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Clinical significance of thrombomodulin and tissue plasminogen activator-plasminogen activator inhibitor-1 complex in heat-
stroke

HE Longping , SONG Jingchun, PENG Enlan, ZHONG Lincui, LIN Qingwei, SONG Xiaomin, DENG Xingping, DOU Jianlin ( Inten-
swe Care Unit, the 908th Hospital of the PLA Logistic Support Force/ Nanchang Key Laboratory of Thrombosis and Hemostasis, Nanchang
330002, Jiangxi, China)

Abstract: Objective To investigate the clinical significance of thrombomodulin (TM) and tissue plasminogen activator-plasminogen
activator inhibitor-1 complex (tPAIC) in heatstroke. Methods A retrospective analysis was conducted on 45 heatstroke patients ad-
mitted to the Intensive Care Unit of the 908th Hospital of PLA Logistic Support Force from June 2016 to September 2022. The patients
were divided into 2 groups: heat exhaustion group(n=23) and heatstroke group(n=22) according to the severity of heat illness. The
results of conventional coagulation tests, thromboelastogram ( TEG), and coagulation markers, including TM, thrombin antithrombin
complex (TAT), plasmin-a, anti-plasmin inhibitor complex (PIC) and t-PAIC within 2 hours after admission, were statistically ana-
lyzed. Results Compared with the heat exhaustion patients, the plasma levels of TM [17.1 (9.2, 24.7) vs 7.3(5.4, 9.3)TU/mL],
TAT [23.4 (10.4, 44.3) vs 2.6(1.5, 7.2)ng/mL], PIC [2.0 (0.9, 5.2) vs 0.7(0.4, 1.0) pg/mL] and t-PAIC [17.0 (8.3, 44.1
vs 3.8(2.1, 7.0) ng/mL] in the heat stroke patients were significantly increased ( P<0.05). Combining univariate and multivariate Lo-
gistic regression analysis, TM and t-PAIC were shown as the independent risk factors for heatstroke. The area under the ROC curve of
TM combined with t-PAIC was 0.916 (95%CI:0.839 t0 0.993, P<0.001). When TM>8.2 TU/mL, t-PAIC>8.7 ng/mL, the sensitivi-
ty, specificity, positive predictive value and negative predictive value were 95.5%, 69.6%, 75.0%, and 94.1%, respectively. Con-
clusion The levels of TM, TAT, PIC and t-PAIC of the patients with heatstroke may significantly increase. The results of TM com-
bined with t-PAIC should be of clinical value in the diagnosis of heatstroke.

Key words: heat exhaustion; heatstroke; heat illness; thrombomodulin; tissue plasminogen activator/plasminogen activator inhibitor-1

complex
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22 (heat illness ) JZH57E o T A FAER 5 9 < 1)
VR FHT  HUA ™ $h 5 B R A S B0 LA IR 057
BT K A A ZE AL A 28 R G RE B o
ERER " o T B = AR AN [, rp gl 4y
HULEZE (heat cramps) IV (heat exhaustion ) Fl#4
5 (heatstroke ) o i 1, 2020 4F 36 7 - L2 4
FEIR AR SRR N 1.26/1 0007, H A BSR4 B
FIFRIE N 40% ~ 60% , Bk 2 i ik 30% ', b
A PR R a2 ARV RS P B A0 i A
P SMIEPESE MR BOE (A TS AL MR 9 D
TR EerE 48 PN B I ( disseminated intravascular co-
agulation, DIC) ORI
I D RERRERT , P T KU AT 2 T E SR
25 Y BUE I ) B B A 1) LA IR 8] 01 2% 478 i oK WL
R IE , X AL BARYT 22 I 25 2 1 152 %0 8 1L ) g
BRERSIIRYT o R R FLEE A DU 3T 5 A1, 1 44 5 g &
( thromboelastography , TEG ) 1 Ifil £ 43T 5 75 #2401
#9875 35 1 ( thrombomodulin, TM ) | %E Ifi. Bif§ — 3¢ &E 1ML
i 55 45 %) ( thrombin-antithrombin complex, TAT) | £f
VSl — o, T V5 it 0 11 570 52 5 ) ( plasmin-o, anti-
plasmin inhibitor complex, PIC ) 1 2H 21 £ % Wi J5 154
W) — 21 0 i DS TS il R - 1 52 5 W) (tissue
plasminogen activator-plasminogen activator inhibitor-1
complex, t-PAIC) #HE i Sz e 1 i 5 255 1) € 1l 2 e
FERF " DAL, ARBFSE IR 2016 4F 6 JT & 2022
49 A GAR v  BE HEAT 11U 23 A, PRI i A
I3 FhR A WITE PRI R TP I R S

