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Abstract 

 

Durability testing for Coronary, Aortic, and Structural Heart (Cardiovascular) Class III medical 

devices (implants), such as heart valves and stents, is critical for ensuring patient safety and device 

reliability. The mechanical failures and associated complications in the Coronary, Aortic, and 

Structural Heart Class III devices can lead to significant clinical consequences, including reduced 

cardiac function, reintervention, or even death. This paper explores the challenges associated with 

Coronary, Aortic, and Structural Heart Class III medical device durability, focusing on engineering 

methods and test approaches such as fatigue-to-fracture testing, bench modeling, and computational 

modeling. By understanding and implementing these methods, the medical device industry can improve 

device design, enhance patient safety, and meet regulatory standards effectively. 
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Introduction 

 

The durability of Coronary, Aortic, and Structural Heart (Cardiovascular) Class III medical devices, such as 

Implants, heart valves, stents, and implantable cardioverter defibrillators (ICD), is paramount for patient 

safety and device efficacy. Failures in these devices have led to high-profile recalls and clinical consequences, 

ranging from loss of functionality to fatal outcomes.  

Fractures and failures depend on multiple factors, including device type, clinical conditions, patient-specific 

anatomies, and implantation techniques. Despite rigorous preclinical and benchtop testing, unanticipated 

failures like the Sprint Fidelis ICD lead [1] and Bjork-Shiley heart valve fractures [2] underscore the need for 

robust engineering methods to predict and mitigate failures. This paper provides engineering solutions and 

critical testing methodologies to improve Coronary, Aortic, and Structural Heart implant durability, including 

fatigue testing, computational modeling, and material characterization. 

 

Main Body 

 

Coronary, Aortic, and Structural Heart (Cardiovascular) Class III medical devices (implants), such as stents 

and transcatheter heart valves, are indispensable in addressing complex cardiovascular conditions. However, 

ensuring their long-term durability and functionality remains a critical challenge due to the intricate 

anatomical structures and demanding in-vivo environments they encounter. Coronary, Aortic, and Structural 
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Heart implants are exposed to dynamic physiological conditions loading conditions, making them susceptible 

to failures such as fatigue fractures, material degradation, and mechanical wear. Heart valve fractures, for 

instance, can lead to severe outcomes like cardiac dysfunction, revision surgeries, or mortality. Similarly, 

failures in implantable cardioverter defibrillator (ICD) leads have resulted in inappropriate shocks, loss of 

pacing, and device-related deaths, while stent fatigue compromises vessel patency and therapeutic efficacy. 

Despite advancements in medical device material science and device design, unanticipated failures observed 

during post-market surveillance underscore the need for advanced engineering methodologies to predict and 

enhance the durability of these life-saving medical devices. 

 

Geometric Characterization 

 

Precise geometric characterization is essential in improving Coronary, Aortic, and Structural Heart 

(Cardiovascular) Class III medical device durability, which plays a pivotal role in cardiovascular device 

design. This involves accurately determining device dimensions, including average diameter, length, and 

angles, to ensure proper fit and functionality. Fatigue testing is another critical component, wherein simulated 

deformations, such as compression, stretching, bending, and twisting—are employed to assess the mechanical 

limits of the device under realistic conditions. Furthermore, the study of Coronary, Aortic, and Structural 

Heart disease pathogenesis highlights the significant impact of vessel geometry changes on hemodynamics 

and disease localization, necessitating an in-depth understanding of how these changes affect device 

performance. 

 

Coronary, Aortic, and Structural Heart Class III medical devices Durability and Safety Framework 
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Engineering Approaches:  

In-vivo data Modeling and Bench Top testing 

Benchtop models provide controlled environments for simulating structural integrity and reliability, offering 

insights into how devices perform under various loading conditions. These models are complemented by in-

vivo modeling, which captures complex interactions between implants and biological systems, and clinical 

data validation, which ensures that device performance meets real-world expectations. Techniques such as 
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accelerated pulsatile stent testing [3] and radial durability testing for heart valve frames are excellent examples 

of how these approaches are implemented. 

 

 
 

Fig 1: Radial durability test system for endovascular devices (e.g. stents, stent grafts, transcatheter heart 

valve frames, left atrial appendage (LAA) occludes. [7] 

 

Fatigue and Material Performance Evaluation 

Material performance and fatigue analysis are equally important in ensuring implant reliability. Material 

behavior must reflect real-world conditions, including linear and nonlinear stress-strain responses. Evaluating 

fatigue properties, such as endurance limits provides critical data for predicting long-term reliability [4]. 

Testing protocols are adapted based on the development stage, whether it is an early feasibility study (IDE) 

or a pre-market approval (PMA) phase, ensuring that materials perform consistently under relevant loading 

conditions. 

 

 
Fig 2: Accelerated pulsatile implant testing [8] 
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Fatigue-to-Fracture and Test-to-Success Methods 

Fatigue-to-fracture testing examines multiple load conditions to understand failure mechanisms, while 

Success focuses on identifying survivability under one or two worst-case load conditions. These engineering 

methods are critical for identifying structural weaknesses and predicting medical device performance, failure, 

durability, and mitigation strategies. Well-established standards like ASTM F3211, and F2942, provide 

guidelines for these testing methods. 

