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[. Introduction

Therapeutic interventions based on medical devices continue to grow in importance,
reaching new markets worldwide and offering technological advances in disease
management for a wide array of conditions. However, such interventions may also carry
predictable as well as unforeseen risks, which in some circumstances, may lead to
immediate life-threatening consequences. Regulatory bodies evaluating market approval for
novel products must weigh the possible benefits of proposed treatment options against their
potential risks. Accumulation of risk-benefit information about devices continues beyond the
point of regulatory decision-making for market approval into the post-approval period.
Various tools have been developed to specifically evaluate device performance in the post-
approval setting.

The strengths and weaknesses of pre-approval and post-approval surveillance systems for
medical devices have been hotly debated in numerous countries around the world in recent
years in the wake of safety concerns involving implantable cardioverter-defibrillator
leads, 2 orthopedic products,® and breast implants.# Interestingly, because of different
regulatory environments, these crises have affected countries to varying degrees and
inspired a range of responses. For example, when leaky breast implants using non-medical
grade silicone made by Poly Implant Prosthese (PIP) was discovered in France, the products
were removed from the market.>6 Subsequently, the French health authority urged patients
to remove and replace the products, while the National Health Service in the UK did not
recommend “routine removal” of the implants. Thus, discrepancies between regulatory
regimes in different countries may be stark, with their approaches to pre-approval evaluation
and post-approval surveillance leading to distinct patient outcomes.
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Few studies have compared international approaches to medical device regulation. We have
previously described how postmarket surveillance is organized differently in large, highly-
developed countries (e.g., the US and EU), small highly-developed countries (e.g., Japan),
and large emerging countries (e.g., China).” In the current work, we use these same settings
as the bases for in-depth comparisons of varying approaches to five key features of device
regulation: regulatory authority, premarket evaluation, adverse event reporting, quality
system regulation, post-approval studies, and postmarket regulatory actions. We also
describe emerging tools in each setting that have the potential to revolutionize device
regulation and promote efficient approval of the next generation of medical devices while
minimizing public health risks.

Il. Regulatory Authority

A. United States

Since the 1976 Medical Device Amendments to the Federal Food, Drug, and Cosmetic Act
(FDCA), the Food and Drug Administration (FDA) has been given a mandate to provide
“reasonable assurance of safety and effectiveness” for new devices.8 This legislation made
FDA approval the sole mechanism for manufacturers to introduce medical devices in the US
for use in patient care.® Later legislation added user fees for manufacturers and performance
targets for the government in its evaluation times.1911 The 2012 FDA Safety and Innovation
Act (FDASIA) preserved the general structure of device evaluation, renewing user fees and
performance targets through 2017.12.13

B. European Union

Medical devices are regulated in the EU in a similar manner to other consumer products.
There is no medical device equivalent to the European Medicines Agency: devices can be
legally marketed in the EU after receiving a Conformité Européenne (CE) Mark from a
Notified Body (NB), a private, for-profit organization based in a member state that
specializes in evaluating medical devices or other consumer products.1415.16 A CE mark
indicates that the device “conforms” to the relevant directives regarding its manufacturing,
labeling, and expected performance and safety profile. Approval from any one of the more
than 70 NBs in the EU permits marketing in all member states. Each country also has a
governmental Competent Authority (CA), which oversees the NBs and has primary
responsibility for post-approval surveillance. The structure, staffing, funding, and functions
of CAs vary widely among individual countries. Individual CAs and NBs have flexibility in
establishing procedures they deem sufficient for meeting the directives’ requirements.

The legal structure of medical device regulation in the EU is established by the directives,
which describe procedures and standards and are binding on member states. EU “guidance
documents” provide definitions, recommendations for testing, information on specific topics
such as integration of software into medical devices, and details on classifications for
combination products and other complex devices.1” Guidance documents help member
states ensure they are meeting the directives. Together, directives and guidance documents
outline the mechanics of pre- and post-approval regulation of medical devices in the EU.
The directives covering medical devices are currently under review, though the basic
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structure is not expected to change.18.19 Any changes to the directives require approval both
from the Council of Ministers and the European Parliament, a process that may take several
years, particularly if legislation is proposed to create a more coordinated centrally-acting
body.

Directives describe the fundamental post-approval requirements for manufacturers,
including establishment of quality-control systems and responsibilities for adverse event
reporting. Suggestions for CAs and manufacturers to meet these dual requirements are
detailed in two guidance documents. A 2004 guidance document highlighting post-approval
procedures notes that the inherent limitations of any pre-approval evaluation system
obligates manufacturers to maintain quality assurance programs for all marketed devices,
including systems for collecting and reporting adverse events and systems for conducting
post-approval “clinical follow-up.”20 The need for post-approval clinical data varies
according to the novelty, risk, and complexity of the device at issue, and manufacturers are
urged to work with NBs to design systems appropriate to the device, like company-
sponsored registries or surveys of health care providers.

Recently, a second guidance document described a more thorough framework for post-
approval surveillance. This included greater detail regarding expected systems for both
manufacturers and regulators to handle adverse events, and how to communicate safety
concerns among EU member states and with the public. The document provides templates
for standardizing data collection and reporting among stakeholders, including “clinical
evaluation reports.” Clinical evaluation reports are intended to provide an outline of the
technology underlying a specific device and current clinical data supporting its use, ideally
in reference to established standards or similar devices.2! A clinical evaluation report is
intended to be the main summary document included in the assessment by NBs to determine
whether an approved device continues to perform as intended with an acceptable safety
profile.

Guidance documents, however, remain nonbinding and each country has flexibility in
meeting the essential requirements. Thus, in practice, there is substantial variation in the
way each country interprets the basic requirements for quality assurance and adverse event
reporting.

