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Abstract

The medical device industry, with tech-
nologies like pacemakers, insulin pumps, and 
imaging systems, is integral to modern health-
care by enabling accurate diagnostics, effective 
treatments, and patient monitoring. Ensuring 
their safety and reliability requires adherence to 
regulatory standards set by authorities like the 
FDA and EMA, as well as ISO guidelines. How-
ever, compliance failures persist, resulting in 
patient harm, regulatory penalties, and financial 
losses. This study, Optimizing Regulatory Com-
pliance in Medical Devices: Analysis of Failures, 
Enforcement Actions, and Industry Dynamics, 
examines cases involving Medtronic, Philips 
Respironics, Baxter, Abbott, and others. Exam-
ples include Medtronic’s off-label promotion of 
the Infuse Bone Graft and Philips Respironics’ 
CPAP device recalls due to material degrada-
tion. It highlights recurring issues like design 
flaws, inadequate quality control, and delayed 
corrective actions, stressing the need for robust 
risk management and a strong regulatory cul-
ture to prevent future incidents and enhance 
patient safety.

Keywords: Medical Devices, Study Design, 
Bone Graft, MiniCap

Introduction

The medical device industry is a corner-
stone of modern healthcare, with technologies 

like pacemakers, insulin pumps, and advanced 
imaging systems transforming disease diagno-
sis, treatment, and management(1). These de-
vices play crucial roles in patient care, often in 
life-critical situations, making their reliability and 
effectiveness a matter of public trust and safety. 
Adhering to strict regulatory standards is essen-
tial to ensure the safety and efficacy of these 
devices. Regulatory compliance, governed by 
agencies like the FDA and EMA, along with in-
ternational standards such as ISO 13485 and 
ISO 14971, is fundamental in ensuring medical 
device safety throughout its lifecycle—from de-
sign to post-market surveillance (2-4). However, 
the global scale of the industry poses challeng-
es in maintaining uniform compliance, and any 
lapses can have severe consequences.

Despite rigorous oversight, compliance 
failures continue, as seen in high-profile cases. 
Medtronic’s Infuse Bone Graft promotion led to 
legal and regulatory actions for off-label use, 
while Philips Respironics faced a large-scale 
recall of CPAP devices due to toxic foam deg-
radation (5-6). Other cases, such as Baxter’s 
recall of the MiniCap Extended Life PD Trans-
fer Set, Abbott’s Amplatzer Steerable Delivery 
Sheath (ASDS) recall, and Medos Internation-
al’s Cerenovus CEREBASE DA issue, further 
highlight the need for stringent quality controls, 
risk management, and design assessments. 
The impact of non-compliance extends beyond 
patient safety, causing financial losses, legal 
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liabilities, and reputational damage for manu-
facturers. These failures also prompt regulatory 
scrutiny and industry-wide adjustments to com-
pliance frameworks. The recurrence of these 
incidents reveals gaps in quality management 
systems, risk mitigation, and a compliance-first 
mindset.This study examines these compliance 
failures, exploring their causes, regulatory re-
sponses, and the subsequent industry actions. 
By analyzing these cases, the research aims to 
identify recurring patterns and offer insights to 
strengthen quality management systems, risk 
assessments, and accountability. Ultimately, the 
study seeks to guide the medical device indus-
try in fostering sustainable innovation while en-
suring safety and reliability, thereby supporting 
global healthcare needs with trust and excel-
lence (7-8).

Materials and Methods

Study design

The procedure involves conducting a 
qualitative analysis of selected case studies to 
examine compliance failures within the med-
ical device industry (9). Relevant cases, such 
as high-profile product recalls or regulatory en-
forcement actions, are identified through a sys-
tematic review of publicly available reports, le-
gal documents, and industry publications. Each 
case is analyzed to uncover patterns in quali-
ty management deficiencies, risk assessment 
lapses, and delayed corrective actions. The in-
sights are synthesized to identify common reg-
ulatory shortcomings and their impacts, with a 
focus on deriving actionable recommendations 
for improving compliance practices and mitigat-
ing future risks.

