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Abstract

Objective: To analyze the risk factors for deep vein thrombosis in patients with severe craniocerebral
injury after emergency surgery and the predictive value of thrombotic molecular markers combined
with Caprini assessment on DVT formation in patients with severe craniocerebral injury. Methods:
We retrospectively analyzed the clinical record of 116 patients who were admitted to the second hos-
pital of Anhui Medical University from January 2023 to August 2024. According to the results of ultra-
sound of lower limb blood vessels after admission to the ICU, the patients were divided into a case
group (n = 32) and a control group (n=84). The medical records, the level of D-D dimers (D-D), fibrin-
ogen breakdown products (FDPs), thrombosis molecular markers [thrombin-antithrombin III com-
plex (TAT), plasmin-a2-plasmin inhibitor complex (PIC), thrombomodulin (TM), and tissue-type plas-
minogen activator-inhibitor complex (t-PAIC)], Caprini score and Carprini grade were compared be-
tween the two groups. Univariate and multivariate logistic regression analysis was used to analyze
the risk factors for DVT formation after emergency surgery in patients with severe craniocerebral in-
jury. The receiver operating characteristic curve (ROC) was drawn to analyze the predictive value of
TAT, TM, PIC, t-PAIC and the four indicators combined with Caprini score in DVT formation after emer-
gency surgery in patients with severe craniocerebral injury. Results: There were significant differ-
ences in smoking history, operation time, intraoperative blood transfusion history, FDPs, D-D dimer,
TAT, PIC, t-PAIC, Caprini score and Caprini grade between the two groups (P < 0.05). Multivariate anal-
ysis showed that D-D dimer, TAT, TM, PIC, t-PAIC, Caprini score and Caprini grade were independent
risk factors for DVT formation after emergency surgery in patients with severe craniocerebral injury
(P < 0.05). ROC curves respectively showed that the areas under the ROC curves (AUC) of TM, TAT, PIC,
t-PAIC, combined thrombotic molecular markers and combined thrombotic molecular markers with
Caprini score were 0.753, 0.773, 0.802, 0.812, 0.897 and 0.927. Conclusion: The levels of thrombotic
molecular markers (t-PAIC, TAT, PIC, TM) and Caprini score are independent risk factors for DVT for-
mation after emergency surgery in patients with severe craniocerebral injury. The four thrombotic
molecular markers combined with Caprini score can early predict the occurrence of DVT formation
after emergency surgery in patients with severe craniocerebral injury.
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1. 51§

TR B K ML T Bl (deep vein thrombosis, DVT)5 Jifit% 2 (pulmonary embolism, PE)StFR Ak i ke A4 2€
JiE (venous thromboembolism, VTE), IL4- 20l gk Sl it Co e « i 25 o LLANFE T 2R HE 44 i = (1400 10 5 R
Ji[1]. HRHE Tushar D Borde :4tit, AR EHE DVT HIA A RN 29%~43%, WA 25%[) 3 HBLIR
PRAEIR, &ZE PE KN 5%, FET-F4 9%4% 50%[2]. DVT #H KIGRIE, 75 #IkKEAEZM . =
JE PN HATR AAFEZ A DVT KA GG R MECIRES . KN TAENK, #ikEEiik & s . mgbikia
7 ARThREREAGSE, Y0 38 DVT Ik A4 Z Tt =[3].

PE 9 AMREAR J5 A KU P-4l 1A 2 L ——Caprini $£4), 458 7 2GR EFEE, OIHER. ).
FARIEAL, BRI L5, IREE AR T — A R PR AR AL . SR Caprini P23 72 T XU 77
A — & FIHERATE, (A6 = B0 BRI IR TR bR, FLgh B2 3B MR ZE S 1 sg ), DR G 75 2 3 At
5 ) T B e O R v A

AR F A E AR i — 1] R AL T n] BR IR T 58, E0FE B LIl — HUaE LB 111 554 (thrombin-
antithrombin, TAT). £Fi#E-o2-£F % B0 177 & 44 (plasmin-a2-plasmin inhibitor complex, PIC). Il 4 11
1 (thrombomodulin, TM)HMIZH 2R 21y g IR 05420 - #0157 &2 5P (tissue plasminogen activator-inhibitor
complex, t-PAIC) ¥ REAE MLAETE B FIA L, HACP AT DUR B N AR i S RAS . B N AT
A2 5 FAREY Z N T B ERFEAR. BRI FRETN DVT KK A[4]-[6]. @iddE
Caprini P23 FUMILAR > FAR &N, REWETE AT HLVT A B 5 RS DVT B, $m DVT B2, i
58 BB AR B TR FVAR 97 SN

