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Abstract

Hirudin directly inhibits thrombin without requiring antithrombin, providing a rationale for local
anticoagulation on blood-contacting materials. This narrative review draws primarily on PubMed,
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supplemented by reference tracing and targeted searches, to summarize functionalization strate-
gies, device applications, and evaluation methods. Particular attention is given to covalent coupling,
spacer design, and polydopamine (PDA)-mediated anchoring, with comparisons against heparin,
bivalirudin, and argatroban coatings. A small number of in vitro studies suggest that hirudin can
retain anticoagulant activity after loading or immobilization. However, activity depends on cou-
pling sites, molecular accessibility, and the properties of the underlying layer. The biological effects
of PDA vary with preparation conditions, making it necessary to distinguish the contributions of
individual components in composite interfaces. Direct comparisons under comparable conditions
remain limited, and the hirudin-functionalized material studies included in this review provide no
human clinical evidence. Further evaluation under dynamic blood flow, mechanical deformation,
sterilization, storage, and long-term in vivo conditions is needed to determine their performance
and applicability across different device settings.
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Figure 1. Antithrombotic mechanism and main construction strategies of hirudin-functionalized blood-contacting interfaces
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Table 1. Direct evidence for hirudin-functionalized blood-contacting materials
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Table 2. Comparison of hirudin and other anticoagulant coatings
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[30] [38]-[44]. XEEH 75 n] /KR 2 SO Bt 2%, (AR BT IR .

ST 7KE 21 T Re Ak ek ok S 28 1 B e 0F 9T 2 BEELHE T R MR SR ALRRIR JZ R r-PEG-hirudin/iloprost 1))
Yisese, PARAR S SAEUUR(CVD)R 2 & @ S48 I8 e AR 72 [23] [35] Al — TR 07 2 FEASE 2 rpou
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R, oI ER, R E KR 2 0] AR A SRR B, RPN AR SRR R AR L
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6.2. ALIMESH4ETE

ANVAZ N T3S 5 [ I A 358 S 1 DG e AR e P9 B 78 5 S5 R . PCL HLYTEF 48 T F 3k
PDA MI/KIEZ, (HHFEMAT N RIMBKYE L1957 T 475 VN . A PCL/IPDA/H LK & 7Kg 2
YK FLH) PCLIPDA 54 £F 4 78 B TR AMEAMETTRN21] [22]. HHEF4EMiE— 0k RN E IR
VIiE, ETFHEIRNE . A AT NE. WA DRI EE %R . 51 Dacron 2 [ & /K% & 1)
W Z T RS AL T AR IR [24] ;3 A0SR 1 P e BLADL 2 THT B A 5t K BRURIARE I8 RS AL R Sl i 1 [4 71,
{RILAE AL S KRR AN, A AR HL oM

6.3. &, BSHIMERRE

SRR SR LA 30 8 EAT RO AL S A T AR B B AN 1), B iSRRG R gt
Wom S B R IR KPR T KBS REWR. BFRPIEETESR. WEREEIEE & —
AR (NO)/ I £ 7 (PEG) FH IHI S8 7T, 427 5 7w HH 92> B WRBR I /I AR s o7 B ot A4 FE2 Bl B T i [48]-[52] o
XEEAIR BRI HS %, EHAKIERNERAER .. AR AKERA T RS, B/ RN 5 &
SEEI GG BTG 5T LR R A A A I PR U 9 I S DR R [2] [4] [18] [19], iR m DI fE
PLEE i 45 AT P E -

7. IKEERTEEL AN R R
7.1 REMESSFEETEN
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R 8577 BB (AFM) A 4 L 2 A8 (SEM) I UL R THRDRE FE2 55 b, ek A T S At e
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7.2. BSIMAEEEITMN
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TT. M/MRB TSR, W RN 4 R Ui S s S A T .

AR, T AR SR A AR A 2 5 R e A5 it 7RI i . Patel S LI T g1 /MR
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PERT 27K P AL 1) 4% 07 302 a] B iR B U [55] . IR, AH SR 5t B FEGRR 25 LBk VR . ok, B
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FEK B I /N a2 B 5 SRk HE DL BB LA

7.3. ISR SH/W IR
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S5 2025 AT XN EARTE KGR AL 1 — B RS MR IREN AN R i R G, IR e A B R A
I, AT RIRBI IR A5 R, SRR A OKT BB AL 73 v TR[18]. A Rtz Ml
Hefb AR AR, EIERSS . R SRR L DL AR PRI A 25 ) 2 25 5 i I O A 45 R [19] -

TRENCCIRR R TR AT SR FERMIAMERIEY SRR, DI, A S RY 5KiT s KR =
B RO WRLGE . KIERIRARTENE RS AR TaER, I B RO A N AR X I, AUAEAS
BT Py BORY KSR B AT IR, R BEHID Ui IR T AT AT, 1 AN REIE I % 2 AE @A Sk P Ao RS
TR R

7.4. SRR N

R PR VAT I ] BT G 441 i 250 o R ) R R 28 o R IR0 A B B 38 I AN 5 ) T i e 2 H B A P42
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W SUCFEr, P RRIG AT R . WA 2 o e 2 K P A A 2 S M K B 45 SR (28] [29] [38]-
[41][45] [46]. M/KiE R 50E A R FCARSL R e i, B B S D Re AT Re 4L, DAV KIE R %2
BN MRE I (2 A A R TIERKIE R, DUEHRINRE E R (8] B BAAEM R KIERD)Re
AR ) 2R BRAE VP Fi AR B ek ik 52 28 1A 1) R L 3% 3.

Table 3. Device-related evaluation indicators for hirudin-functionalized materials
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SE L WG A RPUERI A IR 2 P iR, RUERE . Ptistis Eahiistthaed 24 & 7F
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