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CAUTION

This is study material that is intended only to give students an overview of the procedures that the U.S. Food and Drug Administration (FDA) uses in clearing new medical devices for marketing.  It is not to be used as a resource by persons who are involved in the medical device industry because it is a summary that omits much critical information and because the regulations are changing constantly.  Persons intending to market medical devices must consult the primary source documents such as the FEDERAL REGISTER and the Code of Federal Regulations to obtain accurate and up-to-date information on this subject.

INTRODUCTION

If it were not for the continuous changes taking place, the process for marketing a new medical device might simply be a matter of following the rules.  Unfortunately, the rules are always changing, which makes FDA (approval( a moving target.  To know what to expect, it is necessary to see how it all started and where it went, as well as where it is now.  Therefore, let us begin by looking briefly at the history of medical device law in the United States.

Public health laws always begin with disasters.  Legislation is then passed that forbids the practice that caused the problem and provides penalties for those who violate the law.  Then commercial interests work to have the penalties removed and lobby for an interpretation of the law that nullifies the original intent.  As you will see, this process has been repeated many times.

In 1906, the Pure Food and Drug Act was passed after it was discovered that foods were being preserved with toxic solutions. I-1 Criminal penalties were specified for (adulteration( and (misbranding( of food and medicine; however, industry leaders made sure that interpretation of these terms were such that no one could be found guilty.  In 1912 the act was amended to eliminate enforcement entirely.

In 1937 a drug manufacturer marketed an (Elixir of Sulfanilamide( that used ethylene glycol, which proved to be highly toxic to children, as a solvent.  There were 73 known deaths attributed to its use before FDA could stop sales. I-2  Public reaction to this disaster paved the way for the Food, Drug and Cosmetic (FD&C) Act of 1938, which repaired the act of 1906 and provided the basis for FDA regulatory law today.  However, the cycle of (pass a law, then forget about it( continues unabated.  Today we have an elaborate regulatory scheme for medical devices that is largely ignored.

Under the FD&C Act of 1938, FDA had no clear authority to regulate medical device commerce.  In 1968, concern about the adverse health effects of radiation gave rise to the (Radiation Control for Health and Safety Act, which applied to both consumer products and medical devices.  Otherwise, the marketing of most medical devices was unencumbered by regulation.  Some of the strange medical devices being marketed prior to 1976 can be seen in the (Museum of Questionable Devices( on an Internet website. I-3   

In 1970, the Dalcon Shield was marketed and promoted as a safe and effective device for contraception.  Within two years, more than a million had been sold.  In 1972, the results of a study published by the Department of Health Education and Welfare showed that the pregancy rate among a group of almost a thousand users was more than 5% and the removal rate was 26%.  More than 500 law suits were filed against the manufacturer, which withdrew the product from the market.

Subsequently, 23,000 pacemakers 23,000 recalled by manufacturers, and atypical infections associated with intraocular implants caused five patients to lose their eyes.  These, and other events, caused Congress to consider the possibility of having rules for marketing medical devices.  Bills were introduced in the 1950-1960 era, but none were enacted. I-4 

May 28, 1976, (the day of infamy,( according medical device manufacturers, was the date on which the Medical Device Amendments to the FD&C Act were signed into law by Gerald Ford.  One of the few immediate requirements was the (Section 510(k)( provision that required all manufacturers of medical devices to notify FDA of their intent to market a new medical device.  (Devices marketed before May 28 were not affected.)  If FDA did not respond to this notice within 90 days, the device could be marketed.  Implementation of most other provisions required FDA to pursue the formal rule-making procedures that took many years to complete. I-5
DEFINITION OF A MEDICAL DEVICE

The FD&C Act defines a medical device in a way similar to the definition of a drug as follows:D-1 

 (The term (device( means an instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent, or other similar or related article, including any component, part, or accessory thereof, 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 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 or any function of the body of man or other animals, and which ... (is not a drug).

The key word in this definition is (intended.(  It is not just the physical object which is a medical device, it is the intended use of the object that makes it (medical.(  The same object, if it has a new intended use, is considered to be a new device.

When introducing a new device, marketing people like to see lots of intended uses in the product labeling because it increases the breadth of the possible market.  This can be a fatal mistake.  If the FDA reviewer has a problem with any of the new intended uses, the entire approval process is delayed.  If the product is introduced with one intended use for which there is very good evidence of effectiveness, the product may get on the market quickly.  Afterwards, supplemental paperwork can submitted for the additional uses.

It is obvious that the definition of a medical device is extremely broad.  It was intended to cover in vitro laboratory test reagents, as well as devices used by physicians and sold over the counter to the public.  The spectrum of devices extends from the simple rubber hammer used to test reflexes to cobalt therapy machines and implanted defibrillators. It was recognized that all devices did not require the same level of scrutiny; therefore, the concept of classification was introduced.

CLASSIFICATION

One of the provisions of the FD&C Act required FDA to assign all preamendment devices to one of three classes according to the level of regulation needed to assure safety and effectiveness.  In theory, classification would expedite the review of simple devices while allowing the most resources to be applied to the most critical and complex devices.  

The three medical classes defined by law were:

Class I, (General Controls(: 

Class I devices for which only the general provisions of the Act would be needed by FDA to control the safety and effectiveness of devices in this class.  General controls, which apply to all devices include premarket notification, good manufacturing practices, truth in labeling, and adequate directions for use.

Class II, (Performance Standards(: 

Class II was later redefined by another FD&C amendment as (Special Controls,( meaning that FDA might need to apply special rules for some particular types of devices to assure safety and effectiveness.  The general controls also apply.

By 1990 it had been become clear that no medical device standards under Section 514 of the Act would be forthcoming.  In the absence of standards for class II devices, FDA reviewers had developed check lists and performance criteria that could be applied to the evaluation of many particular devices, especially those in widespread use.  Also, many industry standards, although they could not be legally required, served as a good shorthand for providing data in a premarket notification.  It was conjectured that FDA might formalize these documents as (controls( in the Safe Medical Devices Act of 1990 (SMDA90).

Class III, (Premarket Approval(: 

Premarket Approval is a process that is analogous to the process for approval of a new drug.  A device in this class must have an approved premarket approval application (PMA) before it can be marketed.  General controls also apply and special controls might also apply. This gets confusing for devices that were on the market prior to the device amendments, because the law was constructed so as to have no immediate effect on the preamendment devices.  Preamendment devices were not required to have an approved PMA until FDA went through another rule-making process to set a date for that requirement to become effective.  There were also built-in delays allowing for manufacturers to file reclassification petitions.  The process was sufficiently unwieldy that very few class III preamendment devices were ever required to have an approved PMA. 

However, with regard to new (post amendment) devices, an approved PMA was required prior to introduction. A common misconception is that class III is reserved for (high risk( devices; however, the only legal criteria specified was that premarket approval was necessary, in the opinion of an advisory panel, to assure safety and effectiveness. New devices, until they have either been found equivalent or reclassified by petition, are in class III by statute.

The marketing of class I and class II devices requires only the filing of the premarket notification, or (510(k),( as it is commonly known.  A Class I device can be marketed merely by showing that the device is (substantially equivalent( to a classified preamendment class I device.  A class II device, in addition to being (substantially equivalent,( need only conform to a particular device standard or other published (special controls.(  In theory, this would have made things simple for both the industry and the FDA reviewer.  However, because no adequate regulatory standard was ever developed for any particular device, theory never became practice.

The classification process was long and expensive.  The approach taken by FDA was to have every identifiable device type considered individually by an advisory panel of non FDA experts.  (Review by advisory panels was required by the Act.)  Although the classification meetings began even before enactment of the amendments, some classification rules were not finalized until 1988.  In the mean time, thousands of new devices were introduced, so it is not too surprising that the classification of preamendment devices has had very little impact on the rules for marketing clearance, contrary to the intent of the legislation. 