1 XMR5Tiik
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R <18 25 (2) fA7E B RIS KA BE I D REZR L5
(3) MR AT D REA 425 (4) ABEI IEAE i A DU e
2315 () R EA Bl 3 d; (6) I R BT
BIASERE . 0L ek 45 Bl g BB AT ST,
Horp 5 40 ], 22 5 ], 4R 1% 29.0(22.0~56.5) ¥
AR B i I AR R 45 Bilvh g R
GEIAL (=23, Forp 2R A7 23 9], 56T 0 f51) FEA
SR (n=22, b LR A7 16 ], SET 6 ) o #hsE
SEISWHRIE S IR 2019 AR B AR GbR vE" | U
ZWIHRERKE 2019 4R ERSRIZ W 5607 B K
SR AR et v AR AR I D

BASE JL O /N B B 48 B 25 B0 2 Ik o (it o 505
908yyLLO31) , irfy i & s o Jm C & & i el 2 45 .
1.2 G PRBORE AR Be T ) RGCR A 2
BE IR TR, EZ AR R O Y 5
JUK R 5 S 56 28 8 R B 45 A BE I i i B, LA 1 A
JRL T80 ML 0 R R A i R
B, LA AR LA TN =R Z I FE o 1l ((alanine trans-
aminase , ALT) | K [ & % M2 % 5 5% 1% i ( aspartate
aminotransferase , AST) G JHZTL % . (& A ULEF.C
SR ANFLIR K Y- i DBGE I 4 A B 475 458 1 g )
B [E] ( prothrombin time, PT) | V% A4 35 43 58 1L 15 ik b=t
[i1] (activated partial thromboplastin time, APTT) . %
1. Bst[E] ( thrombin time, TT) | 2] 445 (4 J& ( fibrino-
gen, Fib) Z14E7E [ J5E 155 7= ) ( plasma fibrin deg-
radation products, FDP) D — " S A& FNH1 BE 1l B (an-
tithrombin, AT) 7K -5 Ifil ¥ 73 5 45 25 ¥ A 46 T™
TAT .t-PAIC PIC; i #2557 ¥ (TEG ) B8 IfiL B2 iz i
[ (R,Z%X[8] 5~10 min) | il HPIE BLH AR (K, S
FIX[A] 1~3 min) | MBTE B )% (a M1, ZF X
] 55° ~ 78°) | iz K4k I (MA, = % X [i] 50 ~
70 mm) K EEIMLEGHEE(CI, Z2F XA -3~3) 5 A
Bic. f 14 A% L 307 AF B 2K PF 73 ( Glasgow Coma Scale,
GCS) AR P 518 M FE PP 4311 Acute Physiology
and Chronic Health Evaluation, APACHE [I) .DIC 7}/
FIERE W 4P 52 (intensive care unit, ICU) JjgFE
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THE ORI SRR S-W L T IS kG5, 75 &
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U K36 TR RR X K50, R A Spearman ]
HATARICHE 3T, R Logistic 15434 B 11
SRR SR ROC BT TM J% t-PAIC 2 Wi i
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2 R

21 JEARVORL WA L. BAESR LU LT
W RTLGI 8 W (P>0.05)  [HAF % 5 A 5
TH2EE L (P<0.05) o W4 a] -2 3l k% | 4
M5 R A T 25 R TR S 2 (P
$>0.05) . S GEIRAAR L, R4 bk L 2
BT FURFRER (P 14<0.05) , ALT AST EARZT
% JUBF.C %% 11, 5L \GCS P4  APACHE THY:
43 DIC 43 THE5 (P $4<0.05) , HLAS 4 #9 ICU



e R B 2 7 2023 4F 1 45 41 %45 1) Chin J Clin Lab Sci, Jan. 2023, Vol.41,No.1 <19 -

WAL RE TR 4 (P<0.05) .

