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Executive Summary 

Over 26 million Americans depend on implantable medical devices (IMDs), some of the 

most common being life- and livelihood-sustaining devices such as artificial hips and knees, 

pacemakers, brain electrodes, and intraocular lenses. Congress has passed laws to protect the 

public in light of the high-risk nature of IMDs and the Food and Drug Administration (FDA) 

strongly enforces several device approval processes before new types of device can be marketed 

in the United States, the most rigorous process being Premarket Approval (PMA). The PMA 

process requires clinical trials to prove the safety, performance, and clinical efficacy of new 

devices and typically takes between one and eight years to complete. The long PMA process 

does not provide an incentive for IMD developers and manufacturers to perform R&D on new 

devices and slows product launches in the United States since manufacturers can move their new 

medical devices to market faster in other countries. As a result, American patients wait an 

average of 3.5 years longer for new devices than those in countries with faster approval 

processes such as countries in the European Union. One way that FDA reduces the approval time 

is by recognizing technical standards for devices such as those developed by the American 

Society of Mechanical Engineers (ASME) . By developing new programs to identify 

IMD-relevant areas lacking standards and performing R&D needed to create those standards, the 

National Institute of Standards and Technology, FDA, and standards developing organizations 

including ASME can accelerate the PMA regulatory timeline while maintaining device safety to 

reroute R&D investment back into the United States and more quickly bring new life-saving 

treatments to American patients. 
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The Problem 

As early as George Washington mouthing the first Presidential Oath of Office with his 

false teeth to usher in the new United States government, medical devices have played an 

important role in American life . If the first President’s famous dentures were in use today they 1

would fit within the modern definition of a medical device, which was first codified in the 

Federal Food Drug & Cosmetics Act of 1938 (FFDCA) and is shown as Key Definition 1.  

Key Definition 1: Medical Device 

As defined in the Federal Food Drug & Cosmetics Act of 1938, a medical device is “an 

instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent, or other 

similar or related article, including a component part, or accessory which is... 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 any of 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 any of its 

primary intended purposes .” 2

 

1 Schultz, C. (2014, November 07). George Washington Didn’t Have Wooden Teeth—They Were Ivory. 
Smithsonian.com. George Washington’s false teeth would be classified by the Food and Drug 
Administration as a Class II medical device if they were used today. Contrary to popular belief, 
Washington’s dentures were not made of wood but rather a combination of human teeth, cow teeth, and 
ivory held together by a metal frame. 
2 Federal Food, Drug, and Cosmetic Act of 1938 (U.S. Congress, enacted).  
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As health-related science and technology have progressed, and largely thanks to research 

and innovation in the United States, medical devices have become more intimately intertwined 

with daily life. Today there exists a whole category of devices that are permanently embedded 

within the human body -- called implantable medical devices (IMDs) -- which perform some of 

the most vital functions in sustaining life or improving the quality of life for patients (see Key 

Definition 2). IMDs, which include devices such as pacemakers, brain electrodes and artificial 

hips, support the lives and livelihoods of over 26 million Americans .  3

Key Definition 2: Implantable Medical Device (IMD) 

As defined in the Code of Federal Regulations, Title 21, Section 860.3, an IMD or implant is 

defined as “a device that is placed into a surgically or naturally formed cavity of the human 

body. A device is regarded as an implant for the purpose of this part only if it is intended to 

remain implanted continuously for a period of 30 days or more .” 4

 

Advancements in scientific knowledge and medical products have given rise to the need 

for an effective regulatory body to ensure the safety and efficacy of medical products, including 

devices, for U.S. patients. In the United States that regulatory body is the Food and Drug 

Administration (FDA), a federal agency that regulates not only the $140 billion American 

medical device industry but also the food and pharmaceuticals industries . 5

3 Jiang G, Zhou DD. Technology advances and challenges in hermetic packaging for implantable medical 
devices. In: Zhou DD, Greenbaum ES, editors. Implantable neural prostheses 2: techniques and 
engineering approaches. Berlin: Springer; 2010. pp. 28–61. 
4  11 C.F.R. § 860.3 (2017). 
5 International Trade Administration. (2016). 2016 Top Markets Report Medical Devices. Accessed at 
https://www.trade.gov/topmarkets/pdf/Medical_Devices_Executive_Summary.pdf. 
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Despite leading the field for decades, the American medical device industry is losing its 

competitive edge against the European Union (EU) and other nations with advanced technology 

industries in the development of new IMDs . This is in large part due to differing regulatory 6

requirements in competitive economic zones such as the EU that result in companies moving 

research and development (R&D) out of the United States and into those regulatory zones.  

This shift in IMD R&D location has significant consequences for American patients. 

