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Abstract

The incidence of venous thromboembolism (VTE) is increasing annually due to changing lifestyles
and an aging population. As a serious vascular disease, VTE poses significant health risks. Thrombolytic
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therapy plays a crucial role in treating VTE; it effectively recanalizes blood vessels, reduces throm-
bus load, and improves patient prognosis. Recent years have seen significant advancements in the
development of thrombolytic drugs for VTE. This paper combines findings from clinical practice and
evidence-based medicine to discuss these thrombolytic drugs, providing valuable insights for both
clinical applications and scientific research on VTE.
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1. 5|8

B ik ML A 4 ZE ML 2597 (venous thromboembolism, VTE)/Z& T8 ML FE Ef ik £ Gt 57 3 it [ S 300 Bl R e hg
ALFE IR B Bk A2 7 il (deep vein thrombosis, DVT)AN i3] ik 44 ZE (pulmonary embolism, PE). VTE &ttt -
PR EfEFE R 2 —[1] [2], A—FhE R H AR KSR ARz HooT e Buar 5% (3] [4]. 1E
k10 i, E VTE B WfiE e B2 EA&ES, 2lsgn 7 3.8 580 4.8 £ [ 5] 5L it — IURK P 1)
WEFER A FR, EHTH VTE BT NG TN 551 1.54 Ttk 1.22[6]. IEKEEHE AT VTE HHE
MFEFER I, VARGH R . CT SR A F RIS, IGREA SRR E AT VIE &5, F
U VTE 1£ H 5 I R 52 B A i 320 H 2 38 [ 7] [8].

2. BERERTGY

Pk (Anticoagulants) F17% £ (Fibrinolytic Agents) 257697 1E A 3 B HIEIT 7] LA Rt 75 VTE
IRA ke R R 8> VTE W& K AL J5 25 G4k (postthrombotic syndrome, PTS) )& 42, #] LA
ULZYIIEIT & VTE JaJT 2R A[9] [10]. £ VTE a7, Hult g sl Mk 2 B nT DLRH 1F B0E 22 if %
PR, (EAREIER T IR B AR[ 1] TS A28 N a] L 2% B as B8 R AR R [12].
VAR ETT T R VS A T ML R R B IS, DR IR AT, R B GE AVk R ZE ARNER B I LA R A
KRR AR R A B Rk s e, 0 TR B etk . AR IR T e S s B Pills A B B L
[13] [14]. &5 VTE BIZGYNETT i L e BUS 7 REIEERE, ISR RCT Se8s4bh 78 BEAE AT 7T AU AN
A, 2R AYA B NIRIR(15]. DARBONAE—28 0 3 1, HATE A RIS IR . RS IRIR
SCEANIRIELR 2245 Rt VTE VS RIa)T 249081818, O VTE IRRMEBH RS % .

AR 253 BN [R]R] 73 = AKX, S R R RV R ) R I I O R A AR e ok R PEAE A, @8
WG A B R A R AR R IR MR AT e B L (R AR . (X SEUAN T IZ sk, JEn T a4 EN
B A =D A P A o TS — AR 2 e S MR I A 36 T ) 2T VA B R (RP 2R 4 2 R e ), DRI I PR 410
Bl IR B SN o ISR, BEFUE AT AR T R H BB R S 250, WK AI ) TR 25, X ey
Vs e e AR 22N, RESE A Aot fetia e, BRISe S ERIfER[16]. TR, 25t & o
AR 25k S M2 AL, JF BRI S 5 X VA A RSO A BRI v AR IS IR

2.1. B—RABBREKET
AR VA T IS 7 . B S BE I B (streptokinase, SK) AR i (urokinase, UK). 174 B Ji 30 77
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WG A IR R IR VLT VE G, VR TR LF A )5 R AR A e B A A R A SR B, ik Rl 4F
PEAESE17][18]. Hik, F—RERFARAEEARRER, HSE &S . KRB SmET
R LEE AR R IR, 55 IR AR E[19].