F 1 PEERA TR A Y B BOR

1B MEEIRUL (n=23) PIRA(n=22) vZX* i PME

AERE () 23.0(20.0,26.0) 51.0(37.5,67.3) -3.467  0.001
B (%) ] 21(91.3%) 19(86.4%) 0.003  0.958
DR/ I3E) 70.3+24.3 111.9£21.6 -6.07  <0.001
SEHE K (mmHg) 84.5+9.5 83.3+17.2 0.279  0.782
B 4% (X 10°/L) 11.7+4.9 13.9+6.1 -1.367  0.179
rheP 4034 (X 10°/1) 8.1(5.1,14.0) 13.2(6.7,17.4) -1.488  0.137
2R % ( %107 /1) 1.4(1.0,1.7) 0.7(0.6,1.3) -2.948  0.003
ALT(U/L) 22.0(15.2,39.4) 77.7(30.6,319.4)  -3.281  0.001
AST(U/L) 23.9(20.1,38.8) 93.2(39.4,513.7)  -4.042 <0.001
JHZT % (mmol /L) 14.6(9.8,19.3) 22.2(13.9,50.6) -2.43 0.015
M&EM (g/L) 43.7+5.0 34.9+8.3 4.321 <0.001
WLEF ( umol /1) 78.9(69.4,103.2) 139.3(98.8,259.7)  -3.747 <0.001
2B (mg/L) 1.2(0.3,8.4) 18.9(3.8,82.8) -2.987  0.003
FLA% (mmol/L) 1.1(0.7,1.5) 3.2(1.7,6.3) -3.779  <0.001
GCS 43 15.0(13.0,15.0) 4.0(3.0,7.3) -5.287  0.001
APACHE I -4 11.0(8.0,14.0) 24.0(18.8,28.3) -4.292  0.001
DIC $-43 0.0(0.0,0.0) 3.0(1.8,6.0) -4.504  0.001
ICU $53E# [ n( %) ] 0(0%) 6(13.3%) 507  0.024

2.2 HRGEIRGPGHR BE BRI DI RERY LLEL BT
FRGEBE ML 15 b, 15 LW 4 AR L, FA S 4 PT
APTT TT S, i 3% FDP D- " SRMOKF- T, AT
TG PR /AR T RO AR, 22 S 1A Ge it 22 3 (P
$J<0.05) ; {H Fib /K22 5 LG 2 8 L (P>

He, BG4 K THiE (P<0.05) , o £ \MA Fil CI %
flk(P #<0.05),H R ZRIEGHIT¥#EL(P>
0.05), W% 2,

SJIGE i AU F, FASR R 4 TM AT PIC Fi
EPAICTK Y T, 22 5 B e it 27 8 (P #<

0.05) o EFXF IS 5 77 F8 b, 5 A v 4 A 3 A 0.05), L% 3,
F 2 PR PG BB AE AT A
EELD HoEiB Al (n=23) AP (n=22) /Z{H P{H
PT(s) 13.3(12.9,14.9) 17.4(142,22.3)  -3.703 <0.001
APTT(s) 29.1(26.4,32.2) 45.1(32.5,96.8) —4.091 <0.001
TT(s) 16.3(15.0,17.7) 17.5(16.0,22.6)  -2.09  0.037
Fib(g/L) 2.2(2.0,2.5) 2.1(1.4,2.9) -0.647  0.517
FDP (mg/mL) 1.7(0.5,3.9) 17.4(5.1,70.9)  -3.951 <0.001
D- {4 (mg/mL) 0.2(0.2,0.8) 6.1(2.1,17.1)  -4.316 <0.001
AT(%) 81.1+21.3 59.1x24.2 324 0.002
IR (x10°/1) 238.6+79.4 95.9+65.0 6.583  <0.001
JIIRE T SANEE LA
R(min) 6.8(5.3,7.8) 9.2(5.2,16.6)  -1.329  0.184
K (min) 2.1(1.6,2.5) 3.5(2.3,8.4) -3.056  0.002
o f(°) 62.1(51.6,67.5) 42.4(21.6,55.6) -3.565 <0.001
MA (mm) 59.5(53.6,65.8) 45.8(37.5,53.7) -4.189 <0.001
CI -0.9(-3.0,0.5) -6.1(-15.5,-1.5) -3.259  0.001