Data collection

Data collection will involve gathering 
information from diverse sources, including re-
ports from regulatory bodies such as the FDA 
and EMA, peer-reviewed journals, industry 
publications, and publicly available legal and 
financial records(2-3). Cases will be selected 
based on specific criteria, focusing on compli-

ance failures involving high-risk medical devic-
es, large-scale product recalls, and instances of 
significant financial or regulatory penalties. The 
analysis will target incidents occurring within the 
last 15 years to ensure relevance and capture 
evolving regulatory and industry trends.

Data analysis

Data analysis will involve a qualitative 
thematic approach to extract key themes from 
each case, focusing on the root causes of com-
pliance failures, regulatory penalties, and cor-
rective measures taken. A comparative analy-
sis will then be conducted to identify common 
compliance weaknesses and risk factors across 
the cases, allowing for the determination of re-
curring patterns. Additionally, the regulatory 
response to each case will be assessed, with 
a focus on how effectively regulatory agencies 
enforced penalties and whether these actions 
were successful in deterring future non-compli-
ance within the medical device industry.

This study examines case studies on 
various medical devices, including the Philips 
Respironics CPAP Devices, Medtronic Infuse 
Bone Graft, Olympus Endoscopes, Stryker Hip 
Implants, Baxter MiniCap Extended Life PD 
Transfer Set, Abbott Amplatzer Steerable De-
livery Sheath (ASDS), and Medos International 
Sarl Cerenovus CEREBASE DA.

Philips respironics CPAP devices recall

In June 2021, Philips initiated a glob-
al recall of approximately 15 million CPAP and 
ventilator devices due to a serious safety issue 
involving the degradation of polyester-based 
polyurethane (PE-PUR) foam, used in the de-
vices for soundproofing (10-11). The degrada-
tion of this foam led to the release of harmful 
particles and toxic chemicals, including volatile 
organic compounds (VOCs), which posed sig-
nificant respiratory and carcinogenic risks to 
users. As of the recall, over 105,000 adverse 
events had been reported, including 385 fatali-
ties, highlighting the severe health risks associ-
ated with the devices. The recall revealed criti-
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cal regulatory lapses, particularly in post-market 
surveillance, and caused substantial harm to 
patient health, significant financial losses, and 
irreversible reputational damage to Philips. The 
recall was triggered by various device malfunc-
tions, including issues with auto-titration, which 
caused inconsistent pressure adjustments, and 
faulty foam causing discomfort, irritation, and 
reduced therapy adherence (12-13). 

The affected devices were used glob-
ally, putting millions of patients at risk of both 
immediate and long-term health issues, such 
as respiratory irritation, systemic health effects, 
potential cancer risk, and complications from 
untreated sleep apnea, including cardiovas-
cular diseases, diabetes, and neurocognitive 
disorders. The recall also uncovered significant 
regulatory gaps, as the FDA had been criticized 
for its insufficient post-market surveillance and 
for failing to act sooner despite early warnings. 

For years, reports of defects were underreport-
ed, with only 30 medical device reports submit-
ted over the span of a decade, delaying timely 
intervention until 2021(14-16). The scale of the 
incident was immense, with far-reaching conse-
quences for patients, including increased risks 
of therapy discontinuation, cardiovascular dis-
eases, mental health challenges, and drows-
iness-related accidents. Healthcare systems 
also faced strain due to untreated conditions, 
adding further pressure on public health re-
sources. To prevent such incidents in the future, 
it is essential to implement enhanced post-mar-
ket surveillance, robust adverse event reporting 
systems, and proactive regulatory oversight. 
This case serves as a stark reminder of the 
dangers of delayed action in addressing med-
ical device safety and underscores the need for 
a more proactive, transparent, and collaborative 
approach to safeguarding patient health.

