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Abstract
Successful translation of new and innovative medical products from concept to clinical use is a complex endeavor that requires 
understanding and overcoming a variety of challenges. In particular, regulatory pathways and processes are often unfamiliar 
to academic researchers and start-ups, and even larger companies. Growing evidence suggests that the successful transla-
tion of ideas to products requires collaboration and cooperation between clinicians, researchers, industry, and regulators. A 
multi-stakeholder group developed this review to enhance regulatory knowledge and thereby improve translational success 
for medical devices. Communication between and among stakeholders is identified as a critical factor. Current regulatory 
programs and processes to facilitate communication and translation of innovative devices are described and discussed. Case 
studies are used to highlight the importance of flexibility when considering evidence requirements. We provide a review 
of emerging strategies, opportunities, and best practices to increase the regulatory knowledge base and facilitate medical 
device translation by all stakeholders.
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Introduction

The translation of novel medical devices from discov-
ery through development, testing, and regulatory review, 
and finally to clinical use, is well known to contain a 
metaphorical “valley of death” in which products fail 
to advance from the development and testing phases to 
successful clinical use [1]. To bring new and innovative 
medical devices to market efficiently and effectively, a 
greater understanding of challenges faced and how to over-
come those challenges is needed. One area, for academic 
researchers, start-ups, and small companies in particular, 
is understanding the various regulatory processes that 
must be navigated before most products can be used in 
patients or commercially marketed [2–4]. A multi-stake-
holder group representing a cross-section of the medical 
device field, including clinicians, academic researchers, 
industry professionals, and regulators from the United 
States Food and Drug Administration (FDA), all of whom 
play critical roles in maintaining a vibrant and productive 
network for the development of medical devices, prepared 
this review of salient points and best practices toward a 
goal of increasing knowledge and advancing medical 
device translation through the regulatory process from 
concept to clinic [5].

Role of FDA Center for Devices 
and Radiological Health (CDRH)

As the FDA center responsible for the regulatory oversight 
of medical devices, CDRH plays a crucial role in facilitat-
ing device development by interacting with all stakeholder 
groups in the medical device ecosystem. CDRH activi-
ties relevant to improving translational processes include 
engaging with patients and the community to bring a prod-
uct to market, the work of the FDA Office of Science and 
Engineering Laboratories (OSEL), special considerations 
related to pediatric populations, the Breakthrough Devices 
Program, Early Feasibility Studies (EFS), Q-submissions, 
current initiatives related to National Evaluation System 
for health Technology (NEST) and real-world evidence 
(RWE), evolution of regulatory pathways, global harmo-
nization, and training.

Early engagement with key stakeholders including 
patients, clinicians, and payers is critical for regulatory 
and commercial success given the many pitfalls on the 
path from product concept to marketing, adoption, and 
reimbursement. In particular, patients are at the heart of 
CDRH activities and patient input, preference, and benefit-
risk decisions are important parts of product development 

and regulatory decision-making. Involvement of patient 
advocacy groups and FDA as part of a patient-caregiver 
collaborative community can provide expert input from the 
patient perspective, bring together key stakeholder groups 
to solve shared problems, and provide community-driven 
solutions that may be accepted by FDA [6]. Systems and 
solutions identified and developed by collaborative com-
munities are often designed not just for use by FDA, but 
also to meet the needs of industry and other stakehold-
ers such as patients, caregivers, healthcare providers, and 
payers. Communicating with FDA, innovation hubs, and 
regional consortiums throughout the development process 
builds connections to stakeholders who can help address 
various scientific and regulatory issues to accelerate 
innovation.

As new technologies are rapidly developed, FDA exper-
tise must also advance. To address this challenge, OSEL 
supports pre-market reviews and post-market surveillance 
requirements by engaging in practical research and problem 
solving, and developing tools to better assess and understand 
new and cross-cutting technologies. Research areas include 
in silico clinical trials that can be completed in days rather 
than years, identification of early biomarkers for age-related 
conditions, and additive manufacturing, among many others. 
Through OSEL, FDA can align common research interests 
and goals with academia and other partners and provide 
expertise and laboratory capabilities that can help enable 
optimal review of novel products.

The use of innovative regulatory pathways such as the 
Breakthrough Devices Program, Safer Technologies Pro-
gram (STeP), and EFS Program has rapidly expanded over 
time [7]. These programs and other efforts to de-risk the 
product development process for innovative technologies 
help attract investment and continue to drive innovative 
product development efforts in the USA. The Breakthrough 
Devices Program is intended to improve timely access to 
novel and innovative technologies that provide more effec-
tive treatment or diagnosis of a life-threatening or irrevers-
ibly debilitating disease or condition, often in areas of unmet 
clinical need, whereas STeP is intended for devices that do 
not meet the breakthrough criteria but still provide impor-
tant safety advantages over existing technologies [8]. Both 
programs offer opportunities to engage early and frequently 
with FDA. To consider the suitability of a device for the 
Breakthrough Program, the product design should be devel-
oped at least to the point of understanding specific risks and 
key performance characteristics. Additionally, the intended 
use, patient population to be treated, and existing treatment 
options should be known, along with information to support 
why the proposed treatment would be more effective than 
existing options. Demonstration of expected effectiveness 
could include clinical data, bench or animal data, or a sci-
entifically supported theoretical argument, depending on the 
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technology. At that point, one approach may be to reach out 
to the assistant director for the relevant review team at FDA 
and have a brief informal conversation to help determine if 
there is enough information for a more formal discussion 
and/or breakthrough designation request.

The Q-Submission process is a helpful and popular path-
way for communicating with FDA [9]. Gaining a clearer 
understanding of regulatory requirements early in the devel-
opment process can help de-risk the business aspects of 
projects, which can be especially important for small inno-
vators. A sponsor can share information and obtain FDA’s 
feedback on a particular question(s) to keep a product mov-
ing forward on the translational pathway. Q-Submissions, 
including Informational Meetings and Pre-Submissions, can 
be especially helpful for complex products such as indwell-
ing or implantable devices, new technology, or innovative 
non-clinical or clinical testing strategies. Very early in the 
development process, an Informational Meeting can help 
FDA gain a deeper understanding of new technology by 
providing an overview of the device and optionally demon-
strating a prototype; having an opportunity for FDA person-
nel to interact with a device in a hands-on environment, or 
in a video-conference setting, can be extremely beneficial. 
Working with an expert who understands the Q-Submission 
process and can provide guidance may help optimize the 
benefit of the program.

