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TEG® 6s Could Be Useful for Heparin Control in Pediatric Extracorporeal
Membrane Oxygenation: A Case Report
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Heparin doses are typically maintained at 180-200s as activated clotting time (ACT) to assess anticoagulant
therapy for venous arterial extracorporeal membrane oxygenation (V-A ECMO) in children. However, it is
challenging to control the proper heparin dose during V-A ECMO with ACT clinically, which could result in
fatal hemorrhagic complications such as cerebral hemorrhage. Although Viscoelastic hemostatic assay (VHA)
device: TEG® 6s (Haemonetics Corp., Boston, USA) could be employed to determine the proper heparin dose
during adult ECMO, there is no report about whether TEG® 6s could be effective for control of heparin therapy
during ECMO in children. In our report, we discussed the clinical use of TEG® 6s for control of heparin therapy
during ECMO in children. A 6-month-old female infant with a weight of 6.6kg was scheduled to undergo an
operation for supravalvular and coronary artery stenosis. Because heart failure worsened rapidly, V-A ECMO
was needed for circulatory support. We observed that ACT and TEG® 6s revealed conflicting findings of hepa-
rin dose during ECMO. On the second hospital day, ACT was 130-150's, which requested an increase in heparin.
However, TEG" 6s demonstrated that the CK R-CKH R value was above the upper limit of measurement, which
showed excessive heparin dose. We decided that heparin dose was reduced on the basis of TEG® 6s values. Even-
tually, V-A ECMO could have been used for 10 days without thrombotic, including intra-circuit thrombus and
bleeding complications. Our report revealed the possibility that TEG® 6s might be better device to decide the
proper heparin dose during ECMO in children than the ACT.

Keywords: viscoelastic hemostatic assays (VHAs), pediatric extracorporeal membrane oxygenation,
activated clotting time (ACT), anticoagulation
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/INRFEIC B B V-A RSB THf - (veno-arterial extracorporeal membrane oxygenation: V-A
ECMO) TlF, —MRMICTHMEILEEEIRERE (activated clotting time: ACT) ZfEHEE L 180 A5 200 FicC
HeFFd 2 KON VIEREREL TV, LA LIRINICIZ ACT 28 &ic Lie~fY v ay b
O—)VIEREETH D, Wi EB@ia i tEa0tEZEZ I Lo 5. AN ECMO o~ RY oy
FE— B LT, MRS 2SR © TEG® 6s WA & MENH A, NRICET 2R3k
V. AEl, TEG® 6s 2 L T/IME ECMO HIDA~/8) v ay b a— V{7 G295, JEflEK
BiRSe EPAEE, eBIIRAENTTD 6 1 H DT, KREIL 6.6kg Zoe. OARIY Fa—ILH
W Tdh - 72728 V-A ECMO Z#E A L7z. V-A ECMO fif7H, ACT i 130~150 F) & (K2R L
NV Y OMRZER Uz, —75C TEG® 6s l& CK R-CKH R ENHIE LIRZ#EZ, ~/3) ViR FRES
R UBEZER Uz, TEG® 6s Dzt LIc~/ ) VEZHE LA, Wi« MRt HHEZ 2D
% 7% <EH10 HiE D V-A ECMO A HHETH > 7z. TEG® 6s 2 HLT/hE ECMO D RAFRAN/S
V>yayha—)VEBalENTERRLEEZ LN
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/NRBEEIC B % V-A RSB THf (veno-ar-
terial extracorporeal membrane oxygenation: V-A
ECMO) Ti&, —MRMICIHTE(EREE RS (activated
clotting time: ACT) Z45#E& L 180 705 200 Fhic &
DEINY VRERZRELTWS V. L LEIK
ICIE ACT Z I Lie~/R) v ay b e —) Ui
THY, @EREG S M7 & ORI i S
BHEZEC LS % >Y. V-A ECMO Il L7238
O FEZFRIE M MES OHE S KGRI MARAE & it S
NTHH Y, BEFE~SY vay ba—LEfG5C
EMECMO BEHICBWTHETHS. ECMO EHM
O PESHHE & N ke 2 HIEd 5 728, ik
K ERE NG TH 2 LIMEDH O ©, RENZH
ADEHTRE & U T Thrombelastograph6s (TEG® 6s:
Haemonetics Corp., Boston, USA) nd%. TEG" 6s
2L T/AEECMO O vay ba—)bz L
SIS N TWAY. £ T, TEG® 6s Zff
ML CaEF 10 HE D/ V-A ECMO Hid~N8 Y > 3
Y ha—)bz2iTo Tz i 5.