Table 1: Medical Devices Reports of Philips Respironics CPAP (2014-2024)
Dates MDRs Received Reports of Deaths in MDRs
April 1, 2021 - April 30, 2022 >21,000 123
May 1, 2022 - July 31, 2022 >48,000 45
August 1, 2022 - October 31, 2022 >21,000 96
November 1, 2022 - December 31, 2022 >8,000 81

January 1, 2023 - March 31, 2023 >6,000 40

Medtronic’s infuse bone graft

Medtronic’s Infuse Bone Graft, a de-
vice designed to aid spinal fusion surgeries, 
has been at the center of significant safety con-
cerns, including severe complications such as 
inflammatory reactions, nerve damage, and an 
increased risk of cancer (17-20). The product 
contains recombinant human bone morpho-
genetic protein-2 (rhBMP-2), a growth factor 
intended to stimulate bone formation. While 
rhBMP-2 has shown promise in promoting bone 
growth, it has been associated with serious ad-
verse effects, particularly when used in off-label 
applications that were not approved by regula-
tory authorities. In 2011, the U.S. FDA issued 

warnings regarding these risks, leading to in-
creased scrutiny and a wave of lawsuits(21-23). 
Despite these concerns, Medtronic has contin-
ued to defend the device’s efficacy and safety 
when used according to its approved indica-
tions. Key issues surrounding the Infuse Bone 
Graft include allegations of off-label promotion 
for non-approved uses, which raised significant 
patient safety concerns. Patients reported per-
sistent pain even after treatment, with some 
experiencing graft migration, extrusion, and 
failure of the graft to integrate properly into the 
bone. These complications contributed to me-
chanical instability, poor containment of graft 
materials, and unsuccessful fusion outcomes. 



Current Trends in Biotechnology and Pharmacy
Vol. 19(1) 2170-2180, January 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2025.1.6

Optimizing regulatory compliance in medical devices: analysis of failures, enforcement actions, 
and industry dynamics

2173

Clinical studies have shown that despite rhB-
MP-2’s osteogenic potential, it often failed to 
achieve robust bone formation or withstand 
the biomechanical stress associated with spi-
nal fusion. The device malfunctioned in many 
cases, resulting in pain and graft displacement, 
which further complicated the surgical recovery 
process(24). These issues highlight the critical 
need for rigorous post-market surveillance and 
monitoring, as well as enhanced imaging tech-
niques for early detection of complications(25). 
Additionally, improved graft containment strate-
gies are necessary to minimize the risks of mi-
gration. Further research is needed to optimize 
the use of rhBMP-2, particularly in complex 
spinal surgeries, emphasizing careful patient 
selection and refined surgical techniques. This 
case underscores the importance of compre-
hensive clinical studies, vigilant regulatory over-
sight, and continuous monitoring to ensure the 
safety and efficacy of medical devices.

Fig.No:1: Medical Devices Reports of Medtronic 
Infuse Bone Graft (2014-2024)

Overview of olympus america’s class 2 de-
vice recall

Olympus endoscopes are advanced 
medical devices used in diagnostic and thera-
peutic procedures across specialties such as 
gastroenterology, pulmonology, and urology. 
Known for their high-quality imaging, including 
4K and narrow-band imaging (NBI), these de-
vices support accurate detection and minimally 
invasive treatments. Olympus offers a range of 
flexible and rigid scopes for specific applica-

tions like gastrointestinal assessments, bron-
choscopy, and endoscopic surgeries(26-28). 
However, concerns about safety, particularly 
infections from improper reprocessing or design 
flaws, have led to recalls and regulatory scruti-
ny. Despite these issues, Olympus endoscopes 
remain crucial in healthcare, underscoring the 
importance of proper maintenance and safety 
protocols. On September 25, 2023, Olympus 
America initiated a Class 2 recall for its Trans-
nasal Esophagovideoscope (model PEF-V), a 
device used for diagnosing and treating condi-
tions affecting the esophagus and stomach. The 
recall, posted by the U.S. FDA on November 
17, 2023, was due to residual moisture in the 
internal channels caused by the air-drying pro-
cess after device repairs, potentially increasing 
contamination risk(29-31). This moisture can 
lead to microbial growth, infections, compro-
mised diagnostics, and cross-contamination. 
The PEF-V, used for diagnosing esophageal 
strictures, GERD, and early-stage cancers, 
offers minimally invasive access via the nasal 
passage with high-resolution imaging. While the 
risk of serious harm is considered low, the recall 
reflects Olympus’s commitment to patient and 
provider safety.

