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Advances in biomarkers for venous thromboembolism: research
progress and clinical applications
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Abstract Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary
thromboembolism (PE), is a common and potentially life-threatening vascular disease. Although
D-dimer is widely used for VTE screening, its limited specificity restricts its diagnostic accuracy and
clinical utility for risk stratification. In recent years, increasing evidence has demonstrated that a variety
of emerging biomarkers may contribute to the early diagnosis, risk assessment, therapeutic monitoring,
and prognostic evaluation of VTE. This review summarizes the biological characteristics, molecular
mechanisms, and clinical applications of representative biomarkers, including D-dimer, microRNAs,

tissue factor pathway inhibitor, neutrophil extracellular traps, fibrin monomer, thrombomodulin,
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microparticles, ischemia-modified albumin, E-/P-selectins, and galectin-3. The current progress in

multimarker combination strategies and their potential clinical applications are also discussed. Future

studies should focus on standardized detection methods, prospective validation of multimarker panels,

and integration with multi-omics technologies to improve early diagnosis, individualized risk

stratification, and precision management of VTE.
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W ko ke B R (deep venous thrombosis,
DVT) J2&— i UL A i Dk i e b ZEPE 00 , 298 1M
AR TE b 7E R K N BE LS o Bo R E AL

I3 2 18 Ik RE 51 R IV BEIR A . I Bl ik
%€ (pulmonary embolism, PE) J& L4 #2 7 FH %€
Jils s ik a8 G S S Ay A i TR ) — 2L 9 s B Il R £
BAE . HRT, PR b B 28 R il il A A 2E
i, AR R AR A R U TR B, T A PR O ik
Il # #4: Z£ FE  (venous thromboembolism, VTE) , &
VTE 75 A [a] i 851 58437 K o 2 B 1) 3 o i DR 28 B

R Z AT IR AR HS R BT, DVT B &k % A
20 22 52k s A s , e £ 204 BT
e s/ IR R RN, H AT IR YT 5 R AR L
Bk L g g met . BA RN EZ, DVT
KR AR — B R s 2 E AR T A
PE 1Y E OC AR ZS SR . 7EPE )5 B %¢, PE 783 38
OHE T R 6 2 S 10 7 A 60~120 1/4F, A
BE s JEA N 14% , 90 d i FE Ay 2097 ML ALY
12ﬁ1$%ﬂﬁ%5%1&%@%&£ (acute pulmonary
embolism, APE) JgsL, X & 7 RI2E 5T
Rl PR A M

H R, DVT Bl R i2 B F 2AKEE R 5 T B,
£ 35 88 5 MR B K CT L8 (CT venography ,
CTV), i PE #8412 Jr 1% 25 22 ili 3l bk CT it 4 1
1% (CT angiography, CTA) @ Jiliill < HEE BAR . &
M, A — &R & e, UEHE AN AL,
XF I R AR R UL, AR B 35 L2 I A AE R K AR
fEZEAT F 4012 W APE e Bk dsort o L, 408
(4 A W b 7 0 % T B AR VTE 1 % 95 2R 6 s 41
AAEEE L
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FerE . AL EITAFERM MR IR, X HETE
AR MR VTE 2B 9 b 3 W M L PR R # 18

fTed, LI VIE G HEi2 7 it 2 %
1 D-ZTEBMK
D- “RIKZEAYEE BT R E AR AR

GOy )E 0=y, XFT DVT 2 Wi i U ¥ 5, AR
i, HARER RS = AR PR SE R, HEE S 4
A YRS, — W, A
>35 % J& D- ZRAKACE T m o fE R &R .
— Tk A H A B A 5T R AT R
B AR 497 BRI, R ETTE AT R 32~37 JE D i 1 i
D- R AKIKF . 455 & B AT UR i 300 D- — 2R
PRSP i A DVT B9 80H v BE B o T 55 — T4 A
3k 700 19177 5 A A AR g — 2B A T D- R AR AE
IS W e 7= R 5 & A4 VTE 6% .

1T b SR 2 DVT B 5 /8 ARE, D-—
5 A A 5 A5 e 98 S8 2 DVT 189 & A= J7 Tt Kk B
5% o D= RAR KT 19 38 5 9 6E 36 97 W (8] VTE (1)
Eiﬂ@%%ﬁ%momméwmAnwwn
W95 TR B3, N Caprini KUK 34 455 %1 il D- —
%WTﬁHﬁﬂa% E%ﬁ?*ﬁ/ﬁﬁtF%%iﬂ iRl
B0 XU 43 2, 3% — SR B ) 2 W T DVT/VTE
o TS ) Gaof—r“”i‘mtﬂ . v s 41 i —
B 40 B2 b {5 (neutrophil-to-lymphocyte ratio, NLR)
5o/ Mz - ik B 28 M LB {H (platelet-to-lymphocyte
ratio, PLR) &4 D- - RAKK M, v W F LT e

HHr ARG DVT 75 5 5 HE

AT B 2005—2020 4[] 2 585 4]
TR H BRE PR 04 AF R I AH G M VIE JE . 7R
33AEMMRH TN, 395 Bl BH L T VIER K. D-
T RIRMREE<] 900 ng/mL FBH B AR RIS AE RFLE &
BN IN 2.9% F1 11.4%, D- — AR >1 900 ng/mL
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BB VAR S AR BB K 5050 0 5.0% F118.3% o
5 R W R, 7E VTE 2 Wr il & 19 f 1% 0 23 67 %0 N
9 D- Z R AR K- 5 BAR Y 52 & KUK AR OC, T T
P VTE &2 & KB AR 19 & 2 o HB AR5 R,
X T HUEEIR ST VAR VTE B, kil D- 2R
P V- P E R A S K BT BE I ) O R W 2 g,
HARE A )15 0 ] B D- B AR M S+ o 20

D- Z R PE A BUREE A, HHOK P32
Z MR, WA AR B A B R
SRR TR BRI SRR Jaouen FEPHIE
WA 21 2 25 11 5t A9 BB K 1 9 B 7Y D- — 3R A
(AL AT 7R AN 52 0 R 31 AR R B9 D0 T 14 PE 12
e MAh, D-ZERAMAOKF R R APE B kAR
Bk GHFEARFXEE S, THEE
COVID-19 B Ge R AT W], D-— 3 A fy i 22k ik
—Ah i,

PE ZZ AT W EZ RN Z —. BT D-—
ARG 1 S B AU AR, T AT B8 L PE (14 22
JAHR B 4 52 CTA B ACHE TE A, 3 7 ol A A 4T
W R EAR LA R ) B 85 o 15— TR RAE The
New England Journal of Medicine I, ¥ & %€ bl PE 42
IARRT IS PERE 0, ARG T DVT ., i LA K
PE (UM AE, FFM4E T D- W RAKF . fdix =4
PRAE 2R3 2 B D- R MAOKPIE, 505 L =4
s o TP R — 30 B 2 10 HL D- R ARG, D HE bR
PE. i JH M5 A6 A in AR S, i A R HEBR PE Y &
BN A2 W B bk CTA K e o B HIZ B, 65%
TE U U 50020 1 S8 3 R 329% 7 G B e 40 40 1Y
BE S DL CTA Ki 4 o The Journal of the American
Medical Association™ % &0t — i IEM X A T
3 346 (] BE PE L, SR o, SEER D-—
BB AR L, 10 I PR A AT A S AR 1 A
By D- T RAEBILEMAS A, EE2NRETUE
JEHERR PE

2 IMiERUIMEZIEZES (microRNA, miRNA)

I E miRNA & — 28 N 6P 19 HE 44 % 7]y RNA
Wit E K FREREERL, TES 591
WaE . A TR RSE O, B A K
miRNA NS 5 VTE W) & A KB, 876 13 W

DIREVAHE © RAE RN . BE I B 2F %5 O i 45 2 4 38
R FEE AR, B A 2 BT W R
RIS W FG Y7 B A

WG, TEVTE B9 & A HLH J7 T, ¥ 4> miRNA
Fil 0% 38 o VA P9 K2 A B T RE . R RN K i AR
S5 MAIE R . Wang PR A B, miR-150
AE % 8 of ¥ ) 0 BB N 2 M 40 2 (endothelial
progenitor cells, EPC) iz 368 J1, 781k W A2 i
EPC 5 3 K i #2 7 ff% , $2m ORI b sy, o
HES S5 MmEBE SR, Ding 58— 4 0F 5L,
miR-204-5p 18 o #11 # SPRED1 35 , 0% 145 1 &
AKEF (VEGK) {55 i@, & EPCiT# |
1278 R i 48 A8 i, DT I DVT R BB 2 1 i A2
W o 31X 25 miRNA 3@ oF 3% 42 EPC DI BE, 7E I #42E
B W HLAE 5 PR R R AR .

