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We hope that this report will put a face on the children who benefit every
day from medical devices, lend a voice to some of the challenges they face in
realizing the benefits of the devices, and give heart to those who want to make
things even better. In spirit, our report is for these children and their families.

As written, this report responds to a request from Congress to investi-
gate the questions described in the Summary and Chapter 1, and we have
aimed much of our analysis and recommendations at legislative and admin-
istrative policymakers and those who advise them. At the same time, we
have also tried to speak to the concerns of the broader community, includ-
ing consumer and patient advocacy groups, concerned with the safe use of
medical devices and the well-being of our nation’s children.

Our committee profited greatly from face-to-face and other conversa-
tions with children; their parents and caregivers; the physicians, nurses,
and other providers who take care of them and work diligently to assure
safe use of devices; the scientists, engineers, and administrators who have
attempted to understand and enhance the science of safety surveillance in
the postmarket environment; the manufacturers who occupy such a vital
place in the system of postmarket safety; and of course the regulators work-
ing to assure pre- and postmarket protections against problems with some
medical devices. All provided valuable insights into the strengths and limi-
tations of the enterprise and the opportunities to render it stronger. These,
coupled with review of U.S. Food and Drug Administration (FDA) docu-
ments, clinical studies, and other secondary sources, sustained us in deep
and far-reaching consideration and added reality and timeliness. We have
drawn heavily on patient reports and clinical knowledge to illustrate child

Preface
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viii PREFACE

and family experiences with medical devices in a series of vignettes (par-
ticularly in Chapter 4) that we hope will portray the benefits and the
harms—actual and potential—that real children and families face every day.

As you read the results of our deliberations, we also hope that you will
recognize—as we have—the following lessons.

First, children are not just “little adults.” The biology and active
lifestyles of children are unique and require particular attention during the
development of medical products and procedures and also as part of contin-
ued monitoring and scientific assessment following their entry into clinical
practice. And of course, the expected future life of the child undergoing
therapy makes consideration of the multi-decade impact of medical inter-
ventions vital.

Second, medical devices are not just “mechanical drugs.” Devices con-
stitute a vital part of our therapeutic armamentarium, deserving no less at-
tention than drugs and biologics and therapeutic nutritional products, but
meriting recognition as a unique set of entities and challenges. The number
and diversity of devices are remarkable, from the low-tech hospital bedrail
and pervasive plastic tubing to the complex cardiac pacemaker and infant
respirator. No simple approach to monitoring device safety in post-approval
use will serve all situations.

Third, regulation of medical devices has required more than just “another
sentence” in the FDA statutes regulating pharmaceuticals. Much of the de-
vices industry is extremely fast-moving; many products have short half-lives,
and continuous device improvement may be the rule, with new and improved
replacements introduced rapidly into the marketplace. These features require
a tailored regulatory approach that encourages innovation while protecting
patients. And yet, when devices are approved with the potential for causing
important harms, short term or with longer latency, this balance must con-
sider effective means for long-term, population-based monitoring.

Fourth, monitoring the safety of devices cannot flourish as just a subfield
of pharmacoepidemiology. Unique analytic approaches are needed for the
unique characteristics of device use and outcomes. Many devices used in daily
therapy are not identified by brand or batch number even to the institution,
much less the end user. Furthermore, problems may arise far from the original
place or time a device was used or implanted, for example, in the home or
under the care of a physician not associated directly with the device, even in
the case of implants. Added to the complexities of device research are the
technical complexities of conducting pediatric studies, complexities that in-
clude small populations (which also may mean a small or nonexistent return
on device development) and special research protection regulations.

Still, the committee finds much in the world of pharmaceuticals, in the
experience of adults, in the regulation of drugs and biologics, and in the
field of pharmacoepidemiology that can contribute to identification of inad-
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PREFACE ix

equacies in protections related to pediatric medical devices and instruct in
possible remedies. We can and must learn from these arenas.

Our explorations made it clear that the effort to protect the public’s
health in this area represents another example of the way public health sys-
tems in America function, as the collection of our society’s efforts to assure
conditions in which people, particularly children, can be healthy. Such sys-
tems entail many participants—public and private—often working in paral-
lel but still unaware that they are part of a larger system of protections. Such
incomplete connections among the components of the system or failure to
approach things in a systematic way can lead to inefficient, even ineffective
approaches in public health, including this sector. Thus, in order to assure
adequate protections for children who rely on medical devices, we present
recommendations that recognize and address the essential roles and respon-
sibilities of the whole spectrum of actors in the system, from the regulator
and manufacturer to the clinician and researcher, from officials in Washing-
ton, D.C., to patients and their families in homes across the country.

Some of our recommendations will be relatively easy to act on. Several of
the professional societies we heard from, for example, are prepared to imple-
ment broader training on detection and reporting of device safety problems
right now. Other recommendations will take more work. Better structured
approaches to assure long-term monitoring of devices in children with poten-
tial for serious problems in the postmarket environment—without overbur-
dening an often fragile industry—will take careful management, but we feel it
must be done. Finding mechanisms to allow the evolving world of medical
informatics to capture data about devices and link it automatically to other
medical experience at the population level, for example, will take concerted
efforts across multiple sectors of the health care system. We believe that all of
our recommendations are feasible and necessary to assure adequate protec-
tions of our children in need of the benefits of medical devices.

We would like to thank those who took the time and trouble to tell us
their stories and communicate their experiences as well as the many who
provided important scientific, clinical, and analytic perspectives and evi-
dence. As chair, I had the privilege of convening a knowledgeable and
thoughtful committee, the members of which were willing to listen, learn,
and, despite their varied backgrounds and sometimes quite disparate views,
come together around the findings and recommendations which we present.
Finally, let me thank our outstanding Institute of Medicine staff, particularly
Marilyn Field, the project director, for her steady hand, quick mind, and
great good sense.

Hugh Tilson, M.D., Dr.P.H.
Committee Chair
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cents. Appendix A includes the meeting agendas and participant lists and
cites the organizations that did not participate in the meeting but provided
written statements to the committee.

Special thanks go to the family members who talked with us by tele-
phone and met with us to share their experiences of living day-to-day with
complex, life-sustaining devices. They enriched our understanding of the
varied benefits and stresses of child and family life with complex medical
devices. We also appreciate the contributions of the outside authors of the
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1

Summary

Advances in biomedical science and engineering—combined with
achievements in public health—have brought significant benefits to mil-
lions of children and their families. Vaccines and drugs are often cited, but
medical devices too have helped reduce the burden of illness and injury and
improve the quality of life for countless children. For example, mechanical
ventilators, in combination with medications and additional therapies, res-
cue thousands of fragile newborns each year and allow many children who
rely on respiratory support to live at home with their families, attend school,
and participate in community life. Children who once would have died
from congenital heart conditions today survive with the aid of implanted
devices such as pacemakers, mechanical heart valves, and devices that close
holes in the heart. In addition, a multitude of simple devices such as cath-
eters and other kinds of tubing are essential for modern medical care.

As depicted in Box S.1, some medical devices are intended solely or
primarily for use with children. Often, however, devices used with children
have been initially developed for, tested with, and most frequently em-
ployed to treat adults, who constitute a much larger market for medical
services than children.

Sometimes it is obvious that a device developed for adults is not—in
that form—suitable for some children, for example, when an implanted
device is too large for infants. Other times, problems with pediatric use—
such as more intense inflammatory reactions to implant materials than seen
with adults—are not self-evident and are also not detected during initial
clinical studies. Instead, problems are only identified after a device is mar-
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keted and then used for longer periods and with larger and more varied
populations, including children.

As illustrated in Box S.2, benefits and harms with pediatric use of
medical devices may be identified in several ways: (1) a priori based on
expert understanding of children’s developmental characteristics and de-
tailed knowledge and modeling of the operating characteristics of a parti-
cular device; (2) during the clinical testing of a device with children to
demonstrate safety and effectiveness; and (3) as experience with a device
accumulates following its entry into the market. At each stage, the key
questions are whether the expected benefits of a device, on balance, out-
weigh expected harms and whether the benefit–harm profile is more favor-
able than that of available alternatives.

STATEMENT OF TASK

This report responds to a provision in the Medical Device User Fee and
Modernization Act of 2002 (P.L. 107–250) that called for the Institute of
Medicine (IOM) to assess whether “the system under the Federal Food,
Drug, and Cosmetic Act for the postmarket surveillance of medical devices

BOX S.1
Design or Adaptation of Medical Devices for Use with Children

Devices unique to children
• Infant incubators
• Bililights (for treating neonatal jaundice)
• Newborn hearing screener

Devices developed primarily for children but also used with adults
• Atrial septal defect occluder
• Cerebrospinal fluid shunt

Same core device, different accessories for pediatric use
• Pulse oximeter with different sensor attachment for infants
• Automated external defibrillator with paddles that deliver electrical shocks

based on pediatric-specific algorithms

Variations in device use or technique to accommodate developmental differences
• Adjustment in radiation dose and frequency for computed tomography
• Shift in implantation site for pacemakers used with young children
• Use in pediatric cardiac procedures of adult bile duct stents

Variation in device size for use with small patients
• Bronchoscopes
• Heart valves
• Testicular prostheses
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BOX S.2
Identifying Concerns or Adaptations with Pediatric

Use of Medical Devices (with Examples)

A priori identification
• Pacemaker implant: choice of implant site to better protect device
• Deep brain stimulator: avoidance of use when patient brain growth is less

than 90 percent complete
• Orthopedic fixation device: avoidance of device that will interfere with bone

growth

Identification through premarket clinical testing
• Deep brain stimulator: modification of implant placement when two stimula-

tors are used with small child
• Titanium rib: modification of device and implantation strategy to reduce mi-

gration or bone overgrowth

Identification after marketing
• Cochlear implant: association of meningitis with certain devices
• Home apnea monitors: lack of effectiveness in detecting apnea consistently

and preventing sudden infant death syndrome

provides adequate safeguards regarding the use of devices in pediatric popu-
lations.” The IOM was to examine specifically: (1) the U.S. Food and Drug
Administration’s (FDA) monitoring and use of adverse reaction reports,
registries, clinical studies, and other postmarket surveillance activities;
(2) the adequacy of FDA’s monitoring of commitments for further clinical
studies made by manufacturers at the time of approval of specific devices;
(3) the adequacy of postmarket surveillance studies to evaluate how
children’s active lifestyles may affect failure rates and longevity for im-
planted devices; and (4) the length of postmarket surveillance studies of
implanted devices, including whether studies continue long enough to evalu-
ate the impact of children’s growth and development given the expected
length of time that a child will have an implant. The committee was not
asked to evaluate FDA’s premarket review of medical devices or to assess
barriers to the development of medical devices to meet children’s special
needs.

Postmarket surveillance of medical devices used with children is a little-
investigated topic. This is partly because the market for most medical prod-
ucts is concentrated among adults, especially older adults. Moreover, dis-
cussions of medical product regulation and patient safety focus more on
pharmaceuticals than on medical devices and more on the assessment of
products prior to marketing than on the subsequent surveillance of product
performance.
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During the course of this study, several themes emerged. They include:

• Children and their families benefit from safe, effective medical de-
vices. Timely access to such devices prevents premature deaths and signifi-
cantly improves quality of life.

• Systematic attention to children’s needs and characteristics is impor-
tant in medical device design, use, and evaluation. Children differ from
adults in important ways.

• An effective regulatory program for evaluating and monitoring the
safety of medical devices in general is a necessary foundation for efforts to
safeguard children in particular. This basic foundation then requires the
addition of pediatric expertise and resources.

• The regulation of medical devices reasonably differs from the regulation
of drugs. Medical devices are more variable than drugs in their mode of opera-
tion, range of function, dependence on user skills, and potential for harm.

• A careful assessment of medical device regulations weighs potential
positive and negative outcomes, including whether the potential negative
effects of a regulation are acceptable. Like medical treatments, regulations
can do harm as well as good.

• The shift of medical device use from institutions to homes, schools,
and the community complicates postmarket surveillance. Patients, families,
and others have taken on roles in device operation, maintenance, and
troubleshooting that were formerly performed by health care professionals,
but postmarket surveillance has not yet adapted to this reality.

• Medical device safety is a shared responsibility. Clinicians, health
care providers, engineers, manufacturers, research funding agencies, con-
sumer organizations, patients and families, and others in addition to regu-
lators have critical roles to play.

FDA REGULATION, MEDICAL DEVICES, AND CHILDREN

Medical devices constitute an extremely varied category of medical
products—some as simple and low risk as an infant cap, others as complex
and high risk as a cardiac pacemaker. Unlike drugs, which work chemi-
cally, devices such as pacemakers, artificial joints, ultrasound machines,
and mechanical ventilators have quite different and variable modes of op-
eration. The statutes governing the regulation of medical devices by FDA
reflect this variability, particularly in provisions specifying the agency’s
premarket responsibilities, that is, what it does before a device can be
legally marketed.1

1In referring to premarket and postmarket rather than premarketing and postmarketing
activities, this report follows the legislative language that provided for this study and FDA’s
usual terminology.
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In simplified overview, low-risk devices need not be reviewed by FDA
before marketing. Innovative, high-risk devices are subject to an approval
process that evaluates clinical and other studies of safety and effectiveness.
Intermediate-risk devices go through a clearance process that involves a
more limited review of evidence of safety and equivalence to certain previ-
ously marketed devices; clinical evidence of safety and effectiveness is not
usually required. Additional regulations, particularly those intended to as-
sure quality and safety in manufacturing, apply to all devices.

After devices enter the market, FDA’s postmarket surveillance includes
requirements or opportunities for manufacturers, health care facilities, and
others to report serious problems—adverse events—that are caused or po-
tentially caused by any kind of medical device or errors in its use. For
certain devices, the agency can also require postmarket studies to evaluate
device performance or safety as devices are used for longer periods, in
different settings, and with more varied patients than during their initial
testing. FDA’s public health notifications, monitoring of device recalls, and
inspections of device manufacturing sites are additional postmarket tools to
assure the safety of medical devices.

Virtually the entire regulatory framework for the regulation of medical
devices is general; that is, it applies to devices whether their primary or
exclusive use is with adults or children. One exception is that when devices
are tested with children in studies that will be submitted to FDA, the studies
are covered by regulations for the protection of human research subjects
that provide additional protections for children. Also, FDA may take spe-
cial notice of children, for example, by limiting the approved use of a device
to patients over a specific age.

FDA PERFORMANCE IN BRIEF

The basic goal of FDA’s program of postmarket surveillance for medical
devices is to protect patients from harm by identifying and evaluating safety
problems and assuring appropriate corrective responses, such as a recall or a
precautionary notice to physicians. As undertaken by FDA, postmarket sur-
veillance should be seen as objective, trustworthy, and effective in limiting
patient exposure to unsafe devices (or to devices unsafely used). It should
seek to minimize avoidable constraints on beneficial innovation while also
serving as a resource and stimulus for product improvement.

With respect to the questions posed for the IOM, this report notes some
shortfalls in FDA performance. These shortfalls, by and large, are not
specific to children, so responses must be general. Although evaluating FDA
resources for postmarket device surveillance was beyond the scope of this
study, the committee notes that Congress has authorized but not appropri-
ated additional funds for such surveillance.
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The discussion below highlights selected recommendations (which are
numbered by report chapter). All recommendations are listed at the end of
the summary.

Monitoring of Postmarket Study Commitments

The most obvious deficits in FDA’s performance are the agency’s lack
of effective procedures for monitoring the status of required postmarket
studies and the lack of public information regarding such studies. One
consequence for this report was that neither the agency nor the committee
could reliably identify required postmarket studies that included questions
related to children’s growth and development or active lifestyles.

The agency recently announced plans to shift responsibility for study
monitoring within the Center for Devices and Radiological Health (CDRH)
to the postmarket surveillance unit. It has not released details, including
what information will be made public.

Recommendation 5.1: Congress should require FDA to establish a sys-
tem for monitoring and publicly reporting the status of postmarket
study commitments involving medical devices. The system should also
cover voluntary studies negotiated between FDA and manufacturers as
part of the device approval or clearance process. The public database
should, among other features, allow easy determination of the status
of postmarket studies that involve questions about device use with
children.

Public Access to Information About Postmarket Studies

Monitoring of postmarket study commitments is important but so is
greater openness about study methods and findings. Given the limited re-
search on medical devices used with children, FDA should, at a minimum,
provide for more open access to information about required pediatric stud-
ies. The details (e.g., how to screen studies for soundness before making
results public) will require careful consideration so that the agency does not
publicize findings from studies that are badly designed, poorly executed, or
inappropriately analyzed. Continuing discussions about the design of a
public clinical trials registry may yield useful guidance.

Recommendation 5.2: FDA’s system for monitoring and reporting post-
market study commitments should include information about the dispo-
sition of study findings, for example, a change in the labeling of a device.
It should also provide for the responsible and understandable reporting
of the source, methods, and findings of monitored postmarket studies.
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Adequacy of Required Postmarket Studies

Without a systematic database of postmarket device studies, FDA could
not identify for the committee those studies that involved children or inves-
tigated growth and development, activity levels, or other pediatric ques-
tions. Furthermore, because statutes on trade secrets and confidentiality
require FDA to hold study protocols and much other information confiden-
tial, even if the committee knew of a relevant pediatric study, it might not
have been able to learn enough about the study to assess it.

FDA’s authority to order postmarket studies is limited. It cannot re-
quire studies as a condition of clearing devices for which the more extensive
premarket approval process is not required. In addition, for devices that
have already been approved or cleared, the agency cannot require studies to
last more than 3 years. For children, some important developmental conse-
quences may not be evident within that period.

Recommendation 6.5: Congress should amend Section 522 of the Fed-
eral Food, Drug, and Cosmetic Act to

• permit FDA to order postmarket studies as a condition of clearance
for the categories of devices for which Section 522 Postmarket Surveil-
lance studies are now allowed and
• allow FDA to tailor the duration of Section 522 studies of devices
likely to have significant pediatric use so that studies can take into
account children’s growth and development and, if appropriate, exceed
the current 3-year limit on study length.

The committee recognizes that most postmarket research does not re-
sult from FDA requirements but is undertaken voluntarily by industry,
academic, and other researchers. The committee also recognizes that a
requirement for a postmarket pediatric study might, in some cases, prompt
a device manufacturer to label a device as not indicated for use with chil-
dren rather than incur the costs of a study. Thus, FDA should promote
additional strategies for building new knowledge that extend beyond re-
quired manufacturer studies.

Recommendation 6.6: FDA should collaborate with the National Insti-
tutes of Health, the Agency for Healthcare Research and Quality, and
other research funding agencies and interested parties to define a re-
search agenda and priorities for the evaluation of the short- and long-
term safety and effectiveness of medical devices used with growing and
developing children.

The expanding use of electronic patient information systems presents op-
portunities to strengthen studies of device outcomes and also improve surveil-
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lance for adverse events. Capitalizing on these opportunities will require fur-
ther work to develop feasible coding standards that allow more precise identi-
fication of specific types and models of devices than is possible now.

Recommendation 6.2: As part of government and private health in-
formatics initiatives, such as those supporting the electronic medical
record, FDA should promote the development and adoption of com-
mon device coding and other standards and approaches for capturing
and linking use and outcomes data for medical devices. FDA should
also work with agencies such as the Agency for Healthcare Research
and Quality and university- and industry-based methodologists to
strengthen methods and tools for epidemiologic research on medical
device safety.

Adverse Event Reporting

Judgments about the adequacy of FDA’s program of adverse event
reporting must take into account the generally recognized problems with
such reporting. Underreporting and incomplete or inaccurate reporting are
not confined to this program.

In important respects, substantial progress in detecting, reporting, un-
derstanding, and preventing adverse device events will depend less on FDA
regulations than on the collective results of institutional and collaborative
efforts by health care institutions, professional societies, state and federal
public health agencies, and others. FDA is, however, uniquely situated to
promote attention to events related to medical devices.

Recommendation 4.1: FDA should collaborate with industry, health care
professionals and organizations, and parent and patient advocates to

• focus more attention on adverse device events, including events in-
volving children;
• promote linkages between adverse event reporting systems, various
FDA databases, and other safety programs;
• update product labeling, patient information, and other communica-
tions to promptly reflect safety-related findings from analyses of ad-
verse event reports; and
• issue yearly reports on results from adverse event analyses, including
findings involving children.

The evaluation plan for the MedSun program (the agency’s pilot Medi-
cal Product Surveillance Network, which involves more intensive and active
interaction with a sample of 300 medical facilities, including more than 20
children’s hospitals) should, among other elements, include comparisons of
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adverse event reports from MedSun and the mandatory user facility report-
ing system. It should assess the extent to which either program produced
important reports that were missed or delayed by the other (Recommenda-
tion 4.3).

With MedSun, the agency has an opportunity to use the participating
children’s hospitals as connecting points to strengthen device-related sur-
veillance at other hospitals serving children. Adverse event reporting is
particularly important for medical devices in pediatric use because pediatric
events are often unusual and sometimes extreme, and involve problems in a
patient population that frequently has not been studied before marketing.

Recommendation 4.7: Children’s hospitals and other user facilities
should establish a focal point of responsibility for medical device safety.
Tasks include reviewing and monitoring the adequacy of institutional
programs in areas such as tracking of safety alerts and recalls, respond-
ing to safety alerts and recalls, training in adverse event evaluation and
reporting, and factoring safety data or evaluations into device purchase
decisions.

Independent Oversight

In February 2005, the Department of Health and Human Services
(DHHS) announced the creation of an independent drug safety oversight
board within FDA (but outside the Center for Drug Evaluation and Re-
search) to oversee the management of high-profile drug safety issues. The
board would also provide “emerging information” to clinicians and patients
about the risks and benefits of medicines. That is, discussion of potential
safety problems would not wait until FDA reached firm enough conclusions
to prompt a safety alert or other action. The board would include experts
from FDA and elsewhere in DHHS and other government departments.

Notwithstanding certain differences between drugs and devices, the
criteria for responsibly making emerging drug safety information public
and overseeing high-profile issues should—if soundly designed and imple-
mented—apply, at least in broad outline, to the evaluation of similar infor-
mation from postmarket studies of medical devices. Whether the indepen-
dent board approach is advisable for medical devices is another matter. In
particular, whether such a board could obtain sufficient independent tech-
nical and clinical expertise would need careful assessment.

Organizational Attention to Pediatric Issues

In addition to calling for this study, Congress has directed attention to
pediatric device safety in other ways, for example, by directing FDA to
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prepare reports on premarket assessment of pediatric medical devices, bar-
riers to pediatric device development, and pediatric expertise for device
safety advisory panels. Also as directed by Congress, FDA created an Office
of Pediatric Therapeutics to coordinate and facilitate FDA activities that
affect children and the practice of pediatrics, but its activities focus almost
entirely on drugs.

Recommendation 7.1: FDA should establish a central point of respon-
sibility for pediatric issues within the Center for Devices and Radiologi-
cal Health to evaluate the adequacy of the Center’s use of pediatric
expertise and its attention to pediatric issues in all aspects of its work.

TENSIONS IN PUBLIC POLICY AND DEVICE INNOVATION

FDA is charged with simultaneously safeguarding public safety and
encouraging timely access by patients to beneficial new products. Recent
controversies have focused attention on tensions between these two broad
roles. Tension may also exist between the public’s desire for government to
protect them from an array of threats to their health and safety and their
willingness to pay for such protection.

Another area of tension centers around trade secret and confidentiality
provisions related to studies of FDA-regulated products. In this case, the
objective of encouraging product innovation by allowing innovators to
hold certain information secret can sometimes conflict with the objective of
providing clinicians and patients with full information to guide decisions.
Special regulatory protections for children involved in research may also
impede certain kinds of research.

SHARED RESPONSIBILITIES FOR MEDICAL DEVICE SAFETY

Medical device safety is a shared responsibility that necessarily involves
manufacturers, researchers, clinicians, engineers, health care facilities, regu-
lators, and patients and families. The sharing of responsibilities extends
throughout the medical device product cycle—from innovation and devel-
opment through testing, marketing, clinical use, safety monitoring, and
eventual refinement or replacement.

This spectrum of shared responsibility for device safety itself oper-
ates within a broader system of shared responsibilities for overall pa-
tient safety and health care quality. In the past two decades, institu-
tional and collaborative initiatives to improve the quality of health care
and protect patients from harm have grown to involve a wide range of
public and private parties. This diversity of involvement reflects not
only the broad concern about health care quality and patient safety but
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also the range of parties whose participation is essential to improve
health outcomes.

Patient safety initiatives often emphasize drug safety. The focus on
medications reflects analyses of medical errors in which medication mis-
haps figure prominently, although some of these mishaps also involve flaws
in device design or use. Like most patient safety initiatives, initiatives that
focus on children tend not to feature medical devices.

Still, even programs that focus on adults, drug safety, or other topics
may encourage practices, procedures, and ways of thinking that can—
indirectly or directly—help create an environment that promotes the safe
use and design of medical devices for children. For example, increased
expertise in root cause analysis of medical errors and assessment of human
factors can be broadly applied. Beyond appreciating such spillover effects,
those concerned about device safety can consider how quality of care and
safety initiatives might be expanded or adjusted to include medical devices.

Recommendation 7.2: All those engaged in improving the quality of
health care and protecting patients from harm should evaluate and
sharpen as appropriate their attention to medical device safety, includ-
ing safety issues that particularly affect children.

Complete List of Recommendations

Adverse Event Reporting

Recommendation 4.1: FDA should collaborate with industry, health care
professionals and organizations, and parent and patient advocates to

• focus more attention on adverse device events, including events in-
volving children;

• promote linkages between adverse event reporting systems, various
FDA databases, and other safety programs;

• update product labeling, patient information, and other communica-
tions to promptly reflect safety-related findings from analyses of adverse
event reports; and

• issue yearly reports on results from adverse event analyses, including
findings involving children.

Recommendation 4.2: FDA should continue educational and communica-
tion programs to promote recognition and useful reporting of serious ad-
verse device events and device problems by hospitals and other user facili-
ties. Such encouragement should continue whether or not requirements for
mandatory reporting by user facilities are eventually eliminated with the
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effective implementation of the MedSun program. Reporting by user facili-
ties of events possibly related to devices should continue to include deaths,
serious injuries, and device malfunctions.

Recommendation 4.3: FDA’s plan for evaluating MedSun’s performance as
a replacement for and improvement on mandatory user facility reporting
should include, among other elements,

• assessment of ongoing program and participant facility success in
educating facility personnel about identifying, evaluating, and reporting
adverse device events and improving the quality, timeliness, and usefulness
of event reports;

• determination of the extent to which the sample of MedSun par-
ticipating hospitals—including children’s hospitals—represents the rel-
evant range of facility characteristics and experiences, including represen-
tation of both academic medical centers and community hospitals and
sufficient representation of facilities with device-oriented specialties and
procedures;

• comparison with the mandatory user facility reporting system, in-
cluding the extent to which either program produced reports for FDA or
manufacturers of emerging hazards, important close calls, or other signifi-
cant events (including those involving children) that were missed or delayed
by the other; and

• evaluation of the active surveillance components of the program in
reducing harm to patients, promoting constructive communication between
facilities and FDA, and improving timely knowledge of the nature and
extent of selected device problems, including errors in the use and design of
devices.

Recommendation 4.4: Within the pilot MedSun program, FDA and partici-
pating children’s hospitals should serve as a resource for the broader in-
volvement of children’s hospitals in patient safety programs to identify,
evaluate, respond to, or prevent problems with the use and design of medi-
cal devices. In addition, FDA should promote efforts to link or otherwise
employ event reporting, device recall, safety notification, and other data-
bases within and outside FDA to better assess and report on device safety
issues involving children.

Recommendation 4.5: When FDA mandates or agrees to device labeling
that requires professionals to be trained in the safe and appropriate use of a
medical device, the training should include information on the identifica-
tion of adverse events, voluntary adverse event reporting under MedWatch,
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and user facility and manufacturer medical device reporting (MDR) re-
quirements.

Recommendation 4.6: Medical, surgical, and other organizations or societ-
ies that include health professionals who care for children should

• establish working groups to evaluate problems as well as benefits in
the pediatric use of devices of particular importance to their practice;

• collaborate with existing public and private patient safety initiatives
to add or expand attention to safe and appropriate use of medical devices
with children;

• establish standards for professional education and competency in
the use of these devices; and

• include as professional competencies the identification and appro-
priate reporting of device problems and the successful communication with
patients and families about how to prevent, recognize, and respond to
device problems.

Recommendation 4.7: Children’s hospitals and other user facilities should
establish a focal point of responsibility for medical device safety. Tasks
include reviewing and monitoring the adequacy of institutional programs in
areas such as tracking of safety alerts and recalls, responding to safety alerts
and recalls, training in adverse event evaluation and reporting, and factor-
ing safety data or evaluations into device purchase decisions.

Recommendation 4.8: FDA should continue to improve and expand its
medical device safety resources for patients and families and its focus on
devices used in the home and community by

• working with patient, family, and consumer organizations, provid-
ers, and industry to make it easier for patients or their families to report
device problems to manufacturers or FDA and to learn about resources to
support the safe use of medical devices;

• making online reporting and information resources more accessible
by using language and directions appropriate for lay users; and

• enlisting hospitals, home care agencies and vendors, and other pro-
fessional and provider groups to promote patient and family understanding
of how to use devices safely, when and how to seek help, and when and
how to report problems.

Monitoring Study Commitments

Recommendation 5.1: Congress should require FDA to establish a system
for monitoring and publicly reporting the status of postmarket study com-
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mitments involving medical devices. The system should also cover volun-
tary studies negotiated between FDA and manufacturers as part of the
device approval or clearance process. The public database should, among
other features, allow easy determination of the status of postmarket studies
that involve questions about device use with children.

Recommendation 5.2: FDA’s system for monitoring and reporting post-
market study commitments should include information about the disposi-
tion of study findings, for example, a change in the labeling of a device. It
should also provide for the responsible and understandable reporting of the
source, methods, and findings of monitored postmarket studies.

Strengthening Postmarket Studies

Recommendation 6.1: FDA should develop additional guidance for its own
staff as well as for manufacturers and investigators on the identification
and evaluation of pediatric questions or concerns at all stages in the design
and evaluation of medical devices used with children.

Recommendation 6.2: As part of government and private health infor-
matics initiatives, such as those supporting the electronic medical record,
FDA should promote the development and adoption of common device
coding and other standards and approaches for capturing and linking
use and outcomes data for medical devices. FDA should also work with
agencies such as the Agency for Healthcare Research and Quality and
university- and industry-based methodologists to strengthen methods and
tools for epidemiologic research on medical device safety.

Recommendation 6.3: As a resource for itself and others, FDA should
create or collaborate with others to create a registry of relevant registries,
that is, a database with information about registries that are either device
specific or that have the potential to provide information useful in evaluat-
ing device safety and effectiveness.

Recommendation 6.4: As part of a public commitment to postmarket sur-
veillance of device safety, the Center for Devices and Radiological Health
should have its own extramural research program to support studies using
external data sources.

Recommendation 6.5: Congress should amend Section 522 of the Federal
Food, Drug, and Cosmetic Act to
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• permit FDA to order postmarket studies as a condition of clearance
for the categories of devices for which Section 522 Postmarket Surveillance
studies are now allowed and

• allow FDA to tailor the duration of Section 522 studies of devices
likely to have significant pediatric use so that studies can take into account
children’s growth and development and, if appropriate, exceed the current
3-year limit on study length.

Recommendation 6.6: FDA should collaborate with the National Institutes
of Health, the Agency for Healthcare Research and Quality, and other
research funding agencies and interested parties to define a research agenda
and priorities for the evaluation of the short- and long-term safety and
effectiveness of medical devices used with growing and developing children.

Responsibilities for Medical Device Safety

Recommendation 7.1: FDA should establish a central point of responsibil-
ity for pediatric issues within the Center for Devices and Radiological
Health to evaluate the adequacy of the Center’s use of pediatric expertise
and its attention to pediatric issues in all aspects of its work.

Recommendation 7.2: All those engaged in improving the quality of health
care and protecting patients from harm should evaluate and sharpen as
appropriate their attention to medical device safety, including safety issues
that particularly affect children.
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1

Introduction

In 1956, John and Mary Holter were shattered when their son, Casey,
was born with spina bifida and hydrocephalus (water on the brain). Doc-
tors told the Holters that the opening of the spine on their son’s back
could be repaired but that they had not yet found a successful way to
manage the buildup of spinal fluid in Casey’s brain, a process that would
eventually kill him.

Mr. Holter, a self-described “mechanic” who worked in a lock compa-
ny’s research lab, decided to tackle the fluid problem. He developed a small,
one-way valve that he thought would allow the brain fluid to drain and
save his son’s life. He prevailed upon the child’s neurosurgeon, Eugene
Spitz, to use the untested device, which was made of silicone, a new mate-
rial. Casey lived an unexpected 5 years before dying from other causes.

The Holter valve made drainage or shunting of cerebrospinal fluid a
practical reality. Today, after years of technical modification and adjust-
ment in clinical procedures, about 30,000 shunt procedures are done in
the United States each year. The life expectancy of children with hydro-
cephalus is now measured in decades, not years, and hydrocephalus is no
longer the end of a family’s dreams.

(Baru et al., 2001; Basse, 2003)

Through the determined creativity of single individuals such as John Holter
and the contributions of organized teams of medical and engineering research-
ers, advances in biomedical science and engineering—combined with achieve-
ments in public health—have brought innumerable benefits to millions of
children and their families and communities. Notably, in addition to im-
proved sanitation and nutrition, the development of vaccines to prevent com-
mon childhood diseases and antibiotics to treat infections have saved the lives
of countless children. Although medical devices such as syringes, intravenous
infusion equipment, and infant-sized catheters have played supporting roles
in immunizations and antibiotic therapy, devices have figured most promi-
nently in other areas of pediatric health care.

For example, mechanical ventilators and other respiratory support de-
vices in combination with medications and other therapies rescue thou-
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sands of fragile newborns each year, including babies born prematurely
with lungs that are insufficiently developed to sustain independent breath-
ing. Some infants rely on these devices only briefly, but others with chronic
health conditions use these life-sustaining devices for years. As shown be-
low in the photographs of older and newer ventilatory support equipment
(Figures 1.1 and 1.2), reductions in the size of equipment and other ad-
vances now allow many children who rely on these devices to live at home
with their families, attend school, and participate in community life.

To cite another example, children who once would have died from
congenital heart conditions today survive with the aid of implanted devices
such as mechanical heart valves, pacemakers, devices that close holes in the
heart, and artificial tubes used to bypass malformed heart valves. The
surgical procedures associated with these and other treatments typically
require additional sophisticated equipment, including cardiopulmonary
bypass systems (heart–lung machines that oxygenate and circulate the blood
while the heart is stopped for surgery), devices that provide anesthesia, and
equipment that monitors breathing, oxygen levels, and other critical physi-
ologic variables and warns clinicians of impending trouble. Box 1.1 lists
examples of life-saving and life-sustaining devices that benefit children.

FIGURE 1.1 Child in iron lung, World Health Organization, c. 1938 (Used with
permission of IUPUI University Library Special Collections and Archives).
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This report examines the regulation and surveillance of a wide range of
medical devices used with children. In some cases, these devices are in-
tended solely or primarily for use with children. Examples include newborn
incubators, inhaled nitric oxide delivery units for certain newborns with
respiratory problems, and “bililights” or “biliblankets” that provide photo-
therapy for infants with jaundice. The design and evaluation of these de-
vices will necessarily focus on the children expected to use the devices.

Some devices now widely used with adults were first aimed at pediatric
conditions. For example, the first external pacemakers were developed for
children who were born with cardiac anomalies that required surgical cor-
rection and subsequent pacing of the heart rhythm. Initially, the devices

FIGURE 1.2 Zoe and Dad on a hike (Courtesy of Lynne Andersson and Stephen
Andersson).
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BOX 1.1
Examples of Life-Saving and Life-Sustaining

Medical Devices for Children

Mechanical ventilators: Negative-pressure ventilators or “iron lungs,” which were
developed in the late 1920s by Drinker and Shaw, supported children with respira-
tory failure from poliomyelitis into the 1950s. Subsequently, the positive-pressure
ventilator became widely used to support virtually all infants and children in need
of assisted breathing related to acute or chronic respiratory failure. Although it is
difficult to attribute improved outcome to any single factor when many aspects of
care have changed, the management of respiratory distress using mechanical
ventilation in premature infants is one area where the increased survival is well
documented (Gregory et al., 1971; Farrell and Avery, 1975).

Balloon atrial septostomy (Rashkind procedure): This nonsurgical, catheter-based
procedure provides a way for oxygenated blood to get to the systemic tissues in
infants with transposition of the aorta and the pulmonary artery (a congenital heart
defect that starves the blood of oxygen). It stabilizes the newborn until definitive
surgery can be performed. The development of the device and associated surgical
techniques led to a dramatic increase in survival of affected infants. One-month
survival rates rose from approximately 10 percent in the early 1960s to more than
90 percent after the procedure became widely used (Rashkind and Miller, 1968;
Liebman et al., 1969; Rashkind et al., 1969; Rashkind, 1971, 1983).

Cerebrospinal fluid shunt for hydrocephalus: For infants and others suffering from
inadequate draining of cerebrospinal fluid from the brain, the hydrocephalus shunt
has reduced mortality from approximately 50 percent to approximately 10 percent
(Gilmore, 1990; Staal et al., 1997). The device consists of a silicone tube that is
passed through the brain into the cerebrospinal fluid-containing ventricles and
connected under the scalp to a one-way valve. This valve drains through a longer
silicone tube into the abdominal cavity, the veins that drain into the heart or, rarely,
other body cavities. Modern valves can have their drainage pressure characteris-
tics adjusted noninvasively after implantation. Although still plagued with problems
of infection and blockage requiring surgical repair, cerebrospinal fluid shunts allow
more than half of children with hydrocephalus to avoid brain damage and develop-
mental delay caused by prolonged increased spinal fluid pressure on the brain
(Casey et al., 1997).

Pulse oximetry: In years past, the standard technique for assessing the body’s
oxygenation was to obtain a sample of arterial blood by needle puncture or through
an indwelling catheter. This presented many complications for small infants with
conditions that left them at risk for a life-threatening lack of oxygen. It required
removal of blood, which might ultimately necessitate a transfusion if there were
multiple samples, and it could be technically difficult to obtain the sample from a
small baby. The development of the pulse oximeter, a device that passes a light
wave through an extremity (e.g., a finger or toe) to “see” the color of the blood in
the capillaries and, hence, assess the amount of oxygen, was a tremendous ad-
vance. It could measure oxygenation continuously, which was particularly valu-
able during operations and in the care of critically ill infants.

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


INTRODUCTION 21

plugged into wall sockets, which meant they severely limited the children’s
mobility during recovery and were fatally useless during a power interrup-
tion. Although simple by today’s standards, the external battery-powered
pacemaker was a revolutionary development, and it was soon followed by
the implantable pacemaker. This innovation helped establish what is now a
large and very successful medical electronics industry (see, e.g., Rhees and
Jeffrey, 2000).

In many cases, medical devices used to help children have been initially
developed for, tested with, and most frequently employed to treat adults,
who constitute a much larger market for medical devices and medical treat-
ments than children, who are, overall, a healthier segment of the popula-
tion. As discussed further in Chapter 2, implants and other devices may
require modification for use with infants and children to account for differ-
ences in overall body size as well as in the dimensions of body structures
such as blood vessels. Furthermore, because children are not small adults,
the design, use, or monitoring of certain devices may need to take into
account not only size but also children’s physical, cognitive, and emotional
growth and development.

Sometimes it will be quite obvious that a device originally developed
for adults is not, in that form, suitable for some children, for example,
when a particular type of implanted device is clearly too large for infants
and toddlers. Other times problems with pediatric use of a device—such as
more rapid or intense inflammatory reactions to implant materials than
seen with adults—will not be evident during initial research and early clini-
cal use.

It is important to recognize that while children may experience the
benefits of a successful medical treatment for longer periods than older
adults, they likewise may suffer the negative consequences of treatments or
adverse events for many more years. As a case in point, disturbances in
cardiorespiratory function at young ages may have lifelong neurological
consequences, which is an argument for early intervention as well as for
long-term monitoring of the consequences of device use and other interven-
tions that may create such disturbances. Furthermore, if medical treatments
interfere with growth and development, affected children may never com-
pletely “catch up.” For example, some devices for treatment of scoliosis are
used in conjunction with a spinal fusion process that limits further growth
of the spine and surrounding structures, including the rib cage. In young
children, such a limitation in thoracic growth can even prove fatal if the
lungs are unable to grow and develop sufficiently.

Although medical devices and associated surgical and medical proce-
dures can often correct medical problems and allow children to live normal
and active lives, not all problems can be fully corrected, and some children
saved in infancy are still expected to die in adolescence or early adulthood.
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Moreover, for many children with severe medical conditions, decisions
about treatment are not limited to a one-time surgery or other episode of
treatment. Rather, the balancing of potential benefits and harms is ongoing
as new options for treatment are proposed or the shortcomings of past
interventions are revealed.

Beyond treatment decisions, parents weigh risks in structuring their
child’s daily life and determining the degree to which a tightly controlled,
medically monitored environment should be moderated to allow a more
normal childhood experience. For example, parents weigh the risk of dam-
age to an implant against the opportunity for a child to play sports with his
or her peers.

Often parents and clinicians must make decisions in the absence of
good evidence about the relative safety and effectiveness of medical devices
and procedures. Many complex medical devices used with children have
not been systematically evaluated in pediatric populations. Even for adults,
who are the typical subjects of clinical trials involving devices, uncommon
problems may not be evident in clinical trials used to support applications
for marketing approval. The clinical studies undertaken in support of a
product’s approval for marketing are usually conducted for relatively short
periods in carefully controlled populations that do not fully represent the
population of expected users (e.g., patients with multiple health condi-
tions). For that reason, once medical products enter the market, govern-
ment health agencies, clinicians, manufacturers, and others sometimes con-
tinue to study them for longer periods and with broader populations. In
certain circumstances, the U.S. Food and Drug Administration (FDA) can
require such studies. Policymakers have also created requirements for manu-
facturers, health care facilities, and others to report problems—adverse
events—that are caused by or associated with legally marketed drugs, de-
vices, and other medical products.

Until 1976, federal officials had limited authority to regulate the safety
or effectiveness of medical devices. In that year, Congress added the Medi-
cal Device Amendments (P.L. 94–295) to the Federal Food, Drug, and
Cosmetic Act (P.L. 75–717). By this step, Congress acknowledged the in-
creasing sophistication and importance of medical device technology while
also recognizing that both the benefits and the risks of this advanced tech-
nology warranted more systematic attention by FDA, manufacturers, and
others.

In the past decade, with enactment of the FDA Modernization Act of
1997 (P.L. 105–115) and the Medical Device User Fee and Modernization
Act of 2002 (P.L. 107–250), Congress streamlined certain regulatory proce-
dures for medical devices. The 2002 legislation also included several pro-
visions related to pediatric uses of devices, one of which called for this
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report on postmarket surveillance of medical devices used with pediatric
populations.

Postmarket surveillance of medical devices used with children is a little-
investigated topic. Again, this is partly because the market for most medical
products is concentrated among adults, especially older adults, so attention
tends to follow clinical and market realities. Moreover, assessments and discus-
sions of medical product regulation and patient safety tend to focus more on
pharmaceuticals than on medical devices. Thus, pharmacoepidemiology is a
relatively well-established area of epidemiologic inquiry while medical devices
epidemiology is not. In the device arena, no readily identified organizations
exist in parallel to the International Society for Pharmacoepidemiology, the
International Society for Pharmacovigilance, or the Academic Programs in
Pharmacoepidemiology. (These organizations devote some attention to device
epidemiology, but it is not a major focus.) In addition, discussions of medical
product regulation—for drugs and vaccines as well as medical devices—have
tended to concentrate on the regulatory requirements and processes related to
the approval or clearance of products for marketing rather than on the subse-
quent evaluation or surveillance of their performance.

It is appropriate to put a high priority on keeping unsafe and ineffective
medical devices and other products from entering the market in the first
place. It is also reasonable to ask whether the system of postmarket surveil-
lance established under the Federal Food, Drug, and Cosmetic Act provides
adequate safeguards for the use of medical devices once the devices have
been approved for marketing. This report considers that question as it
relates to children specifically.

As the committee that developed this report reviewed the literature,
consulted knowledgeable individuals, and considered the questions before
it, several themes emerged. They are:

1. Children and their families benefit from safe, effective medical de-
vices. Timely access to such devices prevents premature deaths and signifi-
cantly improves the quality of life for children and their families.

2. Systematic attention to children’s needs and characteristics is impor-
tant in medical device design, use, and evaluation because children differ
from adults in important ways. For devices developed primarily for use
with adults but with expected or possible pediatric uses, such attention can
encourage the early identification of potential pediatric benefits and harms
and the early consideration of modifications in the design or use of a
medical device that will minimize risks and safeguard child patients. In
addition, long-term studies may be necessary to understand developmental
effects and the long-term balance of benefits and harms of pediatric use of
long-term implants and certain other devices.
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3. An effective regulatory program for evaluating and monitoring the
safety of medical devices in general is a necessary foundation for efforts to
safeguard children in particular. This basic foundation of device regulation
then requires the addition of pediatric expertise, guidelines, and other re-
sources.

4. The regulation of medical devices reasonably differs from the regula-
tion of drugs. Medical devices are more variable than drugs in their mode of
operation, range of function, dependence on user skills, and potential for
harm. Many are simple and very low risk. For some complex devices, the
use of conventional randomized, controlled trials to provide evidence of
safety and effectiveness may not be feasible or ethical. In addition, much
device innovation and development is characterized by ongoing product
modification and improvement with a relatively rapid rate of product turn-
over, which may complicate some aspects of long-term monitoring and
evaluation of safety and effectiveness.

5. A careful assessment of medical device regulations weighs potential
positive and negative outcomes, including whether the potential negative
effects of a regulation are acceptable. Just as the balance of potential ben-
efits and harms should be considered when medical devices are reviewed, so
should policymakers weigh the potential outcomes of regulations and con-
sider possible unintended and unwanted consequences, for example, the
discouraging of beneficial innovations and refinements in medical devices.

6. The shift of medical device use from institutions to homes, schools,
and the community complicates postmarket surveillance. The migration of
care out of the hospital into patient homes has brought many benefits, but
it also presents risks as families and patients have taken on many roles in
the operation, maintenance, and troubleshooting of complex medical de-
vices that were formerly performed by health care professionals. In addi-
tion, for complex devices now used in the home, the opportunity and
responsibility for identifying and reporting possible device-related adverse
events has shifted, in considerable measure, to patients, families, office-
based physicians, home care nurses, home health agencies, and even school
personnel. Of these groups, only home health agencies have legal obliga-
tions for reporting adverse events. Surveillance programs have yet to adjust
to these realities.

7. Medical device safety is a shared responsibility. No matter how
successful, government regulation of medical devices is not sufficient in
itself to safeguard children or adults who use medical devices. Clinicians,
health care providers, engineers, manufacturers, researchers and research
funding agencies, patients and families, consumer groups, and others have
central roles to play. Regulations backed by both incentives and sanctions
do, however, contribute as part of a larger system of ethical, financial,
professional, and other influences that support safe, effective health care.
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ORIGIN OF STUDY TASKS AND OVERVIEW OF REPORT

In 2002, Congress passed the Medical Device User Fee and Moderniza-
tion Act. The main focus of this legislation was the establishment of a system
of user fees, similar to that already adopted for drugs, to support the more
expeditious review by FDA of applications by manufacturers for approval to
market devices. The legislation also included three provisions related to medi-
cal devices with possible pediatric applications. One called for pediatric ex-
pertise, when appropriate, in the review of applications for FDA approval to
market a medical device (Section 210). A second provision directed the Secre-
tary of the Department of Health and Human Services to provide guidance
on the kind of information needed to assure the safety and effectiveness of
medical devices intended for use with children and to protect children in-
volved in clinical studies of such devices (Section 213).

A third section called for a study by the Institute of Medicine (IOM) to
assess whether “the system under the Federal Food, Drug, and Cosmetic
Act for the postmarket surveillance of medical devices provides adequate
safeguards regarding the use of devices in pediatric populations” (Section
212). The study was also to examine

• the FDA’s monitoring and use of adverse reaction reports, registries,
clinical studies, and other postmarket surveillance activities;

• the adequacy of FDA’s monitoring of commitments for further clini-
cal studies made by manufacturers at the time of approval of specific medi-
cal devices;

• the adequacy of postmarket surveillance studies to evaluate how
children’s active lifestyles may affect failure rates and longevity for im-
planted devices; and

• the length of postmarket surveillance studies of implanted devices,
including whether studies continue long enough to evaluate the impact of
children’s growth and development given the expected length of time that a
child will have an implant.

Together, these legislative provisions constituted the statement of task
and charge to the IOM, which is the health policy arm of the National
Academy of Sciences. The IOM appointed a 13-member committee of ex-
perts to prepare this report.

Given its origins, one audience for this report is legislative and admin-
istrative policymakers and those who advise them. The report does not,
however, assume technical knowledge of medical device regulation. It like-
wise does not assume expertise in pediatric medicine or medical device
design or use. It is meant to be credible to technical experts but understand-
able to a broader audience, including consumer and patient advocacy
groups. Parents and the general public are not primary audiences, although
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the committee has sought examples that would be meaningful and under-
standable to general readers.

This report often focuses on complex devices that are implanted in the
body for extended periods (e.g., pacemakers) or that can be expected to
have serious health consequences if they fail (e.g., mechanical ventilators).
Even relatively simple devices can, however, cause injury and even death
due either to errors in their use or to shortcomings in their design, manufac-
ture, distribution, maintenance, or instructions for use. For example, in
2002, FDA announced the Class I (high priority) recall of a bassinet with a
drop-leaf work surface that could and had collapsed when used for the
unintended purpose of holding an infant (FDA, 2002j). That same year,
FDA reported the Class I recall of a foam-tipped oral swab following a
report that the tip had dislodged and blocked a patient’s airway (FDA,
2002g). Regulatory and other strategies to protect children must also in-
clude means to detect and prevent harm from less complex and less intrin-
sically risky medical devices.

The remainder of this chapter defines a number of the concepts and
terms included in the legislative charge for this IOM study. It also provides
a brief overview of the history of medical device regulation and its context.
Chapter 2 examines the rationale for particular attention to the special
characteristics of children when medical devices are designed, evaluated,
regulated, and used. The regulatory framework for postmarket surveillance
is reviewed in Chapter 3.

Chapter 4 examines the nature, reporting, and analysis of adverse device
events, including advantages and limitations of adverse event reporting as a
surveillance tool. It includes a number of illustrative vignettes that depict the
diversity of adverse device events involving children. Chapter 5 reviews FDA’s
monitoring and reporting of manufacturers’ fulfillment of commitments for
postmarket studies required by FDA, and Chapter 6 considers the adequacy
of postmarket surveillance studies to assess the effects of children’s activity
levels and growth and development on device performance. Beyond the rec-
ommendations presented in the preceding three chapters, Chapter 7 offers a
more comprehensive view of FDA postmarket surveillance and its place in a
broader system of shared responsibilities for improving the quality of health
care and protecting adult and child patients from harm.

This report also includes several appendixes. Appendix A describes the
committee’s information collection strategies. Appendix B provides an
illustrative list of medical devices used exclusively or frequently with chil-
dren. Appendix C reviews the nature of medical device innovation. Appen-
dix D focuses on methodological issues for postmarket surveillance. Appen-
dixes E and F present case studies of surveillance issues related to two
complex devices—cerebrospinal fluid shunts and cochlear implants. The
final appendixes provide a glossary and committee biographies.
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SELECTED CONCEPTS AND DEFINITIONS

Discussions of medical device regulation are replete with legal and
technical terminology that is unfamiliar to most audiences but reflects the
complexity of medical products and their regulation. This section defines a
number of terms found in the study’s statement of task as well as some
related terms. Later chapters include more definitions. Chapter 2, for ex-
ample, discusses the concepts of children’s active lifestyles and growth and
development as they relate to certain device therapies, especially those in-
volving implanted devices.

Pediatric Population, Children

Pediatrics refers to the health care of children. As part of guidance on
premarket assessment of pediatric medical devices, FDA’s Center for De-
vices and Radiological Health (CDRH) stated that it considered pediatric
use “to be any use of a medical device in a pediatric population . . . in which
there is a primary pediatric indication. General indications, where consider-
able pediatric application is anticipated, are also included in this definition”
(FDA, 2004p, p. 5). This report generally refers to devices with pediatric
uses rather than to pediatric devices.

The term pediatric population may refer to all children or to a sub-
group of children who share certain characteristics (e.g., a diagnosis or
the use of a medical device). In broad usage, children are individuals,
including infants and adolescents, who are not considered to be adults.
From a legal perspective, nearly all states consider individuals aged 18 or
above to be adults, although states may allow younger individuals to
make decisions about medical treatment and other matters as adults un-
der certain circumstances (English and Kenney, 2003; Campbell, 2004).
In recent guidance on premarket assessment of devices used with children,
CDRH has expansively defined children as those under the aged of 21,
arguing that this upper age limit may be useful for some devices and
clinical studies (FDA, 2004p). In a narrower usage, a child is an indi-
vidual who is between the periods of infancy and adolescence. As dis-
cussed further in Chapter 2, definitions of these periods vary, even within
FDA (see Chapter 2).

Medical Device, Implanted Device, Combination Product

Definitions

The key statutory distinction between a drug and a device is that a
device does not work primarily through chemical means and does not
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depend on metabolic action. As defined in the U.S. Code (21 USC 321(h)),
a medical device is:

an instrument, apparatus, implement, machine, contrivance, implant,
in vitro reagent, or other similar or related article, including any com-
ponent, part, or accessory which is:

• recognized in the official National Formulary, or the United
States Pharmacopeia, or any supplement to them;

• intended for use in the diagnosis of disease or other conditions,
or in the cure, mitigation, treatment, or prevention of disease, in man
or other animals; or

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

Consistent with scientific and technological developments, a more re-
cent definition adopted by the European Union (EU) explicitly excludes
products that work by immunological mechanisms. The EU definition also
includes software necessary for a device to operate properly.1 The EU defi-
nition goes beyond diseases to recognize explicitly that devices are used in
connection with injuries and disabilities as well as for contraception. In
addition, the definition acknowledges the importance of products such as
implants and prostheses that replace or modify the anatomy.

FDA regulations use two slightly different definitions of implants or
implanted devices. The regulations related to investigational devices (see
Chapter 3) define an implant as “a device that is placed into a surgically or
naturally formed cavity of the human body if it is intended to remain there
for a period of 30 days or more” (21 CFR 812.3(d)). The regulations on
medical device tracking (see Chapter 3) refer to implanted devices as those
“intended to be placed into a surgically or naturally formed cavity of the
human body for more than 1 year to continuously assist, restore, or replace

1Specifically, the EU defines a device as “any instrument, apparatus, appliance, material or
other article, whether used alone or in combination, including the software necessary for its
proper application intended by the manufacturer to be used for human beings for the purpose
of: (a) diagnosis, prevention, monitoring, treatment or alleviation of disease; (b) diagnosis,
monitoring, treatment, alleviation of or compensation for an injury or handicap; (c) investiga-
tion, replacement or modification of the anatomy or of a physiological process; (d) control of
conception; and which does not achieve its principal intended action in or on the human body
by pharmacological, immunological or metabolic means, but which may be assisted in its
function by such means” (EU, 2003, p. 5; see also FDA, 2004o).
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the function of an organ system or structure of the human body throughout
the useful life of the device” (21 CFR 821.3(f)).2

An increasing number of medical products combine elements such as a
drug and device or a biological product and device.3 Examples of such
products include insulin pumps (computer-controlled, wearable devices that
deliver periodic doses of insulin as programmed by the patient) and drug-
eluting stents (devices that hold open blood vessels and are coated with
slow-release drugs to reduce new blockage of the vessels). As defined by
FDA, a combination product consists of two or more regulated components
that are physically combined or linked, packaged together as a single unit,
or packaged separately but required to be used together (21 CFR 3.2(e)).
The product’s primary mode of action determines which unit of FDA has
primary jurisdiction over the product (21 CFR 3.4; FDA, 2004e). Thus,
because the primary action of the drug-eluting stent is to open the blood
vessel, it is primarily regulated by CDRH. In contrast, a drug-eluting disk
that delivers chemotherapy agents for brain tumors is primarily regulated
by the Center for Drug Evaluation and Research.

Although this report often will refer to a medical device, “a” medical
device may actually be composed of several device subsystems or individual
devices that work together as a system to achieve the desired effect. For
example, a left ventricular assist device that helps the heart beat recently
received special FDA approval (a humanitarian device exemption or HDE
as described in Chapter 3) for use with children. The device is described as
consisting of four major subsystems—a pump, an external controller, a
clinical data acquisition system, and a patient home support system—as
well as assorted accessories, including batteries, a battery charger, and a
shower kit to protect the device during showering (H030003, FDA, 2004b).
The pump subsystem itself consists of the pump housing within which three
components move blood through the pump, a titanium inlet/inflow cannula

2An EU directive defines an implantable device as a type of invasive device “which is
intended: to be totally introduced into the human body, or to replace an epithelial surface or
the surface of the eye, by surgical intervention which is intended to remain in place after the
procedure. Any device intended to be partially introduced into the human body through
surgical intervention and intended to remain in place after the procedure for at least 30 days
is also considered an implantable device” (EU, 2003, p. 45). In an earlier directive, an “active
implantable medical device” (“active” meaning, essentially, that the device depends on electri-
cal energy) is defined as a device “intended to be totally or partially introduced, surgically or
medically, into the human body or by medical intervention into a natural orifice, and which is
intended to remain after the procedure” (EU, 1990, p. 17).

3Biologics include an array of products such as vaccines, blood and blood products, human
tissues and cellular products (such as stem cells), and gene therapy products. The Center for
Biologics Evaluation and Research at the FDA regulates biologics and certain closely related
drugs (e.g., anticoagulants packaged in plastic containers for collecting blood) and devices
(e.g., those used in collecting and safeguarding blood) (FDA, 2004m).

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


30 SAFE MEDICAL DEVICES FOR CHILDREN

(tube), a Dacron outflow graft, an implanted probe to measure blood flow,
and a cable to connect the implanted pump to the external battery pack and
controls. Each component must function safely and effectively in concert
with the other components.

Device Classes, Approval, Clearance

Since 1976, the legal classification of medical devices has provided for
three classes of devices based in large measure on the risk they pose. Class I
devices, which include such mundane items as tongue depressors, lice combs,
toothbrushes, and bedpans, are the least regulated. They do not require
review by FDA before they can be legally marketed. Class III devices, which
include implants and other high-risk devices, are the most regulated. For
these devices, manufacturers must submit clinical evidence of safety and
effectiveness and secure approval by FDA prior to marketing. Manufactur-
ers of Class II devices face an intermediate level of regulation, including a
clearance process that usually does not require the submission of clinical
data. These three classes of devices and their regulation are discussed fur-
ther in Chapter 3.

In addition to these three broad classes, FDA uses a more detailed
nomenclature system—involving some 1,700 categories of medical devices—
to support its regulatory activities. FDA is participating in efforts to “har-
monize” device nomenclature internationally. Much of that work now fo-
cuses on the possible merger of two systems, the Universal Medical Device
Nomenclature System (UMDNS) developed by ECRI (formerly the Emer-
gency Care Research Institute) in the United States and the Global Medical
Device Nomenclature (GMDN), which is owned by the European Stan-
dards Organization (Lumpkin, 2004). To illustrate this kind of detailed
device classification scheme, Appendix B lists a subset of terms from the
UMDNS for devices that have uses with children. As discussed in Chapters
4 and 6, this level of detail, while useful for some purposes, does not reach
the level of detail about a specific device (e.g., lot number, model, brand)
necessary for some safety and surveillance purposes.

Between the detail of the UMDNS and GMDN and the generality of
the three broad FDA risk-related device classifications are other ways of
categorizing devices that are useful for certain objectives.4 For example, for
purposes of establishing scientific panels to review devices, FDA regulations

4In addition to FDA classifications of devices, the U.S. Department of Commerce classifies
medical devices into five categories. These categories, which are part of the North American
Industrial Classification system, are surgical and medical instruments; surgical appliances and
supplies; dental equipment and supplies; irradiation apparatuses; and navigational, measur-
ing, electromedical, and control instruments.
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group devices into 16 categories based mostly on medical specialty (Box
1.2) (21 CFR 862–892).

Safeguard, Safety, Risk, Harm, Hazard, Benefit, Effectiveness, Efficacy

A safeguard protects someone or something from harm. FDA’s statute
and regulations do not define safe or safety as such but do describe criteria
for determining that a medical product is safe. Specifically, “there is reason-
able assurance that a device is safe when it can be determined, based upon
valid scientific evidence, that the probable benefits to health from use of the
device for its intended uses and conditions of use, when accompanied by
adequate directions and warnings against unsafe use, outweigh any prob-
able risks” (21 CFR 860.7(d)(1)). There should also be adequate demon-
stration “of the absence of unreasonable risk of illness or injury associated
with the use of the device for its intended uses and conditions” (21 CFR
860.7(d)(1)).

Thus, from a device regulation perspective, safety is relative. A product
with great expected benefits and significant (but not unreasonably high)
risks may be judged to be safe, while a product with lesser expected benefits
and the same level of risk may be judged unsafe.

Safety is also relative in other respects. What is safe for an adult may
not be safe for a child. What is safe for an adolescent may not be safe for an
infant.

Few if any medical products are completely free from risk. Risk refers
to a potential harm or the potential of an action or event to cause harm.
Specific risks can be characterized along several dimensions, including the
probability of a given harm as well as its likely severity and duration. A
harm is a hurtful outcome of an event or action. A hazard is a potential

BOX 1.2
Categories of Medical Devices for

Purposes of FDA Scientific Review

Anesthesiology Hematology and Pathology
Cardiovascular Immunology and Microbiology
Clinical Chemistry and Clinical Toxicology Neurological
Dental Obstetrical and Gynecological
Ear, Nose, and Throat Ophthalmic
Gastroenterology and Urology Orthopedic
General and Plastic Surgery Physical Medicine
General Hospital and Personal Use Radiology

SOURCE: 21 CFR 862–892.
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source of harm. Harms may be immediate or long term and may be com-
mon and anticipated or rare and unexpected.

A benefit is a positive or valued outcome of an action or event. A
potential benefit is a positive but uncertain outcome, for example, the
desired result of an experimental intervention.

Just as safety is not explicitly defined, FDA’s statute and regulations do
not define effectiveness explicitly but instead set forth criteria for determin-
ing effectiveness. Specifically, “[t]here is reasonable assurance that a device
is effective when it can be determined, based upon valid scientific evidence,
that in a significant portion of the target population, the use of the device
for its intended uses and conditions of use, when accompanied by adequate
directions for use and warnings against unsafe use, will provide clinically
significant results” (21 CFR 860.7(e)(1)). As is true for safety, a device that
is effective for an adult may not be effective for a child.

Effectiveness is sometimes differentiated from efficacy, with the former
term used to describe the achievement of desired results in actual practice and
the latter to the achievement of such results in controlled studies. In 1998
guidance on clinical evidence of effectiveness for drugs and biological products,
FDA states that as used in that document, “the term efficacy refers to the
findings in an adequate and well-controlled clinical trial or the intent of con-
ducting such a trial and the term effectiveness refers to the regulatory determi-
nation that is made on the basis of the clinical efficacy and other data” (FDA,
1998f, p. 1).

Adverse Event, Close Call or Near Miss,
Device Failure or Malfunction, Error

An adverse event is an instance of harm during patient care or research that
is not the result of the individual’s disease or medical condition. Thus, a death
due to cancer while a patient is receiving chemotherapy through an infusion
pump is an adverse outcome but not an adverse event. A death due to the
incorrect setting of an infusion pump for chemotherapy is both an adverse
outcome and an adverse event. The charge to the committee refers to adverse
reactions, but FDA refers to adverse events. This report follows FDA usage.5

Adverse events are sometimes defined to include events that have the
potential to cause harm, such as close calls or near misses that could have
resulted in harm but did not. To cite an example, when a device malfunc-

5The Joint Commission on the Accreditation of Healthcare Organizations uses another
term, “sentinel event,” by which it means “an unexpected occurrence involving death or
serious physical or psychological injury, or the risk thereof” and requiring prompt investiga-
tion (JCAHO, 2005a, unpaged).
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tions but a caregiver notices it and responds quickly enough to avert injury,
that event is a close call or near miss.

Adverse events and close calls may result from a device failure or
malfunction. As defined in federal regulations, a device failure “means a
device does not perform or function as intended, and includes any deviation
from the device’s performance specifications or intended use” (21 CFR
822.3(c)). Elsewhere, the regulations define device malfunction in similar
terms as “the failure of a device to meet its performance specifications or
otherwise perform as intended” (21 CFR 803.3(n)). Devices may fail or
malfunction in myriad ways—breaking outright, leaking, catching fire, clog-
ging, crimping, warping, experiencing software “bugs,” and otherwise de-
viating from intended performance.

Adverse events may also occur when devices are improperly used, oper-
ated, assembled, monitored, stored, maintained, or selected by health care
workers, families, or patients. These events are kinds of health care errors,
which another IOM report has defined as “the failure of a planned action
to be completed as intended (i.e., error of execution) or the use of a wrong
plan to achieve an aim (i.e., error of planning)” (IOM, 2000c, p. 28).
Because errors in the use of medical devices may reflect flaws in the design
of the devices and because reference to user errors may contribute to a
counterproductive culture of blame within health care organizations, FDA
tends now to refer to use error rather than user error.

The reporting of adverse events and device malfunctions is discussed
further in Chapters 3 and 4. The focus of these discussions is on adverse
events detected in normal patient care rather than in research. The report-
ing of adverse events in research is governed by separate policies.

Premarket and Postmarket

As with many government regulatory agencies, FDA has developed a
specialized vocabulary to describe its responsibilities, activities, organiza-
tional units, and regulated entities. Much of this terminology has its basis
in statutory language and distinctions. In referring to premarket and post-
market rather than premarketing and postmarketing activities, this report
follows the statutory language that provided for this study and the usual
(but not invariable) practice of FDA in describing activities that occur
either prior to or following the entry of a medical product into the
market.

Premarket regulatory processes include evaluations, decisions, and
other activities that occur before the marketing of a medical product consis-
tent with legal requirements (see Chapter 3). Thus, the development and
evaluation of information about a device’s safety and effectiveness and the
approval or clearance of a product for marketing are premarket activities.
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Likewise, the authorization to test an unapproved device with humans is a
premarket activity.

Postmarket evaluations, activities, and decisions occur after regulatory
approval, clearance, or registration of a medical product for marketing. As
discussed further in Chapter 3, the major device-related postmarket respon-
sibilities of FDA involve its programs for adverse event reporting and fo-
cused surveillance or follow up of selected products, sometimes including
required clinical studies.

Surveillance and Surveillance Tools

From a broad public health perspective, surveillance may be defined as
the “ongoing, systematic collection, analysis, interpretation, and dissemina-
tion of data regarding a health-related event for use in public health action
to reduce morbidity and mortality and to improve health” (CDC, 2001,
p. 2). Most but not all surveillance involves unwanted events such as deaths
and injuries or hazardous or potentially hazardous situations such as expo-
sure to unsafe medical products, communicable diseases, toxic substances,
or unsafe workplaces (see, e.g., Halperin et al., 1992; Tilson, 1992; Friis
and Sellers, 2004).

Broadly, then, postmarket surveillance of medical devices refers to pro-
grams that seek to protect public health by systematically collecting, ana-
lyzing, and communicating information about events involving or poten-
tially involving legally marketed medical devices. More narrowly, Section
522 of the Federal Food, Drug, and Cosmetic Act uses the term Postmarket
Surveillance to describe one type of surveillance, specifically, activities that
FDA may—after a device is approved or cleared for marketing—require
manufacturers to undertake to gather safety and, sometimes, effectiveness
information for a small group of Class II and Class III devices (21 USC
360(l)). As described by FDA and discussed further in Chapter 3, the pri-
mary objective of Section 522 Postmarket Surveillance “is to study the
performance of the device after marketing as it is to be used in the general
population for which it is intended . . . [with a focus on] morbidity or
mortality . . . [and on] device failure and its attendant impact on the
patient” (FDA, 1998b, unpaged). Unless otherwise noted, this report uses
the term postmarket surveillance in its broad sense (and indicates the nar-
rower usage by referring to Section 522 Postmarket Surveillance).

In addition to studies ordered after a device has been approved or
cleared for marketing, surveillance studies may be undertaken to investigate
important unanswered questions that exist at the time a device is consid-
ered for approval. As a condition of approving a device, FDA can require
that manufacturers collect more information about the safety or effective-
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ness of a device. This report uses the term postmarket studies or postmarket
study commitments to refer collectively to condition-of-approval studies
and Section 522 studies that are ordered after a device enters the market.

Some postmarket studies continue to follow individuals who partici-
pated in the clinical trials or other studies that were used to support an
application for FDA approval or clearance of a medical device.6 Other
postmarket studies involve registries of new patients. A registry is a system
for collecting information about a class of individuals or patients who have
in common a disease, injury, condition, medical procedure or product, or
similar characteristic. The term registry is sometimes used narrowly to refer
to the database itself and sometimes more broadly to refer to analyses and
studies based on registry information. For the latter, this report generally
refers to registry studies or registry-based studies.

A major tool of FDA postmarket surveillance is an adverse event re-
porting system for collecting and analyzing information about product
failures or harms related to or potentially related to medical products. For
medical devices, the emphasis is on the reporting of device failures and
malfunctions and device-related deaths or serious injuries. As discussed in
Chapters 3 and 4, the primary FDA program of adverse event reporting for
medical products, MedWatch, relies on passive surveillance; that is, it awaits
reports that manufacturers, health care facilities, health care professionals,
and others decide to submit. In addition, FDA has created the Medical
Device Safety Network (MedSun, formerly known as the Medical Product
Surveillance Network), a pilot program that involves selected hospitals and
nursing homes). This program includes some elements of active surveil-
lance, for example, a request that all or some participating institutions
collect information on a specific problem or event.

In addition to surveillance undertaken or directed by FDA, manufac-
turers for implanted devices such as pacemakers and defibrillators conduct
active surveillance of these products. Health care providers, some state
governments, accrediting groups, and various other private organizations
also have surveillance programs for identifying patient safety problems,
although medical devices usually do not figure prominently in these
programs.

Certain activities to build additional knowledge about the safety or
effectiveness of a marketed medical device—for example, some clinical tri-

6A guidance document on clinical trials involving medical devices cites this definition of
clinical trial: “a prospective study comparing the effect and value of intervention(s) against a
control in human subjects” (Friedman et al., 1985; cited in FDA, 1996c). Many clinical
studies used to support FDA approval of medical devices do not have prospective control
groups. Chapter 6 and Appendix D discuss research strategies and issues.
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als sponsored by the National Institutes of Health (NIH)—are not normally
described as surveillance. Similarly, manufacturer studies to support the
approval of new indications for the use of a device (e.g., use for a different
medical condition) are not usually viewed as surveillance, although they
may generate important information about device safety or effectiveness
that is relevant to previously approved indications.

If postmarket surveillance identifies safety problems involving a device
or its use, manufacturers may recall the product, modify its design or
manufacturing process, or change information about how or for whom it
should be used. Manufacturers and regulators may advise clinicians, health
care organizations, and sometimes patients or consumers to cease using the
product, limit its use to certain patient groups or clinical purposes, or
change processes for using the product (e.g., by adjusting equipment set-
tings in different ways).

EVOLUTION OF MEDICAL DEVICE REGULATION

Regulation of medical devices has tended to lag behind regulation of
pharmaceuticals.7 When Congress passed the original Pure Food and Drugs
Act (P.L. 59–384) in 1906, it banned interstate and foreign commerce in
misbranded and adulterated drugs, food, and drinks—but not medical de-
vices. The legislation provided for the seizure of prohibited products and
for fines and imprisonment for those engaging in prohibited commerce. The
legislation was the culmination of years of advocacy and agitation for
federal action to protect consumers from impure, unsafe, and mislabeled
foods and medicines. (Table 1.1 provides a time line of significant events in
the evolution of medical product regulation in the United States.)

Although the 1906 Act did not cover devices, the U.S. Postal Service
(under its general authority to act against mail fraud) could pursue cases of
mail order fraud involving devices. For example, a 1929 FDA report men-
tioned cooperation with the Postal Service in cases involving “a cap device
alleged to grow hair, and a supposedly electronic belt and insoles for the
treatment of rheumatism and kidney ailments” (as quoted by Hutt, 1989,
p. 101).

FDA first received authority to regulate medical devices in the 1938
Federal Food, Drug, and Cosmetic Act. Among many other important pro-
visions, that legislation authorized factory inspections, directed that drug
and device labels provide adequate directions for safe use, extended con-
trols to cosmetics, and eliminated the requirement that fraud be proved in

7This discussion draws on several sources: Janssen, 1981a,b,c; GAO, 1989, 1997; Hutt,
1989; Hutt and Merrill, 1991; Merrill, 1994; Munsey, 1995; Karuga, 2003; and AdvaMed,
2004.
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TABLE 1.1 Selective Time Line of Key Dates in Development of the
Food and Drug Administration’s Regulatory Authority over Medical
Products, Especially Devices
1848 Drug Importation Act. Intended to stop the import of adulterated drugs.
1902 Biologics Control Act. Intended to protect the purity and safety of serums,

vaccines, and similar products used to prevent or treat diseases in humans.
1906 Pure Food and Drugs Act. Provided first major federal regulation of drugs.

Did not apply to medical devices. (Fraudulent medical devices covered under
postal fraud regulations.)

1938 Federal Food, Drug, and Cosmetic Act. Required premarket review of new
drugs for safety. Gave FDA authority over adulterated or misbranded
therapeutic devices.

1940 Food and Drug Administration moved from the Department of Agriculture to
predecessor of the Department of Health and Human Services.

1941 Insulin Amendment. Required FDA to test and certify purity and potency of
insulin.

1944 Public Health Service Act. Covered a broad spectrum of health concerns,
including regulation of biologics.

1954 Voluntary program of drug reaction reporting. Created through collaboration
of FDA with American Society of Hospital Pharmacists, the American
Association of Medical Record Librarians, and (later) American Medical
Association.

1962 Drug Amendments (Kefauver-Harris). Expanded FDA responsibilities to ensure
drug safety and effectiveness. Effectiveness must be proved by “substantial
evidence.”

1966 Fair Packaging and Labeling Act. Required all products in interstate commerce
to be honestly and informatively labeled, including medical devices.

1973 FDA guidelines for voluntary reporting of adverse events.
1976 Medical Device Amendments. Redefined “device.” Required manufacturers to

give FDA notification of new devices introduced to market. Gave FDA
authority to describe good manufacturing practices, to approve and ban
certain devices before marketing, and to require notification, replacement, or
refund by makers of defective products.

1984 Medical Device Reporting (MDR) regulations. Required device manufacturers
and importers to report device-related deaths, serious injuries, and
malfunctions to FDA.

1990 Safe Medical Devices Act. Required facilities using medical devices to report
incidents related to a death, serious illness, or serious injury to FDA or
manufacturers. Provided for mandatory Postmarket Surveillance by
manufacturers for implanted or life-supporting devices that might cause death
or serious harm. Gave FDA authority to impose civil penalties and, under
certain circumstances, recall devices.

1992 Global Harmonization Task Force established to promote international
harmonization in regulation of medical devices.

1992 Medical Device Amendments. Required semi-annual reports from user
facilities. Expanded requirements for registration, certification, documentation,
reporting, and surveillance of medical devices.

1993 MedWatch created. Allowed consumers and health care professionals to report
adverse events.

(continues on next page)
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cases of false product claims. It also required that new drugs—but not new
devices—be shown to be safe before they were marketed.

As described in one review of the history of device regulation,
“[p]aradoxically, just after the FDA was given adequate statutory authority
to police the safety and labeling of devices, a flood of fraudulent devices
began to appear on the market” (Hutt, 1989, p. 105). The agency devoted
considerable resources to such devices in the 1940s and 1950s.

Congress passed another broad piece of major legislation with the Drug
Amendments of 1962 (P.L. 87–78, sometimes called the Kefauver-Harris
Amendments for its sponsors). The legislation significantly expanded regu-
latory requirements for drugs but not devices. Notably, it required manu-
facturers to show evidence of effectiveness as well as safety before market-
ing, to report adverse events for marketed drugs, and to include information
about risks as well as benefits in medical advertisements. Before becoming
involved in clinical studies of investigational drugs, research subjects had to
give their informed consent.

Proposals for the regulatory reforms of the early 1960s had originally
covered medical devices, but those provisions were set aside in favor of a
focus on drugs. At the time it was understood that “Congress would return
to the matter of device legislation within a matter of months,” but despite
many calls for action, Congress waited to do so until 1976 (Hutt, 1989,
p. 106). In the interim, FDA capitalized on similar statutory definitions for
drugs and devices to classify certain innovative products as drugs rather
than devices, and the courts acquiesced to this interpretation of the 1938
legislation. For example, the Supreme Court sustained FDA’s categoriza-
tion of a laboratory screening device (an antibiotic sensitivity disk) as a
“drug,” which made it subject to premarket regulations. The Court rea-
soned that “the word ‘drug’ is a term of art for the purposes of the Act,
encompassing far more than the strict medical definition of that word. If
Congress had intended to limit the statutory definition to the medical one,
it could have so stated explicitly” (United States v. Bacto-Unidisk, 1969,
unpaged).

1997 Food and Drug Administration Modernization Act. Accelerated FDA review of
devices, regulated advertising of devices for unapproved uses.

2002 Medical Device User Fee and Modernization Act. Provided for user fees for
premarket reviews of medical devices. Included provisions for this and other
pediatric studies or analyses.

2004 Medical Devices Technical Corrections Act. Required a report on barriers to
the availability of devices intended for children and expanded provision for
electronic labeling.

