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[ Abstract]: At present, protamine, as a heparin antagonist, is irreplaceable during cardiovascular surgery. Insufficient or ex-
cessive administration of protamine after cardiopulmonary bypass (CPB) may increase the risk of postoperative bleeding. The ideal dos-
age of protamine only antagonizes the residual heparin after CPB to reduce the impacts on the coagulation function of patients. However,
there are controversies about the dosing regimen of protamine. We reviewed recent studies on the effects of protamine on blood coagula-
tion system, and the methods of protamine administration after CPB at home and abroad, in order to find the ideal dosage regimen of
protamine.

[ Key words]: Protamine; Extracorporeal circulation; Cardiopulmonary bypass; Heparin; Anticoagulation; Neutralize

RS R P2 H ATME— M A I R R b 7 =

B8 2 A 30 il % 9 ( cardiopulmonary  bypass, 1 EmEANRLRGHN N

CPB) J& , T B HORAEPUIT R, AR ELF R 11 aRFaxdBR Bl FH¥%a B AMRK
TEAMNANGR  IF RGP, BRTIEIR RN BR, RS EHSS VT IH
PARH AT 524 100 U FER A 1~ 1.3 mg £ X DR-FAR TR A, 5 S0 i B 8] R I B )
WEA AR REESRARERLRE, A, BRER X F U T AR 2 5 A B g
FEFE AL A AR ML CPB ATHGH AR AR, B nsed% . Misgay 260 26X — 44 A 0 B I A 5 H
100 ml A M RENN 5 mg ARS8 H . AREE e e R0 W25 O 8 1k BE e, VI
BAYEEN A EAMFE2 SR T, 5 Hil PR T8 1ML T A i = 3 F % A, Khandelwal
ﬁﬂ*]ﬁ %Ejiﬁtﬂmlﬂﬂmift %fﬁﬁ%%lﬂﬁ?ﬁ AT B I AT HR R A I S B Th R R 7
ﬁ‘ﬁﬁ' % ” CPR A AL FHE, 1IN IR B 1, Meesters %6 1 % 3L
AREREX L T AR 1/ PR REG610.8 ¢ 1) g,
ez AR A/ R R (1.3 ¢ 1) (9 (B B
(N2 95t pr e T (W) S ] (A e R S K

YE& B . 100853 Jb AT, AU R B e 55 7S B 2 v oD LA

%E%%ﬁ'bﬂﬂ%ﬁl‘ﬂr Téﬁmmﬁﬁﬂ@%mﬁ@m%/ﬂso %Dﬁij\*ﬁ tt,%ﬁﬁEJL
BSAEE. T A, Emailwangg301@ 163.c0m CPB J5 5045 5 1, % CPB J5 #7/4 JL LR A< O

FEl A B, 1A A R A 2 S 40 A O a0 e ) 2



114 R E AR 435 2022 4E 04 H 28 H 4 20 55 2 8 Chin J] ECC Vol.20 No.2 April 28, 2022

B, Erdoes % 7E 26 B2 CPB B3 BURTHEYE
W B, RS R 252 5 min J5, JBH DY ISR 4T
A 1 v BE R B AR AT, A BEZRMR B (1.5 g/L) 1Y
(64.3£7) % , Bl J5 25 4 35 1 )5 LLBE /N 83 me/LL (1)
HORI 51 R A IR AT 4 R A E I RE W A SR,
Xof FHAR G I YRR TSI ) T 4 2 O
AN EE AR ], XA s TR RN FoRs 2 1 )
R o & i R R EONMUTCE U R e 23
R 1t PR A T BEEH]

