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Table 1 Comparison of the number of requested RBC units, bleeding volume,
and RBC unit use in aortic aneurysm resection and other procedures

RBC requested (unit?)

Type of surgery Min 25% Median 75% Max p-value
Aortic aneurysm resection 0 6 8 12 30 <001
Other 0 4 6 8 20 '
Bleeding volume in surgery (ml)
Type of surgery Min 25% Median 75% Max p-value
Aortic aneurysm resection 55 548.3 1,030 1,902 7834 <001
Other 0 150.0 453 1,032 4,204 '
Number of RBC units in surgery (unit?)

Type of surgery Min 25% Median 75% Max p-value
Aortic aneurysm resection 0 0 0 4 20 0129
Other 0 0 0 4 20 '

Surgery excluding aortic aneurysm resection was analyzed in this study. The number of
requested RBC units and bleeding volume during aortic aneurysm resection was signifi-
cantly higher than in other procedures.

2 RBC 1 unit=Derived from 200m! blood collection

Abbreviations: RBC, red blood cell

All cardiac surgeries
(April.2022~October.2022)
N=530

Exclude:
Transfusion before surgery
Surgery interruption
Emergency surgery

Subgroup analysis patients
(Only aortic aneurysm resection)
N=104

Analysis patients
N=477

|

|

Explanatory variables:
Explanatory variables for model1,
Aortic aneurysm resection

|

Model 2

Explanatory variables:
Age, sex, weight, hematocrit, creatinine,
PT-INR, history of cardiovascular surgery,
Hemodilutional autotransfusion volume

l

Model 1

Explanatory variables:
Explanatory variables for model 1

Model 3

|

Fig. 1 Flow diagram of the study population

The analysis comprised 477 cardiovascular surgery cases from April to October 2022, excluding those with preop-
erative red blood cell transfusion interrupted surgeries, and emergency surgeries. The subgroup analysis focused
on 104 of the 477 aortic aneurysm resection cases out of the total.
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Table 2 Combined characteristics of cases in the analysis and subgroup analy-

sis of patients

Analysis patients
(N =477)

N, Mean, Median

Subgroup analysis of
patients
(N=104)

N, Mean, Median

Age (years)
Sex (N, %)
Male
Female
Height (cm)
Weight (kg)
Hemoglobin (g/dl)
Hematocrit (%)
Platelet (x 10%/ul)
Fibrinogen (mg/dl)
PT-INR
Creatinine (mg/dl)
eGFR (m//min/1.73m?
RBC ordered (unit?)
Number of RBC units in surgery (unit?)
HAT (ml)
PSH, yes (N, %)
Surgery type (N, %)
Aortic aneurysm resection
Valve replacement & valvuloplasty
Open & thoracic stent interpolation
CABG
Combined surgery
Other

73 (65—79)

359 (75)

118 (25)

163 (156.7 — 168.5)
594 (51.4-68.2)

71.5 (60— 77)

83 (80)

21 (20)
167 (159.1 —172.6)
66.0 (53.8 —74.5)

128196 129+216
38.6+5.50 39.3£5.92
195 (16.0—239) 187 (16.0—23.2)
326 (275—383) 316 (265—371)
1.01 (0.94—-1.08) 0.97 (0.93 —1.04)
0.99 (0.8—1.26) 095 (0.93-1.13)
55 (41 —-68) 58 (48 —173)
6(6-29) 8(6-12)
00-4 00-4
0 (0—800) 400 (0—800)
108 (23) 40 (33)
104 (22)
95 (20)
66 (14)
59 (12)
125 (25)
28 (6)

Baseline characteristics of each case used in the analysis are shown. Categorical vari-

ables are presented as frequencies and percentages. Continuous variables are presented

as mean and standard deviation, median and interquartile range.
Abbreviations: PT-INR, prothrombin time-international normalized ratio; eGFR, Estimat-

ed glomerular filtration rate; RBC, red blood cell; HAT, hemodilutional autotransfusion;