AW TN RS Caprini VE4 &R 7> FAREMRIERE N, A5 At g DVT 2k 2,
R IR RS LR 2 A

2. ZENEH&E
2.1 —EER

=11 43 A7 2023 4 01 H & 2024 4 08 H i T2 BB RL R 2% 28 — b = B 1K) 26 B i 453 4 47 =02
FARIFE N EICU/NICU 1) 116 1B 3F (1095 T 00 RE. INbRiE: © RIS Rh 5 DA 5 350 B Ui 42 495 1 56 il 2
SRR FARM G, @ FEdH 18 A2 1 EE; @ AMF EICU/ICU KA >3d; @ AJFI3LEAT R
EHAERATL DVT: @ LERBIMEREM. HRirfE: © FARAGMEHENES: @ MAA Mk
T SR B LR 2 s @G I A [ A R @ BRI Bt PuiMREAY):; & & IR
RERRIGE: © MEURIABMZLIAE 2o @ JR I BERIAN Se B3 o AR i e 7 45 5 43 i 49 4 (n = 32)
X2 (n = 84).

22. A&

22.1. FERE
WA B IR IR TERE, BARIE . WO S ORGSR OB PRV /e L /P i 20 0L 38R
TREGVE R T AR L) PR R S .
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222 REWELR

MR I 2T 48 2 [ R &R =4 (FDPs). D-D - K&(D-D), M4 THr&dy. Ll - bt s N
BEWTAT). PR -a2- T WA BHIH]77 2 S Y(PIC) . MY E A (TM). 4R R LT IARE IR GEY - 30|
FIEEY(-PAIC), FT AN ICU3 KJGHHT T RMERE AL, ZWiArEARYE CER R K AR T B2 W fn
BITHER(E =/R)) [7].

2.2.3. Caprini #3E45

NEHG 24 /NS SLBREAT IR, ARYEAERS . BMIL FARISE] . MR S0P, AR EXT DVT
FE RS AR RS, K R R IR T 140 290 348 5%, M BEHH TG 09, Kk
S ARSE RS (<L 43) s a2 43) e S XU (B~4 43) Al ey i KU (=5 43) DY AN 25 4% [8]

2.3. MR

Bl A 5 2EL I G % ) DA K IAS 565 47 (PLT, FDPs, D-D, TAT, PIC, TM, t-PAIC), K R EAMZ H &
logistic [F1V=1 4347 & i 453 4% B % 22 AR5 DVT ERUAER N 2, SR JE @ 26 52 F TAER-E(ROC)
&/ #r TAT. PIC. TM. t-PAIC DLA A% 5 FAnEWBCEG Caprini P77 % 5 R 4 1 % e R
T DVT JE R TR -

24, GIHEFALE

K SPSS 27.0 BAFHEATGEtH 2470 AR LA AT THREBUR AL £ Az (X £s), 4LIE ELEL
P A5 s AN 2 IR A A K T B BORLA A A2 (DY A2 %50 [M (QL, QU)o  ALIA] LA AR 2 4 36 v
(¥] Mann-Whitney BTG ; 70 SR BURER G180 120 B n ()13, ALIRI BT 2 fe e o oRE 5 R 3R 0 A
hZE A G A SRR SRR ZR A T logistic B934T, i 146 5 i 5 R MU 463075 22 R s & DVT
RIS SER R, P < 0.05 ForfAgiitAE L. B DVT R TIIME R A ROC i £t 1745
M, TR I A(AUC), $REH e AU RN B fRr e . BURFEMZ) G455 P<0.06 K E
FRAGHE .

3. &R
3.1. FAZE—kIlE RFFAE

116 B3, o4 32 14(27.59%), XTRELL 84 14(72.41%), LLACPAIRME . FARRH . Ry
i s, ZHIR) 22 5 Guit 2 3 (P <0.05) . WL e I S R RO 5 SRR s BEAE TR SR
WAl s e, P AESRT 0.05, HAZERTG R LLE 1).

3.2. PEASCIEFTR

Wi 2H 5206 %= %ORHE s FDPs. D-D %4k, TAT. PIC. t-PAIC FIh i ¥uhm T IEwTaE, FpI4r
HAE R A TR . I TM SFEE TR A, WEIHE TM FEs T IEFEE, ZR9a45
TR (P <0.05). P4 PLT A8 E IEE VAN, ER B2 I 80E & 10 R, dH A 22 7 e it 2
A (P>0.05) (W% 2).

