
Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022) 100401
Contents lists available at ScienceDirect

Journal of the Society for Cardiovascular
Angiography & Interventions

journal homepage: www.jscai.org
Editorial
The Impact of the Medical Device Directive to Medical Device Regulation
Transition on Early Clinical Testing of Cardiovascular Devices

Adam J. Prince, MD, Emily P. Zeitler, MD, MHS, Aaron V. Kaplan, MD *

The Heart and Vascular Center, Dartmouth-Hitchcock Medical Center, and The Geisel School of Medicine at Dartmouth, Lebanon, New Hampshire
Background

On May 26, 2021, the European Union (EU) updated its regulatory
requirements for medical devices by implementing the Medical Device
Regulations (MDR).1 Although the change to the MDR system was driven
by important shortcomings in the EU regulatory system, the transition
has been chaotic and has a large impact on cardiovascular devices in
development as well as on approved devices. This manuscript examines
the background behind these changes and their impact.

Before the 1980s, regulation of medical devices throughout Europe
was inconsistent, with each country having its own laws and regulations.
In the 1990s, laws were enacted to create a uniform approach throughout
the EU, which was designated “essential requirements.” Though this
system strives to create consistency across the medical device markets
among EUmember countries, differences in health care delivery systems,
including discrepancies in coverage and reimbursement for new tech-
nologies, add market variation even after receiving the Conformit�e
Europ€eenne (CE) mark. These essential requirements, which later
became known as general safety and performance requirements, focused
onmanufacturing standards and clinical performance, with less emphasis
on clinical outcomes. The legal and regulatory framework was known as
the Medical Device Directive (MDD). Concerns regarding the ability of
the MDD system to assure the safety of commercially available devices
surfaced with 2 high-profile scandals.2

The first scandal involved breast implants manufactured by Poly
Implant Proth�ese (PIP).3 In the 1990s, PIP manufactured silicone im-
plants that were available in Europe but not in the United States due to a
moratorium on silicone implants in place since 1992 because of safety
concerns. PIP also developed saline breast implants that were available in
Europe and briefly in the United States, but these came under additional
United States scrutiny when the entire class of devices was required to
provide additional safety data around the year 2000. The PIP saline
implants did not receive US Food and Drug Administration (FDA)
approval based partially on the advice of an independent expert panel.
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Furthermore, among other deficiencies, an FDA manufacturing audit
found that PIP was using a cheaper, industrial-grade (rather than
medical-grade) silicone in breast implants. By 2009, an increased rupture
rate began to attract the attention of the European popular press and
politicians. The PIP implants were recalled in Europe the following year,
with a recommendation from some health ministries for prophylactic
removal. The scandal ultimately affected hundreds of thousands of pa-
tients and has been linked to instances of breast cancer and death. In this
case, the FDA’s higher regulatory threshold identified PIP’s substandard
manufacturing practices and protected Americans from exposure to an
unsafe device that was available for more than 10 years in Europe.4

Deficiencies in the MDD system were further exposed by the metal-
on-metal hip prostheses scandal.5 In this case, metal-on-metal hip pros-
theses were introduced primarily based on preclinical and minimal
clinical testing. The metal-on-metal interactions between the prosthetic
femoral head and acetabular cup resulted in microparticle generation,
leading to local inflammation and pain, as well as prosthesis loosening
and fracture. These events led to market withdrawal, as well as the need
for surgical removal, which impacted tens of thousands of patients.

The PIP and metal-on-metal hip prostheses scandals highlighted de-
ficiencies in the MDD system, leading to calls for changes in the medical
device approval and oversight processes in the EU. These efforts led the
EU to design a new set of MDR, culminating in the MDR system, which
was approved in May 2017, with full implementation in May 2022.

The European regulatory system is administered by the government
of each member state through a designated agency, known as the
competent authority, which is responsible for implementing EU-wide
regulations. In addition, competent authorities extend their authority
to notified bodies (NBs), which are independent private entities that
administer the regulatory process for medical devices. NBs work directly
with device manufacturers to evaluate devices to ensure that general
safety and performance requirements are met. When these requirements
are met, device approval is granted in the form of the CE mark. The
issuance of a CE mark allows the medical device to be commercialized in
tory policy.
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all EU member countries, representing a market of nearly 500 million
people. The NB is also required to ensure adequate postmarket surveil-
lance and retains the ability to restrict, suspend, or withdraw the device’s
CE mark. Under the MDD, before the implementation of MDR, there were
~50 certified NBs, which introduced a high degree of variability into the
regulatory process. This variation resulted in different requirements for
market entry for similar devices and allowed medical device manufac-
turers the opportunity to “shop” for the NB presenting the fewest barriers
to the market.