SAFETY AND EFFECTIVENESS

The phrase (... to provide a reasonable assurance of safety and effectiveness( appears throughout the medical device amendments, which makes it clear that this was the mandate given to FDA.  Regardless of the lack of resources or regulatory development, both FDA employees and managers were obliged to act in a way consistent with that mandate.  In the absence of regulatory standards, reviewers were obliged to ask enough questions about class II devices to provide that (reasonable assurance.(  Class III devices could also be introduced under the 510(k) provision; therefore, it is often deemed necessary to provide the results of a clinical trial as (additional information( in a premarket notification, even though these reviews did not require review by an advisory panel.

The word (safe,( as used in the FD&C Act does not mean without risk.  The legislative historyS-1 clearly spells out the interpretation. (Safe( means the benefits must outweigh the risks.  (Effective( implies that the benefit has been measured and deemed to be adequate to justify the risks.  Assuming there is always some risk, (safety and effectiveness( is a single entity: you cannot have one without the other.

SUBSTANTIAL EQUIVALENCE

The material above is written in the past tense and sounds like history lesson.  However, the point being made is that precedence was set by these circumstances, and that the resulting path to the market is the one that predominates today, instead of the path intended by Act.  As a result, the 510(k) is being used to market class I, class II, and class III devices, provided some similar device can be identified, as is usually the case.  The 510(k) provision was considered by many as a (grandfather clause( that was intended to allow the introduction of competing products by other manufactures that were the same as those products being marketed at the time the amendments went into effect.  It was even suggested that, with rapidly evolving technology, the 510(k) would go away.  Just the opposite is true.  If anything goes away, it will be PMA.

The purpose of the 510(k) is to present data to the FDA demonstrating that the device to be introduced is (substantially equivalent( to a preamendment device.  FDA examines the data to assure that the device is equivalent.  If FDA determines the device is not substantially equivalent, the law requires that it be a class III device and that a PMA be approved before the device can be marketed.  

The medical device amendments devote many pages to the classification procedures, procedures for establishing standards, and criteria for premarket approval.  There are even detailed requirements on how the classification panels are to operate and their membership.  However, No definition of (substantial equivalence( is provided by the legislation, yet this phrase has become the criterion by which approximately 97 percent of (new( medical devices now enter the market.  The only guidance for interpretation provided is found in the legislative history: (SE- 1)
(The term (substantially equivalent( is not intended to be so narrow as to refer to 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 the marketed products.  The Committee believes that the term should be construed 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, differences between (new( and marketed devices in materials, design, or energy source, for example, would have a bearing on the adequacy of the information as to the new device(s safety and effectiveness, and such devices and such device should automatically be classified into class III. 

Without a legal definition, and with the latitude provided by the above citation, FDA was able to interpret the meaning of (substantially equivalent( much as it saw fit.

The term (substantial equivalence( appears only once with regard to new devices, so far as I can determine, buried in the classification section under 513(f)(1), Initial Classification of Certain Devices:

(Any device intended for human use which was not introduced or delivered for introduction into interstate commerce for commercial distribution before the date of the enactment of this section is classified in class III unless (
(A) the device ( 

(i) is within a type of device (I) which was introduced or delivered for introduction into interstate commerce before such date and which is to be classified pursuant to subsection (b), or (II) which was not so introduced or delivered before such date and has been classified in class I or II, and

(ii) is substantially equivalent to another device within such type, ...(
As the citation above prescribes, any device which is not substantially equivalent would be in class III and would require either reclassification by petition or premarket approval (PMA).

Both the reclassification process and the PMA approval process, as prescribed by law, are very labor intensive for FDA and the manufacturer. The resources that are budgeted to FDA for medical device regulation have been minimal.  To avoid having numerous PMAs, FDA used its authority, in the absence of any legal directive, to interpret (substantial equivalence( in a way that responded to the mandate for safety and effectiveness, but avoided premarket approvals. 

The logic diagram of the initial interpretation, is shown in Figure 1 SE-1.  Although it was at first thought that new technologies would invoke the premarket approval requirement, new technologies came on so rapidly that only technologies that raised (new types of safety and effectiveness question( would trigger a PMA.  What is a new type of question? I doubt that there are any.  In any case, this version of the interpretation was not sufficient to explain all the pragmatic determinations that were being made, so a more extensive road map showing the many ways that substantial equivalence can be demonstrated is shown in the diagram provided by an FDA internal memorandum SE-2 (see Figure 2).   

___________________________________________________________________________

Figure 1.


<a href=(SE1.pdf(<Figure 1. Basic SE Determination></a>

___________________________________________________________________________

Figure 2.

Note that in Figure 2 even the (new intended use( pathway is revised to allow consideration of safety and effectiveness data.  Each step along the way allows (performance data( to be used in making a determination.  In effect, FDA has stretched the interpretation to the limits of absurdity. One branch chief at FDA joked, citing the biblical quotation as authority, (it shows there is nothing new under the sun.(  The usefulness of the substantial equivalence argument in marketing a new device cannot be over emphasized.

THE 510(k)

The premarket notification is called (the 510(k)( because it is prescribed by section 510(k) of FD&C Act, under the part that requires manufacturers to register, as follows:

(Each person who is required to register under this section and who proposes to begin the introduction or delivery for introduction into interstate commerce for commercial distribution of a device intended for human use shall, at least ninety days before making such introduction or delivery, report to the Secretary (in such form and manner as the Secretary should prescribe) ( 

(1) the device in which the device is classified under section 513 or if such person determines that the device is not classified under such section, a statement of that determination and the basis for such person(s determination that the device is or is not so classified, and

(2) action taken by such person under 514 or 515 which are applicable to the device.

That is all that was said in the original 1976 medical device amendments to the FD&C Act.  In theory, FDA was not required by law to respond to 510(k).  When the 90 days had elapsed, the product could have been distributed.  However, FDA procedure was to log in and track every notification.  A letter acknowledging receipt was sent that included a statement that warned that the device should not be marketed until FDA had completed its review.

Use of the phrase (in the form and manner... ( in the citation above directed FDA (through the Secretary) to promulgate a regulation that elaborates on this (report.(  The resulting regulation, now codified in Title 21, Code of Federal Regulations, Part 807 (21 CFR 800).  The required content of the (report( is specified in 21 CFR 807.87.  This paragraph provides a legal basis for the required content, but it is of little help in the actual preparation of a 510(k), aside from the administrative elements.  The key elements are: (1) the proposed product labeling, (2) a comparison of the device to be introduced with products on the market, and (3) any other information requested by FDA.  The last element provided the means by which the notification process was converted into a virtual approval process.

The broad interpretation of (substantial equivalence( was ratified by SMDA90, which codified a definition of (substantial equivalence( that includes the language used in the flow diagram above (Figure 2). SMDA also specified that the determination of equivalence had to be made (by order,( i.e., on the authority of a letter from FDA.  

THE NEW (1998) 510(k) PARADIGM

In the late 1990s, the buzz words (new paradigm( burst on the scene, and the FDA Center for Devices and Radiological Health (CDRH) had to have one.  Also, it was an era when CDRH management was doing its utmost to appear industry-friendly.  To counter criticism of the sometimes-slow 510(k) process, the new paradigm created two new kinds of 510(k)s: the special 510(k) and the abbreviated 510(k), which were touted as a streamlining achievement.  The (traditional 510(k)( remained as the default.  

An FDA guidance document provides the following logic diagram for determining which type of 510(k) is appropriate NP-1: (see Figure 3.)


Figure 3. The New 510(k) Paradigm (full page)


The Special 510(k) can be used when the product being introduced is a modification of a device that was previously introduced by a 510(k) from the same person.  Some modifications do not require a 510(k), but the person introducing the modified device must accept the risk that the FDA criteria for this is being correctly interpreted NP-2.  SMDA90 introduced design controls as part of the documentation of the manufacturing process, which is examined periodically by FDA field inspectors.  The reviewer can rely on the manufacturer(s declaration of conformity without asking for test data, thereby deferring the examination of that data to the next inspection.  Also, the special 510(k) does not need to include redundant data that was in the original 510(k).  Reviewers had been exercising this kind of discretion long before the new paradigm, but the 1998 memorandum served to publicize this approach.