Table 1 ECMO Y X7 LK

JEGNEEZ 6 MA DT, AHIX6.6kg TH -
Te. KERSP LRAEE, wiBIRpAE L2 n, &
NRZZIRFIC ORI Z D T To DB E A
AZE U7 $2WH, ofheary ha—)bnEkL
V-A ECMO Z#E A L7z (Table 1).

ECMO EH AR OEFEE X ACT JlEE~T /0
»¥ 7 =Fv—FxTVU—I (nternational Technidyne
Corporation, Piscataway, US) 7% T ACT {lll& %
1 H 48], TEG® 6s 7z W 7z MAHEIERE & iR
B (7« 7V /7>, Mfi/MR, APTT, PT-INR)
EHHEMICIT> 72 (Table 2). %35, 4ED ECMO
EPHORMEEF T ACT DfE T~/ VREED
ZHEZT5 TRV, Mk E L, NS >
FRAFMEZ A L 5 5 CK R-CKH R (Jili%sitHE © 5~15
), MvIMROIMBEE Z7~Rd CRT MA (FLHEf# @ 52
~70mm) &7« 7V /7Y OM@tRE %<3 CFF
MA CEH%f# : 15~32mm) Z#lE L7z (Fig. 1. &
B, WANTINE TERE L TEG® 6s DR S
KT B N8 ORISR 2 7S % 728 CK R-CKH R

EIMERT - KME

H#38EAk PCKN-A-10YPS 10Fr (RTERIT%, &=, BHAE)

RRIMEE - BmE F#3EER  BioMedicus NextGen 10Fr (Medtronic plc, Dublin, Ireland)

FEE AZEOMKRY TV AT L HCS-CFP (RIERITE, ®x, BA)

ANIRh Nipro BIOCUBE C 2000P (=71, Xkfk, B7)

m=ORY T HCF-MP23H (RIERIT%, ®&, A%)

ACT HIZESS ANE/OVYYGZF+—IT)—F (International Technidyne Corporation, Piscataway, US)
FHER ExBUTIVR (EA—RY)

BIR AV LARERERMK T « V2 — (KPF-4) THIELTGEERMER 140mL

FEREME 40mL
20%7 IV 2 8l 20mL

JIVAVEEAIVY D LoKFEES®R (AIVF3—Ib) 5mL
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Table 2 #EBHO—IFREREE, HMEL HME

wEE 1 2 3 4 5 6 7 8 9 10 11
ECMO 7%& (mL/min) 400 400 450 450 450 500 500 500 400 300 300
747/ 7 (mg/dL) 275 278 231 250 281 357 236 362 390 430 396
/R (10%uL) 470 522 277 204 147 221 145 125 181 160 176
APTT (sec) 39.5 44.5 39.1 445 38.7 42.7 45.4 37.6 35.1 33.5 33.2
PT-INR 1.08 1.07 1.07 1.07 1.06 1.02 1.07 1.1 1.05 1.03 1.06
ATHI(%) 771 — — — — — — — — — —
FFP#5& (mlL/day) 153 217 326 354 84072 147 240 233 240 2568 131
RBC ##5& (mlL/day) 148 96 34 229 705 *2 53 120 118 120 120 83
PC#%5& (mL/day) 0 0 0 0 135%2 124 108 181 168 174 54
CHD BRk& (mL/day) — — — — 531 412 981 927 956 731 594
HimE (mL/day) 0 0 0 0 310%2 50 30 65 40 95 30

¥ 1ATHI DREIR 1 FEBEDOHFBE L. % 2 A0 (CPB) FOKREEZEE.
APTT, JEMALERD FOYRTSAF VM AT, 7>F Oy EY Il CHDF, #HEERIMREREN  FFP, RiEHEMmEE | PC, f/h
RRER ; PT-INR, 70 kO EVEE-EFEE(LE - RBC, FRMERER.
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Fig. 1T A1) 58 &E ACT, TEG® 6s DRIEEDHTS