Device regulation in Japan is led centrally by the Pharmaceuticals and Medical Devices
Agency (PMDA) and the Ministry of Health, Labor, and Welfare (MHLW).22 Under
Japan’s Pharmaceutical Affairs Law, MHLW authorizes new device approvals and
supervises post-approval surveillance activities.?3 MHLW decisions draw upon PMDA
analysis including site inspections and premarket review of new technology, including both
non-clinical and clinical asessments. The PMDA also establishes policies related to the
testing, approval, marketing, distribution, and monitoring of medical devices. Local
governments play a supporting role in administrative duties, coordinating periodic
inspections and assessing adherence of manufacturers (termed “medical authorization
holders [MAHS]”) and their facilities to established standards. A basic organizing premise is
that the MAH has primary responsibility for ensuring safety and effectiveness.24 Post-
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approval surveillance requirements naturally extend from this responsibility, and include
systems for reporting foreign and domestic adverse events, identification of safety signals
emerging from international markets, quality systems regulations, and post-approval studies.

China’s medical device regulatory system was established fairly recently. The government’s
Ministry of Health (MOH) drafts basic regulations and oversees their implementation.
Regulations for the Supervision and Administration of Medical Devices, issued in 2000,
established legal requirements for regulatory approval in China through the State Food and
Drug Administration (SFDA), which reports directly to the MOH.25 Post-approval
surveillance of the medical devices market was outlined in the Interim Measures for the
Administration of Adverse Medical Device Events Monitoring and Reevaluation in 2008.26
More recently, this agency was elevated to a ministerial-level position directly under the
State Council and renamed the China Food and Drug Administration (CFDA).2” The
ministerial-level position affords the institution the ability to seek additional resources and
greater regulatory authority overall.28

The CFDA divides responsibility for medical device regulation between the Center for
Medical Device Evaluation (CMDE) and the National Center for Adverse Drug Reaction
Monitoring. Unique to the Chinese system is the co-existence of provincial and municipal
agencies that serve as first-line responders to reported adverse events and support the CFDA
in monitoring and taking action at the regional level.2°

[1l. Pre-Market Evaluation

A. United States

Device approval in the US is based on a risk classification system. All proposed new
medical devices are assigned to one of three risk categories.39:31:32 |_ow-risk (Class I)
devices are subject to “general controls,” which include adherence to predefined Good
Manufacturing Practices (GMP), such as adequate manufacturing, packaging and
storage.33:34.35 Class | devices are registered with the FDA and most not subject to formal
premarket review process. Medium-risk (Class Il and complex Class 1) devices must meet
additional special controls, such as tests of biocompatibility or environmental interactions.
The FDA evaluates most medium-risk products based on substantial equivalence to
previously-marketed products, which is called the “510(k) process,” after the section of the
FDCA describing it.36:37 A finding of substantial equivalence certifies that a device is
similar to a previously-cleared device such that it raises no new safety or effectiveness
concerns. For over 90% of medium-risk devices, manufacturers have demonstrated
substantial equivalence without any new clinical data.38

The highest-risk (Class I11) devices require Premarket Approval (PMA) applications,39: 40
PMAs combine preclinical data (e.g., animal studies) with clinical trials using clearly-
defined objectives*! to evaluate effectiveness and safety.2 The FDA is statutorily required
to follow the “least burdensome” approach in requesting specific study features.32:43:44
Advisory committees of outside experts may provide recommendations regarding certain
devices, including suggestions about post-approval studies, though panel recommendations
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are non-binding on the FDA or manufacturers. High-risk devices in which the new feature is
a relatively minor change—such as alterations in design, labeling, or manufacturing—to
previously PMA-approved devices may be approved through a PMA supplement.*® Though
the FDA can require additional clinical data for PMA supplements, this is uncommon.*8 For
example, two devices approved through PMA supplements—the Medtronic Sprint Fidelis
and St. Jude Medical Riata implantable cardioverter-defibrillator (ICD) leads—were
approved without new clinical data as part of their official FDA review process and were
implanted in several hundred thousand patients before signals of higher-than-expected lead
failure were detected,*’:48 leading to recalls in 2007 and 2012, respectively.

B. European Union

C. Japan

Device approval in the EU also involves risk-based classification.#9:50 Low-risk (Class I)
devices are declared to the local CA, and must meet basic manufacturing standards.>!
Medium- and high-risk (Class lla, Ilb, and I11) devices are presented to a NB chosen by the
manufacturer, which reviews performance and reliability testing appropriate to the risks of
the device’s intended use.>? Features such as engineering, durability, and sterility are tested
in reference to guides published by organizations such as the International Organization for
Standardization or European Committee for Standardization.

NBs commonly approve devices based on a “performance” standard, or demonstration that a
device performs in the manner intended with expected benefits that outweigh expected
risks.>3 This standard is considered to be more lenient than the FDA standard, in particular
because it does not require proof of improvement in clinical endpoints for Class 111 devices.
For example, a percutaneous device for exclusion of the left atrial appendage to prevent
thromboembolism received a CE Mark in 2005 based on pilot data demonstrating that it
could be safely delivered and deployed in patients.>* By comparison, the same device was
subject to a PMA application in the US, leading to a 700-patient study evaluating a clinical
composite endpoint of stroke, systemic embolism, or cardiovascular death and a primary
safety endpoint combining major bleeding, pericardial effusion, and device
embolization.>>:56 Due to concerns about safety outcomes, it has not yet received FDA
approval.®” The clinical data forming the basis for devices approved in the EU are not
systematically publicized and there is no requirement for NBs, manufacturers, or CAs to do
s0. These data may become available if published by investigators or posted by
manufacturers themselves.