Numerous reports have shown that patients in the United States often need to wait as much as 3.5 

years longer than patients in the EU to receive new, potentially life-saving medical device based 

treatments . The extended lead-time in the U.S. occurs because companies develop and launch 7

their products in zones like the EU first to more quickly market their new devices and generate 

new revenues. As a result, thousands of U.S. patients with no domestic options must travel to 

other countries to obtain a new medical device for their life-threatening medical condition.  

As time progresses these consequences will only compound and continue to push private 

IMD R&D investment abroad. Any effective solution to this trend must begin by conducting a 

detailed analysis of how the FDA regulates IMDs and instigating changes in the regulatory 

process that drive innovation while still maintaining patient safety. 

 

6 Atkins, W. (2012). Europe takes medtech lead. Financial Times | Europe, 70-71. Retrieved from 
http://www.medtecheurope.org/sites/default/files/resource_items/files/10082012_Financial times_Europe 
takes medtech lead_Backgrounder.pdf 
7 Swanick, M, et al. (2011). Medical Technology Innovation Scorecard. PriceWaterhouseCooper. 

 

7 



 

 

]\d 

Background  

Representative IMDs 

Two common IMDs that provide contextual examples for how implantable medical devices 

operate are deep brain stimulation (DBS) devices and hip prostheses, both described below. 

These two types of devices have been used and iterated upon for decades, illustrating both 

successes and failures of the FDA medical devices regulatory system; as such, they will be 

referred to as practical examples in this policy paper. 

 

Deep Brain Stimulation (DBS) Devices 

DBS is a commonly used IMD-based intervention used to treat numerous neuropsychiatric 

disorders in which electrodes are implanted in specific parts of the brain affected by a 

neuropsychiatric condition (see Figure 2) and send consistent electrical impulses pulses to 

replicate the impulses typically experienced in that region .  8

 

DBS is most widely used to reduce tremors experienced by patients with Parkinson’s disease; at 

least 100,000 people in the United States with Parkinson’s disease have been treated by DBS . 9

FDA has also approved DBS as a therapy for dystonia and obsessive-compulsive disorder, two 

other neuropsychiatric disorders.  

 

8 Lyons, M. K. (2011). Deep Brain Stimulation: Current and Future Clinical Applications. Mayo Clinic 
Proceedings, 86(7), 662-672. 
9 Okun, M. S. (2014). Deep-Brain Stimulation — Entering the Era of Human Neural-Network 
Modulation. New England Journal of Medicine, 371(15), 1369-1373. 
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Figure 1: X-ray of a patient’s head illustrating DBS electrode location deep within the brain, 

viewed from the front (at left) and side (at right). The bottom-most segments of the lines near the 

middle of the brain are the electrodes; all other lines are wires connecting the electrodes to the 

power source, which is usually placed on the chest . 10

 

Early research into DBS was supported by the Defense Advanced Research Projects Agency 

(DARPA) in the 1980’s as a potential application for veterans suffering from neuropsychiatric 

disorders and was first approved by the FDA as a treatment for essential tremor and Parkinson’s 

disease in 2002 . DBS served as the foundation for other treatment approaches, including 11

10  Mayo Clinic. (2011). Deep brain stimulation. Retrieved from 
https://www.mayoclinic.org/diseases-conditions/epilepsy/multimedia/img-20115584. 
11 Gardner, J. (2013). A history of deep brain stimulation: Technological innovation and the role of 
clinical assessment tools. Social Studies of Science, 43(5), 707-728. 
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responsive neurostimulation and spinal cord stimulation, which are used to treat seizures and 

chronic back or neck pain, respectively . 12

 

Hip Prostheses (Artificial Hips) 

Hip prostheses are one of the most common types of IMDs, with at least 230,000 patients 

receiving hip implants in the United States annually . Hip prostheses are entirely mechanical 13

devices, consisting of two components that are embedded into the patient’s pelvis and femur and 

rotate relative to each other to mimic hip motion (Figure 2). They are used to treat numerous hip 

injuries and conditions, most commonly osteoarthritis . Patients with hip prostheses often fully 14

regain their mobility for years, alleviating the need for crutches, a wheelchair, or other 

mobility-assisting devices. 