3.3. F4H Caprini W4 HIELEE

I 514 Caprini ¥£4 (13.19 + 2.023)4), XFHEZH Caprini $£4)4(9.80 + 3.606)%>, I 1l 4H i1 4 B &
TR R L, 4118 22 7 GEit 25 (P < 0.05) . ARAE Caprini P43 % 5 5 M 151 45 202 AR G g 3547 DVT
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Table 1. General clinical characteristics of DVT formation after emergency surgery in patients with severe craniocerebral

injury
= 1. EEMMNRAEERISARE DVT BB —RRIGRFHE

5 Xt B 20 (84 f51) I 1511 2H.(32 151) PZ 8 P

5 58 (69%) 18 (56.2%)
TE A [#11(%)] 1.68 0.195

e 26 (31%) 14 (43.8%)

a1 I 52 451 (%)] <) 52 (61.9%) 22 (68.8%)
0.47 0.493

& 32 (38.1%) 10 (31.2%)

W8 R S [451(%)] H 15 (17.9%) 7 (21.9%)
0.432 0.622

¥ 69 (82.1%) 25 (78.1%)

T PRS2 [451(%)] H 3 (3.6%) 1(3.1%)

0.014 0.905

G 81 (96.4%) 31 (96.9%)

BRAE TR 52 [451(%)] <) 14 (16.7) 2 (6.2)

1.329 0.249

T 70 (83.3) 30 (93.8)

MR S S 451 (%)] <) 36 (42.9%) 7 (21.9%)
4.373 0.037

& 48 (57.1%) 25 (78.1%)

R S [451 (%)] H 37 (44%) 11 (34.4%)
0.894 0.344

b 47 (56%) 21 (65.6%)
FANKINS, Xts] 2.85+1.762 3.96 +1.909 —2.963 0.040

A e L [51(%)] < 4 (4.8%) 7 (21.9%)
6.038 0.014

e 80 (95.2%) 25 (78.1%)

Table 2. Laboratory data of DVT formation after emergency surgery in patients with severe craniocerebral injury
2. EEMKIRGEESISARE DVT AL E 5t

F# Xt HE 2H (84 #1) 1A 2H (32 H1) 7z P{E

PLT [x10%L, M (P25, P75)] 171.50 (123.25, 228.00) 212 (135.75, 256.25) —1.146 0.252
FDPs [ug/mL, M (P25, P75)] 6.35 (3.3075, 13.80) 13.60 (6.252, 41.6175) —2.965 0.003
D-D [ug/mL, M (P25, P75)] 2.36 (1.5025, 5.9175) 8.5 (6.545, 10.7025) —5.819 <0.001
TAT [ng/mL, M (P25, P75)] 6.85 (4.6, 12.25) 12.355 (10.00, 21.425) —4.195 <0.001
T™M [TU/mML, X+s] 12.326 + 7.737 17.5309 + 5.036 —3.526 0.001

PIC [ug/mL, M (P25, P75)] 1.62 (0.91, 2.7425) 3.925 (3.0625, 5.470) —5.01 <0.001
t-PAIC [ng/mL, M (P25, P75)] 5.23 (2.665, 7.257) 8.85 (6.995, 15.6450) —5.18 <0.001

Table 3. Caprini score and classification of DVT after emergency surgery in patients with severe craniocerebral injury

53 EEMMNEESISARE DVT BB Caprini 19 RS R

SN W HE (32 1) T BI4.(84 191]) iz P{E
Caprini 1¥3[7r, X+£5] 9.80 + 3.606 13.19 + 2.023 —6.375  <0.001
Caprini 73 4[5 (%)] [y 53 (63.1%) 3 (9.4%)

N 26.781  <0.001
AN 31 (36.9%) 29 (90.6%)
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TE R ARG 43 8, PR 4H B8 3% Caprini 23 2 35 A S K fe, o BEZH b s /& 53 451(63.1%) # i & 31 451l
(36.9%), TR BIAH A EG 3 51(9.4%). HEfE 29 $1(90.6%), 54 Ak = G &t B = T a4 O
% 3).

3.4. HMEEMKRGEERISARE DVT BEBZER Logistic 54

Vo B R 2SR G R RAE DVT ENRAERE(GE =1, & =0), ¥ LiRpEEMrhZE
B G R AR R (R . FARRH . Rep#if st FDPs, D-D %4k, TAT. TM. PIC. t-PAIC.
Caprini ¥£43+ Caprini 7> 2)F -~ 28 &3#E47 2 K &K logistic [01H 047, 4558 BoRfEHES 7 M35, D-

D —%f{&. TAT. TM. PIC. t-PAIC. Caprini ¥¥4>. Caprini 7>Z%/& 5B k#0522 AR5 DVT (k7
fER R & (P < 0.05) (W3 4).

