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[ Abstract] Background Acute pulmonary embolism ( APE) is a common cause of hospital-related death.Protein
C (PC) system is an important anticoagulant system in the body, it has important clinical value to study the role of PC and
its activation cofactor——soluble thrombomodulin (sTM ) in APE and their relationship with the degree of pulmonary artery
occlusion of patients.Objective To investigate the changing of PC and sTM in APE and the predictive value on severe pulmonary
artery occlusion of patients.Methods 30 patients with APE in Xi’ an No 1 Hospital from February 2017 to March 2019 were

selected as APE group, another 30 patients with other lung diseases during the same period were selected as other group.The
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plasma levels of PC and sTM were compared between the two groups, and pulmonary artery occlusion index, pulmonary artery

obstruction of APE group were observed.Pearson correlation analysis was used to analyze the correlation between plasma levels

of PC and sTM, and the correlation between plasma levels of PC and sTM and pulmonary artery occlusion index.ROC curve was

drawn to evaluate the predictive value of plasma levels of PC and sTM for severe pulmonary artery obstruction of patients with

APE.Results The plasma PC level in APE group was lower than that in other group, plasma sTM level in APE group was higher

than that in other group ( P<0.05) .Pearson correlation analysis showed that plasma PC level was negative with plasma PC level

of patients in APE group( r=-0.891, P<0.001 ); pulmonary artery occlusion index was negative with plasma PC level( r=-0.595 )

of patients in APE group, pulmonary artery occlusion index was positive with plasma sTM level ( 7=0.579) of patients in APE

eroup ( P=0.001) .ROC curve analysis showed that, the AUC of plasma levels of PC and sTM in predicting severe pulmonary

artery occlusion of patients with APE was 0.877, 0.870, respectively, the sensitivity was 88.89%, 94.44%, the specificity was

75.00%, 66.67%, respectively.Conclusion In APE patients, the plasma PC level decreased but the sTM level increased,

and the levels of the two indicators have good predictive value for severe pulmonary artery occlusion in patients with APE.
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T APE 2R, FR4E CT I shiki& 52 ( CTPA ) SR A2,
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S5 R N HAMA . APE 4R 55 18 40, Zr 12 fl; 4FH% 28~72 %,
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AL 58 17 B, 4 13 4l AERS 29~71 %, SEHI4ERS (50.7 £9.7)
%5 S ERRITE] (6.9+3.1) d; HRIAL. Mk 16 6], &
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AR (1=0.171) | FEIRRETT] (1=0.804) LbE, 2RT5H
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1.3 ik
1.3.1 W BHF M PC. sTM KM P4 B EHT A
Bg SR A 25 RIS K AL 3 ml B FHBEE Y, 3 000 r/min B0

Pulmonary embolism; Protein C; Soluble thrombomodulin; Pulmonary artery occlusion index;

10 min ( B4 12,5 em ), UM 2R H-% F -80 C IR
PRAEFFI, 1 7% [ Siemens Healthcare Diagnostics Products
GmbH Jf- 5% I & €6 J6 1% K I 8 34 i 3% PC K 5 R H
7K Sysmex 4 F 2l I ¥ BE [ 2 B A i B 70 8 3 R B 4k
2RI R L sTM 7K. 1% PC /KSE-B % {5 N
70%~140%; 1fiL3% sTM 7KF-Z %5 [HA 3.80~13.30 TU/ml,
1.3.2  APE 4035 i sh Dk BHZEFE E0 . il sh ok BH 275 3 A6l
K AF AT APE 2L ZHUMEMY, 15 S HXFE FLT, B0
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Sy S KB SEFE L, I HI W7l 2 KB ZEFE S . Mastora PF
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Jik A& 31 3245 (AR 7 B ZE 7 B AT E S (1 S i B B ik B
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IR B ESY ) , FEAR R AR 2 Ik BH S X il i A
T BH 2R B VEAT R4 OBl 45 B ZE R B <25% 11 1 43
25%~49% it 2 4. 50%~74% it 3 4. 75%~99% it 4 45 .
100% 11543 ) , TN sh BkFH 248 8 e, MR P& Ik
RH ZEF5 50X APE F8. 35 il 3 Bk BH SE 5 BE 64740 9, R4
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30%~49% ) FESE (IhshIKBHLIERES= 50% ) "' . Horp,
s BkBHZEFE % = ( 3 (Jfish ki FBHIEN B 1T x Biigh
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1.4 Siitsdryk: SR SPSS 21.0 Geit# i ke A B 434t
FFERILL (xxs) Fom, 0] SR T IIR S REAR ¢ K50 5
THECZOR UM X B R, 4L RSk x° K% . APE fE
M2% PC K513 sTM ZKF- A AH & K — 2% 5 il sl ok BH %€
BRI AE M E MR Pearson AH 0T 2l 283 T AR
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2.1 3% PC. sTM 7K KB sh kB IEFE . il ol ok B S 7 g
APE #H 8 LK PC AL T HABH , M3 sTM /KFi5 T