In Japan, prior to approval, medical devices are subject to a risk-based classification scheme
(Class I are lowest risk; Class 1V highest) that affects the pre- and post-approval
requirements.22 PMDA review includes inspections of facilities and document review
related to basic manufacturing practices (collectively known as “quality management
systems” or QMS), as well as review of engineering, biocompatibility, and other data
including clinical investigations for scientific merit and conclusiveness. A summary report
of this evaluation is generated after approval.2*

Food Drug Law J. Author manuscript; available in PMC 2014 July 10.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kramer et al.

D. China

Page 6

For high-risk implantable devices, the premarket process involves PMDA assessment of
post-approval surveillance operations, including training of physicians, erecting systems for
monitoring usage, and protocols for evaluating outcomes. In general, the bar for approving
new high-risk devices is closer to the FDA standard than the performance-based EU
standard.23 For example, clinical studies in Japanese patients were required for approval of
devices for providing negative pressure to promote wound healing, an ultrasound-based
bone-density system, and a unique artificial knee implant.8 Private subcontractors play a
limited role in evaluating devices that are low-risk and have established standards for
approval, but these firms are not involved in post-approval surveillance for Class Il or IV
devices.

Medical device classification from Class I (low-risk) to Class I11 (high-risk) is broadly
similar to that in the US.5® For devices manufactured within China, Class | devices need
only register with the municipal authority and Class Il devices with the provincial authority,
while Class 111 devices must register with the CFDA. This fragmentation has led to some
variability in device approval, such as the same device being called different names. By
contrast, all imported medical devices must register with the CFDA regardless of
classification. For all Class 111 and some Class Il imported medical devices not already
approved overseas, the CFDA requires organization of clinical trials, as well as a
determination as to demand for the device in China. Eight types of medical devices,
including electrocardiographs, implantable pacemakers, X-ray equipment, and artificial
lung-heart machines must also undergo electric safety and factory inspection tests in order to
receive the a special product safety license called the China Compulsory Product
Certification (3C) that also applies to certain non-medical consumer goods.

All Class Il devices must undergo clinical testing, conducted at a minimum of two separate
CFDA-approved medical institutions in China; however, devices previously approved
overseas may be exempt. For novel devices and newer generation products, the CFDA
organizes an expert panel of high-level physicians, regulators, and statisticians. The clinical
trial requirements for newer therapies may vary.%0 For example, renal sympathetic
denervation devices using radiofrequency ablation to treat resistant hypertension have been
approved in the EU and have ongoing clinical trials in the US.81 However, CFDA expert
panels are still trying to determine clinical trial requirements in China. Each device is
entered by the CFDA into a publicly searchable database that includes the approval date,
manufacturer and distributor information, intended use and product standard references.52
Data from clinical trials and other related testing remain under the proprietary control of the
manufacturer and the CFDA. The CFDA also formed the China Medical Device Information
Network, which is responsible for collecting, analyzing and processing records of all
medical device products and their associated manufacturers.53

Every four years, a product approval must be renewed in a process requiring device
vigilance reports of post-approval adverse events.54 Chinese authorities are considering
simplifying re-registration by focusing on important changes made in products in the
intervening time. Post-approval studies are not formally required for devices,5° but some
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manufacturers of newer imported medical devices have compiled outcomes data from
routine clinical experience.56 Although nearly all renewal registrations have to repeat some
testing, most have been granted renewals at the end of the process.5”

IV. Adverse Event Reporting

A. United States

The FDA has promulgated regulations that outline the timing and content of adverse event
reports. User facilities (e.g., hospitals, surgical centers, nursing homes) are required to report
device-related deaths or serious injuries within 10 business days to the FDA and
manufacturer. Manufacturers and importers are required to report to the FDA events brought
to their attention by user facilities or their own employees within 30 days, or within 5 days if
the adverse event “requires remedial action to prevent an unreasonable risk of substantial
harm to the public health.”®8 These reports include patient demographic data, clinical
information on the underlying medical conditions, and device and procedure details.

In 1993, the MedWatch program established a more streamlined adverse event reporting
mechanism for consumers.5® MedWatch collects voluntary submissions from health care
providers and patients together with required reports from user facilities, importers, and
manufacturers. Reports may be submitted by phone, fax, mail, or electronically, including
by mobile applications currently under pilot investigation. FDA analysts evaluate the
reports, which can lead to additional investigations or public safety alerts.

Since 1995, reports have been collected in a publicly available database called Manufacturer
and User Facility Device Experience (MAUDE).”® MAUDE is searchable by product class
(e.g., pacemakers), problem (e.g., battery failure), manufacturer, brand name, or application
number. MAUDE searches may also be narrowed by date and event type (e.g., death, injury,
or malfunction). Data from adverse events extracted from MAUDE have been used to
describe mechanisms and clinical consequences of malfunctions for devices ranging from
ICD leads,? to surgical staplers’t However, MAUDE data have important limitations.2! The
reports are highly variable, as there are no standards for reporting clinical data, patient or
practitioner features, or details of the suspected adverse event. Most submitted reports are
from manufacturer representatives, who may be less likely to assign blame to the device
versus practitioner errors or patient factors. Health care providers, by contrast, have no
mandate to report suspected adverse events related to medical devices, and rarely do so in
practice.

B. European Union

European Commission directives outline requirements for manufacturers and member states
in reporting adverse events. Manufacturers are required to report “any deterioration in the
characteristics and performances of a device, as well as any inaccuracies in the instruction
leaflet which might lead to or might have led to the death of a patient or to deterioration in
his state of health”20 to CAs in the country where the event occurs. Manufacturers must also
notify CAs of any “technical or medical reason resulting in a withdrawal of a device from
the market.”20 Manufacturers must investigate incidents and include their analysis with the
report. The information template (Manufacturer’s Incident Form) requires identification of
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the device risk class, its trade name and model, procedural information, patient information,
description of the event itself and the manufacturer’s assessment. Adverse events must be
reported within two days for serious public health threats, 10 days for deaths or
unanticipated serious events, and 30 days for other events, though it is recommended that all
events be reported “immediately, without any delay that cannot be justified.”