Table 4. Multivariate analysis of DVT after emergency surgery in patients with severe craniocerebral injury
F 4 BEEMRIRGEERILSARELRE DVT SEESR

fa s R 2 EVEEN 3 i Wald 2 P OR 95%ClI
WRCHE 52 0.64 1.727 0.137 0.711 0.527 0.018~15.571
FARB K 0.089 0.455 0.038 0.845 0.915 0.375~2.231
B TA i 1L 1.187 1.933 0.377 0.539 3.276 0.074~144.877
Caprini 14> 0.612 0.381 2.589 0.018  1.845 0.875~3.89
Caprini 732 9.021 3.43 6.918 0.009  2.754 7.963~20.315
FDPs -0.047 0.025 3.53 0.06 0.954 0.909~1.002
D-D 0.276 0.098 7.961 0.005 1318 1.088~1.596
TAT 0.038 0.071 0.28 0.046  1.038 0.903~1.194
™ 0.177 0.099 3.186 0.037 1193 0.983~1.449
PIC 0.745 0.338 4,849 0.028  2.105 1.085~4.085
t-PAIC 0.455 0.214 4,502 0.034 1576 1.035~2.4

3.5. M5 FHREMELS Caprini 4 *EEMNSGBERSARE DVT FRBI TR HE

¥ ROC HiZk4s B2 r, Caprini iF7). Caprini 734%. FDPs. D-D —%{&. TM. TAT. PIC. t-PAIC
BRI 2R N £ 4 R 22 RS DVT JEEK) ROC 2k R AR (AUC) 4518 0.782. 0.769. 0.679.
0.85. 0.753. 0.773. 0.802. 0.812, D-D K[ AUC i k. Tk TM. TAT. PIC. t-PAIC PYIHELA .

D —RAREA Caprini P43 AR IMLAR 73 Fh5 WA Caprini 43, 45 B R A2 7 TF5 £ A Caprini
frﬁ?ﬁuﬂ DVT &4 AUC K, 4 0.927 (95% CI; 0.882~0.971), ML i) R BUE Jy 96.9%, 45512 N 81%
(WLIE 1 F155 5).

4. W1ig

HEEMG ISR G BERAE DVT fFEE 2 afalE: 1) AW FAREEHTFRNEK, FAR
BRI R, REKINENRSEZ BN E, SEUNRRIMEH RIS LRk, MmNz 7
2 AREMARTEAR[9]. 55— BRI, 22T AREFARBIEIR >4h i, VTE KAREZEREIN[10]. &
Wt i, HREIARTFRFK N 3.96 + 1.909 /N, B3 mTXHRA R T, RIEFARR KK
K, RJG DVT MRAERBE. 2) fiKNFARRMSEEERALAERG, SRR &4
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Figure 1. ROC curves of FDPs, D-D dimer, thrombotic molecular markers, Caprini score, and a combination of indicators for
DVT formation after emergency surgery in patients with severe craniocerebral injury
[l 1. FDPs. D-D Z—E{f. M5 FHric4). Caprini W3 ARIBIRIKE XN EE MR EERISARE DVT FRH

ROC ph%k

Table 5. Predictive performance of FDPs, D-D dimers, thrombosis molecular markers, Caprini score, and the combination of
indicators in the formation of DVT after emergency surgery in patients with severe head injury