HAb4l, ZRAES¥E X (P<0.05, Wk 1) . APE 4#

FI B IKBHZEHEHC N (49.85 £18.67) %, iz IkBHZEF % .

R 3, HHEE 9, TR 18 .

1 WARFEME PC. sTM KT HLE (x+5)

Table 1 Comparison of plasma levels of PC, sTM between the two groups

215 % PC (%) sTM (TU/ml )
HAthz 30 64.76 + 11.77 21.59 +3.86
APE 21 30 52.91 £ 10.65 37.66 = 5.43

tfl 4.088 -13.216

P <0.001 <0.001

£ APE= 2UHERETE, PC=4EFH C, $TM= nl¥EPE M1 &E A

2.2 APE 4134 2K PC /K-S 1M sTM /K B — 3 5 il )
KB ZEHE KA SN BT  Pearson #6404 5 s, APE
20 LK PC KT 5 13K sTM 7K F 2 7 A 6 (7=—0.891,

P<0.001, UL 1) ; APE 4 &2 i 3 ik BH 2 45 % 5 1 2% PC
HOEZAAE (r=-0.595, P=0.001) , S sT™M K2 IE
X (r=0.579, P=0.001, VLK 2~3) .,

23 ROC £k ROC st iR, I PC. sTM /K -7
D APE B 3% 75 J32 Jili 3l Ik BH 2 19 il 28 T i AL CAUC) 4351k
0.877. 0.870, H: R HE /30 88.89% . 94.44%, H¢ 5435
K 75.00% . 66.67% (WLE 4. F2) .

R2 MK PC. STM AKEXT APE S35 55 B il o Jik S 28 ) i 7 (.
Table 2 Predictive value of plasma levels of PC, sTM in severe

pulmonary artery occlusion of patients with APE

i AUC (95%CT)  SE - PH Sl EHR(%) REUE(%) 550E(%)
PC 0877 (0748, 1.000) 0066 0.001  57.80% 8333 8889 7500

STM - 0870 (0.741, 1.000)  0.066 0001 3376TUml 8333 9444 6667
T AUC= HIZ TR

3 g

PC RGN N N ZE I PUBE R G AN UIAREE AN ZF 7555
i B L EEVEH 2L, PC 51 AT 1 ( thrombomodulin,
™) ¥J& PC RGP E A, Hr PC &K T
AR K PR REGR, P RS R v . Ik 13 B 5
i FENRIEIR R, PC 1L i A R 2L F v il ——
T™ 5 & W10 J5 75 A1 % 46 3% 46 PC (activated protein C,
APC) , HEMTRIEPOEER AR . PC G BARIT
W PC— APC — K IR BE ML V. VI i 3% 2 11l 410 1 5]
Wl PC g R, PG, PC MR B R e A RPUEE 2R G 00
PEUS L BRI R, PC IR MR I A XU 48
U B R T X AR TR R 9 A REHEAT T PC K
SEREIN, SRR, PC KRR Mk ZE R Il ST fa ks R & .
ASMAT 25 ' BIFSE R, PC IS E R A Mk 2 5 25 52 2% P
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Figure 1 Scatter plot of the relationship between plasma PC level and
plasma sTM level of patients in APE group
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Figure 2 Scatter plot of relationship between plasma PC level and