According to European Commission directives, CAs must have a centralized system for
collecting reports from manufacturers, and also processes for relaying to manufacturers
event reports submitted to CAs directly by patients or providers. CAs also have processes
for assessing risks associated with reported incidents or recalls issued by manufacturers,
working in collaboration with manufacturers to identify necessary further actions, and
monitoring any corrective plan. CAs determine whether an event or recall appears specific
to the device or device class (e.g., a specific drug-eluting coronary stent or all drug-eluting
coronary stents), and communicate their findings to manufacturers. Member states notify
each other if an assessment of device-related events leads to specific measures taken to
address potential adverse events.”2

CAs submit adverse event and recall data to the European Databank on Medical Devices
(EUDAMED), a central database run by the European Commission intended to improve
vigilance by pooling data across member states.”> EUDAMED is not publicly accessible,
however, and though originally created in 1998, submission of event data only became
mandatory in 2010. For these reasons, it has thus far provided limited utility for analysis or
policy decisions. Proposals for improving post-approval surveillance in the EU include
improving the function of EUDAMED by establishing a UDI system to support more
standardized and efficient methods for tracking medical device use and performance. Some
CAs maintain their own publicly-available databases of device postapproval information.
For example, the Medicine and Healthcare Products Regulatory Agency in the United
Kingdom coordinates adverse event and recall information in one searchable web portal.”4

MAHSs are required to report adverse events directly to MHLW within 15 or 30 days
depending on seriousness of the problem.”> Most adverse event reports come from MAHS,
though other stakeholders (such as facilities and providers) can submit reports either to
MAHSs or directly to MHLW, which then shares these data with PMDA. Other entities
involved in the manufacture and supply of devices, such as distributors, also must report to
the MAH adverse events or events that otherwise factor into safety and effectiveness
assessments. Health care providers are required by law to cooperate with MAHSs during
active investigation of safety problems. In addition, when providers “learn of cases of
diseases, disabilities or deaths suspected to be caused by the use of medical devices, and
they confirm that it is necessary to prevent the spread of hazards, they must report the fact to
MHLW.”76

After receiving adverse event reports, PMDA analysts evaluate the relationship between the
device and the reported injuries or outcomes, trying to assess whether the outcome was
related to user error, the underlying disease, or a device malfunction.”’ This assessment may
conclude that further investigation is required by the MAH, or that the accumulated data
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warranted additional safety measures, such as a change in labeling. MAHs may be
encouraged to pursue further investigation in collaboration with ad hoc committees of
outside experts. PMDA hosts a publicly searchable database of adverse event and recall data
as well as a database for package inserts.

MAMHSs track and report events that occur outside Japan for similar or related devices, not
just the device specifically sold in Japan. This obligation to collect foreign data is
particularly important for Japanese regulators, as most medical devices used there are sold in
other countries prior to entering clinical use in Japan. Ultimately, if a corrective action such
as a recall or safety alert is issued in another country, the MAH must notify PMDA and
analyze the likely impact on domestic devices or patients. If a recall, for example, is
determined to relate to a manufacturing problem limited to devices sold outside of Japan, the
MAH still must submit root cause analysis and evaluation, and determine whether systems
in place are sufficient to prevent a similar problem from arising domestically.

PMDA’s regulation of drugs includes providing remuneration to patients injured by adverse
events related to approved pharmaceuticals. However, patients affected by device-related
adverse events are not eligible for compensation, in part because determining cause and
effect is more difficult.

China’s post-approval surveillance system is overseen at the national level by the MOH and
the CFDA, and conducted at the regional level by provincial health departments. A key
characteristic of Chinese post-approval surveillance is regional autonomy in coordination
with a tiered centralized system. Provincial health departments and regulatory authorities are
the first line of response when adverse medical device events occur within each region.
Although all adverse reports are eventually collected by the MOH and CFDA, they need to
be reported first to the regional authority in a timely manner. In places without a provincial
structure, such as municipalities (e.g., Shanghai, Xi’an, Guangzhou) and in autonomous
regions (e.g., Tibet, Inner Mongolia, Xinjiang), regional health departments serve the same
role.”8

Within the CFDA is the National Center for ADR Monitoring, which is responsible for
collecting, aggregating, and analyzing adverse event data from across all provinces and
regions. Each province and region also has an ADR Center institution, which has faster and
better access to local data than the National ADR Center, but less analytic capability. This
regional autonomy may potentially create faster responses to adverse events and help with
implementing policy changes. At the same time, central oversight by the CFDA and the
National ADR Center allows for coordination across different regions and provides a
platform for standardization.

Manufacturers, distributors, and users of medical devices must inform regional monitoring
institutions of death-related adverse events within 5 days after their discovery and injury-
related events within 15 days. Regional monitoring institutions are then responsible for
passing on death-related reports to the National ADR Center, which completes final
submission to the CFDA and MOH. By contrast, injury-related events only must be
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submitted to CFDA and MOH once per quarter. Device manufacturers, distributors, and
users can bypass regional monitoring institutions and directly report adverse events to
national level authorities when they deem it necessary. However, they must still notify
regional institutions.”®

Manufacturers of Class Il and Class 11 medical devices submit summaries of adverse events
in the previous year to the regional monitoring institutions by the end of January. Regional
institutions then pass these reports to the CFDA and MOH by the end of March.”®

