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Table 1 Patient characteristics

Procedure Number of cases (meaAngie SD) (Vglilag;lti(é%; males/ef):male
CABG 545 66+11 62+11 415/130
OPCAB 291 70+9 5111 234/57
VALVE 846 67+12 57+13 475/371
TAA 184 67+10 62+12 138/46
AAD 216 67+13 60=15 105/111
AAA 427 72+9 61+11 360/67
ruptured-AAA 92 74+10 61+12 81/11

(1) TEEDAR/S A /N T

OIEAMGERE FEBIIR S 4 23 2487 (on pump coronary
artery bypass grafting, CABG) 545 %1

O MEERANE T EIR 2 N 4 7247 (off-pump CABG,
OPCAB) 291 #i

(2) FOH

FPEHL F 72 XTI (valve replacement or plasty,
VALVE) 846 f

(3) KMEFHr

ORFEARBIIR A TG B A7 (BP9 (graft replace-
ment for thoracic aortic aneurysm, TAA) 184 %1

@WK B IR A TS el (ki) (graft re-
placement for acute aortic dissection, AAD) 216

GWELHERBYIR A TG 07 (B (graft replace-
ment for abdominal aortic aneurysm, AAA) 427

R BRBI IR A M & el (528 (graft replace-
ment for ruptured AAA, ruptured-AAA) 92

LBINV—T T OHKEWMEICT S0, B
M2 & 0 AT S N ARER RS L 72, AAD, ruptured-
AAA BBERFME LTHifTIND 2 &% <, £l
NOMXTIRIIAEDTFRETFM & L TERSI NI

RCC #aiifinid, AU Hbog/dl, AT Clis i
#ix Hb8g/dl # ) F—& LCEM L. F7-Filik
THrONEZ OV Ul (Hb) A8 10~11g/dl % HiFFT %
X9 1l 92 L7z,

FECH CIML o B FAR I AR Hb11.0g/dl DL L,
A7)y b 30% PLEAE HEICHEBRENRE & B8 L ik
L7z MG E 2, CABG, VALVE, TAA, AAD
xF L CidgkEaic X, OPCAB, AAA, ruptured-
AAAIZDOWTIZIEBES I L D R L 72,

F 72, #Y) e FMENERO S, FELMEHRE (F
T IMLAE 428 1), AN A#E GERFEIEE 2,173 #1) T,
e, ARE, firdbimE, JEERIMEE (RE kg H7-
D 70mI) X3 A WL FE, TR O =R Hb,
OB ORI B s & FEEER A bR L, R
OB REFITOWTHRE L7z, et IRREEL Stu-
dent’s t-test THEZ % MRFE L, P<0.05 % b > THEE
By L7 b, AWXTOFRMIM & R EkEH]

ERTIEET S,

FELZ, FARIRE O LR A 1 500 10 7 Y & U TR I
#efi 518 (Surgical blood order equation, SBOE)
B OV KT L e i B (Maximal surgical blood order
schedule, MSBOS) W /-#fimsHL, ZD%
Mk % Mt L7z, SBOE Xk S5 L7270 %
Hb iZ 10g/dl & L7-.

g (ml) = PEERIMIEE (ml) x (47T Hb —
#F4F Hb) /Al Hb (g/dl)

WA AR = (PR - 328 i) (ml) /200

MSBOS (32 i o 15 5 & L, NS LT
PSR A BB R S L.

WMBETIEAR T — & PR L8] 0 2003, 2004 412,
#isaE o RCC #effi i & Wil o0 7 — & # iiipeERE
HNPORL, FOBEET— IR EIT o TELA,
ZORFIZDONWT, #fifiE & iR O L (Crossmatch/
Transfusion, C/T) % U° RCC BEEER DR % A L /2.

B R

1. DENENFRFRLEICE T % BV EED
BmmETIRR (Fig. 1)

4= 2,601 B 2133 B (82.0%) AYH CIILOD & THifT
XhTwiz, HCM - [FFRE P 401 B (154%),
FFE MO ADREFTENE 7 6] (03%) THo7z. F7z,
HOIM, FFMOMI ST 70 o 7258 4 e ]
2360 Bl (2.3%) & - 7=, LR [ I ] #E = 1% 84.3%
Tho7.

