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(FWE] B I ARSI TR (UFH) 25 BaE I 2 RSN 4 & (ECMO) SCHEfE FAE B 1y BT 0
M PELEE R 24tk AR E RN EERI R, Fo3k  IREE 2013 4FE 7 ) 1 H 2 2022 4F 2 J 28 H b 5usH BH 2= g
FEAE N 55 (RICU) WA SZ ECMO SZREIF R BT i BECEERY 14 5188 (B i Bt ), Horb 2 #ilonha 1
JHBAT 0 MBS , Hodx 12 13528 UFH HUE)s SOR BT ih SEHUEE ; R4 AT 22RR1EVCEL R ] UFH B 28 1
B (UFH 41), FEMEL SN ECMO A IMAR FF & AR . IRBEIIAR LS by AR 25 | ECMO FHGH
Mk AR AL ICURAERR | ECMO {f AR FEE B DIfE AR B | i ol  Bnn th Bt fi
FHFE | BN BSR4 d FNEYTIR 7 dBEMLIE PR A fb e 65 B PR UFH 40, R bk -
ik ECMO (VV-ECMO) 2243311k 8 51 23 4], R FH K - ik ECMO (VA-ECMO) 855435114 2 4510 3 441,
SRHHERDK - shik - ##k ECMO(VAV-ECMO) SB35 50508 4 10 2 4, 2 350475 T, Bl in i BE4l ECMO AHIG I
ez & A R = T UFH 2 (28.6% Lt 21.4%), ECMO SZA%Rf [aliE T UFH 41 (d : 16(7, 21) HE 13(8, 17)],
ECMO A5G H ifn F4F & A= 3R A1 ECMO HAm)RAERIEAR T UFH 4H(28.6% Lt 32.1%,35.7% [t 46.4% ), {HH2H ] Lt
22 RG2S P>0.05 )0 B i iR BFZEL il /DN i i et 2 R UFH 41 U= 7.7(0,10.0) £ 0.8(0,1.0) J;
AR B8 g PR v g oA S S N ] (R B 835K T UFH 2H( min:9.3(7.2,10.8) [ 8.8 (6.3,9.7) J, dst o i {1 [ MA {1,
mm : 48.4(40.7, 57.9) Lt 52.6(45.4, 61.5)) e & pR T o (2 ) :54.1(454, 62.0) 4 57.9(50.2, 69.0)]) ¥
LT UFH 20 (3 P<<0.05), Bl gl BELH 524 N UFH S8l Bl fin il BE/S APTT ZE K (s : 63.5(58.4, 70.6) Lt
56.7(53.1, 60.9) ), PLT /KP4 UFH $TEEIR I7 3 T v S ARG 3 sE 4 o By ih B 3 i v 5 6 S4Bl in
MPEHLEERT D- — R ARKFEH 19.1(7.0, 28.7) mg/L, Z 5 AL kA% G488 [ F (FIB) /K7 UFH Bt
BEIR T 1 A v R PR A A (BRI 23.6 ofL), B Bl il BE )5 0% 3 78 16.8 ~26.2 o/ Lo Bl it il B A 4 770 &
0.049(0.029,0.103) ug - kg™ * min™', HoH1 VV-ECMO & WA LAH Bd5 5 [ 0.092 (0.049,0.165) g - kg™ * min™' ),
VAV-ECMO #1758 [ 0.026 (0.013, 0.041 ) g - kg »min”' ), {H L ZER TGI8 L (P>0.05) ; B
it BE 4 43500 = 0,033 (0.014, 0.090) pg - kg™ + min™', Ji P VV-ECMO & 4E 55 7 535 %5 T VA-ECMO F1
VAV-ECMO ## (ug- kg™ * min™' : 0.102(0.059; 0.127) £ 0.036 (0.026, 0.060), 0.013 (0.004, 0.022), P<<0.05 ).
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[Abstract] Objective To evaluate the safety and efficacy of argatroban applied as alternative anticoagulant
in critical illness patients underwent extracorporeal membrane oxygenation (ECMO) with contraindications of
unfractionated heparin (UFH), and to further explore the effective dose of argatroban. Methods From July 1, 2013
to February 28, 2022, there were 14 patients who admitted in the respiratory intensive care unit (RICU) of Beijing
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Chao-Yang Hospital received ECMO and used argatroban for anticoagulation (argatroban group). Two of them received
argatroban as the initial anticoagulant. The remaining 12 patients used UFH at first, and then switched to argatroban.
UFH group included 28 patients who received UFH for anticoagulation after matching the demographic characteristics.
Primary endpoint was the prevalence of ECMO-related thrombotic events. Secondary endpoints included the type of
thrombotic events, prevalence of ECMO-related major bleeding events, bleeding sites, ICU mortality, mortality during
