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Abstract

Novel coronavirus pneumonia (COVID-19) is a respiratory disease that spreads from person to per-
son primarily through the respiratory tract and is caused by the SARS-CoV-2 virus. The spread of
COVID-19 has resulted in a global pandemic and rapid expansion of the epidemic, posing an incal-
culable risk to human health and global economic development. Current research suggests that
COVID-19 has undergone multiple mutations, is highly infectious, has an elevated viral load, and
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that the COVID-19 pandemic has greatly increased the risk of venous and arterial thromboembolic
events in many patients; therefore, a comprehensive understanding of the risk of COVID-19 throm-
bosis and therapeutic advances are extremely important for the prognosis of patients with novel
coronavirus infections. This article briefly describes the mechanism of COVID-19 thrombosis and
provides a systematic review of thrombotic risk factors and therapeutic advances.
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1. 8IS
B 78 T DR F A 4 (Coronavirus Disease 2019, COVID-19)42& i ™ 5 2k I 5 S 1E /R 55 7% 2 (severe

acute respiratory syndrome coronavirus-2, SARS-CoV-2)B&4s 5| (1) S EAE Y0 . COVID-19 /24
Ok 4 4, &MEREBGEK, BIEREANER, 458 NEH S OMFE A RBRIE TR it R A il
il a3 .

B R R IRRH R R Y], GRS Z MR E MRS IIREEREL, B D Ee R Fa 2t —
AN E B FARFE . COVID-19 I D-—RAK LK FIB 8% BTh. 44 H/FDP 5% /MRS
BohAs . APTT Al PT S8 %55t il S0 %%, COVID-19 [t P A i e {67 1) 5 S50k 2 afAs U T s 1]
COVID-19 MR MR TE AT R L SR Z A8, RBUYBH kel ik s R e, flingkm it 26 o
W T BB, ARSI, DVT 8% PE [2]. X COVID B3 kA MK fER &7, Xife S COVID
S TRST MARTE A 2 . COVID-19 &2 (1 A iy G 4G V) BE T A 25 1l , ¥ 7 B dE REhia
J7V PUBHIRTT  ANEVERRIRST KN T ARIGITEE . AR 7 COVID-19 82 Mk R A3 AL
fERGR R TR RIS 5T, 4F COVID-19 B 4% B 5 i B 45 T AR TS ALa 97 46 5

2. AR
2.1. COVID-19 E{THER

SARS-CoV-2 J& T g R —Fheb i ss, HRMAIZRER S £RBUREK, HAMFEME. XMHaELe
W 2 M N LR, IF AW A AR ek, RBRIAT IR Bk 5 22250 7l 2020 4 5 H
FERAE T ORI Beta 22 R0k, [RI4E 9 HESEE RN Alpha 48 bk, [F4FE 10 H 7EEIEE R B Delta 48
SRk, F4E 11 AEEERIN Gamma ZZRFk, 2021 4 11 AERIEA LA Omicron ¥k, Omicron 28 7
RBCRER 5 AR VIR S50k W 7R B, 55 Beta 28 MR Delta 28 3 M AH LE , Omicron 722 54k 7] B & B.1.1.519
(20B)is RAVEAR, T Dy kB R G AR (% 7y, HORBB I A LU B R LU RGP, HT, 42K
JOE N %€ 7 2 Omicron 2 FEfk.

IS R KR F 0 2 (ACE2) i T H 4 & 2R M ATy SARS-CoV-2 )32 A, HAE NIBEamfL. L
JULZH A I P B A At AR A2 e TR AR ANTE o 5% T ACE2 41, 5 I 2R 15 22 2 1R 4 (The transmembranepro-
tease serine 4, TMPRSS4)tH7E B W71 . Fili#h) 72 3RiA[3]. SARS-CoV-2 WEHEIT S F A BHEL & 16 2k
ACE2, #ATINEAE M LA L, TMPRSS2 il & F/KME. 2 & B0E S 821, et SARS-CoV-2 i #
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YRR, WETTREH], FEEAMRRE T RN, BT N RPIOE A il R 4 ACE2 1 TMPRSS2
IR BRI, fH13M A SARS-CoV-2 [ FEELI T (4], A, ACE2 fEK. /NSKFIEHIK ) L P
YA FRIBKP R i, (EARHUAR ) — A F B —— A A R RO R e I R 5], B
TR AL AR P A B 2 P AR TR B 2 AL, S B A T B