SOURCES: Hutt, 1989; Merrill, 1994; Higgs, 1995; FDA, 1999d, no date; Flannery, 2002;
Whitmore, 2004.

TABLE 1.1 continued
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Acknowledging concerns about the safety of increasingly sophisticated
and complex medical devices, the Secretary of the Department of Health,
Education and Welfare (now the Department of Health and Human Ser-
vices) established a committee to consider the regulation of medical devices.
In 1970, the committee, which was chaired by Dr. Theodore Cooper (direc-
tor of what was then the National Heart and Lung Institute), recommended
that regulation of devices be tailored to characteristics of devices rather
than essentially copying provisions established for drugs. For example, the
committee recommended that device regulation be keyed to the variability
in the risks presented by different kinds of devices (Study Group on Medical
Devices [Cooper Committee], 1970). The committee also undertook a lit-
erature review that identified (as reported to a congressional committee)
more than 700 deaths and 10,000 injuries linked to medical devices, includ-
ing 512 deaths or injuries attributed to heart valves, 89 deaths and 186
injuries linked to heart pacemakers, and 10 deaths and 8,000 injuries at-
tributed to intrauterine devices (U.S. Congress, 1973, as cited in OTA,
1984 and Hutt, 1989).

Responding to the recommendations of the Cooper Committee, FDA
conducted an inventory of medical devices then on the market. It also began
work to classify medical devices based on the level of risk and appropriate
regulation. The organizational unit responsible for devices became the Bu-
reau of Medical Devices and Diagnostic Products, matching the Bureau of
Drugs in organizational standing. That unit, which was merged with a unit
responsible for radiological health in 1982, was renamed the Center for
Devices and Radiological Health in 1984, the name that remains today.

The Medical Device Amendments of 1976 (P.L. 94–295) extended FDA
authority to regulate devices. As recommended by the Cooper Committee,
the legislation distinguished the specifics of device regulation from those of
drug regulation in several respects, for example, creating the three-tier
classification described earlier, which links regulatory requirements to risk.
The 1976 legislation also gave FDA authority to create a system for report-
ing adverse events associated with devices. Going beyond the earlier volun-
tary program for reporting adverse device-related events, FDA issued regu-
lations in 1984 that required manufacturers and importers of devices to
report information indicating that a device might have caused or contrib-
uted to a death or serious injury. They were also to report malfunctions
with the potential to cause death or serious injury.

The Safe Medical Devices Act of 1990 added requirements that hospi-
tals and other “user” facilities report to FDA and manufacturers any events
indicating that a device had caused or contributed to a death. It also re-
quired user facilities to report to manufacturers events suggesting that a
device had caused or contributed to serious patient harm. The legislation
established new requirements that manufacturers track certain kinds of

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


40 SAFE MEDICAL DEVICES FOR CHILDREN

high-risk medical devices, and it gave FDA the authority to order recalls of
devices under certain circumstances. It further provided that FDA direct
manufacturers to conduct additional information collection activities for
certain implants and other devices with the potential to cause serious harm.
Although the Safe Medical Devices Act increased the scope of device regu-
lation, it also gave FDA the authority to approve—through a Humanitarian
Device Exemption (HDE)—certain medical devices for small user popula-
tions without requiring substantial clinical evidence of effectiveness. Since
HDE regulations went into effect at the end of 1996, 30 HDEs have been
approved, several of which provide for pediatric use.

Reflecting a growing sentiment that regulations—or the way they were
administered by FDA—were interfering with the timely introduction of
important new medical products, the 1997 FDA Modernization Act re-
versed some provisions of the 1990 legislation. It eliminated certain re-
quirements for adverse event reporting and ended provisions for mandatory
postmarket surveillance studies in favor of FDA discretion to order studies
or information collection for certain kinds of devices. The legislation fur-
ther focused FDA resources on higher risk devices and authorized the cre-
ation of a new adverse event reporting system based on a sample of hospi-
tals and other user facilities.

The Medical Device User Fee and Modernization Act of 2002, which
called for this IOM study, provided for a system of user fees for FDA
premarket reviews. Among other provisions, the legislation directed FDA
to prepare a report on the effects of and compliance with surveillance
requirements. The legislation also authorized additional appropriations for
postmarket surveillance activities, but Congress did not appropriate these
funds.

Other FDA regulations set forth requirements for the protection of
human participants involved in research on medical devices and other medi-
cal products. As briefly described in Chapter 6, these human research
protection regulations include special protections for children (IOM,
2004a).

In addition to special provisions related to research involving children,
Congress and FDA have directed attention to children in some other areas,
mostly to expand the availability and testing of pharmaceuticals for pediat-
ric use. Some provisions have, however, dealt either with medical devices
specifically or with all products regulated by FDA. For example, the Best
Pharmaceuticals for Children Act of 2002 directed FDA to create an Office
of Pediatric Therapeutics to be responsible for coordinating and facilitating
FDA activities that affect children and the practice of pediatrics. As dis-
cussed further in Chapter 2, the Medical Device User Fee Amendments of
2002 directed the agency to develop guidance on the assessment of medical
devices used with children and to make pediatric expertise available when
issues involving children arise or may arise, for example, in the review of
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medical device applications or studies of medical devices. In the Medical
Devices Technical Corrections Act of 2004, legislators directed FDA to
report on “barriers to the availability of devices intended for the treatment
or diagnosis of diseases and conditions that affect children” (P.L. 108–214,
Section 3). That report was issued by FDA in fall 2004 (see Chapter 7 for a
summary).

MEDICAL DEVICE REGULATION IN CONTEXT

As suggested above, the extension of FDA’s regulatory authority over
devices was a response to the increasing complexity and sophistication of
medical devices. This increase has many causes, including the stimulus to
scientific and engineering innovation provided by World War II, the post-
war acceleration of public and private investments in biomedical and bio-
engineering research, the growth of academic medical centers, and the ex-
pansion of public and private health plans that pay for medical treatments.

Today’s medical devices constitute an extremely varied category of
medical products—some as simple and low risk as an infant cap, others as
complex and high risk as a cardiac pacemaker. The medical device industry
likewise is quite variable, as described in Appendix C. It includes small
firms with a single product (or variants on a core product) and large com-
panies with diverse product portfolios and substantial resources to devote
to research and development, marketing, and government relations. Com-
pared to the pharmaceutical industry, the device industry includes a larger
proportion of small firms, and patents are less important as a source of
competitive advantage. In this environment, few incentives may be present
to develop, modify, and test medical devices to meet the special needs and
characteristics of children, given that children constitute a relatively small
market for most complex medical devices. (For further discussion, see FDA,
2004y.)

Differences between drugs and devices extend to clinical research. The
classic models for medical product research were developed with drugs, not
medical devices, in mind. The conventional distinctions between Phase I, II,
and III clinical trials for drugs do not readily fit device trials. Instead,
discussions of device trials sometimes differentiate between feasibility or
pilot studies and pivotal studies.8 As described above, clinical testing is not
required for Class I and most Class II devices.

8In drug studies, Phase I clinical trials involve the initial test of a drug with humans—
usually healthy adult volunteers—with a focus on safety of the product and its interaction
with the body (e.g., whether it stimulates an immune reaction). Phase II clinical trials usually
involve a larger group of participants and an assessment of efficacy as well as further evalua-
tion of safety and adverse effects. These trials typically involve participants with a particular
disease or condition. Phase III clinical trials are typically rigorous controlled clinical studies
that extend efficacy and safety testing to a larger number of research participants who may be
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Compared to the drug industry, the product development cycle in the
device industry tends to involve a more continuous process of refinement
and innovation. Instead of single molecules (and a relatively small array of
formulation options such as pills or liquids), devices typically involve a
number of components or features that change as a result of minor or major
alterations in design, materials, manufacturing processes, or other charac-
teristics.9

As illustrated in Figure 1.3, the movement from product concept to
approved product typically takes many years as is also true for drugs. For
both drugs and devices, the development process sometimes ends with the
abandonment of a product that fails to prove itself technically, clinically, or
competitively. To the extent that drugs and devices differ, the differences
may warrant adaptations in regulatory and evaluation strategies. Still, the
public should expect medical devices to be safe and effective and should
expect FDA to fulfill its responsibilities in this regard.

In recent years, CDRH has applied a model of the medical device
product cycle to guide the conceptualization and evaluation of its proce-
dures for device evaluation and regulation (Feigal, 2002). As shown in
Figure 1.4, the cycle begins with a concept followed by initial development
and testing, a phase that includes consultation with FDA about the evalua-
tive methods and information needed to support approval or clearance of
the device. The cycle continues through FDA approval or clearance (if the
evidence warrants) and then moves on to product marketing and commer-
cial use. Typically, problems with a device or continued innovation and
improvement lead to its eventual departure from the market, although not
necessarily from clinical use or FDA surveillance. As noted above, some

randomly assigned to receive the experimental drug or a standard treatment or a placebo.
(Information collection activities conducted after marketing approval are sometimes referred
to as Phase IV studies or trials. Such studies are often much less rigorous and may be intended
more to achieve market awareness than to build scientific knowledge.) This phase classifica-
tion of clinical trials is not routinely applied to device studies. More commonly, the earliest
device investigations using human subjects are termed pilot or feasibility studies, and subse-
quent studies are referred to as pivotal studies. Pilot or feasibility studies with a small number
of human subjects provide an initial clinical assessment of device safety, an opportunity to
modify the prototype device to improve performance, and, sometimes, a period of important
learning about the technical process and skills required to use the device safely and effectively.
Pilot studies also provide experience and information useful in designing so-called pivotal
studies, which recruit larger numbers of research participants and often involve multiple
study sites and centers.

9These changes may require FDA approval or clearance. For example, FDA recently gave
supplemental approval (the 26th such approval) for the manufacturer of an electronic ortho-
pedic device to make several changes, including switching the power source from a disposal to
a rechargeable battery, changing to a backlit information display, and using a single circuit
assembly board (P850007-S027, FDA, 2005).
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implants may remain in a patient indefinitely, and other devices may sur-
vive in hospitals, nursing homes, or home use long after better devices or
other therapies have become available.

One theme of this report is that government regulation of medical
devices cannot by itself safeguard children or adults who use medical de-
vices. The availability of safe and effective medical devices and their safe
and effective use depends on the knowledge, skill, creativity, and integrity
of many individuals and organizations on the frontlines of clinical care and
device development and production.

At the same time that attention is paid to these individuals and organi-
zations in their own right, policymakers need to view these actors as parts
of a health care system and market for medical services and products that
are characterized by a strikingly complex set of structures, policies, pro-
cesses, resources, ethical values, and incentives that interact in ways that are
often difficult to anticipate. Thus, those creating or modifying regulatory
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FIGURE 1.3 Time lines of key dates in development of the Synchromed® drug
pump and the Vertical Expandable Prosthetic Titanium Rib (VEPTR) (Doctor’s
Guide, 1996; P860004-S042, FDA, 1999; H030009, FDA, 2004a; Sansom, 2004;
personal communication, Paul Citron, Committee Member, November 16, 2004).
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and other public policies should consider how such interactions may sup-
port or compromise the achievement of social and policy goals. That re-
quires looking beyond FDA policies to, for example, the research priorities
of NIH, the coverage and reimbursement policies of Medicare and other
health plans, and the patient safety initiatives of public agencies such as the
Agency for Healthcare Research and Quality and private agencies such as
the Joint Commission on the Accreditation of Healthcare Organizations. It
also requires an understanding of the processes of device innovation and
the characteristics of the device industry, and an appreciation of the poten-
tial for policies to have unintended and unwanted effects.

The broad goal of applying a systems perspective to health care is to
improve the quality of care by understanding features of organizational and
social systems that help individuals and groups perform correctly and con-

FIGURE 1.4 Total product life cycle for medical devices (Feigal, 2002).
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sistently to achieve desired results. In the context of medical device safety
and postmarket surveillance, a systems perspective also means looking be-
yond individual errors with medical devices to identify the human factors
and system characteristics that contribute to such errors.

Another dimension of improving the quality of care involves strength-
ening the evidence base for clinical practice and the translation of that
science base into guidelines and other tools, processes, or systems that
successfully influence practice. Many common medical practices—for ex-
ample, a range of unlabeled uses of drugs and medical devices with chil-
dren—have not been subjected to systematic clinical investigation to docu-
ment their safety and effectiveness in practice.

In response to the particular shortfalls in the knowledge base for pedi-
atric care and in the availability of medical products evaluated for use with
children, Congress, FDA, NIH, and others have sought to create a mix of
incentives and requirements to expand pediatric research and reduce barri-
ers to the development of drugs, devices, vaccines, and other medical ser-
vices that improve children’s health and well-being. The next chapter de-
scribes why children’s needs and characteristics warrant special attention
and pose challenges to those developing, evaluating, and monitoring medi-
cal devices.
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2

Medical Devices for Infants,
Children, and Adolescents

“‘We have to show we can make this work with the wrong equipment,
and then convince someone to make us the right equipment,’ Lock ex-
plained. He told me that the first device he tried to create for children was
an instrument to open a stenosis, or closure, of two portals to the heart:
the aortic and the mitral valves. If Lock could dilate these valves using a
tiny catheter, a child with the condition could avoid open-heart surgery.
He went to . . . a prominent medical-device manufacturer. The company
suggested that he use a catheter designed to open a small artery in the
abdomen of an adult. ‘They told me there wasn’t a market,’ he recalled.
So, for three years, Lock used the abdominal catheter to open the aortic
and mitral valves of adults. This was relatively successful, and
. . . [the company], convinced that there was an adult market, agreed to
make an aortic-and-mitral-valve catheter—for adults. ‘As an act of charity
only, they made a few pediatric-shaped catheters,’ Lock said. ‘It’s unlikely
that we would ever have got the pediatric catheters built if there hadn’t
been an adult market—which we had to invent.’”

Jerome Groopman, 2005, p. 361

This saga of medical device innovation illustrates both the special needs of
children and the challenges of getting to the market a device that meets
those needs. As discussed in this chapter, some medical devices may require
no adaptation to be safely used with children, and some may be made
smaller or otherwise successfully adapted for pediatric use. Other devices
are not suitable for some or most children because, for example, they
cannot be made small enough or they will interfere with or be compromised
by children’s growth.

Many pediatricians and other children’s advocates are dismayed by the
lack of satisfactory medical devices for children with certain serious medical

1Copyright© 2005 by Jerome Groopman. Originally appeared in the January 2005 issue of The
New Yorker. Reprinted by permission of William Morris Agency, Inc., on behalf of the Author.
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problems, and they have also expressed concern about the limited testing of
device safety and effectiveness with children of different ages (AAP et al.,
2004b; FDA, 2004y). These views echo those long expressed about pharma-
ceuticals for children (AAP, 1977, 1995). Doubtful that government or in-
dustry will invest significant resources to develop specialized devices and
drugs for children, some children’s hospitals have begun their own programs
to do so. For example, Children’s Hospital Boston has announced a Pediatric
Product Development Initiative that is focusing on the initial stage of devel-
opment for pediatric devices that have the potential to attract commercial
investors once a promising prototype is produced (Kong, 2004).

Notwithstanding the desirability of medical devices that meet children’s
needs, the reality is that children are not the primary patient population for
most complex medical devices. Most children living in developed countries
are basically healthy. Compared to adults, especially older adults, they are far
less likely to die, be hospitalized, or suffer serious illness. In the United States
in 2001, people under age 20—who constitute nearly 30 percent of the
population—accounted for about 2 percent of deaths and about 11 percent
of hospital discharges (excluding newborns) (Arias et al., 2003; Kozak et al.,
2004). In 2003, over 80 percent of children had health status reported as
“excellent” or “very good” compared to about 65 percent of people aged 18
to 64 and about 39 percent of people aged 65 or over (Schiller et al., 2004).

Children are, however, overrepresented or uniquely represented among
certain causes of suffering and death, notably those associated with prema-
turity and congenital anomalies (a diverse group of malformations, defor-
mations, and chromosomal abnormalities present at birth). In addition,
although individuals under age 20 account for about 10 percent of fatal
injuries (intentional and unintentional injuries, 2001 data), they account
for over one-third of nonfatal injuries (2002 data) (NCIPC, 2001, 2002).

Children, particularly newborns, are also overrepresented or uniquely
represented among patients treated with certain medical devices. These
devices include infant incubators, devices for closing the patent ductus
arteriosus (a congenital blood vessel defect), home apnea monitors, and
devices for screening hearing in newborns.

The committee found current data on medical device use by age group
to be virtually nonexistent, but children clearly form a small proportion
overall of patients in need of or treated with devices for serious medical
conditions. One consequence is that manufacturers and others assessing the
market for new, refined, or modified devices have weak incentives to focus
on children’s special needs and characteristics.

This chapter provides a specific pediatric context for the consideration of
postmarket surveillance of medical devices used with children. It reviews
definitions of pediatric subgroups (infant, child, adolescent) as well as two
terms in the committee’s statement of task—growth and development and
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active lifestyle. It also discusses ways in which the design and use of devices
have been modified (or cannot yet be successfully modified) to accommodate
children’s special characteristics. The concluding section describes how prob-
lems with pediatric use of medical devices may be identified: a priori based on
a combination of expert understanding of children’s developmental charac-
teristics and detailed knowledge of the operating characteristics of a particu-
lar device; during the clinical testing of a device with children to demonstrate
safety and effectiveness to the U.S. Food and Drug Administration (FDA);
and as experience with a device accumulates following its entry into the
market.

DEFINITIONS

Infant, Child, Adolescent

As described in Chapter 1, this report generally uses the term children
broadly to include all pediatric age groups. Definitions vary for the sub-
groups infant, child, and adolescent and tend to reflect the concerns and
purposes of those developing them. The definitions serve primarily as
general guides that encourage attention by clinicians, researchers, policy-
makers, and others to developmental differences—physical, cognitive, and
psychological—within young populations and between younger and older
populations.

In guidance documents on pediatric drug testing and assessment of
pediatric medical devices, the FDA has defined infants as those younger
than 2 years of age (FDA, 1994, 2004p; ICH, 2000).2 The discussion of
drug testing notes that this is a period of rapid development in the central
nervous system, immune system, renal and hepatic pathways of drug clear-
ance, and body size. While this development is underway, products that are
reasonably safe for adults and even older children may be riskier, even
lethal, for babies. (An example is verapamil, an antiarrhythmic medication
that should be avoided in the young infant.)

The guidance for medical devices does not single out infancy as a
period of particular vulnerability, although instances of vulnerability can be
cited. For example, studies have repeatedly found infection rates for im-
planted cerebrospinal fluid shunts to be higher in premature neonates than
in other children (see, e.g., McGirt et al., 2003). With respect to certain
medical procedures, however, infancy may be a preferred time for interven-

2In contrast to FDA, the Centers for Disease Control and Prevention (CDC) defines infant
as someone in the period from birth through the first year of life (age 0 to <1 year of age). The
CDC definition reflects the agency’s particular interest in data to guide policies and programs
to reduce infant mortality. Children under age 1 account for half of all deaths among those
under age 20 (Arias et al., 2003).
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tion because of the infant brain’s particular plasticity, that is, its ability to
mold or shape itself to accommodate to damage in one area with new
growth and connections to other areas to achieve the same function
(Johnston et al., 2001; Luciana, 2003). Studies of long-term outcomes are
still important to determine whether such accommodation compromises
other neurodevelopmental processes as the child matures.

Although the wording is slightly different in documents on drugs and
devices, a child is regarded as an individual between the ages of 2 and 11
(FDA, 1994, unpaged; ICH, 2000; FDA, 2004p). For certain conditions and
medical products, differences within this age group in cognitive and emo-
tional development may be significant, particularly with respect to the use of
medical devices that normally require user set-up steps, user programming, or
other patient-initiated control. What is well beyond the capabilities of a 3-
year-old may be quite manageable for a 10-year-old. Physiologic differences
within the 2-to-11 age group also may be important. For example, younger
children whose bones heal more quickly may be safely treated for femoral
fractures using a body cast, whereas children aged 6 to 12, who heal more
slowly, may benefit from surgical treatment that requires a shorter period of
incapacitation (see discussion of titanium nails below).

For drugs and devices, FDA documents differ on the age range for ado-
lescents. For drugs, the range is ages 12 to 15 (“up to age 16”) (FDA, 1994,
unpaged). For medical devices, however, the upper end of the range is age 20
(or “up to the age of 21”) (FDA, 2004p, p. 4). In specifying this broader
range, the guidance on medical devices states: “Given the scope of medical
devices and the impact that a device could have on a growing adolescent, as
well as the effect growth could have on the device, we believe that including
the upper age limit identified above may be useful for some devices and
device clinical trials” (FDA, 2004p, p. 4). No specific instances are cited. The
guidance also notes that “the descriptions are somewhat arbitrary and that,
in fact, the subject’s weight, body size, physiological development, neurologi-
cal development, and neuromuscular coordination may often be more appro-
priate indicators than chronological age” (FDA, 2004p, pp. 4–5).3

3The National Institutes of Health (NIH) policy statement on the inclusion of children in
research also applies to “individuals under the age of 21 years” (NIH, 1998, unpaged). NIH
requires research proposals to describe the rationale for including or excluding particular age
groups in studies. The statement notes that the definition differs from the regulations of the
Department of Health and Human Services governing children’s participation in federally
conducted, supported, or regulated research. Under these regulations, state law on the age of
majority governs decisions about whether the regulations apply, and nearly all states specify
age 18 as the age of majority. Under NIH policy, an 18-year-old would be an adult for
consent purposes (under state law) but a child for study inclusion purposes. The policy
statement was developed in response to language in House and Senate Appropriations Com-
mittee reports for fiscal year 1996 that noted the need for the more widespread inclusion of
children in research (NIH, 1998).
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Growth and Development

From infancy through adolescence, children mature physically, cog-
nitively, and emotionally. Pediatrics as a medical specialty arose out of
recognition that the care of children should be informed by knowledge of
how children’s growth and development may affect and be affected by
clinical care. One question for this report, as examined in Chapter 6, was
whether postmarket surveillance studies continue long enough to evaluate
the effects of growth and development on the longevity of implanted devices.

Growth in size is one of the most obvious aspects of the human passage
from birth to adulthood. As discussed further below, some implants have
limited or suboptimal pediatric applications because they cannot grow as
the child grows or they interfere with growth. Many implants (e.g., artifi-
cial blood vessels [synthetic conduits]) can be replaced with larger sizes as a
child grows, but repetitive surgery for this purpose presents risks, including
difficulties related to dissection through accumulated scar tissue. Children’s
growth and development may dictate a more frequent monitoring schedule
than is necessary with adults.

Growth can also shift the location of an implanted device, for example,
when an implant fixed to bone migrates to an undesired place as the bone
grows. One goal for innovation in biotechnology is to devise materials and
processes that allow implants to grow with a child or work in ways that do
not interfere with growth.

In addition to physical growth and size, other developmental differ-
ences or changes may be relevant to medical product use. For example, as
children develop, they not only get larger but also gain in strength, dexter-
ity, and gross and fine motor skills (Pena et al., 2004). These gains may be
necessary before they can independently operate certain devices such as
patient-operated drug infusion or electrical stimulation systems.

Metabolic, hormonal, and other developmental differences may be rel-
evant for some implanted and other devices (e.g., cardiopulmonary bypass
machines) that come into contact with a child’s tissues. Questions have, for
example, been raised about the long-term consequences of extensive infant
exposure to a chemical used in making plastic for the tubing employed in an
array of devices for neonatal intensive care (Rais-Bahrami et al., 2004).

To cite yet another kind of developmental consideration, clinicians and
researchers have identified tactile, visual, and auditory overstimulation as a
concern for ill infants who depend on ventilators and other medical devices
to assist their breathing, nutrition, and other functions (ATS, 2003). Guide-
lines for clinicians have suggested modifications in the setting and use of
treatments to minimize such stress.

Cognitive and psychosocial development and social environments are
relevant to the safe pediatric use of certain medical devices, particularly
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complex devices used outside the hospital. For chronically ill children reli-
ant on medical devices, psychological and intellectual development (assum-
ing their condition permits it) includes learning how to manage the devices
independently and safely. For example, older children who have a tracheo-
stomy can learn to manage a device that permits them to talk with the
tracheostomy tube in place.

Sometimes psychosocial development brings risks. For example, older
adolescents may be less receptive than children and younger adolescents to
parental monitoring of adherence to practices necessary for safe and effec-
tive device use. In a similar vein, a clinician in a large pediatric diabetes
center has written that “[t]eens are probably the least reliable group to start
on the [insulin infusion] pump” because they easily learn to use it but “are
typically preoccupied with many other things, and the pump quickly goes
down on the priority list” (Ahern, 2001, unpaged).

Risk-taking behavior by adolescents is, generally, a long-standing pub-
lic health concern (see, e.g., Rolison and Scherman, 2002; Kelley et al.,
2004; Steinberg, 2004). Some recent research suggests that the areas of the
brain that limit such behavior may not fully mature until a person reaches
the mid-twenties (Giedd, 2004).

Finally, one consequence of children’s developmental characteristics
is that children often depend on their parents or other adults to provide
their medical history to clinicians and to answer and ask questions about
a medical problem or its care. Many survey-based measures of pediatric
health care quality and outcomes have different forms for children of
different ages, and those involving younger children often direct questions
at parents (see, e.g., Hermida et al., 1999; Bradlyn et al., 2003; Beal et al.,
2004).

Children’s Active Lifestyles

“It has been quite a while since I have had a [hydrocephalus shunt] revi-
sion. . . . There was a period in time when I had five or six in a row, just
back to back. The main reason for that [was that] I was racing wheelchair
competitively, at the national level, for a while. . . . The shunt really
couldn’t keep up with the strenuous activity. It couldn’t drain the fluid off
my brain fast enough. . . . Eventually, we found a valve that would drain
the fluid quick enough.”

Ben Harder, 2004

Another question considered in this report is whether postmarket sur-
veillance studies are adequate to evaluate how children’s active lifestyles
may affect failure rates and longevity for implanted devices (see Chapter 6).
Although the term active lifestyle may convey an image of a child in motion
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with the potential for colliding with other beings or objects, it has no
common clinical or behavioral definition.

The committee interprets children’s active lifestyles as having physical,
cognitive, emotional, behavioral, and social aspects that are affected by a
child’s stage of development. Physical aspects relevant to device safety in-
clude the types of activities engaged in by children of different ages, the
environments in which they occur, and their frequency, duration, and
intensity.

When FDA granted a humanitarian device exemption for use of a deep
brain stimulator with dystonia patients who are 7 years of age or older, it
noted that children’s active play and sports participation could damage
elements of the implant. It went on to say that “[w]hile some degree of
rough play may be unavoidable, children should be advised to avoid games,
sports and other pastimes where a strain to the lead/connector assembly or
a percussive injury to system components may be likely to occur (e.g.,
soccer, football/rugby)” (H020007, FDA, 2003, p. 3). (Chronic intractable
dystonia is a serious neurological condition characterized by involuntary
muscle spasms and abnormal postures or movements.)

The developmental control that children can exert over their physical
activity is also relevant to device safety. For example, an infant in a crib and
a cognitively intact 14-year-old confined to bed due to illness or injury may
both be relatively inactive. The adolescent can, however, be expected to
have more awareness of and control over movements such as rolling over
that might dislodge or otherwise impair the functioning of a medical device
such as a catheter or a breathing tube. Likewise, a 5-year-old and a 25-year-
old who have had a cardiac pacemaker implanted may each know that they
need to protect the device, but developmental differences in the understand-
ing of risk and causation and in the control of impulses increase the prob-
ability of risky behavior by the child, for example, jumping off a porch (see,
e.g., Giedd, 2004).

Surgeons may modify their procedures to take children’s activity levels
into account. For example, surgeons who perform craniofacial surgery that
requires a tracheal or breathing tube may secure the tube by placing wire
sutures through the gum because of the high risk of having this tube inad-
vertently dislodged by the movement of a child and the extreme difficulty of
replacing the tube when the facial structures are swollen.

Surgeons implanting a pacemaker in a very young child often will
place the pacemaker generator in the abdominal wall, where extra tissue
provides more protection than is offered by the usual location near the
collarbone. With the usual location, the surgeon connects the generator to
the inside of the heart by passing the pacemaker’s leads (small wires)
through a vein in the chest. With abdominal placement, surgeons tunnel
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the leads through the chest tissue and then stitch them to the outside of
the heart. This approach allows the surgeons to avoid placing the leads
through young children’s small subclavian veins, where they might cause
a thrombosis that would complicate access for pacemaker leads in future
years if needed, for example, as the child grows or if problems arise with
the original leads.

The social dimensions of children’s lifestyles, especially adolescent
lifestyles, are sometimes featured in discussions of medical devices such as
insulin pumps and catheters for peritoneal dialysis that require special at-
tention while users are away from home. Websites for children and teens
with diabetes provide tips for living with the insulin pump and include
discussion of clothing, eating, school physical education activities, and
swimming and other sports.

In addition, as the committee heard during its meeting with families,
the desire to be or appear “normal” may cause older children and adoles-
cents—with mixed emotions and reactions from their parents—to engage
in activities (e.g., playing contact sports while having an implanted pace-
maker) that place great stress on implanted or partly implanted devices
such as catheters. Some complications associated with pediatric use of
medical devices may result from patient activities that have a realistic
potential for harm, given the inherent limitations or characteristics of the
device. A continuing interest of clinicians, parents, and device manufac-
turers is strategies for “child-proofing” devices by changing their design
or use.

For infants and toddlers, the use of medical devices may also need to
take into account another “lifestyle” factor—their lifting, holding, carry-
ing, and other handling by adults. Just as special precautions may be needed
to safely secure a device for infant or child activity, so additional precau-
tions may need to be taken with medical devices to accommodate normal
child care.

Yet another consideration is that children living at home with complex
medical devices often have siblings whose own “active lifestyle” may create
safety issues. On the one hand, siblings could endanger an ill brother or
sister through play that dislodges or otherwise interferes with a device. On
the other hand, playful or curious siblings could encounter electrical and
other hazards to themselves. For example, children have electrocuted them-
selves after inserting partially or completely disconnected electrode wires
from a sibling’s cardiorespiratory monitor into wall outlets (Katcher et al.,
1986). Family education and parental monitoring are essential safeguards,
but thoughtful design or choice of device that considers home environment
and other “human factors” also has a role to play in protecting the safety of
all members of a family.
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FDA GUIDANCE ON ASSESSMENT OF
PEDIATRIC MEDICAL DEVICES

As required by the Medical Device User Fee and Modernization Act of
2002 (P.L. 107–250), FDA recently provided guidance on the premarket
assessment of pediatric medical devices. The guidance includes a general
discussion of developmental considerations and lists a number of factors
that should be considered in designing devices or planning clinical studies
of devices (FDA, 2004p). The listed factors, which are not mutually exclu-
sive or exhaustive, are

• height and weight;
• growth and development;
• disease or condition;
• hormonal influences;
• anatomical and physiological differences from the adult population;
• activity and maturity level; and
• immune status.

In a further discussion of “unique host characteristics” of pediatric
patients, the guidance offers some illustrations of how these characteristics
might figure in the assessment of a medical device. For example, in recom-
mending that assessments consider stage of puberty and other developmen-
tal milestones, the guidance suggests that clinicians should consider breast
bud development in the placement of certain medical devices in infant or
young girls (e.g., placement of chest tube in a tiny infant to relieve air or
fluid that has collected in the chest, but outside the lungs).

The guidance also summarized the circumstances when clinical data for
pediatric populations are appropriate. These circumstances are when

• supporting information from sources, such as preclinical bench or
animal testing, literature, or adult clinical trials, are inadequate to establish
safety and effectiveness for the pediatric indication;

• adult data are inadequate to predict pediatric risks and adverse events;
• pediatric data are needed for validation of design modifications; or
• pediatric data are needed to develop an age-appropriate treatment

regimen.

Specific testing requirements will vary depending on the device. FDA,
however, stated that its expectations for such tests generally involve the same
basic questions and procedures for both adult and pediatric populations.

An article by FDA staff includes additional discussion of pediatric fac-
tors as they relate to neurological devices (Pena et al., 2004). With respect
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to surgical risks, for example, the authors cite concerns about blood loss for
patients with small volumes of blood, possible need for sedation for chil-
dren who cannot control movement during procedures, and repeat surger-
ies associated with device replacement or growth-associated migration of a
device. They note that of 19 high-risk medical devices involving the central
and peripheral nervous system that FDA approved between 1994 and 2003,
8 included indications for use in children as well as adults.

In addition to the guidance on premarket assessment, the agency issued
guidance on procedures to ensure that advisory panels that review docu-
ments such as applications for premarket approval of medical devices ap-
propriately include or consult with pediatric experts. This guidance, which
responds to another provision in the Medical Device User Fee and Modern-
ization Act (21 USC 360(e)(c)), provides for pediatric expertise to be avail-
able (through consultation or inclusion in panel deliberations) in a range of
situations. These include when

• there are labeled indications for use that include a pediatric sub-
population or there is a reasonable likelihood that the device would be used
in a pediatric subpopulation for the labeled indication;

• there are data in the study that include a pediatric subpopulation;
• there is a reasonable likelihood that the data from the study in the

adult population may be used by the applicant to subsequently support a
pediatric indication;

• there is a need for advisory panel input on a study design and/or
protocol for use of the device in the pediatric population; or

• there is a reasonable likelihood that the advisory panel may discuss
the potential use of the device in the pediatric population.

The next section of this chapter considers how children’s special needs
and characteristics may be taken into account in the design and use of
medical devices. The descriptive categorizations reflect the committee’s ex-
perience and perspectives, reviews of the literature, and information pro-
vided during public meetings and other discussions with experts.

DEVICE DESIGN, DEVICE USE, AND
DEVELOPMENTAL DIFFERENCES

Children are not small adults—a cliché but true. As described above,
children, especially infants and young children, differ from adults in ways
that extend beyond the obvious difference in size. These differences may
have implications for the design and use of devices and for the methods to
evaluate their safety and effectiveness before and after marketing.
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Developmental differences between children and adults related to the
safe and effective use of medical products have been most extensively ana-
lyzed and described for drugs.4 For drugs, scientists and clinicians have
constructed a strong rationale for pediatric drug research to assure the safe
and effective use of medications with children (see, e.g., Shirkey, 1968;
AAP, 1995; Kearns and Winter, 2003; IOM, 2000b, 2004a; Reed and Gal,
2004). Data indicating that some 80 percent of medications listed in the
Physician’s Desk Reference lacked any prescribing information for children
have also been cited to build the case for such research (AAP, 1995;
Steinbrook, 2002).

For medical devices, the committee found nothing equivalent to the
pharmacology literature on developmental concerns. With drugs, one is
generally considering issues along a spectrum: ingestion, bioavailability,
action, untoward actions, metabolism, and disposal of metabolites. This is
complex enough. With devices, one might be considering physical interac-
tions (e.g., when a device exerts pressure on skin), metabolic interactions (if
a device or component is not inert), and growth (if a device is implanted or
connected with a child over an extended period), among other factors. Box
2.1 summarizes some of the developmental considerations for drugs com-
pared to medical devices.

To the extent that pediatric considerations are known for a medical
device, the labeling of the device should reflect that knowledge. In some
cases, labeling will state that use of a device is not indicated in those under
a certain age or those who are not skeletally mature. In other cases, the
labeling may describe adaptations or cautions related to pediatric use (see,
e.g., the discussion earlier of the deep brain stimulator).

Spectrum of Medical Device Use with Children

The use of medical devices with children spans a wide spectrum, includ-
ing devices that are used uniquely with children, devices that are reduced in
size or otherwise modified for use with children, and devices that do not
differ for adult and pediatric use (although some procedures for their use
may vary). Use with children is explicitly precluded for some devices.

Box 2.2 and the following discussion illustrate the spectrum of pediat-
ric device use. The use of particular devices as examples does not necessar-
ily imply a committee judgment that the devices have been adequately
studied for short- or long-term safety or effectiveness in use with children.

4A major field of pharmaceutical science and testing relevant to development changes in-
volves pharmacokinetics, which relates to the ways medicines are absorbed, metabolized, and
otherwise processed in the body and the relationship between drug doses and the concentra-
tion of medicines in the blood. Developmental changes can also affect the drug receptors that
mediate how medicines act in the body, that is, their pharmacodynamics.
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Devices Unique or Nearly Unique to Children

Sometimes children, especially infants, have unique needs or conditions
for which specialized devices are developed. The infant incubator is an
obvious example.

In addition, children may so dominate the target population in need of
a device that the consideration of adult users is secondary rather than
primary. One example of a device initially developed for children is the
atrial septal occluder. It was originally intended to treat children who have
a hole in the wall separating the inflow chambers of the left and right sides
of the heart, but it has also been used to treat adults with that condition
(Omeish and Hijazi, 2001; Thomson et al., 2002). To cite another example,
FDA recently granted limited approval (through a Humanitarian Device
Exemption, as discussed in Chapter 4) for a pulmonary valved conduit (a
kind of heart valve) that is, again, primarily intended to correct congenital
heart defects in children but can be used with adults (H020003, FDA,
2003a). (Although congenital heart disease is sometimes regarded as a
condition of children, estimates suggest that there are at least as many
adults living with congenital heart disease as there are children [Warnes et
al., 2001; Hoffman et al., 2004]).

BOX 2.1
Examples of Developmental Considerations or
Potential Complications for Drugs and Devices

Drugs
• Dosage often related to weight or other body size index
• Formulations (e.g., liquids, capsules) suitable for different ages
• Developmental differences related to absorption route (e.g., through skin, in gut)
• Bioavailability
• Development differences in metabolism and excretion of drugs
• Potential to cause tumors or genetic mutations
• Drug–drug interactions

Devices
• Device choice often related to child’s size
• Compatibility of device with growth
• Durability (e.g., resistance to material fatigue and failure related to chil-

dren’s activities)
• Site stability (e.g., protection against dislodgement, migration, or perforation)
• Biocompatibility of materials with tissue in children of different ages
• Pressure on tissue
• Infection hazards (e.g., passage of a device through skin or colonization of

device surface by antibiotic-resistant biofilm)
• Electrical or radiation hazards
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Same Device for All Patients

Sometimes the same monitoring, diagnostic, or therapeutic medical
device is used for adults and all or most children without requiring pediatric
modifications in size, design, or key accessories. For example, ear thermom-
eters do not vary in size for adults and children nor do syringes, although
needle sizes vary. Nonetheless, even when devices are identical or very
similar, clinical care of children may still differ from care of adults in
general ways, for example, by involving physicians, nurses, and others
experienced in pediatric care and by providing physical settings that are
“child friendly.”

In some cases, adaptations in devices or accessories have followed the
identification of adverse outcomes in children. For example, the same size
tubing was initially used for all mechanically ventilated patients to connect

BOX 2.2
Design or Adaptation of Medical Devices for Use with Children

Devices unique to children
• Infant caps
• Nursing bottle nipples
• Infant incubators
• Cranial orthosis (helmet to correct cranial asymmetry in infants)
• Bililights (lights used for treatment of neonatal jaundice)
• Newborn hearing screener

Devices developed primarily for children but also used with adults
• Atrial septal defect occluder
• Cerebrospinal fluid shunt

Same core device, different accessories for pediatric use
• Pulse oximeter with different sensor attachment for infants
• Automated external defibrillator with paddles that deliver attenuated charge

based on pediatric-specific algorithms

Variations in device use or technique to accommodate developmental differences
• Adjustment in radiation dose and frequency for computed tomography
• Shift in implantation site for pacemakers used with young children
• Use in pediatric cardiac procedures of adult bile duct stents

Devices that vary in size for use with small patients
• Baclofen infusion pump
• Bronchoscopes
• Heart valves
• Testicular prosthesis
• Intravenous catheters and needles
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the ventilators to the tracheal tube, but the heavy weight of the tubing
created problems for infants and children because the tubing tugged on the
breathing tube, making it more likely to dislodge. This led to the use of
child-appropriate tubing. To cite another example, when problems arose in
the use with young children of adult ventilators that had high gas flow
rates, companies developed ventilators that provide smaller breaths of air
and a slower gas flow rate.

Some innovations—notably, successful miniaturization of device com-
ponents—may allow a move away from devices made in different sizes
toward “one-size-fits-all (or most)” devices. For example, a new left ven-
tricular assist device that is intended to reduce the size and weight of first-
generation devices was aimed primarily at adults but the size also allows
use with children. (In 2004, FDA approved a humanitarian device exemp-
tion for this device for use with children aged 5 to 16 years—before the
device was approved for use with adults [H030003, FDA, 2004a].)

Same Core Device, Different Accessories

For some technologies, the core medical device may be the same, but
the accessory devices that connect the patient to the device may differ based
on patient size or other characteristics. Thus, a dialysis machine can be used
for adults and children if the tubing and dialysis coils are reduced in size for
small patients. Similarly, a basic pulse oximetry monitor can be used with
all age groups, but the sensors that attach the device to the patient vary in
size. The sensors may also be attached differently for very young patients
(e.g., attached with a gentler adhesive to avoid damaging an infant’s fragile
skin or cuffed around an infant’s wrist or ankle rather than attached to a
finger).

Another example of a core device with a different accessory for chil-
dren is the automated external defibrillator for use by first responders
outside the hospital. In 2001, FDA approved an external defibrillator for
use with children under age 8 (FDA, 2001e). It comes with two sizes of
defibrillator pads (which are placed on the chest to deliver the electrical
shock). The smaller pads for children attenuate or reduce the shock deliv-
ered. The firm that developed the device also collected pediatric heart
rhythm information to create new algorithms that determine when a shock
is appropriate for a child (Acute Care, no date; Cecchin et al., 2001).5 In

5Given the lack until recently of pediatric data on which to base automated assessments of
whether a shock was appropriate and concerns about whether children’s differing physiology
warranted attenuation in the electric shock delivered, children were characterized as “‘or-
phans’ with respect to this effective technology” (Samson et al., 2003, p. 3251).
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2001, the device was cleared for marketing without testing in children
(K003819, FDA, 2001). The sponsor, however, voluntarily agreed to study
50 children for which the device was deployed to gather data on use and
results in actual emergency care practice (personal communication, Tho-
mas P. Gross, M.D., Director, Division of Postmarket Surveillance, CDRH,
November 7, 2004).

Same Core Device, Adaptations in Programming,
Placement, or Operation

When a device does not vary by size of patient, safe and effective
applications with children may require other differences or adaptations.
Such adaptations may involve changes in the clinical indications for use of
a device, the frequency or duration of use for the same indication, the way
an implant or its connections are sited in the body, the surgical method used
for implantation, or the programming of automated operations such as
alarms based on abnormal physiologic signs. For example, many heart rate
monitors are used for adults and children, but the alarm settings are ad-
justed based on the normal range of heart rate for different age groups. As
mentioned in the preceding section, the automated external defibrillator
approved for use with children under age 8 uses different algorithms for
children and adults to determine whether a shock is indicated.

For the deep brain stimulation device described earlier, FDA notes that
if two stimulators are used with small patients, their physical placement
may need to deviate from that normally used for adults to establish enough
separation to minimize electromagnetic interference. For smaller patients,
the manufacturer suggests placing one neurostimulator in the abdomen and
one in the chest region.6 (See Vidailhet et al., 2005, for a description of a
controlled [nonrandomized] prospective study of the device and Greene,
2005, for a commentary on the need for more data, including data on long-
term outcomes.)

A different rationale for modifications in device placement applies for
central vascular catheters. With infants, it is difficult to identify the physical

6For pediatric patients, the FDA approval order suggests evaluating “the patient’s im-
planted lead/extension assembly for sufficient strain relief (e.g., consider patient comfort,
range of motion, X-ray visualization of the extension) at regular post-implant follow-up
sessions, especially for patients whose growth is not complete at implant” and considering
“replacement of the extension with one of greater length during other elective surgery proce-
dures, such as during the regular change out of neurostimulators that must occur because of
battery depletion” (H020007, FDA, 2003, p. 2). In addition, the manufacturer suggests that
the device be used with people whose brain growth is 90 percent complete to reduce strain on
the leads as the child grows.
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landmarks for placing the catheter in the neck (jugular vein) or the upper
chest (subclavian vein), and safe placement may require considerable seda-
tion. Therefore, the groin is often selected because landmarks for placement
of the catheter can be readily identified and the site can be well anesthetized
with less risk of excessive sedation. At the same time, constant moisture,
repetitive movement, and other factors make it more difficult to maintain a
sterile insertion site in the area. One consequence is that infants with the
device tend to show higher rates of infection than adults.

For computer-assisted tomography (CT), several kinds of adaptations
have been proposed based on children’s greater vulnerability to the damag-
ing effects of radiation and an increasing recognition that CT scans can
deliver significant radiation to children (see, e.g., NRC, 1990; NCI and
SPR, 2002). Underscoring the importance of long-term evaluation of medi-
cal devices and associated procedures, FDA, the National Cancer Institute,
and others have issued guidelines to minimize the harmful effects of re-
peated diagnostic CT scans on children (Feigal, 2001b; NCI and SPR,
2002; see also Frush and Donnelly, 2001; Frush, 2003). They advise clini-
cians to

• take advantage of equipment advances that allow more sensitive
dose management;

• develop and use charts or tables to guide equipment settings based
on patient weight or diameter and body area to be scanned;

• limit repeat scans to what is essential;
• scan the smallest area of the body possible; and
• scan at the lowest dose of radiation and lowest level of resolution

necessary to achieve needed image quality.

Adjustments in Device Size

Sometimes the physical size of a medical device is the main issue with
pediatric use. Infant or child versions exist for many common medical
devices such as hospital beds, bandages, and scales.

More complex devices can often be manufactured in sizes to fit all or
most pediatric uses without compromising their structure or function. For
example, leads for implanted cardiac pacemakers used with children can be
made shorter than adult leads without compromising their function, al-
though surgical implantation techniques may vary, especially with infants.
To cite another example, a saline-filled testicular prosthetic implant that
has been tested in adults and children with a congenitally absent or surgi-
cally removed testicle is now available in an extra small size (P020003,
FDA, 2002). For this and other implanted devices, replacement with a
larger size may be anticipated to accommodate a child’s growth.
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Intraocular lens replacement, which has long benefited adults suffering
from cataracts, can also help children with certain vision problems. The
sizes of the replacement lenses developed for adults are not, however, ap-
propriate for young children. (The mean axial length of a newborn’s eye is
17 mm, whereas that of an adult is 23 to 24 mm.) In addition, the surgical
procedure must accommodate developmental considerations such as lower
scleral rigidity, greater elasticity of the anterior capsule, and higher vitreous
pressure (see, e.g., Dahan, 2000; Ahmadieh and Javadi, 2001; Good, 2001;
Pandey et al., 2001).

For certain implanted devices, reductions in size have brought benefits
to both children and adults. The cardiac pacemaker is a notable example.
Figure 2.1 and Figure 2.2 show the difference in size between an external
pacemaker (circa 1957) that was designed to provide short-term life sup-
port and a recent implantable pacemaker that offers long-term support.

In some cases, sizing of a device is done at the time of use. For example,
cardiac shunts or tubes that are used to connect two blood vessels come in

FIGURE 2.1 Child with early external pacemaker, c. 1957 (Used with permission
of The Saturday Evening Post).
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different diameters. The appropriate length is determined by the surgeon
who cuts them to size just before insertion.

Size adjustments may not be straightforward, even for relatively simple
devices. A case in point involves tracheostomy tubes, which are adjusted to
fit different size windpipes by creating an array of sizes that vary by incre-
ments of 0.5 mm in diameter and simultaneously differ in length. In a child
with an abnormally narrow airway, the tube with the appropriate diameter
may be too short, which can cause it to become dislodged. Specially con-
structed tubes can be ordered from the manufacturer, but this option is not
feasible in an emergency situation.

Lack of a device in sizes appropriate for the full range of pediatric
patients may limit the use of certain interventions. For example, in intracar-
diac echocardiography (an imaging technique used to guide certain cardiac
procedures), the size of the catheter used in the procedure has limited use
with very young patients. (The technique, which has not been fully tested in
randomized clinical trials, avoids an imaging procedure that requires intu-

FIGURE 2.2 A modern implantable pacemaker (Medtronic Kappa® 700 series)
(Reproduced with permission of Medtronic, Inc.).
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bation and general anesthesia [Alboliras and Hijazi, 2004; Zanchetta and
Maiolino, 2004].)

Limits to Downsizing or Other Adaptations

Reducing the size of a device that is too large for some or most children
may not produce desired results. The reasons may relate to mechanical
properties of the device or to characteristics of children other than size. For
example, with certain kinds of devices through which blood moves, changes
in fluid dynamics in small spaces must be considered. Efforts to shrink left
ventricular assist devices (which have been used to support patients await-
ing heart transplants) have encountered problems because “blood flow in
the smaller version is completely different than in the larger adult heart
devices. . . . [D]ead zones, or low-rate flow zones, can form inside the blood
pumps . . . [and] slow-flowing blood can create clots” (PSU, 2004, unpaged).
The miniaturized device mentioned earlier in this chapter, which was not
developed specifically for the pediatric population, is designed to minimize
such disruptions in blood flow (Bluck and Petty, 2000).

As described above, tracheal tubes are manufactured in different sizes
to accommodate the range of airway dimensions of infants, children, and
adults, but problems may arise with very small sizes. Although an appro-
priately sized tube exists to fit in the small airway of the premature infant,
the thin wall of the tube has a propensity to kink or buckle, which can
cause the tube to become obstructed. Caregivers have developed various
means to limit these problems by stabilizing the tube externally (e.g., by
wrapping it with tape or taping it to a tongue blade). Also, smaller tubes
also are more easily obstructed with mucus and need to be cleared fre-
quently. With a small tube, a small suction catheter is needed, and these
small catheters are flimsy and more difficult to use than the larger, thicker
suction catheters.

Different limitations arise with mechanical ventilators that are equipped
with triggering devices that sense effort by the patient to breathe, which
then causes the ventilator to provide a breath. Such triggering devices have
not been sensitive enough to detect inspiratory effort in very small babies.
Hence, other types of devices, such as a kind of capsule on the chest, have
been developed to try to coordinate the effort of the patient and the re-
sponse of the ventilator.

For sick infants requiring mechanical ventilation, an additional concern
is the lack of acceptable face masks. Masks can be made small enough to fit
infants, but the pressure needed to create a tight fit and avoid air leakage
can bruise or abrade fragile infant skin. Other respiratory devices such as
nasal prongs may need to be monitored closely to prevent skin damage and
necrosis when used with infants. More generally, the thinness and other
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characteristics of children’s skin, especially infant’s, can require care with
or modifications of devices that touch the skin to reduce the potential for
bruising or skin damage associated with heat, pressure, friction, or other
processes.

Skin thickness may also be an issue with certain implants. In a report of
pacemaker failures associated with twiddler’s syndrome (when patients delib-
erately or subconsciously spin the pacemaker’s pulse generator, which can
dislodge and damage the pacemaker leads), the authors noted that children
might be more susceptible to the problem “because they have thinner subcu-
taneous tissues, making leads more accessible, and their comprehension of
the consequences may be poor” (Abrams and Peart, 1995, p. 190).

Devices That Accommodate Children’s Growth

A unique pediatric problem with the use of certain implanted medical
devices is that they either interfere with growth or do not grow as children
grow. The approved labeling for a number of orthopedic and other im-
plants describes them as not indicated for individuals with growing bones
or skeletal, skull, or other aspect of growth that is less than 90 percent
of adult levels (see, e.g., H010002, FDA, 2001; P000057, FDA, 2001;
P000058, FDA, 2002; P000013, FDA, 2003).

Some devices or their accessories or the procedures for their use are
designed to take children’s growth into account. For example, when sur-
geons first began to insert the drainage catheter for cerebrospinal fluid
shunts into the abdomen, they used tubing just long enough to enter the
peritoneal cavity. As children grew these catheters had to be replaced with
longer ones. Recent experience suggests that even infants can tolerate a
peritoneal catheter long enough to accommodate growth to adulthood
(Couldwell et al., 1996). Cardiac pacemaker leads are also implanted so
that some significant amount of growth can be accommodated.

Given the risk and discomfort of replacing an implant as a child grows
and given the restrictions on the use of certain devices that interfere with (or
are compromised by) growth, implants that can “grow” with a child have
obvious appeal. Growing children who have bone cancers removed from
their limbs and prosthetic devices inserted have faced repeated surgeries to
replace or expand the device to accommodate growth. FDA recently ap-
proved a device that can be expanded without surgical intervention. As de-
scribed by FDA, the device employs “a coil that fits around the patient’s leg
that produces an electromagnetic field (EMF). The EMF induces an electrical
current and subsequent heating of an internal wire [in the implant]. The
generated heat softens a polymer locking ring, allowing a slow expansion of
an internal compressed spring. The spring expansion pushes the spring hous-
ing and femoral housing apart, thus increasing the overall length of the
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implant” (FDA, 2003p, unpaged; see also K021489, FDA, 2002). According
to the manufacturer’s webpage, FDA has cleared the device for distal femur
and proximal tibia implants, but implants for the humerus, proximal femur,
and total femur are only available so far under compassionate use guidelines
(see Chapter 4) (Wright Medical Technology, Inc., 2004).

To cite another orthopedic example, pediatric orthopedists treating
children with leg fractures have increasingly used flexible titanium nails
that support the leg as the bone heals but also provide flexibility for grow-
ing bones. For children between the ages of approximately 6 and 12, the
technique avoids some of the disadvantages of alternative treatments with
either a body cast and traction or certain rigid nailing techniques (ECRI,
2004a; Flynn et al, 2004). This technique has not been associated with
problems of arrested growth in the trochanter (part of the femur) or os-
teonecrosis of the head of the femur that have sometimes been reported
with rigid nailing techniques (see, e.g., Townsend and Hoffinger, 2000;
Alonso and Slongo, 2001; Bartholomew et al., 2001).

Interest in another kind of device, the resorbable implant, is particu-
larly strong among those who treat children with certain craniofacial and
orthopedic deformities. These implants are adequately rigid to support
repair or reconstruction of a deformity for several months, but they then
disappear without requiring removal or replacement and without apprecia-
bly interfering with a child’s growth. In a statement to the committee, the
American Academy of Pediatrics (AAP) pointed to metal craniofacial fixa-
tion devices that create problems with children that are not seen in adults.
AAP cited “thinning of scalp leading to annoying prominence of the device
. . . subcutaneous migration of screws . . . [and] intracranial migration of
the devices” (AAP et al., 2004b, p. 8). In the latter process, the device has
been engulfed by the child’s growing skull such that “within a few years
plates and screws were sometimes found inside the dura resting in the
substance of the brain,” a location for which they clearly were not intended.

Until recently, only the results of short-term studies of resorbable im-
plants were available, but investigators have now reported on a combined
prospective and retrospective multisite analysis of nearly 2,000 patients
under 2 years of age treated over a 5-year period with the same type of
device (see, e.g., Eppley et al., 2004). They found a lower rate of device-
related complications requiring reoperation than for metal devices and low
rates of adverse events (e.g., infections, instability, and foreign-body reac-
tion). Consistent with a characteristic of device innovation, they noted that
“the specific types of plates and screws used evolved over the study period
from simple plates, meshes, and threaded screws to application-specific
plates and threadless push screws whose use varied among the involved
surgeons” (Eppley et al., 2004, p. 850).

In an arena that holds potentially broad promise, the emerging field of
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tissue engineering is exploring the development of devices such as heart
valves or skin that become populated by the patient’s living cells (see, e.g.,
Rabkin et al., 2002; Stock et al., 2002; Mol et al., 2004; Neuenschwander
and Hoerstrup, 2004). Such devices might grow as young patients grow
and also avoid or limit immunocompatibility or biocompatibility problems
that are often seen with currently used materials.

Other Developmental Concerns

The use with children of implanted heart valves that employ tissue from
pigs or cows raises a variety of developmental considerations. When surgeons
began implanting such valves in children, they discovered in the course of
long-term follow up a more intense immunologic response and more rapid
calcification of the valves than had been observed in adults or expected with
children (see, e.g., Geha et al., 1979; Schaff and Danielson, 1986; Baskett et
al., 2003). The valves, which avoid the risks associated with the anticoagu-
lant therapy required for mechanical heart valves, are still occasionally used
with children—with the now familiar risk of calcification factored into deci-
sions about which treatment is best for a particular child.

As noted above, some medical devices that are critically important for
certain conditions require cooperation from the patient that may not be
possible for infants and very young children. The options in such situations
may involve adaptations in the device, development of an alternative de-
vice, or foregoing use of the device until the child has matured.

The last two options are both in evidence for patients with cystic fibro-
sis. Measuring lung function in these patients requires that the patient be
capable of certain breathing maneuvers (e.g., taking or expelling a breath
upon direction). For infants to age 2, a system has been developed that
includes, among other features, a vest that inflates to provide external
pressure for the required breathing maneuver (Tillman, 2002). For children
between ages 2 and about 6, no satisfactory device has yet been approved
(Colin, 2003).

With some devices and therapies, multiple factors, including behavioral
factors, may be at work. For example, the design and use of aerosol delivery
devices for young patients who have cystic fibrosis and certain other respi-
ratory disorders may be complicated for a combination of reasons, includ-
ing anatomic (e.g., airway size in relation to drug particle size), physiologic
(e.g., highly variable breathing patterns in infants), pathophysiologic (e.g.,
presence of inflammation, excess mucus), and behavioral (e.g., inability to
synchronize breathing patterns) (Cole, 2000). In addition, characteristics of
the aerosol device and the aerosolized drug interact, and both must be
taken into account in the development and testing of effective interventions.

In a statement to the committee, the American Thoracic Society cited
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the lack of guidance “for the average pediatrician pertaining to the multi-
tudes of delivery devices [tested only in adults] . . . [and] the complexity of
treatment of the young infant or toddler. . . . [In general] the smaller the
child, the less the dose of aerosolized drug delivered” (ATS, 2004b, p. 2).
The group also noted that studies of nebulized drug deposition in very
young children who have tracheostomies are rare in the United States due
to concerns about approval of the use of radiolabeled drug markers in such
studies. They suggested that such studies could be considered under special
regulatory provisions that allow the Commissioner of FDA to approve
studies of special importance that could not otherwise be approved under
research protection regulations that apply specifically to children (see fur-
ther discussion of these regulations in Chapter 6).

“Working Around” the Lack of a Child-Appropriate Device

For purposes of this discussion, workarounds are actions devised to
cope with a perceived problem without actually fixing it. Although work-
arounds may involve doing something new, it is useful to reserve the term
innovation for a response that is intended not merely to cope with but to
solve a problem. Turning off nuisance alarms is a workaround; redesigning
an alarm system is an innovation. When workarounds are recognized as
insufficient or inefficient responses, they may prompt true innovations.

Common situations that give rise to workarounds include a computer
crash or bug (e.g., when a computerized drug order entry system “goes
down”), alarms that go off “too” frequently, uncertainty about the appro-
priate use of equipment (e.g., devices with complex programming proce-
dures), irritating or time-consuming organizational procedures, or unavail-
ability of the right equipment at the right time or at all.

The unavailability of a device properly scaled or otherwise adapted for
pediatric use may prompt a workaround. For example, because no stents
designed for use in pediatric heart catheterization treatments are commer-
cially available, clinicians use stents in cardiac procedures that were devel-
oped for biliary (bile duct) use. This strategy presents some risk of perfora-
tion or thrombosis of the targeted vessel (Shaffer et al., 1998). As in this
example, workarounds may involve “off-label” or unlabeled uses of medi-
cal devices. FDA regulations permit such uses as an element of medical
practice and discretion (see Chapter 3).

Another example of a workaround involves the use of a needle de-
signed to aspirate bone marrow to, instead, infuse fluids via infant bone
when intravenous access cannot be established during an emergency. The
technique has led to different workarounds to stabilize the needle because
the needles tend to leak around the entry site unless they are firmly fixed.
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Many types of clips or clamps were fashioned to provide secure fixation
until recently, when an adjustable “stop” for the needle was devised.

Some workarounds involve the use of devices in ways that are inconsis-
tent with explicit manufacturer instructions because the design of the device
makes use consistent with instructions impractical in the real world. For
example, alarms for home infusion pumps that signal the presence of air
bubbles may be turned off because the alarms respond to small, harmless
air bubbles that are common in total parental nutrition fluids. The alarm is
then unavailable to detect a larger, potentially fatal air bubble.

Depending on the context, workarounds may be considered either to
jeopardize safety (e.g., by disabling alarms or other safeguards) or to en-
hance safety (e.g., by identifying and compensating for a problem until the
problem can be investigated and, when possible, fixed) (Mohr and Batalden,
2002). In some cases, the device characteristic or situation that gives rise to
a workaround may be reported as an adverse event or close call. In other
cases the problem and the workaround may not be thought of as reportable
events within either the context of an institutional patient safety program
or FDA’s program for adverse event reports (see Chapter 7). Workarounds
devised by parents or medical caregivers for equipment that is used in the
home may never be explained or conveyed back to the manufacturer or
even to the prescribing clinicians.

Workarounds may be the norm for extended periods. Sometimes they
inspire the development of devices or device adaptations to meet children’s
needs. For example, the connectors to tracheal tubes add a few milliliters
(known as “dead space”) to the volume of tubing between the tracheal tube
and the connecting tubing of a ventilator. Although this dead space is trivial
for a child or adult, it becomes imposing for a tiny premature baby whose
breathing volume may only be a few milliliters. To compensate, caregivers
often cut the tracheal tube to make it as short as possible, but this makes
fixation of the tube tenuous. Now, newer connectors have been designed to
reduce the dead space to less than a milliliter.

IDENTIFYING PROBLEMS OR CONCERNS WITH
MEDICAL DEVICES USED WITH CHILDREN

Problems with the potential or actual performance of devices in infants,
children, and adolescents may be identified in at least three different ways
(Box 2.3). First, they may be identified a priori based on a combination of
expert understanding of children’s developmental characteristics and de-
tailed knowledge of the operating characteristics of a particular device
derived from theory, bench testing, and, perhaps, animal testing or adult
use. For example, engineers identified blood flow problems with downsizing
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of mechanical heart valves based on theory, past experience with similar
devices, simulations, and laboratory tests (Anderson et al., 2000; Bachmann
et al., 2000; PSU, 2004). Some makers of cochlear implants have advised
against deep-sea scuba diving based on expectations about the possible
effects of severe changes in pressure within the ear (Nussbaum, 2003).To
cite another example, because children require higher heart rates than adults
(approximately 140 beats per minute for infants versus 70 beats per minute
for adults), it is anticipated that battery life may be shorter in certain
cardiac devices, which makes the prospect of battery exhaustion and
planned, serial replacement of devices a reasonable expectation in the pedi-
atric population rather than an unanticipated adverse event (ACC, 2004).

The same process of a priori reasoning applies to the identification of
important concerns related to the effects of children’s growth and develop-
ment for the number of years that a child has an implant. For example, the
developer of the titanium rib built a certain degree of expansion capacity
into the device (which requires surgical adjustment) because its purpose is

BOX 2.3
Identifying Concerns or Adaptations with Pediatric

Use of a Medical Device (with Examples)

A priori  identification
• Pacemaker implant: choice of implant site to minimize potential damage

from children’s play
• Deep brain stimulator: avoidance of use when patient brain growth is less

than 90 percent complete
• Orthopedic fixation device: avoidance of device that will interfere with bone

growth

Identification through premarket testing involving children
• Deep brain stimulator: modification of implantation strategy when two neu-

rostimulators are used with small child
• Titanium rib: modification of device and implantation strategy to reduce mi-

gration or bone overgrowth

Identification after marketing
• Cochlear implant: association of meningitis with certain devices
• Heart valves from bovine or ovine tissue: accelerated calcification in chil-

dren leading to early failure
• Cerebrospinal fluid shunt: fractures of peritoneal catheters
• Home apnea monitors: lack of effectiveness in detecting apnea consistently

and preventing sudden infant death syndrome
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to facilitate growth in children with severe scoliosis and other conditions
that limit chest development. In certain orthopedic repairs, surgeons may
remove implanted fixation devices to accommodate children’s growth when
they might leave such devices undisturbed in mature patients. For yet other
implanted devices such as neurostimulators placed in the brain or bone
cements used to repair bone defects, concerns about growth and develop-
ment lead manufacturers and FDA to advise against use of the device with
children who have not completed all or most of their growth in areas (e.g.,
brain, skeleton) where the device is placed.

In addition, pediatric issues or problems may be revealed during clini-
cal testing of a device with children prior to marketing approval. For ex-
ample, as described earlier in this chapter, studies of deep brain
neurostimulators to treat dystonia revealed that use of the device in chil-
dren, compared to adults, required adaptations in the placement of the
device. If two neurostimulators are implanted, they must be implanted at
least 8 inches apart to minimize interference.

Problems may be recognized as experience with a device accumulates
following its entry into the market. In some cases, problems are identified
or confirmed through systematic postmarket clinical or epidemiological
studies. For example, in 2002, a manufacturer of cochlear implants re-
ported to FDA 15 cases of meningitis in implanted patients. Subsequently,
other manufacturers reported meningitis cases, mostly in young children.
Some clinicians had already become concerned about the risk based on
conversations at meetings about their experiences following their patients
(Niparko, 2004). Based on a review of the adverse event reports, FDA
worked with CDC and health departments in many states and three cities
on an epidemiologic study that attempted to assess risk factors for meningi-
tis among implant recipients compared to a control group (Reefhuis et al.,
2003).

Some problems with devices may be identified soon after they begin to
be used with children. To cite an example, the measurement of transcutane-
ous partial oxygen pressure in arterial blood (measured with an oxygen
electrode) was thought to provide a reliable proxy for arterial blood oxy-
genation (Huch et al., 1977). Soon, however, clinicians recognized that
there was a marked disparity between the two values when an infant’s
perfusion (blood flow into tissues) is poor (Peabody et al., 1978a,b). As this
problem was becoming more widely recognized, the pulse oximeter was
developed to measure arterial blood oxygenation using a different and
superior strategy (Jennis and Peabody, 1987).

Other device problems are uncovered only as clinicians follow patients
for extended periods. One example involves problems with fracturing of
the peritoneal catheters for cerebrospinal fluid shunts (Langmoen et al.,
1992; Cuka and Hellbusch, 1995). The experiences cited above with the
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calcification of tissue-based heart valves and the migration of craniofixation
devices are additional cases in point.

FDA’s regulatory and other activities take each of the modes of prob-
lem identification into account. Thus, FDA provides guidance on device
design and testing and evaluates information on safety prior to approval or
clearance of devices. Through the agency’s adverse event reporting program
and requirements for postmarket studies of certain devices, it focuses on
safety after devices are marketed. As described in this report, these post-
market strategies have serious limitations. Identification and prevention of
problems with devices prior to marketing are, in any case, preferable to
postmarket detection.

This chapter has provided a pediatric context for a report that often
must focus on policies, practices, and questions that are not specific to
children. The next reviews the regulatory framework for FDA’s activities.
With a few exceptions, that framework applies to both adults and children.
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3

Regulatory Framework for Postmarket
Surveillance of Medical Devices

“As I see it, what the Senator from New York is doing in this particular
case is the same thing as if the Congress of the United States should
attempt to say by law that calling a sheep’s tail a leg would make it a leg
. . . if he desires to legislate against these mechanical devices he ought to
do it in the open instead of by indirection and attempting to define as a
drug something which palpably is not a drug.”

Senator Bennett Champ Clark (79 Cong. Rec. 4841, April 2, 1935)

The extension of U.S. Food and Drug Administration (FDA) oversight to
devices has been uneven and sometimes has relied on stretching the defini-
tion of drugs.1 Until 1976 when Congress added the Medical Device
Amendments (P.L. 94–295) to the Federal Food, Drug, and Cosmetic Act
(P.L. 75–717), federal officials had limited explicit authority to regulate
the safety or effectiveness of medical devices. In this legislation, Congress
provided for additional regulatory scrutiny of medical devices while creat-
ing a regulatory framework that recognized certain differences between
drugs and devices, particularly the substantial variability in the risk posed
by different types of devices.

Virtually the entire regulatory framework for medical devices is gen-
eral, that is, it applies to devices whether their primary or exclusive use is
with adults or children. One exception is that when medical devices are
tested with children in studies that will be submitted to FDA, they are
usually subject to regulations for the protection of human research subjects
that provide special, additional protections for child subjects. Also, in meet-
ing its regulatory responsibilities, FDA may take special notice of children,
for example, by limiting the labeled indications for the use of a device to

1As described in Chapter 1, the Supreme Court in 1969 sustained FDA’s categorization of a
laboratory screening device (an antibiotic sensitivity disk) as a drug subject to premarket
review (United States v. Bacto-Unidisk, 1969).
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adults or directing that pediatric questions be examined in studies following
the approval of a device.

This chapter provides a descriptive foundation for the later discussion
of the adequacy of FDA’s program of postmarket surveillance to protect
children. The chapter begins with a brief overview of organizational re-
sponsibilities for medical device regulation. It then reviews the premarket
regulatory responsibilities of FDA as context for the following description
of the agency’s responsibilities for postmarket surveillance of medical de-
vices.2 The last section describes some agency programs and activities, for
example, inspections of manufacturers that cover both premarket and
postmarket arenas.

ORGANIZATION OF FDA FOR MEDICAL DEVICE REGULATION

Within the Food and Drug Administration, primary responsibility for
regulating medical devices (and radiation-emitting electronic products) re-
sides with the Center for Devices and Radiological Health (CDRH). The
Center for Biologics Evaluation and Research (CBER) is responsible for
regulating medical devices related to blood and cellular products (e.g., kits
to test blood for HIV). For combination products that involve a drug and a
device or a biological product and a device, the primary regulatory respon-
sibility is assigned to CDRH if the main mode of action of the product is
not biological or chemical and does not depend on being metabolized.

Within CDR, the Office of Device Evaluation is responsible for the
clearance or approval of medical devices that require premarket review.
(The Office of In Vitro Diagnostic Device Evaluation and Safety handles
reagents and in vitro diagnostic products.) Another unit, the Office of
Science and Engineering Laboratories, contributes to the development of
standards and methods for product assessments, performs laboratory evalu-
ations and analyses, and conducts research and testing relevant to medical
devices or radiation-emitting electronic products. This unit provides techni-
cal support for the development of the device-specific guidance documents
as discussed later in this chapter. Although other offices have roles related
to postmarket surveillance, the key unit is the Office of Surveillance and
Biometrics (OSB). It has three divisions, the Division of Biostatistics, the
Division of Postmarket Surveillance, and the Division of Surveillance
Systems.

Within OSB, the Division of Postmarket Surveillance oversees the ad-
verse event reporting program, which includes the analysis and investiga-

2As noted in Chapter 1, in referring to premarket and postmarket rather than premarketing
and postmarketing activities, this report follows the legislative language that provided for this
study and the usual (but not invariable) practice of FDA in describing activities that occur
prior to or following the entry of a medical product into the market.
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tion of reports. It also conducts epidemiologic research on the safety and
use of medical devices and supports the development of epidemiologic
methods for medical device research. As described in Chapter 5, the divi-
sion has recently assumed responsibility for monitoring postmarket studies
required at the time a device is approved for marketing. The Division of
Biostatistics provides statistical support for both premarket and postmarket
programs and also conducts and collaborates in original research on the
health effects of device use. The Division of Surveillance Systems takes the
lead in planning, developing, implementing, and maintaining OSB data-
bases and information systems.

Additional support in evaluating device problem reports may be pro-
vided by the Division of Device User Programs and Systems Analysis (which
is part of CDHR’s Office of Communication, Education, and Radiation
Programs and which includes FDA’s human factors program). The Office
of Science and Engineering Laboratories provides technical assistance for
premarket as well as postmarket programs.

In addition to its central offices in Maryland, FDA has more than 160
field offices, laboratories, and other sites throughout the country. These
sites house most of the agency’s Office of Regulatory Affairs employees
who are responsible for various enforcement activities (e.g., seizures of
adulterated foods or medical products) and for inspections of medical prod-
uct, food, and cosmetic manufacturers (FDA, 2003g). Table 3.1 shows
CDRH budget authority and total funding levels for FY 1994 to FY 2004.

TABLE 3.1 Budget Authority and Total Program Level Funding History
for Center for Devices and Radiological Health FY 1994–2005
(in millions)

Budget Authority Total Program Level
Year (Center and Field) (Budget Authority plus User Fees)

1994 $159 $159
1995 157 170
1996 144 152
1997 147 160
1998 144 156
1999 147 159
2000 158 170
2001 173 186
2002 180 194
2003 193 217
2004 191 222

NOTE: Program level funding includes user fees from inspections of mammography facilities
and, beginning FY 2003, fees provided for under the Medical Device User Fee and Modern-
ization Act of 2002.
SOURCE: FDA Congressional Justification submissions (data compiled by CDRH staff).
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The fiscal year 2004 budget for OSB postmarket surveillance activities
was approximately $15 million, approximately half of which covered costs
for about 70 full-time equivalent staff positions, including approximately
50 positions devoted to postmarket surveillance specifically (personal com-
munication, Thomas P. Gross, M.D., Director, Division of Postmarket Sur-
veillance, CDRH, October 1, 2004, and April 6, 2005). About one-third of
the budget involved the MedSun program, which is described later in this
chapter. The budget includes no funds for the analysis of outside data
sources, such as Medicare databases or professional society registries.

BASICS OF PREMARKET REGULATION OF MEDICAL DEVICES

The premarket regulatory processes of FDA include evaluations, deci-
sions, and other actions that occur prior to the marketing of a medical
product. In some cases, requirements are established before or at the time of
marketing approval for actions that will take place after marketing, for
example, when further clinical studies are specified as a condition of FDA’s
approval of a device.

When Clearance or Approval of a Device Is Required

According to FDA, approximately 20,000 American and foreign firms
produce about 80,000 brands and models of medical devices for the U.S.
market (FDA, 2002b). Before they can be marketed in the United States,
roughly 55 to 60 percent of medical devices require FDA clearance or
approval.

The requirements that must be met for a device to be legally marketed
in the United States depend in considerable measure on its risk classifica-
tion. The Medical Device Amendments of 1976 provided that devices be
classified—in ascending order of risk—as Class I, II, or III devices (21 USC
360c). FDA completed the basic process of classifying existing devices into
the three groups by 1988 (Merrill, 1994). In 2004, the three classes ac-
counted for about 43 percent, 44 percent, and 13 percent of classified
devices, respectively (personal communication, Donna-Bea Tillman, Ph.D.,
Deputy Director, Office of Device Evaluation, CDRH, January 18, 2005;
see also FDA, 2004n).3 Table 3.2 provides examples of common pediatric-
use devices in the three classes.

3The 13 percent figure includes Class III devices that require premarket approval.
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Class I Devices

Class I devices are considered to present relatively low risk to patients.
As specified in statute (21 USC 360c(a)(1)(A)), this class covers

• devices for which certain “general” controls (e.g., standards for good
manufacturing practices) provide reasonable assurance of the safety and
effectiveness of the device or

• devices that are not intended or represented (“purported”) to sup-
port or sustain life or play an important role in preventing impairment or
that are not expected to pose an unreasonable risk of illness or injury.

General controls apply to Class II and Class III as well as Class I
devices. These controls are discussed further below.

Nearly all Class I devices and some Class II devices may be marketed
without FDA clearance or approval. Examples of Class I devices that are
not exempt from review under the notification procedures outlined below
are dental mercury, mechanical wheelchairs, and surgeon’s gloves (FDA,
2005e,f,g). If a device that is normally exempt from FDA premarket clear-
ance is to be marketed for a new intended use or involves a new fundamen-
tal technology, it would require a premarket clearance.

TABLE 3.2 Examples of FDA Class I, II, and III
Devices
Device
Class Examples

I Bassinets
Nursing bottle nipples
Infant caps
Mechanical toothbrushes
Circumcision trays
Mechanical wheelchairs

II Neonatal incubators
Dialysis catheters
Circumcision clamps
Powered wheelchairs
Apnea monitors
Transcutaneous electrical nerve stimulators
Ventriculoperitoneal shunts

III Implantable insulin pumps
Implantable cardiac pacemakers
Ventricular assist devices
Cochlear implants
Deep brain stimulators
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Class II Devices

Devices categorized as Class II present more risk than Class 1 devices.
For a Class II device to be legally marketed, the manufacturer must usually
submit a notification of intent to market and receive FDA clearance under
“510(k)” provisions (referring to the applicable section of the Federal Food,
Drug, and Cosmetic Act, 21 USC 360(k); see also FDA, 2004w). These
510(k) provisions cover devices that are “substantially equivalent” to a
“predicate” or “pre-amendment” device, which is one that was either mar-
keted before May 28, 1976 or one that has been shown (through the
notification and clearance process) to be substantially equivalent to such a
device.4

FDA considers a device substantially equivalent if it has the same in-
tended use and the same technological characteristics as the predicate (pre-
amendment) device. A device may also be considered substantially equiva-
lent when it has the same intended use but different technological
characteristics if these differences do not raise different questions of safety
and effectiveness and if information (which can include clinical data) is
provided to show that the device is as safe and effective as a legally mar-
keted device. This latter definition allows FDA “the flexibility to clear some
fairly novel devices through the 510(k) process” (Kahan, 1996, p. 89).

In assigning devices to Class II, FDA has determined that (1) general
controls are not by themselves sufficient to provide reasonable assurance of
safety and effectiveness, but (2) sufficient information is available to develop
special controls for that purpose. These controls are discussed below.

For certain Class II devices, FDA issues guidance documents that de-
scribe what kinds of bench, animal, and clinical data should be submitted
to show that a device is substantially equivalent to a predicate (preamend-
ment) device. In 2002, for example, the agency issued guidance for manu-
facturers of carbon dioxide and oxygen monitoring devices about the kinds
of information they should submit to document safety and effectiveness as
part of a 510(k) submission (FDA, 2002d). Submission of clinical data is
required for about 10 to 15 percent of devices covered by the 510(k)
process (Tillman and Gardner, 2004). FDA also has the authority to require
further studies for devices that are covered by regulations authorizing
postmarket surveillance studies as discussed below.