ECMO, liver and kidney function, thrombelastogram, blood transfusion, dosage of argatroban, the dynamic changes of
coagulation variables 4 days before and 7 days after argatroban treatment. Results In argatroban group, there were
8 patients received veno-venous ECMO (VV-ECMO), 2 patients with veno-arterial ECMO (VA-ECMO), and 4 patients
with veno-arterio-venous ECMO (VAV-ECMO). In UFH group, VV-ECMO was applied in 23 patients, VA-ECMO
and VAV ECMO was established in 3 patients and 2 patients, respectively. In endpoint events, the incidence of ECMO
related thrombotic events in argatroban group was slightly higher than that in UFH group (28.6% vs. 21.4%). The
ECMO running time in argatroban group was slightly longer than that in UFH group [days: 16 (7, 21) vs. 13 (8, 17)].
The incidence of ECMO-related bleeding events (28.6% vs. 32.19%) and mortality during ECMO (35.7% vs. 46.4%)
in argatroban group were slightly lower than those in UFH group. However, the differences were not statistically
significant (all P < 0.05). The platelet transfusion in argatroban group was significantly higher than that in UFH
group [U: 7.7 (0, 10.0) vs. 0.8 (0, 1.0)]. The coagulation reaction time (R value) in thrombelastography in argatroban
group was significantly longer than that in UFH group [minutes: 9.3 (7.2, 10.8) vs. 8.8 (6.3, 9.7)]. The maximum
width value [MA value, mm: 48.4 (40.7, 57.9) vs. 52.6 (45.4, 61.5)] and blood clot generation rate [ & -Angle (deg):
54.1 (45.4, 62.0) vs. 57.9 (50.2, 69.0)] in the argatroban group were significantly lower than those in the UFH group
(all P < 0.05). The activated partial thromboplastin time (APTT) was prolonged after changing from UFH to argatroban
in the argatroban group [seconds: 63.5 (58.4, 70.6) vs. 56.7 (53.1, 60.9)]. The PLT level showed a decreasing trend
during UFH anticoagulation therapy, and gradually increased after changing to argatroban. D-dimer level was
19.1 (7.0, 28.7) mg/L after switching to argatroban, and then no longer showed an increasing trend. The level of
fibrinogen (FIB) showed a decreasing trend during the anticoagulant therapy of UFH (the lowest was 23.6 ¢/L), and
fluctuated between 16.8 and 26.2 g/L. after changing to argatroban. The median initial dose of argatroban was 0.049 (0.029,
0.103) ug - kg™ * min™', which the highest dose was in VV-ECMO patients of [0.092 (0.049, 0.165) g+ kg™ * min™"].
The initial dose of VAV-ECMO was the lowest [0.026 (0.013, 0.041) ug * kg™ * min™'], but without significant difference
(P > 0.05). The maintenance dose of argatroban was 0.033 (0.014, 0.090) ug kg™ * min™", VV-ECMO patients was
significantly higher than those in VA-EGMO and VAV-ECMO patients [ug * kg™ * min"': 0.102 (0.059, 0.127) vs. 0.036
(0.026, 0.060), 0.013 (0.004, 0.022), both P < 0.05]. Conclusion Argatroban appears to be a feasible, effective and
safety alternative anticoagulant for patients with contraindications to UFH who undergoing ECMO support.
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H 2 EVEE (1 2 2) N UFH PdEny 28 1] i 34
(UFH 2. AWF5E O3l i i AR EE B 2= B b vl
FH B2 BeAe 2 22 51 254t (Rt S < 2021- B} -423), A1
TR A AN Sk e N