1.2 & &G oM FH ek Olsson 10 W2
B, LAT 1 e SR Y AORS AR R 2 i 1)
W IR AR BRI 50% ,(H 1 A B0 0K 28 11 57 £ 5 1l /)
PR AW D AFTEAR CHE . AATTAY 53— TATE 5 U 3%
B, %5 T4 CPB SR 2l k55 B 7% M AR B = 2 Bopie
AR B AR ER S FRZL N 0.7 - 1 I, &
A S I /AR R AR i B BEL i =X
A, W RRER I 1) IR AIF Y 2 BR, 0K B 1 AR
AT MR a FHORL AR, AH AT 38 3 400 1 ifn /Al
DRSS 700 Bl i AR 1L IS A JO 5 1 1 DAl
Difesz " . XTSI SRS R R B T
A AR ARG B 06 1t/ N B A AR, AN S
AL AL/ AR AN E T — 00RO 1 R P 5
R FEDUT R - E A Wik m & &
L BUARSMRR S i /AR TG AL, T T 2 Ry A R
Sk FFZR i BT il B R 6 57 B ek R -
PR EZ S WP 5 W BA m AT ks R
P A 5 R P R 0l A SR R X AR RS
oS HE IR RS 0 I SER R A IR, E AT
HAUH AT R A Tt —2D

2 BF=1E CPB kgt

Bk 2R R R A fE T W g, T
M—EHMHF CPB, H i LHE A MBRH, Wik
T, 28R F ESHITFE 300 ~400 U/kg, 7] 4E4F CPB
FEAYPiLEER 60~90 min, SR HFIXF R wIHH57
SR THRA R JC A R B TR E TS R R D
FREFE AT PUsE A= A BRI A 500

SZAR IR | LY A R N AR U D B R ) TR
FENAR P AR A7 FEAR AN M 22 55 T 7)o S5 i)
HolE iR, IS S R BT EEn s I (AT
) &5E4mil s g (Flla) & Xa A7 (FXa) i3
PUEEVER . IR A PTEESCR @ AR T AT K
SERITIRE S BT FXa 16 P 2 A5 i R P s 1E
M4 FR7E . Delavenne 251 ZEXT CPB 31 IfL 3¢ Ht
F X a 36 P BT 8 B, 28 10 0050 A 25 B A

b

SfERISA M2 3.1 LA 153 min, BT 22518
SN 12ESEI AR 22 AR, A AT Ay il o 4% o 9
PR R 0T EA R Jia T ZEXT CPB
(ISR F 1T a 36 M AR s 21, T 28 19 R0 4
AT 70220 3.0 L A1 107 min, H 147
M3 3T FlLa KEAE CPB 45505 8 h 1k%] 0.04 1U/
ml PYIEAE , - ZE T AUE 24 h f£35R7E 0.02 1U/ml LA
R T MR R BkAEAE, A CPB JE 854
T AR B AT ARSI 2R S Bk % 5 B RN AR 22 B ]

3 BRERKUAR

31 B é&ka/ i Paanssthszg H
B dR i I 465 245 75 S8 SR MRS 5 3R ) s ) £
BRI 1 B ITTE CPB 5 #Ks 2 H 1 5)
B4 100 U AFFRFHF L 1.0 mg ks E A B AL, B
PO M ANl S UESE 2.6 ¢ 1 ) 0 ok 8 3 S5
FAN AL R I A B 1 S IR T
FHBIA#L 111", Koster % KB CPB J5
FEEELL L« 1 e Al s 2= 5 s, 25 23800
2yib i (RN FRGE 52, AT HG 0 e i R~ A A
A it R 2K o T A — T ] JEU M UL A 5 v B
PLO.84 = 1 LL Ao rb My 2 DL 3 &% I 2% 60 Bt BE A
FHY . Goedhar 85 £, 5 0.8 : 1 AL, A
0.6 : 1 o v FIAY 8 385 R S I 2 2598070 . Kunz
LTS3 ok [ B 2 BT R B, RS B /PR Y L
BIZH (>1 mg/100 U) HeH HBI41 (0.6 ~ 1.0 mg/100
U) AME LB 4H ( <0.6 mg/100 U) K551l 8 £, H.
BAHE AR IR, R SR e a
K, 24 CPB ij sl b 45 24 50) S 1 i i 32 2 e i
S IR, [ E By R /R TR R 45 24
HEIFEA % EF] CPB i 2 v I Z AR A5
XAEAFIZ LA 24577 R ICIRABEING AL S B B
3.2 A5 & A & R E (heparin dose response,
HDR) W& & syt F R F AR L 7 %
Suarez—Cuenca %5 ' 7£ 2013 4E42 1 T 3T HDR #ih
LB A, DUNSE HA R CPB 5 fikh
FEAMRIE, M5 T 80 BiR % A X itHA
HORS R R B TR B WA T A ATl
HHL S B 3% Ak BE I I ] (activated clotting time,
ACT) [ 2 TE # A8, I W38 0800 T #0RS 8 11 45 245 77)
i, RMARXWE TR E 2
AN HDR 2k, R T mfE] CPB s fE
JFZEARE B2, SR, A T2 HDR M2k T /&
IR, 5 3T AR (B [ AR 38 0 > e b, i
O TG FT T 1l A B AR S O, R i 2l