Reviewers are sometimes reluctant to recommend a finding of equivalence without actual test data, especially when it appears that new design may not perform.  If they request such data, the review is delayed.  While the person submitting may complain that the reviewer is not adhering to policy, the complaint does little to speed the review.  If the data is available, the easy way out is just to send it in.  Also, referring to data in an old 510(k) requires that the reviewer(s time be spent in retrieving the old file; whereas, including a relatively small amount of redundant data may expedite the review.  So, the (special( can be a two-edged sword: it may streamline, or it may encumber.  Use with it care.

The abbreviated 510(k) can be used when device-specific FDA guidance exists, when a special control has been established, or when FDA has recognized a voluntary standard.  The problem is that very few of these reference documents are actually sufficient.  They may provide some, but not all, of the data needed to establish equivalence.  In most cases, an abbreviated 510(k) that is based entirely on certified compliance with a standard or a guidance will result in the reviewer requesting additional data, and a consequent delay.  There are some notable exceptions: the Rehabilitation Society of North America (RESNA) standard for powered wheel chairs and scooters is a very extensive treatment on the safe design of the products.  Certification of compliance with this standard is enough to assure equivalence; however, the requirements go well beyond mere equivalence.

THE TRADITIONAL 510(k)

We now enter the (Interstate Highway( that leads to a marketing clearance.  Even if it appears that your product is not equivalent to a predicate device, there is little to be lost by attempting a 510(k).  This statement, of course, requires further explanation.  There are many approaches to preparing a 510(k), and different approaches, or strategies, are needed for the various kinds of devices: passive implants, powered implants, energy-delivering therapeutic devices, energy-delivering diagnostic devices, and devices with no demonstrated effectiveness are all candidates for substantial equivalence, but the approach for each will differ.

The basic contents for all 510(k)s is now fairly-well defined by FDA/CDRH guidance documents.  There are now prescribed administrative items that must be included; otherwise you will get a (refuse to accept( letter.  A refused 510(k) is not logged in and does not undergo any further review until the basic elements are provided in another notification.

A modified copy of the CDRH, Office of Device Evaluation (ODE), (refuse to accept( checklist is provided in Figure 4. This form, as modified slightly by the author, can be used as an index to the required material, with the relevant page numbers inserted in the blocks to expedite the initial acceptance review.

PREMARKET NOTIFICATION (510(k)) CHECKLIST FOR ACCEPTANCE DECISION

K____________________________ 
Device Name____________________________

Division/Branch_________________________________

Administrative Reviewer Signature_______________________________Date__________

Did the firm request expedited review? _______Yes _________No

Did we grant expedited review? _______Yes _________No

Is a Truthful and Accurate statement enclosed? _______Yes _________No

(If not enclosed, must send a Refuse to Accept letter.)

Accepted________ Refuse to accept___________

	I. CRITICAL ELEMENTS
	Yes

Present

Omission Justified
	No

Inadequate

Omitted

	A. Is the product a device?
	
	

	B. Is the device exempt for 510(k) by regulation or policy?
	
	

	C. Is the device subject to review by CDRH?
	
	

	D. (i) Are you aware that this device has been the subject of a previous NSE decision?

     (ii) If yes, does this new 510(k) address the NSE issues (e.g., performance data)
	
	

	E. (i) Are you aware of the submitter being the subject of an integrity investigation? If yes, consult the ODE Integrity Officer

    (ii) Has the ODE Integrity Officer given permission to proceed with the review?

(Blue Book Memo #191-2 and Federal Register 90N-0332, September 10, 1991.)
	
	

	F. Does the submission contain the information required under Sections 510(k), 510(f), and 513(i) of the Federal Food, Drug, and Cosmetic Act (the Act) and Subpart E of Part 807 in Title 21 of the Code of Federal Regulations (CFR)? 
	
	

	1. Device trade or proprietary name
	
	

	2. Device common or usual name or classification name
	
	

	3. Establishment registration number (only applies if establishment is registered)
	
	

	4. Class into which the device is classified under 21 CFR Parts 862 to 892
	
	

	5. Classification panel
	
	

	6. Action taken to comply with Section 414 of the Act
	
	

	7. Proposed labels, labeling, and advertisements (if available) that describe the device, its intended use, and directions for use. (Blue Book Memo #G91-1)
	
	

	8. A 510(k) summary of safety and effectiveness or a 510(k) statement that safety and effectiveness information will be made available to any person upon request. 
	
	

	9. For Class III devices only, a Class III certification and a Class III summary
	
	

	10. Photographs of the device
	
	

	11. Engineering drawings for the device with dimensions and tolerances
	
	

	12. The marketed device(s) to which equivalence is claimed, including labeling and description of the device
	
	

	13. Statement of similarities and/or differences to marketed device
	
	

	14. Data to show consequences and effects of a modified device
	
	

	15. Truthful and Accurate Statement
	
	

	II. Additional information that is necessary under 21 CFR 807.87(h)
	
	

	A. Submitter(s name and address
	
	

	B. Contact person telephone number and fax number
	
	

	C. Representative/consultant if applicable
	
	

	D. Table of contents with pagination
	
	

	E. Address of manufacturing facility(ies) and sterilizations site(s) if appropriate
	
	

	III.  Additional information that may be necessary under 21 CFR 807.87(h)
	
	

	A. Comparison table of the new device to the marketed device
	
	

	B. Action taken to comply with voluntary standards
	
	

	C. Performance data
	
	

	MARKETED DEVICE
	
	

	Bench testing
	
	

	Animal testing
	
	

	Clinical data
	
	

	NEW DEVICE
	
	

	Bench testing
	
	

	Animal testing
	
	

	Clinical data
	
	

	D. Sterilization information
	
	

	E. Software information
	
	

	F. Hardware
	
	

	G. If this 510(k) is for a kit, has the kit certification statement been provided? 
	
	

	H. Is this device subject to issues that have been addressed in specific guidance documents? 
	
	

	If yes, continue review with checklist from any appropriate guidance documents
	
	

	If no, is 510(k) sufficiently complete to allow substantive review?
	
	

	I. Other (specify) 
	
	


Figure 4. The (Refuse to Accept( Checklist.

Although this is an FDA/CDRH internal document, it provides a useful guide for assuring that nothing has been omitted that will result in a refusal to file the 510(k).  Note that some items can be omitted when they are inappropriate.

CRITICAL ELEMENTS

a. If the intended use of the product is not medical, it is not regulated by FDA.

b. It is unlikely that the initial review will find the device exempt.  (See 510(k) Exemptions, below.)

c. If the product is biologic or a drug, the 510(k) will not be reviewed by CDRH.  

d. A product previously reviewed should not be submitted without reference to the prior 510(k).

e. The integrity issue is an internal FDA question, not part of the 510(k) content.

f. The content required by regulation is specified in the 15 items under (f).  Most of these are self-explanatory.  Note that Establishment Registration (item 3) is only required when the first device is actually put into distribution.  

Classification information (item 4), including the classification panel (item 5), is derived from the appropriate Section of the CFR; i.e., somewhere between 21 CFR 862 and 21 CFR 892.  FDA will classify the device as they see fit, but identifying the appropriate panel will get the document to the branch responsible for the review.  

Item 6 is basically an artifact created by the 1976 act.  To comply, merely include a statement that there are no applicable standards under Section 514.  

Item 7 really means (labeling,( which means everything being published concerning the device.  Documents may be in draft form, but it is important to account for everything, because FDA will determine the intended use by examination of the labeling documents, so be consistent.

Item 8 is a special administrative requirement introduced by SMDA90 to help deal with the conflict between the Freedom of Information (FOI) Act and the requirement to protect trade secret and proprietary information.  FDA, in attempting to comply with the FOI Act, has to delete all the data otherwise protected by law, thereby creating a new, redacted document.  This is sufficiently labor intensive that a great backlog of FOI requests exist.  To alleviate this condition, the requirement for a publicly available summary was created, along with an option that allows the manufacturer or importer to certify that they will provide this document directly to a requester.  The summary must be provided on pages separate from the remainder of the 510(k) to facilitate copying for publication.

Item 10 can be satisfied by other pictorial representations if actual photographs are not available.

