S HITERE
BHX—E5WA, VAV-ECMO BITZHBMHKATE
B, NXARTMRMET X FIATRAZRBFMIRE, 8
NFERERFE, BRNBH—THARNLLRERIGE
SN ERFRBRRIEA R

Carter KT, Kutcher ME, Shake JG, Panos AL,
Cochran RP, Creswell LL, Copeland H. Heparin-
Sparing Anticoagulation Strategies Are Viable
Options for Patients on Veno-Venous ECMO. J
Surg Res. 2019 Nov;243:399-409. doi:
10.1016/j.jss.2019.05.050. Epub 2019 Jul 2. PMID:
31277018.

BE

BR HIMERES (ECMO) ERRIBM—FIERT
%, FRERIFRERNRE, RITSTHEMRET R
HENEE, ¥ AT ECMO LHIXMERSHNEEFH
fEM. fRi%, 7£ VV-ECMO &iTH, RFIEFEMNTE
FIEFURRIREFEEE, Hiil. mSANRMmn5 S
BER.

MRFIAE: 2014 & 10 BFALBRFIEFEASE;
K as-treated DTEREIE, TEBLRAREEE, RE
KOEEH. midHAEMRBIMER,

£ER: 40 Il VV-ECMO BEMNDT, S5 SHEEFIE
FEARREE 17§ (147 MHR) MLHEESEE 23
B 14 MNHFH) o BFEFERNREENSFRENR
BEME (285+7.1vs.38.1+ 124, p=001) , ECMO %i¥
BB ZREWELIATT (50% vs. 82%, p=005) , &
RIMAHEITIEBYE (167+15vs. 189+ 155, p<0.01) o

SCRHBE | Article Abstract Collection [ 11
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BERERE (59% vs. 83%, p = 0.16) THEAH (50% vs.
2%, p=020) , LM (B2% vs. 33%, p=10) , Migie
EEH (18% vs. 39%, p = 0.17) , JMER (FH9EX
1.1vs. 09U, p=048) ZEAEER,

58 7 VV-ECMO BT, EFISEFFERET R
AR ST RATRIEMNF/EER, Hill. mieHLENR

EREEER. @AM, WTFEEANRRERENE
&, VVECMO B—M& vk,

Cashen K, Meert K, Dalton HJ. Platelet Count
and Function during Pediatric Extracorporeal
Membrane Oxygenation. Semin Thromb Hemost.
2020 Apr;46(3):357-365. doi: 10.1055/5-0040-
1708542. Epub 2020 Mar 31. PMID: 32232826.

mE

RIMNERRS (ECMO) B—MATFATHEIL. JLE
FRANTEOMINEERIBNE SRR F XMET
REFERRAYIRE ILAIMER L R0, Bt
=M ECMO HMMAIXFE, HiA MR mNBAR
ECMO WEEBHEME, TEXERLE— Mk, RS
MM/ MRIDAERE ISR (RIMERTE S (ECMO) 2 HER
HER, FREMLE L MR IR EEFERS Y AT N H
MR, LB ECMO A, mMRITE. I)MRIDEE
MFMIERESEBEMARRL. EXEERFT, i)
AT ECMO HREAYIERRMEREE. M/MRITEFIThEE
BEZE. MMREIEAR, HIORE, URFRREES

HBTMIFENER, 11.

Steiger T, Foltan M, Philipp A, Mueller T, Gruber
M, Bredthauer A, Krenkel L, Birkenmaier C,
Lehle K. Accumulations of von Willebrand factor
within ECMO oxygenators: Potential indicator of
coagulation abnormalities in critically ill patients?
Artif Organs. 2019 Nov;43(11):1065-1076. doi:
10.1111/a0r.13513. Epub 2019 Jul 30. PMID:
31192471; PMCID: PMC6899554.

B/E

a53 (MOs) NMERHNFHMMARKIMNEMES
(ECMO) Bfrid 2B — 1 RBRM, MmERIT
B, HRRnEEnEBRF (VWF) BAE——E’
EREZRFENFERNRADRS. BYRESLE
B INFBHIEIR. REFIEE 21 fIBREAESERNSIER

12 [N TEIBE | Article Abstract Collection

MR (PLS, BIME, EENEERET) . ARG
(L vWE. 31 p-itRR) 6, BA4, ._8&E 2K
HiRER, vWF ARRESBERBEARREX,
12 MRS vWF AHEBRIE, 9 MEE2EMN vWF f
HERS, BEASAERIXSAEN vWF AHER
Bo VWF £H4/ “WER” . A, f/MR-BARRE
& (PLAs) I p-E#FZR-TEM/)VRBREFNFIEME
25 vWF fiNIEEEX, s vWF ARENESEE
Z0TF SOFA WHom. FEIV/IMRBEMFFEEATINEE
FRSNEE, XLEREZENRNYESE I SHME
PERnENKNESTE WF ZRERR, &
ECMO JafrHRiErRe E E T a AR,

Weinberg A, Tapson VF, Ramzy D. Massive
Pulmonary Embolism: Extracorporeal Membrane
Oxygenation and Surgical Pulmonary
Embolectomy. Semin Respir Crit Care Med. 2017
Feb;38(1):66-72. doi: 10.1055/5-0036-1597559.
Epub 2017 Feb 16. PMID: 28208200.

HE

REFAIISE (PE) RIEHEFAESENIRHHFE
FRE. BLERIBNEIFREB, |RIE 2016 &£ ACCP
mmitisr, AERMRENSTNEIELSAIRE
77, HESMBNEINESZRET. WTEL2831R
BRER DR FIIEHAMIES, BLIRARIMER
a4 (ECMO) M/REBFREUERHEESIEA, UEL
MR FRE, FRWETKERMIEE, Tk
ECMO 7EXFHIE R FHIREHIT BB A KIRI0 MR T,



12.

LEEERtRERMAE, 2014 EFHOIERERSM
fi¢ E1ER/ BB ECMO AI{EA—MILREhH F =1
FiE, URFABREHEBFEATAERMILES
fro 2016 £ CHEST #lieiasr &bk iieieERRIgrE
BASEEAERMEENSTEEDIRE ECMO, 8
REMHEHIRENNEFIREEIRE T ECMO X AER
fhte ALk, b9, ECMO BRITFREFAERESE
B, ECMO MEAREREMERERZIRAI
BB, URE 3% BERREEEHMFMESA,
ECMO FAMZERESIE BHIMNKG. THFAREE
Mz, EAXREERSE. St BETNRERER. &
SR, FAMERS. BRBMKNENOMEARR
BEAFRBEEITE. EXRGZAF, BEITIC ECMO
/S F AR EARE R AT RHBEIER,

Riera J, Argudo E, Ruiz-Rodriguez JC, Ferrer R.
Extracorporeal Membrane Oxygenation for Adults With
Refractory Septic Shock. ASAIO J. 2019
Nov/Dec;65(8):760-768. doi:
10.1097/MAT.0000000000000905. PMID: 30325846.

BE

HFBEEINBRRANESHNTmELRRE, BEMAKRTATRE
SSHEHENAESLHIERE, EELERT, X
AR ERAT FREEMAN, MENMNEHES
(ECMO) RIRe BB TFMEX—tbfITH, Kbrt, £
W)L LRH, XA BRI A — T E R
METFR. RERERECMO WEAREIEK, BX
WA BENHEIEENEAESS, BREREAN
RBRMERBRGIF. REMILL, JINMEHARIIRET
ERENATERT, BEENBHINERIFNETES
R ik, EMNENEYZEEMFFRRITIREMERN
ECMO ZIBREXR; AJE, BIAXEINSTIFERAR
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RERRBEFNEAXR; &RE, SREXMEIE
ATEHNFATERNEEXER.

Mazzeffi M, Strauss E, Meyer M, Hasan S, Judd M,
Abuelkasem E, Chow J, Nandwani V, McCarthy P,
Tanaka K. Coagulation Factor Levels and Underlying
Thrombin Generation Patterns in Adult Extracorporeal
Membrane Oxygenation Patients. Anesth Analg. 2019
Sep;129(3):659-666. doi:
10.1213/ANE.0000000000004275. PMID: 31425204.

BE

MRER: XTHRIMNRZFHES (ECMO) ZHHAEEE
feR-TUR T & H T A TR RIREA ECMO &
ENREAFNFREFZEBFEFTE, S8 TG B

HXRH

A A: ME 20 BRA VA-ECMO BE7E ECMO X
FEDhE 1 ;B 2 X, 5 3 KM% 5 RAREMTUER
FKF, MEEFRBLERS, ARENSBNMEE
MEFTER TG BRAENEA C WERME. B 16 &
BEROIFHENE, BE TG AR RNLEEEE
(ETP) B9 TG ¥ 5 s MEBMENWR 3B 2%) #
THR. HRNEBETER (TM) RMBFERFLIT
HEREN C Bk ETP EHN 2 MHE: B8
(ETPp) % (ETPi)

HARER: RERT (AF FIl. FV M FX) KFEAZ
HEESEETEA, 7 ECMO 2B AR 5 RIGEH
I (p = 0.022, P<0.001, p <0.001) o FrEHAY
B FVII K FEERS, HETER 51 ECMO BR%
BEWN (p = 0766) o ¥R, FXI KFLAFRERTE
B, #HE ECMO ZIFHEIREEEEM (p =
0.093) . FEME (AT) MEB C KFEMEFEEK
F, B7%H 5 > ECMO HFAE (p = 0022, p =
0.014) . SXERLAMELL, FFRESNIREREAIHGATIE
T, TG IEEFSE, ETP AH. CMO ¥ 1 KHE 2
KiEEREINTEYNERA 60 78 (99% CI, 2.8 ~
9.2) , I&E TG WFHERH 1934 (99% CI, 122.5 ~
264.3) , ETP = 11704 (99% CI, 7232 ~ 1617.6) . F
™ REBfE, TG BMERAE, ECMO A% TM &
U%; ECMO % | XHE 2 XHENENTYERA
9.3 %0 (99% CI, 62 ~ 12.4) , IEfE TG HTHESR
77233.0 (99% CI, 1409 ~325.1) , ETP K FIPERH
1322.5 (99% CI, 764.8 ~ 1880.2) , ECMO % 3. 5 X
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14.

15.

TG EHFHERESE | RHE 2 RERTK.

#it: A ECMO H3j8), {REAFKFEEESHR
&, MBEETKER. RE TG LR, EBIEE TG M
ETP 12/ FVII M AT MRER C KEHNELTET
EH, 3 ™M HIRMERIAR, XLETHIIRET R
A VA ECMO HABIE RS B BT REM 1

Garg M. Intravascular Hemolysis and Complications
During Extracorporeal Membrane Oxygenation.
Neoreviews. 2020 Nov;21(11):e728-e740. doi:
10.1542/neo.21-11-e728. PMID: 33139510.

mE

BaRK-FRRXFIRRBR-BhRK A SMRBTE & (ECMO) BB
MEImEOMRBN—TEENR R ERATS
o RERNBORMLERLZESMNARSR, EAF
ECMO RGHEEEAMRSFENARNNR. RER
SRENR, MBEORBIHARENIEREFE FRIEH M
Bmsh, FEAE. FIMEBIFARHNBEER: 5
B AMREL, ERBEORBITERIMRIESATIREIL
FIBBENMERNBMEERREEM, ECMO 31K
ANNGREREHRERY /)N, BR#EOMES, RX
e RMIERMR.

EEMNAAMWRAMEHFEMAER (pfHd) IR
B, =SMHKEQNMEREQLESEFEEPNG.
REUFRA pfHb KGNS XS
NEZTHRERERS, 7E#% ECMO ZRINEEF, Bty
M7 EREHBINE, NSRS, BESBARMEN
MRz, BREMETR, ARIMRELHE ECMO AT
IS ENEIER, BRIREERETE) G AEE0E
SrisfE. AL, INRAMBTEY, RESEHH KL
B, WFHEmENARRGSBRAMMEFES2
WM,

Pollak U. Heparin-induced thrombocytopenia
complicating extracorporeal membrane oxygenation
support in pediatric patients: review of the literature and
alternative anticoagulants. Perfusion. 2018
May;33(1_suppl):7-17. doi: 10.1177/0267659118766723.
PMID: 29788841.

e

FRESHI/MURE (HIT) 2E&FE (UFH)
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16.

MED FEFRBTH—MIDLE. RENSHHE
fE. HIT WIHEREAMRSEER S ~ 10 REMAEN
MVRORDEE, FiMREAF (PF) 4-FFREE R NEFRR
M, DU ERRKAIRIBK AT AR XURRIE N, ARSMERTE
& (ECMO) R—HMWMEIRis R, BFERsS
NWRBNRERE ST, 2SS BTEMBESM
RIEM ECMO BRMAEREN FIRES|ZMMmieH &
fE. AL, #% ECMO ZF¥EENS MM A REM
BETES HIT FRERNEX. TXEBSHEFIINL
HEHE, FIRES ECMO LIFEE HIT AR, U
REE HIT BER FTERTEET S RIER,

Distelmaier K, Wiedemann D, Binder C, Haberl T,
Zimpfer D, Heinz G, Koinig H, Felli A, Steinlechner B,
Niessner A, Laufer G, Lang IM, Goliasch G. Duration of
extracorporeal membrane oxygenation support and
survival in cardiovascular surgery patients.JThorac

Cardiovasc Surg. 2018 Jun;155(6):2471-2476. doi: 10.1016
BE

B8y SHOBEIBRAR SRS BE #HTERBK-BBK RSN A
A50RTERERNOIIRERER. M, XFEFH
FOMBGRIERERY, KR ECMO AT RS E#H
—HRKABERG BT HRENER, BERRE.
Fitt, FMNFET OMEFARERARE ECMO S2HHT
[BIXY E RIS RZ 0.

Bk B 354 BRERFHE =ZFRIPEPOFHITOM
EFREHEZEHM-AEK ECMO ZIHBEMARITN
EP’E:‘%‘IE:HHO

LR 1145 N ANPRAIBERERE (MOUEBCER, 20 ~
81 NA) , 245 BEE (69%) T, KRITUREIFET
ERE ECMO SZHIEYEIRVIEINMIGIM, ECMO 58y
B ST E 2 BRREXTE ECMO ZHFF/EREE
FPIFLTEME, 5 ECMO HHERATRIAYSE = R4F1 5 1448
b, 2 FFRTERMMEIEFEMELA 1.96 (95%CL, 140 ~
2.74; p < 0.001) . FEABEAEENERARER
TZEERERE, X—HMEMAE, 2 EKEAECX
HAEEXMKEL A 230 (95%CI, 1.52 ~ 348; p <
0.001)

£5ie: KEYEIAVERBK-ThBk ECMO X#FSOMEFAE
NEFERENTRERBE R, RINHVKERE, &
ECMO 3% 7 REEXWATRIEHITENE, BEAZ



17.