rh E R AMEER 24 2022 4F 04 A 28 H 45 20 #4552 ] Chin J ECC Vol.20 No.2 April 28, 2022 115

HDR gk A,

3.3 Hepcon 1k f2 % 22 % 4% (hemostasis management
system, HMS) #+ 3k 7094525 7 & Nt CPB 1
(] 58 AT EE AR 5K AL TE R 1k 1, ACT W PPAL Bt
SR A WG AR | I L W T 22 R 10K 25
FIAZ50 R B2 . SR ACT Wil Ay vl S 22
SRR R Z TRE , R by L8 2R 32 R B AR IR AR
M/ BESZ A5 2T 4k 2 1 K F- RA B D RERR AT
BYIECIR R ATES AR S ol AU i R 1€
ACT [ fE2 2L CPB WIRIGTEEA L . 1 20 fiE4D 90
AEAX, Hepcon HMS iz A=, o nl 38 i i 2= 350
ARG G R AT IR, M R AR TF 28 Wk 3
T AN R i JF w] TH 8 R R Y RS 2R 1
FiE O B R TSP A Y 3R A AEORS 2R
B, 5 ACT WM AH Hepcon HMS Pk T oS &
FI/RFE R LG B, B3 T CPB R L 5 )
( Thrombelastography , TEG ) 44 , IR T 7™ 51 2% 1fiL
R HILTFIFFKFMiAE ACT 18 P&
SO A R T R OR Y dE R
o R 2R M2 AT LA S8 0 (O , A O B A A5t 40 ) o6
MBI AR, Z35E R B Hepcon HMS FEAL AL 1ML
TR UL DB 1 PR - T A A /D AR S5 s 1l 45
Z )5 LT ACT'™™) . Hepcon HMS [y % — KAk #J2:
AT LRI 09 R (RS AR LR 2, UORAF I/ MR RE
Hepcon HMS X 22 &)y JL B [A) FE 38 T, 5 0 A
Lo, B4 LRI R B U o 22 | ik ik — AT
RERT Z T 2 R, R A e B AT Ak Bt
BERIT . SEETIRE IR 4250 =AM L, i
Hepcon HMS nJ {F 825 F BEORS B 14 1 28 70 & kA7 1
WAL PTEE . Hepcon HMS 48 A i $52 32 .00 JJE T AR A9 22
&l )L/ i A DR R T TR AR X
Fe HA 25 25 5 %€, Hepcon HMS fRI-F- A0 3B &, {H
AR NI S, Hepcon HMS ] 3 4~ ACT {&
FEF ARG T I 25 e R 5 T 2500 o, (k1 R SE Y
HHEAFEDR 2 AR BB I A Al AN R | i iy
IR 2 R AR S ATIIES & 1Y
DIREVEIF R B 45 . X A 0 il 28 1 A 3 3
Xf B IR A SRR A TR EE I BBl =
SERE N THiBE 5, Hepcon HMS Y e DR T B
RS 20T 2, 08k £ 3 AR 5 H it i KU
S I UBE I 1 71T LA 39 S8 i R 3 — ) L
WA, AR By 53 Y W D 2%, {45 Hepcon HMS 5
ACT ALK £ F B, Ichikawa 552 FERFIE h R 9,
PRIMIF R ACRE S P M B 2L ACT BEIE K, Ifl
R RE W AE N T HDR 2R, A i A T HDR