 

 
Fig 3: Radial compression test fixture, specifically designed for testing stents. [6] 

 

 

Computational Modeling 

Advanced computational modeling predicts material behavior under dynamic conditions and evaluates 

stress distribution and fracture potential in implants. Patient-specific modeling of Coronary, Aortic, and 

Structural Heart medical devices has demonstrated the value of computation modeling tools in optimizing 

device design and predicting implant performance and durability. 

 

Standardized Tools and Metrics 

Standardization is essential for ensuring repeatability and reliability in Cardiovascular implant durability 

testing. Durability standards, such as ASTM F2477 [3] (pulsatile and non-pulsatile tests) and ASTM F3211 

(fatigue-to-fracture), provide established protocols for evaluating device performance [5]. 

Risk-based sample size selection ensures sufficient test articles are included for each load condition, while 

physiological simulations replicate realistic test conditions, including appropriate fluid environments, 

temperatures, and vessel compliance. Physiological simulations replicate realistic test conditions, such as 

synthetic tissue modeling suitable fluid environments, temperatures, and vessel compliance, while risk-based 

sample sizes ensure that enough test articles are included for the each loading scenario.  

The benefits of these methodologies are far-reaching. Enhanced geometric characterization and standardized 

durability testing tools enable the durability evaluation and safety development of improved implant designs 

by incorporating patient-specific geometric data and simulating worst-case loading conditions. These tools 

also facilitate preclinical evaluations, providing reliable methods to test structural integrity and predict failure 

modes. Additionally, engineering methods ensure regulatory compliance by meeting stringent regulatory 

requirements like FDA and ISO standards for safety and efficacy while simultaneously identifying medical 

device predictability and failure modes early in the development cycle, thereby mitigating risks.  

The impact of robust engineering methodologies on cardiovascular implants is profound. They improve 

patient safety by reducing the likelihood of device failure and improving product predictability in developing 

treatment plans, thereby minimizing the need for surgical revisions or reinterventions. 

Improved device reliability and repeatability ensure implants function well for the duration of their intended

 life, and cost-effectiveness reduces the financial burden of repeated surgeries and device recalls.  

https://www.ijirmps.org/


Volume 7 Issue 6                                        @ November - December 2019 IJIRMPS | ISSN: 2349-7300 

IJIRMPS1906232079          Website: www.ijirmps.org Email: editor@ijirmps.org 6 

 

These Techniques can be applied to addition class III medical devices in addition to cardiovascular 

implantss, opening the door for developments in personalized medicine, computational modeling, and coope

rative frameworks that maximize implant designs. This comprehensive approach not only addresses current 

challenges but also sets the stage for future innovations in medical device engineering. 

 

Conclusion 

Ensuring the durability and reliability of Coronary, Aortic, and Structural Heart (Cardiovascular) Class III 

medical devices (implants) require a comprehensive understanding of their mechanical behavior under real-

world physiological conditions. Failures such as fatigue fractures and material degradation remain the 

dominant failure mechanisms, often exacerbated by complex in-vivo mixed-mode stresses and strains. 

Quantitative conservative life prediction, therefore, demands an integrated approach combining advanced 

fatigue-to-fracture testing, computational modeling, and robust benchtop validations. 

Fatigue to fracture testing serves as a cornerstone in the durability assessment of Coronary, Aortic, and 

Structural Heart Class III medical devices by enabling the identification of critical failure mechanisms under 

worst-case physiological loading conditions. Unlike survival-based testing, this approach focuses on testing 

devices to failure, providing valuable insights into structural weaknesses and informing risk mitigation 

strategies. Computational modeling further complements these efforts by predicting stress distributions, 

fracture potential, and the influence of multiaxial loading environments. This combined framework not only 

enhances life prediction accuracy but also supports quality control processes that meet stringent regulatory 

standards. 

Future advancements in material science and predictive modeling will play a pivotal role in addressing the 

inherent challenges of Class III medical device design. While the development of better alloys and improved 

material formulations can reduce the likelihood of mechanical failures, they alone cannot eliminate risks, as 

design optimizations often increase stress levels. Consequently, life-prediction methodologies must 

incorporate damage-tolerant approaches, non-destructive testing (NDT) for flaw detection, and the 

quantification of residual stresses. These efforts, when paired with stress- or strain-based total-life strategies, 

will enable a more precise understanding of device longevity, particularly for small components such as stents. 

In conclusion, the medical device industry must continue to adopt rigorous engineering methods to evaluate 

the durability of cardiovascular implants, minimize risks, improve patient safety, and meet evolving 

regulatory requirements. By leveraging advancements in testing methodologies, computational modeling 

tools, and material science, advanced manufacturing can enhance the durability and efficacy of medical 

implants, ultimately improving patient outcomes and reducing the need for costly reinterventions. As the field 

progresses, collaborative efforts across medical device engineering, clinical research, and regulatory domains 

will be essential in driving innovation and setting new benchmarks for the durability of Cardiovascular 

implantable medical devices. 
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