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“Knowing is not enough; we must apply. 
Willing is not enough; we must do.” 

—Goethe

Advising the Nation. Improving Health.
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Preface

The vast majority of the medical devices used in health care in the 
United States that are reviewed by the US Food and Drug Admin-
istration (FDA) before entering the marketplace are cleared (not 

approved) for human use in a process called premarket notification, or the 
510(k) clearance process, named after Section 510(k) of the authorizing 
legislation passed by Congress in 1976. Stimulated by reports of problems 
with several 510(k)-cleared devices, the public, legislators, the Government 
Accountability Office, the Department of Health and Human Services Of-
fice of the Inspector General, and the courts, including the Supreme Court, 
have all questioned the logic and value of the 510(k) clearance process be-
ing used by a federal agency charged with responsibility for protecting and 
promoting the public’s health. After 35 years, at a time of rapidly changing 
science and technology, questions persist about whether the 510(k) process 
is protecting and promoting the public’s health. Thus, the FDA asked the 
Institute of Medicine (IOM) to evaluate the 510(k) clearance process and to 
make recommendations aimed at protecting the health of the public while 
preserving the legitimate interests of industry and patients by making avail-
able a mechanism to achieve timely access of medical devices to the market.

The committee determined that it could not evaluate the 510(k) clear-
ance process for bringing devices to market in isolation; it was necessary to 
understand the full spectrum of devices reviewed by the FDA—from the sim-
plest tongue depressor to the most complex implantable devices. The 510(k) 
clearance process, the mechanism used for premarket review of most Class 
II devices, is embedded in the vast middle. In reviewing the legislative and 
regulatory history of the 510(k) program, the committee found that it was 
designed in 1976 to provide only a determination of the substantial equiva-
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lence of a new device to an already marketed (predicate) device; it was not 
designed to determine whether a new device provides a reasonable assurance 
of safety and effectiveness or whether it promotes innovation. That finding 
complicated the committee’s work in that the FDA, in the charge to the com-
mittee, stated that the goals of the 510(k) clearance process are to “make 
available to consumers devices that are safe and effective” and to “promote 
innovation in the medical device industry.” The committee struggled with how 
to address the conflict between the legislative framework of the program and 
the FDA’s stated goals.

The report lays out the committee’s rationale and approach for address-
ing this conflict and provides recommendations to the FDA that it believes 
will result in an improved regulatory system for bringing Class II medical 
devices to market. The recommendations are focused on strengthening the 
science base needed to make better-informed regulatory decisions and on 
giving the FDA the tools that it needs to identify and remove problematic de-
vices from the market. The committee believes that taking the recommended 
steps will generate the information needed to design a robust regulatory 
framework for Class II devices. The new framework would increase the 
public’s confidence that safe and effective medical devices are being made 
available in a timely manner.  

Because of the high visibility of concerns about the 510(k) clearance 
process, the FDA has undertaken its own internal study in parallel with 
the IOM study to determine how the process might be improved within the 
FDA’s existing legislative authorities. Although IOM was not specifically 
charged with weighing in on or critiquing the FDA’s recommendations, the 
committee did use the FDA’s data and analyses in reaching its own conclu-
sions and recommendations.
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1

Summary

Prior to the Medical Device Amendments (MDA) of 1976, medical de-
vices generally had not undergone premarket review by the US Food 
and Drug Administration (FDA). The MDA created three classes of 

device types on the basis of the risks posed and the ability of postmarket 
controls to manage them (see Box S-1). Each device type includes a number 
of devices. As originally contemplated, the high-risk category (Class III) 
would require FDA review and approval, through the premarket approval 
(PMA) process, before a device could be marketed. The moderate-risk and 
low-risk categories (Class II and Class I, respectively) would not require 
as rigorous a review. Rather, device manufacturers would be required to 
notify the FDA at least 90 days before they marketed such a device. This 
premarket-notification requirement was contained in Section 510(k) of 
the Federal Food, Drug, and Cosmetic Act and is commonly referred to as 
510(k) notification or 510(k) clearance.

A device not on the market at the time of the enactment of the MDA 
(a “postamendment” device) would be required to demonstrate through a 
510(k) notification that it was “substantially equivalent” to a “preamend-
ment” device and, for Class II devices, complied with the applicable perfor-
mance standard promulgated by the FDA. If the new device were substan-
tially equivalent, it would be classified in the same class, and cleared for 
marketing subject to the same terms and conditions, as that preamendment 
device (for example, conformance to a performance standard). Postamend-
ment devices that were not substantially equivalent to any preamendment 
device would be automatically placed in Class III and would require either 
PMA or reclassification by the FDA to Class I or Class II to enter the market. 
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The Safe Medical Devices Act (SMDA) of 1990 permitted substantial 
equivalence to be established to marketed postamendment, in addition to 
preamendment, “predicate” devices, except for devices approved by PMA. 
Congress’s interpretation of substantial equivalence, as stated in the SMDA, 
is shown in Box S-2. The SMDA also gave the FDA authority to impose 

BOX S‑1 
The Three Device Classes

•	 �Class I devices are those for which the general regulatory controls 
should be sufficient to provide reasonable assurance of safety and 
effectiveness. Class I may also include any device on which there 
is insufficient information to judge the adequacy of the controls but 
that is not represented to be for use in supporting or sustaining hu-
man life (or preventing impairment to health) and does not present 
an unreasonable risk of illness or injury.

•	 �Class II devices are those that cannot be classified into Class I, 
because general controls are not sufficient by themselves to provide 
reasonable assurance of safety and effectiveness, but on which there 
is sufficient information to establish a special control to provide rea-
sonable assurance. Originally, Class II called solely for performance 
standards. A performance standard might include provisions regard-
ing the construction, components, ingredients, and properties of the 
device and its comparability with power systems; provisions for the 
testing of the device to ensure conformity to the standard; provisions 
for measurement of performance characteristics of the device; provi-
sions making the device a “restricted device”; and special labeling 
requirements related to the installation, maintenance, operation, 
and use of the device. Since 1990, Class II devices have been sub-
ject to special controls, which may include performance standards, 
guidelines for the submission of clinical data in premarket notification 
submissions in accordance with Section 510(k), and other controls, 
such as compliance with an FDA guidance document.

•	 �Class III devices are those that are represented for use in support-
ing or sustaining life (or preventing impairment of health) or create a 
potentially unreasonable risk of illness or injury, but which cannot be 
classified into Class I or Class II, because the general controls are 
inadequate to give reasonable assurance of safety and effectiveness 
and the available information is insufficient to establish a special 
control to provide the requisite assurance.
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on Class II devices, one or more special controls (which include a range of 
regulatory options), in addition to performance standards.1 

The Food and Drug Administration Modernization Act of 1997 elimi-
nated the requirement for 510(k) clearance for most Class I and some Class 
II device types, narrowed the array of issues that the FDA may consider in 
a 510(k) review, and directed the FDA to limit, to the “least burdensome” 
level, the scientific evidence requested to determine substantial equivalence 
of devices that involved new technologies. 

Today, the 510(k) clearance process is the primary pathway to market 
for Class II devices. More than 80% of 510(k)-cleared devices are catego-
rized as Class II device types. Some Class I and Class III device types also 
are cleared through the 510(k) process.

In 2002, in an effort to address insufficient resources of the 510(k) 
and PMA programs, Congress passed legislation to create a 5-year user-fee 
program. The user-fee program was renewed in 2007 for another 5 years.

1Special controls include performance standards, postmarket surveillance, patient registries, 
and guidelines for the submission of clinical data in premarket notification submissions in ac-
cordance with Section 510(k). 

BOX S‑2 
Definition of Substantial Equivalence in the  

1990 Safe Medical Devices Act

A.  For purposes of determinations of substantial equivalence . . . the 
term “substantially equivalent” or “substantial equivalence” means, with 
respect to a device being compared to a predicate device, that the device 
has the same intended use as the predicate device and that [FDA] by 
order has found that the device – 
	 �(i) has the same technological characteristics as the predicate de-

vice, or
	 �(ii) has different technological characteristics and the information 

submitted that the device is substantially equivalent to the predicate 
device contains information, including clinical data if deemed nec-
essary by [FDA], that demonstrates that the device is as safe and 
effective as a legally marketed device and (II) does not raise different 
questions of safety and efficacy than the predicate device.

B.  For purposes of subparagraph (A), the term “different technologi-
cal characteristics” means, with respect to a device being compared to 
a predicate device, that there is a significant change in the materials, 
design, energy source, or other features of the device from those of the 
predicate device.
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The 510(k) clearance process has become a major component of 
medical-device regulation in the United States. Thousands of devices are 
cleared via the 510(k) process each year—about one-third of devices en-
tering the market. The remaining devices are exempt from any premarket 
review (67%) or enter the market by the PMA pathway (1%) or by other 
means such as the humanitarian-device exemption (1%). Because the FDA 
has not promulgated performance standards or special controls for the vast 
majority of types of Class II devices, and because when a special control 
applies it does not necessarily apply to all aspects or components of the de-
vice, the basis for market entry for Class II devices has been (and remains) 
demonstration of substantial equivalence to a predicate device.

In recent years, individuals and organizations have expressed concern 
that the 510(k) clearance process is neither making safe and effective de-
vices available to patients nor promoting innovation in the medical-device 
industry. Several high-profile mass-media reports and consumer-protection 
groups have profiled recognized or potential problems with medical devices 
cleared through the 510(k) clearance process. The medical-device industry 
and some patients have asserted that the process has become too burden-
some and is delaying or stalling the entry of important new medical devices 
to the market.

THE COMMITTEE’S TASK

The FDA asked the Institute of Medicine to review the 510(k) clearance 
process for medical devices and to answer two questions:

1.	�Does the current 510(k) clearance process optimally protect patients 
and promote innovation in support of public health? 

2.	�If not, what legislative, regulatory, or administrative changes are 
recommended to optimally achieve the goals of the 510(k) clearance 
process?

CONCLUSIONS

In its approach to its task, the committee evaluated components of the 
510(k) process and other relevant factors, including

•	 �The legislative history of the 510(k) program.
•	 �The 510(k) regulatory framework that resulted from legislation.
•	 �How the 510(k) process fits into the larger medical-device regula-

tory framework. (The 510(k) clearance process is an integrated 
component of the larger medical-device regulatory framework. The 
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committee evaluated the 510(k) program in the context of this larger 
framework.)

•	 �How the 510(k) process is implemented by the FDA.
•	 �Available postmarket information on the safety and effectiveness of 

510(k)-cleared devices.
•	 �Other factors that affect medical-device regulation (for example, the 

process of innovation and the environment in which medical devices 
are developed and commercialized).

On the basis of its review and evaluation of legislative, regulatory, and 
administrative components of the 510(k) clearance process and other related 
components of medical-device regulation, the committee came to two major 
conclusions. 

Conclusion 7-1 The 510(k) clearance process is not intended to 
evaluate the safety and effectiveness of medical devices with some 
exceptions. The 510(k) process cannot be transformed into a pre-
market evaluation of safety and effectiveness as long as the standard 
for clearance is substantial equivalence to any previously cleared 
device. 

The 510(k) process is technically a classification mechanism by which a 
new device can be assigned to Class II and thereby enter the market without 
undergoing either the PMA process or the time-consuming formal device 
reclassification process. By law, the standard for classification and clear-
ance is substantial equivalence to any predicate device already in Class II. 
The assessment of substantial equivalence does not require an independent 
demonstration that the new device provides a “reasonable assurance of 
safety and effectiveness,” as the statute requires for PMAs for new Class 
III devices. Rather, substantial equivalence requires a comparison of a new 
device to a legally marketed predicate that is, with few exceptions, either 
a preamendment device placed in Class II by the FDA based on reviews 
by outside advisory panels, a postamendment device that was originally 
approved as safe and effective by PMA and subsequently was reclassified 
into Class II, a postamendment device that was placed in Class II by the 
de novo review process based on a showing of safety and effectiveness, or 
a postamendment device that has been cleared through the 510(k) process 
as substantially equivalent to a device in one of the foregoing categories. In 
practice, most predicates fall within the first and last groups. According to 
the FDA and the Supreme Court, when the FDA finds a device substantially 
equivalent to a predicate device, the agency has not determined that the 
device is actually safe and effective; it has done no more than find that the 
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new device is as safe and effective as the predicate. Thus, a critical question 
is whether the predicate was found to be safe and effective. 

The classification of preamendment devices did not include any evalu-
ation of the safety or effectiveness of individual medical devices. The FDA 
created advisory panels to assist in the device classification process. These 
panels reviewed information on the risks posed by types of devices, includ-
ing the potential risks resulting from a failure of lack of effectiveness, and 
recommended into which class the device type should be placed, in order 
to provide a reasonable assurance of safety and effectiveness. Neither the 
panels nor the FDA itself undertook an assessment of the clinical safety or 
effectiveness of individual devices during the original classification process. 
Thus, it is common for devices to be cleared through the 510(k) program 
by being found substantially equivalent to devices that were never indi-
vidually evaluated for safety and effectiveness, either through the original 
device classification program or through the 510(k) process. Because the 
predicate device to which equivalence was established was itself generally 
not reviewed for safety and effectiveness, the committee found that clear-
ance of a 510(k) submission was not a determination that the cleared device 
was safe or effective.

The 1990 SMDA permitted the FDA to require evidence of safety 
and effectiveness, including clinical studies, when necessary to determine 
whether a difference in technologic characteristics between a new device and 
its predicate renders the new device less safe or effective than the predicate 
or raises different questions of safety and effectiveness from the predicate. 
If, despite the change in technologic characteristics, the new device is as 
safe and effective as the predicate, it will be found substantially equivalent. 
Nearly all 510(k) submissions for devices that have new technologic char-
acteristics receive a determination of substantial equivalence. 

The committee found that available information on postmarket perfor-
mance of devices does not provide sufficient information about potential 
harm or lack of effectiveness to be a useful source of data on the safety and 
effectiveness of marketed devices. The committee does not believe, however, 
that there is a public-health crisis related to unsafe or ineffective medical 
devices. Although the safety and effectiveness of individual preamendment 
Class II devices have not been systematically reviewed, their continued use 
in clinical practice provides at least a level of confidence in their safety and 
effectiveness. 

Conclusion 7-2 Information that would allow an understanding of 
the extent to which the 510(k) clearance process either facilitates 
or inhibits innovation does not exist.
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The committee believes that innovation is not just a change but a fa-
vorable change in the context of public health, and it defined innovation 
as improving the quality of, efficiency of, or access to health care. It is not 
necessary for a Class II device to be demonstrated to be innovative to be 
cleared for marketing. The FDA should not be the arbitrator of what con-
stitutes innovation, nor should it seek to channel device development and 
premarket review toward agency-determined public-health priorities. 

The regulatory process can facilitate innovation that improves public 
health by making safe and effective Class II medical devices available to 
consumers in a timely manner. The FDA’s role in facilitating innovation in 
Class II medical devices through premarket review should be to create a 
regulatory framework that sets appropriate thresholds for bringing products 
to the market. Those thresholds should be stringent enough to satisfy the 
agency’s objective of ensuring that marketed medical devices will be safe and 
effective throughout their life cycles but realistic enough to permit timely 
entry of new devices that may offer improvements over already marketed 
devices. Rather than be charged with promoting innovation, the committee 
believes that the FDA should seek to facilitate it. 

To assess how innovation is affected by medical-device regulation, the 
committee studied the legislative history and implementation of the 510(k) 
process. It is unclear—and the committee argues that it is indeterminable, 
given current data—whether legislative, regulatory, and administrative 
changes over the past 35 years have had a positive or negative effect on 
innovation. 

Several assessments of the 510(k) program have concluded that the 
FDA’s implementation of the program—not the underlying process itself—
has stifled innovation because of a lack of transparency and predictability, 
which has had an adverse effect on venture-capital investment in future 
medical-device development. Typical measures used in those assessments are 
the ease of premarket review and relative speed to market compared with 
the European Union premarket process. The committee, however, does not 
believe that such measures are surrogates for innovation.

The FDA has procedures for developing, adopting, and implementing 
guidance and standards. The agency, however, is persistently hindered in 
fully developing those materials by a lack of or limitations on human, fis-
cal, and technologic resources and capabilities. The lack of clear guidance 
affects the timeliness and consistency of 510(k) device submissions provided 
by industry and the ability of reviewers to evaluate them. 

RECOMMENDATIONS

The committee does not believe that further investment in the 510(k) 
process is a wise use of the FDA’s scarce resources and is not recommending 
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specific changes in the 510(k) clearance process itself. Instead, it believes 
that the FDA’s resources would be put to better use in obtaining information 
needed to develop a new regulatory framework for Class II medical devices 
and addressing problems with other components of the medical-device 
regulatory framework. The committee recognizes that scarce resources in 
the FDA could affect its ability to implement the recommendations and, 
therefore, has directed the recommendations toward activities that are use-
ful in both the short term and the long term to conserve scarce resources. 

Designing a New Medical-Device Regulatory Framework

Recommendation 7-1 The Food and Drug Administration should 
obtain adequate information to inform the design of a new medical-
device regulatory framework for Class II devices so that the current 
510(k) process, in which the standard for clearance is substantial 
equivalence to previously cleared devices, can be replaced with an 
integrated premarket and postmarket regulatory framework that 
effectively provides a reasonable assurance of safety and effective-
ness throughout the device life cycle. Once adequate information 
is available to design an appropriate medical-device regulatory 
framework, Congress should enact legislation to do so.

The committee believes that a move away from the 510(k) clear-
ance process should occur as soon as reasonably possible but recognizes 
that it will take time to obtain the information needed to design the new 
framework. 

The new regulatory framework must be based on sound science and be 
developed in harmony with other components of the FDA’s medical-device 
regulatory system. The committee does not believe that available informa-
tion is adequate to inform the design of an appropriate framework. 

The types of evidence necessary to demonstrate a reasonable assurance 
of safety and effectiveness according to the new framework should be care-
fully considered. It is beyond the committee’s scope of work to detail those 
types of evidence. It may be possible, however, for the performance of com-
parative devices to be a component of the evidentiary materials supporting 
a claim of safety and effectiveness of Class II devices. 

On the basis of its findings, the committee identified several topics to 
which the FDA should give particular consideration as it develops a new 
framework. A number of existing and emerging technologies (for example, 
combination products, software, nanotechnology, and medical robotics) 
merit detailed thought as part of the development of the new framework. 
The FDA should consider integrating some elements of the quality-system 
regulations, especially those related to design controls and product-release 
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criteria, into the premarket review process of the new framework to dem-
onstrate that devices will perform as represented by their manufacturers. 
The FDA should also consider, as part of the new framework, including a 
more extensive review of device labeling and a system of tracking of label-
ing changes. 

A comprehensive review of the successes and problems of device regula-
tion over the past 35 years would better inform the FDA and Congress how 
to change the overall regulatory structure for devices. Finally, medical-device 
regulatory systems in other countries and jurisdictions should be evaluated 
to determine whether components of those systems could inform the design 
of the new regulatory framework in the United States. 

The committee urges the FDA to create a regulatory framework that 
closely matches the ideal regulatory framework outlined by the committee. 
The attributes of the ideal framework are as follows (not presented in any 
priority order): 

•	 �The process should be based on sound science. 
•	 �The process should be clear, predictable, straightforward, and fair.
•	 �The process should be self-sustaining and self-improving.
•	 �The process should facilitate innovation that improves public health 

by making medical devices available in a timely manner and ensuring 
their safety and effectiveness throughout their life cycle.

•	 �The process should apply relevant and appropriate regulatory au-
thorities and standards throughout the life cycle of devices to ensure 
safety and effectiveness.

•	 �The process should be risk-based.

FDA staff at all levels, the medical-device industry, consumers, health-
care providers, payers, and Congress must play a role in the development 
of the proposed regulatory framework.

Postmarketing Surveillance

Robust postmarketing surveillance is particularly important for medical 
devices because devices often are used by small numbers of patients, so large 
premarket safety and effectiveness studies are not feasible. As noted above, 
the 510(k) clearance process is not a stand-alone program but a component 
of the larger medical-device regulatory framework. As part of that frame-
work, the 510(k) program depends on the effectiveness of other regulatory 
components. The committee found substantial weakness in postmarketing 
surveillance of medical devices. The inadequate postmarketing surveillance 
systems, both those in the FDA and those that are privately funded, and the 
resulting lack of useful, consistent, and reliable data make it impossible to 
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draw confident conclusions about the performance of medical devices that 
are now on the market. 

Recommendation 7-2 The Food and Drug Administration should 
develop and implement a comprehensive strategy to collect, analyze, 
and act on medical-device postmarket performance information.

The FDA should give priority to postmarketing surveillance as an in-
valuable investment in short-term and long-term oversight of medical-device 
safety and assessment of device effectiveness. Congress should support the 
capacity of the FDA’s postmarketing surveillance programs by providing 
stable and adequate funding. 

The FDA should develop a postmarketing surveillance strategy to meet 
the following objectives: providing performance information for use in the 
premarket review process, informing the development and use of postmar-
keting tools (that is, general and special controls2) to better manage the 
risk-benefit ratio throughout the life cycle of devices, and informing the 
design of a new regulatory framework.

Postmarket Regulatory Authorities3

When the FDA discovers violations of the law or products that pose 
unacceptable risks to consumers, it has a wide variety of authorities (or 
tools) available to try to remedy the situation and to sanction the violators. 
The committee found that the agency uses those authorities sparingly. The 
FDA reports that there are “important limitations” on the use of postmarket 
authorities, but does not describe them. The committee identified the pro-
cedural requirements that the FDA must fulfill to exercise the authorities, 
but the requirements do not in themselves appear to explain the agency’s 
perception that there are limitations on its use of postmarket tools. 

Recommendation 7-3 The Food and Drug Administration should 
review its postmarket regulatory authorities for medical devices to 
identify existing limitations on their use and to determine how the 
limitations can be addressed. 

The appropriate use of postmarket regulatory authorities is an essential 
component of a successful medical-device regulatory program. The FDA 
should analyze barriers to efficient and effective use of the authorities and 

2General controls include manufacturer registration, device listing, and good manufacturing 
practices. Special controls are described above. 

3In this report, the phrase regulatory authority refers to the power that the legislature gives 
the FDA to enforce statutes.
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identify means of mitigating them. If it is required, Congress should pass 
legislation to remove unnecessary barriers to the FDA’s use of postmarket 
regulatory authorities.

A Modified De Novo Process

The de novo process is a mechanism by which the FDA can down-
classify, to Class I or Class II, devices that have no predicates but are 
deemed to be of low to moderate risk. The process avoids having novel, 
low- to moderate-risk devices go through the PMA process. In the de novo 
process, a 510(k) submission for the device is sent to the FDA, which is-
sues a determination of “not substantially equivalent” and indicates to the 
applicant that the device may be eligible for the de novo process. Special 
controls generally need to be developed for the device. The general and 
special controls must be sufficient to provide reasonable assurance of safety 
and effectiveness.

The de novo process offers a potential basis of a better regulatory model 
for premarket review of Class II devices. In its current state, however, the de 
novo process is time-consuming and difficult for both the FDA and manu-
facturers to navigate. 

Recommendation 7-4 The Food and Drug Administration should 
investigate the viability of a modified de novo process as a mecha-
nism for evaluating the safety and effectiveness of Class II devices. 

A pilot program of a modified de novo process would allow the FDA 
to determine its feasibility as a replacement for the 510(k) clearance pro-
cess. As part of a modified de novo process, the FDA should explore ways 
to expedite development of special controls, develop guidance, and adopt 
standards for devices. The agency also should consider expanded use of 
external expertise and preinvestigational device-exemption meetings with 
submitters and use of conditional clearances (such as postmarketing sur-
veillance or use of registries) for devices on which there is little premarket 
performance information.

A Continuous Quality-Improvement Program

It is the committee’s assessment that the FDA lacks a continuous quality-
assurance process for regulation of medical devices. As a result, the FDA 
cannot effectively address new issues as they arise.

Recommendation 7-5 The Food and Drug Administration should de-
velop and implement a program of continuous quality-improvement 

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


12	 MEDICAL DEVICES AND THE PUBLIC’S HEALTH

to track regulatory decisions on medical devices, identify potential 
process improvements in the medical-device regulatory framework, 
and address emerging issues that affect decision-making.

The committee found evidence that the inadequate information tech-
nology and management infrastructure in the FDA affects not only the 
510(k) program but also the agency’s other programs for regulating medical 
devices. For example, because data systems are inadequate, the FDA does 
not have the ability to trace the history of 510(k) decisions. Prior 510(k) 
clearances are legally binding on the FDA when making 510(k)-clearance 
decisions. Thus, any unsafe or ineffective devices are embedded in the system 
and as both a legal and a practical matter may be used as predicates for 
new devices until the predicates are removed from the market. It may be 
difficult for the FDA to remove devices from the market because it has no 
systematic way to identify them. By developing a business model grounded 
in continuous quality-improvement, the FDA will be better able to identify 
problems with devices and develop the information and capacity to address 
them in a data-driven, transparent manner. 

Facilitating Innovation in the Medical-Device Industry

The FDA’s role in facilitating innovation with respect to Class II devices 
is to create and enforce a regulatory framework for which the threshold 
to market provides reasonable assurance that medical devices are safe and 
effective throughout their life cycle while permitting timely entry of new 
devices that may offer improvements over already marketed devices. The 
committee did not find assessments of how much and in what way (that is, 
facilitating or inhibiting) innovation is influenced by the 510(k) clearance 
process.

Recommendation 7-6 The Food and Drug Administration should 
commission an assessment to determine the effect of its regulatory 
process for Class II devices on facilitating or inhibiting innovation 
in the medical-device industry.

The recommended study should include various ways to measure in-
novation beyond “time to market” or the number of devices of a particular 
type on the market and instead focus on a broader understanding of the 
relationship among regulation, innovation, and patient health and safety 
throughout device life cycle. 
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Software

Manufacturers are increasingly using software in devices, software as 
devices, and software as a tool in producing devices. That trend is expected 
to continue. The committee found that current guidance on software vali-
dation is insufficient for preventing serious software-based device failures.

Recommendation 7-7 The Food and Drug Administration should 
develop procedures that ensure the safety and effectiveness of soft-
ware used in devices, software used as devices, and software used 
as a tool in producing devices.

The FDA should develop a better understanding of the roles of software 
in medical devices, analyze its potential effects on the safety and effective-
ness of the devices, and insist on evidence-based procedures that ensure de-
vice safety and effectiveness. Given the increasing use of software in devices 
and as devices (for example, medical device data systems), the integration 
in devices of commercial software not intended for use in medical devices, 
the increasing uncertainty introduced by device complexity, and potentially 
unsafe interactions with other software systems, the committee believes that 
the FDA should review and update its guidance on software validation.

Preamendment 510(k)-Eligible Class III Devices

After 35 years, the FDA has not completed the task of calling for PMAs 
for or reclassifying preamendment Class III device types. Until the FDA 
completes that task, those devices are allowed to enter the market through 
the 510(k) clearance process. Congress in 1990 directed the FDA to com-
plete this task in a timely manner. Twenty-five Class III device types remain 
eligible to enter the market through the 510(k) process. The FDA has begun 
a five-step process to require PMAs or to down-classify those device types. 
As of April 2011, the FDA had assessed the risks and benefits associated 
with 21 device types (step 2 of the process) and had received and reviewed 
public comments on five device types (step 4 of the process). The agency has 
issued a final rule for one of the 26 device types. The committee recognizes 
the resource constraints that have prolonged the process, but it nevertheless 
urges the FDA to give high priority to completing the task. 

Recommendation 7-8 The Food and Drug Administration should 
promptly call for PMA applications for or reclassify Class III de-
vices that remain eligible for 510(k) clearance.
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1

Introduction

The US Food and Drug Administration (FDA), through its Center for 
Devices and Radiological Health (CDRH), regulates medical devices 
and radiation-emitting products.1 The 510(k) clearance process, 

also called premarket notification, has become a major component of the 
medical-device regulatory framework2 in the United States. In passing the 
Medical Device Amendments of 1976, Congress intended the 510(k) pro-
cess to be a short-term expedient to facilitate the agency’s formidable task 
of classifying all marketed devices according to risk, reviewing high-risk 
medical devices on the market at that time for safety and effectiveness, and 
facilitating the entry of new devices until classification and review processes 
were in place. Until then, medical devices generally had not undergone pre-
market review3 by the FDA. The 510(k) clearance process was established 
to permit new medical devices to be brought to market by demonstrating 
only that they were substantially equivalent4 to already currently marketed 
devices, which were referred to as predicates. 

In recent years, policy-makers, scientists, and others have expressed 
concern that the 510(k) clearance process is neither making safe and effec-

1The FDA’s Center for Biologics Evaluation and Research regulates some medical devices, 
which involve blood, cellular products, and tissues. The present report pertains only to medical 
devices under the jurisdiction of CDRH. 

2In this report, the phrase regulatory framework is defined as including both premarket and 
postmarket activities. It covers the entire product life cycle of devices.

3In this report, premarket review refers to FDA oversight that occurs before devices enter 
the market. Premarket review of devices includes both the 510(k) clearance process and the 
premarket approval process. 

4The concept of substantial equivalence is discussed in later chapters.

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


16	 MEDICAL DEVICES AND THE PUBLIC’S HEALTH

tive devices available to patients nor fostering innovation in the medical-
device industry.5 In the past several years, that issue has received attention 
in the press because of recognized or potential problems with several devices 
that had been cleared through the 510(k) process, including an artificial hip 
(Meier, 2010), a patch for injured knees (Harris, 2010a; Mundy and Favole, 
2009; Stein, 2010), surgical mesh (Bloomberg News, 2008), and medical-
tubing connectors (Harris, 2010b; Shuren, 2010). 

In September 2009, the FDA asked the Institute of Medicine (IOM) to 
review the 510(k) clearance process for medical devices and to answer two 
questions:

•	 �Does the current 510(k) clearance process protect patients optimally 
and promote innovation in support of public health? 

•	 �If not, what legislative, regulatory, or administrative changes are 
recommended to achieve the goals of the 510(k) clearance process 
optimally?

In response to the FDA’s request, IOM appointed the Committee on 
the Public Health Effectiveness of the FDA 510(k) Clearance Process. This 
report summarizes the committee’s review of the 510(k) clearance process, 
its conclusions on whether the process is protecting patients optimally and 
promoting innovation, and its recommendations.

This chapter provides a brief overview of medical devices and of the 
challenges associated with regulating them. It describes the general approach 
used by the committee to complete its challenging task and includes a discus-
sion of changes that CDRH is making in the 510(k) program. The chapter 
ends with a roadmap for the rest of the report. 

WHAT IS A MEDICAL DEVICE?

The Federal Food, Drug, and Cosmetic Act (FFDCA)6 defines a device 
as an instrument, apparatus, implement, machine, contrivance, implant, in 
vitro reagent, or other similar or related article, including any component, 
part, or accessory, which is

•	 �Recognized in the official National Formulary, or the US Pharmaco-
peia, or any supplement to them,

5For example, letter from Representatives Henry A. Waxman, Bart Stupak, and Frank 
Pallone, Jr., Committee on Energy and Commerce, US House of Representatives, to Joshua 
M. Sharfstein, Principal Deputy Commissioner, US Food and Drug Administration (May 11, 
2009); letter from Carmella Bocchino, America’s Health Insurance Plans, to FDA, Docket 
FDA-2010-N-0054, Document FDA-2010-N-0054-0047 (March 19, 2010). 

6Federal Food, Drug, and Cosmetic Act §201(h), 21 USC § 321(h) (2006).
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•	 �Intended for use in the diagnosis of disease or other conditions, or 
in the cure, mitigation, treatment, or prevention of disease, in man 
or other animals, or

•	 �Intended to affect the structure or any function of the body of man 
or other animals, and which does not achieve its primary intended 
purposes through chemical action within or on the body of man or 
other animals and which is not dependent upon being metabolized 
for the achievement of its primary intended purposes. 

An enormous variety of medical devices are available to physicians, 
patients, and other consumers. As apparent from the FFDCA definition, 
medical devices can range from such simple tools as tongue depressors and 
bandages to such complex or life-saving equipment as pacemakers, cochlear 
implants, and heart–lung machines. Medical devices are used to diagnose, 
treat for, and prevent disease. They are used in healthcare facilities—such as 
hospitals, physicians’ offices, and nursing homes—and at home. 

THE CHALLENGE OF REGULATING MEDICAL DEVICES

A number of actors—including medical-device companies, regulators 
(the FDA), payers (such as the Centers for Medicare and Medicaid Services 
and private health insurers), and consumers (healthcare providers, health-
care facilities, and patients)—are involved in bringing medical devices to 
market (IOM, 2010). Medical-device companies, which develop new devices 
and iterative versions of existing devices, expect a regulatory process that 
is reasonable, fair, and timely. The FDA seeks to protect and promote the 
public’s health by ensuring that safe and effective medical devices continue 
to be made available to consumers in a timely manner without unreasonable 
cost to industry. Payers and consumers expect that the regulatory process 
will provide reasonable assurance that marketed medical devices are safe 
and effective. 

Congress, recognizing that devices are fundamentally different from 
drugs, crafted legislation to regulate devices according to a framework 
different from that used to regulate drugs. Devices and drugs differ in 
several ways. Devices tend to have shorter product life cycles than drugs. 
Incremental changes in devices are common, whereas a change in a drug 
alters its molecular structure and in effect creates a new drug. Drugs may 
be used by thousands or millions of consumers; but many devices are used 
by only a small number of patients, so large premarket randomized, con-
trolled studies to detect rare events or small differences between products 
may not be feasible. The technology of medical devices changes rapidly, so 
long-term premarket studies to detect risks that emerge slowly are difficult 
or impossible. Although the committee reviewed some aspects of regulation 
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of drugs as part of its work, it acknowledged from the outset that because 
of profound differences between devices and drugs, different regulatory 
frameworks are required. 

The committee, for purposes of its work, defined safety, effectiveness, 
and innovation, all terms used in the statement of task. The committee’s 
understandings of the concepts of reasonable assurance of safety and of 
effectiveness are derived from the FFDCA and Part 860 of the Code of 
Federal Regulations.7 A device is considered to provide reasonable assur-
ance of safety when it can be determined, on the basis of valid scientific 
evidence, that the probable benefits to health from use of the device for 
its intended uses and conditions of use when accompanied by adequate 
directions and warnings against unsafe use outweigh any probable risks. A 
device is considered to provide reasonable assurance of effectiveness when 
it can be determined, on the basis of valid scientific evidence, that use of the 
device for its intended uses under the conditions prescribed, recommended, 
or suggested in its labeling will provide clinically significant results. The 
committee believes that the device should provide results that are not just 
clinically significant but beneficial to patients. The committee also took into 
consideration the Agency for Healthcare Research and Quality (AHRQ) 
definition of effectiveness (AHRQ, 2011). AHRQ bases effectiveness on 
“whether a drug or other treatment works in real life. Effectiveness stud-
ies of drugs look at whether they work when they are used the way that 
most people take them. Effectiveness means that most people who have the 
disease would improve if they used the treatment.” That definition applies 
to devices as well as to drugs. The committee took a broader view than the 
AHRQ definition. It recognizes that not all devices are used as therapeutics 
(for example, in vivo or in vitro diagnostic devices). In that circumstance, 
effectiveness could be based on whether the device provides information that 
contributes to medical decision-making. The committee also recognizes that 
not all device-based therapies are directed toward curative outcomes or an 
improvement in health status. They can be used to slow the progression of 
disease or stabilize chronic debilitating diseases. In such cases, effectiveness 
could be based on whether the device-based therapy produces some benefit 
relative to the natural history of the underlying disease. Effectiveness must 
be differentiated from efficacy, which AHRQ bases on “whether a drug or 
other treatment works under the best possible conditions [for example, a 
clinical trial].” It should be noted, therefore, that premarket clinical trials 
actually measure efficacy, whereas data derived from postmarketing sur-
veillance (for example, in registries) measure effectiveness. A mandate to 
ensure effectiveness must by definition measure utility in a “real-world” 
environment.

7FFDCA § 513(a)(3), 21 USC § 360c(a)(3) (2006); 21 CFR § 860.7(e)(1).
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Defining innovation is more challenging. Views on what constitutes 
innovation vary widely. Various types of changes in medical devices can 
be considered innovative, from truly novel changes to minor changes to 
changes that may not alter the functionality of a device but reduce its cost 
or extend its availability and thereby allow increased access. In the context 
of the present report, the committee defined innovation as something that 
improves the quality of, efficiency of, or access to healthcare. Class II de-
vices do not need to be shown to be innovative to be cleared for marketing. 
Premarket regulation of moderate-risk devices can facilitate innovation that 
improves public health by making safe and effective devices available to 
consumers in a timely manner. More discussion of innovation is presented 
in Chapter 6. 

THE COMMITTEE’S APPROACH TO ITS TASK

The committee’s work involved gathering information, reviewing evi-
dence, and formulating, deliberating on, and coming to consensus on 
findings, conclusions, and recommendations. This report summarizes the 
committee’s work and presents its conclusions and recommendations. 

The committee met in person six times from March 2010 to January 
2011. At the March meeting, the committee held a public session to discuss 
its charge with CDRH, the sponsor of its study; in June and July 2010, 
it hosted public workshops. In closed session, the committee planned the 
workshops, reviewed evidence, and deliberated and reached consensus on 
its findings, conclusions, and recommendations. The committee considered 
many possible avenues as it responded to its task. The conclusions and 
recommendations included in this report were selected on the basis of the 
strength of the evidence and the committee members’ expert judgment. 

The committee found that it was not possible to review the 510(k) clear-
ance process in isolation from other components of medical-device regula-
tion and oversight. Therefore, although some of the topics included in the 
present report are not explicitly parts of the 510(k) clearance process, they 
are related to the FDA’s ability to identify and address safety and effective-
ness concerns about medical devices that emerge throughout their life cycles. 

Data-Collection Efforts

The committee took a multipronged approach to collecting information. 
It hosted two public workshops, in June and July 2010, on a number of 
topics related to medical-device regulation. Topics covered during the June 
workshop included the legislative history of the 510(k) clearance process 
and its current structure, the structure of the medical-device industry and 
how it is affected by regulation, the regulation of medical devices globally, 
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and consumer concerns. Members of the public were invited to give com-
ments. The July workshop dealt with postmarketing surveillance of and 
reporting of adverse events related to medical devices and with several other 
topics of interest to the committee, such as risks associated with software 
in medical devices. The committee commissioned four papers, which were 
presented at the workshops. Summaries of the presentations and discussions 
at the workshops have been published (IOM, 2010, 2011), and the commis-
sioned papers are included in the workshop summaries. 

Other means of information-gathering included extensive searches of 
the medical, scientific, and legal literature, review of information on in-
novation, review of FDA dockets related to the CDRH internal review of 
the 510(k) clearance process, and review of CDRH’s Preliminary Internal 
Evaluations, Volumes 1 and 2 and other government reports, such as re-
ports from the Government Accountability Office (GAO, 2009a, 2009b, 
2009c, 2009d) and the Department of Health and Human Services Office 
of the Inspector General (OIG, 2009). CDRH responded promptly to the 
committee’s many requests for information on the center’s policies and pro-
cedures. Experts in the US and global medical-device field were contacted 
for additional information. And members of the public were encouraged to 
submit comments to the committee during the study process; the committee 
received and reviewed a number of such comments.

Limitations of Data-Collection Efforts 

Limitations of the committee’s data-collection activities affected the 
committee’s ability to assess the quality of both the 510(k) submissions and 
CDRH’s reviews of those submissions systematically. Because of limitations 
in the types of information captured in CDRH’s databases, the committee 
could not review systematically such information as the types of data (for 
example, clinical data and bench-testing data) included in 510(k) submis-
sions. The limitations in the FDA’s information-technology systems are 
discussed further in Chapters 3 and 4. 

The committee also considered conducting a systematic file review of 
510(k) submissions and CDRH reviews. However, because of FDA statutory 
and regulatory protections for 510(k) submitter proprietary information, 
the committee was not able to review complete 510(k) submissions. As a re-
sult, a comprehensive file review of 510(k) submissions was not conducted. 
The committee was able to review several redacted 510(k) submissions 
supplied by CDRH. The committee also used information from government 
organizations (for example, GAO) and CDRH (for its internal preliminary 
evaluations) that had access to complete 510(k) submissions, CDRH’s re-
views, and other information. The committee found those analyses to be 
methodologically sound and used them as part of its evidence base. 
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ATTRIBUTES OF AN IDEAL MEDICAL-
DEVICE REGULATORY SYSTEM

To be able to determine whether the 510(k) clearance process is optimal-
ly protecting patients and promoting innovation in support of public health, 
the committee first had to define the attributes of an ideal medical-device 
regulatory system. It started by defining two goals of medical-device regu-
lation: to provide reasonable assurance that marketed devices, throughout 
their life cycles, are safe and effective according to current standards for the 
clinical indication at the time of use and to facilitate innovation by allowing 
prompt access of devices to the market. The committee next developed a 
list of six attributes, which are presented in Box 1-1. The attributes are not 
presented in any priority order.

The committee defined the attributes as follows. A medical-device 
regulatory system that is based on sound science uses appropriate scientific 
methods and evolving, state-of-the-art evidentiary standards; is data-driven; 
and provides for linkage of premarket and postmarketing information. A 
clear, predictable, straightforward, and fair regulatory system is accessible, 
responsive, transparent, reproducible, efficient (for example, it does not 
incur unnecessary costs or time), and credible; and it has conflict-resolution 
policies in place. A self-sustaining and self-improving (that is, robust) 
regulatory system uses continuous quality improvement and ensures the 
integrity of data and decision-making. A process that facilitates innovation 
is adaptable so that emerging technologies and policies can be incorporated 
and unforeseen circumstances can be addressed. The use of appropriate 
regulatory standards and authorities throughout a device’s life cycle should 

BOX 1‑1 
Attributes of an Ideal Medical-Device Regulatory System

•	 �The process should be based on sound science. 
•	 �The process should be clear, predictable, straightforward, and fair.
•	 �The process should be self-sustaining and self-improving.
•	 �The process should facilitate innovation that improves public health 

by making medical devices available in a timely manner and ensuring 
their safety and effectiveness throughout their life cycle.

•	 �The process should use relevant and appropriate regulatory authori-
ties and standards throughout the life cycle of devices to ensure safety 
and effectiveness.

•	 �The process should be risk-based.
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include risk-based premarket reviews, credible and continuous postmarket-
ing surveillance, and performance-based criteria that meet current clinical 
standards for continued availability of products demonstrated to be safe 
and effective. Finally, the process should incorporate risk-benefit analyses 
and flexible risk-mitigation strategies (for example, devices can be made 
available with special controls based on associated risks). Data and expe-
rience gathered at each stage of the product life cycle are used to inform 
other stages. Data collection from postmarketing surveillance should inform 
premarket review of new or modified devices.

The committee recognizes that no premarket regulatory system for 
medical devices can guarantee that all devices are completely safe and effec-
tive. That would set an impossible threshold. Any regulatory system must 
balance medical devices’ risks and their potential public-health benefits. 
Given that a perfect premarket regulatory system is unrealistic, it is essential 
to have effective postmarket oversight of medical devices. 

CENTER FOR DEVICES AND RADIOLOGICAL HEALTH 
ACTIVITIES RELATED TO THE 510(K) PROCESS

The 510(k) process has undergone substantial changes since its incep-
tion in 1976, and it continues to evolve. In addition to commissioning the 
present report, CDRH conducted an internal review of the 510(k) clearance 
process during 2009–2010. To carry out its review, it appointed an internal 
working group and charged it “to evaluate the 510(k) program and explore 
actions CDRH could take to enhance our 510(k) decision making.” The 
center’s findings and recommendations from that review were published 
in CDRH Preliminary Internal Evaluations—Volume 1: 510(k) Working 
Group Preliminary Report and Recommendations in August 2010 (FDA, 
2010a). The focus was to be on actions that could be initiated in the short 
term without changes in existing statutory authority. 

The working group, through the efforts of 10 subgroups, gathered in-
formation from CDRH staff at various levels (for example, reviewers and 
managers). It also queried internal databases and analyzed the data. And 
it sought input from stakeholders, such as medical-industry and patient 
representatives, through requests for public comments and several public 
meetings. 

CDRH’s report offered seven major preliminary findings and recom-
mendations were included in CDRH’s report in three categories: a rational, 
well-defined, and consistently interpreted review standard; well-informed 
decision-making; and continuous quality assurance. Those findings and 
recommendations are presented in Box 1-2. 

At the same time that CDRH released CDRH Preliminary Internal 
Evaluations—Volume I: 510(k) Working Group Preliminary Report and 
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Recommendations, it released a second report, CDRH Preliminary Inter-
nal Evaluations—Volume II: Task Force on the Utilization of Science in 
Regulatory Decision Making Preliminary Report and Recommendations. 
Volume II contains findings and recommendations in three major categories: 
enhancing CDRH’s scientific knowledge base, applying a predictable ap-
proach to determine the appropriate response to new science, and promptly 
communicating current or evolving thinking to all affected parties (FDA, 
2010b). Although this volume is not directly related to the 510(k) clearance 
process, it contains information that has the potential to affect the process. 
The committee reviewed both volumes as part of its evidence base. 

After releasing its preliminary internal evaluations, CDRH published 
a notice in the Federal Register to request public comments on them. In 
January 2011, CDRH announced that it was moving forward with several 
of its recommendations (FDA, 2011). Twenty-five actions are scheduled to 
take place in 2011. Specific steps include

•	 �Streamlining the review process for innovative, lower-risk products. 
•	 �Publishing guidance for industry to clarify when clinical data should 

be submitted to increase predictability and transparency. 
•	 �Developing a network of external experts who can use their knowl-

edge and experience to help the agency to address important scientific 
issues regarding new medical-device technologies. 

•	 �Establishing a new Center Science Council of senior FDA experts 
in CDRH to ensure more timely and consistent science-based 
decision-making. 

•	 �Establishing a public database of important device information, such 
as medical-device labeling and summaries of the basis of FDA’s deci-
sions to clear specific devices.

•	 �Requiring a brief description of scientific information known to 
manufacturers regarding the safety and effectiveness of select higher-
risk devices case by case basis through device-specific guidance. 

CDRH identified seven recommendations that it determined, on the 
basis of comments received from members of the public, raised substantial 
stakeholder concerns. The issues addressed by those recommendations are

•	 �Defining the scope and grounds for CDRH to exercise its authority 
to rescind a 510(k) clearance fully or partially.

•	 �Seeking greater authority to require postmarket surveillance studies 
as a condition of clearance for some devices.

•	 �Developing guidance defining Class IIb devices for which clinical 
information, manufacturing information, or, potentially, additional 
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BOX 1‑2 
CDRH’s Preliminary Finding and Recommendations from Its 

Review of the 510(k) Clearance Process

A Rational, Well-Defined, and Consistently Interpreted Review 
Standard
	� Finding 1: There is insufficient clarity with respect to pivotal terms 

in the definition of “substantial equivalence.”
	� Recommendation 1: CDRH should clarify the meaning of “sub-

stantial equivalence” through guidance and training for reviewers, 
managers, and industry.

	� Finding 2: CDRH’s current practice allows for the use of some types 
of predicates that may not be appropriate. 

	� Recommendation 2: CDRH should explore the development of 
guidance and regulation to provide greater assurance that any com-
parison of a new device to a predicate is valid and well-reasoned.

	� Finding 3: Although there exists an alternative regulatory pathway 
for devices that lack a clear predicate but whose risks do not warrant 
Class III controls (i.e., the process for Evaluation of Automatic Class 
III Designation, also known as the de novo classification process), 
this pathway, as currently implemented, is inefficient and has not 
been utilized optimally across the Center. 

	� Recommendation 3: CDRH should reform its implementation of the 
de novo classification process to provide a practical, risk-based op-
tion that affords an appropriate level of review and regulatory control 
for eligible devices.

Well-Informed Decision Making
	� Finding 4: It is challenging for CDRH to obtain, in an efficient and 

predictable manner, the information it needs to make well-supported 

evaluation in the postmarket setting would typically be necessary to 
support a determination of substantial equivalence.

•	 �Clarifying when a device should no longer be available for use as a 
predicate.

•	 �Consolidating the concepts of “indications for use” and “intended 
use” into a single term, “intended use.”

•	 �Requiring each 510(k) submitter to keep at least one unit of the de-
vice that is under review available for CDRH to access on request.

•	 �Pursuing a statutory amendment that would provide the agency with 
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premarket decisions and assure that each new or modified 510(k) 
device is substantially equivalent to a valid predicate. 

	� Recommendation 4: CDRH should take steps through guidance 
and regulation to facilitate the efficient submission of high-quality 
510(k) device information, in part by better clarifying and more ef-
fectively communicating its evidentiary expectations through the 
creation, via guidance, of a new “Class IIb” device subset.

	� Finding 5: Limitations in CDRH’s information technology and knowl-
edge management infrastructure and tools make it challenging for 
Center staff and 510(k) submitters to access meaningful medical 
device information that would support better-informed and more 
predictable decision-making. 

	� Recommendation 5: CDRH should take steps to enhance its inter-
nal and public information systems and databases to provide easier 
access to more complete information about 510(k) devices and previ-
ous clearance decisions.

Continuous Quality-Assurance
	� Finding 6: Variations in the expertise, experience, and training of 

reviewers and managers, including third-party reviewers, may con-
tribute to inconsistency or uncertainty in 510(k) decision-making. 

	� Recommendation 6: CDRH should enhance training, professional 
development, and knowledge-sharing among reviewers and manag-
ers, in order to support consistent, high-quality 510(k) reviews.

	� Finding 7: CDRH does not currently have an adequate mechanism 
to regularly assess the quality, consistency, and effectiveness of the 
510(k) program. 

	� Recommendation 7: CDRH should enhance its systems and pro-
gram metrics to support continuous quality-assurance.

SOURCE: FDA, 2010b.

the express authority to consider an off-label use when determining 
the “intended use” of a device.

In its announcement, CDRH stated that it will “give the IOM an opportu-
nity to provide feedback on selected recommendations should they decide 
to address these recommendations in their report” (FDA, 2011). CDRH’s 
announcement came toward the end of the committee’s work. Because of 
time constraints, the committee was unable to study fully the seven recom-
mendations that CDRH referred to the committee. The committee did, 

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


26	 MEDICAL DEVICES AND THE PUBLIC’S HEALTH

however, address many of the broader issues related to those recommenda-
tions in this report. 

ORGANIZATION OF THE REPORT

Chapters 2–6 of this report summarize the committee’s review of the 
evidence and lay out the logic for how it came to its conclusions and rec-
ommendations. Chapter 2 provides a brief history of federal legislation and 
regulation of medical devices, which has undergone many changes since 
devices were first regulated in 1938. Chapter 3 reviews how medical devices 
in general are regulated in the United States. Chapter 4 explores the 510(k) 
process in depth. Postmarketing surveillance is covered in Chapter 5. Chap-
ter 6 discusses the environment within which medical devices are developed 
and how advancing technology is affecting how they are regulated. Finally, 
Chapter 7 contains the committee’s conclusions and recommendations. The 
report has two appendixes. Readers who want a fuller understanding of 
federal legislation and regulation of medical devices are encouraged to read 
Appendix A. Appendix B contains biographic information on the commit-
tee members.
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2

Key Medical-Device Legislative and 
Regulatory Actions 

Regulation of medical devices began in 1938 and reflected the techno-
logically relatively simple devices then on the market. By the 1970s, 
the framework was no longer adequate or flexible enough to deal 

with the wide array of device types, the increasing sophistication of many 
technologies, and the occasional public-health disasters associated with a 
few devices. In 1976, Congress replaced the 1938 structure with a compre-
hensive system. As with most major new laws, refinements were needed, and 
in 1990 and 1997, Congress passed sets of substantial changes in the 1976 
statute. Those three enactments make up the present framework.

The ability of the Food and Drug Administration (FDA) to carry out 
the directives of Congress has been constrained by chronically inadequate 
appropriations to the agency (FDA Science Board, 2007; GAO, 1983, 1989, 
1992, 1995, 1996, 1997, 2009a; OTA, 1984).1 In 2002 and 2007, Congress 
passed legislation that authorized the agency to charge the device industry 
user fees to expand premarket-review capacity. The user-fee legislation did 
not change the statutory structure, but it did require that the FDA meet 
performance goals.

This chapter will briefly review that history. Appendix A contains an 
extensive chronologic inventory of legislative enactments and Congressional 
examination of the implementation of the device laws.

1H.R. Rep. No. 101-808, at 13 (1990); see also S. Rep. No. 101-513, at 14-15 (1990).
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THE 1938 ACT

The original FDA statute, the Pure Food and Drug Act of 1906, did not 
cover medical devices. When Congress replaced it with the Federal Food, 
Drug, and Cosmetic Act of 1938 (FFDCA), it extended the law to medical 
devices, but for all intents and purposes devices were treated as drugs, and 
the definitions of the two categories overlapped. The overlap enabled the 
FDA, after a change in the drug law in 1962, to impose rigorous premarket 
approval of some products that today would be deemed devices.

In the 1960s, Presidents Kennedy, Johnson, and Nixon all called for 
new regulatory legislation specific to medical devices. By the early 1970s, 
several high-profile public-health problems with medical devices had led to 
political momentum for a device statute.2

THE 1976 ACT

The Medical Device Amendments of 1976 established an elaborate 
and detailed scheme, more than doubling the length of the FFDCA.3 After 
differentiating drugs from devices, the law created a broad array of authori-
ties for the FDA to regulate devices after they had entered the marketplace. 
Moreover, in contrast with the US drug laws of the time, Congress limited 
premarket approval to only a small universe of devices. Where the drug law 
generally treated all drugs alike, the new device amendments created three 
categories of devices that were based on the risks presented and the ability 
of postmarketing controls to manage them. Only the highest-risk category 
would require agency review and approval as a precondition for commercial 
sale and routine medical use. The other two categories would be subject 
not to a rigorous review but merely to a requirement that the manufacturer 
of a device in one of the categories notify the FDA, at least 90 days before 
commencing marketing, of its intent to distribute the product commercially. 
That requirement was set forth in Section 510(k) of the FFDCA and thus is 
called a 510(k) notification.

The new law directed the FDA to categorize the device types in the 
universe of devices on the market when the 1976 law was enacted (so-called 
preamendment devices) into three categories—called Class I, Class II, and 
Class III—on the basis of the definitions that Congress adopted. Thereafter, 
under the statute, a device type could be transferred from one class to an-
other on the basis of new information showing that it would now be more 
appropriately assigned to a different class. The criteria for the three classes 
were stated in the 1976 law as follows:

2H.R. Rep. No. 94-853, at 8 (1976).
3Medical Device Amendments of 1976, Pub. L. No. 94-295, 90 Stat. 539 (1976) (hereinafter 

MDA).
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•	 �A Class I device is one of which the general postmarketing controls 
would be sufficient to provide reasonable assurance of safety and 
effectiveness. Class I can also include any device on which there is 
insufficient information to judge the adequacy of the controls but 
that is not represented as being for use in supporting or sustaining 
human life (or in preventing impairment of health) and does not 
present an unreasonable risk of illness or injury.4

•	 �A Class II device is one that cannot be placed into Class I, because 
the general controls are not sufficient by themselves to provide rea-
sonable assurance of safety and effectiveness but on which there is 
sufficient information to establish a performance standard to pro-
vide reasonable assurance. A performance standard might include 
provisions regarding the construction, components, ingredients, and 
properties of the device and its compatibility with power systems; 
provisions for the testing of the device to ensure conformity with the 
standard; provisions for measurement of performance characteristics 
of the device; provisions making the device a “restricted device”; and 
special labeling requirements related to the installation, maintenance, 
operation, and use of the device.5 

•	 �A Class III device is one that is represented as being for use in sup-
porting or sustaining life (or in preventing impairment of health) or 
that creates a potential unreasonable risk of illness or injury and that 
cannot be placed into Class I or Class II, because the general controls 
are inadequate to give reasonable assurance of safety and effective-
ness and because there is not sufficient information to establish a 
performance standard to provide the requisite assurance.6

Congress directed that the safety and effectiveness of a device were to be 
determined with respect to the persons for whose use the device is intended, 
with respect to the conditions of use in the labeling of the device, and by 
“weighing any probable benefit to health from the use of the device against 
any probable risk of injury or illness from such use.”7

The classification of preamendment devices did not include any evalua-
tion of the safety or effectiveness of the individual medical devices. The FDA 
created advisory panels to assist in the device classification process. These 
panels reviewed information on the risks posed by types of devices, includ-
ing the potential risks resulting from a failure of lack of effectiveness, and 
recommended into which class the device type should be placed, in order 
to provide a reasonable assurance of safety and effectiveness. Neither the 

4FFDCA § 513(a)(1)(A), 90 Stat. 540 (1976) (subsequently amended).
5FFDCA § 513(a)(1)(B), 90 Stat. 541 (1976) (subsequently amended).
6FFDCA § 513(a)(1)(C), 90 Stat. 541 (1976) (subsequently amended).
7FFDCA § 513(a)(2), 21 USC § 360c(a)(2) (2006).
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panels nor the FDA itself undertook an assessment of the clinical safety or 
effectiveness of individual devices during the classification process. Once 
a device type was assigned to Class III, the statute directed the FDA to 
promulgate a regulation calling for manufacturers of devices of that type 
to submit a premarket approval (PMA) application. The agency would 
then (and only then) undertake a review of the safety and effectiveness of 
the specific devices. For device types placed into Class I or Class II, there 
was no mechanism for the systematic post-classification review of safety 
and effectiveness. Congress envisioned instead that the agency would use 
its postmarketing tools to identify and address issues of lack of safety or 
lack of effectiveness case by case. Thus, preamendment devices in Class I 
and II were never subjected to a comprehensive FDA evaluation for safety 
or effectiveness. The classification process was not completed until 1988.

Finding 2-1 The safety and effectiveness of individual preamend-
ment Class II medical devices has not been systematically reviewed. 
Continued use in clinical practice, however, provides at least a level 
of confidence in the safety and effectiveness of preamendment Class 
II medical devices still on the market.

In creating the new system, Congress also had to address how devices 
that were not on the market when the law was passed (so-called postamend-
ment devices) could get onto the market. First, it concluded that if a new 
device were “substantially equivalent” to a preamendment device, it could 
enter the market on the same terms and conditions as the preamendment 
device. In other words, if the preamendment device had been placed into 
Class III, the substantially equivalent postamendment device would be in 
Class III and subject to PMA review when the FDA called for the PMA ap-
plication for the preamendment device. If the preamendment device were 
placed into Class I or Class II, the substantially equivalent postamendment 
device would be permitted into the market subject to whatever controls or 
performance standards were applicable to the preamendment device. If the 
preamendment device had not yet been classified, the substantially equiva-
lent postamendment device could come onto the market and be placed into 
the same class as the preamendment device when it was classified. When a 
manufacturer proposed to introduce a new (postamendment) device, includ-
ing a modification of a preamendment device, it submitted a 510(k) notice 
identifying the preamendment device to which substantial equivalence was 
claimed and the supporting evidence, if needed or requested by FDA.

Second, Congress said that if the postamendment device were not “sub-
stantially equivalent” to any preamendment device, it would be automati-
cally placed into Class III. To enter the market, the manufacturer would have 
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to obtain approval of a PMA application or successfully get the agency to 
reclassify the device into Class I or Class II.

Finding 2-2 The 510(k) clearance process was not designed in 1976 
to evaluate the safety and effectiveness of new medical devices but 
only to assess their similarity to preamendment devices.

Congress did not define substantial equivalence in the 1976 amend-
ments, and the legislative history contains a one-paragraph discussion that 
is, at best, ambiguous (FDA, 2010). Because of resource limitations, the 
FDA tended to find that postamendment devices were substantially equiva-
lent to preamendment devices. To rule otherwise would increase the need 
for personnel to review PMA applications or to reclassify postamendment 
devices down from Class III, and both would have been labor-intensive 
activities. Furthermore, as time passed after 1976, the FDA adopted a 
practice of permitting a chain of devices to link a new postamendment de-
vice to earlier postamendment devices that ultimately could be traced back 
to a preamendment device; that is, Device A might be found substantially 
equivalent to Device B, which had been found equivalent to Device C, which 
had been found equivalent to Device D, and so on back to a preamend-
ment device (FDA, 2010). The effect of those actions was that the 510(k) 
process evolved into a system that tended to find substantial equivalence 
far more often than nonequivalence.8 Between fiscal years 1976 and 2009, 
only 1–4% of 510(k) notifications submitted annually were found by the 
FDA to be not substantially equivalent (FDA, 2010, p. 39; GAO, 1997, p. 
7; OTA, 1984, p. 104). 

Finally, the resource constraints delayed the promulgation of regulations 
calling for PMA applications for preamendment Class III devices and estab-
lishing performance standards for Class II devices.9 Until those two steps 
occurred, Class II and Class III devices were subject to the same standard 
for market entry as Class I devices: demonstration of substantial equivalence 
to a preamendment device.

8Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 
Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy and 
Commerce, 100th Cong. 344 (1987) (referred to in the statement of Rep. Henry A. Waxman, 
Chairman, H. Subcomm. on Health and the Env’t).

91976 MDA § 514 (b)-(e) (removed by the Safe Medical Devices Act of 1990, Pub. L. No. 
101-629 § 6(a)(2), 104 Stat. 4511, 4519-20 (1990) [hereinafter SMDA]); FFDCA § 515(b), 
21 USC § 360e(b) (2006).
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THE 1990 ACT

After a long series of investigations and hearings by Congress—through 
its committees, the Government Accountability Office (then called the Gen-
eral Accounting Office), and the Office of Technology Assessment—Con-
gress passed the Safe Medical Devices Act of 1990. The goal was to address 
deficiencies that Congress identified in the 1976 law.10

Congress was clearly unhappy with the almost complete lack of prog-
ress in bringing all Class III devices into the PMA application system. To 
reduce that workload, the new law authorized the FDA to reclassify Class 
III devices that no longer warranted being in this category. For devices that 
remained in Class III, Congress directed the FDA to set a schedule—no later 
than December 1996—for promulgating the regulations needed to require 
submission of PMA applications. No final deadline for completing the pro-
cess was set, however. (As of April 2011, it was not finished.)

For Class II devices, the new law addressed the FDA’s failure to establish 
performance standards. Congress broadened the scope of the FDA’s author-
ity so that requirements or restrictions (called special controls) in addition to 
performance standards could be imposed; it made the imposition of special 
controls discretionary rather than mandatory; and it simplified the process 
by which performance standards could be established.

Congress also added new postmarketing tools to the agency’s portfolio, 
underscoring the belief that premarket clearance would never be sufficient 
to protect public health.

With respect to the 510(k) process specifically, Congress adopted the 
more liberal interpretation of substantial equivalence that the FDA had 
been applying during the previous decade and thereby eliminated a fear 
that a court might declare that interpretation to violate the 1976 act. The 
agency, for example, had decided that a rigid reading of equivalence would 
not permit product improvements in safety and effectiveness; instead, a 
postamendment device could be determined to be substantially equivalent to 
another device even though it was claimed to be safer or more effective than 
the predicate with which it claimed comparability.11 The standard applied 
was one of “noninferiority”; that is, the new device had to be “as safe and 
effective” as the reference device and did “not raise different questions of 
safety and effectiveness” from the reference device. (The FDA added a gloss 
on the interpretation of the latter criterion, saying that a new device could 

10H.R. Rep. No. 101-808, at 13 (1990); see also S. Rep. No. 101-513, at 14-15 (1990). 
11Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 

Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy 
and Commerce, 100th Cong. 336-47 (1987) (referred to in the statement of Rep. Henry A. 
Waxman, Chairman, H. Subcomm. on Health and the Env’t).
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be cleared by the 510(k) process if it did not “raise new types of questions 
of safety and effectiveness” [IOM, 2010, p. 11].)

In addition, the new law permitted the establishment of equivalence 
to marketed preamendment or postamendment devices, called predicate 
devices, with the exception of devices approved by PMA. That change 
eliminated the need ever to construct a chain of 510(k) clearances back 
to a pre-1976 device. The only products that could not be considered as 
predicates were ones that had been removed from the market by order of 
the FDA or a federal court.

Finding 2-3 A 510(k) decision made by the FDA creates a precedent 
that is legally binding on the agency unless it has rescinded the 
decision or has barred the device covered by that decision from the 
market through other legal actions.

The relationship between the 510(k) process and innovation changed 
slightly in 1990. The 1976 law, literally read, would preclude a manufac-
turer’s use of the 510(k) process for a device that the company claimed 
would be safer and more effective than the preamendment device; changes 
that raised any issue of safety or effectiveness were (in theory, at least) to 
go through the PMA process instead. Moreover, from a narrow legal stand-
point, successful compliance with the 510(k) process allowed a manufac-
turer only to market the covered device. Unlike laws that create a period 
in which a company has exclusive rights to sell a product (for example, 
under a patent or data-exclusivity provision), 510(k) established no special 
benefit for the first manufacturer to bring a certain device to market. Two 
companies could submit 510(k)s for competing products, each based on 
substantial equivalence to the same preamendment device, and each could 
be cleared without regard to the other. 

In 1990, in ratifying the FDA interpretation of the substantial-
equivalence standard as a noninferiority test and permitting clearance of 
products that did not raise different safety or effectiveness questions, Con-
gress recognized that many innovative developments could be cleared with 
the 510(k) process and thus avoid the more burdensome PMA system. By 
eliminating the theoretical requirement of being able to trace a lineage back 
to a preamendment device, the 1990 law permitted comparisons with newer, 
more innovative state-of-the-art products. 

In contrast, the 1990 legislation did not compel any manufacturer to 
evolve with the state of the art. As long as the submitter could find any 
lawfully marketed device to which it could successfully claim substantial 
equivalence, the agency would have to clear the 510(k) notification. More-
over, the FDA was not given any mandate to consider whether a proposed 
device under a 510(k) notification was in fact innovative. A fair reading 
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of the statutory scheme is that the FDA was to facilitate the clearance of 
new products that did not raise novel questions of safety and effectiveness, 
whether or not the product was an innovation. Presumably, the more ef-
ficiently and expeditiously Class I and Class II products were cleared, the 
more likely it would be that innovative products would reach the market.

Finding 2-4 The 510(k) clearance process was not designed to 
reward, recognize, or encourage innovation. At most, promotion 
of innovation was a byproduct of a process that, by minimizing 
unnecessary regulatory burdens, facilitated the entry into the mar-
ket of new devices that did not raise novel questions of safety or 
effectiveness.

The definition of “substantial equivalence” used by the FDA in the 
1980s and ratified by Congress in 1990 also permitted the FDA to require 
evidence of safety and effectiveness, including clinical studies, when neces-
sary to determine whether a difference in technologic characteristics between 
the new device and its predicate rendered the new device less safe or effective 
than the predicate or raised different questions of safety and effectiveness 
from the predicate. This situation is the only one in which the FDA can con-
sider the safety and effectiveness of a device as part of the 510(k) process. If, 
despite the change in technologic characteristics, the new device was as safe 
and effective as the predicate, it would be found to be substantially equiva-
lent. About 15% of Class II and Class III 510(k) submissions for which the 
FDA reached a determination of substantial equivalence or nonsubstantial 
equivalence in FY 2005–2007 had new technologic characteristics (GAO, 
2009b). Some 99.5% received a determination of substantially equivalent. 