Healthcare providers using the affected 
devices are advised to cease use, inspect for 
moisture or contamination, and remove them 
from service until corrective actions are taken. 
Olympus is working with the FDA to identify 
the root cause and implement corrective mea-
sures; including revising the air-drying protocol, 
inspecting and reprocessing affected devices, 
and enhancing quality assurance protocols(26). 
The company has issued an Urgent Medical 
Device Correction Letter to stakeholders, pro-
viding instructions for maintaining the devices 
and support channels. Olympus’s proactive 
communication highlights its commitment to 
patient safety, regulatory compliance, and re-
storing confidence in its devices. Healthcare 
providers are encouraged to report any adverse 
events related to the affected devices to Olym-
pus or the FDA(32-33).
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Fig.No:2: Medical Devices Reports of Olympus 
Endoscopes (2014-2024)

Stryker hip implants

Stryker Hip Implants are advanced 
medical devices designed for hip replacement 
surgeries, aimed at replacing damaged or ar-
thritic hip joints with prosthetic components to 
improve mobility and reduce pain (34-38). Made 
from durable materials such as cobalt-chromi-
um alloys, titanium, and polyethylene, these 
implants are known for their biocompatibili-
ty and longevity. Stryker offers a range of hip 
implant systems, including cemented, cement 
less, and hybrid models, with designs tailored to 
meet individual patient needs. However, certain 
models, particularly the Rejuvenate and ABG II 
stems, have been subject to recalls due to sig-
nificant complications, such as metal-on-metal 
wear, which led to issues like inflammation, tis-
sue damage, and the need for revision surger-
ies. Additionally, the LFIT V40 femoral heads 
were recalled after being found prone to frac-
turing, causing fractures, dislocations, and soft 
tissue damage(39-40). These implants faced a 
series of recalls starting with the Trident PSL 
and Hemispherical Acetabular Cups in 2008, 
which had high failure rates, prompting an FDA 
warning(39-40). The problems with these de-
vices, such as corrosion, fretting, and metal 
poisoning, resulted in severe health issues for 
many patients, leading to thousands of lawsuits 
seeking compensation for pain, suffering, med-
ical expenses, and further surgeries. Patients 
often endured debilitating symptoms, including 
joint pain, muscle weakness, and tissue dam-

age. These recalls have raised concerns about 
Stryker’s quality control and design practices, as 
inadequate clinical testing and rushed product 
releases contributed to the widespread failures. 
This has prompted calls for more stringent reg-
ulatory oversight and better testing procedures 
in the medical device industry. The Stryker hip 
implant recalls serve as a stark reminder of the 
critical importance of rigorous testing, quality 
control, and post-market surveillance, empha-
sizing the need for reforms in the way medical 
devices are developed, tested, and regulated to 
prevent similar issues from arising in the future.

Fig.No-3: Medical Devices Reports of Stryker 
Hip Implants (2014-2024)

Recall of baxter minicap extended life pd 
transfer set:

Baxter Healthcare Corporation initiated 
a recall of its MiniCap Extended Life Peritoneal 
Dialysis (PD) Transfer Set on October 21, 2024, 
due to safety concerns related to exposure to 
non-dioxin-like polychlorinated biphenyl acids 
(PCBAs) and polychlorinated biphenyls (PCBs) 
in the peroxide-cured silicone tubing of the de-
vice. These chemicals, recognized for their po-
tential toxicity, posed risks to patients using the 
device for peritoneal dialysis, a procedure to re-
move waste products from the bodies of individ-
uals with kidney disease. The recall, involving 
all lots starting from and after H19J21062, fol-
lowed concerns about sterility issues, contam-
ination risks, and design deficiencies, such as 
inadequate protection against microbial contam-
ination(41). Regulatory authorities, including the 
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FDA, classified the recall as Class I, indicating a 
high potential for severe health consequences. 
In response, Baxter took corrective actions, in-
cluding improving the air-drying protocol, revis-
ing the materials used in the transfer sets, and 
enhancing quality assurance protocols(42-44). 
Legal consequences included multiple lawsuits 
and significant financial losses from recalls, 
settlements, and regulatory fines. The recall 
has highlighted broader industry vulnerabilities, 
leading to increased regulatory scrutiny, the 
adoption of proactive quality management prac-
tices, and a shift toward designing safer, more 
user-friendly devices. Baxter issued an “Import-
ant Medical Device Correction” notice to health-
care providers, advising continued use of exist-
ing sets until safer alternatives were available, 
while emphasizing the importance of monitoring 
adverse events and improving post-market sur-
veillance(42-44).