R3PS PR RE MR TAREY H AL

- Bl PR
Hihs (n=23) (n=22) 7 P
TM(TU/mL) 7.3(5.4,9.3) 17.1(9.2,24.7) -4.28 <0.001
TAT(ng/mL) 2.6(1.5,7.2) 23.4(10.4,44.3) -4.429 <0.001
PIC( pg/mL) 0.7(0.4,1.0) 2.0(0.9,5.2) -3.622 <0.001

t-PAIC( ng/mL)

H:TM 2% X i) 2 3.8 ~ 13.3 TU/mL; TAT £ % [X [i] Ky

<4 ng/mL;PIC % % [X |A] } < 0.8 pg/mL; t-PAIC £ % X ] X 5
<17 ng/mL, % <10.5 ng/mL,

3.8(2.1,7.0) 17.0(8.3,44.1) -4.076 <0.001

2.3 AR FRR A S H REE I 3R 56 48 bR i A O
PESMHT HB B TM TAT (PIC 5 D- {4 A
FDP 558406, 5 PT 2 EEASE, 5 i/ M 4o/
MA 5 o B A 56 B O Y +-PAIC 5 PT,
APTT D-—SAFN FDP S EEf e, WK 4,
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F 4 PFBEEN S TAREY) SR B IS bR A S S [ r(P) ]
14 H7% ™ TAT PIC t-PAIC
MM -0.59(<0.001)  —0.48(0.001)  —0.44(0.003) -0.50( <0.001)
PT 0.49(0.001) 0.59(<0.001)  0.56(<0.001)  0.55(<0.001)
APTT 0.36(0.015) 0.56(<0.001)  0.49(0.001)  0.55(<0.001)
Fib 0(0.988)  —0.09(0.562)  -0.19(0.201) —0.18(0.234)

AT -0.21(0.176)  -0.41(0.005)  -0.45(0.002) —0.59(<0.001)
D-— %k 0.63(<0.001)  0.68(<0.001)  0.72(<0.001)  0.53(<0.001)
FDP 0.61(<0.001)  0.68(<0.001)  0.68(<0.001) 0.59(<0.001)

R 0.44(0.002) 0.16(0.295) 0.26(0.085)  0.14(0.362)

K 0.33(0.026) 0.26(0.081) 0.37(0.013)  0.26(0.083)

o fi -0.51(<0.001) —0.32(0.034)  —0.40(0.007) —0.25(0.099)
MA -0.45(0.002)  -0.44(0.003)  -0.44(0.002) —0.43(0.003)
2.4 IR K R 1Y Logistic |9 43#7  LAFA fak A& (P<0.05) , i —47 Z KK Logistic [1]

B g B ZE B (5 = 1, JE = 0), TM, TAT, PIC,
t-PAICH [ 75 F 4T BLIH 3 Logistic [7 I 437, 45
SR, TM TAT PIC (-PATC 2% A HH5 1 57

P57 78, TM Bz t-PATC J2& % A= A B i 57 1
RrNER (P<0.05) o WA S,

RS BEMITTAREY BRI Logistic [9115 7347

sk FLH R Logistic 23 #7 ZINE Logistic 7347
A OR 95%CI P1E OR 95%CI P{E
™ 1.401 1.127~1.743  0.002 1.431 1.093-1.873 0.009
PAIC  1.109  1.029~1.194 0.007 1.108  1.007-1.219  0.035
TAT 1.041 1.001~1.083  0.045 — — —
PIC 1.909 1.173~3.108  0.009 — — —
2.5 TM K t-PAIC 2% 1) ROC £ 53#r 3 e

VLB 1, T™M 12 W #4595 19 ROC il 4 T 1 7
(AUC"“) 4 0.873 (95% CI. 0.770 ~ 0.975, P <
0.001) ,>4 T™M & 8.2 TU/mL B, HURME AR5 5
PEAY 5k 86.4% . 73.9% . t-PAIC 2 Wi #4595 19
AUC 4 0.855(95%CI:0.742~0.967, P<0.001) , 24
t-PAIC 5E #8.7 ng/mLIs , BB R S5-E 43 0 R
77.3% . 87.0%., TM Kt 4 t-PAIC 2 Wi 35 &t 9% 1y
AUC" 7 0.916(95%CI:0.839 ~0.993, P<0.001) ,
IO R S BH A TN AL | 9 e AR 43 S R
95.5% .69.6% .75.0% 94.1% , & F Bl i ] T™ %,
t-PAIC(P<0.001) ,