A2 3B 55 = /) Hepcon HMS FEAK T XFHFE 1)
oK o TE S — Tk 5T s A 138 & B, Hepcon HMS
TR HDR 5 AT SR USRI R R OGRS | FTRE 2L
T R A A S B AR ACT™ 534k, — 0%t
A7 AR B Ik 55 5 % A A RS T R R 3 ) AT B 1 B
PLWFER BT, 50 L0 5 TR 1 I R 45 25 M 1
Hepcon HMS Ff AN B A 5 1E I, 1 A XL 22 2] %
ARG HM TR A SR R KOF kg 5
FAE & A 22 Hepcon HMS fEF ACT Y35 1%, {H
HHETSET Hepcon HMS B 55 A 5 K TR ARG IR 455 106
W TR B, BRI 5 2956 191 1 1k 1 R5CRATS
ARPULES,

3.4 HeProCalc it H A2 1245094 25 5 % HePro-
Cale EHI T35 CPB TR T ZRIf8 4G £ (1 77
ATTSALRE S, Ol B T B AR 0] B A
HAIZEAS ACT JFR ML AT R ia i i, of
WA WA AL & ACT {5 AR 45 2577
i S R] AL, RRSETH A S AR R &% CPB 9 ] iy
T ZLB M 2500 i, e 20030 0 v RN BT 75 1 kS
FEAFE, ATLUAK HeProCale LA T E
RISk, Kiellberg 5 JEAT B4 45 190 44 WU 4R
O B BB L B P B, 5 10 1 Ll
RS /IR AAH G, 325% HeProCale 111 il 4H %
ik 7 ks AR E A E B/ FR b, 7R
HATTEA T 19 55 — T Bt ATL X BE 56 7 & 3, HeProCale
AT PRI /D RS £ 1 0] 12 0 [ I S 8 G ACT, I8
DT ARJE O 3 I 6 PR R N T A A
T LS 4538

35 iR L Gy R WdWEREETARE
Hh 5y FAR B K At (I PRAE 1, Davidsson %517 i
LGN T DMAR T R S & JHFRERREFAR
H /N8R T PR 3R 1) 22 748 s m]H AR A T LA
T CPB 45 A OSB3 25 700 5, Al AT 4 B
GBI TR R E R R, 51 1 I
ol FOR 2 1/ IR ORI s Y 5 A LG e A ]
W RS R A R R SR SR L 4
AL Z) HT AR UAS | J0 75 A 0 10 Y8R ot S50 R
ZAERYE L) Hepecon HMS A FK & H = NS
ST, T Hepcon HMS X IfiL 25 0 A1 25 1k & 10
TR R Z, X 15 Hepcon HMS FEMF 5T AN ik
ARG B B % o [ IR 5 3k
FHTHRAGIR R T 25 19 B 1A Bk

3.6 % AR3h A 5 (Pharmacokinetic, PK) B2 4425
% HT LA E 2 N E A Hepcon HMS B A #5¢
o, A EF AR A B AR BTk, de



116 R E AR 435 2022 4E 04 H 28 H 4 20 55 2 8 Chin J] ECC Vol.20 No.2 April 28, 2022

Jong ZEUA N fKE B 1 45 25 1) P AT L G ]2
R A P %, PK OB AL o] 35 T IR AR IR AR
Meesters %V FF % T —~ 302 PK A PK AR 758
T 2R 25 24 79 1 0 4 24 B ) A1 50 T 3% ML 24 TR, P
WA CPB 25 B PR it TR AU R e
AR B 0 R, AR 118 90 I T2 AR HR 3 1) [ st
PR IR R AT 1 1 Ee Bl R 2R /i
KR R4, PK BRI A R 8 A (416«
82) mg it E /D F] (186+42) mg( P =0.001) , ks
HEH/HFR AT ]t AT BRZH 4 (1.1+0.3) mg I,
/L] PK AR AIZH A (0.5+0.1) mg( P <0.001) , PK 1%
BRI o 7RG 1R AR s T 250 TEG =
B D T SRR L, Miles SNV RS OT R T A
PK A5 i A0 PK 5 R S i IF R 8 50
WHZR, 76 CPB 25 5 T 4 bU 38 F 2 B, B
JEHIT 1 Ll ey sk & R L R, B ATHE 60
i 3 R AT IE M A SN ST & 3, % PK A4
ALy RS B A R D AR S i, A T
= PK R, B PKOBCAUR] T AR SR BRAR A S o
AR T 00 SO BT () R, AT R T A R T SR £
FEEE 2R 2507 SR A ARAL o 35K T ITURIF 52 A A a4 v
/0N, HLS 2 0 FF 2R B (g i, PR P ASE AR 7 55
PEFNAERAPE D7 AR 2 R A IR 77 . BTG
AUFT PK B AVER AL T 100 A e B B, 75 8 K o 11 Bl
GRS RN e R AT