The 2009 ADR Monitoring Report described over 34 provincial monitoring institutions. In
2003, 366 adverse medical device events were reported, rising to 6,101 in 2006, 12,374 in
2007, 40,940 in 2008, and 53,304 in 2009.78 In 2012, more than 180,000 suspicious medical
device adverse events were reported, of which 13% resulted in serious injury and 0.06% led
to death. Most (71%) of the ADR cases were reported by medical institutions, while 22%
were reported by distributors, 3% were reported by manufacturers and 5% were reported by
individuals.8% Similar to premarket approvals, the CFDA hosts a central online database that
tracks all reported adverse medical events. However, this database is not publicly available
and is accessible only to CFDA regulators and industry leaders.8! In 2011, the National
ADR Center signed a two-year contract with Uppsala Monitoring Centre to enhance data
exchange between China’s ADR database and Vigibase, the World Health Organization’s
(WHO) international database consisting of over six million ADR reports.82 This
partnership may signal CFDA’s alignment with the overall goals of the WHO Medical
Device Unit towards prioritizing access to medical devices in developing nations with high
standards of safety and effectiveness.83

V. Quality Systems Regulation

A. United States

Device manufacturers have post-approval responsibilities related to Quality System
Regulation (QSR),84 which includes the logistical guidelines manufacturers must follow for
“the methods used in, and the facilities and controls used for, the design, manufacture,
packaging, labeling, storage, installation, and servicing of all finished devices intended for
human use.” QSR also includes documenting, auditing, and managing design, production,
storage, and distribution activities, all of which are commonly the focus of site inspections.
QSR is tailored to the risk classification of the device, so Class Il and Il devices are
typically subject to more stringent requirements and inspections than lower-risk devices.

As part of QSR, manufacturers must demonstrate a system for handling identified problems,
known as Corrective and Preventive Action (CAPA). CAPA requires procedures to be in
place for “Analyzing processes, work operations, concessions, quality audit reports, quality
records, service records, complaints, returned product, and other sources of quality data to
identify existing and potential causes of honconforming product, or other quality
problems.”8> CAPA programs collect reports of problems, investigate causes, and
implement solutions ranging from manufacturing or labeling changes to initiation of recalls.
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B. European Union

C. Japan

D. China

NBs’ reviews of device applications include considerations of the post-approval surveillance
needs and plans associated with use in clinical practice. The details of post-approval
surveillance plans, however, are not made public. According to European Commission
guidance documents, NBs are supposed to evaluate the vigilance system in place including
QSR systems implemented to track, receive, and respond to adverse events related to
specific devices. These include meeting accepted manufacturing standards such as those
published by the International Organization for Standardization (ISO) covering
biocompatibility and sterility testing. SO arose in 1947 as a partnership among several
national standardization agencies to develop consistent cross-border requirements and
benchmarks for safety and quality. Other ISO standards are frequently used by
manufacturers and NBs as benchmarks for meeting the more vague requirements outlined in
the medical device directives.86:87

Pre-market approval in Japan is contingent upon establishment of “Quality Management
Systems” (QMS), which includes compliance with regulations related to production and
manufacturing standards, documentation,2% and CAPA processes similar to the FDA’s
requirements.88 QMS is tailored to the risk of devices, with higher-risk or more complex
devices (such as those making use of radioactive materials) subject to more intense
scrutiny.89 Audits of QMS systems are typically performed in the pre-market phase and may
be repeated in the post-market phase, typically at 5-year intervals.8% These inspections may
include site visits, document review, and review of processes and policies for quality
assurance, particularly in light of deficiencies identified in past inspections.%’

The CFDA implemented Interim Good Manufacturing Practice Standards for Medical
Devices in January 2011, requiring medical device manufacturers to follow China’s Good
Manufacturing Practice (GMP) standards in the production process.? These measures lay
out requirements for medical device manufacturers on production management,
documentation and records, and adverse event monitoring. Manufacturers must fully
document anticipated safety issues and risk control measures, establish standards for
selection and evaluation of suppliers, and keep manufacturing records for each product
batch.%8

Manufacturers of Class | devices need to set up quality systems according to the measures,
but only Class Il and Class Il device manufacturers must apply for GMP certification.
However, no specific required certification due date has been issued. Manufacturers of
implantable and sterile devices must obtain GMP certification before initial or renewal of
registration with CFDA. Provincial authorities are responsible for GMP certification of
Class 11 and Class I11 devices, while the CFDA is responsible for high-risk Class 111 devices.
Provincial authorities also conduct GMP review for manufacturers of devices on the CFDA
Priority Monitoring List at least once per year.%!
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In June 2012, the CFDA issued Interim Working Procedures for Unannounced Inspection of
Medical Device Manufacturers, which allowed Chinese regulators to conduct surprise
inspections of manufacturers. Violations could result in sanctions, although manufacturers
may appeal, explain or immediately correct violations to reduce further penalties.92

VI. Post-Approval Studies

A. United States

The FDA may require manufacturers to perform post-market investigations under several
circumstances.?3 These include at the time of approval of devices through the PMA or
humanitarian device exemption (HDE) pathways to help assure continued safety and
effectiveness (or continued probable benefit, in the case of an HDE). These post-approval
studies may help clarify risks to patients emerging outside the strictly controlled setting of a
clinical trial and also illustrate the adequacy of training programs. For example, a post-
approval plan proposed by Cook Medical in support of its Zilver PTX drug-eluting stent for
peripheral arterial disease included both longer-term follow-up of its pivotal trial population
as well as a new registry of 900 patients receiving the device.%* Listing of current post-
approval studies and their completion status is also available online.?® Failure to follow-
through on post-approval commitments may by statute result in seizure, injunction,
prosecution or fines as well as publicly posted warning letters to manufacturers.%6:97

The FDA also has the authority to require post-market studies for Class Il or 11 devices in
which (1) failure would be reasonably likely to have serious adverse health consequences;
(2) significant use in pediatric populations is expected; (3) implantation in the body for more
than one year is anticipated; or (4) the devices are life-sustaining or life-supporting and are
used outside of typical device user facility (e.g., hospitals, physicians’ offices).?8 Studies for
these specialized situations are called “522 studies” for the FDCA section that outlines this
regulatory power, and are typically ordered when a public health question arises in the post-
market period. As of 2012, 522 studies must commence within 15 months of regulatory
action.9 The FDA provides public information about ongoing 522 studies, including the
date the study was ordered and its current status.100

B. European Union

C. Japan

The European Commission’s medical device directives do not grant authority to NBs or CAs
to require post-market studies.101 Rather, NBs as part of their review of individual device
dossiers are expected to provide guidance, though it is not publicly released when
postmarket studies have been required as conditions of assigning CE Marks.192 Although
CAs do not have the authority to require post-approval studies, individual payors (either
private or public) may require further safety and/or effectiveness studies prior to authorizing
reimbursement of a device.