MRREEMEARE L, NN VREEEMELS>% CKR-CKH R (B#fE:xL), 747V /75 0MmeiEE% 9 CRT MA (B(E :
52~70mm) &EMU/MROMmetIRERTRT CFF MA (B#fE : 156~32mm) ZRAELE. F2HEBEFEIH/ATIX, ACT & CK R-
CKH-R BRI AN v OEICTBENH Y, CK-R-CKH-R DfE% TicA/N) > %FZ L. ACT, activated clotting time; CFF, TEG
functional fibrinogen; CHDF, BRI MAREBE ; CK, A4 1) > TEG; CKH, AN/N\NUF—EEFAHA) > TEG; CPB, cardiopul-
monary bypass; CRT, rapid TEG; MA, maximum amplitude; R, reaction time; V-A ECMO, veno-arterial extracorporeal

membrane oxygenation.

M 5~15 PO TEMTZ T L LTV 5.

ECMO & AR5 A 5 ~78 1) > 15U/kg/hr O F5 7 £%
5xBB U FH2W%H, ACTIZ139MTH-7=D
2%t L CK R-CKH R {7} flat line (Fig. 2,3) &P
N2 E IRz 82 72 0E A ReIkRE & x> 7z, CRT
MA ¥ 58.9mm, CFF MAZ92mm &7 47V /77
Y OMBFEENPRMETH > 7. NS AR ERED
JEFICZ VLW LAY &7 10 U/kg/hr
Tk UFib G (Fresh Frozen Plasma: FFP) 7%
5 L%, H4¥%H, ACT DB 153 TH > =DIcxf

L, CK R-CKH R{lH 4.7 3 L&l /x> 7. CRT
MA & 54.7mm, CFF MA & 18.4mm & JYEfEN T
Hote. FEEANIMRIEKZER L TR VG EZ
18 U/kg/hr ~BE U 7z.

5w H, Fili=ETRENRS LA MR &
hIRHE K 217 5 72 N L0 (Cardiopulmonary
bypass: CPB) NZH L TFiliz{r>7z. CPBH#iL
FIRFICHT 72 ICHE L 72 V-A ECMO BIEANZEHE L,
V-A ECMO il F THEPIBREENLRE L.
1R BRI H IS Ky R X i E A 2 8 A L
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#RIE (mm)

0 5 10 15 20 25 30 45 50 55 60 65 70 75 80 85 90 95 100
B¥Z) (min)
TEG-ACT R K Angle A10 MA Y30
(sec) (min) (min) (deg) (mm) (mm) (%)
. 46-91 08-2.1 63-78 52-69 0.0-26
1908 15 17 69.1 51.8 58.9 0.0
82-152 0.3-11 0.8-27 60-78 44 - 67 52-70 0.0-22
III 75 1.8 66.6 57.3
43-83 08-19 64 -77 52-69
. 93
. 15-30 15-32

Fig. 2 % 2®AICAIE LT TEG® 6s DIER

ACT & 139 #lcxt L CK R-CKH R &' flat line &LFEEN S BIE LPREHBR fBIEREEIREEL Lofe. e, CRT MADST 1TV
TV OMBBEEDPREMETH ofe. ANINU VREEDNFRITZWV LI LANY VE5E% 10U/kg/hr NRE LFEREMTEE R
5 L7. ACT, activated clotting time; Angle, a Angle; A10, YO M&FAE®D 10 43E ; CFF, TEG functional fibrinogen; CK,
A7) > TEG; CKH, AN\ +—¥&HFHhA 1> TEG; CRT, rapid TEG; K, coagulation time; LY30, percentage of lysis 30 min-

utes after MA was finalized; MA, maximum amplitude; R, reaction time.