18.

BT RRELL B A0,

Raman J, Alimohamed M, Dobrilovic N, Lateef O, Aziz S. A
comparison of low and standard anti-coagulation regimens
in extracorporeal membrane oxygenation. J Heart Lung

Transplant. 2019 Apr;38(4):433-439. doi: 10.1016
HE

BR: NN mRERS&NERESEINRAHAS

(ECMO) ERBXNEEHLE. ANHARITE T RAT
FZUATEFRUS ETHER VA-ECMO HRIH ML
fiEo

Fik: 332011 £ 11 BE 2016 £ 11 BAENERITAE
EFFNOES VA-ECMO ZIFMMESREN 2 FifEL
FRITTEIMMLL R, FIEREHERT CentriMag
R (Thoratec, Pleasanton, CA) . Quadrox & &

(Maquet, Wayne, NJ) HIFFRMERIBRK. £ 1 AR
B 50 RBEAMMRIERA, MiE ECMO ZIFTEMA
T 5000 U FFRMVESRTIE, ARE 180 £ 220 HE
IRECE R AT B TR ITIERF R, FAHBIE 52 B
B “BIFRAR ECMO ZRNREERE, HEE
2 5000 U BARERFRTERT, BRELEHEER
PR, RIBFETERERIT(L, FHEBERRIEEM

(F—H 59%, FLH62.9%, p=0.08) o HIBWATHE
MR A ARIME R S FHAR, IR T B AR,
BRfRERIN, A AW IERILEH KIE,

LR FTHEE 26 BEE (50%) RUBE ECMO,

MmE—HEF 188 B6%) (p =005 o F24 116
(21%) ML 14821 fl (42%) REFESULMm, 5

248 11 B 21%) tEEE 1 4R 18 5l (36%) EEFARER
fiim. 5% 2 4B (11.5%; p = 0.012) ALk, FHRA
(B 14, 32%) WEEHOHLAEES.

#5387 VA-ECMO XEHNEENERRFIEFELR
BREM. XMEBEE OB ™ E H mANE X RERN
P

Lotz C, Streiber N, Roewer N, Lepper PM, Muellenbach
RM, Kredel M. Therapeutic Interventions and Risk
Factors of Bleeding During Extracorporeal Membrane
Oxygenation. ASAIO J. 2017 Sep/Oct;63(5):624-630. doi:
10.1097

BE
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19.

IMPROVE REVIEW BEZ8E-ES0H®

B2 EINERES (ECMO) iR MHFH £ i,
ES5RTERMIEINEX, BYFLL ECMO WREILR
Ho HTE— ECMO HEiZH0#EITT —MEME S
T, XWEHE 59 BEEMA ECMO Hija s mAy X FEE
RMAT TI#IT TR, ECMO ZIFM AR iaA
158 /BT, £REFLTER 41%. 40%MKRB ELET H
M, ELTEHNP, EEEMARSHNEGHRES
XNE—BERNER, &EINHMEGIR ECMO HEH
fil, 1k ECMO X REMRIAT FiEE, Eaz
FHREFRR, EREAE48% ECMO R4, FH
Vila AFMEBEFHEMEDL— ECMO $EEB. Ittobh,
M/ MRER—NERNFE, RANFMEESMERRE
BRI/ MRIIAE. AL, #H—FRIE ECMO ZHFHRIEIHTER
MINEERERS, LURMEEZRMBWIATT, RIRERMELEX—
PENFREMS

Esper SA, Welsby 1J, Subramaniam K, John Wallisch
W, Levy JH, Waters JH, Triulzi DJ, Hayanga JWA,
Schears GJ. Adult extracorporeal membrane
oxygenation: an international survey of transfusion and
anticoagulation techniques. Vox Sang. 2017

Jul;112(5):443-452. doi: 10.1111
BE

HERME: NEMEFRES (ECMO) B—MAIIiIH
OHRIBHIFIRRE (FHAHFONRS) REEHZ
RWAE. SRTIMRNFERY, ECMO EIRME
EfIEN R ATIREA, BATRERRN, #ETLE
BIZEFR, JURPRERFEMAFENRNFEN/SARRE™
BRENFALONRRERMNK. 1 ECMO HiE, &ER
ELI AR S MU SE S M iaTT. BRI
BT XE—MRIE, BRSNS A ECMO 2
FHAEIX I A TR EE,

75 XR—IkTF 18 FHL LR ECMO HEER
PUsmAm mACAR RN, BRIRSHEREIRAE,
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20.

X 38 MEEFIIAERAZLERL 166 KEMAMK
A ECMO MIfN#, 495 32.4% (54 R) HNHEELRT

E8, ZERUERAINEN, HETHERIED.

#R: BIWMATERKA, ERA ECMO SZHHiE),
EHETERR AN S mRECE N F EERAESR.

Wit ENBZERZIENME, XATRRRTRE
ECMO WRANRENGNmMBIENEZ. tRELR
UMM S R A TIRSIFIERE, REAR
R, RTRLUNRBENETHRORRE. 77T KMIRE
. BRENFE, FEH—FHR.

Ried M, Sommerauer L, Lubnow M, Miiller T, Philipp
A, Lunz D, Hofmann HS. Thoracic Bleeding
Complications in Patients With Venovenous
Extracorporeal Membrane Oxygenation. Ann Thorac

Surg. 2018 Dec;106(6):1668-1674. doi: 10.1016
mE

R WERIBEELBEZHK-BREIINERES
(VV-ECMO) &f7. AFHIMEIFSHERNSRAR
BRIMINEEMEES, XLLEBERHMAIKEL,

7% %2010 £ 12 BE 2016 4 12 BEAEIRIEMIE
MEFEEE VV-ECMO MEEIIEHIT T BB D,
KARKPEEMHLERENLER, FERMREATT
$O

R ZAREE 418 BHEE VV-ECMO WEE (FilR
50 £ 165%) o £232% (n =97) WEER, iBRT
XM, 40 BBE (412%) HIMREHM, HXE
FRBMHI (21.6%) « RIHM (14.4%) . SHESM

(62%) « FWESHAIHM (6.2%) FHEAH ML K
BEMHALEZBLN (40%) , RE 37.5%) , N

TR Qo%) , UREMAE (2.5%) o HAF 60%H
BEFTTHEFAR (h=24) , 458%MBEE B
MIHTEEF R, T ECMO BFjE (18.6 + 16.8 K;
p=0.035) F{ERRATIE] (58 £ 50 K; p=0.002) #BEAE

16 [N STEIEE | Article Abstract Collection

21.

KFEEHMMEE, RWIEHNHLZESENRASET
E (525%) HESTEEOHALENEE (327%; p
=0.013) o

it 9.6%MBERINTREHMDHAFRE, & VV-
ECMO &iTHARIR BB MHAH R fE. T 60%RIBETE
BEHITFAREE, HRE—F¥NBEFTEHTEETF
RNo ANXLEBERNFLTRRS, FLL VV-ECMO i
REAREFAZENHOHT

Granja T, Hohenstein K, Schiissel P, Fischer C, Priifer
T, Schibilsky D, Wendel HP, Jaschonek K, Serna-
Higuita L, Schlensak C, Héberle H, Rosenberger P,
Straub A. Multi-Modal Characterization of the
Coagulopathy Associated With Extracorporeal
Membrane Oxygenation. Crit Care Med. 2020
May;48(5):¢400-¢408. doi: 10.1097

BE

B8 FHMRIE S BT RE ™ E0 ORI A/ SR
R, M, FIMRIFESS UMieeZEM MM EH %
EANFERNRIRE X, SHREEREFIMNERES
AR MBRHRENG, HBELMEENIETH

VoE
®it: AREMERIER M IR RN,

"E: —RAKFERH ICU,

BE ARMTREESEEMRERHIKEINRME S
BITREE (=10 , URAOHEBEFRRIBMEZE
Bx-SRKAIMERE SRITHEE (b =38) . BAF—
BEBE (BEIMNRA S HEbK-IRKRINRI A S
ERIMNRI A & Z AT F A,

FHErE: EAIMEFFRSENGL 1. 24 7 48 /NBYfE
BHTIRRE . #TIFERNE (e (/i MRE
£ « BARMNE. 2t RoR 4R
%o

WNMERER: AEEFINRIMEEZE, BT28
PERAE. FFDIRERIB. HUEET (FFER3E. XREK. MR
I M MREYET, mREEMMMRRES
AME, EFRIMNEFMESIREP, MRFBEFRMMERD
S5 AIREREBUNEIMNERA SRS TIN S
T RMAN M/ MRERFS. SERRX-ChRX(FSMNERhE & BE1E
kb, BREIMNERE S BENTHREDFRKT. F4E



22.

BHERS. MRS EARAFRREEFE M, ek
FDTTE, FERNERERSE. 7 10 2FkkK
FIMEREEERES, A 3 ARETHFEEA MRS @
B, 7F 8 REBk-IBKAIMNERESZETR, B4 A
RETHm, RENREMeEN, FEIKEIMNRHRS
HFERSETERR 30%, BBK-BBXEIMNRIIA S RE N
37.5%o

it FINERESHEXNRMIRE—HMEZREN. R
BRBRNSEIE. ENFRERMSHMM MR
T, HRFROFIMMNE, FIMNRFHAESHEXRMR
HNEXRRZTEEDKAIMER A SMEHAK-ChRX (A IMNER S
BREZEEMAE, RiFEPELNEMEDA M
MR TRV G FHITIOMT. BT EINRASHEXE
R MRBYETT A RN AEANEN IR IRREERSE
#H—P I,

Cahill CM, Blumberg N, Schmidt AE, Knight PA,
Melvin AL, Massey HT, Delehanty JM, Zebrak SB,
Refaai MA. Implementation of a Standardized
Transfusion Protocol for Cardiac Patients Treated With
Venoarterial Extracorporeal Membrane Oxygenation Is
Associated With Decreased Blood Component Utilization
and May Improve Clinical Outcome. Anesth Analg. 2018
Apr;126(4):1262-1267. doi: 10.1213

mE

BR: RMNERASNSERESENMR, RO
FOEHER. #EIRE, ROMEREE. MEORIEARTIOME
FAGRER B OIMZRMER ECMO NEE, HEFE
EF 20%E 50%, HIIE ECMO BEREMNHLIE
Zz—, XRATROIERER. 25RURESED
TARORBEENEFT. EX—ABFRZARAELRM
BER, SBEMBUETF—. b, HMTETEXM
IRPRIFIR MR T A7 5o

FiE: XS ECMO Rl thiXFT/ERIAT 30 BIESOIE
ECMO BEREUIEHTEIN. WEHDITTIZE. K1
LR, MRMDHIERNER,

LR WORET RIS HELKR ECMO FifvEm s 4%
(p = 0.568) 1 ECMO HIFFEERTIE] (p = 0.278) #BHE

Mo MARHDEAIIBER, LEMENMARRDHE

FITFEXENTE, MBREIRNERTET 51%
(175,970 3£75) o LEsh, 7 ECMO Sy Tsss,

©2022 IMPROVE MEDICAL All Rights Reserved

23.

IMPROVE REVIEW E8EE- 00 HRE

EEXRLFEMT 2 & (63% vs 33%; HAXIXKE =
1.82; 95%EfEXIa, 1.07~3.10; p=0.028) o

230 IIMIERE, SR ELEmESE, O
ECMO BERAEM™RIRMEE, SR miRHme
R, BOHRENRSEFRE R, XMESEIINGE
BHTFEESFE. MM IRz B By tasilg
TFERIGRRE, MUERNSIEREBENFE,

Chen FT, Chen SW, Wu VC, Hung KC, Chang SH, Ting
PC, Chou AH. Impact of massive blood transfusion
during adult extracorporeal membrane oxygenation
support on long-term outcomes: a nationwide cohort
study in Taiwan. BMJ Open. 2020 Jun 23;10(6):e035486.
doi: 10.1136

BE

By HmRRAFIMERES (ECMO) ZHFHREH
— P ELRE, FERMRAYENSSFHIBNERMINGE
5. AMRMBNZIFETE ECMO ZFTFAERIM
(MBT) BIBEARIKHALE R,

®it: 2EEENRRIET .

RE BEHSZERBRARRARKIERE (NHIRD)

feft,

SE5EMTIMEM: 2000 £F 2013 &£, BITEE
NHIRD HHFE 2757 BRELEE ECMO ZFHHEIES
MBT (L1488 > 10 2£4D) »

FENMEET:. SROERHTAENRAZEFLIE
T, 2FA%T. OMERT. HEALKRBERMTRE
ﬁ%o

R 5%8 MBT WWEEMEL, MBT 2E0BRHET
K (65.6% vs 52.1%; OR 1.74; 95% CI 1.53 Z 1.98) #0

X#kiEE | Article Abstract Collection [)Y 17
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24.

REISHABIM S EIE T X (47.0% vs 35.8%; HR 1.46;
95% CI 1.25 £ 1.71) ¥, MBT AFR1X ECMO EKuin
fiE. R=IBM2MEERGHNAEERS, ME ECMO
ST REBOBTIBIARAC, {65 F PR ATL A 7 B M 4P 2= BT
B, Iboh, ENHRBHOER SR, MBT PAFIRIER
RIBRIMERKS (19.8% vs 162%; T HR 1.36;
95% CI11.07 £ 1.73) o TEHTLIAERIRABREMBRN
FEERZEAI T EMFIE/RBXR. £ MBT TS
R, mntefl ReHLRIMRAAM) HBRAET X
980, b > 1.0 T RES.

2510 £ ECMO Z#FHfia)# T MBT BUEELLIE MBT
ABMKHEREE, BAABNKENRERETRE
1E A7 SRR I B2 0

Fuchs G, Berg N, Broman LM, Prahl Wittberg L. Flow-
induced platelet activation in components of the
extracorporeal membrane oxygenation circuit. Sci Rep.