PSH, past surgical history; CABG, coronary artery bypass graft
2 RBC 1 unit=Derived from 200m! blood collection

eI i, AT GORE B -3 i & &
T, WTFoRZHESWTHI L :

(s P i i /200) — Mt/ (40/1K5E) =
RBC #fii HA7 % (units)

(MY B8 = A Hb il — 774 Hb fif)
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3.1 ECdbEEEHE

Table 2 \ZfFHTH 5 B O RLb AR 2 7~ L 72. 530
O BEPDBNENE P 220, 2095 5 53 41
FEHEIZIED X ARFZED & I3 BRAE S 7z (il RBC #iifin
A2 %, FRREIAT L 4, REFMA5044). Lizhi>
T, AWFEICIE 477 O BB E T NIz, FRiidh e
fii 73 7% (IQR65~79) T, BIMHED 75% »HMZ-
7. FEtE & 7T, KRENIRIE G BRAR A% 104 61 (22%),
FERB X ORI 5 H (20%), +—T VBT
N7 7 PN X OERA T 2 b NI 66
Bl (14%), EENR/ N A 27X ZBAAT (CABG) 7359 1

(12%), HEETFMAT12561(26%), otk LT, I
JEGE T T BUART, (OB S Tk, N R 25 72 & 28 191 (6%)
PWEENT.

sl oo i, ARIMERE 3B X OH R
H S g2 M= % Table 312739 firh i oo g
fili (IQR) IIiICE D IEH 2 & A SN, KEREY)
Bt < 1,030 (548~1,902) ml TH o720kt L, +—
TYWMAT Yy N7 7 PNFEINB X O AT Y N
5 7 b NI CIZ 32 (10~89) mI Td - 7=. I Ekd
MEIE AT 39% T b, AR H O i o 9 =g
13 43% THo 7.

3.2 FHRIXIER & ETIVE DR

Table 4 IZ/ERK S N7z F RN OKE LR %R L 72. Model
1121&, 4 (B=0038, p=0469), M5 (B= —0.089,
p =0.09), AE (= -0112, p<0.05), Het(B= —0.402,
p<001), PT-INR(B=0.016, p =0654), Cr(p=0.140,
p<005), HAT(B=0.062, p =0.326), PSH(B=0.079,
p=0091) #» & F 1 7z. adjusted R*1& 0.25, RMSE
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Table 3 Intraoperative blood loss, RBC transfusion rate, and hemodilution autolo-

gous transfusion rate according to surgical procedure

RBC . HAT
. Blood loss

Surgery type n transfusion (median, m) rate

(%) ! (%)
ALL 477 39 564 (188-1,200) 43
Aortic aneurysm resection 104 44 1,030 (548-1,902) 51
Valve replacement & valvuloplasty 95 43 583 (254-1,014) 41
Open & thoracic stent interpolation 66 12 32 (10-89) 5
CABG 59 36 343 (210-717) 44
Combined surgery 125 44 699 (285-1,314) 45
Other 28 46 474 (168-1,070) 36

Data are presented as median (interquartile range) for continuous variables and number

(percentage) for categorical variables. Blood loss is expressed in milliliters (ml).

Abbreviations: RBC, red blood cells; HAT, hemodilution autologous transfusion; CABG, coro-

nary artery bypass grafting.

Table 4 Multiple regression analysis results for each prediction model

Model 12 Model 2° Model 3¢

B p B p p p
intercept 0.000 <0.01 0.001 <001 -0.006 <0.05
Age 0.038 0.469 0.041 0.434 0.034 0.762
Sex —0.089 0.09 -0.087 0.096 0.144 0.262
Weight -0.112 <0.05 -0.137 <0.05 —0.264 0.061
Hematocrit —-0.402 <0.01 -0.388 <001 -0434 <0.01
PT-INR 0.016 0.654 0.043 0401 0.093 0.456
Creatinine 0.140 <0.05 0.159 <0.01 -0212 0.060
HAT 0.062 0.326 0.034 0.591 0.052 0.673
PSH 0.079 0.091 0.038 0.426 0.270 <0.01
Aortic
aneurysm 0.179 <0.01
resection

The results of multiple regression analysis are presented. Standardized partial re-

gression coefficients (B) and p-values for explanatory variables in each model obtained

by multiple regression analysis are presented. Model 1 is based on an analysis of all

cardiovascular surgery cases. Model 2 is the same as Model 1, with aortic aneurysm

resection added as the explanatory variable. In Model 3, only aortic aneurysm resec-

tion are included in the analysis.