4 :%\ %

AR R G T HOKE B VAR I 45 24 7 R UG LAFAE
SIS, 0O LA RR P I 2 2 | RO R PR 2 2 |
K CPB HR= %S WG R RF , M A ETE N
TSP R iR g > 8 B i SebisE 5
A ISR IR R e S 3 AN (DO <k g s S i
YUBEERA T ERZI0 R Wik T CPB J5 fikh
O REAIR AN T 1 1 R/
JFZ RN ] TR SEBR AP EE ACT 4551
AGE A2, [EE LB n ok B 45 25 T 3
H AT 5z A T SE 8 P AR 8 15
W& 5638 Z miA 2 A @ H M E. Hecpon HMS
H1 HeProCale I T BT 435 572 13 5 15 76 LA
H LA T I T ORI IR TR R
HHE FHPE IR A RHRR . NG TE AR N R sE
P52 A%, P 190 Rtk 2R 1 S BBV E
AT BEVS S AR B 1 R AR R B R 2R BB
A D AT BT, e e — IR
A o TARAE R BRAR B RS 2R 48 25 T 56

SRR

[1] Kalaska B, Kaminski K, Sokolowska E, et al . Nonclinical evalu-
ation of novel cationically modified polysaccharide antidotes for
unfractionated heparin[ J]. PLoS One, 2015, 10(3) ; e0119486.

[2]  Sokolowska E, Kalaska B, Miklosz J, et al. The toxicology of
heparin reversal with protamine: past, present and future[ J ]. Ex-
pert Opin Drug Metab Toxicol, 2016, 12(8) : 897-909.

[3] Hanke AA, Severloh I, Floricke F, et al . Interaction of heparin
and protamine in presence of overdosage : in vitro study[ J]. Asian
Cardiovasc Thorac Ann, 2021, 29(1) . 5-9.

[4]  Misgav M, Mandelbaum T, Kassif Y, et al . Thromboelastography
during coronary artery bypass grafting surgery of severe hemophilia
A patient—the effect of heparin and protamine on factor VIII activ-
ity[ J]. Blood Coagul Fibrinolysis, 2017, 28(4) . 329-333.

[5] Khandelwal A, Phua CW, Chaudhry HR, et al. Confounding
effect of therapeutic protamine and heparin levels on routine and
special coagulation testing[ J]. Blood Coagul Fibrinolysis, 2020,
31(1): 60-64.

[6] Meesters MI, Veerhoek D, de Lange F, et al . Effect of high or
low protamine dosing on postoperative bleeding following heparin
anticoagulation in cardiac surgery. A randomised clinical trial[ J].
Thromb Haemost, 2016, 116(2) ; 251-261.

[7]  Peterson JA, Maroney SA, Zwifelhofer W, et al . Heparin—prota-
mine balance after neonatal cardiopulmonary bypass surgery[ J]. J
Thromb Haemost, 2018, 16(10) : 1973-1983.

[8]  Erdoes G, Dietrich W, Stucki MP, et al . Short—term recovery
pattern of plasma fibrinogen after cardiac surgery: A prospective
observational study[ J]. PLoS One, 2018, 13(8) : e0201647.

[9] Olsson A, Alfredsson J, Hakansson E, et al . Protamine reduces
whole blood platelet aggregation after cardiopulmonary bypass[ J].
Scand Cardiovasc J, 2016, 50( 1) ; 58-63.

[10] Olsson A, Alfredsson J, Thelander M, et al . Activated platelet
aggregation is transiently impaired also by a reduced dose of prota-
mine[ J]. Scand Cardiovasc J, 2019, 53(6) : 355-360.