2018 Sep 18;8(1):1398S. doi: 10.1038

H/E

FINERIE S (ECMO) RFM™EMRA/HEIF =G
e, BEMMKT ECMO ERMAIRELHER
Ko MAMM/MRUBUERERMAZ ECMO [EIREER4AY7E
EmiefizaE: BOoXmR. EMEEERS. &
FrEE BB R FIMNRNTETZANRRY
Bz, ZHUEEE ARSI I/ MRAVEUE, HisHERH
FEENIEASKE. 3 ECMO [EIRAARREAHH
MENETT T HERN, HPPUEKFEEBEENNF
mkERMNMREBENHEN— TR ERET,
REBRANINMRBEN, HARBEIEE,
REREESR. RNMETEREIERHTKEZNE
MEETE, MEERSETHSKFTHRIFERSE
R, XRIRATEEHTESERBEM/NMREGES
EEIET vWF ZRIKTMA R ES.

18 [N THIEE | Article Abstract Collection

25.

26.

Tanaka D, Hirose H, Cavarocchi N, Entwistle JW. The
Impact of Vascular Complications on Survival of
Patients on Venoarterial Extracorporeal Membrane
Oxygenation. Ann Thorac Surg. 2016 May;101(5):1729-
34. doi: 10.1016

BE

ER BEEMARSFWEZHK-DKEIIMNERES

(VA-ECMO) MBEMNER, REFHESIENNEH
RAEREN, MEBTRERTE, Ki19HTOEHE
FEXHES VA-ECMO BB E EFRIRMM,

FiE AHRRANT 2010 F 10 BE 2014 F 11 A@EL
RREIAMEE 1 VA ECMO MEE, B BB 1M4
IR SR B M U R iR, RIBEEMEHAREN
HI, BBESHABA, EXAFEFATFRANESE,
BN TOEAHRENZBRAR, HUEBRTSARE
HAETFIE .

HR B 84 BEREBMTXUAR. S ECMO =F3&
EMEREEEDFIA 60%H 43%, 17 & (20%) B
HEHOTEEFATRNEENEHLE, 10 BEE
(12%) BT EERSEEE, TEHTHMMESE
TFAAR; 10 BEE (12%) BT HMEmMM, FE
HITFARE, NEARENR—BEFLERZRE
BimimEEEE (JLEL, 148; p = 0.03) - BIIE
HEEMENEHLENBENHREEXESA
18%H 49% (p = 0.02) » BIZTENH, MEHEL
FERES VA-ECMO MEEEFHPEEBREAIRIEA
= (Bhktt, 2.17; p=0.02)

#£it: MEHRENEIREFHEERR VA-ECMO 5%

NEBEENEEFZREHETM, FATREESERT LU
DHEENRE,

Pozzi M, Metge A, Martelin A, Giroudon C, Lanier
Demma J, Koffel C, Fornier W, Chiari P, Fellahi JL,
Obadia JF, Armoiry X. Efficacy and safety of
extracorporeal membrane oxygenation for high-risk
pulmonary embolism: A systematic review and meta-
analysis. Vasc Med. 2020 Oct;25(5):460-467. doi:
10.1177/1358863X20944469. Epub 2020 Aug 13. PMID:
32790536.

HE



27.

SEMitE (PE) FEMRMAIFMIERZRUKREE
SETRES, RIEEHMMRUMNIEREY ECMO A7 & PE 1
WEFLRRE. XRFZLZRITETSRE PE B ECMO f5
HIIRRER, BATRET 2000 £ 1 BE 2020 F£ 4 BY
BFHWIEE, ©1F PubMed. Embase Fl Web of
Science, T HMERBIERE RIFHETNAENRNEFE
MR MEFER, ReUEREE TR, Hiink
MERMEPNR, FEATENERT (SERERRKE) ,

AN RRE S ERHEIT T EED. BIANT
16 MRZEHHEGIRT (533 A) » EBRGFHENEE
HIBTRAEERTE S0%E 95%218), MBEHNEEERE
35%E 95%218, MEMERAEENREYE (P >

70%) o FEIFRRMEIEZEERN 8% (95%, CI 3%E

15%) o AR (HmMREBmE) NEEERR 1%
(95%, CI 3% E 23%) , BEHEMNERM (P =
63.35%) o RIFERIFINER, FEIRERL ECMO XWHE
PE W{ERBHAMNEIL, FEHITHIEMEN. 25
DB AMENRARSEENEIR, URFHBE
ECMO X 1& PE BI{EM.

Cuevas Guaman M, Lucke AM, Hagan JL, Kaiser JR.
Bleeding Complications and Mortality in Neonates
Receiving Therapeutic Hypothermia and Extracorporeal
Membrane Oxygenation. Am J Perinatol. 2018
Feb;35(3):271-276. doi: 10.1055/5s-0037-1607197.

BE

BN sHRANENRLERERFIERERMAS
(ECMO) BIEREERMIEAE (HIE) BOME)LERH
TEZATHRE (TH) NHAENETE,

RIS M 2005 3 2013 EEE T (HIMNEmIFA

©2022 IMPROVE MEDICAL All Rights Reserved

28.

IMPROVE REVIEW E8EE- 00 HRE

LEICHM, LUE HIE B9 L. MANIFIRE ECMO
B HIE 2L, F# < 30 XK. {EF Fisher's 51000
Wilcoxon's AR ILRENEE TH 9L L. A
Logistic [B])33RIAR TH SHAEMFETENX R

£R: % (h=78) MRESZ (n=109) TH A HIE ¥
FILEAORITZR. BRTERE. HAEMETEA
HEEER (p=021)

£510: £ HIE FMEIRIE ECMO MIFR&E) LS, ESAA
B2 TH WL IEHRERA XS EREESR. &
TN, MFHFEMRE ECMO MNXEE HIE MHE
JL, TH HFEZ=.

Weingart C, Lubnow M, Philipp A, Bein T, Camboni D,
Miiller T. Comparison of Coagulation Parameters,
Anticoagulation, and Need for Transfusion in Patients on
Interventional Lung Assist or Veno-Venous
Extracorporeal Membrane Oxygenation. Artif Organs.

2015 Sep;39(9):765-73. doi: 10.1111/a0r.12464.
BE

B#iXF ECMO Bkt F SRR EL 5t SR 1 ThRE B9 &2 i i
REERLD, Fib, HADHT mERETERZIBHIR
FREMRSTRNNMEE) (LA) 5t VV-ECMO &
FTHAEIM SR MEX S, MnBERMENER, S
T 2005 F£ 1 AE 2011 £ 5 BHARIEERTEAFER
S LA AT 63 BEREMES VV-ECMO BITH
192 2EE, S, BOMRLSHEXNIEHT
RETEE ECMO BB FiBEME#INE. BT ECMO 4i
IRFEsERIBIT(E (SOFA) BHEE (12 [9-15] vs. 11
[7-14], p = 0.007) , EERE, UKk iLA BENMNE
FEENFIERMEIS, RABENELRHEEMN. T4

MBARLERATEERNER, OMRBERFHRA
RS RN R LR ETHINEL, MESAZE
SEER. ERINEIEHAE, ECMO SATRYE AR/
RITEREAE T, BER iLA BIrRRANEE. 5F
BRI BRIERGETIE] (aPTT) > 53 FORYLAZIAELL,
FERZINESMASHTERNANLER, mREas

WM AMEE M, FhIMNKIAE S E X imLIA
2 (RBC) MERES (257 EF/R) , MERAMEME
AEREBLZEE (ARDS) MWERBERME (102 =2
F/R) . BBIKE, ECMO AEXE 110 (0-274) =
FHT4BRE, LA AEXE 146 (41-227) Z2FH. WA
iLA 1 ECMO RZ3T 5 MMINAERI RN A 13T S I IR IR
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29.

RIBMRESEHTHENZ2NKE AT, EENES
NENTFELR®, EENE, SERMWILA 48tk, m
MRS VV-ECMO B IIE K,

Pabst D, Boone JB, Soleimani B, Brehm CE. Heparin-
induced thrombocytopenia in patients on extracorporeal
membrane oxygenation and the role of a heparin-bonded
circuit. Perfusion. 2019 Oct;34(7):584-589. doi:
10.1177/0267659119842056.

mE

R ERMNERASXBNEEDR, NRUIMFES
SHINMRBE, REPHIIEHES ISR BIEFRR
EOEIMERTRSER. HIHNBERBITEIBLRIZET
ABFEFE S/ MR D E B S F AT R S FE R
HEENIRRER,

Bk BT —MEROERERR, HARNRA
2008 £ 7 AE 2017 F 7 BERAKIMRIE S IS8R
BEE, TRIMNERESZISHERENAFRESH
MR ANERRME . 12 W7 0 BF R 1% S0 /) iR /D
&, EL 14 RNEFYMIMRITE (dul) -

SR 1E 455 BEBEP, B 4 8 (3.1%) FMERRE
BONE ST AFRIBESHIIMORE, SMRGIEE
LT2BRFEAT. BHF 11 BFRESNI/IMUR
MERE (78.6%) FEEHPR. FIE 455 BRIMER
AEBENEEERAN 541% FHEIFSHM/ MR
ERETERALEFEENMI/MRITHRMIZEFRES
B/ MRRMERTAI Y 59.8 kL EINEHEARER

20 [N STHEIEE | Article Abstract Collection

30.

31.

14 REYFY 2802 k/uL, REMEFERFRLESHIIO
B, FRESHIVMURMEREEERLERER,
EMEASTEFRB AL, FIMNEFES RN
Rt =IE I,

#Zit: FREENFEERAERANERENFIMNEMSA
BRIBRMNFE2HNEINRAR &N BERENRS
SO/ MRBEMERES RV, XABENEFERSH
LR B RFSH/MUR DB FIMNMERE S BERE
BBEXF. BEAMRAVAF M ITEIT RS S B RIMNERD
ARFERRESHMNMRRLD BEFHNZ 2,

Ratzlaff RA, Ripoll JG, Kassab LL, Diaz-Gomez JL.
Acute oxygenator failure: a new presentation of heparin-
induced thrombocytopenia in a patient undergoing
venovenous extracorporeal membrane oxygenation
support. BMJ Case Rep. 2016 Dec
16;2016:bcr2016218179. doi: 10.1136/ber-2016-218179.

BE

—ZHMIMRBINEER 58 % BMEE 6 RAIEIRH
BU BB RMmEEN—RIMNPER, £F
HyaMEEmE, MwEsRmHTRIMERES
(ECMO) . FIXERRE, JELT HINI fEHS, A
ERESESNIERBEENR, AL, RERBE VV-
ECMO, BFAIMREIRLL M/ MRITEIRIE (60-70 x 10°
/L) , BRAEM#—STE G0 x 10° /L) , F2F
YaHEM/MR. AT ECMO 483 ERIEHAIBIEM,
FREHFIAT 1 BAFRIESHNIVIMORIEN IS, &
BTHZ, EMTE5%8E, HERTHMMAPIHTIR
A¥T. fE VV-ECMO %#f 28 Xf5, 4£&BENREN
BRE, AEHHEREZF.

Sy E, Sklar MC, Lequier L, Fan E, Kanji HD.
Anticoagulation practices and the prevalence of major
bleeding, thromboembolic events, and mortality in
venoarterial extracorporeal membrane oxygenation: A
systematic review and meta-analysis. J Crit Care. 2017

Jun;39:87-96. doi: 10.1016/j.jere.2017.02.014.
BE
B#: BRI VA-ECMO HIEMM R M,

®’it: BITFAZ B FEIBEHRTT RARIBMEE
. FARBYIEIA 1977 &£Z 2016 F£ 9 B 27 Ho A



32.

eI R ZZE D, WET VA-ECMO gk
EIEAMIM., MigteZEEH4FIBRNTE T RRIFI,

LR PNT 26 WA (1496 BEE) o 10 AR
BOIYIBAE®REES, 4 THRRBIEFRIMME
AEE, 10 THAREREESE, ASHHAR (= 17)
RETRE, AEH/R-BAEERTS < 5. AHMAR
BIREN 27% (95%CI, 18% ~ 35%) , ARZEITEE
BYUANREYE (12 = 91%)  FESHFANAHMD
EREINHMESF, OREEEHNESRRERN 8%
(95%CT, 4% ~ 13%; > = 83%) o BRfAftin. FBERAE
XRMAPNZHRE NHNIRES M, FRRETRNCE
TATER 59% (95%CI, 52% ~67%; 12="78%) o

£5i0: VA-ECMO iUt EB NSRS E NE%,
P A H A0 M4 BE R E SRR REMMRE
BRENRS. FEFHTIRARIERARRETRS
%o

Lv X, Deng M, Wang L, Dong Y, Chen L, Dai X. Low vs
standardized dose anticoagulation regimens for
extracorporeal membrane oxygenation: A meta-analysis.
PLoS One. 2021 Apr 8;16(4):€0249854. doi:
10.1371/journal.pone.0249854.

BE

HR: EREFERE (LA) MiRELEHERNE
(SA) Xt ECMO XFHIBENZMMER .

5% 3F PubMed. MEDLINE. Cochrane EHIEF] Web
of Science BIRIANEMITIIE, FEATENXIERIT
HITTRIE, LR 1990 £ 11 BZE 2020 &£ 6 BHAER
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£7F ECMO ZIFTHEEHR LA 5 SA LLERBIBAFIRH
Ro MMA/NEBHTE 95%CI BI/LELL (OR) RE
#o

LR X 7 BEARHITT O, HEIE 553 BEE. 255
ZHREFER LA (BFFRA) , MEM 298 BEEES
SA (2FFE4A) . 51T SA NEEEL, B2 1A K
LEBRERIM (OR 036, 95% CI, 0.20 ~ 0.64) FIFR
ERfitImn (OR 0.43, 95% CI, 0.20 ~ 0.94) BIALEZEEAE
FEMK. EEBRSET-F (OR 0.81, 95% CI, 0.42 ~ 1.56) . A
Ihiifs ECMO (OR 0.80, 95% CI, 0.30 ~2.14) | Blitg3E
(OR0.79, 95% CI, 0.24 ~2.65) . \AIMN#E (OR 0.34,
95% CL, 0.09 ~ 1.30) . A (OR 0.62, 95% CI,0.22
~1.74) FffEIM (OR0.77, 95% CIL,0.30 ~1.93) FEFGLH
Z BB

£ XIMEFSIESE, 7£ BCMO ZiFMWEEH, LA
B—MAITTERENRERRE. RENAREZXE LA
5 SA 1EEERIK HARY Efo

Ciolek A, Lindsley J, Crow J, Nelson-McMillan K,
Procaccini D. Identification of Cost-Saving
Opportunities for the Use of Antithrombin III in Adult
and Pediatric Patients. Clin Appl Thromb Hemost. 2018
Jan;24(1):186-191. doi: 10.1177/1076029617693941.