S —J5 T, #B4> miRNA WA S i 44 J ok A
5 #E % . Zhang %5 % B, miR-181b-5p £ DVT H %
i B, @ N HEY2 SRR R R, i
S N R A . Han ZEPURTE , miR-128-3p
L 25 G SIRTL BE K, A F P R 4t B 0 12 S 98 A
TR, M HGE DVT 2EJE . Qiu 255 i A 7 )t
/N, miR-2467-3p/ABLIM1 %l 38 i 9 72 48 1k 1 3 5 R
FE RV, A5 DVT I8 5 0k i o X S 58 48 7R
T miRNA G & BN . WG RIEEK S S
MR TE B WML

B AL BF 55 41, miRNA VB R 96 38 4= ) b i
I PR L A Bt 52 ) )32 Oe T . Xu SEPg T
miR-125a-5p . miR-223-3p Bk & D- - K )12 W AL
R, WERRTET DVT 090 A sk g o EAR 2,
miR-223 & # 1IF 52 AT 4 i) NLRP3 48 5 /MA , 3 1
ek o v i RS (1WA N TS A (o I € e A e o v
fifd Bt 4175 3 M (neutrophil extracellular traps, NETs)
o B B i A% it J vh R FEMR AR, X B R AN TRl A=
Yibr & W Z 18] mT BEAEAE VR 2 LTI & o

i BTk, I miRNA A AXAE N VTE #4961
W bR, S R N R D BE . ARORE B
BE T REAFBERG, WES S MY
AR AR SR, H AT 2 RO S AT A5 B A G R
AT B, HLACHE I DR Y 5 UE L 4 A [A] e TR L
(I oh i A5 H miRNA 195532 ), DL KR [R] miRNA
22 1) 9 58 1L ] AT AT o B A
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3 HLREFIE K H F (tissue factor
pathway inhibitors, TFPI)

TFPI & — P B PN Bz 200 M 53 6 1) R SR L 2 11
XTAERFME ARG E R GEE XHEE, R KRV,
TFPI {955 0L A8 5 5 VTE () & A= S YA S0 i 4%
WHET — gy At 28 000 44 5 3 1 K HLE A
FIBFE . TFPL B B 5E L] 3 2 AL 55 T8 A TFPY/FXa
HEWULAEEEMNITE &Y (TF/VIa/Xa/
TFPL) , MOT 30 1 BE 1fi . 2021 4F, Cao ZFWJF T
— I B s B BEAIE S, BT TRPL7E B 45 /B 3
TPER . BFFE KRB, 5K LA DVT A1 B
AL, DVT B3 5 TFPL AT 5E G P 8 3 T . R %%
B SE T TFPL W) UA 40 BRI ) Lo A8 Fe AR A0 5, 3T
il 7 H AR IR SR . IR, TFPT K19 T 5
FIAE KB T DVT A8 35 X R P s B RS 1 0 P
No E— 2 BIRESE R, TFPT A8 % e 3 o
Pl REHL A HEME . — 94 A 898 il A i £ 4 1)
Z s BAB W 5 s, 7 B 7 B T 24 A4S A
Hap, 67 B (7.5%) k4 VTE, 387 f7] (43.1%)
BT, FEZARRTHT, PR T AR . MR E
FEZERUN A W15, TFPLZKSF5 VTE KU 3 A1 56
HARSFEWHE— B, BERWD-—RixkY
TFPL AT Ak VTE XUBS: 43 )25, 2 i s A8 f8 3 IR 51 4%
R, L, TFPLZ 80 B WU DVT (A4 ¥ b
Y, RN R AE A M RR A S R R KU
fily

4 NETs

NETs J& FH DNA B 28 . @& A . BOR o Kl
W A ) ARG, e ELL AR . g
JL R I /S A ) G RS AL, BRI B - (A
XIUHETF), JFHEMRE & AR, & VIE &M
KA OAE S, Liu SEEE X 81 05 8 3 A
FIRE PR A 5T 2R, DVT 883 1 3% N #efk 41 & A
H3 (citrullinated histone H3, H3Cit) ¥ B 3% &5 T
AEDVT AR 2H, #2785 NETs 2 58 375 DVT #9975 3

H%%O
AR, KREMFITUESE, NETs 2 % 4% RAE 5
AR ) B B, A VIE & AR & ek #2 bk

ECHEAE ] o NETs A RE S 11 S il fe A B Y 2 28
i 2 /A R SR R AT 4 SR DR, ]S B I
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PR SN, — AP OR S RE R I 22 ) Y A A
Jil o JET NETs 76 VTE & A B B0 AT, B W
ORI AT R T B W ARG )T S Ao HET A TSR
F2 AU A2 JE NETs [ i 140 ) NETs JE B P K 5
mo lan, WA BEZBREEL (deoxyribonuclease I,
DNase 1) AE4% 2¢fif NETs 711 DNA F28, A i gk 20
MK TE ] o Pefia-Martinez ™"} 5% I 75, DNase 15
ZH ZUHY 2T 155 il IR0 R K G 0 T 52 B NETs 25 44
58 AV AR, BCE— WA R BRI . AR,
ZIERAFTEWAE B : DNase 145 #Y NETs 53 fif 7]
AEFEBEE BEC 7> (AR F . MMEE ) 1R
T, 5 K SR BB AR AE S N el A ZERY I Ah, DNase 1
TR R, R B 22 Jm BR T Jmy 3 4 24 5
P Bl B v ke T B KRR ORS 2 R B B W 4
(peptidylarginine deiminase 4, PAD4) i il 51 W 7] 35
ik BHL T NETs B i & S8 50 ke Ve 1T . H A AF 98 #40s
45 (1) PAD4 A 3 (9 21 25 KR R AL 2 1 ] NETs
B OGS 20 B, AR S A R (40 GSK484
Cl-amidine ) 7F 3l )85 Y v i B0 A0 B 4 1) 47 100 4 A%
R (2) v P bz 20 i 55 Ve 2 A PR nT BE W
NETs B (3) $8 1a) P4 ) 192 35 ol =0 b S8 4821 3R € 4%
1T Be IR BIE S AT i) NETs A 78

LA AIESE . M NETs B2 ATERT7 1% )
EAragE EAR . (1) BB ) NETs 598 AT
T LA TE 0 B XURS B (o . TR
) AT, SEATS VTE B9 — 2R Hmg ; (2)
FURRSRPE . PADA SR GA T I 40 M, A ) )
JIE BN BAR , H/N e 125 B 1R AR W A
JEPEH, WA TR ) Zatk. Bk
R fif NETs SR R, [H AT RE 1% & 48 5E I 1 BTl &
P BE R oy 2 B, T A0 P L RE 4R R HLIRER S, BE
A R BB KUY, A Ik, DNase T1E & PR3
Fa P ATS BT A AT AR R R RN . AROR TS
it E— 2 R R M 28 TR 1 3K 5 1 T I B R N
o NETs @i Z HALH S5 AR, Fxr H
fifp B A A ) B SR BT R A T SR A T TR A
H B 550 4 ) 4 ) NETs T2 By b i 1 $05%
W, AE HC G PR e A AT 5 A DR A W b R 3 25 e
25 2 I ML A 55 ) R

