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Study on the Relationship between Coagulation and Fibrinolysis Indexes
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ABSTRACT Objective: To analyze the relationship between coagulation and fibrinolysis indicators and acute traumatic coagulopa-
thy (ATC) after traumatic brain injury (TBI) and their predictive efficacy for cerebrocardiac syndrome ( CCS ). Methods: 80 patients with
TBI admitted to our hospital from January 2020 to December 2022 were selected as the research objects. The levels of prothrombin time
(PT), activated partial thromboplastin time (APTT), D-dimer (D-D), thrombin-antithrombin complex (TAT), plasminogen-a2 plasmino-
gen inhibitor complex (PIC), international normalized ratio (INR) and TAT / PIC ratio were detected and calculated in non-ATC patients
and ATC patients, non-CCS patients and CCS patients, respectively. Bivariate Spearman correlation was used to test the correlation be-
tween coagulation and fibrinolysis indicators.Multivariate Logistic model was established to analyze the influencing factors of ATC and
TBI combined with CCS after TBI, and the predictive efficacy of coagulation and fibrinolysis indicators on TBI combined with CCS was
analyzed. Results: The incidence of ATC in 80 TBI patients was 27.50 %. Compared with the non-ATC group, the levels of PT, APTT
and D-D in the ATC group were higher, and the TAT / PIC ratio was lower (P<0.05). PT, APTT and D-D were positively correlated with
ATC after craniocerebral injury, and TAT / PIC was negatively correlated with ATC. Multivariate logistic analysis showed that TAT /
PIC was an independent risk factor for ATC after craniocerebral injury (P<0.05). The incidence of CCS in 80 TBI patients was 20.00 %.
Compared with the non-CCS group, the levels of PT, APTT and D-D in the CCS group were higher, and the TAT / PIC ratio was lower
(P<0.05). Multivariate logistic analysis showed that PT, APTT, D-D and TAT / PIC were independent risk factors for TBI combined with
CCS (P<0.05). In the prediction of TBI combined with CCS, the ACU of PT, APTT and D-D were all > 0.70, and TAT / PIC > 0.85.
Conclusion: TAT / PIC is associated with ATC after TBI, and can also predict the occurrence of CCS, which has guiding significance in
the prognosis prediction of TBI patients.

* AT E PR TR AKX [ ARHESL AT H (2022D01244 )
VEZ R AR5 (1985-), 55 B9k, 38 B, W5 07 1] - @405 A W 47 %8 J5 18T, E-mail : xudanshu1985@163.com
o ERVEH ZEIN(1982-), B MRS A, R AT R0, 987 1) - #2251k, E-mail : xudanshu1985@163.com
(e H 31 :2023-06-21 52 H 1. 2023-07-17)



- 690 - DREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol24 NO.4 FEB.2024

Key words: TBI; ATC; CCS; Coagulation index; Fibrinolytic index; Predictive value
Chinese Library Classification(CLC): R651; R552 Document code: A