H LD & TOFMGEATHI O FEMIE, RN & AR
ROUHBIA 1,254 B (482%) L b %<, D
RS T49 B (28.8%), N, A AR K O I X P
BliE 7360 (28%), ToM57 6l (22%) TH-7z.

2. BCMEMOEREIRR (Table 2)

WRIE, OPCAB THEMEH 79.7% & 2R Kb D
D, FEDOHTATIZ 95% LLEDOFEEHRLE 572, &K T
13 96.1% DIERITHEE S Tz,

7M1z, CABG, VALVE, TAA TIIEEHi% 79%
DibEEml, BaPMe s AADIZBWTH 306%
WCEEShTwiz. —J, OPCAB, AAA TiZ107,



HAREIMMEER SRS HBe2% £15

820

2.3 0.3
0 — S
o &
= & ) 4
Ls;\\)"" o ¥ (‘Q}
< N s &
« ® w '\\\0%
o w ¥
N B ad &
0{‘ 2
o

15

48.2

—_— |
£;~°° \q.,(.- ,ig?\ }Q,Q @_-b &
w3 ) o b e v ol
& o ¢ & & @
o o
&G v;\\Q Moégfg.

Fig. 1 Rates of allogeneic and autologous transfusions in all cardiovascular surgeries

47% ERWERRTH > 72, 26T 56.6% DIEFIIC
i STz,

Wrifaid, TAA TIE 364% [ZFER S TW7225 i
OMARTIIIEEITONTE ST, &R TIX 29% DEf
RTHo7.

3. MRBEMIMMEITIRN (Table 2, Fig. 2)

(1) TEEIIR S A 78 24l

O CABG : [ + AR T O RtEA 76125 545 Fil 442
B1(8L1%) &b % <, KW TR D A DI 61
Bl (11.3%) <, [FFGLI m#ESIE 93.0% TH - 7z, Ryl
KoOEEBNIE 2 61 (04%) THo7-.

SP-3g ) A ML I U LD R T B R T,
i1 RCC7.0%, FFP1.3%, PC02% T& - 72.

(2 OPCAB : [ I3, @ & o 52 Jiti %% 291 fi v 194 4l
(66.7%) &ixd % <, W T4 i 5 A% 48 51
(165%), BN + AR 31 61 (10.7%) T, [AAEIL
R 1X 96.2% Td - 72 Wi O FERFIE 2 Ao 72

S 3 ) A L I U T LD BRI T B R T,
#iln=id RCC3.8%, FFP KU PC 13 1% KiliTdh -7z

(2) BHLl

VALVE T, B + AR T o fad 76 2 846 #iH
689 Bl (81.4%), BN DOAHT113 6] (13.3%) T, [
ML o] 20 93.7% TH o 72, B o FE i 13 4 1
(05%) THo7z.

SEEIE T BA D 1 HAL KT, il
1 RCC6.3%, FFP2.7%, PC13% T 7.

(3) K F4b

O TAA : IR + AR+ Bk T oRiATH1 2% 184
Bl 72 61 (39.1%) LwdE <L, RWT, B +F
AT 54 611 (29.3%) T, AR EN#E=R 1L 75.0% TH >
7z.

FFE IS CF#mE) & RCC25.0% (21+4.7
A7), FFP239% (24=49 Hify), PC17.9% (4.0+94
HAL) Tho7e.

@ AAD : 216 I 175 B (81.0%) (Z[FIf ifiL A3
S, AR RS CE i) (X RCC80.6% (6.2 +
49 ¥A7), FFP87.0% (8.8 =6.2 Hifi7), PC77.8% (184 +

128 Hf7) TH o7z, HCOMO A THIFT S 725 BIZ
4261 (194%) &0, PIEFRIE M + A BR X A% 30 B
(139%), MUK DOAD126] (55%) THo7-.

@ AAA : LR D & T ORiAT B A 427 Bivh 354 5
(829%) b %<, R THIG + AR5 21 6l
(4.9%) <, [0 A1 90.9% TH - 7z.

