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[({BE] B WMEE &% F ™ (recurrent spontaneous abortion, RSA ) £ & Ifil #4431 b i 4 K #E 1l 48 B (1) 28
A, T0I0 I 1M A O, O RSA B R ISR R AUR TG . AiE 4% 20224F 4 H —20234F 7 H WA A FZ R iE
HRAEREHEI2 1) RSA R4 5858 32 BilAE o B R MR 41, H WA 4G 11 22 R 13 2 32 B4 Sy 1E & 22 LA A fee e e A
Lo M 40 B AR Ry (e e AR A2 4 o IO7 FH 4 1) 2l 888 I 53 BT 4SO G 98 43 AT (SCRG: T 45 200 1 8 v b J5 4 7KF, v il 4 43 A
W AL A B I il — e EE il 1 &2 A ) (thrombin antithrombin complex, TAT) | £F % il -2 £F % BN 2 B & ¥ (o2-
plasmininhibitor-plasmin complex, P1C) | £H £ 1 £F ¥ il i 334705 310 il &2 & #) (tissue-type plasminogen activator-inhibitor
complex, tPAT-C) | IfiL # ¥ 37 & F (thrombomodulin, TM) , #E Il & 4t b5 & 97 6 45 &€ 1L ff 58} 7] (prothrombin time,
PT) 3% A3 43 B 1L 735 1 5 4] Cactivated partial thromboplastin time, APTT) \£F 4 % 11 i (fibrinogen , Fib) | & IfiL i i
[a] Cthrombin time, T'T) , £F ¥ & 8t br & W) 00 45 21 1 i )57 (plasminogen, PLG) \D-— & (D-dimer, D-D) , $iL #E & Gt br
YL HSUEE LA I Cantithrombin 1T, AT-MI) . Z& FH C(protein C,PC) \F 4 S(protein S,PS) . & brE 225,
K H £ M Z Logistic [81 3 2> 87 i 78 RSA & 4 89 /& B R K 5 W %238 & T /E 451 (receiver operating characteristic,
ROC) i Ze M 4 F ifi X Carea under curves, AUCOTFR A ARG W BN M (. SR SEFERZEALK, EH2E
B4 Fib.D-D & % T, TT AT-1T \PC.PS 41 (P<C0.05) ; RSA 41 Fib .PLG . TAT .tPAI-C %W 3% 7+ & ,PT.
INR.TT B (P<<0.05) . 5 1E % 2 R AU b, RSA 4 ATl \PC.PS . PLG.TAT . {(PAI-C /K -2 ] & 7t &
PT.INR i 3 F AR (P<<0.05) ., £ [ % Logistic [l I 4> #7 45 % 875 , PT Fl tPAI-C 4 RSA & 4 il 1t ~7 fa b [ %
ROC fi £k 20 45 581 @, PT FPAT-C B RSA i AUC 435124 0.774,0.760 , f5e 43 B {43 51 4 10.65 5.4.05 pg/1.,
R BE 43 5 0.625.0.719, ¢ 5 BE 43 i 8 0.781,0.844, PT HI tPAT-C 5 2 B A T 45 20 5 ) RSA i) AUC N
0.863, G Ly 0.969, R 5+ B 0.625. £ WA KM PT #1PAT-C XF RSA B 3# 1A ¥ B H A R A7 11 7 44 15
BrfE I K BE A 72297 T i & 3D SR R 22 K
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Clinical application of thrombotic molecular markers and coagulation parameters in patients with
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[Abstract] Objective To observe the changes in thrombotic molecular markers and coagulation parameters in
patients with recurrent spontaneous abortion (RSA) , and to assess their risk of thrombosis, in order to provide the
evidence for the early diagnosis and treatment of RSA. Methods In total, 32 patients with RSA in early trimester of