Article ID: 1673-6273(2024)04-689-06

RS

151 i $61 473 ( Traumatic brain injury, TBI) 3= % K #b F1 46 F F
B}, 2 W B SRR, BA RSB BRI, Atk
1455 P BE 1197 ( Acute traumatic coagulation, ATC ) Fl i .05 &
fiF. (Cerebral-cardiac syndrome, CCS )& TBI #9 % W3 & %iE ,
Hri ATC £%F TBI J5 24 h N, =% [H SR 52 45U i H I
EBEM DI REZR ST [, 2 AUk TBL BE LT 1 E 5
Kz —P, CCS i 2 MM 22 5 5 | e A X O JIE D) e %,
PRI 1) S PR IR o IR 5, A ML B i 0 R o 4= W
75 15 A A J5 B I D RE S XL IR 28 S e P B LA T
FA KRB RIS, JET 3R A, B, #EFR IR TBI J5
ATC F1 CCS (14 4 A XU , A e HiT R IO 28 (R it T 77 , AT
IRBIRREEFE TR B Y, BT TBIJ5 ATC 5} CCS #3
B4 RS ALt 22 55 88 I T 8 8 A AE — 2 DRI, DR L 3 J LA I PR
22 30 30 A6 T € 1l 2y BB A5 bR 1 AW TBI 8 35 J2 5 I R
ATC 5 CCS Bl SRTIA/DFSE K I H HLEE L) BEF8 Ar e Fti
ATC CCS " RLREFA, v R HE I AV E IR FRY,  FE I PR
TERIAWIRA A 2 1R TBI Al 3% B 1 R ge s g ey "
EBEIRAS ", IRIRAS PTG RGP B A RN A5 TR i
I, FE S BUR 5 & 58 M T R B A DG A9 I R AE , i A]
3 b A M ATL AR B 1. - 21 e AR B2 1y XU TBI 5 ATC,
CCS RN M, BT, ACEEN 5LF%H5hr5 TBL 5
ATC PR KX CCS TR ST /04T, A5 T .

I R 5 E

1.1 AT

AR NEH S E AR BT 5 BRI . Adkbrifi: (1)
PAFRUE: 0 FFE PR YA B SURBUG 2 WbRE 0 43k il
CT sl IR MR R A UESE )y TBI; 0 AR i 3F Bk 37
<12 4350 #if5 6 h (WARE; 0 #EHiHF B ik i 32 (Glasgow
coma scale, GCS) <12 43;0 1A H 5§41 (Body Mass Index, BMI)
=20 kg/m?, (2)HEBRIRAE: 0 M ETRRRTLERE ;0 AR
O LR R B L PR PR B s 0 A P o iR M5 L i L P B 1
PERG RS 0 3 3 AN A IRFSUEEZ MR TT ;0 AT B
PR (kA5 ) 50 G IFRGPE M a8 M0 T 320 18 BH A 55
REME
12 —fg&EH

HFEH 2020 4 1 A ~2022 4F 12 A AR&BEUIA 1T 80 41 TBI
BEAME NIRRT, B 45 ), £ 35 i) F4% 26~82 %, 78
(54.26% 5.36)% ;BMI 20~28 kg/m?, -1 (24.26+ 2.12 kg/m;
B AR E] 0.5~6 h, F-1(3.25¢ 0.26)h; GCS 43 3~12
53, 4 (7.54% 1.12) 55 i R A < 3405 22 461], 475473 10 4,
2T 36 4], FHofth 12 461 TR 45 18 4, 1A &M
62 fil
1.3 #&il 7 &

JTR BB KR 10 mL #likiln, & THIEEEN,

F- 3500 r/min fEEEE B0 15 min, A3 B ML R, 9% T
20 CURFE R ORAFRE F o L3R EE I - BoeE i f42 A4 (Throm-
bin antihrombin complwex , TAT )% FH i<t B 00728 43 B 2 A6, i
WAV -02 FFIEEFM T Y E S5 (plasmin-o2-plasmin in-
hibitor complex, PIC) R FHFLIE G S fe s AR, IF 343
TAT/PIC A1 ; %E IfiL i J5URS [7] (Prothrombin Time, PT) i 4k #%B
43 IfiL it )i AR A ( Active partial thromboplastin time, APTT ) \D-
B {K&(D-Dimer, D-D) 3% A} CFMS LEPU-8800 TEG 43 #71%
K, I EbrtRvEIL Ll (International normalized ratio,
INR). INR=({£3 PT/ iE# PT)ISI,ISI Jy EIFRBUR B 8455
L4 FEMHER

(1) K334 TBL j5 ATC #& Mk ATC B PT,
APTT .D-D  TAT PIC /KF-FI INR \ TAT/PIC [Lff. #5410 T H:
TR N2l ATC:0 PT>18'5;0 APTT>605;0 FE{E
TE P L s A