BE

Thrombate 11 B—fM AMPFTENFURME 11 (AT-
) , BEATFIREE AT-II N SHFERTN ECMO
£E, BLL500 UM 1000 U B/ INRFEHE, S84
MR 4.66 ET. EHER AT-III WIRKNESENS
AZBNXASE, XMEERN. TEBGREHRE
AYPEZSHERER AT-I NERGNBXER, 7
BERTHMENER. REBMEETME AT-II XWHES
WOORE, LA AT-I0 SEARFRZRREAA, HATHIT
T—HEMMETIAR. TELARRSEENTHES
BB AT-III BXMBMA, 2014 FHE 65 FEEEST
326 Fl AT-II 3857, B 177 1 (54%) AIRERMERIF
B2, BXERN 541634 FEw. SELMLL, IEF ECMO
N ECMO BERIYUEIIES 11 +MABERIEIMNT AT-II BY
FRAIKTE (F ECMO: 62% vs 81%, p < 0.01;
ECMO: 63% vs 81%, p < 0.01) ; #AMW, 37.3%H
ECMO #1 49%B93F ECMO BEERBRIEAT ETE
WNSH, 4F AT-II HRAZERMAA 688478 XiT, RE
T 417194 £ (38%) o FIAMRGIMEIRENIAZE
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34.

3s.

BE, BItEERTE 556000 E7t. FIAREIMEARERN
BERMAHERBRBVRENTURENER, Gk
HEENHMATLH,

Hermann A, Schellongowski P, Bojic A, Robak O,
Buchtele N, Staudinger T. ECMO without
anticoagulation in patients with disease-related severe
thrombocytopenia: Feasible but futile? Artif Organs.
2019 Nov;43(11):1077-1084. doi: 10.1111/a0r.13514.

BE

PENIVMOR D EBRENE MR, EIRnEN
EWNRFE, tHE ECMO MERIE, BAEIRE T —
RIRBENETHmE MR ERETEELEN
BHER FES K ECMO AT ISR, Tt
HET 2013 £ 1 BE 2017 FF 4 BE—RAFHEER
SAITRIERK ECMO HREIREI/ MR < 50 ¢/L MfER
g >3 X CEES5~317) 7 BRERSE, FiafE
i ECMO RA#HAEFRRE. SHIXRE, WET 530
N ECMO K#, Hb 404 X (76%) BEBRTRFAR
%8, ECMO A¥r HAIEIM M/ MRITECS 24 g/ (%K,
SBEE 1~ 138) , ECMO $$4EdiE18 35 % (5 ~317)
ECMO iEfT20 X (5 ~ 317) , REMEAHNER. St
BT ERENEY, SHEacEEHR. HOREL, &
FE-REHMALL. SM8E8HEERT 29 Rl
INRIREF (7 ~ 207) , EEFEX 08 & (06 ~
13) o —REBEHE ICU MERPZE TR, WFi/h
BV EE, ECMO AIUERBREFINERTIE
17, BEEEME KNG, HmHAEL, mEl
EHMTRD. R, #ES ECMO ZRNX—BEEHE
BTSRRI

Hayakawa M, Takano K, Kayashima M, Kasahara K,
Fukushima H, Matsumoto M. Management of a COVID-
19 Patient during ECMO: Paying Attention to Acquired
von Willebrand Syndrome. J Atheroscler Thromb. 2021
Apr 1;28(4):396-401. doi: 10.5551/jat.58362.

mE

FEER COVID-19 BELBEHIMHHRE, SIERMINEE
FERSFNEA I MIE 2. COVID-19 IR BNESHA
MIEREBSEME, BE ECMO, fELbiAEl, migfm
MEMBRTNEBERR, FUETINFE ECMO B
COVID-19 BEZEXEE,; M, HMATEERNEHAT

22 [N STEIEE | Article Abstract Collection

36.

F3lEN, LORESHARBES-ERGE=ERET
(AVWS) 3lEEM, &5HLE, FEFMRIT COVID-
19 HBER ECMO X B MM AVWS HITHR. IR
&7 —% COVID-19 BHETE ECMO HAEIRR T aRB I I B
WM (DIC) 5, EHIT AVWS Wi, £ ECMO
SBITHAE, BOFEMN vWF SREUKE TR, Xk
IEFLE ECMO EduEeNE, MR vWF HiRKT
EHE, TEERHET COVID-19 ERMAIN KRR,
S—FE, MmiZHH ADAMTSI3 SEMKFEERIR,
REEREER 20% ~ 30%. ZBEE ECMO HEHIH
MAPRRTHIEER T2 R IR, MRBERIVIFER, XoI4E
RIFRMISLERE, TZEES RN EMATRER
AVWS 0 DIC 5li#EH, ™ER COVID-19 BELTFM
BRE, FEERSTNEAT. A, —B1ES

ECMO 78f7, FJLMESIHMER,. EXMERT, Bk
THER DIC HEIER,
AVWS,

EEXENZERE

Mazzeffi M, Hasan S, Abuelkasem E, Meyer M, Deatrick
K, Taylor B, Kon Z, Herr D, Tanaka K. Von Willebrand
Factor-GP1ba Interactions in Venoarterial
Extracorporeal Membrane Oxygenation Patients. J
Cardiothorac Vasc Anesth. 2019 Aug;33(8):2125-2132.
doi: 10.1053/j.jvca.2018.11.031.

BE

B#: iR ECMO BETEIITIR /7 T H M) iR AR
REEN, HFWERI Von Willebrand BF (VWF) &
FEYRTRREI/MRINEE, FBY, HITIMRAEHF
BEMRELEES ECMO HEMIGRH M %,

&It BEEMERIIERIERATIRRS, BT,



37.

KRE: FREFHD.

B5E: WELEM VA-ECMO BEH#HITTRE, B 20
BEENE,

FsErE: ME vWF ZEE. vWF Hi/R. Ristocetin ¥
BEFEMMIMREE BKTE, HEMRRSOHTREL
o ECMO % 182 k. % 3 XME 5 X, FRLMIE
DIMEFERINNE M/ MREIRHIREE . MR
THEELURERIZ TEAR (AUC) RoRo TEMRINERIN vWF
RER, Bihze vWF FBY AUC (VWF AUC) S5E%Z%
AUC #1TEEE. Iboh, B4 AUC M vWF AUC 1%
ECMO HRjEIREHMABENGERELMANEE 28
BITHRR,

MEMEELR: ECMO BEEBEREM vWF HREK
T, BiEM Ristocetin FBIEFIEY, UKAKEN vWF
LRIKK, £ ECMO WA 5 X, MVIVMRITETRE, M
s ER Kk FREAS. ECMO BETEARIMIM
IMRAEMIFIRERETERIK: P AUC = 58 (35 ~
9.7) ECMO % 182X, H{iI AUC=63 (53~11.1)
K, UKRAGLAUC=55 (4.1 ~8.1) K. FEEATERIH
%, AUC BBEHETWN (p = 047) . SELMEL, &
N vWE SREERG, S N=M AUC BBEFTEM (FTEM
p<005) , BvWF K AUC {E{RERME. £ ECMO
B B MM BEEFTE SN vWE AUC #¥R1E, TRE
HMAYEETE ECMO % 3 KB vWF AUC BE. 418
VA-ECMO BEMNIM/MRINEEFTERZR, FH vWF K
ERE, IVRINEERFINEEEEMEER. SUBER
BH, GPlba ZATNRETERE ECMO HRBIM/MRALHT
MREZINNER, EFXLELRM, ECMO BEMIGK
MR A AT BB M 38 vWF SRAIE,

Jiritano F, Serraino GF, Ten Cate H, Fina D, Matteucci
M, Mastroroberto P, Lorusso R. Platelets and extra-
corporeal membrane oxygenation in adult patients: a
systematic review and meta-analysis. Intensive Care
Med. 2020 Jun;46(6):1154-1169. doi: 10.1007/s00134-
020-06031-4.

BE

RE ECMO EAMAIRARERS, B/ vMRsFin )
IRIVEERZHZE ECMO BEME N LM, HERNEINGE
FEDER, AEEDHNRARIHNENZMRDE
FITIER A ECMO AR IV MRIEIRHI IR B FIR, 727
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38.

IMPROVE REVIEW BEZ8E-ES0H®

BT 1975 F 7 BE 2019 F 8 ANNEG, EETHE
REMNRTERNAR (KF /MR THAERT AR
B) o M 1742 HIEEFIEL 21 AR, ECMO £E
MURBDERE S BHENRN 21% (95% CI, 129 ~
29.0; 14 TFAR) o 7EFRRk-B#Bk ECMO R, I/
DHIEEERN 254% (95% CI, 10.6 ~ 61.4; 4 Tk
R) , MIEERRK-RIEK ECMO H4 23.2% (95%CI, 11.8
~34.5; 6 WEAR) o FFRSIEMNMIMRBIMERN L ER
73.7% (95% CI, 1.8 ~55; 12THAR) o TEIJARTR
ECMO R4ERY 8] 5 /) MR B ME 2 [Bl:& B B 2RI KB,
£ 7 THRER T /MRINEERIRE. 5 TIARETER
EINRESM, ME—TRLPAIINRZEIER, 2
TERZHER T IV MRESEE. B8 50%MEERERIM
Mo 46% ~ 100%E ECMO BEFEMLIHE, Hiln
EHM 16.6% ~ 507%A%, BHMMRERMLISGE
—EAIRE, M/MRRD A/ MRIEERERSTE ECMO &
EHRREN, T8 ECMO BRRZMH4. HEFNFIES
ERN, WHEBFNEEBNABR, #H#—FHRLUILIT
BYAREEM A RSN, BERP, NiZEHRA

ERYIEE,

Northrop MS, Sidonio RF, Phillips SE, Smith AH,
Daphne HC, Pietsch JB, Bridges BC. The use of an
extracorporeal membrane oxygenation anticoagulation
laboratory protocol is associated with decreased blood
product use, decreased hemorrhagic complications, and
increased circuit life. Pediatr Crit Care Med. 2015

Jan;16(1):66-74. doi: 10.1097
BE

B WESGRINRITA SIS TR D

HImH&RE. B MR R ERH KBRS,
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®it: 2011 £ 9 B, W mTAEFIMNEIME S5
ERE. BFN Xa BFNE. migsHEMGURMmES
ME. FHANVETT —DERIMIEERESE, UBEEHK]
NHIURERES B RN Z EHTHRIMNERESH
BENLER,

WiR: =P8, ZA)LEER.

£E: 2007F 1 A1 HE 2013 F£9 A 30 BERINE
BESRINEME S HETE 25,

FtEnE:

MEMFBLR: EARFBEIHITT 261 RIKIMERS
a8, EARFAEHTT 105 RIEIMNEME S, EH
REAE, BINNEIMEFESERIANRELSELRE
EALWN, EARFBRZAMZE, FIMEMEEHE
RZfE. BENERERTERERMN. ARBHE,
TAARE. FEHLRINE. d/RFDS TR IR S
AR EE TR, EEDMLMAIEEITM 22% FH
2 12% (p = 0.04) , FABALMAIREERM 38%TF
BB 25% (p = 0.02) o FIMNERE SRR IS
M 3.6 RIEME 43K (p = 0.02) . FERIBEFEX
WMME%, BREIFHFEEE,

£t RIDBEAT FERN Xa BFUE. migsHEM
TR AN EREIMERME SRR ES RS MRH
e LR A AR D A Ol A an il N 2 Bl Z7E
KB, EIHRNFAA, XEE VLIRS EAXESLR
EEWAIMRR S BE B XA IRRE LA,

2 [N STEIEE | Article Abstract Collection

39.

Pineton de Chambrun M, Bréchot N, Combes A.
Venoarterial extracorporeal membrane oxygenation in
cardiogenic shock: indications, mode of operation, and
current evidence. Curr Opin Crit Care. 2019

Aug;25(4):397-402. doi: 10.1097
BE

EFAER . BBk-thBKEIMERTES (VA-ECMO) B
IRBSTEIF 245 (TCS) MR Mk A IEMEA M LIRIE
KR BERIEIIT R, XA T VA-ECMO KR,
BAE. B, HAE, FITCTEHRGRTIFMXRG
&R,

RIEARIL: VA-ECMO #AE&ER “RE™ BIHFER,
BIEOINEEIME FFRVBIR. BHE. KEBNMIEIR S,
URELHER TR, VA-ECMO #IAAR—4%H
TCS, ANERURARNRESRS, HARE, BEAT
WHERIBAIEE, ¥ Impella (Abiomed, Danvers,
MA, USA) EGIRKRKERZFS VA-ECMO 1HLE
A, JEREBRECEENHBELER, KIEME
2. MIMAER X O AEFRIMES O ER TCS 895
BREZ—,

B RESFHETRVILHESR, 8 TCs BEfAERE
DRMERTEENER, VA-ECMO #HINAR—4H&E
%, BERESHNONNFEINERE. NEEEDH
TR BIIRPRIRIERHEE VA-ECMO FEORIERTE AT
SRES R,
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Featured
Article

FIMNERAEEIFAT UGS M TR RIBEREES, B ECMO ATFHEAZHIME M kit EEHE, mERDEENEHS
£, FILHERENTERIENREATERRNEN. FAXEBIRETES ST SRR ERTGE MM EEHNRETER
VV-ECMO BEBIFM, EXTHMRY, SETSFRLRIAL, AFIEFEKN ECMO EES5RENASHEEREMMeLERHE
Ko

SR RIBERI VV-ECMO iSRRIk

Benjamin Seeliger , Michael Ddbler, Robert Friedrich, Klaus Stahl, Christian Kiihn, Johann Bauersachs, Folkert Steinhagen, Stefan F. Ehrentraut,
Jens Christian Schewe, Christian Putensen, Tobias Welte, Marius M. Hoeper, Andreas Tiede, Sascha David and Christian Bode

