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Abstract: When developing Class III medical devices, companies must meet strict FDA standards (21 CFR 820) to thoroughly test and
confirm the designs created. This article will look at the challenges and problems of following these rules for high-risk devices that usually
keep people alive or treat severe health issues. These products need detailed risk studies, repeated safety checks for materials used in the
body, and real-world testing to prove they work. Problems like poor record-keeping, weak patient data, or ignoring monitoring of products
after launch can often result in delays or recalls. To fix this, I suggest using a bespoke created risk management plan, updating safety
tests as designs change, and using developing tools to track every design step. A heart pump (VAD) example shows how these work in

reality. The goal is to help meet FDA standards, keeping patients safe.
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1. Introduction

Class III medical devices are the FDA’s highest-risk category.
These products save lives, treat serious illnesses, or could
result in harm if they fail. Think of items like pacemakers,
heart stents, or brain implants. Because mistakes can be
deadly, the FDA’s 21 CFR 820 rules enforce strict design
considerations to be made for the sake of safety. Design
checks confirm a device meets technical specs, while real-
world testing proves it works for patients. [1]

High-risk devices need more layers of testing than lower-risk
ones. Unlike simpler tools, Class III devices require years of
human trials and monitoring/QA testing long after they’re
sold and used. Slip-ups in testing is what mostly yields FDA
rejections, product recalls, or in worse case scenarios patient
injuries. [2]

A prime example of this is that the FDA frequently finds that
rushed and/or incomplete real-world testing is why heart
implants get recalled. Makers must also deal with problems
like how body-safe materials are, interference from
electronics, and how devices hold up over time [3]. This
article breaks down these problems to provide practical fixes
backed by research.

2. Literature Review

Scholars have dug deep into the rules and tech challenges of
building Class III devices under 21 CFR 820, but there’s still
a big disconnect between theory and real-world compliance.
The FDA labels these devices as high-risk lifesavers, forcing
makers to follow tight design rules that overlap with ISO
13485:2016 [1, 2]. Rodriguez (2010) points out the link
between these rules, noting that 21 CFR 820’s design controls
(§820.30) require rock-solid tracking from user needs to final
testing—a tough job for complex tools like heart pumps
(VADs) [2].

Tried-and-true risk methods like Failure Mode and Effects
Analysis (FMEA) are still a go-to, but they miss bigger-

picture risks. Lee et al. (2017) found FMEA works well for
cutting risks in trials but warned it can’t track how device
parts, software, and outside systems interact [4]. That’s a huge
problem for Class III gear, where hidden dangers—like blood
clots in VADs caused by drug-device mismatches—slip past
standard checks [4, 9]. Sulaman (2015) makes the case for
switching to probabilistic risk assessment (PRA) to pinpoint
rare but catastrophic failures [10].

Clinical testing for these devices also comes under fire
because they often test only specific patient groups. Van
Buskirk et al. (2014) flagged weaknesses in tracking long-
term performance after approval, which clashes with FDA
demands for post-approval studies (PAS) under 21 CFR
820.30(g) [6].

Testing materials for body safety (ISO 10993-1) needs
ongoing tweaks, especially for implants that stay in for years.
Amato (2015) warns that speed-aging tests often don’t mimic
real-body conditions, hiding toxic reactions in materials like
silicone [7]. Taddei et al. (2004) back this up with titanium
implants, where slow metal leaks caused late immune
blowups—pushing the need for computer simulations [5].

Even with clear rules, 28% of companies still botch linking
risks to design steps in their records, breaking §820.30(c) [2].
While Al tools for tracking gaps are on the rise, only 22% of
makers use machine learning to manage requirements today

[11].

Human factors studies (IEC 62366-1) are vital but spotty. The
FDA’s 2016 guide pushes for ongoing usability checks but
blames 27% of device problems on clunky interfaces [8].
Hardly anyone looks at how hard it is for doctors to use hybrid
systems like VAD-ECMO, even though messy designs hike
error rates [8].

3. Problem Statement

Designing Class IIl medical devices comes with big hurdles
in testing and proving they re safe.
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Figure 1: Steps of the Device Failure Modes Effects Analysis

Complex Risk-Benefit Analysis Requirements

Class III devices keep people alive, so the FDA demands in-
depth risk vs. benefit reviews under ISO 14971. Makers must
spot every possible danger, guess how likely they are, and
slash risks to “acceptable” levels.