(2) R F WLAE & Spearman A 3¢ £ K & APTT.D-D.
TAT/PIC 5 ATC ARt

(3)# . Z A& Logistic #7731 TBI &A= ATC 1 TBI
GIF CCS s m A 2

(4)Frm 31455 TBI 5 Jf CCS 5 il CCS &1 PT,
APTT D-D TAT PIC /K~F-Fil INR ,TAT/PIC [{fE.
L5 Git=aHm

KT F 3R F(SPSS 23.0) i A7 41 [ A 3518 57, 1 Ok}
(x5 ) TR RN D) %ZE t 150 (LRI ELE W STREAS ¢RG4,
HNLLE BT REAS T8 ) F1 o2 Kl (24 LB BRI
58 73 R WA i Spearman A1 S& A 56 4 M A S& 1, ST £
[H & Logistic &%} TBI fj5 ATC F1 TBI 43 CCS #4714
S, R 22 ) 3238 T /E4R1E fh £k (Receiver operating char-
acteristic curve, ROC), RHUXS N7 () #2481 FX (Area under
cure, AUC),P<0.05 NERH G IT2FE L,

2 R

2.1 3E ATC #0 ATC BEHIR N5 (Fiatstrk E L&

80 14 TBI g5, 2 22 Bl & A= ATC, [ 1t 27.50%., P2
INR TAT PIC /K A%, 22 R RS E L (P>0.05); 53
ATC 41 H#, ATC 41 PT APTT .D-D 7K E45 &, TAT/PIC A8
BR(P<0.05), L3 1,

2.2 BRI FHEIEIRS ATC BHEXMES T

Pearson A M #7485 5 B 7~ , APTT \D-D 5 fifixi #8115 )5
ATC RIEAHIEH:, TAT/PIC 5 ATC R HAH5eM:, L3k 2,

2.3 TBIJ§ ATC B34 #F

P2 R AE ATCOR =1, 15 =0)/E N ZE & , % INR PT,
APTT D-D TAT.PIC  TAT/PIC /£ Jy 785, B Z4MHT4 R
T3 3 KB R AT P AR E UL A N A 2 I 2 ogistic 43
Br, 53 Won , TAT/PIC 2 fija ATC iy fa o B &
(P<0.05), 1.5 4.



PREYES#HE biomed.cnjournals.com Progress in Modern Biomedicine Vol24 NO.4 FEB.2024 - 691 -

= 1 JEATC #1 ATC BEMR M 5T RIEIRAKEITEE (o 5)

Table 1 Comparison of coagulation and fibrinolysis indexes between non-ATC and ATC patients(x+ s )

Peer group n INR PT(s) APTT(s) D-D(mg/L) TAT(mg/mL) PIC(ug/mL) TAT/PIC
Non-ATC group 58 1.06% 0.16 12.16x 1.55  24.26% 3.58 1.46= 0.21 2.46% 0.36 1.12+ 0.17 1.96+ 0.21
ATC group 22 1.12+ 0.18 1371+ 2.01  34.26% 4.69 3.86x 0.26 2.34+ 0.31 1.17+ 0.19 0.71% 0.11
t 1.447 3.671 10.214 42.684 1.380 1.137 26.501
P 0.152 <<0.001 <<0.001 <<0.001 0.172 0.259 <<0.001
R 2 BN AFUERIRE ATC BIIRXMES T
Table 2 Correlation analysis of coagulation, fiber index and ATC
ATC
Index
P
PT 0.848 <<0.001
APTT 0.964 <0.001
D-D 0.924 <<0.001
TAT/PIC -0.812 <0.001
®3 BEESTER
Table 3 Single factor analysis results
ATC
Variable Assignment
OR 95%Cl P
INR =1.16=1, <1.16=0 1.132 0.784~1.564 >0.05
PT =13.52 s=1, <13.52s=0 1.125 0.724~1.426 <<0.001
APTT =32.47 s=1, <32.47s=0 1.754 1.121~1.965 <<0.001
D-D =3.61 mg/L=1, <3.61 mg/L=0 1.714 1.164~1.934 <<0.001
TAT =1.63 mg/mL=0, <1.63 mg/mL=1 1.168 0.816~1.684 >0.05
PIC =1.99 pg/mL=1, <1.99 pg/mL=0 1.364 0.836~1.841 >0.05
TAT/PIC =0.78=0, <0.78=1 0.784 0.346~0.894 <0.001
3 4 Logistic ZRRNNER
Table 4 Logistic multivariate analysis results
Variable o SE(a) Wald 2 OR 95%Cl P
PT 1.134 0.842 1.546 1.587 0.724~1.935 >0.05
APTT 1.124 0.874 1.154 1.694 0.725~1.984 >0.05
D-D 1.168 0.824 1.684 1.684 0.768~1.968 >0.05
TAT/PIC 0.814 0.736 1.584 0.796 0.123~0.935 <0.001
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Table 5 Comparison of coagulation and fibrinolysis indexes between non-CCS and CCS patients( x* s )