H"E

R ZaMm=BP, FIMRMAS (ECMO) XIFrgeaieiiEs, EHMMMmeEEHNFLERE L. FHXEREN
RETREBNERFHE. XURIFIEMRILR THE MM SRR, EREaanE AUkt mMmieieESELt,

B BAOWME 2015 £ 4 BE 2020 £ 2 AHAEEZRERMD ECMO #i20hiti# T T —TC MR TIAS, MR REES M
IR RIBTES & K-A2Ek (VV) ECMO ZEFHEE, — M RLEMERRTIEMR, SEFESSRIMEEINE (PTT) X3 35
~ 40 s, F—IHOEMERAFESTERLEKLE, STEESMENE (ACT) X 140 ~ 180 so HITTEHT ECMO &&
BNTHOREAMEGE], 15 KNABRAEBNIER, FTELMEMF, MRBRESRM, 30 X ICU BT, JELERIMETEIMIDE
MSERSEY B R AR GIRER, TBEEREREFRCRELEASRTRNER, ABLERETEH MEHNELEM Mt
ERHNAE. BRSO MNREEE AT,

R 7T 375 BEZ VV-ECMO ZFEMHEERER, 218 ABANDH (117 BEFIEH,; 101 ZEFIEH) . LL SAPSIH T
EMERTEIZE N 46 (IQR 36-57) VS. 47 (IQR 37-55) o i ECMO izfTAEIN 8 X (IQR 5-12) VS. 11X (IQR 7-17) (p=
0.003) . BFIEAT 14 XESRTH, MEFEALAE 48 K. 15 RERFRAGB/MLLEIDBA 73% VS. 55% (BEEFH
HR3.34 [95% CI1 1.2-9.4]; p=0.023) . EHMBTEIAEEE 23§l (19.7%) VS. 146 (13.9%) (p=0.256) , MIEEHLEERN
=R 8 (6.8%) VS. 19 (19%) (p=0.007) o

30 RIGRIFET-E N 33.3% VS. 30.7% (p=0.11)

#it: EXVEMEHRT, SETEFRMERAEL, KFEFREUHN ECMO EESRMNASHERENMiceERMHE
Ko BEHTRIEMAIREIIXLRBEER ECMO B ENRETUERREL,

XiF: ECMO; BF&{t; ARDS; Hi; Mmit

3] M, ECMO XIBS5EENEMESNHLEEX, TESH
MEAFRMEEEFREF X BT RARERERD I
=, RBHHORABUIFEDWAE (UFH) NHEBBTTR

Fl, RIBER Y RIERSETIE] (PTT) HITIAZE, BE 40 ~

o

EXAM 2 MITR I8 (ARF) H, SSHE VV-ECMO fE
NIRRT R ES, HRERESEAY, A

26 [e) szikiEiE | Article Deeply Reading



80 s I, SRARIEIELERIAYIE (ACT) 7E 140 ~ 180 s WP
BRIMIERHREMNEINEA ACT R THNAE, BFR2ELE
EBERTEM 1.5 B9 BFEA 50%NEERHMEMmH
EiE, AEBERTM ECMO BIREBMHMMERER
R ETIR T S REMIURSRED, URIHNMRAR, BRIEN
FEAISENEREHLEFBRBRERREN, BHTEE
AL, ERFRTT, BATHNAREERMIE LR E
BEEM ECMO RONESRMAM. HilfmieieES
%, XENPLONERNRERERANTR, BESEN
EMEBZMERN, RIMRIE, SEFE2RBMEL, BIFK
FIE2FENREESTRMVNES BMA ML MY mizie
EFLE, B HDES,

B
®it. RENS5E

BADHIT T —IE A TIERR, B8 2015 & 4 AZ
2020 £ 2 AREERREAEEE ECMO £HRNEEAFER
% VV-ECMO LM E ARF BE, MM OEEIER
EF UFH MU, B5RERRE, RIS RIETI2
FFEERBEAETISRAER, sIEN PTT 235 £ 40s Z
8 (EAFEIIFHAMER FS EEXNE=R) , BE
B ACT 7£ 140 = 180s ZE(E 2 /NTNE—R) . EETE
AR, AR SL WEASXNE—X PTT, FMNHXER
ETHREFNMEAXE, AN ECMO R4 R
Getinge/MaquetRotaFlow 3§ Car-dioHelp, @id 19-25 A IEE
BANTAN/ R, BFER0MNIREEE S5
BRiBEs, MEMFEF0NKZRANEEKER, T
RotaFlow &&, FRATKAEDLZIFRS, WF CardioHelp
R4, {FHT HLSSetAdvanced, X PNRFEEH Getinge
AEEFH, B Biolin FE, BERSFHHAM, BE
RBIFAMEIN ECMO FIBEMREN. ANITER VV-
ECMO X%#¥ > 24 /By, HHBEFRBARHBENBERR
BUDHIEREIR, HRTER VV-ECMO A < 24 /)h
BY; $IZHIIMB ECMO ZHFATF 24 /BT, 24 /NESRIEHNT
E=4 (GIRK) EE; ETF 18 F; SMRA=BHEREX
BRMINEEMES, FReMARER;, ROMBREBMENEH.0
WEFIEMRETIETR. ZMREBITRMNEEESERRN
#HOf,

-3

=S

FELSLZR] 15 KA ECMO S& 88T, RBELRRE
30 KBY ICU e, TEHIMHAE (EXHAEEFMH >
10 NI (RBC) #%33) . BERMNMERESMH. ECMO

©2022 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW E8EE- 00 HRE

HRialka /) MRFNZIARRRAYELE. ECMO HRiB) B I2AY UFH BN
KgmiAs (BFI2L9FY ACT, WANTF PTT) o

R ERES

EEERERONERT, BHEFOHEEIARNEN
HEZMAEAKF <8 gdL, MEFIBANA <9 gdl. &
2R ORIIMREEREER< 30uL, MEFIEFRORE
70/uL. XFEAERH M, M/NMREENEINREN 50/uL
(BFIEH0) 5 100pL (EFIEH0) , BRILUREIRK
B, M EREMBAHITRENL. MBRHUEMEE 111
BIKFRTF 50%, MATENDE 11 KF; NRIGKLIFES
EASEQARRETE ML RGIER, NAMAHLEEEA
a7, xTROBREESMNHNER, HaTEERESHE
W ERERTEE, EHNPOHEER IR,

ERASRNELT

EUTHERTEZEFRESEE: TIEF pO, < 200
mmHg, BRENBEEMN (A CardioHelp R4) ; Mt
AF 5 mm WEAEMEIRME; D-ZRE LA HFHE#HITIED
MR FIBEEEREIE M A A S H AR, UkHEHM
T AR IRE B EIE NS M R,

HEe

F. BAMBEF ICU WA, ARF WERERR. K
8. MAFENRIVMEETNEHESREMERFRE
o ECMO HEAHKMBELIMEIEFITS (SAPS) 12,
MR ECMO 47230l (RESP) 417, FRIBERIBITEIT
5 (SOFA) M, FF&REFIE. ECMO 1&&MILE UK MAR
BHMIEFRRA I EE RS HIRE.

Kt

BEAREIEET Shapiro-Wilk I EEEESH, HE
BEER t RIESIBARLHTARLLR. FRZEEERED
IFEIE 15 RARTFESRTUNERLL. MRELETES
HZ EAEFRTHREEREHENEERR, WEEHE
2, RITSEaEHn~R0EEN ECMo &&, BRE
FRI™IUMNREAER, MENGHREN—59, RELERGESE
4. M3, BMIL. RESP iF43. SAPSII ¥4, SOFA 'S5
4. ECMO E{78Y/E]. WILAE. SEAif7E B K ahhkiE
R SeEIMRIE EARETT. T ECMO REMEZAHER
F. D-ZREMAEME 1 KFEEINTERE. £8
STATAV16.0 (STATA AF]) # RStudioV1.2.5033 (RStudio
NE) #HITH.
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#FR
BERIE

TR, HAET 375 B ARF 5% VV-ECMO J&77HY
BE, £ 28 BEERHASN (117 BEHELS 101 &
RFIEH) , B | #BETHBRNAT, BERFIERER |
o, ECMO RENMHEXKIRENR 2, 1RIE RESP T4, ARF
NEREZHRSHEMA (22.5%) « ARMEME (303%) « ¥
WRE (1.8%) « BlfE/ KA (1.8%) « BRANMEMK

(7.8%) « Hitt2MMPRERR (28.9%) FIEEREIEM
WIRERE (6.8%) , ERAZESHEIST (p=0359) o K
FIRANBEFER (46 % [IQR 29-55] vs. 54 % [MODIEK
SEE (IQR) 44 ~ 62], p < 0.001) , BMI E{f (262 kg/m’
[IQR 22.5 ~29.4] vs. 29.1 [IQR 26.0 ~ 33.2], p < 0.001.JKIMAE
EEFEHNTIL R (752% vs. 95.1%, p <0.001) , M
FEEM ARDS EEHIEHEEN (889 vs. 683%, p <
0.001) o B ECMO HEANZHXH SAPS-II WHERAZIEE
Y, BEME4HM RESP-HIES [1 (IQR 1-3) vs. -0 (2 ~
3) , p=0.002]c

BREFEPL

EELR

BESRE, SHI24E 14 XEsRTh, MEFN248E
48 R, DRNRETE 13 B 32 BEEF L. 7 15 KN, &7
245 BR%NESREL, MEFIEHEE 55% (FEENER
tb (HR) 79 3.34 [95%CI 79 12 ~ 94, {KFIEFEWL], p =
0.023) o (B 2) , BEMOIERIE 3, E5RTHNREER
HEREMESETE (86%H 59%) , MEFHS D-ZB{Fig
N (14%%0 39%) , LURBARAYAL (0%H 2%) o EDHT 15
AATHTRABNEEEN, SREM (AREHN HR A
3.28 [95%CI 9 1.2 ~8.6], 1EFIEAFEK, p=0.016)

RELI

BRS8N AT ACT FRHAIE 158 s (IQR 151 ~
165) , SFIEAY PTT WHAIEH 48 s (IQR 41 ~ 57) ,
MEFIE4E7 38 s (IQR 34 ~ 42) (p < 0.001) (& 4b,
c) o £ ECMO Hiial, MM RFHIEREAMN 17495

(IQR 10,971 ~24,327) vs. 11,185 (IQR4,372 ~16,750) (p <
0.001) (&l 4a) o FLEXH ACT M PTT EEHEFEER
DR

EFEFEPLC

216 & ZEMHE ICU FEAMFRES
B VW-ECMO X

159 & ZFFEEH ICU FEAMTTFR
FBESE W-ECMO X

7 A R (FRE)

68 HERR (ECMO Z#5/0F 24/)\HF)
65 K (AtEBsERLY
REfERR)

4 8 ¥ (35280 ECMO =24
IE)

38 HEB (5 4 HNEE=R)
25 R (FH<s %)
15 i (3UERE)

41 & HRES (BHEE
HHHEMY)

98  HE (ECMO X
F 24 /\8)

648 HEBx (FUESE)

28 HR(EFEELRE)

140-180s.
13 ABERESE

117 & HANDIR, & ACT 1S
Ti#THEL BEHER

101 & BB, FE PIT I8
STHETHELK, BF2
35-40s,

PR AEBRTEAS

B 1 #hUFRICERY S NBEUSIEER. BTRAAEMMY, HEEEE S

THiEMERLFEEPEANERELSNEN .

28 [ xiit#sisE | Article Deeply Reading



IMPROVE REVIEW E8EE- 00 HRE

100 —'——.{ 1
75 ' L
s .
flin
‘L‘H 50
>
#‘i ____________________________
S ' i
e s M BH@EA (D) :
IR O Exma O i
' Adj. HR® 3.34 (95% Cl 1.2-9.4) '
’ p=0.023 .
o B mmm o mm . === == '
0 3 9 12 15
Time [days]
No. at risk
HD e 117 107 76 50 31 13
LD 101 89 76 59 33 17
2. ERIEMETIEFENAZEE 15 REEEBHERAGEE. WHIBNGIRESIFECEHTTHE, HR XL, C EEXKE. a RIBFLR. &
Bl AEIEH. MR ECMO £7FFUN (RESP) 4. BEAMIAMEERTS I, FREERBIHEBHRITUTS. ECMO E1TE. KULE. &

KEDRER. SeRifERMBITMA. TIHEHTAE ECMO MR, ELA4AEHRE. D-ZRAEMFEMES 111 KE,

=1, BAISHT

i (n=218) EAIEA (n=117) RFIEH (n=101) PfE
FELRHE
A, n (%) , B 153(70.2) 85(72.6) 68(67.3) 0.392
Ry, A AQRY , BH 49(38-60) 46(29-55) 54(44-62) <0.001
BMI, F{i¥ (IQR) , kg/m2 27.7(24.2-30.9) 26.2(22.5-29.4) 29.1(26.0-33.2) <0.001
SAPSII(IQR) 47(37-56) 46(36-57) 47(37-55) 0.871
SOFA ¥4 (IQR) 9(8-10) 9(7-10) 9(8-10) 0.650
R A -4 B 4 4 4
I ME 0(0-1) 0(0-1) 0(0-2) 0.573
JHEE- 5348 0(0-1) 0(0-2) 0(0-1) 0.059
-4 TS 5y 4(3-4) 4(3-4) 4(3-4) 0.151
B WE-43 A543 1(0-4) 1(0-4) 1(0-2) 0.004
RESP-43 % (IQR) 1(-2-3)) 1(-1-3) 0(-2-3) 0.002
WIAE, n(%) 184(84.4) 88(75.2) 96(95.1) <0.001
JR R % ARDS, n(%) 173(79.4) 104(88.9) 69(68.3) <0.001
BIEFET, n(%) 68(31.2) 31(26.5) 37(36.6) 0.107
o vy 53(24.3) 34(29.1) 19(18.8) 0.079
FERIE, n(%o) IR 42(19.4) 19(16.4) 23(22.8) 0.234
) ik P v o 76(35.0) 34(29.3) 42(41.6) 0.059
LR B KR 21(9.6) 7(6.0) 14(13.9) 0.049
AR A 8(3.7) 2(1.7) 6(5.9) 0.098
TEAE MR QfRD 14(6.4) 8(6.8) 6(5.9) 0.788