pregnancy who were treated in Shijiazhuang Maternity and Child Healthcare Hospital from April 2022 to July 2023
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were recruited as RSA group, 32 women in early trimester of pregnancy who received routine prenatal examination
served as the normal early pregnancy group and 40 healthy non-pregnant women during the same period served as
healthy non-pregnant control group. The levels of the markers in the blood of each group were measured by using
automated blood coagulation analyzer and automated immunoassay system. The thrombotic molecular markers included
thrombin antithrombin complex (TAT) , «2-plasmininhibitor-plasmin complex (PIC) , tissue-type plasminogen
activator-inhibitor complex (tPAI-C) and thrombomodulin (TM). Coagulation system markers included prothrombin
time (PT), activated partial thromboplastin time (APTT), fibrinogen (Fib) and thrombin time (TT). Fibrinolytic
system biomarkers included plasminogen (PLG) and D-dimer (D-D) , and anticoagulation system markers included
antithrombin [l CAT- 1l ), protein C (PC) and protein S (PS). The differences of each marker were analyzed.
Multivariate logistic regression analysis was used to identify the risk factors for RSA, and the predictive value of each
marker was evaluated using receiver operating characteristic (ROC) curves and the area under the curves (AUC).
Results Fib and D-D were significantly increased, while TT, AT-[ll , PC, and PS were significantly decreased in
the normal early pregnancy group compared with healthy non-pregnant control group (P<<0.05). Fib, PLG, TAT,
tPAI-C were significantly increased, while PT, INR and TT were significantly decreased in RSA group compared
with healthy non-pregnant control group (P<<0.05). AT-1ll , PC, PS, PLG, TAT and tPAI-C were significantly
increased, while PT and INR were significantly decreased in RSA group compared with the normal early pregnancy
group (P<C0.05). Multivariate logistic regression showed that PT and tPAI-C were independent risk factors for RSA.
ROC curve analysis showed the area under the ROC curve (AUC) of PT and tPAI-C in diagnosing RSA were 0.774
and 0.760, respectively. Meanwhile, the optimal threshold of PT and tPAI-C was 10.65 s and 4.05 pg/L, the
sensitivity were 0.625 and 0.719, and the specificity were 0.781 and 0.844, respectively. The AUC of the combined
prediction model of PT and tPAI-C for RSA was 0.863, with a sensitivity of 0.969 and a specificity of 0.625.
Conclusion This study shows that the combined detection of PT and tPAI-C has a good early prediction value for
thrombosis in RSA patients, and provides a reference for clinicians to make rational decisions in diagnosis and treatment.
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Table 1 Comparison of general data between RSA group, normal early pregnancy group and

healthy non-pregnant control group

4151 ke AR BMI 2 J ZBIR IR TR 25 2R AL
(T£s, %) (T£s) [M(QR),JA] [M(QR), K] [M(QR),¥] [M(QR), %]
it B R 2 41 40 31.03+4.87 23.39+4.72 — 2(2) 1D 000
ERRRMA 32 28.88+5.28 24.69+5.05 6(3) 2(2) 117 000
RSA# 32 31.884-5.50 23.1843.32 7(3) 4(2)* 0" 201
F/U/H{H 2.860 1.097 0.186 41.553 38.437 98.030
P{H 0.062 0.338 0.852 <£0.001 <0.001 <0.001

"PAE<C0. 05 5 fd R 2 4 iR

TP{H<C0. 05 5 1E 7 2 R U 41 [ 48 (Mann-Whitney U K258
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Table 2 Comparison of coagulation markers between RSA group, normal early pregnancy group and

healthy non-pregnant control group

[M(QR)]
2H 5 1% PT(s) INR APTT(s) Fib(g/L) TT(s)
it R R 22 41 40 11.05(1.28) 0.96€0.12) 26.65(3.25) 2.38(0.66) 17.00€0.78)
I AR 32 11.20€0.80) 0.97€0.07) 27.25(3.42) 2.7300.82)" 16.5000.97)"
RSA 4 32 10.55€0.65) 0.920.07) 26.70€0.73) 2.77(0.68)" 16.65€0.80)"
H1l 14.383 15.490 1.051 12.327 14.371
PAH 0.001 <<0.001 0.591 0.002 0.001

"PAE<C0. 05 5 A 4 iR

TP{H<C0. 05 5 1E 7 4 F U 41 [ 48 (Mann-Whitney U K258
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Table 3 Comparison of anticoagulation and fibrinolytic markers between RSA group, normal early pregnancy group

and healthy non-pregnant control group

[M(QR)]
4151 151 % AT-IC%) PC(Y%) PSC%) PLG(%) D-D(mg/L)
filt R 22 21 40 100.87(15.92) 108.43(19.44) 72.80(18.01) 97.42(12.12) 0.15(0.10)
EH 5 L 20 32 89.54(20.94) 88.86(17.87)" 51.09(23.28) 97.63(18.38) 0.24(0.19)"
RSA 4 32 101.07¢13.93)7 104.70(32.24)7 65.95(37.06)7 107.20(17.44)° 0.18(0.11)
HAY 11.286 21.794 20.742 13.594 11.594
Py 0.004 <20.001 <£0.001 0.001 0.003

