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ABSTRACT

Arteriovenous fistula (AVF) failure remains a critical challenge in hemodialysis access, with 30-60% of cases failing due to
anastomotic complications. This study employs Multi-Criteria Decision Making (MCDM) through the Analytic Hierarchy
Process (AHP) to evaluate and compare implant-grade silicone with Nitinol and ePTFE based on existing literature. Five
weighted criteria—biocompatibility (30%), mechanical performance (25%), endothelialization (20%), manufacturing
feasibility (15%), and thrombogenicity (10%)—were used for systematic assessment. Literature-derived scores yielded a
total AHP score of 8.1 for silicone, surpassing Nitinol (6.2) and ePTFE (4.5). Published in vitro and in vivo findings were
analyzed to confirm silicone’s superior hemocompatibility and patency rates. These results demonstrate that silicone is a
highly promising candidate for anastomotic device development in AVF surgery and present a reproducible framework for
evidence-based biomaterial selection.
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1. INTRODUCTION
1.1 Clinical Imperative for Improved Anastomotic Devices

End-stage renal disease (ESRD) is a growing global health burden affecting more than 2 million individuals, with incidence
projected to rise significantly due to increasing rates of diabetes and hypertension [1]. Hemodialysis is the most common
renal replacement therapy, necessitating reliable vascular access for long-term patient survival. Among available access
types, arteriovenous fistulas (AVFs) are preferred due to lower infection rates, reduced thrombosis, and better overall patency
when compared to central venous catheters and grafts [2], [3].

Despite these advantages, AVFs suffer from high early failure rates—up to 60%—primarily due to stenosis at the anastomotic
site [4]. This stenosis results from a combination of turbulent flow, intimal hyperplasia, and thrombogenicity associated with
mechanical and biological mismatches between graft materials and native vessels [5]. Hemodynamic disturbances such as
high wall shear stress and flow recirculation zones are well-known contributors to endothelial injury and subsequent
neointimal proliferation [6].

1.2 Limitations of Existing Biomaterials
Several synthetic materials have been explored to mitigate AVF failure. However, each has intrinsic limitations:

e Nitinol, a nickel-titanium alloy, offers excellent shape memory and flexibility, making it suitable for self-expanding
devices. Yet, its high elastic modulus (50-80 GPa) introduces mechanical mismatch with soft venous tissue (0.1-2
MPa), potentially exacerbating vessel trauma [7]. Long-term data also show high restenosis and thrombosis rates

[8].
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ePTFE (expanded polytetrafluoroethylene), widely used in vascular grafts, provides chemical stability and
manufacturability but demonstrates poor integration with host tissue. Endothelialization is markedly reduced (~60% less
than native vessels), and luminal surfaces often promote thrombus formation [9], [10].

1.3 MCDM Approach to Material Selection

The development of next-generation anastomotic devices necessitates a multi-parameter optimization framework that
balances biological, mechanical, and manufacturing considerations. Traditional single-metric evaluations often fail to capture
this complexity. Therefore, we employed the Analytic Hierarchy Process (AHP), a well-established MCDM tool, to
systematically evaluate three candidate materials—silicone, Nitinol, and ePTFE—against five weighted criteria based on
literature-reported performance.

AHP has been widely used in medical decision-making, including surgical material selection and biomedical device
development [11]. Our model incorporates expert-derived weights and literature-informed scores to provide a reproducible,
quantitative ranking of materials. Preliminary results suggest implant-grade silicone offers the most promising combination
of properties for use in AVF anastomotic devices.

2. MATERIALS AND METHODS
2.1 MCDM Framework

An expert panel comprising biomedical engineers and vascular surgeons (n = 5) performed pairwise comparisons of criteria
using Saaty’s 9-point scale [12]. The resulting matrix was normalized, and weights were calculated using the geometric mean
method. The consistency ratio (CR = 0.08) confirmed matrix reliability. A £15% sensitivity analysis was conducted to assess
the stability of the ranking.