Because the assessment of substantial equivalence generally did not re-
quire evidence of safety or effectiveness of a device and because a preamend-
ment device to which equivalence was established was not itself specifically 
reviewed for safety or effectiveness, the FDA made clear from the outset that 
clearance of a 510(k) notification was not a determination that the cleared 
device was safe or effective. That position was reiterated by the agency nu-
merous times (OTA, 1984, p.128).12 The US Supreme Court accepted this 
interpretation in a 1996 opinion (Medtronic, Inc. v. Lohr, 518 U.S. 470). 
In that opinion, the Court quoted favorably a critic of the 510(k) process:

12Memorandum Re: Internal Control Weaknesses in the Food and Drug Administration’s 
Medical Device 510(k) Review Process, from the HHS inspector general to the HHS assistant 
secretary for health (July 5, 1990) 1, fn. 1; Brief for the United States as Amicus Curiae 
Supporting Respondents/Cross-Petitioners 19-20, Medtronic, Inc. v. Lohr, 518 U.S. 470 (1996) 
(No. 95-754) (some internal citations omitted). 
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Substantial equivalence determinations provide little protection to the 
public. These determinations simply compare a post-1976 device to a pre-
1976 device to ascertain whether the latter is no more dangerous and no 
less effective than the earlier device. If the earlier device poses a severe risk 
or is ineffective, then the latter device may also be risky or ineffective.13 

Finding 2-5 With limited exceptions, a determination by the FDA 
that one device is “substantially equivalent” to another device does 
not reflect an FDA evaluation of the safety or effectiveness of either 
device.

THE 1997 ACT

The Food and Drug Administration Modernization Act (FDAMA) was 
enacted by Congress in 1997. Congress had concluded that the FDA regula-
tory system was not keeping pace with medical innovation. “In a number of 
cases, for both 510(k)-cleared and PMA products, increased requirements 
that are burdensome, expensive, and time-consuming have delayed patients’ 
access to promising new devices.”14 In general, FDAMA restricted the 
agency’s authorities and eased the burdens on manufacturers seeking 510(k) 
clearance.15 The law specifically instructed the FDA to consider the extent 
to which postmarketing controls might expedite the preclearance process.

Congress eliminated the requirement for 510(k) notifications for most 
new Class I devices and some Class II devices to permit the FDA to con-
centrate its resources on higher-risk devices. The act imposed various con-
straints on the scope of review of 510(k) submissions so that the agency in 
general could no longer consider as grounds for a nonsubstantially equiva-
lent determination other potential off-label uses of a proposed device16 or 
whether a manufacturer was in compliance with regulations pertaining to 
good manufacturing practices.17 Congress also directed that when a pro-
posed new device included a change in technology such that the FDA had 
to determine whether the device was as safe and effective as its predicate, 
the FDA was not to request any evidence beyond the “least burdensome” 
means to demonstrate equivalence.18 Nothing in the legislative history of the 

13Lohr, 518 U.S. at 493-94 (citations omitted). 
14H.R. Rep. No. 105-307, at 13 (1997).
15Food and Drug Administration Modernization Act of 1997, Pub. L. No. 105-115, 111 

Stat. 2296 (1997).
16The FDA may add labeling statements cautioning about specific foreseeable off-label uses. 

FFDCA § 513(i)(1)(E), 21 USC § 360e(i)(1)(E) (2006).
17The FDA may refuse to clear a 510(k) submission if it finds a substantial likelihood that 

noncompliance will “potentially present a serious risk to human health.” FFDCA § 513(f)(5), 
21 USC § 360c(f)(5) (2006). 

18FFDCA § 513(i)(1)(D), 21 USC § 360c(i)(1)(D) (2006). 
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1997 Act suggests that Congress disagreed with the Supreme Court’s 1996 
opinion that clearance of a 510(k) notification was not a determination that 
the cleared device was safe or effective.

The legislation also limited the application of some postmarketing tools 
to Class II and Class III devices and eased reporting requirements for adverse 
medical events.

Finding 2-6 The 510(k) clearance process has evolved from 1976 
to the present through administrative and legislative changes, nar-
rowing the array of issues that the FDA may consider in a 510(k) 
review and limiting the type of evidence that the FDA could require. 
Over 35 years, there has been a high frequency of finding substan-
tial equivalence.

The PMA application has always been perceived as more onerous to 
manufacturers. As the 510(k) process was modified to facilitate clearance 
of new and improved products, the disincentives accompanying the PMA 
application became more apparent.

Finding 2-7 The gap in relative burdens on manufacturers between 
the 510(k) process and the PMA process created by the 1976 law 
has been maintained by administrative and legislative changes, 
which have encouraged preferential use of the 510(k) process.

THE 2002 AND 2007 ACTS

After years of insufficient resources for the PMA and 510(k) clearance 
processes (FDA Science Board, 2007; GAO, 1983, 1989, 1992, 1995, 1996, 
1997, 2009a; OTA, 1984). Congress enacted a 5-year user-fee program in 
2002 and renewed it in 2007. The enactments did not make fundamental 
changes in the regulatory framework. They did, however, provide supple-
mental funding for the FDA to use in reviewing of 510(k) submissions and 
PMA applications. Every establishment in which a device is manufactured 
must pay a fee with its required annual registration of names and places of 
business. Fees also must accompany each 510(k) submission, each original 
PMA application, each PMA supplement, and some other applications. The 
fees may be used only to support review activities, not other Center for De-
vices and Radiological Health (CDRH) operations, such as postmarketing 
safety monitoring and enforcement activities.

User fees are required only if two basic conditions are met. First, 
Congress must continue to appropriate a level of funding for CDRH re-
view activities. The user fees are intended to augment, not replace, general 
revenues from taxes. The FDA may not collect user fees if public funding 
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falls below a specified level (calculated with a complex formula). Second, 
the agency must meet performance standards (such as completing reviews 
on at least 90% of all 510(k) notifications within 90 days of submission). 
The standards are established in correspondence between the Department 
of Health and Human Services and Congress. 

The FDA is increasingly dependent on user-fee revenues to operate its 
review programs. To meet the minimum requirements for matching general-
revenue funds, the agency has been forced to divert resources from other 
activities that are not subject to user fees or user-fee goals. To sustain user-
fee funding, the agency faces growing pressure to meet the performance 
targets. A failure to either provide matching resources or meet performance 
standards could result in a catastrophic disruption of all review activities.

The user-fee program has a 5-year term. It will expire in 2012, unless 
renewed by the current Congress.

Finding 2-8 Congressional appropriations for operation of the 
510(k) clearance process have been unstable and frequently inad-
equate throughout its 35-year life. User fees have increased the level 
of funding for premarket review activities but not other CDRH op-
erations. The 5-year term of the user-fee program and the risk that it 
might lapse if various conditions are not met do not ensure stability.

SUMMARY OF FINDINGS

•	 �Finding 2-1 The safety and effectiveness of individual preamend-
ment Class II medical devices has not been systematically reviewed. 
Continued use in clinical practice, however, provides at least a level 
of confidence in the safety and effectiveness of preamendment Class 
II medical devices still on the market.

•	 �Finding 2-2 The 510(k) clearance process was not designed in 1976 
to evaluate the safety and effectiveness of new medical devices but 
only to assess their similarity to preamendment devices.

•	 �Finding 2-3 A 510(k) decision made by the FDA creates a precedent 
that is legally binding on the agency unless it has rescinded the de-
cision or has barred the device covered by that decision from the 
market through other legal actions.

•	 �Finding 2-4 The 510(k) clearance process was not designed to re-
ward, recognize, or encourage innovation. At most, promotion of in-
novation was a byproduct of a process that, by minimizing unneces-
sary regulatory burdens, facilitated the entry into the market of new 
devices that did not raise novel questions of safety or effectiveness.

•	 �Finding 2-5 With limited exceptions, a determination by the FDA 
that one device is “substantially equivalent” to another device does 
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not reflect an FDA evaluation of the safety or effectiveness of either 
device.

•	 �Finding 2-6 The 510(k) clearance process has evolved from 1976 
to the present through administrative and legislative changes, nar-
rowing the array of issues that the FDA may consider in a 510(k) 
review and limiting the type of evidence that the FDA could require. 
Over 35 years, there has been a high frequency of finding substantial 
equivalence. 

•	 �Finding 2-7 The gap in relative burdens on manufacturers between 
the 510(k) process and the PMA process created by the 1976 law 
has been maintained by administrative and legislative changes, which 
have encouraged preferential use of the 510(k) process.

•	 �Finding 2-8 Congressional appropriations for operation of the 510(k) 
clearance process have been unstable and frequently inadequate 
throughout its 35-year life. User fees have increased the level of fund-
ing for premarket review activities but not other CDRH operations. 
The 5-year term of the user-fee program and the risk that it might 
lapse if various conditions are not met do not ensure stability.
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3

Components of US Medical-Device 
Regulation

From the inception of device regulation under the 1976 Medical Device 
Amendments, it was understood that devices would be subject to vari-
ous degrees of premarket review, depending on their risk classification 

(see Chapter 2). In addition, all devices, once they entered the marketplace 
(by whatever review mechanism) would be subject to a wide array of regu-
latory requirements. Premarket review and regulatory control after market 
entry were intended to operate together to provide a structure that would 
protect the public’s health while not inhibiting innovation. 

The committee notes several times throughout this report that the 
510(k) process does not operate in isolation. It is part of a larger framework 
of regulatory tools. This chapter provides an overview of the components of 
medical-device regulation that come into play after a product is marketed 
and then an introduction to the available paths for premarket review of 
devices, including the 510(k) clearance process.

TOOLS AND AUTHORITIES FOR 
REGULATING MARKETED DEVICES

In general, medical-device regulation is described by following the typi-
cal life cycle of a device, starting with research and development, progressing 
to premarket review by the Food and Drug Administration (FDA), follow-
ing with regulatory requirements while the device is marketed, continuing 
with evolution of the device into several (often many) iterations and newer 
variants, and ending with product obsolescence (IOM, 2010; Kahan, 2009). 
To focus attention on the incremental aspects of premarket review, however, 
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this chapter will begin with the FDA’s “general controls”—the regulatory 
system applicable to devices once they enter the marketplace. Once the 
“postmarket” system is understood, the supplemental controls provided by 
premarket review can be better appreciated.

In its “Preliminary Report and Recommendations,” the FDA Center 
for Devices and Radiological Health (CDRH) 510(k) Working Group states 
(FDA, 2010a) that

the aim of the 510(k) program is two-fold: (1) to assure, through a quality 
review process, that marketed devices, subject to general and applicable 
special controls, provide a reasonable assurance of safety and effective-
ness; and (2) to foster innovation. Robust premarket review is an essential 
component of CDRH’s medical device oversight. CDRH’s postmarket 
tools, while valuable, have important limitations and are not sufficient to 
serve as a substitute for high-quality premarket review [emphasis added].

This chapter explores those potential or perceived limitations and the 
procedures by which the controls are imposed and enforced.

Controls Affecting Marketed Devices

The statute establishes a combination of prohibitions and mandates 
with which a device and its manufacturer must comply. Some of the man-
dates are imposed on specific devices by order of the FDA at its discretion; 
others are adopted through regulations issued by notice-and-comment rule-
making. This discussion covers only the legal authority of the FDA, not how 
that authority may have been used through individual enforcement actions 
or the exercise of discretion not to act.

Many of the controls apply to all devices, regardless of risk presented 
or classification; others apply to a subset of devices based on risk but not 
classification; and a few apply only to devices classified in Class II or Class 
III. Compliance with the controls is monitored and enforced by the FDA 
through its own resources and with the assistance of the US Department of 
Justice (DOJ) and federal courts. 

The following text will review prohibitions and mandates related to 
all devices, prohibitions and mandates related to higher-risk devices, FDA 
monitoring systems, FDA enforcement powers, and procedural require-
ments that may affect the FDA’s ability to use the powers granted by law. 
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Controls Applicable to All Devices

Prohibitions

Contamination 
A device may not consist in whole or in part of any filthy, putrid, or 

decomposed substance1 or contain an unsafe color additive.2

Container Contamination
The container of a device may not be composed in whole or in part of 

any poisonous or deleterious substances that may render its contents injuri-
ous to health.3

False Claims of Compliance 
The marketer of a device may not claim that it complies with a perfor-

mance standard established by or recognized by the FDA, unless the device 
conforms in all respects to the standard.4

False or Misleading Labeling 
The labeling of a device may not be false or misleading in any par-

ticular.5 It may not fail to make all required disclosures conspicuous and 
accessible to potential users under customary conditions of sale.6 Whether 
labeling is misleading is determined both by what is said and by what mate-
rial information is omitted in light of what is said.7 

Unsafe When Used in Accordance with Instructions 
A device may not be dangerous to health when used as suggested in its 

labeling.8

Mandates

Registration of Manufacturers 
A US-located manufacturer, processor, packager (or reprocessor and 

repackager9) of a medical device must register with the FDA the business’s 

1Federal Food, Drug, and Cosmetic Act [hereinafter FFDCA] § 501(a)(1); 21 USC § 351(a)
(1) (2006).

2FFDCA § 501(a)(4), 21 USC § 351(a)(4)(B) (2006).
3FFDCA § 501(a)(3), 21 USC § 351(a)(3) (2006).
4FFDCA § 501(e), 21 USC § 351(a)(1) (2006).
5FFDCA § 502(a), 21 USC § 352(a) (2006).
6FFDCA § 502(c), 21 USC § 352(c) (2006).
7FFDCA § 201(n), 21 USC § 321(n) (2006).
8FFDCA § 502(j), 21 USC § 352(j) (2006).
9Reprocessors and repackagers may sterilize, refurbish, or repackage previously used devices. 

There are special requirements for those who reprocess single-use medical devices. Section 
502(v); 21 USC 352(v) (2006).
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name and all places of business.10 Any additional place of business must be 
registered immediately.11 Registration is also required for establishments 
outside the United States where devices are made for importation into the 
United States.12 Registration is to be electronic.13

Listing of Products 
Each registered person must file with the FDA a list identifying each 

device made or processed for commercial distribution in the United States.14 
The label and labeling15 for each listed device and a representative sample 
of other labeling must be provided.16 The FDA may request a registrant to 
provide a statement as to why it believes that any product listed is not sub-
ject to a performance standard or a premarket approval (PMA) application 
requirement.17 If a device previously listed is no longer made, the registrant 
must provide a notice of discontinuance regarding the product.18 Listings 
are to be electronic.19

Label Information 
The label is affixed to the device or its immediate container.20 The label 

of a device must prominently disclose the company name, trade name, or 
trade symbol of the original manufacturer.21 It must also disclose the name 
and place of business of the manufacturer, packager, or distributor and the 
quantity of contents in the package.22 The device must be identified by its 
established or common nonproprietary name (if any).23

Labeling with Adequate Instructions for Use 
The labeling of a device must provide adequate directions for use and 

adequate warnings against unsafe use.24 The FDA has historically required 

10FFDCA § 510(c), 21 USC § 360(c) (2006).
11FFDCA § 510(d), 21 USC § 360(d) (2006).
12FFDCA § 510(i), 21 USC § 360(i) (2006 & Supp. II 2008).
13FFDCA § 510(p), 21 USC § 360(p) (2006).
14FFDCA § 510(j)(1), 21 USC § 360(j)(1) (2006).
15A label is written matter affixed to a device or its immediate packaging. Labeling includes 

labels and other written materials accompanying the device (for example, an operator’s manual 
or detailed product information). The FDA also includes some promotional materials in the 
scope of labeling. For this chapter, promotional labeling is treated with advertising, below. 

16FFDCA §§ 510(j)(1)(A)–(B), 21 USC § 360(j)(1)(A)–(B) (2006).
17FFDCA § 510(j)(1)(D), 21 USC §§ 360(j)(1)(D) (2006).
18FFDCA § 510(j)(2)(B), 21 USC § 360(j)(2)(B) (2006).
19FFDCA § 510(p), 21 USC § 360(p) (2006).
20FFDCA §§ 201(k)–(l), 21 USC §§ 321(k)–(l) (2006).
21FFDCA § 502(u), 21 USC § 352(u) (2006). 
22FFDCA § 502(b), 21 USC § 352(b) (2006). 
23FFDCA §§ 502(e)(2), (4), 21 USC §§ 352(e)(2), (4) (2006). 
24FFDCA § 502(f), 21 USC § 352(f) (2006).
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that directions be adequate for a layperson, both as to the conditions for 
which the device is to be used and as to the safe and effective way to use 
the device.25 The statute permits the FDA to exempt devices from these re-
quirements, which the agency has done by declaring them (or allowing their 
manufacturers to declare them) to be prescription devices,26 for which the 
labeling need only be written for healthcare professionals, not laypersons.27 
To take advantage of that exemption, however, the labeling must also pro-
vide information that permits a healthcare practitioner to use the product 
safely and for the purpose for which it is intended.28 

If a device is intended for use in healthcare facilities or by healthcare 
professionals, labeling required for a prescription device may be made avail-
able solely by electronic means and need not be included physically with 
the device package.29

Design and Manufacture of Products 
Every device must be designed, manufactured, packed, stored, and in-

stalled in conformity with current good manufacturing practice regulations 
established by the FDA.30 The regulations mandate use of design validation, 
investigation of complaints, a corrective and preventive action plan to iden-
tify root causes of product nonconformance with standards and specifica-
tions and to implement effective actions to prevent recurrence, and a quality 
system to oversee and ensure compliance with the FDA requirements and 
internal company procedures.31 

Reports of Removals and Corrections 
A manufacturer or importer must report to the FDA any device correc-

tion (for example, a software upgrade, change in operating instructions, or 
field modification) or removal (for example, recall, field recovery, or replace-
ment) if the correction or removal was undertaken to reduce a risk to health 
posed by the device or to remedy a violation of the FFDCA caused by the 
device that may have presented a risk to health.32 The FDA has promulgated 
regulations to implement this provision.33

2521 CFR § 801.5 (2009).
26Prescription devices are not the same as restricted devices, although an individual device 

may be both. See below regarding restricted devices.
27FFDCA § 502(f), 21 USC § 352(f) (2010); 21 CFR § 801.109 (2009).
2821 CFR § 801.109 (2009).
29FFDCA § 502(f), 21 USC § 352(f) (2006).
30FFDCA §§ 501(h), 520(f)(1), 21 USC §§ 351(h), 360j(f)(1) (2006).
3121 CFR pt. 820 (2009).
32FFDCA § 519(g), 21 USC § 360i(g) (2006). 
3321 CFR pt. 806 (2009).
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Reporting of Adverse Medical Events by Manufacturers and Importers
In general, each manufacturer or importer of a medical device legally 

marketed in the United States must keep records and make reports to the 
FDA regarding deaths or serious injuries that the device may have caused 
or to which it may have contributed.34 Malfunctions that did not cause or 
contribute to deaths or serious injuries must also be reported if a death or 
serious injury would be likely to result should the malfunction recur.35 The 
agency has implemented this authority through regulations.36

Reporting of Adverse Medical Events by Device-User Facilities (Not 
Manufacturers) 

Hospitals, ambulatory surgical facilities, nursing homes, and outpatient 
diagnostic and treatment facilities (other than physician offices) are required 
to report to the FDA information that reasonably suggests that a device has 
or may have caused or contributed to the death or serious illness of or seri-
ous injury to a patient of the facility.37 There is no comparable user-facility 
reporting requirement for drugs. This requirement has been implemented 
through regulations issued by the FDA.38 (Adverse-event reporting is dis-
cussed in detail in Chapter 5.) 

Controls Applicable Only to Higher-Risk Devices

Restricted Devices 

If the FDA determines that a device’s potential for harm or collateral 
measures necessary for its use are such that there cannot be reasonable as-
surance of its safety and effectiveness without the restriction, the agency is 
authorized to require that the device be restricted to sale, distribution, or 
use, only on the written or oral authorization of a healthcare practitioner 
or “upon such other conditions as [the FDA] may prescribe.”39 The statute 
goes on to suggest both the types of other conditions that the FDA might 
consider and limitations of these conditions if used:

No condition . . . may restrict the use of a device to persons with specific 
training or experience in its use or to persons for use in certain facilities 
unless [the FDA] determines that such a restriction is required for the safe 
and effective use of the device. No such condition may exclude a person 

34FFDCA § 519(a), 21 USC § 360i(a) (2006). See 21 CFR pt. 803 (2009) (implementing 
regulations).

35FFDCA § 519(a)(8), 21 USC § 360i(a)(8) (2006).
3621 CFR pt. 803, subpts. D–E (2009).
37FFDCA § 519(b), 21 USC § 360i(b) (2006).
3821 CFR pt. 803, subpt. C (2006).
39FFDCA § 520(e), 21 USC § 360j(e) (2006).
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from using a device solely because the person does not have the training 
or experience to make him eligible for certification by a certifying board 
recognized by the American Board of Medical Specialties or has not been 
certified by such a Board.40

That authority is exercised at the FDA’s discretion and may by imposed 
in any of three ways: by regulation issued through a notice-and-comment 
rule-making (usable for devices in any class),41 as part of a performance 
standard established by notice-and-comment rule-making (usable only for 
Class II devices),42 or as a condition for the approval of a PMA application 
(usable only for Class III devices).43

Although the language is quite similar to that used by the FDA to de-
termine whether a device should be a prescription device,44 the designations 
as “restricted device” and “prescription device” are technically distinct. 
Numerous devices are recognized as “prescription devices” by their manu-
facturers and the FDA through labeling and fall under exemptions from the 
“adequate directions for use” requirements.45 Those devices, however, are 
not “restricted devices” unless separately designated by the FDA.

The FDA has generally used the restricted-device authority via the PMA 
application process and rarely by regulation (Hutt et al., 2007). Only a very 
few Class II devices are formally “restricted.”46 

As early as 1983, however, the FDA was being criticized in Congress 
for failing to use its power to impose other conditions on use:

The legislative history [of the 1976 amendments] explains that Congress 
sought to supersede and add to the existing authority used by the FDA to 
limit sale or use of certain devices except by prescription. Authority beyond 
prescription was necessary because many . . . believed that major problems 
arose from misuse of devices by practitioners, and not just from manu-
facturing or design defects. Establishing conditions under which devices 
could be used, or limiting or describing the facilities where they could be 
used, or the training or qualification of those who use them in treatment, 
was envisioned as a way to address user-related problems. Controls such 
as these were not contemplated by the lone previously existing authority 
to limit devices to a practitioner’s prescription.47

40Id.
41Id. 
42FFDCA § 514(a)(1), (b), 21 USC § 360d(a)(1), (b) (2006). 
43FFDCA § 515(d)(1)(B)(ii), 21 USC § 360e(d)(1)(B)(ii) (2006). 
4421 CFR § 801.109(a) (2009).
45See above regarding “Labeling with Adequate Instructions for Use.”
4621 CFR § 801.420, 21 CFR § 809.30, 21 CFR § 864.4020(d).
47Subcomm. on Oversight and Investigations of the H. Comm. on Energy and Commerce, 

98th Cong., Medical Device Regulation: The FDA’s Neglected Child (Comm. Print 98-F). 
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Once a device is designated as a restricted device, two additional im-
portant legal consequences—apart from limiting access to the device to or 
through physicians—result:

•	 �Advertising and Promotional Materials. The promotion of medical 
products is generally regulated by the Federal Trade Commission 
(FTC), with no official role for the FDA with two exceptions. The 
FDA has jurisdiction to regulate the advertising of prescription drugs. 
With regard to prescription devices, however, the agency is given 
jurisdiction only to regulate advertising for prescription devices that 
are also restricted devices. The marketer is prohibited from advertis-
ing a restricted device with materials that are “false or misleading 
in any particular.”48 In addition, all advertisements for a restricted 
device must provide the device’s established or common name (if any) 
and a brief statement of the product’s intended uses, side effects, and 
contraindications.49 Because the FDA has declined to restrict almost 
all Class II devices, responsibility for preventing false or misleading 
advertising for these devices has remained exclusively with FTC. 

•	 �Inspections. During inspections of manufacturing plants, the FDA is 
authorized by one provision of the statute to see the production and 
distribution records related to restricted devices but not to devices 
that are not restricted.50 A separate provision, however, empowers 
the FDA to inspect any records that are required by law to be kept.51 
The agency has directed that specific production and distribution 
records on all devices be kept as part of good manufacturing practice 
requirements.52 Thus, the failure to designate devices as restricted has 
not adversely affected the FDA’s ability to examine manufacturing 
records.

Controls Related Only to Class II or Class III

Device Tracking

The FDA may require a manufacturer to adopt a method for tracking 
a Class II or Class III device whose failure might be reasonably likely to 
have serious adverse health consequences, that is intended to be implanted 
for more than 1 year, or that is a life-sustaining or a life-supporting device 

48FFDCA § 502(q)(1), 21 USC § 352(q)(1) (2006).
49FFDCA § 502(r), 21 USC § 352(r) (2006).
50FFDCA § 704(a), 21 USC § 374(a) (2006).
51FFDCA § 301(e), 21 USC § 331(e) (2006).
52FFDCA §§ 501(h), 520(f)(1), 21 USC §§ 351(h), 360j(f)(1); 21 CFR pt. 320, subpt. M.
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used outside a device-user facility.53 In 2002, the FDA set forth three new 
nonbinding criteria in addition to those in the statute to determine whether 
device tracking might be required: the likelihood of sudden, catastrophic 
failure; the likelihood of serious adverse clinical outcomes; and the need for 
prompt professional intervention.54

Tracking requires that the manufacturer keep records of the name 
and address of each patient who received the device, the physician who 
prescribed the device, and (if different) the physician who is following the 
patient. The agency has issued regulations creating the general requirements 
for complying with this provision.55 The authority to impose tracking re-
quirements is discretionary with the FDA and is exercised by an “order” to 
individual manufacturers covering each affected device.56 

Postmarket Surveillance

The FDA may require a manufacturer to conduct surveillance of a 
Class II or Class III device that meets any of the criteria for device tracking 
(above) or is expected to have substantial use in pediatric populations.57 
“Postmarket surveillance” is a specific activity defined by the statute and is 
not to be confused with “postmarketing surveillance,” which encompasses 
a wide array of programs, including adverse-event reporting by manufac-
turers and user facilities, third-party safety monitoring, and FDA–academic 
collaborations. Surveillance generally cannot last more than 36 months and 
must be designed to provide useful data that could reveal unforeseen adverse 
events or other information necessary to protect public health.58 The FDA 
has issued general regulations governing requirements when surveillance is 
ordered.59 Imposing a requirement for surveillance is discretionary with the 
FDA60 and is done by an “order” to the manufacturer of the affected device 
or, in the case of pediatric devices, as a condition for clearance of a Class II 
device or approval of a Class III device.61

53FFDCA § 519(e), 21 USC § 360i(e) (2006).
54Medical Devices; Device Tracking, 67 Fed. Reg. 5,943, 5,944 (Feb. 6, 2002) (codified at 

21 CFR pt. 821).
5521 CFR pt. 821 (2009).
5621 CFR § 821.20 (2009).
57FFDCA § 522(a), 21 USC § 360l(a) (2006).
58FFDCA § 522(b), 21 USC § 360l(b) (2006).
5921 CFR pt. 822 (2009).
60FFDCA § 522(a)(1), 21 USC § 360l(a)(1) (2006).
61FFDCA §§ 522(a)(1)(A)–(B), 21 USC §§ 360l(a)(1)(A)–(B) (2006).
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Special Controls 

Class II devices may be subject to one or more “special controls” to 
supplement the general controls to provide reasonable assurance of safety 
and effectiveness.62 The definition of a Class II device specifies that it is 

a device which cannot be classified as a Class I device because the general 
controls by themselves are insufficient to provide reasonable assurance of 
the safety and effectiveness of the device, and for which there is sufficient 
information to establish special controls to provide such assurance, includ-
ing the promulgation of performance standards, postmarket surveillance, 
patient registries, development and dissemination of guidelines . . ., recom-
mendations, and other appropriate actions as [the FDA] deems necessary 
to provide such assurance63 [emphasis added].

In parallel, the definition of Class III covers devices that cannot be clas-
sified as Class I because general controls are insufficient to ensure safety and 
effectiveness and that cannot be classified as Class II because “insufficient 
information exists to determine that the special controls . . . would provide 
reasonable assurance of its safety and effectiveness.”64 

The statute does not require, however, that every Class II device be 
subject to special controls. Although the definitional sentences just quoted 
state that “general controls . . . are insufficient,” the definition of Class II 
goes on to provide that 

for a device that is purported or represented to be for a use in supporting 
or sustaining human life, [the FDA] shall examine and identify the special 
controls, if any, that are necessary to provide adequate assurance of safety 
and effectiveness and describe how such controls provide such assurance65 
[emphasis added].

By implication, for a Class II device that is not so represented, the FDA 
is not even obliged to consider special controls. In addition, the various 
types of special controls identified in the statute (discussed below) are all 
written to be discretionary with the agency. As a practical matter, the FDA 
has always treated special controls as a discretionary matter. Today, roughly 
15% of all device types classified in Class II are subject to special controls 
(Desjardins, 2010).

The statutorily authorized “special controls” can include one or more 
of the following:

62FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
63Id.
64FFDCA § 513(a)(1)(C), 21 USC § 360c(a)(1)(C) (2006).	
65FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
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•	 �Device tracking (patient registries) and postmarket surveillance, as 
discussed above. Each authority is exercised in individual cases by 
order of the agency.

•	 �“Performance standards” that are promulgated either by the FDA 
(through an elaborate notice-and-comment rule-making)66 or by a 
third party and recognized by the FDA (through a simple published 
notice).67 Performance standards may cover the construction, com-
ponents, ingredients, and properties of a device and its compatibility 
with power systems and connections with these systems; testing 
requirements; provisions for measurement of performance; and 
requirements for submission of test results to demonstrate confor-
mity. A performance standard may also specify that the device is a 
restricted device in the same manner in which the FDA might restrict 
the device under separate authority (see above).68 

•	 �FDA guidelines, including guidelines on the submission of clinical 
data with a 510(k) notification.69 The FDA has adopted a form of 
notice-and-comment procedure for the adoption of guidelines (which 
the FDA now calls guidances).70

•	 �FDA recommendations. The statute refers only to “recommenda-
tions” without specifying what they might address or how a rec-
ommendation would become an enforceable control.71 The agency 
may, in issuing recommendations, use the same procedures as for 
guidances.72 

•	 �Any “other appropriate actions.” The FDA is authorized to adopt 
any other special control that it deems necessary to provide a reason-
able assurance of safety and effectiveness.73

For a number of reasons, however, special controls have not trans-
formed and cannot transform the 510(k) process into one based on safety 
and effectiveness rather than one based on substantial equivalence to a 
predicate device. First, as noted above, only about 15% of all Class II device 
types are subject to special controls. Second, some premarket special con-
trols are focused on a particular aspect of the device, such as medical devices 
that include an antimicrobial agent, or on generic procedures for conducting 
research for a class of devices, such as animal studies for cardiovascular 

66FFDCA § 514(b), 21 USC § 360d(b) (2006).
67FFDCA § 514(c), 21 USC § 360d(c) (2006).
68FFDCA § 514(a)(2), 21 USC § 360d(a)(2) (2010).
69FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
7021 CFR § 10.115 (2009).
71FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
7221 CFR § 10.90(c) (2009).
73FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
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devices (FDA, 2007b, 2010d). These guidances are not intended to supplant 
the standard for premarket clearance, which remains substantial equivalence 
to a predicate device, not safety and effectiveness. Third, many special con-
trols are nonmandatory guidance documents, and they bind neither the FDA 
nor the regulated industry. For example, the guidance document for tissue 
adhesive with an adjunct wound-closure device intended for the topical ap-
proximation of skin explains that it “does not create or confer any rights 
for or on any person and does not operate to bind FDA or the public” and 
states that manufacturers are free to “use an alternative approach if the ap-
proach satisfies the requirements of the applicable statutes and regulations” 
(FDA, 2010c). Manufacturers using an alternate must, however, show that 
the binding legal requirements are fulfilled. Fourth, some special controls, 
such as postmarket surveillance and device tracking, are postmarket forms 
of regulation that are based on the recognition that the premarket data on 
safety and effectiveness on some Class II devices may not identify long-term 
risks or rare events. Finally, practical considerations probably preclude the 
issuance of special controls for each component of every Class II device. 
Developing a special control is highly resource-intensive, and in the case 
of a novel device, the necessary expertise to do so may be lacking (GAO, 
1988). Thus, resource constraints presumably would prevent the FDA from 
taking on such a task. In addition, a proliferation of special controls could 
become a hurdle to innovation as a further barrier to bringing new devices 
to market.

The committee believes that special controls can provide a reasonable 
assurance of safety and effectiveness for some Class II devices. The FDA’s 
use of those controls, however, neither has transformed the 510(k) process 
into a form of comprehensive safety and effectiveness review nor represents 
a mechanism for doing so in the future. 

Food and Drug Administration Monitoring Powers

Monitoring the Marketplace and Clinical Experience
Much of the FDA’s awareness of problems comes from information 

voluntarily submitted by consumers, physicians, insurers, and competing 
manufacturers; from reports in the mass media; and from routine surveil-
lance of the marketplace. However, the agency has tools that require parties 
to submit information to permit it to oversee what products are in clinical 
use, whether they are being used safely, and whether manufacturers are 
complying with the requirements of the law. 
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Information Provided by Manufacturers and Importers
•	 �Who is making what? The requirements for registration and product 

listing provide the FDA with an inventory of those supplying medical 
devices to the market and the devices being supplied. 

•	 �Product labeling. The FDA reviews only draft labeling, not final la-
beling, during the 510(k) review process, and marketers may make 
some types of changes in labeling without seeking additional FDA 
review. The FDA can obtain by inspection, or in some cases via the 
Internet, the current labeling of any device. It thus can assess the ad-
equacy of directions for use, warnings, and other critical information 
for patients or healthcare professionals for that device. 

•	 �Product defects. Reports of removals and corrective actions allow the 
FDA early warning of potential safety issues and an opportunity to 
evaluate the adequacy of a manufacturer’s remedial and preventive 
actions.

•	 �Product-related adverse events. Reporting both of individual cases 
and of trends permit the FDA to identify potential safety issues.

•	 �Postmarketing surveillance. Reports from structured surveillance 
programs (including those mandated by the FDA order to individual 
manufacturers, those funded by the FDA, and those run through 
third-party collaborations) may supply a more comprehensive data-
base (with both numerator and denominator data) in which to look 
for risks posed by medical devices.

Information Provided by Third Parties
•	 �Device-related adverse events at device-user facilities. Mandatory and 

voluntary reporting of individual cases by end users in health facili-
ties provides the FDA with an alternative source of potential safety 
information.

•	 �Voluntary reports of adverse events from physicians, patients and 
third parties. Although not legally obliged to do so, many healthcare 
practitioners and patients submit MedWatch reports to the FDA 
regarding medical devices. 

•	 �Other voluntary reports and submissions of information. Competi-
tors are a frequent source of potential violations of the FFDCA. 

Inspections 
The FDA is authorized to enter factories and warehouses in which 

devices are manufactured, packed, or held for shipment and to inspect a 
facility and equipment, finished and unfinished goods, and containers and 
labeling on the premises.74 The agency may obtain records related to move-

74FFDCA § 704(a), 21 USC § 374(a) (2006).
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ment of devices and components in interstate commerce.75 And the FDA 
may inspect and copy records related to adverse medical events associated 
with devices, device tracking, and corrections and removals of devices.76 The 
statute says that the FDA may also inspect manufacturing records or other 
documents related to a medical device if the device is a restricted device.77 In 
that case, the FDA may examine all records (other than financial data, sales 
data, pricing data, personnel data, and research data) bearing on whether 
the device is in compliance with the FFDCA.78 With respect to devices that 
are not designated as restricted, the FDA nevertheless has been able to gain 
inspectional access to some manufacturing records. The agency has used its 
powers related to good manufacturing practice regulations to require that 
some manufacturing records be maintained for all devices;79 accordingly, 
the FDA may inspect these records.80

FOOD AND DRUG ADMINISTRATION 
ENFORCEMENT AND OTHER POWERS

When the agency discovers violations of the law or products that pose 
unacceptable risks to consumers, it has a wide variety of tools available to 
try to remedy the situation and to sanction the violators. The committee 
requested information from the FDA about its use of these authorities, and 
it was able to provide some information on the numbers and types of en-
forcement actions that it has taken. Given the different mechanisms needed 
to use these authorities, however, the agency does not have a centralized 
system for tracking the actions and was not able to provide the committee 
with some of the specifics about the actions, including whether they were 
used with products cleared under the 510(k) program or through other 
premarket-review pathways.

Judicial Enforcement Powers

The statute provides three remedies or sanctions that can be imposed, 
but only by order of a federal court, when the FDA finds a product or a 
manufacturer not in compliance with the law. To obtain such orders, the 
FDA must work through the DOJ Office of Consumer Litigation and the 
US attorney’s offices around the United States. Procedurally, the FDA must 

75FFDCA § 703, 21 USC § 373 (2006).
76FFDCA § 704(e), 21 USC § 374(e) (2006) (referring to FFDCA § 519, 21 USC § 360i 

(2006)).
77FFDCA § 704(e), 21 USC § 374(e) (2006).
78FFDCA § 704(a), 21 USC § 374(e) (2006).
79FFDCA § 520(f), 21 USC § 360j(e) (2006); 21 CFR pt. 820, subpt. M. 
80FFDCA § 301(e), 21 USC § 331(e) (2006).
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first convince the DOJ attorneys that a case is meritorious and worth bring-
ing from among the array of legal violations presented for action by other 
agencies. Then, the DOJ attorneys must present the matter before a federal 
judge (and perhaps a lay jury) and win a judgment or verdict. 

To get a judicial action brought, CDRH must first prepare the case 
and then persuade the FDA associate commissioner for regulatory affairs 
(and the Office of Enforcement) that the case is meritorious. The associate 
commissioner is charged with balancing the enforcement initiatives of all 
components of the FDA, so in a sense CDRH may be competing for a place 
in line. The proposed action is also reviewed by the FDA Office of Chief 
Counsel for legal sufficiency. If the associate commissioner for regulatory 
affairs and chief counsel are favorably moved, the agency refers the matter 
to DOJ, which conducts an independent review for both legal merit and 
the likelihood of convincing a judge (or jury) of the merits of government’s 
case. Again, the FDA is competing with other agencies for the attention of 
DOJ. Thus, the process could appear very cumbersome and time-consuming 
for CDRH personnel. 

The statute sets forth three remedies or sanctions: 

•	 �Seizure and forfeiture of violative product. When a medical device is 
found to be in violation of the prohibitions or mandates applicable 
to it, the law deems it to be “adulterated” or “misbranded.” The 
FDA, through DOJ, can obtain a judicial order authorizing a US 
marshall to seize the product and either secure it on site or remove it 
to another secure location. Thereafter, a notice is published announc-
ing the action and permitting any interested party (for example, the 
manufacturer, distributor, retailer, or owner) to file a claim as to the 
product. If a claim is filed, the case proceeds as a civil action in which 
the government must prove, by a preponderance of the evidence, that 
the product is illegally adulterated or misbranded. If the FDA is suc-
cessful or if no claim is filed, the device is forfeited to the government 
and can be destroyed. (In some cases, the claimant may seek to bring 
the product back into compliance under the FDA’s supervision.) If the 
claimant prevails, the device is returned as is.81 The FDA has advised 
the committee that in the period FY 2001–2008, it has successfully 
brought 13 seizure actions (Desjardins, 2011).

•	 �Injunction. The FDA can seek a federal court order restraining per-
sons from violations of the FFDCA. Again, there is an opportunity 
for the defendant to be tried by a judge, and the government must 
prove the violation by a preponderance of the evidence.82 If the 

81FFDCA § 304, 21 USC § 334 (2006 & Supp. II 2008).
82FFDCA § 302, 21 USC § 332 (2006).
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government prevails, the court can, in appropriate cases, also order 
restitution to the customers of the violator, disgorgement of unjust 
profits to the government, or both.83 Once an injunction is issued, 
any further violations can be enforced through a contempt-of-court 
proceeding. The FDA has informed the committee that in the period 
FY 2001–2008, it obtained 12 injunctions related to medical devices 
(Desjardins, 2011).

•	 �Criminal prosecution. The FDA, through DOJ, can prosecute compa-
nies and individuals criminally for violations of the law.84 Guilt must 
be proved—usually to a jury—beyond a reasonable doubt. Fines 
have been substantially increased in recent decades, and prison time 
for individuals is a possibility although rarely imposed. The FDA re-
ported that its Office of Criminal Investigations successfully obtained 
212 criminal convictions for violations of the law in the period FY 
2001–2010, which resulted in fines and restitution in excess of $577 
million (Desjardins, 2011).

Administrative Enforcement Powers

Over the years, Congress has supplemented the judicial enforcement 
tools with others that the agency can use without involving DOJ or a federal 
court. Some tools “punish” the violator; others deal only with a violative 
or otherwise unsafe or ineffective product. The FDA is empowered to is-
sue orders—usually after (or concurrent with) administrative proceedings, 
including formal or informal hearings—to accomplish specific tasks. Most 
of the authorities apply a criterion related to the risks posed by the device 
in question; the criteria are quite similar but not identical throughout the 
authorizing language. 

Banning a Device

The FDA may ban a device from sale if it finds that the device “pres-
ents substantial deception or an unreasonable and substantial risk of illness 
or injury.”85 If the problem could be corrected or eliminated by labeling 
changes, the FDA is directed first to provide the manufacturer notice and 
a reasonable time to modify the labeling before starting a proceeding to 
ban the device.86 To ban a device, the FDA must engage in a notice-and-
comment proposal-and-final-order rule-making proceeding to promulgate 

83US v Lane Labs—USA Inc., 427 F.3d 219 (3d Cir. 2005); US v Rx Depot, Inc., 438 F.3d 
1052 (10th Cir. 2006). 

84FFDCA § 303(a), 21 USC § 333(a) (2006).
85FFDCA § 516(a), 21 USC § 360f(a) (2006).
86FFDCA § 516(a)(2), 21 USC § 360f(a)(2) (2006).
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a regulation.87 The agency may make the rule effective on publication of 
the proposal if the deception or risk of illness or injury “presents an un-
reasonable, direct, and substantial danger to the health of individuals.”88 
Once a device is banned, it becomes an adulterated device subject to the 
same enforcement powers as any other adulterated device.89 According to 
the FDA, this authority has been used only once since it was established in 
1976 (Desjardins, 2011).

Recalling a Device

If the FDA finds that “there is a reasonable probability that a de-
vice . . . would cause serious, adverse health consequences or death,” it 
may order the manufacturer and other appropriate persons (for example, 
distributors and retailers) to cease distribution of the device immediately 
and to instruct healthcare professionals and device-user facilities (for 
example, hospitals and ambulatory surgical centers) to cease use of the 
device.90 After issuance of the order, the FDA must provide an opportunity 
for an informal hearing, which must consider both the merits of the order 
and whether the device should be physically recalled; the FDA is to vacate 
the order if the grounds for the action prove inadequate.91 After the hear-
ing (if any), the FDA may amend the order to require the physical recall 
of the device, but no device may be recalled from individuals and a device 
should not be recalled from a device-user facility if the FDA determines 
that recalling the device presents a greater health risk than not recalling 
it.92 The FDA was given the power to order recalls in 1990. Nevertheless, 
most recalls remain voluntary (GAO, 2011). The agency advised that it 
has not formally tracked recall orders but believes that the authority has 
been used at least three times in the past 20 years (Desjardins, 2011). 

Ordering Risk Notification about a Device

If the FDA finds that a device “presents an unreasonable risk of substan-
tial harm to the public health”, that notification is “necessary to eliminate” 
this risk, and that “no more practicable means is available” to eliminate 
the risk, it may order that notification be given by “persons and means best 
suited under the circumstances involved, to all health professionals who 
prescribe or use the device and to any other person (including . . . device 

87FFDCA § 516(a), 21 USC § 360f(a) (2006).
88FFDCA § 516(b)(1), 21 USC § 360f(b)(1) (2006).
89FFDCA § 501(g), 21 USC § 351(g) (2006).
90FFDCA § 518(e)(1), 21 USC § 360h(e)(1) (2006).
91Id. 
92FFDCA § 518(e)(2), 21 USC § 360h(e)(2) (2006).
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users) who should properly receive notification in order to eliminate such 
risk.”93 The statute allows the FDA to direct the order to any person (not 
just a manufacturer or distributor of the device), so healthcare practitioners 
who have treated patients with the device may be required to notify their 
patients. Before issuing any notification order, the FDA is to consult with 
the persons who are to give notice, but no formal or informal hearing is 
required. The FDA has not tracked the use of this authority (conferred in 
1976) but advises that it has not been used many times. It was used once in 
2010 (Desjardins, 2011).

Ordering Repair of, Replacement of, or Refund for a Device

If the FDA finds that a device “presents an unreasonable risk of sub-
stantial harm to the public health,” that there are reasonable grounds for 
believing that the device was not properly designed or manufactured with 
reference to the “state of the art” at the time it was designed or made, that 
there are grounds for believing that the unreasonable risk was not caused 
by failure of a person other than the manufacturer or supplier to exercise 
due care in the installation, maintenance, repair, or use of the device, and 
that simple risk notification would not by itself be sufficient to eliminate 
the risk but that repair, replacement, or refund is necessary to do so, it may 
order the manufacturer to repair the device, to replace it with an equivalent 
device that does not pose the risk, or to refund the purchase price of the de-
vice. The manufacturer is entitled to an opportunity for an informal hearing 
before the order takes final effect.94 The FDA has not used this provision 
since it was enacted in 1976, because the agency has found it difficult to 
establish that a device did not conform to the “state of the art” when first 
manufactured. The FDA did enter into a consent decree of permanent in-
junction in 2010 that required the defendant to replace or refund the price 
of a device, but this order was not issued under the statutory provision 
(Desjardins, 2011). 

Imposing Civil Money Penalties

If the FDA finds that any company or individual (or both) has violated 
any requirement of the FFDCA related to a medical device, it may impose 
a civil money penalty in an amount not exceeding $15,000 for each viola-
tion and not exceeding $1 million for all violations adjudicated in a single 
proceeding.95 Exceptions are made for some technical violations, such as 
a violation of good manufacturing requirements that involves devices that 

93FFDCA § 518(a), 21 USC § 360h(a) (2006).
94FFDCA § 518(b), 21 USC § 360h(b) (2006).
95FFDCA § 303(f)(1)(A), 21 USC § 333(f)(1)(A) (2006 & Supp. II 2008).
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are not defective.96 The FDA must provide a formal evidentiary proceeding 
before the penalty can be enforced.97 According to the FDA, civil money 
penalties have been imposed seven times in the period FY 2001–2008 
(Desjardins, 2011).

Detaining a Device in Anticipation of Seizure

If an FDA investigator finds during an inspection of a device that she or 
he has reason to believe the device violates the FFDCA, the investigator may 
order the device detained for a reasonable period, not to exceed 20 days. 
The detention period is to permit the FDA to decide whether to initiate a 
seizure action or undertake other actions. The manufacturer is entitled to a 
prompt informal hearing on any detention order.98 The FDA does not track 
the numbers of detention orders that precede seizure. The agency informed 
the committee, however, that use of this authority is difficult because of the 
statutory timeframe of 30 days, which is generally not sufficient to process 
a seizure action (Desjardins, 2011).

Detaining and Denying Entry of Devices Offered for Import into the 
United States

When an imported device is presented to US Customs and Border Pro-
tection (CBP) for release into US commerce, the FDA is to be notified and 
given an opportunity to inspect the product. The agency may request that 
CBP detain the device (that is, delay the release) while the FDA determines 
its compliance with the FFDCA. If the FDA finds that the device fails to 
comply with a requirement or has violated a prohibition or that the manu-
facturer did not comply with good manufacturing practice requirements, it 
can direct CBP to refuse release. The owner or consignee may seek to cor-
rect the violation, if that is possible, under FDA supervision. Any device not 
permitted entry may be destroyed if it cannot be brought into compliance 
or, in some instances, returned to the country of origin.99 

In the period 2002–2010, more than 17,500 devices and almost 1,200 
diagnostics were refused entry into the United States by the FDA (Desjardins, 
2011).

96FFDCA § 303(f)(1)(B), 21 USC § 333(f)(1)(B) (2006 & Supp. II 2008).
9721 CFR pt. 17 (2009).
98FFDCA § 304(g), 21 USC § 334(g) (2006).
99FFDCA §801(a), 21 USC § 381(a) (2006).
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Suspending Approval of a Premarket Approval Application

If the FDA finds that continued distribution of a Class III device under 
an approved PMA application “would cause serious, adverse health conse-
quences or death,” it may temporarily suspend the approval while initiating 
proceedings to withdraw approval permanently in accordance with formal 
legal procedures.100 The manufacturer is entitled to an informal hearing on 
the suspension order, separate from the formal hearing on the withdrawal. 
There is no counterpart authority with respect to a 510(k) clearance. 

Procedural Requirements

The foregoing has identified a variety of procedures that the FDA is 
required to use when exercising specific powers. Because CDRH has re-
ferred in its preliminary report to “important limitations” of its postmarket 
controls, it is appropriate to examine what each of the procedures entails.

Notice-and-Comment Rule-Making

The Administrative Procedure Act provides that regulations generally 
may be issued only after notice of the proposed rule is provided to interested 
persons and they are given an opportunity to comment before the rule is 
made final.101 The FDA has adopted detailed procedures for promulgating 
regulations.102 This can lead to improvements in the program or the devel-
opment of an alternative. Given the authority of the FDA or any federal 
agency, it seems appropriate that stakeholders have the opportunity to com-
ment before requirements are imposed. The process begins with publication 
of a proposal in the Federal Register that sets forth the factual grounds on 
which the FDA relies for its proposal, the legal authority for the proposed 
rule, and information on where and how people may submit comments. 
The FDA will almost always provide at least 60 days after the publication 
for the public to comment. A final order may be issued any time after the 
comment period closes. It, too, is published in the Federal Register and 
contains a summary of the comments received, the agency’s conclusions, 
and whatever changes have been made in light of the comments. At least 
30 days must elapse before the order may become final, except in some 
public-health emergencies.

Those simple statutory procedures have been supplemented by two re-
quirements. First, under a presidential executive order, each rule that could 
affect the economy, increase costs or prices, or substantially and adversely 

100FFDCA § 515(e)(3), 21 USC § 360e(e)(3) (2006).
1015 USC § 553 (2006).
10221 CFR § 10.40.
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affect competition, productivity, or innovation must be reviewed by the 
Office of Management and Budget before it is proposed and again before 
a final order is issued.103 Second, the Office of the Secretary of Health and 
Human Services (the Department of Health and Human Services is the par-
ent organization of the FDA) must review and approve any FDA proposals 
or final rules that address substantial public issues, such as those affecting 
the availability, marketability, cost, or quality of regulated products.104 The 
process of issuing regulations through notice-and-comment rule-making has 
thus become more time-consuming and burdensome for the FDA.

The FDA has adopted similar procedures for obtaining public input on 
guidances or guidelines.105

Formal Evidentiary Hearing

A formal evidentiary hearing, the counterpart of a civil trial in a court-
room, occurs before an administrative law judge (ALJ) with sworn wit-
nesses, cross-examination, written evidence, and briefs by counsel.106 Such 
hearings take considerable time to prepare and conduct and are often pre-
ceded by various motions and submissions to frame the issues, determine the 
admissible evidence, and resolve procedural disputes. After the hearing, the 
ALJ prepares findings of fact and conclusions and makes an initial decision. 
Either side may appeal the decision to the commissioner of the FDA, who 
reviews the record, the initial decision, and the arguments of the parties and 
issues a final decision. In many situations, a private party who loses a deci-
sion after a formal evidentiary hearing may seek review by a federal court.

Informal Hearing

The FDA has established procedures for a “regulatory hearing” to 
provide an expeditious opportunity for an adversely affected party to be 
heard on a proposed or actual order.107 In contrast with a formal hearing, 
the rules of evidence do not apply. Both sides present their views, a limited 
amount of cross-questioning may occur, and a written report is issued. But 
the timeframe for initiating, holding, and completing the process is tightly 
controlled.

103Exec. Order 12,291, 46 Fed. Reg. 13,193 (Feb. 17, 1981).
10446 Fed. Reg. 26,052 (May 11, 1981).
10521 CFR § 10.115.
10621 CFR pt. 12; see also 5 USC § 554 (2006).
10721 CFR pt. 16.
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Order

The FDA may issue an order simply by issuing a written directive to an 
affected party, provided that the factual predicates for the order are satis-
fied. The statute may require the agency to provide an opportunity for an 
informal hearing before or soon after the issuance of an order.

Finding 3-1 The Food and Drug Administration has a wide array 
of tools to address safety risks that are discovered to be posed by 
marketed devices. 

Finding 3-2 The Food and Drug Administration has not used the 
tools at its disposal extensively. The Center for Devices and Radio-
logical Health has suggested that there are important limitations 
in their use. The committee identified some procedural burdens on 
the exercise of these tools, but these burdens do not in themselves 
explain the historical and continuing sparse use of the tools.

COMPARISON OF THE FOOD AND DRUG 
ADMINISTRATION’S AUTHORITIES OVER 

MARKETED DRUGS AND MARKETED DEVICES

In contrast with the system designed for medical devices, the FDA’s 
drug regulatory framework after the Drug Amendments of 1962 required 
a more standardized, clinical-trial–based premarket review of both safety 
and effectiveness of all new drugs and placed less emphasis on postmarket 
surveillance and management of risks.108 Until passage of the Food and 
Drug Administration Amendments Act of 2007 (FDAAA),109 it could be 
fairly said that the FDA had better risk-management authorities for mar-
keted devices than it had for approved drugs. The 2007 legislation made 
important changes in the FDA’s powers, which implemented some of the 
recommendations of the Institute of Medicine report The Future of Drug 
Safety (IOM, 2007). In essence, after 4 decades of extensive, if not often 
exclusive, reliance on authority to approve new drugs and to remove them 
later, Congress and the FDA recognized that this model had inherent limita-
tions in ensuring the safety and effectiveness of drug products. The results 
of premarket clinical trials conducted by trained investigators on relatively 
small numbers of carefully selected research subjects could not be extrapo-
lated to the use of a drug by thousands of physicians and millions of pa-
tients. Unexpected adverse reactions, interactions with other medicines, the 

108Drug Amendments of 1962 (Harris-Kefauver Act), Pub. L. No. 87-781, 76 Stat. 780 
(codified as amended in scattered sections of 21 USC).

109Pub. L. No. 110-85, 121 Stat. 823 (codified as amended in scattered sections of 21 USC).
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need for dose adjustments for concomitant diseases, and new uses for other 
diseases or conditions emerged after approval. Removal of a drug from 
the market was not always a rational option for addressing the new issues. 
Thus, although it did not alter the FDA’s premarket approval process for 
drugs, the FDAAA added important new authorities for the FDA to evaluate 
and manage drug-related risks after approval (Evans, 2009). 

Drugs and devices present distinct regulatory issues, and the authorities 
that the FDA has in connection with drugs may not always be appropriate 
for devices. Nevertheless, it is instructive to compare the regulatory frame-
works as they exist today. 

It appears that the FDA already has many authorities over marketed de-
vices that closely resemble the new postmarket authorities that the FDAAA 
created for drugs. The FDAAA enables the agency to institute a Risk Evalu-
ation and Mitigation Strategy (REMS) plan for an individual drug when 
necessary to ensure that the benefits of the drug outweigh the risks that it 
poses. If there is a substantial discrepancy, it lies in the procedural require-
ments to use the powers granted by Congress. For example, the FDA may 
be required to promulgate a regulation to exercise an authority for devices, 
whereas the equivalent authority for drugs can be exercised by means of 
an order. This procedural complexity may have contributed to CDRH’s 
stated concern about limitations on its statutory authorities, and it tends to 
increase the effect of FDA’s resource constraints. 

Authority to Gather Evidence During the Postmarket Period

Table 3-1 compares the FDA’s authorities to obtain information regard-
ing risks posed by drugs and medical devices after they enter the market-
place. Here, the term passive refers to evidence-gathering that is passive 
from the regulator’s perspective—that is, the agency passively awaits data 
collected and submitted by other parties. Active surveillance involves active 
development of systems to allow the FDA to acquire safety data on its own 
initiative, for example, through the creation of information systems that 
allow mining existing administrative or clinical databases. 

The FDA is also authorized to engage in the active surveillance of clini-
cal experience for medical products through the Sentinel Initiative (device-
specific active surveillance programs are discussed in detail in Chapter 5). 
In 2007, the FDAAA directed the FDA to develop methods to obtain access 
to data from disparate sources (including federal health-related data from 
the Medicare and Department of Veterans Affairs programs and private 
health-insurance claims) and to construct and validate methods for linking 
and analyzing safety data from these sources.110 

110FFDCA § 1005, Pub. L. No. 110-85, 121 Stat 823 (2007).
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The FDAAA also directed the agency to prepare an analysis of adverse-
event reports for each newly approved drug within 18 months after approval 
or after use by 10,000 people, whichever is later.111

Authority to Take Action to Manage Emerging Safety Issues

The FDA has several authorities that allow it to manage safety issues as 
they occur. These authorities are summarized in Table 3-2.

111FFDCA § 505(r)(2)(D), 21 USC § 355(r)(2)(D) (Supp. 2007).

TABLE 3‑1 Comparison of FDA Authorities to Obtain Postmarket 
Information on Risks Posed by Drugs and Medical Devices
Passive Gathering of 
Clinical Experience Approved Drugs Marketed Devices

Reporting by 
manufacturers and 
importer of adverse-event 
information received by 
them

Mandatory for all drugs Mandatory for all devices

Reporting by hospitals 
and other user facilities 
of observed adverse 
events

No authority to require Mandatory for manufacturer 
or the FDA 

Tracking of users; user 
registry

Discretionary authority 
to require as part of 
REMS

Discretionary authority to 
require

Reporting by 
manufacturers and 
importers of corrections 
and removals to address 
risks

No authority to require Mandatory for all devices

Assessing specific safety 
issues

Discretionary authority 
to require as part of 
REMS or as condition of 
approvala

Discretionary authority 
to require “postmarket 
surveillance” study or as 
condition of Class III approval

Requiring prospective 
clinical trials

Discretionary authority 
to require any time that 
new safety information 
emergesb

Discretionary authority as 
condition of Class III approval

aFFDCA § 505(o), 21 USC § 355(o) (Supp. 2007).
bFFDCA § 505(o), 21 USC § 355(o) (Supp. 2007).
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Labeling Changes 

The FDA has various authorities to address serious problems of device 
labeling, but these are procedurally more cumbersome than the process now 
in effect for drugs. In practice, device labeling changes may require volun-
tary cooperation of the manufacturer. In contrast, the FDAAA substantially 
expanded the FDA’s authority to require mandatory safety-related labeling 
changes for already-approved drugs at any point in their life cycle.112 The 
process calls for the FDA to notify manufacturers of new safety information 
that the agency believes should be placed in the drug’s labeling. There are 
brief periods for response (30 days) and discussion (30 days), after which 
the FDA can order the change if agreement has not been reached. 

Restrictions on Sale, Distribution, and Use 

The FDA has always had authority, after following due-process proce-
dures, to revoke a drug’s approval and force it from the market. However, 
the agency lacked tools for selective risk management that would let a drug 
remain on the market but require specific measures to manage its risks. 
The FDAAA provided such authorities. The FDA can condition the sale of 
a drug on a specific risk-management measure, a REMS.113 The FDA can 
require a REMS on initial approval or later if emerging evidence reveal that 
a REMS is needed to ensure that the drug’s benefits outweigh its risks. A 
REMS must provide for continuing evaluation of risk. Additional elements 
may be included, such as medication guides, patient package inserts, and 
warning letters to inform healthcare providers or patients of a risk. The 
FDA also has authority to impose specific restrictions on the use, distribu-
tion, or prescribing of a drug in cases in which a drug is effective but has 
known risks so serious that the drug otherwise would have to be taken off 
the market. Those specific restrictions are called elements to ensure safe use 
and can include such measures as requiring providers to have special train-
ing to prescribe the drug, requiring that the drug be used only in specific 
settings, requiring a registry to monitor patients’ outcomes, and requiring 
patients to be screened before use of the product or requiring them to be 
monitored for adverse events. 

For devices, the FDA has authority to restrict a device of any class if it 
determines that the restriction is necessary to provide reasonable assurance 
of safety and effectiveness. The types of use restrictions that can be imposed 
are in many respects similar to those that can be imposed for drugs under 
REMS. An important difference is that REMS use restrictions potentially 
make it possible to limit the use of a drug to patients who have particular 

112FFDCA § 505(o)(4), 21 USC § 355(o)(4) (Supp. 2007).
113FFDCA §§ 505(p), 505-1, 21 USC §§ 355(p), 355-1 (Supp. 2007).

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


66	 MEDICAL DEVICES AND THE PUBLIC’S HEALTH

characteristics; there is no explicit provision for similarly limiting the use 
of a device. Another major difference is procedural: the FDA can restrict 
devices of any class by notice-and-comment rule-making, as part of a per-
formance standard established by notice-and-comment rule-making for 
Class II devices, or as a condition of approval of a PMA device. Thus, in 
theory, the FDA has some authorities that would allow dispensers of de-
vices to be subject to restrictions, but the method of imposing restrictions 
is so procedurally cumbersome as to make it impractical to apply in most 
circumstances, and there is no explicit provision for adding nuance to the 
limitations to reflect patient characteristics.

TABLE 3‑2 Comparison of FDA Authorities to Take Remedial Actions in 
Light of New Safety Findings
FDA Authority Approved Drugs Marketed Devices

Banning a product Discretion to revoke 
marketing approval; may 
suspend immediately as 
an imminent hazarda

Discretion to declare product a 
banned device; discretion (for 
Class III premarket approval 
only) to revoke marketing 
approval

Recalling a product No authority to compelb Discretion to compel by order

Changing labeling Discretion to compel 
labeling change by orderc

No direct authority to compel 
by order

Notifying (healthcare 
practitioners or users) 
of risk

Discretion to compel by 
REMS pland

Discretion to compel by order

Restricting distribution 
or use

Discretion to restrict by 
REMS plane

Discretion to restrict under 
restricted-device powers

Compelling special 
labeling for patients

Discretion to compel by 
REMS plan or MedGuide 
programf

Discretion to compel through 
special controls (by notice-
and-comment rule-making 
regarding Class II device) 
or premarket approval (as 
condition of approval for 
Class III)

Ordering repair of, 
replacement of, or refund 
for a product

No authority to compel Discretionary authority to 
compel by order
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Timely Communication of Postmarket Risk–Benefit Information 

The FDAAA did not alter the FDA’s traditional drug-labeling require-
ments. The statute, however, recognizes that labeling may not be an ideal 
medium for communicating timely, specific information about emerging 
drug-safety problems. The FDAAA established an Internet-based system for 
disseminating risk information to patients and providers (FDA, 2010e).114 
The FDA met its statutory deadline to have a basic system in place 1 year af-
ter the enactment of the FDAAA.115 The system’s functionality continues to 
develop. The FDAAA envisions that this system will provide a searchable,116 

114FDAAA § 915, 21 USC § 355(r) (Supp. 2007).
115Id., 21 USC § 355(r)(1).
116Id., 21 USC § 355(r)(2)(A).

FDA Authority Approved Drugs Marketed Devices

Imposing civil money 
penalties for violations

No authority (other 
than for false direct-to-
consumer advertising of 
prescription drugs)g

Discretionary authority to 
impose after formal hearing

Detaining product in 
anticipation of seizure

No authority to order Authority to detain upon 
order

Detaining and denying 
products offered for 
import

Discretionary authority 
identical for drugs and 
devices

Discretionary authority 
identical for drugs and devices

Communicating risk–
benefit information on 
marketed products in 
timely fashion

Required for drug 
productsh

No explicit communication 
program or process, but the 
FDA has general authority 
to issue public-health 
notificationsi

aFFDCA § 505(e), 21 USC § 355(e) (2006).
bThe FDA is authorized to undertake multiple seizures of a product. FFDCA § 304(a), 21 
USC § 334(a) (2006). Often, the threat of a seizure will induce a recalcitrant company to 
undertake a voluntary recall.
cFFDCA § 505(o)(4), 21 USC § 355(o)(4) (Supp. 2007).
dFFDCA § 505-1(e), 21 USC § 355-1(e) (Supp. 2007).
eFFDCA § 505-1(f)(3), 21 USC § 355-1(f)(3) (Supp. 2007).
fFFDCA § 505-1(e)(2), 21 USC § 355-1(e)(2) (Supp. 2007); see also 21 CFR pt. 208.
gFFDCA § 303(g), 21 USC § 333(g) (Supp. 2007).
hFFDCA § 505(r), 21 USC § 355(r) (Supp. 2007).
iFFDCA § 705(b), 21 USC § 375(b) (2006).

TABLE 3‑2 Continued
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centralized source of information on drug-related risks and how to manage 
them. The system already incorporates information that traditionally has 
been provided in paper form, such as labeling, package inserts, medication 
guides,117 and safety alerts.118 In addition, the system is intended to pro-
vide continuous, close-to-real-time feedback of emerging postmarket data, 
such as early signals of potential safety problems that are not clear enough 
to support labeling changes.119 The Internet system also will provide risk-
management information, including REMS information.120 

There appears to be no statutory impediment that would prevent the 
FDA from developing a similar communication system for device labeling 
and other safety information. Rather, it appears to be a question of resources 
and priorities.

DEVICE CLASSIFICATION AND PREMARKET REVIEW

As noted earlier, all devices must comply with FDA standards of safety 
and performance. The 1976 Medical Devices Amendments (MDA) adopted 
a three-tier system to determine the need for additional regulatory controls, 
in the form of premarket review, to protect and promote public health. The 
tiers correspond to the perceived risks posed by the devices. In that sense, 
the law represented a sharp break with the approach taken with respect 
to pharmaceutical agents, for which a uniform and rigorous system was 
established for all new agents and an only slightly less demanding and uni-
form system for generic copies of the agents. Because of the wide variety of 
devices, Congress recognized that uniformity was neither necessary nor ideal 
to attain the ultimate public-health goal of a “reasonable assurance of the 
safety and effectiveness” of each marketed device. A detailed description of 
device classification criteria is included in Chapter 2. 

Using the standards outlined in Chapter 2, the FDA was tasked with 
reviewing the universe of devices on the market when the 1976 law was 
enacted—and therefore called preamendment devices—and placing them 
into the appropriate Class. In addition, the 1976 MDA directed that any 
device that was not on the market at the time the bill became law (so-called 
postamendment devices) would be automatically placed in Class III, at least 
until reclassified.121

It took the FDA until 1988 to complete the classification of preamend-
ment devices (Hutt et al., 2007). 