ARDS 2MMILEBSEAIE. BMI{FEfEEK. ECMO {FIMERTES. IQR [ IEE. RESP MR ECMO £7EFUIIES . SAPS 11 Bk 2 A RS

93 1. SOFA FRBERIBITL,

* EXNESBRERIBTEEFITS 22

©2022 IMPROVE MEDICAL All Rights Reserved

NHERiEIE | Featured Article @) 29



IMPROVE REVIEW FRZESF

= 2. ECMO & B RMAEX E A7

|
0
=
i

ECMO &% <0.001
IHEE BN 31(26.5) 99(98)
BER 86(73.5) 2(2)
BRI
ENERBK 3(1.4) 3(2.6) 0
B B3Rk 215(98.6) 114(97.4) 101(100)
e E
INERRK 135(61.9) 113(96.6) 22(21.8)
& T ERBK 2(0.9) 2(1.7) 0
a3 81(37.2) 2(1.7) 79(78.2)
IMEE R 23(23-35) 23(23-23) 25(25-25) <0.001
AIEERT 17(17-23) 17(17-17) 23(21-25) <0.001
ECMO izf7BYjE], #fii#k (IQR) , X¥ 9(5-14) 8(5-12) 11(7-17) 0.003
. . 3.8(3.3-4.4) 3.5(2.8-3.9) 4.4(3.8-4.9)
ECMO &, Fi# (IQR) , F/53%f <0.001
MBS EIEN ECMO IRE, HfI¥R | 1(0-3) 1(0-3) 1(0-4) 0,185
(ICR)
ECMO gIByH i MR &7
Fa] S UTAA 31(14) 13(11) 18(18) 0.157
P2Y 1230171 6(3) 2(2) 4(4) 0.311
ECMO HREIMIMRAST, n (%) o
Far =] LT AA 27(12) 9(8) 18(18) 0.024
P2Y 12-$I17 5(2) 0 5(5) 0.015
\ 4.7(3.3-6.2) 6.7(3.3-6.4) 4.8(3.4-6.1) 0.611
FEERAREL, 5/ (IQR)
. 2.2(1.4-3.4) 2.5(1.6-3.5) 2.0(1.2-3.4) 0.030
RNFEERREEL, 5/ (IQR)
D-_E2{K,mg/L(IQR) 7.6(3.6-15.4) 5.4(2.6-12.7) 8.3(4.4-16.5) 0.010
_ 30(19.3-35) 28.5(13-30) 35(33.4-35) <0.001
&K D-“EBF,mg/L(IQR)
‘ 67(53-86) 79(60-93) 60(44-75) <0.001
EAFURMES 11, % (IQR)
59(45-76) 69(56-84) 48(37-62) <0.001
RIUEIES 111, % (IQR)
FUEEMES 11 B4, n(%) 29(13.3) 8(6.8) 21(21) 0.002
. ‘ 174(101-265) 167(109-269) 183(97-263) 0.878
MRS, F/AF (QR)
BELIVBHE, FHA (0R) 620659 6333-106) 6040-8D 0.868
#&Z3d PCC, n(%) 36(16.5) 8(6.8) 26(25.7) <0.001
BSTERIFE, n (%) o 113(51.8) 61(52.1) 52(51.5) 0.924

ECMO FIMERE S, IQR MAOUXCERE, PCC BRMESRE S

30 [&) st | Article Deeply Reading




nABATAETR AREZTRAEAN
Decreased ° Increased

FHiE Unad]. Risk, No./Total Unadj. HR Adj. HR Risk for oxy- ~ Risk for oxy-

Ch Exposed U d (95% ClI) P (95% ClI) change change P
Low dose '

howi inization 101218 17/218 241(1.2-50) 019 3.34(1.2-94) e et 023
ERRER{ _

A@g. per 10% 0.90(0.7-1.1) 341 087 (0.7-1.2) S 368
£ 8103 :

Female 65/218 153218 1.08(0.5-2.2) .828 0.75(0.3-1.7) o 489
s

BMI 1.01(1.0-1.0) .506 1.03(1.0-1.1) ] 232
RESP-Score 1.04 (1.0-1.1) 373  1.03(0.9-1.1) - 577
SAPS-II 096 (0.9-1.0) .004| 095(09-1.0) u 024
SOFA Renal

Subscore 0.75(0.6-1.0) 038 0.84 (0.6-1.2) —— 322
soFa WAEAHE :

ECMO runtime 1.01(1.0-1.0) 373 1.00(1.0-1.0) | ] 893
EcMO ETHIE

Sepsis 184/218 34218 1.28(0.5-36) 647 1.19(0.4-3.7) . 766

]
ag
CAD 217218 197/218 1.16 (0.4-3.3) 777 046 (0.1-2.6) L 384
ASS 31218 187/218 1.26 (0.5-3.3) 629 233(0.5-11) ——— 295
.14 (0.8-1. K .87 (0.5-1. L

Eg&g%gow 1.14(0.8-1.6) 492 0.87(0.5-1.5) it 603
Baseline :

s 1.00(0.8-1.2) 966 1.08(0.9-1.3) . 443
HFRBOHEE

Baseline

dimers 1.00(1.0-1.0) .703 0.99 (0.9-1.0) ] 53
C.oRaES

Baseline

antithrombin 11l 1.00(1.0-1.0) 605 1.00(1.0-1.0) L ] o973
il B

T T T T T T 1
01 02 0.5 1 2 5 10

IMPROVE REVIEW EZFIEZE- 032

3. AERLEUNZLE cox @IIREL, BMI FEREHK. FORBREAKER. RESP I ECMO £ D .
SAPS EMURMEEIITS. SO FA IFREINRERIBIT G,

a . b _ 2 c
70 p=17x10 160 p=17x10 200
1 1 i
-
> 60 140 .
h-]
. 180 - - - - ==~
o
= 50 H s 120 1
3 - - L]
- .
g 40 = 100 . Z 160
2 =
-
= 30 E ! 2
E 80
140 - - = | - — - -
2 20 1
=
= 60 . .
3 10 l
= 120
o 40
20 100
HD LD HD LD HD

4. SRLAHRH UFH T4 (a) ECMO ERIERY I8R5y SR ERSETIE] (PTT)

(b) BFE (HD) UFH AHBITHEEMATE (ACT)

(C) o

ECMO ASMNERES. HD SFIEFFRA. LD MFIEFRA. PTT BoRIUEEEIE. ACT SELEMATE. UFH Zi@itER

©2022 IMPROVE MEDICAL All Rights Reserved

Xk | Featured Article [@] 31



IMPROVE REVIEW FRZESF

]R3 RBER

FiE (n=218) =784 (n=117)
FEMHMES, n(%) 37(17.0) 23(19.7) 14(13.9) 0.256
B iE/RERE M 12(5.5) 5(4.3) 7(6.9)
AR 7(3.2) 7(6.0) 0
IRz ™A 16(7.3) 10(8.5) 6(5.9)
HRE IR 2(0.9) 1(0.9) 1(1.0)
E-2-If-13 1(0.5) 1(0.8) 0
LT AR 7(3-13) 6(2-10) 8(6-19) <0.001
M/ R%E 1(0-5) 0(0-1) 4(0-10) <0.001
MmieeEMEYS, n(%) 27(12.4) 8(6.8) 19(19) 0.007
FERE A 2/ IMAE T2 AR 5(2.3) 3(2.5) 2(2.0)
JiipEE-S 3(1.8) 1(0.9) 2(2.0)
Edqinbes 12(5.5) 4(3.4) 7(6.9)
BRIk E 2(0.9) 0 2(2.0)
ECMO 528122 3(1.8) 0 3(3.0)
ECMO &E MieH M 1(0.5) 0 1(1.0)
fRin X 2(0.9) 0 2(2.0)
FF &5 R I/ MRORIME, n(%) | 3(1.4) 1(0.9) 2(2.0)
30 X ICU ZET-= 70(32.1) 39(33.3) 31(30.7) 0.110
ICU BfAFET X 91(41.7) 47(40.2) 44(43.6)

HMEZRMSHIR 2. TESEARFRNEBETR,
SELMALH D-RIAMEHZN 297 (IQR 1.5 ~82) , M
EAREMESRNEEZEFN 15 (IQR 04 ~ 45)
0.002) »

(p =

AFIEH 23 B (19.7%) BEMETEE 14 & (139%) &
& (p =0256) REFELOHEER (% 3) . BEEEIEN
B, MEETEELETEMALm, 7 flhE 5 fIkmsens
8, MEFIEAT 3 FIMALNESR CT BAKIN, &EH
SIHETRERIR (AR FERTEHMEN) .

M ARRNASHMEFIRE, SHETI2448, S5
4HEY RBC B{IMIUREEARREL [6 (IQR 2 ~ 10)
(IQR 6 ~19) p<0.001], M/MREMEMBRIMLEO (IQR 0
~1) vs.4 (0~10) , p<0.001]o KFEAEBZSNEEEZT
RIMBRESYIRER 26 (25.7%) vs. 8 (6.8%) , p <
0.001FIFTERINES 1T & [21 (21%) vs. 8 (6.9%) , p =
0.002], MAAABRMEABEREM (& 2) . AIEESEND
RS AREYNBEEIT TN E S THHIMTEME
mpER, EEsHNXKR (SFEH: 2/8; RAS4H:

vs. 8

32 [ xit#sisE | Article Deeply Reading

15/26) REEMAEZERBXHI (FFIEH) : 6/8; KFIE
48 11/26) » ECMO BIfERIIIIMRATT SR &R EIRN™E
B ECMO 8% MEBH T %X,

ER2ELENMSIEEEH [8 (6.8%) ] LLEFIEA
[19 (19%) , p=0.007] B, EFEFENZ, ECMO EIFERH
BHiEmieEG (@EEMmgn=1; SE588EN=2) REREE
RFIEH (R3)

30 R ICU SET=iBY, BfIE47333% 0 = 39) , 1K
245307% =31) p=0.11) . BHI2ASEFISHFTTH
FEFRRERR23E (59%) 128 (38.7%) EETEHMELE
T, MAMZIRETIE 11§l (282%) tb 18 f(58.1%), FIAH
m55 (12.8%) vs.0; 0vs.1 (3.2%) HIREEBH M AAE,

g

NARHIXRBAIE, 5L 140 ~ 180 s NEIFHI ACT 35
STHATIZFRUEIREL, RBIE PTT ARK/NTIZER
HRIRTE VV-ECMO ZHFHAIE], B 35 ~ 40 s SRR EMRN
BERE=EEX. REAMRFHERSRNEIRBELMRER



B, BXLREFERFEEEN, WFT2LH ECMO X
BIRmARSN, AR EBENERRER,

BMNEMRIK, 7 ECMO |5SMAMLE, KFIEHF
FrRESSTEBREAT AN, HmEFNMmeeESS
RRERBM. AT, EHRNVHARD, HERNETEE
RESVBOFTRILGNER, MESMIEESALERIEM
BX, Mk, HlFALE, LHEMASMEFERTEATS
FREL.

RN ZIE], TR MR T SREEHENE
8, KAEHANRNERTSL, FEEENE, XETHRE
TERFIEDOEEHNEMERMAZRHNN™ERE, B
BY, BMESREMNEAP, BELNRIEESYNTERMES
1 &5, EABRFAMNEAERZEEZAT. £5 ECMO
TXWRAP, RBC HEEWIERA R LUE N/ ViR B9 &= 2
M, FRIREVMREE R DM ERHNREREERR
&, EBIRE, £ ECMO X T, WIVNMRFILIZIREERR
SESCCRMT XA R, Eitt, EEFHHARF, R
RIS ARRTRERIN T 4R, HAT2BHAFR TR,
FRRHIFIEEM RCT IHEES ECMO RN EENRETER
BE, RZitXIRAFSCIETE By m SR,

BATARNGERS 2 ai—TUNEEIEMEIRR (b = 10) B9
LEREFE, TzdiR, BETA 45 ~ 55 s (FARPA
35 ~ 40 s) MFFENSIRENTIE 10 U/ kg/h BEERIAHFRE
WEF2APTLRNTEIRIE, Ernasletimbmnss
REER, ERYANNSEMHARE. —FTMEMNEHL
FIEIGHBIEMMEIRT (0 = 40) BRT RMNEERIIBE
., HmEHMmEEEFLED, BEENZ, SN
BAZIABLL, FRAHRY ACT EAEZE (167 s vs. 189 s) o HZ—
B4 22 B VV-ECMO BEMREMTILLER T L ACT HES
HIBFRIaTT (140 ~ 160 s vs. 180 ~220s) , —EU &I MEH
P RERSREENT, MRS AT ERESTROS

©2022 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW E8EE- 00 HRE

FAZU BT, TRZS—HITUR RIS RPIE MR RAIE X fE
B R ERE LA LR,

BRT RANFRARN, IRRPERATER (ORI HIm)
ARSSBEMESE, MMEMELNESIRHEHRE
R42), XEJRER R MMAMRHE R, FHRFIAE/ NI EEH
MMERE TEIGRTEHMER TR ECMO
BYRIATIER?), LUK (Bl Rt R T S AP R B R T R (F0Y
AT, EEXEREENELTHREEERBEE
HITRIEMERIRE, BT HaiRBREmRER.

IEER, BELZMFLREN Xa KFES ACT 3 PTT —i24H
A ECMO ZHHREREFRLENG, HAFEEE) I RAR
RES T RIFHIMR, HAETIFH R AT RIGRENS, BAF
RIERFM ACT BINELY, RHRH ECMO FOERMIRES
FHE. PTT B ACT AFEREFEF—HHERT, B
I Xa KFESmigEMENE—ROEFIT—EFEH. A
M, BREKMEEEEM 24 NEREETHT Xa NEZREGEHE
£, 2014 £ 97%H89 ECMO HOMATERER ACT RIFEEAT &
8, BT EA ELSO 1EREFEA ACT M PTT SRNEMER
MR, BFXLERNS AN RRE R RAREND T AIFE
ECMO B2EMNEERIFEERHBTRAMNEE, A, 7
AN, EREEBRED, 1 xa KFEAIEELL ACT 5 PTT B3&
AMEFFERRRE,

KEARABRMEE FRIBMIZ TR0, XE
RUEZIABRERIARM, SETERHMEERRE,
REB ECMO &%, HEMUMNBERE. Eit, HIA9EK
EFERS—HMEEREE. HMRIEM ECMO SR
BTRIBEIEIIE, LUSHAIFRIEN,

BEEXTNFOFIARF, ST EFZIHIRER
Et, ECMO X#rHAIEIR AR SRR MBI R SRIER
AAREMENMeERME R, FERRELNHMER
1 ECMO IRE#HTRIFE ARSI RIESSX L L o

kgL | Featured Article [e) 33



XBkIRX

, , : , ®
Comparison of anticoagulation strategies AL

for veno-venous ECMO support in acute
respiratory failure

Benjamin Seeliger''®, Michael Débler?!, Robert Friedrich', Klaus Stahl?, Christian Kiihn*, Johann Bauersachs®,
Folkert Steinhagen?, Stefan F. Ehrentraut?, Jens-Christian Schewe?, Christian Putensen? Tobias Welte',
Marius M. Hoeper', Andreas Tiede®, Sascha David’# and Christian Bode®'"

Abstract

Background: Extracorporeal membrane oxygenation (ECMO) support in acute respiratory failure may be lifesaving,
but bleeding and thromboembolic complications are common. The optimal anticoagulation strategy balancing these
factors remains to be determined. This retrospective study compared two institutional anticoagulation management
strategies focussing on oxygenator changes and both bleeding and thromboembolic events.

