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Abstract: Objective To determine the factors affecting the adverse reactions to blood transfusion during
orthopedic surgery, on the basis of which to develop a prediction model, so as to provide a reference for the risk
assessment of adverse reactions to blood transfusion during orthopedic surgery. Methods From January 2019 to
June 2022, sixty patients who underwent surgical treatment for fractures in our hospital with indications for blood
transfusion and developed adverse reactions to blood transfusion during orthopedic surgery were prospectively
included as the observation group. Another 60 patients undergoing surgery for fractures in need of blood transfusion
in our hospital during the same period were included as the control group. Results The sex composition, age, the
proportion of patients with a history of smoking, fracture patterns, the distribution of blood types, the type of blood
products, the intraoperative blood volume, the intraoperative blood transfusion volume, body mass index, the
medical history, the American Society of Anesthesiology score, and the levels of hemoglobin (Hb) and platelet count
(PLT) were not different between the two groups (P >0.05). The proportions of patients with a history of blood
transfusion and the allergic history, and the frequency of the time from bleeding to transfusion longer than 0.5 h in
the observation group were higher than those in the control group (P <0.05). The levels of eotaxin, C-reactive protein
(CRP), tumor necrosis factor- oo (TNF- o), and intercellular adhesion molecule-1 (ICAM-1), and matrix
metalloproteinase-9 (MMP-9) in the observation group were higher than those in the control group (P <0.05). The
receiver operating characteristic (ROC) curve analysis revealed that the area under the ROC curve (AUC),
sensitivity, and specificity of TNF-o were the highest, with them being 0.900 (95% CI: 0.883, 0.915), 0.927 (95% CI:
0.685, 0.749), and 0.909 (95% CI: 0.629, 0.741), respectively. The multivariable Logistic regression analysis showed
that the history of blood transfusion [OAR =2.856 (95% CI: 1.185, 6.883) ], allergic history [OAR =4.334 (95% CI:
1.423, 13.200) ], the time from bleeding to transfusion longer than 0.5 h [OAR = 3.020 (95% CI: 1.329, 6.863) ],
CRP = 12.980 mg/L [OAR =4.699 (95% CI: 1.478, 14.94) ], eotaxin > 93.512 pg/mL [O"R = 3.124 (95% CT: 1.171,
8.334) ], TNF-a > 103.434 ng/mL [OAR =2.983 (95% CI: 1.501, 5.928) ], ICAM-1 > 225.901 ng/mL [OAR =2275
(95% CI: 1.210, 4.277) ] and MMP-9 > 401.915 ng/mL [OAR =3.962 (95% CI: 1.521, 10.32) ] were risk factors for
adverse reactions to blood transfusion during orthopedic surgery (P < 0.05). According to the results of multivariable
Logistic regression analysis, CRP, eotaxin, TNF-0, ICAM-1, and MMP-9 were included as variables in the prediction
model Logit (P) =-32.180 + 1.547 x CRP + 1.139 x Eotaxin + 1.093 x TNF-a + 0.822 x ICAM-1 + 1.377 x MMP-9.
The cutoff value of the prediction model was 31.764 for determining the adverse reactions to blood transfusion
during orthopedic surgery, with the AUC being 0.937 (95% CI: 0.908, 0.967), the sensitivity being 0.942 (95% CI:
0.769, 0.901), and the specificity being 0.964 (95% CI: 0.776, 0.925), and the sensitivity of the prediction model was
better than that of these indicators detected alone. Conclusions CRP, eotaxin, TNF-a, ICAM-1 and MMP-9 are
associated with adverse reactions to blood transfusion during orthopedic surgery. Therefore, these factors could be
established as red flags for the orthopedic surgery and be targeted to reduce the risk of adverse reactions to blood
transfusion during orthopedic surgery.

Keywords: adverse reactions to blood transfusion; eotaxin; C-reactive protein; tumor necrosis factor-o; inter-
cellular adhesion molecule-1; orthopedic surgery; prediction model

i 0 LY S ot R A L R A I 9 A A
At e, Al T b 38 25 K A9 I A i, D4R 8RR OE A Il
ML AR E AR A ALBE o A0 a4 A
AN TRI I 4 5 R e K, 28 T e O AL /N L 20 4R i
IR AR — Mo A AT 28003 2607 5K
R AL A R 53 26 R 23Dk A i - S R B DA
111 S 3 3 o | RS s o R DR 12 W
ST I3 g i i o A M AR B 251
A3 36 R L PR R i It A R AT T R A

72

I AR TR B 5 A HL R 2R AT A A
—E A R, AL ST, i A] RE G M A A
Bt A e [ Al o A R ORE A A RO 1% ~ 10%,
DAL o 5 B R TP R i IS AN BSOS R PR R
H H B S BES UG o e R TR 40 L A DY T
C [ I 5 H (C—reactive protein, CRP) | i J& 1 3t
TF o (tumour necrosis factor—o, TNF—o ) M 2 Jifd [] 25 Bt
43 1 (intercellular adhesion molecule—1, ICAM-1) 33
AP T S e i B R LA S8R Sz oy A Y E X T



Hal

ARIHE, 45« RS LS AN RSORS00 PR 3R TS AR 2 5 43 B

% MR 20 it B4 AL I F- L CRP L TNF-a &2 ICAM-1 7K
5B RS 5 R RN 2Z 8] O R H R G
WFFE o DR A 52 3000 20 ) i B T AR J il J A
RSN ) A A, SR W