 

Surgeons experimented with artificial hip replacement as early as 1891, but the modern form of 

hip prostheses was developed by Sir John Charnley in the 1960’s and was adopted in the United 

States by 1970 . A common issue with hip prosthesis is material degradation due to friction: as 15

two bodies rotate relative to each other, they release particulate into the surrounding flesh and the 

12 Ben-Menachem, E. (2012). Neurostimulation—Past, Present, and Beyond. Epilepsy Currents, 12(5), 
188-191. 
13 The Eleven Most Implanted Medical Devices In America. (2011, July 21). 24/7 Wall St. Retrieved 
from 
https://247wallst.com/healthcare-economy/2011/07/18/the-eleven-most-implanted-medical-devices-in-am
erica/2/. 
14 Berry, D. J. (2016). Third AJRR Annual Report on Hip and Knee Arthroplasty Data. Rosemont, 
Illinois: American Joint Replacement Registry. 
15 Knight, S. R., Aujla, R., & Biswas, S. P. (2011). Total Hip Arthroplasty – over 100 years of operative 
history. Orthopedic Reviews, 3(2), 16. 
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rest of the body through the bloodstream . Particulate release of metals into the bloodstream can 16

have debilitating or lethal effects. 

 

 

  

 

Figure 2: (Left) Schematic illustrating the the most common design for artificial hips, which 

operate on a ball-and-socket principle.  (Right) X-ray of a patient’s pelvic region and upper 17

thighs that show how the implant is integrated into a patient’s skeletal structure. The ball of the 

implant (femoral head) is attached to a rod (femoral stem) that extends into the femur and the 

socket (acetabular component) attaches to the pelvis.  18

16 Center for Devices and Radiological Health. (2017, December 28). Metal-on-Metal Hip Implants - 
Concerns about Metal-on-Metal Hip Implants. Retrieved from 
https://www.fda.gov/medicaldevices/productsandmedicalprocedures/implantsandprosthetics/metalonmeta
lhipimplants/ucm241604.htm. 
17 American Academy of Orthopaedic Surgeons. (n.d.). Our knowledge of orthopaedics. Your best health. 
Retrieved from https://orthoinfo.aaos.org/globalassets/figures/a00377f03.jpg. 
18 Bankes, M. (n.d.). Total Hip Replacements and High Performance Bearings. Retrieved from 
http://www.hipsurgery.london/total-hip-replacements. 
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Regulation of IMDs in the United States 

FDA Organization and Mandate  

The FDA is a $5.1 billion dollar federal agency  that has regulated foods, drugs, and medical 19

devices in the United States since its establishment in 1906 . The modern form of the FDA, 20

authorized by Congress through the FFDCA in 1938, was established shortly after an improperly 

prepared drug poisoned and killed at least 100 people in the U.S. because the FDA had little 

authority . The FDA division that regulates medical devices is the Center for Devices and 21

Radiological Health (CDRH), which has a $441 million dollar budget in fiscal year 2018 and is 

funded annually by both Congressional appropriations and user fees paid by companies seeking 

device approval . 22

 

FDA’s mandate from Congress is to ensure that commercially sold medical devices are both safe 

and effective . FDA’s effectiveness requirement for medical devices can be split into two 23

elements: engineering performance (Key Definition 3) and clinical efficacy (Key Definition 4).  

 

 

19 HHS Office of the Secretary,Office of Budget. (2017, May 23). FY 2018 Budget in Brief - FDA. 
Retrieved from https://www.hhs.gov/about/budget/fy2018/budget-in-brief/fda/index.html. 
20 Commissioner, O. O. (2018, June 29). The History of FDA's Fight for Consumer Protection and Public 
Health. Retrieved from https://www.fda.gov/AboutFDA/History/default.htm. 
21 Ibid. 
22 Center for Devices and Radiological Health. (2017). Devices and Radiological Health FY 2018 Budget 
Proposal. 
23 Johnson, J. A. (2016). FDA Regulation of Medical Devices (Rep.). Congressional Research Research. 
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Key Definition 3: Engineering Performance 

Engineering performance is the ability of a device to perform its mechanical, electrical, or 

material purpose within its design constraints and without undesired degradation, electrical 

or material release, or other engineering failure. Performance can be quantified by traditional 

engineering testing techniques and failure analysis and can be validated without clinical 

trials through in vitro and animal experiments.  

 

Key Definition 4: Clinical Efficacy 

Clinical efficacy is a measure of whether the intervention diagnoses or treats the condition it 

is intended to diagnose or treat, which usually requires clinical trials in relevant patient 

populations. 

 

As a federal agency, FDA codifies the legislation passed by Congress and signed into law by the 

President into FDA regulations (see Key Definition 5) officially kept in the Code of Federal 

Regulations (CFR). FDA holds considerable regulatory authority over device researchers, 

developers, and manufacturers, but also has limits outlined by Congress such as their limited 

authority to enforce post-market studies . 24

 

 

24 Ibid. 
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Key Definition 5: FDA Regulation 

FDA regulation is the codified process by which FDA monitors and controls the actions of 

IMD researchers, developers, and manufacturers. FDA regulation requires that IMD 

researchers receive permission from the FDA to test their device in humans, submit 

extensive information proving the safety, engineering performance, and clinical efficacy of 

the IMD to FDA before they can market the device, and follow FDA orders to recall 

ineffective products. 