Item 11 need not necessarily be the actual production drawings, which may be unnecessarily detailed.  Simple, dimensioned sketches will often suffice.  Drawings can reasonably be marked (confidential( to discourage their release under FOI.

Note that Item 12 allows the flexibility of identifying multiple devices, each of which may be used to argue equivalence for different features or technologies found in the subject device.  This can be especially useful when constructing a broad statement of intended use.  Detailed technical specifications for the predicate devices should be included to the extent needed to establish equivalence.

The comparison with the predicate(s) (Item 13 or 14) is the heart of the 510(k).  A summary of this data should be presented in tabular form.  Wherever significant differences exist, an explanation for the acceptability of the variance should be provided.  Bench test data is often needed to establish equivalent performance, but at a minimum, performance specifications for the critical design parameters must be provided.  Clinical data may also be required when the effectiveness of the device cannot be predicted from performance specifications.  When the intended use is being expanded and when additional benefit is being claimed, compared to predicate devices, clinical data will most likely be required.

The (Truthful and Accurate Statement( (Item 15) is an administrative element that establishes the person responsible for the content of the 510(k).  The 510(k) will not be filed unless someone assumes this responsibility by signing this document.

ADDITIONAL INFORMATION

The (additional information( specified by regulation in 21 CFR 807.87(h) is the catch-all paragraph to allow FDA to request any information needed to preserve the integrity of the 510(k) process.  The device-specific (guidances( provided by FDA/CDRH can often be used to predict the additional information that will be requested, if it is not included in the original submission.  In lieu of the fact that FDA was never able to establish regulatory standards for Class II and Class III devices, this rule provided the authority to ask for device-specific information.  FDA reviewers, after asking the same questions several times concerning similar devices, made available in (draft( form an outline of the data needed to review particular types of devices.  These (draft( review guidelines were also used to establish consistency between reviewers as new reviewers were added to the staff.

FORMAT

As of this writing, no particular format is required for arranging the contents of 510(k), notwithstanding the formality required in a few administrative elements such as the (Truthful and Accurate Statement.(  (See 21 CFR 807.93.)  However, in August 2005, FDA/CDRH published a new document (F-1) that recommends a particular format, a copy of which is provided in Appendix A.  Although this document is nonbinding, of course it would be foolish to ignore it.

GUIDANCE DOCUMENTS

When the 510(k) review process began, the reviewers depended largely upon the descriptions of preamendment devices provided by the premarket notifications.  Using this data, combined with some library research and applying their engineering skills, they were able to determinations of equivalence.  Anticipating that there would be other similar devices to review in the future, they retained notes on the review that could be consulted later.  As additional devices were reviewed, the notes were expanded as new knowledge of the products was added.  As new reviewers were added to the staff, the branch chiefs used these notes to construct (draft review guides( to instruct the new reviewers and to maintain consistency.  

The reviewer guides were kept perpetually as draft documents so as to allow continuous update.  Copies of the (draft) review guides were provided to anyone who was interested, especially persons preparing 510(k)(s, and their comments were solicited for continuous improvements.  It was understood that these draft documents were not binding on the reviewer or on the industry.

As the demand for consultation by the industry grew and reviewers had less time to provide individual consultation, this function was assumed by the CDRH Division of Small Manufacturers Assistance (DSMA).  DSMA collected all the review guides from all the branches and used them to reply to specific industry questions.  They were also made available by (Facts on Demand Service( in those pre-internet days.  Until recently they could all be downloaded via the internet. 

The current website (GD-1) provides access to several hundred guidance documents, this term somehow being preferred for legal reasons.  Many devices are no longer included in the index list, some are said to be (not up to date,( and some are marked (final.(  However, many of the older drafts are still available at this time through the DSMA FAX service.(GD-2) It appears that FDA has attempted to convert some of the informal drafts into guidance documents that can be used as (special controls,( but many of the older drafts are not now available from the internet.  

Before preparing a 510(k) it is necessary to search the FDA/CDRH website to determine if any applicable guidance document exists.  If so, following the guidance as much as possible will obviously expedite the review.  Also, wherever FOI copies of the predicate device files can be obtained, often the particular draft review guide was included.  As a last resort, one can search the index of the DSMA FAX service for a particular review guide.  The review guide can be very useful in determining what will be accepted without question and what new information will be required to establish equivalence.

THE 510(k) EXEMPTION

The Medical Device Amendments of 1976 provided for the exemption of class I devices from the 510(k) requirement, but the implementation of specific exemptions could only be accomplished by means of the formal rule-making procedures.  During 1988 and 1989 FDA did, by regulation, exempt some class I devices from premarket notification; i.e., the 510(k) requirement(EX-1).  However, the exemption rules often included device-specific limitations that better defined the device that was being exempted.  For example, a pin wheel for testing pain sensation was exempted only if it was made from surgical grade stainless steel alloy(EX-2).  Thus pin wheels made from some new material, and other devices that had been found equivalent to pin wheels were not exempt from premarket notification.

Congress, however, was not satisfied with extent to which FDA had used exemptions to reduce the number of notifications and the expense of reviewing them.  The FDA modernization act of 1997 required FDA to exempt all class I devices, unless they specifically (reserved( particular devices from exemption.  As required by law, in January 2000, FDA published a list of (reserved( devices, along with the rule that exempted the remainder of class I devices from 510(k) notification(EX-3).  

The devices being exempted were only identified by classification name, and classification names are often not sufficient to identify particular devices.  Note that the (identification( part of the classification rules is not a definition.  The classification rules include the caveat: (The identification of a device in a regulation in this part is not a precise description of every device that is, or will be, subject to the regulation.(
Further, the identification of any (exempt( product is complicated by the (limitations on exemptions( published in the Federal Register in June 1989:

The Food and Drug Administration(s (FDA(s) decision to grant an exemption from the requirement of premarket notification (section 510(k) of the act) for a generic type of class I device is based upon the existing and reasonably foreseeable characteristics of commercially distributed devices within that generic type.  Because FDA cannot anticipate every change in intended use or characteristic that could significantly affect a device(s safety or effectiveness, manufacturers of any commercially distributed class I device for which FDA has granted an exemption from the requirement of premarket notification must still submit a premarket notification to FDA before introducing or delivering for introduction into interstate commerce for commercial distribution the device when:

(a) The device is intended for a use different from its intended use before May 28, 1976, or the device is intended for a use different from the intended use of a preamendments device to which it had been determined to be substantially equivalent; e.g., the device is intended for a different medical purpose, or the device is intended for lay use where the former intended use was by health care professionals only; or

(b) The modified device operates using a different fundamental scientific technology than that in use in the device before May 28, 1976; e.g., a surgical instrument that cuts tissue with a laser beam rather than with a sharpened metal blade, or an in vitro diagnostic device that detects or identifies infectious agents by using a deoxyribonucleic acid (DNA) probe or nucleic acid hybridization technology rather than culture or immunoassay technology.

Notwithstanding the ambiguity and the departure from legal basis in the above citation(EX-4), its existence is sufficient to make the reliable determination of exemption applicability impossible in any but the most obvious cases.  The extremely broad interpretation of (substantial equivalence( by FDA in the past had undermined the simplistic approach used for defining exempt products specified by the FDA Modernization Act of 1997 (FADMA).  The rule cited expresses the FDA awareness that complex, high technology devices such as surgical lasers had been found equivalent to a class I device, and the 510(k) review, in lieu of any special controls, is necessary to assure safety and effectiveness.  However, the person who intends to introduce a new product is often left in a quandary.  In order to determine if the device is exempt, it necessary to determine if it is equivalent, and only FDA has the authority to determine substantial equivalence.  At present there is no procedure by which the exemption status of a new product can be determined without submitting a 510(k).  Catch 22!