5 $F4FEHHBE(fibrin monomer,FM)

FM O i 2 R0 30 A OC B AR R T
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D- TR AR, FM KT (4 T 36 e g e AR, 4R
7 E AL G o PR, FM OB 7E DVT (1
W2 Wb B BAEM D, Akagawa SR
I T B bR A 4 4 G R B AT RE 5 i R G KN AR
K, BT, AT B TR FARE &
F MR bR 255 DVT I A B 22 a] (5 AH S 2k
29 BT FARMEHE S, 9 (31.0%) KRIH
JCHEAR Y v DVT, 1 16 (3.4%) FRIA JCAE R
13 o DVT . JoB & Z MR %, St o B,
HAERGHE 1 KM FEM M5 i f R FLE 2 A G
H A 7 5 W53 D- SRR M B0 . A HEBR
VTE L%, Bl TRREM, AR Ti2W VIE,
T B — Py R SR BN D- — RAKTE VTE 2 Wi th
FHME, W b AT 8 — 50T RE 1 A 52 T R ) D-
RAKF A EVEA A E A PARE 5 (soluble fibrin
monomer complex, SFMC) #4145 7€ VTE 12 ¥ i (1)
AR, X IER X 109 44 323035 10 1T B 1 00 92 ) s
i 52 3K (19 D- Z AR SFMC K-, %, AE
41 2 D-RIRG R BN ZIXE S, 17H/8%ZK
H W2 W B AT VIE, SFMC i il 28 F 1m0 FL o0 0.848
(P<0.001, 95% CI=0.722~0.974) , 1% 1E I F N
10.0 we/ml (R E 58.8% , 455 100%, P
MAE 100% , BAPEFIE 77.4% ) , ZBFFERIN T FM
YE 5 DVT #5759 19 7 76 7T B8, Imuro P00 R
XPFARJEH 1R EMAE R = 0 B3, NPk 17 88 75
A LHERR VTE. R0, H A% 488 i 1 B v i 52
B, H RESL 2GR E, TiE—2
R RAE W, FMAE R EE R bs ik, 76
ARJGDVT By B2 v B w2 M, JCHETE
D- R AR K- 55 TR R R A IR R T, FM
MW XTE RS . KRB — LA FM
(4 A I 5 32 9 1 o FL 2 Wl (e, DL o R
£ VTE R 2 Wb i v g .

6 Im#iE¥ = (thrombomodulin, TM)

TM J2& N B2 4 M S Rk py 5 IR 1,
LA S PUBEON . A SAE S HES N B e
PR PR LS RS S Z oo W DIRe, O R4S
PN Bz A 0 8 B 4 SR T AR BT B I
s, DVT KR JEE e, W R RS KAl 5
K BE M- PUBE R G B A UM . U HHERHE B
B, RIEMA LS T A TM RBMWH 5 HANF

(tissue factor, TF) & PEBE 58 A0 R /E ., © 9% #f
TN DVT P Bz 2 8 25 6L A9 B0 9 B AE DY SR it
KM Meta 4 HF XF oo B WY E R
( thrombomodulin gene, THBD ) c.1418 C>T £ 25 M X%t
VTE &AW sz 47 T 58, AT 2 980 4] VTE
BB DL SR RRZH 3 649 191 f S, 45 R & 8L, THBD
c.1418 C>T Z B 1E 5 W AR VIE M C . TM fig
V58 1ML T DA A2 2F R P AR 1 A AR R B EE Y, OF
PG LR M HI Y (fibrinolytic inhibitor, FI), I,
BAERT 1 IR TE R B T E A

£ COVID-19 Ry AT [E] , T™ 78 5 i H i 7
Bl R A B o L AT G iR M I R X5 e B T
TM 7K - %F T 2 BUBE )R 95 28 % JF & PE B A — € 1)
WM E, RBEAEES ST RENHRAAT
2020 4 4 J1—2020 4F- 10 J # 66 i i\ COVID-19 &
Je B (40 B H BE O, 26 B ) A9 4
XTI B, SR ER, A3 (45%) K4 PE,
W FE RN 7.5% . Logistic [F1H /R D- R4k | M
R T, vWE:Ag, TM . H 4R . e xd o ks 4
JL 3 BSORT I 21 8 11 KT 5 R A O

7 M A

OB 2R A2 A T 100~1 000 nm 78 Rl A4 55 4 4 3
G54, T A0S AL EURE R T A, LA B
m RS R T R OEE M OBEIR M 2 AR
(phosphatidylserine, PS) M TF 2% 35 K & Y] A
RO RS UESL, PSR Ry QS AR BE RO AR, Hk
TET % 5% (14 PS 3E 4o 5 B 1L K5 V/VIILRY C 254 U
TEasa, BB E S dRra, B
M BE P S N R . TR R ST s, b
T8 AH G DVT /Y SORLBIL 1 45 525G T . O A 56 [ iy
b = 2 B Y — JHUR S PR A RO R R, %A b
Jo8 65 3] £ 3 TR 0 3R AR 8 T PH Y SOk A9 S5 8 T T
Wk IR, B DVT & A KUK s . SR,
Stark 451V o8 5 M g 5E A S G & L, fHORE 2 T
JIE Tk £ M52 Jig 1 412 5 5 ik B e TF, s 1) 9 B
%L 53 BCR] A B VA TR AR G DVT 1458 24 Bt 5 K
W, 3X— & BN AR G B AL Bl kAR (EAS
BT, BORLBR A S BE 0 4R SN, AT AR
miRNA % A2 )35 5 7 7 19 32 iy 20k, il g EPC 5
TS PN B 200 L 1) A 3t A A I 3 S ) I A PR 05
S % U 5T 15 S TR AL, (R ORE S R 23 S A 1
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WG —, HZ5DVIIE W 5 5 B 47 1 5
Wo HONRBEMIE, BA O b = 0 ok G
W7k CINUREE | Fe 5 BB A9 AR AL 56
W, S EUHAE S DVT 2 W7 bs 36 W 04 i PR 1 AT
I ENE 5:8 NE

Rezania A1 BA7 5% I 3R 2 200 92O floek 2 48
Brid, XF L APE (3 55 fd B G5 1 2 9 i 25 ROk K
V-, R BLAPE 4ok ik B B BT T R B
HE— 2L BT R B, ORI SF- 5 1l R 2 5008 A W)
Y (I D- R FYEE AR AR
R R A IR 2 42 T APE B9 S50 2 Wk iE . R LA
S 0 BOHE S A BORE v B T e A L A IR 2 A A A
KAk, AE R[] R i S7 W AR A R G, kT
e, AT 2 O RIS PR A S AE ST, Bl A
APE 21 1 )5 BIORL A - B I P P AR AR, HE AT R T
PUBE R R J5 04 3h 25 U, DR G Al Bok:
T AR 5k B R LR W s (B BT ST R
T i PR ) A PR AT R T R D S AR A ) TR
T 7 52 B 2 T 97 54 s PO TR AL

8 &R I 1% i B ¥ B (ischemia-modified
albumin,IMA)