4The provisions also apply to pre-amendment devices that have been classified as Class III
devices but for which FDA has not yet issued regulations calling for premarket approval
applications. A few Class II devices are exempt from the provisions, including pediatric hospi-
tal beds, enuresis alarms, and hematocrit measuring devices (FDA, 1998j).
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5A new device may also be automatically classified as a Class III device because no predi-
cate device exists, that is, the new device is not substantially equivalent to any other Class I or
Class II device marketed before May 28, 1976, or to any device that was placed into Class I
or Class II after that date. If a device is automatically classified into Class III because no
predicate device exists to which it can be claimed equivalent and if the device presents a low
risk to patients, the FDA Modernization Act of 1997 allows FDA to reclassify the device into
Class I or II under a “de novo” or “risk-based” procedure (FDA, 1998k).

Class III Devices

Class III devices are intended to support or sustain life or play an
important role in preventing impairment or are considered to pose an un-
reasonable risk of illness or injury. For devices in this class, FDA has
determined that general controls are inadequate to reasonably assure safety
and effectiveness and that available information is insufficient to develop
adequate special controls.5 As indicated by percentages cited earlier, many
more devices enter the market through the clearance process than through
the approval process (more than three times as many in 2004).

Usually, manufacturers of Class III devices must submit premarket ap-
proval (PMA) applications to FDA. As part of such applications, they must
present the results of investigations—including data from clinical studies—
that support the device’s safety and effectiveness for the use or uses proposed.
After a device is approved, changes in the device, its labeling or packaging, or
its manufacturing may require approval under a supplemental PMA applica-
tion if the changes affect safety or effectiveness. Such supplemental applica-
tions also cover changes or other actions related to any postmarket studies
that were required as a condition of approval of a device.

The 1997 legislation provided that manufacturers have an opportunity
to meet with FDA to discuss their clinical investigation plan prior to sub-
mitting a PMA application. They may request a “determination meeting”
to discuss what kind of scientific evidence (e.g., a randomized clinical trial)
FDA considers necessary to demonstrate that a device is effective for its
intended use. The resulting determination is binding on the agency, unless it
is subsequently judged to be “contrary to public health” (FDA, 2001d, p. 1).
In addition, the legislation provided the opportunity for an “agreement”
meeting to those planning a PMA application or a 510(k) submission for
certain devices. The purpose of such a meeting is to reach agreement on the
main elements of the investigational plan, including the clinical protocol.
The results of an agreement are again binding in most circumstances.

An alternative to the PMA application is the product development
protocol (PDP), which was provided for by the 1976 Medical Device
Amendments but not implemented until the 1990s (FDA, 1999e). The PDP
pathway allows a manufacturer, with FDA agreement, to consult with FDA
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to develop and implement a mutually acceptable device development test-
ing protocol for a device. The manufacturer can then secure approval by
submitting and having FDA accept a notice that it has fulfilled the require-
ments of the protocol.6 FDA considers this pathway appropriate for “those
devices in which the technology is well established in industry” (FDA,
2003c, unpaged).

To comply with the FDA Modernization Act of 1997 (P.L. 105–115),
FDA revised procedures for expedited review of PMA applications. Expe-
dited review is allowed for devices that are intended to treat or diagnose
life-threatening or irreversibly debilitating diseases or conditions and that
also represent (1) breakthrough technologies, (2) technologies for which no
approved alternatives exist, (3) technologies that offer significant advan-
tages over existing approved alternatives, or (4) technologies the availabil-
ity of which is in the best interest of patients (FDA, 2003i). Expedited
review may involve advance consultation with FDA. (Provisions for expe-
dited review also exist for products requiring premarket clearance.)

When a device is approved for marketing, FDA may impose require-
ments for further study of or reporting about a device to expand knowl-
edge about its safety or effectiveness (21 CFR 814.82). These required
studies are often referred to as condition-of-approval or post-approval
studies. These studies and their monitoring by FDA are discussed further
in Chapter 5.

Investigational Devices

For certain devices that have not been approved or cleared for market-
ing or that are being tested for indications not previously approved or
cleared, use of the device during testing occurs under an “investigational
device exemption” or IDE (21 USC 360j(g); 21 CFR 812.2(c)). An IDE is
required for a “significant risk” device, which regulations define as one that
presents a potential for serious risk to the health, safety, or welfare of a
research participant (21 CFR 812.3(m)).7 The IDE regulations specifically

6The protocol is to include a description of (1) the device, including modifications; (2) any
preclinical or clinical studies completed, underway, or planned; (3) manufacturing methods,
facilities, and controls; (4) applicable performance standards, if any; (5) proposed labeling;
and (6) other information deemed necessary by FDA. The manufacturer must also submit
progress reports and information on studies described in the protocol.

7FDA may allow clinical use of unapproved devices in other situations, including certain
emergency situations and certain situations in which a clinical study has been completed but
the marketing application has not yet been approved. In addition, under so-called “compas-
sionate use” provisions, FDA may allow use of an investigational device when it might benefit
a patient who does not meet criteria for inclusion in research but who has a serious medical
condition and no satisfactory alternative (FDA, 2003e).
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mention the potential for serious risk related to implants, life-supporting or
life-sustaining devices, and devices that are substantially important in pre-
venting impairments in health.

An IDE application must include information on preclinical studies and
any already available clinical data. The sponsor must also submit an inves-
tigational plan that describes the research design and analytic methods to
be used. The study cannot proceed until the IDE is approved by FDA and
an Institutional Review Board (IRB).8 For studies involving significant risk
devices, FDA and investigators or sponsors may engage in extensive com-
munication and negotiation about the characteristics and objectives of re-
search studies to support claims of product safety and effectiveness.

An IDE application is not required for a “non-significant risk” device
study. The sponsor must, however, comply with certain recordkeeping and
reporting requirements. In addition, even if an IDE is not required, research
involving human participants is still subject to certain other requirements,
including IRB review (see, e.g., FDA, 2003d). A study involving a “non-
significant” risk device is said to have an “abbreviated IDE” or “deemed
approved IDE.”

Humanitarian Use Devices

In addition to the clearance and approval processes described above,
Congress has allowed devices to be approved for marketing under a Hu-
manitarian Device Exemption (HDE). To qualify, a device must be in-
tended for patients with a rare disease or condition for which no compa-
rable device is available that has a 510(k) clearance or an approved PMA
application for the proposed indication (21 USC 360j(m)). “Rare” is de-
fined to mean that the condition affects or is manifested in (causes symp-
toms in) fewer than 4,000 individuals in the United States per year. Among
other requirements, manufacturers seeking an HDE must present evidence
that (1) provides a reasonable assurance of product safety when the device
is used as proposed and (2) indicates that the probable health benefits of the
device outweigh the potential for harm, taking into account the risks and
probable benefits of available alternative therapies. Evidence of effective-
ness is not required.

Granting of an HDE allows a company to market a device as a Humani-
tarian Use Device (HUD). Except in certain emergency situations, such a

8An IRB is a group of qualified individuals charged under federal regulation with protecting
the rights and welfare of people involved in research in accord with federal regulations. IRBs
review and approve plans for research involving humans.
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device can only be used in a health care facility following IRB approval and
continuing review. (The IRB may approve use of the device on a case-by-case
basis or under a research protocol or without any further restrictions.)

As is the case for a PMA application, FDA may order a manufacturer to
conduct further studies as a condition of approval for an HDE (21 CFR
814.126(a), 814.82(a)(2)). For example, when FDA approved an HDE for
the use of a left ventricular assist device with children, it required that the
first 50 children receiving the device be followed to heart transplantation,
death, or other outcome.

Least Burdensome Approach

The FDA Modernization Act of 1997 specified that the procedures and
information required of manufacturers to demonstrate substantial equiva-
lence for 510(k) clearance involve the “least burdensome means” for such
demonstration (21 USC 360c(i)(1)(D)). Likewise, for devices requiring
premarket approval, regulators are to “consider, in consultation with the
applicant, the least burdensome appropriate means of evaluating device
effectiveness that would have a reasonable likelihood of resulting in ap-
proval” (21 USC 360c(a)(3)(D)(ii)). Although the statutory provisions in-
volve premarket clearance and approval processes, FDA has said it will
apply the least burdensome concept to postmarket and other activities as
well (FDA, 2002q, unpaged).

In attempting to put the least burdensome concept into practice, FDA
has stated that it would apply these basic principles. First, “[t]he basis for
all regulatory decisions will be found in sound science and the spirit and the
letter of the law.” Second, “[i]nformation unrelated to the regulatory deci-
sion should not be part of the decision-making process.” Third, “[a]ltern-
ative approaches to regulatory issues should be considered to optimize the
time, effort, and resources involved in resolving the issue consistent with
the law and regulations.” Fourth, “[a]ll reasonable measures should be
used to reduce review times and render regulatory decisions within statu-
tory timeframes.” (All text quoted from FDA, 2002q.)

User Fees

In the Medical Device User Fee and Modernization Act of 2002 (P.L.
107–250), Congress authorized FDA to charge a fee for the review of
510(k) submissions and PMA applications. One major objective was to
help speed the clearance or approval of devices by augmenting FDA re-
sources. In contrast to the provisions for prescription drug user fees, device
user fees are expressly allowed to be used for evaluating condition-of-
approval postmarket studies and identifying safety and effectiveness issues
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for devices (see 21 USC 379i(5)(j) and (k) and 21 USC 379j(h)(2)(A)(ii) for
devices compared to 21 USC 379g(6) for drugs).

The legislation provided a complete waiver of fees for certain reviews
involving pediatric use of a device. Specifically, if a company seeks clear-
ance or approval of a device solely for pediatric use, the fee may be waived.
If the company later seeks to add an adult indication, the user fee would be
assessed at the regular level for a PMA review. If, however, a company has
a device that has been cleared or approved for an adult indication and then
seeks clearance or approval for a use that involves only a pediatric popula-
tion, the fee may be waived.

According to FDA, 32 applications for FDA approval or clearance were
exempted from user fees in FY 2004 (personal communication, Heather
Rosecrans, Director, Premarket Notification, Office of Device Evaluation,
CDRH, January 18, 2005). Two applications involved premarket approv-
als; the other 30 were applications for clearance under 510(k) procedures
(7 of which involved a determination that the product in question was not
a device). User fees do not apply to requests for Humanitarian Device
Exemptions.

Off-Label or Unlabeled Use of Devices

A typical FDA letter granting approval of a PMA application states the
indications for use of the device. Sometimes the approval letter may note
limitations, for example, that the use is for those over a certain age. Like-
wise, each 510(k) clearance letter includes an accompanying “indications
for use” page that states the cleared indications and any limitations on use
(FDA, 2002f).

Once a device is approved or cleared, physicians may use the device for
indications that are not mentioned in the device’s labeling but are not
specifically restricted. Such use is sometimes called “off-label” or “unla-
beled” use (see, e.g., FDA, 1998c, 2002f). It is considered part of the
practice of medicine, which FDA—by statute—does not regulate (21 USC
396; FDA, 1998h).

When General or Special Controls Apply

General controls apply to all three classes of medical devices (FDA,
1998d). They include requirements for actions both prior to and after a
device reaches the market. General controls require device manufacturers to

• register each manufacturing location with FDA;
• list their marketed devices with FDA;
• comply with device labeling regulations;
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9In 1995, FDA issued a proposed rule to establish a mandatory performance standard for
apnea monitors, but the agency withdrew the rule in 2000 (FDA, 2000d). At the same time, it
issued a guidance document on the monitors that described minimum performance, testing,
labeling, and clinical criteria (FDA, 2000a).

• submit premarket notifications unless exempt;
• follow quality system regulations (which incorporate good manufac-

turing practice requirements) in device production;
• adhere to regulations banning adulterated and mislabeled devices;
• comply with regulations related to record keeping and reporting;

and
• follow FDA requirements related to any notifications, recalls, or

other actions associated with a defective device.

FDA can exempt Class I devices from certain general controls, includ-
ing most quality system regulations/good manufacturing practices (21 USC
360c(d)(2)(A)). Examples of Class I devices that are exempt from most such
practices are components of casts (e.g., a cast heel or cast toe cap), manual
toothbrushes, mechanical walkers, and tuning forks used to test for hearing
disorders (FDA, 2004r). Quality system regulations, which apply both prior
to and following the marketing of most devices, are discussed further at the
end of this chapter.

Special controls are intended to ensure the safety and effectiveness of
Class II devices when general controls are not adequate to do so. Specific
controls vary by device type. They may include special labeling require-
ments, guidance documents, performance standards, and required
postmarket studies.

Labeling requirements vary for different kinds of devices. Generally, a
device label must contain information about the name and place of business
of the manufacturer and the device’s intended use or uses. The labeling
should also include adequate directions for the safe use of the device. Devices
aimed at patients or lay caregivers are to have labels that these individuals
can understand and use whether or not they have also received instructions
from health care professionals (FDA, 2001g). For some categories of devices,
such as hearing aids, latex condoms, and menstrual tampons, FDA has estab-
lished specific user or professional labeling requirements as well. In addition
to the usual information about intended uses, hazards, contraindications, and
similar matters, labels for investigational devices must state that they are
limited by law to such uses (21 CFR 812.5(a)).

Mandatory performance standards have been developed for only a
handful of product categories involving electronic or radiation-emitting
products, some of which (e.g., microwave ovens and cell phones) are not
medical devices (21 CFR 1010–1050).9 The only standard for a medical
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device is that for electrode lead wires and patient cables (FDA, 1997a).
Rather than promulgating mandatory performance standards, FDA has
focused on cooperation with other countries and private groups to develop
national and international voluntary, consensus standards (Phillips and
Less, 1999; see also Merrill, 1994).

Based on provisions of the Safe Medical Devices Act of 1990 (P.L. 101–
629), FDA has developed special control guidance documents for several
kinds of Class II devices. For example, when it created a separate device
category for apnea monitors (to distinguish these devices from the generic
category of breathing frequency monitors), FDA presented minimum per-
formance, testing, and labeling recommendations (FDA, 2002m). Other
special control guidance documents have been issued in conjunction with
the reclassification of a device from Class III to Class II, as was recently
done for arrhythmia detector and alarm devices (FDA, 2003h).

Another type of special control, Postmarket Surveillance (as narrowly
defined in section 522 of the Federal Food, Drug, and Cosmetic Act) may
be ordered by FDA for certain Class II or Class III devices. These orders,
which can include the collection of clinical data, are discussed further be-
low and in Chapters 5 and 6. In a 1998 document discussing the elimina-
tion of statutory requirements for Section 522 Postmarket Surveillance for
certain devices, FDA stated that it “will consider the potential to collect
postmarket surveillance data to allow more rapid progress [of a device] to
market” (FDA, 1998g, p. 1).

In addition, as a condition of approval for a device that requires
premarket approval, manufacturers are to provide FDA with an annual
report that describes any changes made to the device during the reporting
period. The report must also include a bibliography and summary of pub-
lished and unpublished reports (that were not part of the PMA application)
of clinical or laboratory studies involving the device or similar devices (21
CFR 814.84(b)(2)). (These requirements do not apply to devices cleared
under 510(k) provisions.) In certain cases, FDA may request copies of the
reports. The summary does not in itself amount to an assessment of the
information reported.

BASICS OF POSTMARKET SURVEILLANCE

In this report, postmarket surveillance for medical devices refers prima-
rily to activities that may be required or promoted by FDA or voluntarily
undertaken by manufacturers or others to learn more about the safety and
effectiveness of marketed medical devices and to respond to safety con-
cerns. Some surveillance activities such as adverse event reporting cover all
classes of medical devices whereas others, notably required postmarket
surveillance studies, are restricted to a small subset of devices.
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As described in more detail below, FDA’s postmarket surveillance pro-
grams include adverse event reporting and analysis, medical device tracking
for certain devices, and focused studies of selected products, including epi-
demiologic and other analyses undertaken or supported by FDA and stud-
ies required of manufacturers. When surveillance activities identify an im-
portant problem with a device, FDA is also responsible for identifying an
appropriate response, for example, a public notice suggesting precautions
for physicians or a request that a manufacturer recall a product.

Beyond these kinds of regulatory postmarket programs, many kinds of
knowledge-building activities may occur after a device is approved for mar-
keting. Such activities may be undertaken or funded by manufacturers or by
other government agencies (e.g., National Institutes of Health [NIH] or Vet-
erans Administration) for primary purposes other than surveillance. Such
purposes include expanding the evidence base for clinical decisions, support-
ing coverage decisions by Medicare or other payers, identifying less costly
ways of delivering health care, or extending the indications for use for which
a device is explicitly approved. Thus, a manufacturer’s self-initiated post-
market study of a device to support FDA approval of a new use arguably
does not meet the definition of surveillance, although such a study might
generate information, including adverse event reports, that is also relevant to
approved indications. Likewise, the investigation of radiation doses to chil-
dren from repeated computer-assisted tomography might be undertaken in
the first instance to generate knowledge to guide clinical practice, but such
knowledge might also prompt adaptations by manufacturers of these devices
and safety guidance from FDA (see, e.g., Feigal, 2001b).

In addition to clinical studies, clinicians may present or publish case
reports of patients who have had a device-related problem that fits the
definition of an adverse event. Although these clinicians may not knowingly
be engaged in surveillance, their case reports may prompt attention from
FDA or manufacturer surveillance programs. One challenge for FDA and
for others interested in early warning of potential safety problems involves
how to take better advantage of physician experiences in recognizing such
problems without creating unduly burdensome or unproductive procedures
or programs. Chapter 4 returns to this issue.

Mandatory and Voluntary Adverse Event Reporting

The Federal Food, Drug, and Cosmetic Act authorizes FDA to establish
a system for the reporting of adverse events associated with legally mar-
keted medical devices (21 USC 360i). Current FDA programs, which cover
all classes of medical devices, provide for mandatory reporting from manu-
facturers, importers, and user facilities and voluntary reporting from oth-
ers, including consumers and health care professionals. (Chapter 4 looks at
adverse event reporting in more depth.)
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The objective of adverse event reporting is to gain information about a
medical device that assists FDA in protecting the public’s health by helping
“to assure that such device is not adulterated or misbranded and to other-
wise assure its safety and effectiveness” (21 USC 360i(a)). Although the
statute uses the words “safety and effectiveness,” the specific reporting
requirements focus on safety.

Mandatory Medical Device Reporting Program

In response to the Medical Device Amendments of 1976, FDA created
the Mandatory Medical Device Reporting (MDR) program (21 CFR 803)
for device manufacturers and importers.10 The implementing regulations
became effective in 1984.11 The Safe Medical Devices Act of 1990 ex-
panded reporting obligations to cover hospitals and other “user facilities”
and device distributors. The Medical Device Amendments of 1992 (P.L.
102–300) added definitions of certain terms and established a single report-
ing standard for device manufacturers, distributors, and user facilities. Sub-
sequently, the FDA Modernization Act of 1997 eliminated most reporting
requirements for distributors, although they are required to maintain com-
plaint files that include reports of adverse events (FDA, 2001i; 21 CFR
803.18(d)). The 1997 amendments also provided for a new surveillance
system for user facilities as described later in this chapter.12

10In 1973, FDA created a limited, voluntary adverse event reporting program, the Medical
Device Laboratory Product Problem Reporting Program (PRP). The program was replaced by
the mandatory program in 1984 (Gardner and Flack, 1999).

11In addition to these requirements, FDA also requires reporting of adverse device reaction
and device defect reports under regulations specifying post-approval requirements for manu-
facturers that are intended “to provide reasonable assurance, or continued reasonable assur-
ance, of the safety and effectiveness” of an approved device (21 CFR 814.82(a)(9)). Reporting
is required when the manufacturer learns of (1) a “mix-up” of the device or its labeling with
another product; (2) an “adverse reaction, side effect, injury, toxicity, or sensitivity reaction
that is attributable to the device” and that either is not covered by the device’s labeling or is
covered by labeling but is unexpectedly more severe or frequent; or (3) “any significant
chemical, physical or other change or deterioration in the device, or any failure of the device
to meet the specifications established in the approved PMA that could not cause or contribute
to death or serious injury but are not correctable by adjustments or other maintenance proce-
dures described in the approved labeling” (FDA, 2002e, unpaged). If the deterioration or
other change can be corrected by procedures described in the device’s labeling, then the
manufacturer can report the event in its annual report. If reporting is required under these
provisions and the MDR provisions, FDA specifies that the MDR provisions shall apply so
that duplicate reports are not submitted.

12As of July 13, 2005, a “plain language” statement of the reporting rules was in effect,
which might change some citations of regulations in this chapter (Federal Register, June 15,
2005, p. 34652).
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Box 3.1 defines several terms used in the reporting regulations. Under
FDA regulations, home health care agencies are considered to be user facili-
ties. Those who supply medical equipment to patient’s homes are consid-
ered to be distributors.

Box 3.2 summarizes adverse event reporting requirements for medical

BOX 3.1
Selected Definitions Related to Medical

Device Reporting Requirements

Manufacturer
One who manufactures, prepares, propagates, compounds, assembles, or
processes a device by chemical, physical, biological, or other procedure. Also
includes U.S. agents of foreign manufactures, those who establish specifica-
tions for devices manufactured by another party and who then distribute those
devices, and those who repackage or otherwise change the container, wrap-
per, or labeling of a device.

Importer
One who imports a device into the United States and who furthers the market-
ing of a device from the original place of manufacture to the person who
makes final delivery or sale to the ultimate user. Does not include those who
repackage or otherwise change the container, wrapper, or labeling of the
device or device package.

Distributor
One who furthers the marketing of a device from the manufacturer to the
entity that makes final delivery or sale to the ultimate user.

Device user facility
A hospital, ambulatory surgical facility, nursing home, outpatient diagnostic
facility, or outpatient treatment facility.a Does not include physician’s offices,
school nurse offices, or employee health units.

Reportable event
(1) An event about which a user facility becomes aware of information that
reasonably suggests that a device has or may have caused or contributed to
a death or serious injury; or
(2) An event about which a manufacturer or importer has received or be-
come aware of information that reasonably suggests that one of its market-
ed devices:

(a) may have caused or contributed to a death or serious injury; or
(b) has malfunctioned and that the device or a similar device marketed
by the manufacturer or importer would be likely to cause or contribute to
a death or serious injury if the malfunction were to recur.
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device manufacturers and importers.13 In general, regulations require that
they (1) report deaths and serious injuries that a device has or may have

13For a device designed and labeled for single use that is reprocessed, the manufacturer for
purposes of adverse event reporting is the entity that does the reprocessing (e.g., a reprocess-
ing company or a health care facility that does its own reprocessing) (FDA, 2004q).

Serious injury
An injury or illness that (1) is life threatening, (2) results in permanent impair-
ment of a body function or permanent damage to body structure, or (3) requires
medical or surgical intervention to preclude permanent impairment or damage.

Caused or contributed
When a death or serious injury was or might have been attributed to a med-
ical device or when a medical device was or might have been a factor in a
death or serious injury, including events that result from

(1) failure,
(2) malfunction,
(3) improper or inadequate design,
(4) manufacture,
(5) labeling, or
(6) user error.

User errorb

An error made by the person using the device that may be the sole cause of
or merely a contributor to a reportable event.

Complaint
A written, electronic, or oral communication that alleges deficiencies related
to the identity, quality, durability, reliability, safety, effectiveness, or perfor-
mance of a device after it is released for distribution.

Remedial action
An action, other than routine maintenance or servicing of a device, that is
necessary to prevent recurrence of a reportable event.

aNursing homes primarily provide skilled nursing care and related services for persons
who require medical or nursing care. They may also provide hospice care to the terminally ill or
rehabilitative services. Outpatient treatment facilities provide nonsurgical therapeutic (medical,
occupational, or physical) care on an outpatient basis or in a home health care setting. The
category includes ambulance providers, rescue services, and home health care agencies.

bThe term “user error” was defined in a guidance document rather than regulations (FDA,
1997b). The generally preferred term is now “use error,” which is consistent with a systems
perspective that deemphasizes individual blame for errors and focuses on circumstances that
put users of a device at risk of making errors.

SOURCES: 21 CFR 803.3 and 820.3(b).
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caused or played a role in causing, (2) report device-related malfunctions
that could cause a death or serious injury, (3) establish and maintain ad-
verse event and complaint files, and (4) submit certain follow-up or sum-
mary reports to FDA. In contrast to the provisions for adverse drug event
reporting, the reporting requirements for medical devices do not distinguish
between expected (e.g., listed in a drug’s labeling) and unexpected adverse
events (21 CFR 314.80; FDA, 2001f).

In their reports, manufacturers must include information about whether
a device was returned and evaluated, the method and findings of evalua-
tion, and any remedial action such as a recall or labeling change. In addi-
tion to requirements for adverse event reporting, separate “quality system”
regulations include requirements for timely review and evaluation of com-
plaints and for maintenance of complaint files (21 CFR 820.198).

Manufacturers are not required to report all complaints or informa-
tion received but rather must evaluate this information to determine
whether it involves a reportable event. Companies may receive informa-
tion or complaints by telephone, fax, mail, or e-mail from consumers,
health care workers, health care facilities, vendors, or their own sales or
service representatives or other employees. They may also become aware
of possible problems through scientific articles, news reports, professional
conference presentations, or communications from FDA or other govern-
ment agencies.

BOX 3.2
Medical Device Reporting Requirements

for Device Manufacturers

1. Report individual adverse events to FDA within 30 calendar days after
learning of a reportable death, serious injury, or device malfunction;

2. Report individual adverse events within 5 working days after learning of
(a) an event that requires remedial action to prevent an unreasonable risk of sub-
stantial harm to the public health or (b) an event for which FDA has made a written
request for reports;

3. Submit supplemental reports within 1 month after obtaining additional in-
formation that was not provided in an initial event report;

4. Submit baseline reports that provide basic information (e.g., brand name,
model number) about a device after the first reportable event involving that device;

5. Provide annual updates of changes in baseline information;
6. Maintain complete medical device reporting files that include, among other

items, information about deliberations and processes used to determine whether
an event was reportable; and

7. Develop and follow written procedures for reporting adverse events.

SOURCES: 21 USC 360i; 21 CFR 803.10; FDA, 1997b, 2000f.
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Box 3.3 summarizes reporting requirements for user facilities (as de-
fined in Box 3.1). (The requirements apply to devices, but not to drugs or
biologics for which reporting is voluntary.) User facilities must report deaths
to both FDA and the manufacturer but need to report serious injuries to
FDA only if they do not know the manufacturer of the device. Unlike
manufacturers, facilities are not required to report device malfunctions
unless they actually cause death or serious injury. That is, they need not
report close calls that had the potential to cause serious harm, although
reporting of such close calls is increasingly recognized as providing an
opportunity to make changes in systems or devices to prevent harm (see,
e.g., IOM, 2000c; Wald and Shojania, 2001a). In addition, the regulations
do not require facilities to investigate adverse events, although they may do
so under their own patient safety policies and procedures or voluntary
accreditation standards.

FDA has emphasized that the privacy provisions of the Health Insur-
ance Portability and Accountability Act of 1996 (P.L. 104–191) should not
“disrupt or discourage adverse event reporting” (FDA, 2003b, unpaged).
That legislation explicitly allows for the reporting to FDA and manufactur-
ers of adverse events and other information related to the quality, effective-
ness, and safety of FDA-regulated products. The forms and procedures for
mandatory reporting are described further in Chapter 4.

The adverse event reporting regulations described above do not apply
to investigational devices. Rather, FDA regulations that govern use of in-
vestigational devices require that researchers report any adverse device “ef-
fect” to the research sponsor and the Institutional Review Board that ap-
proved the research (21 CFR 812.150; see also 21 CFR 812.46(b)). Sponsors
are then to evaluate such reports and, in turn, report “unanticipated ad-
verse device effects” to FDA and all participating investigators and review-

BOX 3.3
Medical Device Reporting Requirements for User Facilities

1. Report to both FDA and the manufacturer within 10 working days any
death that a device might have caused or to which it might have contributed;

2. Report to the manufacturer (or to FDA if the manufacturer is not known)
within 10 work days any serious injury that a device might have caused or to which
it might have contributed; and

3. Provide annual summary to FDA of the number of adverse events (deaths
or serious injuries) reported to FDA or manufacturers.

SOURCES: 21 USC 360i; 21 CFR 803; FDA, 2001i.
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ing IRBs. Some clinical trials have special data monitoring committees
(or—in NIH terminology—data and safety monitoring boards) with special
responsibilities for monitoring the safety of clinical trials, including evaluat-
ing adverse event reports and outcome data. FDA has issued guidance on
the use of such bodies (FDA, 2001c).

Alternative Summary Reporting for Manufacturers

Although required reporting is not limited to unexpected adverse events
involving medical devices, FDA is most interested in the detection of unex-
pected, serious problems or recognized problems that are occurring more
frequently than expected (e.g., given the data from clinical studies on which
marketing approval was based). FDA has created an Alternative Summary
Reporting program that allows manufacturers to submit abbreviated re-
ports for certain well-known and well-documented problems. Examples
include breast implant ruptures and shearing of central line catheters (FDA,
2004b).

Approximately 80 manufacturers and 40 different types of classified
devices were participating in this alternative reporting program in 2004
(personal communication, Thomas P. Gross, M.D., Director, Division of
Postmarket Surveillance, CDRH, October 8, 2004). Participation in the
program requires FDA agreement (FDA, 2000c). Summary reports do not
include information that allows identification of events involving children.

Voluntary Reporting for Health Professionals and Consumers

In addition to the mandatory reporting requirements for manufactur-
ers, importers, and user facilities, FDA also provides health professionals
and consumers the opportunity to report adverse events on a voluntary
basis through its MedWatch program.14 (See Chapter 4 for further discus-
sion.) MedWatch covers drugs, biologics, and nutritional supplements as
well as devices. It also provides information about medical product safety,
including recall announcements and safety advisories. The introductory
online reporting information provided to health care professionals empha-
sizes that MedWatch is not to be for reporting adverse events associated
with clinical studies, vaccines, veterinary products, or mandatory reporting

14The MedWatch website also includes information and forms for mandatory reporting.
FDA uses the term medical device reporting or MDR to refer to mandatory reporting while
describing MedWatch as its program for voluntary reporting for consumers and health pro-
fessionals (FDA, 2002l). The MedWatch website, however, has the banner “The FDA Safety
and Adverse Event Reporting Program” (see website at http://www.fda.gov/medwatch/).
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situations (FDA, 2004z). A separate reporting system exists for vaccines,
the Vaccine Adverse Event Reporting System (VAERS), which is managed
jointly by FDA and the Centers for Disease Control and Prevention
(CDC).15

Adverse Event Information Available to the Public

FDA maintains electronic files of adverse event reports for its own use.
It makes a subset of the information available for public access. The Manu-
facturer and User Facility Device Experience (MAUDE) database includes
all voluntary consumer and professional adverse event reports since June
1993, user facility reports since 1991, distributor reports since 1993, and
manufacturer reports since August 1996. Manufacturer reports for 1992
through July 1996 are maintained in the Device Experience Network data-
base.

Before information from adverse event reports is made available to the
public, FDA deletes

• information involving trade secrets or confidential commercial or
financial data;

• personal medical or other information (including the serial number
of implanted devices) that could identify individual patients or family mem-
bers; and

• identifying information about consumers or health care workers who
submit a voluntary report.

To protect patient privacy, records in the FDA public file do not in-
clude categories of potentially identifying patient information from the
reporting forms, for example, patient birth date, age, weight, or sex. In
some cases, the narrative information for an individual adverse event report
may make it evident (by using terms such as child, baby, or infant) that a
child was involved. Although FDA staff have access to the complete infor-
mation, the deletions mean that users of the public files are more limited in
their ability to identify reports involving children. As noted above, HIPAA

15Congress established VAERS in the National Childhood Vaccine Injury Act of 1986 (P.L.
99–660). The legislation required health professionals as well as manufacturers to report, and
reports are also submitted by state and local health departments and by patients and parents.
Following direct mailings, continuing medical education, and other efforts to increase report-
ing by professionals, the proportion of all reports that were attributed to health care profes-
sionals increased from 11 percent in 1991 to 35 percent in 2001 (Zhou et al., 2003). The
1986 legislation also created a no-fault compensation system for people thought to have been
injured as a result of certain recommended childhood immunizations.
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privacy provisions explicitly allow for adverse event reporting as set forth
in FDA regulations. (Confidentiality and trade secret issues are discussed
further below.)

Pilot Program for Adverse Event Reporting: MedSun

As discussed in Chapter 4, passive surveillance systems have a number
of limitations as means of monitoring the safety of medical devices after
they have reached the market. Limitations in user facility reporting have
been a particular concern. According to FDA, manufacturers reported 980
device-related deaths to the agency in 1998 while user facilities reported
277 such deaths that year. FDA concluded that the discrepancy between the
two figures is “one measure of underreporting” by user facilities (Gardner
and Flack, 1999, unpaged).

The FDA Modernization Act of 1997 directed FDA to develop a new
system for adverse event reporting by a subset of user facilities that offers a
“representative profile of user reports” of deaths and serious illnesses or
injuries related to a device (21 USC 360i(b)(5)). The legislation did not
otherwise specify the characteristics of this new system, which, when fully
implemented by regulation, is to replace the existing requirements appli-
cable to all user facilities.

Prior to the 1997 legislation, FDA had already begun work on a senti-
nel surveillance system based on an analysis of problems with the existing
reporting system. It launched an initial pilot study (Devicenet) that involved
some 23 health care facilities in the Washington/Baltimore and Raleigh/
Durham areas plus one Boston hospital (Gardner and Flack, 1999). In a
second phase starting in 2002, FDA began to recruit a larger number of
facilities, primarily from the East Coast. By the end of 2004, recruitment
had extended to the West Coast, and more than 300 facilities were partici-
pating (FDA, 2004b; personal communication, Marilyn Flack, M.A., Policy
Analyst, CDRH, January 3, 2005). This expanded system is known as the
Medical Product Surveillance Network or MedSun.

MedSun participants agree to submit both mandatory and voluntary
user facility reports. If participants submit an adverse event report that is
mandated under current regulations, MedSun staff forward the report to the
manufacturer. For voluntary reports (e.g., “close calls” that do not result in
harm), participants can tell MedSun staff whether they want such reports to
be forwarded or not (although FDA encourages such forwarding).

After FDA has gained extensive experience with MedSun and before
writing new regulations for user facility reporting, the agency will evaluate
the program to determine which aspects are most useful in promoting
reliable, accurate reporting of adverse device events. The pilot program is
discussed further in Chapter 4.
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Required Postmarket Surveillance Studies and
Condition-of-Approval Studies

As discussed in Chapter 1, Section 522 of the Federal Food, Drug, and
Cosmetic Act uses the term Postmarket Surveillance to describe one type of
surveillance, specifically, studies and other information collection that FDA
may require manufacturers to undertake to gather additional safety and
efficacy data for a small group of Class II and Class III devices (21 CFR
822). As originally provided for in the Safe Medical Devices Act of 1990,
such surveillance was required for devices introduced into interstate com-
merce after January 1, 1991, that were (1) permanent implants that could
cause serious adverse outcomes or death if they failed, (2) devices intended
for use in supporting or sustaining human life, or (3) devices that presented
a potential serious risk to human health. The legislation also provided that
FDA could require this kind of Postmarket Surveillance for other devices,
regardless of the date introduced to the market, if FDA deemed it necessary
to protect the public health.

The FDA Modernization Act of 1997 eliminated the provisions for
required Section 522 Postmarket Surveillance. Instead, it gave FDA the
discretion to order studies or other information collection for any Class II
or Class III device that (1) would be reasonably likely to have serious
adverse health consequences if it failed; (2) is intended for implantation for
more than 1 year; or (3) is intended to be life sustaining or life supporting
and to be used outside a health care (“device user”) facility. Devices in the
last category include those intended to be used at home. The legislation also
provided for greater latitude in the methods that could be used in undertak-
ing this kind of surveillance activity. According to FDA guidance, ap-
proaches might include a review of scientific literature, analysis of second-
ary datasets (e.g., Medicare data), nonclinical testing of a device, analysis of
a manufacturer’s complaint file for a device, and various types of experi-
mental or observational studies (FDA, 1998g).

In 1998, FDA announced the end of mandatory Postmarket Surveil-
lance for several device categories, including pacemakers (generators), re-
placement heart valves, and coronary vascular stents (FDA, 1998e). Re-
quirements continued for several other devices, including silicone breast
implants, pacemaker leads, and temporomandibular joint prostheses. Ac-
cording to FDA staff, only two Section 522 Postmarket Surveillance studies
have been ordered since the 1997 legislation (Tillman and Gardner, 2004).
(See Chapter 5 for further discussion of these studies.)

As described by FDA, the primary objective of this particular type of
surveillance “is to study the performance of the device after marketing as it
is to be used in the general population for which it is intended . . . [with a
focus on] morbidity or mortality . . . [and on] device failure and its atten-
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dant impact on the patient” (FDA, 1998b, unpaged). The criteria FDA
considers in determining whether to order this kind of surveillance include
the existence of an important unanswered surveillance question (e.g., how
well home users of a device retain training for devices that have moved
from professional to home use), the potential for other postmarket tools to
answer the question, significance of the risk to public health related to the
question, and the feasibility of a study (FDA, 1998g). Manufacturers or-
dered to conduct a Section 522 Postmarket Surveillance study must submit
a surveillance plan for approval within 30 days of receiving the order.

Section 522 studies are not explicitly required to have IRB approval or
informed consent (in contrast to IDE investigations, which are covered by
Section 520(g). Although FDA regulations do not mention IRB review and
approval of postmarket clinical studies, they do not explicitly exclude them
from such requirements (21 CFR 56.104). FDA has said that its review of a
manufacturer’s plans for required postmarket surveillance would consider
whether appropriate patient protections are needed and included (FDA,
2002o). Depending on the specifics of the surveillance plan, other federal
regulations or research institution policies may require IRB review even if
FDA does not.

As noted above, only two Section 522 studies have been ordered in
recent years. More common are study requirements imposed at the time a
PMA application is approved. Although these condition-of-approval stud-
ies necessarily take place after a device has entered the market, the studies
traditionally have not been considered part of the postmarket surveillance
program. Recently, however, the agency shifted responsibility for monitor-
ing and evaluating these studies from the Office of Device Evaluation to the
Office of Surveillance and Biometrics.

Medical Device Tracking

The tracking of medical devices is intended to assist the prompt notifica-
tion of users when a device presents a serious, immediate risk to health and to
speed the recall of such a device when appropriate. The Safe Medical Devices
Act of 1990 required that certain medical devices (those with the same char-
acteristics as those for which the legislation required postmarket surveillance
studies) be tracked so their location could be determined if needed. The FDA
Modernization Act of 1997 made tracking of such devices discretionary. In
the following 2 years, FDA rescinded dozens of mandatory device tracking
orders across several product categories (FDA, 1998a).

In considering whether to issue a tracking order, FDA may consider the
likelihood that a device will experience a sudden, catastrophic failure; the
potential for a significant adverse health outcome in the event of such a
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failure; and the potential need for prompt professional intervention in such
a situation (FDA, 2003j). Such orders may apply to devices already on the
market or to newly cleared or approved devices. FDA now requires track-
ing for 12 implantable devices, including temporomandibular joint prosthe-
ses, implantable pacemaker pulse generators, mechanical heart valves, and
implantable infusion pumps (FDA, 2003j). It also has required tracking for
four devices used outside hospitals and similar facilities. The requirement
covers ventricular bypass assist devices, breathing frequency monitors, con-
tinuous ventilators, and direct-current defibrillators and paddles.

Manufacturers should be able to provide key information to FDA about
the location of a tracked device within 10 working days for devices that
have already been distributed to patients and within 3 days for those that
have not. For tracked devices not intended for reuse, required information
includes the name and contact information for the patient, the prescribing
physician, the physician who is following the patient, and all distributors of
the device. For a device intended for reuse, the manufacturer must be able
to provide information about the distributor, the patient currently using the
device (if available), the prescribing physician, and the date the device is
returned to the manufacturer, destroyed, retired from use, or remarketed.
Tracking continues for the life of the device, unless FDA rescinds the track-
ing order. Device distributors, including hospitals and physicians that sup-
ply tracked devices to patients, must make their tracking records available
to manufacturers when requested. Patient consent for tracking is not re-
quired, but patients may refuse to provide or authorize release of their
personal information for purposes of having their device tracked.

RESPONSES TO POTENTIAL SAFETY PROBLEMS

When it is reasonably clear that a problem exists, understanding that
problem and evaluating an appropriate response may take considerable
analysis. For example, after a 6-year-old boy suffered fatal skull injuries
when a magnetic resonance imaging (MRI) scanner pulled an oxygen device
into the scanner’s magnetic field, what is now the Office of Science and
Engineering Laboratories studied the effects of large magnetic fields on
such devices and found that effects were too inconsistent to support general
conclusions (OST, 2002). The broader problem of MRI magnetization of
nearby metal items, including certain implanted medical devices, has been
recognized by FDA, clinicians, and manufacturers for many years (FDA,
2001k). Various groups, including FDA, ECRI, American College of Radi-
ology, and International Electrotechnical Commission (which publishes in-
ternational standards for electrical, electronic, and related technologies)
have issued safety guidance and standards for MRI use.
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FDA and manufacturers have several options in responding to an iden-
tified safety problem. Responses may differ depending on whether the prob-
lem is newly recognized or already known.

Recalls and Corrections

Once a manufacturer or FDA concludes that a problem with a device
exists, several steps are possible. At one extreme, a manufacturer may recall
all units of a device and cease manufacturing it temporarily or permanently.
For example, after a children’s hospital reported a number of infections
following use of a device for detecting carbon dioxide in tissues and then
identified an infectious agent in the saline packaging for the device, the
manufacturer issued a voluntary recall of the device and ceased production
pending determination of the source of the contamination problem (Tyco,
2004; also FDA, 2004u).

To cite another example, a manufacturer of a disposable blood pres-
sure cuff for neonates recalled some 26,000 units after problems were noted
with the inflatable portion of the cuff (FDA, 2004g). Subsequently, after
FDA noted deficiencies in good manufacturing practices, the company ini-
tiated another recall of more than 220,000 units (FDA, 2004f). Recalls may
involve only certain specific lots or units, for example, units that were
affected by a transient and since-corrected manufacturing problem.

One recent recall involved only the revised instructions for use of a
stent that had been cleared for treatment of certain bile duct obstructions
(Cordis, 2004). The recall was based on two concerns: first, the revised
instructions involved indications for vascular use that had not been cleared
by FDA, and second, several injuries and malfunctions had been reported
with use of the device outside of the approved indications (FDA, 2004s).

Recalls may be undertaken at a manufacturer’s own initiative, as a
result of an FDA request, or—rarely—after an FDA order. The agency
almost always relies on voluntary manufacturer action to recall hazardous
products. Voluntary device recalls not undertaken at the request of FDA
must be reported to the agency if they meet certain requirements specified
in the regulations (21 CFR Part 806.10) (see Class I or Class II recalls, as
defined below). FDA has the statutory authority to order a recall of a
medical device under very restricted circumstances—only after a finding
that there is a reasonable probability that a device “would cause serious,
adverse health consequences or death” and when certain other conditions
are met (e.g., a company refuses to recall a product voluntarily following an
agency request (21 CFR 810.10).

FDA guidelines categorize recalls into three classes based on the extent
of the hazard (FDA, 2004j). They are
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16FDA’s MedWatch website lists safety-related changes in labeling for drugs but not for
devices (see FDA, 2005d). To cite a well-publicized example, in March 2004 FDA issued a
public health advisory that asked manufacturers to change the labels of several antidepressant
drugs to warn physicians to monitor patients for worsening of depression and evidence of
suicidal thoughts or behavior (FDA, 2004l; see also FDA, 2004k).

• Class I recalls involve dangerous or defective products that have a
reasonable probability of causing serious health problems or death. Ex-
ample: recall of the carbon dioxide sensor described above. Example: recall
of a ventilator for a malfunction that might result in overpressure, culmi-
nating in serious injury or death in patients whose body weight is less than
20 kilograms (FDA, 2000e).

• Class II recalls involve products that might be expected to cause a
temporary health problem or that pose only a slight threat of a serious
nature. Example: recall of certain unimplanted cochlear implants because
of the potential presence of moisture in the internal circuitry of the devices,
which could cause loss of function (FDA, 2004i).

• Class III recalls involve products that are unlikely to cause any
adverse health reaction but that violate FDA labeling or manufacturing
regulations. Example: a nephroureteral stent system that was mislabeled as
to size (FDA, 2004h).

Depending on the danger involved, FDA may or may not publicize a
manufacturer recall beyond including the information in its list of enforce-
ment actions (which can be found at http://www.fda.gov/po/enforceindex/
2004enforce.html). Likewise, the intensity of FDA monitoring of the recall
process varies depending on the risk presented by the device problem
(Blevins, 2003). Recently, FDA began issuing press releases for all Class I
recalls (personal communication, Thomas P. Gross, M.D., Director, Divi-
sion of Postmarket Surveillance, CDRH, May 13, 2005).

Rather than seeking the physical removal of a device from user facilities
(or from patients, in the case of some implants), a manufacturer may insti-
tute a correction, a type of recall that involves the “repair, modification,
adjustment, relabeling, destruction, or inspection (including patient moni-
toring) of a product without its physical removal to some other location”
(FDA, 2002i, unpaged).16 A correction might involve a manufacturer repre-
sentative visiting affected facilities and replacing or otherwise fixing a mal-
functioning device. A corrective action, in contrast, is intended to eliminate
the basic cause of the problem, for example, through redesign of a device.
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Public Health Notifications

For many device-related problems, a less dramatic response than a
recall is appropriate. One option is for FDA to issue a Public Health Noti-
fication, a term that FDA has recently decided to apply comprehensively to
what had been distinguished as Safety Alerts, Public Health Notifications,
and Public Health Advisories (Schultz, 2004). (All notifications since 1983
are provided or listed at http://www.fda.gov/cdrh/safety.html#web).

The information provided in Public Health Notifications is quite var-
ied. Some notifications involve individual products (e.g., a particular brand
of drug-eluting stent), whereas others concern a general type of product
(e.g., hospital beds). Notifications may discuss newly identified problems
(e.g., the notification about meningitis linked to cochlear implants, which
included recommendations for recognizing the condition, treating it, and
vaccinating to prevent it (Pressly, 2003)). As discussed below, notifications
may also provide safety tips or information related to previously recognized
problems.

Information included in a Public Health Notification may be dissemi-
nated to user facilities, health professionals, health educators, and consumers
in various ways designed to fit the topic and the audiences. Methods include
letters, e-mail notifications, items in FDA electronic newsletters, posting on
various FDA webpages, press releases, articles and other communications in
professional journals, and conference and other presentations.

Consistent with FDA requirements, manufacturers likewise may use a
number of strategies for alerting user facilities, professionals, or consumers
about device problems, including phone calls and certified letters. For noti-
fications that do not involve company-initiated recalls and other actions,
FDA does not require companies to disclose the existence of a Public Health
Notification about their product, although they may do so voluntarily.

Device Redesign and Preventive Design

Again, depending on the nature of an identified problem and discus-
sions with FDA and others, a manufacturer may respond to a problem by
modifying the design of a device (e.g., relocating or shielding a switch,
discontinuing the use of a troublesome material) or changing the manufac-
turing process (e.g., redesigning sterilization procedures). Analyses under-
taken by FDA of data on device recalls from 1983 to 1989 found that more
than 40 percent of the quality problems that prompted recalls could be
traced to product design deficiencies (FDA, 1990). That same year, another
study conducted by the Inspector General of the Department of Health and
Human Services reached similar conclusions (OIG, 1991).

Depending on initial information, FDA staff may become involved in
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analyses of the design of devices associated with multiple adverse event
reports. Examples include glucose meters, infant apnea monitors, ventila-
tors, and infusion devices (Wiklund, 2003). Although not expressed in
terms of design changes per se, in 2002 FDA issued a guidance document
for apnea monitors that identified risks to health associated with the moni-
tors and recommended device features or testing procedures to mitigate
each risk (FDA, 2002c).

In addition to considering whether design problems have contributed
to reported adverse events, FDA also seeks to prevent safety problems
related to design deficiencies. Quality system regulations, which apply to
the development and manufacture of devices (and, thus, apply both before
and after a device is marketed), emphasize the detection and correction of
problems during the manufacturing process. The goal is to prevent the
problems that would trigger a recall or Public Health Notification.17

Responses to Familiar Problems

As noted above, the focus of adverse event reporting and other post-
market surveillance activities is on the detection of unexpected, serious prob-
lems or recognized problems occurring more frequently than expected. Some-
times, however, the agency targets familiar, well-recognized problems for
special initiatives and collaborations with other public and private groups.

For example, in 2001, FDA issued a notice on reducing the radiation
risk from computed tomography for pediatric and small adult patients
(Feigal, 2001b). The agency acknowledged that the recommendations were
not new, but it decided it was important to emphasize that radiation doses
for small patients should be kept as low as possible, consistent with achiev-
ing clinical objectives.

On another front, FDA has created a home health care committee to
review what FDA has done and might do to respond to problems with the use
of complex medical devices in the home (see, FDA, 2004c). The agency has
recognized that the use of sophisticated medical devices in the home, while an
accepted and necessary part of modern health care, “adds an additional level
of risk of unintended adverse events” (Arcarese, 2002a, unpaged). Based on
discussions with a range of interested parties, the home health committee has
decided to focus in particular on safe use of infusion pumps in the home. It

17The relevance of design controls to the prevention of safety problems is suggested by this
FDA description of what might be required of a manufacturer planning a new defibrillator for
use by hospital and emergency medical personnel. “Designers would have to consider all
aspects of use in both settings . . . [including] storage temperatures in the ambulance, road
shock and vibration, two-way radio interference, electrical noise generated by the siren and
many other factors” (FDA, 1996a, unpaged).
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has asked pump manufacturers to provide basic information and use instruc-
tion for every infusion pump marketed since 1984. The information will be
included on the committee’s website to allow ready access to such informa-
tion by patients, family members, and home care nurses.18

CONFIDENTIALITY OF INFORMATION OBTAINED BY FDA

Much information that FDA receives is confidential or is treated as
confidential. The scope of agency confidentiality requirements or practices
has been a prominent focus of criticism during recent controversies about
the availability of information from postmarket studies of drugs. As dis-
cussed in Chapters 5 and 6, the committee’s efforts to learn more about the
status or findings of postmarket studies ordered by FDA were limited by
agency confidentiality policies (as well as by the agency’s lack of an ad-
equate study monitoring system).

Confidentiality protections for information submitted to FDA are pro-
vided by three key federal statutes: the Federal Food, Drug, and Cosmetic
Act (21 USC 301 et seq.), the Freedom of Information Act (5 USC 552), and
the Trade Secrets Act (18 USC 1905). Implementing regulations clarify how
these protections apply to study protocols and to preclinical and clinical
study data, as well as to information relating to product design, product
composition, and manufacturing methods and processes. Confidentiality
provisions of the Privacy Act (5 USC 552a) also restrict the disclosure of
information about individuals, including patients and health care person-
nel. Confidential information can, of course, be leaked or released mistak-
enly, but the provisions described here normally operate as intended to
restrict disclosure of covered categories of information.

FDA personnel are prohibited from disclosing (or from using to their
own advantage) information acquired under their statutory authority that
concerns “any method or process which as a trade secret is entitled to
protection”19 (21 USC 331(j)). This provision covers information acquired
by FDA under investigational device exemption applications, 510(k) pre-
market notifications, and premarket approval applications, or otherwise
acquired under authority of various statutory provisions. The provision
does not expressly include Section 522, which authorizes FDA to require

18The home care committee has already issued a pamphlet for consumers on blood glucose
monitors and prepared a checklist for consumers to promote safe use of devices in the home
(FDA, 2003m).

19This provision does not authorize the withholding of information from the U.S. House of
Representatives, Senate, or a committee or subcommittee thereof with jurisdiction over the
specific subject matter.
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postmarket surveillance and requires a manufacturer to submit a plan for
the required surveillance (21 USC 360(l)). FDA, however, treats such plans
as protected from public disclosure under provisions of the Freedom of
Information Act and FDA’s implementing regulations. Interim and final
reports of postmarket surveillance studies or data are treated similarly,
although limited findings may be made public in connection with a safety
advisory, the approval of a new indication for a product’s use, a labeling
change, or similar action. Data and information relating to postmarket
studies conducted under an IDE would be protected consistent with the IDE
confidentiality regulations.

More broadly, the federal Trade Secrets Act prohibits federal employ-
ees from disclosing information which “concerns or relates to the trade
secrets, processes, operations, style of work, or apparatus or to the identity,
confidential statistical data, amount or source of any income” or other
financial information of any person or company (18 USC 1905). The Trade
Secrets Act is a criminal statute. Likewise, a violation of disclosure provi-
sions of the FDA statute (21 USC 331(j)) is subject to criminal penalties (21
USC 333(a)). Congress can, however, request or subpoena information
including trade secret and confidential commercial information, and that is
not subject to 331(j) nondisclosure.

In addition, FDA can require that a summary of safety and effectiveness
information be submitted to document the basis for premarket approval,
and the agency can release the summary to the public once it has issued an
approval order. Such a summary “shall include information respecting any
adverse effect on health of the device” (21 USC 360j(h)(2)). Much of the
committee’s understanding of the kinds of studies submitted to support
PMA approvals was obtained by reading individual approval summaries,
which are posted on the CDRH website.

Otherwise, by statute, information contained in a PMA application is
to be held confidential and is not to be used by FDA to approve another
manufacturer’s PMA application, to establish a performance standard or
special control, to reclassify a device, or to approve a product development
protocol (21 USC 360j(c)). An exception is that information from preclini-
cal or clinical tests or studies that demonstrate safety or effectiveness can be
used by FDA for these purposes 6 years after the approval of the PMA
application, but this exception does not cover information regarding “meth-
ods of manufacture and product composition and other trade secrets” (21
USC 360(j)(h)(4)).

An FDA regulation provides confidentiality protections for PMA filings
(21 CFR 814.9). It provides that the existence of a PMA filing will not be
disclosed by FDA if its existence has not been disclosed by the applicant, up
until the time the PMA application is approved or denied approval. An
exception permits FDA to disclose a summary of portions of the safety and
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effectiveness data prior to approval “if disclosure is relevant to public
consideration of a specific pending issue” (21 CFR 814.9(d)(1)). After ap-
proval, FDA can disclose certain information in the PMA application, ex-
cept for trade secret or confidential commercial information. FDA can
disclose: (1) safety and effectiveness data “previously disclosed to the pub-
lic”; (2) a protocol for a test or study “unless the protocol is shown to
constitute trade secret or confidential commercial or financial information”
protected under the Freedom of Information Act and implementing regula-
tions; (3) adverse reaction reports, consumer complaints, and similar data
and information—but only after deleting trade secret or confidential com-
mercial or financial information and deleting personnel, medical, and simi-
lar information the disclosure of which would constitute an unwarranted
invasion of personal privacy; (4) assay methods and other analytical meth-
ods, unless they do not serve a regulatory purpose and they are trade secret
or confidential commercial information; and (5) a list of components previ-
ously disclosed to the public. FDA cannot disclose: (1) safety and effective-
ness information not previously disclosed to the public that constitute trade
secret or confidential commercial information; (2) manufacturing methods
or processes, including quality control procedures; (3) quantitative or semi-
quantitative formulas; and (4) production, sales, distribution, and other
similar data and information.

Data and information contained in an IDE is handled in accordance
with the PMA regulation in Section 814.9 (21 CFR 812.38(d)). Similar
confidentiality provisions apply to data and information contained in a
510(k) notification and disclosure of the existence of a 510(k) notification
prior to its clearance (21 CFR 807.95). An exception exists under all these
regulations that permits FDA to disclose a summary of portions of the
safety and effectiveness data prior to approval or clearance “if disclosure is
relevant to public consideration of a specific pending issue.”

The Freedom of Information Act directs federal agencies to make infor-
mation in agency files available to the public, but certain information is
exempted from public disclosure. Among the types of exempted informa-
tion are (1) “trade secrets and commercial or financial information ob-
tained from a person and privileged or confidential,” (2) “personnel and
medical files and similar files the disclosure of which would constitute a
clearly unwarranted invasion of personal privacy,” and (3) information spe-
cifically exempted from disclosure by statute (5 USC 552(b)(3), (4), and (6)).
FDA has issued regulations implementing these exemptions. Under the regu-
lation applicable to trade secrets and confidential commercial information
(21 CFR 20.61), FDA has defined these terms as follows:

(a) A trade secret may consist of any commercially valuable plan,
formula, process, or device that is used for the making, preparing, com-
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pounding, or processing of trade commodities and that can be said to be
the end product of either innovation or substantial effort. There must be a
direct relationship between the trade secret and the productive process.

(b) Commercial or financial information that is privileged or confiden-
tial means valuable data or information which is used in one’s business
and is of a type customarily held in strict confidence or regarded as privi-
leged and not disclosed to any member of the public by the person to
whom it belongs.

FDA’s regulation applicable to medical information provides that names
and “information which would identify patients or research subjects in any
medical or similar report, test, study or other research project” shall be
deleted prior to public disclosure of the record (21 CFR 20.63(a)). “The
names and any information that would identify the voluntary reporter or
any other person associated with an adverse event” shall not be publicly
disclosed by FDA or by a manufacturer who reports such an event (21 CFR
20.63(f)). The names of entities required by statute to make adverse event
reports are not protected from disclosure.

FDA’s definitions of trade secret and confidential commercial informa-
tion were drafted to be consistent with judicial determinations that “any
technical or scientific information developed by a company may be consid-
ered a trade secret where it is not generally known or readily ascertainable
and when it is protected and maintained as confidential by the developer and
is of value to him” (FDA, 1974, p. 44613). Testing data, including protocols
used for testing the product and test results, can be protected from disclosure
under the Freedom of Information Act (e.g., Heeney v. FDA, 2001).

Sometimes other statutes may affect the confidentiality protections usu-
ally afforded to confidential commercial or financial information under the
Federal Food, Drug, and Cosmetic Act and the Freedom of Information
Act. For example, public companies subject to regulation by the Securities
and Exchange Commission (SEC) are required to disclose certain informa-
tion that might be “material” to decisions by investors and potential inves-
tors. To comply with these SEC requirements, a public company might
publicly disclose in SEC filings or press releases certain information about
the existence of a clinical trial, the results of a clinical or preclinical study,
or the fact that a PMA application or 510(k) submission has been submit-
ted to FDA. Companies that are privately funded (such as by venture capi-
tal or private investors) might not disclose such information if they are not
subject to disclosure requirements. As discussed above, FDA is bound by
confidentiality requirements to the extent the information has not been
previously disclosed to the public.

Companies provide the highest confidentiality protections to device
design information, manufacturing processes and methods, and quality con-
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trol information. Protocols for clinical studies and preclinical testing are
also typically protected from public disclosure. Aggregate results of a safety
and effectiveness study may be disclosed in summary form, but raw data or
site-specific data are often protected as confidential, unless published in a
scientific journal.

As applied in the context of postmarket surveillance, FDA would be
required by the three statutes discussed above to protect from public disclo-
sure information that constitutes trade secrets or confidential commercial
information. For example, a postmarket study protocol and the results of
condition-of-approval studies would be submitted as supplemental PMA
applications and thus would be governed by the confidentiality require-
ments of the Federal Food, Drug, and Cosmetic Act and Section 814.9 of
FDA’s regulations.

Under the postmarket surveillance provision in Section 522 of the Act,
a manufacturer is required to submit a plan for FDA-required postmarket
surveillance, but FDA treats such plans as protected from public disclosure
under provisions of the Freedom of Information Act and FDA’s implement-
ing regulations. Interim and final reports of postmarket surveillance studies
or data are treated similarly, although limited findings may be made public
in connection with a safety advisory, the approval of a new indication for a
product’s use, a labeling change, or similar action. Data and information
relating to postmarket studies conducted under an IDE would be protected
consistent with the IDE confidentiality regulations.

FDA PROGRAMS THAT CROSS THE
PREMARKET/POSTMARKET BOUNDARY

In addition to premarket and postmarket programs, FDA has programs
that cross the market approval boundary to promote device safety both
before and after a device is marketed. This is consistent with the agency’s
analysis of its range of activities as they relate to a product’s total life cycle
from initial concept to obsolescence (see Figure 1.2).

Research, Analysis, and Methods Development

As described above, CDRH has active research programs to evaluate
elements of device technologies or their effects, to support the development
of standards or guidance, and otherwise to build the knowledge base for
device design, testing, manufacture, regulation, and clinical use. CDRH’s
2003 Annual Report described its epidemiological research program, which
provides consultative services on topics or problems requiring epidemio-
logical expertise (e.g., literature reviews, risk assessments, design of obser-
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vational studies). The report listed studies that produced journal publica-
tions and conference presentations on a broad range of topics, including
allergic reactions to platinum in breast implants, breast implant rupture,
tampon-associated toxic shock syndrome, gender differences in pulmonary
artery rupture, and uses and outcomes associated with transmyocardial
revascularization (a procedure sometimes used to relieve chest pain). Other
studies focused on methodology or process issues, for example, the use of
the National Electronic Injury Surveillance System (NEISS) to assess the
frequency of injuries due to medical devices. CDRH epidemiologists have
also participated, on an exploratory basis, in premarket approval assess-
ments to help determine whether and what kind of postmarket evaluations
would be appropriate.

Concern about deficiencies in device design has prompted FDA to di-
rect more attention to general principles and strategies for safe device design
and use, including human factors engineering. Human factors engineering
analyzes how people employ technologies and how user characteristics
(e.g., cognitive capacities, expectations) interact with characteristics of their
environments (e.g., workload, lighting) to affect the safe and effective use of
technologies (FDA, 2003s). Such analysis can be applied to adverse events
involving medical devices and potential means to prevent them.

Quality Systems Regulations

A major boundary crossing program involves quality system regula-
tions, which encompass good manufacturing practices. These regulations
are among the general controls described earlier in this chapter.

Congressional concern about manufacturing practices dates back at
least to the 1938 Federal Food, Drug, and Cosmetic Act, when Congress
specified that manufacturing methods, facilities, and controls be “adequate”
for regulated products. The first FDA guidance about adequate manufac-
turing processes dates to the early 1940s; it followed a drug manufacturing
mishap that left dozens of people dead or injured (Swann, 1999).

FDA issued the first requirements for good manufacturing practices for
medical devices in 1978 (FDA, 1978). These requirements—which remained
essentially the same until 1996—covered methods, facilities and controls
related to the manufacture, packing, storage, and installation of medical
devices. The Safe Medical Devices Act of 1990 expanded FDA authority to
include control related to device design prior to actual production. That
legislation also encouraged FDA to work with other countries toward com-
monly recognized good manufacturing practices.

In 1996, FDA published the Quality System Regulations, which it de-
scribed as “revising the current good manufacturing practice (CGMP) re-
quirements for medical devices and incorporating them into a quality sys-
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tem regulation” (FDA, 1996b, p. 52602). By intent, the regulations are very
similar to the International Organization for Standardization (ISO) provi-
sions (ISO, 2000), which have recently been updated. (ISO is described
briefly below.) The quality system regulation is broad in scope as indicated
in Box 3.4.

The quality system regulations cover a very large array of devices. For
that reason, the regulation “provides the framework that all manufacturers
must follow by requiring that manufacturers develop and follow proce-
dures and fill in the details that are appropriate to a given device according
to the current state-of-the-art manufacturing for that specific device” (FDA,
1996b, p. 52603). As noted earlier, special control guidance documents for
particular categories of devices (e.g., apnea monitors) may be much more
specific.

BOX 3.4
Topics in Medical Device Quality Systems Manual:

A Small Entity Compliance Guide

1. The Quality System Regulation
2. Quality Systems
3. Design Controls
4. Process Validation
5. Personnel
6. Buildings and Environment
7. Equipment and Calibration
8. Device Master Record
9. Document and Change Control

10. Purchasing and Acceptance Activities
11. Labeling
12. Product Evaluation
13. Packaging
14. Storage, Distribution, and Installation
15. Complaints
16. Servicing
17. Quality Systems Audits
18. Factory Inspections
19. Appendix

Appendix 1: The Quality Systems Regulation
Appendix 2: Application of the Medical Device GMPs [Good Manufactur-

ing Practice] to Computerized Devices and Manufacturing Processes

SOURCE: FDA, 1999c.
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Design Controls

As described in the quality system regulations (21 CFR 820.30), the
design controls requirements for Class II and III devices, Class II and
III investigational devices, and certain Class I devices cover considerable
ground. Design controls involve

• creating plans that cover design and development activities and as-
sign responsibility for implementing them;

• specifying design input requirements, that is, the physical and per-
formance requirements for a device design that are appropriate given the
device’s intended uses and users;

• developing the design output, meaning the results of the design ef-
fort at each stage, including the finished design effort (the device, its pack-
aging and labeling, and the device master record);

• verifying that the design output is consistent with the design input
requirements;

• conducting periodic design reviews to assess the adequacy of the
design requirements, evaluate whether the design will meet the require-
ments, and identify problems;

• validating through tests of production units under actual or simu-
lated conditions and other means that the device (including software) meets
objectives for intended uses and users;

• correctly translating the device design into production specifications;
• controlling changes in design during the design process and after the

device is marketed; and
• documenting the design process in the design history file.

FDA requires that applications for premarket approval include descrip-
tions of design controls and other quality systems information, and it evalu-
ates compliance during a pre-approval facility inspection (FDA, 2003q,r).
The agency also evaluates compliance during routine quality systems in-
spections for all devices covered by the design control requirements.

Corrective and Preventive Actions

In guidance on the quality system inspections of manufacturers, one
focus is what FDA terms the Corrective and Preventive Actions or CAPA
subsystem (FDA, 1999b). A major component of this subsystem consists of
procedures to detect, understand, and correct problems during the manu-
facturing process. The objective of this aspect of quality system regulations
is to prevent defective devices from reaching the market. Other components
of the CAPA subsystem reviewed by FDA are the manufacturer’s confor-
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mance with adverse event reporting regulations, recall and corrective ac-
tions, and procedures for any required tracking of a medical device.

Inspections

As noted above, FDA inspections of manufacturing facilities may occur
before or after a medical device is approved for marketing. A pre-approval
inspection is usually required as part of the PMA process. FDA staff also
conduct “directed” or “for cause” inspections when they are investigating a
specific problem or following up to assure that corrective actions from a
previous inspection have been implemented. A program of bioresearch
monitoring includes on-site inspections and data audits of sites involved in
FDA-regulated research. As described by FDA in its 2002 Performance
Plan, the FDA Modernization Act of 1997 has allowed firms to declare
conformity to standards or quality systems requirements as part of steps to
streamline the premarket clearance process (FDA, 2001h). This has in-
creased the burden on FDA’s inspection process, which as discussed in
Chapter 7, falls short of meeting statutory requirements that FDA inspect
facilities that manufacture Class II and III devices every 2 years (21 USC
360(h)).

FDA’s quality system inspections focus on particular subsystems of
manufacturing quality controls, specifically management, design (see
above), corrective and preventive actions (see above), and production and
processes. The other major subsystems involve materials controls, facility
and equipment controls, and records, documents, and change controls.

To ease the inspection burden on FDA, the 2002 Medical Device User
Fee and Modernization Act gave manufacturers with a good history of
regulatory compliance the option, under certain circumstances, of choosing
an FDA-accredited, nongovernmental entity to perform quality systems
inspections (21 USC 374(g)). (This is described by FDA as its “Accredited
Persons” or AP program.) FDA staff would focus on firms with a record of
compliance problems and manufacturers of high-risk products, including
implants and life-supporting or sustaining devices.

International Efforts to Harmonize Policies

Medical device development, research, and sales are international in
scope. The ISO standards cited above are one example of a number of
cross-national initiatives—some longstanding, some relatively recent—to
promote consensus and consistency in regulatory and voluntary standards
for medical and other products and industries, measurement and testing
methods, management systems, and other areas. ISO is a nongovernmental
network whose membership consists of the national standards institutes of
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nearly 150 countries (ISO, 2004). Using committees that include producers,
consumers, regulators, and other relevant parties, the organization devel-
ops consensus standards on topics such as terminology, testing methods,
product characteristics, and manufacturing processes. Some standards are
generic, such as ISO 9000, which concerns quality management. Other
standards are industry or product specific, such as ISO 13485, which con-
cerns medical devices. The agency currently has more than 14,000 stan-
dards and related documents. Individual countries may choose to adopt the
standards by regulation.

In the 1990s, the Global Harmonization Task Force (GHTF) was cre-
ated specifically as a voluntary process to pursue harmonization of national
policies on the regulation of medical devices. It includes participants from
national regulatory agencies and industry. Of four GHTF study groups, one
has focused on postmarket surveillance, including adverse event reporting
programs. FDA supports this activity, but the study group findings and
recommendations are advisory, not binding.

One issue for the GHTF task force on adverse event reporting is pro-
moting the exchange of event reports among “national competent authori-
ties” (e.g., FDA in the United States) (GHTF, 2002, p. 4). In 2003, authori-
ties in 16 countries exchanged more than 140 “international vigilance
reports,” most related to recalled devices (FDA, 2004v).

Other harmonization activities include those of the International Con-
ference on Harmonization (ICH). ICH has, for example, provided guidance
for clinical investigators, primarily those involved in drug studies (ICH,
1996). An ISO document has focused on clinical investigators studying
medical devices (ISO, 2003a,b; see Giroud, 2004). FDA has not adopted
that ISO standard but has said that it might do so after the next revisions
(Dickinson, 2004b).

This chapter has focused on description rather than assessment. Thus,
it includes no conclusions or recommendations related to the adequacy of
existing laws and regulations or their implementation as they relate to
children. The next chapter examines FDA’s programs of adverse event
reporting and offers recommendations for improvement.
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4

Identifying and Understanding Adverse
Medical Device Events

“The hardest thing over the time that he was growing up—in the first year,
mostly—was establishing my credibility with the doctors as a reporter to
them. . . . [T]hat was the hardest thing, people not believing . . . that there
was something going on and that I wasn’t just a hysterical mother.”

Nancy Harder, parent, 2004

Communication gaps between patients or parents and physicians are a
longstanding concern in medicine and can cause considerable distress to
parents. Poor communication can contribute to adverse events or other
harms when physicians do not give credence to patient or family reports of
problems, as recounted in the quote above from the mother of two children
who have spina bifida and rely on cerebrospinal fluid shunts and other
medical devices. Inadequate communication can also create problems when
patients and family caregivers are inadequately prepared to fulfill their
responsibilities for using or maintaining complex medical device. As care
has shifted out of the hospital into the home, parents are bringing children
home with ventilators, feeding tubes, monitors, and other complex or unfa-
miliar devices. This is stressful enough without the additional stress of poor
training and education about the device use and problem identification.
Communication gaps may reflect a physician’s lack of awareness of the
problems that families and patients face in safely using medical equipment
at home.

As emphasized in Chapter 1, the migration of care from hospital to
home has brought many benefits, but it also presents risks as parents and
families assume responsibilities for device operation, maintenance, and
problem recognition once assigned to health care professionals. Surveil-
lance programs, which have other limitations described in this chapter,
have yet to adjust to the changed circumstances of much patient care.

The identification, reporting, and analysis of serious adverse device
events and device failures and malfunctions are important elements of the
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U.S. Food and Drug Administration’s (FDA’s) overall program of
postmarket surveillance. A primary aim of the agency’s adverse event re-
porting program is to identify serious problems with a device (or its use)
that become evident after a device is marketed when—depending on the
device—it is used with many more patients, with different patient popula-
tions (e.g., children), in different ways (e.g., involving ad hoc modifications
for pediatric use), for different purposes, in new and possibly less well-
equipped settings, over longer periods, and, sometimes, by less experienced
or skilled clinicians and care teams. Systematic clinical studies are often a
superior tool for assessing these dimensions of device use, but such studies
are not realistic for the entire array of devices that enter the market each
year. Moreover, just as premarket studies may fail to detect rare events, so
may postmarket clinical studies.

Although FDA is most interested in reports of serious unanticipated
events, the adverse event reporting program also collects information that
can be useful in understanding certain already recognized risks, for ex-
ample, patient deaths by entrapment in the rails of hospital beds. In addi-
tion, reports of device failures and malfunctions—even when they have not
caused harm—can help FDA and manufacturers to detect hazards that arise
from aberrations in the manufacturing, distribution, modification, mainte-
nance, storage, or reprocessing of a medical device. Adverse event reports
can also lead to improvements in the design of a device. For example, in
response to problem reports, manufacturers have redesigned cardiac pace-
makers to make them substantially less susceptible to electromagnetic inter-
ference from modern necessities such as microwave ovens and cellular tele-
phones (Niehaus and Tebbenjohanns, 2001).

For the most part, the public health goals and the limitations of post-
market surveillance policies and programs apply to both adults and chil-
dren. Systems that support effective postmarket surveillance for patients
generally are the foundation on which additions, adaptations, or emphases
suited to children’s particular needs are then built. For example, the FDA
guidance on assessment of pediatric medical devices cited in Chapter 2
makes sense only within an already existing structure for evaluating the
safety and effectiveness of medical devices.

The first part of this chapter expands on Chapter 3’s description of the
FDA program for adverse event reporting. It includes statistics on reports to
FDA of adverse device events that involve children and presents examples
of actual reports. This discussion is followed by a number of vignettes that
illustrate the range of factors and devices that contribute to adverse medical
device events with children and the complexities in identifying and under-
standing these events. Most of the vignettes depict events that result not
from single faults or errors but rather from the interplay between weak-
nesses in some aspect of the design or manufacture of devices and the
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circumstances of their use with children. Following the vignettes is a review
of the sources of adverse events, the limitations of adverse event reporting,
and FDA responses to these limitations. The chapter concludes with recom-
mendations for the FDA.

ADVERSE DEVICE EVENT REPORTING AND FDA

As described in Chapter 3, FDA has authority for two programs of
adverse event reporting that involve medical devices. The primary program
receives mandatory reports of certain adverse device events from device
manufacturers and user facilities and also accepts voluntary reports from
health care professionals, consumers, and others. This program is a form of
passive surveillance in that it awaits event reports. Active surveillance in-
volves more direct effort by a sponsoring agency to obtain information, for
example, through surveys. In addition, based on a sample of user facilities,
FDA has created the pilot MedSun program, which includes some elements
of active surveillance.

FDA provides Form 3500A (online at http://www.fda.gov/medwatch/
getforms.htm) for manufacturers, user facilities, and importers to use for
mandatory reporting of serious adverse events and problems involving de-
vices, drugs, and biologics. (Vaccines have a separate reporting system.)
The first page of the form asks for information about the

• patient (including age, sex, and weight);
• event or product problem, including an open-ended description of

the problem;
• product, including identifying information (e.g., for devices, the

brand name, model, manufacturer, model and lot numbers) and other de-
tails (e.g., whether a device was an implant and if explanted, whether it is
available for examination, and what concomitant medical products or thera-
pies in use);

• outcome (e.g., whether it involved a death or required some kind of
intervention); and

• initial reporter (e.g., contact information, whether a health professional).

The second page of the mandatory reporting form requests additional
information from user facilities and importers (e.g., where the event oc-
curred, when they became aware of it, who to contact for further informa-
tion) and manufacturers (e.g., whether they evaluated the device, whether
they took any remedial action.

For voluntary reports, FDA provides Form 3500, which has a first page
that is almost identical to Form 3500A but has no second page. FDA also
offers the option of online reporting for voluntary reporters. The voluntary

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


IDENTIFYING AND UNDERSTANDING ADVERSE MEDICAL DEVICE EVENTS 115

reporting form, the online option, and the instructions for reporting clearly
require reading skills and knowledge above the levels possessed by many
consumers. For example, the form uses terms like “relevant history,” “con-
genital anomaly,” “concomitant products,” “event abated,” and “labeled
strength” (FDA, 2003o). The agency urges consumers who want to report
an event to have their physician complete the form.

Both mandatory and voluntary reports involving devices are compiled
in the Manufacturer and User Facility Device Experience database
(MAUDE). After certain information is removed (e.g., patient age, facility
name), the reports are made available in a searchable public database. FDA
and manufacturers have access to the full reports to support their analyses.

Table 4.1 shows the number of adverse event reports received by FDA
from late 1984 to 2004 by major category of reporter, requirement for
reporting (mandatory or voluntary), and type of event as designated by the
person reporting it. The great majority of reports in MAUDE are submitted
by manufacturers. One of the most notable trends shown in the table is the
shift of adverse event reports to the alternative summary reporting option
after its introduction by FDA in 1995. In recent years, such summary
reports have accounted for more than half of total reports, for example,
nearly 98,000 of the almost 152,000 reports received in 2004. The sizeable
increase in adverse event reports (primarily injuries and malfunctions) from
1992 through 1994 has been attributed, in part, to reports of problems
with silicone breast implants, which account for almost one-third of all
reports from manufacturers (GAO, 1997).

Mandatory user facility reports account for less than 3 percent of the
reports in Table 4.1. This number is, however, somewhat deceptive because
FDA attempts to eliminate duplicate reports from the statistics so that a
facility report that goes to both FDA and the manufacturer (and then to FDA)
is not counted twice. (Facilities are supposed to report to FDA directly only if
an event involves a death or the manufacturer of a device is not known.)
Voluntary reports from health care professionals and consumers also account
for a small percentage of reports (about 3 percent each year).

Unlike some patient safety programs described later in this chapter,
FDA does not require or encourage reports of close calls from user facilities.
In contrast, manufacturers are required to report device-related malfunc-
tions, including those that could cause a death or serious injury if they
recurred. When close calls involve situations with the potential to recur and
cause harm, reports of such events may provide valuable signals if manufac-
turer and FDA analysts are prepared to notice them.