In addition to allowing more concrete feedback from 
FDA, Pre-Submissions also provide an opportunity to 
engage with both FDA and payors, including CMS and pri-
vate payors, together as part of the Early Payor Feedback 
Program [10]. A clinically successful device that makes it 
through the regulatory process can still fail to be integrated 
into medical practice if there is no or poor reimbursement. 
Therefore, it is often important to develop a reimbursement 
strategy early during product development and clinical plan-
ning. Including payors in a Pre-Submission meeting allows 
payors to consider and provide feedback on the type of clini-
cal evidence that could support payment for a technology 
(e.g., reasonable and necessary criteria for CMS) along with 
FDA feedback on clinical evidence that can potentially dem-
onstrate a reasonable assurance of safety and effectiveness.

Real-world evidence is an increasingly important concept 
to support device development and evaluation. Continuing 
improvements in infrastructure, data completeness, defini-
tions, and harmonization may provide increased opportuni-
ties for RWE to support regulatory and clinical decision-
making. FDA has identified numerous cases where RWE 
has been accepted to support pre-market authorizations and 
fulfill post-market requirements [11]. RWE can be leveraged 
not only to support regulatory decisions, but also to facili-
tate hypothesis generation or finding appropriate patients. 
When using RWE, it is important to understand not just the 
device and clinical space, but also the data source quality 

and the relevance and reliability of the data. NEST is work-
ing to help advance the use of RWE to support regulatory 
decision-making and has drafted data quality and methods 
frameworks. Discussing RWE use in advance with FDA, 
again potentially as part of a Pre-Submission, is highly 
encouraged.

The role of post-market surveillance has evolved over 
time beyond merely serving as a regulatory requirement to 
also helping answer important clinical questions that may 
not have been fully addressed in pre-market studies. For 
example, post-market surveillance offers an opportunity to 
fill in evidence gaps in the patient population being treated 
or to collect information on how a device could be used 
in a real-world setting. This multi-purpose use provides a 
potential role for patient registries or coordinated registry 
networks that in a total product lifecycle environment can 
then be used as RWE to support expanding a device indica-
tion and identify unmet clinical needs.

The mission of CDRH is not just to protect the public 
health, but also to promote the public health. This includes 
facilitating medical device innovation by advancing regu-
latory science and providing efficient regulatory pathways. 
The vision and values supporting this mission include being 
a leader in regulatory science and medical device innovation 
by challenging the status quo and testing and adopting new 
approaches to foster positive change and more effectively 
and efficiently accomplish the CDRH mission. As a future 
consideration to support innovation, additional flexibility 
could be considered in regulations to allow a more agile 
regulatory process; for example, leveraging of individual 
building blocks as appropriate to meet requirements. A risk-
based and least-burdensome approach would remain at the 
core, but regulatory processes may be tailored to a specific 
technology. This more agile approach could be particularly 
relevant for innovative, rapidly changing technologies, such 
as digital health, as well as small, underserved patient popu-
lations and rare diseases. As one example, the current eco-
system is not well-designed to support development of inno-
vative products for small and complex patient populations, 
such as pediatrics, due to high risks and limited investment 
incentives. As a result, physicians often must attempt to lev-
erage technology designed for adults for use in children. For 
devices designed to treat or diagnose a disease or condition 
that affects not more than 8000 individuals in the USA on 
an annual basis, the Humanitarian Device Exemption (HDE) 
program provides a regulatory pathway based on demonstra-
tion of safety and probable benefit, but there remain numer-
ous additional requirements tied to the program such as 
institutional review board (IRB) reviews, profit limitations, 
and other challenges that have limited widespread use of this 
pathway [12]. For larger patient populations, the pre-market 
approval (PMA) pathway may still be too difficult for pediat-
ric devices to be commercially viable. A hypothetical future 
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hybrid approach could envision a device coming to market 
with the HDE standard of safety and probable benefit, but 
without all of the currently associated requirements, and 
then developing additional evidence of a reasonable assur-
ance of safety and effectiveness (PMA standard) in a stream-
lined manner. While this approach would require changes to 
US law, it may ultimately provide a more effective pathway 
to market along with greater confidence in the technology.

Similarly, efforts are ongoing within the International 
Medical Device Regulators Forum (IMDRF) to develop 
globally harmonized essential principles for pre-market 
review, which could potentially be used as building blocks 
to support a multi-national single review program [13]. A 
number of challenges remain, including differences in the 
current US regulatory framework compared to many other 
regions and the need to ensure confidence in whichever enti-
ties would conduct pre-market review for a new technology. 
The Medical Device Single Audit Program provides one 
example of success for international harmonization [14]. 
An effective single review program that allows for near-
simultaneous entry of technology to multiple marketplaces 
could better drive innovation and boost global health.

Providing regulatory training to new scientists and engi-
neers is an important facet for maintaining a robust inno-
vation ecosystem for translation. Programs around medical 
device development provide an opportunity to walk trainees 
through the entire life cycle of a product, including regula-
tory components such as practical applications of regulatory 
science to develop and evaluate innovative technologies. Use 
cases, including those developed by FDA, can provide exam-
ples of how regulatory principles integrate into the medi-
cal device development process. Having students engaged 
in regulatory science working in the field with developers, 
FDA, and other stakeholders such as patients, providers, and 
payers would be a robust opportunity to develop skills and 
provide an investment for the future. Recent reports indicate 
a large gap is expected between the supply and demand for 

skilled regulatory professionals, highlighting the need for 
expanding educational opportunities and pathways [15]. It 
is hoped that ongoing discussions will serve to motivate fur-
ther development of regulatory-focused training programs 
for scientists, engineers, and other stakeholders.