Methods: We conducted a retrospective observational cohort study between 04/2015 and 02/2020 in two ECMO
referral centres in Germany in patients receiving veno-venous (VV)-ECMO support for acute respiratory failure

for>24 h. One centre routinely applied low-dose heparinization aiming for a partial thromboplastin time (PTT) of
35-40 s and the other routinely used a high-dose therapeutic heparinization strategy aiming for an activated clot-
ting time (ACT) of 140-180 s. We assessed number of and time to ECMO oxygenator changes, 15-day freedom from
oxygenator change, major bleeding events, thromboembolic events, 30-day ICU mortality, activated clotting time
and partial thromboplastin time and administration of blood products. Primary outcome was the occurrence of
oxygenator changes depending on heparinization strategy; main secondary outcomes were the occurrence of severe
bleeding events and occurrence of thromboembolic events. The transfusion strategy was more liberal in the low-dose
centre.

Results: Of 375 screened patients receiving VV-ECMO support, 218 were included in the analysis (117 high-dose
group; 101 low-dose group). Disease severity measured by SAPS Il score was 46 (IQR 36-57) versus 47 (IQR 37-55)
and ECMO runtime was 8 (IQR 5-12) versus 11 (IQR 7-17) days (P=0.003). There were 14 oxygenator changes in the
high-dose group versus 48 in the low-dose group. Freedom from oxygenator change at 15 days was 73% versus 55%
L (adjusted HR 3.34 [95% confidence interval 1.2-9.4]; P=0.023). Severe bleeding events occurred in 23 (19.7%) versus
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Mortality at 30 days was 33.3% versus 30.7% (P=0.11).

ing ECMO support.

14 (13.9%) patients (P=0.256) and thromboembolic events occurred in 8 (6.8%) versus 19 (19%) patients (P=0.007).

Conclusions: In this retrospective study, ECMO management with high-dose heparinization was associated with
lower rates of oxygenator changes and thromboembolic events when compared to a low-dose heparinization strat-
egy. Prospective, randomized trials are needed to determine the optimal anticoagulation strategy in patients receiv-

Keywords: ECMO, Heparinization, ARDS, Bleeding, Thromboembolism

Introduction

In refractory acute respiratory failure (ARF), implemen-
tation of veno-venous extracorporeal membrane oxygen-
ation (VV-ECMO) as a rescue strategy may be life-saving
and is increasingly applied [1]. However, ECMO sup-
port is associated with potentially life-threatening com-
plications, mostly related to either bleeding events or
thromboembolic complications [2—4]. To minimize such
events, most centres use unfractionated heparin (UFH)-
based anticoagulation adjusted by partial thromboplastin
time (PTT), usually within 40-80 s or by activated clot-
ting time (ACT) within 140-180 s [5]. Current guide-
lines advice an ACT-guided approach aiming at 1.5 fold
increase of normal [6]. With bleeding complications
occurring in up to 50% of patients, there is a quest for
alternative anticoagulatory strategies without compro-
mising integrity of the ECMO circuits and risk of throm-
boembolism [2]. Previous studies found lower heparin
dosing to be generally safe with regards to thromboem-
bolic complications but conclusions are limited by small
patient numbers [7-9].

Our study aimed to retrospectively compare oxygen-
ator durability, bleeding and thromboembolic events
between two experienced ECMO centres with consider-
ably different routine anticoagulation strategies but iden-
tical oxygenator change management. We hypothesized,
that a strategy including low-dose heparin strategy would
result in similar oxygenator durability and similar throm-
boembolic complications while reducing bleeding events
compared to a high-dose strategy.

Methods

Design, settings and participants

We conducted a retrospective cohort study including
patients with severe ARF receiving VV-ECMO support
between April 2015 and February 2020 at two German
university hospitals with extensive ECMO experience.
Both centres routinely used UFH-based anticoagulation,
but with different intensity, thus enabling us to compare
a low-dose heparinization strategy aiming for a PTT
between 35 and 40 s (measured thrice per day using the
actin FS assay by Siemens) with a high-dose hepariniza-
tion strategy aiming for an ACT between 140 and 180 s

(measured every 2 h). In the high-dose-group, PTT was
measured once daily using the Pathrombin SL assay, with
both tests showing excellent correlation [10]. ECMO
systems used were Getinge/Maquet RotaFlow or Car-
dioHelp with cannulation of the internal jugular and/or
femoral veins via 19-25 French cannulas. Standard can-
nulation in the high-dose centre was femoral/jugular
venous access, while in the low-dose centre a bi-femoral
venous access was mostly established. For the RotaFlow
device, the permanent-life-support system was used
and for the CardioHelp system the HLS Set Advanced
was used. Both systems were manufactured by Getinge,
were Bioline-coated and possessed equivalent durability
[11]. Patients were identified via established ECMO data-
bases at both sites. Inclusion criteria were VV-ECMO
support>24 h and provided written informed consent
by patients or proxy for analysis of clinical data. Exclu-
sion criteria were duration of VV-ECMO support <24 h;
external ECMO support>24 h before referral; addition
of a third (arterial) cannula within 24 h; age<18 years;
acute liver failure with relevant coagulopathy precluding
heparin administration; missing informed consent and
medical indication for high-dose anticoagulation in the
low-dose centre. The study was approved by the institu-
tional review boards at both sites.

Endpoints

The primary endpoint was ECMO oxygenator change
within the first 15 days. Secondary endpoints were 30-day
ICU mortality, severe bleeding complications (defined as
need for intervention or > 10 red blood cell (RBC) trans-
fusions), symptomatic thromboembolic events, number
of platelet and RBC transfusions during ECMO, adminis-
tered units of UFH during ECMO and coagulation stud-
ies (mean ACT in the high-dose-group, mean PTT in
both groups).

Transfusion strategies

Absent of overt bleeding, the routine threshold for RBC
transfusion at the high-dose centre was a haemoglobin
level <8 g/dL versus <9 g/dL in the low-dose group. Rou-
tine threshold for platelet transfusions were <30.000/puL
in the high-dose centre versus 70.000/pL in the low-dose
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centre. With overt bleeding, the routine thresholds for
platelet transfusion were 50.000/uL (high-dose centre)
versus 100.000/pL (low-dose centre) but could be indi-
vidualized depending on the clinical scenario, severity
and site of bleeding. Antithrombin III was substituted
if antithrombin III levels were<50% and antifibrino-
lytic agents administered in cases of clinical suspicion
of hyperfibrinolysis or proof by thromboelastography.
Bleeding management regarding administration of pro-
thrombin complex concentrates was adjusted by event
severity at the discretion of the treating physicians and
was not standardized in both centres.

Indication for oxygenator changes

Oxygenator change was considered in the settings of
decreasing post-filter pO,<200 mmHg with increasing
transmembrane pressure gradient (with the CardioHelp
system), overt circuit thrombosis with thrombi>5 mm,
rising D-dimers with progressive thrombocytopenia and
hyperfibrinolysis with increasing transmembrane pres-
sure gradient, and otherwise unexplained haemolysis
with increasing transmembrane pressure gradient.

Covariates

Age, admission and discharge dates to ICU, underlying
reason for ARF, body-mass-index, pre-existing antiplate-
let therapy and comorbidities were obtained from charts.
Simplified acute physiology score (SAPS) II [12] at day of
ECMO implantation, Respiratory ECMO Survival Pre-
diction (RESP) score [13], sequential organ failure assess-
ment score (SOFA) [14], heparin doses, ECMO devices
and settings and coagulation studies were extracted from
the clinical patient data management system.

Statistical analysis

Continuous data was assessed for normal distribution by
Shapiro—Wilk-test and group comparison was performed
using t-test or rank-sum test, as appropriate. Hazard
ratios for freedom from oxygenator change at 15 days was
calculated using a multivariable cox regression. Covari-
ables were selected if baseline values were significantly
unbalanced between the groups or if they were overtly
physiologically linked to the outcome. We did not include
number of blood product transfusions and ECMO device
since they were not independent factors but part of the
institutional strategy. The final model included age, sex,
BMI, RESP Score, SAPS II score, SOFA renal sub-score,
ECMO runtime, sepsis, pre-existing coronary artery dis-
ease, prior treatment with aspirin, mean ECMO flow and
baseline fibrinogen, d-dimers and antithrombin III levels
as covariables. Analyses were performed using STATA
V16.0 (STATA Corp LP) and RStudio V1.2.5033 (RStudio
Inc).
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Results

Patient characteristics

At screening, 375 patients receiving VV-ECMO sup-
port for ARF were identified. A total of 218 patients were
included in the analysis (117 high-dose group vs. 101
low-dose group), with details on exclusions provided in
Fig. 1. The baseline characteristics are shown in Table 1.
ECMO settings and associated laboratory are shown in
Table 2. The causes of ARF according the RESP score
were viral pneumonia (22.5%), bacterial pneumonia
(30.3%), status asthmaticus (1.8%), trauma/burn (1.8%),
aspiration pneumonia (7.8%), other acute respiratory
causes (28.9%) and non-respiratory or chronic respira-
tory causes (6.8%) and were distributed homogenously
among the groups (p=0.359). Patients in the high-dose
group were younger (46 years [IQR 29-55] vs. 54 years
[interquartile range (IQR) 44-62], P<0.001) and had
a lower BMI (26.2 kg/m? [IQR 22.5-29.4] vs. 29.1 [IQR
26.0-33.2], P<0.001. Sepsis was less frequently pre-
sent in the high-dose group (75.2 vs. 95.1%, P<0.001),
and primary ARDS was more common in the high-dose
group (88.9 vs. 68.3%, P<0.001). While the SAPS-II score
at day of ECMO implantation was comparable between
the groups, the RESP-score was higher in the high-dose
group (1 [IQR -1 to 3] vs. —0 [—2 to 3], P=0.002).

Primary endpoint

Overall, there were 14 oxygenator changes in the high-
dose group versus 48 in the low-dose group in 13 versus
32 patients. Freedom from oxygenator change at 15 days
was 73% in the high-dose group versus 55% in the low-
dose group (adjusted hazard ratio (HR) 3.34 [95% con-
fidence interval 1.2-9.4 with low-dose heparinization],
P=0.023) (Fig. 2), with the entire regression model dis-
played in Fig. 3. Reasons for oxygenator changes were
decreasing post-filter paO, (86% and 59%), thrombus
formation with increasing D-dimers (14% and 39%), and
overt haemolysis (0% and 2%). The results were similar
when analysing freedom from oxygenator change with-
out censoring data at 15 days (adjusted HR 3.28 [95%
confidence interval 1.2-8.6] with low-dose hepariniza-
tion, P=0.016).

Secondary endpoints

The overall median of the individual mean ACT in
the high-dose group was 158 s (IQR 151-165) and the
median of the mean PTT in the high-dose group was
48 s (IQR 41-57) versus 38 s (IQR 34—42) in the low-
dose group (P<0.001) (Fig. 4b, c). The corresponding
mean units of heparin administered while on ECMO
were 17,495 (IQR 10,971-24,327) vs. 11,185 (IQR 4,372—
16,750) (P<0.001) (Fig. 4a). The centre-defined ACT
and PTT corridors were well-represented in the groups.



High-dose heparin centre

Low-dose heparin centre

216 Received VV-ECMO
support for acute respiratory
failure on medical ICU

159 Received VV-ECMO support for
acute respiratory failure on

anaesthesiology ICU

77 Excluded (No Consent)

6 Excluded (ECMO support for
less than 24h)

6 Excluded (acute liver failure with
desolate coagulation function)

4 Excluded (ECMO support > 24h
before referral)

h

3 Excluded (triple cannulation
within first 24h)
Excluded (age < 18 years)
1 Excluded (missing data)

A 4

41 Excluded (did not follow
institutional protocol)

9 Excluded (ECMO support for

> less than 24h)

6 Excluded (missing data)

2 Excluded (hereditary
coagulopathy)

117 Were included in the
analysis and had ACT-
guided heparinization with a
goal of 140-180s
13 had oxygenator changes

101  Were included in the
analysis and had PTT
guided heparinization with a
goal of 35-40s

32 had oxygenator changes

Fig. 1 Flow chart for patient cohorts by centre / heparinization strategy. The need for written informed consent at the low-dose centre was waved
by the institutional review board due to the retrospective nature of the study

Additional baseline coagulation parameters are shown
in Table 2. In the patients who received an oxygenator
change, the d-dimer foldchange compared to baseline
was 2.97 (IQR 1.5-8.2) compared to 1.5 (IQR 0.4-4.5),
in patients who did not undergo oxygenator change
(P=0.002).

Severe bleeding was not different and occurred in
23 (19.7%) of patients in the high-dose group and in 14
(13.9%) in the low-dose group (P=0.256) (Table 3). Of
note, severe intracranial bleeding only occurred in the
high-dose group with fatal outcome in 5 of 7 cases, while
3 events of intracranial bleeding in the low-dose group
were incidental findings on CT without overt neuro-
logical deficit (and where thus not categorized as severe
bleeding events).