2.2. COVID-19 [+ R

COVID-19 #5 & WIR IS 7 15 BYL P IRIE b 57 40 A 96, iR e AR FE 1 e 5 WP I e
RBIEEA WPCEY, FEWEIRTT, ERELE LT FRENME . M HEE FERI UG % Sk
RN 2530 27 S 1E(ARDS) 4 B PR 2000 . BRI . O 2 2B ThAESEIR[6]. B SARS-CoV-2 ik
SR 2 Fh IR R Bl g SRR AR T B R fE R 2, R38N A B A o R XU

COVID-19 KIFAT K KIGIN T VF 2 238 A S KRN 20 Jok 1f A4 A4 28 o4 1) XU B F AL R, 7R H )
COVID-19 Ji&¥er, 14%MHBE A0 1 MAETEREE 7], Kenny Ye Ph.D. 250 58 3¢ B R il sh ik A4 T A 5
SARS-CoV-2 J&HL 2 [BAFAE IRER[8] - MRk 22 ¥ 00 T~ AR I AR R GE , C045 i k% ZE (pulmonary embolism,
PE). VR IKIMA2TE i (deep vein thrombosis, DVT)~ oL ZEANGR I A X[9]-[12]. H BT IR ZERHE 7R,
PE 1 DVT #& COVID-19 #5 % W M T B E[13] [14]. WEFC R PE 2 K AET418E Shiikim Ik 4 g fifi5h
Jik, B 5 S IS T G 2 B4 FH[15]. Saskia Middeldorp 25 ALK} 198 44 COVID-19 {3 it f & #E47 iy g
DRI FE[16], S5RER, ERALREY 7 KRR, 39 8 HQ0%)#i2 Wi B4 VIE, Hr 25 fil(13%)R
BT AR TR, B RAREIRTE VTE. 7. 14 f121 K VTE M 2R AERDHIN 16%. 33%F1 42%.
SHFAERERK VTE, 23518 10%. 21%H1 25%. VTE 1T 53T M558 1E HR, 2.4; 95% CI, 1.02~5.5),
ICU ) VIE ERAIRRE T . f5%E% COVID-19 H# i i b i w4 4R =R iR S bk i A2 4307 Tt
B, FRKMAR R A2 35.2%, AR TN IR u iR K 7 5.6%, AT Bz b ik i &5 35.2%. DVT
BRI =K D- 5K [10],

2.3. COVID-19 FF M2 R A HLHI

COVID-19 5| (1 Mk i 2& F R nl 0 B3 G B A Ja R o N R 404« e Ve AN S B3l e e ZE S 1 i
B J15g 72 [MAAAE B Z A BEAER[17]. COVID-19 5 M SR IR 2 18] ) 5E Z e B R BE R I, 7E500
(I PRI F I R AR AE 2 Fh oy Tl EE O, NI S BUH R AR T . X B8R E /AR, KIFM
RAAS FHZ VI G0 B

23.1. BF - IEEKE - BERSLER ACE2 H{EMH

SARS-CoV-2 it Spike &5 Al ACE2 Z [A|(JAH HAE 518 R 40M45 &, ACE2 ¥ I SE ok & 1 #4k
NIMERKR 1~7. SARS-CoV2 FIF ACE2 WAL AZE4HME, THEFE ACE2 WG MEEMK, SFEUMLE BikR
I 3G MANM A R IK 3R 1~7 b EERE, M RKRER I EGRAAAZMARER, MmiERKE 1~7 0
TEM Ny — P B BT R AT IAR K . I BTk ER 1~7 5N B Mas S24R45 &, 10— &Rl
FIFRZ A, NI /MRS . Si Zhang 5[18] &8, it RT-PCR Al Western blot £, A1
/MRTE RNA FIEE UK E#ERILH ACE2 HIsREh#RIE, ACE2 fEN AN Bz RIA, Frll SARS-
CoV-2 nJULE BN M. KUk, COVID-19 BEIKE R4 RAAS KRS K —RAIFMH, T
S I Th e R A 0