Abbreviation: PT-INR, prothrombin time-international normalized ratio; HAT, hemo-
dilutional autotransfusion; PSH, past surgical history; RMSE, root mean squared er-

ror; AIC, Akaike information criterion

2 Adjusted R?=0.25 RMSE =2677 AIC=12844.15
b Adjusted R?=0.28 RMSE =2.643 AIC=1,832.56
¢ Adjusted R?=0.37 RMSE =3.367 AIC=44327

12684, % LT AIC 13 1,845.07 TH - 7-.

Model 2 121&, 4F#E (B=0.041, p=0434), 1B (B
=-0087, p=0096), & (B=-0137, p<005),
Het (B=-0.388, p<001), PTINR (B=0043, p
=0401), Cr (B=0.159, p<0.01), HAT (B=0.034,
p=0591), PSH(B=0.038, p=0426), KBEyIREILIER
M5 (B=0.179, p<0.01) 23& F M7=, adjusted R* 1% 0.28,
RMSE & 2.648, AIC & 183213 Th - 7=.

Model 3 121&, 4Ei#h (B=0034, p=0.762), M5 (B
=0.144, p=0.262), k& (B=-0264, p=0061), Hect
(B=—0434, p<001), PT-INR(B=0.093, p =0.456),
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Cr(p=—-0.212, p=0.060), HAT (B=0.052, p =0673),
PSH (B=0270, p<001) »& F 1 7z. adjusted R’
1% 037, RMSE 14 3.301, AIC 44178 T - 7-.

Model 2 1 Model 1 & 9 &, adjusted R*%%% <, RMSE
& AICIH D> 722 & 225, Model 2 DFHlFEEE DS Model
1 XD EH o7z E 512, Model 313 Model 1 3 X U Model
2 X ) RMSE 2%Edo72b D0, adjusted R*1E&E <,
AIC IHME D o 72720, £ 0 ESWFIKE O REMEDVR
IS,

PR SN TFRREIDTOX ) THo7z

Model 1 : 11.00+0.01 x 4F:fii — 0.64 X P51 — 0.02 x fAHE
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Model 1

Model 2

‘l Model 3

Fig. 2 Bootstrap method results for Models 1, 2, and 3
Bootstrap resampling was performed 5,000 times. The bars indicate regression coefficients for each explanatory variable ob-

tained from the analysis. The vertical lines indicate the regression coefficients of the model developed in this study.

+0.22XCr—0.23x HcT +0.27 x PT-INR +0.0004 x HAT
+0.58 x PSH

Model 2 : 10.27 +0.01 x 4F:i#5 — 0.62 % 131 — 0.03 X fR &
+0.25xCr—0.22x Hct+0.73x PT-INR +0.0002 X HAT
+0.28 x PSH + 1.34 x KB RIE I B5At7

Model 3 : 13.77 +0.01 X 4 fifi + 1.43 x 1 Bl — 0.07 x &
# —1.29 X Cr — 0.29 x Hct + 3.33 X PT-INR + 0.0004 x
HAT + 222 x PSH

Wsik @ Cr, 2 L7 F =Ml Het, N b2 ) v
Mt s HAT, #AMEHCIMERECE  PSH, G 74
BEFAIE.