IMA J& H 36 M40 A BE A 5 P 3R 2 oK g
S5 KE A8 M T T R — oy AR AR I AR Ok,
Z 4 FHE VTE H i 78 3000 A {8 3 85 51 R DG 7 .
Wi I, A ISR PEAL T IMA X VTE (%) 1
MIBE ST, &5 R 25 175 IMA I BAE 5% 2 M 0.40
H X VIE 1912 Wr B B o 53.85%, 47 7 8
85.96%, HE/nILEAT —@ WA S, L ER
SR T RIS N S B2 (AN, IMA K
ViR 5 APE 9 1 M E R B A — R R Hk . SR
FW, & APE BE LT IMA KF B 3% & T
fiife ¥ (P<0.001), HPBfZE APE ™ 5 F2 5 () 14
Ji, IMA ZKOF- 2 3% W T O, sk — R IR
/N IMA T REFE PE Al APE fB & B30 KBS 4 J2 b B
—ESEME., SR, IMA 1€ APE 2 Wi b (15 14T
FEES WL FMAMEIE AR B LR g5 R, 45
FREXTHE 4 5 APE B 2 8] (1) IMA /K 706 B 3% 25
SN PR IZ AR bR e S0P i B R G 2 W RE
MREARRE . XFIFITEE A —5, nhES &0t
FABER IR A E AR 25 . BIFERNN . FF
AAb PR Ty AR A, T — 2P L A
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. HBREENZE, HAETEZ IMA 5 VTE/APE X
WK A 90 2 R /INFEAR IR RVERE ST, M= 2 |
KB A 1R PE I R30S R BRI, KRR BESE
N5 £E T BB IMA 76 A [A 25 8 VTE B35 th i sh 485
AL PLAR R I A, O A5 H A AR ) bRk
WHEATERA o AT, LA A1 b PE Al AR VTE 2187
o 185 VPAk e 100 I 40 W v ) i R A1

9 E-EEZHR/P-IEEFEE

E— T £ 35 02 — Bl 0 kP4 B2 48 i 2% 35 10 2R
H, FEAFETHEMEERLD, S5 P-®HEER
S5, e an e S RE TR AR, NI 2 5 B
I3 AR, Myers 25V S S0 56 H S T E- kR
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Table 1 Comparison of classification and characteristics of biomarkers for venous thromboembolism
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Table 2 Multimarker combination strategies and clinical application scenarios for venous thromboembolism

ki Heps LA e AR B i
fifi e S HERR D-— 54k I AR 2845 8 A BT BB 5 DA WU N A& vEe =
RJGHI DVTISHT D-ZF{A+FM FM T D= 2R 1, 5 B T HE SRR S B B LY
PR A S AR AU 232 D- B A+TFPI LY PP AN IR S T R = e AR, 46 5 HiB rf
SOREAH D IMAR PEA D- " BA+NETs+Gal-3+CRP  J B 485 5 1 A2 15 & FHR-POEIRGIRIT B
APE = BRI 432 D-ZE{R+IMA e UG OSBRI B SR T e LR
MEHER TR (525 D- RS WM+ A TR A S A AR TR 2 v IR AT B

RIS W
miRNA 21 415 miR-125a-5p+miR-223-3p+ miRNA W 265 5 5 I 3T PRFHS W 5 —
D-_Rik

http://www.zpwz.net



1246 W E L

#AFHRE

5 35 &

1 1 IL.\—H lﬁ%tﬂ

BT R XA A Wb A W R AE e H R Y
SrMT, ZhREPEA R E A T VTE I K &
PEALAE A T B T ) o AR AN W) I PR b b A X
PRI AL A R WG, AT AE O v R B Y [ B
T2 Wi s 52 B, S E N B A R AR KU 4y )2
HAREE S, AR R &Y Z 8] 7] GE £7 78 R
JZRHLHIIBE 2, 0 SORE VR 45 43 T 55 6 1l 1 B OC B
B Z B M EAER, X k24 5G4 4t
TP KK, TRNE N THIIAED
s 75 0 K I 7 v b HE A ﬁﬁkﬁﬁ%%ﬁ&
G| 9530 22 b 75 ) 41 A AE S TR NBE HP 832 B AL R
T AN {A w%ﬁuwzﬁmﬁﬁmﬂ%%Mﬂ
WF5E, I TF 8 T A 28 U 24 PF Al DL B o AR 20 3%

SR, MiEZHFHEARGREL R, &
PR 2H 2 o AR 2 27 B 5 40 Bl Y 45 T B ol R B
B A Yy bR R W B AL TR T R A LI . BN,
PN I A4 SRy R B AR R, SRR B B A
JiL TG AR S Lo /N B T B S R I e bk s A
PR R S0 2, snT DAL ) U Sk AR A A
W 2s (. BeAh, I T AR I A B R 19 916 B ik e
DNA . PN JZ 40 it ok R B4 4 6 A 55 3 L 43 b X 42
A Ji B 7E BioRE A O il M B B & M VTE IXURS: BF- Ak
TR R ) o e 2 H bR & SE B VTE A B B —
E@“%%—ﬁﬁ”ﬁﬁmﬂ“ﬁ@—ﬁ%;ﬂwwﬁ
J7— KW B 11 4 ] 3 B A B AR U A
Z UGN IR R A8 FHUEE T REULOR | ﬁu
¥ JE 25 A AR RURE o MY T RO, DN B OE Bl
e RVER R RIS HE R

VTE 15 A It R 5 UL 04 A & K AR 4 i 2O,
W12 Wy Ka or v T e AE R B ROE T s B
AEBEE S, EHERT, AW &m0 E 8%
HE—2 N . H AT LB AR Wb R i L K
JE 20 % RNA, PR RNA . UUES 2 (55, H H 3 51
VTE 55 AN S, AIE MR miz Widgbn . AT
EAHH, BT D-"RIKZA, MARA T —FhA4: 4
bR W e iR ) . 2 VIE, B0k B
BE R A A, E B RS o B 2 e 2 2R
() &R, 22 hm a2 W0 6 A 4 DU RN AL 1 3K 3h (%) 25 4 B
AW e B A VIE S HE 2P B B )y 1), 428
W2 VIE 85 B 28 50 2 2 RS fE BR 2 A, 2%
UE B A KIS .

http://'www.zpwz.net

VEZ TR ERR . T i rie M, kb kL ik,
MIEEE; WEAF. FLARATXISE RS Hik; &
#oh . BE B R TSGR YEEE, FRIA,

M@ R ALY FAREEMNZTR

[1] Beckman MG, Grosse SD, Kenney KM, et al. Developing public
health surveillance for deep vein thrombosis and pulmonary
embolism[J]. Am J Prev Med, 2011, 41(6):S428-S434. doi:10.1016/
j-amepre.2011.09.011.

[2] FAF, XUR TG . HUAR I W B Re TR T IR I AR TR i 1o

FHEAR 55 R B 1], v 358 AR 24, 2025, 34(12):2552-2560.
doi:10.7659/j.issn.1005-6947.250574.
Tian X, Liu JL. Mechanical thrombectomy for lower extremity
deep vein thrombosis: current evidence and future perspectives[J].
China Journal of General Surgery, 2025, 34(12):2552-2560. doi:
10.7659/1.issn.1005-6947.250574.

[3] Z=4:5, Rdde, X%, . Aspirex HUBIE 36T G075 2k T ik

DRI K AT IS I T2k 0], S S AR 2R, 2022, 31(6):
735-743. doi:10.7659/;.issn.1005-6947.2022.06.005.
Li JY, Liu JL, Liu X, et al. Clinical efficacy of the Aspirex
mechanical thrombectomy in treatment of iliofemoral deep vein
thrombosis after trauma[J]. China Journal of General Surgery,
2022, 31(6):735-743. doi:10.7659/j.issn.1005-6947.2022.06.005.

[4] Ortel TL, Neumann I, Ageno W, et al. American Society of
Hematology 2020 guidelines for management of venous
thromboembolism: treatment of deep vein thrombosis and
pulmonary embolism[J]. Blood Adv, 2020, 4(19):4693-4738. doi:
10.1182/bloodadvances.2020001830.

[5] Galanaud JP, Sevestre MA, Pernod G, et al. Epidemiology and 3-
year outcomes of combined oral contraceptive-associated distal
deep vein thrombosis[J]. Res Pract Thromb Haemost, 2020, 4(7):
1216-1223. doi:10.1002/rth2.12409.

[6] Keller K, Hobohm L, Ebner M, et al. Trends in thrombolytic
treatment and outcomes of acute pulmonary embolism in
Germany[J]. Eur Heart J, 2020, 41(4): 522-529. doi: 10.1093/
eurheartj/ehz236.