Table No: 2MDR Reports of Baxter MiniCap 
from the year(2014-2024)
MDR Year MDR Reports
2014 7677
2015 6870
2016 7045
2017 4636
2018 3379
2019 2456
2020 2870
2021 3167
2022 2927
2023 2947
2024 2514

Abbott amplatzer steerable delivery sheath 
(asds):

In June 2023, Abbott initiated a Class 
1 recall of its Amplatzer Steerable Delivery 
Sheath (ASDS), a percutaneous cardiac device 
used to facilitate the delivery of the Amplatzer 
Amulet Left Atrial Appendage Occluder for pa-
tients with non-valvular atrial fibrillation(45). 
This recall was prompted by safety concerns 
related to the risk of air embolism and other me-
chanical failures, including device fractures and 
seal integrity issues, which posed life-threaten-

ing risks such as vascular injury, obstruction, 
and microbial contamination. A comprehensive 
analysis was conducted to evaluate the recall, 
focusing on regulatory reviews, technical fail-
ures, stakeholder feedback, and comparative 
industry analysis. Key issues identified includ-
ed inadequate material selection, design flaws, 
and inconsistencies in manufacturing process-
es, which led to the device’s failure under stress 
during clinical procedures. These deficiencies 
were further compounded by gaps in post-mar-
ket surveillance, delaying the identification and 
response to adverse events. In response, Ab-
bott implemented corrective actions, including 
upgraded materials to enhance durability and 
flexibility, redesigned structural components 
for better mechanical integrity, stricter quality 
control protocols, standardized manufacturing 
processes, and improved post-market surveil-
lance systems. Additionally, Abbott engaged in 
proactive communication with healthcare pro-
viders, offering updates, training, and support 
to mitigate risks and facilitate a smooth transi-
tion to safer alternatives. This case underscores 
the critical importance of robust quality control, 
compliance with regulatory standards, and con-
tinuous post-market monitoring to ensure the 
safety and effectiveness of high-risk medical 
devices, particularly in cardiovascular applica-
tions where patient outcomes are highly sen-
sitive to device performance. The ASDS recall 
serves as a cautionary reminder of the complex-
ities of medical device safety and the need for 
a comprehensive, multifaceted approach to risk 
management(46-49).

Fig.No-4: MDR Reports of Abbott Amplatzer 
Steerable Delivery Sheath (2014-2024)
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Medos international sarl cerenovus CERE-
BASE DA:

In February 2024, Medos International 
Sàrl, in collaboration with Johnson & Johnson 
MedTech/DePuy Synthes, initiated a Class 1 
recall of the Cerenovus CEREBASE DA Guide 
Sheath, a neurovascular catheter used in proce-
dures to navigate and access brain blood ves-
sels, due to a significant manufacturing defect in 
the distal catheter shaft that could lead to frac-
tures during use, posing serious life-threatening 
risks to patients(50-52). Following post-market 
surveillance reports of fractures in the catheter 
shaft, Medos International launched an internal 
investigation, confirming a defect related to pro-
duction inconsistencies or material quality. The 
recall, issued for devices distributed between 
June and December 2023, involved identifying 
affected units through lot numbers and distri-
bution records. Affected healthcare providers 
were instructed to immediately halt use, quar-
antine, and return the products, with Medos 
coordinating logistics for safe return and credit 
or replacement. A comprehensive risk assess-
ment was conducted to verify the extent of the 
issue, and corrective actions included a review 
of manufacturing processes, enhanced quali-
ty control protocols, additional product testing, 
and production team training to prevent recur-
rence. The recall process was meticulously 
managed in collaboration with the FDA, health-
care providers, and regulatory authorities, with 
ongoing monitoring and post-recall evaluations 
to ensure the effectiveness of the corrective 
measures and restore the safety and reliability 
of the product(51).
Table No-5: MDR Report of Medos Internation-
al Sarl, CerenovusCerebase da Guide Sheath 
(2020-2024)
MDR Year MDR Reports
2020 16
2021 26
2022 29
2023 72
2024 90