WG, KE, Cr, Het, PT-INR, HAT (ZEf2 5L
PR, PSH, KEJARFBCIBRMT LA 7 T — 2% (0
=LV orft, 1=91or AH).
FEBEORHRBI & LIRS -

LU Of$# % Fro B E M6

R =72 1%, MR =P, fKE =69kg,
Cr=122mg/dl, Het=35%, PT-INR=0091,
HAT=400ml, PSH=4, KEIIRELIFRM =4
Model 1 % FIv> 7= FHEER5 4

=11.00+ (001x72) — (064x1) — (0.02x69) +
(022x1.22) - (023x35) + (027x091) + (0.0004
x400) + (058x1)

IR ORI 29 D720, #fii§ % RBC 1 3 HAL
[FI#£1Z Model 2 & Model 3 Zflif L 7235 & 132
29 (BHA), 48 GHAL) Lio7:.

3.3 RYMAREE

331 7—bM AT YT

Fig. 2135000 MDY %> 7 v 7FTihEbhiz2hZ
NOFHEROBIGEREEZ R L7777 ThHY, #HE
PR TR EN 2TV ORBER L. MRS
NFHETFVORRBREZVIRE VT v 7
SN RBEOHRREZRLTBY, HY 2%\,

332 T & FEHIAE AR

ZEFNE M FHME, RBCKIE¥NIEL, SBOE
SHVE, B X OGERME & OABIFRENS Table 512" L,
AR X1 Fig 3 3 £ O Fig 4 2R L7z, & T oL
BRI BT, FEE & OMBREILLL T o )
& %o 72 RBCHKEELZ L, r=0.27, p<0.01 ; SBOE
HHE, r=037, p<001: Model 1 Filllfli, r=053,
p<0.01; Model 2 F#lfi, r=056, p<0.01. HEIFREL
DEDKEIZ LY, Model 1 3 X U Model 2 1Z, RBC
IKIEEA s X OF SBOE H il & b & FEMEICH LT
AEICEOWHBEZRT Z b h ol E512, KB
WRIEED Bty % B A $ & L CTE® 72 Model 2 13, Model
1 LD AEITECHBRETH - 72,

R EAROMEZITLL T O Y & % - 7z RBC AKIFHL
%, 0194 ; SBOE $iMhif#, 1.664 ; Model 1 I,
1.117 ; Model 2 Fi#llfii, 1.134. Model 1 3 & UF Model
2 ORYREMOBE XX, WIND LISEWEER L7
—7J5, RBC HEEMAIETIZ 1 X /&<, SBOE Tl
1 ) REWEZRRL, ZNENFEREIT L THKEE
filids & OB/ NGEA 3 2 A M 2R S 7z,
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Table 5 Pearson’s correlation coefficient between predicted
and actual intraoperative transfusion volumes using each pre-

diction method

643

Analysis patients

Subgroup analysis of

> patients
Prediction N=477) (N=104)
method
Correlation val Correlation val
coefficient p-vaiue coefficient p-value
Number of 0.27%8 <001 031* <001
requested units
SBOE 0.37%% <001 0.57* <001
Model 1 053% * <0.01
Model 2 0.56° <0.01
Model 3 0.68% <001

Number of RBC request units refers to the number of RBC units pre-

operatively crossmatched and made available based on physician re-

quest. It does not represent units actually issued intraoperatively or
transfused. SBOE is the predicted red blood cell reserve, calculated us-
ing the formula described in the Methods section. ® was found to be

significantly different from the

Model

1 correlation coefficients,

# was different from the correlation coefficients of Model 2, * was sig-
nificantly different from the Model 3 correlation coefficient.

Abbreviations: SBOE, Surgical blood order equation
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Fig. 3 Scatter plot of the number of RBC request units (a), SBOE-calculated values (b), Model 1 (c) and Model 2 (d) predicted
values, and the number of RBC use units for all analyzed cases
Number of RBC request units refers to the number of RBC units preoperatively crossmatched and made available based on

physician request. It does not represent units actually issued intraoperatively or transfused. The vertical axis represents the

number of units used by RBCs. The horizontal axis represents the number of prediction units for each method. The long-

dashed line indicates the linear regression line, whereas the short-dashed line represents the line of identity (y = x).
Abbreviations: SBOE, surgical blood order equation; RBC, red blood cell
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