1.2 HUsE ik RSN A S 2 (Extracorporeal
Life Support Organization, ELSO) FHSCFE R S R
E K AR IR 2 il R T 7. ECMO, 34 HLS
BRI T A N A, W 21 Fr AT
WKEAS T, 17 Fr A1 78000 # ke 1m0 5 ok
& 15 Fr/17 Fr SEATIREIIKE A [T 5 %4 PLS &
i1}, Cadiohelp RELHAT ML EAGIA 7, 72 AN
BT 50 ~ 100 U/kg UFH,

UFH 21 7E ECMO & £ rh i ] UFH $it 8, 9] ih
A 7.5~20.0 U-kg' - hts Bl i il DE2H 8 %
PRUAFFE URH 25 SE 1 FH o de FH Bl in th B CRLAS A
2mL : 10 mg)Pit, IR TEABE 0.1 ug - kg™ » min '
1S ER B ML TE AT ] Cactivated partial thromboplastin
time, APTT) 4E#F/E B 2R 1 1.5 f5 R AR L s s
P UFH SR fn g A
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T ECMO A5G H I 4 e A 2R Lt 3B 437 K
%k . ICU %5 78 % . ECMO ffi 1 193 11355 #E %, JiF 15
TIRE « IR 55 P i L BTl B R
FATERRITHT 4 d FASTIE 7 d BE 46 bR sh &8 W
(A5 /MR8 (platelet count, PLT), APTT, £f 4
)5 (fibrinogen, FIB), D- 5k J,

1.4 FIWrRifE

1.4.1 iSO A I F K AR F 1 - e
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@ ECMO H 3¢ i ik i A2 554 - A4 (30 16 58
N AR T B, T B T4 AR B 2R (SO TS [
142 Wim A © B8 &8, 4 24 h I
21 % 11 (hemoglobin, Hb) T f&>10 o/L, H} Ifil &>
20 mlL - kg™« d™ 5 mlAE AR [ S IE) P 2040 B A v >
10 ml/kg 5 @ &S Haf il i ol oA 22 R G52
Hh i, =i H il 7 EE AR T

1.5 SEib=#J7 ik >R SPSS 26.0 S8 it 4K F X £k
PEEAT M. THE RIS IEASS i, L
AR (B BOCM (Qy, Qu) )RR, Z 4R HEBER
JHAE 280 Kruskal-Wallis H ¥ 56, W 2H [A] Bt 558 %
Mann-Whitney U A5 %5  THEC TR ECR 1205
2 8] LR Fisher REAMESRIE . Rl [B] A2 k455

PR FH A 52 Dt 5 225307 o T A e iS4 OB AS 565
P<0.05 AESAGIFE L

2 % B

2.1 FEARTORN(FE 1)« B BEdL 2 B TE
ECMO & 57 Fif Al PLT <35 X 10°/L, %) 4 BV 5% FF Bl
MPEPLEE ; HoAy 12 1k UFH 1697 5 ko Bl i Br
Ut CELHE HIT 2 4], AT B = 3 1] | 2 e 1/
P/ SR 1 A, DR R B Ot/ INAR 2 6 1)), T
8 Bl o i BERT UFH {1 R 2500k 4(2, 11)d.
P2 PRI AR F BT AR B o 98 T 43 (sequential
organ failure assessment, SOFA ), 2P Bl 2z 58 vk
{EFHERBLIES 1T (acute physiology and chronic health
evaluation I, APACHE ). J& & %5 . IF & 5E b 558 25
TG R (3B P>0.05),

22 WA R R AR LR (R 1)« BT BEA
BFH IR PLT W35 F UFH 41(P<0.001); APTT
I D- RARKEI T UFH 41, FIB BSIK T UFH
4 AR 2SI TG R L (¥ P>0.05).

23 PIHZ SRR (K 2)

230 EEATHEAF R B0 i PR i S
Az T UFH 4, (R 2257 o5 243 L (P>0.05),
232 WREDLSZ A : BT PE4] ECMO #HOC
I R K A RIS T UFH 41, 23 BG4 3 X
(P>0.05) ; Bl it BEAL /M d 122 T UFH 44,
ISy A it 2 s ] (R i) T UFH 41, fix
RIEFE(E(MA ) A R (o MH)IMETF UFH
(¥ P<0.05). 35, B B4 ECMO SZ 3¢ (]
H WK T UFH 41, {5 ECMO 6] %5 4E %1 T UFH
41, e s 2= S degti 43 L (3 P>0.05),