Peer group n INR PT(s) APTT(s) D-D(mg/L) TAT(mg/mL) PIC(wg/mL) TAT/PIC
Non-CCS group 64 1.08%+ 0.11 12,18+ 1.54 2438+ 3.61 1.52+ 0.22 2.41% 0.36 1.14% 0.17 1.94% 0.21
CCS group 16 1.10%+ 0.12 14.65% 2.11 35.94+ 3.68 424+ 0.32 2.28+ 0.34 1.22+ 0.18 0.64% 0.09
t 0.639 5.308 11.414 40.137 1.306 1.664 24.122
P 0.525 <0.001 <<0.001 <<0.001 0.196 0.100 <<0.001
RO BRRSTER
Table 6 Single factor analysis results
CCS
Variable Assignment
OR 95%CI P
INR =1.16=1, <1.16=0 1.254 0.465~1.584 >0.05
PT =13.52 s=1, <13.52 s=0 1.668 1.115~1.956 <<0.001
APTT =32.47 s=1, <32.47 s=0 1.746 1.135~2.584 <0.001
D-D =3.61 mg/L=1, <3.61 mg/L=0 1.745 1.198~1.987 <0.001
TAT =1.63 mg/mL~=0, <1.63 mg/mL~1 1.368 0.684~1.684 >0.05
PIC =1.99 pg/mL=1, <1.99 ug/mL=0 1.264 0.721~1.754 >0.05
TAT/PIC =0.78=0, <0.78=1 1.731 1.126~2.184 <<0.001
% 7 Logistic ZERSTER
Table 7 Logistic multivariate analysis results
Variable a SE(a) Wald «* OR 95%Cl P
PT 1.365 0.758 1.684 1.721 1.254~2.847 <<0.001
APTT 1.654 0.762 1.711 1.687 1.268~2.684 <<0.001
D-D 1.584 0.771 1.725 1.724 1.284~2.545 <<0.001
TAT/PIC 1.986 0.841 1.834 1.965 1.658~2.984 <<0.001
& 8 B, R HEFRTE CCS R TIMME
Table 8 Predictive value of coagulation and fibrinolysis indicators in CCS
Index AUC 95%CI Sensitivity( %) Specificity( % ) Cut
PT 0.755 0.654~0.864 75.00 90.63 3.52s
APTT 0.765 0.725~0.987 81.25 89.06 32.47s
D-D 0.774 0.711~0.943 81.25 90.63 3.61 mg/L
TAT/PIC 0.865 0.735~0.912 90.00 92.00 0.78
Fitting diagnosis 0.982 0.712~0.964 100.00 98.44 -
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Fig.1 Predictive value of coagulation and fibrinolysis indicators in CCS
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