pulmonary artery occlusion index of patients in APE group
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Figure 3 Scatter plot of relationship between plasma sTM level and

pulmonary artery occlusion index of patients in APE group
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Figure 4 ROC curve of plasma levels of PC, sTM in predicting severe

pulmonary artery occlusion of patients with APE
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3 (venous thromboembolism, VTE) [ 1& & K 2 [18] o R
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SPRCR . WHFERWI, Mgl kB ZEF 8O 21.3% i), SR
BET- RGN 6.7 £ 1% 2 ABFRRLER R, MK PC. sT™M
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L LTIk, APE [ I PCKSFEIAR, T i sTM K
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M APE B IRITRTINE PC sTM K, R, T RAFEARE,
IA] 454 Padua TE4> . Caprini w . Well TEEE40 A VIE 8{
APE 5 XU AR, FEARBRVE AT AN 00 T 2547 s P 5E LAE
—RARE.

HHETHR: TAT. EA T, KM FLEHHES
&ty ELTC L IREMEIRATRR R0 6 KAk S AT ST, A A 4
R SR CHATRIUE, EE o4 TAT. LT
HATE RO 5 A, wXNIEIT; TATFREAI; Kb
W 5 TSR AR AT AL, S L F A o R,

ES SR
B2k

[1] REZNIK E V, SHCHERBAKOVA E S, BORISOVSKAYA SV,
et al.ST-elevation myocardial infarction, pulmonary embolism, and
cerebral ischemic stroke in a patient with critically low levels of natural
anticoagulants [ J ] .J Cardiol Cases, 2020, 21 (3) : 106-109.
DOI: 10.1016/j.jccase.2019.11.003.

[2] TAHIR F, MAJID Z, BIN ARIF T, et al.Cerebral infarction
followed by myocardial infarction in a young adult with protein C and
S deficiency [J ] .Cureus, 2020, 12 (1) : e6665.D01: 10.7759/
cureus.6665.

[3] WELSH J D, HOOFNAGLE M H, BAMEZALS, et al.Hemodynamic
regulation of perivalvular endothelial gene expression prevents deep
venous thrombosis [ J ] .J Clin Invest, 2019, 129 (12) . 5489-
5500.DOI: 10.1172/JC1124791.

[ 4] KONSTANTINIDES S V, TORBICKI A, AGNELLI G, et al.2014
ESC guidelines on the diagnosis and management of acute pulmonary
embolism [ J ] .Eur Heart J, 2014, 35 (43) : 3033-3069,
3069a-3069k.DOI: 10.1093/eurheartj/ehu283.

FhAR B A S WP 2 53 23 it R 28 55 I 5~ 2, ol ] B DT A
SR BRI 22 Bl 28 5 i L ARG T AR Z2 A 2x, ARl 28 S
I AL 95 B3 06 M 2R M AR ZEAE 2R S TR R g () ] .

[5

[



.18.

e 2R, 2018, 98 (14) .
j.issn.0376-2491.2018.14.007.
[6] MASTORA 1, REMY-JARDIN M, MASSON P, et al.Severity

1060-1087.DOI: 10.3760/cma.

of acute pulmonary embolism: evaluation of a new spiral CT
angiographic score in correlation with echocardiographic data [ J ] .
Eur Radiol, 2003, 13 (1) : 29-35.DOI: 10.1007/s00330-002—
1515-y.

(7] R, ZRakom, B, 4 e 28 BF6I7 5 RAETE bl

PS5 T WA R OC R [ ] A E SR, 2018, 38 (10)
847-853.DOI: 10.3969/}.issn.1002-1949.2018.10.004.
ZHOU H H, QIN Z Q, QIN SJ, et al.Relations between
inflammation biomarkers variation and short—term Thrombus
resolvation in patients with pulmonary embolism [ J ] .Chinese
Journal of Critical Care Medicine, 2018, 38 (10) : 847-853.
DOI: 10.3969/j.issn.1002-1949.2018.10.004.

