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[(BE] B#W WMEE K™ (recurrent spontaneous abortion, RSA ) £ 4 Ifil #4315 i 40 K 58 1l 48 B (1) 28
A, T0I0 I 1M A O, O RSA B R ISR R AUR TG . FiE 4% 20224F 4 A —20234F 7 H E WA A Z LT iE
HRAEREHEI2 1 RSA R 242 5858 32 BilAE S B & MR ™ 41, F WA 4G 11 2 R ) 13 2 32 B4 kg 1E & 22 LA A fee e e A
LM 40 BLAE R (e e R A2 4 o 07 FH 4 1) 2l 88 I 53 BT 4SR5 38 43 AT (SCRG: T 45 200 10 98 v b JR 40 7T, v il 4 43 A
W AL A B I i — e EE Il 1 &2 A ) (thrombin antithrombin complex, TAT) | £F % i -2 £F ¥ B M ) 2 B & ¥ (a2-
plasmininhibitor-plasmin complex, P1C) | 2H £ 1 £F ¥ il i 33705 4101 il &2 & #) (tissue-type plasminogen activator-inhibitor
complex, tPAT-C) | Ifi # ¥ %7 & F (thrombomodulin, TM) , #E Il & 4t b5 & 97 6 45 &E 1L it 58} 7] (prothrombin time,
PT) i AL 43 B 1l 735 1 15 1] 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 £ 1 i )5 (plasminogen, PLG) \D-— /& (D-dimer, D-D) , $ii #E & Gt br
YL HS PUEE LA I Cantithrombin 1T, AT-M) Z& 4 C(protein C,PC) (F 1 S(protein S,PS) . & brE P 225,
K H Z W £ Logistic [543 81 #6 & RSA & 4= 19 5 K £ 5 i 32 30 % T/ $R 1iE (receiver operating characteristic,
ROC) fil 26 F01 il 28 7 1 A1 Carea under curves, AUC)TTFE KPR EW R BTIMAE ., FR  SEREFA L, IEFH
FWA Fib . D-D & % T, TT AT-1T \PC.PS [ (P<C0.05) ; RSA 41 Fib ,PLG . TAT .tPAI-C %W % 7+ & ,PT.
INR.TT B (P<<0.05), HIEH 2 R HAHH L, RSA 4 AT-1I .PC.PS.PLG.TAT . tPAI-C /K -3 W] i 75
PT.INR i # FE AR (P<<0.05) ., £ [ % Logistic [l I 4> #7 45 % 875 , PT Fl tPAT-C 4 RSA % 4 il 1t 57 1 b [ %
ROC M€k 20 #4558 @, PT FPAT-C B RSA 5 AUC 435124 0.774,0.760 , f5e 44 B {43 51 4 10.65 5.4.05 pg/1.,
R BE 43 5 0.625.0.719, 5 BE 43 0 8 0.781,0.844, PT HI tPAT-C 5 2 I A 10 45 20 5 ) RSA i) AUC N
0.863, G Ly 0.969, R 5+ B4 0.625. £ WA KM PT F1PAT-C XF RSA B3 1A B sl HL A R A7 11 7 4 i il
a0 I K BE AR 72297 T i & B SR 3R 225 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<C0.05). AT-ll , 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<Z0.05). 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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2 & PR 7®  (recurrent spontaneous abortion,
RSA) 8 5 [A] — B 8 75 & Y 28 Ji 1l % 25 % 7= 2 Ik
UL BAERER, AT RO EEN . KR
BV ~5% P, KA ORI RS BE T 7 B
(3 22 S 3 B Y, P R ) L R A A R L il
LR R NP OSTITRS o= Q1 N 11 i o  C EL1 SR TRN
& (prethrombotic state, PTS) # ik b J& 5] i
RSA S A R AU 45 7 198 UL R o7 {H B i
TG — 1 PTS KB WAL HE A5 070 IR 4 b i
Yrml N2 05 VAL BE I R SE U RE . © AFE VR ECPE I
B N &E I (disseminated intravascular coagulation,
DIC) ™9 i ik il A% 4 28 V0 MR L AR R
o Tz N AT, B AEPE Al RSA I 8 5 XU 14 6T
SR ARG L S AT RSA B3 22 500 0 A4 43
TR B 5 BE S bs Ak, R IR R A AE 12T
RGP R R It S . SRS

1 ARSI

1.1 — R ARBFIENA 2022 4F 4 H —2023 4F
7 HAE A R E T AL R AR BE L2 1 RSA B 242 8 %
32BI4E R RSA AL, IE & 4 Uk 1 42 10 32 Bl 1E
2P R, g BR AR 4 0 o k40 B 1 D 4 R R