[7]1 Lehnert P, Lange T, Moller CH, et al. Acute pulmonary embolism
in a national Danish cohort: increasing incidence and decreasing
mortality[J]. Thromb Haemost, 2018, 118(3):539-546. doi:10.1160/
TH17-08-0531.

[8] Freund Y, Chauvin A, Jimenez S, et al. Effect of a diagnostic
strategy using an elevated and age-adjusted D-dimer threshold on

thromboembolic events in emergency department patients with


http://dx.doi.org/10.1016/j.amepre.2011.09.011
http://dx.doi.org/10.1016/j.amepre.2011.09.011
http://dx.doi.org/10.7659/j.issn.1005-6947.250574
http://dx.doi.org/10.7659/j.issn.1005-6947.250574
http://dx.doi.org/10.7659/j.issn.1005-6947.250574
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.06.005
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.06.005
http://dx.doi.org/10.1182/bloodadvances.2020001830
http://dx.doi.org/10.1182/bloodadvances.2020001830
http://dx.doi.org/10.1002/rth2.12409
http://dx.doi.org/10.1093/eurheartj/ehz236
http://dx.doi.org/10.1093/eurheartj/ehz236
http://dx.doi.org/10.1160/TH17-08-0531
http://dx.doi.org/10.1160/TH17-08-0531

5 6 1]

PR, 56« #5422 £ AR R A Y B R 5 1l R B A 1247

suspected pulmonary embolism: a randomized clinical trial[J].
Jama, 2021, 326(21):2141. doi:10.1001/jama.2021.20750.

[9] Le Gal G, Robert-Ebadi H, Thiruganasambandamoorthy V, et al.
Age-adjusted D-dimer cutoff levels to rule out deep vein
thrombosis[J]. Jama, 2026, 335(5): 416. doi: 10.1001/
jama.2025.21561.

[10] Miyamoto K, Komatsu H, Nagaya Y, et al. Changes in serum D-
dimer level and effect of enoxaparin sodium after a cesarean
section: a retrospective study[J]. J Matern Fetal Neonatal Med,
2022, 35(3):509-514. doi:10.1080/14767058.2020.1725884.

[11] Miyamoto K, Komatsu H, Okawa M, et al. D-dimer level
significance for deep vein thrombosis screening in the third
trimester: a retrospective study[J]. BMC Pregnancy Childbirth,
2022, 22(1):21. doi:10.1186/512884-021-04353-9.

[12] Chen XY, Jiang HY, Zhou AP, et al. Is early bilateral compression
ultrasonography and D-dimer monitoring appropriately for
prophylaxis and diagnosis of deep venous thrombosis after
cesarean section women: a single-center observation study of
Chinese Han population[J]. BMC Pregnancy Childbirth, 2024, 24
(1):181. doi:10.1186/s12884-024-06372-8.

[13] Nakamura M, Sakon M, Sasako M, et al. Association of D-dimer
level with thrombotic events, bleeding, and mortality in Japanese
patients with solid tumors: a Cancer-VTE Registry subanalysis[J].
Int J Clin Oncol, 2024, 29(4):407-416. doi: 10.1007/s10147-024~
02475-6.

[14] Zhang WM, Sun RZ, Hu XQ, et al. Caprini risk assessment model
combined with D-dimer to predict the occurrence of deep vein
thrombosis and guide intervention after laparoscopic radical
resection of colorectal cancer[J]. World J Surg Oncol, 2023, 21(1):
299. doi:10.1186/s12957-023-03183-7.

[15] Kubo K, Nakamura K, Okamoto K, et al. The combination of D-
dimer and Glasgow prognostic score can be useful in predicting
VTE in patients with stage IIIC and IVA ovarian cancer[J]. Acta
Med Okayama, 2022, 76(2):129-135. doi:10.18926/AMO/63406.

[16] Gao ZD, Zhao K, Jin L, et al. Combination of neutrophil to
lymphocyte ratio, platelet to lymphocyte ratio with plasma D-dimer
level to improve the diagnosis of deep venous thrombosis (DVT)
following ankle fracture[J]. J Orthop Surg Res, 2023, 18(1):362.
doi:10.1186/s13018-023-03840-3.

[17] Rinde FB, Jorgensen CT, Pettersen HH, et al. Low D-dimer levels
at diagnosis of venous thromboembolism are associated with
reduced risk of recurrence: data from the TROLL registry[J]. J
Thromb Haemost, 2023, 21(7): 1861-1868. doi: 10.1016/].
jtha.2023.03.026.

[18] Tayal D, Jain P, Goswami B. D-dimer-a multifaceted molecule[J].
Horm Mol Biol Clin Investig, 2024, 45(2): 75-84. doi: 10.1515/

hmbci-2022-0093.

[19] Biciusca T, Gruenewald LD, Martin SS, et al. Optimizing resource
allocation: Cost-effectiveness of specified D-dimer cut-offs in
cancer patients with suspected venous thromboembolism[J]. J
Thromb Thrombolysis, 2024, 57(6): 996-1007. doi: 10.1007/
$11239-024-03000-2.

[20] Brotman DJ. Higher D-dimer thresholds for excluding pulmonary
embolism: No free lunch?[J]. Ann Intern Med, 2022, 175(2):295-
296. doi:10.7326/m21-4295.

[21] Freund Y, Cohen-Aubart F, Bloom B. Acute pulmonary embolism:
a review[J]. JAMA, 2022, 328(13): 1336. doi: 10.1001/
jama.2022.16815.

[22] Giannitsis E, Mills NL, Mueller C. D-Dimer in suspected
pulmonary embolism[J]. Eur Heart J Acute Cardiovasc Care, 2023,
12(10):721-722. doi:10.1093/ehjacc/zuad109.

[23] Jaouen S, Mingant F, Lippert E, et al. Using an age and fibrinogen
levels adjusted D-dimer cutoff significantly improves the
specificity of two equivalent D-dimer assays for excluding
pulmonary embolism[J]. Thromb Res, 2023, 228: 191-199. doi:
10.1016/j.thromres.2023.06.016.

[24] van der Pol LM, Tromeur C, Bistervels IM, et al. Pregnancy-
adapted YEARS algorithm for diagnosis of suspected pulmonary
embolism[J]. N Engl J Med, 2019, 380(12): 1139-1149. doi:
10.1056/nejmoal813865.

[25] Righini M, Van Es J, Den Exter PL, et al. Age-adjusted D-dimer
cutoff levels to rule out pulmonary embolism: the ADJUST-PE
study[J]. JAMA, 2014, 311(11): 1117-1124. doi: 10.1001/
jama.2014.2135.

[26] Silva VR, Azar A, Goncalves ER, et al. microRNA-mediated
regulation of vascular endothelium: from pro-inflammation to
atherosclerosis[J]. Int. J. Mol. Sci., 2025, 26(13):5919. doi:10.3390/
ijms26135919.

[27] Smith SRM, Morgan NV, Brill A. Venous thrombosis unchained:
Pandora's box of noninflammatory mechanisms[J]. Blood Adv,
2025, 9(12):3002-3013. doi: 10.1182/bloodadvances.2024014114.

[28] Guo P, Du K, Xiao Y, et al. M1 macrophage-derived exosomal miR-
126-5p promotes endothelial cell senescence and deep vein
thrombosis by targeting splicing factor SRSFI11[J]. Int
Immunopharmacol, 2026, 169: 115891. doi: 10.1016/.
intimp.2025.115891.