 

To help IMD researchers, developers, and manufacturers navigate FDA regulations, FDA 

releases guidance documents to the public through their website to provide applicants with 

digestible instructions for how to research and manufacture devices . The content of these 25

documents are not official regulation and they play an important role in communication between 

FDA and applicants. 

 

Device Classification 

The FDA classifies all medical devices as Class I, II, or III, depending on their risk level (Key 

Definitions 6-8).  

 

 

 

25 Ibid. 
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Key Definition 6: Class I Medical Device 

As defined in the Code of Federal Regulations, Title 21, Section 860.3, a Class I device is 

one that “general controls are sufficient to provide reasonable assurance of the safety and 

effectiveness of the device... or the device is not life-supporting or life-sustaining or for a 

use which is of substantial importance in preventing impairment of human health, and which 

does not present a potential unreasonable risk of illness of injury .” 26

 

Class I devices include products such as surgical gloves and bandages and are typically only 

subject to general controls . IMDs are never classified as Class I. All devices, including Class I 27

devices, are subject to general controls, which are basic requirements such as registration, 

manufacturing standards, and premarket notification. 

 

Key Definition 7: Class II Medical Device 

As defined in the Code of Federal Regulations, Title 21, Section 860.3, a Class II device is 

one that “general controls alone are insufficient to provide reasonable assurance of its safety 

and effectiveness and there is sufficient information to establish special controls, including 

the promulgation of performance standards, postmarket surveillance, patient registries, 

development and dissemination of guidance documents .” 28

 

26 11 C.F.R. § 860.3 (2017). 
27 Johnson, J. A. (2016). FDA Regulation of Medical Devices (Rep.). Congressional Research Research. 
28 11 C.F.R. § 860.3 (2017). 
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Class II medical devices include medium-risk devices such as powered wheelchairs and 

pregnancy tests. IMDs are classified as class II devices if there is strong existing evidence 

suggesting that they do not pose significant risk to the patient (ref CRS report). Class II and are 

typically subject to additional special controls, which are heightened safety measures such as 

labeling requirements or postmarket surveillance.  

 

Key Definition 8: Class III Medical Device 

As defined in the Code of Federal Regulations, Title 21, Section 860.3, a Class II device is 

one for which “is life-supporting or life-sustaining, or for a use which is of substantial 

importance in preventing impairment of human health, or if the device presents a potential 

unreasonable risk of illness or injury .” 29

 

All IMDs are initially considered Class III devices  and are subject to the most stringent safety 30

controls. Class III devices can pass through FDA in one of two processes: premarket approval 

(PMA) or 510(k) exemption . Companies choose which process to apply for depending on how 31

novel their device is and whether it poses significant risk of harm to the patient. The primary 

regulatory processes used to approve and exempt devices of different classes are illustrated in 

Figure 3.  

 

29 11 C.F.R. § 860.3 (2017). 
30 Johnson, J. A. (2016). FDA Regulation of Medical Devices (Rep.). Congressional Research Research. 
IMDs can be reclassified as Class II devices once they are shown to not pose life-threatening risks to 
patients. 
31 Ibid. 
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Figure 3: Diagram outlining the primary regulatory processes by which medical devices reach 

the market . 32

 

Investigational Device Exemptions, Clinical Trials, and PMA 

PMA is the most rigorous process that the FDA uses to approve Class III medical devices is 

PMA, which requires clinical trials to prove the safety, performance, and efficacy of the device 

in question. Before being eligible to perform clinical trials, IMD developers are required to 

32 Hoffman, M. J. (2017, March 22). FDA Regulatory Process. Presentation at FDA/CDRH webinar. 
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receive an investigational device exemption (IDE) and approval by an institutional review board 

(IRB).  

 

An IDE is allowance by the FDA to run clinical trials with a device that has not yet been 

approved for commercial use; their purpose is to ensure that the clinical trial will be safe for 

subjects and that the investigators have a reasonable plan for collecting and evaluating the data 

they collect . In seeking an IDE, device developers must submit background on the relevant 33

medical issue, a detailed description of the device, data from existing preclinical and clinical 

studies, a risk analysis, the study plan, and ethical considerations . Depending on the quality of 34

the application and risks involved in the proposed clinical trial, FDA can take several months to 

approve or deny an IDE. 