Remember, new devices that have not been found to be substantially equivalent are classified by statute in class III.  If, after marketing, FDA decides that the (exempt( device is not substantially equivalent, the presumed exemption is invalid, and the person who introduced the class III device is guilty of a felony.  This has happened.(EX-5) Therefore, one must be extremely cautious in relying upon a published 510(k) exemption to introduce a device to the market.  If in doubt, file a 510(k) and let FDA determine whether or not it is exempt. (EX-6)
DE NOVO CLASSIFICATION

Petitioning for reclassification was built into the original medical device amendments, but the procedure prescribed in the act is somewhat elaborate.  It presumed that a device which had gone through the classification process was somehow in appropriately classified and that a similar process was needed to show that a change was justified.  However, the dictated that all (new( (i.e., not substantially equivalent) devices were to be classified in class III.  It was later recognized that some new devices had to be found (not equivalent( simply because no similar predicate existed, even though it was clear that classification in class III was not necessary to assure safety and effectiveness. 

This situation was corrected by the FDAMA  FDA was given the authority to classify new devices that had been found (not substantially equivalent( into either class II or class I (by order,( meaning merely by writing a letter.  This now provides an alternative to some of the absurd equivalence determinations such the one that found surgical lasers equivalent to scalpels.  It also provides another way to get a new product on the market using the 510(k) procedure and avoiding the time-consuming PMA.

A request for de novo classification is not, however, a substitute for missing data.  The criteria for granting de novo classification cannot refer to equivalence, so the criteria must be based on valid scientific evidence. Before submitting the request, there should be a careful consideration of all the FDA concerns that contributed to the (not equivalent( determination.  If these concerns have not been clearly communicated, a conference with the reviewer and the responsible branch chief should be held to help construct a successful request, which is not unlike a reclassification petition. 

The FADAMA legislative history introduces the idea of risk as a quantitative entity by which classification may be determined.  This is a departure from the earlier concept of ( a reasonable assurance of safety and effectiveness( where the benefit must outweigh the risk.  The 1997 legislation instructs FDA to use de novo classification for (low risk( devices, with no mention of benefit.  A request for de novo classification should, therefore, emphasize a risk-based analysis to justify a lower classification.  This is another cycle of enact and retract.  First SMDA90 provided a better legal basis for dealing with problem devices, and then SMDA introduced sufficient ambiguity to allow ineffective devices to be marketed, assuming the threat to the public health is small. 

USERS FEES

Premarket notifications (510(k)s) and premarket approval applications were filed and reviewed free of charge under the 1976 medical device amendments.  Later, when there was a movement to balance the federal budget, users fees were introduced for many government services.  FDA began to collect user fees for new drug applications (NDAs); however, it was perceived that most medical device developers were very small entities, compared with drug companies, and that innovation in the medical device industry would be greatly reduced by users fees.  In the 1990s, the number of medical device reviewers being supported by the federal budget was not sufficient to keep up with the influx of 510(k) and PMA documents and a review backlog developed. 

Although there was some supplementary funding to ease the situation, there was increased interest in supplementing the budget with industry funds.  The FDA proposals to implement user fees retained the concept of protecting innovation by exempting small businesses; however, 

the legislation passed by congress was oriented toward producing specific income amount, and it was not possible to exempt small businesses from the 510(k) fee.

Most medical device legislation gave FDA authority to implement new rules using the rule-making procedure: proposed rule, public comment period, consideration of public comments and replies, and a final rule with an effective date.  In the case of the Medical Device User Fee and Modernization Act (MDUFMA) of 2002, the user fee law became effective immediately, and FDA had no discretionary authority.  Implementation was by a Federal Register Notice.(UF-1)  

The fees required by MDUFMA must be changed regularly to fulfill the defined income goals specified in the legislation.  The shifting of the burden among users has also been constantly changing.  The fee must be paid in advance through a defined (but changing) procedure available from the FDA web site.(UF-2)  The requirements for qualifying as a (small( business are likewise fluid and must be authorized in advance.  In 2002, small entities were required to pay the full amount to file a 510(k), but later the amount was reduced somewhat.  Presently, small entities are exempt from the filing fee for their first PMA.  

The filing fees for 2006 are shown in Table UF-1:

                                       Table UF-1.  FY 2006 User Fee Rates*

                                                                                    Full Fee         Small Business
Premarket Notification, 510(k)                                      $3,833                   $3,066

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

PMA (submitted under section                                  $259,600                  $98,648

 515(c)(1) or 515(f) of the act

 or section 351 of the Public

 Health Service Act)

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Premarket Reporting (submitted                                  $259,600                  $98,648

 under section 515(c)(2) of the

 act)

Panel Track Supplement                                               $259,600                  $98,648

Efficacy Supplement (to an                                           $259,600                  $98,648

 approved premarket application)

180‑Day PMA Supplement                                             $55,814                  $21,209

Real Time PMA Supplement                                           $18,691                   $7,103

  * 
Note that the data provide in this table is subject to change and is not to be relied upon for an actual filing.

The procedure for paying the filing fee can be obtained from the FDA/CDRH web site.(UF-2) If  the reduced fee for a small business is being requested, an application to qualify as a small business must be filed first. There is a cover letter form that must be filled out and submitted with the payment. The process must be completed before filing a 510(k).

INVESTIGATIONAL DEVICES

The medical device amendments of 1976 made it illegal to distribute any new medical device in the United States that was not safe and effective, as determined by FDA.  However, new devices often require evaluation by means of clinical trials to demonstrate effectiveness.  The device amendments, therefore, included a provision whereby medical devices to be used in clinical evaluations would be exempt from the safety and effectiveness requirements of the act, provided that distribution was in conformance with rules promulgated by FDA.(ID-1)  

The reason there was not a blanket exemption for investigational devices; i.e., an exemption without any particular rules, was the concern about possible abuse of subjects participating in clinical trials.  FDA was charged with protecting the rights, safety, and welfare of human subjects participating in medical device research.  The primary mechanism to be used was the review of informed consent materials.(ID-2)   The law also directed FDA to assure that every medical device investigation would be monitored a local Institutional Review Board (IRB).  The legislative history shows that the IRB, or human research committee as it is sometimes called, was primarily responsible for assuring the quality and appropriateness of research projects.(ID- 3) FDA(s primary responsibility is to assure that adequate informed consent will be provided.

THE INVESTIGATIONAL DEVICE EXEMPTION (IDE)

The IDE is the provision in the law that allows for the legal distribution of medical devices for purposes of conducting clinical research and is an exemption from specific parts of the act.  However, there are rules that must be followed to have a valid exemption.  The meaning of (exemption( in this context is being reiterated to avoid confusion with regard to devices that are exempted from the FDA rules, including the IDE rules.

The act required that FDA go through the formal rule-making process before the rules could become effective.  There was so much controversy about the first proposed rule that it had to be revised and a second proposal published and more comments solicited. Most of the comments argued that the scope of applicability was too great and that compliance with rules was unnecessary and wasteful in many instances. The rules governing the distribution of investigational devices are in 21 CFR 812, which is required reading for anyone planning a medical device investigation.

Scope of applicability

Many medical device investigations that are carried out in a clinical setting do not affect patient care and do not pose a threat to the subjects rights, safety or welfare.  The IDE rules, therefore, do not apply to some types of investigations.(ID-4) In particular, research involving new diagnostic devices often involves only laboratory specimens that have no relevance to the subject(s healthcare.  The IDE rules do not apply to properly labeled diagnostic devices if the testing:

(1) Is not invasive.

(2) Does not involve an invasive sampling procedure that involves significant risk.

(3) Does not by design or intention introduce energy into a subject, and

(4) Is not used as a procedure without confirmation of the diagnosis by another, medically established product or procedure.

There are also medical device investigations, including therapeutic device investigations, that do not present any significant risk to the subject.  If there is no significance to the subject, then it can be argued that it is superfluous for FDA to examine the informed consent materials to assure the risks are properly represented.  This argument provided the basis for the (abbreviated requirements( for non significant risk devices in accordance with 21 CFR 812(b).

Non significant risk device investigations

The term (non significant risk( is not defined by regulation.  Instead, the abbreviated IDE requirements specify only that an IRB approve the investigation after having been presented (a brief explanation of why the device is not a significant risk device.(  In other words, each IRB is responsible for determining what they believe to significant risk. If they approve a non significant risk device investigation, that investigation is deemed to have an approved an IDE under 21 CFR 812(a), and no application to FDA is required.  FDA can still require the filing of an application, but typically FDA will not be aware that such an investigation is under way unless their is a complaint.

