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Introduc on of Novel Medical

Devices in Surgery: Ethical
Challenges of Current Oversight and

Regula on

Ivo S. Muskens BSc, Saksham Gupta BSc, Alexander
Hulsbergen, Wouter A. Moojen MD PhDMPH,

Marike L.D. Broekman MD PhD JD

Summary: Medical devices are an essen al part of innova on in surgery and have tremen-
dously improved pa ent outcomes. However, several medical devices have proven to be
non-beneficial or even harmful to pa ents. Various forms of oversight and regula on are
in place both in the United States (US) and in Europe to balance medical device safety and
availability. Medical devices that are deemed safe receive FDA (Food and Drug Adminis-
tra on) approval or a CE-marking (Conformité Européenne), in the United States and Eu-
rope respec vely. Although these approval processes vary, they sharemul ple ethical chal-
lenges with regard to risk-benefit ra o, informed consent, scien fic validity, societal value,
and jus ce towards pa ents. These include a possible lack of scien fic validity as a result of
exemp on from formal evalua on. This also compromises informed consent as no data on
efficacy and safety are available. Post-market surveillance is not mandatory whichmay put
pa ents at increased risk. The differences in the approval processes also have ethical impli-
ca ons. High risk devices do not necessarily require a formal inves ga on in Europe. This
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may unjus fiably put European pa ents at risks as most devices are approved in Europe
first. Off-label use, which is allowed both in the US and EU, may increase risks for pa ents
and compromises scien fic validity as no form of oversight is in place. Poten al change
to current oversight mechanisms and legisla on and the crea on of awareness about the
responsibili es of all involved par es to address current ethical challenges could aid device
introduc on. These changes should be aimed at minimizing risks for pa ents, adequate
informed consent, methodologically sound evalua on of medical devices, and limi ng dis-
pari es in current oversight and regula on.

Introduc on

I nnovation is at the heart of surgery, and innovative medical devices have con-
tributed to advancements in surgery since its inception. Medical devices are in-

struments, implants, or mechanical agents intended to prevent, diagnose, or treat
disease.1 While device development has been critical in advancing surgery, not every
novel device is an improvement over existing standards and unsafe medical devices
can have deleterious consequences. Various devices, for example Poly Implant Pro-
thèse (PIP) breast implants, vaginal meshes, metal-on-metal hip prosthesis, and in-
terspinous devices (IDs) have been approved and applied to patients for years before
safety studies uncovered major unforeseen side effects.2-10

Several forms of regulation and oversight have been created to ensure the safety
of medical devices and the protection of patients in cases of investigational use. Reg-
ulation on a national level in United States (US) and an international level in the Eu-
ropean Economic Area (EEA: the European Union (EU), Switzerland, Lichtenstein,
Norway, and Iceland) ensure that medical devices gain approval before entering the
market.

Current national and international regulations related to the innovation of med-
ical devices in surgery pose several ethical challenges. In this perspective opinion
piece, we review the current regulatory environment for medical device introduction
both in the US and in the EEA and address the ethical challenges it creates.

Summary of current legisla on

T he Food and Drug Administration (FDA) and Conformité Européenne (CE) are
government bodies that are responsible for medical device evaluation in the US

and EEA, respectively. FDA approval and CE-marking are required for clinical appli-
cation of medical devices in the US and EEA, respectively (Table 5.1).
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Table 5.1: Overview of the approval process for CE-marking and FDA-approval

Legend: Abbreviations: CE: Conformité Européenne; FDA: Food and Drug Administration;
PMA: pre-market approval; MAUDE: Manufacturer and User Facility Device Experience; IDE:

Investigational Device Exemption; EUDAMED: European Database on Medical Devices

FDA
The manufacturer of a medical device must register with the FDA to apply for ap-
proval and each device receives a classification.11,12 According to the FDA: ”Device
classification depends on the intended use of the device and also upon indications
for use.” … ”In addition, classification is risk based, that is, the risk the device poses
to the patient and/or the user is a major factor in the class it is assigned.”13