 

In addition to receiving an IDE from FDA, device developers must also receive IRB approval 

before beginning any clinical trial. IRBs exist to ensure that the rights and welfare of human 

subjects are respected in clinical trials; they are federally regulated and all institutions that 

perform human subject research are required to have an IRB of record . IRBs review human 35

subject research applications to determine whether the potential benefits of the study outweigh 

the risk to the subjects, whether privacy is adequately safeguarded, whether informed consent is 

33 Faris, O. (n.d.). Clinical trials for medical devices: FDA and the IDE process. Retrieved from 
https://www.fda.gov/downloads/training/clinicalinvestigatortrainingcourse/ucm378265.pdf 
34 Ibid. 
35 Paulson, A. (2017, March 09). Institutional Review Board (IRB). Retrieved from 
http://www.apus.edu/academic-community/research/institutional-review-board/index. 
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adequately obtained, and other ethical considerations . IRB evaluations can take months to years 36

to approve a device clinical trial proposal. 

 

The gold standard of the medical field for proving clinical efficacy is the double-blind, 

randomized, controlled trial (DBRCT), whereby a subject population is randomly split in two, 

with one subpopulation receiving treatment and the other receiving a placebo and neither 

administers nor subjects being able to distinguish between the treatment and placebo. DBRCTs 

are typically infeasible in IMD-based interventions for practical reasons, such as the inability to 

blind the administrator from whether a subject has received a treatment or not . When FDA 37

requires a device developer to demonstrate the clinical efficacy of a device, they are expected to 

design a clinical trial as close to a DBRCT as possible. In reality, practically no clinical trials for 

IMDs are blinded because it is easy to determine which patients have had the device surgically 

implanted.  

 

Once a device developer obtains an IDE and IRB approval, they can begin clinical trials to 

determine the clinical efficacy of the IMD. Clinical trials for IMDs typically involve surgical 

insertion of the device into a subject population (“treatment group”) and subsequent monitoring 

of both the treatment group and a subject subpopulation that does not receive the device 

(“control group”). To prove clinical efficacy, the treatment and control groups need to be 

monitored for a significant duration of time (in some cases, up to seven years) to confirm the 

long-term efficacy of the device. Once sufficient data are collected, the device developer 

36 Ibid. 
37 Johnson, J. A. (2016). FDA Regulation of Medical Devices (Rep.). Congressional Research Research. 
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conducts statistical analyses of the data to determine whether the treatment group showed 

significantly better clinical outcomes than the control group . 38

 

If the clinical trial successfully demonstrates the clinical efficacy of the IMD, the device 

developer can move to the next step of the PMA process and submit an application to the FDA 

containing summaries of nonclinical and clinical data, device description, information about 

intended use, relevant device market history, a description of the manufacturing process for the 

device, and other information . As part of the PMA process, an advisory committee of scientific, 39

medical, and statistical experts review the application and regulators inspect the manufacturing 

facilities to evaluate quality system compliance. Once the review is complete, FDA can approve 

or deny the PMA application; if approval is granted, FDA can require post-market investigations 

and monitoring obtain long-term information on device safety, performance, and efficacy . 40

 

FDA approves the vast majority of PMA applications that it accepts for filing -- 98% in 2015 . 41

This is because devices must have already received an IDE and showed promising results in 

FDA-guided clinical trials. Thus the primary regulatory hurdle for device developers lies in the 

ante-PMA IDE and clinical trials steps, not in the PMA step. 

 

 

 

38 Ibid. 
39 Ibid. 
40 Ibid. 
41 Ibid. 
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PMA Supplements 

If an IMD developer makes incremental changes to the device design or functionality after 

receiving PMA, they must submit a PMA supplement to FDA, along with a corresponding user 

fee. There are several different types of PMA supplements; most changes require only preclinical 

data, meaning the manufacturer must demonstrate that the device maintains its engineering 

performance but does not need to prove clinical efficacy again . 42

 

The 510(k) Process 

The 510(k) process is an alternative to PMA that allows device developers to bring their device 

to market without clinical trials. To obtain 510(k) exemption, device developers must show that 

their device is substantially equivalent to a predicate device, which is a device already approved 

by FDA . While there are several types of 510(k) applications, typical 510(k) applications must 43

provide a description of the device, justification of the comparison with a predicate device, the 

intended use, and labeling information. Unlike in PMA, 510(k) applicants are typically not 

subject to manufacturing facility inspection or postmarket surveillance. 