117Id., 21 USC §§ 355(r)(2)(B)(i)–(ii), 355(r)(3).
118Id., 21 USC § 355(r)(2)(B)(iv).
119Id.
120FDAAA § 915, 21 USC § 355(r)(2)(B)(v).
121FFDCA § 513(f)(1), 21 USC § 360c(f)(1) (2006).
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Premarket Approval Application122

For Class III devices, Congress required affirmative FDA approval 
before marketing.123 The application for PMA must contain the following 
major elements: full reports of all information known to or reasonably 
known to the applicant regarding investigations to assess the safety and 
effectiveness of the device; a full statement of the components and proper-
ties of the device and of the principles of its operation; a full description of 
the methods used in and facilities and controls used for its manufacture, 
processing, and (when relevant) packaging and installation; specimens of 
the labeling proposed to be used for the device; and any other information 
relevant to the PMA application that the FDA (with the concurrence of an 
advisory panel) may require.124 The statute does not give the FDA author-
ity to waive any of those requirements, but the FDA permits an applicant 
to omit information that is not applicable to the device if the omission can 
be justified.125

In 2002 and again in 2007, Congress enacted 5-year user-fee programs 
under which persons submitting PMA applications and 510(k) submissions 
must pay a fee to underwrite some of the cost of FDA review. Thus, a new 
PMA application must be accompanied by payment of a fee for FDA review; 
in FY 2011, the standard fee for a new PMA application was $236,298, al-
though small businesses can have the fee reduced to $59,075 (FDA, 2011d). 

The agency has 180 days to review a PMA application and either to 
grant or to deny its approval.126 Moreover, the FDA, if requested, must 
meet with the applicant not later than 100 days after the PMA application 
is filed and discuss the status of the review, identifying any deficiencies and 
describing the information needed to correct them.127 During the review 
process of a novel device, the FDA may on its own initiative (and must on 
request by an applicant) refer the PMA application to an outside advisory 
panel, which must report its conclusions and recommendations.128

Grounds for denial are the lack of demonstration of a reasonable as-
surance of either safety or effectiveness, noncompliance with good manu-
facturing practices, and false or misleading labeling.129 If the agency denies 

122This discussion is highly abbreviated from Appendix A. Its purpose is to provide an 
overview of the principal premarket-review alternative to the 510(k) submission.

123FFDCA §§ 513(a)(1)(C), 515(a), 515(a), 21 USC §§ 360c(a)(1)(C), 360e(a) (2006).
124FFDCA § 515(c), 21 USC § 360e(c) (2006); see 21 CFR § 814.20 for FDA’s regulations 

detailing the required format and contents of a PMA.
12521 CFR § 814.20(d).
126FFDCA § 515(d)(1), 21 USC § 360e(d)(1) (2006).
127FFDCA § 515(d)(3), 21 USC § 360e(d)(3) (2006).
12821 CFR § 814.44(a), (b).
129FFDCA § 515(d)(2), 21 USC § 360e(d)(2) (2006).
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a PMA application, the applicant may request a second review by and a 
hearing before a hearing officer or a standing outside FDA advisory panel.130

The FDA may condition approval on compliance with one or more of 
a variety of postapproval requirements, including the completion of stud-
ies to confirm the safety, effectiveness, and reliability of the device for its 
intended use.131

Once a PMA application is approved, the applicant must obtain addi-
tional FDA approvals before making changes in the labeling of the device, 
its indications for use, its packaging or sterilization procedures, its perfor-
mance or design specifications, or its components, principles of operation, 
or physical layout.132 In addition, the applicant may not make any changes 
in the manufacturing procedures without submitting to the FDA a notice 
describing the change and summarizing the supporting data, which the 
agency has 30 days to review; if the FDA finds the notice inadequate, the 
applicant may not implement the modification.133 Finally, after approval 
of the PMA application, the applicant must make periodic reports to the 
FDA containing new unpublished reports, if any, of clinical or nonclinical 
investigations involving the device or related devices and reports from the 
scientific literature concerning the device.134 Revisions of devices approved 
through the PMA application process require a supplemental PMA applica-
tion as opposed to a 510(k) submission. Thus, the obligations of the PMA 
application process extend well past the initial review and approval.

User fees for PMA supplements in FY 2011 range from $3,800 to 
$236,000, depending on the type of supplement and hence the FDA re-
sources needed to review it. There are substantial reductions for small 
businesses (FDA, 2011d).

510(k) Clearance-Process Submission

The 1976 law contemplated that the sponsor of a new product that 
was classified in Class I would submit a notice to the FDA at least 90 days 
before marketing; the notice would set forth the simple fact that the device 
was so classified. That notice became known as a 510(k) notification after 
the section of the MDA that required a manufacturer to notify the FDA of 
a new product before marketing it.135 If the agency concurred (or failed to 
respond within 90 days), the product could enter the market; if not, the 

130FFDCA § 515(g), 21 USC § 360e(g) (2006).
13121 CFR § 814.82.
132FFDCA § 515(d)(6), 21 USC § 360e(d)(6) (2006); limited exceptions are provided in 21 

CFR § 820.39(d).
133FFDCA § 515(d)(6), 21 USC § 360e(d)(6) (2006).
13421 CFR § 814.44.
135FFDCA § 510(k), 21 USC § 360(k) (2006).
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sponsor was notified that the product could not enter the market without 
further action, such as approval of a PMA application. In 1990, Congress 
modified the law to prohibit the launch of a new product until the FDA had 
issued a written response to the 510(k) submission.136 In 1997, Congress 
again amended the 1976 law and eliminated the requirement of a 510(k) 
submission for most Class I devices.137

For premarket review of a Class II device, the 1976 law seemed to 
contemplate that the sponsor of a new product would submit to the FDA a 
notice under Section 510(k) setting forth the fact that the device was classi-
fied in Class II and, if a performance standard had been promulgated, that 
appropriate certification or evidence that the product conformed to the 
standard.138 As with Class I, the original law did not require FDA action on 
the 510(k) submission; but in 1990, Congress amended the law to require 
a written FDA response to the submission before marketing. At the same 
time, the broader concept of “special controls” was substituted for (but still 
included) the narrower “performance standard” in the definition of Class 
II. In 1997, Congress exempted a small proportion of Class II device types 
from 510(k) submission requirements.

There is no standardized format for a 510(k) submission, although the 
FDA has issued guidance for manufacturers (see Chapter 4) (FDA, 2005). 
The 510(k) submission needs to set forth a device’s proposed intended use, 
the device to which substantial equivalence is claimed, and evidence demon-
strating the equivalence. That information may be based on bench testing, 
animal studies, or clinical trials. Although a 510(k) submission is usually far 
leaner than a PMA application, the number of pages in the average 510(k) 
submission has grown over the years and in some cases might be as high as 
in a regular PMA (FDA, 2010a).

The same legislation that established user fees for PMA applications 
required fees for the review of 510(k) submissions. In FY 2011, the standard 
fee is $4,348, discounted to $2,174 for small businesses (FDA, 2011d).

The most important development after 1976 was the evolution of the 
510(k) clearance process from a transitional tool for preclearance of posta-
mendment devices to a permanent and dominant means of premarket review 
for most postamendment devices. 

136FFDCA § 513(i)(1)(A), 21 USC § 360c(i)(1)(A) (2006) (added by SMDA § 12, 104 Stat. 
at 4523).

137FFDCA § 510(l), 21 USC § 360(l) (2006) (added by FDAMA, § 206(a), 111 Stat. 2338-
39 (1997).

138FFDCA § 510(k), 21 USC § 360(k); § 514(a)(1)(B), 21 USC § 360d(a)(1)(B) 2006).
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Comparison of 510(k) and Premarket Approval Application Requirements

From the perspective of a device manufacturer, the 510(k) clearance 
process currently offers (and historically has offered) a number of advan-
tages over the PMA application pathway. Table 3-3 summarizes some of 
the key differences. 

Because the 510(k) submission does not include much of the informa-
tion required in a PMA application, the time needed for preparation of the 

TABLE 3‑3 Summary of Key Differences Between PMA Applications and 
510(k) Submissions

Premarket Approval 
Application 510(k) Submission

Detailed description of 
device components

Required Not required

Detailed description of 
methods of manufacture

Required Not required

Specimens of draft 
labeling

Required, reviewed, and 
approved

Required and reviewed, but 
not approved

Studies regarding safety 
and effectiveness

Reports of all studies 
relevant to safety and 
effectiveness required; 
clinical trials commonly 
required

Only studies demonstrating 
substantial equivalence to 
predicate needed; clinical trials 
infrequently needed

Filing fees (FY 2011) 
(regular business; small 
business)

$236,298; $59,075 $4,348; $2,174

Statutory time for FDA 
review

180 days 90 days

Conditions on final FDA 
action

Postapproval conditions 
authorized

Postclearance conditions not 
authorized

Need for FDA 
action on changes in 
manufacturing, labeling?

Generally, FDA approval 
required; thus, changes 
are subject to user fees

Generally, FDA clearance not 
required for manufacturing 
and labeling changes; thus, 
these changes are not subject 
to user fees; other changes—in 
design, materials, and intended 
uses—do require a new 510(k) 
submission 

Subject to FDA 
revocation or rescission?

Yes Generally, no
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submission is usually less, and the scope of issues that can emerge during 
FDA review is narrower. The committee was advised by industry that it 
prefers the flexibility and economy of the 510(k) process (IOM, 2010). It is 
important to note, however, that the 510(k) process was never intended to 
be a substitute for the PMA process.

Finding 3-3 The 510(k) clearance pathway is generally more eco-
nomical, faster, and less burdensome to industry and the Food and 
Drug Administration than the premarket approval application 
route and has substantially fewer postmarketing controls.

From a public-health standpoint, the differences between the two path-
ways are less clear. For example, some patient advocates advised the com-
mittee that they wanted premarket clinical trials of safety and effectiveness 
for more devices, but other experts questioned the feasibility of such trials 
in light of the time required to plan, execute, and analyze the studies; the 
small numbers of subjects that might be eligible for trials in any given period 
(limiting the power of studies to detect differences between the new product 
and alternate treatments); and the pace of technologic change (IOM, 2010, 
2011). Determining the “value added” to device safety and effectiveness by 
requiring a PMA application, as opposed to a 510(k) submission, would be 
complex and difficult and was not part of the committee’s charge. 

INFRASTRUCTURE OF THE CENTER FOR 
DEVICES AND RADIOLOGICAL HEALTH

As noted in Chapter 2, the FDA and CDRH have faced resource and 
capability limitations and competing priorities over the life of the medical-
device regulatory programs. The limitations have shaped the organization’s 
approach to fulfilling its mission and created shortcomings in the programs 
that are difficult to address. Given the increasing number and complexity 
of devices and combination products that include devices, CDRH’s mission 
would be difficult even under ideal circumstances. This section explores the 
resource constraints and strategic issues that affect CDRH and its work.

Financial Resources

The total budget (including mandatory and discretionary spending) of 
the Department of Health and Human Services in FY 2008 was $722 billion 
(see Figure 3-1). Of the $1.2 billion used to support the FDA’s medical-
products programs, $275 million supported the medical-devices program, 
compared with $681 million for the drug program and $234 million for 
the biologics program. All the FDA’s programs are considered discretion-
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ary spending (GAO, 2009b). CDRH’s funding is augmented by user fees. 
However, as described in Chapter 2, there are limitations to how those 
funds can be used.

The funding for CDRH has grown from $159 million in 1999 to $275.3 
million in 2008—a 73% increase (GAO, 2009a). Despite the increase in 
funding, agency officials reported that the limitations placed on the use of 
the user-fee funds seriously undermine their ability to meet their responsi-
bilities in programs not supported by user fees (GAO, 2002, 2009a). About 
two-thirds of all the funding for medical-products program centers (both 
user-fee funding and discretionary funding) supports user-fee–related ac-
tivities (for example, submission review). Funding for the program centers 
increased three times as fast as funding for the FDA’s field operations, which 
are responsible for inspecting manufacturing facilities (GAO, 2009b).

Staffing 

The FDA is concerned about its ability to attract and retain key staff 
who have essential expertise, such as biologists, chemists, computer pro-
grammers, and epidemiologists (GAO, 2009b). For all the FDA centers—
CDRH, the Center for Biologics Evaluation and Research (CBER), and the 
Center for Drug Evaluation and Research (CDER)—full-time equivalents 
(FTEs) funded by user fees increased by 113% from 1999 (856 FTEs) to 
2008 (1,825 FTEs), whereas FTEs funded through appropriations declined 

Figure 3-1.eps
bitmap

FIGURE 3‑1 Federal government, Department of Health and Human Services, and 
FDA funding, FY 2008.
SOURCE: GAO, 2009a.

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


COMPONENTS OF US MEDICAL-DEVICE REGULATION	 75

by 7% from 1999 (4,069 FTEs) to 2008 (3,802 FTEs).139 In an effort to re-
duce staffing levels in programs funded through appropriations, the agency 
offered buyouts to some employees in FY 2004–2006 (GAO, 2009b). 
CDRH and the Office of Regulatory Affairs (ORA) estimated that they 
increased their use of contractors to fulfill their responsibilities during that 
period but were unable to provide the Government Accountability Office 
(GAO) documentation of total number of contractor hours. The decrease 
in FTEs resulted in a backlog in work (GAO, 2009b). 

CDRH staff are required to respond within 90 days of receipt of a 
510(k) notification. In 2009, the FDA’s goal was to review 90% of 510(k) 
submissions within 90 days and 98% within 150 days (GAO, 2009b).140 
Given the variability in the 510(k) submissions, FDA staff report that re-
view times did not allow sufficient review of complex issues (FDA, 2011a). 
Over a 7-year period, the number of FTEs dedicated to processing 510(k) 
submissions has risen dramatically, from 166 in 2003 to 249 in 2009. The 
number of FTEs dedicated to processing PMA applications has grown from 
133 to 152 in the same period (Desjardins, 2011). The FDA reported that it 
takes about 2 years to train new staff to review applications (GAO, 2009b). 
This long training period makes average annual turnover of 11–13% in the 
centers (CDER, CBER, and CDRH) an important issue for the FDA (GAO, 
2009b). 

In 1989, GAO recommended that the FDA collect basic management 
information, such as staffing (including contractors), to estimate its future 
needs better (GAO, 1989). The FDA disagreed with that recommendation, 
indicating that the resources needed to collect the information would detract 
from the agency’s oversight responsibilities. In a 2009 report, GAO reiter-
ated its recommendation with the assertion that the collection of this infor-
mation is essential for the agency to be able to fulfill its mission adequately. 
Without the information, it is also impossible for external groups to verify 
whether the FDA is fulfilling its oversight requirements and optimizing its 
performance (GAO, 2009b). 

Third-Party Review 

In August 1996, the FDA initiated a voluntary third-party review pilot 
program for selected devices. The pilot’s purpose was to provide manufac-
turers of eligible devices an alternative review process that might yield more 
rapid marketing clearances and enable the FDA to use its scientific review 
resources for higher-risk devices. All Class I and 30 select Class II device 
types were eligible for third-party review. The eligible Class II devices were 

139These numbers do not include contractors. 
140Compared with PMA reviews, for which the goals are 60% of original PMA submissions 

within 180 days and 90% within 295 days (GAO-09190).
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subject to a device-specific guidance or a recognized consensus standard. 
Well-recognized road maps for establishing device performance were con-
sidered important in choosing products to be reviewed in the pilot because 
such documents would, it was believed, standardize the review process 
among third-party organizations. The FDA developed an accreditation and 
training process to ensure that third-party reviewers had the capacity to 
perform credible reviews and to avoid conflict of interest. 

The 1997 FDAMA formally recognized and extended the program. 
The FDAMA directed the FDA to accredit third parties to review devices 
of low to moderate risk and to set limits on the number of Class II devices 
that would be ineligible for third-party review. In September 1998, the FDA 
published an expanded list of Class II device types eligible for third-party 
review for which there were no device-specific guidances or standards. For 
a third party to review a device not subject to a guidance or standard, it 
must (FDA, 2009)

•	 �Have completed three successful 510(k) reviews in the program.
•	 �Agree to contact the appropriate CDRH branch chief or designee to 

discuss issues and review criteria.
•	 �Prepare a summary of the discussion and submit it to the Office of 

Device Evaluation with its 510(k) review.

The third party charges a fee to submitters for review. Once a review 
has been completed, it must be submitted with a cover letter, a letter from 
the submitter authorizing submission, a summary of the presubmission dis-
cussion described above, the complete 510(k) submission, and a completed 
review. In addition, there must be a certification that the reported informa-
tion accurately reflects the data reviewed. The FDA supervisory official is 
expected to review the third-party submission and make a decision on the 
submission within 30 days of receipt. 

GAO found that often the third-party review could be faster than FDA 
review for traditional 510(k) submissions but that, as FDA review has be-
come more efficient, the number of third-party reviews is likely to decrease 
(GAO, 2009c). 

As of February 2011, 670 Class I and Class II device types were eligible 
for third-party review. No Class II devices that are intended to be perma-
nently implanted, that are intended to be life-sustaining or life-supporting, 
or whose 510(k) submission requires clinical data are eligible for third-party 
review (GAO, 2009c). Since 2004, about 250 510(k) submissions have par-
ticipated in the third-party process per year (see Figure 3-2). 

Quality assessments were completed on 75% of third-party reviews 
received during the last 9 months of FY 2005. Overall, major problems 
were observed by supervisors who reviewed submissions in 31% of reviews; 
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the most common problems were lack of rationale for conclusions and rec-
ommendations, failure to provide an adequate comparison with a legally 
marketed device, and failure to resolve deficiencies in the 510(k) submis-
sion or to address FDA requests (see Table 3-4) (von Eschenbach, 2007). A 
review of recall data from 2003–2009 found that 510(k) devices cleared via 
third-party review were more common among recalled devices than among 
nonrecalled devices (9.9% vs 7.3%) (IOM, 2011). Given the rate of review 
deficiencies and the higher recall rate, it is not certain that the program has 
met its goal of assisting the FDA in reducing its work burden. 

Information-Sharing and Technology

Inadequacies in information-sharing and technology in the FDA are 
felt at all levels and centers in the agency. In 2007, the FDA produced a 
strategic action plan that focused on four strategic goals: strengthening the 
FDA, improving the safety of patients and consumers, increasing access to 
new medical and food products, and improving the safety and quality of 
manufactured products and the supply chain (FDA, 2007a). Improvement 
of the medical-product review process to increase the predictability and 
transparency of decisions was identified as a priority. The initiatives included 
in the plan were the integration of premarket-decision information into a 

FIGURE 3‑2 Third-party 510(k) submissions as percentage of total 510(k) submissions 
received, FY 1999–2009. 
SOURCE: FDA, 2010a.
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single comprehensive tracking warehouse accessible to all staff and the pilot 
testing and evaluation of a Web-based tracking system for premarket review 
of medical devices (GAO, 2009d).

In a 2009 report, GAO found that although the FDA has an information-
technology (IT) modernization project underway, it has failed to develop 
a comprehensive IT strategic plan to inform the modernization process. A 
plan would include a well-defined set of goals, strategies, milestones, and 
performance measures and would allow the agency to consider the human, 
infrastructure, and funding resources needed. Without a clear plan, GAO 
asserts, the FDA lacks a roadmap needed to develop an effective system 
(GAO, 2009d). In addition, CDRH has acknowledged that it is difficult for 
staff to share knowledge throughout the center (FDA, 2011a). The inability 
to communicate with other staff, seek essential expertise, and share relevant 
information can be attributed to problems of individual workload, the lack 

TABLE 3‑4 Frequency of Problems with Third-Party Reviews of 510(k) 
Submissions

Review Element
% Rated as  
Minor Issue

% Rated as  
Major Issue

Presubmission consultation with the FDA 15 4

Rationale for conclusions and recommendations 11 6

Comparison with legally marketed devices—
identification and analysis of key similarities and 
differences

11 5

Summary of device characteristics, intended use, 
performance, and reason for 510(k) 

10 4

Organization and format of review documentation 13 1

Use of guidance and standards 10 2

Scope of reviewer expertise 8 3

Resolution of 510(k) deficiencies and FDA requests 3 5

Determination of device eligibility for third-party 
review 

3 4

Determination of 510(k) administrative completeness 6 1

NOTE: Data based on quality assessments completed by FDA supervisors when making final 
determinations on 510(k)s with third-party review. The FDA initiated the quality assessments 
in January 2005. 
SOURCE: Adapted from von Eschenbach, 2007. 
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of a system to institutionalize cross-center communication, the rigidity of 
review-turnaround expectations, and the presence of multiple information 
systems (FDA, 2010b).

In an effort to address its information-systems issues, the FDA has 
implemented a number of pilot programs that have met with various de-
grees of success. A program called eConsults is intended to facilitate the 
exchange of scientific information and staff expertise throughout CDRH. 
The program, in place for 5 years, fosters communication within CDRH 
by managing expert-consultation requests and allowing staff to access in-
formation and analysis as needed (Desjardins, 2011). It prompts discussion 
among CDRH offices to access different types of expertise in premarket 
device submissions, postapproval studies, and compliance and enforcement 
actions (FDA, 2011b).

CDRH included several items related to the improvement of IT systems 
in its 2010 strategic priorities. For example, the iReview program, a pilot 
application begun in 2008, automated the premarket certification of medi-
cal devices. The iReview system is a workflow-management tool intended 
to automate the end-to-end 510(k) review process and to ensure that work 
is not duplicated in multiple systems, that technical risk is reduced, that 
future changes in the 510(k) process can be incorporated easily without af-
fecting other applications, and that reviewers, supervisors, and consultants 
can use one system as a single repository for all 510(k) review status and 
work products (FDA, 2011c). However, during user-acceptance testing in 
May 2010, reviewers determined that iReview did not meet the center’s 
most pressing needs, namely, internal searches, reporting, and electronic 
document routing. As a result, iReview implementation was canceled, and 
CDRH will work to improve existing tracking systems to perform key func-
tions (Desjardins, 2011). 

Another pilot that proved unsuitable was the Appian business-
management program introduced in the 2010 strategic priorities. In No-
vember 2010, the FDA announced that it would sign a 5-year contract to 
use this platform in all its centers. The program was intended to improve 
and align processes between groups and departments and to improve man-
agement of several core business processes. Because most of CDRH’s core 
functions involve knowledge creation, the business-management program 
did not survive the evaluation process and was determined to be the wrong 
tool for CDRH’s work (Desjardins, 2011). 

One successful pilot program is the @work toolset, internally known 
as Traction. Traction is a collaborative tool that combines the attributes of 
a wiki and a blog with networking capability to forge connections between 
people throughout the organization. Traction was piloted by CDRH and is 
now used throughout the FDA (Desjardins, 2011). 
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Finding 3-4 The Center for Devices and Radiological Health faces 
persistent challenges because of a lack of or limitations on human, 
fiscal, and technologic resources and capabilities.

Quality Assurance

The preliminary report of the CDRH 510(k) Working Group finds that 
“CDRH does not currently have an adequate mechanism to regularly assess 
the quality, consistency, and effectiveness of the 510(k) program” (FDA, 
2010a). That finding is amply supported by the results of the reviewer 
survey in Appendix D to the preliminary report. The survey asked CDRH 
personnel who review 510(k) submissions and their managers about their 
understanding of and opinions on a variety of issues related to making 
510(k) substantial-equivalence decisions. In a number of cases, reviewers 
selected the correct answer only 50–60% of the time, and managers did not 
do much better (FDA, 2010a).

Problems surrounding quality assurance in the 510(k) process are not 
new. The first public guidance to aid reviewers and industry in the 510(k) 
decision-making process was not issued until the program had been oper-
ating for a decade (FDA, 1986).141 In 1988, GAO found a lack of a clear 
officewide policy and a lack of coordination among review divisions, and it 
recommended steps to improve consistency in 510(k) decision-making and 
documentation (GAO, 1988). The Department of Health and Human Ser-
vices inspector general (IG) in 1990 determined that CDRH lacked a com-
prehensive quality-control program to evaluate and critique the adequacy of 
the 510(k) review process independently.142 Three years later, the inspector 
general issued a follow-up report that concluded that CDRH had focused its 
quality efforts primarily on the administrative aspects of the 510(k) process, 
not on the scientific validity of the review decisions.143

CDRH has long required device manufacturers to operate a qual-
ity system.144 In an oversimplified description, the regulations prescribe 
a continuous-improvement process in which specifications and operating 
procedures are established, persons who have appropriate backgrounds 

141Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 
Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy 
and Commerce, 100th Cong. 336-47 (1987) (referred to in the statement of Rep. Henry A. 
Waxman, Chairman, H. Subcomm. on Health and the Env’t).

142Memorandum Re: Internal Control Weaknesses in the Food and Drug Administration’s 
Medical Device 510(k) Review Process, from the HHS inspector general to the HHS assistant 
secretary for health (July 5, 1990), 2.

143Memorandum from the principal deputy inspector general to the acting assistant secretary 
for health, Re: Follow-Up Review on Internal Control Weaknesses in the Food and Drug 
Administration’s Medical Device 510(k) Review Process (Feb. 26. 1993), 19.

14421 CFR pt. 820.
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are trained in the procedures, execution of the procedures is properly 
documented, and the resulting output is monitored for conformity to the 
specifications. When a deviation occurs, the manufacturer is to undertake a 
root-cause analysis and then implement a corrective-action and preventive-
action plan to address the root problem and prevent its recurrence (for 
example, by revising operating procedures, retraining employees, or revis-
ing specifications). The continuous-improvement process is overseen by 
a quality manager or group and executive management of the company. 
Those basic principles are as applicable to the making of 510(k) clearance 
decisions—and any other regulatory decisions (such as PMA application 
approvals and the use of postmarketing tools to address emerging safety 
concerns)—as to the production of medical devices. 

The absence of a quality system for the 510(k) process since its inception 
has important consequences for the future of the process. Prior 510(k) clear-
ance decisions are by law binding on the FDA unless a predicate product is 
removed from the market by the FDA or declared adulterated or misbranded 
by a federal court.145 The agency is concerned that its authority to rescind 
prior decisions may be subject to challenge (Shuren, 2011). 

About 120,000 510(k) submissions have been cleared over the past 35 
years (Tillman, 2010). As described in Chapter 2, those actions have by 
and large built on a chain of devices that link a new postamendment device 
to earlier postamendment devices that ultimately could be traced back to a 
preamendment device from 1976. CDRH has never had an effective quality-
assurance system in the 510(k) process. In addition, at least in the early years 
of implementation, the FDA may have biased the review process in favor of 
finding substantial equivalence to avoid the administrative consequences of 
placing too many devices in Class III (OTA, 1984). Today, CDRH cannot 
reconstruct the “piggy-backing” of devices without a manual review of per-
haps thousands of files. Even if a computerized database allowed easy access 
to the history, the agency would have to review every decision manually to 
identify questionable ones. The cost of the exercise would be staggering; 
the benefit would be, it is hoped, small in terms of identifying devices that 
should not have gotten to the market by a 510(k) clearance. However, it 
cannot be assumed that the number is zero. 

Finding 3-5 The committee agrees with the CDRH 510(k) Working 
Group that the Center for Devices and Radiological Health does 
not have “an adequate mechanism to regularly assess the quality, 
consistency, and effectiveness of the 510(k) program.”

145FFDCA § 513(i)(2), 21 USC § 360c(i)(2) (2006).
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SUMMARY OF FINDINGS

•	 �Finding 3-1 The Food and Drug Administration has a wide array 
of tools to address safety risks that are discovered to be posed by 
marketed devices. 

•	 �Finding 3-2 The Food and Drug Administration has not used the 
tools at its disposal extensively. The Center for Devices and Radio-
logical Health has suggested that there are important limitations in 
their use. The committee identified some procedural burdens on the 
exercise of these tools, but these burdens do not in themselves explain 
the historical and continuing sparse use of the tools.

•	 �Finding 3-3 The 510(k) clearance pathway is generally more eco-
nomical, faster, and less burdensome to industry and the Food and 
Drug Administration than the premarket approval application route 
and has substantially fewer postmarketing controls.

•	 �Finding 3-4 The Center for Devices and Radiological Health faces 
persistent challenges because of a lack of or limitations on human, 
fiscal, and technologic resources and capabilities.

•	 �Finding 3-5 The committee agrees with the CDRH 510(k) Working 
Group that the Center for Devices and Radiological Health does 
not have “an adequate mechanism to regularly assess the quality, 
consistency, and effectiveness of the 510(k) program.”
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4

The 510(k) Clearance Process 

Chapters 2 and 3 outlined the history of medical-device regulation in 
the United States and the components of the Food and Drug Adminis-
tration (FDA) medical-device regulatory infrastructure, including the 

510(k) clearance process. This chapter discusses the 510(k) process in more 
detail. It explains how the FDA has implemented its regulatory authorities1 
and discusses the challenges faced by the FDA and others affected by the 
program.

The 510(k) submission is the most common premarket regulatory sub-
mission received by the Center for Devices and Radiological Health (CDRH) 
within the FDA. It applies to device types that are generally considered to 
pose moderate risk and that are not exempt from premarket review but not 
to high-risk device types that are subject to premarket approval (PMA). The 
Government Accountability Office (GAO) estimated that in 2003–2007, 
31% (15,472) of all devices entered the market through the 510(k) pathway, 
1% through PMA, and 1% through programs such as the humanitarian 
device exemption. The remaining 67% of device types were exempt from 
premarket review (Class I devices made up 95% and Class II devices 5% 
of these) (GAO, 2009c).2 A study of 510(k) submissions from 1996 to 
2009 found that more than 80% of 510(k)-cleared devices were classified 
as Class II, about 10% Class I, and less than 2% Class III devices (IOM, 

1In this report, the phrase regulatory authority refers to the power that the legislature gives 
the FDA to enforce statutes.

2Data are for the 50,189 devices listed with the FDA by device manufacturers during the 
period October 1, 2002, through September 30, 2007 (GAO, 2009c).
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2011). About 90% of 510(k) submissions for Class I and Class II devices 
are cleared by the FDA to enter the market (GAO, 2009c). 

A number of situations require a manufacturer to submit a 510(k) 
submission. By regulation, a new 510(k) notification must be submitted if

the device is one that the person currently has in commercial distribution or 
is reintroducing into commercial distribution, but that is about to be signifi-
cantly changed or modified in design, components, method of manufacture, 
or intended use. The following constitute significant changes or modifica-
tions that require a premarket notification: (i) A change or modification in 
the device that could significantly affect the safety or effectiveness of the 
device, e.g., a significant change or modification in design, material, chemi-
cal composition, energy source, or manufacturing process; (ii) A major 
change or modification in the intended use of the device3 [see Figure 4-1].

Although they are not specified in the 510(k) regulation, there are gener-
ally four categories of parties who must submit a 510(k) submission to the 
FDA (FDA, 2010f):

1.	Domestic manufacturers introducing a device into the US market.
2.	Specification developers introducing a device into the US market.
3.	�Repackagers or relabelers who have made labeling changes or whose 

operations substantially affect the device.
4.	�Foreign manufacturers or exporters or US representatives of foreign 

manufacturers or exporters introducing a device into the US market.

The 510(k) clearance mechanism rests on the notion of “substantial 
equivalence.” A device must be found to be substantially equivalent to a 
predicate device if it is to be cleared through the 510(k) process for com-
mercial distribution. To be considered substantially equivalent, devices must 
meet criteria that are detailed in Figure 4-1. 

Congress has mandated that the FDA give priority review to PMA appli-
cations that have innovative or breakthrough technology.4 There is no legal 
framework for the FDA to request or consider whether a 510(k)-eligible 
device is innovative with the review process. 

IMPLEMENTATION OF THE 510(K) PROCESS

The Medical Device Amendments of 1976 provided that all posta-
mendment devices were automatically to be classified into Class III—that 
is, as high risk—with specific exceptions.5 The primary exception involved 

321 CFR § 807.81 (a)(3).
4FFDCA § 515(d)(5); 21 USC § 360e(d)(5) (2006).
5FFDCA § 513(f)(1), 21 USC § 360c(f)(1) (2006).
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a postamendment device that was “substantially equivalent” to a “type of 
device” that either was a preamendment device that had not been classified 
or was not a preamendment device but had already been classified into Class 
I or Class II.6 Another exception provided that a postamendment device 
would not be in Class III if the FDA, in response to a petition, classified it 
into Class I or Class II.7 The ultimate intention was that even postamend-
ment devices would be classified, on the basis of risk, into the appropriate 
category. Until then, any new product proposed for marketing after 1976 
would be subject to PMA requirements unless it were substantially equiva-
lent to a preamendment device already in Class I or Class II (or not yet clas-
sified) or reclassified by the FDA down from Class III. This structure would 
place enormous resource demands on the agency as technology evolved and 
newer devices were developed. The agency would either have to process in-
creasing numbers of PMAs or have to go through a reclassification process 
that was procedurally cumbersome, labor-intensive, and time-consuming.

Instead, the FDA permitted the manufacturer of a postamendment de-
vice to demonstrate “substantial equivalence” to a preamendment device in 
Class I or II as part of the 510(k) submission. 

Substantial Equivalence

As detailed in Appendix A, the FDA adopted a broad reading of the 
term substantial equivalence and used the 510(k) pathway to avoid re-
quiring PMAs for (or down-classifying) many new and novel devices that 
would have been placed in Class III (Hutt et al., 2007, supra note 11, 
986).8,9,10,11,12 Congress had not defined substantial equivalence in the 
1976 law. The FDA’s liberal interpretation permitted the agency to clear 

6FFDCA § 513(f)(1)(A), 21 USC § 360c(f)(1)(A) (2006). 
7FFDCA § 513(f)(1)(B), 21 USC § 360c(f)(1)(B) (2006).
8Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 

Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy and 
Commerce, 100th Cong. 345 (1987) (referred to in the statement of Rep. Henry A. Waxman, 
Chairman, H. Subcomm. on Health and the Env’t).

9Food and Drug Administration Oversight: Hearing Before the Subcomm. on Health and the 
Env’t of the H. Comm. on Energy and Commerce, 102d Cong., pt. 2, at 1 (1992).

10Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 
Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy and 
Commerce, 100th Cong. 337 (1987) (referred to in the statement of Rep. Henry A. Waxman, 
Chairman, H. Subcomm. on Health and the Env’t).

11Medical Devices and Drug Issues: Hearing Before the Subcomm. on Health and the Env’t 
of the H. Comm. on Energy and Commerce, 100th Cong., 384 (1987) (statement of James 
S. Benson, Deputy Director, Center for Devices and Radiological Health, Food and Drug 
Administration, Department of Health and Human Services).

12Guidance on the CDRH Premarket Notification Review Program (K86-3) (June 30, 
1986) available at http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/ucm081383.htm. 

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


88	 MEDICAL DEVICES AND THE PUBLIC’S HEALTH

most postamendment devices as substantially equivalent to preamendment 
devices or even to a postamendment device previously cleared through the 
510(k) process (a process known as piggybacking one device onto a series 
of precedents). By 1989, the agency was concerned that an adverse court 
ruling on this approach would cripple the 510(k) clearance process and force 
many new devices into the PMA system. The FDA sought13 and in 1990 
obtained congressional ratification of its interpretation when the following 
language was added to the statute:

A.  For purposes of determinations of substantial equivalence . . . the 
term “substantially equivalent” or “substantial equivalence” means, with 
respect to a device being compared to a predicate device, that the device 
has the same intended use as the predicate device and that [the FDA] by 
order has found that the device – 

(i) has the same technological characteristics as the predicate device, or

(ii)(I) has different technological characteristics and the information sub-
mitted that the device is substantially equivalent to the predicate device 
contains information, including clinical data if deemed necessary by [the 
FDA], that demonstrates that the device is as safe and effective as a legally 
marketed device and (II) does not raise different questions of safety and 
efficacy than the predicate device.

B.  For purposes of subparagraph (A), the term “different technological 
characteristics” means, with respect to a device being compared to a predi-
cate device, that there is a significant change in the materials, design, energy 
source, or other features of the device from those of the predicate device.14

Congress did not define predicate device but prohibited the use as a 
predicate of any device removed from the market by the FDA or found by 
a court to have been adulterated or misbranded.15 As mentioned in Chapter 
3, the FDA has not used these authorities widely. 

The change provided legal support for the FDA’s policy of piggyback-
ing various 510(k) submissions in a string of decisions, so a new product 
could rely on any lawfully marketed device as a predicate and substantial 
equivalence to a preamendment device did not have to be established. Also, 
by being permitted to show that its product was “as safe and effective as” 
a predicate (instead of merely having substantially equivalent safety and ef-
fectiveness), a 510(k) submitter could improve the safety and effectiveness 
of its device without triggering the risk of being found not substantially 

13Medical Device Safety: Hearings Before the Subcomm. on Health and the Env’t of the 
H. Comm. on Energy and Commerce, 101st Cong. 172 (1989–1990) (statement of James S. 
Benson, Acting Commissioner, Food and Drug Administration).

14FFDCA § 513(i)(1), 21 USC § 360c(i)(1) (added by SMDA § 12, 104 Stat. at 4523).
15FFDCA § 513(i)(2), 21 USC § 360c(i)(2) (added by SMDA § 12, 104 Stat. at 4523).
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equivalent and having to undergo a PMA review. Thus, a new device might 
be superior to its predicate and still be substantially equivalent to it. “In 
this way, the standard for safety and effectiveness in a determination of 
substantial equivalence will evolve slowly as the prevailing level on the 
market changes, rather than being tied solely to comparison with a pre-
1976 device.”16 In contrast, the change did not require reliance on the best 
predicate device, so a product that was truly inferior to the current state of 
the art could still enter the market if the manufacturer could identify any 
predicate that had not been removed from the market and to which it was 
substantially equivalent. Once a device is cleared through the 510(k) process 
and becomes eligible as a predicate, it cannot be removed from the pool 
of available predicates unless it has been banned or declared adulterated 
or misbranded and pulled from the market. The FDA estimates that 29% 
of the devices that have been cleared either were never marketed or were 
marketed but are no longer available (FDA, 2010b). Whether that reflects 
deficiencies in product safety or effectiveness, cost, utility, or competitiveness 
is not known. Nevertheless, the discontinued (or never launched) products 
may all serve as predicates for future devices. The FDA is unable to dictate 
which predicates can be selected for 510(k) decision-making. In some cases, 
the FDA has published guidance documents advising manufacturers on how 
to demonstrate the predicate relationship. These guidance documents are 
nonbinding on the manufacturer or the agency.

Devices are constantly updated with minor changes throughout their 
life cycle for a variety of reasons. The FDA has issued guidance on device 
modifications and on when a new 510(k) submission is required (FDA, 
1997).17 This guidance does not require manufacturers to report all minor 
changes or series of minor changes to the agency. The decision of when 
there has been a significant enough change or series of changes to trigger 
a new 510(k) submission is largely at the discretion of the manufacturer. 
Incremental design changes are difficult to define and if poorly controlled 
can lead to device “creep,” in which there is the potential for a marketed 
device to differ significantly from a device cleared through the 510(k) review. 

Predicates

Identifying an appropriate predicate is a central component of the 
510(k) process. The FDA maintains databases that are used to identify 
predicate devices from a catalog of previously cleared devices. Classifica-
tions can be found by searching the Product Code Classification Database. 
Products are cataloged by using both classification symbols and product-

16H.R. Rep. No. 101-808, at 25.
17Updated guidance was issued by the FDA on July 27, 2011, after the committee had 

completed its work.
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code symbols, known as procodes. Procodes are unique three-letter product 
identifiers assigned by the FDA to all products (whether classified or not). 
The databases can be searched by product name, manufacturer, whether 
the device is a preamendment or postamendment device, or procode (FDA, 
2009c). 

The critical process of identifying predicates is hampered by problems 
with data systems and information-sharing within CDRH. The Product 
Code Classification Database is subject to nuances in spelling, formatting, 
and errors in entries and is unwieldy and difficult to use.18 In addition, the 
application of procodes by the FDA has been inconsistent, and there is no 
user-friendly glossary of this information. Those technical issues often make 
it difficult to track cleared products (FDA, 2010c).

More detailed information on predicate devices can be obtained through 
a 510(k) summary or a 510(k) statement. A 510(k) summary or 510(k) 
statement is required for all 510(k) submissions (FDA, 2010e). The 510(k) 
summary must provide sufficient detail to understand the basis for a de-
termination of substantial equivalence (FDA, 2010e). In lieu of a 510(k) 
summary, the manufacturer can opt for a 510(k) statement. The 510(k) 
statement is a certification that the manufacturer will provide information 
supporting the FDA finding of substantial equivalence to any person within 
30 days of a written request (FDA, 2010e). The Office of In Vitro Diag-
nostics posts a decision summary on line for devices that it clears through 
the 510(k) program. The Office of Device Evaluation (ODE) does not post 
decision summaries on line (FDA, 2010h). 

The FDA has acknowledged that information provided to manufactur-
ers for the purpose of identifying predicates is often limited, that 510(k) 
summaries often lack critical details that might be of value to companies, 
and that the procode process used in the databases is not transparent (FDA, 
2010b). Medical-device manufacturers, in general, agreed with that assess-
ment and suggested that the agency eliminate the 510(k) statement and 
require a standardized summary and a better method of categorizing prod-
ucts to allow identification of predicate devices (FDA, 2010d).19 The FDA 
has proposed posting on line a verified 510(k) summary, photographs and 
schematics of the device to the extent that they do not contain proprietary 
information, and information showing how cleared 510(k) devices are re-

18For example, Letter from the Medical Imaging and Technology Alliance to FDA, Docket 
Number FDA-2010-N-0054-0055 (March 19, 2010); Letter from AdvaMed to FDA Docket 
Number FDA-2010-N-0054-0058.1 (March 19, 2010); Comments from James W. Lewis, 
Salus Ventures, LLC to FDA, Docket Number FDA-2010-N-0054-0015.1 (March 8, 2010).

19For example, Presentation by R. Glenn Neuman, New World Regulatory Solutions, Docket 
Number FDA-2010-N-0054-0010.1 (February 18, 2010); Comments by Charmaine Sutton, The 
Tamarack Group, Docket Number FDA-2010-N-0054-0014.1 (March 6, 2010); Comments 
by Beth Johnson, Medline Industries Inc., Docket Number FDA-2010-N-0054-0016.1 (no 
date given).
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lated to each other and identifying the premarket submission that provided 
the original data on or validation of a particular product type. This proposal 
has raised concerns in industry about the protection of proprietary informa-
tion (FDA, 2010b, 2010c, 2011a).

Once an appropriate predicate has been identified, the objective of the 
510(k) submission is to demonstrate that the new device under review is 
substantially equivalent to the predicate(s). If it is determined that the device 
under review has different technologic characteristics from the predicate(s), 
the FDA may request additional information to evaluate whether the new 
device is as safe and as effective as the predicate. As mentioned in Chapter 
2, about 15% of Class II and Class III 510(k) submissions in FY 2005–2007 
had new technologic characteristics (GAO, 2009b). 

The FDA, in an internal review of its 510(k) program, noted the dif-
ficulty of making comparisons when new issues of safety and effectiveness 
have been identified; industry representatives, in public comments, noted 
a lack of predictability in whether the agency would consider a design or 
material change important enough to constitute a technologic change that 
would affect the substantial-equivalence justification. The FDA and industry 
both noted a lack of consistency in the core evidence being requested by the 
agency for equivalence decisions; industry suggested that this was a process 
problem (FDA, 2010b, 2010d).

Over the history of the program, systems for tracking and linking 
510(k) decisions and predicates have been insufficient (see Chapter 3). As a 
result, it would be difficult for anyone to trace back the chain of predicates 
leading to the preamendment device in connection with a device currently 
on the market. Given that circumstance, the committee finds it important 
to note that a fundamental difference exists between the 510(k) and PMA 
pathways. In reviewing a PMA, the FDA must ask, Is this device reasonably 
safe and effective for its intended use? The 510(k) review asks, Is this device 
substantially equivalent to some other device whose safety and effectiveness 
may never have been assessed? 

Finding 4-1 The 510(k) process determines only the substantial 
equivalence of a new device to a previously cleared device, not the 
new device’s safety and effectiveness or whether it is innovative. 
Substantial equivalence, in the case of a new device with techno-
logic changes, means that the new device is as safe and effective as 
its predicate. 

Finding 4-2 Current 510(k) decisions have been built on a chain of 
predicates dating back to devices on the market in 1976. Because 
data systems in the FDA are inadequate, the agency does not have 
the ability to trace the supporting decisions.
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Pushing the Limits of Predicates 

As technology moves forward and more sophisticated devices are de-
veloped, the threshold of how predicates can be used in the 510(k) review 
is expanded and broadened. For the most part, manufacturers prefer to use 
the 510(k) process rather than the PMA process even for more complex 
devices because of the burden presented by the PMA process. The incentives 
for manufacturers to seek entry into the market through the 510(k) process 
rather than the PMA process are discussed in Chapter 3. 

The FDA has cited the practice of multiple and “split” predicates as 
important challenges in the 510(k) review process (FDA, 2010b). 510(k) 
submissions that use split predicates combine two or more predicates: one 
or more predicates for claiming intended use and one or more for claiming 
technologic characteristics. Split predicates have been used for a variety of 
devices, including devices with incremental changes. 510(k) submissions 
that use multiple predicates combine functions of more than one predicate 
device. The FDA’s concern about multiple and split predicates in device 
submissions stems from an internal analysis that showed a greater mean 
rate of adverse-event reports related to devices whose 510(k) submissions 
cited more than five predicates (FDA, 2010b). 

CDRH’s internal working group recommended further analysis of mul-
tiple predicates and issuance of clarifying guidance on the use of multiple 
and split predicates in an effort to improve transparency and reproducibility 
of the review process. The center has not proposed stopping the use of mul-
tiple predicates (FDA, 2011a). CDRH proposed elimination of or restriction 
in the use of split predicates. However, industry groups voiced concerns that 
eliminating or limiting the use of split predicates may have a chilling effect 
on innovation (FDA, 2011a).20 

Key Regulatory Terms 

The determinations of “intended use” and “indications for use” are 
critical elements in the 510(k) process because they directly affect the deter-
mination of substantial equivalence (see Figure 4-1). To continue through 
the 510(k) process, a new device must have the same intended use as its 
predicate. However, a device is not required to have the same indications 
for use as the predicate (FDA, 2010b). A 510(k) submission may include 
new or different indications for use as long as they do not affect the safety 
and effectiveness of the device by having different intended therapeutic, 
diagnostic, prosthetic, or surgical uses from the predicate. It is important 

20In January 2011, CDRH announced that it no longer intends to use the term split predicate. 
It plans to issue guidance to clarify the circumstances under which it is appropriate to use 
multiple predicates to demonstrate substantial equivalence (FDA, 2011a).
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to note that terms intended use and indications for use were developed for 
other regulatory purposes but have been adapted by CDRH to be used as 
part of the substantial-equivalence decision-making process of the 510(k) 
review (FDA, 1997).

As stated above, intended use is one of the legal standards that the 
FDA is required to adhere to in making a determination about substantial 
equivalence. The definition of a device in the statute twice uses the standard 
of something that is “intended for use” in disease or in affecting body struc-

Figure 4-1.eps
bitmap

2

FIGURE 4‑1 The FDA substantial-equivalence decision tree.
SOURCE: FDA, 2009a.
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ture or function.21 The safety and effectiveness of a device are judged with 
respect to persons for whose use the device is intended and with respect to 
the conditions of use suggested in the labeling.22 

The FDA’s regulations state that the intended uses of a device are 
“objectively” determined based on the persons legally responsible for the 
labeling of the device by written or verbal statements of those persons (for 
example, in product labels and labeling, marketing materials, or in reports 
to investors) or the circumstances surrounding the distribution of the de-
vice.23 The uses that a seller intends for its product thus govern whether 
the agency has jurisdiction over the product and whether the product is a 
device, drug, or biologic. 

The phrase indication for use is not found in the statute. It is adapted 
from the regulations for the PMA process,24 which are in turn patterned on 
the prescription-drug approval process.25 The phrase is a key part of the 
essential directions to a healthcare practitioner on using the product safely 
and effectively. For prescription-drug approvals, the FDA created a standard 
format for labeling, which includes an “indications for use” section that 
describes the purpose of the drug in relation to a disease or condition (such 
as to diagnose, prevent, or treat for a named disease or a manifestation of 
the disease).26 The full prescribing information in the labeling must also 
contain sufficient details to provide for the safe and effective use of the drug, 
including such information as dosage forms, dose ranges, routes of admin-
istration, duration of use, contraindications, and precautions. In the FDA’s 
view, approved labeling content was “authoritative,” not “definitive.” For 
medical devices, “indications for use” provides a description of the patient 
population and disease or condition that the device will diagnose, treat for, 
prevent, cure, or mitigate.27 The indications for use are meant to represent a 
relatively precise description of the clinical applications of the device. Indica-
tions for use may be derived from clinical studies, may originate from the 
history of the predicate-device use, or may be defined by the manufacturer.

A difference between intended use and indications for use from a regu-
latory perspective is that indications for use are contained in the product 
labeling provided by the seller, whereas intended use may also be found in 
other marketing materials and activities of the seller. A 510(k) submission 
does not have to contain the full final labeling. However, the submission 
does include proposed labels, labeling, and advertisements, which should 

21FFDCA § 201(h) (2), (3).
22FFDCA § 513(a) (2) (A), (B).
2321 CFR § 801.4.
2421 CFR § 814.20(b)(3)(i).
2521 CFR § 201.57.
2621 CFR § 201.5 7(c)(2).
2721 CFR § 814.20(b)(3)(i).
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be in sufficient detail to describe the device, its intended use, and the direc-
tions for its use.28 510(k) submissions have only to include a statement of 
the submitter’s intended use of the device. 

The distinction between intended use and indications for use is further 
complicated by the difficulty of clearly differentiating a medical device’s 
general “tool” use and its therapeutic or clinical applications (FDA, 2010b). 
Devices may span the spectrum of tool and clinical applications: 

•	 �A device that has a well-established general intended use as a tool 
but does not have specific clinical indications for use, such as medical 
imaging platforms and general surgical devices (for example, suture 
material, clamps, and retractors). 

•	 �A device that has well-established general intended use as a tool and 
has been expanded to include one or more specific clinical indications 
for use (such as a surgical laser that evolves to be used specifically 
for the removal of tattoos or an ablation device that has a general 
tool use of destruction of soft tissue and has evolved to be used for 
treatment for specific types of cancer). 

•	 �A device that would not be considered a general tool and has only a 
specific clinical intended use and indication for use, such as a joint 
replacement. 

Determining the intended use and indications for use of medical devices 
at either end of the foregoing spectrum is relatively straightforward. Prob-
lems can arise, however, with devices that fall in the center of the spectrum, 
that is, general tools that are evolving into devices that have explicit and 
specific uses that are no longer consistent with use as a general tool. 

Device types that are general tools can often be used for multiple clinical 
purposes, in multiple clinical disorders, and in multiple anatomic locations. 
In the 510(k) process, it is possible that those types of devices could be 
required to provide evidence to support the clinical utility of every possible 
indication, disease state, and anatomic location for the device even if the 
intended use has not changed. For many devices, that could be an onerous 
and unreasonable burden. 

Some devices, however, evolve so that new versions can be used only 
for specific clinical indications, such as an ablation device that evolves to 
be used only for tattoo removal. Given the structure of the 510(k) process 
(see Figure 4-1), these devices, which are used only for specific clinical in-
dications, may still be able to cite a predicate with a general tool intended 
use. Manufacturers may not, however, promote an indication for use that 
is not cleared by the FDA through a 510(k) submission or approved as part 

2821 CFR § 807.87(e).
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of a PMA. Thus, there is a tension between a manufacturer’s desire to get 
through the 510(k) process as easily and quickly as possible and its com-
mercial desire to advertise the device for particular indications.

GAO noted that about 1% of 5,063 Class II and III submissions re-
viewed by the FDA in 2005–2007 had a new intended use (GAO, 2009b). 
Slightly more than 12%, however, had a different indication for use from 
the predicate, of which more than 99% were found not to have affected the 
intended use. Of the 510(k) submissions that were found to be substantially 
equivalent, almost all had the same intended use, whereas more than half the 
submissions found not to be substantially equivalent had a new intended use 
(GAO, 2009b). In light of the increasing complexity and diversity of devices 
that fall within the 510(k) process, it is important to consider the clarity of 
the key terms in these initial steps that are pivotal in the 510(k) decision-
making process. For instance, early recognition of a potential change in 
intended use can permit CDRH to determine the need for, and thus obtain, 
appropriate types of expertise and experience for the review; belated recog-
nition may prevent summoning of the necessary human resources.

CDRH’s Preliminary Internal Evaluations—Volume 1: 510(k) Work-
ing Group Preliminary Report and Recommendations found that fluid 
and ill-defined regulatory terms create confusion and inconsistency in the 
center and for industry (FDA, 2010b). In particular, CDRH cited concerns 
about use of such terms as intended use and indications for use. Given the 
subjective judgment needed to determine the criteria for evaluating whether 
a different indication for use may constitute a new intended use, CDRH 
has stated that it is difficult to ensure consistent decision-making (FDA, 
2010b). The difficulty in addressing the influence of indications for use on 
a device’s intended use is exacerbated by the variation in how intended use 
and indications for use are used in different guidance documents; in some 
cases, these terms are used synonymously (FDA, 2010b). Industry has also 
pointed to the varying interpretations of intended use and indications for 
use as an important source of unpredictability in the 510(k) process (FDA, 
2010d). As a result, CDRH has proposed the consolidation of the two terms 
into a single term, intended use (FDA, 2010b). 

Finding 4-3 The key regulatory terms intended use and indications 
for use are poorly defined and are susceptible to varying interpre-
tations that lead to inconsistency in decision-making and create 
confusion among FDA staff, industry, Congress, the courts, and 
consumers. 

Finding 4-4 The 510(k) clearance process does not consistently 
recognize distinctions among devices cleared solely as tools, those 
cleared for specific clinical applications, and general tools that also 
have specific clinical applications.
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Off-Label Use and Its Effect on the 510(k) Clearance Process

The practice of off-label use is encountered with all types of medical 
products, and the problems that it presents are not peculiar to medical de-
vices or to 510(k)-cleared medical devices. The committee did not consider it 
within the scope of this study to undertake a detailed analysis of the practice 
of off-label use, but it did review how the off-label use of medical devices 
affects the 510(k) process. The term off-label use is not found in the statute, 
nor has the FDA ever issued a definitive interpretation of it. The committee 
defined, for its discussion, off-label use of a 510(k)-cleared medical device 
to be any use of the device that is not included in the cleared indications for 
use (if any) or in its statement of intended use. 

It is generally argued that off-label uses of medical products may offer 
clinical benefits as well as potential risks. A physician’s perspective on off-
label use is focused on concerns different from the FDA’s and may include 
issues of improving patient care, professional ethics, the development of 
research, malpractice, and insurance reimbursement. Rarely does FDA 
regulation impinge a physician’s freedom to use a device as he or she deems 
appropriate in the scope of medical practice.29 The scope of the FDA’s power 
to regulate medical practice, traditionally a matter of state regulation, has 
been a sensitive issue dating back to the legislative debate about passage 
of the Federal Food, Drug, and Cosmetic Act in 1938.30 Then and when 
passing the 1962 Drug Amendments, Congress disclaimed an intent of the 
FDA’s regulation of medical products to entail broad regulation of medical 
practice.31,32 However, courts have never found constitutional limits on the 
FDA’s power to regulate physicians,33 and most legal scholars agree that 
“there is little doubt under modern law that Congress has ample power 
to regulate the manufacture, distribution, and use of drugs and medical 
devices.”34 The 1976 Medical Device Amendments expressly authorized 
the FDA to approve medical devices subject to restrictions on their use and 

2921 USC § 396
30See Joel E. Hoffman, Administrative Procedures of the Food and Drug Administration, 

in 2 Fundamentals of Law and Regulation: An In-Depth Look at Therapeutic Products 12, 
17-24 (David G. Adams et al. eds., 1999) [hereinafter Fundamentals of Law and Regulation].

31S. Rep. No. 87-1744 (1962), reprinted in 1962 USCC.A.N. 2884, 2820-21.
32Legal Status of Approved Labeling of Prescription Drugs; Prescribing for Uses Unapproved 

by the Food and Drug Administration, 37 Fed. Reg. 16,503 (Aug. 15, 1972) (discussing, in 
the preamble to a proposed rulemaking, Congress’s legislative intent in passing the FFDCA).

33David G. Adams, The Food and Drug Administration’s Regulation of Health Care 
Professionals, in 2 Fundamentals of Law and Regulation, supra note 29, at 424-25. 

34Richard A. Epstein, Why the FDA Must Preempt Tort Litigation: A Critique of Chevron 
Deference and a Response to Richard Nagareda, 1 J. Tort L. art. 5, at 7 (2006), http://www.
bepress.com/jtl/vol1/iss1/art5Epstein.
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distribution,35 showing congressional recognition that the safety of a device 
may depend as much on how it is used in a clinic setting as on the process 
through which it is cleared or approved. The Risk Evaluation and Mitiga-
tion Strategy provisions of the 2007 Food and Drug Administration Amend-
ments Act reflect a similar view for drugs. Still, as a policy matter, the FDA 
has generally sought to avoid potential involvement in regulation of medical 
practice. As discussed in Chapter 3, the FDA has not made substantial use 
of its statutory authorities to restrict use and distribution of medical devices. 

Device makers and sellers, in contrast, are subject to FDA regulation of 
the marketing, labeling, and promotion of medical devices. Devices may be 
promoted and advertised only for the uses that the FDA has approved or 
cleared. The agency does allow the dissemination of scientific information 
on unapproved or uncleared uses of medical devices in some circumstances 
as an educational, not promotional, activity. Examples of dissemination ac-
tivities that are allowed include continuing medical education programs and 
research published in peer-reviewed scientific and medical journals (FDA, 
1998). The potential for off-label use—perhaps facilitated by promotional 
activities of the manufacturer, perhaps driven solely by medical practice—
creates a specific problem for the 510(k) process. This problem is related 
to the FDA’s determination of the intended use and indications for use of a 
submission. Intended use in a 510(k) submission is reviewed solely on the 
basis of the proposed labeling. The FDA has the authority to add warnings 
to the device label for some off-label uses within the 510(k) review, but the 
agency cannot refuse to clear a device.36 The agency is thus limited in the 
extent to which it can prevent unsafe or ineffective clinical applications of 
a proposed device even when these applications are foreseeable and reason-
ably predictable.

Some devices have multiple potential indications for use. The magnitude 
of risk associated with some indications for use may be consistent with clear-
ance through the 510(k) process. Others, however, present a greater risk 
that is more consistent with the requirements of the PMA process. Because 
of the considerable differences in the burden between 510(k) clearance and 
the PMA process, including the submission user-fee, data-collection require-
ments, and time, there is a potential for manufacturers to circumvent PMA 
of a device for the higher-risk indications and instead seek a 510(k) clear-
ance in connection with the lower-risk indications. CDRH has indicated 
that the practice of omitting higher-risk indications from the proposed 
labeling of 510(k) submissions to avoid a more intensive PMA review is an 
area of concern. CDRH cited examples in which there has been reasonable 

35Medical Device Amendments of 1976, Pub. L. No. 94-295, § 2, 90 Stat. 539, 565 (adding 
Section 520(e) of the Food, Drug, and Cosmetic Act) (codified as amended at 21 USC § 360j(e) 
(2006)). 

36FFDCA § 513(i)(l)(E).

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


THE 510(k) CLEARANCE PROCESS	 99

evidence that the intended use documented in a 510(k) submission differs 
greatly from how the device will be used once it is cleared (FDA, 2010b); see 
Box 4-1 for a case study of biliary stents. To address that concern, CDRH 
has proposed seeking authority to consider an off-label use in determining 
the intended use of a device under 510(k) review (FDA, 2011a). 

The FDA can take various steps to address off-label use that is the 
result of marketing practices of the sellers. If the off-label use, however, is 
the result of spontaneous medical practice, its authority over marketing is 
of no use. Furthermore, given the limited and problematic postmarketing 
surveillance of devices in general, accurately identifying adverse events or 
developing an evidence base on innovative indications for devices is not 
currently feasible. These factors complicate the FDA’s ability to determine 
whether the potential off-label use of a device raises new types of questions 
about safety and effectiveness. 

In general, the committee noted that there is a lack of data on off-label 
uses of 510(k)-cleared devices; in the absence of data, there is no basis for 
concluding whether such uses are, on balance, beneficial or harmful to the 
public.

Finding 4-5 There are no reliable tools for collecting data on the 
clinical use of and health outcomes related to devices cleared by 

BOX 4‑1 
Case Study: Biliary Stents in Peripheral Vasculature

	 There are small stents whose size makes them suitable for applica-
tion both in bile ducts and in peripheral vasculature. Because the former 
indication involves using a product in patients who have advanced cancer 
and short life expectancies, the long-term durability of the product is not 
critical with a biliary stent, and the FDA allows biliary stents to be cleared 
via the 510(k) process. The same stent, if used in peripheral vasculature, 
would require PMA because long-term risks posed by the device are of 
greater concern in this patient population. As a result of having multiple 
premarket-review pathways—510(k) and PMA—available for a single 
device, it was possible for manufacturers to circumvent the PMA process 
for stents used in peripheral vasculature by clearing them through the 
510(k) process and then having them be used off-label in peripheral 
vasculature. It was estimated that up to 90% of biliary-stent use was for 
off-label application in treating peripheral vascular disease (Bridges and 
Maisel, 2008).
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510(k) so that such data could become available for regulatory, 
healthcare policy, and medical decision-making purposes.

Finding 4-6 Insufficiency of information about how devices are 
used and perform once they are on the market adversely affects the 
ability of the FDA to evaluate devices’ intended uses, indications 
for use, and substantial equivalence in a 510(k) review.

Class III Devices Remaining in the 510(k) Program

In the 1976 legislation, Congress directed that all preamendment de-
vices classified in Class III undergo the PMA process on a timetable to be 
set by the FDA but could remain on the market pending completion of 
the review.37 During the review period, new (postamendment) products of 
the same types as preamendment Class III devices would be permitted to 
enter the marketplace, essentially on the same terms as the preamendment 
devices.38 Thus, the manufacturer of a postamendment device would not 
have to submit and obtain approval of a PMA before the manufacturers 
of a preamendment were required to. Instead, the manufacturer would 
submit a 510(k) notification demonstrating that its proposed product was 
“substantially equivalent” to a Class III preamendment device. Once PMA 
requirements were imposed, however, the use of the 510(k) process would 
terminate. It was a transitional tool for Class III devices.

The FDA has not completed the task given to it in 1976 to bring all 
devices classified in Class III under PMA review requirements. In the first 
decade under the 1976 amendments, over 80% of postamendment Class 
III devices entered the market on the basis of 510(k) submissions showing 
substantial equivalence to preamendment devices.39 Congress has directed 
the FDA several times to finish the transition (FDA, 2011b).40 Although the 
FDA has done so for many Class III device types, there are still 25 device 
types that remain eligible to enter the market through the 510(k) process. 
In 2009, the FDA implemented a five-step process called the 515 Program 
Initiative with the aim of completing the task (FDA, 2011b). As of April 
2011, the FDA has assessed the risks and benefits associated with 21 device 
types (step 2 of the process) and has received and reviewed public comments 

37FFDCA § 515(b)(1), 21 USC § 360e(b)(1) (2006).
38FFDCA § 513(f)(4), 21 USC § 360c(f)(4) (2006).
39Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 

Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy and 
Commerce, 100th Cong. 344 (1987) (referred to in the statement of Rep. Henry A. Waxman, 
Chairman, H. Subcomm. on Health and the Env’t).

40SMDA, Pub. L. No. 101-629, 104 Stat. 4511.
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on five device types (step 4 of the process). The agency has issued a final rule 
for one of the 26 device types (FDA, 2011c; GAO, 2011). 

Finding 4-7 A number of Class III devices continue to be cleared 
through the 510(k) process rather than, as Congress has always 
intended, through the PMA process.

Types of 510(k) Submission

An applicant may choose from three types of premarket notification or 
510(k) submission for marketing clearance, depending on the circumstances. 
Although there is no standardized 510(k) submission form, the FDA has a 
guidance document advising manufacturers on the format of submissions 
(FDA, 2005). 

In addition to the traditional 510(k) submission, the FDA developed two 
submission types to streamline premarket notification. The special 510(k) 
submission uses components of the quality system regulations (QSRs) to 
address important modifications in a product already on the market that 
warranted a new 510(k) submission. The abbreviated 510(k) submission, 
as its name implies, is focused on reducing the length and complexity of a 
submission by allowing an applicant to show that its product conforms with 
agency guidance documents, special controls, or recognized performance 
standards as a means of showing substantial equivalence (FDA, 2010a). The 
two alternative review processes were developed through guidance rather 
than rule-making. A review of 510(k) submissions from 1996 to 2009 found 
that about 80% of submissions were traditional 510(k)s, 16% were special, 
and 3% were abbreviated (IOM, 2011).

Traditional 510(k) Submission

The traditional 510(k) submission can be used for all 510(k)-eligible 
devices. Although the FDA does not have a standardized format for sub-
missions, it provides a recommended format in a guidance document (FDA, 
2005). The information needed as part of this submission is described in 21 
CFR Part 807 Subpart E and includes 

•	 �Statement of indications for use.
•	 �510(k) summary or 510(k) statement.
•	 �Truthfulness and accuracy statement.
•	 �Class II summary and certification.
•	 �Financial certification or disclosure statement.
•	 �Declarations of conformity and summary reports (abbreviated 510(k)s).
•	 �Device description.
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•	 �Substantial-equivalence discussion.
•	 �Proposed labeling.
•	 �Sterilization or shelf life.
•	 �Biocompatibility.
•	 �Software.
•	 �Electromagnetic compatibility or electric safety.
•	 �Performance testing—bench, animal, and clinical.
•	 �Information on the standards used and a statement that the submis-

sion conforms with them. 
•	 �Kit certification.

The first step in preparing any 510(k) submission is identification of a 
predicate device. As discussed above, it is possible to claim equivalence by 
using more than one predicate (FDA, 2010a). The demonstration of sub-
stantial equivalence is usually based on the information generated by per-
formance testing. Given the wide array of products included in the 510(k) 
review program, there is a great deal of variation in the types of data that 
would be required. 

The second step in preparing any 510(k) submission is identification of 
appropriate FDA guidance documents. Although guidance is not binding, 
it is likely to represent the FDA’s thinking about the product type and to 
signal the kinds of questions that are likely to be asked by the review staff. 
In addition to device-specific guidance, the FDA has developed guidance on 
some cross-cutting device issues including biocompatibility, device software, 
and electromagnetic compatibility. Ideally, guidances provide submitters 
advance knowledge of the agency’s concerns, allowing a submitter to an-
ticipate likely questions and to provide appropriate evidence in the initial 
submission. A goal is to decrease the likelihood of requests from the agency 
for additional information.