Translational Pathways

Medical Device Development—from Academic 
Discovery to Regulatory Review to Patient Access

One starting point for device development is to consider the 
question: “How do we start with a breakthrough idea from 
an inventor’s mind and translate that idea to a product that 
actually reaches patients?” Three critical pieces are neces-
sary to be successful in medical device translation: people, 
processes, and product selection. Additionally, one of the 
biggest current challenges to success is the increasing cost 
of medical device development due to regulatory burdens, 
dilution of capital by project failures and inefficient man-
agement, and falling product prices and reimbursement. 
Together, these factors result in decreased margins for inno-
vation and drive the need to further optimize the pathway.

The first critical piece for success is people. Stakeholders 
that understand the medical device ecosystem and with the 
experience to provide leadership and knowledge on where 
to focus limited resources must be included. These leaders 
can assemble the right team of scientific experts, financial 
experts, clinicians, and supply chain necessary to guide 
development and source capital. Examples of collaborative 
efforts to develop this leadership within the translational 
ecosystem include the CTSIs, International Society of Car-
diovascular and Translational Research (ISCTR), standards 
organizations, and international harmonization efforts such 
as Harmonization By Doing (HBD).

Fig. 1  Components of an accelerated product development sequence; careful coordination can identify efficiencies and maximize parallel devel-
opment processes to achieve the most efficient path to market; figure used with permission from MED Institute, Inc
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The next piece is having the right processes in place to 
accelerate the product development stages (Fig. 1). A good 
process will eliminate wasted effort from inexperience and 
mistakes, carefully coordinate to identify efficiencies and 
avoid pitfalls, and accelerate development by maximizing 
parallel processes to achieve the most efficient project plan. 
Combining the right people with the right process leads to 
development of successful engineering, testing, clinical, and 
regulatory strategies. This includes developing strategies 
around user needs, test models, simulations, and acceptance 
criteria, and planning and performing bench and animal test-
ing. Developing a clinical and regulatory plan early, simul-
taneous with product development, allows feeding require-
ments and findings back into the development process to 
create a more efficient overall path.

The third piece for success is the product itself. The 
patient/clinical need comes first, and the best product is the 
one that best meets this need. Many great ideas do not pass 
this initial test, and trying to force a product to fit a need 
often ends in failure, regardless of how interesting or innova-
tive the technology. Adapting the intended use and claims for 
a product to best fit the available data and clinical results is 
one approach to consider. In addition to being scientifically 
feasible, a successful product must also be economically 
feasible and commercially viable. Product ideas and the 
pros and cons of different strategies (e.g., regulatory path, 
intellectual property arrangements, development costs, reim-
bursement and payor strategies) should be considered from 
this perspective. Products that meet these initial require-
ments still require long-term dedication to succeed from an 
idea to patient use.

Early Feasibility Studies—a First Step Into Clinical 
Studies

The EFS process provides opportunities for rapid and effi-
cient data collection to guide further product development 
activities [16]. These early studies can be integral to the 
device development process by obtaining insights into proof 
of concept related to various factors, including safety, per-
formance, usability, or identification of the optimal patient 
population, and may form the basis for further device itera-
tion and improvement. One benefit of EFS is the opportunity 
to enhance collaborations among all stakeholders, including 
developers, industry, investigators, and regulators.

Appropriate devices for EFS are those still in the devel-
opment stage where the design has not yet been finalized 
and further development or evaluation is not available or 
adequate via non-clinical testing. The EFS pathway may 
reduce delays to device access for patients with limited 
alternatives and help device developers better understand 
the underlying clinical condition and unmet clinical need. 
Devices may be used in a few patients followed by making 

modifications to the device and enrolling a few additional 
patients in an iterative process that can help refine device 
design. The EFS process is uniquely beneficial to first-in-
class therapies where innovators may have no choice but to 
extrapolate from animal studies to predict design require-
ments for human devices. Clinical data either allow confir-
mation of boundary conditions used during development or 
provide tangible data to guide iteration. Outcomes during the 
EFS phase also aid in designing a subsequent pivotal study. 
EFS are expected to incorporate risk mitigation strategies, 
monitoring, and informed consent that includes general and 
specific information for early feasibility studies.

A Pre-Submission to discuss strategy for an EFS can 
help ensure the EFS submission is complete and has the 
best chance of being approved in the first 30-day review as 
well as allowing FDA an opportunity to provide feedback 
on progressing toward an Investigational Device Exemption 
(IDE) pivotal study. Depending on the device and intended 
use, there may be flexibility in the level and timing of infor-
mation necessary to support an EFS. In some cases, a leaner 
testing approach may be adequate to initiate an EFS depend-
ing on the potential benefits and risks associated with the 
device and indications, but that could mean that more com-
prehensive studies may still need to be completed later (e.g., 
in parallel with or prior to initiating the pivotal study). The 
sponsor can consider if a staged approach is more efficient 
or if it may be preferred to perform a more rigorous study 
to start with.

Medical devices are often continually modified over time. 
As a result, the EFS process provides for facilitated review 
and approval of device or procedure modifications during 
the study. A concept of “contingent approval” can allow 
FDA to be interactive and work with sponsors to incorpo-
rate iterative changes into the clinical environment more 
quickly. For example, this approach may allow a sponsor to 
implement a device design or manufacturing change without 
prior FDA approval and with additional data provided later 
in the process, provided FDA prospectively concurs with the 
evaluation methods and acceptance criteria. A “just in time” 
testing approach focuses on completing the right test at the 
right time, which may include deferring some testing until 
after the device design is finalized.

The EFS process also provides the opportunity to involve 
regulators earlier so they can gain experience with a device 
during the development phase. Ideally, this leads to reach-
ing a consensus with sponsors about what data are needed 
to proceed through the clinical study phase, from a first-in-
human experience to a larger feasibility study to a pivotal 
trial leading to FDA approval. These discussions typically 
involve long-term strategic planning supported by initial 
safety and effectiveness evidence supporting clinical use of 
the device, and can entail frequent interactions during the 
IDE review itself. These issues may be intimidating for less 
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experienced device developers with academic backgrounds, 
and in addition to preliminary discussions with FDA it may 
be helpful to take advantage of industry-wide resources to 
facilitate these projects. For example, the Medical Device 
Innovation Consortium (MDIC) has an EFS initiative to 
achieve a 60/60/60 goal: FDA and IRB approval in the first 
60 days, site contract executed in the next 60 days, and 
patient enrollment within the next 60 days. As of 2021, the 
approval and enrollment goals are close, but there remain 
challenges with site contracting and budgeting [17]. There 
are also efforts to begin engaging more directly with patient 
advocacy groups and industry trade organizations to encour-
age the use of EFS in more disease and device areas.