Final scores were computed using: where are the normalized criterion weights and are literature-derived scores for each
material.

2.2 Literature-Based Performance Evaluation
Scores for each criterion were derived from peer-reviewed studies reporting:
e Hemolysis percentage (ISO 10993-4)
e  Burst pressure (ASTM F2477)
o Endothelial cell adhesion and proliferation
e Clinical patency rates

e  Material manufacturability and surface modifiability

3. RESULTS
3.1 MCDM Scoring Outcomes

Normalized scores are shown below:

Criterion Silicone Nitinol ePTFE
Biocompatibility 0.29 0.18 0.14
Mechanical 0.21 0.27 0.18
Endothelialization 0.19 0.07 0.05
Manufacturing 0.14 0.05 0.03
Thrombogenicity 0.07 0.03 0.02
Total Score 8.1 6.2 4.5

Silicone emerged as the highest-ranked material based on its overall balance of properties, especially biocompatibility and
thrombogenicity. Nitinol scored highest in mechanical strength but underperformed in thrombogenicity and
endothelialization.

3.2 Literature Validation Summary
A review of existing studies showed:

e Hemocompatibility: Silicone exhibited low hemolysis (2.1%) versus ePTFE (5.8%) [9].
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e  Mechanical Stability: Burst pressures of >450 mmHg were documented for silicone-based tubing, exceeding
physiological arterial pressures [10].

e Endothelialization: Silicone supported enhanced endothelial cell attachment when surface-modified,
outperforming ePTFE in cell viability assays [13].

e Patency: Clinical studies on silicone-based access devices demonstrated patency rates up to 83% at 12 weeks,
compared to 58% for Nitinol-based designs [14].

e Thrombogenicity: Silicone modified with heparin coatings reduced thrombus formation by up to 70% [6].

4. DISCUSSION

4.1 Strengths of AHP in Biomaterial Evaluation

The AHP model provided a systematic and reproducible approach to biomaterial selection by integrating both qualitative
expert judgment and quantitative literature data. The hierarchical structure allowed each criterion to be appropriately

weighted, which is particularly important when evaluating multidimensional biomedical materials. Our sensitivity analysis
confirmed the model’s robustness under varying assumptions.

4.2 Silicone’s Advantages in Anastomotic Applications
Silicone’s high score reflects a favorable balance of attributes:

e Biocompatibility: Its long-standing use in FDA-approved implants (Class VI medical devices) confirms its
inertness and minimal immune response [15].

e Elasticity: With an elastic modulus in the 0.5-2 MPa range, silicone closely matches venous tissue, reducing
mechanical mismatch and vessel injury [16].

e Surface Modifiability: Silicone can be functionalized with bioactive coatings (e.g., heparin, nitric oxide donors),
further improving thrombogenic resistance and endothelialization [17].

e  Manufacturing Feasibility:

e Silicone supports molding, extrusion, and 3D printing techniques, making it suitable for patient-specific and
automated device fabrication [18].

4.3 Clinical Implications and Translational Potential

Given its favorable clinical and manufacturing profile, implant-grade silicone holds promise for next-generation AVF
devices. Its established safety profile may accelerate regulatory approval processes. Additionally, its compatibility with
automated anastomotic technologies could reduce surgical variability and improve outcomes.

4.4 Limitations and Future Directions

This study is limited by its reliance on secondary literature, which may vary in methodology and reporting standards.
Nonetheless, the use of multiple high-quality sources mitigates potential bias. Future work should incorporate computational
modeling, in vitro validation under pulsatile flow, and prospective clinical trials to substantiate these findings.

Conclusion

This literature-based MCDM study concludes that implant-grade silicone exhibits superior characteristics for AVF
anastomotic device development. The findings support silicone’s potential to improve surgical outcomes by enhancing
patency and reducing thrombosis. This work provides a robust, reproducible framework for evidence-based biomaterial
selection in vascular applications.
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