PMDA analyses inform decisions about requirements for post-approval surveillance studies
for selected devices. Approval of devices considered to be high risk or particularly novel
may include requirements for MAHS to actively monitor domestic use of the device for up to
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five years, or for a pre-specified number of cases.23:80 For example, new drug-eluting
coronary stents were approved with a requirement to have the first several thousand patients
followed by the MAH, and for a cardiac resynchronization therapy device the MAH was
required to monitor cases over the first three years of marketing.193 Conditions of approval
may also include review of physician training and experiences to ensure that qualified
providers are being taught to use the device correctly.

A unique feature of device evaluation in Japan is the requirement to “re-file” applications
for certain higher risk devices, which typically occurs 3—7 years after initial marketing
approval.104 For example, a surgical ablation system using ultrasound energy guided by
magnetic resonance imaging1%® was approved in Japan in 2009, and was required to provide
summary data describing real-world safety and effectiveness to PMDA within its
reexamination period.108

In preparing for re-filing, MAHSs aggregate information from health care providers, clinical
trials, and published studies (such as foreign and domestic observational studies or
registries), with the goal of ensuring that the device at issue is performing as intended and is
providing the expected results. PMDA reviews the data submitted and submits reports to
MHLW, which makes a final determination about ongoing marketing status and implements
any necessary changes to labeling to reflect new knowledge about usage and safety
problems.23 The MHLW has never withdrawn marketing approval at the time of re-filing,
even though it has the authority to do s0.112 One explanation is that MAHS’ responsibilities
to aggregate and report post-approval surveillance data during the initial approval period
make it unlikely that the re-filing will unearth unexpected or important findings.

Post-approval studies, classified as “Phase 1V Clinical Trials,” are required for certain drug
groups after approval in China to further evaluate benefits and risks and improve knowledge
about dosing.197 The CFDA has not set similar requirements for medical devices, beyond
the quadrennial re-registration requirement. However, many manufacturers of newer
generation imported medical devices are actively compiling real-world clinical outcomes
data from routine clinical practice in China. For example, clinical outcomes for subjects
receiving the PROMUS Element Stent System over the next five years will be evaluated in
an observational study.1%8 Over 2,600 patients have been enrolled in the post-approval
observational study of the XIENCE V Everolimus Eluting Coronary Stent System, with
completion expected in 2017.109

The CFDA office in Beijing has established pharmacovigilance centers within major Beijing
hospitals, where more than two million patients are seen every year. The centers are staffed
with safety specialists who monitor, aggregate, and report safety data based on patient
outcomes. The close collaboration between the Beijing CFDA office and these hospitals
allow both parties to act quickly in early detection of potential safety signals and work
together in post-approval safety surveillance of new devices.111
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VII. Postmarket Regulatory Actions
A. United States

When post-approval surveillance points to hazardous or malfunctioning devices or devices
that no longer meet FDA requirements, the FDA may issue safety communications.110 For
example, a recent communication described the potential risk of burns for patients receiving
MRI scans while wearing transdermal drug-delivery patches.1! Communications usually
include an overview of the clinical problem, ongoing efforts to update product labeling, and
preventive or remedial steps for patients and clinicians. If actual patient harms have been
documented, safety communications may be accompanied by medical device safety alerts
from the FDA, manufacturers, or distributors. Safety alerts are intended to inform health
professionals, patients, payers, and related institutions that a device may present an
unreasonable risk of substantial harm.112 For example, a safety alert was issued in March
2012 for a defective component in an automated external defibrillator that led to unexpected
failure to deliver highvoltage therapy.113

Concerns about device safety may require issuing “recalls,” which reflect systemic concerns
with a device and are classified by the FDA according to the likelihood of patient harm. The
FDA is allowed to order mandatory recalls if a sufficient safety concern exists, or
manufacturers can elect to conduct a recall voluntarily.118 Recalls lead to either corrections,
which address the problem in question at the point of use or sale (e.g. updates to software),
or removals that take devices out of use or distribution. Class | recalls involve a reasonable
probability that the use of a product will cause serious adverse health consequences or death.
Class Il recalls involve products that may result in temporary or medically reversible
adverse health consequences or where the probability of serious adverse health
consequences is remote. Class 11 is invoked when the product is not likely to cause adverse
health consequence, such as minor labeling errors. Class | and 11 recalls tend to invoke
stricter FDA oversight, including follow-up and auditing of communication to providers or
end-users, as well as more requirements for documentation and reporting. A manufacturer is
responsible for developing the strategy for managing the logistics of a recall depending on
the nature of the device, the problem, and the seriousness of the public health impact.

Two publicly-available databases track safety alert and recall information. A comprehensive
listing of enforcement reports is published weekly.114 The FDA also hosts a public database
of Medical and Radiation Emitting Device Recalls, which has more detailed information on
medical device recalls (since November 2002),11% including the date and a narrative
explanation for the recall and actions taken by the manufacturer. The database can be
searched by date, manufacturer, recall class or number, or the reason for recall.