24y

A 5T 2 A0 5 T 1T 10 40 A £t e 10 B 2 B A5 it
A (HEHESCS . 202331). FTAS 5 HWEE
AR A
1.1 (#RRERZAH 99 APRHE: 18~45% 421
. HEBRARME: OWNS; OF MMk . HIR
W DR . BFRE . R . IR . TR
e N e e RGP s @A 34 H Wk P EE
Pt /MRy OREFERGRFRL; O
S ©12 Wi A BB AR 5 A AF R i A2 TE
BUR A ; QMRS ML ; @FBEWRL; ©6
A H W IR #2255 QO R 38R ™ B R S8 83 .
1.1.2 EWZFRIMA 9 AbRHE: 18~45%, 4
5~12"° &, HfintdiR, AKZZIA I, %
HATC O B AR IR, R EE B N B 2t 400 g/ o
HeBR AR . OIS ; O ZEHE A @il E . b
PRIG  DERG . FFRG . B . DA | IR
IR S RGN s O 3 A IR T
BESALIM /IR Y ; OFGE ARG FRSE; ©
RS ©12 Wi W A BB A 25 A A I A2
o B O s s @A LR
@I PR 7T AL ™ TR TE R



e BE RE R % R

H 478 AW o 449 -

1.1.3 RSAZH PAbRME: 18~45%, Z5~12"°
i, 5 Rl — AR TE T iR 28 JA AT 3% 22 K A =2 WA IR
FR, AR, AR AT IR R G AT IR B
HARZ ., HFBRtrdE: OWML; ONAHIEA
E I BRI O R . L B A
PN L MW . MR e RGN D2 W W]
R B 25 A AR AR T R s QWA 3T H
R FH e & bt /b ik 25 s © Bl A B 1 BT
Ao, ©FBfLWE; O EREER R R
Jage ik Sk . ROk 5w AR R EE)
@ filf ) 451 % (B i ) 45 1 5 5 R STHL AR
BB s QW R R (PRI RE R M |
EEFL R MAE . EAKTIREBLEG . 2 U0 BLLE G R
Gy OB HE CFEA T IUAE B0 B A Y
FIRG; OB FHER (56T BUR G Je Ak s 5
N8 B RS P R s R T ) s @A
MR OB EEAREFRIRE); Ol
IR AR TEREH

1.2 ARA R B = Rk E T &
0. 109 mol/L 4 #& 2 £ f9 — Mk 25 R 4 (XL
B o, BrBEA S B 1 9, 48 AR
A1, F1500X g 8.0 15 min, Fi A FRA TG i &3
BE M . SR 1 h o S HE AT BE L AR R RS
[a] (prothrombin time, PT). 7§ fk5435E il 175 fit s
8] Cactivated partial thromboplastin time, APTT) .
o 48 & B R Fib) . & IfiL B mf
[ (thrombin time, TT). D-—®{K& (D-dimer,
D-D) Kz, 8 ) 4% 1 2K B T80 C Uk A4 R 7
fFo MERHRKABLONH ., BHEIRAET
40 “CHE /K ¥ A7 PR3 2 8 I AT R A 3 H R
1.3 A R S IdEsR N CS-51004 A 3h
BEIM A3 BT AL CH AR Sysmex 28 &) K Hid £ 33857 /6
W PT. APTT. Fib, TT. D-D, H & PT.
APTT. Fib, TTRAEERE L, D-D R R M
% W ACL TOPT750 4> H 3h & i 43 Hr X (3 [
Instrumentation Laboratory 2 &) K H: it &3 7 &
I 47 B 1L B T Cantithrombin 1, AT-M) . HEH
C (protein C, PC), fHH S (protein S, PS) . £
#WHEJR (plasminogen, PLG), H P AT-Il . PC,
PLG R & @ IE Y %, PSRN &M & N
HISCL 5000 4= [ 3l %% 43 H1 {0 ( H 4% Sysmex 24
A D K HIC R R T B o e — P R I A A S
¥ (thrombin antithrombin complex, TAT). £Fi#
fitf -2 £F W5 A0 1 ¥ 2 &% (a2-plasmininhibitor-
plasmin complex, PIC) . ZH 21 B 2F ¥ g J5 35 17

(fibrinogen,

fil 2 & ¥ (tissue-type plasminogen activator-
inhibitor complex, tPAI-C) . Ifil ¥ 4 3 &
H (thrombomodulin, TM), ¥4k & G457
Brids o A% 4% RRASCES R0 7] 158 B 45 BEOR AT 454
T H A BOR AT B4R, PRIE BT 45 RAE 4 .