1 ARSI

— g Bt
HIFRE PEBEER 2019 4 1 H—2022 4 6 A IUJI1E A
REEBEAT 5 I FARIGIT A 81k B3R+ AR
B LS M RS RSV ) 60 1] £ 3 VR SR IS A e
L: 1 BENLAN A AR BEA T B 3 F ARG T7 B 2 a3
T AR LY 60 151 £ 5 1 Sy X BRZH . % BECZ AR S P
S BE B[R] 5 05 AR [, HL TR R i s R & AR
ANRIN . HA gL 5 1 35 6], Lotk 25 ] 5 47 ik
23~70% ,F1(39.48 £2.74) % s AT KA . £ L
BB 166, BEE 1300, e A 1,
BT 76, SRR 5 ), SO 4 41 B
BT A0, XFHRZH T 35 ], Lo 25 ) 5 AR IS 24 ~
70 %, 1 (40.11 +3.02) % 5 B2 28 B
Pr 1490, BB A 15 B, i a3 13 60, Uk R 3T
S5 1 S R4 A0 7 48, SR R AT 3 8 B T
3., AARRE: DIER 18 ~ 75 % s QTEA B 14245
BFFAR HAF A i 48 1 ; @ WS AT 4 i il 5 A R
JL L2 WibR S i i A b ol A5 HO5 4 h N R
HR B A I R AR RN A B I A ot A G A
707 5 @ 54K 1 © LSRR AR S R R 5E 3%
HEBR 5 A - OLF U 50 LI Lo M s @4 I 2% Pk b g
QN B I RE S8 5 DBE I RE 58 5 i i 5 &
A BEHT 7 d BT EE 25 W sk bt i/ RAE 259 ©
ZRMEEIT: OZ 0 EABER > 24 he
1.2 FHik

BE AT EIT TR T RS LT AT AT 2
SCHC I T AR o 2 B PR i B2 AR B FE (2000 45
Ji ) YO aE ST B BRI S N BRI R L
VI (B35 2 A5 B0 I AN R RN, 5 & A ) 5 4%
TS i AN B 52 07 AT i B0 ) % 2 o B A ot B
R Il i ) FAS B Ry 2R A A7 At KA il
S, FREC R, IO SR ERE R AR W s
UE I S TN 1 1B67% AN e o (1 B A NI S o 1
et R R I B A BT AR AR SRR A G
sk S sl | % o 2 A e IR SRR . A B (i

1.1

IR ) R &R FTA EE HF KL S mL, A3 300 r/min .0
3 min, 4385 MLV, >R H BC—-5000 %44 15 2 1fiL 20 il 43
B ASC COR DN 02 i A= W) B2 7 ol 1 P A PR ) 0l
M 7 M i1 80 (platelet count, PLT) . Ifil 4L % M
( Hemoglobin, Hb ) 5 I B 928 WO BfF 565 enzyme—linked
immunosorbnent assay, ELISA) lll '¢ CRP, TNF-a, 3 Jift
£ )@ 85 I 9 (matrix metalloproteinase-9, MMP-9) , N
Fr AR DP-6MG it 16 e 22 51 385 23 A 3 (A 2 S0 B 72
M BB A PR 7)) 30 & i i 25l AR R A
FRZA w42 AL ELISA 0 7 g 192 1 R 4 i a1k X7, ik
A &k BT AE Il AT BRAS w R A, A% 2 IR
B UL AT AR 5 ELISA W52 ICAM-1, 3% 571 &5 th
R () A R PR m 4 A . FE R bR AR
LB AT, 5 R S BORE b B R BT IA S
JEUET LR E G, SRS AR Y 26, B
B ASCI 5 W6 BE AR TSR B

1.3 GitEH*

Bs 23 7 2K I SPSS 24.0 Go i fF o R R
DASE £ bl 25 (v ) Ron, R oR 565 114K
PERHAM I I B3 (%) Ko, LB R 2
FOHTRBUIE & A2 N &K Logistic % 4 BIF 5T, I
PA 32 X # T AE FR1E (receiver operating characteristic,
ROC) 1 £& 43 #r T A5 284 3 Al B BT AR di 1= A B
KN BZWi . P <0.05 MRG58 L,

&R

MAREEHRFARABMDEIERFZ LR

pUR ST S E Nl | D ENTE E | EREad (1 d a2
I 36 18], Ak O N 22 48] i il AH DA B R A far 2 461
[N i IS @ I N S € T <IN (1B G (T
S O ) A SR AR A i AR R I AT
FEBC G BRI 2> 9% (Hb (PLT H &G, 22 5% LT+
BX(P>0.05), PidlBEmse st ki E
Fiim>0.5 h lL#, 2R A 5% E X (P <0.05) , ML
ZH T R T AR T TR M A R PR T
CRP . TNF-a  ICAM-1 ,MMP-9 /K 55, 22 54 4
TR L (P<0.05) , WAL FXTIRAE . L& 1.
22 CRP.EBMH MMENXETF.TNF-a.
ICAM-1 . MMP-9 3t & £ F R #i I /5 A R /= 5z 1 7
ME

ROC B £E 7 M 45 1 B, TNF-o 19 i 28 T i 1

2

2.1

« 73



HEBURESAGE 94533 %

x1 PMABREBHFARMDERAIHLE (n=60)
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1) M E i (<05 h=0,>05n=1) CRP I E]> 0.5 h [OR=3.020(95% CI: 1.329,6.863)].
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