B. European Union

Manufacturers and regulators have obligations under the European Commission directives to
manage adverse events and safety problems with marketed devices. Field Safety Corrective
Actions (FSCASs) are “actions taken by manufacturers to reduce a risk of death or serious
deterioration in the state of health associated with the use of a medical device” already on
the market.116 These actions range from changes in labeling to removal of products from the
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market. Software upgrades and recommendations for clinical management changes are also
considered FSCAs. The details of FSCAs are communicated by manufacturers to users
(health care facilities or providers) in field safety notices (FSNs). For example, a FSN issued
by a hip implant manufacturer in April 2011 described an FSCA resulting from a processing
problem in which packaging for prostheses was mislabeled, leading to potential
mismatching of implant size and patient size. The FSN outlined the expected impact of this
mislabeling on clinical care, provided health care facilities with batch numbers to facilitate
removal of the affected lots, and offered clinical recommendations for patient follow-up.11’
In this case, the identified problem occurred in France, and thus the FSN specified that the
French CA was notified of the event. Each CA must submit National Competent Authority
Reports (NCARs), which outline major safety issues for medical devices to keep other CAs
up to date.

Postmarket actions taken by the MHLW include safety communications and recalls derived
from mandatory reports from MAHSs and voluntary reports provided by medical
professionals.22 The MHLW can issue safety communications directly to hospitals, medical
associations, and health care providers, and facilitates publication and dissemination of
“Dear Doctor” letters from MAHs.

For more significant safety concerns, are two routes to recall in the Japanese market. Serious
problems are more likely to have manifested elsewhere first given Japan’s small population
relative to the US or EU. Foreign recalls do not automatically trigger a recall in Japan, but
companies themselves typically initiate a recall in Japan once they have done so elsewhere.
If the sponsor is a global company, marketing a device in Japan that has been recalled
elsewhere is generally untenable.

By contrast, recalls arising from domestic incidents may include problems with
documentation or reporting, as well as those related to adverse events. For example, adverse
events involving severe bleeding after use of a new surgical stapler were reported to PMDA
in late 2010, leading PMDA to order the MAH to provide additional analysis and eventually
issue a safety warning in Japan about use of this device in March of 2011. Nine months
later, this same device was recalled in the US and EU.118

In July 2011, the MOH instituted the Tentative Measures on the Administration of Recalls
Concerning Medical Devices, outlining rules to refine the device recall process in China.11?
The measures divide recalls into two types: proactive recalls and recalls on demand.
Proactive recalls are initiated by medical device manufacturers based on self-investigation
and assessment of product defects, ranging from eliminating defects through relabeling or
software upgrades, to full market withdrawal. These measures contrast with China’s drug
recall protocol, which only allows for product destruction.?8 Before initiating the recall, the
manufacturer must submit a recall plan to the provincial ADR Center, which evaluates the
recall plan and may demand changes to the original proposal, such as expansion of recall
scope and reduction of recall lead time. The manufacturer must regularly update regional
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authorities on the recall status, and submit a summary report within 10 days after recall
completion.120

For a medical device that caused severe injuries or death, regional authorities and CFDA
departments organize groups of representatives and experts from device monitoring
institutions, manufacturers, and scientific research teams to conduct a full re-evaluation. The
results help the authorities decide whether to revoke the device’s original registration
certificate. They may also institute a recall. Failure to recall defective medical devices
subjects the manufacturers to monetary fines of three times of the value of the devices.

In October 2012, the CFDA and its provincial counterparts instituted a national disclosure
system called the Drug Safety Blacklist, though it included medical devices as well.
Manufacturers and companies will now be unable to secure regulatory approvals or licenses
for two years if they are involved in the manufacturing of counterfeit or substandard
products, or if they cause serious quality or safety events due to violation of drug/device
laws. The disclosure system is accessible to the general public.12!

VIIl. Emerging Strategies

A. United States

Recognizing the complexity of post-approval surveillance and the need for a comprehensive,
population-based approach to detect adverse events, the FDA established the Medical
Product Safety Network (MedSun) network in 2002 to develop information about emerging
safety signals.122 MedSun facilities (approximately 280 as of 2012) submit reports of
adverse events electronically, and typically with more detail than is the case for adverse
event reports generally.123 MedSun facilities may participate in “subnetworks” such as
KidNet (for pediatric and neonatal intensive care units), and engage targeted research around
real-world medical device use. MedSun can help estimate rates of specific problems, or
provide more detailed user experiences that may distinguish whether adverse events are
related to the devices or to user and patient factors that might be correctable without a recall.

Recently, the FDA outlined proposed revisions and improvements to its post-approval
surveillance activities, organized more formally into a preliminary national strategy.*2 This
strategy includes a rule for a unique device identifier (UDI) system.124 UDIs may help
identify specific devices used or implanted in individual patients, and therefore allow
linkage of devices to clinical information that can enhance the context of adverse event
reports. This has been piloted successfully in China, and is central to future plans in the EU
and Japan as well. Theoretically, once UDIs are integrated into health care data sources, they
will facilitate notification of devices’ use and performance characteristics, support more
accurate and timely aggreggation of adverse event data, and enable better coordination of
recalls. Many technical hurdles remain, including integration of UDIs into the design of
devices themselves as well as electronic medical record systems, 2> and draft guidance for
industry was issued in September 2013.126

Another notable emerging post-approval surveillance strategy is the Medical Device
Epidemiology Network (MDEpiNet), a public-private collaboration advanced by the FDA to
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develop new sources of data and analytic techniques for post-approval surveillance.
MDEpiNet working groups are currently focused on addressing issues such as the
integration of UDIs into existing data sources, frameworks for device evaluation along a
“total product life cycle,”127.128 standardized classification schemes for orthopedic
devices,129 and the evaluation of software-based adverse event analytics to speed the
identification of abnormal safety signals.130 A closely related program is the FDA’s Sentinel
Initiative, started in 2008 to promote active, electronic monitoring of pharmaceutical safety.
Expanding such a program to include medical devices will be aided by the integration of
UDIs into medical records.31

B. European Union

C. Japan

The European Commission recently issued a detailed proposal for updating medical device
regulation, including post-approval surveillance.13! The post-approval surveillance
provisions suggested in this document include use of UDIs and connecting UDIs to
EUDAMED data. UDIs represent an opportunity to coordinate post-approval surveillance
between markets, as advocates for this system intend identifiers to be consistent
internationally. The provisions also include improved coordination among CAs, so that these
isolated bodies may, for example, respond to emerging safety signals for specific devices by
pooling of adverse event data.