[8] Mo, Zeakoh, VPRI, % k28R #ayT R BEM LR RS
EAR AL S AR T AR I OC R [) ] PRI BRES & 2R,
2017, 24(1): 49-53.DOL: 10.3969/j.issn.1008-9691.2017.01.015.
FENG Z L, QIN Z Q, XU C Q, et al.Relationships between
changes of coagulation—fibrinolytic system paratmeters and recent
dissolution of thrombus after treatment in patients with pulmonary
embolism [ ] | .Chinese Journal of Integrated Traditional and Western
Medicine in Intensive and Critical Care, 2017, 24 (1) : 49-53.
DOI: 10.3969/).issn.1008-9691.2017.01.015.

Lo 2R, (MEAS, Phesl, A5 gk dera Bummos it [ ] .

I PR 5 5 B % &, 2020, 40 (1) : 205-209.DO1: 10.3978/
J-1ssn.2095-6959.2020.01.035.
ZHOU G, WU H J, SUN M Q, et al.Research progress of
pulmonary embolism index [ J | .International Journal of Pathology
and Clinical Medicine, 2020, 40 (1) : 205-209.DOI: 10.3978/
J.issn.2095-6959.2020.01.035.

(10 ] EVH, k4R, o5 . e ZEp i BEAE2E [ ] . b0l
O 4% 3, 2001, 29 (5) @ 259-260.DOI: 10.3760/j: issn:
0253-3758.2001.05.002.

WEN S J, ZHANG W J, FANG F. Pathophysiology of pulmonary
embolism [ J ] . Chinese Journal of Cardiology, 2001, 29 (5) :
259-260.DOI: 10.3760/j: issn: 0253-3758.2001.05.002.

(11 ] R, RBCE, BRI . Al 28 B nis v M 8
D- R AAIKT-5 CT il 3l ik B ZE 4 By &= a0 [0 ] h A
CT FI MRI 4% 7, 2019, 17 (12) : 29-31, 38. DOI: 10.3969/
J.issn.16725131.2019.12.010.

WU C R, CHEN Y F, TAO Z W.Relationship between levels of
soluble thrombomodulin and D-dimer and CT pulmonary artery
occlusion index in patients with acute pulmonary embolism [J] .
Chinese Journal of CT and MRI, 2019, 17 (12) : 29-31, 38.
DOI: 10.3969/}.issn.16725131.2019.12.010.

[12] £, B . AEAIE A C 2 ATE S i 12408 4

PJCCPVD  October 2020, Vol.28 No.10 http: //www.syxnf.net

IR HERE [0 ] I P A2 i 2 2558, 2019, 42 (3) -
259-263.DOI: 10.3760/cma.j.issn.1673-419X.2019.03.015.
WANG X Y, YANG R C.Role of endothelial cell protein C receptor
in hematopoietic stem cells [ J ] .International Journal of Blood
Transfusion and Hematology, 2019, 42 (3) : 259-263.DOI:
10.3760/cma.j.issn.1673-419X.2019.03.015.

[13] 255, EXEE . wmARg i i h S 8 O AR R4

[ B SIER, 2019, 16 (6) @ 790-792.DOI:
10.3969/j.issn.1672-9455.2019.06.021.
LI L, WANG P C.The effect of hemolysis and lipemia on
anticoagulation protein activity and fibrinolytic system in plasma
[J] .Laboratory Medicine and Clinic, 2019, 16 (6) : 790—
792.DOI: 10.3969/j.issn.1672-9455.2019.06.021.

[ 14 ] ASMAT A, RAMZAN F.Venom protein C activators as diagnostic
agents for defects of protein C system [ J | .Protein Pept Lett,
2018, 25 (7) : 643-651.DOI: 10.2174/0929866525666180619
101218.

[15] LIN X H, WEI D D, WANG H C, et al.Ulcerate colitis and
protein C system: is there a link of causality [ J ] .Int J Colorectal
Dis, 2016, 31 (6) :
2453-x.

1255-1256.DOI: 10.1007/s00384-015-

[ 16 ] WEILER H.Regulation of inflammation by the protein C system[ J J.
Crit Care Med, 2010, 38 (2 Suppl) :
CCM.0b013e3181¢9chbs.