Although the abbreviated requirements allow an investigation to be conducted without FDA review, most parts the IDE regulation do apply, and failure to conform to the rules invalidates the exemption (deemed approved( under 21 CFR 812(a).  These rules include the following:

(1) The device must be labeled with the statement: (Caution(Investigational Device. Limited by Federal (or United States) law to investigational use.(
(2) Each participating investigator must obtain informed consent from each subject under that investigator(s care in conformance with 21 CFR 50.

(3) The sponsor must monitor the investigators in accordance with 21 CFR 812.46.

(4) The sponsor must assure that adequate records are kept by the investigators.

(5) The sponsor must comply with the prohibitions against promotion in 21 CFR 812.7.

Applying for an IDE

The sponsor of a significant risk device investigation must have an IDE application approved by FDA before beginning the investigation.  The sponsor must also obtain IRB approval, but this can be done after FDA approval.  The contents of an IDE application are specified under 21 CFR 812.20, and include the following:

(1) The name and address of the sponsor.  Typically, this is a manufacturer or importer; however, anyone may be a sponsor.  Investigators often sponsor their own studies.

(2) A complete report of prior investigations and at least a summary of the investigational plan.  FDA may request the complete plan.

(3) A description of the methods, facilities, and controls used for manufacturing, processing, packing, storage, and installation (if any).  Note that investigational devices are exempt from the Quality Systems Regulation (or good manufacturing practices, as it was once called); hence the need for this information.

(4) A copy of the agreement entered into by all investigators, their names and addresses.

(5) Certification that all investigators will sign the agreement before being added to investigation.

(6) Certification of a report of all IRB actions, identification the IRB chair, and the chair(s address.

(7) Identification of any other institutions at which part of the investigation may be conducted.

(8) The amount, if any, to be charged for the device and an explanation of why this amount does not constitute commercialization.  (Sponsors are allowed to recover costs.)

(9) An environmental impact statement or a claim for categorical exclusion.

(10) Copies of all forms and informational material provided to subjects to obtain informed consent.

(11) Any other specific data that FDA requests.

INVESTIGATIONAL PLAN

The investigational plan, or protocol, is used primarily to assure that the risks are identified in the informed consent materials.  Although FDA is not, strictly speaking, able to disapprove the plan, reviewers consider a plan that is scientifically unsound as unethical with regard to justifying subject risk and letters from FDA often include concerns with regard to possible flaws in the study design.  Also, sponsors often complain loudly to FDA when an investigation that was approved turns out to be flawed, saying FDA should not have approved it.  

Sponsors, therefore often receive requests for additional information from FDA, instead of approval, when it appears that the study may not produce valid scientific evidence and the intent is to use the data to support a PMA.  However, if a sponsor insists that the application be approved, and there are no ethical issues regarding informed consent, FDA has little choice but to grant the exemption.

INFORMED CONSENT

The contents of the informed consent materials that must be provided to the subjects participating in an investigation are prescribed in 21 CFR 50. The basic elements are as follows:

(1)
A statement that the study involves research, and an explanation of the purposes of the research and the expected duration of the subject(s participation, a description of the procedures to be followed, and identification of any procedures that are experimental.

(2)
A description of any reasonably foreseeable risks or discomforts to the subject.

(3)
A description of any benefits to the subject or to others which may reasonably be expected from the research.

(4)
A disclosure of appropriate alternative procedures or courses of treatment, if any, that might be advantageous to the subject.

(5)
A statement describing the extent, if any, to which confidentiality of records identifying the subject will be maintained and that notes the possibility that the FDA may inspect the records.

(6)
For research involving more than minimal risk, an explanation as to whether any compensation and an explanation as to whether any medical treatments are available if injury occurs and, if so, what they consist of, or where further information may be obtained.

(7)
An explanation of whom to contact for answers to pertinent questions about the research and the research subject(s rights, and whom to contact in the event of a research-related injury to the subject.

(8)
A statement that participation is voluntary, that refusal to participate will involve no penalty or loss of benefits to which the subject is otherwise entitled, and that the subject may discontinue participation at any time without penalty or loss of benefits to which the subject is otherwise entitled.

In addition to the basic elements, the following elements must be added if they are applicable:

(1)
A statement that the particular treatment or procedure may involve risks to the subject (or to the embryo or fetus, if the subject is or may become pregnant) which are currently unforseeable.

(2)
Anticipated circumstances under which the subject(s participation may be terminated by the investigator without regard to the subject(s consent.

(3)
Any additional costs to the subject that may result from participation in the research.

(4)
The consequences of a subject(s decision to withdraw from the research and procedures for orderly termination of participation by the subject.

(5)
A statement that significant new findings developed during the course of the research which may relate to the subject(s willingness to continue participation will be provided to the subject.

(6) The approximate number of subjects involved in the study.

In preparing informed consent materials, it is essential to be thorough with the information provided under item 2 of the basic elements.  Investigators are often prone to minimize the risks associated with their projects so as to avoid frightening prospective subjects, but FDA reviewers will object to statements they perceive as dishonest.

CLINICAL TRIALS

The purpose of a clinical trial is to gain more information about the product being investigated.  Typically, this is to measure the benefit derived from use of the device for either a PMA or a 510(k).  However, there are often ancillary goals, such as verifying adequate performance in the field environment and establishing user training needs.  The evaluation of a device to provide data for a 510(k) may differ from that of a PMA because the goal may only be to demonstrate equivalent performance, rather than to provide valid scientific evidence of effectiveness.  However, when the 510(k) includes a claim of effectiveness not yet seen in any predicate device, FDA will require valid scientific evidence, usually by means of a controlled, randomized clinical trial that shows a clinically significant effect by means of statistical analysis.

FDA often accepts data that fails to show a significant difference between the performance of a new device and that of a predicate, based on a clinical trial comparing the two.  This is, of course, a blatant abuse of statistics and the scientific method, which demand refutation of the null hypothesis.  However, the criteria of (substantial equivalence( allows for a mere demonstration of equivalence; not valid scientific evidence.

PLAN AND PROTOCOL

Before pursuing an IDE for a significant risk device, the investigator must construct a complete plan that identifies the persons for whom the device is intended, provides a detailed methodology for conducting the investigation, specifies a procedure for recording data that protects confidentiality and blinding, and a plan for statistical analysis.  

Statistical Analysis

The plan for statistical analysis often affects the study protocol, and therefore may be a good starting point for planning the investigation, given that the expected benefits has been identified.  The planners need to have expertise in the statistical analysis of biological data.  Many plans fail simply because the data was collected in a manner that defies analysis.  Although a simple Student T-test is sometimes sufficient to reject the null hypothesis for a single variable, more powerful methods, such the analysis of covariance, are available when multiple measurements are being recorded.  The services of a skilled statistician can make the difference between a successful study and one that was flawed from the start.

Controls

If the goal is to provide valid scientific evidence, as is required for a PMA, controls are needed; i.e., there needs to be some standard by which benefit can be measured.  It is sometimes possible to use historical data from other studies as a comparison; however, this implies the benefit is expected to be significantly greater than that which has been seen historically.  It is usually enough to show that the treatment being investigated provides some clinically significant benefit, as opposed to no treatment.  Contemporary untreated control subjects can provide the comparison data, provided sources of bias are eliminated.  This can be difficult, especially when the primary variable is a subjective measure.  It is well-known that all subjects report positively in any study of benefit, even the untreated subjects.

Blinding

Ideally, both the treating physician and the patient should not know whether the test treatment or the placebo treatment is being delivered.  Patient blinding is often difficult to achieve, especially when a suitable placebo cannot be contrived.  It is sometimes possible to show that patient blinding is not necessary when it can be argued that the patient cannot possibly affect the variable that is being measured; i.e., variables such as blood chemistry and some autonomic functions.  However, some studies, such as those for pain therapy, rely upon subjective responses.  The most commonly used method for evaluating pain is a visual analog scale for reporting severity of pain.  Adequate patient blinding in such studies is absolutely necessary for obtaining valid scientific evidence.  Typical placebo therapy shows (benefit( in about 30% of the control subjects.  Rejection of the null hypothesis by a significant difference can easily be caused by even a small bias.  