FFE M CEFY ) (& RCCI1% (05+19
Hf7), FFP40% (03=18 Hiff), PC32% (0.7+43
HAL) Thoi.

@ ruptured-AAA : 92 v 68 5 (73.9%) (ZI[FIFH i
AMER S, AR IR L CE IR ) 1 RCC73.9%
(62=51 Hifi), FFP685% (4.6+4.8 Hf7), PC40.2%
(70£93¥AfL) Th o7z IR DA DHEFTHS 24 B
(26.1%) & - 7-.

4. firhHME & FEMmEMMEEE (Fig 3)

A H IR A A 2 O AU & Tl I [ 0 v o e
%7K L, SEE iR 600ml i OPCAB, VALVE,
CABG, AAA Tix 90% DL L o> [E)Ff )i (0] 82 T d - 7.
-3 I B A% 1,000m] A E @ AAD, ruptured-AAA
2B W, FRLm AR ZF 2 h 120, 26.1% &4
WEBITdH - 72,

5. AEMEROEEEFO®KRE

(1) FFEmEE, FEFEFIMEEFE O REE (Table 3)

FIRLMEE, FEFMIMEER T, ToMRIZB VT
b, RS, AR Hb ([CA R AR RO . HF
12 TAA, AAD, AAA, ruptured-AAA ORIFEMBET
(A rb R 1,000m] BLE, BRI V0 B i
wEAEIL30% LLE Do 7z Z ORI R A D
fERHRSY I AL CTB 0, [0 o 254 % 5
T B4R TH 7. —J5 CABG, OPCAB, VALVE
O [EFEIMAE TLEAT A L X 500~600m] FEEE 72207 hif
¥ Hb 2B EZ O BB HY T % 10g/dl % Tlul-
THBY, FEMEENAESR Hb LNV TH - 72,

RENZ DWW T FRE RO 7 AMRAE ORI D
CABG, VALVE, TAA, AAD, AAA CRAEEEZ
D7,

SRS IT R T BV CRIFEILEE 0 J5 A5 W #E )
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Table 2 Average volume and rate of autologous and allogeneic transfusions in surgical procedures
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WZHHH00, MhoficBuThAEEIRSR
Loz

I O (Al rp i 2 RO L, S ) A I
HEoMrFEgHInE2Y 1,300m] LLETH 5 TAA, AAA,
ruptured-AAA IZBWTHEIILETH - /2.

713, CABG, VALVE, TAA, AAD oIl
MR BV TERERIEE <, F#2 CABG, VALVE, TAA
TIFFEMZE 80% U ETH -7z,

IR, FICEBIN TS TAA IZBWT, [
M e A~IERIFEIMAE O )7 DS FE R Do 72,

R MEOH# Hb 1TV T oMz vwTd 100
g/dl HitsTdH 0, M BA oM RS 1S L EIE T
Holz.

(2) RCC #gifii i & firEr Hb, &4 & o B%

HTRETO 9 H, RCC MIMIGFICHEENH L & Bb
LA 47HT Hb, HIMEEE& D 2 K& RCC i o B
R =67 5 7R L7z (Fig.4). [al i [a] 8 58 A3
93% Ll .o CABG, OPCAB, VALVE 2B Wi, RCC
AT AT Hb10g/dl A:fi F 7213 & 475 30% LA
LoBlicBWTEIITbIL(Fig. 4), ¥4 49, 44, 55
HALTdh o 72 (Table 3). TAA, AAD, AAA, ruptured-
AAA ORIFEIMFEC BT S RCC Hli &3 84, 7.7,
5.3, 83 HfyC (Table 3), Hbl0g/dI HKiifA> Hifl
#H430% UL EOBICRWTEIEIZEBLTY
7> (Fig. 4).