BB A S R R R I AR R VA B R ROE T, R R AR I PR 2 R T AR PR PR I A
fiff. Charles Dotter T 1974 415 IR H TI097 7 Zh kB [20].  SK Il AR SR i =5 B2 DR 2= 32 1 1 75 1<
WIRZG. Pt 5l RS RNAE . A SK 5= A4 R IMLUEAE IR IR FEChH W, HIEAENLE] =21
T ANE S IR . FR T B BEE A7 A0 B F I RN 2% BRI 2 SR B, MOLES R 7
Ko R SK AFTERE 28 a1, (H il T HARBRI A K H B VAR ROSAE L, B4R R IR 2 K e v B XA
R BRI sk 2, I RERUS BORTH IR [21].

PR NN R B 20 M 2H 2355 2 0 h SR B 1) — Fh a2 B A g, A TEIR IR B8R Al . UK i B
PP AT Vi B SR 2 A R A1 TS B I VA AR AR o UK BV SRS P, N nT BRI 21 TR I A 2 S A S 413
B, ERESE R M ADP BV, $0] ADP 53 /MR B2 [22]. RS s 5 8E B AR L& o HT i, B
MAREREEZE, RTINS SBEMAEEAR, BREGEAERE. BT HAERNUR, i XS AE T
B, IO B g XU

2.2. B-RABEEFEBIET

55— AR F BRI SNk B T A RS AR e LIS, T R IR R ARRE S RIVER B 1), &
B R AR AR RS Ve R ), R AR 2. B AR R N T IX— B IR R
(), 32 BB S AT A, AR EA MR I AE S A S Bk [ 23]

] 5 - Fi SR = 2 2H 21 T 4F Y T )R 495 77 (recombinant tissue-type plasminogen activator, rtPA)if i B
FEWOE LTI B SR AL N 2TV B R VA AR RRE o L B S o I BN B i AR AR . AR FRE N N
YL t-PA, rt-PA 5 t-PA HAHE ) 70 TR, SO A B NARIE . rt-PA AR SR,
I 4~5 min, FHZ4 20 min J5 L3R A &R DA D 3R T B E K 10%. B AT B 5 71&EA 20
mg H1 50 mg FFl, JEI i 8 e AR B RTRAT R YT 77 e T SR JE R, I AR T AR
TEBAE FHBUEER), DO HAE T ZR PR AC L i XU AN IS N . I AT S0 A B i v e e S AP R EE,
BEAE AT DA RIET: 2, 6] AR PE Bk %[24]. HAET, —LEE/EUFHEA MMM 2 e MEREIR
I IEEREAT[25].

2.3. BRAREREFEBIEH

R SRR FIA L, WEFCEATH &R 5 A s R 29 AT oo . Ak, WA AT
FUGFF R R A AR 259, A K 23026 | A AR Y) TREZ5W) . X Le 2 i i ) i AR 2H 23, B SE A 4K
MR AE, PR ERIER27]. A3 E A N SR (thPro-UK) B # B4T(Tenecteplase) i &1
fitj(Reteplase). E2 M (Bat PA), LA IEAEMT A B HAdH B AR I I I B0E 770 [ 28] ik G &, Hh A
HREVER A EA N R R (thPro-UK) B &5 5 . B 2500 . XK B4 A g, x4
YEEE R AERUD . B A CEEMRE KSR A, ENNERER S, HiES Tiked. Bk
HR OB 25 W SR IE RO T 8 VTE,  HAH SR R S IEE T R .