FDA sometimes discovers deficiencies in manufacturer reporting of
adverse events and product problems (or their systems related to such
reporting) during quality systems inspections, through investigations of
incidents, and in other ways. The agency typically responds with letters that
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TABLE 4.1 Adverse Event Reports Submitted to FDA, Late 1984
Through December 2004

<1985 1985 1986 1987

Manufacturer reportsa

Death 13 585 543 516
Injury 109 9,483 11,738 9,589
Malfunction 28 8,812 7,096 7,596
Other 2 62 10 5
SUBTOTAL 152 18,942 19,387 17,706

User facility reportsb

Death
Injury
Malfunction
Other
SUBTOTAL 0 0 0 0

Distributor and importer reportsc

Death
Injury
Malfunction
Other
SUBTOTAL 0 0 0 0

Voluntary reportsd

Death 31 27 21
Injury 345 482 288
Malfunction 520 472 349
Other 22,602 2,097 2,170 1,827
SUBTOTAL 22,602 2,993 3,151 2,485

Summary reportse 0 0 0 0

GRAND TOTAL 22,754 21,935 22,538 20,191
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1988 1989 1990 1991 1992 1993 1994

565 730 951 1,133 1,528 1,339 1,870
8,366 9,845 11,809 18,521 52,894 61,885 79,537
6,677 9,298 16,840 24,796 21,583 45,608 48,629

7 7 4 15 13 38 35
15,615 19,880 29,604 44,465 76,018 108,870 130,071

7 287 250 266
2 1,285 1,229 2,338
6 1,083 988 989
0 142 337 554

0 0 0 15 2,797 2,804 4,147

11 18 49
251 1,103 1,803

33 139 274
6 13 121

0 0 0 0 301 1,273 2,247

32 19 319 32 4 5 61
194 364 140 54 77 280 1,292
294 255 252 85 95 167 1,508

1,716 1,664 1,894 3,610 4,439 3,013 2,015
2,236 2,302 2,605 3,781 4,615 3,465 4,876

0 0 0 0 0 0 0

17,851 22,182 32,209 48,261 83,731 116,412 141,341

continued
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TABLE 4.1 continued
1995 1996 1997 1998

Manufacturer reportsa

Death 1,773 1,389 1,019 1,021
Injury 51,752 38,236 31,122 18,554
Malfunction 50,125 37,830 32,833 31,960
Other 28 631 2,299 2,485
SUBTOTAL 103,678 78,086 67,273 54,020

User facility reportsb

Death 211 346 326 276
Injury 2,315 3,173 3,892 2,556
Malfunction 780 1,091 1,293 860
Other 657 697 657 446
SUBTOTAL 3,963 5,307 6,168 4,138

Distributor and importer reportsc

Death 19 27 35 13
Injury 1,661 3,606 1,364 189
Malfunction 164 213 169 289
Other 169 150 70 50
SUBTOTAL 2,013 3,996 1,638 541

Voluntary reportsd

Death 73 63 67 75
Injury 1,559 864 835 963
Malfunction 1,367 1,494 1,299 1,523
Other 782 565 405 391
SUBTOTAL 3,781 2,986 2,606 2,952

Summary reportse 2,755 6,292 21,682 36,190

GRAND TOTAL 116,190 96,667 99,367 97,841

NOTE: Represents most current data (March 31, 2005) for period through December 31,
2004. Yearly report counts are updated periodically to account for delayed data entry issues
(e.g., backlog of reports not entered).
aReceived since December 1984 (MDR Regulation, December 13, 1984).
bReceived since 1992 (Safe Medical Devices Act of 1990).
cReceived since 1992 (Safe Medical Devices Act of 1990). Distributors reported since Decem-
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1999 2000 2001 2002 2003 2004 TOTAL

905 1,017 1,366 1,266 1,466 1,879 22,874
13,073 13,646 17,354 17,955 18,832 22,769 517,069
29,199 27,683 29,418 36,988 37,270 18,563 528,832

3,140 3,132 2,960 3,544 4,222 3,645 26,284
46,317 45,478 51,098 59,753 61,790 46,856 1,095,059

233 211 240 200 200 217 3,267
1,777 1,568 1,625 1,448 1,156 1,034 25,398

738 654 675 729 1,146 1,405 12,437
264 323 274 303 362 460 5,476

3,012 2,756 2,814 2,680 2,864 3,116 46,581

11 11 9 7 1 3 214
85 55 142 117 198 255 10,829

711 536 206 313 701 184 3,932
78 619 210 297 95 56 1,934

885 1,221 567 734 995 498 16,909

54 92 102 104 153 115 1,449
899 1,397 1,223 1,246 1,200 1,299 15,001

1,416 1,245 1,513 1,773 1,820 1,759 19,206
319 373 411 522 587 538 51,940

2,688 3,107 3,249 3,645 3,760 3,711 87,596

36,969 46,075 65,818 79,189 91,192 97,698 483,860

89,871 98,637 123,546 146,001 160,601 151,879 1,730,005

ber 19, 1998 (FDA Modernization Act of 1997).
dReceived from 1973 to 1992 (Medical Device Laboratory Product Problem Reporting Pro-
gram) and 1992 to present (MedWatch).
eReceived from manufacturers that have been granted exemptions (beginning 1995) from
reporting individual adverse events.
SOURCE: Division of Surveillance Systems, FDA Center for Devices and Radiological Health.
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outline the problems and needed corrections. Only rarely are criminal pen-
alties sought.1 FDA staff could not cite cases in which user facilities had
been penalized for failure to comply with their mandatory reporting obliga-
tions (personal communication, Thomas P. Gross, M.D., Director, Division
of Postmarket Surveillance, CDRH, January 28, 2005).

Table 4.2 shows the number of reports submitted that identified ad-
verse events as involving patients under age 21. (These data were supplied
by FDA from their internal database. As noted above and in Chapter 3, the
public database does not include information on age or birth date.) The
table shows no entries for the summary reporting option because this op-
tion does not require information on patient age.

The numbers presented in Table 4.2 are undoubtedly an undercount of all
reported events that involved children (leaving aside all actual events). The
fields on the reporting form that request birth date or age information are
sometimes not completed, perhaps because the information is not immediately
available to the reporter. In FDA’s analysis of reports of patient entanglement
in hospital bed side rails—an event associated with high rates of death (65
percent of reports) and injury (23 percent of reports)—age was not included for
36 of 111 of the reports in MAUDE (Todd et al., 1997a,b). Of the 75 cases for
which age data were provided, 5 percent involved patients under age 17. Even
if event reporting were more complete, it would be difficult to assess the extent
of a problem without knowing the population at risk (the denominator prob-
lem as discussed elsewhere in this report and in Appendix D).

Box 4.1 presents several excerpts from reports to FDA of adverse events
that involved children. The examples (which include the full narrative text
of the reports) illustrate that reports vary greatly in the amount and useful-
ness of the information provided. Some offer a relatively clear picture of an
event; others are incomplete. Reports nearly always focus on the immediate
circumstances surrounding an event and thus are limited in the extent to
which they point to contributing system factors, for example, understaffing.

These examples of reports make evident some of the challenges in
investigating adverse event reports, especially when the investigator is orga-
nizationally removed from the event, as is usually the case for manufacturer
or FDA staff. For example, although manufacturers (and FDA) can often
follow up with reporters to collect additional information, manufacturers
may not have access to the device for inspection, and important information

1To cite one noteworthy exception, in 2003, Endovascular Technologies, a subsidiary of a
major device manufacturing company, entered guilty pleas on 10 felony charges involving
failure to submit problem reports to FDA and paid more than $92 million in civil and
criminal penalties to settle the case (Bren, 2003; Hilzenrath, 2003; Jacobs, 2003; Ostrov et
al., 2003). The unit admitted to failing to report 2,600 incidents of serious adverse events
(including 12 unreported deaths and 57 unreported emergency surgeries) or malfunctions
between 1999 and 2001. Instead, it reported only 172 malfunctions. FDA learned of the
suppressed reports through an anonymous letter from concerned company employees.
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TABLE 4.2 FDA Adverse Event Reports Involving Individuals Under Age
21 (1999–2004)a

1999 2000 2001 2002 2003 2004 TOTAL

Manufacturer
Death 29 39 94 101 96 92 451
Injury 513 483 838 948 1,040 1,371 5,193
Malfunction 523 540 795 1,279 980 438 4,555
Other 185 162 195 147 173 190 1,052
SUBTOTAL 1,250 1,224 1,922 2,475 2,289 2,091 11,251

User Facility
Death 17 10 23 19 14 12 95
Injury 134 131 172 107 76 78 698
Malfunction 69 41 61 48 70 64 353
Other 28 17 22 32 39 32 170
SUBTOTAL 248 199 278 206 199 186 1,316

Importer
Death 0 1 1 0 0 0 2
Injury 7 1 10 43 53 24 138
Malfunction 11 3 13 73 115 42 257
Other 4 19 6 8 2 0 39
SUBTOTAL 22 24 30 124 170 66 436

Voluntary
Death 7 9 9 15 12 15 67
Injury 86 86 111 141 115 144 683
Malfunction 84 70 133 135 138 156 716
Other 25 31 27 35 38 26 182
SUBTOTAL 202 196 280 326 303 341 1,648

GRAND TOTAL 1,722 1,643 2,510 3,131 2,961 2,684 14,651

aNot all reports include information on patient age.
SOURCE: Division of Surveillance Systems, CDRH.

2The description of the event review process and the discussion of analysis priorities are
based on an April 15, 2004, presentation to the committee by Thomas P. Gross, M.D.,
Director, Division of Postmarket Surveillance, Office of Surveillance and Biometrics, CDRH,
and a June 24, 2004, presentation by Rosalie Bright, Epidemiologist, Division of Postmarket
Surveillance, Office of Surveillance and Biometrics, CDRH (see, Gross 2004; Bright, 2004).

about the device (e.g., brand and model number and even manufacturer)
may not have been documented. A later section of this chapter returns to
these and other limitations of adverse event reporting programs.

When FDA receives an adverse event or device malfunction report from
a manufacturer or other party, it (actually a contractor) checks the report,
codes certain information if it has not been coded already by the reporter,
and enters the report into the database.2 FDA has developed codes for both
clinical outcomes (e.g., cerebral hemorrhage) and device outcomes (e.g.,
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BOX 4.1
Excerpts from Examples of Reports Involving

Children in FDA Adverse Event Databasea

Device: Circumcision clamp
FDA Device Classification: Clamp, circumcision
Problem Description

Circumcision using [circumcision] clamp. Clamp was loose, resulting in lacera-
tion of the glans penis with loss of tip. Infant was transferred to another hosp for
urologic consultation and surgery to repair damaged penis. (MAUDE Report
No. 257649)

Device: Vacuum extractor
FDA Device Classification: Extractor, vacuum, fetal
Problem Description

Infant boy was delivered at [time] on [date]. Delivery was complicated by a
prolonged second stage. Infant suffered hemorrhage beneath scalp at birth.
Infant was admitted to neonatal intensive care unit and was placed on venti-
lator at [time]. Infant expired at [time] on [date]. The cause of death was the
hemorrhage. It is speculated that the hemorrhage resulted from the use of a
vacuum extractor with a defective gauge. Gauge on the device registered in
the green “safe” zone even though excess vacuum was being produced. This
defect was confirmed by testing the device using a pressure transducer.
There would have been no way the user of the device would have known
that the gauge was defective and that a dangerous level of vacuum was being
produced . . . Device manufacture date is 1/17/96. (MDR Access No.
M763107)

Device: Nasal dressing
FDA Device Classification: Bandage, liquid
Problem Description

The nasal dressing was placed in the pt in 2004 subsequent to sinus surgery.
Two days later the nasal dressing fell apart while trying to remove it. The hosp
health professional tried to remove the dressing again in 2004 and was unable
to do so. The next day the dressing was surgically removed.

Manufacturer Response
User was not able to provide lot number, therefore mfg data is unavailable. The
device did not fail, but was apparently cut or teased apart in an attempt to
remove it. Surgically removed sample showed the pvc pouch with foam inside
was fully intact, three weeks following initial surgery; indicating that the core of
the product did not come apart; but was wedged and had to be surgically re-
moved. User selected a 3 cm adult size contributing to the difficulty of removal.
More suitable choices, when dealing with a small child’s anatomy, include: the
smaller removable dressing; model rr 200 which is 1/3 smaller than the device
used. The dissolvable dressing; commonly used for pediatric cases because
they can be trimmed to fit any size/shape anatomy, and do not require physical
removal. (They dissolve away over time.) (MAUDE Report No. 1064611-2004-
00002)
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(continued on next page)

Device: Reusable I.C. nebulizer with tubing
FDA Device Classification: Nebulizer (direct patient interface)
Problem Description

Reporter feels 2 safety issues re: device are not being addressed by mfr.
1. Mouth piece has 8 mm × 17–18 mm rubber flap that disconnects easily.
Reporter has found a child with this in its hand. 2. Same flexible rubber used for
inside screw cap. Size is 12 cm which could easily be pulled off and block
child’s airway. Response from mfr was that user should read instructions. Many
of the users cannot or will not read instructions completely. This device is mainly
for home use. (MAUDE Report No. 492408)

Device: Pediatric peritoneal dialysis system
FDA Device Classification: System, peritoneal, automatic delivery
Problem Description

Home patient’s (hp) foster mother reports a system error 2240 alarm in a drain
during treatment on the homechoice machine. At the time of the alarm hp’s
foster mother noticed the homechoice set pt line had disconnected from the
hp’s transfer set. Hp’s healthcare professional (hcp) and foster mom both state
that foster mom was not properly connecting hp’s transfer set to the home-
choice set pt line and this is what caused them to disconnect. Hcp administered
prophylactic antibiotics. Hp was admitted to the hospital on 12/14/99 for diar-
rhea and at the same time was monitored and subsequently diagnosed with
peritonitis. Hp was discharged from the hospital on 12/21/99. Hp’s course of
treatment is vancomycin 25 mg/l for 10 days and gentamycin 10 mg/l for 10
days.

Manufacturer Response
Hp’s foster mom just started taking care of this child about one week prior to
this event and states she had no training on how to connect his transfer set to
the homechoice set pt line. Since this occurrence the foster mom has received
training from the hcp on sterile technique, operation of the machine and how to
connect hp’s transfer set to the pt line. (MAUDE Report No. 1423500-1999-
01553)

Device: Infant heel warmer
FDA Device Classification: Pack, hot or cold, disposable
Problem Description

In preparation of capillary blood draw, a liquid infant heel warmer was applied
to pt’s foot causing a 2nd degree burn covering 33 percent of the foot.

Manufacturer Response
The suspect device was discarded by user facility. Lot info is not available.
Health care provider could not verify that packet was “kneaded” for 30 to 60
seconds as indicated in instructions for use. Heel warmer was secured to pt by
2 “pampers.” There is no indication in the instructions for use to do this, how-
ever there is no contra indication either. (MAUDE Report No. 1216677-2004-
00012)
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electrical failure, balloon rupture) (see FDA, 2001a,b). These outcome codes
help agency staff to set priorities for the review of reports.

The first priority for FDA analysts is the review of reports of “Code
Blue” events, the list of which includes pediatric deaths, multiple deaths,
fires, explosions, or anaphylactic reactions. The contractor who first re-
ceives and codes adverse event reports notifies staff of the Center for De-
vices and Radiological Health (CDRH) within 24 hours of receiving a
report of one of these events. Certain events—such as a cluster of injuries in
a single facility—may prompt an emergency response. Otherwise, an inves-
tigation may lead to a public health notification, change in labeling, or
other response based on the conclusion that a problem exists with a device
or its use. An investigation may also lead to a determination that no action
is warranted because the event was not related to a problem with a medical
device or its use. The CDRH analysts who review reports are, in general,
responsible for groups of products that are associated with a medical spe-
cialty or that have common design or material characteristics.

Less than 1 percent of reports involve high-profile events. In fiscal year
2003, the major problems identified through analysis of adverse events

Device: Several
FDA Device Classification: Catheter (gastric, colonic, etc.), irrigation and aspiration
Problem Description

[This company] does not manufacture device #3. A copy of the report has been
forwarded to that company. The iark-2 used in this case was from a lot
#081001. It was manufactured by the previous ma location, and was not sold to
the reporting facility. The device was disposed. No evaluation of the actual
device is possible. The autopsy report is not yet available. It cannot be reliably
determined if the device contributed to the death as no allegations or data exist
of the device malfunctioning. Bowel perforation is a consequence of this proce-
dure that is fully documented in the literature and instructions for use. No other
incidences have been reported to date. Company will continue to monitor and
investigate this incident as info becomes available. The catheter/tip used in
these procedures is determined by the radiologist based on the size of the pt.
Company is aware of other institutions using Foley type catheters for smaller
infants. The pt prior to the procedure had a 3 day history of symptoms and
complaints before presenting to the reporting facility. (MAUDE Report No.
1222612-2004-00001)

aManufacturer name, report dates, and other details not included here. Abbreviations and
other grammatical usage retained as in the original except for correction of simple spelling
and similar errors.
SOURCE: FDA Manufacturer and User Facility Device Experience Database (MAUDE).

BOX 4.1 Continued
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included failures in aortic connector devices that resulted in hemorrhage
and death, meningitis associated with cochlear implants, aneurysm-related
deaths associated with endovascular grafts, hospital bed fires, toxic shock
syndrome associated with a particular brand of tampon, off-label use of an
adhesion barrier, and saline leakage in the access port of the lap band
adjustable gastric band (FDA, 2004b). Some of these problems were identi-
fied through relatively short-term analyses of a few event reports, whereas
others were the result of a retrospective analysis of up to 10 years of
reports. Responses included FDA public health notifications or manufac-
turer withdrawals of products.

“International vigilance reports” are also a high priority for staff re-
view. These reports are transmitted by agencies (“national competent au-
thorities”) responsible for surveillance in other countries. They typically
involve the recall of products that have significant potential for harm.

The next priority for review is reports of events that are not in the high-
priority category but that are also not so familiar that they are either
reported through the summary report option described in Chapter 3 or
identified by an automated report screening process (see below). These
intermediate-priority reports account for about a third of the total. Again,
reviewers may determine that no follow-up action is needed or they may
recommend follow up.

The lowest priority for review applies to summary reports and reports
flagged by an automated screening process that searches for certain well-
recognized device-event combinations (e.g., silicone breast implants and
capsular contracture, which is a tightening of the scar tissue surrounding an
implant). Summary reports now account for about half of all reported
events. The automated screening procedure picks up or flags about 15
percent of individual reports, and about 10 percent of these reports are
reviewed by staff each month but only as a check that the screening tool is
performing as intended.

Although FDA staff generally do not look for trends or changes in the
summary reports and the reports flagged by the automated screening pro-
cess, manufacturers (under the quality systems regulations described in
Chapter 3) are supposed to monitor their event reports for trends and
changes in frequency or severity of adverse events. Such monitoring could
prompt further investigation and action (e.g., a recall).

Except for the small group of high-profile events, no specific rules
define when a single report or series of reports should prompt further
investigation of MAUDE reports, follow-up inquiries to manufacturers or
facilities, epidemiologic study, or review of the clinical literature. Reviews
and assessments of reports and other information about device hazards
and judgments about appropriate FDA responses have a considerable
subjective component. Resource constraints limit the agency’s ability to
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investigate reports that do not involve deaths and other high-profile
events.

It is worth reiterating that in addition to adverse event reports, FDA
may learn of potential problems with a marketed device or its use in other
ways, including during inspections of facilities and as part of ongoing manu-
facturer efforts to refine and improve a product. Problems may also be
detected during postmarket clinical studies sponsored by manufacturers,
the National Institutes of Health (NIH), or others. Other avenues of prob-
lem identification include published case reports of unusual or unexpected
problems, presentations at medical conferences, or informal conversations
associated with such meetings. Such conversations were an early indicator
of a possible link between cases of meningitis and cochlear implants (see
Appendix F).

ANATOMY OF ADVERSE DEVICE EVENTS:
ILLUSTRATIVE VIGNETTES

“I never really thought about reporting that [problem] in particular. . . .
There are just millions and millions of things that can go wrong.”

Melisande Statz-Hill, parent, 2004

This mother of a young child cared for at home with multiple medical
devices was making two points. First, it did not occur to her to report (even
to the home health agency) a problem that seemed to involve error in the
use of a device—in this case overtightening by a nurse of ties for a tracheo-
stomy tube—rather than a malfunction of the device itself. The second
point was that the opportunities for something to go wrong—even for a
family with private-duty nursing support and a home health company that
specialized in pediatric patients—seemed endless.

To illustrate the many kinds of adverse device events (and device mal-
functions and close calls) and the challenges of analyzing such events, the
committee developed several vignettes or synthetic case histories. They are
intended to convey both the diversity of device events and the interplay of
variables associated with events and their aftermath. These variables in-
clude the complexity of the device and its management, the setting of care
and its characteristics, the characteristics of the patient (e.g., developmental
stage), the circumstances of the family (e.g., understanding of how to oper-
ate a device correctly at home), the opportunities for (or impediments to)
reporting the event, and the resources brought to bear on understanding the
event. The examples do not attempt to represent proportionately the distri-
bution of reported (much less actual) adverse events by type of device,
problem, or reported consequences.

Each story below is simplified to highlight issues of interest. Some
describe situations that are reasonably common and even accepted as “nor-
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mal” (albeit unwanted). Others describe unusual situations that especially
challenge those attempting to understand the event and prevent it from
occurring again. Most of the stories point to the importance of considering
human factors (human behavior and human systems and their interaction
with devices) in the design of devices and the interconnection of devices and
their accessories.

Although this report has tended to focus on more complex, high-risk
medical devices (mainly Class III devices) that undergo clinical testing,
several of the vignettes underscore that serious adverse events often involve
less complex but very widely used devices such as catheters, accessory
tubing, and syringes. Other vignettes describe problems associated with
long-term use of an implanted or partly implanted device, that is, problems
that cannot be expected to be evident in the relatively short-term clinical
studies that are usually submitted as part of the FDA approval or clearance
process for medical devices. Absent systematic long-term studies of medical
device safety and effectiveness, such adverse events—as well as rare short-
term events—may only slowly reveal themselves in usual clinical care. The
importance of long-term studies of medical devices used with children is
discussed further in Chapter 6.

Each vignette is synthesized from a variety of sources, including case
reports in the medical literature, reports in FDA’s adverse event database
(MAUDE), training materials for the MedSun program, experiences of com-
mittee members, presentations or discussions during public committee meet-
ings, webpages for clinicians and patients and their families, news reports,
and similar sources. No example depicts specific child and family circum-
stances exactly, although each story draws from real experiences. The fic-
tional names, personal situations, and institutional details have been cre-
ated to add a human dimension to the abstraction of adverse event or case
reports and also to underscore points emphasized in this report.

Vignette A: Close call with aspirated syringe cap. This vignette
involves a close call with a simple medical device, a syringe with a
cap. Other children who have aspirated syringe caps have died.
The example highlights the importance of careful communication
with parents about the safe use of simple but potentially dangerous
devices.

The father of 9-month-old Julia brought her to the primary
care clinic because she was clearly uncomfortable and seemed to
be running a fever. The doctor diagnosed an infection and pre-
scribed an oral antibiotic to be administered with a syringe. He
gave Julia’s father illustrated instructions and also demonstrated
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how to use the syringe, which was not an oral syringe for medica-
tions but a needleless hypodermic syringe with a fenestrated cap
that allowed medicine to be drawn into the syringe with the cap
in place.

That afternoon Julia’s father drew the medicine from the bottle
through the fenestrated cap into the syringe, but he stopped to
answer the phone. When he returned, he administered the medicine
by placing the tip of the syringe into the child’s mouth, not noticing
that the clear cap remained on the syringe. The baby immediately
started gagging, and the father realized he had forgotten to remove
the syringe cap. He quickly placed the child on his shoulder as he
called his wife; a few seconds later he saw the cap in his daughter’s
mouth and retrieved it. Although she was screaming, she was no
longer gagging or gasping.

Julia’s parents raced her to the clinic, where a doctor evaluated
the child, finding her upset but okay. After calming Julia and her
parents, this doctor substituted an oral syringe—with a very dis-
tinctive cap—for the parents to use for measuring and administer-
ing the antibiotics.

Consistent with the clinic’s patient safety and quality improve-
ment policies, the doctor reported the problem internally. The clinic
patient safety officer found other reports in the medical literature
of aspirated hypodermic syringe caps, some involving deaths. By
the end of the year, the clinic had put in place a policy that only
oral syringes should be used in the delivery of oral medicines with
infants and small children, and staff were working on better educa-
tion strategies for parents, including a “teach back” step during
which the patient or caregiver demonstrates use of the device to the
physician or nurse. The safety officer reported the event to FDA,
even though it was not required. Nonetheless, the “lessons learned”
were essentially confined to the clinic.
Device involved: Hypodermic syringe.
Proximate cause: Lay user error.
Institutional/system factors: Communication shortfall—use of de-
vice demonstrated to parent but without “teach back” or “show
me” step to assess the parent’s understanding; lack of warning
about the cap hazard; clinic or physician choice of (less expensive)
hypodermic rather than oral syringe that is designed for adminis-
tration of liquid medications by mouth; failure of physician/health
care team to remove cap of hypodermic syringe prior to giving it to
parents to use.
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Design factors: Presence of cap obvious when syringe used for injec-
tion, but hazard less apparent with oral use; fenestrated cap design
allowed cap to stay in place while medicine was drawn into syringe.
Comment: Safety principles would suggest removing the opportu-
nity for human error altogether, that is, redesigning the device
because there will always be the potential for user (especially a lay
user) to forget instructions or fail to appreciate risks and dangers.
Further reading: Kurtzweil (1994); Family Practice News (2000);
ISMP (2001); Schillinger (2004).

Vignette B: Circumcision clamp injury. As described later in this
chapter, injuries involving circumcision clamps have prompted an
FDA safety alert. In this story, hospital personnel were unaware of
the alert. As in this incident, inexperienced users of a device—even
a “low-tech” circumcision clamp—contribute to adverse device
events, but deficient hospital systems of training and credentialing
for procedures—which would likely not be mentioned in an ad-
verse event report—can play a role.

The physician, a new pediatric resident, was preparing to cir-
cumcise newborn baby John. The basic instrument was a Mogen-
type clamp. The resident had watched the procedure several times
and had been supervised while performing a few. During the proce-
dure, the baby suffered a slight laceration of the penis. Fortunately,
the injury was minor and easily treated, but the baby was kept an
extra day in the hospital. More serious injuries—including amputa-
tion—have been associated with clamp defects and procedural errors.

The hospital investigation revealed that the physician had lim-
ited experience in performing the procedure and lacked training
with the device model used, its assembly, and the safety measures
specific to that device, including inspecting the clamp for size and
alignment. Investigators found that components of the device were
not properly aligned, and the device had been incorrectly repaired
using incompatible replacement parts. They could not determine
when the device had last been inspected for alignment. FDA and
other warnings about problems with certain circumcision clamps
were unknown to physicians within the hospital. The hospital con-
sidered the injury to be too minor to require a report to the manu-
facturer or FDA, but it did institute a new policy for routine inspec-
tion of clamps.
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Device involved: Circumcision clamp.
Proximate cause: Use error: physician failed to determine that the
device used met use specifications and was undamaged. An experi-
enced user, or one adequately trained with the use and assembly of
the device used, might have recognized a problem before harm
occurred.
Institutional/system factors: Inadequate training; inadequate pro-
cedures for disseminating manufacturer and FDA advisories and
making appropriate changes in internal policies and practices; in-
correct repair by hospital personnel; lack of policy to label clamps
to indicate size; lack of policy for periodic inspection of device for
wear or proper alignment.
Design factors: Design prone to misalignment.
Comment: The process of physician education and training is
changing from the traditional “see-one, do-one, teach-one” ap-
proach to “see several, ask questions (e.g., about differences in
patient anatomy and clinical situations, what risks to anticipate
and prepare for) and then do several procedures under direct super-
vision to evaluate procedural and evaluative skills and judgment
before eventual independence.”
Further reading: ECRI (1999); FDA (2000g).

Vignette C: Deprogramming of cochlear implant. Children’s play
can affect device performance. In this case, the static electricity
charges generated by playground equipment created enough energy
to deprogram a cochlear implant, requiring surgical replacement.
Prompt reporting and evaluation of such events can lead to device
modifications that protect future children.

Some years ago, during an afternoon visit to the home of her
cousins, Jennifer went with the rest of the family to a nearby park,
where the cousins enjoyed using the playground equipment. Jenni-
fer had been born with severe hearing loss. When she was 18
months old, she received a cochlear implant. With intensive lan-
guage development therapy, she did very well.

After returning from the visit, Jennifer complained that she
couldn’t hear. A few days later, after he had extensively questioned
Jennifer and her mother, examined the implant site, and performed
a diagnostic assessment of the device, the surgeon who had im-
planted the device confirmed that it had failed. Based on some past
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experiences and conversations with colleagues at conferences, he
suspected that device had been damaged by static electricity from
plastic playground equipment. He scheduled Jennifer for surgery
to remove the device and implant a newer model. He also told
Jennifer’s mother what he thought had happened and reassured her
that it was nothing she could have been expected to foresee.

The surgeon sent the explanted device to the manufacturer
with a description of the circumstances and his conclusions. Such
reports led to refinements in the device materials and electronics to
shield the implant’s circuits from damage and protect the software
programming from being changed by static electricity charges. The
manufacturer changed the implant’s labeling to caution physicians,
families, and, when appropriate, patients about the wide variety of
activities that may lead to a static discharge.
Device involved: Cochlear implant.
Proximate cause: Exposure of device to electrostatic charge.
Institutional/system factors: Possible underreporting and slow
investigation of risks to device performance based on problem
reports.
Design factors: Lack of shielding and filtering to protect against
static electricity.
Comment: The device’s design did not anticipate certain environ-
mental hazards, for example, the build-up of an electrostatic charge
as a child uses a plastic playground slide or a tubular slide in an
indoor play center. Even getting into a car with new tires can result
in electrostatic energy when a child touches the door handle. Re-
ports of implant deprogramming have led to design refinements,
including changes in materials (e.g., plastic replacing metal in the
external processor unit), which allowed for better isolation of static
electrical energy. In addition, devices can now be reprogrammed by
an external computer (taking less than 5 minutes), for the occasion
when a child finds that plastic slide irresistible.

Vignette D: Orthodontic headgear injury. In this vignette, a child’s
orthodontic headgear became dislodged while he was sleeping, and
one of its sharp and pointed metal arms embedded itself in the
child’s lower eyelid. Orthodontic headgear is commonly prescribed
by orthodontists to correct the alignment and position of the teeth.
Safe use of devices by patients or families depends on their ade-
quate education and understanding of safety issues, including how
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to handle a very sharp and pointed object when applying it, remov-
ing it, or otherwise living with it.

Twelve-year-old William was very fortunate. He was wearing
orthodontic headgear—sometimes called a facebow—that had been
prescribed three months earlier to straighten his misaligned teeth.
One morning he awoke with a sharp pain under his eye. His cry of
pain brought his parents to his room, where they found a lacera-
tion just below their son’s right eye. The ridged, rod-like arm of the
headgear had somehow become dislodged, and its sharp tip had
sprung out to cut the boy’s face. His parents called the orthodon-
tist, who recommended that they go to the emergency room; in-
stead, the parents took the boy to his pediatrician who examined
him and stitched the laceration. After consulting with the pediatri-
cian, William’s mother took him to another orthodontist, who
determined that a safer device would be suitable.

No one involved understood that the incident could be re-
ported to FDA or thought about reporting it to the manufacturer.
The boy’s former orthodontist was relieved not to be involved in a
lawsuit. He did not reconsider his practices for using facebows,
perhaps because he thought that might indicate that his practice
had been deficient.
Devices involved: Orthodontic facebow.
Proximate cause: Device design, including hazardous points, al-
lowed dislodgement from user movement during sleep.
Institutional/systemic factors: Poor communication about a hazard
with rare but sometimes severe consequences; continued profes-
sional use of hazardous device design despite subsequent develop-
ment and marketing of safer devices for most situations.
Design factors: Importance of taking use environment (motion dur-
ing sleep) into account; safer designs available for many patient
situations.
Comment: Fear of litigation may be a disincentive to reporting or
acknowledging problems. Professionals who are primarily involved
in office-based care may not be aware of reporting options or may
find reporting burdensome.
Further reading: Samuels and Jones (1994); Samuels et al. (1996);
Blum-Hareuveni et al. (2004); WTTG (2004).

Vignette E: Infection from flawed bronchoscopes. Infections have
many possible causes, and linking a device to an infection can take
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time. In this case, good hospital infection control systems led to a
fairly early identification of a problem that led to recall of a medi-
cal device. Not all hospitals were successfully notified of the recall.

Jerry was a 2-year-old who thought his mother’s shiny round
earrings looked good enough to eat—so he tried. He choked, and
the earring went directly into his windpipe. His parents took him to
the emergency room of a nearby hospital, where an X ray showed
the earring was lodged about 5 inches below his vocal cords. To
retrieve the earring, the doctor used a bronchoscope, a tool that
allows the physician to see the inside of the airways, remove for-
eign objects, take samples of tissues or secretions, or clean out
obstructed or infected areas.

After an otherwise successful procedure, Jerry developed a bac-
terial infection that is common in patients with cystic fibrosis but
uncommon in patients with normal lungs like Jerry. The bacterium
was quickly identified and successfully treated with a short exten-
sion of Jerry’s hospital stay.

Shortly afterward, hospital infection control and epidemiology
staff identified an increased incidence of this kind of infection in
patients not normally at risk. Their investigation identified the
bronchoscopy procedure as a common factor among affected pa-
tients. This focused their attention on the facility’s bronchoscopes
and the procedures for cleaning, disinfecting, and inspecting them
between uses. After intensive scrutiny of the devices and the proce-
dures, they suspected that the design of one of the devices played a
role.

In the meantime, through their professional contacts, the infec-
tion control staff learned that similar problems had recently been
reported to the device manufacturer and FDA. Several weeks later,
through the same informal communication channel, they learned
that the manufacturer was recalling the device, and several days
later, the risk management department received a letter to that
effect. All involved were surprised to see subsequent news stories
about problems at a prominent academic medical center whose
physicians had not been promptly notified of the bronchoscope
problem and recall because the notification letter had been misdi-
rected. Although the risk management staff would still use their
professional network, the department decided to subscribe to an
online device recall tracking system to provide an extra margin of
security against delayed or misdirected recall notifications.
Devices involved: Bronchoscope; bronchoscope reprocessing units.
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Institutional/systemic factors: Lack of effective and timely procedures
for problem notifications and recalls to facilities and professionals.
Design factors: Design of a threaded bronchoscope port connector
that could not be adequately cleaned or disinfected.
Comment: Devices may not be initially suspected as sources of
infection, and making a definitive link can involve considerable
investigation and testing. Manufacturers and hospitals have room
for improvement in managing device recalls.
Further reading: FDA (2002k); Jurasek (2003); Kirschke et al.
(2003); Srinivasan et al. (2003, 2004).

Vignette F: Effect of growth on implanted defibrillator. Implants
and other devices used with adults are often adapted for use with
children by simply making the devices smaller. For implants, the
use of a smaller device may be adequate initially, but the child’s
growth may eventually require replacement with a larger implant.
For some devices, this is expected, but for others, growth-related
issues only become evident through long-term follow-up. This vi-
gnette describes the latter situation.

Maxine was 3 years old when she was diagnosed with Long
Q-T Syndrome, a rare condition that episodically and unexpectedly
caused her heart to beat so fast that it would not pump blood
effectively to her brain and other vital areas. She required electrical
shocks to save her life. After several drugs to control her heart’s
electrical activity proved ineffective, the child’s cardiologist sug-
gested a surgically implanted cardiac defibrillator (ICD) that would
monitor the heart’s rhythm through wires (leads) placed on the
sensitive areas of electrical activity within the heart. If the device
detected an unsafe rhythm, it would fire a shock to Maxine’s heart.
ICDs have saved the lives of many adults and children.

The device fired twice during the next 4 months, each time
averting a full cardiac arrest. Maxine’s parents continued to take
her to the cardiologist every 4 months for follow-up studies of the
device’s functioning. They got good reports during each of these
visits.

Then one morning, Maxine suddenly fell to the carpet, clutch-
ing her chest and crying. As he was trained to do, the father imme-
diately called 911. At the hospital, doctors determined that the
device had misfired and had given the girl a shock. Based on a chest
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X ray, hospital staff concluded that one of the leads had fractured.
Possibly it had been stretched during a growth spurt following the
child’s most recent visit to her cardiologist. Maxine’s parents were
surprised to learn that nontherapeutic firing of shocks was a known
problem. Physicians said that ongoing monitoring of the device
was the best way to check for lead fractures or changes in lead
position, but periods of rapid growth could sometimes cause the
kind of problem Maxine experienced.
Devices involved: ICD and leads.
Proximate cause of adverse event: Device malfunction, unintended
shocks.
Institutional/system factors: Limited counseling of family about
potential for device performance problems and, hence, the need for
lead monitoring and replacement as the child grows.
Design problem: Possible lead failure due to patient growth; device
not returned to manufacturer for analysis.
Other comment: The ICD has been studied intensively with adults,
but pediatric studies are scattered. Large groups of pediatric pa-
tients have not been studied prospectively. One study of 29 patients
found 38 chronic complications, the most frequent being lead fail-
ure. Interestingly, the size of child at the time of the implant was
not a factor in outcome, but growth of the child in weight, height,
or surface area was directly correlated with lead failure. Unfortu-
nately, researchers have not identified a clear threshold for predict-
ing such failure and have called for a large prospective study, per-
haps using a multi-center registry or network.
Further reading: Silka et al. (1993); Alexander et al. (2004).

Vignette G: Fatal data entry error. For operators of medical de-
vices, understanding of and adherence to safe procedures for enter-
ing and checking patient and treatment data for medical devices is
critical. Familiarity with the routines of data entry can lead opera-
tors to take shortcuts, forego cross-checking or rechecking of infor-
mation, and assume incorrectly that a device is operating consistent
with the treatment plan. In this vignette, data entry errors and
failures to check dose levels led to the administration of lethal
levels of radiation.

Billy had been diagnosed with brain cancer at age 10. His long-
term prognosis was not good, but his physicians thought radiation

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


136 SAFE MEDICAL DEVICES FOR CHILDREN

treatment could provide some additional years of reasonably good
quality life with his family. At the very outset of the treatment, a
hospital staff member incorrectly entered the radiation dose infor-
mation, and no one ever again confirmed the prescribed dose with
the settings on the radiation therapy unit. Four weeks after the final
treatment, Billy experienced progressive skin eruptions at the area
where the radiation beam was directed. A consulting dermatologist
questioned the medical physicists at the treating facility about the
radiation treatments. The boy’s physicians concluded that he had
been exposed to a severe radiation overdose. A few months later,
Billy died.

Once attention had focused on the radiation dose, the hospital
called in a consulting engineer to investigate. When he checked the
settings in the electronic memory of the therapy unit, he discovered
the dosage error. The facility’s staff began to fault the equipment’s
software for not catching the error, but the engineer inquired
whether the erroneous setting was a correct setting for any cat-
egory of pediatric patient. It was. The system’s software would
have not “queried” the dose for that reason. At the time, the insti-
tution did not have real-time dosimeters that would have detected
the dose error. The hospital settled a lawsuit brought by Billy’s
parents.
Devices involved: Linear accelerator, radiation therapy simulator.
Proximate cause: Staff error in entering data and failure to check
the treatment settings against the prescribed dosage before each
treatment.
Institutional/system factors: Failure to follow institutional policy
to double check data entry before each treatment; lack of real-time
dosimeters; inappropriate staff reliance on software to detect error
(dose was not outside the range for all patients); inadequate staff-
ing of radiation oncology department.
Device factors: Poor software design of data entry menu.
Further reading: Adapted from FDA (2002n, Case Study 16). For a
report on serious radiation device adverse event involving soft-
ware, see Doyle (2000).

Vignette H: Growth-related complication from gastrostomy tube
(g-tube) design. A device designed for use with adults may not be
suitable for a growing child. In this story, the doctors chose a
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specific gastrostomy tube because it could be placed with less inva-
sive surgery and the design featured a disc that provided just enough
tension to reduce leakage. As the child grew, the disc-tension de-
sign caused too much pressure, which caused the disc to embed in
and then erode through the stomach wall.

Robert, now 14, had survived a serious brain injury when he
was 12. His parents visited him daily at the rehabilitation hospital
where he received physical therapy and supportive care. The family
was grateful for his gastrostomy tube, which allowed him to re-
ceive all of his nutrition through the tube inserted directly into his
stomach. This tube had been placed 17 months ago in the radiol-
ogy suite of the adult hospital where he was originally treated. It
had seemed to work well, but then the area adjacent to the tube
showed leakage and some redness.

The rehabilitation hospital decided it was prudent to return
Robert to the original hospital for evaluation. The work-up there
found that the inner disc of the tube, which held it against the
stomach wall, had actually burrowed into the inner lining of the
stomach, going completely through the stomach wall. Surgeons
had to remove that portion of the stomach where the disc was
buried. They placed a different type of gastrostomy tube during the
surgery, which required an additional 2 weeks of hospitalization.
When the parents learned that the new gastrostomy tube would not
cause the same problem, they asked why they were not told of the
risk with the original device and whether the problem had been
reported. They wanted other parents to be vigilant about this com-
plication if it was possible.
Devices involved: Percutaneous gastrostomy tube with triangular
retention disc.
Proximate cause: Tension from fixed distance between internal and
external discs of the g-tube, which caused pressure on the tissues
of the child’s growing abdominal wall; embedding of corners of
triangular-shaped internal retention disc not noticed, possibly due
to the child’s inability to communicate discomfort in a specific
manner.
Institutional/system factors: Lack of procedures to evaluate dis-
tress in patient with communication limitations; lack of adequate
protocol for monitoring implanted devices in such patients; tube
placed by radiologist who would not be expected to be involved in
follow-up management of the device; no apparent hand-off of de-
vice management to other physician involved in child’s care.
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Design factors: Lack of device mechanism to measure the disc ten-
sion or allow adjustment for a child’s growth; failure of device
labeling to mention growth considerations; disc shape possibly con-
tributed to embedding.
Other comment: Authors of a case report on this problem recom-
mend checking the tension of the device by regularly spinning the
tube around the retention disc. They also suggest scheduled replace-
ment of the tube, given the predictable growth of a child’s abdominal
wall. Some pediatric gastroenterologists favor tubes with circular
retention discs but would still recommend replacement of these with
a device that did not provide such tension as soon as the ostomy
track was mature. In children’s hospitals, placement by interventional
radiologist is probably not standard practice (personal communica-
tion, Norberto Rodriguez-Baez, M.D., Division of Gastroenterology
and Nutrition, Department of Pediatrics, University of Texas South-
western Medical Center, March 24, 2005).
Further reading: Cahill et al. (2004).

Vignette I: Parent’s mistake with home infusion pump. As in this
story, treatments once confined to hospitals are also taking place in
the home and school. Parents and others now provide care and
cope with medical devices—and problems—that formerly were the
domain of health professionals. Training for parents on how to
operate a device may be limited and include neither directions on
how to assess or troubleshoot problems nor evaluation of a
caregiver’s capacity to deal with mistakes or malfunctions.

Katie was 2 years old when she was diagnosed with a resistant
bacterial infection of her femur. She was sent home with an infu-
sion pump that would deliver several weeks of intravenous (IV)
antibiotics through a central venous catheter. While in the hospital,
Katie had gone through four different standard IV lines (catheters).
Few usable vein sites were left, so she received the central line.
Katie’s mother attended classes at the hospital on how to manage
the line and change the dressings around the skin entry site. She
was confident that she had the necessary skills and information to
participate safely in her child’s care. A nurse was to come out to the
house for at least one of the three doses per day.

One evening, Katie’s mom was feeling particularly frazzled and
distracted because both siblings were fussing and her husband was
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out of town. She forgot to prime the tubing—that is, fill it with
fluid to remove air—before putting the tubing into the cassette unit
of the automatic pump and then attaching that set-up to her child’s
IV. After she turned the pump on, it sounded an alarm within
seconds, and the pump display clearly read “air in line.”

Katie’s mom turned off the pump, removed the tubing from the
pump’s cassette, and desperately tried to remember what to do.
Meanwhile, the air in the IV line migrated through the tubing into
Katie’s veins. The child stopped breathing. As she had been trained
to do, Katie’s mom gave her rescue breaths, which revived the
child. The mother then saw that she had not clamped the tubing
with the air in it and immediately realized what had happened. She
called 911 and an ambulance took Katie to the emergency room,
where she was treated and released. Subsequently, Katie’s mom
took the girl to the hospital’s emergency room for all of her antibi-
otic doses until the infection resolved.
Devices involved: Portable IV infusion pump.
Proximate cause: Failure to prime tubing (remove air from tubing)
prior to connecting tubing to patient’s IV; failure to clamp tubing.
Institutional/system factors: Inadequate parent education on safe
device operation and troubleshooting; possible poor selection of
patient for family-delivered home therapy (multiple children, only
one adult routinely at home).
Device factors: Lack of warning messages other than “air in line”
on the device display; no message to “disconnect tubing from child”
or “clamp tubing close to the child.”
Further reading: Laskey et al. (2002).

Vignette J: Injury from pediatric use of orthopedic device. This
story illustrates how adverse outcomes can occur when physicians
lack sufficient information to guide the use of complex, high-risk
devices with children. In this example, a child with severe facial
abnormalities underwent craniofacial reconstruction using a com-
plex rigid external distraction osteogenesis device.

Howard was born with his upper jaw and cheek area so under-
developed that his lower jaw protruded and his teeth were mis-
aligned. His eyes looked like they were sinking into his cheeks, and
his underdeveloped midface and crowded airway created speech
problems. When Howard was almost 8 years old, his parents con-
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sulted a craniofacial group that offered “stretching” of the child’s
midface using a process similar to that used earlier to widen his
palate. The process, which is common in orthodontal work, is
called distraction osteogenesis. It takes advantage of the fact that
bones are constantly remodeling, especially in the growing child or
in healing bone. During the procedure, the surgeon strategically
makes cuts in the bone, after which traction is applied to maintain
a specified distance between the bone segments. Active bone-
building cells then construct new bone to fill in the gap and thus
elongate the bone. The procedure had been well studied in the
elongation of leg bones in adults, but now the surgeons were apply-
ing the theory to the complex set of bones of a child’s skull and
face.

During surgery, the base of the device system, called a halo,
was screwed into Howard’s skull to anchor various rods, bars, and
brackets attached to his facial bones. Shortly after Howard’s dis-
charge from the hospital, the area around two of the screws in his
skull had become very red and swollen and was draining yellowish
material. A CT scan showed that the screws had gone too far into
the skull and were touching the brain’s surface. Surgeons removed
and replaced the screws, but after two more days, doctors found
the new screws had actually gone partially into the brain. Fortu-
nately, Howard suffered no brain damage. No one could explain
how the problem happened; the boy had only been lying in bed or
on the couch at home.

After removing the old hardware, doctors tried a new device
still under testing and development. This device allowed for more
facial and mouth movement and also for more precision in setting
the force and angle of force that the tension bars applied to the halo
element that is attached to the skull. This device worked well and
within 2 years, Howard had good functional and cosmetic results.
Still, his parents wondered about how the child’s growing bones
would develop because the device was too new to have long-term
results. Howard’s physicians read about a very similar case in a
journal case report, which mentioned studies of the halo device but
noted the lack of data about important questions in pediatric use of
the device.
Device involved: Modified halo rigid external distraction system.
Proximate cause: Excess force applied to skull bones by traction
apparatus; direction of force and lesser thickness and density of
child’s skull also likely factors.
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Institutional/system factors: Lack of agreed-upon guidelines for
the use of procedures that have not been evaluated with chil-
dren; lack of commitment to systematic long-term evaluation of
complex orthopedic devices.
Design factors: Manufacturers and clinical investigators have not
systematically studied or modeled the complex force vectors re-
quired in the application of this type of device to developing bones
in a child’s face and skull.
Other comment: Absent systematic clinical studies, physicians us-
ing complex devices may lack adequate instructions about safe and
effective methods of application and appropriate patient follow-up
and monitoring. They likewise may lack sufficient information
about the prospect of long-term benefits and short-term and long-
term harms to guide clinical and family decisions about the use of
a device with children.
Further reading: Dormans et al. (1995); Le et al. (2001).

Vignette K: Difficult-to-detect implant problem. This story pro-
vides another example of how an ill child’s physical dimensions can
affect device performance. With attentive parents who consulted
and followed the device manufacturer’s instructions, the child re-
ceived the careful evaluation needed to reveal a difficult-to-detect
problem. Delay could have been fatal; catheter malfunctions with
this device have been linked to deaths of both children and adults.

The parents of 4-year-old Sarah found themselves confused by
their daughter’s increasing muscle tightness, high fever, and itch-
ing. Sarah had cerebral palsy, but they had not seen her muscles
twisted up like this since she’d had an intrathecal Baclofen pump
placed in her abdomen. The hockey puck-sized pump delivered the
muscle-relaxing Baclofen drug through a small catheter to the spi-
nal fluid. Before that, Sarah’s muscle spasticity meant that she
could not walk easily or play like other children.

Then the pattern changed, and Sarah showed signs of lethargy;
her muscles seemed too “floppy” rather than too tight. To her
parents, she seemed to have switched from showing symptoms of
an underdose to showing symptoms of an overdose, at least ac-
cording to the information on a wallet-sized card supplied by the
pump manufacturer. The card, which Sarah’s parents consulted as
had been stressed by the child’s physicians, instructed patients to
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check immediately with their neurologist. The neurologist found
that the pump’s battery and reservoir of medication were adequate
but that the girl’s symptoms were consistent with Baclofen with-
drawal. He ordered a study to check, in particular, the integrity of
the tubing. The study showed no leaks, but the doctor recom-
mended a surgical evaluation, given that Sarah was getting more
and more ill. Surgical exposure of the device revealed that the
tubing was cracked in the segment closest to the pump, an area of
the tubing that is relatively inflexible and that passed over the bony
prominence of Sarah’s pelvic bone. Like many children with cere-
bral palsy, Sarah was seriously underweight, so she had little pad-
ding to prevent tubing wear at the site it passed over her bones. The
surgeons replaced the tubing.

Approximately 6 months later, Sarah again showed symptoms
of an overdose. During another surgery, her doctors found the tub-
ing cracked in the same area. (For technical reasons, it was virtually
impossible to discover or verify this problem without surgical explo-
ration.) This time, however, Sarah’s neurologist and surgeon had
read a report in a professional journal that concluded that the infu-
sion pump needed to be placed differently in children such as Sarah,
to avoid compression at a spot where the tubing was relatively in-
flexible. (The compression led first to an underdose and then to a
fracture and subsequent overdose.) This seemed reasonable, so the
surgeon adjusted his surgical procedure. He later learned that the
manufacturer had adjusted its implantation directions.
Device involved: Intrathecal Baclofen pump.
Proximate cause: “Stiff” portion of catheter tubing in friction against
active child’s protuberant bone, causing “nick” or “crack” in tubing.
Institutional/system factors: Possible slow detection of problem
due to underreporting.
Design factor: Device large relative to size of very young child with
cerebral palsy (average 4-year-old girl with cerebral palsy weighs
24 pounds compared to normal weight of 35 pounds); stiff tubing
stressed by initial implantation strategy.
Other comment: Extensive manufacturer website addressed many
aspects of device operation and troubleshooting. The information
and warnings on the manufacturer’s information card helped par-
ents to recognize problem and seek assessment that identified the
life-threatening device malfunction.
Further reading: Coffey et al. (2002); Dickerman and Schneider
(2002); Dickerman et al. (2003); Gooch et al. (2003).

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


IDENTIFYING AND UNDERSTANDING ADVERSE MEDICAL DEVICE EVENTS 143

Vignette L: Losing track of an implant. This case illustrates a
relatively “forgotten” device, one that was important during a
child’s early years but not in adolescence, when responsibility for
device management shifted to the adolescent. This shift has risks as
well as benefits related to adolescent inexperience and failure to
appreciate or recognize the need for vigilance in device mainte-
nance. Without ongoing involvement in device use or maintenance,
parents may lose track of what is happening, especially if the device
is not seen as critical to life and health.

Elizabeth, a 16-year-old with cystic fibrosis, had a “port-o-
cath” central venous catheter placed when she was 6 years old.
This catheter had provided intravenous access for countless admis-
sions and treatments for pneumonia, each requiring long courses of
antibiotics. Once Elizabeth entered her teenage years, the surgically
implanted device (which consisted of a self-sealing medication res-
ervoir that was attached to a catheter that ended in the superior
vena cava) was rarely used.

Elizabeth requested that she take over the device’s weekly care,
which involved flushing the catheter. The catheter was imbedded
near her breasts and privacy had become paramount to Elizabeth.
After following the routine successfully for an extended period,
Elizabeth forgot to flush the catheter for several weeks. Then, when
she tried it one morning, she had to exert great force and still was
unsuccessful. Later that day at dance practice, she experienced
sudden and sharp chest pain. The school called an ambulance,
which took her to the emergency room of the hospital where she
had been treated before.

When the girl’s parents arrived at the emergency room, they
told the staff that her lung disease was stable. Neither Elizabeth nor
her parents thought to mention the central line, and the staff saw
nothing in the girl’s medical record that alerted them to the line’s
presence. (Mention of the device was buried in progress notes, and
the record included no device equivalent of a medications list.)
Because Elizabeth was having trouble breathing, the emergency
personnel obtained a chest X ray, which showed that the catheter
had separated from the reservoir and had migrated through the
vein into the right side of the heart, with part of it headed out into
the small vessels of the lungs. Elizabeth then told the physicians
and her parents that the device had been neglected for some weeks
and that she had been unable to successfully flush it that morning.
She underwent surgery to remove the fractured catheter.
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Device involved: “Port-o-cath” central venous catheter.
Proximate cause adverse event: Old central line tubing with throm-
bus formation that made it difficult to flush; likely fracture of line
during forceful attempt to clear it.
Institutional/system factors: Lack of clear documentation in medi-
cal record at the hospital/emergency room citing device presence;
incomplete medical history from patient and family; school person-
nel unaware of device and unable to advise emergency medical
responders; patient’s physicians lost track of device, failed to assess
continued need for it, and failed to monitor patient adherence to
and awareness of device maintenance requirements.
Design problem: Thrombus and fibrin clot formation common in
catheters; lifespan of catheter system not known or publicized.
Other comment: Notwithstanding the importance of respecting an
adolescent’s developing maturity and the value of a wellness model
of care, these patient-centered strategies risk a loss of vigilance with
respect to device risks, safe maintenance, and adult oversight. The
adolescent years challenge parents in many ways, especially when
the adolescent has a serious but stable medical condition. In these
situations, monitoring of a teen’s health maintenance practices can
be a source of tension, and teens may be reluctant to admit that
they have not followed instructions and need assistance.
Further reading: Fratino et al. (2001).

Vignette M: Insufficiently evaluated procedure. In this vignette, an
interventional radiologist attempted to remove a clot from the end
of a central venous catheter using a procedure that had been re-
ported in the literature but not systematically evaluated. During
the procedure, the tip of the original patient’s central line sheared
off and immediately drifted into the end of a vein within the lungs.
The child suffered no immediate harm but required surgery to
replace the catheter.

After Hannah was diagnosed with acute lymphoblastic leuke-
mia, doctors placed a central venous catheter in her chest to deliver
the required chemotherapy. The catheter was used frequently for
both delivery of medication (its primary purpose) and blood draw-
ing for ongoing laboratory studies. For a 3-year-old facing six
months of chemotherapy, easy access for blood draws reduced her
pain and stress.
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After 3 months, Hannah’s catheter became clogged at the cath-
eter tip. The catheter still allowed the free flow for chemotherapy
but not for blood draws. The clog resulted from a natural process
of fibrin formation that occurs on the end of every catheter that
dwells within the lumen of a vein for an extended period. The
interventional radiologist offered to perform a relatively new pro-
cedure that involved going into a vessel in Hannah’s leg with a
second catheter that had a loop at its end to grab and strip the
fibrin debris off the end of the other catheter. The goal was to
salvage the original catheter. This workaround had been reported
in the pediatric interventional radiology literature and seemed rea-
sonable given that the only alternative was to replace the catheter,
a surgical procedure requiring general anesthesia.

During the procedure, the clot was stripped, but with it, the tip
of the original central line sheared off and floated away, coming to
rest deeply within the vessels of Hannah’s lungs. It could not be
retrieved. Hannah experienced no symptoms, but required another
central line to be placed surgically.

The radiologist was completely surprised by the event, having
never heard of or imagined such a possibility. She discussed the
event with colleagues and reported it to hospital risk management,
which did not evaluate whether it was reportable under FDA rules
and did not otherwise investigate or act further.

Hannah’s parents really did not understand what happened;
they were focused entirely on their child’s health and did not con-
sider action against the hospital. The girl’s oncology team won-
dered whether the expected benefit of trying the new procedure
really justified the risk, which was not well defined because the
procedure had not been systematically evaluated with children.
The radiologist hoped to see future studies that assessed the risk of
fracture or shearing of central venous lines when tension is applied
to them during a stripping procedure.
Devices involved: Normal central venous catheter; modified central
venous catheter.
Proximate cause: Use of device beyond its specifications.
Institutional factors: Lack of expertise and training in procedure;
lack of opportunity for learning and early problem identification
by others due to failure to report adverse event.
Design factor: Catheter prone to clotting.
Other comment: “Workarounds” (as described in Chapter 2) are
common to fix or modify—rather than surgically remove and re-
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place—a device that is implanted. This is justified if the risk in-
curred is low compared to replacement. When a procedure and the
requisite skills have not been evaluated with significant numbers of
patients, the risk can be difficult to assess.
Further reading: Knelson et al. (1995); Haskal et al. (1996); Bes-
sound et al. (2003).

Vignette N: Fatal error in connecting tubing. Correct assembly of
devices is critical for safety. In this vignette, one tube was confused
for another because their end-fittings looked similar. The result
was fatal when a child’s oxygen tubing, under pressure, was inad-
vertently connected to his IV pump. Although training nurses to
assemble devices is important, a device design that would prohibit
such a deadly hook-up would be more effective at avoiding this
human error.

Nurse Johnson independently cared for four children on a busy
pediatric ward. One patient, 9-year-old Andrew, had been hospi-
talized after a severe asthma attack, requiring oxygen therapy and
aerosolized treatments as well as IV antibiotics. He was absorbed
in his video game when Johnson arrived to connect the tubing for
his afternoon antibiotic dose. A respiratory therapist had just fin-
ished Andrew’s breathing treatment, delivered using the oxygen
source from the wall. She placed that oxygen tubing across the bed
rail, but forgot to turn the oxygen flow off.

Johnson stepped in beside Andrew’s bed and hung the bag and
tubing of IV antibiotics she had carried in the room with her.
Andrew complained that the nurse was in the way of his video
game and she stepped aside. Then, when she reached over the
video-game control wires, she mistakenly took hold of the oxygen
tubing, the end of which was very similar to the tubing for the IV
bag. She next fitted the wrong tubing to the pump, which was
already connected to Andrew’s IV in his arm. This sent air into the
IV set, and then into Andrew, creating a fatal air embolism. An-
drew gasped and died instantly.

When the resuscitation effort failed, shocked hospital staff set
in motion the institutional procedures for notifying a family of a
child’s unexpected death. Although the resuscitation effort had
disrupted the physical scene around the child’s bed, the improperly
connected tubing remained in place, and interviews with nurses
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and therapists provided a clear picture of the circumstances. Also,
later review of a chest X ray taken during the resuscitation (to
check emergency placement of a tracheal tube) found air dissemi-
nated throughout many of the major blood vessels. This indicated
that the suspected air embolism was indeed the mechanism of death.
Devices involved: IV set and tubing; nebulizer and tubing; video
wires.
Proximate cause: Use error: failure to connect tubing correctly.
Institutional/system factors: Inadequate professional training and
institutional reinforcement about fundamental importance of trac-
ing tubing and electrical connections from origin point to patient.
Design factor: Tubing connectors that allow incorrect connections;
failure to prominently label tubing that is not protected from incor-
rect connections.
Other comment: Mandatory standards for tubing connector design
are not in place.
Further reading: ISMP (2003); ECRI (2004b).

Vignette O: Fatal incubator malfunction. The total dependency of
infants requires that pediatric devices have redundant safety mecha-
nisms. In this case, an infant incubator overheated, resulting in the
death of a baby. The noisy, busy environment of the neonatal
intensive care unit contributed because nurses did not hear the
device’s alarm.

Brittany, a 2-week-old newborn in the intensive care nursery of
a hospital, was resting inside of the protected world of her isolette
(incubator). Within this world, all vital environmental variables—
oxygen, humidity, heat, and light—are fixed to support a fragile
baby’s existence. The nursery was understaffed and, as usual, it
was noisy with many alarms, infant cries, telephones, and beeping
monitors. Brittany’s isolette alarm went off, but none of the nurses
noticed. The alarm was, in effect, cognitively “subtracted out” by
similar incoming auditory stimuli. Eventually, a nurse noticed that
the isolette display showed an abnormal blanked-out reading.
When found, Brittany had suffered irreversible, fatal hyperthermia
(excessive body temperature). The isolette had malfunctioned and
had gotten so hot that the mattress tray had melted.

The facility and the manufacturer initially could not determine
the source of the problem, and a literature search turned up no
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SOURCES OF ADVERSE DEVICE EVENTS

The stories above illustrate many sources of adverse device events and
close calls. Box 4.2 presents one categorization of event sources and pro-
vides brief additional examples of each.

The critical source of an adverse device event may be as profound as a
shortfall in basic scientific understanding of a disease or physiological pro-
cess, for example, the long-term effects of incubator-supplied oxygen on

similar events. Consultant engineering specialists eventually deter-
mined that a brief power interruption had disrupted computer con-
trol of the device, which produced an abnormal display and al-
lowed the fatal overheating. The power interruption had been
caused by loosened wires within a replacement power plug on the
device’s power cord. The replacement had occurred before the unit
was shipped to the hospital. The investigators also found that the
high temperature back-up thermometer had been improperly ser-
viced by the manufacturer. In another critical failure, the hospital
engineering staff had not conducted the usual incoming inspection
of the device after a communication error left them unaware that
the device had arrived. The hospital risk manager reported the
incident to FDA and the manufacturer. The manufacturer, after
filing two reports that the investigation was continuing, filed a
third report that described the wiring problem.

Some time after Brittany’s physician had told her family the
shocking news of the baby’s death and offered support for the
family in their grief, the physician and other hospital personnel—
consistent with institutional policies and procedures and with help
from the family services unit—met with the family again. They
again expressed their deep regrets, but they also described what
they had learned, explained what they were doing to prevent such
a tragedy from occurring again, and answered the family’s ques-
tions. Later, the hospital and the family agreed on a financial settle-
ment, which was followed by a settlement with the manufacturer.
Devices involved: Incubator, back-up thermometer, detachable
power cord, skin temperature probe.
Proximate cause: Manufacturing error in installing power cord;
improperly adjusted back-up thermostat.
Institutional factors: Failure to conduct initial product inspection;
communication failures; environmental noise; understaffing.
Further reading: Adapted from FDA (2002n, Case Study 8).
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children’s eyes or the interaction between a child’s body and a material used
in a device. The source may also be as ordinary as a typing or data entry
error for a programmable device, an error which, although mundane, can
have tragic consequences for an individual child and family. One goal of
human factors engineering and other safety strategies is to design devices
and the systems in which they are used in ways that either limit the oppor-

BOX 4.2
Possible Sources of Adverse Device Events with Examples

Science/evidence base or engineering concepts
• Blindness associated with original use of high-dose oxygen therapy for in-

fants without controlled study of effects
• Unexpected intensity of calcification of tissue heart valves in children re-

vealed during long-term patient care
• Failure of nebulizer devices to produce particles of therapeutic drugs that

reach infant lungs

Device design (including design of accessory devices and software)
• Specification of type or grade of material not adequate for a component’s

intended or reasonably foreseeable uses and environments
• Off/on switch for home use device that is inadequately protected from unin-

tentional activation or deactivation by child patients or siblings
• Design of tubing connectors that allows crossing of fittings or connections

for oxygen and other gases in surgical suite or ICU
• Flaw in software that allows data entry error to go undetected

Manufacturing process
• Failure of sterilization procedures that allows contaminated device to be

shipped
• Substitution of inadequate for adequate material or grade of material
• Installation of wrong computer chip to control a device function
• Improper connection or wiring of device parts during assembly

Labeling
• Failure to provide instructions about safe and appropriate use of a device in

language that is understandable to parents, other caregivers (e.g., grandparents),
or children who will use the device

• Undue reliance on labeling as a means of educating clinicians, parents, and
patients about safe and effective use of a medical device

User facility administrative and patient safety systems
• Inadequate policies and procedures for purchasing safe and appropriate

devices
• Inadequate systems for monitoring and responding to recalls, safety advi-

sories, and other warnings

continued
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tunity for certain types of use errors or block them from having harmful
consequences.

Compared to drugs, use errors tend to be much more variable in nature
for devices, reflecting the greater physical diversity of medical devices and
their means of human use. Some adverse drug events actually stem from
errors in the use or design of medical devices, for example, infusion pumps.

• Inadequate provisions for communication with patients and families about
how to prevent, identify, and correct or report device problems

• Understaffing

User facility device inspection and maintenance
• Inadequate inspection of newly purchased device to detect defects
• Failure to follow recommended maintenance schedule for device
• Use of improper maintenance procedures

Environmental conditions at site of use
• Electrical power failures with no or inadequate backup power source
• Susceptibility of cardiac and other monitoring devices to electromagnetic

interference from digital television signals
• Noise levels in neonatal intensive care unit too high for equipment alarms to

be heard

Operator/user training and supervision
• Clinicians performing complex new procedure without sufficient training and

monitoring (“learning curve” problems)
• Change in use characteristics of a common device that is not adequately

communicated to operator/user
• Insufficient education and assessment of patient or family member under-

standing of their responsibilities for safe and effective device use in the home or
community

Device operation by individuals or teams
• Use of shortcuts, workarounds, or other practices that depart from labeling

directions
• Parts of device or device and accessories incorrectly assembled by user
• Failure of user to set or program device correctly
• Inappropriate reliance on an alarm or other automated feature of a device

Tampering, sabotage, or counterfeiting
• Marketing of counterfeit nonabsorbable polypropylene mesh (3” × 6”) used

in the repair of hernias

SOURCE: A starting point for the categories used here was the classification scheme devised
by ECRI for its Medical Device Safety Alert database (see http://www.mdsr.ecri.org/); see also
Bruley, 1994; FDA, 2002n; ECRI, 2005.

BOX 4.2 Continued
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A device problem may sometimes be quite obvious. For example, a
medical device may visibly warp or crack. Certain kinds of use errors, such
as faulty connection of tubing, may also be quickly evident. In this respect,
the proximate cause of many device adverse events may be clearer than
with many events involving drugs, including those involving interactions
with other drugs.

In other cases, extended investigation may be required to determine
that a bad outcome or adverse event is related to a medical device. Infec-
tions, which can have many possible causes, are a case in point. A device-
related infection (e.g., one associated with a design flaw or deficient steril-
ization practices) may only be suspected when an unusual pattern or trend
in infections is noticed and other explanations appear inadequate. Linking
the infection to a medical device can require combination of laboratory and
epidemiological studies, as was the case with the earlier story (vignette N)
about infected bronchoscopes (see also the investigation of meningitis in
patients with cochlear implants discussed in Chapter 6).

Sophisticated devices with many different components present particu-
lar challenges for adverse event investigation. A recent article on the pos-
sible hazards of telemedicine used a number of adverse event reports in
MAUDE to illustrate how incidents involving complex, software-controlled
technologies (which often integrate components from several manufactur-
ers) can be extremely difficult to understand, recreate, and diagnose (John-
son, 2003; see also Johnson, submitted for publication).

As noted throughout this report, although adverse device events some-
times have single causes, they often have multiple contributing factors. In
addition, events often involve multiple devices (and multiple people inter-
acting with the devices), each of which may need to be evaluated as a
possible cause or contributor.

A few studies of adverse events and medical errors have looked at
pediatric populations. For example, an analysis of voluntary, anonymous
reports to a network of neonatal intensive care units reported 1,230 events
in a 27-month period (Suresh et al., 2004). Nearly half of the errors
resulted from failures to follow policies or protections and approximately
a quarter each from inattention and communication problems. During the
last 10 months of the study period, 2 percent of the events resulted in
serious harm and 25 percent in minor harm. Another study reported that
a complication related to medical care was found with 0.8 percent of all
hospital discharges of children in 1996 (McCormick et al., 2000). A more
recent analysis of a large database of inpatient admissions from 1988 to
1997 found rates of hospital-reported medical errors between 1.81 and
2.96 per 100 discharges (Slonim et al., 2003). Rates were significantly
higher for technology-dependent or special needs children, a finding con-
sistent with studies of adults.
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LIMITATIONS OF ADVERSE EVENT REPORTING PROGRAMS

Problems with the passive or spontaneous reporting of adverse events
or health problems are hardly unique to medical devices or FDA programs
(see, e.g., O’Neil et al., 1993; Cullen et al., 1995; IOM, 2000c, 2004b;
Wald and Shojania, 2001b; Samore et al., 2004). Other public health agen-
cies, medical product manufacturers, health care facilities, and patient safety
organizations experience similar problems. Notwithstanding the limitations,
event reporting remains an important component of existing and evolving
programs to protect patients and improve public health.

FDA’s program for the reporting and analysis of adverse device events
has been the subject of at least three reports by the Government Accountabil-
ity Office (GAO, formerly the General Accounting Office). The first two,
issued in 1986 and 1989, reported significant weaknesses (GAO, 1986, 1989).
A 1997 report credited FDA with improvements (some in response to legisla-
tive changes) but stated that “FDA does not systematically act to ensure that
the reported problems receive prompt attention and appropriate resolution”
and thus does not function satisfactorily as an early warning system for
problem medical devices (GAO, 1997, p. 2). The report also cited the agency’s
slow review of reports of device malfunctions that did not result in harm but
that might nonetheless have served as early warnings of problems before they
caused harm. In 2003, FDA itself characterized its program of postmarket
surveillance as “not working well” (FDA, 2003n, unpaged).

In addition to criticizing FDA, the 1997 GAO report also criticized the
quality of user facility reporting. It cited delayed reports, failure to submit
semiannual summary reports, and lack of critical information (e.g., type of
device, outcome of event). It proposed that feedback to reporting facilities
of information about the outcome of a report might improve knowledge of
device problems and encourage better reporting. The report acknowledged
the agency’s response that providing such feedback would require substan-
tial resources. As described below, the pilot MedSun program responds to
some of the GAO’s criticisms by providing more feedback and other inter-
action with personnel at participating facilities.

A recent estimate of underreporting of medical device-associated ad-
verse events came from an analysis of data from National Electronic Injury
Surveillance System (NEISS), which has information on consumer product-
related injuries based on emergency department records from a probability
sample of hospitals (Hefflin et al., 2004). The analysis found the number of
reports was “four times greater than the annual number of adverse event
reports received by medical device-regulating surveillance systems” (Hefflin
et al., 2004, p. 246). This analysis may provide some sense of the magni-
tude of serious, device-related problems experienced by patients outside the
hospital. NEISS does not capture data on injuries treated in other areas of a
hospital, which would include injuries associated with device errors or
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malfunctions that were, for example, experienced and managed in the in-
tensive care unit.

Underreporting is also suggested when a public health notification or
recall brings attention to a problem and FDA then sees a sudden increase in
reports of the problem. One example reported in the literature involved a
vacuum extractor used to assist vaginal delivery of a newborn (see, e.g.,
Ross et al., 2000).

The limitations of passive or spontaneous reporting of adverse device
events apply generally to both adults and children. It is possible, however,
that the events affecting children could be subject to higher or lower rates of
underreporting or poor-quality reporting. The committee is not aware of
any relevant comparative studies.

Problems with Reporting of Adverse Events

“The ‘grapevine’ system of reporting appears to be relied upon by physi-
cians and other health professionals. In many subspecialties, including
cardiology and neonatology, there is a small network of pediatric experts.
It is common for these physicians to share stories of mishaps or near
misses in an effort to prevent others from making the same mistakes. This
dependence by many individual physicians on this kind of information
sharing is clearly not sufficient. . . . [However,] there is no quick, simple
system to allow reporting of medical device usage (both successful and
unsuccessful). Current electronic databases [of adverse reports] are often
difficult to locate and can be cumbersome or time consuming to use.”

American Academy of Pediatrics (AAP) et al., 2004b

Important as informal professional communication networks are, they
are not adequate to the task of systematically identifying and communicat-
ing the array of problems that can arise with the design, production, distri-
bution, and use of medical devices. Such networks also are not universal
and may not reach those clinicians or other users most in need of informa-
tion about problems with medical devices. Furthermore, although informal
communications may lead to alterations in professional practice, they may
or may not reach hospital risk managers, device manufacturers, FDA, or
others in a position to respond more comprehensively to device problems
once they are identified. In some respects, informal communication might
be viewed as a “workaround,” a way of compensating for some of the
inadequacies of formal surveillance programs.

Contributors to Underreporting

Several of the vignettes presented earlier in this chapter described fail-
ures to report adverse events and also suggested some of the reasons for
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underreporting. In addition to ignorance of reporting requirements or op-
portunities, reasons include workload pressures, liability considerations,
misunderstanding of privacy regulations, concerns about competitors, and
lack of adequate institutional procedures and other support for reliable
reporting.

As users of devices, clinicians may not be aware that devices are “re-
portable” products and that FDA has an adverse device event reporting
program. Clinicians also may be accustomed to “working around” certain
kinds of device problems without recognizing them as reportable events
(AAP et al., 2004b; Bright, 2004).

At the institutional level, patient safety programs have tended to focus
more on medication errors than device errors. Institutions have been slower
to develop structures and procedures to support the reporting, understand-
ing, and prevention of adverse device events, including education of clini-
cians about their role in identifying adverse device events and device mal-
functions or failures. Institutions may likewise lack reliable mechanisms for
learning about and implementing device recalls and public health notifica-
tions that advise changes in practices involving a device.

Some institutions have been intimidated or confused by the patient
privacy provisions of the Health Insurance Portability and Accountability
Act of 1996 (HIPAA, P.L. 104–191). On its MedWatch website, FDA has
clear messages that “the Privacy Rule specifically permits covered entities
(such as pharmacists, physicians, or hospitals) to report adverse events and
other information related to the quality, effectiveness, and safety of FDA-
regulated products both to the manufacturers and directly to FDA” (FDA,
2003b, unpaged). In addition, the Privacy Rule permits (but does not re-
quire) covered entities to disclose—without getting a patient’s authoriza-
tion—protected health information to parties (for example, manufacturers)
that are conducting postmarket surveillance required by FDA (45 CFR
164.512(b)(1)(iii)(D)). (State laws can be more conservative than federal
law, but most are consistent with respect to public health exceptions.)

It is the committee’s sense that confusion about HIPAA and the legal
discretion of user facilities and professionals to disclose patient information
related to adverse events to FDA or manufacturers remains a problem. The
actual instructions for Form 3500A for reporting adverse events do not
mention HIPAA, although MedWatch has a notice about HIPAA that is
displayed on the page that includes links to forms and information about
reporting safety problems. As discussed in Chapter 6, HIPAA also is a
concern for manufacturers and investigators collecting information for re-
quired postmarket studies.

When health care professionals and institutions do report adverse de-
vice events, they do not always include essential information about the
event, the device (e.g., specific model), and any attached accessories. Front-

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


IDENTIFYING AND UNDERSTANDING ADVERSE MEDICAL DEVICE EVENTS 155

line clinicians may know little or nothing about the history of a device (e.g.,
whether it has been refurbished), and they may not be aware of the differ-
ence between a device brand and a specific device model. If not documented
at or near the time of an event, these kinds of details may be difficult to
reconstruct or collect later. Details about generic, seemingly innocuous
products such as many kinds of tubing may be practically unavailable.

In addition, concerns about liability related to possible errors in the use
of a device may affect whether professionals and user facilities report a
problem, how they characterize the nature and source of the problem (e.g.,
use error versus design problem), and whether they provide a manufacturer
with a device for evaluation.3 This concern exists despite the confidentiality
protections offered by FDA’s statute and regulations for patients, physi-
cians, and other initial reporters of events, and (in most situations) user
facilities (21 USC 360i(b)(2); 21 CFR 803.9; 21 CFR 20.63(f)). Identifying
information about these reporters is not included in the public MAUDE
database, and such information in the internal FDA database is not releas-
able in responses to requests under the Freedom of Information Act. Inter-
nal facility records documenting an adverse event and its investigation are
not so protected.

In contrast to user facilities, the names of manufacturers and devices
are included in the public MAUDE database. Such information is a neces-
sary means of identifying problems with specific devices (including use
errors) and disseminating that information to clinicians, user facilities, and
patients. Anonymous reporting, which may be constructive for some pur-
poses, is not appropriate in this case. Notwithstanding regulatory require-
ments and public health arguments, manufacturers may understandably be
concerned that their reports will attract attention from lawyers who spe-
cialize in medical product and malpractice litigation (see, e.g., Quinley,
2001).

Moreover, competing companies have access to the public MAUDE
reports. One long-time observer of medical device regulation suggested that
competitive pressure “is a powerful deterrent [to reporting events], leading
companies to file no more than the least amount necessary under a law—

3MedSun training materials distinguish between accident (adverse event) investigations and
forensic investigations. “The goals of an accident investigation are to determine what hap-
pened, why it happened, and which corrective actions and preventive measures can be taken.
The goal is not to assign blame. . . . Forensic investigations are performed in relation to
litigation, arbitration, and contract issues. . . . [The goal] is to provide a clearly stated,
reasonable biomedical engineering or medical opinion on the cause of the accident at deposi-
tion or trial. . . . Some investigators see the assignment of blame as one fundamental goal of a
forensic investigation. In this regard, however, it is important to remember that in the end,
legal liability is determined by juries and courts” (FDA, 2002n, p. 3-2).
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especially since these reports can be read selectively” (Dickinson, 2004c).
Both liability and competitive considerations create incentives for manufac-
turers to interpret an adverse event as resulting from user error rather than
to cite device design, labeling information, and similar factors that might
have caused or contributed to the event.