Abbreviated 510(k) Submission

The abbreviated 510(k) submission is used only where device-specific 
guidance documents are applicable. Those documents communicate regula-
tory and scientific expectations both to FDA review staff and to industry. 
They identify the standards or guideposts that must be met for market clear-
ance and provide methods for gathering and presenting such information. 
The use of the abbreviated 510(k) submission is based on the premise that if 
a well-recognized method for obtaining data relevant to the 510(k) decision-
making process can be identified, the sponsor of a submission can comply 
with that method and give the FDA a summary report (FDA, 2010a). This 
submission type should streamline the process, simplify review, and decrease 
regulatory uncertainty. 
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All elements described in 21 CFR Section 807.87, as noted above for the 
traditional 510(k) submission, must still be provided to the FDA, but the use 
of a standardized method for obtaining these elements and a summarized 
report should allow more predictable and shorter review timelines. Nor-
mally, an abbreviated 510(k) submission would include the same sections 
as the traditional 510(k) submission. However, because of the important 
role of conformity with the existing guidance or standard, an abbreviated 
510(k) submission should also include a specific section titled “Declarations 
of Conformity and Summary Reports.” Because a declaration of conformity 
is based on results of testing, the FDA believes that such a declaration of 
conformity cannot be submitted until testing according to the guidance or 
standard has been complete and shown to support substantial equivalence.

Although use of the abbreviated 510(k) submission is intended to sim-
plify and expedite preparation and review, the deadline for agency action 
on the submission—90 days—remains unchanged. 

Special 510(k) Submission

The Safe Medical Device Act of 1990 authorized the FDA to issue 
regulations requiring preproduction design controls. As a result of that 
legislative change, the FDA promulgated regulations for Class II and Class 
III devices and for select Class I devices as part of the good manufacturing 
practice (or quality system) regulations. The regulations may be described 
best as a systematic set of requirements and activities for the management 
of design and development. They include documentation of design inputs, 
risk analysis, determination of design outputs, test procedures, verification 
and validation procedures, and documentation of formal design reviews. 
Manufacturers must ensure that design-input requirements are appropriate 
so that a device will meet its intended use and the needs of the user popula-
tion. The manufacturer must establish and maintain procedures for defin-
ing and documenting design outputs in terms that ensure conformity with 
design-input requirements.41 

The special 510(k) submission is based on the premise that the rigor-
ous application of design controls in addition to other 510(k) content 
requirements can be used to substitute for the traditional determination 
of substantial equivalence of legally marketed devices that are undergoing 
substantial modification and require new 510(k) submissions (FDA, 2010a). 
Manufacturers may submit a special 510(k) notification only when they are 
modifying their own 510(k)-cleared devices. Using this option, a manufac-
turer will conduct a risk analysis and then report on the verification and 

4121 CFR § 820.30.
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validation activities used to demonstrate that the modified device meets the 
design requirements. 

The special 510(k) submission is intended for minor modifications of a 
device. It is not intended for products that are undergoing modifications of 
indications for use or labeling changes regarding intended use, for modifi-
cations that have the potential to alter the fundamental technology of the 
device, or for changes in materials that may raise safety or effectiveness 
issues (for example, use of new materials without a history of use in the 
same device type).

As an incentive to use this alternative pathway, the FDA seeks to act 
on a special 510(k) within 30 days of submission. This approach builds on 
well-established postmarket controls by incorporating them into the pre-
market review process. The weaknesses of this pathway are that it is limited 
to products that are undergoing controlled incremental change and has not 
been systematically analyzed.

EVIDENCE SUPPORTING 510(k) SUBMISSIONS

Data proving substantial equivalence have always been required for 
510(k) submissions. However, because there were few special controls, guid-
ances, and recognized standards for the program until 1984, the types and 
quality of data required were not well defined in its early years. 

As discussed in Chapter 3, Class II devices may be subject to “special 
controls.”42 Some of these special controls can be in place either in the 
premarket period (such as performance standards and FDA guidelines), 
and others affect the device once it is on the market (such as postmarket 
surveillance). As of the end of 2010, only 140, or 15%, of all Class II device 
types were subject to special controls. There are no data on the breakdown 
of special controls that affect premarket review (Desjardins, 2010). Special 
controls generally are developed as part of the de novo process. 

The primary mechanisms that the FDA has for communicating with 
manufacturers the evidentiary requirements needed to support a claim of 
substantial equivalence in 510(k) submissions are guidance documents and 
standards. 

Guidance Documents

The FDA issues guidance documents or guidances on a wide variety 
of topics, including administrative procedures, such as the processing of 
submissions, and complex scientific requirements. The following discussion 
is about guidances focused on the evidence needed to support a substantial-

42FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
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equivalence claim. Guidance documents can be an important tool in advising 
manufacturers how to structure their 510(k) submissions to meet the FDA 
threshold for substantial equivalence. Guidances may also be important in 
making the review process more predictable and transparent. 

There are limitations, however, on how guidances can be developed and 
used. In some cases, guidance documents include information on technical 
specifications, minimal engineering descriptions, and bench-level descrip-
tions that would be sufficient to establish substantial equivalence. In other 
cases, they provide more extensive information on clinical studies that may 
need to be conducted to demonstrate substantial equivalence. Given the 
depth of information needed to develop guidance documents, the FDA needs 
to have sufficient information about the relevant product type to allow it 
to offer specific advice about how to gather information about a device’s 
performance to support the submissions’ claims of substantial equivalence. 

A guidance document is the product of a long process involving both 
FDA and non-FDA input. Not all device types fall within the categories for 
which it is possible for the agency to develop guidance documents. As part 
of its internal review of the 510(k) program, the FDA reviewed more than 
18,000 510(k) submissions and found that 63% lacked device-specific guid-
ance (see Table 4-1) (FDA, 2010b). 

Guidance documents “do not create or confer any rights for or on any 
person and do not operate to bind FDA or the public. An alternative ap-
proach may be used if such approach satisfies the requirements of the appli-
cable statute, regulations, or both” (FDA, 2009b). The FDA may choose to 
use guidance documents over regulations for a number of reasons, including 
because they are less burdensome to develop than regulations and they can 
provide a flexible, pragmatic regulatory approach (IOM, 2010).

As discussed in Chapter 3, the development of guidance documents is 
resource-intensive for the agency. The FDA has indicated that it takes 40 
staff years to develop a mandatory performance standard (GAO, 1988). A 
non-binding guidance document, however, might require less work.

Standards

Standards, like guidance documents, are recommendations and provide 
specific protocols. Standards are developed by a number of national and 
international industry and scientific groups. Guidance documents may in-
clude references to standards that provide specific instructions for evaluating 
a particular aspect of a device. Standards become recognized by the FDA 
through a formal process of review and recognition (FDA, 2007b, 2007c). 
These recognized standards vary in their content but generally contain 
information that defines or describes their scope, provides definitions of 
terminology, lists referenced documents, and provides summaries of test 
methods, necessary apparatus, protocols, and necessary calculations. 
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Conformity with standards can support a new device’s claim of substan-
tial equivalence to a predicate device. A manufacturer can state its adherence 
to consensus standards through a Declaration of Conformity to Standards 
(FDA, 2007a). Conformity with standards is not always a sufficient basis to 
support a substantial-equivalence finding. Conformity can, however, reduce 
the amount of documentation that a manufacturer must submit and may 
also reduce FDA review time.

The FDA and industry have raised concerns about the use of standards 
in the 510(k) review. The FDA reported inconsistencies in how standards 
are applied in 510(k) reviews and attributed the problem to insufficient 
training of review staff and unclear guidance to submitters. A submitter may 
not be using the most current standard, or may not be documenting use of 
the standard properly, or may be attempting to use a standard that is not 
appropriate for the device in question (FDA, 2010b). 

Effect of Guidance Documents and Standards on Review Time

Although it is generally believed that use of guidance documents and 
standards simplifies the regulatory process, it is not clear how much effect 
they have on premarket review time (see Table 4-1). Devices for which there 
are guidances generally appear to undergo premarket review more rapidly 
than other devices. It is possible that the shorter review periods result from 
other variables in the review process, such as the relative familiarity of both 
the FDA staff and submitters with the device type, and might not be related 
to the existence or quality of the guidances themselves. In the absence of a 
quality-assurance program to rate the quality of submissions and reviews, it 
is reasonable to speculate but not easy to prove that guidance improves the 
work done by the sponsor or by the FDA in the 510(k) process.

Use of Clinical Data 

The use of clinical data in the regulatory review process is defined by 
the enabling legislation, the regulations, and the FDA’s implementation of 
the legislation and regulations. The FDA is able to request clinical data to 
determine if an indication of use falls within an intended use or if the agency 
determines that the 510(k) submission under review has new technologic 
characteristics relative to the predicate(s). The clinical data can be requested 
by the FDA only if necessary to determine that the new device is as safe 
and as effective as the predicate device(s). Moreover, the agency may not 
ask for scientific evidence greater than the “least burdensome” to answer 
the question.

In practice, clinical data play a very small role in the 510(k) process. 
The GAO found that in FY 2005–2007 about 15% of Class II and Class 
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III 510(k) submissions had new technologic characteristics (GAO, 2009b). 
The FDA found that only 8% of 510(k) submissions for non–in vitro di-
agnostic devices contain clinical data, and of those only 11% reference a 
predicate for which clinical data was provided. Less than 1% of non–in vitro 
diagnostic 510(k) submissions reference a clinical trial conducted under 
an approved Investigational Device Exemption application. The majority 
of 510(k) submissions for in vitro diagnostic devices contain some type of 
clinical information (FDA, 2010b). 

There is no paradigm for devices that is similar to the Phase 0–IV 
clinical-trials paradigm used in the development, optimization, and registra-
tion pathway of drugs and biologics. Device trials are generally designated 
as either pilot or pivotal, and the specific clinical-trial attributes associated 
with each of these designations are not standardized or specified.

Some guidance documents focus entirely on preclinical device attri-
butes, and others contain little guidance on clinical testing. For example, 
the Guidance for Cardiovascular Intravascular Filter 510(k) Submissions 
states (FDA, 1999) that

it is anticipated that human clinical investigations could be necessary in the 
development of a “new” vena cava filter to establish its equivalency to cur-
rently marketed filters. Such a study may also be necessary for a modified 
filter design. The need for such a study should be discussed with FDA prior 
to submission of an investigational device exemption (IDE) submission. 

The guidance goes on to advise that “in those cases in which a study is 
deemed necessary, the sponsor should carefully consider the following items:

•	 �the appropriate study design
•	 �the study hypothesis
•	 �appropriate sample size
•	 �definitions of success and failure
•	 �clinically relevant endpoints necessary for the demonstration of sub-

stantial equivalence.”

The guidance provides detailed information on the clinically relevant 
end points that might be necessary for the demonstration of substantial 
equivalence and labeling (for example, clinical indications and contraindica-
tions for use and warnings). It does not, however, define the other critical 
components of an appropriate study design, including how to determine 
an appropriate sample size and what characteristics and end points to use 
in defining success and failure. No guidance is available on determining 
clinically relevant issues, such as how to designate the primary aim, which 
in turn is a driving factor in such study-design decisions as sample size and 
secondary aims. There is also no guidance on identifying appropriate end 
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points for measuring the primary or secondary aims. In consultation with 
the FDA, the manufacturer determines what end points are necessary for the 
demonstration of substantial equivalence, what aspects should be subjects of 
clinical testing, or whether any clinical testing is needed. That consultation 
typically occurs in preinvestigational device exemption discussions between 
an applicant and the agency.

Although the preinvestigational device exemption meeting results in 
advice from the FDA on the submission, neither the applicant nor the agency 
is bound by it. An applicant can request a “binding letter of determination,” 
however, which obliges both parties to the terms in the letter. The agency 
reports that few applicants seek binding letters (IOM, 2010). 

Both the FDA and industry have cited concerns about the lack of clar-
ity as to when clinical, bench, and other types of information should be 
required to support the 510(k) submission. For premarket submissions that 
include clinical evidence, the FDA has described concerns about the variable 
quality of the studies and about the practice of compiling multiple studies, 
which may have different study designs (FDA, 2010b, 2010c). Medical-
device industry representatives have stated that there is a lack of predict-
ability with the 510(k) review regarding the types of clinical data needed to 
support the submission (IOM, 2010; Makower et al., 2010). 

CDRH proposed developing guidance defining a subset of Class II 
devices, called “Class IIb” devices, for which clinical information, manufac-
turing information, or potentially additional evaluation in the postmarket 
setting would typically be necessary (FDA, 2011a).

Finding 4-8 There is no consistent approach for how the FDA 
determines the need for clinical data, the type of such data, and 
the manner in which such data, if available, are integrated into the 
decision-making process.

Variations in Review of 510(k) Submissions

Because the device types eligible for the 510(k) review process are 
immensely heterogeneous—with diverse risk profiles, applications of tech-
nologies, and relationships with identified predicates—there is an enormous 
variation in the complexity of 510(k) submissions reviewed by the FDA. 

A new submission that has simple and obvious links to a predicate, that 
has a moderate risk profile, or that has a well-established history of device 
review may be assigned to a single member of the review staff, who will 
evaluate it and make a recommendation regarding substantial equivalence 
to the identified predicate. If unique software, statistical, or clinical issues 
are raised in the course of the review, consultations with software engineers, 
statisticians, or physicians may be sought. 
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A new submission that does not have simple and obvious links to a 
predicate, that has a higher risk profile, or that has a less established his-
tory of device review may be assigned to a multidisciplinary review team of 
regulatory scientists, often including a biologist, an engineer, a statistician, 
and a clinician and sometimes including an expert in software or epidemi-
ology. Team reviews may be performed and recommendations developed 
about substantial equivalence. 

In a complicated submission or a submission that raises new or contro-
versial review issues, the FDA may use the expertise of members of its stand-
ing advisory panels to answer review questions or provide actual review. 
The submission is formally assigned to advisory-panel members outside the 
FDA who have the requisite expertise.

It is not uncommon for the FDA to request additional information to 
clarify or strengthen a submission during review. The FDA is limited in the 
types of information that it can request and how that information can be 
used. The new information can be used only to assess the submission’s claim 
of substantial equivalence to the predicate(s). If the information needed is 
straightforward, a reviewer may simply call the submitter to make the re-
quest and will not need to put the submission on hold while waiting for a 
response. If the additional information needed is more extensive or complex, 
the reviewer will prepare a written letter and put the submission on hold. 

Industry has questioned the transparency and credibility of the review 
process, however, when requests for additional information are seen as 
irrelevant to the intended clinical use or to the technology used. Industry 
representatives have also stated that requests made late in the review process 
are especially burdensome (FDA, 2010d). While the company is preparing 
a response to the FDA’s request for information, the submission is not con-
sidered to be under active review, and the clock for review time is stopped. 
Responses to the FDA are usually requested within 30 days, but submitters 
may request an extension if more time is needed. 

Another potential contributor to the variation in review time is the 
“least burdensome” provision discussed in Chapter 2. CDRH’s Task Force 
on the Utilization of Science in Regulatory Decision Making found that 
FDA staff reported that industry perceives previous reviews as setting a 
precedent (FDA, 2010c). As new information about different devices and 
device types becomes available, the FDA may request different types of data 
from those of the past. Manufacturers sometimes see increased requests 
for data as unnecessary and contrary to the “least burdensome” principle 
(FDA, 2010d). Industry groups also contend that there is a lack of con-
sistency and transparency in the FDA decision-making process and are 
concerned about lengthening review times, vagueness in the term new types 
of questions, and the burden associated with down-classifying devices. In 
particular, some industry groups have stated that the FDA asks for detailed 
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information on issues that are not clinically relevant or are obvious in light 
of underlying knowledge of the technology involved in the device. On the 
other hand, some in the scientific community believe that the agency has 
not asked even for rudimentary data that would have an important clini-
cal impact (FDA, 2010d). As a result of those issues and concerns, CDRH 
has recommended that the “least burdensome” provision be more clearly 
defined (FDA, 2010c).

As mentioned before, CDRH is required to respond within 90 days 
of receipt of a 510(k) submission. In 2009, the FDA’s goal was to review 
90% of 510(k) submissions within 90 days and 98% within 150 days (see 
Figure 4-2) (GAO, 2009b). That goal was met in previous years (see Table 
4-1). Given the variability in the 510(k) submissions, CDRH staff report 
that review periods did not allow sufficient review of complex issues (FDA, 
2010c). CDRH staff reported that they were unable to schedule and hold 
meetings, or respond to sponsors’ requests for information, because of the 
focus on submission review times (GAO, 2009a).

Data from CDRH’s 510(k) internal report show that the actual review 
times for most submissions are within the mandated limit (FDA, 2010b). 
Industry has noted that in an increasing number of submissions CDRH does 
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FIGURE 4‑2 Percentage of 510(k) decisions within 90 FDA days, FY 2002–2008.
NOTE: NSE, not substantially equivalent; SE, substantially equivalent; FDA Days 
are defined as the time during which a submission is under active review by FDA; 
“Submitter Days” is the time during which a submission is “on hold” pending the 
receipt of additional information requested by FDA; “FDA Days” and “Submitter 
Days” sum to the total length of time from initial FDA receipt of a submission until 
issuance of a decision. 
SOURCE: FDA, 2010b.
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not meet the mandates (FDA, 2010d). The FDA has stated that its resources 
are strained, given the complexity of submissions for innovative devices; 
these submissions require more FDA staff time and generally involve more 
review cycles (see Figure 4-3). It is possible to assume that complex 510(k) 
submissions are skewing the response times and increase review cycles, but 
without a detailed file review it is not possible for the present committee to 
determine whether this is the case. 

Design Controls 

The committee was given findings of two studies of the FDA’s recall 
database (IOM, 2011). The studies assessed recalls associated with 510(k)-
cleared products. Among the many measures assessed were the causes be-
hind recalls of Class I 510(k)-cleared devices. Each study presented the recall 
data by reasons for the recall. The analysis conducted by Hall suggested 
that 55% of Class I recalls were related to postmarket issues and 45% to 
premarket issues (IOM, 2011). The analysis conducted by Maisel similarly 
concluded that about 57% of recalls were due to manufacturing process or 
device design (IOM, 2011). Given the results of those studies, it is clear that 
design issues and controls are worth examining more closely.

The FDA requires manufacturers of medical devices to implement 
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FIGURE 4‑3 Number of 510(k) review cycles, FY 2002–2008.
NOTE: NSE, not substantially equivalent; SE, substantially equivalent. 
SOURCE: FDA, 2010b. 
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quality system regulations (QSRs),43 which establish current good manu-
facturing practice requirements for “methods used in, and the facilities and 
controls used for, the design, manufacture, packaging, labeling, storage, in-
stallation, and servicing of all finished devices intended for human use.” The 
requirements are intended to ensure the safety and effectiveness of medical 
devices. 21 CFR Part 820 includes general descriptions and suggestions for 
establishing the following elements of a manufacturing process:

•	 A management subsystem.
•	 Design and development controls.
•	 Production and process controls.
•	 Corrective and preventive actions.

The regulation requires manufacturers to have the QSRs in place but 
provides only general guidance for its implementation, not device-specific 
guidance. The adoption of design control requirements was driven by stud-
ies performed by the FDA in the mid-1980s that evaluated the causes of 
recalls of medical devices. The studies revealed that almost 50% of recalls 
were attributed to the design and development phase of device manufacture. 
The FDA had no systematic means of tracking design and development is-
sues. The controls described below would provide a paper trail for the FDA 
to follow if it inspects a facility involved in a recall. Despite the mandatory 
implementation of this requirement, device design is still responsible for 
almost half all Class I and Class II recalls (IOM, 2011; Shuren, 2010). 

Manufacturers are required to have design and development controls 
for all Class II and Class III devices and for several types of Class I devices: 
any device automated with software, catheters for tracheobronchial suc-
tion, surgical gloves, protective restraints, a manual radionuclide applicator 
system, and a teletherapy radionuclide source. The ultimate implementation 
and approval of this management structure is left up to the manufacturer; 
the FDA provides only guidance and suggestions for implementation. A 
key element of the design-controls system is a list of documents that must 
accompany each device type produced by the manufacturer and must be 
maintained by the manufacturer and be available for review in the event of 
an inspection. The list includes the following:

•	 Design inputs.
•	 Design outputs.
•	 Design review before transfer from design to manufacturing.
•	 Design validation.
•	 Design verification.

4321 CFR pt. 820.
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•	 Design transfer.
•	 Design changes.

This collection of documents forms what is referred to as the device 
history record and forms a portion of a larger device master record. The 
master record describes the life of the device through design iterations, 
modifications, as well as other documents, and it should contain all relevant 
information about the design of the device. The master record is what the 
FDA reviews during an inspection. Manufacturers typically have multiple 
products and multiple models of each product, however, and each model 
has a device history record (DHR). An FDA investigator is generally able to 
review only a small portion of all the manufacturer’s DHRs. It is not clear 
whether the documents required by the FDA are helpful in determining 
the reason for a recall or whether the documents provide the information 
necessary for improving the product or process to eliminate the reason for 
a recall. 

CDRH can request that design-control information be included in 
a 510(k) submission (FDA, 2010b). The committee did not find data on 
how often design-control information is requested by CDRH staff as part 
of 510(k) reviews. CDRH noted in its preliminary internal evaluation that 
center staff have not received sufficient guidance and training in requesting 
this type of information from submitters or in when such information is 
necessary for deciding whether to clear a device (FDA, 2010b). 

Device Labeling within the 510(k) Review

General labeling requirements are applicable to various types of de-
vices. There is one general set for over-the-counter devices and another for 
prescription devices.44 The prescription-device regulation, for instance, says 
that the label must “[bear] information for use, including indications, ef-
fects, routes, methods, and frequency and duration of administration, and 
any relevant hazards, contraindications, side effects, and precautions under 
which practitioners licensed by law to administer the device can use the 
device safely and for the purpose for which it is intended, including all pur-
poses for which it is advertised or represented.”45 This general rule would 
apply to any prescription device, whether 510(k)-exempt, 510(k)-cleared, 
or PMA-approved. Moreover, in a few cases, the FDA has issued specific 
labeling requirements for particular devices.46 

Specifically for 510(k)-cleared devices, the 510(k) notification must 
include “proposed labels, labeling, and advertisements sufficient to describe 

44See Chapter 2 and CFR pt. 801.
4521 CFR § 801.109.
46E.g., 21 CFR § 801.435 (device-specific labeling for latex condoms).
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the device, its intended use, and the directions for its use.”47 The FDA is able 
to review the draft labeling and can negotiate with manufacturers on the 
text particularly for devices for which clinical study results are included. The 
final labeling is not cleared as part of the 510(k) clearance. The FDA, how-
ever, uses the proposed labeling to determine a device’s intended use for pur-
poses of determining substantial equivalence. Moreover, the draft labeling 
of a 510(k)-cleared device may be changed at any time—even before initial 
marketing—not only without FDA approval but even without submission 
to the FDA. The FDA’s guidance includes information about when labeling 
changes should be included in a new 510(k) submission. 510(k) sponsors 
are obliged to “maintain in the historical file any labeling or advertisements 
in which a material change has been made anytime after initial listing.”48 
The FDA investigators might come across the change when conducting an 
inspection or when investigating a device problem. Otherwise, the FDA can 
be unaware of labeling changes made once a device is on the market.

In comparison, for PMA-approved devices, labeling is approved as 
part of the PMA approval process. After PMA approval, all proposed label 
changes that affect the safety and effectiveness of a device must be submit-
ted to the FDA, and, with a few exceptions (for example, newly acquired 
information that warrants an immediate strengthened warning or new 
contraindication), all changes must be approved by the agency before they 
go into effect.

As discussed above, given that the FDA has relatively narrow mecha-
nisms for addressing off-label use even when substantial risks are identified, 
it is often in the position of having to make decisions about substantial 
equivalence without complete information about how the device will be 
used once it is cleared. 

DE NOVO PREMARKET REVIEW 

The classification system introduced in the Medical Device Amend-
ments of 1976 had provisions that designated all new medical devices that 
were introduced into the medical marketplace without predicates as Class 
III devices on the basis of their novelty regardless of risk. As a result, low-

4721 CFR § 807.87(e).
4821 CFR § 807.31(b). According to the FDA, material changes include any change or 

modification in the labeling or advertisements that affects the identity or safety and effectiveness 
of the device. These changes may include changes in the common or usual or proprietary name, 
declared ingredients or components, intended use, contraindications, warnings, or instructions 
for use. Changes that are not material may include graphic layouts, grammar, or correction 
of typographic errors that do not change the content of the labeling; changes in lot number; 
and, for devices whose biologic activity or known composition differs in each lot produced, 
the labeling that states the actual values for each lot.
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risk or moderate-risk but novel devices would require a PMA application 
(FDA, 2010g). 

The FDAMA remedied that cumbersome feature of classification by 
amending Section 513(f)49 to provide a new mechanism to reclassify statu-
torily classified Class III devices. The new mechanism, referred to as the 
Evaluation of Automatic Class III designation (also called de novo or risk-
based classification), allowed the FDA to streamline its approach to down-
classification of devices that it deemed to be low or moderate risk. A device 
placed into Class I or Class II may be exempt from premarket review or be 
eligible for 510(k) review. A device placed into Class III will require a PMA 
application (FDA, 2010g). 

Under the de novo process, the manufacturer must first provide a 510(k) 
submission. Once the FDA has issued a not-substantially-equivalent (NSE) 
letter, the manufacturer has 30 days to request a risk-based classification 
determination be made for the device. The request must describe the device 
and provide detailed information and reasons for any recommended clas-
sification. Not later than 60 days after the date of the submission of such 
a request, the agency must determine a classification by written order that 
places the device into one of the three statutory device classes: 

•	 Class I device and may enter the market with no special control.
•	 Class II device for which a special control is required. 
•	 Class III device type and is required to go through the PMA process. 

Under the new classification provision, the FDA can assign new devices 
without predicates to Class I if the general controls are sufficient to provide 
reasonable assurance of safety and effectiveness and into Class II if special 
controls are needed to accomplish the same goal. In the absence of a predi-
cate, substantial equivalence is no longer the operative review criterion. The 
submission must on its own (de novo) be found to be safe and effective. 
Once classified, the new product can serve as a predicate for future devices 
(FDA, 2010g). 

For the reclassified Class II devices, the de novo process can be cum-
bersome and lengthy. As a part of the de novo review and classification, a 
special control needs to be developed and published before the classification 
is completed. In most cases, the device is new and no pre-existing special 
control is available. The FDA expressed concerns about the scientific chal-
lenge of crafting special controls to address risks associated with new devices 
and about the time required to develop guidances (FDA, 2010b, 2010d).

Manufacturers often know before they enter the 510(k) submission that 
a device will be found NSE and will require a de novo review. Many manu-

4921 USC § 360c(f). 
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facturers have preliminary discussions with the FDA regarding the types of 
information needed for the FDA to assess a new device’s risk profile. That 
profile will be used to justify placement of the device into the appropriate 
classification (IVD Roundtable, 2002). 

An industry-sponsored report indicated that the long timelines required 
to process de novo submissions detracted from the value of the program 
(Ladin and Imhoff, 2010). From the beginning of the de novo program in 
1998 to 2009, the FDA received 119 de novo requests (see Figure 4-4) (FDA, 
2010b). The FDA found that the average review time for in vitro diagnostic 
devices going through the de novo process increased from 261 days in 2005 
to 448 days in 2009 (see Figure 4-5). There was a greater increase in review 
time for therapeutic devices, from 254 days in 2005 to 752 days in 2009 
(see Figure 4-5) (FDA, 2010b). An industry-sponsored review of the de novo 
process found that only 54 de novo requests had resulted in clearance; 38 
referred to in vitro diagnostic devices, 16 to therapeutic devices (Ladin and 
Imhoff, 2010). 

Finding 4-9 Because of administrative constraints that make it bur-
densome for both manufacturers and the FDA, the de novo process 
has not met its potential as an alternative regulatory pathway for 
moderate-risk but novel medical devices. 
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FIGURE 4‑4 Number of de novo requests received, CY 1998–2009. 
NOTE: ODE, FDA Office of Device Evaluation; OIVD, FDA Office of In Vitro 
Diagnostic Device Evaluation and Safety
SOURCE: FDA, 2010b.
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SUMMARY OF FINDINGS 

•	 �Finding 4-1 The 510(k) process determines only the substantial 
equivalence of a new device to a previously cleared device, not the 
new device’s safety and effectiveness or whether it is innovative. 
Substantial equivalence, in the case of a new device with technologic 
changes, means that the new device is as safe and effective as its 
predicate. 

•	 �Finding 4-2 Current 510(k) decisions have been built on a chain of 
predicates dating back to devices on the market in 1976. Because 
data systems in the FDA are inadequate, the agency does not have 
the ability to trace the supporting decisions.

•	 �Finding 4-3 The key regulatory terms intended use and indications 
for use are poorly defined and are susceptible to varying interpre-
tations that lead to inconsistency in decision-making and create 
confusion among FDA staff, industry, Congress, the courts, and 
consumers. 

•	 �Finding 4-4 The 510(k) clearance process does not consistently 
recognize distinctions among devices cleared solely as tools, those 
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FIGURE 4‑5 Average total time from 510(k) receipt to de novo approval, CY 
2005–2009. 
NOTE: IVD, in vitro diagnostic.
SOURCE: FDA, 2010b.
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cleared for specific clinical applications, and general tools that also 
have specific clinical applications.

•	 �Finding 4-5 There are no reliable tools for collecting data on the clini-
cal use of and health outcomes related to devices cleared by 510(k) 
so that such data could become available for regulatory, healthcare 
policy, and medical decision-making purposes.

•	 �Finding 4-6 Insufficiency of information about how devices are used 
and perform once they are on the market adversely affects the ability 
of the FDA to evaluate devices’ intended uses, indications for use, 
and substantial equivalence in a 510(k) review.

•	 �Finding 4-7 A number of Class III devices continue to be cleared 
through the 510(k) process rather than, as Congress has always 
intended, through the PMA process.

•	 �Finding 4-8 There is no consistent approach for how the FDA de-
termines the need for clinical data, the type of such data, and the 
manner in which such data, if available, are integrated into the 
decision-making process.

•	 �Finding 4-9 Because of administrative constraints that make it bur-
densome for both manufacturers and the FDA, the de novo submis-
sion process has not met its potential as an alternative regulatory 
pathway for moderate risk but novel medical devices.
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5

Postmarketing Surveillance, Compliance, 
and Enforcement 

Medical devices used both by professional healthcare providers and 
the public constitute a vital part of the healthcare environment. 
When used according to their manufacturers’ guidance, devices 

are expected to be safe and effective. Given that, as discussed in Chapter 
1, it is not possible to create a premarket review process that could com-
pletely ensure the safety of all devices before they enter the market, a strong 
surveillance system that monitors the safety of medical devices is essential. 
The identification of problems associated with a medical device can be an 
opportunity for various corrective actions, including improved device label-
ing, instructions for use or better user training, or, if appropriate, removal 
from the market. 

This chapter reviews the current programs that the Food and Drug 
Administration (FDA) has in place, both passive and active, and some 
non-FDA surveillance programs that provide information on the safety and 
effectiveness of particular devices. It also examines how the FDA commu-
nicates information gathered through postmarketing surveillance activities 
to consumers, such as healthcare providers and the public. 

The term postmarketing surveillance encompasses a wide array of pro-
grams, including medical device reporting by manufacturers and user facili-
ties, third-party safety monitoring, and FDA–academic collaborations. The 
term postmarket surveillance refers to a specific activity defined by statute. 

For medical devices, the FDA uses the term medical-device report 
(MDR) to encompass two types of reports—adverse-event reports are in-
cidents resulting in a death or serious injury, and malfunction reports are 
incidents in which a device fails without an adverse event resulting. 
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Postmarketing surveillance is either “passive” or “active.” In a pas-
sive system, the regulator must depend on data from manufacturers and 
healthcare providers. The provision of data can be required by statute or be 
voluntary, but the role of the regulator is to collect and analyze the data that 
are provided. In an active system, in contrast, the regulator seeks informa-
tion on adverse events, device malfunctions, and product effectiveness and 
takes advantage of opportunities to enhance data collection. 

It is important to note that for most of the programs discussed below 
there is no reliable information about the number of devices (referred to as 
the denominator) on the market in clinical use. The lack of denominator 
information limits the ability to analyze potential safety concerns. 

THE FOOD AND DRUG ADMINISTRATION’S CURRENT 
POSTMARKETING SURVEILLANCE ACTIVITIES

Mandatory and Voluntary Adverse-Event Reporting

Reporting requirements for the FDA are summarized in a 2009 Depart-
ment of Health and Human Services (HHS) Office of the Inspector General 
(OIG) report (OIG, 2009), which states that

regulations require device manufacturers to report to the FDA (1) within 
30 calendar days of acquiring information that reasonably suggests one 
of their devices may have caused or contributed to a death, serious injury, 
or malfunction and (2) within 5 working days if an event requires action 
other than routine maintenance or service to prevent a public health is-
sue. Regulations also require user facilities, such as hospitals and nursing 
homes, to report deaths to both the manufacturer, if known, and the FDA 
within 10 working days. User facilities must report serious injuries to the 
manufacturers (or the FDA if the manufacturer is unknown) within 10 
working days. User facilities must also submit annual reports to the FDA 
of all adverse event reports sent to manufacturers or FDA in the past year.

The vast majority of MDRs are reported by manufacturers; user facili-
ties and others provide a small proportion of the reports received by the 
FDA (see Table 5-1). As a general matter, patients, caregivers, and healthcare 
professionals are not legally obliged to report adverse medical events. Con-
sumers, such as healthcare providers and patients, can provide voluntary 
adverse-event reports to the FDA through its MedWatch program (FDA, 
2009b). 
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Customary Data Sources

Two fundamental steps in all MDRs are recognizing that an adverse 
event or malfunction has occurred and then associating the event with one 
or more possible diagnostic or therapeutic interventions as causal or con-
tributing factors. Identifying the event can be problematic for many reasons. 
Some problems with medical devices can become apparent immediately (for 
example, in a procedural situation in an operating room or an intensive-care 
unit), but in other cases problems can take a long time to be manifested. 
For example, a patient can have a procedure in a hospital, be discharged, 
and seek follow-up care for an emerging medical problem from a physician 
who does not associate the problem with the earlier procedure. In such situ-
ations, the event rarely is reported. Even when it is, the MDR often includes 
inadequate information about the situation or the device, which makes it 
difficult to link the device with the medical problem (IOM, 2011). 

When a medical problem is suspected to have occurred in association 
with use of a medical device, a bioengineer or risk manager may or may not 
be available to assist in the assessment of the role and potential responsibil-
ity of the device and to take appropriate corrective action. When informa-
tion is available about the role of the device in the event, healthcare facilities 

TABLE 5-1 Medical-Device Adverse-Event Reports, 2003–2007
Type of Adverse-Event 
Report 2003 2004 2005 2006 2007

Manufacturer report 65,217 70,718 90,157 109,676 141,065

Percentage of total 
reports

90% 90% 92% 93% 94%

User-facility report 2,890 3,256 3,752 3,048 3,234

Percentage of total 
reports

4% 4% 4% 3% 2%

Other reports 4,759 4,610 4,552 5,571 5,911

Percentage of total 
reports

7% 6% 4% 5% 4%

Report total 72,866 78,584 98,461 118,295 150,210

NOTE: Other reports include FDA voluntary and distributor reports; percentages do not add 
to 100, because of rounding; 2005 and 2006 report totals do not include one report and five 
reports, respectively, because of missing data needed for analysis. 
SOURCE: OIG, 2009.
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are required by the Safe Medical Devices Amendments of 1990 to report 
the problem to the manufacturer if the problem is a device-related death or 
serious injury. In addition, the onset of some medical problems may be de-
layed, and the person using the potentially problematic device may no longer 
be a patient of a healthcare facility that is legally required to file an MDR. 

Physicians increasingly use higher-risk devices, including implantable 
devices, in their offices where there is no legal requirement for them to 
report adverse events and device failures to the FDA. Voluntary reports 
made by healthcare providers have always made up a very small fraction 
of the reports received by the FDA. In 1993, the MedWatch program was 
established to improve reporting by device users, but it has had little impact: 
only 5.6% of reports were voluntary in 2004 (Greenfield, 2007). 

The total number of events reported has increased steadily from 72,866 
in 2003 to 150,210 in 2007 (OIG, 2009). Most initial reports of adverse 
medical events or device malfunctions lack critical information about the 
patient’s medical history. The Office of the Inspector General found that 
of the more than 140,000 MDRs filed by manufacturers in 2007, 50% of 
the reports were missing device identification information, such as model 
numbers, and 11% were missing descriptions of the adverse event or device 
malfunction (OIG, 1990). Follow-up inquiries are essential to fill in the gaps 
in information. Manufacturers are required by the FDA to perform follow-
up for the majority of reports received to obtain the missing information for 
the medical-device reporting system. The agency also requires manufactur-
ers to trend adverse events for reporting. 

Investigations of adverse events and device malfunctions can be ham-
pered by refusals to provide further information on the part of the patient 
(who may now be involved in litigation for damages), the treating physician 
or the physician who used or implanted the device (who may become a de-
fendant in litigation over alleged malpractice), and any healthcare facility 
involved (possibly also a defendant in litigation). The device itself might not 
be available for examination and testing. And the manufacturer of the device 
may become involved in product-liability litigation. There are other reasons, 
not related to liability or litigation, that also affect investigations, such as 
the unreimbursed cost to physicians and healthcare facilities of responding 
to requests for information. 

The next phase depends on how the manufacturer handles the infor-
mation. There are regulations governing timely review and maintenance 
of records. Manufacturers determine whether the information meets the 
threshold for a reportable event. They may categorize an event as user er-
ror (OIG, 1990). There have been instances in which manufacturers have 
underreported serious adverse events by not reporting them to their own 
regulatory staff (Bren, 2003). However, whenever any agent of a company 
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knows of an adverse event, the company is deemed to have knowledge and is 
required to report. A company that does not report is in violation of the law.

Manufacturers are required to report within 30 days if a device may 
have caused or contributed to a death or serious injury or, if a device mal-
functioned and a death or serious injury could result if the malfunction were 
to recur, and within 5 days if a reportable event necessitates remedial action 
(other than routine maintenance or servicing) to prevent an unreasonable 
risk of substantial harm to public health. In 2007, 31% of the more critical 
5-day reports were submitted late. Similarly, healthcare facilities submitted 
39% of death and injury adverse-event reports late (OIG, 2009). 

The timeliness of the FDA review of MDRs is also problematic. Fewer 
than one-third of MDRs were reviewed for the first time within 30 days, 
and fewer than half were reviewed within 60 days in every year from 2003 
to 2007. Documentation of the reviews is also inconsistent, and this makes 
it difficult to track the agency’s response to a specific event. Moreover, the 
FDA Office of Compliance does not link inspections to the adverse event 
that may have triggered them.

In addition to the previously described system for mandatory and volun-
tary reporting of adverse events and device malfunctions, summary report-
ing from industry provides an abbreviated method that relies on established 
codes for events that are well known and categorized. Although they allow 
trending, the summaries provide little in the way of new information, and 
may have outlived their usefulness in that they hamper the function of an 
already overloaded system. Similarly, the compliance of user facilities with 
required annual reports is difficult to assess because CDRH was able to 
provide fewer than half the reports to the HHS OIG (OIG, 2009). These 
reports can also be repetitive with respect to individually submitted events. 
Larry Kessler, former director of CDRH’s Office of Surveillance and Bio-
metrics, has suggested placing more emphasis on keeping the data in the 
manufacturers’ quality-reporting systems (Kessler, 2010). 

Data Management

Each MDR is entered into an event database by an FDA contractor 
and then undergoes triage by a safety analyst (generally a nurse or engineer 
working for the FDA) to look for a signal of risk of potential substantial 
harm. That screening is made more difficult by the low signal-to-noise ratio, 
the MDR reviewers’ narrow experience with new technology, the absence 
of input to the reviewers by premarket staff more familiar with the device, 
and the sheer volume of reports, which exceeds the capacity of the current 
system (GAO, 2009b; IOM, 2011). Efforts to integrate the premarket and 
postmarket phases of review in a matrix approach have been proposed since 
2005 (Schultz, 2007), but have proved difficult to sustain because staff were 
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in different facilities and had a heavy workload. But an integrated approach 
is important when reports of adverse events and device malfunctions appear 
shortly after introduction of a new device (Mehran et al., 2004). 

As mentioned above, incomplete or poor quality MDRs makes it dif-
ficult to have an informed review of the problem. To address this issue, the 
FDA has safety analysts, who have relevant technological or clinical experi-
ence, attempt to contact reporters (for example, manufacturers, user facili-
ties, or voluntary reporters) for additional information. In addition, safety 
analysts interact with each other for clinical or engineering expertise to more 
fully understand reports. All safety analysts attend internal FDA conferences 
or “group think” meetings where a decision on further investigation may be 
made (IOM, 2011). In addition, data-mining is being explored by a variety 
of staff as an additional tool that may help identify potential safety signals.

 A rule proposed in August 2009 to require manufacturers to submit 
MDRs in an electronic format to allow more timely access to emerging 
adverse event information was met with resistance from industry, which 
called for a longer timeframe to implement the changes (Williams, 2010).

All signals are entered into a CDRH tracking system, but the main 
repository for adverse event reports is the Manufacturer and User Device 
Experience (MAUDE) database. This database is considered to be in need 
of reform because it is difficult to use and is not connected to any other 
CDRH database (FDA, 1999b). When William Maisel, former director of 
the Medical Device Safety Institute, attempted to use MAUDE for analysis 
of 510(k)-cleared devices, he found that the data were not well suited to 
analysis, because of incomplete reporting, insufficient information, and 
misclassification (IOM, 2011). Problems are also caused by the difficulty 
of aligning product-code assignments, but CDRH is trying to address this 
issue (FDA, 2010c). As discussed in Chapter 3, efforts to upgrade informa-
tion technology (IT) facilities in CDRH in recent years have been less than 
successful, and, as documented in the FDA Center for Drug Evaluation and 
Research, the challenges are exacerbated by the lack of communication 
between IT management and users (Breckenridge Institute, 2006). 

The Government Accountability Office (formerly the General Account-
ing Office) reported in 1989 and again in 2009 that the FDA was unable 
to manage its postmarket-surveillance responsibilities because of resource 
constraints, but the agency is also unable to estimate its current and future 
resource needs effectively because of a lack of reliable management informa-
tion (GAO, 1989, 2009a).

Finding 5-1 The FDA’s current postmarketing surveillance system 
relies on manufacturers, importers, and healthcare facilities to col-
lect information, to investigate, and to make mandatory reports. 
Voluntary reporting of adverse events and device malfunctions 
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depends on patients, caregivers, and healthcare providers and facili-
ties to identify them, to associate them with medical devices, and 
to submit reports. 

Finding 5-2 The inadequacy of the current postmarketing surveil-
lance system and the resulting lack of data make it impossible to 
confidently draw broad conclusions about the safety and effective-
ness of products that are on the market.

Finding 5-3 Data collected with the current postmarketing surveil-
lance system is not systematically integrated into the premarket 
review process. 

Enhanced Surveillance

In addition to the general reporting requirements described above, the 
FDA conducts postmarketing surveillance via several other mechanisms: 
tracking of medical devices, the MedSun program, the MD EpiNet program, 
the Sentinel Initiative, and Section 522 surveillance studies. 

Tracking

Tracking of medical devices by manufacturers can assist in notification 
to users of potential problems with a device and can facilitate recalls when 
necessary. The FDA requires tracking of 12 implantable devices and four 
other devices that are used outside hospitals. They include joint prostheses, 
implantable pacemakers, implantable defibrillator, mechanical heart valves, 
ventricular-bypass-assist devices, and implantable infusion pumps (Diehl 
et al., 2010). Manufacturers are expected to be able to provide within 10 
days information about the location of devices that have been distributed to 
patients and within 3 days information about devices that are in inventory. 

MedSun

Recognition of underreporting of adverse events led to the initiation 
in 2002 of a pilot program, the Medical Product Surveillance Network 
(MedSun), in which trained risk managers could recognize and report 
adverse events electronically. That direct connection with the clinical com-
munity in 350 hospitals, nursing homes, and outpatient diagnostic and treat-
ment centers not only improved the quality of reports but also allowed the 
identification of “near-misses” (FDA, 2009a). In addition, focus networks 
were developed on specific subjects, such as LabNet, which focuses on hos-
pital laboratories; TissueNet, on human cells, tissues, and their products; 
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SightNet, on ophthalmic devices; HomeNet, on device training and prob-
lems in the home environment; HeartNet, on electrophysiology laboratories; 
and KidNet, on neonatal and pediatric units. MedSun also conducts small 
sample surveys involving a small number of institutions to answer specific 
questions on product safety (FDA, 2009c). 

A plan to implement real-time adverse-event reporting and establish 
pathways to interactive information exchange with healthcare providers is 
included in the FDA Strategic Plan for 2010 (FDA, 2010c). Additional plans 
include unspecified expansion of the MedSun nets, further evaluation of the 
regional representative pilot, and the incorporation of “large providers.” 
There are currently no resources allocated to implement those plans. The 
value of the approach is well demonstrated by the fact that 252 of the 350 
MedSun facilities reported adverse events in 2007, accounting for 72% of 
all facilities that reported. In contrast, only 267 of the remaining thousands 
of other facilities reported adverse events in 2007, and that number has been 
declining (OIG, 2009). The regional representative pilot has established 
valuable linkages to healthcare providers and has led to more adverse-event 
reports. A 285% increase in reported medical-device concerns originating 
in pediatric specialties was demonstrated (Desjardins, 2011).

MD EpiNet

The MD EpiNet program, which began in February 2010, is intended 
to improve epidemiologic assessment of device performance by establish-
ing an extramural network with 10 leading academic institutions that have 
experience with medical-device studies. The stated long-term goal is to 
“substantially contribute to the understanding of medical device perfor-
mance and CDRH decision making, thereby improving public health, with 
an FY-10 focus on building a research infrastructure by linking CDRH with 
leading academic organizations in the country that have experience with 
medical device studies” (FDA, 2011b). As of May 2011, the Web site for 
the program lists the accomplishments as “establishment of a partnership 
development team to develop a research plan,” holding a “kickoff work-
shop with academic stakeholders” on April 30, 2010, and a workshop to 
discuss methodologic issues related to studying medical device performance 
on April 25, 2011, awarding contracts for administration of the program, 
and initiating pilot projects in the selected centers.

Sentinel Initiative

In 2007, Congress passed the FDA Amendments Act (FDAAA), Section 
905 of which mandated that the FDA establish a postmarketing risk iden-
tification and analysis system to support active monitoring of postmarket-
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ing drug safety. The FDA is responding to that mandate by developing the 
Sentinel system, which will harness clinical and administrative data held by 
existing health-information holders. Congress set a target for the system to 
include data on 100 million persons by July 2012 (FDA, 2011a). Although 
Section 905 of the FDAAA specifically authorized creation only of an ac-
tive surveillance system for drugs, the FDA is using its general authority 
under Section 1003(b)(2)(c) of the Federal Food, Drug, and Cosmetic Act 
(FFDCA) to include medical devices in the Sentinel system. The Sentinel 
Initiative helps the FDA to fulfill its mission to “protect the public health by 
ensuring that . . . there is a reasonable assurance of the safety and effective-
ness of devices intended for human use.”1 

The FDA has already received deliverables from 10 small contracts 
that address various issues related to system planning and design, such as 
data availability, system architecture, methods, legal and privacy issues, and 
stakeholder engagement. In addition, it has entered a cooperative agreement 
with the Brookings Institution to convene meetings and workshops on ac-
tive medical-product surveillance issues. Early in 2010, the FDA awarded 
a 5-year contract to the Harvard Pilgrim Health Care Institute to develop 
a “Mini-Sentinel” pilot project, a scaled-down version of the Sentinel sys-
tem. The Mini-Sentinel Coordinating Center is identifying appropriate data 
sources, developing a scientific framework for obtaining real-time data, and 
developing procedures to ensure data quality and privacy protection (FDA, 
2010d). As of January 2011, the electronic health records of more than 60 
million people have been added to the system (Behrman et al., 2011). To 
protect personal information, the system relies on a distributed network 
architecture that keeps identifiable health data behind the existing privacy 
firewalls of the participating data sources; only summary results are sent to 
the coordinating center. The mini-Sentinel and Sentinel planned activities are 
public-health activities and the Common Rule2 does not require informed 
consent of individuals whose records are being examined (Rosati et al., 
2010). These activities also fit within an existing exception to the Health 
Insurance Portability and Accountability Act privacy rule that allows dis-
closures to public-health authorities without individual authorization.3 The 
first year of the Mini-Sentinel effort focused on developing a data model 
common to data sources with an initial focus on claims data (Mini-Sentinel 
Coordinating Center, 2010). The Sentinel system is expected to expand and 
gain additional functionality over the next several years. 

The Sentinel system will be able to provide data that are applicable 
to medical devices. For example, one Sentinel-related project identified, 

1FFDCA § 1003(b)(2)(C).
2Federal policy for the protection of human subjects (Common Rule) (implemented by the 

Department of Health and Human Services at 45 CFR § 46.101–124).
345 CFR § 164.512(b)(1)(i).
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described, and evaluated potential US orthopedic-implant registries that 
could participate in the creation of a national network of such registries 
as part of the Sentinel Initiative (Outcome Sciences, 2009). Data related to 
medical devices include rates of selected outcomes (for example, myocar-
dial infarction and stroke), rates of infection, and rates of implant revision 
and reintervention. They also may be able to address functional status and 
quality-of-life outcomes. However, some 510(k)-related issues—such as 
software problems, manufacturing defects, out-of-box failures, misconnects 
and disconnects, packaging and labeling errors, and design-induced use 
errors—will not be captured (IOM, 2011). 

As the FDA expands the scope of Sentinel to include medical devices, 
additional resources will be needed. Such an investment is expected to 
provide a rich source of clinical data from a much broader segment of the 
population and will prove cost-effective in the long term as adverse events 
associated with device use are identified and reduced (Behrman et al., 2011).

Section 522 Surveillance

Section 522 of the FFDCA is a discretionary tool that allows CDRH to 
require manufacturers to perform specified postmarket clinical studies of 
Class II and Class III products (Gross and Kessler, 1996).4 Such studies are 
justified when device failure is likely to cause serious health consequences, 
if the device would be implanted for more than a year, or if it is a life-
sustaining device used outside a health facility. A Section 522 study can be 
used as a condition of clearance for a Class II device that is expected to have 
substantial use in pediatric populations.5 

Section 522 studies are generally focused on only one or two aspects of 
performance rather than on overall risk and performance, and the duration 
of each study is limited to 3 years unless a longer period is agreed to by the 
manufacturer. That period is too short for the discovery of some late safety 
or effectiveness problems. Even when studies are completed, they may not 
require reporting of all critical information, including mortality (Lenzer and 
Brownlee, 2010).

Unique Device Identifiers

The FDAAA requires the FDA to develop a system of unique device 
identifiers (UDIs) for distribution and use. The FDA has conducted sev-
eral meetings and public workshops with key stakeholders, including label 
manufacturers, device manufacturers, and hospitals. The agency has also 

4FFDCA § 522(a)(1), 21 USC § 360l(a)(1) (2006).
5FFDCA §§ 522(a)(1)(A)–(B), 21 USC §§ 360l(a)(1)(A)-(B) (2006).
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conducted pilot activities on the effects of UDI implementation on FDA and 
labeler-organization business processes. It has also completed a pilot test 
of the usability and feasibility of a prototype UDI database (FDA, 2010h).

Manufacturers want to ensure that the FDA’s standards are in alignment 
with those used in other regulatory systems. Advocates for the implementa-
tion of UDIs argue that UDIs could substantially improve the FDA’s ability 
to track medical devices once they are on the market. Implementation of a 
comprehensive UDI system could also reduce medical device–related errors, 
improve the quality of MDRs, facilitate device recalls and tracking, stan-
dardize device nomenclature among administrative databases and clinical 
registries, identify device use and compatibility issues, and enhance device 
postmarket surveillance (ERG, 2006).

Finding 5-4 Several tools, such as device tracking and Section 522 
surveillance studies, are available to the FDA to improve postmar-
keting surveillance, but they are used only sparingly. 

Finding 5-5 The FDA has postmarketing surveillance programs—
such as MedSun, MD EpiNet, and the Sentinel Initiative—that 
are scientifically promising, but achieving their full promise will 
require a commitment to provide stable, adequate resources and 
will require resolution of various technical issues, such as unique 
device identifiers.

Compliance and Enforcement

When there is a problem with an FDA-regulated product, the agency’s 
initial effort is to work with the manufacturer to have it corrected voluntari-
ly. If that fails, a number of legal remedies are available: the manufacturer 
can be asked to recall the product, federal marshals can be used to seize 
the product, or an imported product can be detained at the port of entry 
until the problem is corrected. In addition, individual company officers that 
deliberately violate the law can be prosecuted, with the possibility of crimi-
nal penalties. Chapter 3 contains a detailed description of the postmarket 
regulatory authorities that are available to the FDA. 

Each center has an office of compliance that ensures compliance with 
regulations for premarket or postmarket studies and for manufacturing and 
labeling. The Office of In Vitro Diagnostic Device Evaluation and Safety 
(OIVD) is responsible for both premarket review and postmarket enforce-
ment for in vitro diagnostic devices. For non–in vitro diagnostic devices, the 
Office of Device Evaluation (ODE) oversees premarket review, but the com-
pliance function resides in the Office of Compliance (OC). Inspections can 
be made at any establishment where devices are manufactured, processed, 
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packed, used, or implanted or where records of results are maintained. In 
addition, during inspections of manufacturers, inspectors review the manu-
facturers’ procedures and records pertaining to reported adverse events and 
customer complaints. Since 2004, when there were 2,936 such foreign and 
domestic inspections, the number has steadily declined; there were 2,353 
inspections in 2008 (Williams, 2010). Even when manufacturing problems 
are reported, the lack of effective action can lead to serious consequences 
in some cases (Lenzer, 2009). 

Each compliance office works closely with the Office of Regulatory 
Affairs, which is responsible for the regulation of 124,000 establishments 
that produce, store, and transport an estimated $1 trillion dollars worth of 
medical products. Consumer safety officers and inspectors conduct about 
22,000 inspections a year and also monitor clinical trials (Williams, 2010).

Warning Letters

When there is a violation of the laws that the FDA enforces related 
to a device, process, or practice, the initial communication is likely to be 
a warning letter to a responsible person, manufacturer, or facility to take 
appropriate and prompt action. Warning letters are informal and advisory 
but are available to the public on the FDA’s Web site and usually receive the 
attention of the news media. The number of warning letters from CDRH 
has steadily declined from 528 in 2000 to 136 in 2009 (Williams, 2010). 
In addition to a warning letter, the FDA may also issue a safety alert in the 
form of a “Dear Doctor” letter to warn healthcare providers and consumers 
of the risk associated with a device.

The effect of a warning letter varies. If the letter is directing a manu-
facturer to stop promoting a medical device for a specific indication, it can 
be corrected immediately. If the letter is related to a manufacturing issue, 
however, the process could take several months or even years to resolve. 
The FDA has the authority to use warning letters to block device PMA ap-
provals, but generally not 510(k) clearances because of a 1997 legislative 
enactment. The FDA may withhold clearance of a 510(k) submission for 
manufacturing issues only if there is a “substantial likelihood” of a serious 
risk to health from the specific product because of a specific good manufac-
turing practice violation. 

Recalls

Under the current FDA definition, a recall is any action to remediate a 
risk posed by a product already transferred from the manufacturer’s control 
to others (such as wholesalers, retailers, end users, or patients). Actions that 
may be considered recalls include a software patch, a sticker on the package, 
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a Dear Doctor letter, a Dear Patient letter, servicing in the field, and a revi-
sion of labeling to add warnings or clarify instructions. Recalls of medical 
devices are usually conducted voluntarily by manufacturers on their own 
initiative or after negotiation with the FDA. Manufacturers and importers 
are also required to report to the FDA any voluntary correction or removal 
of a device undertaken to reduce a health risk posed by the device.6 Oc-
casionally, if a manufacturer or importer fails to recall a device that poses a 
risk to health, the FDA may issue a formal recall order to the manufacturer.7

Recalls are classified by the FDA according to the degree of hazard, 
which is based on injuries or deaths that have occurred, the likelihood 
of occurrence, the population exposed, and immediate and long-term 
consequences:

•	 �Class I recalls are the most serious and are reserved for situations in 
which there is reasonable probability that use of or exposure to a 
product will cause serious adverse consequences or death.

•	 �Class II recalls are for situations in which a product may cause tem-
porary adverse health consequences but in which there is the pos-
sibility of severity great enough to have irreversible consequences.

•	 �Class III recalls are for situations in which use of or exposure to a 
product is not very likely to cause adverse health consequences but 
the likelihood is great enough to justify recall.

Class II recalls make up the largest recall class and have increased pro-
gressively from 1,235 in 2004 to 2,178 in 2008 (Williams, 2010). 

Off-label use of a device—its use in a manner different from that of 
its original approval—is not regulated by the FDA but can lead to a recall. 
That situation occurred in 2004 when insertion of biliary stents to treat 
arterial disease had adverse outcomes (FDA, 2011d); in this case, it was the 
instructions for use that were recalled, rather than the devices themselves.

Limitations of Recall Data
The committee explored FDA recalls of medical devices as potential 

indicators of their safety. A recall study can be a useful tool for identifying 
the point in the product life cycle at which a problem is occurring, such 
as problems with device design or with the manufacturing process. Recall 
studies have limitations, however. FDA-initiated recalls may not fully re-
flect the safety, or lack thereof, of devices in clinical use. Without a robust 
postmarketing surveillance system that can detect safety problems depend-
ably, the absence of a recall can mean that there were no safety problems 

621 CFR pt. 806.
721 CFR pt. 810.
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with a device or that the device’s safety problems went undetected. The 
study of recall data is hampered by the lack of reliable denominator data. 
Recall rates often do not correlate with MDRs or with adverse-event rates 
reported in the scientific literature. Box 5-1 presents an example of the lack 
of a relationship among data in the scientific literature, MDRs, and recalls. 

Two studies that evaluated recall rates of 510(k)-cleared and PMA-
approved devices were presented at a July 2011 workshop hosted by the 
committee (IOM, 2011). William Maisel (formerly of the Medical Device 
Safety Institute) reported that recalls affected 510(k)-cleared devices 400–
500 times a year from 2003 to 2009 (more than 48,000 devices were cleared 
through the 510(k) pathway in 1996–2009). He found that the annual rate 
of recalls of 510(k)-cleared devices was highest within the first 4 years after 
clearance (1.4–1.6%) and that the rate decreased after 5–6 years (to 0.9–
1.1%). The reasons for recall included problems with the manufacturing 
process, including storage, labeling, and maintenance (28.8%); failure of a 
device to perform as intended despite meeting design specifications (28.4%); 
problems with nonconforming materials or components (16.3%); adverse 
changes in specifications or procedures (11.9%); employee error (7.1%); 
and miscellaneous (7.5%). The majority of recalls for the period reviewed 
(2003–2009) were of devices that went through the traditional 510(k) 
clearance process. Devices most likely to be recalled had a larger number 
of predicates (more than six), went through the special 510(k) clearance 
process, went through third-party review, were life-sustaining, or were Class 

BOX 5‑1 
Case Study: Cardiovascular Intravascular Filters

	 There have been reports of device malfunctions and adverse events 
related to permanent and temporary (retrievable) intravascular filters 
(McCowan et al., 1992). Data in multiple reports in the scientific literature 
make a strong case for believing that the adverse-event and device-
malfunction rates of permanent and temporary filters as cataloged by 
the FDA understate actual rates (Dorfman, 1990; FDA, 1999a, 2010g; 
Nicholson et al., 2010). In August 2010, the FDA issued a medical alert 
noting that retrievable inferior vena cava filters could move or break and 
perhaps cause serious problems (FDA, 2010e). The FDA cited malfunc-
tion rates that are much lower than rates cited in nearly contemporaneous 
reports in the scientific literature (Dorfman, 1992; FDA, 2010g; Nicholson 
et al., 2010). No recall has been issued.
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III devices. Three-fourths of recalled devices that were 510(k)-cleared were 
recalled a single time. Maisel also examined MDRs and recalls of 510(k)-
cleared devices. He found that 41.8% of MDRs on 510(k)-cleared devices 
were associated with devices that were subject to recall. 

Ralph Hall, University of Minnesota Law School, conducted the second 
study evaluating recall data on 510(k)-cleared devices. He presented his find-
ings to the committee at its July 2011 workshop (IOM, 2011). Hall’s review 
of Class I recalls for the years 2005–2009 showed that 55% were related to 
postmarket issues. He suggested improving quality system regulations with 
better design controls, bench testing, and preclinical studies. 

Medical-device recalls also were assessed in a third study, which ana-
lyzed FDA recall data from 2005 to 2009 (Zuckerman et al., 2011). For 
that period, 113 Class I recalls were identified. Of those, 21 were of devices 
approved by the PMA pathway, 80 were cleared by the 510(k) pathway, 
8 were exempt from FDA regulation and had only to be registered, and 4 
were counterfeit devices or categorized as “other” and did not go through 
approval, clearance, or registration. Of the recalled devices, 35 were cardio-
vascular devices (the largest category), and 23 of them had gone through the 
510(k) clearance process; 13 of the 23 were Class III devices. 

The committee concluded that these studies, while offering insights, 
have little utility in assessing the ability of the 510(k) process to assure safe 
products reach the market. Recall data lack strong denominator informa-
tion, or even a consensus on the proper denomination group. Classification 
of recalls may be imprecise as well. Some important problems with 510(k)-
cleared devices do not rise to the level of a Class I recall (Kessler, 2010). As 
noted above, there is a lack of correlation between MDR data and recalls, 
and moreover, data in MDRs can be incomplete and insufficient. Jeffrey 
Shuren, director of CDRH, commented that most recalls of 510(k)-cleared 
devices are Class II recalls, which have the potential to have a serious effect 
on public health and safety (Shuren, 2010). 

NON–FOOD AND DRUG ADMINISTRATION 
POSTMARKET DATA-COLLECTION EFFORTS

Some medical-device postmarket data-collection activities are outside 
the FDA. They are in four major categories: postmarketing surveillance 
programs, administrative databases, clinical registries, and electronic health 
records. The FDA has partnerships with academic institutions, federal agen-
cies, and professional medical societies. Although current collaborations are 
focused on devices approved through the PMA process, the partnerships 
provide a model of potential mechanisms for the collection of postmarket-
ing data on devices cleared through the 510(k) process. Although non-FDA 
data sources have several strengths and limitations, linking the various 
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data sources could potentially assist the FDA in postmarket surveillance of 
medical devices. The development of a network of existing administrative 
databases, electronic health records (EHRs), and clinical registries may en-
hance the FDA’s ability to assess longitudinal device outcomes.

Postmarketing Surveillance Programs

The Department of Veterans Affairs (VA) Cardiovascular Assessment, 
Reporting, and Tracking (CART) system is a cardiovascular-disease sur-
veillance program that is integrated into VA’s Computerized Patient Re-
cord System. The CART program is used by VA for quality, management, 
patient-safety device surveillance, and research (IOM, 2011). VA shares 
with the FDA information collected through the CART program on signals 
or unexpected problems with devices reported by clinicians. The strengths 
of this program include the level of clinical, patient, device, and outcome 
data; VA-wide collaboration; integration of data collection into work flow; 
clinical tools, such as real-time report generation; VA-wide standardization; 
e-mail reporting of complications; monthly site reports; national reports; 
and Veterans Integrated Service Network reports (IOM, 2011). Although it 
is successful for cardiovascular surveillance within the VA system, the uti-
lization of this system in other organizations that have different electronic 
health record (EHR) systems and levels of integration may limit generaliz-
ability. Expansion of this model to other devices in the VA system may pro-
vide an additional data source for the FDA’s postmarket surveillance efforts. 
It should be noted that this effort is restricted to devices associated with a 
small number of clinical diagnoses and procedures. Thus, a small number 
of personnel need to be trained and integrated into the effort. Expansion 
of this model to other disease states and device types, even within the same 
institution, may bring additional challenges. 

Another surveillance program is the Data Extraction and Longitudinal 
Trend Analysis (DELTA) system. DELTA is a software system that supports 
automated postmarket surveillance of cardiovascular devices (IOM, 2011). 
The software provides signal detection of adverse events with a generic 
structure, multiple analyses, and statistical applications for risk assessment 
(IOM, 2011). DELTA-detected signals must be followed up with interpreta-
tion and further investigation. Although successful in cardiovascular signal 
detection, the system has not yet been applied to other medical specialties. 
The FDA, which provides research support for the DELTA project, is ex-
ploring application of the DELTA system to orthopedic-device surveillance. 
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Administrative Databases

Several existing administrative databases could be used by the FDA 
for postmarket data collection on medical devices. For example, the FDA 
has used the Centers for Medicare and Medicaid Services (CMS) database 
to study the safety of implanted surgical mesh (IOM, 2011). The FDA’s 
MD EpiNet program has been established to leverage the use of existing 
administrative databases in combination with internal FDA premarket and 
postmarket surveillance studies (IOM, 2011). Extended use of CMS data 
could enhance the monitoring of new technologies in people 65 years old 
and older from a wide variety of healthcare facilities (Mehran et al., 2004) 
and has the potential for longitudinal device monitoring (Normand et al., 
2010). Although CMS data are related to a large, representative sample 
of the older patient population, limitations in device monitoring include 
restriction in age range, lack of laterality, sparse clinical and implant data, 
and various limitations associated with administrative database coding.

Other potential databases for assessing medical-device performance 
include the Nationwide Inpatient Sample (NIS) (HCUP, 2010), the Na-
tional Hospital Discharge Survey (NHDS) (CDC, 2010), and state hospital-
discharge databases. The NIS and the NHDS provide an opportunity to 
assess performance of classes of devices or specific procedures, but they 
lack detailed device information, such as manufacturer and catalog and lot 
numbers, that are necessary for evaluating the performance of specific de-
vices. In addition to the need for linking devices to procedures or diagnosis 
codes, these databases contain few outpatient data and availability of recent 
data (Torrence, 2002). 

Clinical Registries

Domestic and international clinical registries provide additional op-
portunities for postmarket data collection. Registries are defined as “orga-
nized systems that use observational study methods to collect uniform data 
(clinical and other) to evaluate specified outcomes for a population defined 
by a particular disease, condition, or exposure, and that serve one or more 
predetermined scientific, clinical, or policy purposes” (AHRQ, 2010). The 
strengths of patient registries include known denominators and the extent 
of clinical and implant detail necessary for assessing device outcomes. In ad-
dition, registries can provide large samples for detecting rare adverse events 
and provide an alternative when randomized clinical trials are not practical, 
ethical, or feasible (AHRQ, 2010). Another benefit of clinical registries is 
the real-world assessment of medical-device performance in people who are 
in different care settings and have varied comorbidities. 

Medical professional groups, such as the American College of Car-
diology (ACC), have developed national clinical registries, including the 
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National Cardiovascular Data Registry for implantable cardioverter de-
fibrillators (NCDR ICD). The NCDR ICD is an example of a successful 
registry that collects clinical, implant, and outcome data and allows risk 
stratification (IOM, 2011). NCDR ICD tracking is mandated by CMS, 
and this mandate results in high participation by hospitals. Other ACC 
registries—for example, CARE for carotid artery stenting and endarterec-
tomy procedures and ACTION–Get with the Guidelines (GWTG) for acute 
myocardial infarction—have lower participation because of the lack of 
incentives (IOM, 2011). The FDA has established relationships with ACC 
and other medical professional groups to collaborate in medical-device 
assessment. Professional-society registries, such as the ACC NCDR, pro-
vide an opportunity to capture the device and clinical data needed for risk 
adjustment and device assessment. Low participation, lack of longitudinal 
assessment, and the cost of implementation of these registries are potential 
barriers in expansion to other medical devices. Another potential limitation 
of societal registries is the lack of standardization among specialty registries 
that track the same medical devices. In those cases, there is no standard for 
such factors as data collection, nomenclature, and performance thresholds. 

