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Abstract—Catheters are critical medical devices which
are extensively used for vascular access, fluid drainage,
and drug infusion during various clinical settings. Most
commonly used catheter materials are Silicone,
polyurethane (PU), and nylon. Each of these materials
possesses  distinct mechanical and  biological
characteristics that influence their clinical performance.
Silicone is renowned for its superior biocompatibility
and flexibility, but it has low tensile strength and high
risk of mechanical failure. Polyurethane exhibits
enhanced tensile strength and resistance to pressure
with moderate flexibility, making it a popular choice for
long-term use. Nylon catheters are mechanically robust
and chemically resistant, but they tend to be stiffer and
less biocompatible, therefore limiting their use in
prolonged catheterization. This review critically
compares all these materials by integrating their
mechanical testing data in laboratory as well as
comparing their clinical outcomes focusing on factors
like infection rates, thrombogenicity and catheter
durability. Advancement in antimicrobial surface
coatings and modifications in catheter designs are
examined as the strategies to mitigate complications
associated with each of these materials. Future
perspectives can emphasize the development of hybrid
materials and innovative coatings to optimize catheter
safety, efficacy and patient comfort as per market
demands.

Index Terms—Silicone catheter, Polyurethane catheter,
Nylon catheter, Biocompatibility, Mechanical

properties, Catheter-associated infection, antimicrobial
coatings, Thrombosis.

I. INTRODUCTION

Background: Catheters play essential role in modern
medicine field. It is helpful in facilitating of
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intravenous therapy, monitoring of hemodynamic
parameters, drainage procedure of urine and
diagnostic of various procedures. Catheter material is
selected mainly depending upon the parameters like
mechanical durability, biocompatibility,
thrombogenic potential, and risk of infection.
Material properties like flexibility, tensile strength,
surface chemistry, and resistance to microbial
colonization  dictate  catheter lifespan  and
complication rates [1].

Importance of Literature survey: Despite plenty of
individual studies related to catheter materials, there
is still shortage of comparative evaluations under
standardized  conditions. Despite of  recent
technological advancement in catheter manufacturing
and antimicrobial surface modifications there is still
requirement for an updated and comprehensive
review. Adding to this there are also -clinical
challenges like rising catheter-associated bloodstream
infections (CABSI) and thrombosis which underscore
the importance of optimizing catheter materials to
improve patient outcomes [2].

Objective: This review aims to systematically
evaluate the mechanical properties, biological
interactions, infection rates, thrombosis risks and
durability of silicone, polyurethane, and nylon
catheters. The aim of this study is to guide the
material selection and highlight the future research
avenues for safer and more effective way of catheter
design by combining the preclinical and clinical
evidence of all these materials.
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Table-01: Physical Parameters of Catheters

Parameter Typical Range
Length 19 mm - 170 cm
Outer Diameter 0.53 mm — 10 mm
. Weight ~05g-30¢g
\\ 1. METHODOLOGY

Literature Search Strategy: Use of databases like

_ ¥ PubMed, Scopus and Web of Science was done to
@ perform a mini literature search on the materials of
catheters. This search activity included keywords like
” “polyurethane catheter,” “nylon

EEINT3

“silicone catheter,

Figure-1: Silicone catheter catheter,” “mechanical properties,” “infection,”
“biocompatibility,” and “catheter durability.” Also,
search was limited to English-language articles
published between 2000 and 2025.

Selection Criteria: Studies were included if they
compared at least two of the catheter materials in
either laboratory mechanical tests, biocompatibility

assessments, or clinical outcomes. Both randomized
controlled trials and observational studies were
4 \ f considered, alongside relevant in vitro and in vivo
\ ; experimental studies. Articles which were focusing
solely on a single material without any comparative
data were excluded.