Overreporting

Although the discussions of problems with adverse event reporting
systems tend to focus on underreporting and incomplete reporting, what
might be called overreporting is also a problem. That is, user facilities,
health care professionals, and consumers may report events that are not
related to a medical device (or its use) but rather to the patient’s underlying
medical problem or some other circumstance. They may also report trivial
events. FDA has provided guidance to user facilities and others about what
not to report, but it is obvious from a scan of recently submitted reports
that the advice is not always followed. In 1993, FDA concluded that of
approximately 2,834 reports it received from user facilities, only 664 should
have been submitted (cited in GAO, 1997, p. 17).

Inappropriate reporting adds to the burden on FDA staff and on the
manufacturers who initially receive most adverse event reports that are
submitted to FDA. Manufacturer complaint files include many reports that
are screened out as not reportable.

Shift of Care from Hospital to Home

Several of the vignettes presented above involve a particular patient
safety challenge—the shift of complex care from the hospital to home. This
shift reflects, in part, the progress in biomedical science and engineering
that allows more adults and children, first, to survive severe medical prob-
lems and, second, to live at home with supportive technologies. Little infor-
mation is available about medical device safety or adverse events in the
home (see, e.g., CHCPR, no date; Lantos and Kohrman, 1992; AAP, 2000b;
Tucker, 2004; Bruno and Ahrens, 2005).

Pediatric home health care is, essentially, a stepchild in patient safety
programs. The movement of care and devices out of the hospital has not
been matched by programs to encourage the awareness, documentation,
investigation, and reporting of adverse device events. In the committee’s
experience (including its discussions with parents), many if not most pa-
tients and families are likely to be unaware that FDA has a role in device
safety and provides for written or online submission of problem reports
from consumers. The committee found virtually nothing about the report-
ing of adverse events by home health agencies, which may not be even
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aware of events and may, in any case, focus exclusively on resolving prob-
lems (e.g., clarifying operating instructions for families, troubleshooting
problems, swapping out malfunctioning devices) without regard to their
legal responsibilities for event reporting.

Recognizing that medical device safety in the home is a neglected area,
CDRH has created a home health care committee. Among other resources,
the committee has created a checklist that provides useful, basic guidance in
relatively nontechnical language for families or patients using medical de-
vices at home (FDA, 2003l). The major checklist headings advise

• As a homecare medical device user, you should know how your
device works.

• Take care of your device and operate it according to the manu-
facturer’s directions.

• Always have a back-up plan and supplies.
• Educate your family and caregivers about your devices.
• Keep children and pets away from your medical device.
• Contact your doctor and home health care team often to review your

health condition.
• Report any serious injuries, deaths, or close calls.

A number of organizations have endorsed the FDA checklist, and it
may be freely copied and distributed by professional societies, patient advo-
cacy groups, and others. The committee encourages its wider distribution,
especially by groups such as the American Academy of Pediatrics and the
National Association of Children’s Hospitals and Related Institutions that
are involved with technology-dependent children.

Identifying, Documenting, and Investigating Possible Adverse Events

The identification, reporting, and investigation of adverse events, de-
vice problems, and close calls is an important task that is most reliably
performed in the context of clearly defined organizational structures and
procedures maintained by manufacturers, health care providers, FDA, and
other relevant organizations (e.g., engineering consulting groups). Individual
patients and families at home and even office-based physicians and nurses
are, in general, not well prepared to investigate such events, even if they
recognize them as possibly related to a problem with a device or its use.
Within health care institutions, well-functioning quality management and
patient safety programs should ideally provide a culture that supports the
recognition, reporting, and investigation of device safety problems as well
as procedures that make it easy to do so. (It is not clear that this observation
applies to home health agencies that are not well integrated into the culture
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of a larger health care organization that has strong patient safety programs
and norms.)

Figure 4.1 depicts in a simplified form the basic steps to be followed in
a hospital or other facility once an obvious or possible adverse event (or
close call) is recognized. The figure highlights the importance of document-
ing the circumstances of an event and maintaining the scene until a prelimi-
nary investigation can be conducted. In some cases, investigations are

Awareness of adverse
device event or possible
adverse event (injury,
death, problem, close call).

Act to prevent further harm and preserve
information; report event internally
consistent with institutional procedures.

Did a device likely
cause or contribute
to event?

Do circumstances
warrant further internal
investigation?

Is event reportable under
FDA rules? Should it be
reported voluntarily? Should
device be returned to
manufacturer for analysis?

Clarify event; consider possible sources of
problem; collect further information as needed
about event and possibly related events;
involve facility engineers, outside consultants
as appropriate; develop findings.

Determine need for corrective action and
dissemination of findings to FDA and others;
implement and monitor results of corrective
action.

Cooperate with
manufacturer or
FDA investigation.
Monitor findings.

Identify and
document devices
used with patient at
time of event;
document event;
retain devices and
packaging and
preserve scene as
appropriate.

FIGURE 4.1 Identifying and investigating an adverse device event in a health care
facility (adapted from MedSun training materials [FDA, 2002n]).
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hindered because a device or its key accessories are not available for exami-
nation or the device has been cleaned or changed in some way (e.g., its
electronic memory erased) that eliminates or compromises relevant infor-
mation. An important feature of the MedSun program is training in proce-
dures to follow after an event is recognized (e.g., properly impounding and
storing devices involved in an incident and otherwise securing and protect-
ing the integrity of relevant materials, records, and information).

Even when a problem with a device is obvious, for example, when a
device has fractured, the contributing factors may not be obvious. A frac-
ture could result from a design flaw, a short-term manufacturing lapse, use
of the device outside its specifications or directions for use, or other causes
or combination of causes. It may be impossible later to identify the source
of an adverse event or close call if the setting and circumstances surround-
ing the problem have not been carefully and accurately documented and if
the device and related packaging and accessory devices are no longer avail-
able for analysis. Documentation is a particular concern with events that
occur in home settings where family members rather than professionals are
primarily responsible for the day-to-day operation of devices.

Manufacturer examination of retrieved devices is often useful in deter-
mining whether and why the device failed or malfunctioned or whether a
design feature contributed to a user error.4 Implant retrieval, however,
faces a number of obstacles, including confusion about the ownership of a
device, provider fears of liability, provider emphasis on fixing problems,
costs of retrieving and returning devices, and lack of formal procedures for
obtaining patient consent. A 2000 NIH document stressed the importance
of device retrieval for device research and recommended that the informa-
tion card for patients with implants provide an opportunity for patients to
consent to implant retrieval (NIH, 2000).

To the extent that documentation of the circumstances of an adverse
device event depends on information from the patient, some details may not
be available when the patient is an infant or very young child. (Limits on
communication with infants and young children may also contribute to
adverse events, for example, when children cannot provide important infor-
mation about what they are experiencing or when fear interferes with their
ability to cooperate with a procedure.) Participants may also provide incon-

4To cite one recent case, as part of its program to analyze products returned from physi-
cians, one company identified a small number of implanted defibrillators that had a battery
shorting problem that could lead to rapid battery depletion (Medtronic, 2005). Based on
additional testing, the company estimated that perhaps between 0.2 percent and 1.5 percent
of the devices in question could develop the problem. Using its registry information for the
devices, the company provided physicians with a list of possibly affected patients.
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sistent accounts of an event, and those recording or investigating these
accounts may introduce inaccuracies or biases that complicate the search
for causation. As noted above, liability and competitive concerns also have
the potential to bias reports.

The initial focus of adverse event investigations is on identifying the
immediate circumstances and causes of an event, for example, a use error or
manufacturing flaw. Human factors analysis and root-cause analysis go
beyond the immediate or proximate source of an adverse event to identify
underlying and potentially preventable device, use, environmental, and other
organizational or systems factors that contributed to the event (see, e.g.,
Sawyer, 1996; Murff et al., 2001;Wald and Shojania, 2001b). As described
below, human factors analysis can also be used prospectively to identify
and avoid device design features that promote use errors.

Determining Whether a Problem Exists

Although it is important for those immediately involved in an adverse
event or other problem involving a medical device to take the steps identi-
fied above and to assist in a health care organization’s investigation of the
event, the organization itself may not have the critical expertise needed to
evaluate an event or problem. Often, that expertise resides with the manu-
facturer of a device. In some cases, health care organizations or manufac-
turers may call on outside engineers or other consultants for assistance and
confidential evaluations of a problem or potential problem with a device.

As noted above, the nature of an adverse event, malfunction, or other
problem associated with a device is sometimes such that those involved can
feel reasonably confident that a device problem exists, for example, that the
packaging is faulty or that the device has arrived with an element incor-
rectly assembled. The primary questions then focus on the extent of the
problem (e.g., certain lot numbers or all lot numbers) and its origin (e.g., a
single random manufacturing aberration, an aberration affecting several
product lots, a problem with an accessory device, or a design characteristic
that becomes a problem only in unusual circumstances).

In other cases, it may be much more difficult to link an unwanted
outcome (e.g., an infection or a surgical injury) to a problem with the
device. The outcome may be one that can occur as a result of the patient’s
medical condition or that is a known risk of treatment for the condition.

When adverse events are analyzed, one question is whether the type of
event is occurring uniquely or more frequently among patients who are
treated with a particular medical device. As discussed further in Appen-
dix D, answering this question requires data about both the frequency of
the event in question (numerator data) and the population with and with-
out the device who are potentially at risk of the event (denominator data).
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Ideally, additional information would also be available about other patient
characteristics (e.g., age, gender, severity of illness) that might affect the
likelihood of the event. Adverse event databases suffer deficiencies in all
these areas.

Further, because underreporting, incomplete reporting, and biased re-
porting are such severe problems with passive adverse event reporting sys-
tems, it is expected that reported instances of a particular device-associated
event will typically be only a fraction of all instances of the event. Under-
reporting and the lack of comparative population information necessary to
construct event rates are important reasons for the interest in surveillance
based on large automated population databases such as those of big HMOs

For some devices, it may be possible to make estimates for some miss-
ing variables using information from the manufacturer, for example, device
tracking registries or registries created as a condition of marketing ap-
proval. Other registries such as those created by professional groups or
academic medical centers may likewise be useful in making estimates. FDA
analysts may also seek data on adverse events from public health databases,
as in the investigation of meningitis cases among recipients of cochlear
implants cited above and discussed in Chapter 6.

In addition, data from premarket clinical studies may be evaluated. A
case in point involves reports of subacute thromboses and possible hyper-
sensitivity reactions following introduction of a drug-eluting stent. In Octo-
ber 2003, FDA issued a public health advisory on the topic. A month later
it issued another notice stating that the agency’s review of pre-approval
clinical trial data indicated that the rate of subacute thromboses was the
expected rate for such stents and that many of the hypersensitivity reactions
may be related to the drug therapy associated with the stenting procedure
(Alonge, 2004).

Improved epidemiologic research capacity would help the agency tap
alternative information sources. FDA funding restricts the time that analysts
can spend both reviewing reports of serious adverse events and investigating
those reports that are suggestive of a problem with a device or its use.

Responding to Problems

As described in several vignettes above, the most immediate response to
an adverse event may be rescue interventions undertaken by health care
professionals (or parents at home). In some cases, the event may prompt no
investigation. In other cases, an affected institution may identify a problem
with a device and take action to change or restrict the use of the device,
perhaps without reporting the problem to either the manufacturer or FDA.
Such isolated responses deprive other patients and physicians of potentially
valuable safety information, although professional communication net-
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works may disseminate information about the problem and the response,
which, in turn, may lead to action in some other institutions.

Reports to manufacturers and FDA allow wider communication of
problems. As reported by GAO, an FDA analysis found that approximately
25 percent of all classified device recalls were linked to adverse event re-
ports, but about half of recalls involving Class I devices were associated
with such reports (GAO, 1997).

In some cases, a single incident report or even a close call may be
sufficient to prompt a response. For example, in 1985, an infant was elec-
trocuted when a sibling connected the electrode lead wires for the child’s
apnea monitor to a power source (cited in GAO, 1997). FDA issued a safety
alert and asked all manufacturers of home apnea monitors to evaluate their
devices to determine whether changes were needed. The agency subsequently
changed the criteria for clearing new devices to require that devices be
designed to protect against this risk. Eventually, it issued warnings to hos-
pitals about the continued use of devices with unprotected leads that were
sold before the change in clearance criteria was applied to hospital moni-
tors (FDA, 1993a).

Chapter 3 identified several short-term responses available to FDA and
a manufacturer once a problem with a device is identified. These responses
range from developing warnings or advice for practitioners to recalling a
product. Table 4.3 summarizes such responses to device problems for the
years 1998 to 2004.

TABLE 4.3 Medical Device Class I Recalls and Safety Alerts, Public
Health Advisories, and Notices, 1998–2004

1998 1999 2000 2001 2002 2003 2004

Class I Recalls 5 7 16 9 11 14 28

Web Notifications 0 0 0 0 3 3 3

Public Health Advisories, Notifications,
Notices, Letters, Safety Alerts, and
HHS News Items 17 12 4 6 6 4 2

Talk Papers 1 0 0 0 0 1 0

FDA Press Release 2 1 0 0 0 1 11

NOTES: The reference to Safety Alerts, Public Health Advisories, and Notices in the title is
taken from the FDA title for this information in the main FDA safety page (FDA, 2005d).
Labels for these notifications have changed over time.
Updates for safety notices are counted as original notices. Most press releases cover recalls
that are also reported in the first line of the table.
SOURCE: FDA Medical Product Safety Information (FDA, 2005d) (cited May 11, 2005),
FDA CDRH Public Health Notifications (FDA, 2005h) (cited May 11, 2005), and ECRI
Health Devices Alerts Database. FDA lists Class I, II, and III recalls in its monthly Enforce-
ment Reports (see FDA, 2005b).

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


IDENTIFYING AND UNDERSTANDING ADVERSE MEDICAL DEVICE EVENTS 163

As noted earlier, adverse event reports can direct attention to problems
with the design of a device and, thus, provide opportunities for device
refinement or innovation. Not surprisingly perhaps, manufacturers’ re-
sponses to adverse event reports as found in MAUDE usually provide no
indication that they might be considering a report as a resource for evaluat-
ing device design.

The committee did not investigate FDA procedures for issuing and
following up on safety alerts, but it does have some concerns about whether
FDA has adequate resources to analyze adverse event reports and to de-
velop responses for problems that are not seen as high-priority but that
nonetheless may pose real risks to children in particular. The problems with
orthodontic headgear are a case in point. In a November 2004 story on a
child blinded by a mishap with orthodontic headgear, a Washington, D.C.,
television station criticized FDA for not having taken any action to protect
children although FDA staff acknowledged that they were aware of the
problem (WTTG, 2004). A search of FDA databases yielded three reports
of headgear-related eye injuries (in 1990, 1997, and 2002) as well as addi-
tional reports related to other problems, including device breakage. Reports
of blinding injuries have also appeared in the literature for at least 30 years
(see, e.g., Samuels et al., 1996; Blum-Hareuveni et al., 2004). The American
Association of Orthodontists presented guidelines and cautions on the use
of these devices in 1975, but apparently has not revisited the issue since
then (AAO, 1975). A committee inquiry to FDA found an investigation of
headgear injuries had been initiated, and in spring, 2005, an article on
headgear safety appeared in FDA and You, an online publication for health
educators and middle and high school students (FDA, 2005c). It is not clear
whether further dissemination may occur to get this information before
those facing decisions about the use of orthodontic headgear (personal
communication, Thomas P. Gross, M.D., Director, Division of Postmarket
Surveillance, CDRH, June 3, 2005).

One likely reason that the headgear-related risks have not attracted
more attention is that the devices have been used by millions of children
with few reports of injury. These products are also not as attention getting
as more “high-tech” devices such as implants. Furthermore, headgear inju-
ries and other incidents typically occur at home and, if not severe, they may
be treated by office-based practitioners who are not required to report
adverse device events and are likely unaware of voluntary reporting op-
tions. Emergency room physicians who treat serious injuries associated
with these and other medical devices may likewise be unaware that they can
voluntarily report events to FDA. Nonetheless, the long and continuing
history of headgear incidents and the rare but devastating injury raise ques-
tions about whether lack of resources has limited FDA’s ability to investi-
gate and respond.
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FDA has been more attentive to the problems with circumcision clamps
as described in Box 4.1 and Vignette A. A few years ago, CDRH analysts
noticed a large enough number of lacerations and other events related to
the clamps (105 reports of injuries between July 1996 and January 2000)
that it undertook an investigation that led to a safety alert in 2000 (FDA,
2000g). Subsequently, reports of injuries dropped, but the agency was con-
cerned that incidents were still occurring and being reported, so it reiterated
its warning in an item in its Patient Safety News series in 2002 (FDA,
2002a). The FDA warnings on circumcisions clamps followed—and cited—
several earlier notices by ECRI, a private nonprofit technology assessment
and health care research organization (see ECRI, 1993, 1995, 1997, 1999,
and discussion at end of this chapter).

Public health notifications are not sufficient responses to some device
problems. Recalls of a product may be necessary. Whether a recall is under-
taken at a manufacturer’s own initiative, as a result of an FDA request, or
after an FDA order (which is rare), the recall will not reach its goal of
protecting patients if information about the recall does not get to those who
need it. The same observation, of course, holds true for dissemination of
information about labeling changes or new advice about the appropriate
use of a device.

FDA recognizes weaknesses in the recall process. As summarized in one
overview, recalls can go unnoticed for various reasons, for example, “recall
information doesn’t get into the right hands, registered letters are sent to
old addresses, hospitals don’t see notices because they are swamped with so
many other responsibilities, or perhaps there are mixed signals on the ur-
gency of the problem” (Rados, 2003, unpaged).

Vignette E cited problems with misrouted information about the recall
of a bronchoscope. It noted that hospitals can subscribe to information
services that automatically alert them to device recalls and other relevant
safety information. FDA’s MedWatch program also allows people to sign
up for automatic e-mail safety alerts that cover devices, drugs, biologics,
and dietary supplements. An alert system limited to devices may, however,
make it easier for those concerned specifically about device safety to focus
on device problems. In addition to helping professionals evaluate problems
and gain insights from peers, listserves and similar tools can also help
disseminate safety information.

FDA INITIATIVES TO IMPROVE ADVERSE EVENT
REPORTING AND RELATED ACTIVITIES

FDA clearly recognizes limitations of adverse event reporting programs
in general as well as particular concerns with its own program. Sometimes
with congressional direction, it has undertaken or planned a number of
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initiatives to respond to certain limitations and concerns. The MedSun pilot
program, the human factors initiative, and other activities described below
are examples. For the most part, their focus is general, although some
include attention to pediatric issues.

MedSun

Compared to the agency’s primary spontaneous or passive event re-
porting program, the pilot MedSun program was created as a less inclusive
but more intensive effort to better identify and understand problems with
the safe use of medical devices. The program provides for more attention to
close calls, more education of participating facility representatives to im-
prove the level and quality of event reporting and analysis, and more feed-
back and interaction to determine the nature of device problems and close
calls as a basis for preventing future problems and improving patient safety
within health care facilities. These educational and feedback features offer
incentives for institutional participation that are absent in the traditional
program. MedSun now has a waiting list of interested facilities (FDA,
2004a). With the possible exception of certain special studies, the program
will not collect denominator data that would allow the calculation and
comparison of problem rates.

As shown in Table 4.4, by June of 2005, MedSun had recruited over
350 hospitals, of which 22 were acute-care general children’s hospitals and
2 were acute-care pediatric specialty hospitals. These participating facilities

TABLE 4.4 Cumulative Number of Facilities Recruited Into MedSun
2002 2003 June 2005

Nonpediatric hospitals 57 167 307
with 100+ beds

Children’s hospitals of any size 2 8 22

Children’s rehabilitation 1 2 2
hospitals of any size

Nursing homes of any size 8 19 21

TOTAL 68 196 352

NOTE: Nonpediatric hospitals with fewer than 100 beds and other types of facilities such as
home health and outpatient clinics are not included. Not all sites that have been recruited
have received program orientation.
SOURCE: Personal communication, Thomas P. Gross, M.D., Director, Division of Postmarket
Surveillance, CDRH, June 10, 2005. Data provided by CODA, Inc.
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constitute about 6 percent of all hospitals and 12 percent of children’s
hospitals. (Nationally, the United States has approximately 4,900 short-
term, nonfederal community hospitals [AHA, 2004] and approximately
160 short-term [nonpsychiatric] children’s hospitals [NACHRI, 2003].) The
modest overrepresentation of children’s hospitals in the MedSun implicitly
acknowledges the particular value society places on learning about and
protecting the health of its youngest members, even though children are,
overall, a generally healthy population.

MedSun also includes 21 nursing homes. It does not include any psy-
chiatric hospitals or federal hospitals. It also does not include independent
outpatient centers or independent home health organizations, although
some participating health systems include such entities. Participating facili-
ties must agree to participate for at least 12 months, but FDA hopes they
will agree to renew annually.

An outside contractor (CODA) manages the pilot program. Its respon-
sibilities include providing assistance to participants on mandatory and
voluntary adverse event reporting and receiving and processing mandatory
event reports before forwarding them to the manufacturer or FDA or both.
The contractor also is involved (with assistance from another contractor) in
analyzing and providing feedback on event reports.

MedSun requires participating facilities to designate two staff contacts,
one from their risk management or quality improvement area and one from
their biomedical or clinical engineering staff. The program provides three
hours of training in reporting adverse events or close calls. In addition, the
contractor and FDA have organized two conferences for MedSun partici-
pants, and they have made or plan to make slide sets on special topics (e.g.,
pediatrics) available for educational and promotional use in participating
facilities. MedSun participants can also request FDA analyses of MedSun or
MAUDE reports on device problems.

Another benefit for participating institutions is a newsletter that sum-
marizes adverse event reports received by FDA, presents analyses of issues
by FDA staff, and provides other information of interest. From 1992 to
2003, FDA distributed a somewhat similar newsletter for subscribers from
all user facilities. Acknowledging resource constraints, the newsletter an-
nounced its discontinuation, claiming that it “had finally served its pur-
pose” of providing training, education, and feedback on adverse event
reporting (FDA, 2003a). This claim is not convincing given the picture
presented in this chapter.

As part of an active surveillance element of the MedSun program,
participants agree to respond to periodic rapid response surveys that focus
on specific product problems or concerns. For example, 29 hospitals have
participated in a 6-month study to identify cases of thrombosis or hypersen-
sitivity reaction that occur within 30 days of implantation of a drug-eluting
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stent (MedSun, 2004, p. 2). FDA asked cardiac catheterization laboratories
in study facilities to complete surveys at the beginning and end of the study
and to complete another questionnaire to report any events involving drug-
eluting stents. Results have yet to be reported publicly. FDA has planned
similar surveys involving other devices.

The committee is not aware of special surveys that have involved only
the children’s hospitals in the pilot MedSun program. It has learned that
both Child Health Corporation of America (CHCA) and the National As-
sociation of Children’s Hospitals and Related Institutions (NACHRI) have
been working with MedSun to assist the project in gaining substantial input
from pediatric hospitals (personal communication, Cheri Throop, R.N.,
Chief Quality Adviser, CHCA, April 22, 2005). One of the recommenda-
tions at the end of this chapter encourages FDA and MedSun participat-
ing children’s hospitals to serve as a resource for the broader involvement
of children’s hospitals in device safety.

One recent addition to MedSun is the Medical Device Engineering
Network (M-DEN), which provides an interactive query and comment
option for participants to share questions, experiences, and advice. The
discussions may involve problems or concerns that would not normally be
reported to FDA (Crowley et al., no date). Several teleconferences already
have been organized on topics of interest to biomedical engineers.

MedSun has only recently approached its recruitment goals, and the
program has yet to train representatives from many of the recently recruited
facilities. Data collection began in February 2002 (FDA, 2004a). Because
the pilot program is still in its early stages, it is not ready for systematic
evaluation of its performance in meetings its goals. The committee under-
stands that relatively few reports are being submitted each year, on average,
by the MedSun facilities, but no public information is yet available. At
some point, a comparison of the reports submitted by participating facili-
ties with those received through the passive reporting system will be needed.
The recommendations at the end of this chapter include suggestions for the
evaluation plan.

Exploring Computer-Based Surveillance and Improved Device Coding

FDA has been interested in the potential applicability to adverse device
events of some strategies being used or tested with adverse drug events. For
example, the agency supported a study to compare possible device surveil-
lance strategies and evaluate whether computer-based surveillance could
reliably detect device adverse events and hazards, which were defined as “a
state of increased risk related to device use” (Samore et al., 2004, p. 333).
The study, which was conducted at a large medical center that had experi-
ence using computer-based strategies for detecting adverse drug events,
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concluded that any of the surveillance strategies it investigated detected
only a minority of the adverse events that were identified by the strategies
collectively and that each strategy had significant limitations. An update of
the first published report on the study is currently being prepared (personal
communication, Thomas P. Gross, M.D., Director, Division of Postmarket
Surveillance, CDRH, February 4, 2005).

A particular focus of investigators was a “computer-flag” strategy that
was embedded in the hospital’s computerized patient record system. It
involved nurse review of flagged records using a protocol devised in consul-
tation with FDA. The flags were based on “detection rules” for seven
categories of events (e.g., complications and hazards related to various
types of catheters), and one goal was to identify hazards before they caused
harm. This approach yielded more information on adverse events than the
hospital’s voluntary adverse event reporting system, but it missed some
important events. Disappointingly, the positive predictive value of the flags
was low, that is, the great majority of flagged events did not, upon investi-
gation, involve a device-related problem or hazard. Thus, its utility for
detecting potential problems before they could cause harm was limited.

Nonetheless, the computer-flag strategy—in combination with other
tools—helped investigators better understand the clinical environment. “It
appeared that the typical health care worker response to a device problem
was to fix it or retrieve a new device that worked and then move on, an
appropriate solution at the individual patient level but not an effective
systems approach” (Samore et al., 2004, p. 333). This observation was
reiterated in committee discussions with clinicians.

To consider patient perspectives, investigators conducted a post-
discharge patient survey. It found that people focused on simple, common
devices that caused discomfort rather than what are normally defined as
serious adverse events. Events reported in the survey had no overlap with
other reports.

Another strategy—retrospective review of medical records for ICD-9-
CM codes5 that indicate a likely device problem (e.g., code 996.01, me-
chanical complication due to heart valve prosthesis)—was useful in identi-
fying problems that occurred prior to hospitalization. Still, with ICD-9-CM
codes, device problems can only be described by broad category rather than
by individual device. Thus, this strategy is not well suited to identify a

5The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) is used in assigning codes to diagnoses and procedures associated with hospital utiliza-
tion. It is based on the World Health Organization’s International Classification of Diseases,
Ninth Revision (ICD-9). In the United States, the National Center for Health Statistics and
the Centers for Medicare and Medicaid Services have responsibility for maintaining the system.
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particular device model or brand for analysis of problems in its design,
manufacture, or use.

As discussed further in Chapter 6, whether for written or electronic
records, a fundamental problem is the lack of an accepted, feasible coding
system for devices that is equivalent to that for drugs and allows recording
of sufficient device-specific information in the medical record. Chapter 6
includes a recommendation on the development of common standards and
approaches for capturing use and outcomes data for implants and other
medical devices. Building on extensive experience with device coding and
its limitations, FDA recently held a conference to explore new strategies for
improving device coding.

Human Factors Analysis

FDA’s work in the area of human factors analysis supports steps to
prevent device problems and to analyze problems once they occur. As
described in Chapter 3, the field of human factors engineering focuses on
how people use technologies and how human characteristics (e.g., cognitive
capacities, expectations, and physical limitations) interact with characteris-
tics of products and work environments. FDA has been interested in the
application of human factors analysis to medical device safety since the
1970s, and its human factors program has worked with manufacturers on
the incorporation of human factors engineering principles in the design of
medical devices (see, e.g., Carstensen, 1996; Gross, 1996; Sawyer, 1996;
FDA, 2000b).

Human factors analysis can also contribute to improvements in the
evaluation and characterization of adverse events. One recent activity in-
volved the development of a model for this purpose based on literature
review and interviews with device users, primarily nurses (Kaye et al.,
2003). The preliminary model defined several broad contributors to device
problems related to unmet user needs (e.g., device does not indicate when it
is operating improperly), user perceptions (e.g., monitor display is not easy
to see), user cognition (e.g., device operates differently from most similar
devices), and user actions (e.g., device can be improperly connected to other
devices). These categories, which emerged from interviews, include many
situations that give rise to the kinds of workarounds described in this
chapter and Chapter 2.

Additional Activities

Another FDA initiative is the use of Systematic Technical Assessment of
Medical Products (STAMP) teams to examine adverse events, including
deaths and serious injuries, associated with selected devices (FDA, 2004v).
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Teams, which include experts outside FDA, have examined surgical staplers
and clips and laparoscopic trocars (devices that penetrate the abdomen and
pelvis to allow insertion of laparoscopes and surgical instruments). The first
such examination focused on shunts used with hydrocephalus (FDA, 1999f).

The agency also participates in the Quality Interagency Coordination
(QuIC) Task Force, a department-wide patient safety initiative. One study
in this context has audited Medicare patient records to identify certain
events (other than infections) related to central venous catheters. In initial
findings, the devices were associated with a 2 percent rate of events such as
misplacement of the catheter or pneumothorax (air or gas in the space
surrounding the lungs, often called a collapsed lung) (Gross, 2004).

OTHER REPORTING AND ANALYSIS OF ADVERSE EVENTS

Beyond the activities of health care facilities, manufacturers, and FDA
as described above, it is worth noting that a number of other public and
private programs include the reporting and analysis of adverse events as
part of broader health care quality and patient safety programs. Notable
among other federal agencies is the program overseen by the National
Center for Patient Safety of the U.S. Department of Veterans Affairs (http://
www.patient.safety.gov). Examples of one state and two private programs
are briefly described below. Most patient safety programs do not emphasize
adverse device events as such.

State Reporting Program: New York

A number of states, including New York, Pennsylvania, and Oregon,
have created some form of adverse event or patient safety reporting pro-
gram. New York State has required since 1985 that hospitals report certain
types of adverse events. In 1998, it required a more comprehensive, Internet-
based system—the New York Patient Occurrence and Tracking System, or
NYPORTS (Hevesi, 2003; see also New York State Department of Health,
2004). Under the program, covered facilities are to report the most serious
incidents or “occurrences” within 24 hours.

Of 54 defined types of incidents, the program has classified 19 as “most
serious,” including unexpected patient deaths and equipment malfunctions
that result in patient harm. Facilities are to investigate and report on the
causes of the incidents within 30 days using a standard investigation and
reporting format, which should document a root-cause analysis of the oc-
currence. (Hospitals can report information electronically, but the state’s
diagnostic and treatment clinics cannot.) The state Department of Health
uses the data for a variety of quality improvement and patient safety
purposes.
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The New York program is more comprehensive than FDA’s medical
product reporting in that it covers problems not related to medical prod-
ucts, for example, surgery on the wrong patient or wrong part of the body.
In contrast to MedWatch, which focuses on manufacturer analysis of prob-
lems, New York puts more demands on facilities to investigate and report
incidents in a systematic fashion that supports problem identification and
quality improvement activities. Information is shared with facilities, but
individual reports are protected from public disclosure. The New York
program thus has some features in common with FDA’s pilot MedSun
program.

One problem that the New York program shares with FDA is under-
reporting of events. A recently released audit of the program documented
underreporting of serious events and late or missing investigation reports of
serious occurrences (Hevesi, 2003). Of the nearly 5,800 reports that the
audit said should have been reported within 24 hours, 84 percent were not.

Private Reporting Programs

A variety of other private organizations concerned with health care
quality and patient safety include some attention to safety problems with
medical devices. For example, the Institute for Safe Medication Practices
has described hazards linked to the design or use of medical devices used to
administer medications. Patient safety and quality improvement initiatives
sponsored by consumer groups such as the National Consumers League
and professional societies such as the American College of Cardiology
(ACC) and the American Thoracic Society may likewise cover device issues.
For example, the ACC was a joint sponsor of a conference that considered
shortcomings in postmarket surveillance of cardiovascular devices (O’Shea
et al., 2004). (Other sponsors included FDA, the Agency for Healthcare
Research and Quality, and the trade group AdvaMed.)

Joint Commission

The Joint Commission on the Accreditation of Healthcare Organiza-
tions is best known for its long history of accrediting and setting detailed
standards for hospitals and other health care organizations. Many of these
standards involve the safe use of medical equipment.

As part of its standards, the Joint Commission has also identified a set
of sentinel events that are subject to reporting and review. Sentinel events,
which are incidents that “signal the need for immediate investigation and
response,” are defined as unexpected occurrences that involve “death or
serious physical or psychological injury, or the risk thereof” and do not
result from the patient’s medical condition (JCAHO, 2005a, unpaged).
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Thus, they include both serious adverse events and close calls. Accredited
health care organizations are expected to have internal policies and proce-
dures for analyzing and responding to sentinel events, including the appli-
cation of a root-cause analysis.

Certain sentinel events are reviewable by the Joint Commission when
voluntarily reported by hospitals or when otherwise identified (e.g., through
a newspaper story or a patient report). One type of reviewable event is a
perinatal death that is not related to a congenital condition in an infant
with a birth weight greater than 2,500 grams. A root-cause analysis of the
84 such events reported between 1995 and 2004 found that the most
frequent contributing factor was communication problems (JCAHO, 2004).

Between 1995 and the end of 2004, the Joint Commission reviewed
nearly 3,000 sentinel events (JCAHO, 2005b). The organization continues
to be concerned about a low level of voluntary reporting, which limits the
utility of the effort as a source of information about the nature and causes
of events. One early review of the Joint Commission program suggested
that if it had had the same yield as New York’s event reporting program, it
would have received as many as 21 times the reports it actually did during
the period reviewed (Wald and Shojania, 2001a).

ECRI

The most comprehensive private program of adverse event reporting
and analysis related to medical devices is maintained by ECRI, a private
nonprofit health services research and technology assessment organization.
Among other activities related to patient safety, ECRI gathers and investi-
gates reports of incidents involving medical devices from health care pro-
viders, patients, and manufacturers around the world. It provides investiga-
tive and consulting services to health care providers, governmental health
agencies, and other organizations. Each year the organization receives more
than 1,000 high-quality reports of medical device adverse events and pub-
lishes scores of original hazard reports on specific device models as well as
problems generic to classes of medical devices. In 1973, ECRI’s problem
reporting program served as a model for the newly emerging FDA Device
Experience Network.

ECRI’s monthly journal, Health Devices, includes independent medical
device evaluations (e.g., recent evaluations of infusion pumps [ECRI,
2004c]) and reports on device safety. Another publication, Health Devices
Alerts, provides weekly reports on medical device hazard and recall infor-
mation, product safety alerts, reported problems and recommended re-
sponses, and published research on medical devices. In addition to the
reports on circumcision clamps cited earlier, a number of ECRI reports
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have dealt with safety issues related to devices used with children, including
incubators, cribs, ventilators, and automated external defibrillators.

Under contract to FDA, the organization developed the education and
training materials for recognition, investigation, and root-cause analysis of
medical device adverse events for the pilot MedSun program. ECRI also
assists in the analysis of the MedSun problem reports. In addition, ECRI
has a contract with FDA to help harmonize FDA’s medical device product
codes with the Global Medical Device Nomenclature (GMDN). It recently
drafted a white paper for FDA on the automatic identification of medical
devices.

CONCLUSIONS AND RECOMMENDATIONS

One theme of this report is that an effective regulatory program for
evaluating and monitoring the safety of medical devices in general is a
necessary foundation for efforts to safeguard children in particular. Thus,
steps to improve FDA’s programs for the reporting of adverse device events
overall should benefit children as well as adults. To promote more focused
attention to pediatric issues, Chapter 7 includes a recommendation (7.1)
that FDA identify a focal point of responsibility for pediatric issues within
the Center for Devices and Radiological Health to evaluate the adequacy of
the Center’s use of pediatric expertise and its attention to pediatric issues in
all aspects of its work to promote medical device safety.

Another theme of this report is that medical device safety is a shared
responsibility. The recommendations below start with FDA but extend to
include manufacturers, health professionals, user facilities, and patients and
families. Chapter 7 extends this discussion.

Within FDA, adverse event reporting and improvement should be un-
derstood in the entire context of the agency’s activities to protect patients
and promote medical device safety from the early stages of device develop-
ment through the end of a device’s useful life. These activities include
guidance for developers of devices, premarket evaluations, systematic post-
market clinical studies of selected devices, public health notifications and
additional information for users of devices, quality system inspections of
manufacturers, and other strategies. The FDA program itself should be seen
as part of a more expansive system of public and private programs and
actions to safeguard patients and improve health outcomes.

FDA Adverse Event Reporting

As part of a larger system of postmarket surveillance and device safety
regulation, a passive or spontaneous program of reporting has a role to play
in detecting unexpected device problems (including problems with the use
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of a device) and increasing understanding of certain already recognized
problems. Adverse event reports may provide the first signal that a problem
exists with a device or its use or both. Adverse event reporting is particu-
larly important for medical devices in pediatric use because events involving
children are often unusual, are sometimes extreme, and identify problems
in a patient population that often has not been studied before a device is
marketed.

Certainly, this report and many other analyses of spontaneous event
reporting programs across diverse realms make clear that such programs
have significant limitations. These limitations include underreporting, poor-
quality reports, delayed reports, reports of problems not associated with a
device (i.e., false-positive reports), and lack of information needed to com-
pute and compare rates of events. Efforts to investigate a worrisome event
report may be frustrated by distance in time and place from the event, with
consequent loss of critical information about the circumstances surround-
ing the event and unavailability of the suspect device or devices for analysis.
The adequacy of FDA resources for event analysis is also a concern.

Initiatives to increase the spontaneous reporting of adverse events present
a dilemma. On the one hand, there is general agreement that serious events
are underreported; on the other hand, there is concern that increased report-
ing would likely bring an increase in reporting not only of serious events but
also of “noise,” that is, reports that are of no real interest, that are so poorly
prepared as to be useless, or that do not even involve device problems or
adverse events. Such reports waste the resources of all involved.

Nonetheless, the committee believes it is important for FDA to sustain
and improve its adverse event reporting program and demonstrate its value.
One objective should be to improve links between the reporting program
and various FDA databases, including the databases for device recalls,
enforcement, and public health notifications. For example, someone report-
ing or considering reporting a device problem through the online MedWatch
option should be able to link easily and clearly to public health or recall
notifications related to the device in question.

FDA should also consider how to encourage reporters to identify when
an event involves a child. In some cases, a facility reporter or a manufac-
turer will know that an incident involved a child without having the child’s
exact age. It would be desirable to give such reporters an explicit opportu-
nity to mark whether an event involved a child (age unknown). (The com-
mittee recognizes that changing the adverse event reporting form is a major,
complicated undertaking, but encourages that this change be evaluated the
next time that FDA or Congress considers revisions.)

Recommendation 4.1: FDA should collaborate with industry, health care
professionals and organizations, and parent and patient advocates to
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• focus more attention on adverse device events, including events
involving children;

• promote linkages between adverse event reporting systems, vari-
ous FDA databases, and other safety programs;

• update product labeling, patient information, and other com-
munications to promptly reflect safety-related findings from analyses of
adverse event reports; and

• issue yearly reports on results from adverse event analyses, in-
cluding findings involving children.

Recommendation 4.2: FDA should continue educational and commu-
nication programs to promote recognition and useful reporting of
serious adverse device events and device problems by hospitals and
other user facilities. Such encouragement should continue whether or
not requirements for mandatory reporting by user facilities are even-
tually eliminated with the effective implementation of the MedSun
program. Reporting by user facilities of events possibly related to
devices should continue to include deaths, serious injuries, and device
malfunctions.

In addition, as suggested earlier in this chapter, FDA should continue
its efforts to educate providers about HIPAA and the legality and value of
providing information to support postmarket surveillance. Such informa-
tion includes not only adverse event reports but also data for required
postmarket studies as discussed in Chapter 6.

The legislation creating pilot MedSun program provided that manda-
tory reporting requirements for user facilities should end when the program
is fully implemented. Before that happens, the evaluation of the program
should consider MedSun’s performance both as an active surveillance sys-
tem (e.g., responding to FDA inquiries, conducting special studies) and as
a spontaneous reporting system for detecting serious unexpected device
events. Given that many manufacturer investigations and reports of adverse
events start with reports from user facilities, one question is whether it is
prudent to eliminate mandatory reporting for these facilities, even if the
limitations of such reporting are recognized and facilities are not sanctioned
for failure to report. It would be unfortunate if user facilities felt even less
responsibility to report serious events and deaths in the future.

The careful evaluation of the pilot MedSun program will be critical.
Although a formal evaluation is premature given that the pilot program is
not fully implemented, FDA should be putting in place the data collection
resources it will need for the evaluation. The evaluation should include an
assessment of the extent to which reporting by non-MedSun facilities gener-
ates signals of significant device problems that are not reported by MedSun
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facilities (because they did not experience them or because they either did
not detect them or did not report them). It is important for FDA to audit
participant performance, including the periods when initial participants
rotate out of the program and new facilities replace them.

Recommendation 4.3: FDA’s plan for evaluating MedSun’s perfor-
mance as a replacement for and improvement on mandatory user facil-
ity reporting should include, among other elements:

• assessment of ongoing program and participant facility success
in educating facility personnel about identifying, evaluating, and re-
porting adverse device events and improving the quality, timeliness,
and usefulness of event reports;

• determination of the extent to which the sample of MedSun
participating hospitals—including children’s hospitals—represents the
relevant range of facility characteristics and experiences, including rep-
resentation of both academic medical centers and community hospitals
and sufficient representation of facilities with device-oriented special-
ties and procedures;

• comparison with the mandatory user facility reporting system,
including the extent to which either program produced reports for FDA
or manufacturers of emerging hazards, important close calls, or other
significant events (including those involving children) that were missed
or delayed by the other; and

• evaluation of the active surveillance components of the program
in reducing harm to patients, promoting constructive communication
between facilities and FDA, and improving timely knowledge of the
nature and extent of selected device problems, including errors in the
use and design of devices.

Prior to formal evaluation of MedSun, the committee encourages FDA
efforts to extend to other institutions the lessons the agency and participants
learn as they implement the program. For example, after their value has been
assessed and revisions considered, the training materials developed for
MedSun participants could be made more widely available. It is reasonable to
provide MedSun participants with incentives to participate, but the written
materials used in the program are only a small part of these incentives.
Likewise, FDA should consider whether the information in the newsletter
provided for MedSun participants could be used, at least in part, as a commu-
nication tool to inform interested parties in other facilities and encourage
timely, complete, and appropriate reporting of adverse device events and
other device problems to manufacturers and FDA. Despite the agency’s claim
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that its discontinued user facility newsletter had served its purpose, the prob-
lems of facility underreporting and poor-quality reporting remain significant.

The committee commends FDA for the oversampling of children’s hos-
pitals in the MedSun program. The MedSun participating children’s hospi-
tals should be considered not only as a particular resource for investigation
of safety questions related to children but also as a resource or base for a
broader set of device safety activities involving children’s hospitals, CHCA,
and NACHRI.

Recommendation 4.4: Within the pilot MedSun program, FDA and
participating children’s hospitals should serve as a resource for the
broader involvement of children’s hospitals in patient safety programs
to identify, evaluate, respond to, or prevent problems with the use and
design of medical devices. In addition, FDA should promote efforts to
link or otherwise employ event reporting, device recall, safety notifica-
tion, and other databases within and outside FDA to better assess and
report on device safety issues involving children.

Information generated by MedSun could also prove more broadly use-
ful. For example, it could be shared with academic clinicians and engineers
to stimulate studies to identify device redesign or other strategies to prevent
identified problems.

This chapter has noted the lack of a practical, precise coding scheme for
medical devices that allows identification of specific models and brands of
implants and other devices. Chapter 6 includes a recommendation (6.2) for
the development and adoption of common device coding and other stan-
dards and approaches for capturing and linking use and outcomes data for
medical devices.

Manufacturers

Sophisticated manufacturers recognize good adverse event reporting as
a resource to help them learn about and correct problems with existing
devices and identify areas for design refinement or product innovation. If
adverse event reporting programs for devices are to improve device safety,
manufacturers must receive timely and useful event reports, maintain sound
procedures for evaluating these reports, and respond to identified problems
on a timely basis. FDA regulations provide detailed direction on manufac-
turer responsibilities, and site inspections include a review of manufacturer
compliance.

In addition to designing and redesigning devices to protect against
unsafe use, promoting the safe use of devices is another important respon-
sibility of device manufacturers. For some complex, high-risk implants and
other devices, safe and effective use may require professionals to develop
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new procedural and assessment skills. Some manufacturers have estab-
lished mechanisms to develop and evaluate the competency of professionals
to use such devices, and expectations for training and competency may be
reflected in the labeling of the device. Training associated with such devices
should cover the identification and reporting of adverse events.

Recommendation 4.5: When FDA mandates or agrees to device label-
ing that requires professionals to be trained in the safe and appropriate
use of a medical device, the training should include information on the
identification of adverse events, voluntary adverse event reporting un-
der MedWatch, and user facility and manufacturer medical device re-
porting (MDR) requirements.

In addition, for complex devices that involve monitoring or operation
by patients or families, manufacturers should provide directions about when
and where to seek help, advice on reporting problems, and instructions,
warnings, and troubleshooting guidelines that are understandable to non-
professionals. Some manufacturers already have strong patient education
and assistance programs. For certain home-use devices, FDA should con-
sider requirements that manufacturers of certain devices (e.g., the orth-
odontic headgear mentioned earlier) affix labels stating that injuries related
to the device can be reported to FDA.

FDA inspections of manufacturers should continue to include, as part
of quality systems inspections, attention to complaint handling and event
investigation and reporting. As discussed in Chapters 3 and 7, such inspec-
tions are occurring substantially less frequently than required by law.

Health Professionals and Professional Organizations

For many if not most medical devices, health care professionals who
care for children occupy the critical intersection between device manufac-
turers and children and their families. They are well positioned to under-
stand devices, evaluate their successes and failures with individual children,
receive early warning of problems through professional networks, and de-
termine what kinds of education health care workers—and patients or
families—need to use devices safely. Significant complications with devices
are often first reported at professional meetings without prior reporting to
FDA, manufacturers, or other patient safety programs. Child health pro-
fessionals are thus an essential but underdeveloped resource for identifying
and reporting adverse device events. The challenge is how to better employ
this resource to protect patients.

One difficulty is that pediatricians and other child health professionals
are bombarded with advice, guidance, directives, and educational materials
of all sorts. The likelihood that these incoming messages will change behav-
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ior (or even be read) should certainly not be assumed, especially if financial
and other pressures work in opposing directions. Nonetheless, incremental
opportunities exist to improve recognition by child health professionals
that medical device problems are reportable events, that reporting events
has the potential to stimulate product and process improvements to benefit
children, and that reevaluation rather than acceptance of certain common
problems may be warranted.

For example, following direct mailings, continuing medical education,
and other efforts to increase reporting by professionals to the Vaccine
Adverse Event Reporting System (VAERS), the proportion of all vaccine
adverse event reports that were attributed to health care professionals in-
creased from 11 percent in 1991 to 35 percent in 2001 (Zhou et al., 2003).
The committee recognizes that medical device reporting involves a vastly
larger array and diversity of products, but FDA can collaborate with pro-
fessional societies to set priorities for educational efforts. The agency can
work with pediatric and other professional societies and journals, residency
programs, and other resources to add messages about recognizing and
reporting adverse device events to the messages that are already being
disseminated about reducing health care errors and improving the quality
of care for children.

In discussions with professional groups such as the American Academy
of Pediatrics (AAP) and others, the committee found a general willingness
of the groups to become more involved in efforts to promote the safe use of
medical devices with children (AAP et al., 2004b; ACC, 2004; ATS, 2004a).
These efforts encompass both the reporting of adverse events and the ex-
panded use of registries as well as other means of developing better infor-
mation about the short- and long-term outcomes of medical device use.

Recommendation 4.6: Medical, surgical, and other organizations or
societies that include health professionals who care for children should

• establish working groups to evaluate problems as well as ben-
efits in the pediatric use of devices of particular importance to their
practice;

• collaborate with existing public and private patient safety initia-
tives to add or expand attention to safe and appropriate use of medical
devices with children;

• establish standards for professional education and competency
in the use of these devices; and

• include as professional competencies the identification and ap-
propriate reporting of device problems and the successful communica-
tion with patients and families about how to prevent, recognize, and
respond to device problems.
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Information from adverse event and case reports as well as systematic
clinical studies and registry-based research will help provide a stronger
evidence base for pediatric practice guidelines and standards of compe-
tency. These guidelines and standards should, in turn, reduce the unsafe
and unnecessary use of devices.

Hospital and Other Device Safety Programs

Hospital and other patient safety programs that now focus almost
exclusively on errors or problems involving other medical products and
services can extend their reach. For example, for devices used with chil-
dren, possible targets for such programs include certain types of common
workarounds that have not been assessed adequately to determine the
extent to which they constitute reactions to device problems, pose risks
of their own, or warrant reconsideration of the way devices are used or
designed.

One objective of the MedSun program is to encourage more coherence
in user facility device safety programs. Children’s and other hospitals gener-
ally lack the kind of obvious focal point for medical device safety that
pharmacists provide for drugs. Clinical engineering units, risk management
departments, an array of clinical units, quality assurance programs, materi-
als management divisions, purchasing departments, and other units share a
fragmented and incomplete accountability for device safety.

Recommendation 4.7: Children’s hospitals and other user facilities
should establish a focal point of responsibility for medical device safety.
Tasks include reviewing and monitoring the adequacy of institutional
programs in areas such as tracking of safety alerts and recalls, respond-
ing to safety alerts and recalls, training in adverse event evaluation and
reporting, and factoring safety data or evaluations into device purchase
decisions.

FDA should also charge its home health committee with investigating
the role of home health agencies and vendors that supply home medical
equipment in reporting adverse events and examining what might be done
to support these providers. It is important that these organizations focus on
identifying and resolving problems, but it is also important that serious
problems be reported to manufacturers and FDA. A better understanding
of problems with devices used in the home may promote refinements in the
design of such devices, changes in the selection and monitoring of devices
for home use, and improved information and training for patients and
families.
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Resources for Patients and Families

Given the continued movement of complex care into the home, FDA
should seek more creative ways to publicize its device safety activities and
resources to patients and families, particularly families caring at home for
children who rely on complex, life-sustaining medical devices. The CDRH
checklist on medical devices for home use is a good model that should be
more widely disseminated, including by professional and provider groups
such as AAP and NACHRI.

Adverse event reporting will hardly be a first priority for families who
confront a problem with a device. Troubleshooting and getting assistance
from health care professionals, manufacturers, and home care agencies or
vendors will take precedence, especially if the problem involves a life-
supporting device. Nonetheless, some families may appreciate the opportu-
nity to report their experiences with device problems further, for example,
by sharing what happened and what was learned with other families
through various kinds of family and patient support groups.

Some families may learn that they can report problems to FDA. The
agency sensibly advises consumers who wish to report adverse events to
seek the assistance of their physicians, who can provide clinical and techni-
cal details that may be important in understanding and describing the
nature of the problem. Some patients and families, however, may wish to
report directly to FDA without involving a physician. They may, for ex-
ample, worry about alienating a physician they depend on by complaining
about a device that the physician prescribed. They may also feel that a
physician has ignored or dismissed their observations about a problem
because their description of an event or problem was not technically sophis-
ticated. Such dismissal risks overlooking real problems observed by those
who are with the patient for extended periods.

Although FDA may have qualms about the quality and utility of the
information received from patients and families, it still should offer con-
sumers easier opportunities to report. As discussed earlier, the consumer
who wishes to report a problem through the agency’s MedWatch program
now faces instructions that are not written with the layperson in mind.

FDA should enlist its home health committee and others in advising on
the creation of a simpler event reporting form in lay language for consumer
reporting of events. (Again, the committee recognizes that changes in Form
3500 or 3500A involve a lengthy process.) The agency’s online reporting
option could also be modified to provide additional explanations and assis-
tance aimed specifically at lay users. Ideally, the online reporting option
would also be designed to provide some feedback to reporters, for example,
by directing consumers to additional resources such as advice on discussing
concerns with a manufacturer or vendor and instructions about returning a
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device (with problem documentation) to a manufacturer or vendor. It could
provide links to reports on safety problems with a device that is the subject
of a consumer’s report. The committee recognizes that it is not feasible to
provide individualized feedback for each consumer report, but information
technologies have the potential to allow more than a computerized thank
you or acknowledgment of a report.

Recommendation 4.8: FDA should continue to improve and expand its
medical device safety resources for patients and families and its focus
on devices used in the home and community by

• working with patient, family, and consumer organizations, pro-
viders, and industry to make it easier for patients or their families to
report device problems to manufacturers or FDA and to learn about
resources to support the safe use of medical devices;

• making online reporting and information resources more acces-
sible by using language and directions appropriate for lay users; and

• enlisting hospitals, home care agencies and vendors, and other
professional and provider groups to promote patient and family under-
standing of how to use devices safely, when and how to seek help, and
when and how to report problems.

The recommendations above cover many areas for improvement in the
agency’s adverse event reporting program for medical devices. At the same
time, Congress and FDA deserve credit for past and continuing efforts to
improve the program. These efforts include, for example, creating an online
reporting option, developing computerized aids to screen reports and iden-
tify problems, creating a more active surveillance initiative in the pilot
MedSun program, and using adverse event reports to inform the agency’s
human factors research program.

In addition to continuing efforts to improve the existing program and
fully implement the MedSun program, FDA is investigating additional
forward-looking or prospective strategies based on automated patient in-
formation systems that would not only improve the detection and investi-
gation of adverse events but also identify device hazards or hazardous
practices before they cause harm to patients. The agency recognizes that
this strategy requires improved means of identifying medical devices for
purposes of analyzing and responding to adverse event reports. In particu-
lar, codes for use in the medical record should allow identification of both
the manufacturer and model of a device rather than, as now, a general
category of device (e.g., apnea monitor).

The next chapter of this report shifts attention to a different dimension
of postmarket surveillance of medical devices. It examines the monitoring
by FDA of postmarket studies required by FDA.
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5

Monitoring of Postmarket Study
Commitments Involving

Medical Devices

“We have not done a great job [in following through on post-market
studies]. . . . There is basically very little confidence among our premarket
reviewers in saying, ‘We can study this and answer these questions post-
market.’ In many cases, those questions never get answered.”

Daniel Schultz, Director, Center for Devices and Radiological Health
(quoted in Dickinson, 2004a, unpaged)

The quote above reveals that the U.S. Food and Drug Administration (FDA)
recognizes that it has not done well in monitoring the status and fulfillment
of studies that it has required in connection with the premarket approval of
medical devices or subsequently. To the extent that significant questions
related to device safety have been asked and then neglected by the agency,
the result may be avoidable harm to patients and their families and a breach
of public trust. As this report was being completed, the agency announced
plans to create a monitoring system and shift responsibility for monitoring
to the unit within the Center for Devices and Radiological Health (CDRH)
that is responsible for postmarket surveillance.

As described in Chapter 3, FDA may require studies of medical devices
after they have been approved. Most such studies are ordered as a condition
for approving a premarket approval application (PMA) or a Humanitarian
Device Exemption (HDE). In addition to these “condition-of-approval”
studies, section 522 of the Federal Food, Drug, and Cosmetic Act (P.L. 75–
717) allows FDA to direct studies or other information collection for cer-
tain high-risk, implanted, or life-sustaining Class II or III devices after their
approval or clearance. (At least once, as described later in this chapter, FDA
has required both a condition-of-approval study and a 522 study for a
Class III device.) Because both condition-of-approval studies and Section
522 Postmarket Surveillance studies are necessarily conducted after mar-
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keting of a device is permitted, this report refers to both types of studies
collectively as postmarket study commitments.

The statutory provisions for postmarket studies reflect Congressional
awareness that the data and assessments associated with the approval or
clearance of a complex medical device may leave meaningful unanswered
questions about uncommon adverse events, effects in groups not studied
(e.g., children), and long-term effects. To the extent that FDA encourages
and accepts smaller, faster, and otherwise more limited studies to promote
earlier consideration of a device for approval and reduce burdens on spon-
sors, more questions may remain for the postmarket period. Thus, atten-
tion to the specification and monitoring of postmarket study commitments
becomes more critical.

This chapter examines FDA’s monitoring of the status and fulfillment
of commitments for postmarket studies of medical devices. It starts by
providing some background on concerns about the monitoring of post-
market studies as they initially arose with pharmaceutical products. It also
describes growing interest in public access to information about findings
from such studies through some kind of clinical trials registry. The chapter
then reviews the FDA’s monitoring of postmarket study commitments for
devices. The final section presents the committee’s conclusions and recom-
mendations about monitoring and public information. The discussion of
trade secrets and confidentiality in Chapter 3 provides important additional
context.

This chapter does not report on studies that sponsors initiate voluntar-
ily. Sponsors often undertake such studies to support expansions in the
labeling of a device to cover new uses or populations. Voluntary studies
may also be negotiated between sponsors and FDA at the time a device is
approved, possibly as an alternative to a required study. In addition, spon-
sors may initiate further studies to provide information sought by Medicare
and private health plans to guide coverage decisions. Recent years have seen
Medicare and some other health insurers become interested in supporting
clinical trials of some innovative products or procedures as a way of obtain-
ing better data for clinical and coverage decision making (see, e.g., IOM,
2000a).1

1In 2000, the President issued an executive memorandum that, in essence, directed the
Medicare program to pay the routine costs of patient care and the costs of treating medical
complications associated with participation in clinical trials (CMS, no date). The Centers for
Medicare and Medicaid Services (CMS) recently announced related initiatives, including that
Medicare would cover positron emission tomography (PET) for some Medicare beneficiaries
who are at risk for Alzheimer’s disease and who enroll in a clinical trial approved by Medi-
care (CMS, 2004).
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BACKGROUND

Although the regulation of devices differs from the regulation of drugs
in some respects, the monitoring of study commitments is essentially a
generic task. Thus, a brief review of the evolution of FDA monitoring of
postmarket study commitments for drugs will provide useful context for
the consideration of such monitoring for studies involving medical devices.

FDA Shortfalls in Monitoring Postmarket Drug Studies

In 1992, new regulations provided FDA with authority to grant accel-
erated approval for drugs to treat serious or life-threatening conditions
based on clinical trial data about certain surrogate endpoints or clinical
endpoints other than survival or irreversible morbidity (21 CFR 314.510;
FDA, 1992).2 These regulations remain in place. Should uncertainty exist
about the relationship of surrogate endpoints to clinical benefits or ob-
served clinical benefits to ultimate outcome, the regulations specify that
applicants are to continue research to verify clinical benefit, usually by
continuing studies that are already under way.3 In addition, applicants may
also commit to conduct postmarket studies after a drug has been approved.
If a mandatory postmarket study is not completed or does not confirm the
expected benefit, FDA may order the drug withdrawn from the market (21
CFR 314.81(d) and 21 CFR 314.530).

In 1996, the Office of Inspector General (OIG) of the U.S. Department
of Health and Human Services (DHHS) undertook a study of the effective-
ness of FDA monitoring of postmarket studies for prescription drugs (OIG,
1996). It found that the Center for Drug Evaluation and Research (CDER)
had established a listing of study commitments associated with original
drug applications and a list of drugs for which study commitments had
been met (or determined to be infeasible or unnecessary). Key agency staff
(e.g., CDER division directors and the reviewers who propose specific
condition-of-approval studies) were not, however, aware of the list, and
the list was not public. This limited the list’s potential value in identifying
study commitments that had not been met.

2The regulations specified that the surrogate endpoints should be “reasonably likely, based
on epidemiologic, therapeutic, pathophysiologic, or other evidence, to predict clinical ben-
efit” (21 CFR 314.510; FDA, 1992, p. 58944).

3For drugs under review that are subject to requirements for studies in pediatric popula-
tions under the Pediatric Research Equity Act of 2003 (P.L. 108–155), FDA allows such
studies to be deferred until after a drug is approved for use with adults. Deferred studies are
considered postmarket studies and if not completed, FDA may declare the drug to be mis-
branded. Studies may be waived under certain conditions (e.g., if they cannot be practically or
ethically conducted). FDA can also require studies of already marketed drugs that lack ad-
equate pediatric labeling if voluntary efforts to secure the necessary clinical studies have
failed.
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The OIG report concluded that FDA—specifically CDER—lacked effec-
tive methods to track study commitments and was too dependent on the
memory of individual staff members. Although the report credited the agency
with taking steps to improve its procedures and systems, it also found that the
agency had no formal standards to establish whether commitments for post-
market studies of prescription drugs were met. The time taken by the agency
to review submitted reports for postmarket studies and determine whether
they were acceptable varied from a few days to several years.

In its report, OIG recommended that FDA should establish account-
ability for monitoring postmarket study commitments for drugs and de-
velop standards, procedures, or guidelines for doing so. The report recog-
nized that the agency’s limited resources had been subject to further pressure
by legislative provisions for accelerated review of premarket applications
for drugs.

Action to Monitor Postmarket Study Commitments for Drugs

In the FDA Modernization Act of 1997 (P.L. 105–115), Congress added
new responsibilities for both FDA and companies related to postmarket
study commitments for drugs (21 USC 356(b)). It required sponsors who
had postmarket study commitments to report annually to FDA on their
progress in fulfilling the commitments.

In addition, for drugs and biologics, the 1997 legislation required FDA
to report annually in the Federal Register on sponsor performance and to
submit a report on postmarket studies to Congress in 2001. The legislation
provided further that FDA was to treat information related to the studies as
public information “to the extent that the information is necessary to iden-
tify the sponsor, establish the status of the study, and find the reasons, if
any, for failure to complete the study.”

Subsequently, in the Public Health Security and Bioterrorism Prepared-
ness and Response Act of 2002 (P.L. 107–188), Congress provided that
FDA’s website include information about unfulfilled drug study commit-
ments (21 USC 356(b)). The legislation also allowed the agency to require
the sponsor responsible for such a study to inform relevant practitioners
about unfulfilled commitments and any questions of clinical benefit or
safety that continue unanswered as a result. Congress did not otherwise
provide for the public availability of information about study findings, and
the database created by FDA does not include such information.

In March 2002, FDA presented the required report to Congress on
studies involving drugs and biologics (FDA, 2002p). It also published the
requisite annual reports in the Federal Register in 2003, 2004, and 2005. In
the 2005 report, FDA stated that annual status reports were due but not
submitted for 16 percent of the open study commitments associated with
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new drug approvals (FDA, 2005j). Of the studies concluded from October 1,
2003, through September 30, 2004, 27 percent were described as con-
cluded because they were judged to be no longer needed or not feasible. In
contrast, the corresponding figure for the previous 12 month period was 6
percent (FDA, 2004x). Of the 1,191 drug studies described as having open
commitments, 68 percent were labeled as “pending,” by which the agency
means that the study has not been started but is not considered delayed (i.e.,
behind its original schedule) (FDA, 2005j). This figure has attracted criti-
cism (see, e.g., Nature Publishing Group, 2005).

On the agency’s study commitments website, the entries for study com-
mitments (which are organized by sponsor) provide brief details about the
purpose of the study. They identify study commitments by status, for ex-
ample, pending, ongoing, delayed, terminated, submitted, fulfilled, or re-
leased (i.e., sponsor released from study commitment). The agency has not,
to date, required that sponsors to inform practitioners about unfulfilled
study commitments and any related unanswered questions (personal com-
munication, Beth Duvall-Miller, Project Management Officer, Center for
Drug Evaluation and Research, October 22, 2004).

Information about study status is removed one year after a sponsor
fulfills a study commitment or is released from that commitment. Thus,
those outside FDA cannot use the database to obtain information about the
fate of these past study commitments.

Entries in the online database identify whether studies resulted from
accelerated approval or requirements of the Pediatric Research Equity Act of
2003 (P.L. 108–155). As of January 31, 2005, 78 drug applications with such
pediatric study commitments were listed, including those completed within
the preceding year. Of these, 66 were described as pending (i.e., not started).

The drug study database does not allow a search for postmarket pedi-
atric studies that were not required under P.L. 108–155. Because no search
capacity exists for these study commitments, a study-by-study review of
database entries is required to identify them. Also, because information
about study findings is not included in the database or made accessible by a
link to other information sources, the database does not contribute to the
greater availability of public information about the safe and effective use of
drugs with children.

Proposals for a Registry of Clinical Trials

The FDA study commitments database for drugs is not intended to serve
as a registry of drug studies for the purposes of making more comprehensive
information available about what clinical trials have been initiated and com-
pleted and with what aims and results. A number of groups have proposed
some form of clinical trials registry in response to concerns about commer-
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cial, professional, journalistic, and other biases that favor reporting of posi-
tive findings and discourage reporting of unfavorable or inconclusive study
results. This disparity in reporting deprives clinicians and the public of
balanced and potentially critical information (see, e.g., AMA, 2004a,b;
DeAngelis et al., 2004; Steinbrook, 2004). A related concern is that when the
details of original study designs or protocols are not public, investigators or
sponsors may be encouraged to report incidental and misleading positive
findings from analyses that were not planned in the study protocol, while
ignoring the unfavorable results of analyses of the original study hypotheses.
One consequence is that meta-analyses, review articles, editorials and other
commentaries, and prescribing information may be inaccurate or misleading
because the authors lack adequate information about the original study ques-
tions and study design (Steinbrook, 2004; see also Chalmers, 1977; IOM,
2000a, 2003; Dickersin and Rennie, 2003; Couzin, 2004).

An additional, ethical argument for greater public access to clinical
trials information derives from the obligations to research participants of
research sponsors (and those who review and approve research). “If the
knowledge gained in a trial is never communicated to others, then their
[research participants’] contribution is unrealized and the covenant between
researcher and patient [research participant], indeed between ethical review
boards and patients, is broken” (Dickerson and Rennie, 2003, p. 517). In
2003, an IOM report on the responsible conduct of clinical research stated
that the “creation of a comprehensive clinical trails database that is soundly
structured for public use would ensure that information . . . would be
available to contribute to generalizeable knowledge regardless of whether
[the] results are viewed as positive or negative by investigators, sponsors, or
publishers” (IOM, 2003, p. 204).

Proposals for clinical trial registries vary in comprehensiveness, quality,
and force, differing, for example, on what types of interventions and study
designs would be included and whether registration would be mandatory or
entirely voluntary.4 In general, the more comprehensive registry propos-

4Under provisions of the FDA Modernization Act, FDA worked with the National Insti-
tutes of Health (NIH) to create a clinical trials databank for pharmaceutical products only
(FDA, 2002h). At the top of the website for database is the phrase “linking patients to
medical research,” which captures the primary intent of this databank (http://www.clinical
trials.gov/). Listings provide information about a trial’s purpose, locations, and eligible par-
ticipants, and they include phone numbers to call for more details. The 1997 legislation
directed FDA to report on the feasibility of including device clinical trials in the database.
That report, which was submitted in November 1999, recommended that no action be taken
to include devices until experience with registration of pharmaceutical trials was evaluated
(FDA, 1999a). The report also recommended that inclusion of device trials be limited to life-
threatening or serious conditions for which no alternative therapies exist.
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als—including those offered by the American Medical Association (AMA)
and the International Committee of Medical Journal Editors—would re-
quire research sponsors to provide information about the original study
protocol (e.g., the original study hypothesis, study populations, and planned
analyses as approved by an Institutional Review Board [IRB] or equivalent
body). They would also require sponsors to publish or post key findings in
some form once a study was completed, although critical questions arise
about the listing of information that has not been through some sort of peer
review or vetting process. Proposed incentives or sanctions include requir-
ing registration as a condition for Institutional Review Board approval of a
research protocol (AMA) or refusal by major medical journals to publish
articles based on trials that had not been prospectively registered (journal
editors). Action by Congress might be required.

Some proposals cover only drugs (e.g., that of the Pharmaceutical Re-
search and Manufacturers Association, see http://www.clinicalstudyresults.
org). The journal editors’ proposal would include only prospective clinical
trials with intervention and comparison groups. They thus would exclude
many single-arm, so-called pivotal clinical studies that are initiated and
relied on to support initial FDA approval of high-risk medical devices or
additional indications for their use. They likewise would exclude many of
the postmarket studies discussed in this chapter. Others have called for
more inclusive criteria (see, e.g., Rennie, 2004).

Most proposals appear to envision that the registration of a trial would
be public from the outset. In commenting on proposals to include device
trials in an existing trials databank, the device industry has argued that an
early and detailed listing of trial information could reveal trade secrets and
other confidential information and thereby damage the competitive advan-
tage associated with being the first company to introduce an approved
device in an industry that derives far less protection from patents than the
pharmaceutical industry (see FDA, 1999a).5 Respecting sponsors’ concerns
about confidentiality, the goal of open information about results of trials
covered by FDA regulations might still be served by allowing information
about studies to remain confidential for a period of time prior to comple-
tion of a study (unless the details are already in the public domain, e.g.,
through release of information by sponsors).

Many important questions remain about how to construct a trials reg-

5Other industry concerns are that requirements for registering trials and associated respon-
sibilities (e.g., responding to inquiries from people interested in enrolling in trials or simply
wanting more information) would impose particular burdens on small companies, especially
if requirements extended beyond studies involving serious or life-threatening conditions for
which no alternative therapy existed.
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istry that will serve the public interest. One of the most important involves
criteria for registration and publication that will avoid the publicizing of
studies that are badly designed, poorly executed, or inappropriately ana-
lyzed or that are not intended to build scientific and clinical knowledge.
The discussion below returns to this issue as it relates to monitoring and
reporting required postmarket device studies.

MONITORING OF POSTMARKET STUDY
COMMITMENTS FOR MEDICAL DEVICES

Congress has not established monitoring requirements for required
postmarket device studies that are equivalent to those created for drug
studies. Section 104 of the Medical Device User Fee and Modernization Act
of 2002 (P.L. 107–250), however, requires a report from the agency by
2007 on the effect of medical device user fees on FDA’s ability to conduct
postmarket surveillance, the extent to which device companies comply with
postmarket surveillance requirements (including postmarket study commit-
ments), any improvements needed for adequate postmarket surveillance,
and the amount of funds needed to do so. The agency is in the early stages
of developing this report.

The committee’s investigation of the current status of FDA monitoring
of postmarket study commitments of devices (also provided for in P.L.
107–250) yielded little information about the objectives for required stud-
ies or the extent to which companies have met their commitments. Informa-
tion available on the website of CDRH, which was helpful in much of the
committee’s work, was minimally useful for this task. Currently, no current
overall compilation or summary of information on study commitments or
their status is available from CDRH.

In an effort to learn more about the monitoring of postmarket study
commitments, the committee sent a letter to CDRH. The letter included
questions about condition-of-approval studies (for devices with a PMA),
Section 522 Postmarket Surveillance studies, and any postmarket studies
associated with the clearance of a 510(k) device.

Studies Required at the Time of Device Approval

CDRH, in its letter of response, referred to an internal database that
contains information about PMA approvals that included requirements for
condition-of-approval studies (Tillman and Gardner, 2004). As described
in the letter, the database is not searchable and is limited to information in
the approval letter. It thus does not include details about study focus and
design that are determined subsequently or nor does it incorporate informa-
tion about study status or results. It also is not public.
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The CDRH letter stated that the agency is updating its information
technology system and reviewing how it communicates requirements for
the studies. It noted that the agency expects to create a searchable database
that includes more information about condition-of-approval studies. Sepa-
rate information from FDA indicated that the great majority of postmarket
studies involve clinical investigations, but a few specify additional bench or
animal studies (personal communication, Thomas P. Gross, M.D., Direc-
tor, Division of Postmarket Surveillance, CDRH, November 9, 2004).

Although FDA cannot require studies as a condition for clearing a
device under 510(k) procedures, it can encourage voluntary studies as part
of discussions with sponsors related to clearance decisions. (Subsequent to
clearance, the agency can order a Section 522 Postmarket Surveillance
study.) Given that no comprehensive information is available on required
postmarket studies, it is not surprising that such information is likewise not
available on these kinds of voluntary studies.

As this study was nearing completion, FDA released an internal two-
year-old report on the status of conditions-of-approval study commitments
(after the New York Times filed a request for it under the Freedom of
Information Act) (Meier, 2005). The report, which was essentially com-
pleted in 2003, examined the period from January 1, 1998, through De-
cember 31, 2000. It found that 45 (35 percent) of the 127 PMAs approved
during the period examined included provisions for a postmarket study
(Brown et al., 2005). For 26 of these, the report authors could find no
mention of the studies in the manufacturer’s annual reports (which are
supposed to include such information). After additional data collection,
including a survey of the lead reviewers for the approval applications, the
authors found information on 16 of the unmentioned studies but could find
nothing for 8. For 11 studies for which results were due (or past due), the
agency had not received results for 6. The report provided no details about
the topics of the required studies.

Subsequently, AdvaMed, a trade association representing device manu-
facturers, sent a letter to the Director of CDRH that reported the results of
a survey of its members about the status of the 45 postmarket study com-
mitments that were mentioned in the CDRH report (Secunda, 2005). The
letter stated that 12 of its members were responsible for 22 of those 45
study commitments. These companies reported that 16 of the 22 studies
were completed on time (as the time table was understood by the compa-
nies), that 2 were completed within a year of the expected date, and that 2
studies were ongoing. One study had been cancelled because the company
withdrew the indication for which the study was requested, and the start of
another study was being delayed until the product was widely enough
distributed to generate a sufficient number of study subjects. The letter did
not discuss whether the companies had appropriately reported on the stud-
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ies in their annual reports. The committee considers the AdvaMed report
encouraging for the studies it covered. It does not affect the committee’s
judgment that the agency must have an effective system for monitoring and
reporting of the status of postmarket device studies.

In an effort to learn more about study commitments, committee staff
read individual, online approval letters for the period from January 1, 2001,
through December 31, 2004. Of the 168 letters read, 74 had some provision
for postmarket study or information collection. As discussed in Chapter 6,
some provisions involved pediatric use of a device. The committee could not
review most approvals of PMA supplements (which may include study provi-
sions or approve study protocols) because few are available online. The
committee also identified postmarket study commitments in the online letters
of approval for humanitarian device exemptions. Among six such devices
explicitly approved for use with children since December 1997, one—for a
left ventricular assist device—was subject to requirements for further study
(H030003, FDA, 2004a).

The committee did not attempt to determine the specific status of the
study commitments it identified. (It expects that many, if not most, studies
would not yet be completed and that the most recently ordered studies
might not have started.) As described in Chapter 3, study protocols and
findings are considered confidential unless the findings lead to a public
health notification or similar action.

Taken together, the information available to the committee paints a
disappointing picture of the agency’s performance in monitoring study com-
mitments for medical devices, particularly given the criticism directed at the
agency in the 1996 OIG report on the monitoring of postmarket drug
studies. Agency staff report that they are working to create a system to
track what postmarket study commitments exist and where they stand in
terms of progress toward completion (Tillman and Gardner, 2004). Com-
mittee recommendations appear at the end of this chapter.

In response to the committee’s question about postmarket studies in-
volving devices used with children or devices with possible pediatric as well
as adult uses, the agency stated that it had not recorded such information in
the past. Because the Medical Device User Fee and Modernization Act of
2002 provided that user fees for PMA applications and 510(k) notifications
be waived for devices intended solely for pediatric use, the agency will be
able in the future to identify those applications and any studies associated
with those devices. Such applications, by definition, do not involve devices
with possible pediatric applications that are approved or cleared based on
studies with adults. Thus, this mechanism will not help identify studies
related to pediatric use of these devices.
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Studies Required After a Device Is Marketed

In response to committee questions about postmarket studies ordered
by the agency after market approval or clearance of a medical device, the
letter from CDRH stated that the agency had “an Oracle-based document
tracking system for these studies that contains information about the [post-
market surveillance] order, the plan submitted by the manufacturer, and all
subsequent submissions, including interim and final reports” (Tillman and
Gardner, 2004, p. 3). The letter also reported that CDRH has, in recent
years, required only two Section 522 Postmarket Surveillance studies.6 The
progress of the plans for the two current studies is being monitored by an
interdisciplinary review team, and “limited experience” indicates “that
manufacturers are honoring these commitments” but “[n]either of the stud-
ies has yet reached the expected plan completion date” (Tillman and Gard-
ner, 2004, p. 5).

Of the two Section 522 Postmarket Surveillance studies identified by
FDA, one involves a device used in fever reduction that was cleared for
marketing on August 1, 2003 (K014241, FDA, 2003). In May 2004, FDA
required further study of a larger number of patients than were initially
studied. The objective was to obtain more information about the mortality
of patients treated with the device (in accord with the labeled indications
for use) compared to patients receiving standard care. As the committee
requested, FDA provided a copy of the letter.

The second Section 522 Postmarket Surveillance study involves an
endovascular stent that was approved for marketing in 1999 (P990020,
FDA, 1999). The original PMA approval letter included a provision for a 5-
year study to assess the long-term safety and effectiveness of the device by
continued evaluation of the subjects included in the study used to support
the request for approval. The approval letter directed the company to ana-
lyze existing and newly collected patient data by gender to better identify
the experience of women who received the device. Finally, recognizing the
“learning curve” associated with a new, complex device, FDA required the
company to continue its physician/team training program and evaluate its
adequacy.

6As described in Chapter 3, Congress eliminated mandatory Postmarket Surveillance in
1997. In 1998, FDA issued a guidance document that described which surveillance require-
ments would continue and which would end (FDA, 1998i). For example, surveillance was to
continue for saline breast implants but end for vascular grafts. In response to an inquiry
about requirements that were left open in 1998, FDA responded that four studies of coronary
stents remained open but should be closed out soon, and three studies of home-use prothrom-
bin time test kits were still active (personal communication, Thomas P. Gross, M.D., Direc-
tor, Division of Postmarket Surveillance, CDRH, November 16, 2004).
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Then, in June 2001, FDA required the manufacturer to collect addi-
tional information to compare premarket and postmarket patient popula-
tions, examine types and rates of adverse events during premarket and
postmarket periods, and determine compliance rates for patient follow-up
(FDA, 2001m).7 The committee requested and received a copy of the letter
directing this study.