The EFS process has become increasingly popular, with 
a doubling of IDEs for EFS over the last 7 years. There 
are now more than 200 EFS IDEs approved with more than 
2500 patients enrolled. As FDA has gained more experience, 
approximately 80% of EFS IDEs are now approved in the 
first review cycle. Future efforts include facilitating transi-
tions from EFS to pivotal studies, working closer with the 
Centers for Medicare & Medicaid Services (CMS) on EFS 
coverage decisions, continuing to advance synergies between 
the EFS and Breakthrough Device programs, and enhanc-
ing collaboration with all stakeholders to drive sustainable 
growth in EFS.

EFS-type programs are also being considered outside 
the USA, for example, in Japan, through initiatives such as 
Harmonization By Doing [18]. Although Japan does not 
have a formal EFS program, there are opportunities to have 
consultations with the Japan Pharmaceuticals and Medical 
Devices Agency (PMDA) to discuss early phase clinical 
research opportunities. While the start-up culture is different 
in Japan compared to the USA, there are many opportunities 
for development of novel products through academic centers 
and openness within PMDA to discuss regulatory and clini-
cal pathways for initiating clinical studies, particularly for 
clinical strategies that include a non-Japanese component.

Medical Device Development—Building 
a Productive Innovation Ecosystem Through 
De‑risking

A primary step toward building a productive innovation 
ecosystem is to enable de-risking the product develop-
ment process to the extent possible. This applies not just 
to product technical factors, but just as importantly to non-
technical factors such as regulatory pathway, reimburse-
ment, intellectual property coverage, and existence of an 
addressable market. Continuing funding challenges due to 
regulatory requirements and market uncertainties threaten 
to stall a product’s advancement from development to com-
mercialization. Hence, regulatory de-risking is critical, and 
the regulatory path must be determined early; a great idea 

without a good regulatory path will not succeed. Additional 
de-risking from a payer perspective is also a necessity for 
long-term success.

De-risking can also enhance the likelihood of success for 
a start-up engaging with a large company; differences in 
culture, standards, expertise, and risk tolerance may be a 
source of friction in partnerships when risk is often shared. 
Often, there is not a high level of interest in acquisition until 
the product is near or at the end of development, e.g., in a 
pivotal trial or even ready to go to market. Higher risk may 
be acceptable for truly novel technologies that can clearly 
differentiate and be considered superior to products avail-
able on the market; the greater potential benefit allows for a 
greater potential risk.

Another important aspect of de-risking is having adequate 
supporting resources available such as innovation communi-
ties and a start-up environment infrastructure that includes 
maker space, office space, mentorship, and a venture studio 
model. As one example, the Indiana CTSI, including Purdue 
University, Indiana University, and the University of Notre 
Dame, has established Think Tanks to provide feedback and 
advice to academic innovators at various stages of drug and 
device development to help further de-risk the development 
process and drive advancements [19].

Pediatric Medical Devices

Recommended best practices for development of pediatric 
devices, case studies describing clinical and regulatory path-
ways to support pediatric indications, and FDA programs 
to promote and encourage development and marketing of 
pediatric devices are discussed in this section. Pediatric 
patients are defined in the Federal Food, Drug, and Cosmetic 
(FD&C) Act (Sect. 520(m)(6)(E)(i)) as persons aged 21 or 
younger at the time of their diagnosis or treatment; pediatric 
subpopulations for medical devices are neonates (from birth 
through the first 28 days of life), infants (29 days to less than 
2 years), children (2 years to less than 12 years), and adoles-
cents (aged 12 through 21, up to but not including the 22nd 
birthday). The development of a pediatric medical device 
from conception through regulatory approval can be con-
sidered through four key phases of development, namely (1) 
understanding the relationship between pediatric and adult 
pathology, (2) analysis, (3) iteration, and (4) testing. Details 
for each phase are provided in Table 1.

Due to the small size of many pediatric disease popu-
lations, the Humanitarian Device Exemption (HDE) pro-
gram is one regulatory pathway sometimes considered for 
pediatric devices as it requires that a device must exhibit 
safety and probable benefit, but is exempt from the effective-
ness requirements of Sects. 514 and 515 of the FD&C Act, 
if certain criteria are met [20]. Table 2 provides a further 
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Table 1  Key phases of development for a pediatric medical device

Phase of pediatric device development Consideration within each phase

Understand the relationship between 
pediatric and adult pathology

In some cases, the pediatric variant of a disease may be similar enough to the adult version that pursuing 
the adult market first can be the more effective path to initially bring the device to market and make it 
available for physician use

Experience in adults can be leveraged to support pediatric use
Analysis Study the problem in extraordinary detail to identify as many variables as possible that are contributing 

to the pathology
Use this knowledge to develop design requirements and come up with a blueprint for the device; capture 

this information to help support intellectual property
Consider how these different variables can cause different clinical hazards, considering the wide vari-

ability of pathology in children
Iteration Start with prototype, test it, analyze failure, modify prototype to mitigate failure mode, continue the 

iterative process until design requirements are achieved
Working through various failure modes, and coming up with new designs, can demonstrate the robust-

ness of and rationale for the final design
Continuing to iterate the device design also helps define clinically relevant boundary conditions to 

apply when testing the device; this can be particularly difficult in pediatrics due to the variability from 
patient to patient

Testing Identifying when to freeze the design and move into testing is a critical step
Testing involves bench testing, animal testing, and eventually clinical testing
At some point, further development or evaluation via non-clinical testing is limited and clinical evidence 

is necessary to move forward; the EFS program can help quickly identify necessary design modifica-
tions that could not be identified from non-clinical testing