6. SBOE KU’ MSBOS M1%51 (Table 4)

SBOE 122w Tid, CABG, OPCAB, VALVE, AAA
TIEF 05 AL LLF CHUERABRIPUAR 7 1) — =~
T (T&S)VOMETH Y, EPEEofmiig % w7
WRTHo72. TAA, AAD IZBWTIE, £HEBIFY
Tld C/TLO Kl C#efii i & B X /=A%, Hb10
g/dl RIFHERITIE C/T1.2, 1.0 TH#IE % #EfiiE TH -
7z. ruptured-AAA 2B\ TIZ SBOE (2 X % # i
WIETH o7z,

MSBOS IZ © w» T &, CABG, OPCAB, VALVE
305 AL A, TAA (X3 A7, AAA 1X 1 H{7, AAD
JOF ruptured-AAA 13 9 HiAL & W &7z, Z o
% Hb10g/dl REHEFNIEM L7284, wih o
IZBWTH C/TLOLLTF & % 0 #fii38ATHh - 7.

7. BMFEEEESADT —2BTOE (Fig. 5)

AR R H & 2B T g o F g o 7 —
Z ¥R % B L 72 2003 4213 C/T191 & &<, B3R
104% TdH - 7225, F 2004 4£2 5 BF @A L, 2005
ELAREIL C/TL3 Rk CTHERS, ZIUTPRVBEFER D 2.6%
Hiihi & MEFEL T 5.

z =

W BED G AR T, FERTIAIT IS B S



AARmmAILGRE RS HFe2E 1%

17

100% = S - -
7 = 7 7
90% / /
§ 80% / % /
2 BN
5 / /
‘= 60% / /
S
B 50% / /
c
o g% /%
%5 30% / /
L oo 7, 2
©
il n
o - L
ruptured
OPCAB AAA AAA
@ Others 0 3 0 5 0 2 0
O No transfusion 17 0 0 2 0
B IBC+ANH+PABD 0 0 1 39 0 0 0
IBC+ANH 81 11 81 29 14 5 0
Clonly IBC 11 67 13 6 5 83 26
[ Allogeneic blood+IBC+ANH 2 0 1 11 17 0 0
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Fig. 2 Rate of allogeneic and autologous transfusion in surgical procedures
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Fig. 3 Volume of blood loss during operations and rate of avoidance of allogeneic

transfusion
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WD T44% \ZHEAT, 81.3% 0D [ i ifi 6 i i =45 % 33 )5k,
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1 2.9% (2 F TWA, b D ICHA R A T 2354
VIR HEAT S A, [l i i [ 8 R 1% 84.3% &, 1999
FEPHTEZIZRASDO L XV EREoTn, 202 i
FIFEIMLERE, BCOMiZoWTHEIREZ F— 754 L,
AW 7 S 2 G 2 LS B T & BRI
THLDTH 5.

I AE AL T 330 B M i X 4 ) o o o ] e

WCHRITH 5 EHERTIPHF b TE Y™, LOHRE
WZxt3 % i) & AR 2 SRBR D AT h T 51, 12 800
m! OIFMLASFEEME B X W AR TH B L OHET D
H5. L LEHOE LA OFFETIE, FFidsae TAA
IZORMTbNTEYN, TAA DA Cld AAD, ruptured-
AAA 2 EOREH 2R E, Brii 7 L CRAIIZIZIZM
WEMRECTH o 72, i X [ i i i 1m0 8 V2 A R T
H5HHDD, CABG, OPCAB, VALVE, AAA Ti3h
D 600m! FEE VLW L2 EETHE, TAA
UM T O LERIIBD TRWE Wi 5. —7,
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Fig. 4 Average units of RCC transfusion by hemoglobin level before operation and ratio of blood loss during operation