7z. HemH, ACTW 131 TH->zDIicx L CK
R-CKH R f# 10.8 53 CH > 7. CRT MA (X 48.2mm,
CFF MA X 127mm & 7 ¢« 7'V /7 &l
RN T H - 2. FHEAID B DOIRHI
HiZ RS ez i ZRE L TR V5 R
15U/kg/hr ~\Jikiz U FFP & EJE /MR (Platelet Con-
centrate: PC) Z#5. L7, & 8JwH, ACT W 174 1
TH-> DI L CKR-CKH R fEihS 14.4 57 & R L
7z. CRT MA & 55.4mm, CFF MA X 10.2mm & 7 «
7V /7 DIMBBRE ORI R LT\, ~3) v
DI AFRDE O LIl LY 58 % 12 U/kg/hr
AJE LU FFP Z#5 L7z, BB9%H, ACT 1498
ERTH X DK R L7zdicHt L CK R-CKH R fEi/hh 43.1
e R~ V2R Uz, CRT MA &
61.2mm, CFF MA 13 19.6mm &7« 7V /7 kil
/IR D MRS IZHHEHN T H > Tz, 3V DOFAF
BAVED &KW LAY S8 % 7 U/ kg/hr N &
L7z, 5119 H, ECMO Z#Eli L T~/ 57z
WLl

MRS 72 Fl DTS B & RS R 7 ) O
M/ MR OISR 2S5 2 ik > T, HIEA
OFE & RN ZE T B T &<, 4 HME 6 HM
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(Gt 10 HED) 17> T V-A ECMO ZEHI 3 &
MTET.

z £

AGERI T, /R ECMO EEIHICHIlE X 7z ACT
& TEG® 6s TOIMEMHIEMAED HRD SN BN
YoM T o, ACT BWEAEIKFICK - T
WERZTHDICH L, TEG® 6s 13N/ F—EDH
TS K 2 WK o i B i 72 I LEEE T & 2 Tz d oS
V) VORI ERHET 5 LN TESZ LS 7Z L HE
INB. WZIT, ACT &9 TEG® 6s 7% W =1kt
MR D JTAVINE ECMO BHo~/8) v a v b
O—/VOETHH & Z BNz, /N ECMO I B
BN VEZRZ—E LT TEG® 6s ZffiH U7l
FEMITHR.

/N V-A ECMO O H S HHE & (B8 A A 7
CHEMICHT A IEIMRE TN TE AT, BEDL
ZOEMIIERICRETH S Y. /N ECMO D il
BOHER G LIS T, il &pHERIE 49%,
I BT 217 o 7z IR O il & HHER X 57% T
Ho I LT NHMAPHERIIEA L LTHEV .
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Fig. 3 A~/ DHR%ZFHET 5 TEG® 65 DR = KR
Ar AR Y OEEREREBVER, B AN Y OBEGHRETTRE, C: A/ OBFGLHR (flat line). CK, h7 1> TEG;

CKH, AU F—EE&FAFY .

Lt Z—TIE ACT *® APTT OFEHRN SR U
&, 747V /7 E INRDS FFP 58 7%,

M/ IMREN S PCHRGEZIRE LB L TV, %
HiIM 7% £ 0 H iP5 OFAE -0 (a1 B8 N Az i K 2 Hial7x
ECMO ¥ AT L D375 & TR T E R WIER 2 #%
BRLC&7/. ACT ZfafE L LIzRtEE R T, 180
~220 )T % K 5 R UG RERE L
&, FOZ L OIERHITN) G ROME R R E
<Eh, HimPEAIHE TR TE RV eV S ME R
WEENTVS . BRI E NS0 ES
MITBOTIE, cell based model'” ICHDNTEZ %
T EMZ . APTT, ACT, 747V /7 VDEZXR
V) > 7 £ 5 Conventional 7R ME /7141 in vitro T

50 55 60

B§% (min)

DORERICHES BREFRTH O, JEIROMEHEICK S
s D ERIC B51) B IMRTE AR 22 K L T Ui
W7z D EERERE D S U IR AN D 5 EIRfIENT
W3 W FE e, i W o0 A PR A B R R,
APTT *° PT 7% E D REFFRHIOIERNEHEN S T
LILSHIENTWSD, TN5H ECMO EH & HH
Fo TKDREEHZEMET 2 205 MESAND
% 1. X 51c/NE ECMO Bl O Fe g & VG B il
Wz B2 7S REIRERE 2 FIET 5T &M
REEN, ATHI OEHNEIIENEE L OREL H
D W ACT ORZEIEL Ui B E e O HEE 1 N T
5% 15)_