"PAE<C0. 05 S fdt R 2R 4 b i

“PH<C0. 05 5 1E# 2 R AL [ 48 (Mann-Whitney U K5 56
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Table 4 Comparison of thrombotic molecular markers between RSA group, normal early pregnancy group

and healthy non-pregnant control group

[M(QR)]
251 1% TAT(pg/1) PIC(mg/L) tPAI-C(pg/L) TM(TU/mL)
R A 22 20 40 1.25(1.70) 0.43(0.19) 4.05(2.77) 6.65(1.90)
1B 22 RN 2 32 1.45(1.65) 0.44€0.18) 3.35(1.68) 6.30(1.45)
RSA # 32 3.94(6.23)"% 0.48(0.31) 5.25(3.000% 6.50(3.13)
HAH 17.969 0.937 13.257 0.108
Pl <£0.001 0.626 0.001 0.947

"PAE<C0. 05 5 fdt e R 2R 4 LB

2.5 RSA [l # B B & K & 4 #r
W (F/=0, B=1 RWHAEHE,

DL i JE

LIPT. INR., AT-

. PC. PS. PLG. TAT. t(PAI-C (¥JRiEss

P <C0. 05 5 1E# 22 FUB A1 [ 48 (Mann-Whitney U £255)

) N AL,

PEAT B 2 Logistic 1A 43 #r, 45
BExR, PT. AT- . PC. PS. PLG. TAT,
tPAT-C ¥JJ& RSA JE i i 42 i E BB I &R (P<
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0.05), WLF&5. ¥ixee {8 i 17 £ H & Logistic RSA Il # B W& 0 2 37 fa B W & (P<<0.05)
BLE 5B, 45 R Bos, PT REAIRAPAT-C Ft i & W6,
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Table 5 Results of univariate regression analysis

B EVEES P o 15 Wald 3’1 PAH OR1H 95%CI
PT -2.181 0.626 12.155 <£0.001 0.113 0.033~0.385
AT-II 0.067 0.025 6.864 0.009 1.069 1.017~1.123
PC 0.062 0.019 10.269 0.001 1.064 1.024~1.105
PS 0.033 0.013 6.574 0.010 1.034 1.008~1.060
PLG 0.054 0.022 6.191 0.013 1.056 1.012~1.102
TAT 0.419 0.145 8.335 0.004 1.521 1.144~2.021
tPAI-C 0.556 0.173 10.369 0.001 1.745 1.243~2.448

*6 ZEROPSMER

Table 6 Results of multivariate regression analysis

Gy [EVEER bR 1R Wald y* {4 P OR1H 95%CI
PT -2.115 0.817 6.706 0.010 0.121 0.024~0.598
tPAI-C 0.558 0.258 4.695 0.030 1.747 1.055~2.895

2.6 PT (PAI-C /KX RSA IfiL#4 T B AR it $51 H0.760 (95%CI: 0.636~0.883, P<<0.001) ,
MME K PT. (PAI-CHIA ROCHiZ&k/rdr (F 1), Bl A BB 4. 05 g/L I, BUBE R 0.719, H5
gE LB ok, PT W RSA It # FE 5 RUES: (19 AUC FE N 0. 844, PT FItPAI-C P 2 1k A T 0 45 784 73 0]
0.774 (95%CI: 0.662~0.887, P<<0.001), M RSA Il #: I i XL B (9 AUC 24 0.863 (95%CI:
AR 10,65 s I, BUSAE -y 0.625, KR 0.774~0.951, P<C0.001), /& } 0.969, *F
30,781, tPAI-C Fiill RSA Ifi#8 F& s XU i) AUC SN O0.625,

1.0 v 1.0 1.0
0.8 / 0.8 0.8
0.6 o 0. 0.6
i T i
# # #
(4 oy B4
0.2 0.2 0.2

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

1-Rp R @ 1-Rp 1 @
B 1 PT.tPAI-C REX& Tilll RSA ) ROC i £
A.PT;B.tPAI-C;C. PT ftPAI-C B &
Figure 1 ROC curves of PT and tPAI-C alone and in combination for predicting RSA