Table 4 Equation for preparing transfusion by using SBOE and MSBOS

Transfused RCC SBOE MSBOS
All Cases of All Cases of All Cases of
Procedure cases Hb<10 g/dI cases Hb<10 g/dI cases Hb<10 g/dI
units units units C/T units C/T units C/T C/T
(@) (b) (c) (c/a) (d) (d/b) (€ (e/a) (e/b)
CABG 03+14 37+32 0517 (T&S) 53+32 14 <05 (T&S) 0.1
OPCAB 02+09 1.0+21 0515 (T&S) 42+17 43 <05 (T&S) 0.2
VALVE 03+15 28+33 04+14 (T&S) 44+26 15 <05 (T&S) 0.2
TAA 21+47 76+86 1.6+34 0.3 93+4.1 1.2 3 15 04
AAD 62+49 100+5.7 38+42 0.6 10.3+39 1.0 9 15 09
AAA 05+19 3737 05+15 (T&S) 55+21 15 1 15 0.3
ruptured-AAA 62+51 89+40 6.1+59 1.0 109+55 1.2 9 15 1.0

RIMEFAHIZ BT 1,600ml FEEDO L HEORFIZ & D #) AHND. MM & 2 et o Ot RIE I a6
75% D) T[RRI MM ADER S LT B & O D72, TIIFROERIMA IO A Z % 72812
bHY, TAA IZBWTIRIFMXZ21T) BRIV DLH LEE FrMX A S N TN T ENEE LS, RO
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Discard rate of RCC (%)

. 2003 | 2004 @ 2005 2008
c/T 191 | 155 | 1.31 136
—&8—Discard rate of RCC| 10.37 | 4.17 | 3.31 198

2007 2008 2009 | 2010 2011 2012.
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127 | 128 | 129 | 1.14 | 131 | 1.33
1.07 | 0.26 | 257 | 119 | 1.35  2.01

Fig. 5 Changes in discard rate of RCC and Crossmatch/Transfusion (C/T)
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PERIOPERATIVE BLOOD TRANSFUSION STRATEGIES FOR CARDIOVASCULAR
SURGERY

Kimiyo Ogawa", Hiroyuki Toide", Tadashi Usui®, Tatsuya Shiga”, Hitomi Takihara®, Shuichi Okonogi®,
Shuichi Okada®, Chieri Kimura®, Yutaka Hasegawa®, Masahiko Ezure® and Tatsuo Kaneko®
"Department of Medical Techniques, Gunma Prefectural Cardiovascular Center

“Department of Anesthesia, Gunma Prefectural Cardiovascular Center

“Department of Cardiovascular Surgery, Gunma Prefectural Cardiovascular Center

Abstract:

In this study, we investigated the current situation on how autologous and/or allogeneic blood is used to deter-
mine the appropriate preparation of a perioperative transfusion in cardiovascular surgical procedures.

In our institution, 2,601 cardiovascular surgical procedures were performed from September 2003 to March 2013.
The use of both allogeneic and autologous transfusions was investigated in the following patient groups: those who
had undergone coronary artery bypass grafting (CABG) , off-pump CABG (OPCAB) , valve replacement or plasty
(VALVE), graft replacement for thoracic aortic aneurysm (TAA) , graft replacement for acute aortic dissection
(AAD), graft replacement for abdominal aortic aneurysm (AAA), and ruptured AAA. We made a comparison be-
tween the allogeneic and non-allogeneic groups regarding the factor of transfusion. We also analyzed the appropriate
dosage of each blood transfusion, which included the surgical blood order equation (SBOE) and maximum surgical
blood order schedule (MSBOS).

Factors of transfusion were blood loss during surgical operation, ratio against total blood volume, and hemoglobin
level before operation.

In our institution, we suggest the following blood transfusion strategies for cardiovascular surgery:

1. For OPCAB and AAA, only intraoperative blood collection (IBC) should be prepared. For CABG and VALVE,
acute normovolemic hemodilution (ANH) and IBC should be prepared. Anemic cases require preparation in accor-
dance with SBOE.

2.For TAA, it’s possible to avoid an allogeneic transfusion with a preoperative autologous blood donation (PABD)
and ANH. Anemic cases require preparation of allogeneic blood in accordance with SBOE.

3.For AAD and ruptured AAA, preparation should be done in accordance with the MSBOS. In addition, anemic

cases require preparation of allogeneic blood in accordance with SBOE.
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