 

Most manufacturers try to get devices exempt from PMA requirements by going through the 

510(k) process. In fact, FDA receives far more 510(k) applications than PMA applications each 

year: about 4,000 510(k) notifications per year versus 40 original PMA applications .  44

 

42 Ibid. 
43 Ibid. 
44 A Delicate Balance: FDA and the Reform of the Medical Device Approval Process (2011) (testimony 
of William Maisel). 
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Post-Approval Requirements 

FDA frequently orders manufacturers to conduct a post-approval study (PAS) upon granting a 

PMA to obtain longitudinal data on device safety and effectiveness. However, many 

manufacturers do not complete PAS to the extent ordered by FDA, and FDA does not exact 

consequences upon manufacturers that fail to complete a device PAS . 45

 

Technical Standards Development for Medical Devices 

Standards (Key Definition 9) play an important role in the FDA approval process for IMDs 

because they provide device researchers and manufacturers with clear process and design 

characterizations to follow when developing novel devices . Standards relevant to IMDs are 46

created by standards development organizations (SDO) such as ASME and ASTM International 

in an open process that allows for engagement from all stakeholders including IMD companies, 

government agencies, and patients . These standards are called voluntary consensus standards 47

because they are not legally enforced by the SDO or government. 

 

Key Definition 9: Technical Standard 

A technical standard (or just standard) as defined by the American Society of Mechanical 

Engineers (ASME) is a “set of technical definitions and guidelines…  for designers, 

45 Johnson, J. A. (2016). FDA Regulation of Medical Devices (Rep.). Congressional Research Research. 
46 World Health Organization. (2003). Medical device regulations: Global overview and guiding 
principles. Geneva: WHO. 
47 American Society of Mechanical Engineers. (n.d.). About ASME Standards and Certification. 
Retrieved from https://www.asme.org/about-asme/standards. 

 

22 



 

 

]\d 

manufacturers, and users” that “promote safety, reliability, productivity, and efficiency in 

almost every industry that relies on engineering components or equipment .” 48

 

FDA incorporates technical standards into the guidance documents provided to IMD researchers 

and manufacturers . IMD companies then know to follow that standard when creating an IMD 49

because FDA recognizes it as good practice. FDA does not codify standards into regulation 

because SDOs update their standards about every five years, rendering it difficult for regulation 

to keep up with standards advancements. Instead, FDA works around this issue by 

recommending standards to follow, not legally requiring them, and assuring IMD creators that 

they will accept specifications outlined in that standard.  

The current system of standards development works well for traditional technology areas 

such as pressure vessels and mechanical testing but is often ineffective in new technology areas 

such as brain-computer interface devices. This is primarily because SDOs have a difficult time 

matching the pace of technological and scientific advancements in medical devices. IMDs are a 

particularly difficult technology area to develop standards for because significant animal and 

clinical trials are often needed before a standard can be justified. 

The National Institute of Standards and Technology (NIST) is the federal agency 

involved in standards development across all industries. NIST, which has a $980 million budget

, operates several programs that drive standards development in rapidly advancing technology 50

48 Ibid. 
49 Johnson, J. A. (2016). FDA Regulation of Medical Devices (Rep.). Congressional Research Research. 
50 NIST. (12, June 2017). FY18 Budget. Retrieved from 
https://www.nist.gov/sites/default/files/documents/2017/06/12/3._rochford_-_budget_review_1.pdf. 
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areas. One such example is the Regenerative Medicine Biomanufacturing program, which 

contributes to advancements in the regenerative medicine field in three ways: 

1. Developing measurement solutions for the field; 

2. Organizing communication between relevant stakeholders about measurement and 

manufacturing needs; and 

3. Orchestrating standards development for the field . 51

NIST also maintains several Centers of Excellence, which are major research collaborations with 

leading research institutions to advance areas of particular interest to national advancement. An 

example of a NIST Center of Excellence is the Advanced Materials Center of Excellence , a 52

partnership between NIST, the University of Chicago, Northwestern University, and companies 

tasked with designing and developing new materials.  

 

Relevant Legislation 

Historically Significant Legislation 

Federal Food, Drug, and Cosmetic Act of 1938 (FFDCA; Public Law 75-717) - Authorized FDA 

to regulate medical devices. When FDA was first created in 1906 most medical devices and 

pharmaceuticals were relatively simple; FFDCA directed FDA to protect the American public 

against fraudulent and adulterated medical products . 53

51 Bracey, C. (2018, August 07). Regenerative Medicine Biomanufacturing. Retrieved from 
https://www.nist.gov/programs-projects/regenerative-medicine-biomanufacturing. 
52 Hernandez, P. (2017, September 20). Advanced Materials Center of Excellence. Retrieved from 
https://www.nist.gov/coe/advanced-materials-center-excellence. 
53 21 U.S.C. ch. 9 § 301 (1938). 
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Medical Device Amendments of 1976 (MDA; Public Law 94-295) - A law in response to several 

medical devices that were not fraudulent or adulterated but posed significant health risks to 

patients. Defined Class I, II, and III devices and established the 510(k) and PMA procedures . 54