Another important element of the proposed post-approval surveillance strategy is greater
oversight of NBs.132 Such oversight includes not only stricter guidance regarding the details
of their “conformity assessment™ activities in the pre-approval phase, but also clarification
of their responsibility and authority to conduct unannounced inspections of manufacturing
facilities and audits of collected documentation related to adverse events. Finally, the
proposal emphasizes regular engagement with experts for specific post-approval
surveillance questions, such as development of registries or clinical management of
problems that arise.

Japan has pursued several new device surveillance strategies, including (1) securing an
enhanced structure for PMDA, 133 (2) improving the effectiveness of QMS, and (3)
establishing Health Information Database Network.134 The first strategy entails enhancing
government funding for PMDA to support hiring more personnel to speed device evaluation,
and allow for more comprehensive post-approval surveillance assessments. The second
thrust involves improving coordinating activities such as inspections among local
government, PMDA, and private third-parties to streamline the process for lower-risk
devices and preserve resources to focus on higher-risk products. The third initiative is the
Health Information Database Network, often referred to as the “Sentinel Project in Japan”
since its development in 2008 based upon FDA’s Sentinel Initiative. The project seeks to
establish 10 major health care delivery sites to collect and pool information on adverse
events and performance of devices (as well as drugs) from an estimated 10 million patients.
It is intended to provide a data source for novel statistical methods and analytic techniques
to assess safety and effectiveness more actively than traditional approaches.
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China’s unique regional structure grants autonomy and authority to provincial CFDA
agencies; each region is, in essence, responsible for overseeing medical device events within
its geographic boundaries. This has fostered some regional competition in exploring new
emerging strategies for post-approval surveillance. An illustrative example is Shanghai’s
development of a traceability program for implantable medical devices, adopting a UDI
system that uses GS1 international traceability barcode standards to link implantable
medical devices directly to patients.135 In 2006, the Shanghai regional authority
implemented this system across over 100 hospitals in Shanghai, covering high-risk devices
such as breast implants, heart valves, pacemakers, catheters, and stents. Each device
contains a UDI linked to its corresponding product name, model, lot number, registration
certificate number, manufacturer, and distributor information. A hospital staff member scans
the UDI and attaches it to the patient record via the hospital electronic data system.
Hospitals then submit the information to a centralized Shanghai database, which serves as a
resource for manufacturers, distributors, and hospitals. In the case of adverse events, the
database can provide detailed records of potential patients involved and range of products
with potentially similar issues, allowing the CFDA to hold back potentially dangerous
products while still in inventory and limit future injuries.144

IX. Conclusion

Novel medical device technologies necessarily balance safety concerns with the promise of
improved clinical care. A rigorous but efficient premarket regulatory evaluation process can
help reduce the risk of harmful patient outcomes from new medical devices. We found that
the device approval circumstances varied greatly among the settings we reviewed, including
the degree of pre-approval testing required by the appropriate government authority.
However, no amount of premarket testing can capture all potential patient health outcomes
that will emerge a new device, either positive or negative, when it is introduced into clinical
practice. We found that the US, EU, Japan and China share broad features in their
approaches to post-approval monitoring, such as a heavy reliance on passive adverse event
collection for marketed devices. This review also highlights the strengths and weaknesses in
the way these systems aggregate and leverage post-market events for clinical and policy
decisions.

The growing enthusiasm for shifting away from passive adverse event collection to more
active and dynamic mechanisms such as UDI systems reflects the lessons learned from
important past recalls and the public health burdens associated with malfunctioning devices.
Yet transforming adverse event collection requires overcoming a host of legislative,
technical, and logistical hurdles that may limit the short-term opportunities for improving
public health. Our review suggests that current regulatory systems worldwide are beginning
to experiment with strategies to identify unsafe or ineffective devices, but still require much
progress before the promise of active surveillance can be achieved.

This review highlights a few ways in which different medical device regulatory systems
around the world can learn from each other. For example, one opportunity for immediate
improvement in the US and EU draws from the experiences in Japan (and emerging in
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China) with scheduled re-examinations for selected devices. A formal regulatory re-
evaluation of the marketing approval for select high-risk devices after 3—-7 years enforces
post-approval commitments while also providing feedback on the pre-approval requirements
for individual devices and device classes. In the US and EU, appending a “sunset provision”
to FDA-approval and the CE Mark for a subset of devices — selected on the basis of novelty,
risk, or vulnerability of the intended population — would motivate both sponsors and
regulators to provide a comprehensive, public reassessment of available safety and
effectiveness data at predetermined intervals. Such a move would require changes in
statutory authority through further revision to the Food Drug and Cosmetic Act (in the US)
and the Medical Device Directives (in the EU), and thus would face significant political
hurdles. Conversely, it appears that aspects of the US system are serving as templates for
changes in the EU and potentially China, including stronger central oversight and better
traceability of devices in the supply chain.136 Cross-national comparisons can help
strengthen a diversity of countries—highincome and low-income, those with a powerful
regulatory apparatus and those with a weaker infrastructure—as policymakers pursue a
common goal of encouraging medical device innovation and ensuring public safety.
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