[29] Zhao K. Pathological, diagnostic, and therapeutic implications of
non-coding RNAs in deep vein thrombosis: a comprehensive
review[J]. J Thromb Thrombolysis, 2025. doi: 10.1007/s11239-
025-03202-2. [Online ahead of print]

[30] Shen Z, Dong X, Liu L. MicroRNAs as potential biomarkers and

future therapeutic targets in thrombosis: From molecular

http://www.zpwz.net


http://dx.doi.org/10.1001/jama.2021.20750
http://dx.doi.org/10.1001/jama.2025.21561
http://dx.doi.org/10.1001/jama.2025.21561
http://dx.doi.org/10.1080/14767058.2020.1725884
http://dx.doi.org/10.1186/s12884-021-04353-9
http://dx.doi.org/10.1186/s12884-024-06372-8
http://dx.doi.org/10.1007/s10147-024-02475-6
http://dx.doi.org/10.1007/s10147-024-02475-6
http://dx.doi.org/10.1186/s12957-023-03183-7
http://dx.doi.org/10.18926/AMO/63406
http://dx.doi.org/10.1186/s13018-023-03840-3
http://dx.doi.org/10.1016/j.jtha.2023.03.026
http://dx.doi.org/10.1016/j.jtha.2023.03.026
http://dx.doi.org/10.1515/hmbci-2022-0093
http://dx.doi.org/10.1515/hmbci-2022-0093
http://dx.doi.org/10.1007/s11239-024-03000-2
http://dx.doi.org/10.1007/s11239-024-03000-2
http://dx.doi.org/10.7326/m21-4295
http://dx.doi.org/10.1001/jama.2022.16815
http://dx.doi.org/10.1001/jama.2022.16815
http://dx.doi.org/10.1093/ehjacc/zuad109
http://dx.doi.org/10.1016/j.thromres.2023.06.016
http://dx.doi.org/10.1016/j.thromres.2023.06.016
http://dx.doi.org/10.1056/nejmoa1813865
http://dx.doi.org/10.1056/nejmoa1813865
http://dx.doi.org/10.1001/jama.2014.2135
http://dx.doi.org/10.1001/jama.2014.2135
http://dx.doi.org/10.3390/ijms26135919
http://dx.doi.org/10.3390/ijms26135919
http://dx.doi.org/10.1182/bloodadvances.2024014114
http://dx.doi.org/10.1016/j.intimp.2025.115891
http://dx.doi.org/10.1016/j.intimp.2025.115891
http://dx.doi.org/10.1007/s11239-025-03202-2
http://dx.doi.org/10.1007/s11239-025-03202-2

1248

g E %

NS 5535 %

mechanisms to clinical implicationsJ]. Eur J Pharm Sci, 2026, 219:
107464. doi:10.1016/1.ejps.2026.107464.

[31] Wang WB, Li CL, Li WD, et al. miR-150 enhances the motility of
EPCs in vitro and promotes EPCs homing and thrombus resolving
in vivo[J]. Thromb Res, 2014, 133(4): 590-598. doi: 10.1016/].
thromres.2013.12.038.

[32] Ding MC, Chi GQ, Li F, et al. Up-regulated miR-204-5p promoted
the migration, invasion, and angiogenesis of endothelial progenitor
cells to enhance the thrombolysis of rats with deep venous
thrombosis by targeting SPREDI1[J]. Exp Cell Res, 2022, 411(1):
112985. doi:10.1016/j.yexcr.2021.112985.

[33] Zhang D, Cheng C, Yang M, et al. MicroRNA-181b-5p/HEY2 axis
is involved in the progress of deep venous thrombosis via
mediating vascular endothelial injury[J]. Hematology, 2024, 29(1):
2423438. doi:10.1080/16078454.2024.2423438.

[34] Han JN, Hao WIJ, Ma YP, et al. miR-128-3p promotes the
progression of deep venous thrombosis through binding SIRTI[J].
Phlebology, 2023, 38(8):  540-549. doi:  10.1177/
02683555231190268.

[35] Qiu Y, Yang MY, Che XT, et al. miR-2467-3p/ABLIM1 axis
mediates the formation and progression of deep vein thrombosis by
regulating inflammation and oxidative stress[J]. Int J Angiol, 2024,
33(3):174-181. doi:10.1055/s-0044-1779663.

[36] Xu LL, Ji CH, Miao XL, et al. Combination of circulating miR-
125a-5p, miR-223-3p and D-dimer as a novel biomarker for deep
vein thrombosis[J]. Am J Med Sci, 2022, 364(5): 601-611. doi:
10.1016/j.amjms.2022.04.033.

[37] Arafat A, Gennari P, Ignatov A, et al. Role of tissue factor pathway
inhibitor in hormone-induced venous thromboembolism[J]. Blood
Coagul Fibrinolysis, 2023, 34(4): 233-238. doi: 10.1097/
mbc.0000000000001198.

[38] Didembourg M, Douxfils J, Carlo A, et al. Effect of tissue factor
pathway inhibitor on thrombin generation assay[J]. Int J Lab
Hematol, 2022, 44(3):e115-e119. doi:10.1111/ijlh.13758.

[39] Kobayashi H, Matsubara S, Imanaka S. The role of tissue factor
pathway inhibitor 2 in the coagulation and fibrinolysis system[J]. J
Obstet Gynaecol Res, 2023, 49(7): 1677-1683. doi: 10.1111/
jog.15660.

[40] Manderstedt E, Lind-Halldén C, Halldén C, et al. Genetic variation
of the blood coagulation regulator tissue factor pathway inhibitor
and venous thromboembolism among middle-aged and older
adults: a population-based cohort study[J]. Res Pract Thromb
Haemost, 2022, 6(7):¢12842. doi:10.1002/rth2.12842.

[41] Cao XY, Su Y, Zhang WIJ, et al. The impact of anticoagulant

activity of tissue factor pathway inhibitor measured by a novel

functional assay for predicting deep venous thrombosis in trauma

http://'www.zpwz.net

patients: a prospective nested case-control study[J]. Clin Appl
Thromb Hemost, 2021, 27: 10760296211063877. doi: 10.1177/
10760296211063877.

[42] Englisch C, Moik F, Thaler J, et al. Tissue factor pathway inhibitor
is associated with risk of venous thromboembolism and all-cause
mortality in patients with cancer[J]. Haematologica, 2024, 109(4):
1128-1136. doi:10.3324/haematol.2023.283581.

[43] Yamanaka S, Miyake R, Yamada Y, et al. Tissue factor pathway
inhibitor 2: a novel biomarker for predicting asymptomatic venous
thromboembolism in patients with epithelial ovarian cancer[J].
Gynecol Obstet Invest, 2022, 87(2): 133-140. doi: 10.1159/
000524804.

[44] Li HX, Song LH, Chen YH, et al. A narrative literature review on
the clinical utility of activated partial thromboplastin time and anti-
factor Xa activity assays in cancer patients with anticoagulant
therapy[J]. Transl Cancer Res, 2025, 14(10): 7438-7449. doi:
10.21037/ter=2025-1944.

[45] Dinc R, Ardic N. Relationship between neutrophil extracellular
traps and venous thromboembolism: pathophysiological and
therapeutic role[J]. Br J Hosp Med (Lond), 2025, 86(5): 1-15. doi:
10.12968/hmed.2024.0660.

[46] Fang Y, Wang J, Liu C, et al. Targeting P2Y 14R alleviates platelet-
induced NET formation and venous thrombosis through PKA/
AKAPI13/RhoA axis[J]. Eur Heart J, 2025, 2025: ehaf836. doi:
10.1093/eurheartj/ehaf836.

[47] Imiela AM, Kucharska J, Kuklinski F, et al. Advanced research in
the pathophysiology of venous thromboembolism-acute pulmonary
embolism[J]. Biomedicines, 2025, 13(4): 906. doi: 10.3390/
biomedicines13040906.

[48] Liu L, Zhang WJ, Su Y, et al. The impact of neutrophil extracellular
traps on deep venous thrombosis in patients with traumatic
fractures[J]. Clin Chim Acta, 2021, 519:231-238. doi: 10.1016/j.
cca.2021.04.021.

[49] Pefia-Martinez C, Duran-Laforet V, Garcia-Culebras A, et al.
Pharmacological modulation of neutrophil extracellular traps
reverses thrombotic stroke tPA (tissue-type plasminogen activator)
resistance[J]. Stroke, 2019, 50(11): 3228-3237. doi: 10.1161/
STROKEAHA.119.026848.