In addition to professional-society registries, institutional, regional, and 
national device registries could be used for collecting postmarket informa-
tion on medical devices. For example, in orthopedics, there are several total-
joint-replacement registries, such as the University of Massachusetts Global 
Orthopedic Registry, the Harris Joint Registry, the HealthEast Orthopedic 
Joint Registry, the Hospital for Special Surgery Center for Education and 
Research on Therapeutics Total Joint Replacement Registry at Weill Cornell 
Medical College, the Kaiser Permanente National Total Joint Replacement 
Registry, the Mayo Clinic joint-replacement database, the MaineHealth 
Total Joint Replacement Registry, the Rush University Medical Center Joint 
Registry, and the Virginia Joint Registry (Outcome Sciences, 2009). The 
FDA has evaluated the quality of those registries and established collabora-
tions to assess the safety and effectiveness of total-joint-replacement devices. 

Internationally, there are numerous national orthopedic registries, 
including the Swedish, Norwegian, and Australian joint-replacement reg-
istries. Findings from those registries have initiated recalls and advisories 
in the United States. For example, a recent US DePuy ASR XL Acetabular 
Hip System and DePuy ASR Hip Resurfacing System recall was influenced 
by findings from several international total-joint-replacement registries. 
Problems associated with these devices were first identified in the Australian 
registry, which detected a higher than expected revision rate for these devices 
in 2007. The findings from the Australian registry and similar findings from 
the National Joint Registry of England and Wales prompted a recall of these 
devices. The ASR recall demonstrates the potential of implant registries for 
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postmarket data collection. Recognizing the importance of device registries, 
the FDA is exploring the development of the scientific infrastructure for a 
consortium of existing domestic and international orthopedic registries. 

Registries may provide detailed clinical and device information, but they 
also have limitations, such as losses to follow-up, which adversely affect 
longitudinal tracking and potentially introduce selection bias in that they 
are not entirely random. Participation is also a challenge for some registries 
when incentives are lacking. Some clinical registries were developed for 
specific diseases or conditions, and this can limit their use for a wide variety 
of medical devices. And clinical registries are resource-intensive to develop 
and maintain. Despite the challenges associated with registry development, 
implementation, and maintenance, several regional and national efforts are 
under way in the United States to track orthopedic devices, such as total 
joints. The American Academy of Orthopaedic Surgeons American Joint 
Replacement Registry, a California state registry effort, and an Agency for 
Healthcare Research and Quality multicenter registry project may be able 
to assist the FDA in future postmarket surveillance efforts. 

Electronic Health Records

EHRs are another possible means for monitoring medical-device per-
formance. EHRs provide an opportunity to collect data prospectively at the 
point of care, integrate device information into the workflow, and assess 
clinical and device granularity needed for risk adjustment. Despite the po-
tential for EHRs in medical-device postmarket surveillance, there are several 
challenges to implementation. First, EHRs have not yet been fully integrated 
into all health systems (DesRoches et al., 2008; Jha et al., 2009), although 
the use of electronic records by hospitals and healthcare professionals is 
expected to increase rapidly with resources allocated by the American 
Recovery and Reinvestment Act of 2009. In addition, there are more than 
40 EHR systems, and they do not have standardized data-entry fields and 
formats. Most important, medical devices are not monitored in a consistent 
manner. Many EHRs lack discreet data fields for efficient data extraction 
and analysis. Concerns regarding privacy, security, and confidentiality are 
other challenges to the use of data from EHRs in postmarket surveillance. 
For EHRs to be used for future device monitoring and surveillance, data 
definitions and formats must be standardized, interoperability and data-
exchange issues addressed, and privacy, regulatory compliance, and confi-
dentiality ensured. The implementation of UDIs could substantially improve 
the FDA’s ability to track implants by using EHRs and standardizing device 
information among EHR systems. 
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Finding 5-6 Existing non-FDA device data sources could enhance 
current passive FDA postmarketing surveillance systems but are 
variably used by the FDA and providers.

Finding 5-7 The lack of standardization in clinical and device-
specific data among existing non-FDA data sources and insufficient 
detail in administrative and clinical health records impede the evalu-
ation of the performance of medical devices. 

COMMUNICATING WITH CONSUMERS

When a problem with a medical device warrants action, communicating 
essential information to healthcare providers and the public is challenging 
for the FDA. Recalls and public-health notices are posted on the FDA’s 
weekly enforcement report (FDA, 2011e). A report is publicized when the 
FDA believes that there is a potential for serious public hazard. But neither 
safety alerts nor recalls are distributed to appropriate recipients in a timely 
fashion (GAO, 1998, 2007). Recall notices may be sent to a person order-
ing supplies, to a loading dock, or to a billing department. Confusion about 
the appropriate course of action may occur when a recall notice is received. 
Poor communication among providers, industry, and the FDA was previ-
ously noted by the Institute of Medicine in a report that focused on device 
problems in pediatric patients (IOM, 2005).

Several third-party organizations offer services to ease communication 
between the FDA and consumers about recalls and other FDA notices, 
alerts, and reports. For example, the Emergency Care Research Institute is 
a nonprofit corporation that contracts with hospitals to provide advice on 
appropriate responses to FDA communications (Mantone, 2006). Com-
mercial online tracking systems for recalls (for example, RASMAS, a recall 
management service for the healthcare sector [RASMAS, 2011]) also are 
available from other organizations.

Delays in communication of recall notices leave patients at risk and 
hospitals with medicolegal liability. In 2002, contaminated bronchoscopes 
remained in use for more than 3 months after a warning was issued, and 
the blame for later infections was directed at both the manufacturer and 
the FDA (Patterson, 2002). 

The Transparency Initiative established in 2009 was intended to make 
public access to FDA information more widely available (FDA, 2011c). The 
initiative includes providing information about regulated products to the 
public through the CDRH Web site and making public the results of Section 
522 and other postapproval studies. The site was launched in April 2010 
and provides access to safety alerts, public-health notices, MedSun reports, 
and the MAUDE database. In the first month of its availability, however, it 
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received only 46 comments despite a readily accessible response form and 
request for feedback (FDA, 2010b). In recognition of existing limitations, a 
recommendation from the CDRH Task Force on the Utilization of Science 
in Regulatory Decision Making was to use new science and available clini-
cal experience to communicate necessary changes in device manufacturing 
and labeling (FDA, 2010a). Such communications might include letters 
to industry, public notices, ordering of a Section 522 study, or modifying 
premarket requirements. 

The process that has proved most effective in generating reliable MDRs 
also has advantages for communication of recalls (Kessler, 2010). Under 
the MedSun program, a trained risk manager serves as the point person for 
direct communication of recall information. That person can use hospital 
information systems to communicate risk notices to the appropriate per-
sonnel rapidly and then ensure that the appropriate corrective actions take 
place. The committee believes that a major improvement in the removal of 
affected devices from the market could result from the proposed UDI system 
mandated by Section 519(f) of the FDAAA, depending on how such a system 
is implemented. This system would permit not only more rapid analysis and 
collation of adverse event reports but also would focus on removal of only 
the affected devices when necessary. The proposed UDI rule is being drafted 
(FDA, 2010f), and the UDI system is scheduled to be fully implemented in 
2013 (FDA, 2010c).

SUMMARY OF FINDINGS

•	 �Finding 5-1 The FDA’s current postmarketing surveillance system 
relies on manufacturers, importers, and healthcare facilities to collect 
information, to investigate, and to make mandatory reports. Volun-
tary reporting of adverse events and device malfunctions depends on 
patients, caregivers, and healthcare providers and facilities to identify 
them, to associate them with medical devices, and to submit reports. 

•	 �Finding 5-2 The inadequacy of the current postmarketing surveil-
lance system and the resulting lack of data make it impossible to 
confidently draw broad conclusions about the safety and effective-
ness of products that are on the market.

•	 �Finding 5-3 Data collected with the current postmarketing surveil-
lance system is not systematically integrated into the premarket 
review process.

•	 �Finding 5-4 Several tools, such as device tracking and Section 522 
surveillance studies, are available to the FDA to improve postmarket-
ing surveillance, but they are used only sparingly. 

•	 �Finding 5-5 The FDA has postmarketing surveillance programs—
such as MedSun, MD EpiNet, and the Sentinel Initiative—that are 
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scientifically promising, but achieving their full promise will require 
a commitment to provide stable, adequate resources and will re-
quire resolution of various technical issues, such as unique device 
identifiers.

•	 �Finding 5-6 Existing non-FDA device data sources could enhance 
current passive FDA postmarketing surveillance systems but are vari-
ably used by the FDA and providers.

•	 �Finding 5-7 The lack of standardization in clinical and device-specific 
data among existing non-FDA data sources and insufficient detail in 
administrative and clinical health records impede the evaluation of 
the performance of medical devices.
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6

External Factors That Affect the  
Medical-Device Regulatory System 

Chapters 3, 4, and 5 review and analyze how the Food and Drug 
Administration (FDA) regulates medical devices. However, that 
regulatory process does not exist in isolation. It is a part of a broad 

landscape consisting of such additional factors as the increasing complexity 
of medical devices, the process of innovation, the business environment in 
which medical devices are developed, and the international medical-device 
regulatory arena. This chapter explores those factors and how they have 
the potential to affect the regulation of medical devices in the United States. 

THE GROWING NUMBER AND COMPLEXITY 
OF MEDICAL DEVICES

The number of 510(k) submissions to the FDA varies from year to 
year (see Figure 6-1). In 1976, fewer than 1,000 510(k) submissions were 
received by the FDA’s Center for Devices and Radiological Health (CDRH). 
The number of submissions reached about 7,000 in 1989 (in part because 
of a change in the status of examination gloves from 510(k)-exempt to non-
exempt). In 2009, about 4,000 submissions were received (FDA, 2010a). 
The number of 510(k) submissions declined most dramatically  from the 
early 1990s to the middle 2000s. At least three changes occurred during this 
time, which might have impacted 510(k) submission numbers.

The first change was publication of the Temple report in 1993, a review 
of the quality of clinical science submitted to CDRH in support of 510(k) 
submissions and PMA applications (FDA, 1993). The report was critical, 
observing (albeit on the basis of a small sample of PMA applications and 

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


150	 MEDICAL DEVICES AND THE PUBLIC’S HEALTH

510(k) submissions containing clinical data) that studies submitted in sup-
port often failed to meet fundamental scientific standards. In response, the 
FDA initiated recruitment of additional scientists, including physicians 
and scientists, to perform premarket review of devices. While the review 
standard for 510(k) submissions was unchanged (that is, substantial equiva-
lence), the review determinations began to shift from a descriptive to a 
data-driven base. The second change was issuance of FDA’s final guidance, 
in January 1997, advising industry as to when modifications to a cleared 
device could be made without submitting a new 510(k) notification (FDA, 
1997).1 This guidance gave manufacturers autonomy in making decisions 
about devices with changes that were sufficiently minor as to preclude the 
need for premarket review. Finally, passage of the FDA Modernization Act 
in 1997 resulted in exemption of most Class I and many Class II devices 
from premarket review.2 This Act resulted in decreased numbers of low-risk 
and, in some cases, moderate-risk devices subject to premarket review.

Those changes in administration, regulation, and statue might have had 
an effect on the volume of 510(k) submissions. The committee was unable to 
draw conclusions, however, on the basis of the available data as to whether 
innovation was influenced in any way by these changes.

1Updated guidance was issued by the FDA on July 27, 2011, after the committee had 
completed its work.

2Food and Drug Administration Modernization Act of 1997, Pub. L. No. 105-115, 111 
Stat. 2296 (1997).

Figure 6-1.eps
bitmap

FIGURE 6-1 Original 510(k) submissions to CDRH, FY 1976–2009.
SOURCE: FDA, 2010a.
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The number of types of medical devices also has grown. The FDA uses 
product codes to identify generic categories of devices. The product codes 
are organized by 16 medical specialties (for example, cardiovascular, general 
and plastic surgery, and orthopedic), and the medical specialties are listed 
in the Code of Federal Regulations.3 From 1990 to 2009, more than 1,000 
product codes were added (see Figure 6-2). 

In addition to the increase in 510(k) submissions to CDRH and the 
greater variety of types of products that CDRH must review, submissions 
have become longer and more detailed. As shown in Figure 6-3, the average 
number of pages per 510(k) submission in 2008 was more than seven times 
the number in 1983. In 2008, CDRH staff reviewed nearly 1.4 million pages 
of 510(k) submissions. Reasons for the increase in the length of 510(k) sub-
missions are not readily apparent. The committee was not able to determine 
how often some types of data (for example, clinical data, bench-testing data, 
software-validation data, and labeling-comprehension studies) are included 
in 510(k) submissions, nor was it able to review a representative sample of 
complete (that is, not redacted) 510(k) submissions.

The technologic complexity of medical devices has increased sub-
stantially over the past 35 years as well. A 2010 FDA report states that 
“devices are unique among medical products in that they are defined by 
innovation, either through incremental evolution or disruptive revolution” 

321 CFR §§ 862–892.

Figure 6-2.eps
bitmap

FIGURE 6-2 Number of 510(k) product codes, 1990–2009.
SOURCE: FDA, 2010a.
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(FDA, 2010b). Examples of new technologies in medical devices are soft-
ware (incorporated in medical devices and as stand-alone medical devices), 
nanotechnology, and medical robotics. The evolution (and revolution) of 
science and technology creates many challenges related to the regulation of 
medical devices. 

As medical devices become more complex, so do 510(k) submissions. 
As a result of the complexity and the increasing number and size of 510(k) 
submissions received each year, the burden on CDRH review staff is increas-
ing (see Chapter 3). The growing complexity of medical devices also affects 
how the medical-device industry approaches the 510(k) clearance process. 
For example, industry representatives have indicated that they view the 
increased length of 510(k) submissions as a response to the lack of predict-
ability in decision-making by CDRH. To avoid delays in clearance of their 
products, industry includes more information in the submissions than it 
might have in the past.4 

Multiple Predicates and Split Predicates

As detailed in Chapters 3 and 4, predicates are used in the 510(k) 
clearance process as the basis for demonstrating substantial equivalence. 
The increasing complexity of medical devices is reflected in how predicates 

4FDA Docket Number FDA–2010–N–0054.

Figure 6-3

FIGURE 6-3 Pages per 510(k) submission and total page volume received, 1983–2008.
SOURCE: FDA, 2010a.
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are selected and used. Applicants may submit more than one predicate for 
several reasons, including these:

•	 �The applicant is not sure which predicate is the most appropriate.
•	 �The submission is part of a bundled submission.
•	 �The new device combines functions of more than one predicate 

device, so the applicant submits more than one predicate (termed 
multiple predicates) to demonstrate substantial equivalence of the 
new device.

•	 �The new device has the same intended use as one predicate and the 
same technologic characteristics as another predicate (termed split 
predicates).5 

Multiple predicates and, in some cases, split predicates are cited in 
more than half the 510(k) submissions (FDA, 2010a). In general, multiple 
and split predicates are used in 510(k) submissions for new devices that are 
more complex than the predicates. Using more predicates leads to longer 
CDRH review times (FDA, 2010a). It is not clear whether the increase in 
review time of devices that have multiple predicates is related to the number 
of predicates or to the increased complexity of the devices. It may be ap-
propriate for multiple and split predicates to play a role in premarket review 
of Class II devices if the CDRH review team has the necessary expertise to 
ensure a high-quality review and if appropriate postmarket activities (for 
example, postmarketing surveillance) are used. 

Combination Products

Combination products are therapeutic and diagnostic products that 
combine drugs, devices, and biologic products (FDA, 2008). As new tech-
nologies emerge and older technologies evolve, combination products are 
increasingly complex. Over the past decade, it has been increasingly com-
mon to enhance the performance of medical products by using multiple 
products together. For example, a genetic test that is a 510(k)-cleared or 
a premarket-approved (PMA) device may be used with a drug or biologic 
with the aim of identifying patients whose genetic characteristics place 
them at heightened risk for drug-related injuries, or a stent that is a medical 
device may be coated with a drug with the aim of reducing complications 
associated with the stent or altering the underlying pathologic condition 
for which the stent was placed. Combined uses of medical products present 
complex regulatory issues because the resulting treatment or diagnostic test 

5In January 2011, CDRH announced that it no longer intends to use the term split predicate. 
It plans to issue guidance to clarify the circumstances under which it is appropriate to use 
multiple predicates to demonstrate substantial equivalence (FDA, 2011a). 
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incorporates multiple components that cut across the traditional categories 
of FDA regulation—drug, device, and biologic. 

In response to a growing trend toward combined uses of medical prod-
ucts, Congress called for the FDA to establish an Office of Combination 
Products (OCP) in the Medical Device User Fee and Modernization Act of 
2002. Combination product is a term of art that has a specific meaning.6 
To qualify as a combination product, the two (or more) constituent prod-
ucts need to be integrally combined or mixed with one another, packaged 
together in a single package as a unit, or, if packaged separately and in the 
particular circumstance of being used in combination, cross-labeled in a 
way that makes it clear that one is specifically intended for use with another 
product that is “individually specified” in the labeling. By that definition, 
the mere fact that products happen to be used together in clinical practice 
does not necessarily make them combination products for purposes of the 
FDA’s regulations. If products are simply used together in practice without 
constituting a combination product, each product retains its separate iden-
tify and is regulated separately. For example, a drug would be regulated as 
a drug and a device as a 510(k)-cleared or PMA-approved device. However, 
even in that circumstance, OCP may play a role in the clearance or approval 
process for the device, as is discussed in more detail later in this section. 

When a pair or set of products does meet the definition of a combina-
tion product, special regulatory provisions apply. The aim is to reconcile 
conflicts that would otherwise make it difficult to comply with drug, device, 
and biologic regulations. On the basis of the combination’s primary mode 
of activity—that is, whether the combination achieves its medical purpose 
primarily through the action of the drug, the biologic, or the device—pri-
mary responsibility for premarket review is assigned to one of the FDA’s cen-
ters—the Center for Drug Evaluation and Research, the Center for Biologics 
Evaluation and Research, or CDRH. The responsible center, while having 
primary jurisdiction over the combination, will work closely with the other 
centers to ensure appropriate oversight of issues related to the combinations 
of other components. Because postmarket regulatory requirements also dif-
fer for drugs, biologics, and devices, OCP in 2008 prepared a proposed rule 
on postmarketing safety reporting for combination products (FDA, 2008).7 
A final rule has not been published as of May 2011.

Information for FY 2008 indicate that a large percentage of combination 
products involve 510(k)-cleared devices. There were 330 original applica-
tions related to combination products. Of those, 120 were original 510(k) 
submissions, 2 were original PMA applications, 14 were original new drug 
applications, and 4 were original biologic license applications. The remainder 

621 CFR § 3.2(e). 
774 Fed. Reg., 50,744 (October 1, 2009).
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consisted of 158 applications for investigational new drug status and 32 for 
investigational device exemptions (FDA, 2008). Thus, many combination 
products enter the market on the basis of having the primary mode of activity 
of the incorporated 510(k)-cleared device. 

OCP also has a role in situations in which such products as medical 
devices and drugs are used in concert but not as true combination prod-
ucts. OCP may act as a convener and facilitator in developing guidance 
documents. Guidance documents can influence the regulatory review of 
medical devices. For example, imaging tests use devices, such as magnetic 
resonance imaging (MRI) and computed axial tomography machines; they 
may use contrast agents, such as gadolinium and iodinated contrast agents 
that are regulated as drugs; and they may use software, which is regulated 
as a device, for the reconstruction and processing of the resulting data. 
Guidance coordinated through OCP has influenced the review of software 
devices on the basis of perceived limitations imposed by the specific lan-
guage that describes the indications for use of the contrast agents (FDA, 
2009a). For example, the use of MRI contrast agents that are approved 
for use in imaging of the abdomen, but not specifically imaging of the liver 
or kidneys, might limit the ability of CDRH to review a software tool that 
analyzes data produced by approved MRI machines after administration of 
the MRI contrast agents if the data analyzed pertain to the liver or kidneys. 
Guidance documents may stymie innovation in software tools that would 
be used merely to analyze data that are being acquired daily in a clinical 
setting. Because the contrast agent is readily available for use in clinical 
practice, there is no practical mechanism whereby the software company 
can influence the supplier of the contrast agent to apply for expanded or 
specific new label indications.

Finally, the acceleration of device evolution is leading to increasingly 
novel devices that could not have been conceived of when the 1976 Medical 
Device Amendments and later amendments were written and enacted. For 
example, nanodevices include particles that are activated by biologic and 
pathologic processes, and some of them depend on metabolic pathways for 
the mechanism of action. Atomic and molecular computational platforms 
are under development. Complete “laboratories on a chip” are being deliv-
ered and used in vivo. Even previously contemplated combination products, 
such as drug-eluting stents, have evolved in ways that stretch the capabilities 
of the current system.

Some novel device–drug–biologic products—not truly combination 
products—are not well managed on the basis of the current combination-
product concept. For example, nanoparticle drug-delivery systems (combi-
nation products of a drug or biologic encapsulated in a device) could be 
activated by external ultrasonographic energy (delivered by a device) and 
monitored by software analysis of resulting real-time images (a device). 
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Other than arbitrary assignment, there is no obvious lead agency for the 
review and approval of such a multipart product; in fact, the review might 
best be accomplished by multiple centers and branches.

Finding 6-1 Medical-device technologies have evolved rapidly and 
devices have become increasingly complex since the 1976 Medical 
Device Amendments. 

Software 

Software is used in medical devices, as medical devices (for example, 
medical-device data systems), and as a tool in producing medical devices. 
Manufacturers are increasingly using software in their medical devices. An 
analysis by Fu showed that a milestone was reached in 2006: since then, 
more than half the medical devices on the market have relied on software 
in some way (IOM, 2011). Software offers many benefits over hardware 
in some situations, for example, flexibility, ease of change, and usability in 
other applications. To reduce costs, many software vendors produce “soft-
ware product lines,” that is, software designed to allow ease of variation to 
accommodate similar, and perhaps tailored, product lines. In some cases, 
general-purpose, off-the-shelf (OTS) software is incorporated directly into 
medical devices. The FDA’s software validation guidance addresses that situ-
ation, noting that “the use of off-the-shelf software in automated medical 
devices and in automated manufacturing and quality system operations is 
increasing” (FDA, 2002).

Software Is Responsible for an Increasing Number of Recalls

As software becomes more common in medical devices, it also is in-
creasingly responsible for device failures and recalls. For example, CDRH 
(FDA, 2002) notes that

the FDA’s analysis of 3140 medical device recalls conducted between 1992 
and 1998 reveals that 242 of them (7.7%) are attributable to software 
failures. Of those software related recalls, 192 (or 79%) were caused by 
software defects that were introduced when changes were made to the 
software after its initial production and distribution.

Fu noted that from 1999 to 2005, 11.3% of recalls were attributed to 
software, and 49% of recalled devices relied on software in some way (IOM, 
2011). In the period 2002–2010, at least 537 recalls of software-based 
devices affected at least 1,527,311 devices. However, because of the limita-
tions of recall data discussed in Chapter 5, there is insufficient information 
to determine the underlying issues in the increased rates. Because there is no 
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way to know the number of devices on the market or how many of them 
use software, it is not possible to know whether the change is related to 
the increasing proportion of software in medical devices or whether it is a 
signal of new or different types of problems and vulnerabilities in medical-
device software.

A drawback of software is that it can be difficult to recognize problems, 
find their source, and fix them without adverse consequences. When soft-
ware is used in medical devices, at least three outcomes are to be avoided:

•	 Unreliable and unavailable devices.8

•	 Insecure devices.
•	 Unpredictable behavior.9

Figure 6-4 is an example of how a software failure can be manifested. 
Here, the arrhythmia log is read from the bottom up. The episodes are in 

8Reliability means that a system works as expected almost all the time; it rarely fails. 
Availability means that the system works whenever it is needed to work. There is no delay, 
and it is usable on demand.

9A device has unpredictable behavior if, for the same inputs, it gives different answers at 
different times.

Figure 6-4.eps
bitmap

FIGURE 6-4 Example of a medical-device software malfunction.
SOURCE: Reprinted with permission from Halperin et al., 2008. © 2008 IEEE.
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chronologic order, and they inexplicably and suddenly move from 2007 
back to 2005. Such an error can occur only when software is faulty.

Similar software failures are noted frequently in recall announcements. 
For example, Medtronic issued a press release related to the Class I medical-
device recall of the Medtronic 8870 Software Application Card Version 
AAA 02 (see Box 6-1). 

The Guidance for Premarket Submissions for Software Contained in 
Medical Devices for industry and FDA staff issued on May 11, 2005, poses 
questions about problems with OTS medical-device software (FDA, 2005a):

What is it about “network-connected medical devices” that causes so much 
concern? . . . Vulnerabilities in cybersecurity may represent a risk to the safe 
and effective operation of networked medical devices using OTS software. 
Failure to properly address these vulnerabilities could result in an adverse 
effect on public health. A major concern with OTS software is the need 
for timely software patches to correct newly discovered vulnerabilities in 
the software.

The “vulnerabilities” are problems with the software that can be ex-
ploited by a malicious agent or can simply malfunction if the software is 
subjected to particular conditions. For instance, poorly designed software 

BOX 6‑1 
Example Recall Announcement

URGENT: Medtronic Announces Nationwide, Voluntary Recall of Model 
8870 Software Application Card
MINNEAPOLIS, Sept. 22, 2004 - Medtronic, Inc. (NYSE: MDT) today an-
nounced a voluntary recall that involves all Version AAA 02 Model 8870 
software application cards in the U.S. that are used in conjunction with 
all Model 8840 N’Vision™ Clinician Programmers. This action has been 
classified by the Food and Drug Administration (FDA) as a Class I Recall. 
. . . a reasonable probability that the use of or exposure to the product will 
cause serious adverse health consequences or death.
Medtronic became aware in August 2003 that some users had mistakenly 
entered a periodic bolus interval into the minutes field, rather than the 
hours field, potentially resulting in drug overdoses. Data entry errors 
have been related to seven serious injuries and two deaths. The previous 
model 8870 software application card did not provide a label for the hours/
minutes/seconds fields; the new software has this labeling.

SOURCE: FDA, 2009b.
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may malfunction if it receives a type of input that it does not expect or 
if it conflicts with other devices that are communicating along the same 
channels. A patch is the application of a software correction; the resulting 
modified software should work as desired. However, the FDA’s request for 
“timely patches” suggests that patching is straightforward. In the commit-
tee’s opinion, it is not.

Beattie et al. (2002) analyzed the timing of patch availability and ap-
plication. The researchers concluded, “Patch too soon, and you may suffer 
from instability induced by bugs in the patches. Patch too late, and you 
get hacked by attackers exploiting the vulnerability.” And patches are not 
always available as soon as a problem is discovered. The second Tuesday 
of each month is known to Microsoft Corporation’s customers as “patch 
Tuesday”: the day on which patches are made available for application to 
existing systems. Only when a problem is considered an emergency is a 
patch offered off-cycle to customers.

Microsoft is not alone. For example, Oracle (2010) notes that “Oracle 
Sun releases over 4,500 patches every year, for Solaris 8, 9, and 10, SPARC 
and x86, Solaris Cluster, Middleware, Developer, Storage, and other prod-
ucts. Just 17 have been withdrawn after release in the last year due to seri-
ous issues.”

Software Is Different from Hardware

Pfleeger et al. (2002) have written extensively on how software is dif-
ferent from hardware. The authors identify three key characteristics of 
software that make it different from hardware:

•	 �Software developers are overoptimistic. Careful empirical studies 
have shown that software developers, particularly testers, often as-
sume that they have found the last problem in the software under 
scrutiny. That is, they commonly stop looking once they find a prob-
lem, not recognizing that other problems remain. Their optimism 
results in overconfidence in both testing techniques and the degree 
to which the tests exercise all the functions implemented by the 
software. Such optimism is shared by hardware testers but seems to 
be extreme in software testers. Indeed, Beck (2004) noted that “op-
timism is an occupational hazard of programming, feedback is the 
treatment”; and Jorgensen (2010) has shown that, counterintuitively, 
identification of more risks can lead to developers’ overconfidence 
and overoptimism.

•	 �Software is discrete, not continuous. Unlike hardware, software is 
extremely sensitive to small errors. Off-by-one errors, negligible in 
hardware, can result in huge changes in software. Just as an off-by-
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one telephone number can send a call around the world, an off-by-
one software error can lead to potentially dangerous outcomes. And 
because software is discrete, interpolation is difficult and sometimes 
impossible. Whereas hardware that passes a test at two different 
values can be assumed to pass for all values in between (as with bear-
ing a load, for instance), software must be tested for every possible 
class of values that it can handle. Finally, there are no safety margins 
in software akin to those in hardware; software developers cannot 
double the strength of a material. Instead, every possible adverse 
situation must be anticipated and designed for, and resilience takes 
the form of multiple systems that perform the same critical functions.

•	 �Software is immature and subject to rapid change. The National Re-
search Council Committee on Information Systems Trustworthiness 
notes that “because a typical Networked Information System is large 
and complex, few people are likely to have analyzed one, much less 
had an opportunity to study several. The result is a remarkably poor 
understanding today of design and engineering practices that foster 
NIS trustworthiness” (NRC, 1999).

For those reasons, software is substantially different from hardware 
and should be treated and tested by different means. In particular, there is 
more uncertainty in software test results than there would be in testing an 
equivalent hardware implementation. An implication of the difference is 
that hardware should not be considered a predicate for software.

Software Validation Requires Interpretation Within the System Context

The FDA provides guidance on how software can be validated to ensure 
that it is performing its functions correctly (FDA, 2002):

Software validation is a requirement of the Quality System regulation, 
which was published in the Federal Register on October 7, 1996 and took 
effect on June 1, 1997.10 Validation requirements apply to software used as 
components in medical devices, to software that is itself a medical device, 
and to software used in production of the device or in implementation 
of the device manufacturer’s quality system. . . . FDA considers software 
validation to be “confirmation by examination and provision of objective 
evidence that software specifications conform to user needs and intended 
uses, and that the particular requirements implemented through software 
can be consistently fulfilled.”

1061 Fed. Reg., 52,602; 21 CFR pt. 820. 
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In other words, the FDA requires objective evidence that demonstrates 
predictability and consistency of function. To provide that evidence, a medi-
cal device must be viewed as part of a larger system in which it functions. 
Figure 6-5 illustrates what that larger system might contain. In the figure, 
the patient has a medical device that transmits data to a receiver in his home. 
In turn, the data are sent to a server that eventually places the data on a 
physician’s laptop. The communication may work in two directions; after 
the physician evaluates the patient data, she may transmit signals to change 
the settings in the medical device, for instance, changing dose amount or 
frequency.

It is essential that the “system boundary” be defined to include all de-
vices and situations that may interact with each other. To see why, consider 
the findings of Lee et al. (2008). The researchers examined an MP3 player 
to see whether there were interactions with pacemakers and implantable 
defibrillators. Although no serious electromagnetic interference by the MP3 
player was found, there were other irregularities:

•	 �Device interference by headphones (not the player itself) was docu-
mented in 14 of 60 (23%) patients. 

•	 �Inappropriate (asynchronous) pacing was observed in 4 of 27 (15%) 
pacemaker patients.

•	 �Inhibition of implantable cardioverter defibrillator detection oc-
curred in 10 of 33 (30%) patients who had those devices.

Figure 6-5.eps
5 bitmaps plus vector elements

FIGURE 6-5 Transmission of medical data.
SOURCE: Adapted from Figure A, Halperin et al., 2008. 
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The researchers concluded that clinically significant electromagnetic 
interference could occur when headphones were placed close to implanted 
pacemakers and implantable defibrillators. 

Figure 6-6 illustrates a vision of medical-device interaction in the not-so-
distant future. Devices will be collecting, analyzing, storing, and transmit-
ting data in many ways to large numbers of people, institutions, and other 
devices. It is essential that software validation take all those system elements 
into account in an effort to anticipate interactions among the elements that 
may at least add to uncertainty and at worst cause patient harm.

Software Validation Evidence Should Be Organized as an Assurance Case

The differences between hardware and software mean, among other 
things, that software can never be tested completely. As a consequence, 
ensuring the safety of software in a medical device requires presenting a 
convincing argument that the actions taken, when viewed collectively, sup-
port the claim that the device is likely to be safe. Similar arguments are made 
in other disciplines, such as nuclear power–plant safety, in which a “safety 

FIGURE 6-6 Vision of future data transmission.
SOURCE: Adapted from Figure 1, Defend et al., 2008. Reprinted with permission.
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case” is presented by the developers and reviewed by a body of experts who 
determine the argument’s soundness.

The case usually has three parts:

•	 �One or more claims that some set of properties is satisfied.
•	 �A body of evidence (from a variety of sources) supporting the claims.
•	 �A set of arguments that link the claims to the evidence.

However, software developers and device manufacturers often focus too 
much on producing evidence and too little on building the associated argu-
ments, analyzing their soundness, and accounting for uncertainty (Pfleeger, 
2005). Schum (1994) identified four distinct categories of evidence, some 
with more uncertainty than others: tangible, testimonial, accepted facts, and 
missing evidence. Each has an associated degree of credibility, depending not 
only on its type but also on its source and its sensitivity to error.

To address soundness, several key questions can be asked:

•	 �What kinds of evidence (and how much evidence) are needed to dem-
onstrate that a device works? Some technologies show their effects 
even before the software is fielded, but some (such as those affecting 
reliability) can be evaluated only after a system is in use. Evidence 
must demonstrate the effects, both before and after. The evidence 
must also enable comparison of outcomes when the technology is 
used and when it is not used.

•	 �Who provides the evidence, and who vets it? Many vendors provide 
evidence of their products’ effectiveness; many are eager to demon-
strate that their new tools can make a favorable difference to devel-
opers or users. But that enthusiasm can bias the results even when 
vendors take great pains to eliminate it. Independent assessment is 
almost always preferable.

•	 �If a technology works in one domain, what does that say about how 
it works in other domains? Evidence gathered in one context or en-
vironment might or might not apply to others.

Rather than be dismayed by the nature and variability of the uncertainty 
of evidence, one can use the uncertainty to advantage. Evidential force is the 
degree to which each piece of evidence contributes to or detracts from an 
argument that uses it. Ideally, each piece of evidence adds to an argument’s 
overall force.

Bloomfield and Littlewood note that arguments involving diversity of 
evidence are stronger than arguments involving multiple replications of the 
same kind of evidence. Their work is motivated by the need for strong evi-
dence in making decisions about safety-critical systems. The “multilegged 
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argument,” in which each leg handles a different type of evidence, can be 
easier to analyze than one comprehensive argument. Moreover, the legs need 
not be independent. The extra legs usually provide more confidence than 
one leg alone, but the extra cost of the extra confidence must be justified 
(Bloomfield and Littlewood, 2003). 

Finding 6-2 Manufacturers are using increasing amounts of soft-
ware in devices and as devices; the increase is expected to continue. 
Software offers many benefits over hardware, including flexibility, 
ease of change, and the possibility of use in other devices.

Finding 6-3 Software is responsible for an increasing number of 
recalls. There are insufficient data, however, to determine whether 
the increase reflects the increasing proportion of software in medical 
devices or a new and different set of problems and vulnerabilities.

Finding 6-4 Software is different from hardware and therefore 
requires a different kind of evaluation. 

INNOVATION AND THE 510(K) CLEARANCE PROCESS

In considering the role or impact of the 510(k) clearance process on 
innovation, it is first necessary to define innovation. It has been defined as 
“the introduction of something new,” “a new idea, method, or device,” or 
“a new method, idea, product, etc.” (Merriam Webster, 2011; Oxford Dic-
tionaries, 2011). Doris Estelle Long offers this regarding innovation: “It has 
been defined as everything from ‘introducing something new’ to ‘a scientific 
approach for finding newer better ideas and solutions to problems, which 
make life easier and simpler to live’” (Long, 2008). Long went on to quote 
Joseph Schumpeter’s definition of innovation as “the introduction of a new 
good . . . a new method of production . . . the opening of a new market . . . 
the conquest of a new source of supply . . . [and] the carrying out of the new 
organisation of any industry.” Everett Rogers, author of Diffusion of Inno-
vations, defines innovation as “an idea, practice, or object that is perceived 
as new by an individual or other unit of adoption” (Rogers, 2003). Susan 
Bartlett Foote in her book Managing the Medical Arms Race: Public Policy 
and Medical Device Innovation cites several variations, including “certain 
technical knowledge about how to do things better than the existing state of 
the art” (Teece, 1986) as cited in (Foote, 2005). Ahn et al. (2009) discussed 
the criteria for the adoption of new technology by posing the following 
question: “Can this technology improve clinical care for my patients?” 

Scott Berkun, author of The Myths of Innovation, cited one definition of 
innovation in his book as “significant positive change” but went on to sug-
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gest how such a relatively simple definition “burdens creators to understand 
the recipients’ perspective of whatever they make” (Berkun, 2010). That is, 
what may have been intended as a favorable change by an innovator may 
not be similarly perceived as favorable by the recipient of such an innova-
tion, and thus simply associating innovation with a perception of positivity 
may not be sufficient. Berkun suggests resisting overuse of the word as a 
stand-in for a more specific description: rather than state something as in-
novative, describe its benefits in more precise detail. For considering the 
utility, practicality, or overall goodness of innovation, Berkun offers the 
following criteria: an innovation can be good for you, good for others, 
good for industry or economy, good for a society, good for the world, and 
good for all time. 

Although those general definitions may be technically accurate, they 
lack the nuance of the term as it is related to technology and the medical-
device industry. Innovation is broadly viewed as describing new favorable 
changes, but more precise definitions of innovation may indeed require the 
consideration of the context in which it is being discussed. In the context of 
medical-device regulation, it is reasonable to use patient care and utility as 
a test for innovation. Foote discusses innovation in the context of medical 
devices and says that it “embraces the frontiers of science and engineering, 
adapting computer technology, nanotechnology, and biotechnology to medi-
cal applications. Many of these technologies are delivered by physicians in 
in-patient and out-patient settings and are embedded in the service delivery 
system. Physicians’ needs and experiences in clinical settings often trigger 
innovation and incremental improvements; physicians also require ongoing 
training to effectively use innovative therapies” (Foote, 2005). 

Although a specific definition of innovation from the FDA was not 
evident, the FDA does discuss innovation in various ways. For instance, the 
FDA defines its charge on its Web site under the banner “What We Do.” 
Here, the FDA defines its role in terms of innovation as follows: “FDA is 
also responsible for advancing the public health by helping to speed in-
novations that make medicines more effective, safer, and more affordable 
and by helping the public get the accurate, science-based information they 
need to use medicines and foods to maintain and improve their health” 
(FDA, 2010d). It is assumed that the use of the word “medicines” in this 
context does not exclude devices. In the context of devices, a whitepaper 
from CDRH in February 2011 titled CDRH Innovation Initiative states that 
“new scientific discoveries or novel ideas are often at the root of innova-
tive medical device development—whether the product is a transformative 
technology, a modified version of an already marketed model, or a novel 
application of existing tools or scientific approaches” (FDA, 2011b). Those 
statements suggest that the FDA considers an attention to innovation to be 
at the heart of its overall mission and, more specifically, that CDRH consid-
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ers innovation to encompass new ideas that lead to both incremental and 
sweeping changes in technology.

Process of Innovation

An assessment of innovation produces not only a number of definitions 
but also various strategies, processes, and principles. Innovation is found 
to exist not in isolation but as part of a larger structure of both thinking 
and doing. Berkun discusses the process of innovation and how it is often 
incorrectly paired with the term epiphany and how most innovative ad-
vances were not the product of any singular epiphany but “a combination 
of things that existed before. . . . For most, there is no singular magic mo-
ment; instead, there are many smaller insights accumulated over time. . . . 
It’s simply the final piece of a complex puzzle falling into place” (Berkun, 
2010, xvii and 6-9). Foote also offers that innovation is “process leading to 
technical change” (Foote, 2005). The author goes on to describe innovation 
as consisting of two stages; stage 1, discovery, which encompasses science, 
invention, and development; and stage 2, distribution, which encompasses 
adoption and distribution. Foote goes on to suggest that the progression of 
innovation cannot exist without each element in place; nor is it a purely 
linear process, but rather an iterative one. This last point was supported by 
Privitera et al. (2009) by examining the interconnectivity of basic-science 
research and product development in designing medical devices when the 
appropriate design of a new device allows and facilitates the translation of 
a seemingly complex product into “easy-to-use, innovative products.”

In April 2009, The Lancet published a three-part series summarizing 
a study of surgical innovations that provided an overview of how the in-
novations initially occur and are eventually adopted (Barkun et al., 2009; 
Ergina et al., 2009; McCulloch et al., 2009). This model, termed the IDEAL 
model, divided the process into five stages: innovation (or idea), develop-
ment, exploration, assessment, and long-term study. Stage 1, innovation, 
was defined as “the first use of a new procedure in a patient, prompted by 
the need for a new solution to a clinical problem” (McCulloch et al., 2009). 
Linehan and Chaney (2010) similarly concluded that “clinical needs provide 
opportunities for medical device innovation” through identifying an unmet 
or undermet clinical need, harnessing new insight into the physiology of a 
disease or a new diagnostic approach, new developments in technology, or 
some combination of such factors. 

In its 2004 report, updated in 2010, Innovation or Stagnation: Chal-
lenge and Opportunity on the Critical Path to New Medical Products, the 
FDA outlined a critical path for medical-product development from basic 
research to FDA approval (FDA, 2010c). In describing this critical path 
from scientific innovation to commercial product, the FDA identified three 
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distinct scientific and technical dimensions: (1) assessing safety for each 
stage of development, (2) demonstrating medical utility or, more simply, that 
the product benefits people, and (3) having an industrialization component 
that considers whether a product can go from concept or prototype to a 
manufacturable product (endorsing the concept that innovation is a process, 
not one defined event). 

Given the above discussion, the committee made a few determinations 
about the concept of innovation in a general sense:

•	 �There is no single accepted definition of innovation.
•	 �Innovation most likely is a result of several factors that coalesce 

toward a single objective.
•	 �Innovation often occurs in small increments rather than quantum 

leaps.
•	 �Innovation is generally considered to be a change toward the greater 

good rather than the opposite.

The Committee’s Working Definition of Innovation

It is with those ideas in mind that the committee agreed on a definition 
of innovation through which it would attempt to assess whether the cur-
rent 510(k) clearance process optimally protects patients and promotes in-
novation in support of public health. The committee believes that given the 
broad interpretation of the term it should define innovation not simply as a 
change but as a favorable change in the context of public health. The com-
mittee also believes that given the complexity of the process of innovation 
and the iterative and combinatorial nature of the process, a broad definition 
would be more accurate than one that sought to create a list of specific at-
tributes. In the context of this report, the committee defined innovation as 
improving the quality of, efficiency of, or access to health care. To revisit 
the charge given by the FDA to the committee, the question that needs to 
be answered is, Does the current 510(k) clearance process optimally protect 
patients and promote innovation in support of public health? Answering 
that question requires a general understanding of whether and how CDRH 
promotes innovation.

Does the 510(k) Clearance Process Facilitate or Inhibit Innovation?

In testimony to the US House Subcommittee on Health of the Commit-
tee on Energy and Commerce in February 2011, Jeffrey Shuren, director 
of CDRH, indicated that it was the role of the FDA to “ensure the safety 
and effectiveness of the medical products that Americans rely on every day, 
and also facilitate the scientific innovations that make these products safer, 
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more effective, and more affordable” (Shuren, 2011). In February 2011, 
CDRH launched the CDRH Medical Device Innovation Initiative, a mul-
tipronged program that proposes actions that CDRH could take to “help 
accelerate and reduce the cost of development and regulatory evaluation 
of innovative medical devices safely and based on sound science” (FDA, 
2011b). Those actions include facilitating the development and regulatory 
evaluation of innovative devices through new priority review programs and 
a streamlining of the pre-existing de novo pathway, strengthening the US 
research infrastructure, and improving its preparedness for transformative 
innovative technologies and scientific breakthroughs. The FDA’s initiative 
explicitly outlines a strategy to promote innovation in CDRH, but what is 
less clear is whether the 510(k) process promotes innovation in support of 
public health. A cursory look at the original legislation and later changes, 
additions, and modifications may provide some insight.

The structure of the Medical Device Amendments of 1976 rejected 
premarket approval for all devices, limiting PMA to Class III devices. That 
approach balanced the adverse effects of preclearance on innovation with 
the public-health benefits of premarket review of products. For new prod-
ucts with a lower degree of risk, it would be sufficient to demonstrate that 
the products were already classified in a lower class and, for Class II devices, 
complied with performance standards. During the transition period and 
thereafter in showing that the device was already classified, market entry 
was based on substantial equivalence. The substantial-equivalence standard 
was vague and arguably required equivalence but precluded, or at least did 
not mandate, superiority. The Office of Technology Assessment commented 
on the concept of substantial equivalence as a tool for device clearance, 
stating that as devices “diverge more and more from their preamendment 
antecedents, it will be harder for manufacturers to use the substantial 
equivalence method of market entry” (OTA, 1984). It could be reasonably 
argued that allowing market entry on the basis of the equivalence of one 
device to a pre-existing device is not in support of innovation. Congress 
showed some concern during a House Subcommittee on Health hearing 
in 1987 that equivalence would freeze the world as it was, indicating that 
technologic improvements had continued to occur in the 10 years since the 
initial legislation but that under the concept of substantial equivalence “new 
devices need not incorporate these improvements: they need only be as safe 
and effective as similar devices on the market before 1976.”11 

In the late 1980s, the FDA redefined the term substantially equivalent 
and Congress endorsed this interpretation with the Safe Medical Devices 

11Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 
Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy 
and Commerce, 100th Cong. 336-47 (1987) (referred to in the statement of Rep. Henry A. 
Waxman, Chairman, H. Subcomm. on Health and the Env’t).
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Act of 1990 (SMDA) that allowed for devices to be substantially equivalent 
if they had different technologic characteristics from the predicate device 
but were “as safe and effective as a legally marketed device.” In so doing, 
it explicitly sought to promote evolution of the marketplace (new devices) 
toward improvements. The law, however, did not force innovation if it is 
defined as bringing about change for the greater good, in that the new defini-
tion of substantial equivalence still allowed manufacturers to use potentially 
inferior predicates as long as they had the same technologic characteristics 
as a predicate device. 

As discussed in Chapter 2 and Appendix A, the Food and Drug Admin-
istration Modernization Act of 1997 had various implications for innova-
tion in the FDA. With respect to Class II devices and the 510(k) process, 
the effect of the 1997 amendments on innovation were indirect, lessening 
regulatory burdens and limiting the scope of FDA preclearance require-
ments. Specific provisions that lessened regulatory burdens included the de 
novo process, which permitted devices determined not to be substantially 
equivalent to another device to be classified in Class I or Class II rather than 
going through the PMA process; the least burdensome rule, which specified 
that the FDA could request information only if it were necessary to make 
a determination of substantial equivalence (allowing the FDA to down-
classify devices in light of postmarket controls); reaffirming the 90-day pe-
riod for 510(k) reviews; and introducing priority reviews for important new 
devices. Finally, the various user-fee laws, beginning in 2002, were intended 
to ensure that the FDA had adequate resources to complete reviews within 
the statutory time limits, increasing predictability of review. 

In reducing regulatory burdens and providing additional resources to 
allow for timely review, the changes in the original legislation over the past 
35 years neither forced nor rewarded innovation. Although it may be argued 
that such changes may improve the likelihood of innovation, it remains 
unclear—and the committee argues that it is indeterminable, given current 
data—whether those changes promoted innovation in balance with public 
health rather than at its expense. 

THE MEDICAL-DEVICE ECOSYSTEM

The medical-device ecosystem includes the environment that affects 
medical-device development, commercialization, and availability to con-
sumers. The regulatory aspect of the ecosystem, including the 510(k) clear-
ance process, is covered in detail in earlier chapters and is not repeated here.

Medical devices are developed by commercial interests that range from 
small startup companies to established conglomerates. Publicly traded US 
medical-device companies generated revenues of $188.8 billion in 2008 
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(Ernst and Young, 2009). Most of the revenue from medical devices is 
earned by 30 companies (Kalorama Information, 2010).

Hundreds or thousands of companies operate in the medical-device 
market, and most of them are small: more than 80% have fewer than 50 
employees (MDMA and NVCA, 2009). Startup companies, generally sup-
ported by investments made by venture capitalists and other investors, are 
viewed as the drivers of innovation in the medical-device industry (Platzer, 
2006). 

510(k) clearance or PMA often is cited as an event that triggers transac-
tions that result in change in ownership of intellectual property and return 
of investment to venture capitalists and other investors. Larger companies 
often are willing to wait to acquire smaller companies or their intellectual 
property after 510(k) clearance or PMA approval even if they have to pay 
a premium. 

Many startup medical-device companies generate little or no sales rev-
enue during the development phase before they receive permission to com-
mercialize a device, and the funds invested in such companies by venture 
capitalists and other investors must sustain the companies until regulatory 
approval or clearance. Another potential barrier to the economic viability of 
both small and large companies is supportive insurance for coverage, pay-
ment, and reimbursement. In general, for nearly all device-based therapies 
and many diagnostic tests, a device must be cleared or approved and have 
valid current procedural terminology codes for a medical service before an 
insurer or payer will consider covering the service. 

Delays during any of those phases extends the “burn rate” of capital 
(that is, the amount of funds spent in a given period) and can create financial 
difficulties for companies, particularly startup companies, which often have 
limited financial resources. A positive return on invested capital is important 
for maintaining a robust environment for innovation of medical devices 
(Platzer, 2006). Investment return is affected by several factors, including 
the state of the economy, changes in patent law, and challenges in getting 
medical devices through regulatory and reimbursement pathways (MDMA 
and NVCA, 2009). According to company representatives, the medical-
device development environment is “fragile and extremely sensitive” to 
changes in the cost of innovation (IOM, 2010). Because achieving access in 
the market is critical in defining investment return, any delay in the ability 
to commercialize can have serious consequences, not only to specific devices 
and device companies but to the entire medical-device ecosystem. 

The vast majority of medical devices subject to FDA premarket review—
more than 90%—are brought to market via the 510(k) clearance process. 
The FDA receives about 4,000 510(k) submissions each year (FDA, 2010a). 
Because the 510(k) pathway is less expensive and less time-consuming than 
the PMA pathway, medical-device companies view it as a useful mechanism 
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for bringing moderate-risk devices to market. Representatives of medical-
device companies have indicated that in recent years it has been increasingly 
difficult to move devices through the 510(k) pathway (Ernst and Young, 
2009; IOM, 2010, 2011; Makower et al., 2010; MDMA and NVCA, 2009). 
Medical-device industry representatives believe that overall the 510(k) clear-
ance process works well but that there is increasingly a lack of predictability 
and transparency in CDRH (IOM, 2010; Makower et al., 2010). They 
have voiced concern that those factors have led to increased time to 510(k) 
clearance of products, which has created an unfavorable environment for 
development of medical devices. Additional time to 510(k) clearance has 
the potential to affect a large number of medical-device companies and, by 
extension, medical-device innovation. Other industry concerns related to the 
510(k) process include inadequate communication with CDRH staff, lack 
of publicly available information about predicate devices (needed to dem-
onstrate substantial equivalence), issues surrounding the de novo process, 
and issues surrounding the use of standards and other types of evidence to 
show safety and effectiveness in the absence of a predicate device.

Reports from the venture-capital community have indicated that fund-
ing availability for device development has been adversely affected, in part 
by the regulatory environment and economic circumstances (IOM, 2010; 
Makower et al., 2010). However, the fiscal environment is more favorable 
once a device has achieved regulatory permission for commercialization 
and favorable coverage, payment, and reimbursement policies than before 
that benchmark in the device life cycle is achieved. As previously stated, a 
company that benefits from that more favorable economic environment is 
often a different company from the one that must contend with the develop-
ment of the device, including premarket regulatory clearance or approval. 

One of the critical economic pressures in the device ecosystem is obtain-
ing favorable coverage, payment, and reimbursement policy decisions from 
payers, such as the Centers for Medicare and Medicaid Services (which 
manages the Medicare and Medicaid programs) and private health insurers. 
With rare exception, however, payers do not contribute to the collection of 
clinical data (for example, by funding clinical care during clinical trials) that 
could be used in making reimbursement decisions. One of the notable excep-
tions is the Medicare Coverage with Evidence Development program, which 
includes several examples of data collection for diagnostic and therapeutic 
devices as used in the course of clinical care. 

As Feigal and others have opined, the medical-device life cycle includes 
not only premarket evaluation but continued postmarket evaluation, which 
might lead to the development of new devices or improvements in marketed 
devices (IOM, 2010). (Postmarketing surveillance is discussed in more depth 
in Chapter 5.) High-quality postmarketing surveillance data are useful for 
several parties. In addition to industry use of the data to support future 
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device development and improvement, regulatory agencies could use them 
to track how devices are used in clinical settings (for example, compared 
with labeled intended use)12 and how devices function (for example, iden-
tifying adverse events and effectiveness); healthcare providers increasingly 
need them for the Maintenance of Certification process as mandated by 
the American Board of Medical Specialties; institutional providers need 
them for quality-review assessments; patients and patient-advocacy orga-
nizations could use them to assist in educational efforts; and professional 
organizations could use them to assess their members’ needs (for example, 
educational and strategic planning needs).

Industry has several potential partners in the ecosystem for collection of 
postmarket information. And the clinical environment in which devices are 
used is quite varied, ranging from increasingly high-technology inpatient to 
underdeveloped outpatient sites of service. However, new and evolving tools 
could be used in varied clinical environments to conduct postmarketing 
surveillance. Professional societies could establish registries by using infor-
mation extracted from electronic medical registries in the high-technology 
inpatient setting, and mobile computing devices, such as “smart phones,” 
facilitated by the availability of Unique Device Identification codes, might 
have utility in collecting and transmitting data in many outpatient settings. 
Developing and understanding a holistic view of the device ecosystem could 
contribute substantially to improving various aspects of it, including the 
regulatory mechanisms.

Finding 6-5 Industry-funded assessments of the effects of the 510(k) 
clearance process report that implementation of the process leads 
to a lack of predictability and transparency, which in turn has an 
adverse effect on venture-capital investment. 

Finding 6-6 The committee did not find assessments of how much 
and in which way innovation is influenced by the 510(k) clearance 
process.

Finding 6-7 There is little collaboration in collection of postmarket-
ing surveillance data among the FDA, healthcare facilities, health-
care providers, the medical-device industry, professional societies, 
payers, and patient-advocacy groups. 

12For example, incorporation of an off-the-shelf product, such as a smart phone or commercial 
software application, might stretch proposed use beyond intended use and require evaluation 
of the technology by the FDA.
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GLOBALIZATION OF THE MEDICAL-DEVICE INDUSTRY

The United States is the largest consumer and producer of medical 
devices, with about half the world’s market. The European Union (EU), Ja-
pan, Canada, and Australia also have large, stable medical-device markets, 
and the developing world is rapidly increasing both its consumption and 
its production of medical devices. In addition, medical-device manufactur-
ers are increasingly multinational—some companies based in one country 
produce the majority of their devices in another (ITA, 2010). Of the top 
10 medical-device manufacturers, 7 are American and 3 are European. The 
market share in the Indian subcontinent and China is increasing rapidly. The 
global market for medical devices was $290 billion in 2009 and is expected 
to be $312 billion in 2011 (Kalorama Information, 2010). Studies sponsored 
by industry have suggested that premarket review times for medical devices, 
particularly more complex devices, are longer in the United States than in 
the EU and that some companies have shifted toward obtaining approval 
for their devices in the EU first (Davis et al., 2011; Makower et al., 2010). 
A study of comparable recall data from the United States and the EU found 
similar recall rates in the two. The study authors concluded that the EU’s 
approval process and shorter time to market for medical devices did not 
affect patient safety adversely (Davis et al., 2011). 

Foreign establishments exporting medical devices to the United States 
must register with the FDA (FDA, 2009c). Medium-risk and high-risk 
imported devices must be cleared or approved for marketing by the same 
standards and by the same processes as equivalent US-made devices. Low-
risk imported devices do not require premarket review, only registration 
and listing and, as appropriate, conformity with other regulations, such as 
quality-system regulations and labeling requirements. 

Medical-device regulations in the United States were developed largely 
at a time when the medical-device industry was primarily domestic, but 
now medical devices are global products in a global market. Medical-device 
companies are increasingly multinational. In this environment, regulators 
and consumers can reasonably assume that any given device may have been 
manufactured in a jurisdiction different from the one in which it is being 
used. Device components may also be made in several countries. To bring 
a medical device to market in multiple jurisdictions, manufacturers must 
navigate the regulatory environments of each jurisdiction. Additional time 
to market and costs occur if the jurisdictions’ regulatory frameworks differ 
substantially. Given the multinational nature of the market, the committee 
found it instructive to examine the international environment of medical-
device regulations when considering its charge.

The FDA and medical-device manufacturers operate in the wider con-
text of international markets and regulatory structures. All developed na-
tions have some regulatory frameworks in place to ensure medical-device 
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safety and effectiveness. Recognizing the multinational environment of 
medical devices, governments and industry joined to form the Global Har-
monization Task Force (GHTF) to attempt to harmonize regulation across 
borders. The GHTF (discussed below) has issued many guidance documents 
and promoted a pilot program for harmonized regulatory approval. Several 
countries, including Japan and India, are moving toward using the GHTF 
principles, although there has yet to be a large-scale movement toward 
standardization among regulators or industry (IOM, 2010).

International Approaches to Medical-Device Regulation

In examining other systems, the committee focused on the EU as the 
nearest counterpart of the United States in the structure and scope of the 
market. However, it is important to note key differences between the two. 
First, although the EU acts as a single entity with respect to trade, it is made 
up of 27 member states, 16 of which use a common currency. Member states 
are obliged by treaty to conform to communitywide laws and regulations 
but retain sovereignty over their own territories. Second, the US system has 
been in place much longer than the EU system. Although some member 
states of the EU, most notably the United Kingdom, had long regulated 
medical devices, most had not. Thus, the FDA has greater experience than 
most countries in regulating medical devices. Beginning with a clean slate, 
however, gave the EU the opportunity to put into place a logic model that 
used the latest thinking in risk analysis. In the United States, the standard for 
clearance is substantial equivalence to a previously cleared device; but the 
EU and other countries that tightly regulate medical devices do not rely on 
this standard. Finally, the primary role of the EU is to promote trade among 
its members and between Europe and the rest of the world. 

Unlike the United States, the EU has different governmental structures 
for the regulation of medical devices and of pharmaceuticals. Pharmaceuti-
cals are overseen by a centralized authority, the European Medicines Agency. 
Medical devices are regulated by the Directorate General for Health and 
Consumers, which is responsible for a wide variety of consumer products. 
The legislation governing medical devices is written as a directive. Member 
states are bound by treaty to enact directives by transposing them into na-
tional law, but governments are given some latitude as to the details of the 
law as long as the intended effect is as laid out in a directive. The directives 
are in contrast with regulations, which have the effect of becoming law 
throughout the European Community as written immediately on adoption 
by the European Commission. Regulations have been used to cover pharma-
ceuticals but have not been used for medical devices. In the case of directives, 
it is the national law that is binding, not the directives themselves. That 

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


EXTERNAL FACTORS	 175

approach leads to some variation among member states, particularly in en-
forcement procedures and the imposition of sanctions (Grubb et al., 2011).

The Directives

Three European Commission directives govern the regulation of medi-
cal devices:

•	 �Council Directive 90/385/EEC on Active Implantable Medical De-
vices (AIMDD).

•	 �Council Directive 93/42/EEC on Medical Devices (MDD).
•	 �Council Directive 98/79/EC on in Vitro Diagnostic Medical Devices 

(IVDD).

The directives lay out the goals, structure, and standards for both safety 
and marketing. They are closely tied to one another in content and structure, 
but they differ in their requirements according to the category of device. As 
noted earlier, before the passage of the directives (in 1990, 1993, and 1998, 
respectively), medical devices in the EU were regulated at the national level 
if at all (Grubb et al., 2011). The impetus for the change was the so-called 
new approach of 1985 that aimed to standardize the technical requirements 
for a wide array of products. Its goal was to remove barriers in the internal 
market caused by differing regulatory standards among the member states. 
The AIMDD, issued in 1990, was the first directive concerning the regula-
tion of medical devices in the EU. Among its objectives were that “active 
implantable medical devices must give patients, users and other persons a 
high level of protection and achieve the intended level of performance when 
implanted in human beings” and that “national provisions ensuring that 
safety level should be harmonized in order to guarantee the free movement 
of active implantable medical devices without lowering existing and justi-
fied levels of safety in the Member States” (European Commission, 2001). 
Patient safety and confidence were seen as necessary components of the free 
movement of goods within the internal market and thus important to the 
promotion of free trade. In 1993, the AIMDD was amended by the MDD, 
which covered a broader spectrum of products. The MDD also laid out 
the risk-classification structure that would be used in the approval process. 
Finally, in 1998, the council issued the IVDD, a directive covering in vitro 
devices and based largely on the two earlier directives.

The directives have been amended several times since their adoption 
to reflect changes in technology and in response to issues that have arisen 
over the course of implementation. In 2008, the European Commission 
started the process of a major revision of the entire medical-devices frame-
work, known as the Recast of the Medical Devices Directives. The recast 
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began with a public consultation of stakeholders in 2008 and has continued 
through consultation with the European Commission’s Medical Devices 
Experts Group and a further public consultation concerning in vitro de-
vices in 2010 (European Commission, 2010b). Among the changes under 
consideration are consolidating the three main medical-device directives and 
five supporting directives into one piece of legislation, tightening oversight 
and accreditation of notified bodies (described below), and creating an EU-
level entity in line with that which exists for pharmaceuticals to oversee the 
regulation of medical devices. It is unclear which changes will be adopted by 
the European Commission. According to the Roadmap 2011 posted on the 
European Commission’s Consumer Affairs Web site, adoption of the initia-
tive is expected in the first quarter of 2012 (European Commission, 2010d).

In the directives, a medical device is defined as

any instrument, apparatus, appliance, software, material or other article, 
whether used alone or in combination, together with any accessories, in-
cluding the software intended by its manufacturer to be used specifically 
for diagnostic and/or therapeutic purposes and necessary for its proper 
application, intended by the manufacturer to be used for human beings 
for the purpose of:

— diagnosis, prevention, monitoring, treatment or alleviation of disease,
— diagnosis, monitoring, treatment, alleviation of or compensation for an 
injury or handicap,
— investigation, replacement or modification of the anatomy or of a physi-
ological process,
— control of conception,

and which does not achieve its principal intended action in or on the human 
body by pharmacological, immunological or metabolic means, but which 
may be assisted in its function by such means.

In 2007, Directive 2007/47/EC made extensive amendments to the 
MDD, including the addition of software to the definition of a medical de-
vice and making software validation part of the essential requirements that 
had to be met to establish conformity with safety standards.

A device must perform its “intended purpose” according to its labeling. 
That purpose is only what the device does, however, not what it is for. Thus, 
European requirements are related to safety and performance rather than 
to safety and effectiveness as in the US system (Kaplan et al., 2004). Many 
EU countries have incorporated an effectiveness standard (cost-effectiveness 
or cost-benefit) into purchasing decisions by healthcare insurance systems. 
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Essential Requirements 

The three directives also lay out the essential requirements that apply 
to every medical device whatever its class. The essential requirements are a 
set of safety and quality standards for how a device must perform and be 
produced. Any device that meets the essential requirements laid out in the 
directives can receive the CE Marking13 and be distributed and sold in any 
member state. The essential requirements are intended to protect the health 
and safety of patients and providers while ensuring that there are no internal 
obstacles to trade within the European Community. They begin with general 
provisions that lay out the overall standards of safety and move into more 
specific requirements regarding manufacturing and labeling. Although the 
general provisions of essential requirements differ slightly among the cat-
egories of devices, they cover the same main points:

•	 �A device must not cause harm to the patient, operator, or others.
•	 �A device must do what the manufacturer says it does.
•	 �A device must be packaged in such a way that transport does not 

compromise safety or effectiveness.
•	 �A device must be able to withstand ordinary rigors of use throughout 

its lifetime without compromising safety or effectiveness.
•	 �Any undesirable side effect must constitute an acceptable risk when 

weighed against the intended performance.

The more specific essential requirements cover design and construction 
of a device. These detailed requirements cover every aspect of production 
and the device, including chemical, physical, and biologic properties; in-
tended and unintended radiation; and labeling. 

The manufacturer must ensure that its device complies with all the es-
sential requirements that apply to it. To do so, it may choose to provide evi-
dence that the device meets the requirements of one or more technical stan-
dards (the use of standards in this manner is voluntary). If the manufacturer 
chooses to comply with a standard that is recognized by the European Com-
mission as offering “presumption of conformity” with one or more essential 
requirements (known as harmonized standards), the regulatory authority 
(RA) or conformity assessment body (CAB) is required only to determine 
that evidence of compliance with the standard exists. If the manufacturer 
uses a different standard, one that is not “harmonized,” the RA/CAB must 
determine that the manufacturer had evidence that the device complies 

13The CE Marking is a standardized logo that appears on a wide variety of consumer 
products sold within the European Community. It signifies that a product is one that is subject 
to communitywide regulation and that it has met all the standards laid out in the applicable 
legislation.
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with the essential requirement itself. Harmonized standards are developed 
and issued by the European Committee for Standardization (CEN) and in 
some cases the European Committee for Electrotechnical Standardization. 
Those two committees are responsible for writing the standards that deal 
with both entire classes of products and specific products. In some cases, 
the standards are adopted wholesale from the International Organization 
for Standardization (ISO). Manufacturers are free to use whatever standards 
they like, but if their devices meet the CEN or, where applicable, ISO stan-
dards, they are judged to have met the essential requirements—often the 
easiest path to approval. 

Risk Classification14 

A device is assigned to one of four groups, or classes, by using a set 
of rules that take into account the potential of the device to cause harm to 
a patient or user. This system is referred to as a “risk-based classification 
scheme” although it does not take into account the probability that harm 
will occur by modifying evidence requirements at the conformity-assessment 
stage. Risk is determined on the basis of the risk associated with the use 
of the device, whether the device is invasive, and the length of time it is 
in contact with the body (Table 6-1) (Chai, 2000). It is incumbent on the 
manufacturer to determine the level of risk associated with a device on the 
basis of the specifications laid out in Annex IX of the MDD (Grubb et al., 
2011). As in the FDA classification system, there are three risk classes, and 
subdivisions of classes to delineate the magnitude of risk further. 

Class I devices are noninvasive, with some exceptions, and are judged 
to be of low risk. There is no explicit subdivision of products within Class 
I, but devices that are sterile or have a measuring function require greater 
oversight. Manufacturers are able to market Class I products that are non-
sterile and do not have a measuring function without oversight from a noti-
fied body (NB, defined below) but must keep documentation and technical 
specifications available for audit on request. Class I devices that are sterile 
or have a measuring function must be certified by an NB (Chai, 2000). 