In December 2003, based on information received after market ap-
proval, FDA issued a public health notification for physicians with infor-
mation about long-term mortality risks with the stent (Feigal, 2003). The
data used for the public health notification were also used in a paper
authored by FDA staff and an academic physician that was published on
the website of the Journal of Vascular Surgery. Subsequently, as recounted
in a July 2004 story in the Wall Street Journal, the article was removed
from the website after objections and reference to legal action from the
manufacturer of the device. The article was later withdrawn completely by
FDA on grounds that the conclusions went beyond the public health notifi-
cation (Mathews and Burton, 2004; see also Cronenwett and Seeger, 2004;
Greenfield, 2004). According to the newspaper article and a statement by
the surgery journal’s editors (Cronenwett and Seeger, 2004), the company
argued that the article relied on data that were confidential and proprietary
and could not be used without company permission.8 Like other recent
incidents involving physician and public access to information from clinical
studies involving antidepressant use with children and other drugs, this
incident raises questions about the lack of public information about the
results of postmarket commitment studies and the appropriate boundaries

7Two months earlier, in April 2001, FDA had issued a public health notification discussing
problems with this device and one other (Feigal, 2001a). The notification stated that one
device had been the subject of a voluntary production suspension and recall after the com-
pany revealed that it had failed to report many device malfunctions and adverse events (in-
cluding severe vessel damage) and that an internal audit revealed problems with complaint
handling, manufacturing quality systems, documentation procedures, and staff training. With
respect to the other device, FDA described concerns about serious adverse events (e.g., aneu-
rysm rupture, device migration) and reported that it was working with the manufacturer to
collect additional data.

8The editors of the surgery journal expressed extreme disappointment that they were pre-
vented from publishing an article with “data that we believe are important to readers” and
that they viewed as “identical to the data in . . . other public documents” (Cronenwett and
Seeger, 2004, p. 210). In a letter to the editors, the lead clinical investigator for the stent
trials—who was highly critical of FDA’s 2003 public health notification—called for publica-
tion of the article so that clinicians could judge whether it provided support for the agency’s
conclusions (Zarins and Bloch, 2004). The committee understands that the sponsor has ex-
pressed interest in an independent evaluation of the information it submitted to FDA but that
it is still discussing the matter with FDA.
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of trade secret and confidentiality requirements governing FDA (see, e.g.,
Ault, 2004; Avorn, 2004; Elliott, 2004; Richwine, 2004).

Under federal regulations, failure to comply with any conditions set
upon the approval of a device constitutes grounds for withdrawing ap-
proval of the device (21 CFR 814.82(c)). As far as the committee is aware,
this drastic penalty has never been applied for failure to complete a condition-
of-approval study. For Section 522 Postmarket Surveillance studies, regula-
tions provide that failure to conduct a required study would be a prohibited
act such that the device would be misbranded under the agency’s statute
and that the agency could, among other penalties, impose civil money
penalties (21 CFR 822.20). The committee is not aware of any situations
when these penalties have been applied.

CONCLUSIONS AND RECOMMENDATIONS

A Monitoring System Should Be Established

Based on the information available to it, the committee must conclude
that FDA has lacked effective procedures to monitor the fulfillment of
postmarket study commitments as defined at the beginning of this chapter.
The agency has lacked a basic, searchable listing of devices for which
further studies were specified as a condition of their approval for market-
ing. Furthermore, it has not maintained any system for systematically moni-
toring the status of these study commitments based on periodic reports or
updates from either its own staff or sponsors. The agency was able to
identify the two postmarket surveillance studies (required under 21 CFR
822) that have been ordered in recent years. Overall, CDRH’s arrange-
ments for keeping track of postmarket study commitments for devices have
been weaker than those criticized as inadequate in the Inspector General’s
1996 report on monitoring of such commitments for approved drugs.

The committee recognizes that some requirements for certain post-
market studies may lack a compelling rationale, but that does not justify a
failure to monitor study commitments. Manufacturers have—and should
have—opportunities to make the case that a study is not feasible or will not
produce useful results. FDA has released drug companies from study re-
quirements in a number of instances, and the committee understands it has
also done so for some device study commitments, although the committee
has no information to judge the reasonableness of any such actions.

Given current deficiencies in monitoring, the committee has been
pleased to learn that the agency is in the early stages of creating a system to
identify and track postmarket study commitments and their progress to-
ward completion. Responsibility for tracking studies is being reassigned
within the CDRH to the unit responsible for postmarket surveillance. No
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details were available about such matters as the timetable for rectifying
current deficiencies or the allocation of adequate resources to track studies
without undermining other postmarket surveillance activities.

As described earlier, FDA has until 2007 to prepare its required report
to Congress on the extent to which companies comply with postmarket
study commitments. The report to Congress should not be a one-time un-
dertaking. Rather, it should be part of a continuing program of monitoring
and public reporting of study commitments and their status.

The structure of the system for tracking and reporting study commit-
ments for drugs and biologics provides a reasonable starting point for a
CDRH monitoring program that includes a public information component.
Some modifications are, however, desirable, including expanded search
capabilities for the public database. Given the dearth of published informa-
tion about device safety and effectiveness with children, a CDRH database
should be searchable for any postmarket study commitments that involve
pediatric populations or questions. (As noted above, the CDER public
database cannot be automatically searched to identify all studies with pedi-
atric questions but only those required under the Pediatric Research Equity
Act of 2003.)

If FDA releases a sponsor from a study commitment, the monitoring
database should record that with a meaningful explanation. Likewise, if a
study is submitted but not accepted by FDA, that should be recorded with
any follow-up actions described. Acceptance of a study should reflect the
agency’s determination that the study fulfills the commitment by being
responsive to the questions originally posed for it. The committee believes
that the monitoring system should also cover studies voluntarily agreed to
by manufacturers as part of the discussions surrounding the approval or
clearance of a device. Such studies may represent a particularly clear in-
stance of FDA and manufacturer agreement on the importance of follow-up
investigations.

Recommendation 5.1: Congress should require FDA to establish a sys-
tem for monitoring and publicly reporting the status of postmarket
study commitments involving medical devices. The system should also
cover voluntary studies negotiated between FDA and manufacturers as
part of the device approval or clearance process. The public database
should, among other features, allow easy determination of the status
of postmarket studies that involve questions about device use with
children.

This recommendation reflects the committee’s view that commitments
for postmarket studies are a safeguard when FDA has important questions
that are not answered by premarket studies. This safeguard is weakened
when study commitments are not systematically tracked toward fulfillment.
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The absence of a credible monitoring system also diminishes FDA’s cred-
ibility as guardian of public health. Although FDA can act and is acting on
its own to establish a monitoring system, Congress should make clear that
key information about the status of studies (not merely their existence)
should be public.

Findings from Postmarket Studies Involving
Children Should Be More Accessible

The safeguard offered by postmarket studies is further weakened when
useful findings generated by completed studies are not available to clini-
cians and patients or families. One limitation of the drug study monitoring
database as a prototype is that it does not provide information on the
disposition of study findings, for example, whether they resulted in a change
in product labeling. In fact, that database does not provide any information
about study findings—positive, negative, or inconclusive. The committee
recognizes that Congress did not require that system to provide public
access to information resulting from the required studies.

A study monitoring database for devices should, at a minimum, include
a link to information about device labeling changes, safety alerts, and other
decisions or actions that result from study findings. The database also
should provide approved summaries of key findings or something equiva-
lent. (Although recommendations about the creation of a clinical trials
registry per se are beyond the scope of this committee, the issue of public
availability of information about the safety and effectiveness of medical
devices used with children is not.) If the results of a postmarket pediatric
study do not warrant public availability (e.g., because the study was inad-
equately implemented), the reasons should be explained.

In addition to directing that FDA make public information about the
status of study commitments, Congress should provide for the responsible
reporting of study findings. As discussed in Chapter 7, the creation of an
independent drug safety board and the developing of responsible proce-
dures for making information from postmarket studies publicly available
should provide some guidance on procedures for evaluating the soundness
of study findings and the appropriateness of making information public.
Again, an important objective is to avoid publicizing findings from studies
that are badly designed, poorly executed, or inappropriately analyzed. To
the extent that the agency successfully works with manufacturers on the
design and execution of postmarket studies, that should also provide an
important element of quality control. Criteria for public reporting should
take into account manufacturer’s legitimate rights involving trade secrets or
certain confidential commercial information.
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Recommendation 5.2: FDA’s system for monitoring and reporting post-
market study commitments should include information about the dis-
position of study findings, for example, a change in the labeling of a
device. It should also provide for the responsible and understandable
reporting of the source, methods, and findings of monitored postmarket
studies.

Beyond study monitoring, another step the agency should consider to
increase accountability for postmarket surveillance is to provide its advisory
committees with periodic follow-up information on the products they have
reviewed. Such information should cover the status, methods, and findings of
required postmarket studies and also include adverse event reports, safety
alerts, recalls, or other actions associated with previously reviewed products.
When a manufacturer is released from responsibility for information collec-
tion, the rationale should be described. This information may help advisory
committees judge whether their conclusions about approval were prudent
and whether their follow-up questions were reasonable.

The next chapter discusses what the committee was able to discover—
given the absence of a database of study commitments—about postmarket
studies relating to children’s growth and development or active lifestyles.
The chapter also examines some of the methodological, ethical, and practi-
cal challenges in conducting pediatric device studies.
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6

Adequacy of Pediatric Postmarket
Surveillance Studies

Today, Esperanza is a 30-year-old mother of two. In 1975, she was a
critically ill newborn at the University of California hospital at Irvine.
There, in a last-chance attempt to save her life, she became the first infant
to be successfully treated with extracorporeal membrane oxygenation
(ECMO), a process that allows prolonged cardiopulmonary life support.
ECMO had been developed in the early 1970s to support adults with
severe respiratory illness, but trial results had been disappointing. Dr.
Robert Bartlett, a physician at the hospital where Esperanza was born,
had been investigating ECMO with bench and animal testing for 10 years.
He thought the procedure might be more successful with infants, who
tend to have fewer additional medical complications than adults. By 1985,
10 years after Esperanza’s treatment, death rates for infants with most of
the conditions then treated by ECMO had dropped from 90 percent or
more to less than 50 percent.

(Bartlett, 1985; Bartlett et al., 2000; University of Michigan, 2005)

The history of ECMO, which involves a complex system of medical devices,
is interesting for a number of reasons. As suggested above, it illustrates how
patient characteristics and treatment success may vary by age and how the
evolution of medical innovations can have unexpected twists and turns.
The technology also figured in innovative clinical trials of the device in the
1980s that are still used to illustrate ethical dilemmas in trial design (Truog,
1999). In addition, early on, medical centers using ECMO began a patient
registry that has proved useful in a variety of clinical evaluations.

ECMO does not involve a fully implanted device, but patients must
have vascular catheters inserted in the major blood vessels of the groin or
neck. Its use typically requires days of direct contact between a child’s
blood and certain elements of the device system, primarily the artificial lung
and the tubing that circulates the blood. As newer, less drastic treatment
strategies (e.g., inhaled nitric oxide and high-frequency oscillatory ventila-
tion) for newborn respiratory failure have shown positive short-term results
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in randomized clinical trials and other studies, many centers limit ECMO to
use as a rescue therapy when the center’s best efforts to ventilate have failed
(Truog, 1998; AAP, 2000a). ECMO also continues as a valuable last resort
for infants and small children with acute heart failure who require circula-
tory support until heart function recovers or a heart transplant can be
performed.

When successful, innovative medical devices such as those involved in
the ECMO procedure can offer dramatic cures, sustain life until another
therapy is available, slow the progression of disease, or ease the distress
caused by an incurable condition. Long-term and even relatively short-term
exposure to a device—and the surgical or other procedures associated with
its use—can, however, alter a child’s development in complex ways. Some
of the effects may be suspected in advance, but others may be identified
only through careful follow-up monitoring and evaluation. Unwanted de-
velopmental outcomes may not be evident for a number of years and thus
will not be detected by short-term studies.

Chapter 2 introduced the concepts of children’s growth and develop-
ment and their active lifestyles and then described some of the physical,
cognitive, emotional, behavioral, and social characteristics of children that
may affect the design, use, and performance of medical devices. It noted
that children’s activities pose a risk of traumatic damage to certain im-
planted or attached devices. In addition, children’s growth and develop-
ment may affect the performance of a device. For example, growing tissues
may put increased stress on some biomechanical devices. Causation may
also operate in the reverse direction, that is, certain devices may interfere
with children’s growth.

The legislation that called for this report asked for an assessment of
whether postmarket surveillance studies last long enough to evaluate the
impact of growth and development for the number of years that a child has
an implant. It also asked whether such studies are adequate to assess the
effects of children’s active lifestyles on implant longevity and failure rates.
These questions reflect awareness that children’s developmental character-
istics may affect their experience with an implanted device. They likewise
show an understanding that short-term studies of safety and effectiveness
are not well suited to determine how children’s growth and development
may affect the performance of an implant—and vice versa. The committee
interpreted its task to involve specifically an assessment of Section 522
Postmarket Surveillance studies, but it also considered other kinds of stud-
ies and sources of information.

The next section of this chapter reports the sparse results of the com-
mittee’s search for postmarket studies or other information focused on the
two child-centered questions identified in the legislation. The discussion
then expands to consider more generally strategies for postmarket evalua-
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tion of medical devices used with children. The chapter also describes some
of the complexities and challenges of conducting medical device research
and undertaking studies with children. It concludes with the committee’s
reflections and recommendations, including a recommendation that FDA
be given authority to order “condition-of-clearance” studies.

FDA-REQUIRED STUDIES AND OTHER INFORMATION

As discussed in Chapter 2, problems with the potential or actual perfor-
mance of devices in infants, children, and adolescents may be identified in
at least three different ways (Table 2.3). They may be identified a priori
based on a combination of expert understanding of children’s developmen-
tal characteristics and detailed knowledge of the operating characteristics
of a particular device as derived from theory, bench testing, simulations,
and, perhaps, experience with adult use. In addition, issues or problems
may be revealed as side-effects or adverse events during the clinical testing
of a device with children. Subsequently, as experience with a device accu-
mulates following its entry into the market, problems may become known
through adverse event reports, through case reports or other shared clinical
experience associated with normal follow-up care, or through systematic
clinical or epidemiological studies, including postmarket studies ordered
by the U.S. Food and Drug Administration (FDA).

Systematic studies can accelerate the identification of practices that
improve outcomes for children. For example, in the 1960s, clinical observa-
tion of infants being treated for hydrocephalus led to the conclusion that
cerebrospinal fluid shunt catheters placed in the atrium of the heart should
be routinely revised and lengthened. The interval between placement and
lengthening depended on age at implantation (e.g., a 4-month interval for
shunts placed at 1 month of age and a 32-month interval for shunts placed
between 8 and 12 months of age). A well-planned postmarket study that
followed children for 24 months after shunt implementation could have
detected this considerably earlier than the 11 years it took to accumulate
and evaluate observations from clinical practice (Becker and Nulsen, 1968).

Section 522 Postmarket Surveillance Studies

Chapter 5 reported that FDA officials identified only two Section 522
Postmarket Surveillance studies that they had ordered in recent years fol-
lowing the approval or clearance of a medical device. Neither involved
pediatric populations as such. Thus, the simple answer to the questions
posed to the committee is that there are no relevant Section 522 Postmarket
Surveillance studies to assess for length or adequacy. Rather than stop at
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this point, the committee expanded its focus to consider condition-of-
approval studies and certain other sources of information.

Condition-of-Approval Studies

The committee sought to determine whether any orders for condition-
of-approval studies associated with FDA approval of premarket approval
applications (PMAs) or Humanitarian Device Exemptions (HDEs) had men-
tioned children’s lifestyle or growth and development effects. As described
in Chapter 5, FDA does not now have a systematic means of identifying and
monitoring condition-of-approval studies, including those studies that in-
volve pediatric questions. During initial conversations with the committee,
FDA officials reported that they did not know of condition-of-approval
studies that involved pediatric questions.

Using FDA’s online database of original PMA approval letters and
related materials, the committee reviewed 4 years of original PMA approval
letters (2001 to 2004) for a total of 168 letters. Review of these letters
yielded one pediatric study associated with the approval of an injectable gel
for treatment of vesicoureteral reflux (the flow of urine back from the
bladder into the ureters and kidneys) (P000029, FDA, 2001). The post-
approval study was to collect 5-year follow-up data on at least 180 children
to assess adverse events as well as evaluate treatment outcome (reflux grade)
at 3 months, 12 months, and 5 years. These outcomes were to be compared
to outcomes reported in the published literature.

Nothing in the brief description of the injectable gel study indicated a
specific focus on growth and development or children’s activity levels, but
the committee did not have access to the study protocol. The FDA panel
that reviewed the PMA application raised a number of concerns about the
data submitted in support of the application (e.g., those evaluating treat-
ment outcomes in the two arms of the randomized trial knew the treatment
each study subject had received) (Moodie, 2000). The panel also raised
concerns about long-term migration of the gel and a slow failure rate, but it
did not link these concerns explicitly to questions of growth and develop-
ment or activity levels. Assuming the manufacturer completes the study, the
results would not be expected until 2006.

In addition, the committee found one data collection element involving
children in the 2001 letter of approval for a septal occluder device (P000039,
FDA, 2001a). Post-approval reports from the manufacturer were to include
data on three categories of patients, one of which was children under age
10. The letter mentioned the objective of better characterizing safety and
effectiveness but nothing more specific. All other FDA information about
the nature or status of the study is confidential, except that a study protocol
was approved in a 2002 supplemental PMA (P000039-S001, FDA, 2002).
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The committee also identified a few orders for studies that were to follow
subjects who had been included in premarket studies. Some of these subjects
were children, but the orders did not identify any pediatric questions.

Because supplemental approval letters are usually not accessible on-
line, the committee was not able to systematically review them to determine
whether they included provisions for further study of a device. However,
while reviewing an article cited by the American Academy of Pediatrics in
its statement to the IOM (AAP et al., 2004b), the committee incidentally
discovered a required postmarket study associated with approval of a
supplemental PMA. The article reported results from a study that FDA
required when it approved a small model of a baclofen infusion pump for
treatment of patients who could not be treated with a larger model (Albright
et al., 2004). The one-paragraph, online summary of the approval state-
ment does not mention this study (see P860004-S042, FDA, 1999).

According to the article reporting the baclofen study, FDA specified
that data be collected for 1 year on the first 100 children implanted with the
device (Albright et al., 2004). The study included 14 children who had
received the implant as part of the premarket evaluation of the pump and
86 who received the implant after approval. The study found four serious
system-related complications, all specific to catheters (including two cath-
eters not made by the pump manufacturer). The authors concluded that
none of the complications they observed were related to children’s growth.

In addition to reviewing PMA approval letters, the committee also
reviewed letters approving HDEs that mentioned use with children. It lo-
cated one postmarket study involving children that was associated with an
HDE for use of a left ventricular assist device with children (H030003,
FDA, 2004a). The device, which had been studied with adults but not
children, is intended as bridge to heart transplantation. The sponsor is to
follow the first 50 children receiving the implant until transplantation,
death, or other outcome. The FDA approval letter did not mention growth
and development or activity considerations. For the adults implanted with
the device during clinical trials, the average duration of pump support was
about 3 months.

The committee also learned incidentally about one voluntary post-
market study involving children. In May 2001, when FDA cleared the first
automatic external defibrillator system for use with infants and young
children who experience cardiac arrest, the sponsor agreed voluntarily to
conduct a follow-up study of up to 50 children worldwide to evaluate how
well the device performs in actual use (FDA, 2001e). An inquiry to FDA
revealed that the study was underway, but FDA would not provide other
information on grounds that such details are statutorily protected confiden-
tial information (personal communication, Thomas P. Gross, M.D., Direc-
tor, Division of Postmarket Surveillance, CDRH, October 21, 2004).
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Premarket Clinical Studies

The focus of this report is on postmarket surveillance, but for the
certain devices and conditions, the possible value of postmarket studies of
growth and development questions may be related to the length and other
features of premarket studies. Premarket studies usually focus on short-
term outcomes. The summaries of safety and effectiveness published with
PMA approval statements may, however, include contraindications or cau-
tions related to growth or development or activity level concerns that are
evident even without clinical study. Examples involve implants that are
clearly too large for small children or orthopedic devices that will obviously
interfere with bone growth.

Conversations with FDA staff and committee review of individual de-
vice approvals indicate that clinical studies to support approval or clear-
ance of medical devices generally last 1 to 2 years. Individual research
participants may be followed for shorter periods if, for example, patients
are entered into the study at different times following diagnosis.

Occasionally, FDA specifically asks sponsors of a PMA to accumulate
study data for considerably longer periods than usual. A case in point
involves the Vertical Expandable Titanium Rib (VEPTR) implant that
recently received a Humanitarian Device Exemption from FDA for use
with children suffering from thoracic insufficiency (defined as severe de-
formities of the chest, spine, and ribs that prevent normal lung develop-
ment and respiratory function). The implant must be surgically adjusted
to accommodate children’s growth approximately every 6 months, which
means that a child implanted at age 3 could expect to undergo at least 28
surgeries by age 17. When the sponsor approached FDA about approval
for the device, FDA requested long-term safety and effectiveness data on
children who received the implant. The sponsor eventually submitted data
for a prospective case series of 247 children, some of whom had been
followed for 14 years (H030009, FDA, 2004b). The FDA summary of
safety and probable benefit did not report the average follow-up period,
but an article describing results for 27 of 41 children implanted since
1990 reported an average follow-up period of 5.7 years (range, 2 to 12
years) (Campbell et al., 2004). No condition-of-approval studies were
specified by FDA in the HDE approval letter. The sponsor is, however,
planning to create a registry and organize a study group (involving the
eight hospitals that participated in the multi-center study of the device) to
monitor treatment and adverse events and plan prospective studies using
the registry (personal communication, Robert Campbell, M.D., Professor
of Orthopedics, University of Texas Health Science Center at San Anto-
nio, November 8, 2004).

As described by the primary investigator, the premarket clinical studies
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of VEPTR showed expected problems (based on experience with other treat-
ments) related to the need for multiple surgeries (personal communication,
Robert Campbell, M.D., Professor of Orthopedics, University of Texas Health
Science Center at San Antonio, November 8, 2004). The studies also found
migration of the device over longer time periods as a function both of the
pressure exerted by the device and the child’s growth. In response to experi-
ence during premarket investigation of the device, several changes were made
in the design of the device as shown in Figure 6.1. In addition, the study
identified the surgical challenges in safely using the device. The first line in the
draft professional labeling approved by FDA states “IMPORTANT: Prior to
use, the physician should be trained in the surgical procedure recommended
for the use of this device” (H030009, FDA, 2004c, p. 1).

FIGURE 6.1 Evolution of the Vertical Expandable Prosthetic Titanium Rib
(VEPTR) showing versions from 1987, 1989, 1991, and 1996. (The rightmost item
shows the device in its expanded mode, to its left is the unexpanded device.) (Cour-
tesy of Robert M. Campbell, M.D.)

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


206 SAFE MEDICAL DEVICES FOR CHILDREN

Safety Advisories and Adverse Event Reports

As an additional step, the committee investigated FDA safety advisories
and similar information to determine whether any appeared to have been
prompted by adverse event reports associated with children’s activity levels
or growth and development on device longevity or performance. The com-
mittee found some advisories based at least in part on adverse event reports
involving children, but none of the reports obviously involved problems
arising from children’s activity levels or growth and development. For ex-
ample, a public health notification on the risk of bacterial meningitis in
children with cochlear implants did not cite developmental considerations
explicitly. It stated, however, that it focused on young children “because
they account for the majority of known meningitis cases and represent the
population that will receive most cochlear implants in the future” (Pressly,
2003, p. 2). The study that investigated the meningitis risk and led to the
notification is discussed further below.

Searches of the FDA’s Manufacturer and User Facility Device Experi-
ence (MAUDE) database yielded some examples of adverse event reports
that might be attributed to children’s activities. For example, use of “bas-
ketball” as a search term produced a few potentially relevant reports of
incidents involving people playing basketball, although the public database
available to the committee did not allow determination of whether these
incidents involved children.

The committee concluded that a more systematic search of the MAUDE
database was not feasible because the array of possible “active-lifestyle-
related” events and possible narrative descriptions of such events is very
large, and no recognized nomenclature exists to characterize them. In any
case, although FDA has evaluation codes for manufacturers to characterize
their evaluation of an adverse event, the agency offers only four very gen-
eral codes related to use or behavioral factors, for example, “user error
caused event” (FDA, 2001j, p. 4). Other patient and device codes are also
not specific for lifestyle-related events. In sum, if the narrative for an ad-
verse event report said something like “problems with implant functioning
arose after the child jumped off the sofa and bumped her head,” no existing
code or feasible search strategy would identify this incident as related to
children’s active lifestyle.

Similar difficulties limit the feasibility and value of searching the data-
base for reports that might identify adverse events related to growth and
development. For example, reports of a device migration (for which several
codes exists) may be related to many factors not related to growth and
development. (One device code, 1272, indicates that a device will not sup-
port growth [FDA, 2001b].) The committee concluded that further exami-
nation of adverse event reports would not be useful in assessing whether

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


ADEQUACY OF PEDIATRIC POSTMARKET SURVEILLANCE STUDIES 207

pre- or postmarket studies “last long enough” to identify problems related
to active lifestyles or growth and development.

Voluntary Postmarket Studies

In addition to identifying studies required by FDA, the committee made
some effort to locate other medical device studies that considered children’s
active lifestyles or their growth and development. Unfortunately, the com-
mittee found it difficult to identify such investigations. With respect to
lifestyles in particular, literature searches and inquiries to clinicians and
researchers yielded little—although undiscovered studies of the impact of
children’s activities on devices certainly may exist. For example, clinical
studies have the potential to identify “active-lifestyle” issues incidentally in
the course of investigations that track health and functional outcomes.
Unless quite striking, however, the committee concluded that such inciden-
tal findings are unlikely to be identified in publication abstracts, key words,
or other search aids.

With respect to growth and development, the committee determined
that locating relevant clinical studies would, by and large, require device-
by-device or condition-by-condition literature searches and device-by-device
and condition-by-condition considerations of whether possibly relevant
studies are “of long enough duration” to evaluate the impact of child’s
growth and development on the performance of an implant or to assess the
effects of an implant or other medical device on the way a child grows and
develops. Such a search strategy was beyond the committee’s resources.
Based on member knowledge, inquiries to pediatric specialists, and litera-
ture searches, the committee did identify several relevant studies. Some of
these studies are cited in this and other chapters.

DIMENSIONS AND COMPLEXITIES OF
MEDICAL DEVICE RESEARCH

Studies of medical devices—especially clinical studies—present chal-
lenges both before and after market approval or clearance. In contrast to
drugs reviewed by FDA, devices are more often works in progress—subject
to minor, modest, or major modifications during both premarket and post-
market clinical studies. Congress has recognized this aspect of device inno-
vation with special provisions to reduce certain regulatory burdens on spon-
sors (21 USC 360j(g)(6)).1 Depending on the nature of a change during the

121 USC 360j(g)(6) (see also 21 CFR 812.35) provides
(A) Not later than 1 year after November 21, 1997, the Secretary shall by regulation

establish, with respect to a device for which an exemption under this subsection is in effect,
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course of a study, data may need to be reported and analyzed separately as
well as together. Such challenges may be particularly daunting for the small
companies that are a more prominent feature of the device industry than
the drug industry.

Although specifics will vary depending on the device, premarket testing
of medical devices that require clearance or approval may entail a series of
evaluations that usually involve nonclinical in vitro testing (also called
laboratory or bench testing) and that may extend through tests with ani-
mals, possibly cadavers, and then humans. Postmarket studies may also use
one or more of these evaluative strategies.

To illustrate the kinds of pre- and postmarket testing that a complex
implanted device may undergo, Box 6.1 summarizes the testing of the
Amplatzer atrial septal occluder, which, as described earlier, was granted
approval for marketing in 2001 (P000039, FDA, 2001a). The device was
tested in both children and adults (overall mean age of 18), and results were
compared to a nonrandomized, mostly prospectively identified group of
individuals (mean age of 6) who were treated surgically. A second small
comparison group included patients who were followed through a registry.
The FDA summary of safety and effectiveness did not break out study
results by age. As described earlier, the approval order for the device in-
cluded provisions for further postmarket study.

Many devices are proposed for FDA approval as effective for a specific
task (e.g., to remove clot from an artery) rather than for a specific therapeu-
tic intervention (e.g., preventing damage to the tissue supplied by the ar-
tery). This approach allows a device to become available as a tool with
many potential clinical applications and also tends to simplify the premarket
evaluation process.

procedures and conditions that, without requiring an additional approval of an application
for an exemption or the approval of a supplement to such an application, permit—

(i) developmental changes in the device (including manufacturing changes) that do not
constitute a significant change in design or in basic principles of operation and that are made
in response to information gathered during the course of an investigation; and

(ii) changes or modifications to clinical protocols that do not affect—
(I) the validity of data or information resulting from the completion of an approved proto-

col, or the relationship of likely patient risk to benefit relied upon to approve a protocol;
(II) the scientific soundness of an investigational plan submitted under paragraph (3)(A); or
(III) the rights, safety, or welfare of the human subjects involved in the investigation.
(B) Regulations under subparagraph (A) shall provide that a change or modification de-

scribed in such subparagraph may be made if—
(i) the sponsor of the investigation determines, on the basis of credible information (as

defined by the Secretary) that the applicable conditions under subparagraph (A) are met; and
(ii) the sponsor submits to the Secretary, not later than 5 days after making the change or

modification, a notice of the change or modification.
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Most of the remainder of this section will consider device research
strategies and challenges. Some constraints on research, however, relate less
to methodological or technical challenges than to marketing or financial
concerns. For example, as is true for other medical products, once a device
is approved or cleared, a manufacturer may not be enthusiastic about study-
ing additional uses or populations because such studies could provide nega-
tive information that could, in turn, lead to labeling restrictions or even
market withdrawal.

If the use of a device is not restricted, medical practitioners can adopt
new “unlabeled” uses without oversight by FDA (as described in Chapter 3).
Such use is sometimes based on small case series of individual or medical
center experiences that are reported at national or international meetings and
then followed by diffusion to other centers. For a device with an approval
that is not restricted to an adult population, a study with children could
generate negative information that might prompt such a restriction. Particu-
larly if the pediatric market is small, a manufacturer might prefer simply to
label the device as not indicated for use with children rather than offer or
agree to conduct a pediatric study. Given that manufacturers may be reluc-
tant for various reasons to support such studies, other sponsorship and fund-
ing for such studies is important (as is the availability of clinicians and other

BOX 6.1
Example of Medical Device Testing: Atrial Septal Occluder

Preclinical study
Bench testing for strength and reliability
MRI compatibility
Corrosion (bench and animal testing)
Biocompatibility
Sterilization/shelf life
Live animal testing in minipigs

Premarket clinical study
Multi-center, nonrandomized, controlled study to evaluate safety and effective-

ness compared to surgical intervention
Noncomparative registry study

Postmarket condition-of-approval study provisions
Five-year follow up of subjects enrolled in phase IIB of the trial
Data to be obtained from trial or additional individuals who (1) have device

sizes greater than 28 mm or less than 10 mm, (2) residual shunts >2 mm, or (3)
were under 10 years of age when the device was implanted.

SOURCE: P000039, FDA, 2001b; P000039-S001, FDA, 2002.
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personnel with sufficient expertise in device studies). The evidence base for
practice could benefit from increased clinician involvement in more system-
atic clinical studies of devices (Moss et al., 2001; Curry et al., 2003).

Even with interest and resources, others barriers to postmarket study
may arise. Investigators may find it difficult to recruit participants for
clinical trials of devices that are approved (or cleared) and available for use
without restrictions. Such trials often make demands on participants (e.g.,
for extra testing and visits) that go beyond those associated with standard
clinical use of the device. In addition, postmarket follow-up studies may be
less attractive to research funders and medical journals than studies under-
taken for original market approval of innovative device. For these and
other reasons, academic investigators may not find involvement in post-
market studies to be professionally appealing.

To cite a practical complication that is not restricted to device studies, the
committee understands that manufacturers sometimes have difficulty collect-
ing data for postmarket studies based on professional or institutional con-
cerns about the privacy provisions of the Health Insurance Portability and
Accountability Act (HIPAA). For example, some providers may strip patient-
identifiers from the information they provide, which makes it difficult or
impossible to aggregate information about the same patient from multiple
providers. Chapter 4 encouraged FDA to continue its efforts to educate
providers about HIPAA and the legality and value of providing information
to support postmarket device surveillance, including postmarket studies.

Study Designs and Information Resources for and
from Postmarket Devices Studies

A substantial literature exists on the characteristics and merits of various
designs for clinical research. These discussions often focus on or assume
drugs as the intervention being investigated. Possible constraints on the use of
study designs to investigate the safety or effectiveness of medical devices may
not be considered. This brief review of study designs is intended to further
illustrate the options and challenges of medical device studies. Appendix D
discusses in more depth the objectives, characteristics, and limitations of
major study designs and data analysis techniques (e.g., data mining).

Some study designs are experimental, which, as used here, means that
an investigator controls the use of the intervention(s) being studied.2 Ex-

2For reimbursement purposes, the Centers for Medicare and Medicaid Services makes a
distinction between “experimental” device types and “nonexperimental/investigation” device
types. The former, which are not reimbursable, are basically devices for which initial ques-
tions of safety and effectiveness have not yet been answered (DHHS, 1995). This is a much
more restrictive use of the term than that employed here.
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perimental designs are necessarily prospective, that is, individuals are fol-
lowed forward in time to assess outcomes. When the investigator does not
control the use of the intervention being studied, designs are termed obser-
vational. Such studies are sometimes prospective but more often retrospec-
tive, that is, based on information already existing in medical records,
billing databases, or other sources. The brief overview below starts with
experimental studies, not because they are commonly used for postmarket
studies of medical devices but because they are considered the benchmark
for valid evaluations of clinical care.

Experimental Studies

When designed and implemented properly, the randomized trial is gen-
erally held to provide the strongest evidence about the safety and efficacy of
a medical intervention.3 In such a trial, investigators use explicit random-
ization procedures to assign individuals to study groups, for example, an
intervention group that will be compared to a group receiving “usual” care
or, less often, a group receiving another specific intervention (e.g., an alter-
native medical device). Randomized trials have occasionally been used to
compare medical devices used with children, for example, programmable
versus conventional shunts for individuals with hydrocephalus (Pollack et
al., 1999).

When entry into study groups is not random, opportunities arise for
biases or baseline differences in groups to compromise the validity of study
comparisons. Various statistical techniques may help in assessing or con-
trolling for biases, but these are weaker tools than random assignment.

Ideally, to limit bias in the reporting and assessment of outcomes, the
assignment of study participants to different groups will be blinded, that is,
it will not be known either to the investigators or to individuals being
studied. (Unlike such “double-blinded studies, a study is termed “single
blinded” if only the evaluator or only the study subject is unaware of the
intervention.) The strategy of blinding is difficult if not impossible for many
device studies. For example, if use of an implanted device is compared to an
accepted medical therapy, individual assignments will usually be obvious to
both investigators and study participants. On occasion, investigators have
devised “sham” or placebo procedures (e.g., making a shallow surgical
incision or arranging exposure to a nonfunctioning device) to limit this
source of bias, but such options typically face more ethical and practical
barriers than is the case with placebo use in drug studies (Clark and

3As described in Chapter 1, the term effectiveness may be used to describe the achievement
of desired results in actual practice with the term efficacy reserved for the achievement of such
results in controlled studies.
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Leaverton, 1994; Freeman et al., 1999; Albin, 2002). For certain devices, it
may be possible to randomize patients to be assessed with the device oper-
ating (turned on) or not operating. In general, however, it is necessary to
recognize that strategies that may be appropriate and feasible for drug
studies may not be appropriate or feasible for device studies.

An example of a randomized, single-blind, long-term postmarket study
of device safety is the Children’s Amalgam Trial, a randomized trial of
safety that compares silver amalgam dental restorations with a mercury-
free restorative material for children aged 6 to 10 (Children’s Amalgam
Trial Study Group, 2003). This study, which was not required by FDA, is
funded by the National Institute of Dental and Craniofacial Research at the
National Institutes of Health (NIH). Originally, intended to last 5 years, the
study has been extended to 10 years. The outcomes of interest include
neuropsychological development and renal functioning. Those involved in
measuring the outcomes do not know the assignment of study participants.

Some studies are prospective and comparative but not randomized. For
example, a study might be designed to recruit children for research on an
innovative device at one medical center while one or more other institutions
might prospectively follow children receiving a common alternative form of
care. (Parental permission would be necessary for both groups, and recruit-
ment and other aspects of study design should be as comparable as pos-
sible.) This approach, while increasing the opportunity for important non-
random differences in study groups and their evaluation, may make sense in
certain situations, for example, when the use of a new device involves a
significant “learning curve” for clinicians who must master a new surgical
technique.

The phenomenon of the learning curve points to another complexity of
device trials. Unlike the administration of many drugs in clinical trials, the
use of an implant or other device in a trial may depend on a surgical or
other procedure that requires new skills or involves unusual elements that
must be learned. Differences in skill levels among those “administering” a
device intervention can compromise study findings. Thus, some surgical
trials have set technical performance standards for participating surgeons
(Ferguson et al., 1999). In addition to compromising the validity of study
comparisons, differences between clinicians in a trial and clinicians in prac-
tice may also limit the generalizability of study findings beyond the research
setting.

Often, clinical studies of devices involve neither randomization nor a
prospectively followed control group, and such studies can be considered
experimental only by the narrow criterion that access is controlled by the
investigator. “Single-arm” trials may employ a prospective assessment of a
single intervention, access to which is determined by the investigator. Ret-
rospective comparisons are made either to the subject’s status prior to the
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intervention or to other individuals (historical controls) for whom informa-
tion is available in medical records, published materials, or other sources.
The former strategy works best when the before-and-after measures for
study subjects are standardized and complete, when the natural history of
the condition is well-described, and when a “placebo effect” is considered
unlikely. The use of historical controls presents many opportunities for
bias. For example, depending on the data source for the historical controls,
the methods used to collect and record data on key variables may be
unstandardized, poorly documented, or unknown. Information that would
normally to be used to compare baseline or other differences between groups
may simply be missing. Literature reviews suggest that single-arm trials are
more likely than comparative controlled trials to conclude that an interven-
tion effect exists (Pocock, 1993).

When FDA approves a device, it may direct a device manufacturer to
continue to follow prospectively the individuals who participated in the
study that was used to secure FDA approval of the device. If the study
originally involved both intervention and control groups, both cohorts
would, ideally, be followed.

Some have argued for increased support for pragmatic or practical
clinical trials that are designed specifically to answer questions faced by
decision makers (see, e.g., Tunis et al., 2003). Such trials would include
diverse populations and practice settings and evaluate a range of clinical
and functional outcomes. If such practical clinical trials included medical
devices used with children, they could help narrow the knowledge gaps that
especially characterize pediatric use of many medical devices.

Observational and Other Study Designs

Many device studies involve observational designs, in which access to
an intervention or comparison group is not under an investigator’s control.
The most ambitious (and, usually, expensive) such studies are prospective
and comparative. For example, a study may follow groups (cohorts) of
children who—by family choice or other determinant not under the
investigator’s control—are treated or are not treated with a device. Long-
term, diagnosis-based registries can help investigators identify and monitor
children for prospective, comparative observational studies. (Registries are
discussed further below.)

When FDA directs a manufacturer to follow the first 50 (or some other
number) individuals treated with the device after marketing approval, it is
ordering a noncomparative, observational study. The left ventricular assist
device study cited above is an example of such a study; it involved a previ-
ously unstudied group (children). Although weaker than a controlled ex-
perimental study, this kind of planned, prospective observation has the
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potential to identify unanticipated safety problems earlier than they would
emerge from usual clinical practice.

Most observational studies are retrospective. They depend on existing
information (secondary data) to identify study subjects and provide rel-
evant data about their past use of a device and other variables. Again, long-
term, diagnosis-based registries may be helpful in identifying individuals for
study.

One type of retrospective study design, the case-control study, is par-
ticularly useful for investigating rare outcomes. This type of study matches
cases (e.g., children with a device who have experienced an adverse event)
with controls (e.g., children with a device who have not experienced the
event). One component of the postmarket investigation of cochlear im-
plants and meningitis cited above was this kind of case-control study
(Reefhuis et al., 2003). Initial sources of information for the study were
warranty lists (a limited kind of registry) from implant manufacturers and
adverse event reports or other data that identified cases of meningitis in
children with cochlear implants. Not all the information was historical.
Parents of the children who were identified from warranty lists (which were
said to be 95 percent complete) and other sources were contacted for addi-
tional information about factors that might have put their child at risk for
meningitis (e.g., type of implant, previous diagnosis of meningitis, place-
ment of a ventriculoperitoneal shunt).

Another example of an observational study involving cochlear implants
is a study conducted by Waltzman and colleagues that assessed the long-
term effects of electrical stimulation (Waltzman et al., 2002). They re-
viewed the experience of 81 children who had received cochlear implants
and had been followed for 5 to 13 years.

Less common and quite different from the prospective and retrospec-
tive studies described above are autopsy studies. Such studies can identify
physiologic changes not otherwise detectable. Such findings may suggest
the need for closer monitoring of certain patient characteristics or adapta-
tions in a device or aspects of its use. Fortunately, child deaths are relatively
uncommon, and many critically ill children treated with innovative medical
devices survive into adulthood. Nonetheless, despite the stress on families
of children who die, future children and families can benefit from sensitive
efforts to encourage autopsies.

Parenthetically, although studies of retrieved devices are not clinical
studies and although the opportunity for the retrieval of implanted devices
is usually not related to a child’s death, it is worth reiterating the argument
made in Chapter 4 for systematic study of retrieved devices. Manufacturers
and others can accumulate important information from retrieved implants
and other devices as part of a comprehensive process of observation, test-
ing, and evaluation once a device has been marketed. This information can
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be put to use to improve product reliability or durability and also advise
clinicians and patients about the potential for problems that might other-
wise not be anticipated.

Registries as Resources for Postmarket Device Studies

As defined in Chapter 1, a registry is a system for collecting informa-
tion about a class of individuals or patients who have in common a disease,
injury, condition, medical procedure or product, or similar characteristic.
Registries vary considerably in the amount of information they contain
about patients and their care. Manufacturer registries may include only
information needed to locate patients in case of a recall, or they may—
when designed to support a postmarket study—include considerable clini-
cal information. Although FDA is supportive of other registry studies such
as those organized by professional societies, the agency’s primary focus is
on registries associated with postmarket studies that they have required or
voluntarily negotiated with manufacturers.

Some registries are diagnosis-based and include information about
people with a diagnosis who receive certain interventions and people with
the diagnosis who do not. Other registries include only individuals who
have received a device or intervention. Although a registry managed by a
single manufacturer normally would track a single device, an intervention-
based registry developed by a professional society or other cooperative
group might offer the opportunity to compare different devices or different
procedures for using a device. To the extent that centers participating in
cooperative intervention-based registries have the most successful programs
and the most experienced clinical teams, their results may not be represen-
tative of average experience and average complication rates.

An example of a diagnosis-based registry is the pediatric cardiomyopa-
thy registry that is funded by the National Heart Lung and Blood Institute
and managed by the New England Research Institute. The registry covers
children in the United States and Canada who have been diagnosed with
cardiomyopathy since 1990 (NERI, 2004; see also Felker et al., 2000;
Harmon et al., 2004). Its aims include estimation of the incidence of the
condition (in two geographic regions), better understanding of cardiomyo-
pathies, describing their course and treatment, and identifying correlates of
successful patient management. The registry includes 100 clinical sites and
records for about 2,500 patients.

An example of an intervention-based registry is the Extracorporeal Life
Support Organization (ELSO) registry, which is managed by the University
of Michigan. (Extracorporeal Life Support or ECLS is the term that the
organization uses for the procedure that historically and earlier this chapter
has been referred to as ECMO.) About 110 participating centers in 14
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countries submit information to the registry, which includes data on pa-
tients until death in hospital or hospital discharge (University of Michigan,
2005). The purpose of the registry is to help define the patient populations
treated with the procedure (including specific medical problem), and de-
scribe the treatment they received.

The ELSO registry supports retrospective assessments of short-term
outcomes and complications as they relate to patient and treatment charac-
teristics. When participating institutions follow or maintain postdischarge
contact with a high percentage of their ECMO patients, they can combine
the registry data with additional medical record data and new assessments
of patients to assess longer term outcomes.

Given the cost and complexity of long-term, multisite studies, it is not
surprising that most examinations of longer term ECMO outcomes appear
to have involved single centers (see, e.g., Glass et al., 1997; Graziani et al.,
1997; Ahmad et al., 1999). In the United Kingdom, however, a multicenter
collaborative group is conducting follow-up evaluations of ECMO-treated
children at ages 1, 4, and 7 (UK Collaborative ECMO Group, 1998).4

Another intervention-based registry is the Pediatric Heart Transplant
Study (PHTS). Until recently, this group was a self-funded collaboration
between approximately 20 pediatric heart transplant centers in North
America (personal communication, Richard E. Chinnock, M.D., Professor
of Pediatrics, Loma Linda University School of Medicine, February 1, 2005;
personal communication, Steven A. Webber, M.B.Ch.B., Associate Profes-
sor of Pediatrics, University of Pittsburgh School of Medicine, February 1,
2005). The registry began in 2003 but has data extending several years
before that. Each center contributed $2,000 to the project and donated the
time of personnel to fill out the forms, and the University of Alabama at
Birmingham hosted the database. The group has been able to obtain out-
side funding for some studies, including a study of ventricular assist devices
as a bridge to transplantation, but funding for major studies is an ongoing
concern.

The experience of the PHTS suggests that the creation of registries, at
least for uncommon events, can be initiated without large, direct financial
commitments as long as sufficient volunteered expertise is available to

4In the United States, researchers at an ELSO-participating institution recently proposed an
assessment of the long-term effects of children’s exposure to di(2-ethylhexyl) phthalate (DEHP,
a substance that makes plastic tubing more flexible) during ECMO (personal communication,
Billie L. Short, M.D., Director of Neonatology, Children’s National Medical Center, Wash-
ington, DC, January 12, 2004; see also AAP, 2003, Shea et al, 2003). The assessment would
include registry data for 12 early ECMO centers and build on an initial single-center study
that included physical examinations of 19 adolescents who had undergone ECMO as neo-
nates (Rais-Bahrami et al., 2004).
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construct and maintain the registry until it can establish itself. The commit-
tee encourages greater involvement by professional societies in stimulating
and supporting the design and establishment of device-relevant registries,
but it also recognizes that the growth of well-designed registry-based stud-
ies requires support and encouragement from research funding agencies
such as NIH. NIH has, in the committee’s experience, only reluctantly
supported registries and then primarily to encourage the orderly transition
of a new technology into clinical practice. Ideally, a registry to support
clinical studies would be managed by an independent third-party, but the
funding for such outside management may only be forthcoming after a
registry has been created and shown promise.

Large Automated Patient Databases as Resources
for Postmarket Device Studies

Developments in medical informatics have created important, new sources
of long-term medical information that make it feasible to monitor device
safety—and population health more generally—in ways that were previously
not feasible or affordable. These sources include both inpatient databases and
databases with inpatient and outpatient information for large populations, for
example, health maintenance organizations (HMO) members or Medicare or
Medicaid enrollees.

In addition to potential uses in the surveillance of adverse device events
and device hazards, electronic inpatient databases may be fruitful for cer-
tain postmarket device studies. For example, observational studies based on
such databases have investigated common problems with devices to treat
hydrocephalus, although the databases have not allowed researchers to
distinguish different types of shunts or different manufacturers (see, e.g.,
Cochrane and Kestle, 2003; Smith et al., 2004).

Some hospitals have cooperated to create multi-institutional automated
databases. For example, the Child Health Corporation of America (CHCA,
a business alliance of 42 children’s hospitals) has created, among other
activities, a Pediatric Health Information System that includes certain clini-
cal and financial information and an extensive data checking process to
assure data quality (Fletcher, 2004). The database can support some device
safety studies, but the system currently captures only limited information
about types of devices (e.g., from itemized bills) and device-related events
(e.g., based on ICD-9 codes for certain device-related complications and
malfunctions).

Individual hospital databases may include more complete device infor-
mation, for example, when electronic medical records include data scanned
from device and patient armband barcodes in addition to detailed clinical
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information. Such databases, especially if expanded to hospital networks
with large numbers of children, could provide a useful resource for certain
pediatric device safety studies because they would provide greater specific-
ity about device type, more relevant clinical details, larger numbers of
children with characteristics of interest, and a denominator for safety and
adverse event analyses.

Compared to hospital-only sources, large automated billing and medi-
cal record systems maintained by some HMOs and other entities offer the
advantage of including data on both inpatient and outpatient care. Unfor-
tunately, as is often the case for inpatient-only databases, detailed informa-
tion about devices is frequently not available because use of a device is
subsumed in another, broader event or transaction such as billing for a
medical or surgical procedure. Moreover, as discussed earlier, current de-
vice coding options are often insufficient to identify the brand or model of
a device implicated in an event. Without such codes, a strategy based on
review of computer-based medical records cannot automatically link event
reports to specific devices, although the significance of coding limitations
varies among devices.

The difficulties for device surveillance and epidemiology created by
coding limitations is captured by the following comment by a researcher on
problems encountered in determining the specific model of an ultrasound
device used for many obstetrical patients, even though investigators knew
when and where the procedure occurred. “We needed to contact each
obstetrics office and ask a busy person to find and read to us the make and
model information, [and] since some offices had more than one model, we
couldn’t assign their patients to specific devices” (personal communication,
Richard Platt, M.D., Harvard Medical School and Principal Investigator,
HMO Research Network CERT, April 8, 2005). This comment reflects
experience in the HMO Research Network, which is one of the Centers for
Education and Research in Therapeutics (CERTs), a program created by
the FDA Modernization Act of 1997 and overseen by the Agency for
Healthcare Research and Quality (AHRQ). The network, which includes
14 large HMOs, is conducting several retrospective cohort studies of drug
safety and medication errors. Past studies have investigated the association
between certain nonsteroidal anti-inflammatory drugs and serious coro-
nary problems (Ray et al., 2002). Device studies have proved substantially
more difficult for the Network (personal communication, Richard Platt,
M.D., Harvard Medical School and Principal Investigator, HMO Research
Network CERT, December 9, 2004; personal communication, James Dona-
hue, Ph.D., Project Scientist, Epidemiology Research Center, Marshfield
Clinic Research Foundation, December 9, 2004). In conversations with
experts from the Network and other investigators working with large data-
base systems in the CERTs program and elsewhere, the committee found
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that none had undertaken a record linkage study involving devices, and all
of them reported limitations with existing databases.

In some circumstances, studies involving a medical device used with
children could take advantage of ad hoc “hands-on” or manual processes
to record device exposures or unusual situations for which the normal data
collection process does not suffice (personal communication, Alexander
Walker M.D., Dr.P.H., Chief Scientific Officer, Ingenix, March 9, 2005).
Thus, children could, in principle, be manually “flagged” as having under-
gone a procedure or received a device of public policy interest or concern,
and then the flagged cohort could be linked to information in automated
practice databases. Thereafter, follow-up information would be collected
by normal procedures.

AHRQ recently announced that it planned to fund a new CERT that
would focus on medical devices (Rundles, 2004). This is a positive step and
may focus more attention to the problems identified in this report.

Adequacy of Reporting of Information from Device Studies

Even when clinical studies of medical devices are undertaken, the re-
porting of key information about the study procedures and outcomes is
often too limited to assess the results or the quality of the research proce-
dures that produced them. For example, the summary information of safety
and effectiveness published with approvals of PMAs is helpful, but the
summaries are not easy to review and they vary in how fully and clearly
they describe key aspects of the studies. Some studies may generate more
complete descriptions in the peer-reviewed literature, but these must be
found through an independent search.

In contrast to the PMA summaries, many peer-reviewed published stud-
ies follow a standard reporting format intended to improve the reporting of
data and statistical methods for clinical trials. The standard, known as
CONSORT (Consolidated Standard of Reporting Trials), has been accepted
by many leading medical journals (see, e.g., Begg et al., 1996; Liem et al.,
1997; Meinert, 1998; Moher, 1998; Moher et al., 2001). The epidemiology
community has been developing a similar set of guidelines, STROBE, which
stands for Strengthening the Reporting of Observational Studies in Epide-
miology (see, STROBE, 2005).

FDA should consider revisions in the format of PMA summaries to
make them more consistent with the CONSORT reporting format. Such a
shift would make it much easier for readers to understand the methods used
to generate the data submitted to FDA and to evaluate the limitations of
these methods and, thus, the limitations of the evidence on which FDA is
basing its decisions. A revised format might also direct attention to aspects
of device studies that could be improved.
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Device Epidemiology as an Underdeveloped Field

Both better data resources and improvements in observational research
methods are needed to support epidemiologic studies tailored to the special
challenges posed by medical devices. (see, e.g., Shatin et al., forthcoming).
The field of device epidemiology can build upon the lessons learned in the
related field of pharmacoepidemiology. Over the past 20 years, universities
have developed pharmacoepidemology research centers and other programs
to offer training and grant degrees. These programs have helped to produce
a substantial cadre of research scholars to conduct drug epidemiology stud-
ies. As the value of such studies has been recognized, manufacturers and
contract research organizations have built their own pharmacoepidemiology
units. With this growth, a distinct profession has emerged with its own
international professional organization, the International Society for
Pharmacoepidemiology (ISPE).

Currently, the committee does not see the same momentum to advance
device safety epidemiology. This perpetuates an unfortunate cycle involving
an insufficient knowledge base, a shortage of solid research proposals,
limited funding for research, and thus, little new knowledge on which to
build further research or support for major programs of structured epide-
miologic monitoring of device safety.

FDA staff have recognized the importance of device epidemiology and
methods development and have contributed in this area. Contributions
from other agencies and from university- and industry-based methodolo-
gists are important to supplement FDA’s limited resources. One encourag-
ing step is the creation within ISPE of a special interest group for device
epidemiology, which may provide a forum to promote the advancement
of the field. Another useful step would be for centers with expertise in
epidemiology and therapeutics need to offer education in medical device
safety studies. In addition, agencies that fund the therapeutics research
and education infrastructure (AHRQ, NIH, and the Centers for Medicare
and Medicaid Services, in particular) should likewise support the develop-
ment work necessary to expand the core capacity for epidemiologic re-
search on device safety. Combined with more precise recording of device
information in the patient record, these steps should reduce the barriers
to needed long-term postmarket studies of medical device safety and
effectiveness.

SPECIAL CHALLENGES OF RESEARCH INVOLVING CHILDREN

Beyond the general challenges of conducting ethical, scientifically valid
human research and the particular challenges of evaluating medical devices,
those interested in developing and testing medical devices to fit children’s
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developmental needs and characteristics face some additional constraints
(see, e.g., IOM, 2004a; FDA, 2004p). In brief, they include the following.

• Small populations. Because children are much less likely to suffer ill
health than adults, the population of children with a particular health
problem may be quite small. As a result, investigators may find it difficult
to enroll enough children to make some postmarket research feasible, even
more so if one objective is to make statistically valid comparisons of safety
or effectiveness in relevant subgroups (e.g., infants and young children or
boys and girls). Because enrolling sufficient numbers of children tends to be
more difficult than enrolling adequate numbers of adults, pediatric studies
are likely to require more study sites and more time. This increases the
complexity of planning, funding, and implementing such studies, which
may be a particular deterrent to commercial sponsors of research.

• Special regulatory and ethical protections for child research partici-
pants. Certain research that is ethically acceptable and permitted with adults
may not be acceptable with children (see, e.g., NHRPAC, 2001; IOM, 2004a).
FDA and other regulations of the Department of Health and Human Services
(DHHS) limit the level of risk to which children can be exposed in research
supported, conducted, or regulated by DHHS (21 CFR 50 and 56; 45 CFR
46). For healthy children, who researchers may want to use as a control
group in a study, the level of risk may be no more than minimal. For children
who have a medical condition or problem, the level of risk can be only
slightly above minimal unless the research has the prospect of benefiting
them. These rules limit, for example, the use of certain kinds of invasive
studies that are done solely to collect physiologic information.

Under special regulatory provisions, the Commissioner of FDA can
approve pediatric studies of special importance that could not otherwise be
approved under research protection regulations (21 CFR 50.54). As noted
in Chapter 2, the American Thoracic Society provided an example of study
that might be appropriate for such consideration. It noted that “[s]tudies of
[nebulized] drug deposition to the infant, toddler, or children with tracheo-
stomies are rarely performed in the United States due to the requirement for
radiolabeled drug markers” (ATS, 2004b, p. 3). Such investigations are
considered to involve more than minimal risk without prospect of benefit to
the children being studied. The ATS, however, questioned whether it was
ethical to use the devices without allowing testing in infants and children to
determine whether the devices were actually delivering therapeutic levels of
drugs to these populations. Thus, such studies are candidates for review by
the Commissioner.

• Lack of child-relevant outcome measures and norms. Because mor-
tality rates for children are generally low, other outcomes measures become
more important for assessing the quality of pediatric care and the safety and
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effectiveness of interventions. Sometimes effectiveness requires comparison
to normal values of a variable (or usual values for a patient with a particu-
lar condition), but these values may not be available for children. An ex-
ample involves the use of ventilator utilization rates to assess the effective-
ness of neonatal intensive care interventions and units. Until recently,
reference data were not available to allow risk-adjusted comparisons that
take into account differences in the severity of patient condition and baseline
risk of needing assisted ventilation and lengthy ventilation (Wilson et al.,
2000; see also AAP et al., 2004b).

• Parent factors. Parents of desperately ill children may see a clinical
trial as the last chance for their child. If opportunities exist to obtain an
experimental intervention outside a trial—and particularly if the trial has a
control arm that involves assignment to a placebo or usual care—then
parents may seek out those nonresearch opportunities, perhaps more vigor-
ously than they would for themselves. In addition, with older children in
particular, parents and children may be in conflict about enrollment in a
study. In most situations, the parent must give permission for child’s inclu-
sion in research, but a child’s assent is not necessary when research presents
a prospect of directly benefiting the child. Depending on the circumstances,
however, researchers may be reluctant to override a child who does not
want to participate, even when a child’s assent is not required.

• Institutional and professional factors. Many pediatric studies will
require multiple centers with a sufficient patient base and a research infra-
structure that can support such studies. A model for such multi-institu-
tional studies is the Children’s Oncology Group, which includes over 240
institutions in the United States and other countries and receives support
from the National Cancer Institute. Estimates vary but a majority of chil-
dren with cancer are thought to be enrolled in clinical studies (IOM, 2004a).
The model for pediatric cancer studies cannot be moved wholesale to medi-
cal devices, which involve a very broad range and diversity of pediatric
health problems, devices and associated procedures, and professionals.
Nonetheless, the clinical research networks funded by the National Insti-
tute for Child Health and Human Development and other NIH units might
be better utilized to support the systematic assessment of medical devices
used with children. In addition, surgical and device-oriented specialties
should be encouraged to place greater value on the systematic evaluation of
medical devices and associated procedures used with children.

CONCLUSIONS AND RECOMMENDATIONS

Growth and development issues are significant concerns for clinicians
who care for children, including children who have been treated with im-
plants or other medical devices and associated procedures that have the
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potential to affect normal growth. The desirable extent and kind of follow-
up evaluation of specific medical devices used with children depends on
many factors. Among these factors are the characteristics of the device
itself, the nature of the intervention as whole (e.g., whether it involves
major surgery), the clinical goals for the intervention, the child’s disease
process and other characteristics (e.g., age, activity, and other underlying
conditions), and the depth of supporting knowledge about the device and
intervention. Because a pathophysiologic event or anatomic or structural
change caused by a complex device may not be evident with a child for a
number of years, long-term vigilance is important.

With respect to the effects on implants and other devices of children’s
active lifestyles and their growth and development, the committee con-
cluded that the systematic consideration of such potential effects should
occur during every key stage of device development. Thus, during the
conceptualization, development, and preclinical evaluation of a device,
manufacturers, FDA staff, and relevant others should ask whether the de-
vice may be used with infants, children, or adolescents—and, if so, whether
special developmental, growth, activity level, or other issues may be raised
by such use that warrant some modification in the design or use of a device.

By the time a device is tested clinically with children (if it is), investigators
should have identified certain expected risks and should also be prepared to
detect additional unexpected complications. This stage of testing forms a
second line of defense against harm to children. Thus, those designing and
reviewing clinical trials should consider the significance of growth and devel-
opment concerns in determining the appropriate length of clinical studies to
support the approval of an implant or other relevant device for use with
children. They may have to weigh the potential benefits of shorter premarket
studies (that allow earlier decisions about approval) against the potential
harms of waiting for long-term negative outcomes to be detected after a
device is marketed. Depending on the device and other factors, the prospect
of longer-term postmarket studies may be considered in the planning of pre-
approval or preclearance studies. For example, one consideration might be
the selection of study sites and investigators (and research participants) who
are prepared to continue in a postmarket registry or other study.

Clinician, user facility, manufacturer, and FDA surveillance of device
performance after the marketing of a device is a third safeguard for chil-
dren. Alert and prepared clinicians and provider organizations are the front-
line when it comes to identifying apparent device-related problems for
reporting as adverse events and for consideration in postmarket evalua-
tions. FDA should be prepared to withdraw approval or clearance, modify
device labeling, or otherwise respond if valid follow-up information sup-
ports such action.

Because pediatric issues with implants and other medical devices have
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not received the same degree of systematic and explicit consideration or
analysis that has been devoted to drugs, all parties involved with the initial
and continued design and evaluation of medical devices have little formal,
evidence-based guidance about differences between children and adults that
are relevant for different medical devices. FDA’s recent guidance on pre-
market assessment of pediatric medical devices, which was discussed in
Chapter 2, is a step in the right direction as are the document on neurologi-
cal devices used with children and the earlier guidance on CT scans with
children. The usefulness of additional FDA advice or discussion on pediat-
ric questions should be systematically evaluated in a number of areas,
potentially including orthopedics, craniofacial fixation devices, and mate-
rial biocompatibility.

Recommendation 6.1: FDA should develop additional guidance for its
own staff as well as for manufacturers and investigators on the iden-
tification and evaluation of pediatric questions or concerns at all stages
in the design and evaluation of medical devices used with children.

In developing further pediatric guidance, FDA will want to consider the
broad range of variables that may affect device safety. Among these are the
environment of use (e.g., hospital, home, or school); operator characteris-
tics (e.g., professionals, patients, or family caregivers); complexity of use
(and the associated learning curve); patient developmental status (physical,
cognitive, emotional); and use of a device for purposes not systematically
studied. To oversee the development of such advice and more generally
coordinate attention to concerns involving children, FDA should establish a
central point of responsibility for pediatric issues within the Center for
Devices and Radiological Health (CDRH) as recommended in Chapter 7.

The promotion and expanding use of electronic patient information
systems presents opportunities both to improve surveillance of adverse de-
vice events (and hazards) and to undertake more systematic studies of
device outcomes. However, this chapter and Chapter 4 have noted several
limitations in the utility of such databases for the identification (or preven-
tion) of adverse device events and the systematic study of device safety and
effectiveness. In particular, the feasible and useful coding of device informa-
tion in the medical record has presented many complexities, especially for
common “generic” devices such as various kinds of tubing.

Despite the complexities, it is essential that FDA and others continue
work on a commonly accepted coding system that allows the more precise
identification of specific types and models of devices than is possible with
existing coding. This kind of work is critical on multiple fronts, including
more efficient and valid identification of device exposure and outcomes in
automated databases to support clinical studies and active surveillance of
clinical care. When combined with progress in device epidemiology as a
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field, such work can help fill gaps in knowledge about safety and effective-
ness across the range of postmarket uses of medical devices.

Recommendation 6.2: As part of government and private health
informatics initiatives, such as those supporting the electronic medical
record, FDA should promote the development and adoption of com-
mon device coding and other standards and approaches for capturing
and linking use and outcomes data for medical devices. FDA should
also work with agencies such as the Agency for Healthcare Research
and Quality and university- and industry-based methodologists to
strengthen methods and tools for epidemiologic research on medical
device safety.

FDA and others could also benefit from more comprehensive informa-
tion about registries and similar resources that would, in some fashion,
track pediatric experience with medical devices. Such information could be
provided by a “registry of registries” that included not only registries cre-
ated as part of FDA postmarket surveillance activities but also relevant
registries supported by NIH, professional societies, and others. Such a com-
pilation could provide a basis for evaluating registries and developing guid-
ance for improving registries as a basis for long-term device follow up
(Peterson et al., 2004). Although details about FDA-required registries and
registry-based studies may now be treated by the agency as confidential,
more open access to information about postmarket studies in general should
be provided, as recommended in Chapter 5.

Recommendation 6.3: As a resource for itself and others, FDA should
create or collaborate with others to create a registry of relevant regis-
tries, that is, a database with information about registries that are
either device specific or that have the potential to provide information
useful in evaluating device safety and effectiveness.

For postmarket device safety to become a more significant focus of
attention within FDA, it would be helpful for CDRH to have its own
extramural research program similar to that administered by the Center for
Drug Evaluation and Research. An extramural program could, for ex-
ample, support studies using external data sources for postmarket research
on device safety questions. These data sources include the HMO Network,
Medicare and Medicaid databases, National Electronic Injury Surveillance
System (see Chapter 4), and the kinds of registries cited in this chapter. An
extramural research program could also help advance the field of device
epidemiology, which is, as discussed earlier, an underdeveloped area.
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Recommendation 6.4: As part of a public commitment to postmarket
surveillance of device safety, the Center for Devices and Radiological
Health should have its own extramural research program to support
studies using external data sources.

As noted earlier in this report, many complex devices are covered by
510(k) procedures that specify clearance rather than approval of devices
before marketing. Some clearance decisions cover devices that involve sig-
nificant changes from their predecessors (predicate devices). FDA can ask
for clinical studies prior to clearing devices, although clinical data are sub-
mitted for only a small percentage of devices that go through clearance.
FDA cannot, however, order postmarket studies as a condition for clear-
ance. It can (but rarely does) order studies subsequent to clearance through
its Section 522 authority. Studies that are ordered subsequent to the ap-
proval or clearance of a device are limited to 3 years (which often means a
shorter period of evaluation for most individual study subjects). This may
be too short a period for certain safety problems or developmental effects to
be revealed.

Recommendation 6.5: Congress should amend Section 522 of the Fed-
eral Food, Drug, and Cosmetic Act to

• permit FDA to order postmarket studies as a condition of clear-
ance for the categories of devices for which Section 522 Postmarket
Surveillance studies are now allowed and

• allow FDA to tailor the duration of Section 522 studies of de-
vices likely to have significant pediatric use so that studies can take into
account children’s growth and development and, if appropriate, exceed
the current 3-year limit on study length.

This recommendation is intended to give FDA more flexibility without
prejudging how often the authority would be used. As noted in Chapter 5,
the existing Section 522 authority has only been used twice in recent years.

FDA may, of course, encourage long-term studies that it cannot order
or is reluctant to order. It can and should work cooperatively with manu-
facturers to find ways to collect additional, valid information on products
that raise concerns about long-term outcomes. It can also encourage pedi-
atric professional societies, academic medical centers, and clinical re-
searchers to get more involved in postmarket device surveillance, for ex-
ample, by cooperating to create well-designed registries for important
medical devices (or device-relevant diagnoses) and undertake registry
based-studies that can help answer questions about long-term device ef-
fects. FDA can likewise suggest studies for CERTs investigators, including
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but not limited to the centers that focus on pediatric topics and medical
device questions.

Clearly, many factors influence the long-term safety of medical devices
used with children. Scientific and clinical understanding of these factors is
limited in many areas, including the underlying biological and physiological
phenomena that affect device performance. For example, little is known of
the molecular and cellular mechanisms of host-implant interactions that
may affect outcomes for pediatric implants and transcutaneous devices. At
the behavioral level, strategies that help clinicians, manufacturers, and oth-
ers communicate successfully with patients and families about the safe and
effective use of medical devices at home are little explored.

Given this range of fundamental questions, an opportunity exists for
publicly funded national research and research funding organizations to col-
laborate with industry and FDA to identify priorities for biomedical and
bioengineering research to reduce gaps in knowledge about medical device
safety and effectiveness. Organizations to involve in such collaboration in-
clude not only NIH and AHRQ but also the Centers for Disease Control and
Prevention, the National Science Foundation, the Department of Veterans
Affairs, the Department of Defense (which operates military health pro-
grams), and the National Institute of Standards and Technology.

Recommendation 6.6: FDA should collaborate with the National Insti-
tutes of Health, the Agency for Healthcare Research and Quality, and
other research funding agencies and interested parties to define a re-
search agenda and priorities for the evaluation of the short- and long-
term safety and effectiveness of medical devices used with growing and
developing children.

A conference sponsored by funding agencies would be a constructive
first step in constructing a research agenda for pediatric device safety and
effectiveness. Participants should include researchers and methodologists,
engineers, pediatricians and other knowledgeable clinicians, manufactur-
ers, regulators, and representatives of child patients and families. Among
the topics considered should be adverse events, including not only cata-
strophic events but also less dramatic, higher frequency events that may
impose significant individual and public health burdens.

Many worthy subjects for further investigation with children can be
identified, but resource and feasibility issues inevitably limit what can be
done. This committee did not attempt to set priorities for pediatric device
research. Some broad objective and subjective criteria can, however, be
cited for FDA, NIH, manufacturers, professional societies, and others to
consider in targeting topics for investigation. These criteria include
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• prevalence among children of a condition treated with a medical
device;

• presence of significant developmental questions;
• uncertainty about the short-term or long-term safety and effective-

ness of a device to diagnose or treat a condition;
• known or potential burden (mortality, morbidity, impaired func-

tioning, diminished quality of life) on children and their families;
• variability in clinical practice;
• potential of a study to affect clinical practice or regulatory actions;

and
• potential relevance of research findings to other medical conditions

or devices.

The recommendations presented above clearly require that many, in
addition to FDA, share responsibility for the development of better infor-
mation about the safety and effectiveness of medical devices used with
children. This theme of shared responsibility is reiterated and expanded in
the next chapter.
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Children and Medical Device Safety:
A Shared Responsibility

“It is critically important that the safety and performance of medical
devices are continually assessed when they are in use. . . . No amount of
rigour in the pre-marketing review process can predict all possible device
failures or incidents arising from device misuse. It is through actual use
that unforeseen problems related to safety and performance can occur.”

World Health Organization (WHO), 2003, p. 13

As this report was being drafted, studies that identified serious adverse
effects of several commonly prescribed medications were attracting wide-
spread news coverage and focusing congressional and public attention on
the U.S. Food and Drug Administration’s (FDA’s) evaluation and monitor-
ing of drug safety (see, e.g., Grassley, 2004; Harris, 2004; Horton, 2004;
Vedantam, 2004; Eisenberg, 2005; Okie, 2005). Particular questions were
being raised about the timely availability of information to clinicians and
the public from postmarket studies of drugs previously approved by the
agency. Other questions focused on the independence of FDA assess-
ments and decision making, the balance between premarket and postmarket
regulatory programs, and the adequacy of resources for postmarket safety
monitoring.

By and large, the public concerns about FDA responsibilities for drug
safety have not extended to medical devices. This report has noted that
drugs and devices differ in a number of significant ways and that Congress
and FDA have reasonably recognized those differences. At the same time,
previous chapters of this report have also raised concerns about the limita-
tions of adverse event reporting and analysis and the monitoring of—and
public availability of information from—postmarket studies of medical de-
vices. Thus, with respect to certain critical aspects of FDA procedures and
performance, differences between drugs and devices are not so acute, and
many of the same questions that have been asked about FDA postmarket
surveillance of pharmaceuticals can be asked about its surveillance of medi-
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cal devices. Furthermore, to the extent that public and professional trust in
the FDA is affected by controversy over the agency’s monitoring of drug
safety, it is appropriate to be concerned about a loss of public confidence in
the agency’s performance in other arenas.

Much of the discussion in this report pertains to both children and
adults because adequate regulatory safeguards for children require an effec-
tively performing basic program for medical device regulation. Upon that
foundation, resources and expertise focused on the special needs and char-
acteristics of infants, children, and adolescents should be added. As de-
scribed in Chapters 1 and 2, Congress recognized this in the Medical Device
User Fee and Modernization Act of 2002 (P.L. 107–250), which directed
FDA to develop guidance and other resources to strengthen the premarket
assessment of medical devices used with children. The Center for Devices
and Radiological Health (CDRH) has recently created a pediatric webpage,
a useful step to encourage attention to pediatric concerns related to medical
devices. Responding to further legislative directives in the Medical Devices
Technical Corrections Act of 2004 (P.L. 108–214), the agency solicited
views and prepared a report on barriers to and possible incentives for the
development of devices to meet children’s special needs and characteristics
(FDA, 2004y). Box 7.1 summarizes key points in that report.

Other legislation has also directed FDA attention to pediatric issues,
mostly related to pharmaceuticals. Among a number of provisions related
to children, the Best Pharmaceuticals for Children Act of 2002 (P.L. 107–
109) directed FDA to create an Office of Pediatric Therapeutics to be
responsible for coordinating and facilitating FDA activities that affect chil-
dren and the practice of pediatrics. The Office was created in October
2002. The legislation also directed the creation of a Pediatric Advisory
Committee to advise the FDA Commissioner on pediatric issues (see, FDA,
2003k). Although pediatric therapeutics includes the use of medical de-
vices, the website for the Office of Pediatric Therapeutics focuses nearly
exclusively on drugs.

Beyond the existing CDRH pediatric webpage and guidance documents,
FDA should act to organize a central point of knowledge and coordination
for pediatric issues within CDRH specifically. That focal point or unit
would be responsible for evaluating the adequacy of the Center’s access to
pediatric expertise and its attention to pediatric issues in all phases of the
Center’s work, including premarket reviews, postmarket surveillance, de-
vice labeling related to pediatric use, and outreach to other public and
private organizations and individuals concerned with children’s health and
well-being. For example, to support families caring for a device-reliant
child in the community, the unit could work with the Center’s home health
committee to develop easier and more accessible adverse event reporting
opportunities and more resources on safe device use as recommended in
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Chapter 4. More generally, the unit could promote partnerships with indus-
try, health care providers, patient advocates, and others to strengthen de-
vice surveillance in pediatrics and demonstrate its value in reducing risks to
children.

BOX 7.1
Key Points in FDA Report to Congress on Barriers to the

Availability of Medical Devices Intended for the Treatment or
Diagnosis of Diseases and Conditions That Affect Children

[N]o commonly accepted definition of “unmet pediatric device need” exists. . . .
[W]ithout a clear definition of this term, identifying the needs of pediatric patients
cannot be fully accomplished (p. i).

The majority of commenters [responding to the Department’s request for com-
ments] representing all groups indicated that the cost of developing pediatric med-
ical devices is the most significant barrier to the development of new pediatric
medical devices. The economic challenges noted include not only the limited size
of the pediatric device market, but also that the return on the investment required
to develop and test pediatric devices usually falls below the profit goals of most
medical device companies (p. 12).

[I]t is unknown what the relative contributions are of the small market for pediatric
devices, insufficient [health plan] reimbursement, difficulty in obtaining clinical data
for FDA approval, and perceived increased liability associated with pediatric de-
vices to the creation of unmet needs in this patient population. In addition, the
barriers actually contributing to the existence of unmet needs may not be the same
for each device (p. i).

[R]ecommendations for fostering the development and availability of pediatric de-
vices . . . generally fall into the following categories: legislative actions; regulatory
actions; funding for research and development; financial incentives; and enhanced
information gathering and exchange (p. ii).

[F]urther discussion and study are necessary to evaluate which proposals might
be more, or less, effective in addressing the barriers to pediatric device develop-
ment generally or which proposals might be more, or less, effective in facilitating
the development of specific categories of pediatric devices (e.g., for pediatric car-
diology) (p. ii).

[I]t is premature to recommend any substantive policy changes, including adminis-
trative and legislative changes, at this time. . . . [T]he next step is to conduct a
systematic needs assessment to determine the scope of unmet device needs in
the pediatric population (p. ii).

SOURCE: FDA, 2004y.
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Recommendation 7.1: FDA should establish a central point of respon-
sibility for pediatric issues within the Center for Devices and Radiologi-
cal Health to evaluate the adequacy of the Center’s use of pediatric
expertise and its attention to pediatric issues in all aspects of its work.

The remainder of this chapter summarizes what the committee con-
cluded about FDA postmarket surveillance of pediatric medical devices. (A
complete list of recommendations is included at the end of the summary in
the front of the report.) The discussion recognizes concerns about FDA
resources and notes some of the tensions in public policy that complicate
FDA’s work. The final section emphasizes that assuring the safe design and
use of medical devices is a shared responsibility.

FDA PERFORMANCE OF POSTMARKET
SURVEILLANCE OF MEDICAL DEVICES

The basic goal of FDA’s program of adverse event reporting and post-
market studies for medical devices is to protect patients from harm by
identifying and evaluating potential or actual safety problems with legally
marketed devices. Appropriate responses to problems in the form of safety
alerts or public health notifications and monitoring of device recalls are
also part of the postmarket framework to protect patients from unsafe
devices as are inspections of device manufacturing sites. These activities
should operate in tandem with the agency’s premarket activities, which
include its guidance to developers and manufacturers on the design and
testing of medical devices and its assessment of the safety and effectiveness
of devices that require clearance or approval before marketing. The feed-
back of information from the postmarket unit to the premarket unit within
CDRH is a critical step to assure device safety.