[50] Li WQ, Chi DC, Ju S, et al. Platelet factor 4 promotes deep venous
thrombosis by regulating the formation of neutrophil extracellular
traps[J]. Thromb Res, 2024, 237: 52-63. doi: 10.1016/].
thromres.2024.03.005.

[51] Flora GD, Ghatge M, Nayak MK, et al. Deletion of pyruvate
dehydrogenase kinases reduces susceptibility to deep vein

thrombosis in mice[J]. Blood Adv, 2024, 8(15):3906-3913. doi:

10.1182/bloodadvances.2024013199.


http://dx.doi.org/10.1016/j.ejps.2026.107464
http://dx.doi.org/10.1016/j.thromres.2013.12.038
http://dx.doi.org/10.1016/j.thromres.2013.12.038
http://dx.doi.org/10.1016/j.yexcr.2021.112985
http://dx.doi.org/10.1080/16078454.2024.2423438
http://dx.doi.org/10.1177/02683555231190268
http://dx.doi.org/10.1177/02683555231190268
http://dx.doi.org/10.1055/s-0044-1779663
http://dx.doi.org/10.1016/j.amjms.2022.04.033
http://dx.doi.org/10.1016/j.amjms.2022.04.033
http://dx.doi.org/10.1097/mbc.0000000000001198
http://dx.doi.org/10.1097/mbc.0000000000001198
http://dx.doi.org/10.1111/ijlh.13758
http://dx.doi.org/10.1111/jog.15660
http://dx.doi.org/10.1111/jog.15660
http://dx.doi.org/10.1002/rth2.12842
http://dx.doi.org/10.1177/10760296211063877
http://dx.doi.org/10.1177/10760296211063877
http://dx.doi.org/10.3324/haematol.2023.283581
http://dx.doi.org/10.1159/000524804
http://dx.doi.org/10.1159/000524804
http://dx.doi.org/10.21037/tcr-2025-1944
http://dx.doi.org/10.21037/tcr-2025-1944
http://dx.doi.org/10.12968/hmed.2024.0660
http://dx.doi.org/10.12968/hmed.2024.0660
http://dx.doi.org/10.1093/eurheartj/ehaf836
http://dx.doi.org/10.1093/eurheartj/ehaf836
http://dx.doi.org/10.3390/biomedicines13040906
http://dx.doi.org/10.3390/biomedicines13040906
http://dx.doi.org/10.1016/j.cca.2021.04.021
http://dx.doi.org/10.1016/j.cca.2021.04.021
http://dx.doi.org/10.1161/STROKEAHA.119.026848
http://dx.doi.org/10.1161/STROKEAHA.119.026848
http://dx.doi.org/10.1016/j.thromres.2024.03.005
http://dx.doi.org/10.1016/j.thromres.2024.03.005
http://dx.doi.org/10.1182/bloodadvances.2024013199
http://dx.doi.org/10.1182/bloodadvances.2024013199

5 6 1]

PR, 56« #5422 £ AR R A Y B R 5 1l R B A 1249

[52] Wei M, Pan YJ, Qin Z, et al. Analysis of the diagnostic role

of  fibrin-related markers in perioperative venous
thromboembolism[J]. Front Surg, 2025, 12:1530576. doi: 10.3389/
fsurg.2025.1530576.

[53] Guria K, Melnikov I, Shtelmakh V, et al. Fibrin monomer in
thrombosis and haemostasis: a clinical biomarker and beyond[J].
Int J Mol Sci, 2025, 26(24):11822. doi:10.3390/ijms262411822.

[54] Akagawa M, Kijima H, Kimura Y, et al. Fibrin monomer complex
on postoperative day 1 is correlated with the volume of deep vein
thrombosis after knee surgery[J]. J Exp Orthop, 2022, 9:47. doi:
10.1186/s40634-022-00482~y.

[55] Takeshima M, Ishikawa H, Ogasawara M, et al. The usefulness of
the combination of D-dimer and soluble fibrin monomer complex
for diagnosis of venous thromboembolism in psychiatric practice: a
prospective study[J]. Vasc Health Risk Manag, 2021, 17:239-246.
doi:10.2147/VHRM.S307689.

[56] Imuro T, Saito M. Preoperative lower extremity motor weakness
affects deep vein thrombosis during the perioperative period of
lumbar surgery[J]. Spine, 2022, 47(3): E116-E123. doi: 10.1097/
brs.0000000000004133.

[57] Lai Z, Yuan J, Li F, et al. Thrombomodulin Arg403Lys mutation
impairs protein C activation and increases thrombosis risk[J].
Thromb Res, 2025, 252:  109375. doi:  10.1016/.
thromres.2025.109375.

[58] Van Laer C, Lavend'homme R, Baert S, et al. Functional
assessment of genetic variants in thrombomodulin detected in
patients with bleeding and thrombosis[J]. Blood, 2025, 145(17):
1929-1942. doi:10.1182/blood.2024026454.

[59] Lin ZC, Sun H, Li D, et al. Thrombin antithrombin complex
concentration as an early predictor of deep vein thrombosis after
total hip arthroplasty and total knee arthroplasty[J]. BMC
Musculoskelet Disord, 2022, 23(1):574. doi: 10.1186/s12891-022~
05532-1.

[60] Wang L, Ran LQ, Tian YZ, et al. Effect of thrombomodulin gene
polymorphisms on venous thromboembolism: an analysis of
evidence involving 6, 629 patients[J]. Vascular, 2024, 32(2):374-
384. doi:10.1177/17085381221135698.

[61] Li F, Yuan LF, Shao N, et al. Changes and significance of vascular
endothelial injury markers in patients with diabetes mellitus and
pulmonary thromboembolism[J]. BMC Pulm Med, 2023, 23(1):
183. doi:10.1186/s12890-023-02486-5.

[62] Francischetti IMB, Toomer K, Zhang YF, et al. Upregulation of
pulmonary tissue factor, loss of thrombomodulin and

SARS-CoV-2

immunothrombosis in infection[J].

EClinicalMedicine, 2021, 39: 101069. doi: 10.1016/].

eclinm.2021.101069.

[63] Voukalis C, Shantsila E, Lip GYH. Microparticles and
cardiovascular diseases[J]. Ann Med, 2019, 51(3/4):193-223. doi:
10.1080/07853890.2019.1609076.

[64] Lugo-Gavidia LM, Burger D, Matthews VB, et al. Role of
microparticles in  cardiovascular disease: implications for
endothelial ~ dysfunction, thrombosis, and inflammation[J].
Hypertension, 2021,  77(6): 1825-1844.  doi: 10.1161/
HYPERTENSIONAHA.121.16975.

[65] Zwicker JI, Liebman HA, Bauer KA, et al. Prediction and
prevention of thromboembolic events with enoxaparin in cancer
patients with elevated tissue factor-bearing microparticles: a
randomized-controlled phase II trial (the Microtec study)[J]. Br J
Haematol, 2013, 160(4):530-537. doi:10.1111/bjh.12163.

[66] Stark K, Schubert I, Joshi U, et al. Distinct pathogenesis of
pancreatic cancer microvesicle-associated venous thrombosis
identifies new antithrombotic targets in vivo[J]. Arterioscler
Thromb Vasc Biol, 2018, 38(4): 772-786. doi: 10.1161/
ATVBAHA.117.310262.

[67] Rezania S, Puskarich MA, Petrusca DN, et al. Platelet
hyperactivation, apoptosis and hypercoagulability in patients with
acute pulmonary embolism[J]. Thromb Res, 2017, 155: 106-115.
doi:10.1016/j.thromres.2017.05.009.

[68] Shevtsova A, Gordiienko I, Tkachenko V, et al. Ischemia-modified
albumin: origins and clinical implications[J]. Dis Markers, 2021,
2021(1):9945424. doi:10.1155/2021/9945424.

[69] Kaya Z, Kayrak M, Gul EE, et al. The role of ischemia modified
albumin in acute pulmonary embolism[J]. Heart Views, 2014, 15(4):
106. doi:10.4103/1995-705x.151083.