Applying different in-house standards of transfusion
procedures, the number of RBC unit transfusions were
significantly lower in the high-dose group compared
to the low-dose group (6 [IQR 2-10] vs. 8 [IQR 6-19]
P<0.001), as were units of platelet transfusions (0 [IQR
0-1] vs. 4 [0-10], P<0.001). More patients in the low-
dose group received prothrombin complex concentrates
(26 [25.7%)] vs. 8 [6.8%], p<0.001) and antithrombin III
substitution (21 [21%] vs. 8 [6.9%], p=0.002), while
administration of tranexamic acid was similar (Table 2).
All patients who received prothrombin complex

concentrates had severe coagulopathy in the context of
planned intervention with high bleeding risk (high-dose
group: 2/8; low-dose group: 15/26) or significant haemo-
globin-relevant bleeding (high-dose group: 6/8; low-dose
group 11/26). Pre-ECMO use of antiplatelet therapy was
not associated with oxygenator change or severe ECMO-
related bleeding events.

Fewer thromboembolic events occurred in the high-
dose group (8 [6.8%]) than in the low-dose group (19
[19%], P=0.007). Of note, direct thrombotic events of
the ECMO circuit (cannula thrombosis n = 1; coagulation
of the oxygenator n=2) occurred only in the low-dose
group (Table 3).

The 30-day ICU mortality was comparable with 33.3%
(n=39) in the high-dose versus 30.7% (n=31) in the low-
dose group (P=0.11). The main reasons for mortality
in the high-dose versus low-dose group were cessation
of therapy due to medical futility in 23 (59%) versus 12
(38.7%); refractory multiorgan failure in 11 (28.2%) ver-
sus 18 (58.1%), intracranial bleeding in 5 (12.8%) versus
0; abdominal bleeding complications in 0 versus 1 (3.2%).

Discussion

The key finding of this study is that when compared to an
ACT-guided high dose heparinization strategy aiming for
140-180 s, a low dose heparin strategy adjusted by PTT
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Table 1 Baseline characteristics

ALL High-dose group Low-dose group Pvalue
(n=218) (n=117) (n=101)
Baseline Characteristics
Gender, n (%), male 153 (70.2) 85 (72.6) 68 (67.3) 0.392
Age, median (IQR), years 49 (38-60) 46 (29-55) 54 (44-62) <0.001
BMI, median (IQR), kg/m? 27.7 (24.2-30.9) 26.2 (22.5-29.4) 29.1 (26.0-33.2) <0.001
SAPS 11 (IQR) 47 (37-56) 46 (36-57) 47 (37-55) 0.871
SOFA Score (IQR) 9(8-10) 9(7-10) 9(8-10) 0.650
Respiration-sub-score 4 4 4
Coagulation-sub-score 0(0-1) 0(0-1) 0(0-2) 0.573
Liver-sub-score 0(0-1) 0(0-2) 0(0-1) 0.059
Cardiovascular-sub-score 4 (3-4) 4 (3-4) 4 (3-4) 0.151
Renal-sub-score 1(0-4) 1(0-4) 1(0-2) 0.004
RESP-Score (IQR) 1(-2-3)) 1(-1-3) 0(-2-3) 0.002
Sepsis, n (%) 184 (84.4) 88(75.2) 96 (95.1) <0.001
Primary ARDS, n (%) 173 (79.4) 104 (88.9) 69 (68.3) <0.001
Immunocompromised, n (%) 68 (31.2) 1(26.5) 37 (36.6) 0.107
Liver failure* 53(24.3) 4 (29.1) 19(18.8) 0.079
Comorbidities, n (%)
Diabetes mellitus 42 (194) 9(164) 23(22.8) 0.234
Arterial hypertension 76 (35.0) 4 (29.3) 42 (41.6) 0.059
Coronary artery disease 21 (9.6) (6.0) 14 (13.9) 0.049
Malignancy (solid) 8(3.7) (1.7) 6 (5.9) 0.098
Malignancy (Hematologic) 14 (6.4) 6.8) 6 (5.9) 0.788

ARDS acute respiratory distress syndrome, BMI Body mass index, ECMO extracorporeal membrane oxygenation, QR interquartile range, RESP Respiratory ECMO
Survival Prediction score, SAPS Il Simplified acute physiology score II, SOFA sequential organ failure assessment

“ Defined by sequential organ failure assessment liver subscore of > 2

aiming for 35—40 s is associated with a three-fold higher
need for oxygenator changes during VV-ECMO support.
Although all oxygenator changes in this study were une-
ventful, these procedures are resource-intensive and may
be potentially life-threatening in patients fully dependent
on ECMO support.

We initially hypothesized that lower heparin doses
might be as efficient as therapeutic high dose anticoagu-
lation regarding ECMO oxygenator durability with simi-
lar rates of bleeding events and thromboembolic events.
However, in our study, low-dose anticoagulation was
not only associated with a higher need for oxygenator
changes but also with a higher rate of thromboembolic
events. Contrarily, bleeding complications, foremost
intracerebral bleeding events were less common in the
low-dose group.

Between the two centres, there were overt and signifi-
cant differences regarding number of transfusions for
both RBC and platelet transfusions with considerably
greater amounts given in the low-dose group. It is impor-
tant to point out that these changes rather reflect the
more liberal transfusion strategy in the low-dose centre
than bleeding severity. At the same time, prothrombin
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complex concentrates and antithrombin III preparations
were also more commonly administered in the low-dose
group, where peri-operative patients were treated more
often. In studies unrelated to ECMO, RBC transfusion
have been shown to increase platelet responsiveness
especially with decreased platelet counts and overall inci-
dence of thromboembolic events [15—-17]. With ECMO
support, both transfusions of platelets and RBC have
been reported as independent risk factors for mortality
[18, 19]. Therefore, differences in the transfusion strat-
egy might have influenced the outcome in the current
study and are not exclusively explained by hepariniza-
tion. Future prospective RCT evaluating the optimal
anticoagulation strategy in patients receiving ECMO sup-
port should be planned with pre-specified transfusions
strategies.

The findings from our study contradict previous
results from a small prospective trial (#=10) where
heparinization aiming for a PTT of 45-55 s (vs. 35—-40 s
in the present study) was compared to a standardized
dose of 10U / kg / hour summing up to comparable
mean doses in the high-dose group of the present study
[20] showing no differences in oxygenator changes



Table 2 ECMO settings and relevant coagulation factors

ALL High-dose group Low-dose group P value
(n=218) (n=117) (n=101)

ECMO device <0.001

CardioHelp 31 (26.5) 99 (98)

RotaFlow 86 (73.5) 22)
Canula site out

Jugular vein 3(14) 3(2.6) 0

Femoral vein 5(98.6) 114 (974) 101 (100)
Canulassite in

Jugular vein 135(61.9) 113 (96.6) 22(21.8)

Subclavian vein 2(0.9) 2(1.7) 0

Femoral vein 81(37.2) 2(1.7) 79 (78.2)
Canula size out 3(23-35) 23(23-23) 25(25-25) <0.001
Canula size in (1 7-23) 17 (17-17) 23 (21-25) <0.001
ECMO runtime, median (IQR), days 9(5-14) 8(5-12) 11(7-17) 0.003
ECMO flow, median (IQR), liter per minute 3.8(3.3-44) 3.5(2.8-3.9) 44 (3.8-4.9) <0.001
Days from mechanical ventilation to ECMO implantation, 1(0-3) 1(0-3) 1(0-4) 0.185

median (ICR)
Antiplatelet therapy pre-ECMO
Aspirin 31(14) 13(11) 18 (18) 0.157
P2Y,,-inhibitors 6(3) 2(2) 4 (4) 0311
Antiplatelet therapy during ECMO, n (%)
Aspirin 27 (12) 9(8) 18 (18) 0.024
P2Y,,-inhibitors 5() 0 5(5) 0.015
Baseline fibrinogen, g/L (IQR) 47 (33-6.2) 6.7 (3.3-6.4) 48 (3.4-6.1) 0611
Minimal fibrinogen, g/L (IQR) 2(14-34) 5(1.6-3.5) 20(01.2-34) 0.030
Baseline d-dimers, mg/L (IQR) 6(3.6-154) 54(26-12.7) 83 (44-16.5) 0.010
Maximum d-dimers, mg/L (IQR) 30(19.3-35) 28.5(13-30) 35(33.4-35) <0.001
Baseline antithrombin I, % (IQR) 67 (53-86) 79 (60-93) 60 (44-75) <0.001
Minimum antithrombin [ll, % (IQR) (45 76) 69 (56-84) 48 (37-62) <0.001
Antithrombin Ill substitution, n (%) 9(13.3) 8 (6.8) 121) 0.002
Baseline thrombocyte count, thousand / pL (IQR) 174 (101-265) 167 (109-269) 183 (97-263) 0.878
Minimum thrombocyte count, thousand / pL (IQR) (36 88) 65 (33-106) (40 81) 0.868
Received PCC, n (%) 6 (16.5) 8 (6.8) 6 (25.7) <0.001
Received tranexamic acid, n (%) ( 8) 61 (52.1) 2(51.5) 0.924

ECMO extracorporeal membrane oxygenation, QR interquartile range, PCC prothrombin complex centrates

and bleeding events with considerable chances for
underpowering. A longitudinal single-centre pre-post
designed retrospective trial (n=40) showed similar
survival to decannulation rates, bleeding events and
thromboembolic complications [21], but interestingly
the ACTs in both groups were rather high (167 s vs.
189 s) compared to our cohort. Another mixed cohort
including 22 patients with VV-ECMO compared hep-
arinization guided by ACT (140-160 s vs. 180-220)
and consistently found fewer bleeding events and simi-
lar rates of oxygenator changes [22], also aiming for
higher ACT-prolongation than in our cohort. The lack
of uniform anticoagulation strategies and outcome

definitions across all studies render comparison of
event rates difficult [23].

Beside mere heparin dosage, temporary interrup-
tion of heparin (e.g. in response to bleeding) may create
a hypercoagulable milieu, thereby increasing the risk of
clotting and oxygenator failure [24, 25], which might have
influenced the results of the present study. Case series
and smaller retrospective studies reported feasibility of
heparin-free ECMO support in cases of trauma or severe
bleeding [26—29] and intermittent subcutaneous admin-
istration of heparin to avoid heparin pauses [25], but the
optimal management strategies in these particularly chal-
lenging situations needs to be prospectively investigated
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and lies beyond the scope of the current retrospective
study.

In recent years, more centres integrated anti-Xa lev-
els alongside ACT or PTT in their routine coagulation
monitoring during ECMO support following promising
results mainly in paediatric populations and better reflec-
tion of heparin concentrations [30-33]. Since inflamma-
tion can influence ACT measurements [34] the ECMO
centres of the current study also utilize anti-Xa levels
alongside thromboelastography and single clotting factor
analysis where coagulation state is uncertain, and PTT
or ACT seems out of line with heparin dosing. However,
longer turn-around time and varying 24/7 availability
of anti-Xa measurements are limiting factors and 97%
of ECMO centres were still using ACT for heparin dose
adjustments in 2014 [35]. Since current ELSO guidelines
recommend ACT and PTT for measuring heparin effects
[6], the analysis of different heparinization strategies
based on these assays provide valuable information for
intensivists caring for ECMO patients. Yet, we acknowl-
edge that anti-Xa levels may be a more appropriate meas-
urement of heparin effects than ACT or PTT in critically
ill patients.
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Limitations of this study were inherent to the ret-
rospective design and the comparison of two centres,
which render the data subject to substantial potential
bias, including different bleeding management strategies,
different ECMO devices, cannulation sites and patient
populations. Our data thus needs prospective validation
with uniform strategies for bleeding management, trans-
fusion strategies and ECMO configuration to derive solid
recommendations.

Conclusion

In this two-centre cohort study, the institutional strategy
with a high-dose heparinization during ECMO support
was associated with lower rates of oxygenator changes
and thromboembolic events, compared to the strategy
with low-dose heparinization. Prospective randomized
validation with standardized bleeding management and
ECMO settings is needed to confirm these findings.
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ACT: Activated clotting time; ARDS: Acute respiratory distress syndrome; ARF:
Acute respiratory failure; ECMO: Extracorporeal membrane oxygenation;

HR: Hazard ratio; ICU: Intensive care unit; IQR: Interquartile range; PTT: Partial
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Fig. 3 Multivariable cox regression model for oxygenator change. BMI body mass index, CAD coronary artery disease, RESP Respiratory ECMO
Survival Prediction score, SAPS simplified acute physiology score, SOFA sequential organ failure assessment

thromboplastin time; RBC: Red blood cells; RESP: Respiratory ECMO Survival
Prediction; SAPS: Simplified acute physiology score; SOFA: Sequential organ
failure assessment; UFH: Unfractionated heparin; VV-ECMO: Venovenous
extracorporeal membrane oxygenation.
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Table 3 Secondary outcomes

ALL High-dose group Low-dose group Pvalue
(n=218) (n=117) (n=101)

Severe bleeding events, n (%) 37(17.0) 23(19.7) 14 (13.9) 0.256

Gastrointestinal / intrabdominal 12 (5.5) 5(4.3) 7 (6.9)

Intracranial 7(3.2) 7 (6.0) 0

Intrathoracic 16 (7.3) 10 (8.5) 6(5.9)

Cannula site 2(0.9) 1(0.9) 101.0

Ear-nose-throat 1(0.5) 1(0.8) 0
RBC transfusions 7 (3-13) 6(2-10) 8 (6-19) <0.001
Platelet transfusions 1 (0-5) 0(0-1) 4(0-10) <0.001
Thromboembolic events, n (%) 27(124) 8 (6.8) 19(19) 0.007

Intraabdominal embolism / thrombosis 5(2.3) 3(25) 2(20)

Venous thrombosis 12 (5.5) 4(3.4) 7 (6.9)

Pulmonary embolism 3(1.8) 1(0.9) 2(2.0)

Peripheral arterial embolism 2 (0.9) 0 2 (2.0)

ECMO filter embolism 3(1.8) 0 3(3.0)

ECMO cannula thrombosis 1(0.5) 0 101.0

Ischemic stroke 2(0.9) 0 2 (2.0)

Heparin-induced thrombocytopenia, n (%) 3(14) 1(0.9) 2(2.0)
30-day ICU mortality 70 (32.1) 39(33.3) 31(30.7) 0.110
Overall ICU mortality 91 (41.7) 47 (40.2) 44 (43.6) 0612

ECMO extracorporeal membrane oxygenation, ICU intensive care unit, RBC red blood cells, UFH unfractionated heparin
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