[11] Tornudd M, Ramstrom S, Kvitting JE, et al . Protamine stimu-
lates platelet aggregation in vitro with activation of the fibrinogen
receptor and alpha—granule release, but impairs secondary activa-
tion via ADP and thrombin receptors [ J ]. Platelets, 2021, 32
(1):90-96.

[12] Miklosz J, Kalaska B, Kaminski K, et al . The inhibitory effect of
protamine on platelets is attenuated by heparin without inducing
thrombocytopenia in rodents[ J]. Mar Drugs, 2019, 17(9) : 539.

[13] Grieshaber P, Bakchoul T, Wilhelm J, et al . Platelet—activating
protamine —heparin—antibodies lead to higher protamine demand in
patients undergoing cardiac surgery [ J]. J Thorac Cardiovasc
Surg, 2015, 150(4) . 967-973.

[14] Wadowski PP, Felli A, Schiferer A, et al . Argatroban in throm-
bocytopenic patients sensitized to circulating protamine —hepa-
rin complexes[ J]. J Cardiothorac Vasc Anesth, 2017, 31(5):
1779-1783.

[15] Shore—Lesserson L, Baker RA, Ferraris V, et al . STS/SCA/Am-

SECT clinical practice guidelines: anticoagulation during cardiopul-



R E AR AMIEFR 435 2022 4F 04 H 28 H 4 20 55 2 8] Chin J ECC Vol.20 No.2 April 28, 2022

117

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

monary bypass[J]. J Extra Corpor Technol, 2018, 50(1) ; 5-18.
Delavenne X, Ollier E, Chollet S, et al . Pharmacokinetic/phar-
macodynamic model for unfractionated heparin dosing during car-
diopulmonary bypass[ J]. Br J Anaesth, 2017, 118(5). 705-
712.

Jia Z, Tian G, Ren Y, et al . Pharmacokinetic model of unfrac-
tionated heparin during and after cardiopulmonary bypass in cardi-
ac surgery[ J]. J Transl Med, 2015, 13 45.

Shore—Lesserson L, Baker RA | Ferraris VA, et al . The society of
thoracic surgeons, the society of cardiovascular anesthesiologists,
and the american society of extracorporeal technology: clinical
practice guidelines — anticoagulation during cardiopulmonary by-
pass [J]. Ann Thorac Surg, 2018, 105(2) : 650-662.

Task Force on Patient Blood Management for Adult Cardiac Surgery
of the European Association for Cardio—Thoracic Surgery( EACTS)
and the European Association of Cardiothoracic Anaesthesiology
(EACTA), Boer C, Meesters MI, et al. 2017 EACTS/EACTA
guidelines on patient blood management for adult cardiac surgery
[J]. J Cardiothorac Vasc Anesth, 2018, 32(1) . 88—120.

Koster A, Borgermann J, Gummert J, et al . Protamine overdose
and its impact on coagulation, bleeding, and transfusions after
cardiopulmonary bypass: results of a randomized double —blind
controlled pilot study[ J]. Clin Appl Thromb Hemost, 2014, 20
(3):290-295.

De Simone F, Nardelli P, Licheri M, et al . Less is more; We are
administering too much protamine in cardiac surgery [ J]. Ann
Card Anaesth, 2021, 24(2) . 178-182.

Goedhart ALM, Gerritse BM, Rettig TCD, et al. A 0.6—prota-
mine/ heparin ratio in cardiac surgery is associated with decreased
transfusion of blood products [ J ]. Interact Cardiovasc Thorac
Surg, 2020, 31(3): 391-397.

Kunz SA, Miles LF, Ianno DJ, et al . The effect of protamine do-
sing variation on bleeding and transfusion after heparinisation for
cardiopulmonary bypass[ J]. Perfusion, 2018, 33(6) ; 445-452.
Suarez — Cuenca J, Gayoso—Diz P, Gude Sampedro F, et al .
Method to calculate the protamine dose necessary for reversal of
heparin as a function of activated clotting time in patients under-
going cardiac surgery[ J]. J Extra Corpor Technol, 2013, 45(4) .
235-241.

Hecht P, Besser M, Falter F. Are we able to dose protamine ac-
curately yet? a review of the protamine conundrum[ J]. J Extra
Corpor Technol, 2020, 52( 1) : 63-70.