Class II devices are divided into Class IIa and Class IIb. Class IIa devices 
require the involvement of an NB at the production stage but not the design 
phase. Class IIb devices are judged to have the potential to be of high risk 
and require NB approval at the design and manufacturing phases. 

Class III devices are deemed to be of high risk and require “explicit prior 
authorization” from an NB for all phases of development and production 
(European Commission, 1998). Manufacturers can also turn to guidance 

14The essential requirements, classification rules, and conformity-assessment procedures are 
substantially different for in vitro diagnostic medical devices, which are regulated under their 
own directive. Some of the information in the following sections does not apply to these devices.
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TABLE 6‑1 European Commission Risk Classification Scheme
Class I
(low risk)

Noninvasive devices except devices that are intended to store 
or channel blood, body liquids, or tissues to be introduced to 
the body at a later time

Class IIa
(medium risk)

Invasive devices intended for transient (<60 min) or short-
term (<30 days) use except devices used to examine ear, 
nose, mouth, and throat, which are in Class I; all surgically 
invasive devices intended for transient use unless they emit 
radiation or have a biologic effect, in which case they are in 
Class IIb

Class IIb
(medium to high risk)

Surgically invasive devices for short-term or transient use 
if they have a biologic effect, emit radiation, or administer 
medicines except devices that have direct contact with 
the heart or central circulatory system or central nervous 
system, in which case they are in Class III; all implantable or 
surgically invasive long-term (>30 days) devices unless they 
are placed in the teeth (in which case they are in Class IIa) 
or have contact with the heart, central circulatory system, 
or central nervous system (in which case they are in Class 
III); all devices intended to prevent conception or sexually 
transmitted disease unless they are implantable or long-term 
invasive devices (in which case they are in Class III)

Class III
(high risk)

All invasive surgical devices, whether for short-term or 
long-term use, that come into contact with the heart, central 
circulatory system, or central nervous system; all implantable 
or long-term invasive devices that have a biologic effect, 
are absorbed, or undergo chemical change in the body; all 
implantable or long-term invasive devices intended to prevent 
conception or sexually transmitted disease; all devices that 
use animal tissues or derivatives except where they come into 
contact only with skin

documents released by the overseeing body in the European Commission, 
the Directorate-General Health and Consumer that provide detailed instruc-
tions on classifying devices, including diagrams and examples. The guidance 
is not legally binding but is provided for clarification purposes (European 
Commission, 2010a).

Notified Bodies

The directives contain provisions for the establishment of NBs, the 
backbone of the European regulatory structure for medical devices. An NB 
is a third-party private organization that is responsible for ensuring that 
a device meets the essential requirements laid out in the legislation. Each 
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member state designates a competent authority (CA), an official government 
regulator, that is required to oversee the accreditation and designation of 
third-party organizations that will perform conformity assessments and 
various other tasks. The CA then notifies the European Commission and 
the other member states as to which private organizations have been judged 
to be competent according to the standards laid out in the directives and 
for which tasks. The commission maintains an updated list of the NBs and 
makes this information available to the public through the New Approach 
Notified and Designated Organisations Web site (NANDO, 2011). NBs are 
accredited under individual directives, and their number varies by directive. 
For example, although more than 70 NBs are accredited to examine prod-
ucts under the MDD, only 19 are accredited for devices covered by the more 
specialized AIMDD (NANDO, 2011). The NBs compete with one another 
in that any manufacturer can go to any accredited NB in any member state 
and receive a CE marking.

NBs must adhere to standards regarding conflict of interest and finan-
cial incentives. NBs must be independent of manufacturers. Directors and 
assessment and verification staff must not be involved in the development 
of the device in question, nor can they represent any party involved in its 
development. Their compensation structure must not depend on the results 
of their evaluations or on the number of verifications that they provide. They 
must have the necessary staff and facilities to assess properly the devices for 
which they are designated. Any subcontractors retained by an NB must also 
meet all these requirements.

Although an NB is responsible for ensuring a device’s conformity with 
the essential requirements, it also has a contractual relationship with the 
manufacturer, which pays for the work. That affords some protection to the 
manufacturer because, in theory, an NB that is inefficient or difficult to deal 
with will soon find itself without any customers. The accreditation proce-
dures and standards of the European Commission ensure that the standards 
of safety are met, and the private status of the NB ensures efficiency and 
consistency for the manufacturer. 

As noted above, the level of involvement of an NB is determined by the 
classification of the product (Table 6-2). 

The NB has the responsibility to inform the CA if it withdraws a design 
examination certificate from the manufacturer. The CA then ensures that 
the device is withdrawn from the market. However, the manufacturer has 
the right to respond to a decision to restrict or withdraw a device before it 
goes into effect unless there is an urgent need to take such a step.
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TABLE 6‑2 Conformity Assessment Procedure by Class
Class I Manufacturer certifies that product meets essential 

requirements without involvement of an NB unless device has 
measuring function or is sterile; documentation of product 
specification must be kept for auditing purposes; Class I 
devices must be registered with a member state

Class IIa Manufacturer prepares technical documentation to support a 
“declaration of conformity” and makes it available to the NB 
for inspection and adopts a quality-management system that 
applies to manufacturing and is subject to audit by the NB, 
or manufacturer adopts a full quality-management system 
that applies to both manufacturing and design control and is 
subject to audit by the NB

Class IIb Manufacturer submits to type examination by an NB in 
which representative sample of product along with relevant 
technical documentation is examined to ensure that it fulfills 
essential requirements and adopts a quality-management 
system that applies to manufacturing and is subject to 
audit by the NB, or manufacturer adopts a full quality-
management system that applies to both manufacturing and 
design control and is subject to audit by the NB

Class III and Active 
Implantable Devices

Manufacturer submits to type examination by an NB 
in which representative sample of product with relevant 
technical documentation is examined to ensure that it fulfills 
essential requirements and adopts a quality-management 
system that applies to manufacturing and is subject to audit 
by the NB, or manufacturer adopts a full quality-management 
system that applies to both manufacturing and design control 
and is subject to audit by the NB; NB also examines design 
dossier and issues a certificate to confirm that the device 
complies with all relevant essential requirements

Postmarket Vigilance

In addition to the postmarketing surveillance functions of the NBs, the 
MDD mandated the establishment of a European Databank on Medical 
Devices, a centralized database containing information on manufacturers, 
devices, conformity assessments and certificates, and clinical investigations. 
Its use is currently voluntary but will be required of member states in 2011 
(European Commission, 2010c). The committee is not aware of any com-
prehensive evaluations of the European system based on postmarketing 
surveillance or adverse-event reports. 
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The Global Harmonization Task Force

The multinational nature of medical-device manufacturing and distribu-
tion has led governments, consumers, and industry to recognize the need 
for international cooperation regarding medical devices. In 1992, regulatory 
bodies and industry of the leading medical-device producer and consumer 
nations—Canada, the European Union/European Free Trade Association, 
Japan, Australia, and the United States—formed the GHTF. A collaborative 
body whose purpose is to improve public health and safety, promote inter-
national trade, and provide guidance to countries with developing medical-
device regulatory systems, the GHTF works to form consensus among the 
partners on regulatory and technical standards and postmarketing surveil-
lance efforts. Many international agreements are in place regarding medical 
devices and their regulatory requirements for importation. The GHTF is an 
attempt to bring nations that tightly regulate medical devices into line with 
one another to ease the flow of devices between countries, manufacturers, 
and consumers while ensuring safety. In addition to participants from the 
founding members, the task force includes participants from non–founding 
members and liaison bodies, which include public-health organizations and 
international standard-setting organizations.15 

The GHTF is structured around five study groups that are responsible 
for examining different issues and different paths and barriers to harmoni-
zation within them. The study groups, made up of geographically diverse 
members from government and industry, are (GHTF, 2008)

•	 �Study Group 1—medical-device regulatory systems, paths to harmo-
nization, and standards for premarket submissions and labeling.

•	 �Study Group 2—adverse-incident reporting, postmarketing surveil-
lance, and harmonizing data-collection and reporting systems.

•	 �Study Group 3—existing quality-system requirements.
•	 �Study Group 4—quality-system auditing practices.
•	 �Study Group 5—clinical safety and performance.

To date, the study groups have released 31 final documents providing 
technical guidance and standardized definitions and outlining generally 
agreed-on principles for use by regulators and manufacturers worldwide 
(GHTF, 2009). The GHTF has met with mixed success in its efforts. For 
example, the Summary Technical Document (STED) guidance is intended to 

15In March 2011, the Steering Committee Chair of the GHTF announced that the organization 
would be developing and transitioning to a “regulator-led harmonisation and collaboration 
group.” According to the statement, the new entity would focus primarily on regulators of 
medical devices, including seeking new members in order to more accurately reflect the current 
medical-device market, while continuing to value input from industry and other stakeholders 
as appropriate (GHTF, 2011).
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standardize the format whereby a manufacturer submits technical informa-
tion to a regulatory authority or conformity-assessment body (such as an 
NB). STED would allow manufacturers to save time and effort in preparing 
a product for market and allow better comparison and information-sharing 
among regulatory jurisdictions. Although the STED guidance has been ad-
opted or implemented as a pilot program in all five GHTF founding-member 
jurisdictions, it has not been widely used (IOM, 2010). Nations that have 
highly developed regulatory frameworks agree in principle that harmoniza-
tion is desirable, but differences in legal systems and regulatory cultures 
make implementation challenging.

The Summary Technical Document Program 

In 2002, GHTF Study Group 1 proposed a pilot program for device 
premarket review known as the Summary Technical Document (STED), 
program (GHTF, 2008). The FDA then issued draft guidance to assist the 
medical-device industry and FDA staff in implementing a voluntary pilot 
program (FDA, 2005b). Not all devices are eligible to participate in the 
pilot. Eligible devices are limited to those which are seen to be the subjects 
of common and substantial interest by the member countries of the GHTF.16 

The program, begun in June 2003, is intended to evaluate STED as an 
alternative premarket submissions process. Its objective is to decrease the 
regulatory burden and increase the efficiency of the approval process for 
manufacturers that operate within the international market (FDA, 2005b; 
GHTF, 2008). Industry groups have stated their support for the STED 
program, but the FDA has identified only 27 STED submissions17 (IOM, 
2010). Of the submissions, 24 were 510(k) submissions, and 3 were PMA 
applications. The PMA applications were all approved. Of the 510(k) sub-
missions, 20 resulted in a determination of substantial equivalence, 2 were 
not substantially equivalent, and 2 were withdrawn. Given the lack of data 
needed to evaluate the program and the small number of devices eligible, it 
is not possible to determine what factors contribute to the lack of industry 
participation in the program. 

Finding 6-8 Other countries that tightly regulate medical devices do 
not rely solely on substantial equivalence to a predicate for premar-

16A list of eligible devices and information on the alternative format (developed by the Global 
Harmonization Task Force) can be found in Appendix C of the Guidance on Traditional and 
Abbreviated 510(k)s.

17The FDA’s Document Mail Center identifies all submissions on receipt. STED submissions 
are flagged in the system. However, the FDA has stated that there are limitations in the system, 
and that the data on STED submissions may not be accurate (e-mail from Philip R. Desjardins, 
FDA, January 7, 2011).
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ket review of medium-risk devices. The Global Harmonization Task 
Force also does not offer as part of its guidance a predicate-based 
system for premarket review of medical devices.

SUMMARY OF FINDINGS

The Growing Number and Complexity of Medical Devices

•	 �Finding 6-1 Medical-device technologies have evolved rapidly, and 
devices have become increasingly complex since the 1976 Medical 
Device Amendments. 

•	 �Finding 6-2 Manufacturers are using increasing amounts of software 
in devices and as devices; the increase is expected to continue. Soft-
ware offers many benefits over hardware, including flexibility, ease 
of change, and the possibility of use in other devices.

•	 �Finding 6-3 Software is responsible for an increasing number of 
recalls. There are insufficient data, however, to determine whether 
the increase reflects the increasing proportion of software in medical 
devices or a new and different set of problems and vulnerabilities.

•	 �Finding 6-4 Software is different from hardware and therefore re-
quires a different kind of evaluation.

The Medical-Device Ecosystem

•	 �Finding 6-5 Industry-funded assessments of the effects of the 510(k) 
clearance process report that implementation of the process leads to a 
lack of predictability and transparency, which in turn has an adverse 
effect on venture-capital investment. 

•	 �Finding 6-6 The committee did not find assessments of how much 
and in which way innovation is influenced by the 510(k) clearance 
process.

•	 �Finding 6-7 There is little collaboration in collection of postmarket-
ing surveillance data among the FDA, healthcare facilities, healthcare 
providers, the medical-device industry, professional societies, payers, 
and patient-advocacy groups. 

Globalization of the Medical-Device Industry

•	 �Finding 6-8 Other countries that tightly regulate medical devices do 
not rely solely on substantial equivalence to a predicate for premar-
ket review of medium-risk devices. The Global Harmonization Task 
Force also does not offer as part of its guidance a predicate-based 
system for premarket review of medical devices.
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7

Conclusions and Recommendations

As noted in Chapter 1, the committee was charged by the Food and 
Drug Administration (FDA) to review the 510(k) clearance process 
and answer two principal questions: Does the current 510(k) clear-

ance process optimally protect patients and promote innovation in support 
of public health? If not, what legislative, regulatory, or administrative 
changes are recommended to achieve the goals of the 510(k) clearance pro-
cess optimally? To address its charge, the committee took a multipronged 
approach in its evaluation of the 510(k) clearance process, as summarized 
in Chapters 2–6. Aspects of the 510(k) process and other relevant factors 
that were evaluated include the following:

•	 �The legislative history of the 510(k) process.
•	 �The 510(k) regulatory framework that resulted from legislation.
•	 �How the 510(k) process fits into the larger medical-device regula-

tory framework. (The 510(k) clearance process is an integrated 
component of the larger medical-device regulatory framework. The 
committee elected to evaluate the 510(k) program in the context of 
this larger framework.)

•	 �How the 510(k) process is currently implemented by the FDA.
•	 �Available postmarket information on the safety and effectiveness of 

510(k)-cleared devices.
•	 �Other factors that affect medical-device regulation (for example, the 

process of innovation and the medical-device ecosystem in the United 
States and in other jurisdictions).
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The body of evidence gathered from the committee’s evaluations influ-
enced its deliberations. The conclusions and recommendations presented in 
this chapter are the results of the committee’s deliberations. 

PROTECTING THE PUBLIC’S HEALTH BY ENSURING THE 
SAFETY AND EFFECTIVENESS OF MEDICAL DEVICES

To assess whether the 510(k) clearance process is protecting the public’s 
health by providing reasonable assurance that marketed Class II medical de-
vices are safe and effective, the committee explored two avenues. The com-
mittee studied 510(k)-related legislation to determine whether the statute 
governing the 510(k) program provides for the FDA’s goals for this program 
(described below). The committee also evaluated available information on 
the safety and effectiveness of marketed medical devices.

The Regulatory Framework of the 510(k) Program

As outlined in Chapters 2 and 4, the committee found a substantial 
disconnect among the committee’s statement of task, the Center for Devices 
and Radiological Health (CDRH) statement of the goals of the 510(k) clear-
ance process, and the FDA’s statute governing the 510(k) clearance process. 
The committee’s statement of task reads:

The current 510(k) process reflects the statutory framework and the U.S. 
Food and Drug Administration’s (FDA) implementation of the framework; 
it is intended to meet two important goals: 1) make available to consum-
ers devices that are safe and effective, and 2) promote innovation in the 
medical device industry. 

Similar language describing the goals of the 510(k) process are included 
in the CDRH Preliminary Internal Evaluations, Volume 1—510(k) Work-
ing Group Preliminary Report and Recommendations (FDA, 2010a, 128), 
which states that

the aim of the 510(k) program is two-fold: (1) to assure, through a quality 
review process, that marketed devices, subject to general and applicable 
special controls, provide a reasonable assurance of safety and effectiveness; 
and (2) to foster innovation. 

However laudable those goals may be, they are not the purposes that 
Congress embedded in the 510(k) program (Findings 2-2 and 2-5). 

In practice, the assessment of substantial equivalence generally does not 
require evidence of safety or effectiveness of a device. Unlike the premarket 
approval (PMA) process, by law the 510(k) process, with some exceptions 
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(discussed below), focuses solely on the determination of a device’s sub-
stantial equivalence to a predicate device. According to the FDA and the 
Supreme Court, when the FDA finds a device substantially equivalent to a 
predicate device, it has done no more than find that the new device is as 
safe and effective as the predicate (OTA, 1984, p. 128).1 It is important to 
note that individual devices on the market before the enactment of the 1976 
Medical Device Amendments (MDA)—the origin of all predicate devices for 
the 510(k) process—have never been systematically assessed to determine 
their safety and effectiveness (Finding 2-1). The FDA created advisory 
panels to assist in the device classification process. These panels reviewed 
information on the risks posed by types of devices, including the potential 
risks resulting from a failure of lack of effectiveness, and recommended 
into which class the device type should be placed, in order to provide a 
reasonable assurance of safety and effectiveness. Neither the panels nor the 
FDA itself undertook an assessment of the clinical safety or effectiveness 
of individual devices during the original classification process. Because the 
preamendment device to which equivalence was established was not itself 
reviewed for safety or effectiveness, the committee found that clearance of 
a 510(k) submission was not a determination that the cleared device was 
safe or effective (Finding 4-1). 

Under the Safe Medical Devices Act of 1990, the FDA is permitted to 
require evidence of safety and effectiveness, including clinical studies, when 
it is necessary for determining whether a difference in technologic charac-
teristics between a new device and its predicate renders the new device less 
safe or effective than the predicate or raises different questions of safety 
and effectiveness from the predicate. If, despite the change in technologic 
characteristics, the new device is as safe and effective as the predicate, it will 
be found substantially equivalent. 

Nearly all 510(k) submissions for devices that have new technologic 
characteristics receive a determination of substantial equivalence. About 
15% of Class II and Class III 510(k) submissions for which the FDA reached 
a determination of substantially equivalent or not substantially equivalent 
in FY 2005–2007 had new technologic characteristics (GAO, 2009a). Some 
99.5% received a determination of substantially equivalent. 

The 510(k) clearance process has evolved from 1976 to the present 
through administrative and legislative changes, narrowing the array of is-
sues that the FDA may consider in a 510(k) review, and limiting the type 
of evidence the FDA could require. Throughout the entire period, there has 

1Memorandum Re: Internal Control Weaknesses in the Food and Drug Administration’s 
Medical Device 510(k) Review Process, from the HHS inspector general to the HHS assistant 
secretary for health (July 5, 1990) 1, fn. 1; Brief for the United States as Amicus Curiae 
Supporting Respondents/Cross-Petitioners 19-20, Medtronic, Inc. v. Lohr, 518 U.S. 470 (1996) 
(No. 95-754) (some internal citations omitted); Lohr, 518 U.S. at 493-94 (citations omitted).
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been a high frequency of finding of substantial equivalence (Finding 2-6). 
Furthermore, the gap in relative burdens on manufacturers between the 
510(k) process and the PMA process created by the 1976 MDA has been 
maintained by administrative and legislative changes, which have encour-
aged preferential use of the 510(k) process (Finding 2-7).

Available Recall Data on 510(k)-Cleared Devices

The committee explored FDA recalls of medical devices as a potential 
indicator of their safety and effectiveness. Proponents of the 510(k) clear-
ance process have cited the low number of Class I recalls associated with 
510(k)-cleared devices as an indication of the safety of devices on the mar-
ket. (The FDA classifies recalls in reverse order of device classes. Class I re-
calls denote the greatest immediate risk to the health, whereas Class I devices 
present the lowest inherent risk to health.) In contrast, consumer-protection 
advocates have cited several high-profile medical-device safety issues, some 
reported in the mass media, as evidence that premarket review via the 510(k) 
process is inadequate. They have expressed concern that the FDA’s ability 
to recall problematic medical devices cleared through the 510(k) process is 
insufficient (Bloomberg News, 2008; Harris, 2010a, 2010b; Hines et al., 
2010; Meier, 2010; Mundy and Favole, 2009; Shuren, 2010; Stein, 2010; 
Zuckerman et al., 2011). 

Although the committee cites recall data in this report, it recognizes 
that using these data as an indicator of device safety and effectiveness has 
several shortcomings. The committee also recognizes that mass-media re-
ports of problematic medical devices that were cleared through the 510(k) 
clearance process do not necessarily represent generalizable evidence about 
the soundness of the entire 510(k) program.

The committee does not believe that there is a public-health crisis re-
lated to unsafe or ineffective medical devices. The committee found that 
available postmarketing-surveillance data do not provide sufficient informa-
tion about potential harm or lack of effectiveness to be a useful source of 
data about the safety and effectiveness of marketed devices (Finding 5-2). 
As noted in Finding 2-1, although the safety and effectiveness of preamend-
ment Class II devices has not been systematically reviewed, their continued 
use in clinical practice provides at least a level of confidence in their safety 
and effectiveness. 
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Does the 510(k) Clearance Process Provide a Reasonable 
Assurance of Safety and Effectiveness?

The committee found that the 510(k) program lacks the statutory basis 
to make it a reliable premarket screen for safety and effectiveness of Class 
II medical devices. Therefore, the committee drew the following conclusion:

Conclusion 7-1 The 510(k) clearance process is not intended to 
evaluate the safety and effectiveness of medical devices with some 
exceptions. The 510(k) process cannot be transformed into a pre-
market evaluation of safety and effectiveness as long as the standard 
for clearance is substantial equivalence to any previously cleared 
device. 

The committee is not suggesting that all, many, or even any medical 
devices cleared through the 510(k) clearance process and currently on the 
market are unsafe or ineffective. Rather, the committee found that the 
available information is insufficient to support highly confident conclusions 
about the safety and effectiveness of 510(k)-cleared medical devices in clini-
cal use. As elaborated on below, the committee is concerned by the lack of 
information-gathering efforts to identify potential safety and effectiveness 
problems with devices and by the ineffectiveness of the regulatory system 
to respond to problems if they are identified (Finding 3-2).

FACILITATING INNOVATION IN SUPPORT OF PUBLIC HEALTH

As discussed in Chapter 6, views diverge on what constitutes innova-
tion in medical devices. The committee agreed on a definition of innovation 
to assess whether the current 510(k) clearance process optimally protects 
patients and promotes innovation in support of public health. The commit-
tee believes that given the broad interpretation of the term it should define 
innovation not simply as a change but as a favorable change in the context 
of public health. The committee also believes that given the complexity of 
the process of innovation and the iterative and combinatorial nature of the 
process a broad definition would be more accurate than one that sought to 
create a list of specific attributes. The committee defined innovation broadly 
as improving the quality of, efficiency of, or access to health care. 

To assess how innovation is affected by medical-device regulation, the 
committee studied the legislative history and implementation of the 510(k) 
process and findings from the medical-device industry about the effect of 
the 510(k) process on innovation. The committee found that the 510(k) 
clearance process was not designed to reward, recognize, or encourage in-
novation. At most, promotion of innovation was a byproduct of a process 
that, by minimizing unnecessary regulatory burdens, facilitated the entry 
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into the market of new devices that do not raise novel questions of safety 
or effectiveness (Finding 2-4). In reducing regulatory burdens and providing 
additional resources to allow for timely review, the changes in the original 
legislation over the past 35 years have neither forced nor rewarded in-
novation. Although it may be argued that such changes may improve the 
likelihood of innovation, it remains unclear, and the committee argues that 
it is indeterminable given current data, whether the legislative changes have 
promoted innovation. 

The 510(k) clearance process is generally more economical, faster, and 
less burdensome than the PMA process for both industry and the FDA 
(Finding 3-3). Substantially fewer postmarket controls apply to 510(k)-
cleared devices than to PMA devices. Since the implementation of the 
MDA of 1976, which created both programs, there has been a substantial 
difference between the 510(k) process and the PMA process in premarket 
requirements. The committee found that over the past 35 years legislative 
and administrative changes in the 510(k) program have maintained that 
gap in requirements between the 510(k) and PMA programs. The disparity 
in program requirements, costs, and postmarket requirements encourages 
preferential use of the 510(k) process (Finding 2-7). Although the 510(k) 
clearance process offers a less burdensome pathway to market, the increas-
ing complexity of devices is challenging the capabilities of this process 
(Findings 6-1, 6-2, 6-3, and 6-4). The committee believes that a regulatory 
pathway based on demonstrating substantial equivalence to predicate de-
vices is not a rigorous scientific means of adapting to new and increasingly 
complex types of technology.

Several assessments of the 510(k) program conclude that the FDA’s 
implementation of the program, not the underlying process itself, has 
stifled innovation because of a lack of transparency and predictability, 
which has led to an adverse effect on venture-capital investment in future 
medical-device development (Finding 6-5). Typical measures used in those 
assessments are the ease of premarket review and relative speed to market 
compared with the European Union premarket process (Ernst and Young, 
2009; Lewin Group, 2010; Makower et al., 2010; MDMA and NVCA, 
2009; PwC and BIOCOM, 2010). The committee, however, does not believe 
that such factors as ease of premarket review and relative speed to market 
are surrogates for innovation.

The FDA has procedures to develop, adopt, and implement guidance 
and standards. It is persistently hindered, however, in fully developing these 
materials by a lack of or limitations in human, fiscal, and technologic re-
sources and capabilities (Finding 3-4). Confusion regarding key regulatory 
phrases (for example, intended use and indications for use) has created 
uncertainty about the decision-making process (Finding 4-3). The process 
also is restricted in how it evaluates devices in that it currently does not 
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recognize the distinction between devices cleared as tools and devices cleared 
for specific clinical applications (Finding 4-4). Those factors create confu-
sion regarding the types of questions asked by reviewers and the types of 
information needed in premarket submissions. 

In its Task Force on the Utilization of Science in Regulatory Decision 
Making Preliminary Report and Recommendations, CDRH identified sev-
eral institutional, structural, and resource concerns regarding the timely 
incorporation of new science in premarket review (FDA, 2010b). The report 
found that the

CDRH has not yet articulated a business process to be followed across the 
Center for evaluating new scientific information and determining when that 
information warrants certain types of action, such as a change in premarket 
evidentiary expectations. 

The Utilization of Science report also states that CDRH finds it chal-
lenging to communicate changes in regulatory thinking both within the 
agency and externally in response to new information and that this challenge 
affects all stakeholders. Industry representatives have expressed concern 
about the increasingly required use of clinical data in the 510(k) review. 
The committee’s evaluation found that the FDA has provided inconsistent 
guidance in determining the need for clinical data, the type of data, and the 
manner in which data, if available, should be integrated into the decision-
making process (Finding 4-8). The lack of clear guidance affects the timeli-
ness and consistency of 510(k) device submissions provided by industry and 
the ability of reviewers to evaluate them. 

Does the 510(k) Clearance Process Promote 
Innovation in Support of Public Health?

On the basis of the above findings, the committee was unable to de-
termine whether the 510(k) clearance process is facilitating or inhibiting 
innovation. Therefore, the committee concludes as follows: 

Conclusion 7-2 Information that would allow an understanding 
of the extent to which the 510(k) clearance process facilitates or 
inhibits innovation does not exist.

The committee believes that although the regulatory process can facili-
tate innovation that improves public health by making safe and effective 
Class II medical devices available to consumers in a timely manner, the FDA 
should not be the arbitrator of what constitutes innovation, nor should it 
seek to channel device development and premarket review toward agency-
determined public-health priorities. In the committee’s opinion, the FDA’s 
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role in facilitating innovation in Class II medical devices through premarket 
review should be to create a regulatory framework that sets appropriate 
thresholds for bringing products to the market. The thresholds should be 
stringent enough to satisfy the agency’s objective of ensuring that marketed 
medical devices will be safe and effective throughout their life cycles but 
realistic enough to permit timely entry of new devices that may offer im-
provements over already marketed devices. Rather than be charged with 
promoting innovation, the committee believes that the FDA should seek to 
facilitate it, ensuring that the premarket review of Class II devices does not 
needlessly inhibit innovation. 

RECOMMENDATIONS

On the basis of the above conclusions, the committee offers the follow-
ing recommendations aimed at improving regulation of Class II medical 
devices. 

Recommendation 7-1 The Food and Drug Administration should 
obtain adequate information to inform the design of a new medical-
device regulatory framework for Class II devices so that the current 
510(k) process, in which the standard for clearance is substantial 
equivalence to previously cleared devices, can be replaced with an 
integrated premarket and postmarket regulatory framework that 
effectively provides a reasonable assurance of safety and effective-
ness throughout the device life cycle. Once adequate information 
is available to design an appropriate medical-device regulatory 
framework, Congress should enact legislation to do so.

The committee believes that a move away from the 510(k) clear-
ance process should occur as soon as reasonably possible but recognizes 
that it will take time to obtain the information needed to design the new 
framework. 

It is essential that the new regulatory framework be based on sound sci-
ence. The committee does not believe that available information is adequate 
to inform the design of an appropriate framework. Nor does the committee 
believe that the new framework should be developed in isolation from other 
components of the FDA’s medical-device regulatory system. In developing 
the new framework for Class II devices, the efficiency, cost, and effective-
ness of the PMA process should be evaluated. The FDA should carefully 
consider what types of evidence are necessary to demonstrate a reasonable 
assurance of safety and effectiveness in the new framework. It is beyond the 
committee’s scope of work to detail those types of evidence. The committee 
believes that it may be possible for the performance of comparative devices 
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to be a component of the evidentiary materials supporting a claim of safety 
and effectiveness of Class II devices. 

The FDA should be clear that its role in facilitating innovation in medi-
cal devices is to develop regulatory thresholds that are rigorous enough to 
satisfy the agency’s primary objective of ensuring that marketed medical 
devices will be safe and effective throughout their life cycles but realistic 
enough to permit timely entry of new devices into the market. 

On the basis of its findings, the committee identified several topics to 
which the FDA should give particular consideration as it develops a new 
framework. A number of existing and emerging technologies (for example, 
combination products, software, nanotechnology, and medical robotics) 
merit detailed thought as part the development of the new framework. 
The FDA should consider integrating some elements of the quality-system 
regulations, especially those related to design controls and product-release 
criteria, into the premarket review process of the new framework to demon-
strate that devices will perform as represented by their manufacturers. The 
FDA should also consider, as part of the new framework, including a more 
extensive review of device labeling and a system to track labeling changes. 

A comprehensive review of the successes and problems of device regula-
tion over the past 35 years would better inform the FDA and Congress as 
to whether and how to change the overall regulatory structure for devices. 
Finally, medical-device regulatory systems in other countries and jurisdic-
tions should be evaluated to determine whether components of those sys-
tems could inform the design of the new regulatory framework in the United 
States. The committee notes that medical-device regulatory systems in other 
countries that have robust medical-device markets do not use substantial 
equivalence to predicates as the standard for approval for marketing (Find-
ing 6-8).

The committee urges the FDA to create a regulatory framework that 
more closely matches the ideal regulatory framework outlined by the com-
mittee in Chapter 1. The attributes of this regulatory framework are as 
follows. They are not presented in any priority order. 

•	 �The process should be based on sound science. 
•	 �The process should be clear, predictable, straightforward, and fair.
•	 �The process should be self-sustaining and self-improving.
•	 �The process should facilitate innovation that improves public health 

by making medical devices available in a timely manner and ensuring 
their safety and effectiveness throughout their life cycle.

•	 �The process should apply relevant and appropriate regulatory au-
thorities and standards throughout the life cycle to ensure safety and 
effectiveness.

•	 �The process should be risk-based.

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


198	 MEDICAL DEVICES AND THE PUBLIC’S HEALTH

FDA staff at all levels, the medical-device industry, consumers, health-
care providers, payers, and Congress must play a role in the development 
of the proposed regulatory framework.

The committee does not believe that further investment in the 510(k) 
process is a wise use of the FDA’s scarce resources and is not recommending 
specific changes in the 510(k) clearance process itself. Instead, it believes 
that the FDA’s resources would be put to better use in addressing problems 
with other components of the medical-device regulatory framework and 
with the FDA’s decision-making processes and obtaining information needed 
to develop a new framework for Class II medical devices. The committee’s 
recommendations for accomplishing those goals are detailed below. The 
committee recognizes that scarce resources in the FDA could affect its ability 
to implement these recommendations. Therefore, it has directed the recom-
mendations toward activities that are useful in both the short term and the 
long term and that conserve scarce resources. 

The committee recommends that the FDA promptly implement Recom-
mendations 7-2 to 7-8, found below. The committee believes that following 
these recommendations will allow the FDA to

•	 �Develop the information base on which to establish the new regula-
tory framework. 

•	 �Address problems with postmarketing surveillance and with use of 
postmarket regulatory authorities.

•	 �Develop and implement a continuous quality-improvement system 
in CDRH.

Postmarketing Surveillance

As stated repeatedly in the report, the 510(k) clearance process is not a 
stand-alone program but a component of the larger medical-device regula-
tory framework. As part of that framework, the 510(k) program depends 
on the effectiveness of other regulatory components. The committee found 
weakness in postmarketing surveillance of medical devices (Findings 4-5, 
4-6, 5-1 to 5-7, and 6-7). 

The committee found evidence that the FDA’s postmarketing surveil-
lance systems, as well as other postmarket activities, often do not provide 
sufficient information about potential harm or lack of effectiveness of 
marketed devices (Findings 4-5 and 5-2). The FDA’s active postmarketing 
surveillance programs, such as MedSun and MD EpiNet, have potential but 
will require stable, adequate resources and resolution of various technical 
issues to achieve their full promise (Finding 5-5). The FDA is including medi-
cal devices in the Sentinel Initiative; additional investment will be needed to 
develop a rich source of clinical data on medical devices. The FDA’s device 
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postmarketing surveillance programs have been adversely affected by the 
instability of the agency’s congressional financing. Moreover, user fees can 
be used only for premarket activities (Finding 2-8). Non-FDA postmarket-
ing surveillance activities, such as privately funded device registries, are 
potentially important sources of performance information, but currently 
only selected device types are studied, and the lack of standardization in 
how information is collected and reported persists (Findings 5-6 and 5-7). 
Finally, there is little collaboration in collection of postmarketing surveil-
lance data among the FDA, healthcare facilities, healthcare providers, the 
medical-device industry, professional societies, payers, and patient-advocacy 
groups (Finding 6-7).

The inadequate postmarketing surveillance systems—both those in 
the FDA and those which are privately funded—and the resulting lack of 
useful, consistent, and reliable data make it impossible to draw confident 
conclusions about the performance of medical devices now on the market. 

Recommendation 7-2 The Food and Drug Administration should 
develop and implement a comprehensive strategy to collect, analyze, 
and act on medical-device postmarket performance information.

The FDA should give high priority to postmarketing surveillance be-
cause it is an invaluable investment in short-term and long-term medical-
device safety oversight and assessment of device effectiveness. As discussed 
in Chapter 5 of this report, the committee found that there was no long-term 
strategy in the FDA to address the effectiveness of medical-device post-
marketing surveillance. The committee recommends that the FDA develop 
a postmarketing surveillance strategy to meet the following objectives: 
provide performance information for use in the premarket review process, 
inform the development and use of postmarketing tools (that is, general and 
special controls) to better manage the risk-benefit ratio throughout the life 
cycle of devices, and inform the design of a new regulatory framework. To 
meet those objectives, the FDA should

 
•	 �Explore how to better understand potential device risks better with 

existing postmarket tools, such as device tracking and Section 522 
surveillance studies. 

•	 �Expand collaborative relationships with existing non-FDA medical-
device data sources and encourage standardization of processes and 
systems to increase efficiency and the ability of all parties to use the 
data.

•	 �Institutionalize integration of premarket and postmarket data 
systems. 
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•	 �Identify methods for learning from independent clinical research 
reported in the peer-reviewed literature on poor or adverse health 
outcomes related to devices that may warrant FDA action.

•	 �Revise its strategy to communicate more effectively with consumers, 
providers, and the public about problems with the performance of 
medical devices.

The committee acknowledges that the traditional administrative and 
clinical data sources used for surveillance of drugs may not be appropri-
ate for surveillance of medical devices, particularly surveillance of Class II 
devices. Device surveillance will probably require other data sources, such 
as unique device identifiers (discussed in Chapter 5).

Congress should support the capacity of CDRH’s postmarketing surveil-
lance programs by providing stable and adequate funding. 

Postmarket Regulatory Authorities

When the FDA discovers violations of the law or products that pose 
unacceptable risks to consumers, it has a wide variety of authorities (or 
tools) available to remedy the situation and to sanction the violators. The 
committee found that the agency uses these authorities sparingly (Findings 
3-1 and 3-2). Although the committee identified the procedural require-
ments that the FDA must fulfill to exercise the authorities, the requirements 
do not in themselves appear to explain CDRH’s perception that there are 
“important limitations” on the use of postmarket tools.

Recommendation 7-3 The Food and Drug Administration should 
review its postmarket regulatory authorities for medical devices to 
identify existing limitations on their use and to determine how the 
limitations can be addressed. 

The appropriate use of postmarket regulatory authorities is an essential 
component of a successful medical-device regulatory program. The FDA 
should analyze barriers to efficient and effective use of these authorities and 
identify means to mitigate the barriers. It is especially important that the 
FDA be able to use the authorities, when needed, because a 510(k) decision 
made by the FDA establishes a new predicate device that is legally binding 
unless and until the agency has rescinded the decision or has barred the 
device covered by that decision from the market through other legal actions 
(Finding 2-3).

If required, Congress should pass legislation to remove unnecessary 
barriers to the FDA’s use of postmarket regulatory authorities.
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A Modified De Novo Process 

The committee believes that the de novo process offers a potential basis 
of a better regulatory model for premarket review of Class II devices. In its 
current state, however, the de novo process is time-consuming and difficult 
for both the FDA and manufacturers to navigate (Finding 4-9). 

Recommendation 7-4 The Food and Drug Administration should 
investigate the viability of a modified de novo process as a mecha-
nism for evaluating the safety and effectiveness of Class II devices. 

A pilot program of a modified de novo process would allow the FDA 
to determine the feasibility of the modified process as a replacement for the 
510(k) clearance process. The 1976 MDA states that general controls alone 
are not sufficient to ensure the safety and effectiveness of Class II devices. 
Therefore, as part of a modified de novo process, the FDA should explore 
ways to expedite development of special controls, develop guidances, and 
adopt standards for devices. The agency also should consider expanded use 
of external expertise and preinvestigational device exemption meetings with 
submitters and use of conditional clearances for devices on which there is 
little premarket performance information (such as a clearance conditioned 
on postmarketing surveillance or use of registries). 

The success of the modified de novo process will depend on CDRH’s 
ability to develop a rich database on its processes and performance. There-
fore, it is imperative that CDRH develop a comprehensive information-
technology strategy based on an assessment of program needs and practices. 

A Continuous Quality-Improvement Program

The committee’s assessment of the 510(k) clearance process showed that 
CDRH’s operations lack a continuous quality-assurance process (Finding 
3-5). CDRH’s Task Force on the Utilization of Science in Regulatory Deci-
sion Making found that the center did not have a process for addressing 
the use of new types of scientific information in regulating medical devices 
(FDA, 2010b). Lack of such a process prevents CDRH from effectively ad-
dressing new issues as they arise and from developing a long-term vision 
of the center and its mission. For example, the Government Accountability 
Office found that CDRH does not have a comprehensive information-
technology strategic plan that would allow it to meet its needs as it modern-
izes (GAO, 2009b). 

Recommendation 7-5 The Food and Drug Administration should de-
velop and implement a program of continuous quality-improvement 
to track regulatory decisions on medical devices, identify potential 
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process improvements in the medical device regulatory framework, 
and address emerging issues that affect decision-making.

Throughout the report, the committee identifies evidence that the inad-
equate information technology and management infrastructure in CDRH af-
fects not only the 510(k) program but also the center’s other programs. For 
example, because data systems in the FDA are inadequate, the agency does 
not have the ability to trace the history of 510(k) decisions (Finding 4-2). 
Those 510(k) clearances are legally binding on CDRH for making future 
decisions about devices going through the 510(k) clearance process. Thus, 
any unsafe or ineffective devices are embedded in the system and as both a 
legal and a practical matter may be used as predicates for new products until 
they are removed from the market. Removing those devices from the market 
may be difficult because there is no systematic way to identify them. By 
developing a business model grounded in continuous quality-improvement, 
CDRH will be able to identify problems and develop the information and 
capacity to address them in a data-driven, transparent manner. 

Facilitating Innovation in the Medical-Device Industry

As stated above, the committee believes that the FDA’s role in facilitat-
ing innovation with respect to Class II devices is to create and enforce a regu-
latory framework where the threshold to market provides reasonable assur-
ance that medical devices are safe and effective throughout their life cycle 
while permitting timely entry of new devices that may offer improvements 
over already marketed devices. The committee did not find assessments of 
how much and in what way (that is, facilitating or inhibiting) innovation is 
influenced by the 510(k) clearance process (Finding 6-6).

Recommendation 7-6 The Food and Drug Administration should 
commission an assessment to determine the effect of its regulatory 
process for Class II devices on facilitating or inhibiting innovation 
in the medical-device industry.

The recommended study should include various ways to measure in-
novation beyond “time to market” or the number of devices of a particular 
type on the market and instead focus on a broader understanding of the 
relationship among regulation, innovation, and patient health and safety 
throughout the device life cycle. There should be analysis of how incremen-
tal changes in existing devices affect clinical use, safety, and effectiveness; 
characterization of research and development costs for truly innovative 
technologies that enhance healthcare quality, efficiency, or access; estimates 
of the effects of government interventions (for example, subsidies, mar-
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ket exclusivity, and research support); and description of the current and 
foreseeable relationship between FDA clearance or approval and payers’ 
willingness to reimburse for devices.

Software 

Because of software’s important differences from hardware (as discussed 
in Chapter 6), the FDA should develop a better understanding of the roles 
that software plays in medical devices, analyze their potential effects on the 
safety and effectiveness of the devices, and insist on evidence-based proce-
dures that ensure device safety and effectiveness. The committee believes 
that the FDA should review and update its guidance on software validation. 
Updating the guidance is important given the increasing use of software 
in devices and as devices (for example, medical device data systems), the 
integration in medical devices of commercial software not intended for 
use in them, the increasing uncertainty introduced by device complexity, 
and potentially unsafe interactions with other software systems. Reliance 
on “best practices” is no longer sufficient, particularly when best-practice 
recommendations often lag behind rapid change in software innovation. 
The FDA should commission an independent study focused on addressing 
these questions and concerns about software in medical devices. The study 
should include not only an analysis of potential system problems introduced 
by software but also recommendations about how the FDA can evaluate a 
device’s software with respect to safety, dependability, security, reliability, 
and privacy. 

As suggested in a National Research Council study about ensuring 
software dependability (NRC, 2007), the FDA should develop an evidence-
based approach for use by the medical-device industry to support its claims 
of safety and effectiveness. Thus, one output of the present committee’s 
recommended study should be evidential guidance to industry: What should 
be reported to demonstrate safety and dependability? 

At present, most available information about safety and effectiveness of 
devices relies only on recall data; there is little specificity about the contribu-
tion of software to failures that lead to recalls. Thus, it is not always possible 
to understand the particular contribution of software to device quality and 
function; neither is it clear what oversight is needed in the premarket review 
process. Moreover, because software engineers learn as much from failure 
as from success, the scope of device-related reporting should be broadened 
to include not only information about software-related device failures but 
also descriptions of near-failures: What happened, why it happened, and 
what can be done to prevent such problems in the future? The information 
gained from such surveillance can inform the design and development of 
new or modified software and the review of premarket submissions.
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Recommendation 7-7 The Food and Drug Administration should 
develop procedures that ensure the safety and effectiveness of soft-
ware used in devices, software used as devices, and software used 
as a tool in producing devices.

Preamendment 510(k)-Eligible Class III Devices

After 35 years, the FDA has not completed the task of calling for PMAs 
for or reclassifying preamendment Class III device types. Until the FDA 
completes that task, those devices are allowed to enter the market through 
the 510(k) clearance process (Finding 4-7). Congress in 1990 directed the 
FDA to complete that task in a timely manner.2 Currently 25 device types 
remain eligible to enter the market through the 510(k) process. The FDA 
has begun a five-step process to require PMAs or to reclassify those device 
types to a lower class (GAO, 2011). As of April 2011, the FDA has assessed 
the risks and benefits associated with 21 device types (step 2 of the process) 
and has received and reviewed public comments on 5 device types (step 4 
of the process). The agency has issued a final rule for one of the 26 device 
types (FDA, 2011). The committee recognizes the resource constraints that 
have prolonged this process, but it nevertheless urges the FDA to give high 
priority to completing this task. 

Recommendation 7-8 The Food and Drug Administration should 
promptly call for PMA applications for or reclassify Class III de-
vices that remain eligible for 510(k) clearance.
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A

History of Medical-Device Legislation and 
Regulation in the United States

The committee was charged to review the 510(k) clearance process 
and to evaluate whether it protects patients optimally and promotes 
innovation in support of the public health. The Food and Drug Ad-

ministration (FDA) strives to find an appropriate balance between promot-
ing and protecting the public health.1 To aid in understanding the current 
510(k) system and how it evolved to its present state, this appendix outlines 
pertinent elements in the history of device regulation as they are related to 
Class II devices generally and to the 510(k) clearance process in particular. 

The 510(k) system is a type of gatekeeping for managing the transfer of 
new technology from the laboratory to the bedside. Entering the commer-
cial market is a single point in the life cycle of a product. The need for and 
rigor of premarket review are directly affected by the availability of other 
tools to protect patients after marketing commences. Effective postmarket-
ing2 controls can reduce the burdens of premarket review and accelerate 
its speed. Thus, this appendix will examine device regulation beyond the 
510(k) process itself.

Of particular relevance is the safety surveillance system by which the 
FDA can identify and act on risks that emerge after a device enters the 
market. A robust and effective system might provide metrics for assessing 

1Federal Food, Drug, and Cosmetic Act, § 1003(b) (the most current version will hereinafter 
be referred to as FFDCA), 21 USC § 393(b) (2006).

2The appendix will use the word postmarketing to refer to the situation after a product enters 
commercial distribution. The FFDCA uses postmarket specifically to describe surveillance 
studies that FDA can order under Section 522. 21 USC § 360l (2006). To avoid confusion, 
postmarket will be used only with reference to that provision of the law.
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the nature and extent of harm that is associated with products cleared or 
approved by the FDA and therefore indirectly reflecting on the quality of 
the FDA review processes. In contrast, if safety surveillance is weak and of 
limited scope, that injuries are not identified can yield little confidence in the 
review process—absence of evidence of harm is not evidence of the absence 
of harm. Therefore, this appendix will review the history of adverse-event 
monitoring of medical devices.

Consideration of the 510(k) clearance process largely involves Class II 
devices. Since 1997, most Class I devices have been exempted from 510(k) 
review. Most Class III devices are subject to FDA review through the pre-
market approval (PMA) process, not the 510(k) pathway, although 25 
types of Class III devices are still eligible to enter the market by the 510(k) 
clearance process. As recommended in Chapter 7, the committee urges the 
FDA to cease reliance on the 510(k) process for Class III devices as soon as 
possible. Once that step is completed, the 510(k) process will apply only to 
Class II devices—although a few are exempt from 510(k) requirements—
and some Class I devices. 

In considering the gatekeeping function related to the introduction of 
new medical products to the market, the Federal Food, Drug, and Cosmetic 
Act (FFDCA) has adopted a variety of approaches: no government preclear-
ance review whatsoever, a limited preclearance review, or extensive govern-
ment review. For most drug products, Congress chose detailed review and 
affirmative approval by the FDA before commercialization, which has led 
to long and expensive processes of drug development. For medical devices, 
however, Congress has adopted all three approaches: exemption from any 
premarket review by the FDA before marketing of a product; limited pre-
market review through a notification of intent to market, commonly called 
the 510(k) submission; and thorough review and affirmative approval before 
launching of a product (through the PMA).

After entering the market, products continue to be subject to a variety 
of legal requirements and prohibitions, which are enforced primarily by the 
FDA. Congress has given the FDA diverse powers in a patchwork fashion, 
usually in response to demonstrated or alleged deficiencies in current sys-
tems.3 In medical-device terminology, the requirements are called general 
and special controls and apply to devices according to the degree of potential 

3The laws governing medical devices have evolved separately from those applicable to drugs 
even though many of the authorities appropriate for one system might seem equally appropriate 
for the other. The nonparallel development reflects the fact that Congress often approached 
new issues that emerged in one field of medical products without considering whether the 
issues might also exist in the other. Thus, for example, with respect to medical devices Congress 
has given the FDA authority to order the recall of products that violate the law, to require 
notification of voluntary product removals, and to impose civil money penalties for violations. 
The FDA has none of those authorities over drugs to the same degree. Conversely, the agency 
has much more extensive authority over labeling, advertising, and marketing of prescription 
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risk presented but generally without regard to the extent of review before 
market entry. As with premarket review, postmarketing protections of health 
can affect innovation, depending on the rigidity and zeal with which the 
regulation with which regulations are enforced.

The history of federal regulation of medical devices reflects several 
important forces. 

First, the FDA has legal constraints on its discretion in exercising its 
powers. To guarantee that the will of Congress would not be subverted by 
the executive branch, Congress set forth detailed instructions on how the 
FDA should carry out the law. The original Medical Device Amendments of 
1976 more than doubled the length of the FFDCA as it stood at that time. 
Later amendments added far more text than they removed. Congressional 
micromanagement can be found in many parts of the current law.

To ensure presidential control over executive branch activities, the FDA 
has been required to submit proposed major regulations and other policies 
to the Office of the Secretary of Health and Human Services and to the 
White House Office of Management and Budget (OMB) for review and ap-
proval before publication, and there are procedural requirements for public 
participation to safeguard interests of patients, manufacturers, and others. 
Federal courts review the FDA’s interpretations of law, its regulations, and 
its actions. Judicial rulings can profoundly influence implementation of the 
medical-device statute.

Second, the FDA does not operate in a political vacuum but is subject to 
scrutiny as it carries out its mandates. Regulatory policies and philosophies 
change from one president to the next. Congressional committees that have 
jurisdiction over the FDA can attempt to drive the agency toward policies 
and actions that they prefer through oversight hearings, committee inves-
tigations, and reviews by the General Accounting Office (GAO, now the 
Government Accountability Office), formerly by the Office of Technology 
Assessment (no longer in existence), and by the Department of Health and 
Human Services inspector general.

Third, the modern history of the FDA shows a disparity between con-
gressional mandates, under the various legislative enactments, and congres-
sional appropriations of persistently insufficient resources (FDA Science 
Board, 2007, 9-10). The appropriation process is subject to its own set of 
pressures, such as tax and fiscal policy, competing demands for scarce fed-
eral revenues, and changing agendas in Congress and the executive branch. 
Thus, funding for the agency often bears little relation to the mandates and 
missions assigned by Congress. The most elegant and detailed schemes en-
visioned when a statute is written can become unworkable when resources 

drugs than of prescription Class II devices. The disjointed evolution of two regulatory schemes 
governing medical technologies can lead to public misunderstanding and confusion over the 
FDA’s powers and responsibilities.
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are inadequate. Necessary improvisation and tough choices at the FDA 
between competing priorities can move the regulatory regime in unforeseen 
directions.

The last force affecting the history of medical-device regulation is the 
inherent difficulty of resolving some core issues, which can cause them 
to arise again and again as different solutions prove unsatisfactory. That 
those issues have recurred throughout the 35 years since the medical-device 
statute’s enactment in 1976 demonstrates how difficult they are to resolve. 
Those issues include

•	 �Whether the 510(k) mechanism as originally enacted in 1976 or 
even as modified in 1990 or 1997 can even theoretically provide 
determinations about the safety and effectiveness of each product 
reviewed. Simply stated, must a finding that a new device is substan-
tially equivalent to another lawfully marketed product (the predicate 
device) necessarily be a determination that the new device is safe and 
effective? 

•	 �Whether the FDA can reasonably ensure the quality and consistency 
of 510(k) clearance decisions. Manufacturers desire predictability of 
the regulatory process to manage what they maintain is the inherent 
uncertainty and risk in innovation. Moreover, because the FFDCA re-
quires the FDA to accept any marketed device as a predicate, flawed 
510(k) decisions become embedded and must be perpetuated.

•	 �Whether the FDA has appropriately used its authority to establish 
performance standards or special controls over Class II devices. What 
does it mean for public health if the “reasonable assurance of the 
safety and effectiveness” of a Class II device cannot, by definition, be 
ensured by general controls alone but the agency does not impose any 
additional controls? Is the adoption of special controls mandatory or 
discretionary?

•	 �Whether the procedural requirements imposed by law properly bal-
ance the interests of private parties with the need for efficient and ef-
fective government actions. The preliminary recommendations of the 
Center for Devices and Radiological Health (CDRH) 510(k) Working 
Group asserted that “CDRH’s postmarket tools, while valuable, have 
important limitations” (FDA, 2010, p. 4). When powers given to the 
FDA are so encumbered by “due process” demands that they become 
unworkable and are not used, no one is served.

•	 �Whether lack of safety or effectiveness of marketed products can be 
promptly identified and addressed. Ultimately, the regulatory scheme 
to safeguard public health can be considered reliable only if society 
can be confident that consumers are being protected. The most im-
portant element in gaining that knowledge is surveillance of adverse 
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medical experiences. Without a robust surveillance network to detect 
injuries and product ineffectiveness, there is no basis for judging the 
system. The absence of data on a problem does not demonstrate that 
a problem does not exist. 

•	 �Whether the appropriate balance has been achieved between premar-
ket clearance (the gatekeeping function) and postmarketing controls. 
Premarket clearance may add little value to protecting the public 
(while inhibiting innovation); in 1997, Congress eliminated 510(k) 
notification requirements for most Class I devices. But the prelimi-
nary recommendations of the CDRH 510(k) Working Group stated 
that “CDRH’s postmarket tools, while valuable, have important 
limitations and are not sufficient to serve as a substitute for a high-
quality premarket review” (FDA, 2010, p. 4). The Working Group 
seems to have concluded that inadequate or ineffective postmarketing 
controls justify increased rigor in the preclearance process to protect 
consumers.

This appendix seeks to provide a chronologic inventory of medical-
device legislation and external studies of its implementation. It is regrettably 
sprawling, shifting back and forth over seemingly disparate events and de-
scribing laws as originally enacted, even though they have been superseded 
by amendments. Readers are encouraged to keep in mind the six issues 
just identified so that they can understand the relevance of the materials 
presented here and to accept our apologies for the somewhat disjointed 
structure adopted. Although the FDA has undertaken many internal reviews 
and efforts to improve the process, this appendix draws most of its infor-
mation from congressional materials. The focus here is on what Congress 
has perceived and has done concerning the goals and implementation of the 
FDA’s regulation of medical devices. 

DEVICE REGULATION UNDER THE 1938 FEDERAL 
FOOD, DRUG, AND COSMETIC ACT

The Pure Food and Drug Act of 1906 did not cover medical devices. 
As Congress approached overhaul of the statute in the 1930s, it added that 
class of product to FDA jurisdiction. For all intents and purposes, however, 
government authority and industry legal requirements in the draft legislation 
were identical for both drugs and devices. Until the brink of enactment, the 
bills imposed no premarket review of either but subjected them to prohibi-
tions against being “adulterated” or “misbranded.” Those terms were legal 
words of art and covered a variety of specific mandates or prohibitions. For 
example, a drug or device would be “adulterated” if it had been prepared 
under insanitary conditions whereby the product may have been rendered 
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injurious to health. A medical product would be “misbranded” if its label 
failed to identify the name and address of the manufacturer or distributor.4 

The draft statute further provided that once the FDA discovered a viola-
tion of the requirements, it could seize the noncompliant product, seek an 
injunction against its manufacturer or distributor to prevent future viola-
tions, or recommend to the Department of Justice criminal prosecution of 
the persons responsible.5 Those three options were the only enforcement 
tools in the bill.

Final legislative action was precipitated by the elixir sulfanilamide disas-
ter, which involved a product that put an effective drug (sulfa) into solution 
with a toxic solvent (diethylene glycol) that caused upward of 100 deaths in 
the winter of 1937–1938 (Carpenter, 2010, pp. 85–108). In response, Con-
gress added a distinct provision applicable only to “new drugs”: premarket 
review of a new drug application (NDA) for safety. The manufacturer was 
not required to obtain FDA approval but only to provide the agency 60 days 
in which to make a safety assessment. If the government failed to find any 
safety issues within the 60-day window, the drug could enter the market.6 

In that form, the FFDCA became law in 1938. 
Over the next several decades, the FDA directed much of its enforce-

ment efforts to devices, using the adulteration and misbranding provisions 
of the FFDCA to deal with grossly hazardous or fraudulent products. By the 
early 1960s, however, the agency’s attention was drawn to new technolo-
gies that were being introduced without premarket clinical testing, quality 
control, or patient consent.7 In 1962, Congress amended the new drug 
provisions of the FFDCA to require affirmative FDA approval of an NDA 
before marketing could begin and to require that a new drug be shown to 
be effective as well as safe.8

The broadened premarket authority for “new drugs” encouraged the 
FDA to consider applying these powers to medical devices. The opportunity 
to do so was supplied by the overlap in the definitions of drug and device 
in the original 1938 Act. As written, the terms had similar scope and were 
differentiated only by a drug’s being an “article” whereas a device was an 
“instrument, apparatus, . . . [or] contrivance” that was either recognized in 
an official compendium, such as the US Pharmacopeia; was “intended for 
use in the diagnosis, cure, mitigation, treatment, or prevention of disease”; 

4FFDCA, Pub. L. No. 75-717, §§ 501-02, 52 Stat. 1040, 1049-50 (1938).
5FFDCA §§ 301-04, 52 Stat. at 1042-45.
6FFDCA § 505, 52 Stat. at 1052-53.
7H.R. Rep. No. 94-853, at 7-8 (1976) (House Report on the Medical Device Amendments 

of 1976).
8Drug Amendments of 1962, Pub. L. No. 87-781 (codified as amended at 21 USC § 355(b)

(1)(a)(A)).
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or was “intended to affect the structure or any function of the body.”9 In 
two important legal cases, the FDA persuaded federal courts that it had 
statutory authority to declare that products that were generally thought of 
as medical devices were drugs and new drugs requiring agency approval of 
an NDA before marketing. One product consisted of a disposable applica-
tor, a nylon ligature loop, and a nylon locking disk used to tie off severed 
blood vessels during surgery; the disk and at least some of the nylon thread 
remained in the patient’s body.10 The other product was an antibiotic-
sensitivity disk.11 Ultimately, the FDA classified a number of products as 
drugs before the Medical Device Amendments were enacted, including con-
tact lenses, injectable silicone, pregnancy-test kits, and bone cement (Hutt 
et al., 2007, p. 977). Only devices classified as drugs were subject to any 
premarket review by the FDA before 1976.

DEVELOPMENT AND ENACTMENT OF THE 
MEDICAL DEVICE AMENDMENTS OF 1976

Presidents Kennedy, Johnson, and Nixon all recognized “the need for 
more comprehensive authority to regulate medical devices.”12 At the direc-
tion of the secretary of the Department of Health, Education, and Welfare 
(now the Department of Health and Human Services), Theodore Cooper, 
director of the National Heart and Lung Institute (now the National Heart, 
Lung, and Blood Institute) chaired a study group to consider how to ap-
proach new legislation; the group issued its report in September 1970. 
Among its recommendations were better differentiation of devices and 
drugs in federal law with the adoption of a new and distinct regulatory 
regime for medical devices, preclearance review of some devices with the 
extent of premarket review depending on the novelty and potential hazards 
of the devices, and expansion of the FDA’s nonpreclearance authority over 
medical devices. The last category included mandatory records and reports, 
adherence to good manufacturing practices, manufacturer registration, and 
FDA inspection of factories.13

Over the next few years, several high-profile public-health problems 
that involved medical devices were observed. Among the most publicized 
was the Dalkon Shield, an intrauterine contraceptive device (IUD) that was 
introduced into the market in late 1970. By 1975, at least 16 deaths, 25 
miscarriages, numerous cases of pelvic perforation and pelvic infection, re-

9FFDCA § 201(g)-(h), 52 Stat. at 1041 (1938).
10AMP, Inc. v. Gardner, 389 F.2d 825 (2d Cir. 1968), cert. denied, 393 U.S. 825 (1968).
11U.S. v. An Article of Drug . . . Bacto-Unidisk, 394 U.S. 784 (1969).
12H.R. Rep. No. 94-853, at 9.
13H.R. Rep. No. 94-853, at 9-10; U.S. Dep’t of Health, Educ., & Welfare, Medical Devices: 

A Legislative Plan passim (1970) (Cooper Committee Report).
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moval of the IUD for medical reasons, and pregnancies due to IUD failure 
had been reported. Marketing of the device ceased by 1976. Other examples 
cited by the House of Representatives committee responsible for the 1976 
legislation included pacemaker failures and dangerous eye infections after 
implantation of intraocular lenses.14 

In 1974 and 1975, the Senate passed comprehensive legislation for the 
regulation of medical devices.15 The House of Representatives, however, 
did not move with its own bill until March 1976.16 A conference commit-
tee reconciled the differences between the two bills.17 The Medical Device 
Amendments of 1976 (MDA) passed both houses of Congress and were 
signed into law by President Ford on May 28.18 

As discussed below, the medical-device law has since been amended 
many times, most significantly in 1990, 1992, 1997, 2002, 2004, 2005, and 
2007. None of those amendments, however, has altered the fundamental 
regulatory regime established in 1976. 

BASIC STRUCTURE OF THE MEDICAL DEVICE AMENDMENTS

Although the new statute provided for premarket review of some prod-
ucts, protection of public health rested predominantly on rules enforced 
by the FDA after a product entered the market. In that respect, the MDA 
departed from the approach taken for drugs in 1962, which put extraor-
dinary emphasis on the FDA premarket approval process as the primary 
means of protecting consumers. For devices, the “gatekeeper” function of 
premarket approval provided an additional layer of protection but only for 
a small array of products (Class III), and it did not replace or render un-
necessary the variety of other requirements applicable to all other devices. 
As originally enacted, the 510(k) clearance process was not intended to be 
a major preclearance mechanism.

Distinguishing Devices from Drugs

To establish a distinctive regulatory scheme for medical devices, Con-
gress first had to address the overlapping definitions of drug and device in 
the 1938 law. As noted above, federal courts found the terms sufficiently 
congruent to uphold the FDA’s determination that several products thought 

14H.R. Rep. No. 94-853, at 8 (1976).
15S. Rep. No. 94-33, at 1 (1975) (accompanying S. 510).
16H.R. Rep. No. 94-853, at 1 (accompanying H.R. 11124).
17H.R. Rep. No. 94-1090, at 1 (accompanying S. 510).
18Medical Device Amendments of 1976, Pub. L. No. 94-295, 90 Stat. 539 (1976) (hereinafter 

1976 MDA).
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of as devices could nevertheless be regulated as drugs. The MDA provided 
as follows

The term “device” . . . means an instrument, apparatus, implement, ma-
chine, contrivance, implant, in vitro reagent, or other similar or related 
article, including any component, part, or accessory, which is—

1.	 recognized in the official National Formulary, or the United States 
Pharmacopeia, or any supplement to them, 
2.	 intended for use in the diagnosis of disease or other conditions, or in 
the cure, mitigation, treatment, or prevention of disease, in man or other 
animals, or
3.	 intended to affect the structure of any function of the body of man or 
other animals, 

and which does not achieve any of its principal intended purposes through 
chemical action within or on the body of man or other animals and which 
is not dependent upon being metabolized for the achievement of any of its 
principal intended purposes.19

General Controls

The MDA established requirements for industry and authorities for the 
FDA that would apply to all medical devices. Those provisions are usually 
described as the general controls and include the following:20

•	 �Applying to all devices the “adulteration” provisions of the 1938 
Act, including— 

	 o	� prohibiting potential or actual contamination of the product;21 
and

	 o	� requiring adherence to good manufacturing practice regulations 
promulgated by the FDA.22 

•	 �Applying to all devices the “misbranding” provisions of the 1938 
Act, including— 

	 o	� prohibiting any false or misleading statements in labeling,23

19FFDCA § 201(h), 90 Stat. 575 (1976). The definition was changed in 1992 to substitute 
“its primary intended purposes” for “any of its principal intended purposes.” 106 Stat. 240 
(1992). For current definition see FFDCA § 201 (h), 21 USC § 321(h) (2006).

20This summary necessarily abbreviates the statutory language. It is intended to give an 
overview, not provide a detailed description of each provision of the law.

21FFDCA § 501(a)(1), (a)(2)(A), (3), (4)(A), 21 USC § 351(a)(1), (a)(2)(A), (3), (4)(A) (2006). 
22FFDCA §§ 501(h), 520(f), 21 USC §§ 351(h), 360j(f) (2006). 
23FFDCA § 502(a), 21 USC § 352(a) (2006).

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


216	 MEDICAL DEVICES AND THE PUBLIC’S HEALTH

	 o	� requiring disclosure of the name and address of the manufacturer,24 
and

	 o	� mandating “adequate directions for use” and “adequate” warn-
ings against unsafe use in labeling for the product.25

•	 �Authorizing the FDA to restrict the sale, distribution, or use of a 
device (a) only on the authorization of a licensed practitioner or (b) 
upon such other conditions as the FDA may prescribe, if—because 
of the potential for harm or the collateral measures necessary to its 
use—the FDA determines that there cannot otherwise be reasonable 
assurance of the safety and effectiveness of the device (devices so 
designated are called “restricted devices”).26 

•	 �Prohibiting false or misleading advertising of a “restricted device.”27

•	 �Mandating disclosures in all advertising for “restricted devices” of a 
brief statement of intended uses and relevant warnings.28 

•	 �Requiring registration with the FDA by all manufacturers of medical 
devices.29

•	 �Mandating listing with the FDA by a registered firm of all devices it 
currently markets.30

•	 �Requiring notification to the FDA of any new device proposed to be 
marketed by a registered firm, at least 90 days prior to introduction 
for commercial distribution [this is the provision that gave rise to the 
510(k) process that is the focus of the committee’s study].31

•	 �Authorizing the FDA to inspect factories in which medical devices are 
manufactured and to inspect records relating to “restricted devices” 
in those facilities.32 

•	 �Authorizing the FDA to ban a device from sale or use if it presents 
substantial deception or an unreasonable and substantial risk of ill-
ness or injury.33

•	 �Authorizing the FDA to order notification to physicians and others 
(including patients and other end users) if three conditions are all 
met: (a) a device presents an unreasonable risk of substantial harm to 
the public health, (b) notice is necessary to eliminate the risk, and (c) 
no other more practicable means is available to eliminate this risk.34 

24FFDCA § 502(b), 21 USC § 352(b) (2006).
25FFDCA § 502(f), 21 USC § 352(f) (2006).
26FFDCA § 520(e), 21 USC § 352(e) (2006).
27FFDCA § 502(q), 21 USC § 352(q) (2006).
28FFDCA § 502(r), 21 USC § 352(r) (2006).
29FFDCA § 510(c), 21 USC § 352(c) (2006).
30FFDCA § 510(j)(1), 21 USC § 360(j)(1) (2006).
31FFDCA § 510(k), 21 USC § 360(k) (2006).
32FFDCA § 704(a), 21 USC § 374(a) (2006) (2006).
33FFDCA § 516, 21 USC § 360f (2006).
34FFDCA § 518(a), 21 USC § 360h(a) (2006).
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•	 �Authorizing the FDA to order a manufacturer to repair a device, 
replace the device, and/or refund the purchase price of the device, if 
four conditions are all met: (a) the device presents an unreasonable 
risk of substantial harm to the public health, (b) the device was not 
properly designed or manufactured to the state of the art when de-
signed or made, (c) the unreasonable risk was not caused by someone 
other than the manufacturer to exercise due care with the installa-
tion, maintenance, or use of the device, and (d) notification by itself 
would not be sufficient to eliminate the unreasonable risk, so that 
repair, replacement, and/or refund by the manufacturer is necessary 
to eliminate this risk.35 

•	 �Authorizing the FDA to require manufacturers to maintain records 
and submit reports (such as reports of adverse medical events associ-
ated with medical devices) to assure that a device is not adulterated 
or misbranded and to otherwise assure its safety and effectiveness36 

(the statute presumed, however, that Class I devices would not be 
subject to reporting in ordinary circumstances).37

•	 �Authorizing the FDA to order detention of a device for up to 20 days, 
if the agency believes it is adulterated or misbranded, to permit the 
preparation and filing of a court action for seizure of the product.38

It must be emphasized that the foregoing requirements and authorities 
were established in 1976 almost always without regard to the assignment 
of a medical device into Class I, Class II, or Class III (the classes are defined 
below). The law has since been amended to exempt many Class I products 
from some general controls or to limit the application of general controls 
to subsets of Class II or III products that pose higher risks. But the original 
MDA rarely made those distinctions. In cases in which authority was con-
ditioned on an FDA finding of a higher degree of risk, the finding was to be 
made without regard to the prior classification of the device.