KA ERARERS R . PTS/ESFHRSA
fR) o DL A R 2 — DR e R B PTS X
TERSA B E T, 466% BRI 2=/ RSABHFMEYZH BA T EWIGKE X, A
— BRI T REAH SCHR AR R Y, ZEWIPTS MRS SO IE R 220 . RSA 22 RO 0 2 K AR 4T R i R %
5 RS T 6T RSA SR BOCEZ ., HATIAY  MWEEAT LR, 400 ik 4 5 7 4 S BE 1l 46 B 1
PTS &Ik i B 2 1, SmEaiRme A el s, KBS KN PT ALPAT-C X RSA
AR EERA, FRASE . BB TR IRE AR MR TR B AT R R O A (R, O I R
Bh Wik JR B 8 B I AR, RS A S AR . RISIR IR Tk .
fief LA AR, REASRFEMKHBILEETAR . PT. INR. APTT. Fib. TT &Il K% W0

3 it it



e 452 - e BE R OR % % R

BATE WAW

M ARG EY . D-DRELKAHEEALTRER SR
Wit A% S T2 BB — Bl RE S v = 4, KT I i el 4R
7N VR A TE IR IR A M Ak PR ARV T
PLG 75 #00E R B9 VE R T B0 4F i B, 2 1R o4 B
SR, RN OCHER . A Y B
R, RSABHEHIEHZAHPT, APTT 257
GiilbsEE . RPRE R R, RSA BUE FIR
WG Fib, D-D/KFEZERIEG I #E L A5
G NoR, RSAUEIEH 2 F W4 PT A INR ¥ 1
EREAL, PLGAKEM B IR (P<<0.05), APTT,
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FRBE L5 PUEE R, HUE AT RE Sk, 3k
IR AR

BE 1ML 7R G0 00 A% 0 I R IR 1, E Il o
WIAR T, ok EE I o AR B A8 A AR R e
BEIMAE L : 1455 M TAT, TAT MW 3~
15 min AT LRSI . TAT J2 1 42 52 e 58 1l il A= ik
(AR R, I AT AL PR ORI R SR
PIC J& £F ¥ Wi K A B30 ) 57 o2-2F 5 Bl 30
¥ (a2-plasmin inhibitor, o2-AP) LI 1: 145K
B EEY, fEIEH ANEN SRR, KA
o R TR TV Tl R TS L R B IG R AT P AT A
Jr U tPAT-C JE 4 1R A 3 B RIS W (tissue
plasminogen activator, t-PA) F1£F 7 i )5 35 3% 4 70
il 5 1 (plasminogen activator inhibitor-1, PAI-1)
D1 145G E Y. EadREAHFET,
t-PAYG PLG# A8 N 4F 5, MR AR . 2F
HEFE o PAL-LJZ—Fh i 4 vy f B0l ), sE it 5
CPA S G RNG, WS R . (PAIC
(8 AL s 2F 4 25 s i 2 B3, e 5
B A 06 o (PAT-C iR 9 FH AR #0I DIC K ifi # AH
KPR B R R A E ) RE o v I K S 0 48

B o TM & —Fh s BEAE 8 11, 35 T W
RO KRB TRE, AR N B S R R
JCE M, B AT E SR R AR A P R A 5B
SRS HE AR EY . TM TE 45 N Bz 2% T 5 8¢ 1l
i 455 R AW, FEAREE i i 02 B8 15 Pk, JF
ISR 1 C RE R EVUEAE N, TE4EFR LS N
B Bt B e 1 ARG e M T R R A AR

TAT. PIC, tPAI-C. TM IfiL ¥ 43 T 5 & Wy 1
I TAC Hh 0 07 P B R v, R E Y L 0l
B T AR, R 5 U R RSA SR E T
AL B . A Y Y A, RSA A
TAT Kt & T o A [RVRR BE (9 4 O w5 1 F8
1 (PAT-C KR8 H B & Tt , R 4EHE AH
fifk W 5 o 25 4 iR 09 o O PR A M R R O =
WAMFFE S Box, RSABHENEAEZH, S
F-PA G L, PAIKFERETE, -PA Y
PAT-1 - #k S B PTS Wy & A . XIARELSE 2 BF
g0 A B B0, RSA B3 Ui 77 1 ¢-PA & BTG,
PAT-1KFF i, JFIA N RSAM AL 5B RS
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