%% 5.FDPs, D-D ZE{k. M#4 FHricH. Caprini 9 ARIEHREKE X EE MG EERILARE DVT FRAT

Mz BE
fabr AUC 95%Cl BURE RN ABEE HE PH
Caprini ¥4 0.782  0.698-0.865 1 0.476 0.476 9.5 <0.001
Caprini 734 0.769  0.679~0.858  0.906  0.631 0.537 2.5 <0.001
FDPs 0.679  0.569~0.788 0.5 0.821 0.321 16.95 0.003
D-D 0.85  0.783~0.918  0.969  0.714 0.683 4.7 <0.001
TAT 0.753  0.667~0.838 1 0.524 0.524 6.945 <0.001
™ 0.773  0.690~0.856  0.938 0.56 0.498 11.6 <0.001
PIC 0.802  0.713~0.891  0.875  0.762 0.637 2.795 <0.001
t-PAIC 0.812  0.721~0.903 0.75 0.786 0.536 7.565 <0.001
A% 55 S VO IR & 0.897  0.838~0.956  0.906 0.81 0.716 - <0.001
M ThrEYECA Caprini ¥F5> 0927  0.882~0.971  0.969 0.81 0.779 - <0.001
D-D Rkt # Caprini ¥£4>  0.867  0.801~0.932  0.875  0.738 0.613 - <0.001
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TR, ST G S BEIR B MR 1P, SR B IR, (26 DVT R AE[1L]. ARBFF R AR 4
MmEFL 11 N, HAf 7 ARERA DVT, HFI4 21.9%, WCFLL ERFFgs . 3) WO CliE s
55 i £ 24 55 1 5 DL S A i R O AR R -1 AP TR R ORER, IRV R N B A s AL, 1Y I
AR BRI, TR S) 1%, g DVT [ RL[12] [13]. BFFERM, WRHZ VTE M7 fa b K 2 (1
FIR R [14]. BESRRMAIE AR DVT —ANa R B 2= B SCRE, AEASHIE S0 A I 3 5 58 o i 457 7 22
SARE P DVT BRI ER R R, nlaeSmplasEmOE K. 4) HMFEER: REMEHEBHE
WK 254 (an H B EE . HIh FNE . PRZEK &) I S U R, B0 AR T i R, T B2 S BB IE A
S, ERAUARK S B MR, S8 DVT (R AE[15]. Ix 8 i f K 2 5 4l 95 22 5% Virchow 42
HH IR T B = K TR 25 (B K LA %« B IKBE RS . LI = IR AR e FE — B[ 16]

Caprini IAS P43 2 H 5T /MR 5 R iR RS TR Y o 125 7R AR AR I PR 26 36 R O R 36 (1 B &5
G013, CIEFARMET MR RIGIE[L7]. PFFiaH, Caprini VP& #i & BT £ E DVT BRI R
R, H DVT R R A AR, ATRE A & Caprini B H RGN S5/ T A B35 DVT AT
RERHS & IR R, B P LR R . ARJG D-D —B4E K APTT KF FRL . RETEERALK
RN F AR R 25 (18] W7 KBH Caprini MARTE5 7~8 /i & 3% VTE KAEFR ik 52.38% [19]. A&
T 9 557~ Caprini V773 f 73 2% A2 5 B i 45143 £ 58 202 R G DVT JE RIS fG B IR 25, 00 o St
FEon DVT RARMA . B2 32 41 As & 2 (1)°F34 Caprini 434 13.19 + 2.023 43, Caprini 734A
Wi & 29 11(90.6%), 7B K oy Gzt i T4 IR ZH . [l N AMBE 72 i B Caprini #5528 §ii 185 o £ SR P i - A £
FHAJG 7d WA DVT [ AUC i 0.746 [20], #&RHEE AR DVT &4 AUC 5 0.701 [21]. R¥E
ROC %k, FltizH Caprini ¥F73 804 G0t 5 R il 4545 8% 22 R f5 DVT JEEUR) AUC Z351 0 0.782
H10.769, 5 FIRHFFL L WA — 5. P8 T O BUBBEAR I, (HRe 825 . BT Caprini PP4 BOMKHE 2
— RIVER RGBSR R R, S ZWIERTESS, SAETN DVT A — & R R .

A5 FHRED TM. TAT. PIC. t-PAIC J& MM A 7 EIi AL = K R 40 5 e AR i 2ds
FR[22], 7 MR T s A 3 38 B AR o AR 7 FAR EWAE DVT U BOw B R AR IR AE : 1) TEN K RS-
TM P35 FE I PN R T, 2400058 3 S AR AR, TM R R N If, S8t 2 ik FE T, R AT L
VRN PPl I/ P Rz 40 4 R P R 175 7% B M ) URR AR B [23] 0 2) FEBRIML ARG h . TAT &k P i iy A 470 5%
M 1:1 A AR T ST A, 1R g MR I RUBFESR, Tl RSB0, 758 M IhhE
SO AN AR T Rk T B 2 T i [24] [25]. 3) TELFVE ARG PIC ZABIEA MG S o2 LT 1:1
SEFEMIEEY), BRIET . AR A ERAS, R\ EOEREGSE . FEMRs), HAmER
VPRSI SR . 17 -PAIC SR LFVE RIS fG, P 1 t-PA S HEHIHIE T PAI-L TE RS &Y, &
WRLTVE R G TR TE[26]. BHTT AL R, TAT. TM. PIC. t-PAIC /K V-7EREINL - £V 22 Goiss it - B RN
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