However, the Product Code Classification Database provides classifications for
specific devices, but does not create strict guidelines for the classification of novel
devices.14,15 Class I devices generally consist of relatively noninvasive products such
as surgical gloves and instruments. Examples of class II devices are surgical meshes,
absorbable sutures, and joint or vascular prostheses. Finally, class III devices are in-
vasive devices that generate or modulate biological signals such as spinal stimulators
and cochlear implants.16

The manufacturer must provide premarket notification (510(k)) of request for ap-
proval to the FDA for class I and II devices.17 The 510(k) communicationmust contain
evidence that compares the safety and efficacy of a novel devicewith a device regarded
by the FDA to be ”substantially equivalent” without further specification.17 However,
class I and II devices may be exempt from the 510(k) process by the FDA.14,18 Con-
versely, the manufacturer must provide pre-market approval (PMA) studies to the
FDA for class III medical devices.11,19, Medical devices may be altered after approval
through the PMA supplement pathway, which are rarely accompanied by a trial.20-23

The FDA may demand post-market surveillance known as ”522 studies” af-
ter device approval to identify possible long-term complications and rare adverse
events.24-26 However, the FDA may only remove an approved device from the market
because of concerns of safety, but not due to lack of efficacy.23 The FDA’s Manufac-
turer and User Facility Device Experience (MAUDE) is a registry that allows physi-
cians, manufacturers, and patients to report complications from registered medical
devices independently.27 Also, 280 hospitals work together with the FDA and provide
data to the online adverse event program ”Medical Product Safety Network” (Med-
Sun) to identify adverse events from medical devices.28,29

There are several circumstances in which FDA approval is not necessary to bring
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a device to market. For instance, Investigational Device Exemption (IDE) allows the
usage of a device for investigation in a clinical trial, in an emergent case, or in the
compassionate use setting.15,30-32 Furthermore, devices manufactured by surgeons for
sole usage in their own practice do not require approval.11 Finally, a medical device
may receive a ”humanitarian device exception” for treatment of rare disorders.28

CE-marking
Manufacturers must obtain CE-marking before a medical device is allowed onto mar-
ket in the EEA and Turkey.33-36 Furthermore, non-EEA based manufacturers require
an authorized representative within the EEA to have their devices approved.37 Three
classes of medical devices based on associated risk related to invasiveness, reusability,
potential use as an implant, use of a power source, and use near a critical anatomical
location.38,39

The EU appoints national Competent Authorities, such as the Medicines and
Healthcare Products Regulatory Agency (MHPRA) in the United Kingdom, to grant
the CE-mark for low risk devices.28 For higher risk devices, medical device companies
are obligated to seek review for CE-marking by private, EU-authorized, third-party
Notified Bodies, which review the efficacy and safety of the device.28,40,41 CE-marking
differs from FDA-approval as it does not require a trial to demonstrate safety and effi-
cacy, even for class III devices.28,33 Finally, the European Database onMedical Devices
(EUDAMED) serves as a repository for (post-market surveillance) data of medical de-
vices collected by national Competent Authorities.42

The CE-marking review process has been suggested to be inconsistent.28,43 Noti-
fied Bodies operate independently of each other and only one Notified Body has to
give approval for the device in question.28,43 This can result in medical device com-
panies approaching Notified Bodies known to have less stringent approval protocols.
Indeed, a group of Dutch reporters received a reported likelihood of approval greater
than 90% for a tangerine net that was to be used for prolapse repair.44

Off-label use
Both in the US and Europe, an approved medical device may be used for indications
other than those it was initially approved for as long as the goal of its usage is to
”practice medicine”.32,45 Studies have not compared off- and on-label use of medical
devices, but the off-label usage of medical pharmaceuticals is independently associ-
ated with a higher rate of adverse events than on-label usage.46 Risks may be even
greater for medical devices due to different anatomical features and biophysical tis-
sue properties in different pathologies. For instance, off-label use of rhBMP, which is
also registered as a device, in anterior cervical spine surgery resulted in several adverse
events such as heterotopic ossification, osteolysis, hematomas, and dysphagia.47 This
ultimately resulted in a formal FDA Public Health Notification Warning.48,49

Ethical considera ons

T he gaps in current legislation in the US and EEA risk undermining the ethical
principles of risk-benefit ratio, informed consent, scientific validity, societal value,
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and justice.