2.4 B EEAL 12 BRI I ESZ URH jR07 B I
FebrAe e s (& 1) . UFH $iEnT APTT Hh A5l
56.7(53.1, 60.9)s, 546 bl i fih BE 5 APTT Ft =5 A
63.5(58.4, 70.6)s (P=0.073) ; PLT /K -1 UFH i ¥t
TRYT AR S AR S, A R BT it B S
(P=0.056). FrhnihBEHsEfs D- —RAKRIKF- ik
919.1(7.0,28.7 )mg/L, NP EFHEIE(P=0.016);
FIB 7K V- 7€ UFH $t 5 B 52 B AIG i 35, ~F 2448 e fi%
23.6 g/L, G SNTE 16.8 ~ 26.2 ¢/L.(P=0.009),
2.5 Burhin i PR (P 2) « Bl il PR By o il B
LHFIHE A 0.049 (0.029, 0.103) ug - kg™ min™", Hor
ik - # ik ECMO(veno-venous ECMO, VV-ECMO )28
I A (O 0.092(0.049,0.165) pg + kg™ min™' J,
bk - shlik - ## ik ECMO(veno-arterio-venous ECMO,
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VAV-ECMO) 8 25 & 46 7 i f5 AL (R 0.026 (0.013,
0.041)pg - kg *min™ ), AP LK 2 7 LG T2
B (P=0.056), BTDHHHEEQEMMHHEIZE% il
0.033(0.014, 0.090) pg - kg™ , VV-ECMO 4

*min~

x1 AENEAXREECMO ZHEEH

BRI PR H R SE06 E R BT R

£t B PE (n=14) UFH 4l (n=28) x¥Zfi P&
BB (%)) 11(78.6) 21(75.0) 0.066 1.000
AR, M0, Q) 50(36,65) 49(37,62)  -0.400 0.702
SO[F;T*;J?QDQU)] 10(8,12) 9(8,10) -1584 0.121
APACHE I1¥4y

Cr (0, 00)) 18(12,25) 19(12,25)  -0.125 0.928
ECMO #5% (4(%)) 3.834 0.129
VV-ECMO 8(57.1) 23(82.1) 1.000 0317
VA-ECMO 2(143) 0.000 1.000
VAV-ECMO 4(28.6) 0.000  1.000
JE R CA51 (%) ~0.083 0.945
ARDS 10(71.4) 18(643) -0.307 0.814
DU 3(21.4) 3(10.7) -1.029  0.533
(i) A i 1(7.1) 6(214) -1.606 0367
iyt i B 48 £ 0(0 ) 1(36)  -1211 0589
FHARAE (5] (%))

AEE R 9( 9(32.1)  -1.531 0.195
I 11¢( 19(679)  -0472 0.688
M H (M Q. 0))

WBC (X 10°/L) 8.5(4.7,154) 13.1(86,163) -1.765 0.080
Hb(g/L) 101.9(88.3,123.3)  101.7(83.0,117.0) -0.112 0916
PLT( X 10°/L) 55.3(23.3,780) 157.2(108.5,201.3) -4.069 0.000
AR (M (Qy, 0y))

ALT(UL) 50.3(27.5,51.8) 211.8(280,71.3) -0.650 0.531
AST (U/L) 125.7(53.8,200.0) 340.4(38.0,130.0) -0.664 0512
TBil (umol/L) 36.9(133,50.7)  209(125,25.1) -1.021 0312
SCr (pmol/L) 119.6(632,169.9) 117.3(59.0, 154.9) -0.294 0.772
BUN (mmol/L) 12.3(8.0,13.5) 104(6.4,134) -1.205 0237
ALB(g/L) 26.6(21.4,29.8)  269(234,309) -0.154 0.879
MMM CQ, Q)

pH A 734(726,747)  7.39(7.34,744)  -1.065 0.298
PaC0, (mmHg) 473(37.0,52.0)  45.6(38.0,527) -0.042 0967
Pa0, (mmHg) 62.1(50.5,705)  652(51.3,689) -0.336 0.750
Lac (mmol/L) 43(1.6,65) 24(12,2.6)  -1.556 0.123
Pa0,/Fi0,(mmHg) ~ 88.8(53.5,72.5)  81.2(51.0,735) -0224 0.826
EEMIIAE(M(Q., 0y))

