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ABSTRACT: When medical devices come into contact with blood, they typically trigger the body's coagulation mechanisms
and rejection responses, leading to hemodynamic interactions between them and increasing the risk of bacterial infections on the
device surface. This results in a series of adverse reactions during clinical use, such as coagulation effects, thrombosis formation,
hemolysis, protein adhesion, and microbial infections. Recent studies find that constructing superhydrophobic surfaces on

blood-contacting surfaces can reduce biomolecule adhesion, improve hemolysis and coagulation, enhance blood compatibility,
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and inhibit surface microbial growth. This has become an effective strategy for improving the blood compatibility of medical
device surfaces and is widely applied to blood-contacting medical devices. However, the mechanisms of interaction between
superhydrophobic surfaces and blood, cells, and bacteria are not yet fully understood, which limits their further medical
application. To promote the application and development of superhydrophobic surfaces in the medical field, this paper
summarizes the current methods for constructing superhydrophobic surfaces, the materials used, and the mechanisms behind
their blood compatibility.

There are two main methods for constructing superhydrophobic surfaces: single-step and multi-step. The single-step
method completes both the micro/nano-structure construction and low surface energy modification in a single process, such as
sol-gel, electro-spraying, deposition, 3D printing, chemical etching, laser ablation, photolithography, and template methods. The
multi-step method first prepares the surface micro/nano-structure and then modifies it with low surface energy materials. The
materials used for constructing superhydrophobic surfaces include metals, metal oxides, phosphides, carbon-based
nanoparticles, fluorinated chemicals, organosilicon compounds, polymers, and biomolecules.

This paper discusses the interactions between superhydrophobic surfaces and plasma proteins, platelets, and red blood cells
in blood. The excellent blood compatibility of superhydrophobic surfaces is attributed to the Cassie state. Specifically, the
micro/nano-structure morphology of superhydrophobic surfaces significantly affects the interactions between blood cells and
bacteria. For example, high-curvature nanostructures are less likely to be adhered to by plasma proteins. Modifying the spacing,
distribution density, curvature, and aspect ratio of micro/nano-structures can adjust the adhesion of blood cells and bacteria on
superhydrophobic surfaces.

This paper also summarizes the mechanisms of superhydrophobic surfaces in resisting blood adhesion, including the
reduction of the effective attachment area for blood cells and unique fluid dynamic properties. For example, in platelet adhesion,
superhydrophobic surfaces not only inhibit platelet adhesion by reducing the effective attachment area but also further reduce
the chances of platelet contact with the surface through their unique fluid dynamics, thereby exhibiting excellent anti-platelet
adhesion properties.

Additionally, the paper reviews the application of superhydrophobic surfaces in blood-contacting medical devices,
specifically in the following categories: 1) implantable medical devices, such as heart or vascular implants, cardiac valves,
occluders, vascular stents, and bone implants; 2) extracorporeal circulation devices, such as blood purification and dialysis
devices, cardiopulmonary bypass equipment; and 3) wound healing applications, such as antibacterial and hemostatic dressings.

The application of superhydrophobic coatings on surfaces of blood-contacting medical devices has great potential,
especially in reducing thrombosis and preventing infections. These coatings effectively prevent the adhesion of blood
components and bacteria due to their high apparent contact angle, low surface energy, and complex surface structure. However,
current challenges including the stability, durability, and comprehensive evaluation of the biological compatibility of the
coatings, require further research and resolution.

Future research should focus on several areas: first, having in-depth understanding of the interaction between
superhydrophobic surfaces and blood under dynamic flow conditions, to optimize their anti-fouling and anti-thrombosis
performance. Second, exploring cost-effective and easy-to-manufacture methods for preparing superhydrophobic surfaces to
enhance their feasibility and sustainability in practical applications. Furthermore, the long-term stability and biocompatibility of
superhydrophobic materials need to be further evaluated to ensure their safety and effectiveness in long-term use across various
clinical environments.