Risk-benefit ra o
Expected benefits should outweigh the estimated risks of introducing any innova-
tion to be beneficial to patients. Medical devices used in the operating room are no
exception. Benefits and risks have traditionally been defined in large comparative
clinical trials and prospective follow-up studies, but preclinical studies and extrapo-
lation from experience with other pathologies provide an estimate of benefit and risk
with some inherent uncertainty. The knowledge of the risk-benefit ratio may be lim-
ited by a possible lack of standardization of clinical studies, varying quality of trials,
and ineffective post-market surveillance.19,26

Several legislative loopholes allow the usage of medical devices with poorly de-
fined risk-benefit ratios. Class I and II devices introduced in the US through the
510(k) exemption process do not have to undergo any clinical evaluation, preventing
the rigorous definition of efficacy and risk.14,18 For countries where devices receive a
CE-marking, defining the risk-benefit ratiomay be evenmore challenging as approval
of all devices - including class III devices - do not necessarily require any clinical evi-
dence of safety and efficacy.28,33,38 Furthermore, the involvement of Notified Bodies in
the approval process may introduce inconsistency and bias into the approval process,
due to suggested variation in the approval process.28,33,38 Also, off-label use with little
or no previous experience may compromise patient outcomes as efficacy and safety
are unknown. While surgeons may estimate benefit and risk through analysis of de-
vice usage for other indications, preclinical studies, and assessment of compatibility
to a patient’s anatomy, inter-provider variation may still cause the use of medical
devices that are not beneficial for patients.

Informed consent
Patients must be adequately informed of the potential risks and benefits involved
with a treatment to make autonomous decisions about their health care. Uncer-
tain risk-benefit ratios obfuscate the informed consent process and do not respect
patient’s autonomy. For instance, low-quality clinical trials producing weak data
limit patients’ ability to evaluate treatment options adequately enough to provide
informed consent.19,26,28,33,38 The inaccessibility and incomprehensibility of many of
the databases for registration of adverse events limit the ability of patients and sur-
geons to evaluate outcomes of a certain device for themselves.29,42,50 Furthermore,
there is currently no legislation in place that requires a patient to be informed that
a device is being used off-label during surgery. The CE-marking of class III devices
without proper investigation effectively eliminates the need to discuss the untested
nature of the device during the informed consent procedure.28

Scien fic validity
Scientific validity forms the basis of evidence-based practice and motivates the trust
patients have in their surgeons. Clinical study of medical devices may range from
pre-clinical study to randomized control trials (RCTs) comparing an innovative de-
vice to the standard of care. RCTs provide the highest quality clinical evidence from
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a single trial, but are expensive and time-intensive to conduct. An RCT for every
medical device is increasingly unfeasible and may stifle innovation altogether by in-
creasing expense and decreasing speed of device introduction. Nevertheless, medical
devices should have scientifically valid evidence justifying their introduction. The
510(k) exemption from FDA approval and the lack of requirement for trials in the CE-
marking process do not guarantee evidence-based practice and may lead to patient
harm.14,18,28,33,38

The Idea, Development, Exploration, Assessment, Long-term Follow-up (IDEAL)
consortium of surgeons, statisticians, and epidemiologists has proposed the IDEAL-
Device Framework (IDEAL-D) to introducemedical devices ethically.51 It also suggests
that after prospective investigational trials, a randomized comparison should be per-
formed with the current standard of care as reference.51 However, these requirements
are rarely met, as seen with IDs that were compared with other devices instead of the
gold standard lumbar decompression, as comparison with the gold standard is not re-
quired by the FDA.2,23,52 In addition to problems during approval process, the quality
of PMA studies varies greatly.19 Off-label use of devices complicates the picture even
more. The tempting logical leaps of using devices off-label for similar indications as
those they have been approved for provide no evidence of the efficacy of the device.