Device Classification and Premarket Review

The 1976 act adopted a three-tier system to determine the need for ad-
ditional regulatory controls in the form of premarket review to protect and 
promote public health. The tiers correspond to the perceived risks posed 
by the devices. Thus, the law represented a sharp break with the approach 

35FFDCA § 518(b), 21 USC § 360h(b) (2006).
36FFDCA § 519(a), 21 USC § 360i(a) (2006).
37FFDCA § 519(a)(8), 21 USC § 360i(a)(8) (2006) (redesignated from 519(a)(5) by the 

Medical Device Amendments of 1992, Pub. L. No. 102-300, § 5(a)(1), 106 Stat. 238, 239 
(1992) (hereinafter 1992 MDA). 

38FFDCA § 304(g), 21 USC § 334(g) (2006).
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taken with respect to pharmaceutical agents, for which a uniform and rig-
orous system was established for all new agents and an only slightly less 
demanding and uniform system for generic copies of these agents. Because 
of the wide variety among devices, Congress recognized that uniformity 
was neither necessary nor ideal to attain the ultimate public-health goal of 
a “reasonable assurance of the safety and effectiveness” of each marketed 
device.

Congress directed that the safety and effectiveness of a device be de-
termined with respect to the persons for whose use the device is intended, 
with respect to the conditions of use in the labeling of the device, and by 
“weighing any probable benefit to health from the use of the device against 
any probable risk of injury or illness from such use.”39

A Class I device is one for which the general control requirements and 
any special control authorities that the FDA chooses to exercise with respect 
to the device would be sufficient to provide reasonable assurance of safety 
and effectiveness. Class I could also include any device on which there is 
insufficient information to judge the adequacy of general controls but that 
is not represented to be for use in supporting or sustaining human life (or 
preventing impairment to health) and does not present an unreasonable risk 
of illness or injury.40

A Class II device is one that cannot be classified into Class I (because 
the general controls are not sufficient by themselves to provide reason-
able assurance of safety and effectiveness) but on which there is sufficient 
information to establish a performance standard or other special controls 
to provide reasonable assurance.41 A performance standard might include 
provisions regarding the construction, components, ingredients, and proper-
ties of the device and its comparability with power systems; provisions for 
the testing of the device to ensure conformity to the standard; provisions 
for measurement of performance characteristics of the device; provisions 
making the device a “restricted device”; and special labeling requirements 
related to the installation, maintenance, operation, and use of the device.42 
The statute was ambiguous as to whether performance standards were 
required (that is, necessary to provide reasonable assurance of safety and 
effectiveness that could not be provided by general controls alone) or discre-
tionary. In the separate section setting forth the procedures for promulgation 
of performance standards, the MDA stated that the FDA “may” establish 
performance standards but did not mandate them for Class II devices.43 If 
general controls were by definition inadequate, the absence of performance 

39FFDCA § 513(a)(2), 21 USC § 360c(a)(2) (2006).
40FFDCA § 513(a)(1)(A), 21 USC § 360c(a)(1)(A) (2006).
41FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
42FFDCA § 514(a)(2), 21 USC § 360d(a)(2) (2006).
43FFDCA § 514(a)(1), 21 USC § 360d(a)(1) (2006).
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standards must have meant that the safety and effectiveness of a Class II 
device could not be reasonably assured.

A Class III device is one that is represented for use in supporting or 
sustaining life (or for substantial use in preventing impairment of health) or 
that creates a potential unreasonable risk of illness or injury but that cannot 
be classified into Class I (because the general controls are inadequate to give 
reasonable assurance of safety and effectiveness) or Class II (because there 
is not sufficient information to determine that additional special controls 
would be sufficient to provide the requisite assurance).44

The MDA directed the FDA to classify all then-marketed medical de-
vices (so-called preamendment devices) into one of the three classes on the 
basis of the criteria just outlined.45 The 1976 Amendments also provided 
mechanisms for the FDA to reclassify devices originally placed in Class III 
into lower classes when premarket review was no longer needed to ensure 
the safety and effectiveness of the device type.46 In addition, the MDA pro-
vided that devices that were not on the market when the bill became law 
(so-called postamendment devices) would be automatically placed in Class 
III—at least until reclassified.47 

Classification governed the type and extent of FDA review before a 
product could enter the market. Class III devices were subject to the most 
intense scrutiny.

For Class III devices, Congress required affirmative FDA approval be-
fore marketing.48 An application for PMA must contain the following major 
elements: full reports of all information, known or reasonably known to 
the applicant, regarding investigations to assess the safety and effectiveness 
of the device (including clinical investigations of safety and effectiveness); 
a full statement of the components and properties of the device and of the 
principles of its operations; a full description of the methods used in and 
facilities and controls used for its manufacture, processing, and (when 
relevant) packaging and installation; specimens of the labeling proposed 
to be used for the device; and any other information relevant to the PMA 
that the FDA (with the concurrence of an advisory panel) may require.49 
The 1976 statute did not provide the FDA any explicit authority to waive 
those requirements. The agency was given 180 days to review a PMA and 
grant or deny its approval.50 During the review process, the FDA could on 

44FFDCA § 513(a)(1)(C), 21 USC § 360c(a)(1)(C) (2006).
45FFDCA § 513(b)–(d), 21 USC § 360c(b)–(d) (2006).
46FFDCA § 513(e), 21 USC § 360c(e) (2006).
47FFDCA § 513(f)(1), 21 USC § 360c(f)(1) (2006).
48FFDCA §§ 513(a)(1)(C), 515(a), 515(a), 21 USC §§ 360c(a)(1)(C), 360e(a) (2006).
49FFDCA § 515(c), 21 USC § 360e(c) (2006); see 21 CFR § 814.20 for the FDA’s regulations 

detailing the required format and contents of a PMA.
50FFDCA § 515(d)(1), 21 USC § 360e(d)(1) (2006).
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its own initiative (and, on request of an applicant, would have to) refer the 
PMA to an outside advisory panel, which would report its conclusions and 
recommendations.51 Grounds for denial include the lack of showing of a 
reasonable assurance of either safety or effectiveness, noncompliance with 
good manufacturing practices, or false or misleading labeling.52 The FDA 
could condition approval on compliance with one or more of a variety of 
postapproval requirements, including the completion of studies to confirm 
the safety, effectiveness, and reliability of the device for its intended use.53 
Once a PMA was approved, the applicant had to obtain additional FDA 
approvals before making changes in the labeling of the device, its indications 
for use, its packaging or sterilization procedures, the performance or design 
specifications, its components, principles of operation, physical layout, or 
method of manufacture.54 

For Class I devices, the 1976 law contemplated that the sponsor of a 
new product that was classified in Class I would submit a notice to the FDA 
at least 90 days before marketing; the notice would set forth the simple fact 
that the device was so classified. That notice became known as a 510(k) noti-
fication after the section of the MDA that required a manufacturer to notify 
the FDA of a new product before marketing it.55 If the agency concurred or 
failed to respond within 90 days, the product could enter the market; other-
wise, the sponsor was notified that the product could not enter the market 
without further action being taken (for example, approval of a PMA).

For premarket review of a Class II device, the 1976 law seemed to con-
template that the sponsor of a new product would submit to the FDA a no-
tice under Section 510(k) setting forth the fact that the device was classified 
in Class II and, if a performance standard had been promulgated, appropri-
ate certification or evidence that the product conformed to the standard.56 
Again, the FDA would review the notice and determine whether it agreed.

The classification of preamendment devices did not include any evalua-
tion of the safety or effectiveness of the individual medical devices. The FDA 
created advisory panels to assist in the device classification process. These 
panels reviewed information on the risks posed by types of devices, includ-
ing the potential risks resulting from a failure of lack of effectiveness, and 
recommended into which class the device type should be placed, in order 
to provide a reasonable assurance of safety and effectiveness. Neither the 
panels nor the FDA itself undertook an assessment of the clinical safety or 

5121 CFR § 814.44(a), (b).
52FFDCA § 515(d)(2), 21 USC § 360e(d)(2) (2006).
5321 CFR § 814.82.
54FFDCA § 515(d)(6), 21 USC § 360e(d)(6) (2006); limited exceptions are provided in 21 

CFR § 820.39(d).
55FFDCA § 510(k), 21 USC § 360(k) (2006).
56FFDCA § 510(k), 21 USC § 360(k); § 514(a)(1)(B), 21 USC § 360d(a)(1)(B).
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effectiveness of individual devices during the original classification process. 
Once a device type was assigned to Class III, the statute directed the FDA 
to promulgate a regulation calling for manufacturers of devices of that type 
to submit a PMA application. The agency would then (and only then) un-
dertake a review of the safety and effectiveness of the specific devices. For 
device types placed into Class I or Class II, there was no mechanism for the 
systematic post-classification review of safety and effectiveness. Congress 
envisioned instead that the agency would use its postmarketing tools to iden-
tify and address issues of lack of safety or lack of effectiveness case by case.

In short, device classification was established in the MDA primarily in 
relation to premarket review. Class I devices needed no additional review 
once a device’s status as Class I was confirmed; the general controls were 
sufficient to protect public health. Class II devices needed only limited 
supplemental review to verify conformity with any established performance 
standard. Class III devices, the truly novel devices that presented significant 
risks to health, were the only ones that Congress wanted to undergo pre-
market FDA scrutiny similar to that of new drugs.57

Transition Problems 

Congress wanted the new standards of safety and effectiveness to be 
applied to the Class III devices that were already in the marketplace in 
1976. Whenever Congress requires such a retrospective review of existing 
products, however, it faces a series of challenges:

•	 �Should the law permit continued marketing of the existing products 
while they are undergoing the new review? Immediate suspension 
would disrupt routine activities; in the case of medical products, it 
would deny healthcare professionals and patients access to previously 
available technologies. 

•	 �If existing products can continue to be marketed, should the law also 
permit new products that are identical (or nearly so) to be launched 
before the review of the existing products has been completed? On 
one hand, introduction of new products can proliferate the use of 
the technology before it has been assessed. On the other hand, giving 
the existing products a monopoly (by excluding competitors until 
completion of the retrospective review) is unfair to newcomers and 
creates perverse incentives for the incumbent manufacturers to slow 
the review process.

57By 1976, the FDA was asserting that virtually all prescription drug products were 
considered to be new drugs, including all those which had entered the market after 1938, even 
if they entered without approval of an NDA (such as generic versions of previously approved 
drugs). See Vodra, 1981.
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•	 �If marketing is permitted to continue during the transition period, 
should the law impose a deadline for completion of the review? With-
out a deadline, the temporary exception could become a permanent 
grandfather clause under which the existing products (and equiva-
lent newcomers if permitted) are exempt from the review process 
indefinitely—perhaps until the products become obsolete. Moreover, 
without a deadline, manufacturers of products that might not pass 
the review have a strong interest in prolonging the transition for as 
long as possible.

In three prior amendments to the 1938 FFDCA, when Congress re-
quired a retrospective review of products on the market at the time of the 
amendments, Congress had taken similar approaches to those issues. In all 
cases, existing products had been allowed to remain in the market during 
review of the new products, and competitors were allowed to enter the 
market before completion of review and retroactive application of new 
regulatory standards. The earlier amendments tried different approaches to 
ensure that the review was completed with reasonable dispatch, but none 
was fully successful. In every case, the statutory deadline was not met (IOM, 
2010, pp. 3–6).

In the MDA, Congress directed the FDA to promulgate regulations for 
each type of Class III device that would require approval of a PMA. The 
issuance of the individual regulations was to follow a timetable established 
by the FDA. In the meantime, however, the preamendment products could 
remain on the market pending the promulgation of the regulation calling for 
the PMA and its submission and review.58 During the transition period for 
each type of Class III device, new (postamendment) products of the same 
type would also be permitted to enter the marketplace.59 But the manu-
facturer of a postamendment device would not have to submit and obtain 
approval of a PMA before the manufacturers of the preamendment were 
required to. Instead, the manufacturer would submit a 510(k) notification 
demonstrating that its proposed product was “substantially equivalent” to 
a Class III preamendment device. Once PMA requirements were imposed, 
however, the use of the 510(k) would terminate. The 510(k) notification 
process was a purely transitional tool for Class III devices, which would 
end as the PMA requirements were fully implemented.

Another part of the 1976 amendments provided that all postamendment 
devices were automatically to be classified into Class III with specific excep-
tions.60 The primary exception involved a postamendment device that was 
substantially equivalent to another device of the same type that either was 

58FFDCA § 515(b)(1), 21 USC § 360e(b)(1) (2006).
59FFDCA § 513(f)(4), 21 USC § 360c(f)(4) (2006).
60FFDCA § 513(f)(1), 21 USC § 360c(f)(1) (2006).
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a preamendment device that had not been classified into any class or was 
not a preamendment device but had already been classified into Class I or 
Class II.61 The FDA permitted manufacturers of postamendment devices to 
demonstrate substantial equivalence to a preamendment device in Class I or 
II as part of the 510(k) submission. An alternative exception provided that 
the postamendment device would not be in Class III if the FDA, in response 
to a petition, classified it into Class I or Class II.62 

Congress assumed that ultimately postamendment devices would also 
be classified, on the basis of risk, into the appropriate category. But until 
then, any new product proposed for marketing after 1976 would be subject 
to PMA requirements unless it was substantially equivalent to a preamend-
ment device already in Class I or Class II (or not yet classified) or was reclas-
sified by the FDA down from Class III. That particular provision could place 
enormous resource demands on the agency as technology evolved and newer 
devices were developed. The FDA might have to either process increasing 
numbers of PMAs or reclassify the new devices into Class I or II through 
a procedurally cumbersome, labor-intensive, and time-consuming process.

There was another pathway: The agency might determine that the 
proposed new device was substantially equivalent to a device classified in 
Class I or II, notwithstanding the changes in technology, and permit it to be 
marketed pursuant to a 510(k) notification.

Definition of Substantial Equivalence

Congress did not define substantial equivalence in the legislation, but 
the House committee report contained the following statement:

The term “substantially equivalent” is not intended to be so narrow as to 
refer only to devices that are identical to marketed devices nor so broad as 
to refer to devices which are intended to be used for the same purposes as 
marketed products. The Committee believes that the term should be con-
strued narrowly where necessary to assure the safety and effectiveness of 
a device but not so narrowly where differences between a new device and 
a marketed device do not relate to safety and effectiveness. Thus, differ-
ences between “new” and marketed devices in materials, design, or energy 
source, for example, would have a bearing on the adequacy of information 
as to a new device’s safety and effectiveness, and such devices should be 
automatically classified into class III. On the other hand, copies of devices 
marketed prior to enactment, or devices whose variations are immaterial 
to safety and effectiveness would not necessarily fall under the automatic 
classification scheme.63

61FFDCA § 513(f)(1)(A), 21 USC § 360c(f)(1)(A) (2006).
62FFDCA § 513(f)(1)(B), 21 USC § 360c(f)(1)(B) (2006).
63H.R. Rep. No. 94-853, at 36-37.
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The MDA did not spell out the required contents of a 510(k). Gener-
ally, however, a 510(k) would not have to contain a description of the 
components and properties of a device, the principles of its operations, the 
methods of manufacture, or specimens of the labeling proposed to be used 
for the device. It need only set forth its proposed intended use or indications 
for use, the device to which substantial equivalence is claimed, and evidence 
demonstrating that equivalence.

IMPLEMENTATION OF THE MEDICAL DEVICE AMENDMENTS: 
LONG-TERM TRENDS

Resource Limitations

Two overarching factors have affected the FDA’s efforts to carry out 
the MDA. First, the agency never had sufficient resources to fulfill all the 
congressional directives for medical-device classification and regulation. 
Although a continuous and consistent dataset of funding and staffing from 
FY 1976 to FY 2010 is not available, there are snapshots. The information 
that follows compares “apples, oranges, and other fruit” and can be viewed 
only as an approximation of the resources over time.

In FY 1981, FY 1982, and FY 1983, the numbers of full-time equiva-
lent (FTE) staff-years for the Bureau of Medical Devices and the Bureau of 
Radiological Health—which were merged in 1982 to form the National 
Center for Devices and Radiological Health, which is now CDRH—were 
836, 786, and 779, respectively (GAO, p. 1983, 4). From 1982 to 1987, 
CDRH underwent a 5% staff reduction.64 In 1989, GAO reported that the 
FDA budget for FY 1990 would provide the agency with 430 FTE positions 
fewer than it had in FY 1980, a 5.5% reduction (GAO, 1989a, p. 12). 

Later data are more detailed. Between FY 1990 and FY 1994, the num-
bers of FTEs assigned to the 510(k) program were 120, 131, 126, and 140 
(GAO, 1996, p. 35). From FY 1991 to FY 1994, the median time required 
by the FDA to complete 510(k) reviews increased from an average of just 
under 90 days to more than 160 days, then up to 230 days, and finally 
down to 152 days, all well beyond the 90-day goal of the law (GAO, 1995, 
pp. 5–6). In the next 2 fiscal years, FY 1995 and FY 1996, the number of 
FTEs assigned to the 510(k) program rose to 186 and 211, respectively—a 
50% increase in just 2 years (GAO, 1996, p. 35). In those 2 fiscal years, the 
median 510(k) review time fell back to about 90 days (GAO, 1997b, p. 4).

A 2009 GAO report described the total staffing resources for the devices 

64Medical Devices and Drug Issues: Hearing Before the Subcomm. on Health and the Env’t. 
of the H. Comm. on Energy and Commerce, 100th Cong. 387 (1987) (statement of James 
S. Benson, Deputy Director, Center for Devices and Radiological Health, Food and Drug 
Administration, Department of Health and Human Services).
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program from FY 1999 to FY 2008. The number fluctuated around 1,500, 
with a low of 1,454 (FY 2002) and a high of 1,564 (FY 2008) (GAO, 2009a, 
p. 42). For premarket review within CDRH, including both 510(k) submis-
sions and PMA applications, the number of FTEs increased in FY 2004–FY 
2008 from 516 to 618.65 Thus, it appears that only in the past few years, 
with the adoption of user fees, have the resources committed to premarket 
reviews increased substantially. 

Procedural Demands

The second fundamental factor affecting implementation was an in-
crease in procedural steps needed for the FDA to take administrative actions.

Soon after taking office, President Reagan issued Executive Order 
12291 on Federal Regulations to implement new controls over the issuance 
of regulations by all US agencies.66 It specified that agencies must have 
“adequate information concerning the need for and consequences of pro-
posed government action” and must prepare a regulatory impact analysis 
for any major rule or regulation that could affect the economy, increase 
costs or prices, or substantially and adversely affect competition, produc-
tivity, or innovation. Moreover, regulatory action was permitted only if the 
potential benefits to society outweighed the potential costs, if the proposed 
action maximized the new benefits, and if alternative approaches had been 
considered to achieve the same objective at a lower net cost to society. To 
enforce those standards, OMB was required to review all proposed and all 
final major regulations before publication by an agency. The effect of the 
new controls was to increase the time and administrative burdens on the 
FDA to draft and issue regulations. The executive order is still in effect.

Soon after the issuance of Executive Order 12291, HHS Secretary Rich-
ard Schweiker issued an order that modified the delegation of authority to 
the commissioner of food and drugs to promulgate regulations implement-
ing the FFDCA. The order reserved the secretary’s authority to approve the 
FDA regulations that addressed important public issues involving quality, 
availability, marketability, or cost of FDA-regulated products.67 This order 
is still in effect.

The MDA dictated that many agency actions be carried out only 
through proceedings involving the issuance of regulations or analogous 
procedures for soliciting public input and establishing final orders, for ex-
ample, to classify or reclassify devices,68 to establish performance standards 

65Id. at 50.
66Exec. Order No. 12291, 46 Fed. Reg. 13,193 (Feb. 17, 1981).
6746 Fed. Reg. 26,052 (May 11, 1981) (2006).
68FFDCA § 513(c)–(f), 21 USC § 360c(c)–(f) (2006).
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for specific types of Class II devices,69 to require PMAs for specific types of 
preamendment Class III devices,70 to ban devices,71 to require records and 
reports from manufacturers,72 to restrict the sale or use of an individual de-
vice to medical practitioners,73 and to specify good manufacturing practices 
for manufacturers.74

The MDA’s requirements for promulgation of regulations often went 
beyond the basic requirements of the Administrative Procedure Act, which 
governs the promulgation of federal regulations generally. For performance 
standards for Class II devices, for instance, the MDA required that five sepa-
rate notices be published in the Federal Register: a notice initiating proceed-
ings to establish a performance standard, which provided manufacturers 
an opportunity to request a change in classification in lieu of a standard; 
a notice inviting submission of existing voluntary or industry standards 
as a proposed FDA standard and offers to develop the standard; a notice 
accepting or rejecting offers and announcing a decision to proceed with a 
standard; a notice proposing a standard and inviting comments; and a notice 
promulgating the final standard.75 If it were requested by a manufacturer, 
the FDA had to convene an advisory committee to review the proposed stan-
dard before issuing a final order.76 In the wake of Executive Order 12291, 
the FDA also decided that before it would initiate a proceeding to establish 
a performance standard, it would consider the following alternative steps: 
requesting that manufacturers voluntarily solve device problems, publicizing 
particular device problems, publishing educational and technical informa-
tion, participating in developing a voluntary standard, using other general 
controls, and developing guidelines.77 It should surprise no one, therefore, 
that the FDA did not promulgate a single Class II performance standard in 
the period 1976–1990 and has adopted very few since.

The effect of those procedural burdens is also illustrated by the FDA’s 
implementation of the MDA’s restricted-device provision. Congress em-
powered the agency to issue regulations imposing restrictions on the sale, 

691976 MDA § 514 (b)–(e) (removed by the Safe Medical Devices Act of 1990, Pub. L. No. 
101-629 § 6(a)(2), 104 Stat. 4511, 4519-20 (1990) [hereinafter SMDA]).

70FFDCA § 515(b), 21 USC § 360e(b) (2006).
71FFDCA § 516(a), 21 USC § 360f(a) (2006).
72FFDCA § 519(a), 21 USC § 360i(a) (2006).
73FFDCA § 520(e), 21 USC § 360j(e) (2006).
74FFDCA § 520(g), 21 USC § 360j(g) (2006).
751976 MDA § 514 (b)–(g), 90 Stat. 539 (Subsections (b)–(f) were removed by SMDA § 6(a)

(2); Subsection (g) is now codified as 21 USC § 360d(b) (2006)).
761976 MDA § 514(g)(5) (now codified as 21 USC § 360d(b)(5) (2006)).
77FDA Bureau of Medical Devices, Policy for Class II Medical Devices (August 1982) 

(unpublished internal draft, cited in office of tech. assessment, congress of the united states, 
federal policies and the medical devices industry 109-110, 250 n. 387 (1984)).
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distribution, or use of a device.78 Once a device was declared restricted, 
the FDA was authorized to regulate its advertising and promotion and to 
inspect its manufacturing records.79 Before the MDA’s enactment, many 
devices were marketed as “prescription devices” that could be sold only to 
or on order of or used only by a physician. One week after President Ford 
signed the bill into law, the FDA published a notice in the Federal Register 
declaring that existing prescription devices were now “restricted devices.”80 
Several device manufacturers challenged the FDA’s legal position, and 
federal courts ruled that the FDA had to use formal notice-and-comment 
rule-making to declare devices restricted.81 In response, the FDA proposed 
a rule on restricted devices in October 1980, observing that the decision of 
whether a device was a prescription device was often made by individual 
manufacturers without consistent standards or objective criteria.82 A year 
later, however, the FDA withdrew the proposed rule, stating that comments 
argued that the existing system for designating devices as prescription-only 
devices was adequate and that Executive Order 12291 directed the FDA not 
to impose new requirements unless the benefits outweighed the costs.83 The 
agency went on to say that it would rely on its other authorities, such as 
its power to inspect records that were required to be kept under the good-
manufacturing-practice regulations and under the dispensing and labeling 
requirements for prescription and nonprescription devices. The FDA has not 
attempted since 1981 to issue regulations under the MDA’s restricted-device 
provision although it has used its authority to designate individual devices 
as restricted in conjunction with PMA approvals84 and with special controls 
on some Class II devices.85

Effects of Resource and Process Constraints

The consequences of inadequate resources and elaborate procedural 
requirements were predictable. The FDA did not complete many of the man-
dates of the MDA. For example, by 1987, the FDA had not completed the 
classification of pre-1976 devices (a task finished in 1988 [Hutt et al., 2007, 
supra note 11, 986]), had not promulgated any performance standards for 
any of the roughly 1,100 types of devices placed in Class II, and had not 

78FFDCA § 520(e), 21 USC § 360j(e) (2006).
79FFDCA § 502(q)–(r), 21 USC § 352(q)–(r); § 704(a), 21 USC § 374(a) (2006).
80Implementation of the Medical Device Amendments of 1976, 41 Fed. Reg. 22,620 (June 

4, 1976).
81Becton, Dickinson & Co. v. FDA, 589 F.2d 1175, 1182 (2d Cir. 1978); In re Establishment 

Inspection Portex, Inc., 595 F.2d 84, 86-87 (1st Cir. 1979).
8245 Fed. Reg. 65,619 (Oct. 3, 1980).
8346 Fed. Reg. 57,568 (Nov. 24, 1981).
84FFDCA § 515(d)(1)(B)(ii), 21 USC § 360e(d)(1)(B)(ii) (2006).
85FFDCA § 514(a)(2)(B)(v), 21 USC § 360d(a)(2)(B)(v) (2006).
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called for PMAs for any of some 140 preamendment Class III devices.86 As 
discussed below, even after amendment of the MDA in 1990 to ease the 
burdens on the FDA, the problems in completing implementation of the 
MDA remained a major concern to Congress. The Subcommittee on Health 
and the Environment of the House Committee on Energy and Commerce re-
quested an audit by GAO regarding the FDA’s rule-making process in 1990. 
In April 1992, the subcommittee held a hearing devoted to that subject, cit-
ing delays in issuing regulations called for by various FDA statutes passed 
in 1983, 1984, and 1990. The chairman opened the hearing by stating that 
“the most troubling area of concern is implementation of the 1976 medical 
device amendments.”87 As a result of the FDA’s delays in issuing a particular 
regulation called for by the 1990 amendments to the MDA, Congress was 
compelled to pass a new law in June 1992 to revise the 1990 amendments 
to provide additional time for implementation.88

The most important consequence of the combination of limited re-
sources and burdensome administrative procedures was the evolution of 
the 510(k) clearance process from a transitional tool for preclearance of 
postamendment Class III devices and unclassified types of devices to a 
permanent and dominant means of premarket review of most devices. By 
broadening the concept of substantial equivalence, the FDA used the 510(k) 
system to avoid requiring PMAs for (or down-classifying) many new and 
novel devices that would have been placed in Class III. More than 80% 
of postamendment Class III devices had entered the market on the basis 
of a 510(k) showing substantial equivalence to a preamendment device.89 
Moreover, many postamendment devices were being found substantially 
equivalent to preamendment devices in Class I or Class II notwithstanding 
substantial technologic changes. For example, computerization of many de-
vices occurred under the 510(k) system (IOM, 2010, pp. 22–28). The result 
was that some 10 years after enactment most Class II and Class III devices 
still underwent a premarket review that appeared to be no more rigorous 
than that applied to Class I devices.90 

86Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 
Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy and 
Commerce, 100th Cong. 345 (1987) (referred to in the statement of Rep. Henry A. Waxman, 
Chairman, H. Subcomm. on Health and the Env’t).

87Food and Drug Administration Oversight: Hearing Before the Subcomm. on Health and 
the Env’t of the H. Comm. on Energy and Commerce, 102d Cong., pt. 2, at 1 (1992).

881992 MDA, Pub. L. No. 102-300, 106 Stat. 238. The regulation related to reporting by 
user facilities of device-related adverse medical events.

89Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 
Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy and 
Commerce, 100th Cong. 344 (1987) (referred to in the statement of Rep. Henry A. Waxman, 
Chairman, H. Subcomm. on Health and the Env’t).

90Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 
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To understand why and how that situation came about, one must start 
with a literal reading of the MDA and a narrow interpretation of “substan-
tial equivalence.” For a proposed postamendment device, the manufacturer 
was to submit sufficient information for the FDA to determine whether it 
was substantially equivalent to a preamendment device. If the FDA found 
that the new product was not substantially equivalent, it was automatically 
placed in Class III. The manufacturer would then have to submit a PMA 
or file a petition to reclassify the device into Class I or Class II.91 The PMA 
was totally new and untested but was perceived as likely to be burdensome 
for both industry and the FDA in cost and time to prepare and review. The 
alternative, device reclassification, was one of the processes for which Con-
gress had demanded extensive notice-and-comment rule-making procedures 
and advisory-committee participation; in addition, a reclassification from 
Class III to Class II could be conditioned on the completion of additional 
lengthy procedures to establish a performance standard for the device.92

Both alternatives proved very demanding of FDA resources. In 1987, the 
agency told Congress that it estimated that the staff time needed to review a 
PMA was more than 1,200 hours on average. In contrast, the FDA said that 
it needed only 20 hours, on the average, to review a 510(k) submission.93 
That is, for every two products required to undergo PMA review instead 
of 510(k) review, the FDA might need an additional full-time employee. 
At that time, the agency received more than 5,000 510(k) and 100 PMA 
submissions a year. If even 1% more of the new products were subject to 
PMA rather than the 510(k) clearance process, the FDA could need 25 ad-
ditional employees. The agency also believed that issuance of performance 
standards for Class II devices would be even more burdensome, estimating 
that 40 staff-years (not staff-hours) would be required to develop a single 
performance standard (GAO, 1988b, p. 4).

Without more resources, the FDA chose to use the 510(k) clearance 
process as much as possible. To do that, the FDA implemented a liberal 
reading of substantial equivalence. In addition, it began to let manufacturers 
file 510(k)s that relied on a sequential chain of prior 510(k)s for postamend-
ment devices to build the substantial equivalence to a preamendment device. 

The FDA’s preclearance strategy was clearly described by Congress’s 
former OTA in a 1984 report:

Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy and 
Commerce, 100th Cong. 337 (1987) (referred to in the statement of Rep. Henry A. Waxman, 
Chairman, H. Subcomm. on Health and the Env’t).

91FFDCA § 513(f), 21 USC § 360c(f).
92FFDCA § 513(e), 21 USC § 360c(e).
93Medical Devices and Drug Issues: Hearing Before the Subcomm. on Health and the Env’t 

of the H. Comm. on Energy and Commerce, 100th Cong., 384 (1987) (statement of James 
S. Benson, Deputy Director, Center for Devices and Radiological Health, Food and Drug 
Administration, Department of Health and Human Services).
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The 510k process, together with a determination of substantial equiva-
lence, has been used extensively for postamendment devices to avoid Class 
III designation and its automatic requirement for premarket approval, or to 
avoid the involved rulemaking process necessary to reclassify such devices 
from Class III to Class I or II.

Use of the substantial equivalence clause to permit the marketing of devices 
without premarket approval has been encouraged by FDA’s regulations and 
practices. First [for product modifications, FDA limited the requirement for 
a 510(k) submission to] “changes that could significantly affect the safety 
or effectiveness of the device” [emphasis added]. . . . 

Second, FDA allows manufacturers to trace back through a chain of sub-
stantially equivalent postamendment devices to a device on the market 
before the amendments were enacted. . . . This practice has been labeled 
“piggybacking” or, alternatively, “equivalence creep”. . . . 

Third, the amount of data required to show substantial equivalence varies 
widely, depending on the device. (OTA, 1984, p. 104)

The data cited by OTA confirm the idea that the FDA seemed inclined 
to find substantial equivalence as often as possible (see Table A-1).

The percentage of 510(k) submissions found to be not substantially 
equivalent (NSE) has remained in the range of 2–4% throughout the life of 
the program. In the period FY 1988–1990, the percentage found NSE was 
about 2.0%.94 From FY 1989 through FY 1996, it continued in the same 
low range (see Table A-2).

In the period FY 2004–2009, the submissions found NSE were 3–4%, 
and the submissions subject to other disposition rose from 9% to 17% 
(FDA, 2010, p. 39). 

The category “Other Disposition or Open” includes 510(k) submis-
sions on which a final judgment of equivalence had not been made, those 
on which additional information was requested and the applicant could not 
respond in 30 days, those withdrawn by the applicant, those not accepted 
for filing by CDRH, those forwarded to the Center for Biologics Evaluation 
and Research or the Center for Drug Evaluation and Research for review, 
those deleted (for example, duplicates), those exempted by regulation from 
510(k) review, those involving products that are not actively regulated (for 
example, a general-purpose article, an unfinished product, or not a device), 
and other administrative dispositions. It is possible that the percentage of 

94Subcomm. on Oversight and Investigations of the H. Comm. on Energy and Commerce, 
103d Cong., Less Than the Sum of Its Parts: Reforms Needed in the Organization, 
Management, and Resources of the Food and Drug Administration’s Center for Devices 
and Radiological Health 42 (Comm. Print 103-N). 

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


APPENDIX A	 231

TABLE A‑1 510(k) Submissions and Those Found Not Substantially 
Equivalent, 1976–1982

Year
No. 510(k) 
Submissions

No. 510(k) 
Submissions Found 
Not Substantially 
Equivalent

Percentage of 510(k) 
Submissions Found 
Not Substantially 
Equivalent

1976 (7 months) 1,362 8 0.6%
1977 2,427 47 1.9%
1978 2,180 43 2.0%
1979 2,714 44 1.6%
1980 3,316 73 2.2%
1981 3,652 63 1.7%
1982 3,780 55 1.5%
Total 19,431 333 1.7%

SOURCE: Adapted from OTA, 1984, p. 104. 

510(k) submissions that are found to be substantially equivalent is a better 
statistic by which to measure the success of the system in excluding inap-
propriate products from the market. This approach assumes, however, that 
all the “other dispositions” are the result of a likely finding of NSE, that 
is, that persons filing these 510(k) submissions withdraw them or fail to 
respond to questions because they recognize the futility of proceeding. This 
category undoubtedly includes 510(k) submissions that would ultimately 
have been judged NSE, but the available data do not permit further analysis.

The lack of volatility in the NSE rate over a 30-year period is remark-
able, given that it covers different generations of reviewers and companies 
filing 510(k) submissions, emerging novel technologies, elimination of 
510(k) reviews for most Class I devices, much higher average numbers of 
pages per submission, increasing demands for clinical and laboratory data, 
and evolving review practices and guidance. A congressional report in 1993 
asserted, without citation, that CDRH had an “‘unofficial’ policy that disap-
proval of 510(k) submissions should not exceed 2 percent.”95 If true, that 
would support the view that, for at least some period, the FDA consciously 
sought to minimize its PMA workload by relying on the 510(k) clearance 
process. In any event, the history casts doubt on the reliability of a long 
chain of prior 510(k) clearances for making decisions today. If a product 
should have been processed by a PMA in the 1980s or 1990s but went 
through the 510(k) clearance process instead, any substantially equivalent 
product in 2010 must by law be cleared by the 510(k) clearance process. 

95Subcomm. on Oversight and Investigations of the H. Comm. on Energy and Commerce, 
103d Cong., Less Than the Sum of Its Parts: Reforms Needed in the Organization, 
Management, and Resources of the Food and Drug Administration’s Center for Devices 
and Radiological Health 39 (Comm. Print 103-N).
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Congressional Oversight of the Food and Drug Administration’s 
Implementation of the Medical Device Amendments in 1982–1990

Congress monitored how the 1976 amendments were implemented by 
the FDA through various arms: GAO, OTA, the Subcommittee on Health 
and the Environment and the Subcommittee on Oversight and Investigations 
of the House Committee on Energy and Commerce, and the Senate Com-
mittee on Labor and Human Resources. Reports and hearings demonstrate 
that many of the issues facing medical-device regulation now were identified 
and examined more than 2 decades ago.

1982–1983 Subcommittee on Oversight and 
Investigations Hearings and May 1983 Report

The Subcommittee on Oversight and Investigations conducted a hearing 
on the implementation of the MDA on July 16, 1982, and launched its own 
investigation.96 In the following year, the subcommittee issued a report titled 
Medical Device Regulation: The FDA’s Neglected Child.97 It was harshly 
critical of the agency, as can be seen in the chairman’s letter of transmittal 
to the committee, which described the report as “a picture of bureaucratic 
neglect for public health and safety that shocks the conscience,” opined that 
the FDA had shown “a cavalier disregard for the potential consequences” 
of its inaction, and cited many examples of “FDA’s derelictions in the device 
area.”98 

The subcommittee made a series of findings, including99

1. Through negligence, or by intention, the FDA has failed to implement 
major provisions of the [MDA]:

	 a.	� The agency has lost control of the medical device classification pro-
cess, failing to complete in 6 years major tasks for which Congress 
allocated 1 year.

	 b.	� The agency has not even begun to develop standards to assure safe, 
effective performance of class II devices.

	 c.	� The agency has not required manufacturers of “old” class III devices 
to submit premarket approval applications.

	 d.	� The agency has adopted no valid, reliable adverse experience report-

96FDA Oversight: Medical Devices, Hearing Before the Subcomm. on Oversight and 
Investigations of the H. Comm. on Energy and Commerce, 97th Cong. (1982).

97Subcomm. on Oversight and Investigations of the H. Comm. on Energy and Commerce, 
98th Cong., Medical Device Regulation: The FDA’s Neglected Child (Comm. Print 98-F).

98Id. at iii–iv (Letter of Transmittal, John D. Dingell, Chairman, H. Subcomm. on Oversight 
and Investigations).

99Id. at 4.
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ing system to inform the agency of device-related deaths, injuries, or 
device defects.

	 e.	� The agency has used its significant new authority to notify profes-
sionals and users of devices of risks of harm a mere three times in 6 
years, and it has used its authority to order repair, replacement, or 
refund but once.

2. The FDA is relying almost exclusively on “General Controls” to regu-
late devices when it previously determined that such general controls were 
inadequate.

3. As a consequence, the FDA is not equipped and, therefore, is unable to 
assure the American people that many medical devices currently on the 
market—and relied upon to treat disease and to sustain life—are safe and 
effective.

4. By failing to “restrict” devices in order to address problems caused 
through their misuse by inappropriately trained persons or in poorly 
equipped facilities, the FDA has failed to deal with the most frequent source 
of device-related injuries.

The subcommittee interpreted the MDA to compel performance stan-
dards for all Class II devices without discretion on the part of the FDA. The 
subcommittee also rejected an argument made by the FDA that performance 
standards might not be essential for Class II devices because there were no 
problems with the devices. In the subcommittee’s view, the absence of an 
effective system for identifying device-related adverse experiences precluded 
the FDA from drawing any such conclusion.100 It further rejected, as con-
trary to the risk-prevention approach adopted by Congress in the MDA,101 
the idea of deferring performance standards until a public-health problem 
was identified. 

The subcommittee made no specific legislative recommendations, but 
it did call attention to the “practical impossibility” of performance stan-
dards for each of the more than 1,000 types of Class II devices. It therefore 
suggested that “consideration be given to alternatives that recognize that 
although devices placed into Class II may pose significant risks to health, 
with respect to some devices those risks may be addressed by a species of 
controls less comprehensive than the mandatory performance standards 
now required by section 514.”102 One option identified was to divide Class 
II into two classes, for which one (Class II) would be required to have 
performance standards and the other (Class II-A) would not have to have 

100Id. at 15.
101Id. at 16.
102Id. at 5.
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performance standards but could be subject to greater regulatory controls 
than Class I devices (for example, classification as a restricted device or 
increased mandatory adverse-experience reporting).103 The primary prob-
lem, in the subcommittee’s view, was that the FDA had classified too many 
devices into Class II and some way had to be found to reduce the number 
subject to mandatory performance standards.104

September 1983 General Accounting Office Report

GAO issued a report to Congress titled Federal Regulation of Medi-
cal Devices—Problems Still to be Overcome in fall 1983 on the basis of 
a survey of 68 people in a variety of disciplines in the private sector who 
were considered experts on medical devices, including consumer groups, 
health care, biomedical research, bioengineering, law, trade associations, 
and manufacturing (GAO, 1983). The survey was designed to explore the 
extent of MDA implementation, the effects on innovation and manufactur-
ing costs, and the general focus and extent of federal regulation. GAO also 
examined the FDA’s information systems and interviewed FDA officials.

GAO concluded that the FDA needed a comprehensive information 
system on the safety of medical devices in the marketplace; that development 
of performance standards for Class II devices—numbering more than 1,000 
at that point—would be time-consuming and expensive, likely to become 
obsolete quickly, and perhaps unnecessary to ensure the safety and effective-
ness of devices; that review of preamendment Class III devices would take 
many years; and that new risky devices in Class II and Class III were not 
being assessed for safety and effectiveness but only for substantial equiva-
lence to preamendment devices. GAO observed, with regard to the 510(k) 
clearance process, that “FDA’s position is that ‘substantial equivalency’ does 
not require a determination of safety and effectiveness” (GAO, 1983, p. 55) 
and that the “major problem cited by experts we interviewed was that the 
substantial equivalence review provides no assurance of device safety and 
effectiveness” (GAO, 1983, p. 56).

Among its recommendations, GAO proposed that the FDA “(1) iden-
tify new Class II devices that pose health risks significant enough to require 
examination of safety and effectiveness data as part of an adequate finding 
of substantial equivalency and (2) develop guidelines for determining and 
documenting the safety and effectiveness of such devices” (GAO, 1983, p. 
63). The FDA and its parent agency, HHS, disagreed with that particular 
recommendation, stating the following (GAO, 1983, pp. 75–76):

This [proposed] procedure would significantly alter the classification and 

103Id. at 17.
104Id. at 18.
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marketing procedures established in the amendments for Class II devices 
in a way not intended by the Congress.

	 *		  *		  *		  * 

As opposed to being a means for determining safety and effectiveness, the 
510(k) process was intended by Congress to be simply a screening mecha-
nism that would: (1) allow “substantially equivalent” post-Amendments 
devices to enter the market and be regulated like their pre-Amendment 
predecessors; and (2) identify “not substantially equivalent” post-Amend-
ments devices and automatically place them in the premarket approval 
category. . . .

We also believe FDA is applying the “substantial equivalency” test in a 
manner consistent with Congressional intent, though Congress’ instruc-
tions are not explicit on the interpretation of this term. 

GAO’s response to the FDA’s comments was to reaffirm its recommen-
dation and emphasize the deficiency in the current system (GAO, 1983, 
pp. v–vi, pp. 63–64):

GAO’s rationale for recommending safety and effectiveness documentation 
for certain Class II devices is similar to the reasons why safety and effective-
ness reviews are necessary for Class III devices. In neither case has FDA de-
termined the safety and effectiveness of the preenactment devices for which 
the new device is considered substantially equivalent. For Class III devices, 
FDA is required to make a safety and effectiveness determination for the 
preenactment device, but has not done so. For new Class II devices, FDA 
must determine whether they are substantially equivalent to a preenactment 
device, but is not required to establish whether the preenactment device is 
safe and effective. Consequently, a safety and effectiveness review is not 
conducted for either the substantially equivalent or preenactment device. 
Implementation of GAO’s recommendation would provide assurances that 
risky new Class II devices are safe and effective. 

February 1984 House Subcommittee on Health 
and the Environment Hearing

On February 24, 1984, the Subcommittee on Health and Environment 
of the House Committee on Energy and Commerce held its first oversight 
hearing on implementation of the MDA.105 GAO presented a summary of 
its 1983 report and was followed by the FDA, represented by the acting 

105Medical Device Amendments of 1976: Hearing Before the Subcomm. on Health and the 
Env’t of the H. Comm. on Energy and Commerce, 98th Cong. (1984) (cited in Subcomm. on 
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commissioner and the director of CDRH. The FDA’s testimony highlighted 
these points:

•	 �The FDA was “considering the development of instructions 
that describe what constitutes appropriate content for a 510(k) 
submission.”106 In other words, in the first 8 years of the 510(k) pro-
gram, there was neither a standardized format nor a set of required 
contents for these submissions.

•	 �Issuance of performance standards for all Class II devices was nei-
ther possible nor essential. First, it was too resource-intensive. “This 
assessment is based on the experience we have gained in the radia-
tion area, where we have found, for example, that it takes roughly 
40 person-years to develop a performance standard, and about 23 
person-years annually to enforce it. [And] we have found that tech-
nological advances force us to revise many standards periodically, 
thus further depleting our resources.”107 “More important, it is un-
necessary to develop federally mandated performance standards for 
all of these devices in order to protect the public health.”108 

•	 �Down-classification of Class II device types to Class I, to avoid per-
formance standards, would not reduce the resource burden. “In order 
to reclassify, the law requires that we assemble scientific evidence 
of safety and effectiveness, with a notice-and-comment rulemaking 
procedure in the Federal Register for each device.”109

•	 �Subdividing Class II into Class II and Class II-A, as suggested by the 
Subcommittee on Oversight and Investigations report of May 1983, 
“would still be too inflexible, simply substituting one set of require-
ments for another. Most important, the FDA does not need addi-
tional class II-A authority, since we already have sufficient authority 
under the general controls of class I to carry out any of the actions 
stipulated in the class II-A proposal [that is, imposing restrictions 
under the restricted-device provisions, increasing medical-device 
adverse-event reporting, and subjecting firms to periodic checking 
by FDA].”110

•	 �The FDA did request new legislation to eliminate what it perceived as 
a statutory obligation to promulgate performance standards for every 

Health and the Env’t of the H. Comm. on Energy and Commerce, 98th Cong., Health and 
the Environment Miscellaneous–Part 2 (Comm. Print 98-108)).

106Id. at 296 (statement of Mark Novitch, M.D., Acting Commissioner of Food and Drugs, 
Food and Drug Administration, Department of Health and Human Services). 

107Id. at 296–297. 
108Id. at 297. 
109Id.
110Id. 
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Class II device type. “Class II devices [are] those for which manda-
tory performance standards are presently required by the law.”111 
“We believe that changes in the law are needed which would give 
[FDA] discretionary authority to select those devices requiring man-
datory standards. . . . With the addition of discretionary authority, 
the Agency will be able to deal realistically with the class II device 
problem without compromising public health.”112

•	 �For Class II devices for which performance standards were needed, 
the process for establishing the standards should be streamlined.113

•	 �Although final regulations for manufacturer reporting of device-
related adverse medical experiences—medical-device reporting 
(MDR)—had not yet been promulgated, even when in place they 
would not provide a complete picture. “In fact, many device prob-
lems in the field can be attributed to how the device is used, as op-
posed to how it is manufactured. Thus, we need a monitoring system 
which is complementary to MDR, but which relies on information 
from hospitals, practitioners, and consumers. This voluntary system, 
[which] we call the Device Experience Network, or DEN, is already 
in place, and is yielding approximately 2,500 reports per year, each 
of which is assessed, and many of which require action.”114

In his questioning, the chairman of the subcommittee noted that one 
of the major device-industry trade associations, the Health Industry Manu-
facturers Association (HIMA), was going to testify later in the hearing to 
the effect that the FDA was not required by the MDA to promulgate per-
formance standards for all Class II devices. The FDA chief counsel set forth 
the FDA’s view of the law:

A device is placed in class II because a determination has been made that 
the class I general controls are insufficient to provide reasonable assurance 
of the safety and effectiveness of the device.

That determination having been made and the device having been put into 
class II, you have got an outstanding determination that the controls pro-
vided under class I are insufficient, and a determination that a performance 
standard should be set for the device. We think that that combination of 
requirements appearing in the two classes . . . do not give us discretion to 
decline ever to promulgate a standard for a device that is in class II.

The argument that we do have such discretion is based on the initial 

111Id. at 305. 
112Id. at 297. 
113Id. 
114Id. at 298. 
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language of section 514, which says [FDA] may, by regulation, issue a 
performance standard. We don’t regard the word “may” there as giving us 
the discretion not to establish a performance standard.

We can rank order devices, and establish a priority list . . . but we think 
the act, as currently drafted, does contemplate that unless we are given the 
discretion to stop at some point, we have to keep going down that list and 
establish performance standards.115

The testimony of HIMA on this point presents a different view:

As to the nature of FDA’s standards-writing authority, we agree that there 
is ambiguity as to whether FDA must write standards for Class II products 
or whether it may write such standards. . . . The legislative history contains 
little to clarify explicitly this apparent contradiction, so we are left with 
attempting to reconcile these two statutory provisions.116

HIMA goes on to construct an argument that concludes that although 
the definition of Class II stated that a performance standard is necessary to 
provide reasonable assurance of safety and effectiveness, it does not require 
that this standard be promulgated by the FDA.117

March and September 1984 House Subcommittee 
on Oversight and Investigations Hearings

The Subcommittee on Oversight and Investigations held two hearings 
focused on device-related adverse-medical-experience reporting and the 
long delay in the FDA’s issuance of regulations to implement the author-
ity conferred in the MDA in 1976.118 The FDA promulgated its MDR 
regulations, to take effect in 3 months (on December 14, 1984), just days 
before the second hearing, which was held on September 26, 1984.119 The 
subcommittee took credit for getting that action completed. The presiding 
representative, Albert Gore, said:

This subcommittee . . . is painfully aware of the history of this particular 

115Id. at 330 (answer of Thomas Scarlett, chief counsel, Food and Drug Administration, 
Department of Health and Human Services). 

116Id. at 350 (testimony of the Health Industry Manufacturers Association). 
117Id. 
118Failed Pacemaker Leads: Hearing Before the Subcomm. on Oversight and Investigations 

of the H. Comm. on Energy and Commerce, 98th Cong. (1984) (Comm. Print 98-134); 
Anesthesia Machine Failures: Hearing Before the Subcomm. on Oversight and Investigations 
of the H. Comm. on Energy and Commerce, 98th Cong. (1984) (Comm. Print 98-188).

119Medical Device Reporting, 49 Fed. Reg. 36,326 (Sept. 14, 1984) (to be codified at 21 
CFR pt. 600, 803, 1002-03).
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regulation. It was first proposed in November 1980, some 4 years after 
the passage of the law referred to earlier. Shortly after this administration 
took office, that regulation which had been proposed was pulled back and 
was sent to disappear into what I have referred to as the black hole of 
cost-benefit analysis, and the regulation remained in that black hole until 
the subcommittee’s 1982 hearings and the 1983 report.

On May 27, 1983, the agency reproposed the mandatory device reporting 
regulation. True to his word, then Acting Commissioner Novitch submit-
ted the regulation to Secretary [of Health and Human Services Margaret] 
Heckler in March of this year, and there the regulation sat until on August 
24 the subcommittee contacted Secretary Heckler again and said we are 
going to have another hearing; 3 days later, she signed the regulation, and 
it was at last published in the Federal Register.120

October 1984 Office of Technology Assessment Report

At the request of the Senate Committee on Labor and Human Resources 
in 1982, OTA, a congressional office that existed from 1972 to 1995 to 
provide objective and authoritative analysis of complex scientific and tech-
nical issues, convened an expert advisory panel to examine federal policies 
involving the medical-device industry. Its final report covered characteristics 
of the device industry, policies affecting payment for devices and health 
care, research on and development of devices, the use of medical devices, 
and regulation by the FDA (OTA, 1984). OTA made a number of salient 
observations about the 510(k) clearance process:

•	 �The FDA had used the 510(k) clearance process and its interpretation 
of substantial equivalence to avoid putting many products into Class 
III and the concomitant workload that PMA would necessitate (OTA, 
1984, p. 104). 

•	 �OTA was particularly concerned about the devices in Class II. More 
than 60% of the device types so far classified had been placed in 
Class II, and that suggested that it was a catch-all category, offering 
the appearance of more controls than the minimum requirements 
imposed on Class I while not subjecting products to the full demands 
that PMA required of a Class III device. The criteria for Class II were 
that general controls could not be expected to provide reasonable 
assurance of safety and effectiveness of a device and that there was 
sufficient evidence to establish a performance standard to provide 

120Anesthesia Machine Failures: Hearing Before the Subcomm. on Oversight and 
Investigations of the H. Comm. on Energy and Commerce, 98th Cong. 39 (1984) (Comm. 
Print 98-188).

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


APPENDIX A	 241

such assurance. But the FDA had not established a single perfor-
mance standard and was unlikely to be able to promulgate many, 
because of the procedural requirements in the law. OTA opined that 
the “fact that no mandatory performance standards have been is-
sued casts doubts on [the] conclusion” that the device types placed 
in Class II met the statutory criteria. “Regardless of whether or not 
the 1976 statute requires, rather than permits, the use of performance 
standards, the fact remains that, as a practical matter, there is little 
possibility that standards can be formulated for the large number 
of device types that have been placed in Class II. If performance 
standards were meant to be selectively used, the designation of so 
many device types as Class II and the resulting perception of the 
futility of such an exercise have been damaging to the FDA’s efforts, 
no matter what the rationale” (OTA, 1984, p. 120). Moreover, in 
the absence of performance standards, all Class II devices had been, 
in effect, regulated as though they were Class I devices (OTA, 1984, 
pp. 109–110).

•	 �Between 1977 and 1982, a total of 128 Class III products had gained 
PMA approval, and another 1,007 Class III products had entered 
the market via the 510(k) clearance process on findings of substan-
tial equivalence to preamendment Class III devices that had yet to 
undergo PMA review for safety and effectiveness (OTA, 1984, pp. 
112–114). Thus, almost 90% of the Class III products entering the 
market in this period were also in effect regulated as though they 
were Class I devices.

•	 �The FDA did not deem a 510(k) clearance either an approval for 
marketing or a finding of safety or efficacy. “FDA’s Office of General 
Counsel does not consider a finding of ‘substantial equivalence’ an 
approval. A device is considered approved once a determination is 
made that it is safe and effective. The 510(k) method of obtaining 
the FDA’s permission to market a device is basically a determination 
that the device is substantially equivalent to a preamendments device, 
and the FDA has no choice but to allow it to be marketed; it is not 
a determination that the device is safe and effective” (OTA, 1984, p. 
128).

OTA laid out options for policy-makers to consider but did not recom-
mend any specific actions. One option would “recognize the two-tiered 
regulatory approach that has been applied to medical devices rather than 
the three-tiered approach originally built into the law” (OTA, 1984, p. 127) 
Other options to reduce or eliminate the challenges of performance stan-
dards for all Class II devices were to give the FDA authority to use methods 
other than performance standards to regulate Class II devices, to create a 
new category in Class II that would be regulated through methods other 
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than performance standards, and to encourage the FDA to reclassify most 
Class II devices into either Class I or Class III. 

OTA had an interesting perspective on the use of substantial equiva-
lence. It believed that the practice would gradually fade away, stating: 

as new generations of postamendments devices diverge more and more 
from their preamendments antecedents, it will be harder for manufacturers 
to use the substantial equivalence method of market entry. It will also be 
harder to practice “piggybacking,” in which a postamendments device is 
compared to another postamendments device and, through a chain of other 
postamendments devices, eventually compared to a preamendments device.

More immediately, FDA’s Office of Chief Counsel has stated that such 
“piggybacking” is not authorized by the amendments, and if the practice 
of piggybacking ceases, more postamendments devices will eventually be 
placed in Class III, and their manufacturers will have to go through the 
full premarket approval process or petition FDA for reclassification. (OTA, 
1984, p. 130)

Thus, OTA assumed that existing procedures for determining substan-
tial equivalence would be self-limiting. OTA offered two other options 
for consideration: eliminate the automatic classification of novel devices 
into Class III (allowing the FDA instead to make the initial classification 
at the time of initial notification) and develop procedures for reviewing 
modifications of commercially available devices distinct from procedures 
for reviewing new devices (assuming, apparently, that changes made in 
marketed products by existing suppliers raised fewer and narrower issues 
than the introduction of novel devices and new manufacturers) (OTA, 1984, 
pp. 130–131).

December 1986 General Accounting Office Report

The December 1986 GAO report was the first in a long series, stretching 
over more than 20 years, that has been critical of the FDA’s MDR system. 
GAO undertook a study of the FDA’s systems for monitoring device safety 
before the December 1984 implementation of mandatory manufacturing 
reporting of adverse experiences associated with medical devices. It found 
that hospitals report only about half the experiences to anyone (the FDA, 
manufacturers, or third-party organizations). Furthermore, information giv-
en to representatives of manufacturers rarely got to the companies’ central 
files, from where they might be sent to the FDA. It concluded that the FDA 
learns about less than 1% of hospital-based device-related injuries. GAO 
recommended that the FDA establish a voluntary postmarketing surveil-
lance system involving a representative sample of hospitals (GAO, 1986).
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May 1987 House Subcommittee on Health and the Environment Hearing

On May 4, 1987, the Subcommittee on Health and the Environment 
held a hearing on the FDA’s implementation of the MDA.121 GAO testified 
before the FDA, focusing on the 1986 report, but adding that it did not 
believe that the FDA’s recent MDR regulations would solve the deficiencies 
identified in the report inasmuch as the agency was relying on reporting 
by manufacturers; too many opportunities existed for the communica-
tion of adverse-experience information to break down before it got to the 
manufacturer.122

The chairman of the subcommittee, in a memorandum to its members, 
identified a number of concerns, including the absence of performance 
standards for Class II devices, the failure of the FDA to require PMAs for 
preamendment Class III devices and reliance on the 510(k) clearance process 
instead, the paucity of postamendment devices approved by PMA, the ap-
parent increase in device recalls, and MDR reports.123 He singled out the 
expansion of the concept of substantial equivalence in the 510(k) program, 
about which he stated:

As interpreted by FDA, section 510(k) permits post-1976 devices that have 
the same intended use as a pre-1976 device to enter the market so long as 
they are as safe and effective [as] the pre-1976 device.

Under FDA’s approach, devices that come onto the market fifty years after 
passage of the law will only have to demonstrate that they are as safe and 
effective as devices on the market before 1976. Even today, more than ten 
years after the law was passed, major technological improvements have 
occurred with many medical devices. Yet, under FDA’s 510(k) approach, 
new devices need not incorporate these improvements; they need only be 
as safe and effective as similar devices on the market before 1976.124

The FDA was represented by James Benson, deputy director of CDRH, 
who did not have prepared testimony but explained the actions recently 
taken by CDRH to address the issues of concern to the subcommittee. 
He testified that “it takes us [CDRH] 1200 staff hours to review a PMA, 

121Medical Devices and Drug Issues: Hearing Before the Subcomm. on Health and the Env’t 
of the H. Comm. on Energy and Commerce, 100th Cong. 331 (1987).

122Id. at 365-83 (statement of Eleanor Chelimsky, General Accounting Office).
123Memorandum Re: Medical Device Hearing, May 4, 1987, Medical Devices and Drug 

Issues: Hearing Before the Subcomm. on Health and the Env’t of the H. Comm. on Energy 
and Commerce, 100th Cong. 336-47 (1987) (referred to in the statement of Rep. Henry A. 
Waxman, Chairman, H. Subcomm. on Health and the Env’t).

124Id. at 339.
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but about 20 hours to review a 510(k). . . .”125 That statement has been 
cited ever since to distinguish the rigor of the PMA process from that of 
the 510(k) mechanism. The FDA has advised the present committee that it 
believes that those numbers are no longer accurate (Desjardins, 2011). Mr. 
Benson went on to say:

We basically . . . have taken a very hard look at the 510(k) clearance pro-
cess. Only recently have we been able to get some guidance into the hands 
of the reviewers and . . . manufacturers. . . . That guidance basically says 
that a new product must be at least as safe as and as efficacious as prior 
products on the market [emphasis added].126 

The chairman of the subcommittee asked Mr. Benson to confirm (which 
he did) that the FDA policy was that the “bottomline test is still the safety 
and effectiveness of the original [pre-1976] device.”127

July 1988 General Accounting Office Report 

The chairman of the House Subcommittee on Health and the Envi-
ronment asked GAO to evaluate the FDA’s estimates of the number of 
device-related adverse-experience reports that would follow if reporting 
by user facilities (for example, hospitals, ambulatory surgical centers, and 
nursing homes) were mandated and to evaluate the CDRH resource needs 
to process such reports. GAO reported that user reporting would increase 
the volume of reports but not permanently and that the FDA could achieve 
greater internal efficiencies in processing the reports (GAO, 1988a). (As 
will be seen below, 8 months later and again in 1997, GAO would reach 
different conclusions about the FDA’s resource requirements to operate the 
MDR system.)

August 1988 General Accounting Office Report

In response to another request of the chairman of the House Subcom-
mittee on Health and the Environment, GAO undertook a study from 
1986 to 1987 and issued a report in August 1988 titled Medical Devices: 
FDA’s 510(k) Operations Could Be Improved (GAO, 1988b). The report 
reflected GAO’s first in-depth examination of the 510(k) process as it oper-
ated. GAO found that the policies governing premarket notification were 

125Medical Devices and Drug Issues: Hearing Before the Subcomm. on Health and the Env’t 
of the H. Comm. on Energy and Commerce, 100th Cong. 384 (1987) (statement of James 
S. Benson, Deputy Director, Center for Devices and Radiological Health, Food and Drug 
Administration, Department of Health and Human Services).

126Id. at 385.
127Id. 
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generally adequate but that reviewing divisions differed concerning when 
to request additional information from 510(k) submitters. That observation 
suggested to GAO a lack of clear officewide policy and coordination among 
the divisions (GAO, 1988b, p. 3). It also identified deficiencies in internal 
documentation of 510(k) decisions (GAO, 1988b, p. 3). GAO recommended 
steps to improve consistency in decision-making and documentation prac-
tices (GAO, 1988b, p. 5). 

GAO identified several problems with the 510(k) clearance process and 
its substantial-equivalence standard. First, GAO discussed the ambiguity of 
the term substantial equivalence: 

The statute does not define or otherwise elaborate on the meaning of the 
term substantial equivalence. The relevant legislative history can be read in 
different ways. Under one reading, whenever a device about to be marketed 
varies from a pre-1976 device in its materials, design or energy sources, the 
product would be found not substantially equivalent and would be subject 
to premarket approval. Under a less restrictive reading, only variations 
that could, or do, materially affect safety or effectiveness should result in 
a “not substantially equivalent” decision. In any case, a determination of 
substantial equivalence in the premarket notification process does not mean 
that a device is safe and effective; it merely indicates that the device under 
review is not less safe and effective than a comparable pre-1976 device. 
(GAO, 1988b, pp. 2–3)

Second, it advised that relying on preamendment devices for determining 
substantial equivalence was problematic in that it excluded consideration of 
later superior devices. “If manufacturers can demonstrate that their devices 
are used for the same purposes and perform as well as products marketed 
prior to 1976, the FDA must [under current law] find the products to be sub-
stantially equivalent even if there are other products already on the market 
that ‘work better’” (GAO, 1988b, p. 4). GAO recommended that Congress 
amend the 1976 MDA to require the FDA to determine substantial equiva-
lence on the basis of a comparison with a currently marketed device instead 
of a preamendment device (GAO, 1988b, p. 5). The auditors also suggested 
that Congress consider “clarifying the extent to which FDA should evaluate, 
within the premarket notification process, the effects of changes in medical 
devices on their safety and effectiveness” (GAO, 1988b, p. 5). 

GAO underscored the absence of any performance standards for Class II 
devices and the high percentage of Class III devices for which PMA reviews 
of safety and effectiveness had not yet begun. The FDA advised GAO that 
the agency estimated that it took 1,200 staff-hours to review each PMA 
and 40 staff-years to develop a single performance standard (GAO, 1988b, 
p. 4). GAO observed that “additional resources will be required” for the 
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FDA to make more rapid progress in implementing these aspects of the 1976 
amendments (GAO, 1988b, p. 4). Moreover, GAO observed that

because of these implementation problems, devices in class II and class III 
may be marketed through premarket notification without having to meet 
the additional requirements appropriate to their classification. As a result, 
FDA must place more reliance on premarket notification to control access 
of medical devices to the market than would otherwise be the case. (GAO, 
1988b, p. 4)

To address that issue, GAO suggested that Congress might consider 
“developing alternative approaches to the regulation of devices currently 
placed in classes II and III” (GAO, 1988b, p. 5).

February 1989 General Accounting Office Report

Before the 1987 hearing, the chairman of the Subcommittee on Health 
and the Environment sought a GAO review of the FDA’s implementation of 
the MDR regulation. The report in response concluded that the MDR regu-
lation had increased the number of device-related adverse-experience reports 
but that CDRH’s internal system could not handle the higher volume, so 
the potential effectiveness of the MDR regulation had not been fully real-
ized. Moreover, GAO found that many manufacturers (perhaps one-third 
of those registered) were not aware of the MDR reporting requirements 
(which were effective in December 1984) and reporting across the industry 
was inconsistent, sometimes excessive, and often insufficient to comply with 
the rules. (GAO, 1989d, p. 2)

August and October 1989 General Accounting Office Reports

The chairman of the Subcommittee on Health and the Environment 
asked GAO to analyze medical-device recalls to identify the types of devices 
that had been recalled, the problems for which they were recalled, and the 
mode of market entry for the problem devices. GAO issued an interim report 
in August 1989 describing the data that had been gathered and a report in 
October providing further analyses (GAO, 1989b, 1989c). GAO found that 
design problems were the most common reason for Class I recalls;128 that 
many recalls were undertaken by manufacturers without notice to the FDA, 
so roughly half the Class I recalls were brought to the FDA’s attention from 
sources other than the manufacturers (for example, competitors, users, and 
FDA inspections); and that the device problems that led to the recalls often 

128FDA classifies recalls in reverse order of devices. Class I recalls denote the greatest 
immediate risk to the health, whereas Class I devices present the lowest inherent risk to health.
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were not reported to the FDA as MDRs, notwithstanding the requirement 
under the MDR regulations for such reporting. 