" | ——TM(AUC"*=0.873)
——t-PAIC(AUC"**=0.855)
—— TM+t-PAIC(AUC***=0.916)

--- identity

0.2=

0.0 T T T T
0.0 0.2 0.4 0.6 0.8
L

T™ J t-PAIC 2S5 1) ROC #2643 47

1.0

E 1

AHFFETE [ N RS HROE T 2 R e 1
PRSP R . F1xF 820 R BB WL A
PACTEE B Ay v 2 RO IR — R T 40 C
I G FT AT — ok 2 B o 2 B S R A 0 5 B
NHJE TR RO TR RS T 40 °C I A T B A
FUE Y RS ] P £ A T e R AR
AT 48 T s , PRI R s A I 3 5 T A
FEVR R, X 5 AR N BRI RE 1 R R S 1) M
SetBT RERAY AE R R S ORI B, AT g
PR IR <40 CHERS MR EEE | T FE 15 B 12
W, R HRIT AL S o B I DD RERE A 2 h 2 A
PAEF FHLUARS 1 B 0 B 1 T Re 61 5, Bl % #4514
L IRE IR I 32, A5 0 T 80174 68 1, ) e s
T AN TR, ASHFSEIE 1 %) e AR 8 5 P
H M I REFE b , T b B U AR S T
ORIV , BERS 3R AR A SRS AR

P T AL 38 A4 358 1M 2 B i 725 AT R T A
SR R Z BT ST R, 15 A RK RS, 1830 7
AR IR T 37 °C L THE 39.4 °C A 47, BE I
PO S PT Al B A K i/ AR %R
DR L3 e 4 T BT v ML A R e L
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AR BRIRAS o BEAE YR A AR O e, N AR IR
PEEE MR AR B0 T B0 2 i+ T %, 58 1 i 90 3k
JEVSAE , AT PR BT FEMEEE I , SL IR = R
I/ ECT R BE I (R RE K, D=~ 2R {& 1 FDP
BETE Mk A Z BN R EK K T}
B, o fRT MA BN S ASHIFSE R, BRI R
FER A0 B0 ALT Fi0 AST WA THE LAAE , &
HEMLFRBR A2 30T B B A AL T2 5% X [a], TAT Fl
PIC 852 X [0 T a3, 45 T oig By B e
M-S LA E 2T iR, 5 RGERE Ba ML,
P B B PTAPTT JE K, i /N 0 20,
D- R Tt i, {2 Fib ARfB N B & 5 i 4 5y [ 48
FRIILL MA R RS R, 295 MR s — 3
PP B TM TAT \PIC F1 t-PAIC 7K F45
VLI W EF R, HE Logistic [01J4 434745 5 R,
TM( OR =1.431,P=0.009) F1 t-PAIC (OR =1.108,
P=0.035) Sy KA ST fE R R 2, RITHA
ST .28 H B I A I A P B A0 L 4, O
VI Lt 55 T I, SR AR B AR AT P B A
PRI RPTERA T SR TARIE " . AT TM K
t-PAIC 2 W B4 5 95 (9 AUCH™ 43 51 4 0. 873 Al
0.855, A {EK YK N 8.2 TU/mL Fl1 8.7 ng/mL, TM Bt
4 t-PAIC 2 Wi W 19 AUCR 4 0.916, 58] T™
B t-PAIC X #ASFH HA A B2 Bk Re -
ARWFEAAEAE LT AL < 8 58, AR5 61 B0 X
B Ty v S R R 5 FLUR, AR R A v A
S 2 W bR AT BTG PRAZ W, = A X
TR W7 1 5 B, B WL 10 B8 1l T R 38 b 2 22
ETHAERCH R LR E SRR, AR RR
TM F1 t-PAIC [z B PN 2 41 B 463 35 10 R B8R4 A B
ORI, ¥ AN BE S I R 08 By B N Bz 240 B B A2
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