Table 2  Comparison of HDE, PMA, and De Novo Classification Request

a Prior to submitting an HDE application, an applicant must first obtain Humanitarian Use Device (HUD) Designation for the device from the 
FDA’s Office of Orphan Products Development
b Other than another HUD approved under an HDE or a device under an approved IDE
c Only certain HDE-approved devices can be sold for a profit, as discussed in Sect. 520(m)(6)(A)(i) of the FD&C Act
d The De Novo Classification Process provides a path to market for novel devices for which general controls or general and special controls are 
adequate to provide a reasonable assurance of safety and effectiveness for the intended use, but for which there is no legally marketed predicate 
device. In addition to providing marketing authorization, this process classifies the device into Class I or II and creates a new classification regu-
lation, and the device may be used as a predicate device for future 510(k) submissions as appropriate [21]

HDE PMA or De Novo Classification  Requestd

Indication for use Proposed by applicant but based on HUD  designationa Proposed by applicant
Safety Will not expose patients to an unreasonable or significant 

risk of illness or injury
Reasonable assurance of safety

Effectiveness Demonstration of probable benefit; exempt from demon-
strating a reasonable assurance of effectiveness

Reasonable assurance of effectiveness

Patient population size  ≤ 8000 per year in the USA No limit
Comparable devices Must be no comparable legally marketed 510(k), De Novo, 

or PMA device to treat or diagnose such disease or 
 conditionb

No limit for PMA; for De Novo, must be no legally mar-
keted predicate device

User fee No Yes
FDA review time 75 days 180 days for PMA (if no panel meeting); 150 days for De 

Novo
IRB oversight for use May only be used at facilities with IRB or appropriate local 

committee oversight and approval
No

Profit restrictions Yesc No
Eligible for break-

through device 
program

No Yes
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comparison of the HDE, Premarket Approval (PMA), and 
De Novo Classification Request programs. As mentioned 
previously, there are limitations with the HDE Program 
such as restrictions on patient population size, need for IRB 
approval, and other requirements. However, the HDE Pro-
gram also includes monitoring of the benefit-risk profile of 
an approved device in the post-market setting with additional 
requirements such as oversight by an IRB or appropriate 
local committee, and annual review of safety signals with 
FDA’s Pediatric Advisory Committee.

Leveraging or extrapolating adult data to support pediat-
ric use may be a relevant strategy when the disease course 
or condition and the effects of the device are sufficiently 
similar in adults and pediatric patients, and the existing data 
are determined to be valid scientific evidence [22]. If there 
are different risks or adverse events expected for a pediatric 
population, FDA may request supplemental clinical data to 
support safety in the pediatric setting. Additionally, pediatric 
populations are heterogenous and comprised of numerous 
sub-populations with many factors to consider (e.g., differ-
ences in disease presentation, severity, and impact across 
different life stages) to appropriately leverage data from 
adults to pediatrics or from one pediatric sub-population 
to another.

The concept of pre- and post-market balance considers 
shifting some of the evidence requirements to the post-mar-
ket phase to accept a greater degree of pre-market uncer-
tainty if this uncertainty is sufficiently balanced by other 
factors, including the probable benefits of the device and the 
extent of post-market controls. In some cases, the probable 
benefit of having earlier access to a particular device out-
weighs the associated risks because there may be no alter-
natives available. Both pre-market and post-market studies 
should be properly designed to be small enough to complete, 
yet impactful enough to collect the necessary information to 
support approval and clinical use.

Cases studies described in Table 3 illustrate some of the 
points discussed above, particularly the potential for leverag-
ing data from one patient population to another.

Three case studies of pediatric orthopedic devices high-
lighted the importance of flexibility in the development 
and review of pediatric devices and the different marketing 
pathways available in the USA. These cases and the lessons 
learned are described in Table 4. One clear message is that 
it is important to maintain good communication with FDA 
throughout the device life cycle, from early development to 
post-market.

In some cases, FDA has encouraged companies to con-
sider an HDE as a stepping stone while continuing to work 
toward a PMA or De Novo submission. As two examples, 
the Berlin Heart EXCOR® device and the Medtronic Mel-
ody™ Valve both started with small studies to support safety 
and probable benefit for an HDE. Additional studies were 

then designed with input from FDA and data collected via 
post-approval requirements and other data collection path-
ways to support safety and effectiveness for a PMA [23, 
24]. Similar efforts are underway in the orthopedic space. 
This more holistic milestone-based approach to establish-
ing a reasonable assurance of safety and effectiveness can 
make these important devices available to patients sooner. 
In addition, there may be a more favorable reimbursement 
process for devices that continue down a more traditional 
regulatory pathway.

HDE devices require approval by an IRB or an appro-
priate local committee prior to use. This requirement is 
intended to provide additional oversight and ensure insti-
tutions are aware of what data are available since these 
devices, by definition, may not yet have established a reason-
able assurance of effectiveness. One long-time IRB member 
shared that in their experience this function of the IRB does 
not add value and wondered if this HDE requirement should 
be eliminated as it may serve as a barrier to use of HDE 
devices. There has also often been confusion from the hospi-
tal side about the purpose and requirement of IRB oversight. 
The process can be particularly confusing for hospitals when 
there is also an FDA-mandated post-approval study required 
as a condition of HDE approval, resulting in separate IRB 
approvals—one simply to use the device and a second for 
the post-market clinical study. One option to consider is a 
central IRB rather than multiple local IRBs. Initiatives to 
further educate IRBs on HDEs and the purpose and pro-
cess of their reviews could also be helpful. However, it was 
also noted that from a non-FDA perspective, the IRB review 
process for HDEs may not be fulfilling the original intent of 
the requirement and alternative approaches may be worth 
considering. The different stakeholders agreed this is an 
important issue and should be further examined, and could 
possibly be discussed as part of the next Medical Device 
User Fee Amendments (MDUFA) reauthorization process.