But old-school tools like Failure Mode and Effects Analysis
(FMEA) struggle with risks in linked systems [4]. Take heart
pumps (VADs): they work with a patient’s blood flow, blood
thinners, and external monitors. Blood clots on the pump’s
surface can spike if meds are too weak—a risk missed when
testing parts alone.

Risks get trickier with smart devices: Implanted
neurostimulators face hacking threats that grow as tech
changes. Body-safe materials aren’t foolproof either. Hip
implants made of cobalt-chromium, for instance, can leak
metal ions that cause slow-building immune attacks—
something quick safety tests often miss [5]. To tackle rare but
deadly failures (like a chain reaction in multi-part systems),
companies need tools that calculate odds, not just check
boxes.

Inadequate Clinical Validation Protocols

Proving these devices work safely means running trials with
diverse patients. But many companies limit who can join to
speed things up, leaving gaps in real-world proof.

Long-term testing is another headache: Trials for implants
like pacemakers usually last 1-2 years—not enough to catch
problems like dead batteries or broken wires years later. The
FDA’s post-approval study (PAS) rules push long-term
checks to after sales, leaving companies stuck with unknowns
[6].

New success metrics add wrinkles too: While survival rates
matter most for heart pumps, things like patient comfort
scores now need validation, making trials harder to design.

Biocompatibility and Material Degradation Challenges
ISO 10993-1 requires strict safety tests for materials in long-
term implants [7]. But mixing materials that break down
differently can backfire.

Example: Silicone in heart pump parts can break down in fatty
fluids, releasing chemicals that cause swelling. Quick-aging
tests (simulating 10 years in months) don’t copy real-body
chemistry, letting toxic reactions slip through.

Even “safe” materials can cause trouble. Spinal cages made
of PEEK plastic might shift weight to nearby bones, raising
fracture risks. Short-term tests (like 90-day implants) also
miss delayed allergies [5,7].

Traceability Gaps in Design History Files (DHF)

Rules like 21 CFR 820.30 demand perfect links between
design goals, final specs, and risk fixes [2]. But Class III
devices have thousands of requirements, often tracked in
clunky systems like IBM DOORS. When parts or software
change mid-project, connections get lost.

Spotty records also slow down failure investigations. A
software glitch could mess up defibrillator shocks, but tracing
the flaw is tough without clear maps. While Al tools could
help, only 22% of makers use them to catch mismatches
between risks and designs [11].

Human Factors and Usability Testing Shortcomings
Class III devices need deep dives into how humans use them
(per IEC 62366-1) [8]. Bad designs lead to mistakes, like
wrong settings on heart devices. Tests often skip messy real-
world situations, like dimly lit ERs during emergencies.

Doctors juggling heart pumps and ECMO machines face info
overload, raising odds of missed alarms. Yet few studies
measure this mental strain.
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4. Solution

Systemic Risk Management via STPA and Probabilistic
Modeling

To fix FMEA’s blind spots, try Systems-Theoretic Process
Analysis (STPA). STPA, created by Leveson (2011), looks at

how parts, software, users, and outside tech interact to find
hidden risks. For a heart pump, STPA maps out “what-if”
scenarios—Ilike MRI machines messing with pump controls
[9]. Unlike FMEA, STPA studies control loops, not just
broken parts, exposing risks like blood thinner conflicts [10].

Potential Failures
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Core Software
Unit

~
Failure Effects

Figure 2: Solution: Integrating Software FMEA and STPA to Develop a Bayesian Network-Based Software Risk Model

STPA’s findings feed into probability models. For example,
Bayesian networks can calculate clotting odds in heart pumps
under different med plans.

Companies must align these models with ISO 14971, keeping
risks “as low as possible” (ALARP). Mixing this with GMP
means baking risk steps into quality systems per 21 CFR
820.30(c). That includes logging fixes in DHFs and testing
them in simulations [11].

Adaptive Clinical Trials with Bayesian and Real-World
Evidence (RWE)

Class III devices need clinical trials that mirror the real-world
mix of patients. Bayesian adaptive trials let teams tweak
who’s included mid-study based on early results. For heart
pumps (VADs), makers could add kidney patients to trials if
early groups show no issues. These methods also blend real-
world data from after-market registries, reducing reliance on
small, rigid studies [7][11].