Ural K, Owen C. Pro: the hepcon HMS should be used instead of
traditional activated clotting time ( ACT) to dose heparin and pro-
tamine for cardiac surgery requiring cardiopulmonary bypass[ J]. J
Cardiothorac Vasc Anesth, 2016, 30(6): 1727-1729.

Falter ¥, Razzaq N, John M, et al . Clinical evaluation of meas-
uring the ACT during elective cardiac surgery with two different
devices [ J]. J Extra Corpor Technol, 2018, 50(1) ; 38-43.
Vonk AB, Veerhoek D, van den Brom CE, et al . Individualized
heparin and protamine management improves rotational throm-
boelastometric parameters and postoperative hemostasis in valve

surgery[ J]. J Cardiothorac Vasc Anesth, 2014, 28(2) . 235-

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

241.
Erdoes G, Koster A. Heparin/protamine management with the
hepcon HMS; is there more to consider than printed values [J]?
J Cardiothorac Vasc Anesth, 2019, 33(8): 2161-2162.
Machovec KA, Jooste EH, Walczak RJ, et al . A change in anti-
coagulation monitoring improves safety, reduces transfusion, and
reduces costs in infants on cardiopulmonary bypass[J]. Paediatr
Anaesth, 2015, 25(6) : 580-586.
Gilly G, Trusheim J. Con: the hepcon HMS should not be used
instead of traditional activated clotting time to dose heparin and
protamine for cardiac surgery requiring cardiopulmonary bypass
[J]. J Cardiothorac Vasc Anesth, 2016, 30(6): 1730-1732.
Ichikawa J, Hagihira S, Mori T, et al . In vitro and in vivo effects
of hemodilution on kaolin—based activated clotting time predicted
heparin requirement using a heparin dose—response technique[ J].
J Anesth, 2016, 30(6) : 923-928.
Ichikawa J, Mori T, Kodaka M, et al . Changes in heparin dose
response slope during cardiac surgery: possible result in inaccura-
cy in predicting heparin bolus dose requirement to achieve target
ACT[J]. Perfusion, 2017, 32(6) . 474-4380.
Radulovic V, Laffin A, Hansson KM, et al . Heparin and prota-
mine titration does not improve haemostasis after cardiac surgery:
a prospective randomized study [ J]. PLoS One, 2015, 10(7):
€0130271.
Kjellberg G, Holm M, Fux T, et al. Calculation algorithm re-
duces protamine doses without increasing blood loss or the transfu-
sion rate in cardiac surgery: results of a randomized controlled tri-
al[ J]. J Cardiothorac Vasc Anesth, 2019, 33(4): 985-992.
Kjellberg G, Sartipy U, van der Linden J, et al . An adjusted cal-
culation model allows for reduced protamine doses without increas-
ing blood loss in cardiac surgery[J]. Thorac Cardiovasc Surg,
2016, 64(6) . 487-493.
Davidsson FO, Johagen D, Appelblad M, et al . Reversal of hep-
arin after cardiac surgery: protamine titration using a statistical
model[ J]. J Cardiothorac Vasc Anesth, 2015, 29(3);: 710-
714.
Hallgren O, Svenmarker S, Appelblad M. Implementing a statisti-
cal model for protamine titration ; effects on coagulation in cardiac
surgical patients[ J]. J Cardiothorac Vasc Anesth, 2017, 31(2):
516-521.
de Jong JR, Boer C. Calculating the protamine dose necessary to
neutralize heparin in All patients under All circumstances [ J]. J
Cardiothorac Vasc Anesth, 2016, 30(1) : e6—e7.
Meesters MI, Veerhoek D, de Jong JR, et al . A pharmacokinetic
model for protamine dosing after cardiopulmonary bypass[J]. J
Cardiothorac Vasc Anesth, 2016, 30(5) : 1190-1195.
Miles LF, Marchiori P, Falter F. Pilot validation of an individual-
ised pharmacokinetic algorithm for protamine dosing after systemic
heparinisation for cardiopulmonary bypass[ J]. Perfusion, 2017,
32(6) ; 481-488.
(WeHs B #.2021-05-19)
(BT H1.2021-11-08)