I 7 T bR S W45 TAT, PIC, tPAI-C,

TM. Bt &R S bn 59 4% PT. INR, APTT,
Fib., TT; £ RGAREWAEE PLG, D-D; it
M ARG EWSE AT-II . PCHIPS.
1.4 GEib2E 5k W SPSS 25,0 48 44 4y
4% . Kolmogorov-Smirnov 3 X 11 & 5%k #F 17
ESERE, FEESS MR TELU (2£9
For, WECRHBIN R T 200 f LSD-# %, dF
ES AT EREL (M (QR) | Fm,
K H Kruskal-Wallis H % 5 fl Mann-Whitney U £
¥, R Z N 2 Logistic [1H 20 B i RSA & 4 1Y
fo B B o A 2k H AR RRAE (receiver
operating characteristic, ROC) ®H £& fl ff £&& T I
L (area under curves, AUC) 18 % 5 & W B 10
WA, A2 548 5o KAEAE M ilm 5 . P<<0.05
NESAGIFE L.

2 % R

21 RSAZ EHZAFHIH S EFERZEH KT
BH® SHMAER . BMIZ R LS E
S (P>0.05); RSA 5 IF % 22 B 41 22 J5 b 4%
ZERIG T FE X (P>0.05); RSA 42K KT
% % 0 AL U] W 22 T i BRE R 2 41 RN OE B 2 R )
4 (P<0.05) . IEH WA IER 53, RSA
22 FIIEW /0%, 100IEIREHR . WE 1,

2.2 RSAZ IE® A R W45 5 R 22 41 B i R
Giign A SERER AR, EE 2R
Fib W ZF e, TT W BFEM, RSAZ Fib i &7t
w, PT. INR. TTRAR; 5iEW 2R HH LK,
RSA Y PT A INR B ZFREMK, ZRARIT¥E
X (P<<0.05), W2,

2.3 RSAZ IE® % 5 W45 5 AR 22 4 b e &
FHRGAR L SEBEREAILE, EFH2
FAH AT- . PC. PS W W &ML, D-D B I
. RSAHPLG BE T 5IEW 22 R4
B, RSAZ AT-II . PC, PS. PLG /K& & T+
L, ZRASIFEEN (P<0.05), WWES3,

2.4 RSAZ IE® 45 W45 R 22 4o
ThrdW i RSAZ TAT., tPAI-C /KM 85
FHEFEAR UM IE W 2R MA, ZRARI¥E



s 450 -

e BE RE R % R

HATE HAW

X (P<<0.05), L3R4,

=1

RSAH.EEZRMARERRZAMRAN R —MRAMILER

Table 1 Comparison of general data between RSA group, normal early pregnancy group and

healthy non-pregnant control group

415 ke AR BMI Z & ZBIR IR TR 25 R AL
(T£s, %) (T£s) [M(QR), JA] [M(QR), %] IM(QR), 7] [M(QR), %]
it B A 2 41 40 31.03+4.87 23.39+4.72 — 2(2) 11 000
ERRRMA 32 28.88+5.28 24.69+5.05 6(3) 2(2) 17 000
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 A 4 iR

TPAH<C0. 05 5 1E 7 2 R U 41 [E 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)]
21 51 %% 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)
1E 2 R 2 32 11.20€0.80) 0.97€0.07) 27.25(3.42) 2.73(0.82)" 16.50€0.97)"
RSA 4] 32 10.55€0.65) = 0.920.07) 26.70€0.73) 2.77(0.68)" 16.65€0.80)"
H1H 14.383 15.490 1.051 12.327 14.371
P1i 0.001 <0.001 0.591 0.002 0.001

"PAE<C0. 05 5 e A 4 iR

TPAH<C0. 05 5 1E 7 A 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 1511 % AT-TIC%) PCCY%) PSCY%) 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 <£0.001 <£0.001 0.001 0.003

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

“PH<C0. 05 5 1E# 2 R AL [ 48 (Mann-Whitney U K5 56D
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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 15i%K TAT(pg/1) PIC(mg/L) tPAI-C(pg/L) TM(TU/mL)
fat R 22 20 40 1.25(1.70) 0.43(0.19) 4.05(2.77) 6.65(1.90)
1E 22 RN 2 32 1.45(1.65) 0.44€0.18) 3.35(1.68) 6.30(1.45)
RSA 4 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 i R 2R 4 L i
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Table 5 Results of univariate regression analysis

Ei=Rn DVEEX4 FrifEiR Wald x* P OR{H 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
pPC 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 ZEERMPSFER
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 . tPAI-C /KX RSA Il #8 T BB B 3 )
MrfE ¥ PT. (PAI-CHA ROC e dr (B D),
gE LBk, PT W RSA It # 72 5 KU (19 AUC
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J90.760 (95%CI: 0.636~0.883, P<<0.001) ,
B A A A 4. 05 g/L I, SUREER0.719, f55%
FE N 0. 844, PT FItPAI-C P 2 1k 4 T 0 45 78 73 0]
RSA Il ¥ JE i XL B (9 AUC 24 0.863 (95%CI:
0.774~0.951, P<C0.001), /= K 0.969, %
SN O0.625,

1.0
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Figure 1 ROC curves of PT and tPAI-C alone and in combination for predicting RSA
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