2.3.2. RIERRFKIE
—UEHFFESRIE T COVID-19 £ 56 K Ay FE M S A8k . 7™ B 35 5 R A S i e, B JE A
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RANMEH T “HHH T RER” RKERR, 25 TRERARBRIE . H—J7TH, SR %% RN T8
W J TS 25 b T e BUMR B [ (K842 “ i AR TE R, BFEAMARGIIMER . H R 40 B A
BT ACE2/ 2 24 50540 B (1 I (MAPK s)i& 48, a0 I /MR AL 25 18]

2.4. COVID-19 4 MmizfeeE &

1E COVID-19 KiiiAT Z Ja KR M A BRSCHRIG ZEHhFa Y, AR 1 5 AE 2 7™ H 5 ) J8 3 R R BB T2 1)
FEE, I AORE I BN B T 5 R A SR AR DGR S R R R I . A AU E T IR T A ) —
SefE RPN 2R, BAEAERE . le Y A A DL AR T 7R B O ECE BINULGE [ 19]. thAh, Si7KSFH D-
TR NEICU. R FHEZG Y COVID-19 B34 k4 DVT EKEK[10]. AWFREnR, Bk,
BERE. MV, 3 CT M ES2f B4 . ICU AFt. D-— &8 WBC 1 (B flg 52 CTPA )2
COVID-19 ' PE [IfER IR & . SRR AE WEIHES PE MIAAETLK9]. Hgz, A SRR . i
TLAR LRIk 48 I s DR r] S EER K AR AR 2 . FERR I B MERE, AR B RS RE K2
B R AR B S — A [20]. KA E A MAE. SOFA ¥FTHE M D- BT E & DVT B 1G5 A
=[21].

2.5. COVID-19 £HE MM, Py 5ia7T

H A L A A 2 1) XU fBLF- i COVID-19 (/™ AR L TGN, B8 LV 22 2 W iof i i A A
FE 1 BT A BTG 22 38 5 32 s 1 KRy, UG COVID-19 8835 HEAT IS T K By M o7 28 R 2

2.5.1. COVID-19 E& i+ 7m

COVID-19 LA T% % i i 8 35 NLdEAT S AR LR, A% 3F 7 R 40(3D-PAST.IMPROVE 47 . Caprini
P53 Padua PF4) D- SRR I AR T ) R A7 F AR . 3D-PAST A% XU PP ik 455 284 ik T — TR BA
Fy Z O EEYERT T, REUEN 83%, iRt 53%, Pl COVID e A I8 T 347 by, &M
TAXE COVID-19 Bz ()& [22]. IMPROVE-DD # 8 Z AR EIGHE, X COVID-19 & fifE F 8 5 A T
MRIER - Padua #8473 {H 5 COVID {3 B &35 IS EAAHGNE, K& 9F 2 PRl it B3, HERE
f# FHl Padua $¥43[23] [24]. Caprini-COVID-19 IfiLA% KUK Pl #5284 38 FH T A2 70 Q45 80 7 A RFF AR T I &
&, WEBEFETI VTE, 485 RHT[25]. D-—RARNAE COVID-19 ML REE . HT Ik
PREFIEAS REPPA ER B AR LA (12 W, D-— S A U mT DA HABPPA 5 545/, 0 TR DVT &3,
R D-Z RSP IER, AT DL b HERR 2 W, 5T IRK I E M DVT mfaiiss, RFEK Ddimer [T
TR, FFEEAT AR . AHRERR, vWF K FH &S SARS-CoV2 IR Gy B3 1 ™ B FR L BT
RIHHK[26]0 fEIA vWF Fl D- SRR Z ISR ZI A IEA OG, D- AR ™ COVID-19 F8 3t ML
TEA RIbRE, &R . BN D-—RIEEYI &, HREMEFER [ ((PT), AL
T 2% B [ (APTT) 5555 U I D) BR A 25 FE AR S ML/ HI08 4 2 TEF 1, ASBRAE 9 PPAik fiAg: T e R (1 7T
SEfabr. WAHGERR, VI F-7 AUV BOE N (W&, FTREAAEDUREIRDUA, M RGuE T
&, BT B IX S bR S HASE R . Bhah, BRI D- AR SOREAR S LT B AR
T B T AR AN D B A (270 H I R b 75 258 2 R A PR I R SR B0 A AT 1 A BUAIE 9, D B i M
9% R IR AR, B2 (4L B 4 1 S s