H AN PRI 5 (thPro-UK) 2 JRIBE(UK) HIAE, 72 1 > ik R A 2H 1A I S50 77 . thPro-UK 21l id
LR TR D7 VR g 1) o [ B O S 40 g (CHO 40 Af) #6153k 45 . thPro-UK AR T UK, B0 211 i S5 i
TR R, 0T DURE S R A AR N AR DRI, AR SR AR R R A AR A e, R
AABRAEHR, FEEmES. Fke 71249, EEHF RS rthPro-UK RIAHIRT FEFEHARAS, Xt
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(L3 AR LA I R s AR /N, RATE R R, BB BRG0S0 BoWEE UK, J&#0E
SEEAE AR SR TG B A P 538 (0 21 VA G R A8 AT T Il S AR AR R R 0 V. S AR 21 2 2 1 R R
HOE-F B, rhPro-UK A BSOS G 18 1% 5 By C-ut AN Bovk e b 4T iae s, 8 s i 500
B, PR BB AR AR 4R B O PR, AR . 2RI R 2R, thPro-UK XJSEEezh1)
{14 e ok T A 60 il LA B B RV ARV, TR AR N BRI 40 R G JE B S B2 A [ 29 H ATV S [ 42 )90 7 i
FHZ AN ERUPTE BF F 45 SR A BRE RS AT : W4 SO AR T T SV il i 2 AT Sl M g Fe ) o 28 N TR g
JR FOE RE A 2 ST B @ OISR IE IR YT, FER ISR A A2 21 [30] [31]. (HET
Hs e B RS /N FE S, PR At R BT R R 5 ik i b 2 i A R
BN P ZE IR T o AH R Z 58 S UE IR UE B L 22 A SO 3. HalT, MOQIG IR AL ETETF R, —
T4y “ERUPTE” MESTH B 240\ R 5 IR (thPro-UK) VA #: VA7 v i fa & M i ke ZE(APE) I BEHL. £
Oy PHAE 2606 BRI AR IEAEREAT, HADSWF R 7R, thPro-UK 5 5 U (1A A Va7 200 SR A B8 5 1) %2
E g

St B Wi B B ) RAR AR . e M L B A K, IF BAE SR O U SE R TR A )
M@ Z. [32] A% SRS VIE Mias7d, HEES NBEMSER . 58S F =A%
BIT B fE R fE PE, R HATE B/ A [33].

B2 HE(TNK) 2 —Fh 2k B T 2 N A B )5 R0E 71 (tPA ), HAE =N TAR T rt-PA: 55—,
R AR R R B O ARV B R A IR - 1 I 2 SR SR, T BETE AR A AR R B R
JrRk BB, MIEN AT, ATCARIRGA . H RTIZ 25 00 S R F 9 SR BR 7R B A Co IURE ZE AN oG 2 v
[34] [35]% T FART5 10 24 BRARFAE R AE FARB IR 1E T P 7 Hh 1) e VAN 2%, JLAE VTE IR RTT 1 M
F AT RE A B A3
3. &5&

VTE {EN—FEGEE 50, BN A ERIR U ) 1 25 2 — . BARAYT VTE k259t
FERAWAEE, (BFE VTE WG IT USRI VF 2 B8R G 8. ARy 7 /8 VTE &3 i B2
ArE R, BRI ZIRG ST RIS IR RSEOE T Bk HE . ARRIVMERFE R — b ik L et 5 R
WA, JFERR AR ST IO RTRENE, LB e B TS

SE

[1] Khan, F., Tritschler, T., Kahn, S.R. and Rodger, M.A. (2021) Venous Thromboembolism. The Lancet, 398, 64-77.
https://doi.org/10.1016/s0140-6736(20)32658-1

[2] Lutsey, P.L. and Zakai, N.A. (2022) Epidemiology and Prevention of Venous Thromboembolism. Nature Reviews Car-
diology, 20, 248-262. https://doi.org/10.1038/s41569-022-00787-6

[31 Agnelli, G., Anderson, F., Arcelus, J., Bergqvist, D., Brecht, J., Greer, ., ef al. (2007) Venous Thromboembolism (VTE)
in Europe. The Number of VTE Events and Associated Morbidity and Mortality. Thrombosis and Haemostasis, 98, 756-
764. https://doi.org/10.1160/th07-03-0212

[4] Yamashita, Y., Morimoto, T., Amano, H., Takase, T., Hiramori, S., Kim, K., et al. (2018) Anticoagulation Therapy for
Venous Thromboembolism in the Real World—From the COMMAND VTE Registry. Circulation Journal, 82, 1262-
1270. https://doi.org/10.1253/circj.cj-17-1128

[5] Zhang, F., Gu, J. and Li, H.L. (2023) Diagnosis and Treatment of Venous Thromboembolism and Clinical Application
of Inferior Vena Cava Filter in China. Journal of Vascular Surgery: Venous and Lymphatic Disorders, 11, 1149-1156.