Results and Discussion

The analysis of high-profile medical de-
vice recalls, including Philips Respironics CPAP 
devices, Medtronic Infuse Bone Graft, Olympus 
endoscopes, Stryker hip implants, Baxter Mini-
Cap Peritoneal Dialysis Transfer Set, Abbott 
Amplatzer Steerable Delivery Sheath, and Me-
dos International Cerenovus CEREBASE DA 
Guide Sheath, reveals systemic issues in prod-
uct safety, regulatory compliance, quality as-
surance, and post-market surveillance. These 
recalls highlight technical failures in design and 
manufacturing, regulatory gaps, and the critical 
need for enhanced monitoring systems.

Philips respironics CPAP devices recall

Triggered by PE-PUR foam degrada-
tion, this recall exposed the release of harmful 
VOCs and particulate matter, posing respirato-
ry and carcinogenic risks. The failure also im-
paired therapy delivery due to malfunctioning 
pressure systems. Delayed FDA response and 
inadequate post-market surveillance worsened 
the situation, underscoring the need for proac-
tive monitoring and regulatory oversight.

Medtronic infuse bone graft recall

The Infuse Bone Graft recall highlight-
ed risks from off-label use, leading to severe 
complications like ectopic bone formation and 
inflammatory responses. Insufficient clinical 
testing and ethical lapses in marketing practices 
compounded the issues. This case emphasizes 
the need for stringent off-label use regulations, 
transparent risk communication, and compre-
hensive pre-market trials.

Olympus endoscopes recall

Improper sterilization and air-drying pro-
tocols caused microbial contamination, increas-
ing infection risks from Olympus endoscopes. 
The case underscores the importance of vali-
dated cleaning procedures, quality assurance, 
and regular audits to prevent contamination in 
medical devices used in sterile environments.
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Stryker hip implant recall

Design flaws in Stryker’s hip implants 
caused corrosion at the modular neck junction, 
releasing toxic metal ions and leading to sys-
temic and localized tissue damage. This case 
highlights the need for rigorous pre-market test-
ing, materials validation, and effective post-mar-
ket monitoring for implants.

Baxter MiniCap peritoneal dialysis transfer 
set recall

Contamination risks from PCBAs and 
PCBs in silicone tubing led to the recall of Bax-
ter’s MiniCap Transfer Set. Persistent MDRs 
indicated systemic flaws in manufacturing and 
quality assurance. Enhanced air-drying proto-
cols and material revisions were implemented, 
but the case highlights the need for stringent 
regulatory oversight.

Abbott amplatzer steerable delivery sheath 
recall

Design flaws in the Amplatzer sheath 
caused risks like air embolism and device 
fractures during cardiac procedures. Abbott’s 
response included redesigning components 
and improving quality control. This recall un-
derscores the importance of robust pre-market 
testing under real-world conditions and continu-
ous post-market surveillance.

Medos international Cerenovus CEREBASE 
DA guide sheath recall: 

Manufacturing defects in the CERE-
BASE DA Guide Sheath caused fractures, 
leading to risks of vascular injury. Effective re-
call management by Medos mitigated impacts, 
but this case highlights the critical role of strin-
gent manufacturing quality control and prompt 
post-market corrective actions.These recalls 
collectively emphasize the need for systemic 
reforms in medical device development, manu-
facturing, and regulation to ensure patient safe-
ty and public trust.

Conclusion

The analysis of these high-profile med-
ical device recalls underscores the pervasive 
and systemic issues within the medical device 
industry, particularly in terms of safety, regula-
tory compliance, and post-market surveillance. 
These cases reveal a clear need for more ro-
bust quality management systems, comprehen-
sive pre-market testing, and proactive, real-time 
post-market surveillance. The industry must pri-
oritize patient safety by adopting stricter regula-
tory standards, enhancing transparency in clin-
ical testing, and ensuring that devices are only 
marketed and used for their approved indica-
tions. Furthermore, there must be a concerted 
effort to improve communication between man-
ufacturers, healthcare providers, and regulatory 
authorities to ensure that safety concerns are 
addressed promptly and that the risks associ-
ated with medical devices are fully understood 
and managed throughout the device lifecycle.
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