Postmarket surveillance, ideally, should promote the early detection of
previously unsuspected safety problems as new devices are used with larger
and more varied populations and in different circumstances than those
evaluated before market approval or clearance. At the same time, it should
take a long-term view, supporting investigations or monitoring that can
identify problems as devices are used for longer periods than during their
initial testing. Surveillance should cover the use of devices in all settings of
patient care, including the home.

As undertaken by FDA, postmarket surveillance should be seen as
objective, trustworthy, and effective. The program should seek to minimize
avoidable constraints on beneficial innovation while also serving as a re-
source and stimulus for product improvement. The identification of prob-
lems with the design or use of medical devices should be understood as a
shared responsibility for the clinicians, hospital staff, manufacturer person-
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nel, researchers, and others who supply the basic data or undertake the
studies necessary to achieve the goals of surveillance.

With respect to the questions posed for the Institute of Medicine (IOM),
preceding chapters of this report have noted some shortfalls from adequate
performance. As summarized below, these shortfalls, by and large, are not
specific to pediatric questions, so responses must be general.

Monitoring of Postmarket Study Commitments

The most obvious deficits in the FDA’s program of postmarket surveil-
lance are, first, the lack of effective procedures to monitor the fulfillment of
postmarket study commitments and, second, the lack of public information
about the status and results of studies ordered by the agency. In the absence
of a study monitoring and reporting system, neither the agency nor the
committee could reliably identify required postmarket studies (or negoti-
ated voluntary studies) that included pediatric questions. To the extent that
premarket approvals of devices identify important follow-up questions that
are subsequently ignored, FDA’s failure to monitor the status of studies
threatens confidence in both premarket and postmarket protections.

As described in Chapter 5, the agency has announced plans to institute
systematic monitoring of postmarket study commitments for medical de-
vices, but it has not released specific details. For example, how much infor-
mation will be available to the public? Will studies involving children be
readily identifiable? Will additional resources be available for new monitor-
ing and reporting activities? If the monitoring of postmarket study commit-
ments is simply an addition to the workload of those responsible for evalu-
ating adverse event reports and other postmarket surveillance activities,
then progress in monitoring may be offset by reduced performance in other
areas.

The agency has until 2007 to submit a required report to Congress on
the extent to which companies comply with postmarket study commit-
ments. The agency should strive to have a monitoring and reporting system
in place well before then. That system should allow searches to identify any
studies directed at pediatric populations, and it should also cover voluntary
studies negotiated between FDA and manufacturers.

Public Access to Information from Postmarket Studies

Monitoring of postmarket study commitments is important, but so is
greater openness about study methods and findings. Although negative
study findings may prompt a safety alert and positive findings may prompt
publication and promotion of those results, no reliable avenue now exists
to disseminate study findings—especially negative information—that may
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be of value to clinicians, patients, and families as they make treatment
decisions. Furthermore, when information is made public, it can be difficult
to assess if details are not also provided about the methods employed to
generate it. Such details are particularly important to help clinicians and
other knowledgeable intermediaries evaluate reported results and advise
patients and families.

Thus, beyond reports on the status of studies, Congress and the agency
should provide for more open access to information about required studies,
including summaries of findings that take into account the quality of the
study’s methods and threats to the validity and generalizability of findings.
The details of open access will require careful consideration and consulta-
tion with researchers, manufacturers, and other interested parties so that
the agency does not publicize findings from studies that are badly designed,
poorly executed, or inappropriately analyzed. The thinking now being ap-
plied to the design of a registry of clinical trials and the operation of an
independent drug safety board may produce useful guidelines for such
access.

Adequacy of Postmarket Studies

With respect to whether FDA-ordered postmarket surveillance studies
last long enough or are adequate to assess the impact on device perfor-
mance and longevity of children’s active lifestyles or their growth and
development, the committee lacked sufficient information to identify such
studies and answer the questions posed to it. From the information it did
locate, the committee expects that many important questions about long-
term outcomes remain unstudied. By continuing to direct more attention to
pediatric issues related to both medical devices and drugs, Congress will
encourage more systematic consideration of long-term safety and effective-
ness within and beyond FDA.

FDA’s authority to order postmarket studies of medical devices is lim-
ited in some important respects. One limitation is that for devices already
cleared or approved, the agency cannot order studies to last more than 3
years. For children, some important developmental consequences may not
be evident within that period. Another limitation is that the agency cannot
order postmarket studies as a condition of its clearance of a device under
510(k) procedures, although it can order such studies after clearance. Just
as FDA can and in some instances does ask for clinical data before clearing
a medical device, it is reasonable for the agency to have the authority to ask
at the time of clearance for additional information to be collected after a
device is marketed. Thus, as recommended in Chapter 6, Congress should
provide FDA with the authority to order postmarket studies as a condition
of clearance for those devices for which it can now order Section 522
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Postmarket Surveillance. It should likewise authorize studies lasting longer
than 3 years if appropriate and reasonable to assess safety and effectiveness
with children.

The committee recognizes that requiring more postmarket pediatric
studies could, in some cases, prompt a device manufacturer to label a device
as not indicated for children rather than risk the extra costs and complica-
tions of postmarket studies. Negotiation with manufacturers and consider-
ation of alternatives to required studies may be more constructive in some
situations.

The committee also recognizes that most postmarket research does not
result from FDA requirements but is undertaken voluntarily by industry,
academic, and other researchers. As FDA increases its consideration of
pediatric use of medical devices, it should not focus solely on manufacturers
to develop more systematic postmarket information on the safety of medi-
cal devices used with children. Some studies may be more appropriately
sponsored or undertaken by the National Institutes of Health (NIH), the
Centers for Education and Research on Therapeutics (CERTs), pediatric
professional societies, academic medical centers, and other health care or
research organizations. Agency advisory committees may want to consider
directing some suggestions for further study to these groups. As noted in
Chapter 6, the Agency for Healthcare Research and Quality (AHRQ) re-
cently announced that it planned to fund a new CERT that would focus on
medical devices.

CDRH should also be provided with resources for its own program of
extramural research. In addition, as recommended in Chapter 6, FDA
should collaborate with NIH and others to develop a research agenda and
priorities for postmarket studies—especially long-term studies—of devices
with substantial pediatric use. Given that there is no shortage of important
questions, Chapter 6 listed some criteria that could be used by FDA and
others to set priorities for postmarket studies of medical devices.

Adverse Event Reporting

Judgments about the adequacy of the FDA program of adverse event
reporting must take into account the generally recognized problems with
such reporting described earlier in the report. Underreporting and incom-
plete or inaccurate reporting are not confined to this program. In some
important respects, substantial progress in detecting, reporting, understand-
ing, and preventing adverse device events and medical errors involving
devices will depend less on FDA regulations than on the results of indi-
vidual and collaborative efforts by hospitals, health plans, professional
societies, and others to increase professional and provider accountability
for patient safety. Thus, FDA should continue to encourage, monitor, and
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participate in adverse event reporting and other patient safety initiatives
beyond its own boundaries.

It is essential, however, that FDA continue efforts to strengthen its own
spontaneous reporting program for medical devices and its pilot MedSun
program. Chapter 4 offered several recommendations for program improve-
ments. It also expressed concern about the adequacy of resources for
postmarket device surveillance.

In the MedSun program, the agency has an opportunity to use the
participating children’s hospitals as connecting points for broader efforts to
improve device-related surveillance and problem reporting at the 200 or so
children’s hospitals and related institutions nationwide. Many of these in-
stitutions already cooperate in various safety and quality improvement
efforts. Moreover, improved surveillance in these institutions can generate
information that may help improve care even in facilities that do not em-
phasize pediatric services.

FDA and CDRH specifically are uniquely situated to promote attention
to events, errors, and design problems related to medical devices. The value-
added potential of FDA’s device-specific expertise and programs is worth
mentioning in several specific areas.

One area is the promotion of more attention to the safety of complex
medical devices used in the home and to resources to support patients,
families, and other home caregivers in safely operating and maintaining
devices and getting timely assistance in resolving problems. Although FDA
has created a home care committee, more needs to be done. With responsi-
bility so dispersed compared to hospital care, it will take considerable
creativity and commitment to weave a better supporting structure of device
safety and surveillance for adults and children cared for outside of medical
facilities.

Another important value-added area for FDA, as recommended in
Chapter 6, is further promotion of common standards and approaches to
capturing data about medical device safety and effectiveness from large
automated patient care databases. One priority here is continued work on a
commonly accepted coding system that will allow more precise identifica-
tion of specific types and models of devices than is possible with existing
coding. Improved coding will strengthen multiple facets of postmarket sur-
veillance.

Although its work focuses on device safety in the United States, FDA
also participates in international efforts to harmonize regulatory policies,
share reports on serious device problems in a timely fashion, and promote
effective manufacturing facility inspection and other programs to assure
device safety in global markets. One area of concern is confidentiality
policies or practices in other countries that may impede the timely sharing
of critical public health information.
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Additional or Independent Review of
Safety Issues for Medical Devices

The IOM committee observed with interest FDA’s announcement in
February 2005 of the creation of an independent Drug Safety Oversight
Board within the agency but outside the Center for Drug Evaluation and
Research (CDER). Noting that “[t]he public has spoken and they want
more oversight and openness,” the Secretary of the Department of Health
and Human Services (DHHS) said the new unit would provide “emerging
information” to clinicians and patients about the risks and benefits of
medicines (FDA, 2005i, unpaged). That is, discussion of potential safety
problems would not wait until FDA reached conclusions firm enough to
prompt a labeling change, safety alert, or other action. The board would, in
addition, oversee CDER’s management of high-profile drug safety issues.
Members of the board would include experts from FDA and elsewhere in
DHHS and other departments, and they would consult with outside experts
and patient and consumer representatives. FDA has said it will seek ideas
from the public about how it might responsibly disseminate information
prior to determinations about regulatory action. Many questions about
details remain. One important issue is whether resources for the Board will
be diverted from other activities important to public safety.

Notwithstanding certain differences between drugs and devices, the
basic criteria for evaluating information and responsibly making emerging
drug safety information public should—if sound in content and applica-
tion—apply in broad outline to similar information involving medical de-
vices. As the drug safety board begins to function, the relevance to devices
of lessons learned with the new program should also be considered.

At this point, it is not clear that the independent board approach—that
is, a unit separated from the relevant FDA center—makes sense for medical
devices, although it may. More than is the case for drugs, administrative
separation could limit the extent to which information gained in post-
market surveillance of devices feeds back into premarket evaluations and
other activities and vice versa. It may also be considerably more difficult for
devices than for drugs to draw adequate clinical and technical expertise
from various government agencies to help support a separate unit. Finally,
if postmarket safety oversight for both devices and drugs were to be com-
bined in a single separate board, the committee is concerned about the
potential for device safety to be subordinated to drug safety and for differ-
ences between devices and drugs to be ignored.

The committee also notes that the charter of an existing FDA group,
the Drug Safety and Risk Management (DSaRM) Advisory Committee,
mentions the possibility of the group acting as a medical device panel and,
in that event, adding nonvoting representatives of consumer and industry
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interests (FDA, 2004d).1 The DSaRM committee now includes members
with expertise in risk perception, risk management, clinical pharmacology,
clinical research, pharmacoepidemiology, and medication errors. Differ-
ences between drugs and devices and the lack of device-specific expertise on
the DSaRM group suggest that it is not properly constituted to consider
specific issues related to medical device safety and that simply adding repre-
sentatives of consumer and industry interests would not rectify that deficit.
(Through early 2005, all meetings of the group appear to have involved
drugs only.)

RESOURCES TO SUPPORT POSTMARKET
DEVICE SURVEILLANCE

The IOM was not charged with evaluating the funding and staffing of
CDRH. Still, in examining the adequacy of FDA postmarket surveillance, it
is difficult to avoid questions about whether the pressure for speedier ap-
proval and clearance of devices has led to an imbalance in resources for
premarket and postmarket activities. This pressure is evident in the user fee
legislation described in Chapter 3 and in the CDRH 2000–2005 strategic
plan, which sets specific goals for reducing the time for device approvals
(see, e.g., FDA, 2003f).

In its performance plan for FY 2004, CDRH stated that “recent im-
provements in review time have been achieved by diverting significant re-
sources from other FDA programs” (FDA, 2003n, unpaged). The perfor-
mance plan also explicitly characterized several areas within CDRH as “not
working well.” These areas included postmarket surveillance of medical
devices, inspection of device manufacturers, and radiation safety. (The plan
characterized the mammography quality standards program as “working
well” and the device review and regulatory science programs as “working
but facing challenges.”)

Because clear numerical benchmarks exist, the most obvious shortfall
in performance involves FDA’s statutory requirement to inspect facilities
that manufacture Class II and III devices every 2 years (21 USC 360(h)).

1This committee advises the FDA Commissioner on “risk management, risk communica-
tion, and quantitative evaluation of spontaneous reports for drugs for human use and for any
other product for which the Food and Drug Administration has regulatory responsibility. The
Committee also advises the Commissioner of Food and Drugs regarding the scientific and
medical evaluation of all information gathered by the Department of Health and Human
Services and the Department of Justice with regard to safety, efficacy, and abuse potential of
drugs or other substances, and recommends actions to be taken by the Department of Health
and Human Services with regard to the marketing, investigation, and control of such drugs or
other substances” (FDA, 2004d, unpaged).
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Instead of inspecting half of such facilities each year, the percentage—and
even the expressed goal of the agency—has been less than 25 percent (ex-
cluding inspections under the new program allowing accredited outside
entities or persons to conduct certain inspections) (FDA, 2003n, 2004t).
(The inspection requirements apply to an increasing number of device firms,
approximately 13,700 in 2001 compared to 9,000 in 1997 [FDA, 2003n]).
The FY 2004 performance plan noted that the 1997 legislation (FDA Mod-
ernization Act) had reduced the role of premarket review for many low-
and medium-risk devices and, in theory, increased reliance on postmarket
quality systems, a reliance not supported by resources for monitoring manu-
facturer performance. The plan also reported high rates of violations in past
years.

Others have expressed concern about FDA resources. In 2001, an ex-
ternal review of the role of science at CDRH suggested that the Center’s
scientific infrastructure may be “eroding in areas such as information sys-
tems, laboratory equipment, and training” (FDA, 2001l, unpaged). It par-
ticularly stressed concerns that the work of the FDA across the life cycle of
medical devices was least attentive to “. . . the feedback loop from post-
market review of one device to pre-market design of its successor. This
segment of the cycle is most heavily dependent on recording present experi-
ence and passing that on to the next generation of designers (and reviewers/
evaluators). In this regard, it was noted by staff that there is no general
catalogue or electronic database of decisions reached, or the basis for them,
so that undue weight is placed on individual people remembering what
happened in some earlier, related situation.”

Improvements in information technology and information systems in
use at FDA should improve the efficiency of agency operations and make
information—for example, the status of postmarket studies—more widely
and easily available to those who need it. Such improvements cannot, how-
ever, replace the application of substantive knowledge and judgment by a
sufficient complement of staff with appropriate clinical, engineering, statis-
tical, and other expertise. Likewise, advance guidance on FDA expectations
of device developers and manufacturers can reduce the burden on FDA staff
to catch and require correction of deficiencies in these processes, but they
do not substitute for on-site inspections that include investigation of com-
plaint handling and adverse event analysis and reporting.

In the Medical Device User Fee and Modernization Act of 2002, Con-
gress authorized additional appropriations for postmarket surveillance ac-
tivities—$3 million for FY 2003, $6 million for FY 2004, and “such sums
as may be necessary” in subsequent years. After this endorsement of the
agency’s need for additional resources, Congress did not, however, appro-
priate the additional funds (personal communication, Thomas P. Gross,
M.D., Director, Division of Postmarket Surveillance, CDRH, March 28,
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2005). The legislation also provided for an FDA report to Congress by
January 2007 on the impact of user fees on postmarket device surveillance
and the improvements and funding that may be needed for an adequate
program.

TENSIONS IN PUBLIC POLICY AND DEVICE INNOVATION

Through statutes and regulations, FDA is charged with simultaneously
safeguarding the public and encouraging timely access to safe and effective
products. Tensions sometimes exist between these two broad roles of FDA,
as suggested at several points in this report. Tension may also exist between
the public’s desire for governments to protect them from an array of threats
to their health and safety and the public’s willingness to pay for such
protection.

Trade secret and confidentiality provisions related to studies of medical
devices and other FDA-regulated products may create tensions between the
desire to encourage product innovation and economic growth by allowing
innovators and manufacturers to hold certain information secret and the
desire to provide clinicians, patients, and others with information that may
help them make knowledgeable choices. Given the scarcity of information
about the safety and effectiveness of medical devices used with children,
this report has argued for greater openness and availability of findings from
device studies required by FDA.

Efforts to apply or strengthen safety regulations have the potential to
discourage certain innovations. Regulations may add to administrative,
testing, or production costs to the point that developers or manufacturers
may consider development or marketing of a device economically unattrac-
tive. As noted in Chapter 1, the device industry is quite diverse compared to
the pharmaceutical industry and includes a larger proportion of small firms.
Some of these small companies may struggle with the many facets of medi-
cal product regulation, including special requirements for testing medical
products with children. Regulations may also create uncertainty among
investors about the future of a device, including whether it will be approved
for marketing. For example, required reports by publicly held companies
often include statements about risks or uncertainties related to clinical trials
that are being undertaken to obtain FDA clearance or approval of a device.

For products that are developed primarily for adults and that have a
relatively small pediatric market, the regulatory, ethical, practical, finan-
cial, and other added costs or challenges of testing a product with children
and securing market approval may deter manufacturers from proceeding—
especially if existing approval of the device has not restricted use with
children. (As described in Chapter 6, special regulatory protections for
children involved in research can impede certain kinds of research [IOM,
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2004a].) Without systematic testing either before or after marketing, how-
ever, problems with pediatric uses of devices may be detected slowly and
unsystematically. Then, if questions arise about unlabeled use of a device
with children and the absence of pediatric studies, a manufacturer may
choose to label a device as not indicated for use with children rather than
undertake pediatric testing. This may limit children’s access to beneficial
devices and increase the potential liability of health care professionals and
providers.

The potential for regulations to create unanticipated and unwanted
outcomes—such as discouraging beneficial innovation or limiting the infor-
mation available to guide clinical decision making—makes it important for
policymakers to consider the effects of policies on different relevant parties,
with attention to the incentives that shape their behavior. Consistent with
the protection of patient safety, policymakers should encourage an align-
ment of incentives and interests among manufacturers, professionals, pro-
viders, patients, and regulators that favors cooperation and shared respon-
sibility over blame or conflict.

SHARED RESPONSIBILITIES FOR MEDICAL DEVICE SAFETY

Context: Shared Responsibilities for Patient Safety

FDA programs to protect public health operate within a broader sys-
tem of shared responsibilities for patient safety and health care quality. In
the past two decades, individual and collaborative initiatives to improve the
quality of health care and protect patients from harm have grown remark-
ably and been the subject of many reports (see, e.g., IOM, 1990, 1992,
2000c, 2003, 2004b; AHRQ, 2001, 2003, 2004). A number of these initia-
tives are sponsored or supported by government agencies, including the
various units of DHHS, the Department of Defense (which manages a large
military health care system), and the Veterans Health Administration. Other
patient safety activities have been sponsored by a growing number of state
governments, private-sector coalitions of many kinds and sponsorship,
health care accrediting organizations, consumer groups, and health profes-
sional societies.

In addition, hospitals and other health care institutions have acted
individually as well as in collaboration with others to improve their own
systems and promote change in larger systems within which they operate.
Health professions educators also contribute to patient safety when they
teach—and demonstrate by example—the importance of professional vigi-
lance, including the prevention, recognition, and investigation of device
adverse events. This diversity of involvement reflects not only the broad
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concern about health care quality and patient safety but also the range of
parties whose participation is necessary to improve health care outcomes.

Patient safety initiatives often emphasize drug safety or otherwise do
not highlight quality or safety issues that primarily involve medical devices.
The focus on medications reflects analyses of medical errors in which medi-
cation mishaps figure prominently, although some of these mishaps also
involve errors in device use or shortcomings in device design as described in
Chapter 4. Like most patient safety initiatives, those focusing on children
also tend not to feature medical devices.

Nonetheless, even initiatives that focus narrowly on medication safety
or other topics may still encourage practices, procedures, and ways of
thinking that can—indirectly or directly—help create an environment that
promotes medical device safety. For example, organizational steps to im-
prove team functioning, adherence to medication protocols or guidelines,
accuracy in the recording of medication information, and patient and fam-
ily education can have broader potential benefits. Likewise, efforts to im-
prove the analysis of medication errors through root cause analysis should
create skills and concepts that can be applied to other products or pro-
cesses. In addition, certain specific actions to improve medication safety
may at the same time improve medical device safety. Examples include
training in the proper use of infusion pumps and redesign of these pumps to
reduce opportunities for use errors.

Beyond appreciating these spillover effects, those concerned about the
safe design and use of medical devices should examine quality of care and
patient safety initiatives and consider how they might be adjusted or ex-
panded to include devices. For example, as procedures to improve tracking
and responses to drug safety alerts and recalls are instituted, the need for
corresponding procedures tailored to the institutional intake, distribution,
and day-to-day use of medical devices should also be evaluated.

Recommendation 7.2: All those engaged in improving the quality of
health care and protecting patients from harm should evaluate and
sharpen as appropriate their attention to medical device safety, includ-
ing safety issues that particularly affect children.

As an example of how organizations might expand their focus on medi-
cal devices, the committee looked at a set of 20 tips for families to prevent
medical errors with children that were developed by the Agency for Health-
care Research and Quality (AHRQ, 2002). Eight of the 20 tips involved
medications, for example, “If you have any questions about the directions on
your child’s medicine labels, ask.” Only one question (which recommended
asking about the best device for measuring a child’s liquid medicine) dealt
with a device. Some questions could have been modified to include medical
devices, and device-specific questions could have been added. Examples of
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such questions (some of which draw on items in FDA’s home health checklist
(FDA, 2003l) described in Chapter 4) include the following.

• Ask for written information, videotape, DVD, or Internet resources
on how to safely operate your child’s medical device, what to avoid doing,
how to recognize and troubleshoot problems, and when and where to seek
assistance.

• If you have any questions about your child’s medical device, ask
your doctor.

• Make sure that you have the name of the device, the model and serial
numbers, the manufacturer’s name, and contact information.

• Be sure your child’s doctors know that the child has an implant and
relevant information is clearly recorded in your child’s medical record in
the event that neither you nor your child’s physician is available to provide
this information in an emergency.

• Keep in touch with the surgeons or other clinicians involved in im-
planting a device or otherwise treating your child with a device, so they can
find you if they become aware of safety concerns with the device or associ-
ated treatment.

• If the manufacturer of your child’s implant has asked you to do so,
inform them of your new address when you move.

Medical Device Safety

The sharing of responsibilities for making safe medical devices avail-
able for use with children extends throughout the medical device product
cycle depicted in Chapter 1. That is, it covers both premarket and post-
market activities and the interaction between the two. Rather than identify
roles and responsibilities by categories of individuals and organizations, the
discussion below is organized by broad stage in this cycle.

Shared Responsibilities: Medical Device Innovation

As discussed in Chapter 6, a first line of safeguards for children begins
with those who conceive of and develop high-risk medical devices. From
the earliest stage of device development, including the design of prototype
devices, engineers, clinicians, and others involved should systematically
consider the potential harms as well as potential benefits of a device. Such
consideration should include the possible use of a device with children.

FDA contributes at this stage by providing general or specialized guid-
ance to help innovators understand from the outset what is necessary to
secure FDA approval or clearance of certain kinds of medical devices.
FDA’s recent guidance on premarket assessment of pediatric medical de-
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vices is a helpful step, but further work is needed to identify and clarify
characteristics of children that may affect particular aspects of performance
and safety for different types of devices.

When possible and especially for devices used at home, designing de-
vices to avoid hazards and harms is preferable to relying on professional
and consumer instructions, education, and other steps that may be less
effective at preventing problems (Arcarese, 2002b). The FDA human fac-
tors initiative has provided guidance to device developers on ways to iden-
tify and avoid hazards related to medical device use as part of a larger
program of risk management (FDA, 2000b).

When problems do arise with existing devices, feedback from users can
be an important source of inspiration or direction for the modification of
such devices and the development of new devices. Users include health care
professionals and patients or families, but risk managers and others in
health care facilities may also provide important insights into a device’s
strengths and limitations. Many companies have active surveillance pro-
grams that support and encourage this feedback of information through
multiple means, including field representatives. The yield from these pro-
grams—both to manage problems with existing devices and to get direction
for refinements and innovations—depends to a considerable extent on
whether health professionals and, sometimes, consumers, are aware of their
reporting options and are able and willing to use them.

Shared Responsibilities: Systematic Clinical Evaluation of
Medical Devices

Beyond the initial stages of conceptualization and development, the
systematic evaluation of medical devices, which includes preclinical and
clinical testing of higher-risk devices, provides another important set of
safeguards for children and another area of shared responsibilities. In addi-
tion to tracking hypothesized outcomes with innovative devices, clinical
studies identify and evaluate unanticipated adverse events and thereby build
the evidence base for device labeling and, subsequently, patient care. FDA
has promoted early meetings with device developers to discuss testing and
evaluation strategies that will satisfy its standards of evidence when ap-
proval is sought to market the device or add new indications for an already
approved device. When manufacturers undertake postmarket studies di-
rected by the FDA, they also seek approval of the study plan.

As it regulates and guides the evaluation of medical devices, FDA oper-
ates as part of a substantial research infrastructure in the United States that
assigns varying degrees of responsibility for overseeing the scientific and
ethical soundness of clinical research to a range of parties. Besides FDA,
these parties include NIH and other research sponsors, research institutions
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such as academic medical centers, and the Institutional Review Boards
(IRBs) that review proposed human research for conformity with federal
and institutional research protection policies, including special protections
for children. FDA has provided guidance for IRBs and others about certain
special aspects of device research (e.g., different requirements for “signifi-
cant risk” devices versus “nonsignificant risk” devices).

This report has outlined some of the challenges involved both in con-
ducting research with children and in conducting clinical studies of medical
devices. The latter may involve testing practices that are different from
those normally demanded for investigational drugs, for example, the rou-
tine use of randomized clinical trials. As a result of such differences, threats
to valid research conclusions that may be controllable in drug trials may
not be controllable in device studies. This potentially makes the process for
evaluating devices before market approval less powerful and increases the
burden on postmarket surveillance.

The world of medical device development and evaluation is diverse. It
includes companies with focused teams of scientists, engineers, and clinical
experts who are backed by significant organizational, financial, manage-
ment, and other resources to support the translation of new ideas into safe,
effective, and profitable products. It also includes smaller firms with more
limited resources and, perhaps, more need for guidance from FDA. Less
obvious is the role of clinical innovators who are seeking better ways to
treat their patients’ medical problems and who may operate independently
without appreciating that they share responsibility for systematic evalua-
tion of medical interventions.

Although established medical device companies may be able to improve
their clinical evaluation procedures, the individual clinical innovator is a
weaker link in the process of testing new interventions for safety and effec-
tiveness. New surgical procedures involving medical devices and modifica-
tions of medical devices can escape systematic assessment, despite calls for
such innovations to be brought into the system of clinical evaluation and
human research protections (see, e.g., Solomon and McLeod, 1995; Moss et
al., 2001; Ehrlich et al., 2002; McKneally and Daar, 2003; Dent et al., 2004).
Manufacturers may be concerned about certain kinds of device modifications
that occur outside their infrastructure for testing, evaluation, and follow-up.

Trying to distinguish between progressive, acceptable clinical practice
and unscientific and possibly unethical research on humans has proved
difficult for the clinical community, research ethics organizations, FDA,
and others concerned about the evidence base for clinical care and the
ethical conduct of human research. Much of the difficulty in making dis-
tinctions stems from the complexities of patient care, especially care for
high-risk children who are not being helped by standard practices and for
whom specifically appropriate medical devices are not available. Despite
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the frustrations and complexity of the task, efforts should continue to
evaluate the safety and effectiveness of surgical and device innovation in
clinical practice.

Shared Responsibilities: Acting on and Disseminating
Findings of Device Studies

For Class III and certain Class II devices, FDA clearly has responsibility
for evaluating clinical data and deciding whether it is sufficient to warrant
the approval or clearance of a medical device so that a device can be legally
marketed. For devices that have gone through the approval process, the
agency makes public summaries of the evidence of safety and effectiveness
(or safety and probable benefit). It generally does not make public any
information about postmarket studies unless their findings prompt a recall,
change in labeling, or public health notification. Companies may, however,
promote positive study findings from such studies through press releases
and other means, including journal publications.

FDA regulates the label and labeling of devices, which may include
information based on study findings. Labeling is broadly defined to include
promotional materials. (FDA can also regulate the advertising of “restricted
devices,” i.e., devices whose sale, distribution, or use is restricted by an
approval order or by regulation.) The FDA has provided extensive guidance
to manufacturers on various aspects of labeling, including the development
of information for lay users of home medical equipment (FDA, 1993b).

Within these boundaries, manufacturers have the opportunity and re-
sponsibility to provide understandable information and education on the
safe and effective use of devices available to clinicians, patients and fami-
lies, and others who need it. Clearly, the extent and type of information and
educational support will vary depending on the complexity of a device and
its risks. Professional societies also share responsibility for providing infor-
mation and evidence-based guidance for clinicians and, in some cases, pa-
tients and families.

As described in Chapter 3, FDA operates within a set of statutory
restrictions and traditions that have limited the sharing of information
about findings of device studies, especially studies conducted following
initial approval or clearance of a product for marketing. This report has
argued for less secrecy and more openness in the sharing of information
related to the potential benefits and harms of medical devices.

Shared Responsibilities: Safety in Device Manufacturing and Supply

Manufacturers must devise and sustain production processes that reli-
ably produce safe products consistent with design specifications and appli-
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cable public policies. The vast majority of medical devices are manufac-
tured without defects, but each year sees some device recalls stemming from
serious aberrations in manufacturing or packaging processes. These aberra-
tions affect both complex devices and simple devices that normally present
low risk to patients. Making devices safely available also requires the par-
ticipation of distributors, vendors, user facilities, and others who have
custody of the devices prior to their use with patients.

FDA provides extensive guidance on manufacturing processes and qual-
ity systems for medical products. It also has a system for inspections of
manufacturing sites. As noted above, that inspection system has fallen sub-
stantially below statutory requirements for frequency of inspections in re-
cent years. Although the reliable and consistent production of safe devices
ultimately depends on the integrity and competence of the manufacturer,
shortfalls in the FDA inspection program mean that some problems and
opportunities for improvement are almost certainly not being identified.

Shared Responsibilities: Safe Use of Safe Medical Devices

Whereas manufacturers have the lead responsibility for the safe manu-
facturing of effective medical devices that are designed to minimize oppor-
tunities for unsafe use, health care professionals and providers have lead
responsibility for the safe and appropriate use of devices. The emphasis in
discussions throughout this report has been on institutional environments
that help health care professionals and others do what they are supposed to
do correctly and consistently. Still, individuals within these systems must
understand and welcome their personal responsibilities to acquire and ap-
ply the knowledge and skills—including communication and other inter-
personal skills—needed for safe patient care.

Initial and continuing education is an essential element in preparing
physicians, nurses, and other health care professionals to use conventional
and innovative medical devices safely and appropriately and to recognize
device problems that should be reported. Beyond the education provided by
health professions schools, health care facilities, and professional societies,
manufacturers of complex devices must also provide or support proper
training and assessment for clinicians. This is especially important for inno-
vative products that require new procedures or skills. Simulation strategies
may prove particularly helpful for complex devices and procedures that
require unusual or particularly difficult skills and techniques.

Familiar devices and familiar safety problems also warrant public and
private attention. An example of such attention involves the well-recognized
threat of fire when certain devices such as defibrillators are used in oxygen-
rich environments. In a 1994 publication, ECRI (a private technology as-
sessment and research organization that has produced a number of fire
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safety statements) observed that the danger of fire “during defibrillation
has been forgotten or ignored—or was never learned—and must be periodi-
cally reemphasized” (ECRI, 1994, p. 307). In 2002, the American Heart
Association amended its pediatric life support recommendations. Instead of
a 3-step chant to insure people are clear of a patient before an electric
shock, hospital personnel are now advised to use a 4-step chant to empha-
size the danger of oxygen. Specifically: “I’m going to shock on the count of
four. One—I’m clear. Two—you’re clear. Three—oxygen’s clear. Four—
everybody’s clear” (Hazinski et al., 2002; cited in Theodorou et al., 2003).
Other fire safety initiatives include a safety alert issued by the Joint Com-
mission on the Accreditation of Healthcare Organizations as part of its
sentinel event program (JCAHO, 2003).

The responsibility of patients and families for the safe use of medical
devices is a more sensitive topic. Families whose children are reliant on
complex medical equipment in the home are often under exceptional
stress—emotionally, physically, cognitively, and financially. Unless they are
fortunate enough to have excellent health insurance or substantial financial
resources, they typically lack adequate 24-hour support from trained per-
sonnel to operate, maintain, and troubleshoot complicated, life-sustaining
equipment. Some children’s hospitals and other institutions devote consid-
erable resources to training parents in the use of equipment, evaluating
home health agencies and vendors, checking the initial use of equipment in
the home, and following up periodically on adherence to care instructions
(Mast, 2004; Simpser, 2004). Likewise, some manufacturers have good
consumer support programs. In general, however, much more can be done
by primary care and specialist physicians, hospitals, home care providers,
manufacturers, and FDA to help patients and families meet their responsi-
bilities for using medical devices safely.

Shared Responsibilities: Postmarket Surveillance and
Evaluation of Long-Term Safety and Effectiveness

Reflecting its charge, this report has focused primarily on FDA’s re-
sponsibilities for postmarket surveillance of medical devices, including de-
vices used with children. The discussion of adverse event reporting made
clear, however, that health care professionals and health care providers
(user facilities) have critical responsibilities for initially detecting, docu-
menting, investigating, and reporting adverse device events—and for put-
ting in place procedures and practices to prevent such events. Manufactur-
ers are crucial in investigating possible device failures and malfunctions to
uncover the nature of the problem—which might be intrinsic to the device
or could relate to the way it was used—and respond as appropriate. In
addition, as described in Chapter 4, various other public and private orga-
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nizations and collaborations include some form of adverse event reporting
as part of programs to improve the quality of health care and protect
patient safety. Some of these efforts involve children’s hospitals and pediat-
ric professionals.

Just as reporting and responding to adverse events is a distributed
responsibility, so is the systematic study of the safety and effectiveness of
marketed devices used with children. In addition to postmarket studies
ordered by FDA or undertaken voluntarily by manufacturers, NIH, the
CERTs overseen by AHRQ, private foundations, pediatric professional
societies, and other groups interested in child health should promote and
support safety and effectiveness studies and the databases (e.g., registries)
needed to support such studies. The involvement of patient, family, and
consumer groups is particularly important for devising strategies to adapt
device surveillance to the difficult realities of identifying, understand-
ing, and preventing adverse events with devices used at home and in the
community.

To support both adverse event reporting and systematic studies, FDA
has been exploring how to use developing statistical tools and exploit large
automated patient care databases to identify, understand, and prevent prob-
lems with the use or design of medical devices. As discussed in Chapters 4
and 6, initial results have been less promising than hoped, partly because
patient records often do not contain information that identifies individual
medical devices. Creating feasible coding systems and procedures for in-
cluding such information has, however, proved daunting. Recommenda-
tions in Chapter 6 focus on steps to improve the usefulness of electronic
patient records for device surveillance and strengthen FDA research capac-
ity. In any case, university-based and other biostatisticians and epidemiolo-
gists can contribute by helping, first, to improve and apply the methods for
formal clinical studies of medical devices and, second, to refine the tools for
detecting and analyzing adverse events in large databases and developing
the field of medical device surveillance.

Notwithstanding the responsibilities and essential contributions of other
parties, FDA has an unparalleled combination of authority and expertise to
promote more comprehensive, efficient, and effective medical device sur-
veillance. It must use its position both to strengthen its own programs and
to encourage others to recognize and meet their shared responsibilities for
identifying, understanding, and preventing problems with the design, evalu-
ation, manufacture, maintenance, and use of medical devices. As stressed
throughout this report, successful programs of postmarket surveillance to
protect all those whose health depends on safe and effective medical devices
are an essential foundation for efforts to protect children in particular.
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The Medical Device User Fee and Modernization Act of 2002 (P.L.
107–250) called for the Institute of Medicine (IOM) to conduct a study of
postmarket surveillance of pediatric medical devices. IOM appointed a
committee of 13 experts to oversee the study. Its task was to develop a
report that specifically examined the system under the Federal Food, Drug,
and Cosmetic Act for postmarket surveillance of medical devices to assess
whether the system as administered by the U.S. Food and Drug Administra-
tion provides adequate safeguards for the use of devices in children. As
called for in the legislation, the study committee assessed

• the U.S. Food and Drug Administration’s monitoring and use of
adverse reaction reports, registries, clinical studies, and other postmarket
surveillance activities to identify unsafe or ineffective products;

• the adequacy of the agency’s monitoring of commitments for further
clinical studies made by manufacturers at the time of approval of specific
medical devices;

• the adequacy of postmarket surveillance studies to evaluate how
children’s active lifestyles may affect implant failure rates and longevity; and

• the length of studies, including whether they continue long enough
to evaluate the impact of children’s growth and development given the
expected length of time that a child will have an implant.

The committee met five times between April 2004 and March 2005. It
organized two advisory panels to provide additional technical guidance on
clinical and technical issues. It commissioned two background papers. The

A

Study Origins and Activities
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committee conducted three meetings with public sessions, including one to
hear the views of family support and advocacy organizations and health
care groups (with written statements invited from additional organizations).
The committee also met with parents and young people who had personal
experiences with implants or other complex medical devices. The agendas
and participants for the public meetings are listed below.

INSTITUTE OF MEDICINE
Committee on Postmarket Surveillance of Pediatric Medical Devices

Room 204, The Keck Center, National Academy of Sciences
500 Fifth Street NW, Washington, DC

Public Session—April 15, 2004

1:00 Welcome and introductions

1:10 FDA Context and Perspectives

Donna-Bea Tillman, Ph.D.
Deputy Director, Office of Device Evaluation
Center for Devices and Radiological Health
U.S. Food and Drug Administration
Rockville, MD

Thomas Gross, M.D.
Director, Division of Postmarket Surveillance
Center for Devices and Radiological Health
U.S. Food and Drug Administration
Rockville, MD

2:40 Break

3:00 Research on Postmarket Surveillance: Experience of Duke
Center for Education and Research on Therapeutics

Judith M. Kramer, M.D.
Principal Investigator, Duke Center for Education and
Research on Therapeutics
Duke University Medical Center
Durham, NC

4:00 Analysis of FDA Adverse Event Reports

Mark Bruley, B.Sc.
Vice President, ECRI
Plymouth Meeting, PA

5:15 Adjourn
* * *
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INSTITUTE OF MEDICINE
Committee on Postmarket Surveillance of Pediatric Medical Devices

Room 100, The Keck Center, National Academy of Sciences
500 Fifth Street NW, Washington, DC

Public Session—June 24, 2004

1:00 Welcome and introductions

1:10 Update from CDRH/FDA: Thomas Gross, M.D.

Briefing on Legislative Interest in Pediatric Medical Devices:
Vipul Mankad, M.D. (Robert Wood Johnson Foundation fellow
with Senate Health, Education, Labor and Pensions Committee)

1:30 Discussion with Clinical Advisory Panel

Jonathan Abramson, M.D.
Professor and Chair, Department of Pediatrics
Wake Forest University
Winston Salem, NC

Francis Sessions Cole, III, M.D.
Vice Chair and Park J. White Professor of Pediatrics
Washington University School of Medicine
Director, Division of Newborn Medicine
St. Louis Children’s Hospital
St. Louis, MO

Barbara Fivush, M.D.
Professor of Pediatrics
Johns Hopkins School of Medicine
Division Chief, Pediatric Nephrology
Johns Hopkins Hospital
Baltimore, MD

Susan T. Iannaccone, M.D., F.A.A.N.
Director, Neuromuscular Disease and Neurorehabilitation
Texas Scottish Rite Hospital for Children
Professor of Neurology
UT Southwestern Medical Center
Dallas, TX

John K. Niparko, M.D.
George T. Nager Professor
Director, Division of Otology, Neurotology & Skull Base Surgery
Johns Hopkins School of Medicine
Baltimore, MD
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Ramon L. Ruiz, D.M.D., M.D.
Assistant Professor, Oral/Maxillofacial Surgery & Pediatrics
University of North Carolina at Chapel Hill
Director, Pediatric Oral/Maxillofacial Surgery
North Carolina Children’s Hospital
Chapel Hill, NC

Frederick J. Schoen, M.D., Ph.D.
Professor of Pathology and Health Sciences and Technology
Harvard Medical School
Executive Vice Chairman, Department of Pathology
Brigham and Women’s Hospital
Boston, MA

3:45 Break

4:00 Discussion with Methods Advisory Panel

Elizabeth B. Andrews, Ph.D., M.P.H.
Vice President
Pharmacoepidemiology and Risk Management
RTI Health Solutions
Research Triangle Park, NC

Roselie A. Bright, Sc.D.
Epidemiologist
Division of Postmarket Surveillance
Office of Surveillance and Biometrics
Center for Devices and Radiological Health
U.S. Food and Drug Administration
Rockville, MD

Robert T. Chen, M.D., M.A.
Chief, Immunization Safety Branch
National Immunization Program
Centers for Disease Control and Prevention
Atlanta, GA

Harry A. Guess, M.D., Ph.D.
Professor of Epidemiology
School of Public Health
University of North Carolina at Chapel Hill
Chapel Hill, NC

5:30 Adjourn
* * *
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INSTITUTE OF MEDICINE
Committee on Postmarket Surveillance of Pediatric Medical Devices

Lecture Room, National Academy of Sciences
2101 Constitution Avenue, NW, Washington, DC

Public Session—August 31, 2004

8:20 Welcome

8:30 Advanced Medical Technology Association

Susan Alpert, M.D.
Vice President, Chief Quality and Regulatory Officer
Medtronic
Minneapolis, MN

9:00 American College of Cardiology, Congenital Heart Disease and
Pediatric Cardiology Committee

Mark Boucek, M.D.
Director of Pediatric Heart Failure and Transplant Research Programs
The Children’s Hospital Denver
University of Colorado School of Medicine
Denver, CO

Pediatric Section, American Thoracic Society

Ann C. Halbower, M.D.
Assistant Professor of Pediatrics and Medical Director of

Pediatric Sleep Disorders Program
Johns Hopkins University
Baltimore, MD

9:45 American Academy of Pediatrics

Jon Abramson, M.D.
Weston L. Kelsey Chair of Pediatrics
Wake Forest University Baptist Medical Center
Winston-Salem, NC

Pediatric Orthopedic Society of North America
Michael Vitale, M.D., M.P.H.
Chair, Evidence Analysis Work Group and Assistant Professor in the

Division of Pediatric Orthopaedic Surgery Columbia University
New York, NY

10:30 Break
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10:50 National Association of Children’s Hospitals and Related
Institutions1

Joelle Mast, M.D., Ph.D.
Chief Medical Officer and Chief of Pediatrics
Blythedale Children’s Hospital
Valhalla, NY

Edwin Simpser, M.D.
Executive Vice President and Chief Medical Officer
St. Mary’s Hospital for Children
Assistant Professor of Clinical Pediatrics
New York University School of Medicine
New York, NY

11:30 National Consumers League
Alison Rein
Assistant Director, Food and Health Policy
Washington, DC

12:00 Adjourn

NOTE: The following organizations endorsed the statement of the Ameri-
can Academy of Pediatrics: Ambulatory Pediatric Association, American
Pediatric Society, Association of Medical School Pediatric Department
Chairs, Society for Pediatric Research. Additional written statements were
provided by: Section on Neurological Surgery (of the American Academy of
Pediatrics); Society for Pediatric Anesthesia; American Pediatric Surgical
Association; and Anthony D. Slonim, M.D., M.P.H. (of Children’s Na-
tional Medical Center, Washington, DC).

* * *

INSTITUTE OF MEDICINE
Committee on Postmarket Surveillance of Pediatric Medical Devices

Lecture Room, National Academy of Sciences
2101 Constitution Avenue, NW, Washington, DC

Public Session—August 31, 2004 (afternoon)
Meeting with Families

Wendy Baskins
Nancy Harder and Ben Harder

1Statements are those of guest speakers who represent member hospitals of NACHRI but
who are not speaking for NACHRI.
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Donya Hartley
Melisande Statz-Hill and Benjamin Hill
Penny Hill and Amanda Hill
Kim L. Katka
Karen Marston
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PART I: DEVICES OTHER THAN IMPLANTS

This list includes medical devices—other than implants—that are typi-
cally used in the clinical specialty of pediatrics and are not generic in nature.
That is, most are either used uniquely or nearly uniquely with children or
are manufactured in special sizes for use with children.

1. Adhesive Strips, Butterfly [10-278]
2. Adhesive Strips, General-Purpose [16-769]
3. Adhesive Strips, Hypoallergenic [10-028]
4. Adhesive Strips, Waterproof [10-029]
5. Airways, Nasopharyngeal [10-057]
6. Alarms, Enuresis [11-588]
7. Analyzers, Physiologic, Middle Ear [15-634]
8. Analyzers, Physiologic, Middle Ear, Acoustic Reflectometry

[18-784]

 1SOURCE: ECRI’s Health Devices International Sourcebase (http://www.ecri.org/Products_
and_Services/Products/Health_Devices International_Sourcebase/Default.aspx). Device terms
and coding numbers are from ECRI’s Universal Medical Device Nomenclature System
(UMDNS) and are copyrighted by ECRI. (See http://www.ecri.org/Products_and_Services/
Products/UMDNS/Default.aspx.) The ECRI Health Devices International Sourcebase includes
device definitions for approximately 75 percent of these terms. Definitions for the remainder
are being drafted.

B

Medical Devices for Pediatric Care1
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9. Analyzers, Physiologic, Middle Ear, Impedance Tympanometry
[18-783]

10. Analyzers, Physiologic, Pulmonary Function, Neonatal/Pediatric
[17-699]

11. Analyzers, Point-of-Care, Whole Blood, Glycated Hemoglobin
[20-385]

12. Analyzers, Point-of-Care, Whole Blood/Urine, Multianalyte,
Diabetes [20-386]

13. Anoscopes [10-156]
14. Aprons, Infant Evacuation [20-466]
15. Aspirators, Infant [10-214]
16. Aspirators, Nasal [10-216]
17. Auditory Function Screening Devices [17-601]
18. Auditory Function Screening Devices, Newborn [20-167]
19. Bassinets [10-302]
20. Batteries, Implantable Device [18-554]
21. Beds, Fixed, Cradle [10-328]
22. Beds, Fixed, Cradle, Pediatric [10-362]
23. Beds, Fixed, Flotation Therapy, Neonatal [16-168]
24. Beds, Fixed, Neonatal [18-397]
25. Beds, Mechanical, Neonatal [18-393]
26. Beds, Mechanical, Pediatric [18-392]
27. Belts, Electrode [16-226]
28. Bilirubinometers, Cutaneous [16-166]
29. Blankets, Circulating-Fluid [12-067]
30. Blankets, Forced-Air [18-852]
31. Blankets, Infant [10-417]
32. Bottles, Infant Nursing [12-779]
33. Bronchoscopes [10-491]
34. Bronchoscopes, Flexible [15-073]
35. Bronchoscopes, Flexible, Video [17-662]
36. Bronchoscopes, Rigid [15-074]
37. Cannulae, Nasal, Continuous Positive Airway Pressure [12-701]
38. Cannulae, Nasal, Oxygen Supply [12-700]
39. Cannulae, Tracheostomy [14-089]
40. Caps, Infant [17-142]
41. Catheter Introducers-Hemostasis Valve [17-578]
42. Catheterization Kits, Intravenous [12-161]
43. Catheters, Cardiac, Flotation Balloon [10-700]
44. Catheters, Cardiac, Microflow [18-682]
45. Catheters, Tracheal [18-725]
46. Catheters, Tracheal, Suction [10-749]
47. Catheters, Urinary, Urethral [10-762]
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48. Catheters, Vascular, Microflow [10-691]
49. Catheters, Vascular, Umbilical [10-759]
50. Catheters, Vascular, Umbilical, Arterial [18-666]
51. Catheters, Vascular, Umbilical, Central Venous [18-665]
52. Catheters, Wound, Drainage [18-756]
53. Catheters, Wound, Drainage, Suction [18-757]
54. Catheters, Wound, Irrigation [18-758]
55. Chairs, Disabled Patient, Pediatric [10-797]
56. Circumcision Trays, Disposable [10-859]
57. Circumcision Trays, Reusable [10-860]
58. Clamps, Circumcision [10-869]
59. Clamps, Umbilical [10-876]
60. Colonoscopes [10-950]
61. Colonoscopes, Video [17-665]
62. Combs, Lice [17-552]
63. Cradles, Rocking, Computer-Controlled [17-798]
64. Crib Tops [11-049]
65. Cuffs, Blood Pressure [11-073]
66. Cuffs, Tracheostomy Tube [14-094]
67. Cystoscopes [11-112]
68. Cystoscopes, Flexible [17-144]
69. Cystoscopes, Rigid [17-145]
70. Cystourethroscopes [11-114]
71. Diapers, Pediatric [11-240]
72. Droppers, Ear [11-370]
73. Duodenoscopes [11-359]
74. Duodenoscopes, Video [17-654]
75. Electrodes, Electrocardiographic, Neonatal [17-460]
76. Electrodes, Fetal Scalp [11-447]
77. Electrodes, Nasopharyngeal [11-452]
78. Electrodes, Sweat Test [11-461]
79. Endoscopes, Gastrointestinal Tract, Lower Tract [20-479]
80. Endoscopes, Gastrointestinal Tract, Upper Tract [20-478]
81. Endoscopes, Respiratory Tract [20-476]
82. Endoscopes, Urinary Tract [20-483]
83. Enema Bags [11-581]
84. Enema Kits [11-582]
85. Enema Tips [11-583]
86. Enteroscopes [18-125]
87. Enteroscopes, Video [18-126]
88. Exchange Transfusion Kits [11-618]
89. Gastroduodenoscopes [11-853]
90. Gastroscopes [11-856]
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91. Gastroscopes, Flexible [11-857]
92. Gastroscopes, Flexible, Video [17-663]
93. Gastroscopes, Rigid [11-858]
94. Hoods, Oxygen [12-027]
95. Humidifiers, Heated [12-050]
96. Humidifiers, Nonheated [12-051]
97. Identification Bracelets [12-088]
98. Immobilizers, Infant [12-097]
99. Incubator/Radiant Warming Units, Infant, Mobile [18-857]

100. Incubators, Infant, Mobile [17-432]
101. Incubators, Infant, Transport [12-114]
102. Infant Care Kits [10-243]
103. Infant Scale Liners [17-653]
104. Intravenous Administration Sets, Scalp Vein [17-825]
105. Iontophoresis Units, Drug Delivery [18-155]
106. Iontophoresis Units, Sweat Test [15-128]
107. Lancets, Blood, Automated [16-380]
108. Laparoscopes [12-291]
109. Laparoscopes, Diagnostic [20-484]
110. Laparoscopes, Surgery [20-485]
111. Laryngoscopes [12-293]
112. Laryngoscopes, Flexible [15-075]
113. Laryngoscopes, Flexible, Intubation [16-331]
114. Laryngoscopes, Rigid [15-076]
115. Laryngostroboscopes [12-294]
116. Lavage Units, Gastric [17-189]
117. Ligators, Umbilical [15-041]
118. Lumbar Puncture Kits [12-404]
119. Manometer Sets, Cerebrospinal Fluid [13-107]
120. Manometer Sets, Venous, Central/Peripheral [10-776]
121. Masks, Resuscitator [17-170]
122. Mitts, Patient [12-559]
123. Monitors, Bedside, Blood Gas, Transcutaneous [17-996]
124. Monitors, Bedside, Blood Gas/pH, Extracorporeal [17-680]
125. Monitors, Bedside, Blood Gas/pH, Intravascular [20-176]
126. Monitors, Bedside, Electrocardiography [12-599]
127. Monitors, Bedside, Physiologic, Neonatal [15-791]
128. Monitors, Bedside, Respiration [12-662]
129. Monitors, Bedside, Respiration, Apnea [12-575]
130. Monitors, Bedside, Respiration, Carbon Dioxide/Oxygen [17-444]
131. Monitors, Bedside, Respiration, Exhaled Carbon Dioxide [16-938]
132. Monitors, Bedside, Respiration, Ventilation/Apnea [12-678]
133. Monitors, Bedside, Temperature [14-034]
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134. Nasopharyngoscopes [12-709]
135. Nasoscopes [12-710]
136. Nebulizers, Heated [12-716]
137. Nebulizers, Ultrasonic [12-719]
138. Needles, Injection, Intravenous, Scalp-Vein/Pediatric [12-752]
139. Nephroscopes [15-591]
140. Nephroscopes, Flexible [15-289]
141. Nephroscopes, Rigid [15-290]
142. Nipples, Nursing Bottle [16-761]
143. Nitric Oxide Delivery Units [18-586]
144. Occluders, Cardiac Septum [20-414]
145. Occluders, Umbilical Cord [20-416]
146. Occluders, Vascular [17-731]
147. Occluders, Vascular, Intravascular Embolization [15-034]
148. Occluders, Vascular, Intravascular Embolization, Particulate

[20-412]
149. Ophthalmoscope/Otoscopes [18-595]
150. Oral Feeding Kits, Infant [17-486]
151. Orthoses, Head [18-565]
152. Orthoses, Leg [17-859]
153. Otoscopes [12-849]
154. Otoscopes, Pneumatic [18-785]
155. Oximeters, Cerebral [17-942]
156. Oximeters, in Vitro, Point-of-Care [18-635]
157. Oximeters, Pulse [17-148]
158. Oxygenators, Extracorporeal Membrane [17-643]
159. Oxygenators, Intravascular Membrane [18-133]
160. Pacifiers, Infant, Oral [17-512]
161. Pelvimeters [12-980]
162. Percussion Pads [12-935]
163. Percussors [12-986]
164. Perforators, Ear Lobe [12-991]
165. Pharyngoscopes [13-011]
166. Phototherapy Units, Visible Light, Hyperbilirubinemia [17-515]
167. Plates, Dental [20-331]
168. Power Kits, Wheelchair [17-952]
169. Pressure Measuring Units, Esophageal [13-108]
170. Pressure Measuring Units, Inspiratory [13-109]
171. Pressure Measuring Units, Intracranial [13-110]
172. Probes, Eye, Lacrimal [13-120]
173. Probes, Oximeter [17-594]
174. Probes, Thermometer [13-125]
175. Proctoscopes [13-126]
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176. Proctosigmoidoscopes [13-127]
177. Protectors, Palatal [17-689]
178. Radiometers, Phototherapy [13-278]
179. Refrigerators, Food, Milk Formula [15-923]
180. Resectoscopes [13-335]
181. Resectoscopes, Urological [18-187]
182. Restraints, Crib [13-351]
183. Sampling Kits, Blood, Fetal Scalp [16-873]
184. Scales, Infant [13-462]
185. Scales, Infant, Warmer/Incubator [18-463]
186. Scissors, Pediatric [13-499]
187. Shields, Heat Loss, Infant [15-752]
188. Shunt Adapters [13-584]
189. Sigmoidoscopes [13-594]
190. Sigmoidoscopes, Flexible [15-057]
191. Sigmoidoscopes, Flexible, Video [17-664]
192. Sigmoidoscopes, Rigid [15-058]
193. Specula, Aural [13-662]
194. Specula, Nasal [13-664]
195. Specula, Ocular [13-663]
196. Specula, Phayrngeal [20-489]
197. Specula, Rectal [13-665]
198. Sphygmomanometers, Electronic, Automatic [16-173]
199. Sphygmomanometers, Electronic, Automatic, Auscultatory [18-325]
200. Sphygmomanometers, Electronic, Automatic, Differential Sensor

[18-327]
201. Sphygmomanometers, Electronic, Automatic, Oscillometric [18-326]
202. Sphygmomanometers, Electronic, Manual [16-174]
203. Sphygmomanometers, Aneroid [16-156]
204. Sphygmomanometers, Mercury [16-158]
205. Stimulators, Electrical, Neuromuscular, Gait, Implantable [18-478]
206. Stimulators, Electrical, Neuromuscular, Grasp [18-475]
207. Stimulators, Electrical, Neuromuscular, Scoliosis [17-240]
208. Strollers [18-139]
209. Syringes, Bulb [20-311]
210. Syringes, Plunger, Oral Medication [20-469]
211. Tapes, Umbilical [13-983]
212. Tents, Mist [12-554]
213. Tents, Mist, Face [12-557]
214. Thermometer Kits [14-025]
215. Thermometers, Electronic, Infrared, Ear [17-887]
216. Thermometers, Electronic, Infrared, Skin [17-888]
217. Thermometers, Liquid Crystal [18-302]
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218. Thermometers, Mercury, Axillary [18-297]
219. Thermometers, Mercury, Oral [18-295]
220. Thermometers, Mercury, Rectal [18-296]
221. Timers, Apgar Scoring [15-648]
222. Tracheal Tube Adapters [14-080]
223. Tracheal Tube Introducers [17-694]
224. Tracheostomy Care Kits [14-090]
225. Tracheostomy Tube Adapters [14-092]
226. Tracheotomy Kits [14-099]
227. Transilluminators [14-130]
228. Trusses, Infant [14-171]
229. Tubes, Enema [14-194]
230. Tubes, Gastrostomy, Percutaneous Endoscopic [17-790]
231. Tubes, Gastrostomy/Jejunal, Percutaneous Endoscopic [18-764]
232. Tubes, Jejunostomy [18-854]
233. Tubes, Jejunostomy, Percutaneous Endoscopic [17-791]
234. Tubes, Tracheal [14-085]
235. Tubes, Tracheostomy [14-096]
236. Ureterorenoscopes [17-690]
237. Ureteroscopes [15-788]
238. Ureteroscopes, Flexible [18-188]
239. Ureteroscopes, Rigid [18-189]
240. Urethroscopes [14-289]
241. Urinary Collection Bags, Infant [16-782]
242. Ventilators, Intensive Care, Neonatal/Pediatric [14-361]
243. Ventilators, Intensive Care, Neonatal/Pediatric, High-Frequency

[18-793]
244. Ventilators, Intensive Care, Neonatal/Pediatric, Negative Pressure

[18-794]
245. Ventilators, Portable/Home Care [17-423]
246. Ventilators, Transport [18-098]
247. Warming/Cooling Units, Patient, Circulating-Fluid [12-074]
248. Warming/Cooling Units, Patient, Forced-Air [18-851]
249. Warming Units, Patient, Circulating-Fluid [17-648]
250. Warming Units, Patient, Forced-Air [17-950]
251. Warming Units, Patient, Radiant, Infant [17-956]
252. Warming Units, Patient, Radiant, Infant, Mobile [17-433]
253. Wheelchairs, Mechanical, Disabled Patient, Pediatric [18-409]
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PART II: IMPLANTS

This list includes all implant types. Some come in pediatric sizes; some
do not. Some implants are not recommended for children who have not
reached a certain stage of development, for example, 80 percent skeletal
maturity or adult brain size.

1. Allografts [17-165]
2. Annuloplasty Rings [16-039]
3. Aqueous/Vitreous Humor Replacement Media [16-844]
4. Batteries, Implantable Device [18-554]
5. Batteries, Implantable Device, Cardiac Pacemaker/Defibrillator

[17-883]
6. Bolts, Bone [16-077]
7. Bone Matrix Implants, Artificial [17-751]
8. Bone Matrix Implants, Biological [17-756]
9. Brachytherapy Sources [17-518]

10. Caps, Bone [16-082]
11. Caps, Nerve [16-083]
12. Catheters, Cardiac, Hydrocephalic [16-086]
13. Cement, Orthopedic [12-830]
14. Clips, Aneurysm [10-905]
15. Clips, Fallopian Tube [14-174]
16. Clips, Ligating [16-052]
17. Clips, Vascular [16-028]
18. Clips, Vena Caval [10-915]
19. Conformers, Ophthalmic [16-065]
20. Corneas, Eye [17-108]
21. Defibrillator/Cardioverters [18-502]
22. Defibrillator/Cardioverters, Implantable [18-503]
23. Defibrillator/Cardioverter/Pacemakers, Implantable [18-504]
24. Defibrillator/Cardioverter/Pacemakers, Implantable,

Resynchronization [20-376]
25. Defibrillator/Pacemakers, Implantable [17-989]
26. Defibrillators, Implantable [16-652]
27. Expanders, Skin [16-045]
28. Eyelid Weights, Implantable [18-074]
29. Fasteners, Helical [18-797]
30. Fasteners, Helical, Surgical Mesh [18-507]
31. Fasteners, T [18-796]
32. Fasteners, T, Percutaneous Gastrostomy [17-789]
33. Felts, Cardiovascular [16-030]
34. Filters, Vena Cava [11-718]
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35. Gastroplasty Bands [17-649]
36. Glaucoma Filtration Implants [17-618]
37. Grafts, Bone [11-910]
38. Grafts, Bone, Synthetic [16-966]
39. Grafts, Dura, Biological [17-462]
40. Grafts, Skin, Artificial [18-254]
41. Grafts, Skin, Biological [18-253]
42. Hemodialysis Needle Sets, Protective [18-246]
43. Infusion Pumps, Implantable [16-143]
44. Intracorneal Rings [18-103]
45. Intrauterine Devices [12-156]
46. Leads, Implantable Defibrillator [16-653]
47. Leads, Implantable Defibrillator/Pacemaker [17-964]
48. Leads, Implantable Defibrillator/Pacemaker, Resynchronization

[20-377]
49. Leads, Pacemaker, Implantable Endocardial [12-900]
50. Leads, Pacemaker, Implantable Myocardial [11-458]
51. Leads, Spinal Cord, Implantable [17-215]
52. Lenses, Intraocular, Anterior Chamber [16-068]
53. Lenses, Intraocular, Iridocapsular Fixation [16-069]
54. Lenses, Intraocular, Iris Fixation [16-070]
55. Lenses, Intraocular, Posterior Chamber [16-071]
56. Mesh, Metallic [16-048]
57. Mesh, Polyglycolic Acid [17-247]
58. Mesh, Polymeric [12-510]
59. Mesh Bags, Pacemaker [16-038]
60. Microspheres [20-399]
61. Microspheres, Embolization [20-400]
62. Microspheres, Embolization, Brachytherapy [20-372]
63. Microspheres, Embolization, Drug Delivery [20-403]
64. Microspheres, Embolization, Hyperthermia [20-402]
65. Nails, Bone [16-078]
66. Occluders, Cardiac Septum [20-414]
67. Occluders, Umbilical Cord [20-416]
68. Occluders, Vascular [17-731]
69. Occluders, Vascular, Intravascular Embolization [15-034]
70. Occluders, Vascular, Intravascular Embolization, Particulate

[20-412]
71. Occluders, Vascular, Presacral Bleeding [20-413]
72. Ophthalmic Foil [16-066]
73. Orthopedic Internal Fixation Systems, Fracture [12-833]
74. Orthopedic Internal Fixation Systems, Spinal [15-766]
75. Pacemaker Lead Adapters, Implantable [17-635]
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76. Pacemakers, Breath [18-496]
77. Pacemakers, Breath, Diaphragmatic/Phrenic Nerve [16-060]
78. Pacemakers, Cardiac, Implantable [12-913]
79. Pacemakers, Cardiac, Implantable, Resynchronization [20-375]
80. Patches, Myocardial [13-165]
81. Pins, Bone [16-085]
82. Pins, Dental Retention [16-700]
83. Plates, Bone [13-050]
84. Plates, Cranioplasty [13-052]
85. Plates, Dental [20-331]
86. Plates, Dental, Implantable Staple [16-203]
87. Pledgets [13-055]
88. Ports, Injection/Infusion [16-854]
89. Ports, Injection/Infusion, Central Venous [18-765]
90. Ports, Injection/Infusion, Peripheral Vessel [18-766]
91. Power Supplies, Regulated, Staple Reshaping [20-332]
92. Prostheses, Bile Duct [13-135]
93. Prostheses, Bladder Support [13-136]
94. Prostheses, Blood Vessel, Artificial [13-177]
95. Prostheses, Blood Vessel, Biological [11-913]
96. Prostheses, Bone, Freeze-Dried [16-862]
97. Prostheses, Cardiac Valve, Artificial [15-869]
98. Prostheses, Cardiac Valve, Biological [15-870]
99. Prostheses, Cardiac Ventricle, Percutaneously Powered [20-491]

100. Prostheses, Cardiac Ventricle, Transcutaneously Powered [20-492]
101. Prostheses, Carpal [16-089]
102. Prostheses, Cerclage, Bone [16-140]
103. Prostheses, Cerclage, Cervix [13-139]
104. Prostheses, Chin [13-140]
105. Prostheses, Dental, Implantable [16-744]
106. Prostheses, Esophageal [13-145]
107. Prostheses, Eustachian Tube [15-324]
108. Prostheses, Evisceration [16-067]
109. Prostheses, Fallopian Tube [13-148]
110. Prostheses, Finger/Thumb [16-094]
111. Prostheses, Foot Arch [16-135]
112. Prostheses, Gastroesophageal Antireflux [16-165]
113. Prostheses, Heart [13-152]
114. Prostheses, Heart, Percutaneously Powered [16-977]
115. Prostheses, Heart, Transcutaneously Powered [20-398]
116. Prostheses, Joint, Ankle [16-132]
117. Prostheses, Joint, Ankle, Tibial Component [16-088]
118. Prostheses, Joint, Elbow [16-105]
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119. Prostheses, Joint, Elbow, Humeral Component [16-091]
120. Prostheses, Joint, Glenoid Bone [18-023]
121. Prostheses, Joint, Hip, Acetabular Component [16-084]
122. Prostheses, Joint, Hip, Femoral Component [16-095]
123. Prostheses, Joint, Hip, Total [16-150]
124. Prostheses, Joint, Knee, Femoral Component [16-097]
125. Prostheses, Joint, Knee, Patellar Component [16-121]
126. Prostheses, Joint, Knee, Tibial Component [16-098]
127. Prostheses, Joint, Knee, Total [16-096]
128. Prostheses, Joint, Mandible [16-962]
129. Prostheses, Joint, Shoulder [16-099]
130. Prostheses, Joint, Temporomandibular, Disk [18-024]
131. Prostheses, Joint, Temporomandibular, Total [17-479]
132. Prostheses, Joint, Toe [16-134]
133. Prostheses, Joint, Wrist [13-168]
134. Prostheses, Larynx [13-159]
135. Prostheses, Ligament [16-242]
136. Prostheses, Mammary, Internal, Gel-Filled [17-855]
137. Prostheses, Mammary, Internal, Inflatable [17-854]
138. Prostheses, Mandibular [16-047]
139. Prostheses, Maxillofacial [13-162]
140. Prostheses, Meningeal [15-961]
141. Prostheses, Muscle [13-164]
142. Prostheses, Nasal, Dorsal [16-036]
143. Prostheses, Nerve Sheath [16-057]
144. Prostheses, Nipple [16-130]
145. Prostheses, Orbital Rim [16-113]
146. Prostheses, Ossicular, Incus/Stapes [16-107]
147. Prostheses, Ossicular, Total [16-108]
148. Prostheses, Penile, Inflatable [17-997]
149. Prostheses, Penile, Rod [17-998]
150. Prostheses, Pericardial [17-800]
151. Prostheses, Radial Head [17-101]
152. Prostheses, Radial/Ulna Head [16-259]
153. Prostheses, Rhinoplasty [16-115]
154. Prostheses, Tendon [13-171]
155. Prostheses, Testicle [13-172]
156. Prostheses, Tracheal [15-050]
157. Prostheses, Tracheobronchial [13-174]
158. Prostheses, Urethral [13-175]
159. Prostheses, Urethral Sphincter [13-176]
160. Prostheses, Zygomatic [16-116]
161. Reconstruction Blocks, Plastic Surgery [16-043]
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162. Reconstruction Sheeting, Plastic Surgery [16-118]
163. Resinous Compounds, Cranial [16-131]
164. Restrictors, Orthopedic Cement [16-126]
165. Root Canal Posts [16-202]
166. Screws, Bone [16-101]
167. Screws, Cranioplasty Plate [16-056]
168. Sheets, Cranioplasty [16-058]
169. Shunts, Arteriovenous [13-586]
170. Shunts, Endolymphatic [16-033]
171. Shunts, Hydrocephalic [16-244]
172. Shunts, Peritoneovenous [13-589]
173. Shunts, Pleuroperitoneal [17-218]
174. Sleeves, Eye Muscle [16-074]
175. Spacers, Tendon [16-102]
176. Staples, Bone, Compression, Heat Reshaping [20-327]
177. Staples, Gastrointestinal/Internal Organ [20-328]
178. Staples, Vascular [20-329]
179. Stent/Grafts, Vascular [18-585]
180. Stent/Grafts, Vascular, Aortic [20-453]
181. Stent/Grafts, Vascular, Aortoiliac [20-454]
182. Stent/Grafts, Vascular, Coronary [20-452]
183. Stent/Grafts, Vascular, Peripheral [20-455]
184. Stents, Biliary [17-672]
185. Stents, Biliary, Metallic [20-419]
186. Stents, Biliary, Metallic, Balloon-Expandable [20-420]
187. Stents, Biliary, Metallic, Self-Expanding [20-421]
188. Stents, Biliary, Polymeric [20-418]
189. Stents, Bronchial [17-957]
190. Stents, Bronchial, Metallic [20-432]
191. Stents, Bronchial, Metallic, Balloon-Expandable [20-433]
192. Stents, Bronchial, Metallic, Self-Expanding [20-434]
193. Stents, Bronchial, Polymeric [20-431]
194. Stents, Colonic [20-449]
195. Stents, Esophageal [17-928]
196. Stents, Esophageal, Metallic [20-443]
197. Stents, Esophageal, Metallic, Self-Expanding [20-444]
198. Stents, Esophageal, Polymeric [20-442]
199. Stents, Laryngeal [20-441]
200. Stents, Pancreatic [17-717]
201. Stents, Pancreatic, Metallic [20-446]
202. Stents, Pancreatic, Metallic, Balloon-Expandable [20-448]
203. Stents, Pancreatic, Metallic, Self-Expanding [20-447]
204. Stents, Pancreatic, Polymeric [20-445]

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


300 SAFE MEDICAL DEVICES FOR CHILDREN

205. Stents, Tracheal [17-448]
206. Stents, Tracheal, Metallic [20-437]
207. Stents, Tracheal, Metallic, Balloon-Expandable [20-438]
208. Stents, Tracheal, Metallic, Self-Expanding [20-439]
209. Stents, Tracheal, Polymeric [20-435]
210. Stents, Tracheal, Polymeric, T-Shaped [20-436]
211. Stents, Tracheobronchial [20-440]
212. Stents, Ureteral [16-040]
213. Stents, Urethral [17-889]
214. Stents, Vaginal [16-041]
215. Stents, Vascular [17-461]
216. Stents, Vascular, Carotid [20-426]
217. Stents, Vascular, Carotid, Self-Expanding [20-427]
218. Stents, Vascular, Coronary [18-237]
219. Stents, Vascular, Coronary, Balloon-Expandable [20-422]
220. Stents, Vascular, Coronary, Balloon-Expandable, Bioactive-Coated

[20-384]
221. Stents, Vascular, Coronary, Balloon-Expandable, Drug-Eluting

[20-383]
222. Stents, Vascular, Coronary, Self-Expanding [20-425]
223. Stents, Vascular, Peripheral [18-238]
224. Stents, Vascular, Peripheral, Balloon-Expandable [20-429]
225. Stents, Vascular, Peripheral, Self-Expanding [20-430]
226. Stents, Vascular, Peripheral, Self-Expanding, Iliac [18-239]
227. Stents, Vascular, Renal Artery [20-428]
228. Stimulators, Electrical, Auditory [18-483]
229. Stimulators, Electrical, Auditory, Cochlear [16-035]
230. Stimulators, Electrical, Bone Growth, Implantable [18-482]
231. Stimulators, Electrical, Brain, Analgesic [16-061]
232. Stimulators, Electrical, Brain, Antiseizure [17-913]
233. Stimulators, Electrical, Brain, Psychiatric Therapy [17-758]
234. Stimulators, Electrical, Brain, Tremor [18-468]
235. Stimulators, Electrical, Cardiac, Myoplasty [18-145]
236. Stimulators, Electrical, Carotid Sinus Nerve, Blood Pressure

[13-768]
237. Stimulators, Electrical, Neuromuscular, Bladder/Bowel Evacuation

[16-029]
238. Stimulators, Electrical, Neuromuscular, Gait, Implantable [18-478]
239. Stimulators, Electrical, Neuromuscular, Grasp [18-475]
240. Stimulators, Electrical, Neuromuscular, Incontinence, Implantable

[17-784]
241. Stimulators, Electrical, Peripheral Nerve, Analgesic, Implantable

[18-473]
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242. Stimulators, Electrical, Spinal Cord, Analgesic [17-241]
243. Stimulators, Electrical, Vagus Nerve, Antiseizure [18-474]
244. Symblepharon Rings [16-073]
245. Tacks, Sacculotomy [16-080]
246. Tissue Reconstructive Materials, Fluid [17-876]
247. Tissue Reconstructive Materials, Solid [16-153]
248. Trial Prostheses, Joint, Hip, Acetabular Component [18-164]
249. Trial Prostheses, Joint, Hip, Femoral Component [18-165]
250. Tubes, Laryngectomy [12-292]
251. Tubes, Myringotomy [15-323]
252. Tubes, Tracheostomy [14-096]
253. Valves, Ear [14-328]
254. Valves, Eye [14-329]
255. Valves, Hydrocephalic [17-090]
256. Washers, Bone Screw [17-856]
257. Wires, Bone [16-104]
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INTRODUCTION

There are several compelling reasons to study the dynamics of device
innovation and evaluation in pediatrics. First, this innovation process has
been much less studied than its counterparts in pharmaceuticals or biotech-
nology, although devices address many of the same critical clinical needs as
drugs. Yet, there are important differences between pharmaceutical and
device innovation, such as the structure of the industry, the role and impor-
tance of academic medical centers, and the degree of ongoing, incremental
innovation that is the hallmark of the device evolution process. In device
innovation, not only does the device undergo incremental change, but there
is also substantial change in the ways in which device recipients are man-
aged, including implantation/insertion procedures, their hospital care, and
outpatient management. Such changes occur both in the pre- and post-
market settings, which raise challenges for the evaluative enterprise.

A second reason to study the device innovation process is that
there are important unmet needs for novel or improved pediatric devices.
These needs differ in many ways from those of the adult population. For
example, children need smaller devices; a growing number of congenital
heart defects require heart valves and occlusion devices sized appropri-
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ately for infants (AAP et al., 2004). Physiologic differences also play a
role; children have higher heart rates, and this may reflect itself in more
rapid calcification of prosthetic valves, which affect the materials used in
these products. Children also have different inspiratory flow rates and
different abilities to coordinate manual tasks. For example, devices for
inhaled administration of drugs need to accommodate timing the activa-
tion of an inhaler with the child’s intake of air. Lifestyle differences also
play an important role for designing devices for children. For example,
cochlear implants have been known to deprogram in response to contact
with plastic playground slides (see Appendix F). Since children’s life spans
are longer, devices that are left in place for long periods of time, such as
cranio-facial prostheses, may show increased rates of polymer plate ab-
sorption. On the other hand, devices may need to be replaced more fre-
quently as they wear out; growing children may require larger devices as
they age (AAP et al., 2004).

A third reason to study this topic is that the evaluation of pediatric
devices offers unique challenges. Similar to devices for use in adults, devices
for use with children are subject to U.S. Food and Drug Administration
(FDA) regulatory requirements. When FDA clearance or approval of a
device requires clinical data, trials may provide important information on
safety and efficacy. However, even the most rigorous trials have inherent
limitations in terms of measuring long-term outcomes (especially in younger
patients) and the ultimate generalizability of their findings. Given the small
patient populations for many pediatric devices, premarket studies are often
single-arm studies or registries as part of a Humanitarian Device Exemp-
tion (HDE) approval process, which may lead to increased uncertainty in
terms of the knowledge gained. The incremental nature of the device inno-
vation process and the inherent limitations of premarket studies argue for
ongoing monitoring and evaluation of the outcomes in widespread clinical
use. Ongoing evaluation is costly, however, and of particular concern in the
realm of pediatric medical devices, where the markets are small and the
economic incentives to innovate weak.

This paper explores these issues in pediatric devices, and, among the
broad spectrum of devices that range from tongue blades to imaging ma-
chines, focuses specifically on the more technologically sophisticated end of
the spectrum. It first reviews the main players in device innovation and the
policy environment in which they operate. It then analyzes the dynamics of
pediatric device innovation and evaluation, and the challenges inherent in
designing and conducting premarket and postmarket clinical trials. The pa-
per concludes with some observations about possible analytical, institutional,
and economic solutions to improving the knowledge base about devices,
while at the same time, fostering much needed innovation in this area.

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


304 SAFE MEDICAL DEVICES FOR CHILDREN

THE PLAYERS IN MEDICAL DEVICE INNOVATION

In today’s knowledge-based economy, medical device innovations arise
within a complex network of public and private sector institutions, includ-
ing universities, national laboratories, and industrial firms (Gelijns and
Thier, 2002). These institutions operate in an environment increasingly
affected by governmental rules and incentives, which, in turn, shape the
interactions among these institutions.