PT(s) 15.0(13.1,162)  15.8(12.4,15.6) -1.248 0.220
APTT(s) 493(29.0,67.8)  43.7(32.8,584) -0.126 0.901
FIB (/L) 273(12.7,43.0)  31.4(20.7,42.8) -1.285 0.207
D- Z 54k (mg/L) 16.3(6.6,27.5) 13.2(4.0,184) -1.040 0303
FDP (mg/L.) 78.4(19.5,106.1)  47.1(12.4,749) -1.147 0.263

1 ECMO RSNt 404, UFH i3
IEEWRITSY, APACHE 11 Jy 2k B
VV-ECMO Jy # bk -
VAV-ECMO Jg # ik -

ik ECMO, VA-ECMO }y%@ﬂm

@ﬂ?? SOFA NJ¥ 5t
P PEEROR IR 1T,
- ik ECMO,

Bk - # Pk ECMO, ARDS g 2P I 0 25 38

LEAAE, WBC 44, Hb Miigr & e, PLT M4,
ALT Jg N AR AW, AST g KA AR 2, TBil Jy SN,
SCr MILWLEF, BUN MIMRZESR, ALB NHEH, PaCO, MBIkl —
AR He, PaO, Bk IMA53 e, Lac M IMLELIR , PaO,/FiO, o4
B, PT JgBEMUERER ], APTT Jgif AL 30205 1035 Al 7], FIB
REFYEE B, FDP N A2 AR R4 5 1 mmHg~0.133 kPa

HEFE i 5 = T ERIK - 3l ik ECMO (veno-arterial

. -
‘min

ECMO, VA-ECMO )4 1 VAV-ECMO 41 ug - ke
0.102(0.059,0.127) 1 0.036(0.026,0.060 ). 0.013(0.004,
0.022), P<0.001 ),

#x2 AEMEFAFEECMO ZHFEER
ZREMILE
e i i B UFH 4 x1Z1
ti (n=14) (n=28) Pt P
REET- NB (%) 6(42.8) 15(53.6) -0.437 0.709
ECMO 5t A%k

(o)) 5(35.7) 13(46.4) -0472 0.688
ICEJ fﬁﬁgﬁ%)] 31(16,44) 32(14,35)  -0347 0.732
ECMO ]

(0L, 00) 16(7,21) 13(8,17)  -0.112 0.932
E%ﬁ;(ﬁi'ﬂ CRRT 7(50.0) 9(32.1) -1309 0.272
s (6l (%)) 4(28.6) 9(32.1) -0303 0.462

T fkiE 3(21.4) 8(28.6) -1.003 0.439

B 0(0 ) 1( 36) -1211 0.589

M fs 1(72) 0(0) -0.062 0.989
kS (i (%) )* 4(28.6) 6(21.4) ~0.640 0.648

AR NIRRT 1(7.1) 2(7.1) ~1.000 1.000

R 2(14.3) 3(10.7) -1.000 1.000

Sk I 2(143) 1( 3.6) -1.000 1.000

i A 2 0(0 ) 1( 3.6) -1.000 1.000
(M0, Q)

I ER(U) 10(4,12) 7(1,12)  -1.298 0.119

/MR (U) 7.7(0,10.0) 08(0,1.0)  -2.446 0.028

MR (mL) - 2491(1075,3750) 2163(400,3600) -0.762 0.461
FIB #h 7t i (g) 3.3(3.0,17.0) 52(0,75) -1408 0.183
I AELMQr, 01))

R {4 (min) 93(72,108)  88(63,97) -3255 0.001

MA {8 (mm) 48.4(40.7,579) 52.6(454,615) -2415 0.016

affi(e ) 54.1(454,62.0) 57.9(502,69.0) -2.809 0.005

T : ECMO N RSMEE 4 &, UFH S35 2, ICU Ry FiE
PG, CRRT MiEsitE B IEARIAIT , FIB M4 )R, REN
BEINL SN ], MA SR R T, o FA MEA R 5 a B0l BE
A K URH AU 1 9] F o TRIAsh s ERT P bk B R T e bk i A4

M VV-ECMO [ VA-ECMO VAV-ECMO

)

0.049,0.165
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2 [Fhni AR ECMO BASTR B E 1 FH RARE
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