[17] EIRE, M . B C/ S Bl fili AR 4 ZE 468 T i/
REDRRMAT TSR [T] . IRMF &, 2019, 24 (4) -
751-754.D01: 10.3969/j.issn.1009-6663.2019.04.043.

S18-25.DOI: 10.1097/

HUANG Q J, FU Y Y.Research progress of platelet aggregation
function in pulmonary thromboembolism due to protein C/protein S
deficiency| J ]. Journal of Cinical Pulmonary Medicine, 2019, 24( 4 ).
751-754.D01: 10.3969/j.issn.1009-6663.2019.04.043.

[ 18 ] Hr e (e BRI R 3k 2x AR 15 M AL RE G L R & B 2x, pag
BE A WP 2 2o M R 28 S I L A 42, [ S 0T pip 2
W B i 3 2 il 2 -5 fils L8 T A2 B2 . R g PN Dk LA A
FIEPIA S EMAL [J] . hAREIGR, 2018, 98 (18) -
1383-1388.DOI: 10.3760/cma.}.issn.0376-2491.2018.18.003.

[19] EINFINGER K, BADRNYA S, FURTMULLER M, et al.
Phospholipid binding protein C inhibitor ( PCI) is present on
microparticles generated in vitro and in vivo [ J | .PLoS One, 2015,
10 (11) : e0143137.DOI: 10.1371/journal.pone.0143137.

[20] MOSNIER L O, MEIJERS J C, BOUMA B N.Regulation of
fibrinolysis in plasma by TAFI and protein C is dependent on the
concentration of thrombomodulin [ J | .Thromb Haemost, 2001,
85 (1) : 5-11.

(T 45 24 1)



- 24 -

and meta—analysis [ J | .Crit Care, 2014, 18 (5) :
10.1186/s13054-014-0563-4.
[27 ] ZARYCHANSKI R, ABOUSETTA A M, KANJI S, et al.The

563.DOI:

efficacy and safety of heparin in patients with sepsis: a systematic
review and metaanalysis [ J | .Crit Care Med, 2015, 43 (3) .
511-518.DOI: 10.1097/CCM.0000000000000763.

(28] Al &rsm, Fgif, s, 55 . (K2> 7 HF R X ICU Mes ik /B &

ALUVARDS S &8 8O ST RS R igE [ ] . 250,
2019, 22 (1) : 106-108.DOI: 10.3969/j.issn.1008-049X.
2019.01.027.
ZHOU H'Y, TAO J, GAI L, et al.Effect of low molecular weight
heparin on oxygenation index and inflammatory reaction of sepsis
patients with ALI/ARDS in ICU [ J ] .China Pharmacist, 2019, 22
(1) : 106-108.DOIL: 10.3969/j.issn.1008-049X.2019.01.027.

[29] AL, ML, wEIF, 5 . ARIN T HT 300 MO B i %
SRR REREAL AR S S bk R T i sZmg ()] b AR ek,
2018, 38 (14) : 3419-3421.DOI: 10.3969/j.issn.1005-9202.
2018.14.034.

LIKH, ZHOU HW, HUANG A F, et al.Effect of low molecular

weight heparin on atherosclerosis related inflammatory factors in

PJCCPVD  October 2020, Vol.28 No.10 http: //www.syxnf.net

hemodialysis patients [ J ] .Chinese Journal of Gerontology, 2018,
38( 14): 3419-3421.DOL: 10.3969/j.issn.1005-9202.2018.14.034.
[30 ) piakte, Refhlfe, £mcte, 5 . @i MRapA 8 B 2 RE sl s
A RASTRRSCA [ ] WRIZSEIAEAAE, 2016, 22(5) :
367-368.DOI: 10.11768/nkjwzzzz20160517.
LU S H, TANG W X, CAIZ M, et al.Dynamic changes of
coagulation function and its relationship with prognosis in elderly
patients with sepsis [ J ] .Journal of Internal Intensive Medicine,
2016, 22 (5) : 367-368.DO1: 10.11768/nkjwzz2z20160517.
[31] Fmil, BRYtAE, 2 Chs | MREEE B A JrBliayT )m BE e
PR AE AL K H 5 TS AR CPERIT ST [T ] . R BRAS 36 BE 2 2%,
2018, 39 (9) : 1098-1101.DOI: 10.3969/j.issn.1673-4130.
2018.09.022.
WEI L S, CHEN X H, LUO W T.Changes of coagulation function
and its correlation with prognosis in patients with Sepsis after
anticoagulant treatment [ J | .International Journal of Laboratory
Medicine, 2018, 39 (9) : 1098-1101.DOI: 10.3969/
jissn.1673-4130.2018.09.022.
(ks H39T: 2020-08-01; &[T HT: 2020-09-11)
(Ao 2B )