How to best leverage existing partnerships to gener-
ate innovation related to pediatric devices is an important 
consideration. Within Indiana there is a recent alliance 
focused on pediatrics between the Weldon School of Bio-
medical Engineering at Purdue, Riley Hospital for Chil-
dren, and Cook Medical to leverage complementary exper-
tise and build synergies. Also, the IU School of Medicine 
in collaboration with Purdue Biomedical Engineering has 
a robust MD/PhD program that is a strong resource to 
develop pediatric devices. In early medical school train-
ing, a student can identify a clinical need in collaboration 
with Riley, start working at Purdue on a technical solution 
during their PhD, and then continue collaborating with 
Cook to help mature the technology and consider what 
clinical data are necessary while completing their MD. 
Keeping momentum going and building on different exper-
tise throughout the process will be important. A similar 
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program is in place at the University of Minnesota as part 
of a local pediatric consortium and Earl Bakken fellows 
program [25]. A limited number of FDA-funded pediatric 
consortia also act as hubs located around pediatric medi-
cal centers of excellence to provide support and assistance 
for multiple pediatric device projects during all stages of 
development [26].

Incentives or mandates could be considered to help accel-
erate or encourage pediatric device development, similar to 
what occurs with drugs for pediatric use. However, one key 
difference out of many between drug and device develop-
ment is that the active ingredient in a drug is the same for 
adults and children. On the device side, a total redesign 
may be needed for pediatric use, resulting in a very dif-
ferent device to treat adults compared to children, which 
would make any sort of mandate a difficult concept to con-
sider. However, evaluating pediatric needs when starting to 
develop a device for adults remains a critical concept, and 
FDA encourages sponsors to consider this as part of a mar-
keting submission. It is also important to remember there 
are multiple potential pathways by which clinical evidence 
can support a submission to FDA. Different programs and 
tools are available for pediatric drugs and devices and these 
should continue to be improved and better utilized to move 
the development of pediatric devices forward.

Diagnostic Devices, IVDs, and Disease 
Detection

Academic researchers and start-ups in the diagnostics space 
often have a lack of understanding around when and how to 
reach out to FDA. This was highlighted during the COVID-
19 pandemic when numerous academic researchers and pri-
vate start-ups with extremely limited regulatory background 
rapidly entered the diagnostics space. Good communication 
with FDA is key and there is no differentiation in FDA’s 
willingness to work with small start-ups, academics, or large 
companies. Some FDA communication pathways and pro-
grams applicable to all devices, not just diagnostics, include 
the following:

• Q-submission Program that provides various mechanisms 
for interacting with FDA, including receiving feedback 
prior to an intended premarket submission

• Breakthrough Devices program to help encourage and 
speed novel device development

• FDA’s Division of Industry and Consumer Education 
(DICE) can provide technical and regulatory assistance, 
help answer questions, and provide direction, particularly 
for small businesses and academic and research organiza-
tions

In addition to considering when and how to commu-
nicate with FDA, it is also important to have regulatory 
scientists involved very early in diagnostics develop-
ment to help guide the intended use and indications for 
use. The intended use should be clearly defined and can 
strongly influence the regulatory path and consequently 
the design and development of the test or device. This 
decision drives what analytical testing needs to be per-
formed and what clinical testing should be considered. 
Understanding how the result or outcome from the test 
will be used clinically is also a key factor in determining 
the appropriate intended use. One theoretical example con-
siders a carcinoembryonic antigen (CEA) test with a very 
general use “to measure CEA” compared to a more specific 
use “to measure CEA to monitor and aid in the diagnosis 
of a potential metastasis”; these two uses could lead to 
different regulatory paths and test requirements. While 
the general use would only require evidence of accurate 
CEA measurement, the specific use would require more 
extensive evidence to support that this measure can also be 
used for diagnosis; the diagnosis component could result 
in a higher classification due to increased risk around 
misdiagnosis.

Of particular importance to the diagnostics industry is 
that there be rigorous and scientifically sound data, testing, 
and documentation to support a technology. Additionally, 
manufacturability and scale-up can be vital considerations 
that are sometimes overlooked. For example, molecular 
assays to detect COVID-19 were developed in parallel to the 
manufacturing process rather than sequentially, resulting in 
numerous manufacturing challenges and increased risk that 
was necessary due to the time-critical situation.

Another industry challenge is the development and evalu-
ation of novel diagnostic tests that do not have a clear predi-
cate to successfully use the 510(k) process. In this case, a 
sponsor could consider a Pre-Submission to initiate conver-
sation with FDA. The submission typically provides details 
of the device and how it will be validated, followed by spe-
cific questions to FDA about the proposed testing. Particular 
development steps will depend on the device, what it does, 
and how it can be validated, but in general it is helpful to 
include some way to compare to a reference standard, ref-
erence device, or reference test. FDA remains very open 
and willing to work with test developers on advancing novel 
technologies.

The integration of smartphones and similar devices into 
the performance, interpretation, or reporting of a diagnostic 
test is a topic of high interest. Understanding the regulation 
of these products can be challenging and specific examples 
or questions can be discussed with FDA to obtain feedback 
on the topic, if not identified in a final guidance document. 
One hypothetical example provided in Fig. 2 considers some 
of the decision points for an ancillary device or app that 
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receives readings from a sensor; additional examples are 
included in FDA guidance [27].

COVID-19 has catalyzed changes in development, regula-
tory, and clinical activities related to diagnostic devices, and 
some of these changes may be carried forward beyond the 
pandemic. For example, there is increased demand for test-
ing in non-traditional settings, such as self-testing at home, 
and continuing innovation in this space may result in low-
priced over-the-counter test kits for in-home testing for vari-
ous diseases far beyond just COVID-19. This will provide 
new opportunities for improving patient care and disease 
management and promoting health. While the compressed 
pace of test development from years to just months is not 
expected to become standard, there are opportunities to 
improve efficiencies and accelerate the traditionally slower 
pace of development. These include an increased awareness 
to be proactive, considering alternative approaches through-
out the development process, and potentially accepting a 
higher level of risk tolerance during development such as 
performing steps concurrently rather than sequentially.