November 1989 House Subcommittee on 
Health and the Environment Hearing 

The Subcommittee on Health and the Environment held a hearing on 
legislation to address problems with the 1976 MDA and its implementation 
by the FDA.129

The first witnesses were from GAO, including the comptroller general, 
who heads that agency. He criticized the premarket testing and clearance of 
devices, citing four basic problems with the system as it was operating130:

One is that many of the pre-1976 devices were never tested themselves. 
Two, you have use of an old and often outdated comparison base. Three, 
you have a lack of definition of what is substantial equivalence. Four, [you 
have] FDA’s failure to develop standards for medium risk devices or to 
implement premarket requirements for high risk devices. 

GAO also criticized the system of postmarketing surveillance on the 
basis of its recent reports to Congress.131

The acting FDA commissioner then testified. He commented on a pro-
posed bill then pending before the subcommittee; the bill was a successor 
to a bill that passed the House in 1988 but died in the Senate. The acting 
commissioner commended the bill on many points, including codifying the 
FDA’s policies regarding substantial equivalence in the 510(k) clearance 
process and eliminating a requirement for the promulgation of performance 
standards for Class II devices. “The bill would give FDA discretion to apply 
one or more ‘special controls’ to a given device problem.”132 The agency, 
however, opposed the legislative proposal for user reporting of adverse 
device-related events as unnecessary and infeasible, stating that the system 
for manufacturer reporting was preferred by the FDA.133

129Medical Device Safety: Hearings Before the Subcomm. on Health and the Env’t of the H. 
Comm. on Energy and Commerce, 101st Cong. (1989–1990).

130Id. at 33 (statements of Charles A. Bowsher, comptroller general, and Eleanor Chelimsky, 
assistant comptroller general, General Accounting Office).

131Id.
132Id. at 173 (statement of James S. Benson, Acting Commissioner, Food and Drug 

Administration).
133Id. at 177.
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February 1990 Subcommittee on Oversight and Investigations Hearing 

The Subcommittee on Oversight and Investigations issued a report and 
held a hearing in February 1990 in which the FDA was severely criticized 
for failing to use the investigative and enforcement powers it already had 
and for failing to seek additional statutory authority that it needed in the 
regulation of the Bjork-Shiley heart valve.134 This hearing set the final politi-
cal stage for the first revisions to the MDA.

July 1990 Department of Health and Human 
Services Inspector General Report, 

The HHS inspector general reviewed the FDA’s internal controls over 
the 510(k) program at the request of the assistant secretary for health after 
the scandals that emerged in the late 1980s related to the FDA’s approval 
process for generic drugs. The inspector general audited the 510(k) clearance 
process to identify potential weaknesses that could lead to similar problems.

The inspector general began by noting the purpose of the 510(k) system:

The primary objective of the premarket notification 510(k) clearance 
process is to determine whether a new or modified device is “substantially 
equivalent” to a device already on the market. A determination of substan-
tial equivalence does not mean that a device is safe and effective; rather, 
it is an indication that the device is not less safe nor less effective than a 
comparable device.135

The final report covers a variety of concerns, two of which are related 
to the reliability of the decision-making process (and the validity of devices 
cleared earlier as proper predicates). The inspector general determined that 
the FDA

•	 �does not use certain critical information to make determinations of 
substantial equivalence, such as review of the product sample, veri-
fication of testing data, and premarket inspections of manufacturer 
facilities; [and]

134Staff of Subcomm. on Oversight and Investigations of the H. Comm. on Energy and 
Commerce, 101st Cong., The Bjork-Shiley Heart Valve: “Earn As You Learn”–Shiley Inc.’s 
Breach of the Honor System and FDA’s Failure in Medical Device Regulation (Comm. Print 
101-R); FDA and the Medical Device Industry: Hearing Before the Subcomm. on Oversight 
and Investigations of the H. Comm. on Energy and Commerce, 101st Cong. (1990).

135Memorandum Re: Internal Control Weaknesses in the Food and Drug Administration’s 
Medical Device 510(k) Review Process, from the HHS inspector general to the HHS assistant 
secretary for health (July 5, 1990) 1, fn. 1
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•	 �lacks a comprehensive quality control program to independently 
evaluate and critique the adequacy of reviewed submissions. . . .136

THE SAFE MEDICAL DEVICES ACT OF 1990

The House had originally passed new device legislation in 1988, but the 
Senate took no action. In October 1990, both the House and Senate passed 
bills to revise the MDA; these were reconciled in conference, and a final bill, 
the Safe Medical Devices Act of 1990 (SMDA 1990), passed Congress and 
was signed into law on November 28.137

The initial House report on the bill explained the goal of the legislation 
as follows:

Since the comprehensive medical device law was enacted in 1976, difficul-
ties have persisted in the implementation of the law. These implementa-
tion problems appear to be the result of: (1) complexities in the law; (2) 
the manner in which FDA interpreted certain provisions of the 1976 law; 
and (3) limited resources. The purpose of this legislation is to modify the 
underlying law in ways that will result in greater protection of the public 
health.138

The 1990 legislation included provisions that restructured the pre-
market-review scheme and separately expanded the scope of the “general 
controls” applicable to devices without regard to their classification.

Changes in Premarket Review Processes

The SMDA took a variety of steps to modify the original 1976 MDA 
structure for assessing the safety and effectiveness of devices before market-
ing. The three most relevant to the present discussion involve the regula-
tory standards and related requirements that differentiate Class I and Class 
II devices, the definition of substantial equivalence, and the retrospective 
review of the safety and effectiveness of preamendment Class III devices.

Definition of Class II; Replacement of Mandatory Performance Standards 
Requirements for All Class II Devices with Discretionary Special Controls 
Authority

Congress recognized both that the FDA had been unable to promulgate 
performance standards and that performance standards were not necessar-

136Id. at 2.
137SMDA, Pub. L. No. 101-629, 104 Stat. 4511.
138H.R. Rep. No. 101-808, at 13 (1990); see also S. Rep. No. 101-513, at 14-15 (1990).
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ily the best or only regulatory tool to ensure the safety and effectiveness of 
devices for which general controls were not sufficient. Moreover, other tools 
might permit devices to be placed in Class II when, without the availability 
of such tools, Class III status would be necessary. Accordingly, it revised the 
definition of Class II to read as follows:

A device which cannot be classified as a class I device because the general 
controls by themselves are insufficient to provide reasonable assurance of 
the safety and effectiveness of the device, and for which there is sufficient 
information to establish special controls to provide such assurance, includ-
ing the promulgation of performance standards, postmarket surveillance, 
patient registries, development and dissemination of guidelines (including 
guidelines for the submission of clinical data in premarket notification sub-
missions in accordance with section 510(k)), recommendations, and other 
appropriate actions as [FDA] deems necessary to provide such assurance. 
For a device that is purported or represented to be for a use in supporting 
or sustaining human life, [FDA] shall examine and identify the special con-
trols, if any, that are necessary to provide adequate assurance of safety and 
effectiveness and describe how such controls provide such assurance.139

The apparent inconsistency between the definition of Class II devices 
(those for which general controls were insufficient and for which additional 
controls would be necessary) and the discretionary power of the FDA to 
promulgate performance standards or use its other powers (epitomized by 
the use of the word may) was resolved by a legislative compromise. Class II 
would include devices on which information was sufficient to establish one 
or more special controls140—but the FDA did not have to adopt any of those 
controls unless it concluded that it was necessary to provide reasonable 
assurance of safety and effectiveness.141 That solution alleviated resource 
burdens on the agency but left open the question of whether the safety and 
effectiveness of a Class II device could not be ensured if only general controls 
applied, as the statutory definition seemed to suggest.142

Congress also provided that the FDA could itself initiate a reclassifica-
tion proceeding and not have to wait for a petition from a manufacturer.143 
In addition, the 1990 law simplified the process for issuing performance 
standards applicable to Class II devices by adopting the usual notice-and-
comment rule-making process.144 The FDA could establish other special 

139FFDCA § 513(i)(1), 21 USC § 360c(i)(1) (2006) (as modified by SMDA, § 5(a)(2), 104 
Stat. at 4517-18).

140FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
141FFDCA § 514(a)(1), 21 USC § 360d(a)(1) (2006).
142FFDCA § 513(a)(1)(B), 21 USC § 360c(a)(1)(B) (2006).
143FFDCA § 513(f)(2)(A), 21 USC § 360c(f)(2)(A) (2006) (as modified by SMDA § 5(b), 

104 Stat. at 4518).
144FFDCA § 514(b), 21 USC 360d(b) (2006) (as modified by SMDA § 6(a), 104 Stat. at 
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controls through different mechanisms and procedures, some of which are 
less burdensome than those required for performance standards. 

Finally, the revised definition authorizes the FDA to require clinical data 
as part of 510(k) submissions, resolving another ambiguity in the original 
1976 law (Cooper, 1987, p. 192).

Definition of Substantial Equivalence

Congress had not defined substantial equivalence in the 1976 law. By 
adopting a broad reading of the phrase, set forth in a guidance document 
in 1986,145 the FDA used the 510(k) system to avoid requiring PMAs for 
(or alternatively down-classifying) many new and novel devices that would 
have been placed in Class III. 

For instance, the agency allowed a new device to be determined to be 
substantially equivalent to a preamendment device, notwithstanding impor-
tant technologic differences, if the new device was as safe and effective as the 
antecedent. To make that comparison, the FDA could require appropriate 
comparative data, including clinical studies, from the 510(k) submitter. The 
guidance is worth quoting at length because it was endorsed by Congress in 
the 1990 legislative history.

As a matter of practice, CDRH generally considers a device to be SE 
[substantially equivalent] to a predicate device if, in comparison to the 
predicate device:

•	 �the new device has the same intended use. . . ; and,
•	 �the new device has the same technological characteristics, (i.e., same 

materials, design, energy source, etc.); or, it has new technological 
characteristics that could not affect safety or effectiveness; or

•	 �it has new technological characteristics that could affect safety or ef-
fectiveness, and

—�there are accepted scientific methods for evaluating whether safety or 
effectiveness has been adversely affected as a result of the use of new 
technological characteristics; and

— �there are data to demonstrate that the new technological features have 
not diminished safety or effectiveness.146

	 *		  *		  *		  * 

4519).
145Guidance on the CDRH Premarket Notification Review Program (K86-3) (June 30, 

1986) available at http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/ucm081383.htm. 

146Id. at 2.
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[F]rom a scientific perspective, to determine which technological changes 
are consequential, the Center considers whether:

•	 �the new device poses the same type of questions147 about safety or ef-
fectiveness as a predicate device;

•	 �there are accepted scientific methods for evaluating whether safety or 
effectiveness has been adversely affected as a result of the use of new 
technological characteristics; and

•	 �there are data to demonstrate that new technological characteristics 
have not diminished safety or effectiveness.148

The requirements of Section 510(k) of the act are intended not only to 
notify the FDA that a device is about to be marketed but also primarily to 
enable the FDA to determine whether the device is substantially equivalent 
to one already in commercial distribution. To fulfill that responsibility, 
CDRH requires that a 510(k) submission include descriptive data needed 
to understand a new device’s intended use, physical composition, method 
of operation, specifications, performance claims, and other factors. Similar 
information about the device with which the new device is being compared 
may also be required. In addition, under some circumstances, the center 
requires performance-testing information (that is, data from bench, animal, 
or clinical tests), to determine whether a device performs according to its 
description.

Although CDRH has concluded that it should sometimes require 
performance-testing data to confirm that a new device is substantially 
equivalent, the 510(k) review process is not a substitute for premarket ap-
proval, and the center does not attempt to address all the issues that would 
be answered in a PMA application in its review of 510(k) submissions. 
Data in a 510(k) submission should show comparability of a new device 
with a predicate device,149 whereas demonstration, in an absolute sense, of 
a device’s safety and effectiveness is reserved for PMAs.

The FDA also permitted a postamendment device to claim substantial 
equivalence to a preamendment device through an implied string of prec-
edents from other postamendment devices previously cleared by 510(k) 
review, a process known as piggybacking. The guidance stated

147The guidance gave examples to illustrate that “same type of questions” meant issues 
raised by both the predicate and the new device and would be answered in the same manner 
(for example, whether electronic components of electrocardiographs accurately represent the 
electrical activity of the heart, regardless of whether displayed in an analog visual manner or 
in digital format).

148Id. at 3.
149Id. at 4.
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The Center does not routinely require that manufacturers perform research 
to determine what specific predicate devices were available in 1976, or were 
available at the time a post-Amendments device was reclassified from class 
III to class I or II; nor does the Center routinely require that all 510(k)
s initially provide information on a predicate device. Instead, the Center 
requires submitters to provide information that compares the new device 
to a marketed device of a similar type, regardless of whether this marketed 
device was marketed before or after enactment of the Amendments, or 
before or after a type of post-Amendments device was reclassified.150

Whether the FDA could lawfully assess comparative safety and effec-
tiveness to determine substantial equivalence, could require clinical studies 
to demonstrate comparable safety and effectiveness, or could permit piggy-
backing under the 510(k) law as written in 1976 were controversial issues 
(Cooper, 1987; OTA, 1984). 

By 1989, the agency was sufficiently concerned that an adverse court 
ruling on its interpretation of substantial equivalence would cripple the 
510(k) clearance process, and thus force many new devices into the PMA 
system, that it sought legislative ratification of its policy.151 In 1990, Con-
gress obliged, adding the following language to the statute:

A.  For purposes of determinations of substantial equivalence . . . the 
term “substantially equivalent” or “substantial equivalence” means, with 
respect to a device being compared to a predicate device, that the device 
has the same intended use as the predicate device and that [FDA] by order 
has found that the device – 

(i)	has the same technological characteristics as the predicate device, or
(ii)	�has different technological characteristics and the information submit-

ted that the device is substantially equivalent to the predicate device 
contains information, including clinical data if deemed necessary by 
[FDA], that demonstrates that the device is as safe and effective as a 
legally marketed device and (II) does not raise different questions of 
safety and efficacy than the predicate device.

B.–For purposes of subparagraph (A), the term “different technological 
characteristics” means, with respect to a device being compared to a predi-
cate device, that there is a significant change in the materials, design, energy 
source, or other features of the device from those of the predicate device.152

150Id. at 2.
151Medical Device Safety: Hearings Before the Subcomm. on Health and the Env’t of the 

H. Comm. on Energy and Commerce, 101st Cong. 172 (1989–1990) (statement of James S. 
Benson, Acting Commissioner, Food and Drug Administration).

152FFDCA § 513(i)(1), 21 USC § 360c(i)(1) (2006) (added by SMDA § 12, 104 Stat. at 4523).
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The reports of the House and Senate committees responsible for this 
legislation make clear that the intent was to codify the FDA’s practice.153 
Congress understood that the statutory change would permit the agency to 
consider the safety and effectiveness of a device when determining substan-
tial equivalence154 and added another provision that required a 510(k) spon-
sor to submit either a summary of “any information respecting safety and 
effectiveness” (which the FDA would make public within 30 days of finding 
substantial equivalence) or a statement that such information would be 
available to any person on request.155 Arguably, those changes represented 
an effort by Congress and the FDA to redesign the 510(k) system to include 
an evaluation of safety and effectiveness of all new devices.156 Nevertheless, 
the statutory scope of such an evaluation was very limited. The standard for 
substantial equivalence permitted the agency to use safety and effectiveness 
data only when a new device offered technologic characteristics that differed 
from those of the predicate device. Moreover, Congress made clear that it 
did not believe that a substantial-equivalence determination was a finding 
of safety or effectiveness. The House report states

A determination by the FDA that a device is substantially equivalent to 
another device is a final agency action under the substantial equivalent 
provisions, but it does not preclude further agency action regarding safety 
and effectiveness.157 

The new language provided a solid legal basis for the FDA’s 510(k) poli-
cies. The agency could incorporate some degree of safety and effectiveness 
assessments into the 510(k) system because it would now be required to find 
“by order” that a new device with different technological characteristics was 
at least as safe and effective as its predicate. To do so, it clearly could require 
appropriate safety and effectiveness information, including clinical studies 
when necessary. And piggybacking was automatic because a new product 
could rely on any lawfully marketed device as a predicate. 

Congress had now formally opened the door for safer or more effec-
tive medical devices to reach the market via the 510(k) pathway. By being 
permitted to show that its product was “as safe and effective as” a predicate 
(instead of merely having substantially equivalent safety and effectiveness), 
the 510(k) submitter could improve the safety and effectiveness of a type of 
device without triggering the risk of being found NSE and having to undergo 

153H.R. Rep. No. 101-808, at 25; S. Rep. No. 101-513 at 41. 
154Id.
155FFDCA § 513(i)(3), 21 USC § 360c(i)(3) (2006) (added by SMDA § 12, 104 Stat. at 4523).
156As will be discussed below in the section “The Supreme Court Considers the 510(k) 

Clearance Process,” the FDA and the solicitor general did not make this argument to the 
Supreme Court in 1996. 

157H.R. Rep. No. 101-808, at 25.
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a PMA review. A new device might be both superior to its predicate and 
substantially equivalent to it. The legislative history noted, “In this way, 
the standard for safety and effectiveness in a determination of substantial 
equivalence will evolve slowly as the prevailing level on the market changes, 
rather than being tied solely to comparison with a pre-1976 device.”158 

Congress did not define predicate device but prohibited the use as a 
predicate of any device removed from the market by the FDA or found by 
a court to have been adulterated or misbranded.159 Thus, the 1990 amend-
ments did not require reliance on the best available predicate device, so a 
new product that was truly inferior to the current state of the art might still 
enter the market—if the manufacturer could identify any predicate that had 
not been removed from the market and to which it was substantially equiva-
lent. 160 In this regard, the law did not force innovation. Indeed, by that 
amendment, Congress also made every prior 510(k) decision a precedent 
binding on the FDA, which had no explicit power to rescind these actions. 
Only if the FDA banned a marketed device or had a court adjudicate the 
device as adulterated or misbranded could the device no longer serve as a 
predicate.

Requirement for Final Food and Drug Administration Action on a 510(k) 
Submission

Under the MDA, a company had to give the FDA 90 days’ notice be-
fore introducing a new product to the market through the submission of a 
510(k) notification. If the FDA failed to respond to the filing in the 90-day 
window, the manufacturer was free to launch the product beginning on the 
91st day. Congress eliminated the risk that a product could enter medical 
use by the FDA’s failure to act by requiring the 510(k) submitter to wait for 
a written response (called an order) from the FDA stating that its product 
was substantially equivalent before commercializing it.161

Preamendment Class III Devices

Both the House and the Senate committees considering the 1990 leg-
islation were displeased by the FDA’s lack of progress since 1976 in pro-

158H.R. Rep. No. 101-808, at 25. 
159FFDCA § 513(i)(2), 21 USC § 360c(i)(2) (2006) (added by SMDA § 12, 104 Stat. at 4523).
160In its 1988 bill, the House would have used the standard “as safe and effective as 

comparable devices which are currently sold in interstate commerce.” H.R. Rep. No. 100-
782 at 4 and 23. Arguably, this standard would have been more rigorous than the one finally 
adopted.

161FFDCA § 513(i)(1)(A), 21 USC § 360c(i)(1)(A) (2006) (added by SMDA § 12, 104 Stat. 
at 4523).
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mulgating regulations to require PMAs for, and then reviewing the safety 
and effectiveness of, preamendment Class III devices and devices that had 
entered the market as substantially equivalent to them.162 In conjunction 
with revising the definition of Class II, Congress authorized the FDA to 
reconsider all the preamendment devices that had originally been placed in 
Class III to reduce the number of device types that needed PMA review.163 
The agency was also directed “as promptly as possible” but no later than 
December 1, 1996, to establish a schedule for promulgation of regulations 
calling for PMAs of devices not down-classified to Class II that still used 
the 510(k) pathway to marketing.164 

The FDA was not, however, given a deadline by which to complete the 
PMA process for Class III preamendment devices not reclassified to Class II.

Changes in General (Postmarketing) Controls

Much of the momentum for legislation in 1988–1990 came from re-
ports that the FDA had difficulties in learning about serious problems with 
marketed devices.165 Thus, many of the provisions in the SMDA of 1990 
focused on identifying issues of safety or lack of effectiveness sooner and 
giving the FDA additional tools to use when problems were encountered. As 
with the original 1976 law, these controls were applicable under the 1990 
amendments without regard to the classification of a device for premarket 
review purposes.

User Reporting of Device Risks

A GAO study in 1986 revealed that hospitals often did not report poten-
tially hazardous medical devices to the FDA or the manufacturers.166 Even 
though manufacturers were required to investigate and report to the FDA 
information received from hospitals, physicians, patients, and others, the 
system would fail if users did not report to the manufacturers. To address 
that gap, Congress required “device user facilities”—defined as hospitals, 
ambulatory surgical facilities, nursing homes, and outpatient treatment 
facilities (but not physician offices)—to report to the FDA and to the manu-
facturer when a medical device caused or contributed to the death or serious 

162H.R. Rep. No. 101-808, at 14, 25-26; S. Rep. No. 101-513, at 14-15, 18.
163FFDCA § 515(i), 21 USC § 360e(i) (2006) (added by SMDA § 4(b), 104 Stat. at 4515-17).
164FFDCA § 515(i)(2), 21 USC § 360e(i)(2) (2006).
165H.R. Rep. No. 101-808, at 14; S. Rep. No. 101-513, at 15-16.
166H.R. Rep. No. 101-808, at 14 (citing (GAO, 1986)).
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illness of a patient.167 The FDA was directed to promulgate implementing 
regulations within 12 months.168

Postmarket Surveillance

The FDA was given authority to require the manufacturer of any de-
vice initially introduced to commerce after 1990 to develop and conduct a 
surveillance plan if the device was a permanent implant whose failure might 
cause death or serious adverse health consequences, was intended to support 
or sustain human life, potentially presented a serious risk to human health, 
or was determined by the FDA to need surveillance to provide safety or ef-
fectiveness data or to protect public health.169 The statute used the phrase 
postmarket surveillance to refer specifically and narrowly to these plans and 
did not include other safety monitoring and vigilance systems in the phrase. 
It did not specify any particular methods, but only that the protocol “will 
result in collection of useful data . . . to provide information necessary to 
protect the public health and to provide safety and effectiveness information 
for the device.”170

Device Tracking

For any device whose failure would be reasonably likely to have seri-
ous health consequences and that was permanently implantable or was a 
life-sustaining or life-supporting device used outside a “device user facil-
ity,” the manufacturer was required to adopt a method of device tracking 
(such as a patient registry).171 The purpose of tracking was to maintain a 
system whereby an individual patient or end user (as well as the relevant 
physicians) could be notified of new risks and the devices could be recalled 
if necessary.172

Reports of Removals and Corrections 

The 1990 amendments required a device manufacturer to report to the 
FDA whenever it removed or corrected a device if that was done to reduce 
a risk to health posed by the device or to remedy a violation of the FFDCA 
caused by the device that might result in a risk to health.173 (Corrections 

167FFDCA § 519(b), 21 USC § 360i(b) (2006) (added by SMDA § 2, 104 Stat. at 4511-13).
168SMDA § 2(b), 104 Stat. at 4512-13.
169FFDCA § 522, 21 USC § 360l (2006) (added by SMDA § 10, 104 Stat. at 4521-22).
170FFDCA § 522(b), 21 USC § 360l(b) (2006) (added by SMDA § 10, 104 Stat. at 4522).
171FFDCA § 519(e), 21 USC § 360i(e) (2006) (added by SMDA § 3(b), 104 Stat. at 4514).
172H.R. Rep. No. 101-808, at 23.
173FFDCA § 519(f), 21 USC § 360i(f) (2006) (added by SMDA § 7, 107 Stat. at 4520).
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might include, for example, software patches, replacement of parts, or revi-
sion of operating instructions or directions for use.) Congress intended the 
agency to become aware of actions taken by a manufacturer that suggested 
a potential public-health problem so that the agency could evaluate the 
device-related problem and the adequacy of the manufacturer’s corrective 
actions.174

Recall Authority

The FDA had previously relied on voluntary actions by manufacturers 
to recall devices believed to violate the law. In the event that a manufac-
turer failed to act, the agency could go to court to seek orders to seize the 
devices wherever they were found,175 a costly and time-consuming effort 
in comparison with voluntary recalls. (The 1976 act empowered the FDA 
only to issue an administrative order detaining devices for up to 20 days 
to permit the judicial process for a seizure action to be completed.176) The 
SMDA changed that situation substantially. The FDA could now order 
manufacturers (and others, including distributors and retailers) immediately 
to cease distribution of a device, to notify healthcare providers and device-
user facilities to cease using the device, and to recall the device if there was 
a reasonable probability that the device would cause serious adverse health 
consequences or death.177 

Civil Money Penalties

The FFDCA of 1938, as amended by the MDA of 1976, created a 
limited array of sanctions to penalize individuals and companies that vio-
lated the law: criminal fines and imprisonment and seizure and forfeiture 
of violative products.178 Those penalties could be imposed only after a trial 
in federal court, criminal punishments required proof beyond a reasonable 
doubt, and the threat of imprisonment did not apply to corporations. To 
enhance the FDA’s enforcement credibility, Congress in 1990 provided that 
the FDA could also impose substantial civil money penalties by an admin-
istrative hearing without going to federal court for any violation of the law 
related to medical devices. The amounts authorized ranged up to $15,000 
for each violation and up to $1 million for all violations adjudicated in a 
single proceeding.179

174S. Rep. No. 101-513, at 23; H.R. Rep. No. 101-808, at 29.
175FFDCA § 304(a)(2)(D), (b), 21 USC § 334(a)(2)(D), (b) (2006).
176FFDCA § 304(g), 21 USC § 334(g) (2006).
177FFDCA § 518(e), 21 USC § 360h(e) (2006) (added by SMDA § 8, 104 Stat. at 4520-21).
178FFDCA § 303(a), 21 USC § 333(a); § 304(a)–(d), 21 USC § 334(a)–(d) (2006).
179FFDCA § 303(f), 21 USC § 333(f) (2006) (added by SMDA § 17, 104 Stat. at 4526-28).
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Design Controls as Part of Good Manufacturing Practices

The 1976 MDA had authorized the FDA to issue regulations requiring 
that the methods used in and the facilities and controls used for the manu-
facture, storage, and installation of medical devices conformed to current 
good manufacturing practices (GMP) to ensure that the devices would 
be safe and effective and otherwise comply with FDA law.180 The agency 
wanted to include as a GMP requirement the concept of design validation to 
require a manufacturer, as a preproduction control, to implement a process 
to demonstrate that the components of the device (singly or in combination) 
will perform in a manner consistent with their intended purpose. The FDA 
estimated that 44% of device recalls in 1983–1988 were related to product 
design problems. Design validation was already a recognized element of 
quality control in the European Community. But the FDA and Congress 
were concerned that the MDA might not provide sufficient authority.181 
Accordingly, the 1990 amendments explicitly authorized language that the 
FDA’s GMP regulations to require that “pre-production design validation 
(including a process to assess the performance of a device but not including 
an evaluation of the safety or effectiveness of a device)” also conform to 
“current good manufacturing practice.”182

DEVELOPMENTS IN 1990–1997

The Medical Device Amendments of 1992

The 1990 legislation directed the FDA to promulgate final regulations 
implementing the authority to require adverse–medical-event reporting by 
user facilities by May 28, 1992; if not, any proposed regulations would 
automatically become effective.183 The FDA did not issue proposed regula-
tions until March 27, 1992, so that left only 2 months for public comment 
and for implementation. Congress elected to extend the effective dates by 6 
months (for the regulations) and 9 months (for implementation).184

The failure to meet the statutory deadlines for issuance of regulations 
prompted both a GAO review and a congressional hearing before the House 
Subcommittee on Health and the Environment. GAO reported that in July 
1990, the acting commissioner of the FDA had identified the following six 

180FFDCA § 520(f)(1)(A), 21 USC § 360j(f)(1)(A) (2006).
181H.R. Rep. No. 101-808, at 33.
182FFDCA § 520(f)(1)(A), 21 USC § 360j(f)(1)(A) (2006) (as amended by SMDA § 18(e), 

104 Stat. at 4529).
183SMDA § 3(c), 104 Stat. at 4514-15. 
1841992 MDA § 2, 106 Stat. at 238. 
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factors that contributed to the delay in the rule-making process: (GAO, 
1992, p. 7)

•	 �Emergence of significant problems during the regulations development 
process that require reevaluation of previous agreements [within the 
FDA and with HHS and OMB] on regulation content.

•	 �Competition among priorities within the agency, including with other 
regulatory and enforcement activities. 

•	 �Required reviews within the FDA, and by [HHS] and OMB.
•	 �Need to coordinate with other agencies.
•	 �Uncertainty as to the appropriate scope of review.
•	 �Lack of resources.
•	 �At the hearing, the FDA witnesses had testified about steps being un-

dertaken to make the process more efficient.185

The need to extend the deadline provided an opportunity for a number 
of linguistic and technical corrections and clarifications to be made in other 
parts of the SMDA of 1990.186 None of them had a material effect on the 
provisions under discussion.

February 1993 Department of Health and Human 
Services Inspector General Report

In response to a request from the House Subcommittee on Oversight 
and Investigations, the HHS inspector general performed a follow-up review 
regarding the July 1990 report.187 One topic addressed was the Office of the 
Inspector General’s prior recommendation that the FDA establish “a quality 
control review system that involves independent review of completed 510(k) 
decisions by an FDA group . . . to evaluate and critique the adequacy of 
reviewed submissions.”188 The inspector general concluded that the steps 
taken by CDRH since 1990 “primarily focus on the 510(k) administrative 
process and not the scientific validity of the decisions made by the 510(k) 
reviewers. Also, quality control reviews of the 510(k) staff were not always 
documented.”189

The significance of that observation lies in the implicit findings, in both 
1990 and 1993, that CDRH lacked a robust quality-assurance program to 

185Food and Drug Administration Oversight: Hearing Before the Subcomm. on Health and 
the Env’t of the H. Comm. on Energy and Commerce, 102d Cong., pt. 2 (1992).

1861992 MDA §§ 3-4, 106 Stat. at 238-39.
187Memorandum from the principal deputy inspector general to the acting assistant secretary 

for health, Re: Follow-Up Review on Internal Control Weaknesses in the Food and Drug 
Administration’s Medical Device 510(k) Review Process (Feb. 26. 1993).

188Id. at ii.
189Id. at 19. 
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ensure both consistency and correctness in 510(k) decisions for at least the 
first 16 years after the MDA’s enactment.

1992–1997 Changes in the Food and Drug Administration 
Environment Affecting Device Regulation

At least four events had an important effect on device regulation during 
the 1990s. First, in 1992, FDA Commissioner David Kessler asked a task 
force drawn largely from the Center for Drug Evaluation and Research 
(CDER), headed by Robert Temple, to conduct a review of the quality of 
clinical science submitted to CDRH in support of 510(k) submissions and 
PMA applications. The resulting report was critical, observing (albeit on the 
basis of a small sample of PMA applications and 510(k) submissions con-
taining clinical data) that studies submitted in support often failed to meet 
fundamental scientific standards. For example, the studies did not describe 
their purposes or the hypotheses to be tested, they failed to consider the val-
ue of randomized control groups, and they contained numerous deficiencies 
in conduct, reporting, and analysis (FDA, 1993). The report recommended 
a definite but gradual upgrading in the quality of clinical studies to support 
PMA applications and 510(k) submissions. CDRH undertook to implement 
the recommendations soon afterward.

In parallel with those changes and the 1990 amendments that explicitly 
referenced clinical data as an element of 510(k) submissions, the percentage 
of 510(k) submissions for which the FDA requested clinical data soon rose 
from 5% to 15% (Merrill, 1994, p. 64).

Commissioner Kessler also pushed the “medicalization” of CDRH. 
From its inception before the passage of the MDA of 1976, the center’s 
leadership had expertise in engineering and administration but not in 
medicine. In 1993, the commissioner appointed the first physician to head 
CDRH: D. Bruce Burlington, who had previously served in both CDER and 
the Center for Biologics Evaluation and Review (CBER). Also for the first 
time, a physician was appointed to head the Office of Device Evaluation. 
Medical personnel became more common among the device review staff 
and operations. When Burlington left CDRH in 1999, he was succeeded as 
permanent director by David Feigal, another physician with experience in 
both CBER and CDER. Every later permanent CDRH director has been a 
physician, and medically trained persons have led other key CDRH offices. 

The third change in the environment occurred in November 1994, 
when the Republican Party won control of both houses of Congress. All 
the medical-device legislation to date had been drafted and enacted when 
the Democratic Party, which generally had been more inclined to favor 
government regulation, had been in the majority. Now the FDA legislation, 
budgets, and activities were to be overseen by a party that was traditionally 
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more skeptical of government regulation and more sympathetic to industry 
concerns about the claimed direction of device regulation.

Finally, after Congress codified the FDA’s standard for substantial 
equivalence in the 1990 amendments, the agency broadened the standard 
even further. As was explained to the IOM committee

According to the statute, in the face of different technologic characteristics, 
the agency asks whether the differences raise new safety or effectiveness 
questions. If the answer is yes, the device is found to be not substantially 
equivalent. The agency has not applied the statutory language exactly but 
asks whether the new technology raises new types of questions about safety 
and effectiveness. The reason that that word types was added to the pro-
gram guidance is that any change in technology can raise a new question. 
By asking about new types of questions, the agency has greater discretion 
in making some of its regulatory decisions. . . . Similarly, when consider-
ing whether a product is as safe and as effective as another product, the 
agency asks whether the risks that are inherent in the new technology can 
be mitigated. In other words, if the technology and the effect of the change 
on the actual use of the product are well understood, the agency does not 
automatically reclassify the device to make it subject to PMA; instead, it 
looks to mitigate risks. (IOM, 2010, p. 11)

Those interpretations continued the policy of minimizing the number 
of 510(k) submissions that were rejected.

The Supreme Court Considers the 510(k) Clearance Process

In 1996, the Supreme Court examined the 510(k) clearance process 
in some depth.190 At issue was whether a civil private lawsuit by a patient 
against a manufacturer for injuries allegedly resulting from a device was 
barred by the pre-emption provisions of the 1976 MDA. The law said that 
a state could not establish a requirement with respect to a device related to 
safety or effectiveness of the device that was different from or in addition 
to those requirements imposed by the FDA law.191 In the product liability 
suit, the manufacturer argued that imposition of liability by a state court 
based in tort law had the effect of creating such requirements with respect to 
design of the device. The device in question was a postamendment Class III 
product cleared through the 510(k) clearance process. The Court therefore 
had to assess the legal effect of the 510(k) review to determine whether it 
did create such requirements.

Although the FDA was not a party to the suit, the US solicitor general 

190Medtronic, Inc. v. Lohr, 518 U.S. 470 (1996).
191FFDCA § 521(a), 21 USC § 360k(a) (2006).
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filed a brief against pre-emption that explained the federal government’s 
official view of the 510(k) clearance process192:

The clearance of a post-Amendments device under Section 510(k)—based 
on a determination that the device is substantially equivalent to a pre-
Amendments Class III device—does not reflect a determination by the FDA 
that the device is safe and effective, much less a specific determination that 
the device’s design is required to ensure its safety and effectiveness. “[A] de-
termination of substantial equivalence . . . is not equivalent to an approval 
by the FDA of the device’s safety and effectiveness.” H.R. Rep. No. 808 
[101st Cong., 2d Sess. (1990)], at 14 . . . As the court of appeals observed, 
the FDA ordinarily will not have determined whether the pre-Amendments 
device was safe and effective (since the FDA lacked the general authority 
to do so prior to enactment of the Amendments). . . . Accordingly, FDA 
regulations specify that a substantial equivalence determination “does not 
in any way denote official approval of the device,” and that any represen-
tation conveying “an impression of official approval . . . is misleading and 
constitutes misbranding.”

In its opinion, the Court contrasted the “rigorous PMA review” with the 
510(k) clearance process and found them “by no means comparable.” Go-
ing beyond the argument of the solicitor general, the Court observed that,193

in contrast to the 1,200 hours necessary to complete a PMA review, the § 
510(k) review is completed in an average of only 20 hours. . . . As one com-
mentator noted: “The attraction of substantial equivalence to manufactur-
ers is clear. [Section] 510(k) notification requires little information, rarely 
elicits a negative response from the FDA, and gets processed very quickly.”

Turning to the specific argument of the manufacturer, the majority 
opinion of the Court stated194:

As the court below noted, “[t]he 510(k) process is focused on equivalence, 
not safety.” . . . As a result, “substantial equivalence determinations pro-
vide little protection to the public. These determinations simply compare a 
post-1976 device to a pre-1976 device to ascertain whether the later device 
is no more dangerous and no less effective than the earlier device. If the 
earlier device poses a severe risk or is ineffective, then the later device may 
also be risky or ineffective.” . . .

192Brief for the United States as Amicus Curiae Supporting Respondents/Cross-Petitioners 
19-20, Medtronic, Inc. v. Lohr, 518 U.S. 470 (1996) (No. 95-754) (some internal citations 
omitted).

193Lohr, 518 U.S. at 478-79 (citations omitted).
194Id. at 493–494 (internal citations omitted).
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There is no suggestion in either the statutory scheme or the legislative 
history that the § 510(k) exemption process was intended to do anything 
other than maintain the status quo with respect to the marketing of existing 
medical devices and their substantial equivalents. 

An opinion, representing the views of all the other justices, concurred 
that the 510(k) “process merely evaluates whether the Class III device at 
issue is substantially equivalent” to a preamendment device.195

In sum, the Supreme Court found that the 510(k) clearance process did 
not provide a rigorous review for safety and effectiveness of a device but 
only determined the new device’s comparability with a predicate device, 
which itself may never have been assessed for safety or effectiveness. Thus, 
it established no design requirements that would conflict with and therefore 
pre-empt state law.

The Supreme Court revisited the pre-emptive effects of the MDA. In 
2001, the Court considered whether a fraud on the agency could be a basis 
for liability under state law or instead was pre-empted because it would 
interfere with federal prerogatives to protect the agency’s own processes. A 
threshold issue in the case was whether a 510(k) submission that contained 
untrue statements could be material fraud on the FDA. The Court held that 
it did, but it did not appear to change its view of the limited role of the 
510(k) as a premarket clearance process196:

Admittedly, the § 510(k) process lacks the PMA review’s rigor: The former 
requires only a showing of substantial equivalence to a predicate device, 
while the latter involves a time-consuming inquiry into the risks and ef-
ficacy of each device. Nevertheless, to achieve its limited purpose, the § 
510(k) process imposes upon applicants a variety of requirements that are 
designed to enable the FDA to make its statutorily required judgment as 
to whether the device qualifies under this exception.

In 2008, the Court revisited the issue of pre-emption of liability claims 
by injured patients based on theories of design defects, failure to test, and 
lack of adequate warnings. In this case, however, the device was a Class III 
device that had undergone full PMA review and approval. The Court relied 
on its 1996 analysis comparing the “limited review” in the 510(k) clearance 
process with the “rigorous” PMA review; the latter imposed numerous and 
specific requirements on the design, testing, labeling, and other aspects of the 
manufacture, modification, and distribution of the approved device. Under 
those circumstances, the Court held that because state tort law could impose 
requirements related to the safety and effectiveness of the device different 

195Id. at 513.
196Buckman Co. v. Plaintiffs’ Legal Committee, 531 U.S. 341, 348–349 (2001).
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from or in addition to those imposed by the PMA process under the MDA, 
the state law would be pre-empted.197

January 1997 General Accounting Office Report

GAO undertook an extended examination of the FDA’s adverse–medical-
event reporting system in light of the changes directed by the SMDA of 1990 
(GAO, 1997a). It concluded: 

Although the amount of information reported to FDA about medical device 
problems has increased dramatically since SMDA 90 was enacted, FDA 
does not systematically act to ensure that the reported problems receive 
prompt attention and appropriate resolution. As a result, FDA’s adverse 
event reporting system is not providing an early warning about problem 
medical devices as SMDA 90 intended. (GAO, 1997a, p. 2)

GAO observed a long-term increase in the number of reports received 
by the FDA: the “increased volume made it difficult for FDA to process and 
review reports in a timely manner” (GAO, 1997a, p. 3). In addition, the 
FDA was not routinely documenting any corrective actions it (or manufac-
turers) took to address reported problems (GAO, 1997a, p. 3). Although 
GAO did not make any recommendations, it did recite a number of steps 
that the FDA was already taking to improve its system.

THE FOOD AND DRUG ADMINISTRATION 
MODERNIZATION ACT OF 1997

A variety of bills addressing congressional concerns about FDA regu-
lation of foods, drugs, and medical devices were consolidated and passed 
as the FDA Modernization Act of 1997.198 The device-related provisions 
modified both premarket and postmarket controls generally in the direction 
of restricting the FDA’s preclearance authorities to accelerate the pace of 
technology transfer.

Modifications Regarding Premarket Review of Devices

Congress concluded that the FDA regulatory system was not keeping 
pace with medical innovation. “In a number of cases, for both 510(k)-
cleared and PMA products, increased requirements that are burdensome, 
expensive, and time-consuming have delayed patients’ access to promis-

197Riegel v. Medtronic, Inc., 552 U.S. 312, 330 (2008).
198Food and Drug Administration Modernization Act of 1997, Pub. L. No. 105-115, 111 

Stat. 2296 (1997) [hereinafter FDAMA]).
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ing new devices.”199 Furthermore, the total number of days for reviewing 
both 510(k) and PMA applications remained well above what Congress 
demanded in existing law. For example, the FDA averaged 110 days in FY 
1996 to review a 510(k), down from a high of 184 days in FY 1994 but 
still higher than the 90 days called for in the statute. 200 For PMAs, the 
average review time in FY 1996 was 572 days, down from a high of 649 
in FY 1994 but also higher than the statuatory 180-day limit.201 Many of 
the changes made in 1997 were designed to reduce the FDA’s workload and 
permit concentration of resources on devices that presented greater potential 
for harm. Some also reflected a concern that the changes in CDRH resulting 
from the Temple report and the infusion of medical personnel into senior 
CDRH management had led to an undue emphasis on clinical-trial data to 
support PMA applications and 510(k) submissions. The overall thrust of 
the 1997 amendments was to limit the FDA’s discretion and authority in 
regulating the device industry.

Elimination of 510(k) Requirements for Most Class I and Some Class II 
Devices

Congress exempted from 510(k) notification requirements all Class I de-
vices except for those “intended for a use which is of substantial importance 
in preventing impairment of human health” or “present[ing] a potential 
unreasonable risk of illness or injury.”202

The new law also directed the FDA (within 60 days of enactment) to 
identify each type of device in Class II for which a 510(k) submission would 
not be necessary to provide reasonable assurance of safety and effectiveness. 
Those identified would be exempt from 510(k) requirements as soon as 
the FDA announced its decision to exempt them.203 In addition, the FDA 
was authorized to exempt additional types of Class II devices from 510(k) 
submission in the future on the initiative of the agency or on petition by an 
interested person.204

199H.R. Rep. No. 105-307, at 13 (1997).
200The number of review days is not the same as the number of days invested in reviewing a 

submission. The former is a calculation of the number of days between receipt of a submission 
and when it is finally acted on, omitting the number of days that FDA is waiting for responses 
to questions from the person making the submission. The latter looks only at the time that 
FDA employees are engaged in the review of the submission.

201Id. at 14.
202FFDCA § 510(l), 21 USC § 360(l) (2006) (added by FDAMA, § 206(a), 111 Stat. 2338-

39 (1997).
203FFDCA § 510(m)(1), 21 USC § 360(m)(1) (2006) (added by FDAMA § 206(a), 111 Stat. 

at 2338-39).
204FFDCA § 510(m)(2), 21 USC § 369(m)(2) (2006) (added by FDAMA § 206(a), 111 Stat. 

at 2338-39).
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The results of that change could be described as creating a class of de-
vices (mostly in Class I and some in Class II) for which no preclearance is 
required, confirming a large subset of Class II for devices that would not be 
subject to any special control (that is, requiring only a 510(k) review show-
ing substantial equivalence to a predicate device, as was the case for Class 
I devices under the 1976 MDA), and establishing another subset of Class 
II devices more akin to the original 1976 vision of Class II that combined 
510(k) preclearance with one or more of the special controls envisioned by 
the 1976 and 1990 amendments. Thus, Class II had become divided, for 
practical purposes, into three groups: “Class IIA” (no preclearance and no 
special controls required; that is, effectively Class I), “Class IIB” (preclear-
ance required but without special controls), and “Class IIC” (both preclear-
ance and controls required). Given that the FDA had issued few special 
controls on Class II devices, the decision to exempt some Class II devices 
even from 510(k) notification requirements raises the question whether these 
devices should ever have been in Class II. 

Authorization of Third-Party Review of 510(k) Submissions for Other 
Class I and Class II Devices

Congress directed the FDA to establish a scheme whereby third parties 
could be accredited to perform 510(k) reviews for any Class I or Class II 
device for which a 510(k) submission was still required other than Class 
II devices intended to be permanently implantable or life-sustaining or life-
supporting or for which clinical data are required.205

Evaluation of Automatic Class III Designations

The new law required the FDA to evaluate whether a new device that, 
after submission of a 510(k) notification by the sponsor, was determined to 
be NSE to another device and therefore was automatically placed in Class 
III could be classified into Class I or Class II immediately without having 
to undergo PMA review.206 That process, now called the de novo 510(k), 
would be triggered by a request from the 510(k) submitter and have to be 
completed within 60 days. In the de novo process, the issue presented to 
the FDA is simply whether the device meets the criteria for Class I or Class 
II, in which case it is classified as a new device and becomes a predicate to 
which later devices may refer.

205FFDCA § 523, 21 USC § 360m (2006) (added by FDAMA § 210, 111 Stat. at 2342-45). 
206FFDCA § 513(f)(2), 21 USC § 360c(f)(2) (2006) (added by FDAMA § 207, 111 Stat. at 

2340).
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Limitation of Food and Drug Administration Authority to Withhold 
510(k) Clearance Because of Failure to Comply with Other FFDCA 
Requirements

Congress understood that the FDA had undertaken a policy of withhold-
ing clearance of a 510(k) submission when an inspection of the manufac-
turer revealed GMP violations. To countermand that use of FDA authority, 
the 1997 law required the agency to act on the 510(k) submission without 
regard to the manufacturer’s failure to comply with any other provision of 
the FFDCA “unrelated to a substantial equivalence decision.” To be clear, 
Congress went on to say that “including a finding that the facility in which 
the device is manufactured is not in compliance with good manufacturing 
requirements . . . (other than a finding that there is a substantial likelihood 
that the failure to comply . . . will potentially present a serious risk to hu-
man health).”207

Restriction of Scope of Review to Proposed Indications for Use

In response to complaints that the agency was denying 510(k) clearances 
because of potential “off-label” uses, Congress specified that the FDA was 
to make determinations solely on the indications for use proposed by the 
manufacturer in the labeling with the 510(k) submission.208 The new law 
did, however, permit the agency to require warnings in labeling with respect 
to off-label uses if there is a reasonable likelihood that the device will be used 
for an intended use not identified in the proposed labeling and that use could 
cause harm. That special authority could be exercised only by the director 
of the Office of Device Evaluation, not by any subordinate managers.

Restriction of Scope of Review to Least Burdensome Means of 
Demonstrating Equivalence

The SMDA of 1990 had codified the FDA’s approach to determining 
substantial equivalence, including authorizing the FDA to request addi-
tional information in the 510(k) submission to confirm equivalence.209 The 
FDA had already, on its own initiative, revised the substantial-equivalence 
standard to limit requests for data only when the differences presented new 

207FFDCA § 513(f)(5), 21 USC § 360c(f)(5) (2006) (added by FDAMA § 206(b), 111 Stat. 
at 2339).

208FFDCA § 513(i)(1)(E), 21 USC § 360e(i)(1)(E) (2006) (added by FDAMA § 205(b), 111 
Stat. at 2337-38).

209FFDCA § 513(i)(1)(A)(ii), 21 USC § 360c(i)(1)(A)(ii) (2006) (“the information submitted 
that the device is substantially equivalent to such other device, including clinical data if required 
by [FDA], demonstrates that the device is as safe and effective as such other device which is 
currently being sold”). 
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types of questions or new risks that could not be mitigated (IOM, 2010, p. 
11). In 1997, Congress restricted the agency further, specifying that the FDA 
could request information only if it were necessary to make the substantial-
equivalence determination. Moreover, in making such a request, the FDA 
has to “consider the least burdensome means of demonstrating substantial 
equivalence and request information accordingly.”210

Device Classification (and Reduction in Scope of PMA Review Regarding 
Effectiveness) to Consider Substitution of Postmarket Controls

The 1997 law directed the FDA to “consider the extent to which reli-
ance on postmarket controls may expedite the classification of devices” into 
Class I or Class II instead of Class III.211

Congress ordered that “in making a determination of a reasonable 
assurance of effectiveness” in reviewing a PMA, the FDA must “consider 
whether the extent of data that otherwise would be required for approval 
. . . with respect to effectiveness can be reduced through reliance on post-
market controls.”212

The legislation also provided for collaborative determinations by the 
FDA and a PMA applicant of the type of scientific evidence needed to ap-
prove a particular PMA. The law created a process for meetings, internal 
appeals of scientific disagreements between a company and the FDA re-
viewers, and binding written FDA commitments on the evidence needed.213 
Congress was again interested in reducing unnecessary clinical testing of 
medical devices. It provided214: 

Any clinical data, including one or more well-controlled investigations, 
specified in writing by [FDA] for demonstrating a reasonable assurance of 
device effectiveness shall be specified as [a] result of a determination by 
[FDA] that such data are necessary to establish device effectiveness. [FDA] 
shall consider, in consultation with the applicant, the least burdensome 
appropriate means of evaluating device effectiveness that would have a 
reasonable likelihood of resulting in approval. 

210FFDCA § 513(i)(1)(D), 21 USC § 360c(i)(1)(D) (2006) (added by FDAMA § 205(b), 111 
Stat. at 2337).

211FFDCA § 513(i)(C), 21 USC § 360c(i)(C) (2006) (added by FDAMA § 205(b), 111 Stat. 
at 2337).

212FFDCA § 513(a)(3)(C), 21 USC § 360c(a)(3)(C) (2006) (added by FDAMA § 205(a), 
111 Stat. at 2336).

213FFDCA § 513(a)(3)(D), 21 USC § 360c(a)(3)(D) (2006) (added by FDAMA § 205(a), 
111 Stat. at 2336-37); FFDCA § 562, 21 USC § 360bbb-1 (2006) (added by FDAMA § 404, 
111 Stat. at 2368).

214FFDCA § 513(a)(3)(D)(ii), 21 USC § 360c(a)(3)(D)(ii) (2006) (added by FDAMA § 
205(a), 111 Stat. at 2337).
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Finally, the new law clarified that establishing effectiveness would 
require only one clinical investigation.215 The legislative history of these 
provisions contains the following explanation, which underscores the nega-
tive congressional reaction to the Temple report of 1993, which had recom-
mended greater consideration of randomized controlled studies to support 
medical-device safety and effectiveness216:

The Committee believes that [these amendments] are necessary to and 
consistent with improving communication between the FDA and regu-
lated persons, increasing regulatory efficiency, and decreasing the length 
of product review and approval. In particular, the Committee is aware 
of examples where the FDA has requested inappropriate types of clinical 
testing for certain breakthrough devices and is concerned about instances 
in which the agency has required sponsors to conduct unnecessary ran-
domized clinical studies to demonstrate device effectiveness. Although 
randomized clinical testing may be the best means of demonstrating de-
vice effectiveness for some products, the Committee is informed that such 
testing is often unnecessary to demonstrate effectiveness for many devices.

Alternative Procedures for Setting Performance Standards for Class II 
Devices

The 1997 law provided that the FDA could recognize an appropriate 
performance standard established by a nationally or internationally recog-
nized organization engaged in standard development. In lieu of an extended 
notice-and-comment rule-making, the FDA could simply issue a notice of 
recognition.217 In addition, Congress provided a simplified process for ap-
plicants to certify compliance with the standard.218

Priority PMA Review for Important New Devices

Congress directed the FDA to provide review priority for medical de-
vices that represented breakthrough technologies, for which no approved 
alternatives existed, that offered substantial advantages over existing ap-

215FFDCA § 513(a)(3)(A), 21 USC § 360c(a)(3)(A) (2006) (revised by FDAMA § 217, 111 
Stat. at 2350).

216H.R. Rep. No. 105-307, at 24 (1997).
217FFDCA § 514(c)(1)(A), 21 USC § 360d(c)(1)(A) (2006) (added by FDAMA § 204(a), 

111 Stat. at 2335-36).
218FFDCA § 514(c)(1)(B), 21 USC § 360d(c)(1)(B) (2006) (added by FDAMA § 204(a), 111 

Stat. at 2335-36).
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proved alternatives, or whose availability would be in the best interest of 
patients.219

Certainty of Review Timeframes

Congress reinforced the requirement that 510(k) submissions be acted 
on within 90 days of filing.220

Modifications of Postmarketing Controls

For the first time, Congress substantially aligned postmarket controls to 
device classifications in 1997. Perhaps unwittingly, that restructuring may 
have discouraged the FDA from down-classifying device types from Class 
II to Class I. Doing so would have sharply reduced the potential regulatory 
tools available to the agency in the future if a problem with the down-
classified type of device emerged.

Limiting Device Tracking to Class II and Class III Devices

The 1997 law limited the FDA’s authority to require device tracking to 
Class II or Class III devices whose failure would be reasonably likely to have 
serious adverse health consequences or that are intended to be implanted for 
more than 1 year or are life-sustaining or life-supporting and used outside 
a device-user facility.221

Limiting Postmarket Surveillance Requirements to Class II and Class III 
Devices

Congress also restricted the FDA’s power to order postmarket surveil-
lance for devices to those in Class II or Class III whose failure would be 
reasonably likely to have serious adverse health consequences or that are 
intended to be implanted for more than 1 year or are life-sustaining or life-
supporting and used outside a device-user facility.222

219FFDCA § 515(d)(5), 21 USC § 360e(d)(5) (2006) (added by FDAMA § 202, 111 Stat. 
at 2334).

220FFDCA § 510(n), 21 USC § 360(n) (2006) (added by FDAMA § 209(a), 111 Stat. at 
2341).

221FFDCA § 519(e), 21 USC § 360i(e) (2006) (revised by FDAMA § 211, 111 Stat. at 
2345-46).

222FFDCA § 522, 21 USC § 360l (2006) (revised by § 212, 111 Stat. at 2346).
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Changes in Requirements for Reporting Adverse Events Associated with 
Medical Devices

The 1997 law eliminated mandatory reporting by distributors of medi-
cal devices.223 It also eased reporting requirements for device-user facilities 
and directed the FDA to establish a sentinel reporting system, relying on a 
representative sample of all device-user facilities, to collect information on 
device-related deaths and serious illness or injuries.224

1997–2009 DEVELOPMENTS

The Medical Device User Fee and Modernization Act of 2002

The Medical Device User Fee and Modernization Act had two major 
components but did not make any fundamental change in the general regula-
tory scheme created by the prior enactments. The first established a “user-
fee” program whereby medical-device manufacturers paid fees for some 
applications, reports, and supplements sent to the FDA for evaluation and 
imposed performance goals for the FDA in reviewing these applications. The 
user-fee program was to operate for 5 years. “The fees are based on the rela-
tive level of effort required for reviews.”225 It is interesting to observe, there-
fore, that Congress fixed the effort required for a 510(k) review at 1.75% of 
that for a PMA review.226 That ratio is not substantially different from the 
one described by the FDA in 1987, when the agency said that the average 
PMA review took 1,200 hours but the average 510(k) review took only 20 
hours (1.67%).227 Congress also authorized specific federal appropriations 
for the FDA to conduct safety surveillance of marketed medical devices.

The other part of the legislation consisted of targeted changes to reduce 
regulatory burdens and agency workload. For example, Congress 

•	 �Created a system whereby people other than federal employees could 
be accredited to conduct inspections of manufacturers of Class II and 
Class III devices.228 

•	 �Permitted labeling for prescription devices intended for use in health-

223FFDCA § 519(a), 21 USC § 360i(a) (2006) (revised by FDAMA § 213(a), 111 Stat. at 
2346-47).

224FFDCA § 519(b), 21 USC § 360i(b) (2006) (revised by FDAMA § 213(c), 111 Stat. at 
2347-48).

225H.R. Rep. No. 107-728, pt. 1, at 24 (2002).
226Id. at 24 table l.1.
227S. Rep. No. 101-513, at 15; Medical Devices and Drug Issues: Hearings Before the 

Subcomm. on Health and the Env’t of the H. Comm. on Energy and Commerce, 100th Cong. 
384 (1987).

228FFDCA § 704(f)–(g), 21 USC § 374(f) (2006) (added by the Medical Device User Fee and 
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care facilities to be provided solely by electronic means (for example, 
over the Internet).229

•	 �Directed that registration of device manufacturers and listing of mar-
keted devices be converted to electronic filings as soon as feasible.230

•	 �Required the FDA to undertake “modular review” of discrete por-
tions of a PMA before the filing of a complete PMA so that questions 
on these portions could be resolved early and the number of issues 
that might delay final approval could be reduced.231 

The Medical Devices Technical Corrections Act of 2004

The Medical Devices Technical Corrections Act of 2004 made a series 
of minor corrections in elements of the 2002 law but did not modify the 
substance of that act or the overall system for regulating medical devices.232

The Medical Device User Fee Stabilization Act of 2005

The Medical Device User Fee Stabilization Act of 2005 was intended to 
address gaps in expected revenues in the 2002 user-fee legislation.233

The Food and Drug Administration Amendments Act of 2007

The most recent device-related legislation renewed the user-fee system 
but did not alter the regulatory scheme in any meaningful way.234

January 2009 Government Accountability Office Report

The 2007 amendments directed GAO to examine which premarket 
review process—510(k) or PMA—the FDA used to review selected types of 
devices from FY 2003 through FY 2007.235 It found that the agency had 
reviewed 13,199 submissions for Class I and Class II devices through the 

Modernization Act of 2002, Pub. L. No. 107-250, § 201, 116 Stat. 1588, 1602-09 (2002) 
[hereinafter, MDUFMA]).

229FFDCA § 502(f), 21 USC § 352(f) (2006) (added by MDUFMA § 206, 116 Stat. at 1613).
230FFDCA § 510(p), 21 USC § 360(p) (2006) (added by MDUFMA § 207, 116 Stat. at 1613).
231FFDCA § 515(c)(3), 21 USC § 360e(c)(3) (2006) (added by MDUFMA § 209, 116 Stat. 

at 1613).
232Medical Devices Technical Corrections Act, Pub. L. No. 108-214, 118 Stat. 572 (2004).
233Medical Device User Fee Stabilization Act of 2005, Pub. L. No. 109-43, 119 Stat. 439 

(2005).
234Medical Device User Fee Amendments of 2007, Title II of the Food and Drug Administration 

Amendments Act, Pub. L. No. 110-85, 121 Stat. 823, 842 (2007).
235Food and Drug Administration Amendments Act of 2007, Pub. L. No. 110-85 § 225, 

121 Stat. 823, 854 (2007).
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510(k) clearance process and cleared 90% for marketing. In addition, 342 
submissions under 510(k) were for Class III devices, of which 67% were 
cleared. Finally, 217 original PMA applications and 784 supplemental PMA 
applications for Class III devices had been reviewed, of which 78% were 
approved. As of October 2008, 20 types of Class III devices could still be 
cleared through the 510(k) clearance process (GAO, 2009b, pp. 6, 17).236 
GAO observed that, relative to the PMA process, the 510(k) review system 
is generally less stringent, faster, and less expensive. With respect to strin-
gency, GAO said: 

For most 510(k) submissions, clinical data are not required and substan-
tial equivalence will normally be determined based on comparative device 
descriptions, including performance data. In contrast, in order to meet the 
PMA approval requirement of providing reasonable assurance that a new 
device is safe and effective, most original PMAs and some PMA supple-
ments require clinical data. In addition, other aspects of FDA’s premarket 
review are [also] less stringent. . . . For example, FDA generally does not in-
spect manufacturing establishments as part of the 510(k) premarket review 
process—the 510(k) review process focuses primarily on the end product 
of the manufacturing process rather than the manufacturing process itself. 
In contrast, the agency does inspect manufacturing establishment as part 
of its review of original PMA submissions [Footnotes omitted]. (GAO, 
2009b, pp. 14–15)

The estimated average cost to the FDA for reviewing a 510(k) in FY 2005 
was about $18,200, compared with $870,000 for a PMA (GAO, 2009b, 
pp. 14–15). That is a ratio of roughly 2.09%, not far from the 1987 ratio 
of 1.67% based on the estimated numbers of staff-hours to review a 510(k) 
(20) and a PMA (1,200). As mentioned before, the FDA does not believe 
that the 1987 estimates are reliable today (Desjardins, 2011).

October 2009 Department of Health and Human 
Services Inspector General Report

The HHS inspector general conducted a review of medical-device 
adverse-event reporting in 2003–2007 to assess the extent of reporting, the 
extent of compliance with reporting requirements by manufacturers and 
user facilities, and the use of these reports by the FDA to identify and ad-
dress safety concerns (OIG, 2009). Among the findings, the FDA received 
twice as many reports in 2007 as in 2003; most manufacturer reports were 
on time, but many of the user-facility reports and those from manufacturers 
that were supposed to be filed in 5 days because of their seriousness were 

236The FDA reports that as of 2009, 26 types of Class III devices could still be cleared through 
the 510(k) clearance process (FDA, 2011).
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late; and CDRH was not using the reports in a systematic manner to identify 
and address safety issues (OIG, 2009, ii). On the last point, the inspector 
general made a number of specific observations, which echoed the GAO 
report of 1997 (OIG, 2009, pp. ii–iii):

•	 �Analysts did not adequately document information regarding their 
reviews, so it was difficult to trace a response to an individual event.

•	 �The FDA could not link postmarket surveillance activities to particu-
lar events.

•	 �The agency lacked a system to document when adverse-event reports 
resulted in onsite inspections.

•	 �There was a serious delay between receipt of reports and when they 
are substantively reviewed in the FDA.

•	 �The FDA rarely acted when manufacturers or user facilities submit-
ted late reports.

•	 �The agency made little use of annual reports from user facilities. 

The inspector general recommended that the FDA develop a protocol for 
reviewing adverse-event reports, including documentation requirements, 
provisions for timely review of high-priority reports, and follow-up with 
late reporters (OIG, 2009, pp. iii–iv).

CLOSING OBSERVATIONS

This chronologic inventory has attempted to identify materials bearing 
on six issues relevant to the consideration of the effectiveness of the 510(k) 
system:

•	 �Whether a 510(k) determination that a new device is substantially 
equivalent to a predicate device is a finding that the new device is 
safe and effective.

•	 �Whether 510(k) decisions made over the past 35 years are of suf-
ficient quality and reliability to serve as predicates for future 510(k) 
actions.

•	 �Whether each type of Class II device must be subject to special con-
trols to provide reasonable assurance of the safety and effectiveness 
of devices of that type.

•	 �Whether procedural requirements have unduly interfered with the 
FDA’s ability to execute its duties.

•	 �Whether the postmarketing system for detecting device-related ad-
verse medical events or failures of effectiveness can be relied on in 
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drawing conclusions about the overall effectiveness of the regulatory 
scheme.

•	 �Whether the appropriate balance has been found between premarket 
clearance and postmarketing controls.

Those issues have repeatedly been identified and discussed by congres-
sional bodies, by HHS, by the courts, and by the FDA itself. The commit-
tee’s conclusions and recommendations on those questions are set forth in 
Chapter 7 of the present report.

As a general observation, however, it is clear that the consistent lack 
of adequate resources can undo much of what Congress envisions when it 
enacts a regulatory law. The experience of the FDA in implementing the 
medical-device law is an excellent example. Congress set forth an elaborate 
regulatory scheme with classification of all devices, PMA for novel and high-
risk devices, performance standards and special controls for medium-risk 
devices, a preclearance mechanism for medium-risk and low-risk devices, 
surveillance for adverse events related to devices in use, and numerous pow-
ers by which the FDA could act to address problems with marketed devices. 
Congress never, however, provided the funds to perform all those tasks in 
strict accordance with the statute and within the timeframes that Congress 
desired. The agency later concluded that reviewing PMAs and reclassifying 
Class III devices were too expensive, as would establishing performance 
standards have been. The FDA evolved the 510(k) mechanism into an al-
ternative to those options. 

The system that the FDA operates today reflects cumulative adminis-
trative interpretations of the laws enacted by Congress in 1976, 1990, and 
1997, informed by internal and external criticisms, advanced by technologic 
processes, and adjusted to the political and budget priorities of 6 presiden-
tial administrations and 18 Congresses. But it is not necessarily the system 
that would be designed if Congress started over today in recognition of the 
likelihood of the FDA’s resources for the foreseeable future.
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on Research and president of the American Association of Pathologists 
(now the American Society for Investigative Pathology), from which he 
received the Gold-Headed Cane Award for lifetime achievement in 2003. 
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the American Journal of Sports Medicine. Ms. Paxton earned her MA in psy-
chology from San Diego State University and is an industrial–organizational 
psychology PhD candidate at Northcentral University. 

Shari Lawrence Pfleeger, PhD, is the director of research of the Institute for 
Information Infrastructure Protection, a consortium of leading universities, 
national laboratories, and nonprofit institutions dedicated to strengthening 
the cyber infrastructure of the United States. She was previously a senior 
researcher at the RAND Corporation, where she worked on policy and 
decision-making issues that help organizations and government agencies to 

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


APPENDIX B	 283

understand whether and how information technology supports their mis-
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tions, and civil litigation. Before joining Arnold & Porter, Mr. Vodra served 
at the FDA from March 1974 to April 1979 as the associate chief counsel 
for drugs. Before that, from January 1971 to March 1979, Mr. Vodra was 
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selaer Polytechnic Institute Alumni Association Fellows Award in 1997, the 
Department of Health and Human Services (HHS) Secretary’s Award for 
Distinguished Service as a member of the FDA Reform Legislation Working 
Group in 1998, the HHS Secretary’s Award for Distinguished Service for 
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Radiological Health
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	 consideration of off-label use as intended 

use, 98–99
	 databases, 20, 90
	 enforcement authority, 55
	 financial resources, 73–74

Medical Devices and the Public's Health: The FDA 510(k) Clearance Process at 35 Years

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/13150


288	 INDEX

	 goals for 510(k) program, 190
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Center for Drug Evaluation and Research, 
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	 definition, 2b, 31, 218
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	 review and clearance requirements, 1, 
3, 4, 32, 71, 86–87, 208, 218–219, 
220, 221, 249–251, 266–267
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Class III medical devices
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	 devices excepted, 86–87, 222–223
	 device tracking regulations, 48–49, 271
	 evolution of legislative regulation, 
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	 number of 510(k) submissions and 

clearance rate, 274
	 pathways to market entry, 85–86, 116, 
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	 postmarket surveillance requirements, 

49, 271
	 premarket review and approval 
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