(455 18 11)

(20 ] 7598, B, PR, 45 . P isam 5 2 4K ok fe Bl v
KAre i B AT S [T ] . ESess g 2e24idi, 2019, 27

(2) : 539-544.DOL: 10.19746/j.cnki.issn1009-2137.2019.02.037.
SU X, LIU H, SUN N, et al.Significance of tissue factor-bearing
microparticle procoagulation activity and antithrombin [l detection
in thalassemia patients [ J | .Journal of Experimental Hematology,
2019, 27 (2) : 539-544.DOL: 10.19746/j.cnki.issn1009—
2137.2019.02.037.

[22] LEVI M, DORFFLER-MELLY J, REITSMA P, et al. Aggravation
of endotoxin—induced disseminated intravascular coagulation and
cytokine activation in heterozygous protein-C—deficient mice

[J] .Blood, 2003, 101 (12) : 4823-4827.DOI: 10.1182/
blood-2002-10-3254.

(23] Rrml, d@lot, w6 . ka8 C7EEE DI Re a1y & 58
S PR BT EREL T | A A R 2 el 2017, 38( 10 )
984-986, 989.DOI: 10.3969/).issn.2095-5227.2017.10.020.
SONG L C, MENG J G, HAN Z H.Research advances in role of
thrombomodulin in coagulation and inflammation [ J ] .Academic
Journal of Chinese Pla Medical School, 2017, 38 (10) : 984~
986, 989.DOI: 10.3969/j.issn.2095-5227.2017.10.020.

[24 ] FEIpdE, M8, Ak, 55 . BEAAG - HUBE AR G W RILTIARG - a 2
PRI AT D B bR R A A2 T L

AR g S A 2k, 2019, 42 (10) : 853-857.DOL: 10.3760/
cma.].issn.1009-8158.2019.10.008.
CUIC]J, CULW, GAOJ, etal.TAT and PIC better than D—dimer
in monitoring hypercoagulability of cancer patients [ J ] .Chinese
Journal of Laboratory Medicine, 2019, 42 (10) : 853-857.
DOI: 10.3760/cma.j.issn.1009-8158.2019.10.008.
[25] BERIF, 24 GRS 12 W b BE bR G4 5 48 1k
FFmurse (1] . ke 51k 2:, 2019, 25 (3) : 363-366.
DOI: 10.3969/.issn.1009-6213.2019.03.002.
BAN S F, LI G H.Study on coagulation markers and inflammatory
factors in the diagnosis of critical thrombotic diseases [ J | .Chinese
Journal of Thrombosis and Hemostasis, 2019, 25 (3) : 363-
366.DOI: 10.3969/j.issn.1009-6213.2019.03.002.
[26] JraRe, M, Ze@iit, % . M3 D- —2RARKF 5 ik m
B G A ST ()] R AR AR 2 R H U, 2015,
14 (12) : 894-900.DOI: 10.11915/j.issn.1671-5403.2015.12.206.
FANG C X, ANJ, JIYQ, etal.Correlation of D—dimer level with
clot burden of pulmonary embolism [ J ] .Chinese Journal of Multiple
Organ Diseases in the Elderly, 2015, 14 (12) : 894-900.DOI:
10.11915/j.issn.1671-5403.2015.12.206.
Uik H39T: 2020-08-02; &[T HIYT: 2020-09-02)
(AR SC il . 7 Bs )