To be convincing, the placebo must be good enough to (fool( the subject.  A device that delivers detectable energy to achieve a therapeutic effect calls for a placebo devices that does the same.  Device inventors often argue that such a placebo device might be effective too!  Although this suggests that too little is know about the physiological mechanism of the experimental therapy, it might be a valid concern.  In the case where no similar but ineffective energy alternative is available, a study can be constructed around a two-level of intensity treatment that should provide a two-level dose response, where the higher level is the one intended for adequate therapy.  If the higher level produces some sensation, then the lower level stimulus should also include some sensation, perhaps from a different energy source.

The data being collected must, of course, be coded in a manner that does not reveal whether the subject was treated or untreated.  After the results have been scored, the decoded data should be analyzed by someone disinterested in the outcome to assure the integrity of the process.  All the procedures used in assuring double blind data collection and analysis must be documented, and adherence to the documented procedures must be certified.  FDA inspectors can, and do, inspect the records required by the IDE rules.(CT-1)  Failure to keep the required records is cause for declaring the study to be (uncontrolled.(
Randomization

The assignment of subjects to either the treated group or the control group must be done randomly to minimize the risk of bias.  Bias is not necessarily human in origin.  One infamous scientific study related cortisol variations to a disease process.  At the time, it was not known that cortisol levels vary diurnally. Samples from the ill patients were collected in the morning, and from the normal subjects in the afternoon.  The observed correlation produced an invalid conclusion.   Ordinary randomization reduces the risk of this kind of error, but does not eliminate the possibility of accidental correlation.  

Pseudo random assignments can eliminate potential imbalance by requiring that equal numbers of subjects be assigned to each class.  I.e., if there is concern about gender bias, assure that equal numbers of men and women are in each cohort.  If age is a possible source of bias, assure that age groups are equally represented.  The problem with this technique is that the part of subject population that is over represented must be excluded from the study.  Investigators typically have difficulty in recruiting enough volunteer subjects, so they are reluctant to lose any.  As a consequence, pseudo randomization is seldom employed.

PREMARKET APPROVAL (PMA)

Although there are relatively few devices for which an approved premarket approval application is required, there are ample precedents, such as  tissue adhesives, silicone breast implants, implanted cardiac defibrillators, cochlear implants, and many other implanted devices.  There is also a good probability that an approved PMA application will be required to market any new device that claims benefit for which there is no prior scientific evidence of effectiveness.

The preparation of a PMA application usually requires a team of specialists, including the specialists needed to conduct a clinical trial that measures effectiveness, as described above.  It is usually a major effort, requiring extensive, detailed, documentation composed of several large volumes.  Most applications require review by an advisory panel of non-FDA experts in a public hearing.  The nominal time for FDA review is 180 days. However, the (clock( stops whenever FDA requests additional information from the sponsor in the form of an amendment, so the time that elapses between application and approval is often much greater than 180 days.  Indeed, some PMAs, as the PMA application is called in common parlance, are never approved.

After the application is found (approvable,( the device cannot be marketed until all conditions of approval have been satisfied.  One condition is that the manufacturing facility passes an FDA inspection while in operation.  Usually a review of the final labeling is also required.  When all conditions have been satisfied, the application (not the device) is approved, and marketing can begin.

THE PMA APPLICATION

The subject of PMA preparation extends beyond the scope of this presentation.  However, FDA has published a considerable amount of guidance on this subject.(PA-1)  The required contents of a PMA application are described in reasonably good detail by 21 CFR 814.20.  Before considering the preparation of a PMA application, 21 CFR 814 should be read carefully, in its entirety.  

Application Contents

The contents required by 21 CFR 814.20 are below:

(1)
The application must be signed by the sponsor (applicant) or an authorized representative.  If the sponsor has only a foreign address, a designated U.S. representative must also sign.

(2)
The name and address of the applicant.

(3)
A table of contents that identifies the volume and page number of each required item.

(4) A summary that includes:

(a)
Indications for use

(b)
A description of the device, including a brief description of the manufacturing process

(c)
Existing alternative practices or procedures that could be used

(d)
Marketing history of the device, either in other countries, or known marketing of similar devices by others

(e)
A detailed summary of all studies, including the clinical studies performed by the sponsor, as well as nonclinical laboratory studies

(d)
Discussion of the conclusions drawn from the studies, including the assessment of risks and benefits and the consideration given to adverse events

(5)
A complete description of the device, including its functional parts, the properties related to its benefit, principles of operation, and methods used for manufacturing and quality control

(6)
Reference to any applicable performance standard, including those promulgated under the Radiation Control for Health and Safety Act

(7)
The following subsections that provide sufficient data on which application approval is based:

(a)
Nonclinical laboratory studies and bench testing

(b)
Clinical testing involving human subjects

(8)
A bibliography of all published reports known to the applicant that relate the safety and effectiveness of the device and that are not otherwise included in the application.  Also, a discussion of any other data from any source that should reasonably be known to the applicant as it relates to the safety and effectiveness of the device

(9) Samples of the device if requested by FDA

(10) Copies of proposed labeling (meaning all media matter associated with the device)

(11) An environmental impact statement, or data to support a categorical exclusion

Summary

An effort should be made to exclude proprietary information from the summary to the greatest extent possible without compromising readability, completeness, and accuracy.  FDA will use this summary as a basis for preparing a publicly available (Summary of Safety and Effectiveness Data,( as required by the FD&C Act. FDA is required by law to protect trade secret and confidential commercial information. 

The indications-for-use statement should be concisely and precisely worded and be used verbatim in other parts of the document, including product labeling.  The statement must accurately reflect the effectiveness data, and must clearly define the patient population for whom it is intended.

Clinical Testing Section

The data in this section, typically collected under an IDE, is the sine qua non for approval.  Most of the material associated with the IDE should be included: subject acceptance and exclusion criteria, protocol, sample case report forms, blinding methods, statistical methods, etc.  Results must be tabulated and include adverse event reports, subject complaints, subject discontinuations, device failures, and, of course, a statistical analysis of the data.(PM-2) Note that the PMA applicant must provide a financial disclosure or certification with regard to any investigator compensation or financial interest in the device.(PM-3) 

Data obtained in countries other than the United States may be used to support a PMA, provided the rights, safety, and welfare of the subjects has been protected either by an IDE or by conformance with the (Declaration of Helsinki.(  If foreign clinical testing is the sole basis for approval, FDA may withhold approval if the data is not applicable to the U.S. population and medical practice, if FDA is not able to conduct a necessary on-site inspection, or if the investigators do not have (recognized competence.((PM-4)
FILING AND REVIEW

Within 45 days of receipt of a PMA application and the users fee (if required), FDA should notify the applicant if the document is adequate for filing.   A refusal to file letter will specify the deficiencies that prevented filing.

If the PMA is filed, FDA begins a substantive review, usually with a team consisting of one or more scientists knowledgeable in the technology being applied, a clinician specialist, a quality systems specialist (Office of Compliance), and a statistician (Office of Standards and Biometrics).  If any major deficiencies are identified, the team leader drafts a letter to the applicant that specifies all deficiencies found and the file is put on hold until an amendment correcting the deficiencies is received.  If only minor deficiencies are found, the lead reviewer may request an amendment by telephone, and the review continues.  

When satisfied that there is enough information on which to base a decision, an advisory panel meeting is scheduled and an announcement of the meeting is published in the Federal Register.  Anyone may attend, but the right to speak must be granted by the panel chair or executive secretary, preferably in advance.  Typically, the sponsor makes a presentation to the panel; however, this is not a legal requirement.  FDA reviewers also presents the data in the PMA, along with any concerns they might have.  The panel recommends one of the following: approval without conditions (rarely), approvable with conditions, or not approvable with reasons given.