[6] Lind, M.M., Johansson, M., Sjélander, A. and Johansson, L. (2022) Incidence and Risk Factors of Venous Thromboembolism
in Men and Women. Thrombosis Research, 214, 82-86. https://doi.org/10.1016/j.thromres.2022.04.014

[71 Kumano, O., Akatsuchi, K. and Amiral, J. (2021) Updates on Anticoagulation and Laboratory Tools for Therapy Moni-
toring of Heparin, Vitamin K Antagonists and Direct Oral Anticoagulants. Biomedicines, 9, Article No. 264.

DOI: 10.12677/jcpm.2024.34359 2522 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2024.34359
https://doi.org/10.1016/s0140-6736(20)32658-1
https://doi.org/10.1038/s41569-022-00787-6
https://doi.org/10.1160/th07-03-0212
https://doi.org/10.1253/circj.cj-17-1128
https://doi.org/10.1016/j.thromres.2022.04.014

fLESE, fhER

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

https://doi.org/10.3390/biomedicines9030264

Yamashita, Y., Morimoto, T. and Kimura, T. (2022) Venous Thromboembolism: Recent Advancement and Future Per-
spective. Journal of Cardiology, 79, 79-89. https://doi.org/10.1016/j.jjcc.2021.08.026

Stevens, S.M., Woller, S.C., Kreuziger, L.B., Bounameaux, H., Doerschug, K., Geersing, G., et al. (2021) Antithrombotic
Therapy for VTE Disease: Second Update of the CHEST Guideline and Expert Panel Report. Chest, 160, e545-¢608.
https://doi.org/10.1016/j.chest.2021.07.055

Duffett, L. (2022) Deep Venous Thrombosis. Annals of Internal Medicine, 175, ITC129-1ITC144.
https://doi.org/10.7326/aitc202209200

Girardi, L., Wang, T., Ageno, W. and Carrier, M. (2023) Updates in the Incidence, Pathogenesis, and Management of
Cancer and Venous Thromboembolism. Arteriosclerosis, Thrombosis, and Vascular Biology, 43, 824-831.
https://doi.org/10.1161/atvbaha.123.318779

Undas, A. (2021) Fibrinolysis in Venous Thromboembolism. Seminars in Thrombosis and Hemostasis, 47, 480-489.
https://doi.org/10.1055/s-0041-1725094

Paul, J.D. and Cifu, A.S. (2020) Management of Acute Pulmonary Embolism. JAMA, 324, 597-598.
https://doi.org/10.1001/jama.2020.3905

Stevens, S.M., Woller, S.C., Baumann Kreuziger, L., Doerschug, K., Geersing, G., Klok, F.A., ef al. (2024) Antithrom-
botic Therapy for VTE Disease: Compendium and Review of CHEST Guidelines 2012-2021. Chest, 166, 388-404.
https://doi.org/10.1016/j.chest.2024.03.003

Xie, C., Zheng, N., Li, M., Zhang, Z., Huang, D., Xiao, M., ef al. (2024) Comparative Analysis of Therapeutic Efficacy
and Adverse Reactions among Various Thrombolytic Agents. Toxics, 12, Article No. 458.
https://doi.org/10.3390/toxics 12070458

Zia, M.A. (2020) Streptokinase: An Efficient Enzyme in Cardiac Medicine. Protein & Peptide Letters, 27, 111-119.
https://doi.org/10.2174/0929866526666191014150408

Rengaswamy, D. and Abdul Rahim, P. (2022) Fibrinolytic Enzyme—An Overview. Current Pharmaceutical Biotech-
nology, 23, 1336-1345. https://doi.org/10.2174/1389201023666220104143113

Weng, C., Wang, X., Huang, L., Lin, X. and Liu, Q. (2021) Low-Dose Urokinase Thrombolytic Therapy for Patients
with Acute Intermediate-High-Risk Pulmonary Embolism: A Retrospective Cohort Study. PLOS ONE, 16, ¢0248603.
https://doi.org/10.1371/journal.pone.0248603