Data Extraction and Analysis: Relevant data
including tensile strength, elongation at break, burst
pressure, cytotoxicity, hemolysis, protein adsorption,
biofilm formation, infection rates, thrombosis

Figure-2: Polyurethane catheter

incidence, and catheter failure modes were extracted.
Data synthesis was qualitative due to heterogeneity in
3 study design, though quantitative comparisons were
noted where available.

ITII. CURRENT STATE OF THE ART

) 3.1 Overview of Existing Devices and Technologies
\\r/ Silicone catheters are widely used in long-term
\ vascular access because of their softness and
\ excellent biocompatibility [3]. Polyurethane catheters

- are favored for their strength and thinner walls which

S —— permits higher flow rates along with maintaining
=D ) . L

catheter lumen size [4]. Nylon catheters which is
known for rigidity and chemical resistance is
Figure-3: Nylon catheter typically used in diagnostic catheters or short-term
applications where mechanical robustness is required

[5].
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Manufacturers such as B. Braun, Medtronic, and
Teleflex offers a variety of catheters made from these
materials, often incorporating proprietary coatings to
enhance  antimicrobial and  antithrombogenic
properties [6].

3.2 Technological Advancements

Due to advancement in recent years such as micro-
computed tomography (micro-CT) to assess catheter
structural integrity post-implantation, revealing
significant remodeling and degradation particularly in
PU catheters, which may predispose to failure [7].
Novel antimicrobial coatings, including silver-
polymer hydrogels, tethered antimicrobial peptides,
and  zwitterionic  polymer  coatings, have
demonstrated efficacy in reducing biofilm formation
by common pathogens like Staphylococcus aureus
and Escherichia coli [8,9].

Emerging composite materials blending silicone with
polyurethane seek to combine the flexibility and
biocompatibility of silicone with the strength of PU,
potentially overcoming limitations inherent in single-
material designs [10].

3.3 Regulatory and Clinical Landscape

The FDA and European regulatory bodies have
approved numerous silicone and PU catheters for
various indications. However, clinical trials indicates
the variation in complication rates; PU catheters are
often associated with higher thrombosis and infection
rates as compared to silicone catheters, likely related
to differences in surface properties and stiffness[11].
Neonatal and pediatric studies report differs in
catheter rupture and removal rates between silicone
and PU, with silicone is generally favored due its
biocompatibility [12].

IV. MECHANISM OF ACTION AND DESIGN
CONSIDERATIONS

4.1 Design Principles
Silicone catheters are produced from
polydimethylsiloxane, which has the characteristics
of high flexibility, chemical inertness, and low
surface energy, contributing to low protein adsorption
and thrombogenicity [13]. However, its low tensile
strength and elongation make them prone to
mechanical failure when it is placed under stress [14].
Polyurethane is a thermoplastic elastomer which has
higher tensile strength and pressure tolerance,
allowing thinner catheter walls and increased flow
rates [15]. Its surface chemistry tends to be more
thrombogenic and protein-adsorptive as compared to
silicone, so increasing the risks of clot formation and
infection [16].

Nylon is a polyamide polymer exhibiting excellent
chemical resistance and mechanical strength but due
to its higher stiffness, patient may experience
discomfort and so limits its use in flexible anatomical
sites [17].

4.2 Performance and Efficacy

Laboratory mechanical testing reveals PU catheters
resist fracture under repeated stress better than
silicone, which shows approximately 8% fracture
rates in durability tests [13]. Silicone outperforms PU
and nylon in cytotoxicity and hemolysis assays,
showing higher biocompatibility [14]. Nylon exhibits
superior chemical resistance but increased protein
adsorption and biofilm formation compared to
silicone and PU [18].