FDA usually accepts and acts upon the panel recommendation, often with added conditions.  The applicant will receive either an (approvable( or (not approvable( letter, nominally after 180 days of review, but often later if the reviewer work load is heavy.  An (approvable( letter will specify the conditions that must be satisfied for approval, one of which will be a satisfactory inspection of the manufacturing facility.  A (not approvable( letter will specify what is needed to make the application approvable.  This could include a whole new clinical trial if the one submitted in the PMA is seriously flawed.  The FDA decision can be appealed at several levels.  When all conditions for approval are satisfied, the FDA issues an approval order (letter) and a summary of safety and effectiveness data  is made available to the public.

PMA SUPPLEMENTS

Whenever a significant change is to be made in a device marketed under a PMA order, a PMA supplement (not to be confused with an amendment) must be filed and approved before introduction.  (Significant( means and change that could affect safety or effectiveness, as well as list of types of changes specified in 21 CFR 814.39.  A change in labeling to introduce a new intended use for the device will likely require the results of another clinical trial and the same kind of review as a new PMA, including an advisory panel recommendation.  Supplements are also required for minor changes, such as a new manufacturing facility.

SPECIAL SUPPLEMENTS

In the circumstance where a manufacturer finds that a device must be modified immediately for safety reasons, he may implement the change before the supplement is approved.  However, if a special supplement is submitted for a change that is not imperative, FDA can refuse the (special( status. Any distribution that has occurred is subject to recall as (adulterated,( and it may also be cited as a violation.  

ANNOTATED BIBLIOGRAPHY

I-1.
Hunt, P.B., and Merrill, R.A., (Food and Drug Law: Cases and Materials, 2nd Ed. 1991, Foundation Press, Westbury, NY., pp. 8-9.  Dr. Harvey Wiley at the USDA documented the effects of borax, formaldehyde, and other substances that were commonly being used as food preservatives.

I-2.
Ibid, p. 476.  A simple review of the literature by the manufacturer would have revealed the toxic nature of the solvent. The only legal basis for FDA action was the use of the word (elixir( which implied an alcohol solution, and it could thus be argued that the product was misbranded.  

I-3.
The current URL for (The Museum of Questionable Medical Devices( by Mr. Bob McCoy is: http://www.mtn.org/quack.  Some of the devices shown were removed from the market before 1976.

I-4.
Hunt, P.B., op cit., pp. 742-744.

D-1.
Section 201(h) of the FD&C Act, as amended by PL 94-296 on May 28, 1976 gives the complete definition.

S-1
Report No. 94-853, House of Representatives, 94th Congress, 2d Session, Government Printing Office, 1976, pp. 16-17.  Citation: (The key concept that the safety and effectiveness of a device are to be determined (weighing any probable benefit to health from the use of the device against any probable risk of injury or illness from such use( makes it clear that the proposed legislation recognizes that products having the power to be useful in the healing arts also have the potential to do harm and that the determination of safety and effectiveness is to carefully balance these considerations.(
SE-1
Report No. 94-853, House of Representatives, 94th Congress, 2d Session, Government Printing Office, 1976, pp. 36-37.

SE-2
FDA Office of Device Evaluation (Blue Book( Memorandum K86-3, dated June 30, 1986.  These memoranda were written to assure a degree of consistency in the review process; however, industry attorneys complained that the industry should have been involved in the interpretative policy through the formal rule-making process.  To clarify that this was not a rule, the present document on the CDRH web site has a great deal of exculpatory language inserted.

SE-3
Ibid.  Reviewers provide a copy of this diagram with their 510(k) review showing the actual pathway they used to arrive at their recommendation.

NP-1
(The New 510(k) Paradigm ( Alternate Approaches to Demonstrating Substantial Equivalence in Premarket Notifications,( FDA CDRH Guidance, March 20, 1998, download from http://www.fda.gov/cdrh/ode.

NP-2
Refer to 21 CFR 807.81(a)(3) for the legal criteria.  The CDRH guidance (Deciding When to Submit for a Change to an Existing Device( may be helpful for interpretation.

F-1

Downloaded from the FDA web pages, contact person Ms. Heather S. Rosecrans, hsr@cdrh.fda.gov.

GD-1
Currently http://www.fda.gov/cdrh/ode/index.html will take you to a page, from which you can navigate to (ODE Guidance Documents( under (Documents.(  The DSMA website for the FACTS-ON-DEMAND, http://www.fda.gov/cdrh/dsma/fod.html, dated 6/11/2003 references a document index page that is currently unavailable.

GD-2
The DSMA (Facts-on-Demand( number is 800-899-0381.  Follow the voice menu.  To get the index of all documents (25 pages), request document number 4639.

EX-1
See 53 Federal Register 21447 (1988) and 54 Federal Register 25051 (1989).

EX-2
See 21 CFR 882.1750.

EX-3
See 65 Federal Register 2296-2323.

EX-4
Note that the term (manufacturers( is mistakenly used to refer to persons that intend to market.  The premarket notification rule is based on the concept of a 90-day advance notice of intent to FDA.  The term (generic type of ( is introduced without definition.  The use of the term (modified device( alludes to a similar device already marketed by the same person, but can also be possibly interpreted as a device that differs significantly from a predicate.

EX-5
See United States v. James C. Fallon, U.S. District Court, Eastern Pennsylvania (Philadelphia), Case Number 02-324-1, May, 2003.  The defendant was convicted of multiple felony counts, even though the FDA decided that the (generic type( of device was exempt after the device was introduced.

EX-6
Personal contact with FDA Division of Small Manufacturers Assistance, FDA(s current policy is to refund the 510(k) user(s fee if the device is found to be exempt by FDA.  There is no assurance that this policy will continue. 

UF-1
The Federal Register Notice (67 FR 70228-9), published on November 21, 2002 announced that medical device user fees were required beginning October 1, 2002, and that small manufacturers were exempt.  The exemption was rescinded later by a (correction( notice.

UF-2
Navigate from the site http://www.fda.gov/cdrh/mdufma.  If the page has been changed, it may be necessary to start from the CDRH page.  The Small Business Qualification Worksheet and Certification, along with instructions, is presently located at http://www.fda.gov/cdrh/mdufma/guidance/2006.pdf.

ID-1
Section 520(g) of the FD&C Act begins with ((1) It is the purpose of this subsection to encourage, to the extent consistent with the protection of the public health and safety and with ethical standards, the discovery and development of useful devices intended for human use and to that end to maintain optimum freedom for scientific investigators in pursuit of that purpose.(
ID-2
Report No. 94-853, House of Representatives, 94th Congress, 2d Session, Government Printing Office, 1976, p. 44: (Third, the reported bill requires that informed consent be obtained from each human subject of a proposed investigation or his representative.  This requirement is subject to a very limited exception: Where the investigator conducting or supervising the proposed testing determines in writing that there exists a life-threatening situation involving the subject which necessitates the use of the device, that it is not feasible to obtain informed consent from the subject, and that there is not sufficient time to obtain such consent from his representative, the requirement to obtain informed consent does not apply.(
ID-3
Ibid, p. 43: (First, the Committee believes it to be appropriate in most instances to rely upon qualified investigational review committees, rather than government officials, to supervise the clinical testing of devices.(
ID-4
Consult 21 CFR 812(c) for the complete list of investigations that are exempt from the IDE rules, with the exception of 21 CFR 812.119.

CT-1
The requirements for record keeping are listed in 21 CFR 812.140.  Requirements for investigators include case history and case report forms, signed and dated consent documents, observations concerning adverse events, protocols, and documentation concerning deviations from the protocols.

PM-1
FDA guidance is in a constant state of flux; therefore, one must search the FDA/CDRH website, currently at http://www.fda.gov/CDRH.  The (Premarket Approval Application Filing Review( (2003), is included as Appendix II.  See also the CDRH/ODE (Bluebook( memorandum P94-2 (PMA Closure,( that can be found in the DSMA Facts-on-Demand archive that can be accessed by dialing 800-899-0381. 

PM-2
A (PMA Review Statistical Checklist( is currently available from the FDA/CDRH website.

PM-3
See Part 54 ( Financial Disclosure by Clinical Investigators (21 CFR 54).  FDA uses this information, along with other information, to (assess the reliability of the data.(  Providing false information is, of course, a criminal offense.

PM-4
See 21 CFR 814.15.
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