The standard for device approval is different between the United
States and Europe. In the United States, market authorization for a
medical device requires a demonstration of safety and effectiveness,
with the threshold variable depending on the risk of the device and
available alternatives. In Europe, a standard of safety and performance
is required. Both systems require “preclinical” evaluation, eg, in
vitro, sterility, and, sometimes, animal testing. For a first-in-class
high-risk cardiovascular device, CE mark approval may require
clinical data to demonstrate device performance, ie, demonstration
that the device will perform in the intended fashion. These data are
typically generated by observational studies and, rarely, by ran-
domized clinical trials. On the other hand, FDA approval requires
data demonstrating safety and effectiveness. For some high-risk
interventional/structural cardiology devices, meeting this standard
may require an adequately powered randomized controlled trial with
sophisticated infrastructure with centralized data collection, core
laboratory assessment, clinical events committee event adjudication,
and safety monitoring by a data and safety monitoring board. The
difference between the European performance standard and the
United States effectiveness standard can be appreciated by examining
data required for approval of first-generation transcatheter aortic
valve replacement (TAVR).

The first-generation Edwards SAPIEN TAVR received a CE mark in
Europe in 2007 with registry data assembled from a number of
studies including <500 participants with performance demonstrated
by a reduction in the aortic valve gradient.6 In comparison, the initial
FDA approval of the Edwards SAPIEN TAVR was based on data from a
randomized controlled trial with 358 participants with an effective-
ness end point of death or repeat hospitalization7 compared with
optimal medical therapy in patients ineligible for the contemporary
standard of surgical valve replacement.7 The safety and effectiveness
end points were met, and upon initial approval, the device was only
indicated for the small subset of the population with aortic stenosis
represented in the trial. A series of subsequent randomized trials
starting with a group of 699 high surgical risk participants compared
TAVR outcomes to surgery and led to an expansion of approved in-
dications for this class of devices.8

Though the scope of changes in the MDR is extensive, this manuscript
will focus on 3 areas: NBs, clinical data required for initial approval, and
review of previously approved devices.
Notified bodies

The MDR is designed to improve NB rigor by requiring recertifi-
cation and changes in how NBs work with medical device developers.
This recertification requirement has led to a marked reduction in the
number of certified NBs from ~50 to 26.9 Thus, there is a smaller
number of NBs responsible for providing regulatory oversight using a
more rigorous and intensive process. This has led to a profound
shortage of MDR-certified NBs, making it difficult for device de-
velopers to enter the regulatory process. This shortage is particularly
problematic for startup companies with a single product, which must
compete with large established medical device manufacturers with
much larger product portfolios, existing relationships with regulators,
and greater resources to dedicate to regulatory activities.
2

Undoubtedly, the more rigorous and consistent performance of NBs is
important. However, the implementation of MDD, including a drastic
reduction in NB capacity, has introduced a new and significant barrier
to the introduction of novel medical devices to the European market
as well as established medical device technologies.
Understanding requirements for approval

Adding to the problem, the new standard is not yet well understood
by NBs and restricts providing direct guidance to regulated device
manufacturers.1 A clear and specific understanding of the clinical data
required for approval is critical for device developers. Clinical trial
planning to meet medical device regulatory standards is highly nuanced,
time-sensitive, and benefits from detailed discussions between the
medical device developer and the NB. In the United States, this is
accomplished by a “presubmission” process in which device companies
can discuss a clinical development plan with the FDA and receive direct
feedback. Unfortunately, the combination of new standards with a
reduced number of NBs working under poorly defined rules has made it
difficult for device developers to obtain a clear understanding of the data
required for CE mark approval for a new medical device.

These uncertainties, along with efforts by countries outside of Europe
to streamline the regulatory process, have led to changes in trends where
initial clinical evaluations for cardiovascular devices are taking place. In
the 2010s, Europe was the default venue for initial clinical testing of
high-risk cardiovascular devices. Europe’s dominance in early clinical
testing reflected a regulatory environment that enabled companies to
work with highly skilled sites with a long history of excellence in per-
forming these studies. However, the difficulty in linking early studies to
device approvals reduces the value of performing studies at European
sites and has led to a dramatic shift away from Europe. This shift is well
illustrated by comparing the initial TAVR experience in the 2000s, where
nearly all the first-generation valves were initially tested in Europe, to the
more recent experience with transcatheter mitral valve replacement, for
which initial clinical testing was most commonly carried out in the
United States. This is not just frustrating for European clinician in-
vestigators and patients; it also limits the “ecosystem” from benefiting
from this important well-developed resource.
Previously approved devices

The transition from MDD to MDR has implications beyond those for
devices in development because the MDR calls for review and recertifi-
cation of previously approved devices. This change requires manufac-
turers to generate dossiers conforming to the newMDR standard for every
device in their product portfolio. This includes all devices regardless of
risk, including those marketed for years with a well-defined and proven
performance record. The resultant increase in work for both the device
manufacturers and NBs, combined with a reduction in certified NBs, has
added to the challenges for device developers to get meaningful review
and understanding of what will be required for recertification.
Conclusions

Regulating medical devices requires governments to balance the
benefits of new technology with the risks of a new therapy. The
complexity of the clinical environment and the need for device de-
velopers to refine designs makes this a difficult and nuanced task
requiring a regulatory infrastructure with adequate staff and resources.
Though there were clear deficiencies in the MDD system, the imple-
mentation of the MDR has introduced new uncertainties which present
barriers to getting devices to the global market.
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