National Technology Transfer and Advancement Act of 1995 (NTTAA; Public Law 104–113) - A 

law passed in response to excess regulatory burden imposed on industry resulting from federal 

agencies developing and codifying their own standards. NTTAA, which was translated into 

regulation as Office of Management and Budget (OMB) Circular A-119, directs federal agencies 

to use voluntary consensus standards rather than government-written standards wherever 

allowable by law. This led to the current system of IMD standard adoption where FDA 

acknowledges voluntary consensus standards and instructs device creators to comply to those 

standards . 55

 

Relevant Legislation Since 2000 

FDA Amendments Act of 2007 (Public Law 110-85) - Required certain medical device clinical 

trial results to be posted publicly, sought to reduce conflicts of interest in medical device 

advisory committees within FDA, and made other amendments to existing device regulation . 56

FDA Safety and Innovation Act of 2012 (Public Law 112-144) - Improved FDA’s transparency in 

medical device approval and clearance decisions, clarified types of exempt devices, and 

expanded postmarket surveillance activities . 57

 

54 21 U.S.C. ch. 9, subch. V § 360 (1976). 
55 15 U.S.C. § 278 (1995). 
56 21 USC § 301 (2007). 
57 21 USC § 309 (2012). 
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Core Stakeholders and Concerns 

Core Stakeholders 

Patients and Patient Advocacy Groups 

Millions of patients in the United States have decided to live with an IMD to treat their disease or 

medical condition. While this population includes individuals of all ages, the majority of IMD 

recipients are 50 years or older . Figure 4, a plot of the age distribution of hip replacement 58

patients, illustrates the trend for IMD-based interventions across age groups. 

 

 

Figure 4: Plot illustrating the age distribution of hip implant recipients . 59

 

58 Berry, D. J. (2016). Third AJRR Annual Report on Hip and Knee Arthroplasty Data. Rosemont, 
Illinois: American Joint Replacement Registry. 
59 Ibid. 
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Many patient advocacy groups have formed to advocate for the advancements of medical 

treatments relevant to the patients they support and represent. Examples of such groups are 

American Heart Association, National Osteoporosis Foundation, The Epilepsy Foundation, and 

Amputee Coalition. Patient advocacy groups typically keep up-to-date with research relevant to 

the diseases or conditions of interest and advocate for research and access for new interventions 

that can treat those diseases and conditions. Patients and patient advocacy groups seek innovative 

treatment approaches for the conditions or diseases they focus about, but also care that those 

treatments are safe and effective.  

 

IMD Developers, Manufacturers, and Trade Associations 

IMD developers and manufacturers range from small startup companies working to develop a 

new device to large corporations such as Medtronic and Johnson & Johnson that have 

international operations and billion-dollar revenues. The largest and most influential trade 

association for IMD developers and manufacturers is the Advanced Medical Technology 

Association, or AdvaMed . Device developers and manufacturers typically push for 60

streamlining of device regulatory processes, focusing on shortening the time and cost of bringing 

profitable medical devices to market. 

60 Advanced Medical Technology Association. (n.d.). About AdvaMed. Retrieved from 
https://www.advamed.org/about-advamed. 
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Safety vs Patient Access to New IMDs in the United States 

One of FDA’s main challenges is to maintain and evolve a regulatory process for medical 

devices that encourages advancements in medical technology while safeguarding the well-being 

of U.S. patients.  

The first major step in the IMD regulatory process that involves consideration of human 

well-being is in clinical trials. FDA has the IDE process, and the greater medical community has 

the IRB approval process, in place to ensure that human subjects are protected against potentially 

dangerous research. FDA is known for being restrictive in handing out IDEs compared to other 

countries,  which is a primary reason that many companies that research and develop IMDs 61

have moved their operations to countries with less restrictive regulations, such as countries in the 

EU including Germany, Netherlands, and Belgium.  62

IMD developers and manufacturers tend to push for less restrictive regulations in the 

United States, arguing that countries such as those in the EU have comparable device recall rates 

despite having a much less restrictive regulatory system . They argue that reducing regulations 63

in the United States will provide incentives for them to return investment in R&D and 

manufacturing back to the United States. This would benefit R&D and manufacturing workers in 

the United States by bringing back jobs, as well as American patients because they would receive 

earlier access to potentially life-saving treatments . 64

61 AdvaMed. (2013). The Medical Technology Industry: An Overview Materials in Support of the State 
Medical Technology Competitiveness Agenda. 
62 International Trade Administration. (2016). 2016 Top Markets Report Medical Devices. 
63 Swanick, M, et al. (2011). Medical Technology Innovation Scorecard. PriceWaterhouseCooper. 
64 Ibid. 
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Patient advocacy groups, on the other hand, tend to push for maintaining or expanding 

the strict regulations imposed on IMD developers and manufacturers to safeguard patient safety. 