In summary, superhydrophobic coatings hold great promise as a potential solution for blood-contacting medical devices in
the future. Despite the challenges, continuous progress in technology and research will provide broad prospects for their
application and development.

KEY WORDS: superhydrophobic surface; anti-thrombosis; blood compatibility; anti-biofouling; surface antibacterial
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Fig.1 Schematic diagram of methods and strategy for constructing superhydrophobic materials
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Tab.1 Materials and methods for constructing superhydrophobic surfaces
Micro/Nano Structure Low Surface Energy Materials Methods References
. 1H,1H,2H,2H-Perfluorodecan . .
Ag nanoparticles cthiol (PFDT) Dip-coating [40]
Metals & ZnO nanoparticles PDMS, stearic acid (STA) Spray-coating, Dip-coating [38,51]
Metal Oxides ] )
TiO, nanoparticles PDMS — [52]
MnO, nanoparticles STA In-situ impregnation [53]
Metal . Perfluorooctyltrichlorosilane . .\
Phosphides TiP (PFOTS) Electrophoretic deposition [42]
Ag;PO,y PDMS Dip-coating [41]
Phosphates )
Hydroxyapatite — Hydrothermal method [49]
Fluormatf/;i\grgﬁ?ene (GO), Polyurethane (PU) Dip-coating [54]
Carbon-Based s
Nanoparticles Carbon nanofibers (CNFs) PTFE or PDMS Dip-coating [55]
Carbon black PDMS Dip-coating [46,56]
SiC PP Template method [39]
. . Chemical deposition
. PFDTMS, octyltriethoxysilane L. i [39, 43,
SiO, (OTS), PDMS electrodeposition, hydrothermal, 57]
Silicon-Based spray-coating
Nanoparticles — PDMS Mild flame treatment [58]
Si — Plasma treatment, chemical etching [59]
Aluminosilicate Octylamine Evaporation-induced [44]
self-assembly
Nitrile rubber (NBR)  Vinyltriethoxysilane (VTES) Dip-coating [60]
PTFE/PVDF — Plasma treatment [47]
Synthetic Polypropylene .
polymers hollow fiber Glyecrlgil)gztclz;gylf tcehg(?rli\g?)’ Dip-coating [61]
Polymers membrane (PPHFM) P y
Polystyrene (PS) Electrospinning [36]
Natural Tannic acid (TA),
olymers cellulose Octadecylamine (ODA) Spray-coating [62]
poly nanocrystals (CNCs)
Metal-Organi ZIF-8 Silane coupling agent Spray-coating [63-64]
¢ Frameworks . .
(MOFs) Cu-MOFs, Zn-MOFs STA Dip-coating [65]
Protein Porous polypyrrole-amine Bovine serum albumin (BSA) Graftin [66]
Molecules POIYPY g
Biomolecules Denatured lysozyme Carnauba wax Spray-coating [67]
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Fig.5 Mechanism diagram of superhydrophobic surfaces
against platelet adhesion™!: a) reduction of effective area of
platelet exposure in Cassie and Wenzel states; b) reduction of
area available for individual platelet adhesion in Cassie and
Wenzel states; ¢) hydrodynamic effects of superhydrophobic
and smooth surfaces; d) conformational changes of fibrinogen

on high-curvature surfaces, preventing platelet adhesion
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Tab.2 Types of microor ganisms associated with medical device-related infections®

Type of medical device-associated

Susceptible bacteria

bacterial infections

Gram-positive bacteria

Gram-negative bacteria

Catheter-Related Bloodstream
Infection (CRBSI)

Saphylococcus epidermidis, Saphylococcus
aureus, Enterococcus spp.

Pseudomonas aeruginosa, Klebsiella
pneumoniae, Enterococcus spp.

Prosthetic heart valve infection

Saphylococcus epidermidis, Saphylococcus

aureus, Sreptococcus spp.

Other Catheter-Related
Bloodstream Infections

Saphylococcus epidlermidis, Saphylococcus
aureus, Coagulase-negative
Staphylococci, Streptococcus spp.

Pseudomonas
aeruginosa, Enterococcus spp.
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