Increased access to FDA’s current thinking via guidance 
or Pre-Submission feedback has allowed industry to effec-
tively develop new products and move products efficiently 
through the regulatory review process. Weekly open town-
hall meetings offered by the Office of In Vitro Diagnostics 
and Radiological Health to discuss COVID-19 test devel-
opment have been valuable and there is consideration to 
continue offering some sort of similar forum on a regular 

basis (e.g., monthly). For new technologies that FDA real-
izes may be particularly important to public health, there 
is an effort to develop draft recommendations (e.g., rapid 
tests for COVID-19 diagnosis). Additionally, FDA submis-
sion templates for various technologies have helped clarify 
regulatory expectations, especially for new developers. FDA 
submission templates may continue to be developed, particu-
larly for common technologies, to help democratize access.

Digital Health and Wearable Devices

The beginning of this section describes recent FDA initia-
tives involving digital health, shares recent FDA authori-
zations for digital health products including orthopedic 
products, and provides a look at the future of the digital 
health field. Digital health can be viewed as the convergence 
of connectivity, data, and computing power for healthcare 
and related uses across the life of an individual or a patient. 
Equally, digital technologies can help consumers make 
informed decisions, enable moving care from the traditional 
care setting such as a clinic to the patient, and facilitate bet-
ter understanding of patient behavior and physiology to help 
prevent disease or change the course of disease via earlier 
and smaller interventions. FDA has expectations for different 
aspects of digital health technologies, including when used 
as a medical product, incorporated into a medical product, 
used to develop or study a medical product, and when used 

Fig. 2  Hypothetical regulation of ancillary device or app
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as a companion or adjunct to a medical product. FDA’s goal 
continues to be to enhance patients’ access to high-quality, 
safe, and effective digital health products; this should be 
accomplished in a least burdensome manner while continu-
ing to provide a reasonable assurance of safety and effective-
ness in a field with a rapidly evolving pace of development. 
Within the FDA Digital Health Center of Excellence, the 
goal is to empower digital health stakeholders to advance 
healthcare by fostering responsible and high-quality digital 
health innovation. This is a broader focus on responsible 
innovation, not just regulations, and includes connecting and 
building partnerships to accelerate digital health advance-
ments and sharing knowledge to increase awareness and 
advance best practices, in addition to pursuing innovative 
regulatory approaches. There are a number of focus areas 
within the Center that span the total product lifecycle. In 
particular, interoperability and cybersecurity are becoming 
increasingly important to consider.

Consumer technology has continued to move into the 
medical area as technology used in day-to-day life becomes 
part of healthcare, leading to the development of novel and 
innovative products. We should understand and have appro-
priate expectations for bringing these products to market 
when they are used for preventing, mitigating, diagnosing, 
or curing disease. One initial factor to evaluate when con-
sidering FDA regulation of a digital health technology is the 
benefit and risk profile. This assessment can help determine 
how or if the product will be regulated. Recent products 
include electronics that provide augmented reality as well 
as novel therapeutic technologies. Looking ahead to com-
ing products, technologies such as energy harvesting are 
being connected with sensors to provide a holistic real-time 
view of an individual’s physiology. Based on the evolution 
of these products, as a community of academia, govern-
ment organizations, device manufacturers, small start-ups, 
regulatory affairs professionals, clinicians, patients, and the 
general public, we should think about how to prepare for a 
digital revolution in healthcare.

Digital health technologies undergo rapid development, 
iteration, and innovation compared to traditional medi-
cal devices, resulting in a potentially exponential increase 
in submission volume as a result. The current regulatory 
paradigm may not be fit for purpose in this space and a 
more holistic ongoing and continuous oversight approach 
that depends upon not just the product, but also the manu-
facturer/developer and how the product is performing in 
the marketplace, may be appropriate. At the core of this 
thinking are principles of patient safety, product quality, 
clinical responsibility, cybersecurity responsibility, and a 
proactive culture. A pre-certification concept of excellence 
appraisal, review pathway determination, streamlined 
pre-market review process, and real-world performance 
has been used to develop a working model with artificial 

intelligence (AI) and machine learning (ML) as a use case 
to test this program. FDA received many comments and 
published a plan in January 2021 for moving forward in 
a total product lifecycle approach rather than an episodic 
manner [28]. The plan includes many aspects specifi-
cally intended to facilitate the appropriate development 
of devices incorporating AI/ML, including the potential 
for a “pre-determined change control plan” that would per-
mit iterative changes to device algorithms after marketing. 
The plan also calls for additional public engagement and 
partnerships with stakeholders in this space, as recently 
evidenced by the joint development and publication of 
guiding principles for Good Machine Learning Practices 
(GMLP) by regulators in the USA, Canada, and the UK 
[29].

In many cases, digital health products may already be 
outdated as soon as they are approved or cleared because of 
iterative changes that continue to be developed. The concept 
of having a pre-determined change control plan could allow 
a company to work with FDA on discussing how a prod-
uct or algorithm may evolve over time and what guardrails 
should be in place to allow a more agile regulatory frame-
work that will continue to allow these products on the market 
for patients while also continuing to provide a reasonable 
assurance of safety and effectiveness. Within FDA there are 
ongoing conversations across offices (e.g., Digital Health 
Center of Excellence, Office of Science and Engineering 
Labs, Offices of Health Technology) to develop best prac-
tices and ensure consistency in reviews and feedback.

The following case study provides an example industry 
experience bringing a digital technology to market. Many 
digital products started as consumer wellness products and 
have transitioned over time into medical products. In many 
cases, the claims or intended use for the product determines 
if it is a general wellness product or a medical device, e.g., 
measuring heart rate for exercise feedback vs. to detect brad-
ycardia. This case study, described in Fig. 3, reviewed the 
use of digital technologies to enhance the role of a stetho-
scope as a cardiac screening tool. As a result, algorithms to 
diagnose irregular heart sounds have been cleared through 
the 510(k) process and deployed via apps into the market 
[30]. The technology also enables remote examination and 
sharing of information with other healthcare providers.

Additional algorithms can be developed by leveraging the 
vast amount of information collected from digital devices. 
For example, low ejection fraction is currently measured and 
diagnosed by an echocardiogram and is undetectable by a 
traditional electrocardiogram (ECG). However, by analyzing 
a very large number of concurrent ECG and echocardio-
gram measurements, an algorithm can be built as a screen-
ing tool to allow a single lead ECG to predict who should 
undergo further testing for low ejection fraction [31]. This 
development of software as a medical device has received 
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breakthrough designation with FDA to help bring the tech-
nology to market.