AGEHITIE, HB2WHEIC ACT B 139 TH B DI
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Table 3 TEG® 6s DREZE & FHMBIER

RERE RESE

HERE

H#A1) >V TEG (CK)

Rapid TEG (CRT)

AN\ F—EEFAA > (CKH)
Functional Fibrinogen (CFF)

hAU>
HEgRTF+HTY >
AFD)+ANYF—E
IR F+GPlIb/Illa PEES

RNERORERE (MEHERE) Z5FH

CFF LY BT & THVMRE T « 7'1) >~ DMBHERE % FHfi

AN Y DREERIN U TEHE (CK EEBLTANY Y OREE = HII)
M/MROBEZBEEL, 7+ 7'V /77T OMBHRE% S

Xf L, TEG® 6s 1 & % MipkG 5 AR A ¢l 7S
VY VR E RS B flat line IR L. HEkD
ACT ZfRtEic~/8Y v ay ha—)Lzit> TWicly
&, HmEAHEZS | SR LTV E & 2
5N%. TEG® 6s ® CK R-CKH R & ™~\/3) > D%
R ZEEIRTEEZON, ZORBIINEKRD A
VAT M RO REEREE (CK R) ZFHi L, [F
RRICAR) F—EEEHA ) VTR VD
Ryt (CKH R) LHRT 22 LTS VO
REWETEZ 220 TH% (Table 3). HWAFEHTIE
TEG" 6s 2 W\ 7z Il ki g AR A D A H T - 7o it
ENEEL, APTT #3Y ba— )LD 1.5~2 {5H)E
IR S/ T TH 46% TR HMARE O flat line

BB VS WEND S Y. T O L AERD S
JEHED % &, ACT I & I ik e [ 4 A5 & ECMO &
OSSP AEY) 2R T REME N D O, i kG
BENHTHZRENEN DS EEZ BN, BtV
% —Tl, CK RItihd 16~24%5 % OfThD, Fik
MTNFETER L2021 FEH 5 2022 F D59 Hild
BRI BRISRTZ B~ ORISR Z G S % 728 CK
R-CKH R iy 5~15 77O TEMT S & LTV
%. CK R-CKH REZEIC Ule~N) VEORET
ZEMIC K > T EAIHELEEE NI ZE T 5 C
e yay v a—)VTELAEENN D B &
Zlz.

F 7z, TEG® 6s (ZHEKD MM IEMAREE & L
BLTERYy T VIVEENRE L -2 8T, &
PR P E IR I AVELRE & UK 10 70 CREEIBSRE 2 48 5
HTEMNAREE R D, X OdUED DREEICHIEN T2
139 Z21LT, 1D0OHA— MY v I T4DDOME
ERIRICITAZ DD, "NV T TV /T
> i IMROBEREZ RIRFIC RIS 2 o h % T & THiIM
CIMEREDNS VA% L DRFTNENZ B 21517,
ThoDEMMEZEAT S TEG® 6s1F, A10 GHIE 10
RETIMED I A5, #Hilzic A5 GUE 5 T
HHE) Vo e TPHIBEENEINE NS FETHD. T
OKHEMBINENE T LT, DI H 5% THRIEREHED
ERGZIEIET S ENAREE kD, A5 DI,
S ORHE D DY) S EE R REOHIRICH 5 TE %
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ERURENS. A5 DFEETH LIRA I3/N I REIK D B
K5 TEG® 6s D& 5745 A%801EOm EzliftL,
[FFRFICARAES B E WV TN D 5.

MR E OB E LT, MAZGRE L
I ARG PE AR A & B C R E D BRI S 2 Tk
WP F 7z, CPB &M oDl T 217 5 B
WL, fhvad, i, iiRoZTh TR 1 BT DO ULNE
ETEBEVWEWVIEE H D, ARER T3 M ksHE
MEZBHIE LT/, FoEso 6 gt 2 —
DORFNEAHEMEC TS MER D - Tz,

#® =

TEG" 6s 2 W\ Iz iRt ¢, /N ECMO
TORE~NN) Oy ya—)V7z{§% T ENARET
o7, TEG® 6s 1Z/NEECMO FTACTICED S
N VEZA—E LUTHIHATE AARENDN D D, 5
BEBRDT—ROEMEMTZIT O END S.
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