The FDA’s RWE push backs this approach. A VAD maker,
for instance, could merge trial data with real-world stats from
registries like INTERMACS to confirm long-term survival.
Following 21 CFR 820.30(g) means tying clinical goals (like
“S-year survival) to design specs (e.g., pump lifespan). Post-
approval studies (PAS) need tools like statistical process
control (SPC) to track outcomes, meeting GMP’s “keep
improving” rules [12].

Iterative Biocompatibility Testing with In Silico Modeling
Safety checks for materials need to go deeper than ISO
10993-1’s checklist. For a VAD’s titanium-silicone parts,
aging tests should copy fatty body fluids to catch chemical

leaks. Computer models (FEA) can run tress tests over a
decade, predicting cracks or debris.

Simulation tools like fluid dynamics software (CFD) spot
blood flow hiccups that raise clotting risks [12]. These models
must team up with live animal data using drug movement
simulators (PBPK). GMP rules (21 CFR 820.75) demand
proving test methods work everywhere—Ilike checking labs
can repeat results flawlessly.

Al Traceability for Design History Files

Plugging record gaps means using Al tools like Siemens
Polarion to auto-link goals (e.g., “pump speed >5 L/min”),
specs (e.g., blade shapes), and safety steps (e.g., backup
sensors). Smart algorithms catch mismatches, like a software
need missing a hack-risk fix [11].

For VADs, every firmware update must trace back to design
rules under 21 CFR 820.30(i). Blockchain timestamps every
tweak for FDA audits. Syncing records with GMP means
connecting DHFs to master blueprints (DMR) and production
logs (DHR), per 21 CFR 820.181 [2][11].

Post-Market Surveillance with Embedded Cybersecurity
Class III devices should build in live cybersecurity checks. A
VAD could send encrypted pump stats to the cloud, where Al
spots red flags like weird power spikes hinting at malware.
Follow FDA cyber rules by testing patch systems before
launch [13].

Post-market monitors must sync with GMP’s fix-it-fast rules
(21 CFR 820.100). If pumps start failing, teams dig into field
data and design files. Auto-alerts tip off regulators ASAP
under 21 CFR 803 [2][11][12].
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Model-Based Software Validation

Smart devices need ongoing checks on their Al guts. A
VAD’s heartbeat-detection software, for example, must be
tested on rare heart rhythms (like Brugada syndrome). Stress-
test it with fake cyberattacks—Ilike scrambled signals—to see
if it holds up.

Stick to 21 CFR 820.30(g) by locking down testing steps for
every update. Tools like Simulink auto-check code against
specs. GMP means certifying the coding setup itself under 21
CFR 820.70(1) [12][2].

Human Factors Engineering (HFE) with Cognitive
Workload Analysis
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Figure 3: Components of Human Factors Engineering

Usability tests need real-world drills per IEC 62366-1. For
VAD controls, have docs silence alarms in dark, noisy ICU
sims. Eye-trackers show where docs get stuck on cluttered
screens.

GMP’s training rules (21 CFR 820.25) mean teaching users
the device’s limits. Think VR practice sessions on blood
thinner dosing to curb mistakes [2][6][11][12].

Supply Chain Controls with Real-Time Release Testing
(RTRT)

Stop material hiccups by using stats (SPC) at supplier labs.
For silicone tubes, SPC charts track strength batch-to-batch,
flagging big drops. RTRT uses light scans (NIR) to check
purity fast—no breaking samples needed.

ISO 13485:2016 means yearly supplier checkups and a vetted
vendor list. Sterilization steps like gamma rays need dose
maps to confirm even zapping, checked under 21 CFR 820.70

[2].
5. Conclusion

Class III medical devices under 21 CFR 820 requires regular
risk management, validation, and traceability to mitigate life-
threatening failures. Observations report that traditional
methods such as the FMEA have recently fallen short to deal

with the risks that arise from interactions between device
components, software, and external systems.

Adopting Systems-Theoretic Process Analysis (STPA) helps
model complex scenarios, such as drug-device interactions in
ventricular assist devices (VADs). At the same time,
probabilistic tools such as Bayesian networks and help
quantifying rare but life-tbreatening risks. Not only that, they
are also in line with ISO 14971 and FDA requirements,
making sure that the risks are as low as reasonably practicable
(ALARP).

Clinical validation must also go well beyond static trials.
Bayesian adaptive designs and real-world evidence (RWE)
from post-market registries can help deal with issues with
long-term performance data, particularly where implants are
necessary for decades of reliability.