Dotter, C.T., Rosch, J. and Seaman, A.J. (1974) Selective Clot Lysis with Low-Dose Streptokinase. Radiology, 111, 31-
37. https://doi.org/10.1148/111.1.31

Khalid, K., Elina Ahmad, R., Y.H. Tong, A., Yee Lui, S. and Zainol Abidin, I.Z. (2021) Pathophysiology of Streptoki-
nase-Induced Hypotension in Acute Myocardial Infarction: A Systematic Review of Clinical Evidence. Archives of Med-
ical Science—Atherosclerotic Diseases, 6, €85-¢94. https://doi.org/10.5114/amsad.2021.105410

Caballero Lopez, A., Herrera Cartaya, C., Chavez Gonzalez, E., Gonzalez Reinoso, D., Caballero Font, J.A., Sanchez
Vera, N., et al. (2020) Pulmonary Thrombosis in COVID-19 Treated by Thrombolysis: A Small Case Series Using
Streptokinase. Seminars in Thrombosis and Hemostasis, 47, 431-435. https://doi.org/10.1055/s-0040-1716872

Sugioka, K., Nishida, T., Kodama-Takahashi, A., Murakami, J., Fukuda, M., Matsuo, O., ef al. (2023) Urokinase-Type
Plasminogen Activator Promotes Corneal Epithelial Migration and Nerve Regeneration. Experimental Eye Research,
233, Article ID: 109559. https://doi.org/10.1016/j.exer.2023.109559

Gurewich, V. (2019) Fibrinolysis: A Misunderstood Natural Defense Whose Therapeutic Potential Is Unknown. Cardi-
ovascular Drugs and Therapy, 33, 749-753. https://doi.org/10.1007/s10557-019-06923-8

Li, H., Wang, Y., Ren, X., Wang, J., Wang, H. and Jin, Y. (2023) Comparative Efficacy and Safety of Thrombolytic
Agents for Pulmonary Embolism: A Bayesian Network Meta-Analysis. Pharmacology, 108, 111-126.
https://doi.org/10.1159/000527668

Sanchez, O., Charles-Nelson, A., Ageno, W., Barco, S., Binder, H., Chatellier, G., et al. (2021) Reduced-Dose Intrave-
nous Thrombolysis for Acute Intermediate—High-Risk Pulmonary Embolism: Rationale and Design of the Pulmonary
Embolism International Thrombolysis (PEITHO)-3 Trial. Thrombosis and Haemostasis, 122, 857-866.
https://doi.org/10.1055/a-1653-4699

Ren, T., Mi, Y., Wei, J., Han, X., Zhang, X., Zhu, Q., et al. (2024) Advances in Nano-Functional Materials in Targeted
Thrombolytic Drug Delivery. Molecules, 29, Article No. 2325. https://doi.org/10.3390/molecules29102325

Shen, M., Wang, Y., Hu, F., Lv, L., Chen, K. and Xing, G. (2021) Thrombolytic Agents: Nanocarriers in Targeted
Release. Molecules, 26, Article No. 6776. https://doi.org/10.3390/molecules26226776

Nedaeinia, R., Faraji, H., Javanmard, S.H., Ferns, G.A., Ghayour-Mobarhan, M., Goli, M., et al. (2019) Bacterial Staph-
ylokinase as a Promising Third-Generation Drug in the Treatment for Vascular Occlusion. Molecular Biology Reports,

DOI: 10.12677/jcpm.2024.34359 2523 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2024.34359
https://doi.org/10.3390/biomedicines9030264
https://doi.org/10.1016/j.jjcc.2021.08.026
https://doi.org/10.1016/j.chest.2021.07.055
https://doi.org/10.7326/aitc202209200
https://doi.org/10.1161/atvbaha.123.318779
https://doi.org/10.1055/s-0041-1725094
https://doi.org/10.1001/jama.2020.3905
https://doi.org/10.1016/j.chest.2024.03.003
https://doi.org/10.3390/toxics12070458
https://doi.org/10.2174/0929866526666191014150408
https://doi.org/10.2174/1389201023666220104143113
https://doi.org/10.1371/journal.pone.0248603
https://doi.org/10.1148/111.1.31
https://doi.org/10.5114/amsad.2021.105410
https://doi.org/10.1055/s-0040-1716872
https://doi.org/10.1016/j.exer.2023.109559
https://doi.org/10.1007/s10557-019-06923-8
https://doi.org/10.1159/000527668
https://doi.org/10.1055/a-1653-4699
https://doi.org/10.3390/molecules29102325
https://doi.org/10.3390/molecules26226776

fLESE, MNER

[29]