2.5.2. COVID-19 B:&i M2 AR5

COVID-19 H3& [ A2 T CL G B W A 25 i, Xt F R AR K 2E ) COVID-19 B4, ¥ikia
7 TR BUERTT -

ST A LR R, TR, A R B AR S EUR AR K I AR ZE I R I, — AT
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e A AN I 77 1%, I R AT e fe ik R 3G 3l . COVID-19 17 ik I D) e Bt n] e 75 22 50 K%
FEMIBLERATT, N2 IR TR CAGIE X COVID-19 {ERt A 2. ERMAT R, dUCk s i
i E T OGS IR YT FIE PR, B SR EPUBECGE T A 0.5 mg/kg MK UE T =R H IRKEL 1 mg/kg
WIERT R H — R, BASFE), DU AP AR A0 s i KOs . SR, X R 5 2 S NE A T ATl
COVID-19 HBFHAAFLES L, B F0 3R B 993 1 0 2 1) A3 Hh I JRUR 389 28] [29] . 7E COVID-19 fi 5 &3
L, JRIT R R AT ACE T e S AR A ZE PRI AORE « BT A 3 w4 FR AR 7 (low molec-
ular weight heparin, LMWH) 577 77 & TR 5 ik M AeAe 28 . [ brf g U LMWH  Blhi s 2850 7 7
VTE, Wiz, WAERAE RGN LMWH IR A0l xbT3a s i em i < i
COVID-19 ¥, {#ifl LMWH 5338 iT & (unfractionated heparin, UFH) T P HLEHATT . ZALR AT AT
AE /& COVID-19 35 JUH & HAE B 1Ry I E B 774301, WFFRIL31], A@EITE COVID-19 &3 1 1ff
FA R 2 AR HE R oA B 3 IR BT o /NG AE AR T B AL B, W T Bl /MR 254
Xf COVID-19 HEERIgem, g5 EoR, AR R =] VTAR 0 B (R B i [R5, (HXT 28 RIET 2 A 50
[32]. MITCHE R SCREAE COVID-19 i3 b FHRe] =] VCAR Ty A A% 28, H Hl 34 75 i3k — P I AR A6 PP Al e i
IR Z5%E COVID-19 3 52 o
UG TP IR, B M 2R R H . Klok 25 NRIE, A T 4 5 AR i 1 it »

ICU H& I ae H AORE R AE AN 31% [33]. Lodigiani 25 ARiE, {1 7 HiBhESUEHA T ) COVID-19
B, ERIIOR SR AR AR 26 H RIE R LE R LN 8% [6]. XTI 7R BN, BN RAEH R B
WA PE/VTE, FTUAE S R AR G K1 . Leonard-Lorant ZEHF R M, 30%M) COVID-19 &
CT Jili L i 5 R 2k PE BHE, D-—FRARBIER R[34]. Grillet % Afik75 T COVID-19 &3 2% PE
(1 =1 IR R (23%),  FFHE H X Lk 8 B A P RE R AR SO IR A AT P, TR BB R [35]. F
FUPUEEAE TR AH 24K — 3B 43 AR PR IR AORE 7 T A G, 7T BE -5 AR PERUMLE R (TMA) A 26, % TMA ML
(38— DA 90 AT B8 AR T $2 (B VA 7 HE A

2.5.3. COVID-19 B I+857

WRAE CHr w8 RS 5 =) T RR) [36], Xt T B e = M A 3R s ik J e i)
AL, DA E RS B ARG, TEAERUEE AL R A TR AR RS EF R, KA
e SEF LR, RN AR TR, EAEERNIGIT . PUEHGIT . ANEVERRIGIT RE N FEARIEIT

3. GIRRE

COVID-19 MUZMFRGERIR, B2 —FE RGN, RUREEE. BIERER BRI A
THRBEMEGIEEZ MR, BF TR .. FHX COVID-19 3% Rt & 77 COVID-
19 KBy ik HR A A SR AN R &5 R IR — 2 . sbdt, T VAR B Bt m 28 b ke A o (197 2407
A (37], FEBE— D In AR I ATIE LD IR AHESE . COVID-19 KT 5 Mie FAh 2 M RA 12
BRI B v, AMEREEXT COVID-19 FIAWIRER, M@, e, fARIMAeTE: LiG)7 77 %1k
HArfs.
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