With in-silico modeling and biocompatibility testing (such as
material degradation in physiological fluids) can help
improve safety predictions beyond ISO 10993-1 checklists.
Al-driven traceability tools are also a great option for
automating links between design inputs, risk controls, and
testing outcomes, resolving gaps in Design History Files
(DHF) that often trigger FDA citations.

Human factors engineering (HFE) must simulate high-stress
clinical environments to reduce use errors, while embedded
cybersecurity  protocols and real-time post-market
surveillance detect emerging threats. For example, VADs
with cloud-connected analytics enable rapid response to
anomalies like pump malfunctions or cyberattacks
Compliance relies heavily on treating 21 CFR 820 not as a
checklist but as a dynamic framework.

References

[1] Center for Devices and Radiological Health, “Overview
of medical device Classification and reclassification,”
U.S. Food and Drug Administration, Dec. 19, 2017.
https://www.fda.gov/about-fda/cdrh-
transparency/overview-medical-device-classification-
and-reclassification

[2] J. Rodriguez, “Comparison of the quality system
requirements of Code of Federal Regulations Part 820
and International Standard ISO 13485,” 2010.
https://prcrepository.org/handle/20.500.12475/1670

[3] U.S. Department of Health and Human Services, Food
and Drug Administration, Center for Devices and
Radiological Health, "Factors to Consider Regarding
Benefit-Risk in Medical Device Product Availability,
Compliance, and Enforcement Decisions: Guidance for
Industry and Food and Drug Administration Staff," Dec.
27, 2016. [Online]. Available:
https://www.fda.gov/files/medical%20devices/publishe
d/Factors-to-Consider-Regarding-Benefit-Risk-in-
Medical-Device-Product-Availability--Compliance--
and-Enforcement-Decisions---Guidance-for-Industry-
and-Food-and-Drug-Administration-Staff.pdf.

[4] Lee, H., Lee, H., Baik, J., Kim, H., & Kim, R. (2017).
Failure mode and effects analysis drastically reduced
potential risks in clinical trial conduct. Drug design,

Volume 7 Issue 8, August 2018

www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper |D: SR18809103504

DOI: https://dx.doi.org/10.21275/SR18809103504 1717


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

development and  therapy, 11, 3035-3043.
https://doi.org/10.2147/DDDT.S145310

Taddei, E. B., Henriques, V. A. R, Silva, C. R. M., &
Cairo, C. A. A. (2004). Production of new titanium alloy
for orthopedic implants. Materials Science and
Engineering: C, 24(5), 683-687.

G. A. Van Buskirk et al., “Best practices for the
development, scale-up, and post-approval change
control of IR and MR dosage forms in the current
Quality-by-Design paradigm,” AAPS PharmSciTech,
vol. 15, no. 3, pp. 665-693, Feb. 2014, doi:
10.1208/s12249-014-0087-x.

Amato, S. F. (2015). Regulatory strategies for
biomaterials and medical devices in the USA:
classification, design, and risk analysis. In Regulatory
affairs for biomaterials and medical devices (pp. 27-
46). Woodhead publishing.

U.S. Department of Health and Human Services, Food
and Drug Administration, Center for Devices and
Radiological Health, Office of Device Evaluation,
"Applying Human Factors and Usability Engineering to
Medical Devices: Guidance for Industry and Food and
Drug Administration Staff," Feb. 3, 2016. [Online].
Available:
https://www.fda.gov/media/80481/download

Hu, J., & Zheng, L. (2016). Functional control structure
model for the complex systems and its application in
system safety analysis. Journal of Measurements in
Engineering, 4(2), 70-81.

Sulaman, S. M. (2015). Improving Risk Analysis
Practices in Governmental Organizations.

“The Design Controls + Risk Management Connection
— Verification, Validation, & Risk Controls.”
https://www.meddeviceonline.com/doc/the-design-
controls-risk-management-connection-verification-
validation-and-risk-controls-0001

Pibarot, P., & Dumesnil, J. G. (2009). Prosthetic heart
valves: selection of the optimal prosthesis and long-
term management. Circulation, 119(7), 1034-1048.
Williams, P. A., & Woodward, A. J. (2015).
Cybersecurity vulnerabilities in medical devices: a
complex environment and multifaceted
problem. Medical Devices: Evidence and Research,
305-316.

Paper |D: SR18809103504

Volume 7 Issue 8, August 2018

www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

DOI: https://dx.doi.org/10.21275/SR18809103504

1718


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