V. COMPARATIVE ANALYSIS

5.1 Comparison with Existing Devices

Property Silicone Polyurethane Nylon
Flexibility High Moderate Low
Tensile Strength Low High Very High
Biocompatibility Excellent Good Moderate
Thrombogenicity Low Moderate to High Moderate to High
Infection Risk Lower Higher Moderate to High
Mechanical Failures Higher fracture rates Very low fracture rates Rare but brittle failures
Cost High Moderate Low
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PU catheters provide superior mechanical durability
but higher thrombosis and infection rates. Silicone
catheters offer superior biocompatibility and lower
thrombogenicity but risk mechanical failure. Nylon is
best for rigid applications but less suited for flexible
or long-term use.

5.2 Cost and Accessibility

Silicone catheters are typically more expensive due to
material costs and manufacturing complexity,
whereas PU and nylon catheters are more cost-
effective, expanding accessibility in resource-limited
settings [11].

VI. CHALLENGES AND LIMITATIONS

The comparison of catheter materials is challenged
by several limitations. First, the heterogeneity in
polyurethane (PU) formulations and manufacturing
processes has been reported to complicate cross-study
comparisons, as material properties can vary
significantly between products from different
manufacturers [3]. Additionally, the absence of
standardized testing protocols for evaluating biofilm
formation and thrombosis risk further reduces the
comparability and reproducibility of results across
studies [8]. Many clinical investigations are limited
by short follow-up periods and inadequate sample
sizes, which reduces the robustness and
generalizability of the evidence base [12]. Moreover,
there is a lack of comprehensive data regarding the
efficacy of antimicrobial coatings across all three
catheter materials, which hinders the ability to make
definitive and evidence-based recommendations [9].
Finally, mechanical failures in silicone catheters,
when it is under high-stress clinical conditions,
continue to be a concern, which potentially impact
their long-term reliability and safety [14].

VII. FUTURE PERSPECTIVES

Future catheter technologies are advancing at a rapid
pace to enhance the patient outcomes, reduce the
complications and align with the sustainability goals.
A major focus is on the integration of antimicrobial
and antifouling surface coatings which includes silver
nanoparticles, tethered peptides, and zwitterionic
polymers—which have shown good result in
reducing the infection and thrombosis in preclinical
studies [6,7].
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Hybrid catheters which are under development phase,
combines silicone’s flexibility with polyurethane’s
mechanical strength to improve its performance as
well as its durability [10]. In parallel, biodegradable
catheter materials such as PLA, PCL, and PLGA
offer the potential to eliminate removal procedures,
reduce chronic complications, and address
environmental concerns [1,2]. Although primarily in
preclinical use, they show promise only for short-
term applications like urinary and diagnostic
catheters.

Smart catheters are also emerging which has
integrating sensors, conductive polymers, or
hydrogels for real-time monitoring of physiological
parameters (e.g., pressure, pH, flow), on-demand
drug release, and biofilm detection is also
available[3,4]. Facility of Wireless transmission of
data is also there which enables remote monitoring,
which is particularly valuable in critical care settings
[5].

Finally, advanced imaging modalities such as micro-
CT and MRI-compatible materials may improve in
vivo monitoring and predict device failure [7].
However, further progress will require large-scale
and randomized clinical trials with standardized
endpoints to validate these technologies and guide the
selection of proper material.

VIII. CONCLUSION

This study suggests that Silicone, polyurethane, and
nylon catheters has its distinct advantages as well as
limitations which is determined on the basis of their
respective mechanical characteristics,
biocompatibility profiles and clinical performance.
Silicone is generally regarded as the preferred
material for long-term vascular access due to its
property of high flexibility and favorable
compatibility with biological tissues. In contrast to it,
polyurethane has superior mechanical strength and
enhanced resistance to pressure, which makes it
suitable for applications where structural durability is
required. Nylon offers notable mechanical robustness
and cost-effectiveness, and is more appropriately
used in short-term or diagnostic contexts due to its
lower biocompatibility and increased stiffness. Future
advancements in catheter technology is expected to
focus on the development of composite materials and
design modification of antimicrobial surface to
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enhance safety, extend functional lifespan, and allow
customization based on specific patient needs and
clinical requirements.
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