[70] Yang JC, Xu JZ, Xu SL, et al. Oxidative stress in acute pulmonary
embolism: emerging roles and therapeutic implications[J]. Thromb
J1,2024, 22(1):9. doi:10.1186/512959-023-00577~-1.

[71] Ereren E, Erenler A, Karavelioglu Y, et al. Ischemia-Modified
Albumin is not Elevated in Deep Venous Thrombosis[J]. Clin Lab,
2015, 61(5/6):513-516. doi:10.7754/clin.lab.2014.141001.

[72] Peterson JM, Smith TA, Rock EP, et al. Selectins in biology and
human disease: opportunity in E-selectin antagonism[J]. Cureus,
2024, 16(6):¢61996. doi: 10.7759/cureus.61996.

[73] Zhang JJ, Huang SS, Zhu ZY, et al. E-selectin in vascular
pathophysiology[J]. Front Immunol, 2024, 15: 1401399. doi:
10.3389/fimmu.2024.1401399.

[74] Yadav R, Kumari K, Joshi R, et al. P-selectin and E-selectin: Key
macromolecules in thrombus formation and resolution[J]. Int J Biol
Macromol, 2025, 318(Pt 4): 145259. doi: 10.1016/].
ijbiomac.2025.145259.

[75] Myers DD Jr, Ning JJ, Lester P, et al. E-selectin inhibitor is

superior to low-molecular-weight heparin for the treatment of

http://www.zpwz.net


http://dx.doi.org/10.3389/fsurg.2025.1530576
http://dx.doi.org/10.3389/fsurg.2025.1530576
http://dx.doi.org/10.3390/ijms262411822
http://dx.doi.org/10.1186/s40634-022-00482-y
http://dx.doi.org/10.1186/s40634-022-00482-y
http://dx.doi.org/10.2147/VHRM.S307689
http://dx.doi.org/10.1097/brs.0000000000004133
http://dx.doi.org/10.1097/brs.0000000000004133
http://dx.doi.org/10.1016/j.thromres.2025.109375
http://dx.doi.org/10.1016/j.thromres.2025.109375
http://dx.doi.org/10.1182/blood.2024026454
http://dx.doi.org/10.1186/s12891-022-05532-1
http://dx.doi.org/10.1186/s12891-022-05532-1
http://dx.doi.org/10.1177/17085381221135698
http://dx.doi.org/10.1186/s12890-023-02486-5
http://dx.doi.org/10.1016/j.eclinm.2021.101069
http://dx.doi.org/10.1016/j.eclinm.2021.101069
http://dx.doi.org/10.1080/07853890.2019.1609076
http://dx.doi.org/10.1080/07853890.2019.1609076
http://dx.doi.org/10.1161/HYPERTENSIONAHA.121.16975
http://dx.doi.org/10.1161/HYPERTENSIONAHA.121.16975
http://dx.doi.org/10.1111/bjh.12163
http://dx.doi.org/10.1161/ATVBAHA.117.310262
http://dx.doi.org/10.1161/ATVBAHA.117.310262
http://dx.doi.org/10.1016/j.thromres.2017.05.009
http://dx.doi.org/10.1155/2021/9945424
http://dx.doi.org/10.4103/1995-705x.151083
http://dx.doi.org/10.1186/s12959-023-00577-1
http://dx.doi.org/10.7754/clin.lab.2014.141001
http://dx.doi.org/10.7759/cureus.61996
http://dx.doi.org/10.3389/fimmu.2024.1401399
http://dx.doi.org/10.3389/fimmu.2024.1401399
http://dx.doi.org/10.1016/j.ijbiomac.2025.145259
http://dx.doi.org/10.1016/j.ijbiomac.2025.145259

1250

b E AR RS

5 35 &

experimental venous thrombosis[J]. J Vasc Surg Venous Lymphat
Disord, 2022, 10(1):211-220. doi:10.1016/j.jvsv.2020.12.086.

[76] Devata S, Angelini DE, Blackburn S, et al. Use of GMI-1271, an E-
selectin antagonist, in healthy subjects and in 2 patients with calf
vein thrombosis[J]. Res Pract Thromb Haemost, 2020, 4(2): 193~
204. doi:10.1002/rth2.12279.

[77] Ay C, Jungbauer LV, Kaider A, et al. P-selectin gene haplotypes
modulate soluble P-selectin concentrations and contribute to the
risk of venous thromboembolism[J]. Thromb Haemost, 2008, 99(5):
899-904. doi:10.1160/THO7-11-0672.

[78] Swamy S, Ueland T, Hansen JB, et al. Plasma levels of P-selectin
and future risk of incident venous thromboembolism[J]. J Thromb
Haemost, 2023, 21(9):2451-2460. doi:10.1016/j.jtha.2023.04.038.

[79] Fenyves BG, Mehta A, Kays KR, et al. Plasma P-selectin is an
early marker of thromboembolism in COVID-19[J]. medRxiv
[Preprint], 2021, 14:21260293. doi:10.1101/2021.07.10.21260293.

[80] Signorelli SS, Conti GO, Fiore M, et al. Inter-relationship between
platelet-derived microparticles and oxidative stress in patients with

venous thromboembolism[J]. Antioxidants, 2020, 9(12):1217. doi:

AT 2026 FEHERABTRH

AT 2026 ERHELSABTLHWN T, WilGFE,

SE1H  ARESMRHGR SRR

$2H REESMHIGRES SRR

E3H FRERIMEHIE RS EIRFAR

F48 BMEJREREIMNIEMS IRKAR
58 FLAR.FAKBRIMEHIG R 5 SRIR R 5

$£6H MEMIGEKSKEHR

http://'www.zpwz.net

10.3390/antiox9121217.

[81] Wang QT, Chi JY, Zeng WJ, et al. Discovery of crucial cytokines
associated with deep vein thrombus formation by protein array
analysis[J]. BMC Cardiovasc Disord, 2024, 24(1):374. doi:10.1186/
$12872-024-04030-7.

[82] Kara H, Bayir A, Altug E, et al. Diagnostic value of galectin-3 for
identifying acute pulmonary embolism in the emergency

department[J]. J Emerg Med, 2022, 63(1):93-101. doi: 10.1016/j.
jemermed.2022.04.001.

(ALtpi £95)

35| AR BT, WISET, 0K, A5 WK IERAR ZEAE AL MR ah
YIRS e S5 I RN [T, o S 4R 243k, 2026, 35(6):1239-
1250. doi:10.7659/j.issn.1005-6947.250580

Cite this article as: Chen K, Hu XY, Li WD, et al. Advances in
biomarkers for venous thromboembolism: research progress and
clinical applications[J]. Chin J Gen Surg, 2026, 35(6):1239-1250. doi:
10.7659/j.issn.1005-6947.250580

SE7H  FTRERMEERH S I ARG R
S£8H REEAMEERY S IR ARET R
oM BRERAMEER SIRARTR
108 S MEESMNEIG R S BRI R
F1H RRERMEERSIRRTR
F12H MESMIEMSIRAFR

P 53l S A b g 4R


http://dx.doi.org/10.1016/j.jvsv.2020.12.086
http://dx.doi.org/10.1002/rth2.12279
http://dx.doi.org/10.1160/TH07-11-0672
http://dx.doi.org/10.1016/j.jtha.2023.04.038
http://dx.doi.org/10.1101/2021.07.10.21260293
http://dx.doi.org/10.3390/antiox9121217
http://dx.doi.org/10.3390/antiox9121217
http://dx.doi.org/10.1186/s12872-024-04030-7
http://dx.doi.org/10.1186/s12872-024-04030-7
http://dx.doi.org/10.1016/j.jemermed.2022.04.001
http://dx.doi.org/10.1016/j.jemermed.2022.04.001
https://dx.doi.org/10.7659/j.issn.1005-6947.250580
https://dx.doi.org/10.7659/j.issn.1005-6947.250580
https://dx.doi.org/10.7659/j.issn.1005-6947.250580