After the failure of thousands metal-on-metal hip implants from 2005 to 2010, some patient 

groups (say which ones) called for the FDA to eliminate the 510(k) process and require all 

IMDs, including ones with only minor improvements, to undergo clinical trials before going on 

the market . This move would have made the regulatory approval process even more difficult 65

for device developers. 

 

Recommendations 

Recommendation 1 - Congressionally Mandated National 

Academies Study on the Role of Standards 

It is widely accepted by stakeholder groups, particularly FDA and manufacturers, that standards 

speed up the regulatory process because they create a common set of guidelines for stakeholders 

to review and use to achieve their respective purposes. However, a quantitative study of the 

influence of standards on the IMD regulatory process in the United States has never been 

conducted. To help inform direct FDA, NIST, SDOs and other stakeholder groups about the 

measurable impact of different standards on the IMD approval process, the National Academies 

should conduct a study on the influence of standards on the following four metrics: 

1. The time it takes for FDA to approve new devices. 

2. The acceptance and approval rates for IDE and PMA applications. 

65 Johnson, J. A. (2016). FDA Regulation of Medical Devices (Rep.). Congressional Research Research. 
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3. Clinical trial success rates. 

4. The number of new device applications FDA receives every year.  

This study would inspire new approaches to standards development and adoption for devices. 

Studies by the National Academies typically cost about $1 million dollars; those funds would 

need to be authorized and appropriated by Congress for this purpose. 

 

Recommendation 2 - Creating a Medical Implant Standardization 

NIST Program 

The IMD field and patients that depend upon them would greatly benefit if a NIST program 

existed to accelerate standards development for IMDs. This program would be called the 

Medical Implant Development program and would organize government agencies (FDA and 

NIH), private companies, SDOs, patient advocacy groups, and research groups to proactively 

identify, research, and develop standards for emerging IMD technology areas.  

 

The Medical Implant Development program would have the mission of orchestrating the 

development of standards in the following areas, among others: 

● Interfacing artificial materials with biological tissue;  

● Material degradation and release into surrounding tissues; and 

● Physiological signal measurements and recordings.  

Implementing the Medical Implant Standardizations Program would require authorization and 

appropriation from Congress and program organization by NIST. Based on existing program 
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budgets within NIST, the program would cost approximately $500,000 annually to operate (cite). 

The cost is relatively low because the SDOs have independent funding sources for standards 

development. The more costly part of standards development for IMDs is addressed in 

Recommendation 3. 

 

Recommendation 3 - Creating a NIST-CDRH Medical Implant Center 

of Excellence 

Standards development requires prerequisite research. This poses a challenge for IMD standards 

development because acquiring data about the safety and effectiveness of new IMD designs 

requires human trials. All device clinical trial proposals and clinical trial results go through FDA; 

in this way, FDA serves a central place for IMD trial data and is uniquely positioned to inform 

standards development based on the massive amounts of IDE, PMA, and PAS data it collects 

every year. Additionally, NIH maintains a database with much of this data on its publicly 

accessible website clinicaltrials.gov. 

 

A Medical Implant Center of Excellence (COE) focused on performing the scientific and clinical 

research necessary for new IMD standard development and informed by CDRH subject expertise 

and clinical trial data would accelerate the development and release of new IMD standards. In 

turn, this would enable FDA to speed up its approval of new devices because they can clearly 

communicate acceptable technical specifications to device developers and have a more 

straightforward procedure for assessing the safety and efficacy of new devices. 
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NIST would be tasked with choosing the research partners for the COE, which would include 

both academic and industry. The COE would be divided into six units, mirroring CDRH 

organization of device domain areas: 

1. Division of Anesthesiology, General Hospital, Respiratory, Infection Control, and Dental 

Devices 

2. Division of Cardiovascular Devices 

3. Division of Ophthalmic and Ear, Nose, and Throat Devices 

4. Division of Neurological And Physical Medicine Devices 

5. Division of Orthopedic Devices 

6. Division of Surgical Devices 

7. Division of Reproductive, Gastro-Renal, and Urological Devices 

Based on existing NIST COE budgets, the Medical Implant COE would cost approximately $5 

million annually, requiring authorization and appropriation from Congress. 

 

Conclusion 

Millions of Americans depend on life- and lifestyle-sustaining IMDs. It is imperative that IMDs 

are not only safe and effective as FDA already enforces but also that novel devices can reach 

American patients who need them in a timely manner. The IMD field has many stakeholders 

who hold different priorities, but they all agree that technical standards play an important role in 

safe and effective device development and approval. By quantifying the importance of standards 

in IMD regulation and working together through an IMD standards focused NIST program and 
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Center of Excellence, these stakeholders can accelerate the IMD approval process to the benefit 

of both American industry and American patients for years to come. 
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