Table 5.2: Responsibilities for all parties involved to improve regulation and oversight for the use ofmedical
devices
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Societal value
For an innovation to be ethical from a societal perspective, the net benefit derived
from an innovation has to outweigh the costs for society. No rigorous peer-reviewed
studies have estimated the benefit and costs of medical device introduction for soci-
ety, although an industry report suggests $34 million for 510(k) approved devices and
$94 million for PMA approved devices.53 Moreover, current oversight mechanisms do
not provide an infrastructure to assess societal value. FDA bylaws prohibit analysis
of cost-effectiveness in the approval process altogether.23 That 50% of side effects in
drugs are discovered after FDA approval suggest that some adverse effects that reduce
the societal value of devices would not be discovered until after approval.23 Therefore,
patients may continue to suffer increased health care costs associated with innovative
technologies without any appreciable benefit.

Jus ce
Justice in innovation requires that the availability and associated risks are shared
equally between all potential patients. The majority of medical devices is introduced
in Europe first as a result of lower costs associated with the less strict regulation com-
pared to the US.54 This provides European patients with earlier access to medical
devices compared to patients in the United States. In theory, this earlier access could
lead to better outcomes for European patients due to improved standards of care. On
the other hand, European patientsmay face increased risks due to the use of relatively
untested medical devices compared to American patients.54

Recommenda ons for improvement of oversight and regula-
on

All involved parties - the device manufacturer, the regulation authority, the surgeon,
and the patient - could improve current oversight environment for the introduction of
medical devices and accept their respective responsibilities (Table ??). Shared goals
could include patient safety, patient autonomy, surgeon support, and the facilitation
of evidence-based practice in a climate of continuous innovation.

Legislator and oversight bodies
Legislators and oversight bodies could create legislation targeted towards removing
the lapses in device introduction legislation. Incentives for manufacturers could be
shifted from financial gain to patient safety and device efficacy by creating a finan-
cial incentive to conduct and publish pre-clinical and methodologically sound trials.
For instance, FDA and CE-approval could require at least Level 2 evidence prior to
approval and provide funding for manufacturers organizing Level 1 evidence studies,
perhaps similar to the IDEAL-D framework.51 This could also reduce the disparity in
regulation between the US and Europe, ending the current practices of earlier intro-
duction of devices in Europe, that may be associated with earlier access to potentially
beneficial devices or increased harm for European patients.54 These oversight bodies
would also benefit from more organized structures to monitor the long-term out-
comes and evaluation of rare adverse events to minimize risks faced by patients and
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ensures scientific validity.
Alternatively, grants by government bodies couldmotivate financially-driven deci-

sions bymanufacturers away from the short-term aims encouraged by venture capital
and towards long-term patient benefit.51 Financial incentives may be limited by a cap
on the funding by private parties, as this type of funding has been shown to influence
outcomes in pharmaceutical trials.55,56

Legislative authorities could introduce oversight for off-label use of medical de-
vices that treats medical devices as separate entities from pharmaceuticals. One solu-
tion could be to allow off label-use only if the procedure is registeredwith an oversight
body and outcomes are reported. This offers the possibility to study outcomes in a
systematic fashion, while at the same time respecting the judgment of the surgeon.

Stronger centralized systems that automatically store all data relevant to adverse
outcomes, such as the ”National Evaluation System for Health Technology,” could
greatly aid identification of unwanted and long-term outcomes as an adjunct to exist-
ing databases.57,58 For example, a centralized registry recently showed that a cardiac
medical device offered inferior outcomes after identification of adverse events.59 An
increase of post-market surveillance studies and implementation of registries could
limit the duration a medical device is allowed onto the market.