During clinical trials of digital health products, there are 
often questions around making and documenting changes 
to the technology being studied. Traditionally, the pre-
ferred approach in clinical trials has been to minimize any 
changes once a study has been initiated. However, this is 
not always possible for digital health; e.g., there may be 
software changes that occur over time. Starting with a risk-
based assessment and considering the potential impact of a 
change on the study endpoints continues to be appropriate. 
Changes to critical aspects of a product, unless absolutely 
necessary, are not desirable, but changes that would not be 
expected to impact endpoints may be reasonable. Documen-
tation is important to explain and justify how the change 

will be managed and/or why the change will not affect the 
results of the study.

An important consideration when developing new tech-
nologies of any sort, and in particular digital technologies 
and artificial intelligence that often interact directly with 
the patient, is how users and/or patients will interact with 
and benefit from the product. Industry should focus on iden-
tifying and meeting user needs and considering usability 
and value of the product to the user throughout the develop-
ment process. As one example, considering how a product 
fits within the current workflow to make transition to the 
technology as seamless, intuitive, and user-friendly as pos-
sible is an important consideration for digital stethoscope 
technology. Involving users throughout product development 
can help achieve this objective. Continuing to engage and 

Fig. 3  Example of digital health 
technology to enhance patient 
care
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train physicians and patients on use of new technology is 
also important, and providing education around upcoming 
new developments in the digital health space will increase 
acceptance.

Having hands-on demonstrations and discussions of 
novel digital health technologies with FDA can also be very 
helpful. Bringing FDA experts together with product devel-
opers and end users may enable FDA to achieve a greater 
understanding of the technology and function of the device; 
how it fits in clinical practice, relevant patient-reported out-
comes, and patient preferences; and what the benefits and 
risks may be when compared to only a paper-based review. 
This interactive process can lead to a more effective and effi-
cient overall review process for a product, and the enhanced 
communication is beneficial for many novel products, not 
just those in digital health.

The Pressing Need for Enhanced 
Communication

Throughout this review, there is a consistent emphasis on 
the critical importance of communication with FDA. One 
initial barrier for many academics and small start-ups is 
simply knowing how and when to initiate contact. FDA 
encourages early communication through the Q-Submission 
process, both via Informational Meetings to start a general 
dialog with FDA regarding technology under development 
to ensure the technology is sufficiently well-understood, and 
via Pre-Submissions to obtain FDA feedback on specific reg-
ulatory and technical questions to guide device development 
and strategic planning. FDA feedback can also be obtained 
less formally via email, either from the relevant review team 
or from the Office of Communication and Education’s Divi-
sion of Industry and Consumer Education regarding general 
questions about medical device regulation. Within digital 
health specifically, many questions relate to if a technology 
falls under FDA regulation or not and the Digital Health 
Center of Excellence will try to provide feedback if similar 
technologies have or have not been regulated. In some Pre-
Submission discussions, FDA may be able to provide feed-
back regarding potential predicates for the 510(k) pathway 
or discuss the appropriateness of the De Novo pathway to 
market for a particular device. FDA has internal discussions 
across offices around new and upcoming technologies to 
help identify best practices and provide consistent and effec-
tive feedback to innovators. In emerging fields, there will be 
a need for FDA, industry, and innovators to learn together, 
and clear communication from all parties is necessary.

The question of how early to engage with FDA was 
also considered. While there remains variability in pre-
ferred approaches, some potential prerequisites to con-
sider for a productive Pre-Submission discussion include 

understanding the device, the intended use, the patient 
population and clinical setting, and the relative benefits 
and risks, as well as having a basic strategy for evaluating 
the device. While some innovators may feel they are not 
ready for a full Pre-Submission early in the development 
stage, if a question is too complex for an informal email 
or query, it is important to consider that Pre-Submissions 
can be narrowly focused on a single topic.

For new start-ups and small companies in particular, 
there can be many unknowns around how and when to 
start interacting with FDA and, in some cases, a persistent 
fear of sharing information, especially information regard-
ing early prototype failures. From FDA’s perspective, it is 
often helpful to understand the history of development of 
a device, such as understanding previous failures, itera-
tions, and improvements, which demonstrate the robust-
ness of risk assessment and the current design. Similar to 
device developers, FDA is excited and interested to see 
novel devices brought forward to help patients and there 
is no need to fear sharing information.

By the same token, FDA also recognizes the value in 
broader proactive communication with the medical device 
ecosystem to demystify the regulatory process and gain 
further insight into device evaluation and access consid-
erations. For example, FDA regularly convenes public 
advisory committee meetings to gain external expert rec-
ommendations on how to address new questions of safety 
and effectiveness as they arise, either as part of specific 
file reviews or to more generally inform the device evalu-
ation landscape in a given topic area. FDA also convenes 
workshops during which FDA along with other stakehold-
ers can discuss potential best practices in a given technical 
area, and routinely participates in scientific and clinical 
symposia to maintain currency in these fields. This multi-
faced approach to engagement supports FDA’s mission to 
enhance the development of novel devices via collabora-
tion and mutual learning.

In conclusion, collaboration and cooperation between 
clinicians, researchers, industry, and regulators is impor-
tant for successful translation of laboratory and clinical 
observations and ideas into products and interventions that 
improve patient and public health. The criticality of good 
communication includes not only early and often communi-
cation with FDA, but also with patients, end-users, and other 
stakeholders. Numerous regulatory programs and processes 
are in place or being developed to help facilitate communi-
cation and translation of innovative products including the 
Pre-Submission, Breakthrough Devices, and Early Feasibil-
ity Study programs. Flexibility is an important consideration 
as evidence requirements may vary dependent upon technol-
ogy, the benefit-risk ratio, and what is best for the patient. By 
sharing this review, we hope to highlight current strategies, 
opportunities, and best practices and thereby increase the 
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regulatory knowledge base for all stakeholders as one step 
toward improving medical product translation.
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