[30]

[31]

[32]

[33]

[34]

[35]

47, 819-841. https://doi.org/10.1007/s11033-019-05167-x

Hao, C., Ding, W., Sun, Q., Li, X., Wang, W., Zhao, Z., et al. (2019) Thrombolysis with rthPro-UK 3 to 6 Hours after
Embolic Stroke in Rat. Neurological Research, 41, 1034-1042. https://doi.org/10.1080/01616412.2019.1672388

Fan, G., Wu, X, Jiao, W., Zhang, H. and Guo, D. (2022) Safety and Efficacy of Intracoronary Recombinant Human
Prourokinase Administration in Patients with Acute Myocardial Infarction and ST-Segment Elevation: A Meta-Analysis
of Randomized Controlled Trials. Experimental and Therapeutic Medicine, 25, Article No. 40.
https://doi.org/10.3892/etm.2022.11739

Li, S., Gu, H., Feng, B., Dong, Q., Fan, D., Xu, Y., et al. (2024) rthPro-UK in Acute Ischemic Stroke within 4.5 h of
Stroke Onset Trial-2 (the PROST-2 Study): Rationale and Design of a Multicenter, Prospective, Randomized, Open-
Label, Blinded-Endpoint, Controlled Phase 3 Non-Inferiority Trial. International Journal of Stroke, 19, 1182-1187.
https://doi.org/10.1177/17474930241265654

Mai, H., Chen, T. and Chen, F. (2022) Intra-Arterial Alteplase vs Placebo after Successful Thrombectomy and Functional
Outcomes in Patients with Large Vessel Occlusion Acute Ischemic Stroke. JAMA, 327, 2455-2456.
https://doi.org/10.1001/jama.2022.7427

Nishanth, K.R., Math, R.S., Shankar, M., Ravindranath, K.S. and Manjunath, C.N. (2019) Thrombolysis with Reteplase
in Acute Pulmonary Embolism. Indian Heart Journal, 71, 464-467. https://doi.org/10.1016/].1hj.2019.09.011

Li, S., Pan, Y., Wang, Z., Liang, Z., Chen, H., Wang, D., et al. (2021) Safety and Efficacy of Tenecteplase versus
Alteplase in Patients with Acute Ischaemic Stroke (TRACE): A Multicentre, Randomised, Open Label, Blinded-End-
point (PROBE) Controlled Phase II Study. Stroke and Vascular Neurology, 7, 47-53.
https://doi.org/10.1136/svn-2021-000978

Warach, S.J., Dula, A.N. and Milling, T.J. (2020) Tenecteplase Thrombolysis for Acute Ischemic Stroke. Stroke, 51,
3440-3451. https://doi.org/10.1161/strokeaha.120.029749

DOI: 10.12677/jcpm.2024.34359 2524 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2024.34359
https://doi.org/10.1007/s11033-019-05167-x
https://doi.org/10.1080/01616412.2019.1672388
https://doi.org/10.3892/etm.2022.11739
https://doi.org/10.1177/17474930241265654
https://doi.org/10.1001/jama.2022.7427
https://doi.org/10.1016/j.ihj.2019.09.011
https://doi.org/10.1136/svn-2021-000978
https://doi.org/10.1161/strokeaha.120.029749

	静脉血栓栓塞症溶栓治疗药物的研究进展
	摘  要
	关键词
	Advances in the Study of Drugs for Thrombolytic Therapy of Venous Thromboembolism
	Abstract
	Keywords
	1. 引言
	2. 各世代溶栓药物
	2.1. 第一代纤溶酶原激活剂
	2.2. 第二代纤溶酶原激活剂
	2.3. 第三代纤溶酶原激活剂

	3. 结语
	参考文献