Medical device manufacturer
The manufacturer has the primary responsibility to provide a product proven to be
reliable and effective. Financial incentives do not align with this responsibility: most
incentive structures encourage companies to acquire reimbursement for their med-
ical devices to pay back investors and make profits.60 The Medical Device Manufac-
turers Association could introduce guidelines and standards for the ethical introduc-
tion of devices together with an associated trademark as a form of self-regulation
to achieve safer medical device introduction, as is seen in the food industry.61 The
medical device industry could also collaborate with oversight bodies, surgeons, and
patients to workmore transparently by generating and providing extensive safety and
performance data, comparable to the aviation industry.62

Surgeon
Surgeons are the most direct participants in medical device innovation. They make
conscious and creative decisions to innovate, and in the process, they weigh the bal-
ance between the benefits and risks of innovation. Financial and professional con-
flicts of interest (COIs) may influence the risk-benefit calculations surgeons make.
Especially in Europe, more uniform legislation on an international level could limit
financial gains from COI as regulation varies among EU countries.51,63,64 A pub-
licly accessible registry that includes all financial contributions could improve trans-
parency towards patients.51,63,64 In the US, the Sunshine Act mandates that all pay-
ments from the industry to physicians are registered in a transparent database. This
database showed that, on average, neurosurgeons received $30,718.02 from compa-
nies in 2014.65, 66 A cap on the amount a surgeon receives from the industry could
limit COI. Another solution could be a requirement for surgeons to register the use
and outcomes of a device for which potential COIs exist.
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Surgeons may alter their informed consent process as well. A statement that in-
cludes the manufacturer, the amount of compensation, and alternative treatment
options within the informed consent process could increase transparency towards
the patient. Furthermore, an informed consent procedure that includes description
of all available scientific evidence could ensure that the patient is truly informed.28,33

Registries created by surgeons to track outcomes from off-label use of devices
could help to ensure patient safety and scientific validity on a hospital level. Within
this registry, surgeons could be responsible for the evaluation of factors that govern-
ment administrators and manufacturers cannot intuit, including surgical learning
curve, long-term functional outcomes, and device-specific adverse events. Profes-
sional societies could create Surgical Innovation Committees (SIC) to provide a fo-
rum for surgeons to discuss and evaluate device-related innovation.67 The SIC could
be made responsible for appropriate oversight of innovation and a discussion panel
on an institutional level as an adjunct to national oversight by the FDA.

Pa ents

Finally, patients have an essential role in the ethically sound introduction of medical
devices. Patients who benefit from innovations carry some responsibility towards fu-
ture patients, as the quality of their care is partially the result of risks taken by patients
that preceded them.68,69 Patients could participate in patient organizations that col-
laborate with manufacturers and legislators in setting priorities for medical devices.
Patients could help define the limits of acceptable risk to safety as they will be the
actual participants for the required trial. In addition, patients should be open to shar-
ing their (electronic health record) data for safety monitoring.68 At the same time, we
recognize that patients can have an optimism-bias, resulting in over-optimistic expec-
tations of devices, which could make them inclined to accept more risks. Therefore,
we believe that patients should not be made responsible for the clinical evaluation of
the devices for approval or for post-approval surveillance.

Conclusion

T he oversight and regulation for the introduction of medical devices in surgery
carries many unique ethical challenges. The need to strike a balance between pa-

tient safety and innovation and circumstances in which oversight or regulation may
be lacking form the basis of many of these challenges, that relate to risk-benefit ratio,
informed consent, scientific validity, societal value, and justice. We outline the cur-
rent legislation oversight and its ethical challenges for the surgeon to consider. Poten-
tial changes of current oversight mechanisms and legislation and creating awareness
about the responsibilities of all involved parties to address current challenges to the
introduction of medical devices, could aid ethically sound introduction of medical
devices in surgery. In the end, improving quality of patient care should be ultimate
shared goal.
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