The Medical Device Industry and Its Markets

The Second World War brought about a fundamental transformation
of the medical device industry. Wartime research stimulated many broad
advances in science and engineering, such as microwaves, radar, ultra-
sound, and new materials. In the late 1940s, the transistor was invented—
ushering in the era of low-power electronics and microelectronics (Gelijns
and Rosenberg, 1998). These would prove to be of great benefit to the
development of medical devices and had much to do with the post-war
growth of the industry. Over the past few decades, the medical device
industry has expanded dramatically. By 1992 there were roughly 1,700
different types (not including model variations) of medical devices, devel-
oped by approximately 10,000 to 11,000 device firms, either domestic or
foreign, operating in the United States (FDA, 1992). By 2001, the number
of firms had increased to about 16,000. These firms introduce over 7,500
new and modified products into health care annually; the vast majority of
these, however, fall into low-tech medical equipment categories (Feigal,
2003).

The medical device industry is a highly fragmented industry consisting
of start-ups and giant corporations. In 2001, 67 percent of publicly traded
medical device firms had fewer than 20 employees, and only 6 percent had
more than 500 (U.S. Department of Commerce as referenced in AdvaMed,
2004). The role played by firms of different size on the medical device
industry is not entirely clear, although it is often asserted that small firms
play a disproportionately large role in making the initial innovations (Lewin
Group, 2000). These companies are research focused, specializing in the
“front end” of R&D. Perhaps not surprisingly, a study by the Wilkerson
Group concluded that “nearly all significant new and innovative products
and procedures were pioneered by start-up companies.” Indeed, in their
survey they cite 29 major advances in therapy, all of which are attributed to
start-ups (Wilkerson Group, 1995).

By comparison, large firms are crucial in determining the eventual
commercial success of new devices (NAE, 2003). Their organizational as-
sets include the following. First, they have an ability to navigate the com-
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plex regulatory requirements surrounding the introduction of new products
into health care. Firms build skills in managing clinical trials and serving
the needs of regulatory agencies over time through multiple product filings.
Second, large companies often have considerable skills in manufacturing
and marketing. First-mover advantages are not always of primary impor-
tance to eventual success in the marketplace when new technologies possess
certain significant commonalities with earlier ones (e.g., magnetic reso-
nance imaging [MRI] with computer tomography [CT] scanning). Although
the large multinational firms often entered the MRI field late, they quickly
traversed the ground already covered by pioneering small firms, and as-
serted their skills in marketing and servicing, as well as their already estab-
lished reputations in the CT field, to assume dominant positions in MRI
(Gelijns and Rosenberg, 1998; Trajtenberg, 1990). Third, these companies
understand the purchasing patterns of multiple stakeholders in a complex
hospital environment. Hospitals prefer to contract with a limited number of
suppliers, and so device companies need to offer a full product line of
compatible products to meet buyers’ needs. As such, large companies have
a clear advantage over small companies who may manufacture only one
device.

The global medical devices market has more than doubled since 1991,
when the worldwide market was about $70 billion (The Lewin Group), to
$169 billion in 2000 (AdvaMed, 2004). The United States market accounted
for 43 percent of the 2001 total.1 Although it has been declining in recent
years, the United States has long run a positive balance of trade in medical
device categories (in 2002 this surplus averaged about $3.3 billion; U.S.
International Trade Commission). The market can be subdivided into vari-
ous broad segments (Wilkerson, 1995). These include specialty devices and
implantable products, medical and surgical supplies, imaging systems and
other equipment (such as patient telemetry monitoring), in vitro diagnos-
tics, and, the more recently expanding, health information systems seg-
ment. According to current estimates, the demand for medical devices is
expected to grow, with the domestic demand for implantable devices
expected to exceed $24 billion by 2007, up from $8.7 billion in 1997
(Freedonia Group, 2003). But within these apparently large markets, com-
panies capture relatively few sales from any single product. Even “block-
buster” products in this industry rarely exceed $100 million. The medical
device industry is very dynamic, characterized by short product life cycles.

1Because the U.S. medical device market is a vital part of the global device market, all
major firms throughout the world participate in the U.S. market: most leading foreign firms
have U.S. sales subsidiaries, and many also have extensive research and manufacturing activi-
ties in the U.S. In the same way that many foreign firms participate in the U.S. medical device
market, most major U.S. firms sell goods throughout the world.
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Patents provide less protection than in pharmaceuticals, and competitors
are able to invent around existing patents. Consequently, research activity
is intense, with 11.5 percent of sales invested in R&D for all device firms
(Figure C.1), and probably up to 18 percent of sales reinvested in R&D by
the more innovative firms, a figure comparable with that of pharmaceutical
companies (AdvaMed, 2004).

There is a paucity of data on the universe of medical device firms
manufacturing pediatric devices and the size of these markets. Children
represent about 30 percent of the population and less than 12 percent of
personal health care spending (NACHRI, 2001). Looking at the total num-
ber of hospitalizations in 2000, there were 36,417,565 for adults and
3,501,901 for children other than normal newborns—about 10 percent of
the adult population (NACHRI, 2001). Of course, the spectrum of hospi-
talizations in children differs from adults, and may not involve therapeutic
devices in the same proportion as in adult hospitalizations. Indeed, pediat-
ric medical device markets are typically very small. For example, the market
for left ventricular assist devices (LVADs) for children over 6 years of age is
expected to be around 150–200 devices annually.2

Universities and Their Academic Health Centers

The private sector relies heavily upon an infrastructure of institutions
and research activities within the academic realm (Gelijns and Rosenberg,
1999). Research universities are key players in the medical device innova-
tion system, with advances in physics, materials sciences, optics, analytical
methods, and computer science often being generated in departments of
physics, chemistry, computer sciences, or engineering schools. Moreover, in
recent decades bioengineering research has emerged as a separate discipline,
with 70 universities and colleges offering bioengineering degrees in 1998
(NAE, 2003).

Within universities, academic medical centers (AMCs) play a particu-
larly important role in the development of medical devices. Around the
country, academic medical centers may have a slightly different organiza-
tional structure, but they are generally comprised of a medical school, its
teaching hospital, a potential network of affiliated hospitals, and a nursing
school. An academic medical center may also involve a school of dentistry,
a school for allied health professionals, and a school of public health. These
complex, multifunctional organizations have a three-pronged mission:
(1) they train clinicians and biomedical researchers and, thereby, shape the
distribution of medical skills and specialties; (2) they provide advanced

2From personal communication with Betty Russell, Chief Operating Officer, Micromed,
Inc.
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specialty and tertiary care, and as such are early adopters of the “latest” in
technology. With a large patient population, a wide referral base, and a
research-oriented attending staff, academic medical centers also attract pa-
tients with rare diseases, making them an ideal place to develop and test
new devices and orphan drugs; and (3) they conduct a whole range of
biomedical research activities, ranging from laboratory-based fundamental
research to population-based clinical studies. Such evaluative studies may
yield clinical data that may provide support for FDA approval, coverage by
payers, and postmarket surveillance of pediatric devices. There are around
250 children’s hospitals in the United States, which account for a substan-
tial percentage of all National Institutes of Health (NIH)-funded pediatric
research (NACHRI, 2001). Almost all of these centers participate in clinical
trials and health-related research, and about one-third of these centers have
child health research centers where interdisciplinary research is conducted
(NACHRI, 2001).

In the United States, AMCs, and basic biomedical research in particu-
lar, have been major beneficiaries of post-war science policy. The research
budget of NIH was nearing $30 billion in 2003, and nearly 80 percent of its
extramural monies are spent in AMCs, providing strong support for their
research enterprise.3 At the same time that biomedical research spending
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FIGURE C.1 Medical device R&D spending as a percent of sales.
SOURCE: S&Ps Compustat. Data from publicly traded companies. From Adva-
Med (2004).

3Award data available at: http://grants.nih.gov/grants/award/award.htm. Accessed 3/9/2005.
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increased significantly in the post-war years, health insurance coverage of
the American people expanded, which has paid AMCs handsomely for
their patient care and educational activities. There is a close interdepen-
dence, as we will explore, between AMCs and device firms throughout the
different stages of the innovation process. These close university–industry
interactions were also fostered by public policy, such as the creation of the
Bayh Dole Act in 1980 (P.L. 96–517), which provided incentives to patent
and license the findings of publicly funded research.

THE POLICY ENVIRONMENT

The government plays a multifaceted role in the device innovation
process. It supports medical R&D, regulates the marketing approval of new
devices and provides postmarket oversight. It also pays for clinical interven-
tions through Medicare, Medicaid, and numerous other benefit programs.

Federal Support for Research and Development

Federal support for R&D in medical devices flows through multiple
institutional and disciplinary channels. Although the majority of medical
device-related R&D funds are spent in AMCs, federal agencies also fund
basic and applied research in academic science departments and engineer-
ing schools, federal laboratories, and industry proper.

Compared to other countries that are members of the Organisation for
Economic Co-operation and Development, the United States spends the
largest amount of its overall research budget in the life sciences (over 50
percent). The largest single medical research funding agency is the NIH,
and most of its nearly $30 billion budget is spent on extramural research in
AMCs, particularly in non-human bench research. In 2003, NIH funding of
children’s hospitals and pediatric departments was approximately $961
million.

Only a small portion of the NIH budget is used to create opportunities
for the development of devices. In 2000, NIH created the National Institute
for Biomedical Imaging and Bioengineering (NIBIB) “to improve health by
promoting fundamental discoveries, design and development, and transla-
tion and assessment of technological capabilities” (NIBIB, 2005). NIBIB’s
fiscal year 2004 budget was over $288 million (DHHS, 2004).

The pre-existing NIH institutes also have device R&D programs, in-
cluding programs specifically for children. A case in point is the National
Heart, Lung, and Blood Institute (NHLBI). The NHLBI created the artifi-
cial heart program to support the development of a family of devices to
assist the failing heart and to rehabilitate patients with heart failure. In
2003, the NHLBI requested proposals to develop novel circulatory assist
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devices for infants and children. This followed the recommendations of a
NHLBI task force to invest more funds in the area of pediatric cardiovascu-
lar disease (NHLBI, 2002). They also recommended establishing a clinical
trials network to implement multi-center, randomized studies for assessing
new and emerging therapies. Part of the network’s charge is to create
registries for the longitudinal follow-up of children, which would address
late risk of specific heart defects and treatments.

In 2000, Congress passed the Children’s Health Act of 2000 (P.L. 106–
310), which created the Pediatric Research Initiative to be housed within
the Office of the Director of NIH. The objectives were to increase support
for pediatric research, strengthen collaborative efforts among institutes and
centers, and speed development of pediatric clinical drug trials. No new
funds were appropriated by Congress, but the Office of the Director allo-
cated $5 million for the initiative from its discretionary account for one
year only (FY2002). (According to an analysis by Gitterman and colleagues,
between 1998 and 2005 when the NIH budget doubled, pediatric spending
by NIH increased by an average annual rate of 12.8 percent compared to an
overall NIH average growth rate of 14.7 percent. The proportion of the
total NIH budget devoted to the pediatric portfolio declined from 12.3
percent to 11.3 percent.)

Regulation

The FDA is charged with the formidable task of approving medical
products as they enter the market and regulating devices in the postmarket
period. Broadly speaking, the Medical Device Amendments of 1976 ex-
panded the FDA’s responsibility in this field, with the intention to ensure
that new devices brought to market were both safe and effective. It divided
medical devices into three classes, with high-risk devices (i.e., devices that
are life-supporting or sustaining, that are of substantial importance in pre-
venting impairment of health, or that have a potential for causing risk of
injury or illness) being grouped in Class III. These Class III devices, about
10 percent of all devices, must demonstrate safety and efficacy in clinical
trials before the FDA grants marketing approval.4

4Class I devices include instruments that do not support or sustain human life (e.g., stetho-
scopes), and do not present an unreasonable risk of illness or injury. Class II devices include
x-ray machines and other devices that pose some risk. Over 90 percent of devices fall into
Class I and Class II devices. Finally, Class III devices pose the highest level of risk; examples
include left ventricular assist devices (LVADs), DNA probes, or laser angioplasty devices. Any
device introduced since 1976 is automatically placed in Class III unless the sponsor success-
fully petitions the FDA to reclassify it as “substantially equivalent” to a device that was on
the market before the amendments took effect. Demonstration of this equivalence through
a 510(k) submission, is provided by descriptive, performance, and sometimes clinical data.
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FDA regulation of medical devices has been undergoing significant
change. The introduction of the Safe Medical Devices Act of 1990, for
example, established new requirements for premarket, as well as post-
market studies. As far as premarket studies are concerned, device manufac-
turers are now required to conduct more rigorous studies with appropriate,
and where possible, randomized controls. In the area of postmarket surveil-
lance, a number of separate mechanisms exist for collecting data. Device
manufacturers as well as health care providers must submit adverse event
reports to FDA if a device may have caused or contributed to a death or
serious injury. In the case of high-risk devices, companies must keep track
of patients, and, in certain cases, the FDA requires post-approval clinical
studies to detect possible risks associated with device use, as well as to
provide information on effectiveness. The changes incorporated in the Safe
Medical Devices Act should encourage higher quality device evaluations
and provide more useful information about safety and efficacy. At the same
time, some of these changes also have important consequences for the
timely introduction of new medical devices to market, and for the degree of
financial risk and costs associated with the innovation process.5

For some Class III devices, especially those targeted to a narrow market
such as is often the case in pediatrics, gathering sufficient evidence for pre-
market approval may be a lengthy and/or risky process because of the small
number of affected patients. Therefore, for diseases that affect fewer than
4,000 people per year in the United States, the FDA may grant a Humani-
tarian Device Exemption. An approved HDE allows for marketing of these
devices without the rigorous clinical and non-clinical PMA effectiveness
requirements, provided that there is no alternative device, the device would
otherwise not be available, and the manufacturer shows that reasonable
safety and probable benefit to the patient outweighs the risk of injury or
illness. An approved HDE authorizes limited marketing of a Humanitarian
Use Device (HUD) (FDA, 2001). There have been 130 HDE applications
since the inception of the HDE program, but only 30 have been approved.
Manufacturers are not allowed to make profits on these devices; they may

To support marketing approval decision for a Class II device, or in some instances a 510(k)
submission (about 10 percent of submissions), a sponsor must conduct clinical studies. If a
device poses a significant risk (Class III), the sponsor must submit a request for an Investiga-
tional Device Exemption (IDE) to the FDA. Following clinical studies, a device may be ap-
proved for marketing through a so-called premarket approval decision (PMA).

5In the early 1990s, FDA review times for IDEs, PMAs, and 510(k) submissions were long,
and the agency had a considerable backlog. The FDA subsequently reorganized its device
branch, and the FDA Modernization Act (P.L. 105–115, also known as FDAMA) was intro-
duced in 1997. FDAMA is a wide-ranging piece of legislation, which attempts to move
resources within the agency from relatively low-risk to relatively high-risk areas, specify the
requirements for clinical device trials, and so on. As a result of changes within the agency, the
backlog has diminished substantially and review time improved considerably.
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only recover the costs of production. Currently, there are six active HDEs
for pediatrics, including the LVAD, a heart valve, bladder stimulator, and
fetal bladder stent, gastric stimulator, and cultured skin. Table C.1 list
some representative pediatric devices approved for marketing or as part of
an HDE.

TABLE C.1 Some Recently Approved Devices Tested for Use in
Childrena

Device Ages Category

† β Vertical Expandable Not for use in children younger Prostheses
Prosthetic Titanium Rib than 6 months of age or after
(VEPTR) skeletal maturity (about age 14

for girls, 16 for boys)

† β DeBakey VAD® Child For children aged 5 to 16 Heart Devices,
years Ventricular

Assist Device

† β Contegra® Pulmonary For children under age 18 Heart Devices,
Valved Conduit, Models Heart Valves
200 and 200S

Medtronic Activa® Dystonia For children aged 7 and older Stimulator
Therapy

Mentor Saline-Filled Tested in adults and children Prostheses
Testicular Prosthesis 0.5 to 17 years of age

†AMPLATZER® PFO Tested in adults and children Heart Devices
Occluder aged 11 and older

†AMPLATZER® Septal Tested in adults and children Heart Devices
Occluder 7 months of age and older

NNMT Medical, Inc. Tested in children 4 months Heart Devices
CardioSEAL Septal Occlusion of age and older
System with QwikLoad

β Deflux Injectable Gel For children 1 year of age Urology,
and older Vesicoureteral

Reflux

GlucoWatch G2 Biographer For children aged 7 to 17 Glucose Monitor-
ing Device

Nucleus 24 Auditory For children 12 years of age Auditory Implant,
Brainstem Implant System and older Brain Stimulator,

Hearing Devices,
Stimulator

NOTE: † Denotes device approved under the Humanitarian Device Exemption (HDE) Pro-
gram. β Denotes device approved for use in pediatrics only.
aDevices approved since October 2000.
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Reimbursement

Decisions about medical coverage and reimbursement for use of pediat-
ric devices are made primarily by individual state Medicaid programs and
by commercial health insurance companies. These decisions influence not
only the quality of health care for children, but also the innovation process,
marketing, and availability of devices for children. Absence of or insuffi-
cient reimbursement for a pediatric procedure or the costs of devices used
during the procedure is often a significant barrier in development of a new
pediatric device.

Within the Medicaid program, each state may develop its own benefit
package (covering services that are deemed “reasonable and necessary”)
and set reimbursement rates within the broad framework of the 1965 Social
Security Legislation and federal regulations. In doing so, some states use
coverage decisions made by the Medicare program, while others have their
Medical Directors make state-specific policies for coverage or use guide-
lines developed by commercial insurance companies in their regions. Until
recently, few commercial payers (with some notable exceptions such as the
Blue Cross and Blue Shield process) provided clear descriptions in their
contracts of how coverage decisions were made, and there was no system-
atic process for gathering input from clinicians and consumers. In recent
years, however, commercial payers are increasingly basing their coverage
decisions on both clinical and economic evidence.

Following a coverage decision, billing codes are a necessary, critical
pathway for reimbursement of services and procedures and the use of pedi-
atric or other devices. The coding system, which was primarily designed for
general use, often doesn’t contain specific codes for pediatric devices, which
may have different development and production costs than adult devices.
This increases the risk of inadequate reimbursement for pediatric devices,
which is a disincentive for innovation. Until recently, the coding revision
and coverage decision process did not have input from Medicaid programs.
The newly created system of public consultations to inform this process will
also need to include pediatric providers, advocates for children with device
needs, and device manufacturers to ensure that information that could
affect pricing is taken into consideration.

Finally, if a code exists or is created for devices used with children,
decisions by payers to set a reimbursement level vary and are subject to
political pressures and negotiations. A recent Centers for Medicare and
Medicaid Services (CMS) decision expanded the coverage of an implantable
cardioverter–defibrillator (ICD) coupled with a requirement for develop-
ment of additional evidence through large-scale, prospective, observational
studies or registries (McClellan, 2005). Further characterization of the sub-
groups for which the device would be beneficial and of the real-world
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clinical outcomes will add further information to allow the CMS to use
public funds more effectively. A challenging task would be to link reim-
bursement decisions to postmarket surveillance of pediatric devices since it
will require coordination of multiple state-operated Medicaid programs
and commercial payers.

THE DYNAMICS OF DEVICE INNOVATION

The device innovation cycle can be seen to consist of various, partly
overlapping, stages. These stages include research in the physical sciences
and engineering, human physiology and pathophysiology; the development
of novel product ideas, device prototypes, and manufacturing methods; the
evaluation of devices in animals and humans; the modification of existing
products; and the discovery of new indications for use. Generally, the devel-
opment of a new device prototype is driven by the conjoining of new
technological capabilities with the perception of unmet clinical needs.

Because the markets for medical devices are often fragmented and rela-
tively small, the medical device industry has historically not invested heavily
in basic research. In fact, the medical device industry often has been heavily
dependent on scientific and technological capabilities that have been devel-
oped in other sectors of the economy. Medical device innovation exploits
research and new technological capabilities and components that have been
developed by universities, the military, the electronics industry, and a range
of firms manufacturing essential, specialized materials, such as high-quality
glass for fiber optics or inert materials for prosthetic devices. In addition to
these developing technological capabilities, new insights into human physi-
ology and pathophysiology have become increasingly central to the devel-
opment of new devices. Understanding the electrophysiology of the heart,
for example, has been critical for designing a pacemaker or implantable
defibrillator, as is circulatory physiology for designing artificial hearts and
circulatory assist devices. Similarly, renal physiology has been crucial in
elucidating the pharmacodynamics and pharmacokinetics of hemodialysis,
which, in turn, has contributed to the development of improved dialysis
machines. These insights often have been generated in academic medical
centers.

Development of Device Prototypes

The development of a new device prototype can occur either in industry
or in a clinical setting, most often an academic medical center. Clinicians
and academic researchers not only identify the need for a new device or for
improvements in existing devices, but they may also be the innovators and
builders of the original prototype because of their role as sophisticated
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users. The importance of academic faculty in the development of device
prototypes has been documented for a whole range of devices, such as the
automated clinical chemical analyzer, renal dialysis machines, intrauterine
devices, catheters, laparoscopes, fiber-optic endoscopes, and MRI machines
(von Hippel and Finkelstein, 1979; Shaw, 1987; Gelijns, 1991; Gelijns and
Rosenberg, 1995, 1998).

In the pediatrics realm, the Vertical Expandable Prosthetic Titanium
Rib (VEPTR) is a recent device created by a practicing orthopedic surgeon.
Dr. Robert Campbell recognized the need to insert a rib spacer to avert
respiratory failure and early death in children with thoracic insufficiency
syndrome from spinal and chest wall deformities (FDA, 2004a; Sansom,
2004). The device, which is curved, is inserted between ribs and allows the
lungs to expand to a larger thoracic volume. As the child grows at roughly
6-month intervals, the device can be expanded through a simple outpatient
surgery. The titanium rib has been implanted in children as young as 6
months of age, and is ideally left in place until the respiratory system is
close to maturity. This surgically implantable device, which has been used
under an HDE status, gained FDA approval in 2004 after it was used in
approximately 250 children.

If initially developed in academia, innovators often discover that they
are unable to advance the project because critical, enabling technologies are
missing or are too technologically specialized to develop within the labora-
tory or elsewhere in the university. It is at this point that a partnership is
often formed between the academic researcher and an industrial firm, which
has the applicable technological expertise and interest in the proposed
application.

Most devices are evaluated in animals and undergo bench testing be-
fore they are used in clinical testing. The reliability of the pediatric LVAD,
for example, is generally tested in mock loop systems, and pre-clinical
testing of the device, depending on the age of the recipient, can be done in
dwarf pigs or calves.

Premarket Clinical Evaluation

Following bench and animal testing, some Class II and all Class III
devices enter the stage of human evaluation. The clinical data generated by
such testing form the basis for obtaining FDA premarket and payer cover-
age approval, and thereby lead to widespread market access. A small per-
centage of devices (i.e., Class III devices and a small subset of 510(k)
devices) require rigorous safety and efficacy evaluation. As a result, a mod-
est but growing number of devices undergo randomized, controlled trials or
other prospective comparative studies. In recent years, clinical trial spend-
ing on devices by industrial firms has been growing substantially.
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Clinical Trials Organizational Infrastructure

One can divide up the clinical trials infrastructure into organizations
that coordinate the activities of clinical trials and those that actually pro-
vide the patient care, that is, clinical sites that conduct clinical trials. Device
manufacturers, academic medical centers, and contract research organiza-
tions (CROs) all are engaged in clinical trials coordination, and each offers
different strengths to the process. Device manufacturers have the greatest
familiarity with the engineering and scientific principles of the devices, but
few firms are large enough to have the personnel to design, conduct, and
analyze trials. Moreover, they have financial interest in the outcome of
studies, which might influence the credibility of the results. Academic medi-
cal center faculty has also been involved in the design, conduct, and analysis
of clinical trials. However, during the last decade, contract research organi-
zations have captured part of this market (Moskowitz, 2003). CROs are
private, for-profit organizations that are engaged in the management of
clinical trials, including protocol design, patient recruitment, data collec-
tion, data management, monitoring, and analysis. CRO usage among the
medical device industry is not common; only 13 percent of medical device
firms employ CROs (whereas 90 percent of drug firms use CROs), and few
CROs have extensive experience conducting implantable device trials
(Centerwatch, 2005).

Academic medical centers, community-based hospitals, and practices
can be venues to enroll and treat patients, and collect data on their out-
comes. Academic medical centers have traditionally been involved with the
testing of prototype devices and have served as the source of patients for
more involved clinical trials. In particular, they are the venue of care for
more complex patients, which is common among patients who need im-
plantable devices and invasive procedures.

Clinical Trial Design and Its Challenges

There is a spectrum of research designs employed in testing pediatric
devices, ranging from randomized comparative trials to single-arm studies
with historical controls. The first stage of clinical testing is usually a single-
arm, prospective study in a diseased population to assess the feasibility of
use in humans. These studies are generally small in size, and they provide
only preliminary evidence about short-term safety and efficacy. The major
value of these studies is that they offer prima facie evidence for designing
larger-scale, pivotal trials. Optimally, these pivotal trials would be random-
ized or otherwise appropriately controlled studies and would incorporate a
spectrum of endpoints. Over the past 20 years, there has been a transition
from intermediate, physiological endpoints to more clinically relevant pa-
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tient outcomes, such as survival, functional capacity, and quality of life.
The advantage of the trend toward more clinically relevant outcome mea-
sures is that clinical and economic decision making is enhanced; the draw-
back is that it generally takes longer periods of observation to achieve these
measures of outcome.

In comparison to pharmaceutical trials, device trials must contend with
unique ethical, logistical, and methodological challenges. A major constraint
in designing pediatric trials can be found in patient recruitment. In general,
pediatric diseases are low prevalence, affecting the ability of researchers to
recruit a sufficient number of participants in a reasonable period of time.
Given the small market potential for many pediatric devices, there is already
little economic incentive to pursue the development of new pediatric devices.
This is compounded by the increased development costs associated with
having to conduct comparative trials with large sample sizes, which would
require a greater number of clinical centers or a longer enrollment period to
capture the needed trial population. When randomized or other prospectively
controlled studies are not feasible within a reasonable time frame, the FDA
allows single-arm studies that use objective performance criteria derived from
prior studies. Alternatively, they may allow comparative studies with a greater
chance of a random variation error or, in other words, accept a higher
p-value to establish statistical significance.

Another challenge, in comparison to pharmaceutical trials, is choosing
the right time to take a device into the pivotal trial stage. A pharmaceutical
compound generally does not undergo substantial change as it progresses
through the various phases of clinical trials, except that development may
be discontinued if the profile is undesirable, and a modified compound may
enter pre-clinical and phase I trials. Devices, however, undergo extensive
modifications and refinements during the clinical evaluation stages. These
modifications are not only in the device itself, but also in the clinical man-
agement of a patient with a device. A case in point is the REMATCH trial,
which evaluated the efficacy and safety of a left ventricular assist device for
long-term therapy of end-stage heart failure patients. During this trial,
various changes were implemented, such as a modification of the driveline,
the introduction of a locking screw ring to prevent detachment of the
blood-transport conduits to and from the pump, and a clinical protocol to
better prevent and manage driveline infections with antimicrobial agents
and laminar flow operating rooms. Such modifications in the device or
clinical management can be accommodated in the design of clinical trials.
In the REMATCH trial, for example, there was no change in the predeter-
mined sample size (Rose et al., 2001). If, however, the device design or
clinical management change offers a substantial change in the measures of
outcome, additional patients may need to be recruited to accommodate
specific subgroup analyses.
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Once the optimal time to begin a pivotal clinical trial is established,
decisions concerning which venue and which clinicians to engage in testing
a particular device can have a major effect on how the results of the trial
will be interpreted and whether the device achieves broader usage. In con-
trast to pharmaceuticals, the efficacy of a surgically implanted device can be
linked to the skill of the implanting surgeon. If there is substantial variation
in skill among trial investigators, the results of the trial may be difficult to
interpret. A positive average outcome for the experimental therapy may
only be positive because of a few exceptionally well-skilled clinical sites,
and a negative average outcome may only be negative because of a few,
poorly skilled clinical sites. Clinical researchers must be on the guard for
such outcomes. Trials typically offer a separate randomization scheme for
each clinical site so that each site is balanced with respect to the number of
experimental and control patients that they treat. Moreover, examining the
effect of study site on the primary outcome is a routinely performed analyti-
cal step. One strategy to assure uniformity of skill is to engage in a pilot
trial or run-in period, which will not be counted in the final analysis.
Another is to limit participation to individuals that have a particular skill
level. Conducting a trial in a highly specialized center with unique surgical
expertise may result in a successful trial, but may not be generalizable to
widespread usage or provide useful information on the economic value of
using the device in less specialized centers.

Pediatric patients are considered a vulnerable population in the context
of conducting clinical research. Research that presents more than a minimal
risk without the chance of direct benefit to the child is unlikely to be ap-
proved by an Institutional Review Board (IRB). Those trials that are ap-
proved involve special considerations regarding the informed consent pro-
cess. Only the parent or legal guardian has legal standing for signing a
statement of informed consent for a minor (the age cut-off varies by state).
However, older children, who have the capacity to understand the activities
involved in trial participation, need to give their assent for the participation.

Blinding, an important technique for controlling observational bias
when evaluating the safety and efficacy of a new clinical intervention, is an
issue in invasive or implantable device trials. Obviously, it is impossible for
the clinician that implants a device to be blinded. Patient blinding is usually
not possible when the comparative therapy is not a device. Thus, random-
ization is more of a problem in device trials because of the lack of blinding.
This is true in particular when there is a life-threatening illness. Here both
patient (their family) and physician will have expectations that the device is
their best hope and would be devastated to learn, up front, that they would
not receive the preferred therapy. This could deter some patients and physi-
cians from entering into a device trial, while others might enroll but seek
treatment outside the protocol if they didn’t receive the therapy they wanted.
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This might lead to a loss-to-follow-up or out-of-protocol crossover, which
could ruin a small-scale trial. The ethical dilemma here is heightened when
there are no alternative therapies and assignment to a control arm means
essentially no therapy (Moskowitz et al., 1997).

Measuring survival in trials that compare devices and medical therapies
poses methodological challenges. When device therapy involves a high up-
front operative risk, but subsequently a reduced mortality compared to the
control group, the survival curves are likely to cross. Analyzing the differ-
ences between such curves depends on the analytical method chosen and
the time frame of the analysis. Most analytical methods (e.g., log-rank,
Wilcoxon test) average risk over the follow-up period. So, extending or
reducing the follow-up time has the potential to reverse the ordering of
relative efficacy because less or more weight, respectively, will be given to
the mortality in the peri-operative period (Rose et al., 1999).

Measuring the effects of treatment on children’s quality of life is a more
complex task than for adults, largely because children are developing
(Rosenbaum and Saigal, 1996). Any assessment of functional status must
be performed in a developmental context. Key aspects of quality of life
(such as physical, emotional, and social function) develop rapidly as the
child ages, which means that a group of questionnaires must be developed
that are specific for an age group. Similarly, age-adjusted normative values
are needed to put the measured values in the context of the general popula-
tion. For younger children at an earlier stage of intellectual development,
investigators must rely on parents or caretakers to act as proxies for direct
patient-based responses. Despite these challenges, there has been consider-
able progress in the field of quality of life assessment for children, with new
survey instruments, both generic and disease-specific, being developed and
validated in a range of pediatric conditions (Drotar, 1998; Eiser and Morse,
2001; Koot and Wallander, 2001).

Assessment of the economic value of devices is challenging in pediatric
populations for many of the same reasons that it is difficult to assess clinical
outcomes. The small patient populations that frequently result in single-
arm studies or registries hamper not only the identification of treatment
effects, but also leave the assessment of cost-effectiveness without a com-
parator. The short-term nature of many randomized trials makes it difficult
to accurately assess the long-term economic impact of treating a particular
patient population for the individual payer. Economic analyses typically
use outcomes such as costs per life year saved or quality-adjusted life-year
(QALY) saved, which require survival projections. In the case of children
with long life expectancies, these projections are more difficult to make
and, consequently, involve greater uncertainty. Moreover, the tendency to
conduct pediatric device trials in highly specialized treatment centers makes
it difficult to infer the economic value of the use of devices in less special-
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ized centers. In recent years, there has been an increase in economic evalu-
ations for pediatric populations. Ungar and Santos (2003) created a pediat-
ric economic database and documented a 7-fold increase in publications
between 1980 to 1984 and 1995 to 1999. Currently, the database contains
over 1,000 citations of full economic evaluations from January 1980 to the
end of December 2003. However, searching the database for device-related
economic evaluations, we found only 30 citations analyzing 11 different
device categories (e.g., cochlear implants, amplatzer catherization tech-
niques for occlusion of atrial septal defects, and laparoscopic spelenectomy).
Most of these evaluations were conducted in the last 5 years, indicating an
emerging trend.

In short, rigorous trials can provide important evidence about the
efficacy, safety and—more recently—the economic impact of new pediat-
ric devices. Regulatory decisions then have to combine this empirical
evidence with qualitative judgments about the acceptability of the trade
offs between benefits and risks associated with new technologies, and
payers have to combine the empirical evidence with qualitative judgments
about the acceptability of the trade-offs between benefits and costs. Such
trade-offs depend upon the disease context and available alternatives, the
preferences for the outcomes at stake, and the amount of uncertainty in
achieving them. Given that premarket trials are based on a sampling
process, there will always be uncertainties. Attempting to eradicate uncer-
tainty is impossible, and attempts to bring the level of uncertainty down
to minute levels would be costly in terms of the time and expense of the
premarket development process, as well as the indirect expense of holding
off a promising therapy from patients. Diminishing these uncertainties
will require widespread clinical use and analyzing the outcomes in the
postmarket setting.

Adoption of a New Device, Feedback, and Continued Innovation

The adoption of a new device in widespread clinical practice does not
signal the end of the development process. In fact, widespread use is typi-
cally a prerequisite for garnering insights about the technology that provide
important feedback to the R&D sector, either in industry or academia,
about necessary improvements to optimize ease of use and the associated
outcomes. These second-generation devices then re-enter the cycle of pre-
clinical and clinical evaluative studies.

Ongoing innovation, however, does not only take place in R&D labo-
ratories, but also in clinical practice itself. A common phenomenon is that,
with further experience, improved strategies of managing patients with a
device may emerge, including changes in the operative intervention, post-
operative management, and outpatient care. In addition, the selection of
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patients tends to change and expand. An interesting example can be found
in laparoscopic surgery. Consider the transition from open surgical proce-
dures to minimally invasive surgical approaches. These laparoscopic proce-
dures tend to minimize post-operative pain and recovery time, and may
reduce the treatment cost per patient. As a result, the target population for
these procedures has expanded. Often this includes less sick patients for
whom the risks of the procedure are now acceptable or sicker patients who
initially were too risky to be candidates. This potential to expand the target
population suggests that elasticity of demand for medical services is greater
than commonly supposed.

In addition, totally new indications for use may emerge from the appli-
cation and mastery of seemingly routine practices. Most medical devices
achieve new indications by transfer from one organ system to another,
although these transfers often require design modifications. The first
endoscopes, for example, were used for cystoscopy early in this century. In
the 1960s, after the development and introduction of fiber-optics, gas-
trointestinal endoscopy and gynecological laparoscopy became well estab-
lished. A further extension of endoscopy depended on the eventual joining
of television cameras to the scope, which facilitated their use in procedures
such as arthroscopy. Widespread use is often a precondition for identifica-
tion of these new uses, and clinical practice itself is a central source of
medical innovation. “Learning by doing” in clinical practice, which may
suggest modifications in the technology and the design of confirmatory
trials, is widespread and confers broad health and economic benefits. A
study of the top 20 blockbuster drugs from 1993 found that secondary
indications exceeded 40 percent of revenues, and that a similar pattern held
for medical devices (Gelijns et al., 1998)

Postmarket Evaluation

There are various reasons, as suggested above, why it is important to
collect outcomes data in the postmarket setting. Premarket trials have lim-
ited time frames and seldom measure long-term effectiveness or safety. In
pediatric clinical trials, the long life expectancy of children offers ample
opportunity for late consequences of a disease, or treatment, to develop,
which may be unknown at the time of treatment. The delayed consequences
of radiation treatment of the face for teenage acne, for example, were only
seen decades after treatment as an increased incidence of thyroid cancer.
Trials also intentionally limit patient heterogeneity and, therefore, may not
be generalizable to all potential recipients, who will receive the device in the
postmarket setting. Moreover, premarket trials are often conducted in spe-
cialized centers, and as the device disseminates to other participants, the
outcome parameters may change.
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The iterative nature of medical device development argues for contin-
ued monitoring of devices as they are used in general clinical practice. There
are various ways in which postmarket data can be collected. Mandatory
and voluntary reporting of device-related deaths and serious adverse events
to the FDA by manufacturers and clinicians has been plagued by
underreporting. As part of the voluntary reporting system, the FDA has
been implementing the MedSun system since 2002, an Internet-based pilot
reporting system, comprised of over 180 hospitals and nursing homes.

The FDA could also mandate more postmarket studies or registries as
part of the PMA approval. Clinical trials in the postmarket setting may
differ substantially from premarket studies in their target populations, end-
points, and comparison groups. While FDA-related trials in the premarket
setting may utilize a placebo control group (although not often with de-
vices), postmarket studies are more concerned with comparisons between
alternative treatment options. Postmarket studies are more apt to use a
general practice setting than “centers of excellence” and to expand the
target population beyond those seen in premarket studies. Moreover, they
are more likely to include a broader range of outcomes, including func-
tional status, quality of life, and economic endpoints facilitating much more
accurate and meaningful estimates of the cost-effectiveness of new treat-
ment options.

Specialty societies or regional authorities might also independently
initiate such registries. For example, consider ECMO or extracorporeal
life support (ECLS), which is a modified form of cardiopulmonary bypass,
used in children and adults (Zapol et al., 1979). As the use of ECMO
gained in popularity in 1984, the Neonatal ECMO Registry was estab-
lished and began collecting data on in-hospital outcomes from clinical
centers. To date, ECLS has been employed in more than 26,000 neonatal
and pediatric patients with an overall survival rate of 68 percent (Lequier,
2004). In the United Kingdom, clinical trials are now being conducted to
assess the long-term outcomes of ECMO. Another case in point is the New
York State Cardiac Advisory Committee, which required all hospitals in
New York State to collect data on the in-hospital outcomes for pediatric
patients undergoing surgery to correct congenital cardiac defects. The risk-
adjusted outcome rates for the specific hospitals can be used in quality
improvement programs. Generally speaking, either hospitals or the device
manufacturers conduct these postmarket observational studies. A more
recent model of postmarket data collection involves LVADs. As a condi-
tion of marketing and reimbursement approval of the HeartMate™ LVAD
for destination therapy (long-term implantation) in patients with advanced
heart failure, the manufacturer must collect long-term data on patient
outcomes and device performance for all patients receiving the implant.
Three major government agencies (FDA, CMS, and NIH) have put for-
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ward funds to support the registry, which would be coordinated by an
independent organization. The participating hospitals would provide in-
kind support for data collection efforts, while industrial firms would pro-
vide additional financial support. The expectation is that industrial firms
would assume the responsibility for the registry over time. Models like this
might provide interesting formats for the pediatric device world where
private sector funds are limited.

CONCLUDING OBSERVATIONS

Incentives for innovation in the area of pediatric devices are far less
compelling than for the adult population. Generally speaking, this area is
characterized by small markets, limited reimbursement, and formidable
challenges to conducting premarket trials. The perception is that these
obstacles have resulted in unmet needs for diagnosing and treating diseases
in children. Many diseases could benefit from improved or novel devices
(such as pediatric LVADs for cardiomyopathies). Although, in some areas,
the demand has been partially met by clinicians modifying adult devices for
use in children (such as the use of adult biliary stents for pediatric intravas-
cular placement); this process is affected by the risk of little oversight of
good manufacturing practices. Federal agencies have called for more data
collection to better assess these unmet needs.

Although the extent of the problem is not defined in detail, expert
opinion indicates that a strong case can be made for stimulating clinical
innovation (including device innovation) in pediatrics (FDA, 2004b; see
also AAP et al., 2004). Such innovation could lessen the substantial emo-
tional and economic toll imposed by childhood diseases. However, as this
paper argues, there is an equally strong case to be made for a more rigorous
knowledge base about the effectiveness, safety, and economic impact of
device modalities for children. Premarket clinical trials are limited in their
ability to provide insights about long-term effectiveness and safety, result-
ing in uncertainty about the ultimate value of these devices. Moreover, this
uncertainty is exacerbated by the fact that devices keep evolving long after
they have moved out of the clinical development phase into widespread
clinical practice itself. Observations by users about the limitations of de-
vices are fed back into the R&D process and may lead to subsequent
modifications. In addition, physicians modify the clinical management strat-
egies for their device patients (e.g., implantation techniques, infection pre-
vention techniques, or means to diminish bleeding), and change the selec-
tion criteria for patients eligible for device therapies. This evolution, which
is largely based on tacit know-how and usually not subjected to formal
experimental testing, further heightens the uncertainty level about the clini-
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cal and economic impact of devices, and, hence, our understanding about
best practices in caring for patients.

Yet, there is a tension between stimulating innovation and increasing
the requirements for collecting more data on the clinical and economic
impact of device therapies, which is exacerbated by the small size of many
of the markets and affected patient populations. Attempting to eradicate all
clinical uncertainty in the premarket phase is impossible, and attempts to
bring the level of uncertainty down to minute levels would be costly in
terms of the time and expense of the premarket development process, not to
mention the indirect expense of holding off a promising therapy from pa-
tients. Diminishing these uncertainties requires widespread clinical use and
ongoing outcomes assessment in the postmarket setting. However, even if
we emphasize postmarket data collection, we need ensure that this in itself
does not impose an additional disincentive to pediatric device innovation.

What then are some of the options for achieving this? Facilitating the
process of premarket and postmarket trials requires solutions that lie within
the analytical, institutional and financial realms. First of all there are vari-
ous ways of decreasing the sample size for premarket clinical trials. This is
important because, in general, pediatric disease populations are small
enough that enrollment times would be lengthy and threaten the usefulness
and validity of the results of the trial as well as drive up the related costs.
Techniques such as Bayesian analysis, which utilize prior probabilities in
the hypothesis testing, relaxing the tolerance to random variation error
(i.e., utilizing more relaxed confidence intervals), or utilizing non-concurrent
control groups and objective performance criteria, each can reduce the
required sample size compared to a classic randomized controlled trial.
Another consideration is to eliminate requirements for extensive premarket
studies in children when the device in question has been used widely in
adults, the pathophysiology of the disease is similar in adults and children,
and the adaptation of the devices requires no major technological changes
(FDA, 2004b).

Another important set of initiatives can be found in the institutional
realm. We need to strengthen the institutional infrastructure for conducting
clinical trials for devices in pediatrics by creating networks of pediatric
hospitals. A case in point is childhood cancer, which constitutes a fairly
small population. Nearly 95 percent of children with cancer under age 15
are treated at institutions that are affiliated with the Children’s Oncology
Group, resulting in more than 70 percent of cancer patients in this age
group being enrolled in one or more clinical trial (Tejeda et al., 1996; Bleyer
et al., 1997). Although the group focuses on evaluation of multi-modal
cancer therapy (i.e., effective use of combinations of surgery, radiation, and
chemotherapy), this network, with appropriate public or private funding,
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may be used for evaluation of surgical, radiological, and drug delivery
devices. These U.S. hospital networks should also become involved in data
collection in the postmarket setting, which requires better integration of
data collection for these studies with the data collection systems used in
everyday practice of medicine. These institutions could be induced to par-
ticipate through better reimbursement rates for the care they provide or
through direct subsidy for data collection efforts by research agencies. The
NIH, for example, sponsors the pediatric heart disease clinical research
network to study new interventions for congenital heart disease.

This brings us to the financial realm. There is an increased need for
public–private partnerships for funding premarket trials of innovative pedi-
atric devices (as per the philosophy of the NIH Roadmap) and postmarket
studies. The products of this research are subject to the classic public good
argument, where health benefits would accrue to the public-at-large, but
investors would be unable to derive a sufficient return on their investment.
Alternatively, one could also argue for increasing the financial incentives to
the private sector, which would be able to raise private funds for developing
and evaluating novel pediatric devices. Among suggested incentives are
decreased or capped liability or better reimbursement for pediatric device
therapies.

The need to obtain better knowledge about the clinical and economic
impact of devices, especially in the postmarket setting is a general one.
The pediatric case, however, offers unique challenges in that the incen-
tives to innovate are weak as a result of small populations, which also
complicates the clinical trial process. Therefore, the case is especially
strong for the creation of novel partnerships between the public and
private world that would experiment with new analytical, institutional,
and economic models.
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D

Questions and Methods in
Surveillance Programs

Stephen Lagakos, Ph.D.* and William DuMouchel, Ph.D.*

This appendix reviews some technical aspects of the strategies that can be
used after a medical device is marketed to assess its safety and efficacy or
effectiveness. It begins by looking at various measures of interest in medical
device surveillance, for example, the probability of an adverse event or the
relative risk of experiencing an adverse event under different circumstances.
It then discusses how these probabilities or other measures would be estimated
with ideal information and how the actual data available to evaluators de-
parts from the ideal. Particular attention is focused on analytic methods
based only on numerator data (event counts) because these are applicable to
many kinds of surveillance data. The last sections discuss different strategies,
including disproportionality analysis, for evaluating device safety.

CHARACTERISTICS OF INTEREST

Probabilities of Outcome Events

An analysis of adverse device events should distinguish between events
that are clearly identifiable as being due to a device (e.g., fracture of a
cochlear implant) and those that can occur in individuals with the same
disease or condition whether or not they have the device (e.g., development
of meningitis in someone with a cochlear implant). Ideally, an analysis of

*Members, Institute of Medicine Committee on Postmarket Surveillance of Pediatric Medi-
cal Devices.
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adverse event reports would also allow one to identify characteristics of a
device user (e.g., gender, age, or disease severity) that might affect the
probability of an adverse event.1 Quantitatively, for adverse events (AE)
that are clearly identifiable as being due to a device, the two probabilities
(P) of interest (where Z is an individual characteristic) are

a. P[AE | device], and
b. P[AE | device, Z].

In contrast, for adverse events that could be due to the device or other
causes (e.g., stroke in persons with aortic valve replacement; cf Ionescu et
al., 2003), interest would more naturally focus on probabilities indicating
the difference in risk for those with the device and those without, that is,

c. P[AE | device] versus P[AE | no device], and
d. P[AE | device, Z] versus P[AE | no device, Z].

As described below, different types of data structures would give rise to
different strategies for comparing risks between individuals who do and do
not have the device.

A full evaluation of the possible harms posed by a device should put
harms in context. Thus, it should include information about the compara-
tive probabilities of desired outcomes or benefit (e.g., reduced mortality,
improved hearing, or cessation of tremor).

Associations Between Device Use and Outcomes

While the above probabilities represent the quantities we ideally would
like to have to evaluate the safety of a device, the statistical association
between use of a device and the probability of an adverse event or other
outcome can be quantified as a function of these probabilities. One fre-
quently used statistic, the odds ratio (OR), is a measure of the association
between a device and an outcome, defined by

OR={P[AE | device]/P[no AE | device]}/ =
{P[AE | no device]/P[no AE | no device]}.

Thus, an odds ratio of 1 corresponds to no association between use of the
device and the probability of an adverse event, while an odds ratio greater

1In practice, it is often also of interest to know the time from use of the device until the
occurrence of an event, in which case the probabilities above would be replaced by the
distribution function for the time until the event.
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than (less than) 1 indicates that use of the device is associated with a higher
(lower) probability of the event. As we see below, some types of studies
enable the estimation of an odds ratio without being able to estimate the
individual probabilities that comprise it.

When the probability of an adverse event is small, say less than 10
percent, the odds ratio is numerically similar to another statistic, relative
risk (RR). This statistic is defined by

RR = P[AE | device]/P[AE | no device].

As with the odds ratio, a relative risk ratio of 1 corresponds to no
association between use of the device and the risk of an adverse event. A
relative risk greater than (less than) one corresponds to an increased (de-
creased) risk for those with a device. Thus, studies that permit estimation of
the odds ratio can also estimate the relative risk when event rates are small.
In some situations, as described below, another assumption can allow rela-
tive risk to be estimated without estimates of individual probabilities.

Ideally, each of the quantities described above could be estimated using
appropriate numerator and denominator data. Depending on the probabil-
ity of interest, the denominator might be the number of individuals with a
medical condition and the numerator, the number of those in the group that
had experienced an adverse device event. For other probabilities, the de-
nominator might be those in the group who had a particular characteristic
(e.g., being male) and the numerator, the number in that group who had
experienced the adverse event.

Obtaining Numerator and Denominator Data

A variety of data collection strategies exist to obtain numerator and
denominator data. One way of describing data capture mechanisms is based
on whether they are “active” or “passive.” Generally speaking, an active
data collection system is based on an identified cohort of individuals (e.g.,
all children who did or did not receive a device at a particular hospital
during a defined period of time) that is prospectively followed for the
occurrence of the event of interest. Examples of such active strategies in-
clude clinical trials and prospective observational studies. Individuals are
commonly evaluated for occurrence of the event periodically (e.g., proper
functioning of the device) or a system for real-time reporting of adverse
events exists. When well designed and implemented, these kinds of studies
allow identification of both numerators and denominators of interest (al-
though some individuals may be lost to follow-up).

In contrast, with passive data collection, a system allows events to be
reported, but little or no effort is made to ensure that all events of interest are
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reported. Usually, passive systems do not provide for reporting of denomina-
tor data (e.g., number of people at risk of a particular kind of adverse event).

For example, the U.S. Food and Drug Administration (FDA) requires
health care facilities to report certain adverse device events to device manu-
facturers (and sometimes to the FDA as well), but no agency procedures,
incentives, or other mechanisms exist to ensure that such reporting occurs.
Even with perfect reporting, that system would not include denominator
data, although such data might be collected or estimated in certain cases
(e.g., if a manufacturer could provide reasonably complete information on
patients implanted with a particular kind of device or if data from other
sources allows reasonable estimates of the number of people with the rel-
evant medical condition).

Such additional information can change the perspective on adverse event
reports. In 2003, based on a number of adverse event reports, FDA issued a
notice advising physicians that patients who had had a certain kind of drug-
eluting stent implanted might experience a higher incidence of subacute
thromboses and hypersensitivity reactions than those with bare metal stents
(FDA, 2003). A year later, based on follow-up data from a required manufac-
turer postmarket registry and review of reports involving bare-metal stents,
the FDA issued an update that concluded that the stent was not associated
with a higher rate of subacute thromboses or hypersensitivity reactions (FDA,
2004). It also concluded that the reported rate of thromboses from the regis-
try was not greater than the rate during the premarket clinical trials and that
it was within the expected rate for any stent.

In some special instances, specific designs may be set into place for
capturing certain events. For example, if there is a registry of all individuals
that are diagnosed with a medical condition, what is called a case-control
design (see below) can be used to match each individual reported to have an
adverse event with a control. Then, data on characteristics (including
whether a device was used) for both groups can be retrospectively evaluated
from the registry to determine whether having the device is associated with
the risk of the event. Alternatively, a case-cohort design could be employed
in which characteristics of all individuals who have an event as well as
characteristics of a random subset of those from the entire population are
determined. The specific design will determine which aspects of the risk can
be estimated. In a case-control design, the odds ratio can be estimated even
though the individual probability of a device user (or person without a
device) having an adverse event cannot be estimated.

Sources of Bias

The ultimate value of any surveillance system will depend critically on
the bias and precision of the estimates it provides of the probabilities dis-
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cussed above. The underreporting of events (numerator data) leads to under-
estimates of absolute risks and often to distorted comparisons, especially
when the extent of underreporting varies depending on individual character-
istics, for example, source of medical treatment. Bias may also occur when
events that are not really related to a medical device are reported as adverse
device events. For example, an incident may be reported as an adverse event
for a particular device when the event was related to the patient’s medical
condition. This kind of “false positive” can result in overestimates of abso-
lute risks and, again, distorted comparisons of groups. Such bias can be
avoided by confirmation procedures for reported events. However, such con-
firmation can be difficult if the events are not being reported and confirmed
in real time or, at least, reasonably close in time.

Biased estimates of risk can also arise from under- or overestimation of
those potentially at risk of an event (denominator data). This is primarily a
concern with passive data collection systems. Sometimes, however, infor-
mation is being actively collected on people with a medical device but not
on people without a device, so that both the number and characteristics of
this group are unknown.

SPECIFIC STUDY DESIGNS AND INFORMATION RESOURCES

This section discusses several specific strategies for evaluating the safety
and effectiveness of medical devices. Most of these strategies are  employed
to evaluate a device for purposes of securing FDA approval or clearance for
marketing. They can also be used for surveillance (even if the purpose is not
so described), and the discussion below cites examples of such use. The
discussion begins with the randomized trial, which is widely regarded as the
“gold standard” for evaluating clinical interventions, and then considers
the others in general order of their perceived methodological soundness.
For each design, we discuss (1) biases with respect to identification of target
population, (2) biases from comparisons of individuals with and without
device, (3) biases with respect to complete and accurate ascertainment of
events, (4) biases with respect to duration of follow-up, (5) precision, (6)
available measures of efficacy and safety, and (7) feasibility.

Useful information can be obtained in many ways, and for any study,
potential sources of biases related both to the study design and its execution
in practice should be considered. If FDA approval of medical devices were
dependent on the types of trials typically offered in support of FDA ap-
proval of drugs, the hurdles to approval would be very high for both
practical and ethical reasons.
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Randomized Controlled Trials and Other Interventional Studies

Randomized comparative clinical trials, typically called Phase III trials in
the world of pharmaceutical studies, are considered to be the most reliable
scientific design for evaluating the safety and efficacy of an intervention.
Ideally, a random sample of subjects is selected from a well-defined target
population, and then subjects are randomly assigned to one of several inter-
ventions. Subjects are followed for the development of one or more desired
outcomes (benefits) and for unwanted side effects (harms or adverse events).
The key feature that sets randomized trials apart from other studies is the
randomization, which is intended to eliminate bias in the selection of study
subjects in the intervention and control groups. By chance, however, groups
based on random assignment can differ in important ways. Therefore, re-
searchers typically compare the groups to see whether they differ in signifi-
cant ways on potentially relevant characteristics.

With appropriate planning, the size of the trial can be determined to
yield the desired precision for estimating event probabilities and compari-
sons of intervention arms. As with any study, problems can arise in ran-
domized trials that affect the validity or interpretability of the results. One
is that the participants may have been properly randomized to control and
intervention groups, but the participants themselves do not represent the
target population. This could occur, for example, if the source of partici-
pants is not typical of the population, or if a substantial proportion of
eligible subjects decline to participate. This would not affect the internal
validity of the trial because patients that do participate are randomized.
However, it could affect the degree to which the results can be generalized
to the target population.

Biases can arise in randomized trials in several ways. Chief among these
are ascertainment bias, bias due to nonadherence, and missing data/losses
to follow-up. Ascertainment bias refers to differential criteria being applied
in the evaluation of outcome variables, usually due to the knowledge of a
subject’s treatment group by the individual who evaluates the subject. This
can often be prevented by either conducting a double-blind trial (in which
neither the evaluator nor the subject is aware of the treatment arm), or by
blinding the evaluation process. Nonadherence refers to subjects not receiv-
ing the interventions to which they are assigned. This can sometimes be a
problem in trials that evaluate a drug that may be difficult to tolerate. In
device trials, the main concern is that subjects receive the intervention (e.g.,
device or no device) to which they were assigned.

Follow-up and other types of missing data can diminish the power of a
clinical trial and, more importantly, introduce bias in the comparisons of
interventions. The latter can arise, for example, if subjects at greater (or
lesser) risk of imminent failure leave the trial before their failure is observed.
Yet another limitation of randomized clinical trials in some settings is there
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might be ethical concerns about use of an untreated control group when there
is some promising information available about the efficacy of a device.

Most randomized clinical trials allocate subjects among the interven-
tion arms in a predetermined frequency, usually in equal proportions. How-
ever, allocation of subjects can also be done in an adaptive way, in which
the allocation of future subjects depends on the outcomes of previously
allocated subjects. One such approach is called randomized play-the-winner,
in which assignment to one treatment or the other is randomized, but
influenced by all the previous patients in the study. Statistical significance is
reached when the difference between the numbers of patients randomized
to the two groups becomes sufficiently large that it cannot be readily ex-
plained by chance. This feature of tending to allocate more patients to the
superior treatment has advantages on ethical grounds.

In the 1980s, such a design was used to assess the efficacy of therapy
involving extracorporeal membrane oxygenation (ECMO, also called extra-
corporeal life support or ECLS), a form of cardiopulmonary life support that
involves an array of medical devices (e.g., vascular access catheters, blood
pump, tubing, an artificial lung [often called an oxygenator]). The first child
was randomly assigned (with 1 chance out of 2 of ECMO assignment) to
ECMO therapy and survived; the next was randomly assigned (with 2 chances
out of 3 of ECMO assignment) to conventional treatment and died. With the
randomized scheme now more strongly weighted toward the option with the
better result (with 3 chances out of 4 of ECMO assignment), the next patient
received ECMO and survived, after which the next 10 patients in a row were
assigned to ECMO. When all survived, the investigators were able to con-
clude on statistical grounds that ECMO was significantly superior to conven-
tional treatment. Nonetheless, the unusual design led many in the medical
community to question the results. At least two additional trials with more
conventional designs were conducted in response to such skepticism.2 Both

2Investigators in the next trial believed that the accumulating clinical results with ECMO
were so superior to conventional treatment that a traditional randomized trial would be
unethical (see account by Truog, 1999). They used a different adaptive randomization design
that randomized patients evenly (50–50) to ECMO or conventional treatment until one op-
tion accumulated four deaths, after which patients were assigned to the more successful arm
until the difference between groups reached statistical significance. After ten patients had
been assigned to conventional therapy, four had died; the first nine patients assigned to
ECMO survived. The next 20 patients received ECMO with one death. As observed by
Truog, “In retrospect, four patients died who might have survived if they had been offered
ECMO. Nevertheless, this was a smaller number than would have died if the trial had been
designed with traditional 50/50 randomization. To this extent, adaptive randomization was
successful in both demonstrating the superiority of ECMO and in reducing the total number
of deaths” (Truog, 1999). Subsequently, investigators in the United Kingdom, who believed
that a traditional trial was required, conducted such a trial until a monitoring body stopped
the trial after 54 of 92 infants in the conventional treatment arm died compared to 30 of 93 in
the ECMO arm (UK Collaborative ECMO Group, 1996).
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supported the findings of the first trial. Because adaptive designs have the
potential of assigning more subjects to the better intervention arm, they
provide an attractive alternative in some settings.

There are many other variants of study design for randomized con-
trolled trials, most requiring modifications in statistical analyses. In some
studies, for example, individuals in randomly assigned intervention and
placebo groups “cross over” at some point so that the intervention group is
switched to the placebo and vice versa. One feature of such a design is that
study subjects can, in essence, serve as their own controls (assuming that
the effects of the intervention stop when the intervention stops).

Study subjects can also serve as their own controls in other ways. For
example, a device might be studied in one eye with the other eye serving as
a control (assuming baseline comparability of the eyes and no “spillover”
effect of treatment). For some electrical stimulation devices, an individual’s
response is studied with the device on and with the device off.

Other studies involve comparisons of an individual’s status following
treatment to her/his status prior to receiving the intervention, which can
create problems if a steady state of the condition—absent the interven-
tion—cannot be assumed. Additional sources of bias can arise from a pla-
cebo effect and from incomplete data due to patient drop-outs.

A still weaker design involves comparisons with historical controls. For
example, investigators may recruit individuals for an experimental inter-
vention and then compare outcomes for this group with previously pub-
lished outcome data on individuals who received alternative therapy. The
choice of historical or retrospective controls presents various opportunities
for bias as described below.

Prospective and Retrospective Cohort Studies

Prospective cohort studies may have as their goal the comparative as-
sessment of two different interventions when the choice of intervention
(e.g., method of contraception) belongs to the study subjects rather than the
investigators. Subjects from a defined population, as well as the interven-
tion they choose to take, are identified and followed over time to assess
safety and efficacy. In this sense, prospective observational studies are simi-
lar to randomized trials. They thus share some of the benefits of trials,
especially with respect to their prospective nature and can suffer from the
problems caused by nonadherence and missing data/losses to follow-up.

The most important difference between a randomized trial and a pro-
spective, comparative observational study is that interventions are deter-
mined at random in the former. When the intervention is determined by the
subject or their caregiver, the opportunity for selection bias arises, and
there have been many examples where this has led to misleading conclu-
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sions. A likely recent example is the Women’s Health Initiative, which
demonstrated an increased risk of certain cardiovascular outcomes among
women receiving estrogen therapy, when previous observational studies
showed no evidence of increased risk, and in some cases a protective effect
(Manson et al., 2003).

One potential advantage of a prospective, comparative cohort study is
that it may not pose the ethical concerns about investigator assignment of
study subjects that arise with some randomized trials. Another advantage
is that enrollment of subjects or participants can be easier for prospective
observational studies. As a result, they can be much larger and therefore
have greater power to detect small differences in efficacy and adverse event
rates between the comparison groups.

Retrospective cohort studies have similarities to prospective observa-
tional studies, but are constructed using individuals who have received an
intervention (or not) in the past. The opportunity for biases in these studies
is typically somewhat greater than in prospective observational studies. In
particular, it can be more difficult to retrospectively identify and obtain
follow-up information on subjects than when an observational study is
conducted prospectively. In some cases, new information can be obtained
from subjects about their status (outcomes).

Case Control Studies

Case control studies are based on the identification of samples from a
population of subjects who have (cases) or have not (controls) experienced
the adverse event and for whom the presence or absence of device use can
be identified. Unlike randomized clinical trials and prospective or retro-
spective cohort studies, case-control studies cannot be used to estimate the
probabilities of interest given in (a) and (b) above, but do provide estimates
of the OR for assessing association between device use and outcome.

The validity of case-control studies depends on the selection of “cases”
and “controls” who are representative of the populations of all subjects
that did and did not experience the event, respectively. The selection of
appropriate controls, in particular, can be challenging. The validity of case-
control studies also depends on the accurate ascertainment of the interven-
tion and other risk factors that might be associated with the outcome event.
For many devices, ascertainment of whether or not a subject used the device
can be reliably determined. Yet other risk factors for the event that might be
used in multivariate analyses of association may depend on recall, and thus
introduce bias.

An important advantage of case control studies is that they can more
easily assess the association between a device or risk factor and a rare
outcome than a prospective study. This is facilitated if registries of certain
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types of events, such as a diagnosis of cardiomyopathy, are routinely main-
tained, for then a relatively large number of cases can be readily obtained
and matched with controls to identify possible risk factors for the outcome.
Also, event reporting systems, such as the MedSun system currently being
implemented by the FDA, lend themselves to case-control studies to identify
possible safety concerns with devices, provided that there is a means of
selecting controls to match the cases and to ascertain the “exposure” status
(e.g., device use or not) of both cases and controls.

Registry-Based Studies

A registry is a system for collecting information about a class of indi-
viduals or patients who have in common a disease, injury, condition, medi-
cal procedure or product, or similar characteristic or exposure. A registry
study is an investigation that uses registry data alone or in combination
with other data. Some registries are based on diagnoses and include infor-
mation about people with that diagnosis who receive certain interventions
and people with the diagnosis who do not. Other registries include only
individuals who have received a device or intervention. The former ap-
proach is most useful for comparative studies of those who have and have
not been treated with a device. In some cases, the registration consists only
of limited information about the subject at the time the device was first
used. In more elaborate settings, registrants are prospectively followed for
outcome events, forming a prospective observational study.

DISPROPORTIONALITY ANALYSES OF SPONTANEOUS
ADVERSE EVENT REPORTING DATABASES

An adverse event reporting system is not a study design as such. Ad-
verse event reports can, however, be combined with information from
simple registries or other data sources to conduct case-control studies.

Recently, new techniques for analyzing event databases have been gain-
ing attention, mostly in the pharmaceutical arena. The remainder of this
appendix reviews the application of these techniques to drugs and provides
an example of an application to device databases.

Overview

Disproportionality analyses are the most common technique for ana-
lyzing adverse drug reaction databases, and they can also be used for ana-
lyzing adverse device events. They are a means of assessing the association
between use of a device and outcome when denominator data are not
available for estimating population parameters, as is the case with adverse
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event databases. The risk of a particular adverse event (AE1) can sometimes
be assessed with only numerator data if there are also numerator data
available for another adverse event (AE2) that is not associated with use of
the device. The rationale is to treat those experiencing the second adverse
event as if they were the control group in a case-control study of the first
adverse event (and vice versa). To see this, suppose that n1 and n2 denote
the number of device subjects that experience AE1 and AE2, respectively,
and that the unknown population size of device users is N. Similarly, let m1
and m2 denote the number of non-device subjects that experience AE1 and
AE2; M denotes the unknown population size of non-device users. The RR
corresponding to use of the device is

RR=(n1/N)/(m1/M) = [(n1/n2)/(m1/m2)]/ [(m2/M)/(n2/N)].

If use of the device is not associated with AE2, we would expect ap-
proximately that n2/N = m2/M. Thus, we see that under these circum-
stances, the RR for association between device use and AE1 can be esti-
mated by

RR = (n1/n2)/(m1/m2).

Note that this expression for the RR depends only on numerator data
(event counts) for the two types of adverse events and for subjects who do
and do not have the device. Thus, the RR can be approximated based only
on numerator data. As discussed below, key challenges in disproportionality
analyses include accurately ascertaining the numerator counts n1, n2, m1,
m2 and the assumption that the device is not associated with the risk of
AE2. In practice there are not just two adverse events involved in the analy-
sis, but hundreds or thousands of different adverse events (so that AE2
above represents the amalgamation of all events but AE1), and it is gener-
ally assumed that the majority of the “other” events (as of all events) will
not be associated with any particular device.

There are several important advantages of disproportionality analy-
ses. Data from clinical trials are rarely plentiful enough for useful studies
of rare adverse events, in which case it may be necessary to fall back on
retrospective studies. A carefully planned and executed case-control study,
in which ascertainment of cases is well documented and the choice of
controls is appropriate, is highly desirable but expensive and time-
consuming. It would usually only be used to study a rare adverse event for
a particular device if there has been some existing evidence of a poten-
tially serious problem with that device-adverse event combination. In
order to uncover potential problems in the first place, we are almost
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forced to fall back on anecdotal evidence and the analyses of databases of
spontaneous reports.

The FDA, device manufacturers, and some other organizations main-
tain voluminous databases of spontaneously reported adverse events, con-
sisting of coded and uncoded text descriptions of the patient, the device,
what happened to the device, and what the effect of the adverse event was
on the patient. These reports are typically not research quality in that the
data collection or reporting guidelines and forms provided FDA are not
equivalent in precision to those associated with formal studies, and the
quality of provider, professional, and patient reports to manufacturers and
FDA is highly variable Underreporting of adverse events is significant, and
case-by-case follow-up may be necessary to correct reporting errors to
confirm the existence of a problem. These are numerator data only, with no
obvious way to match the report counts for each device-adverse event
combination to an appropriate measure of exposure. In spite of the defi-
ciencies of such data, analyses of frequency counts of spontaneous reports
have proven useful as a problem screening and signaling tool in the adverse
drug reporting domain.

Analytic Issues and Strategies

The idea behind disproportionality analysis is similar to the propor-
tional mortality analysis of epidemiology, which might, for example, study
a sample of death certificates and compare the distribution of deaths due to
various causes for decedents who had different occupations. This is also a
numerator-only analysis and is viewed as an outdated technique by most
modern epidemiologists. Nonetheless, although such a study cannot mea-
sure the probabilities defined in (a) and (b), the measurement of associa-
tions between adverse events and drugs in databases can give (possibly
biased) clues to problems during the postmarket phase. During this phase,
the number of patients exposed to a new drug may grow by several orders
of magnitude compared to the premarket phase, allowing much greater
opportunity for rare events to be manifest.

Number of Reports Mentioning AE Not Mentioning AE

Mentioning Drug n = a b
Not Mentioning Drug c d

Suppose that the reports in a database are classified into the above
2 × 2 table, as to whether or not a particular drug and a particular adverse
event are mentioned in a report. It is common to denote the counts of the
four cells of a 2 × 2 table by the letters a, b, c, d, but we will sometimes use
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the letter n to denote and emphasize the count in the first cell, where both
the drug and the adverse event are present. The disproportionality measures
are all of the form n/e, where e is a baseline or comparator value that is
expected to be near n if the drug and the adverse event are not associated.
Three variations in the definition of e are commonly used in dispropor-
tionality analyses:

ROR = ad/bc [e = bc/d]
PRR = [a/(a + b)]/[c/(c+d)] [e = c(a+b)/(c+d)]
RR = [a/(a+b)]/[(a+c)/(a+b+c+d)] [e = (a+b)(a+c)/(a+b+c+d)]

ROR is the reporting odds ratio (Rothman et al., 2004), PRR is the
proportional reporting ratio (Evans et al., 2001), and RR is the relative
reporting ratio (DuMouchel, 1999). Note that the epidemiology literature
commonly uses the abbreviation RR for “risk ratio,” whereas in the litera-
ture analyzing spontaneous reports the preferred phrase is “reporting ra-
tio,” since the presence of noncausal associations is common in spontane-
ous reports. If the particular adverse event is relatively rare in the database,
and the particular drug is also mentioned in a small proportion of the
reports, then a << b, c << d and all three measures ROR, PRR, and RR will
be numerically similar. (It is very common for a to be less than 1 percent of
b and c, and for these to be less than 1 percent of d, since the database may
include thousands of different drugs and adverse events.) Of the three, RR
has the computationally convenient property that whenever n = a is greater
than 0, e is also positive, so that the ratio n/e is well defined in all cases. For
ROR, if b = 0 or c = 0, and for PRR if c = 0, then e = 0, leading to an
undefined value of n/e. On the other hand, Rothman and colleagues (2004)
point out that in those cases in which the condition a << b, c << d (where <<
means “much less than”) is not true, the odds ratio measure ROR has the
advantage of avoiding certain biases that may be due to different drugs (or
different adverse events) having different reporting rates. (Indeed, this is
just why the odds ratio is the usually preferred measure of association for
case-control studies.)

Returning to the rare-item situation where the values of ROR, PRR,
and RR are all about equal, the value n/e has a natural interpretation as a
multiplicative measure, the factor by which the number of observed cases
exceeds the number expected under the null hypothesis of no association
between the drug and the adverse event. Use of these measures can be
severely hampered by several problems, including confounding with demo-
graphic or other variables and high sampling variance. To give an example
of the former problem, consider the discussion of DuMouchel (1999) about
the association of SIDS (crib death) and many vaccines. This is due to the
fact that SIDS only occurs in infants by definition and that infants also
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receive a high proportion of vaccines. If the database is restricted to reports
involving infants, the associations disappear. Another example is the asso-
ciation between Viagra use and various cardiac events—due to the associa-
tion of both of these items with age and gender, each being most common
among elderly men. Similarly in a database spanning many years of reports,
any drug very new to the market is more likely to show an association with
an adverse event that is newly defined in MedDRA (Medical Dictionary for
Regulatory Activities), the coding dictionary for adverse events used in
most such databases. To combat these common confounding biases, it is
recommended to stratify the database reports by gender, age of patient and
year of report (and possibly other variables, if available) and to compute a
version of the disproportionality measure that adjusts for stratum effects.
This correction for demographic and secular trend confounding seems to be
most often used with the measure RR. The correction in this case, originally
due to Mantel and Haenszel (1959) consists of computing e separately for
the reports within each stratum, and then summing the stratum-specific
values to get a total e to use in the ratio n/e. There are also analogous ways
to adjust ROR and PRR for stratum effects.

A trickier type of confounding is with the presence of an indication for
taking the drug. For example, a drug used to combat cancer might have a
reported AE that is a symptom of the cancer for which the drug is pre-
scribed. It would be very difficult to automatically eliminate all such con-
founding from a computer database analysis. So far, the only feasible ap-
proach is to rely upon the medical knowledge of the analyst to recognize
and discount such computed associations.

Another problem with disproportionality measures is their often ex-
tremely large variance. For example, a database analysis may find tens of
thousands of drug–event combinations in which n = 1 and e < 0.001 so
that n/e > 1000. In contrast, a value of n = 20, e = 2, n/e = 10, is usually
going to be a much more “interesting” drug–event combination on which
to follow up. There are two statistical approaches to controlling false
positives due to the high variance of n/e. The first is to restrict computa-
tion of the disproportionality ratio to combinations in which some mea-
sure of statistical significance meets a threshold. For example, Evans and
colleagues (2001) recommend restricting PRR to combinations in which n
> 2 and the chi-squared statistic for association in the 2 × 2 table is at least
4. The second strategy is to use a Bayesian or empirical Bayesian analysis
to produce “shrinkage estimates” that stabilize the ratios by applying a
prior distribution that reduces (“shrinks”) the ratios n/e when n and/or e
are small. Bate and colleagues (2002 and references therein) describe a
“Bayesian confidence propagation neural network” (BCPNN) method
that has been used to analyze World Health Organization databases. The
development and use of an empirical Bayes model, the “multi-item
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gamma-Poisson shrinker” (MGPS) is described in DuMouchel (1999),
DuMouchel and colleagues (2001), O’Neill and Szarfman (2001),
Szarfman and colleagues (2002), and Fram and colleagues (2003). The
latter system is in use at the FDA and several pharmaceutical manufactur-
ers. These strategies have proven to be effective ways to reduce the noisi-
ness of the disproportionality measures, but the role of such analyses in
drug safety signaling is still evolving. Regulators and manufacturers are
beginning to adopt them as an additional tool to help prioritize their
pharmacovigilance efforts, but no one is proposing that they can provide
definitive inferences without extensive follow-up.

Differences Between Drug and Device Adverse Event Data

There are several differences between drugs and devices that tend to
change the potential use of spontaneous report databases. On the side of
making reports regarding devices more useful, the more transparent action
of many devices compared to a drug can often make even a single report
very informative. For example, if a faulty device delivers an electric shock
to the patient, physical inspection of the device might lead immediately to a
suggested corrective design of the device—no reliance on statistical analysis
is needed.

But there are other features of the device world that make it harder to
use spontaneous report databases. There are more devices than drugs, and
manufacturers modify the design of their devices much more frequently
than drugs get reformulated. This means that a particular version of a
typical device has a smaller user base than a typical drug, and thus a
typically smaller number of reports in a database.

In addition, adverse event coding is more complicated for devices than
for drugs, and not yet as standardized. A typical device adverse event report
includes information both about what happened to the device as well as
what happened to the patient, whereas the drug reports contain only the
second sort of information. In the drug world, the MedDRA coding system
has been adopted by the majority of collectors of adverse event reports
around the world; no such standardization has been accomplished in the
device world.

A device adverse event database might have several hundred thousand
reports, with just a paragraph of narrative text describing what went wrong.
A data mining approach would need to group the adverse event descrip-
tions into at most a few thousand adverse event types, and preferably do
this automatically, without the need for human review of each report indi-
vidually. A computer analysis can try to form clusters of reports based on
the common occurrence of words or phrases in the narrative. The auto-
mated discovery of which words or phrases are indicative of important
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associations in the database is called feature extraction. But the feature
extraction step introduces another layer of uncertainty into the analysis,
and is usually less informative than being able to work with adverse event
codes that fit a well structured theoretical framework.

The majority of drug adverse events have at least some natural back-
ground rate, making it seem natural to tabulate all combinations of drugs
and adverse events in a data mining run. A user of practically any drug
might conceivably show up with practically any adverse event, as diverse as
liver damage and cardiac arrest.

The nonsystemic nature of many devices makes the universe of ob-
served adverse events much more device specific. Does it make sense to
tabulate the frequency of electric shocks for patients using blood vessel
shunts, for example? If not, how do you automatically decide upon the
universe of device–event combinations to tabulate and study statistically?
Database analyses of device reports have not yet been attempted on any-
thing like the broad scale of drug data mining methodology.

Example: Disproportionality Analysis for
Spontaneous Reports of Shunt Complications

This section provides a short example of a disproportionality analysis
for complications involving cerebrospinal fluid shunts that was used to
support the discussion in Appendix E. The analysis used adverse event
reports from the MAUDE database managed by ECRI (a private, nonprofit
health services research organization). A preliminary group of 2,472 ad-
verse event reports that seemed to involve cerebrospinal fluid shunts were
selected. (The authors appreciate the assistance of Mark Bruley of ECRI in
this process.) An attempt was made to classify the type of complication by
computer scan of the descriptive narratives for certain key words (suggested
by Dr. Stephen Haines, co-author of Appendix E). The 12 types of compli-
cations and the search words used for each type are listed in Table D.1.

The search for any of the text strings in Table D.1 was successful for
just 784 of the reports. Table D.2 lists the counts of the manufacturer–event
type combinations for these 784 reports. (The reports in which the shunt
manufacturer was unknown are coded as “Man.I” in Table D.2.) The
disproportionality analysis screens for unusually large counts (N) in Table
D.2, in comparison to the count (E) that would be expected if there were no
association between manufacturer and event type in Table D.2. In this
example, the value of E for any event type and manufacturer combination
is computed as the event type total times the manufacturer total divided by
784. The relative reporting ratio is defined as RR = N/E.

Table D.3 lists the 15 largest values of RR among the 108 potential
event type and manufacturer combinations listed in Table D.2. Note that
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TABLE D.1 List of 12 Shunt Complication Event Types and the Text
Strings That Were Used to Classify the Reports in Searching the
Descriptive Narrative in MAUDE Reports
Abdominal Cyst “peritonitis,” “pseudocyst,” “pseudo-cyst,” (“cyst” &

“abdom”), (“cyst” & “periton”)
Abdominal Metastas “metastas,” (“tumor” & “abdom”), (“tumor” & “periton”)
Cardiac “heart,” “cardiac,” “atri,” “superior vena cava,”

“endocarditis,” “vegetation”
Disconnection “disconnect,” “fracture”
Hemorrhage “hemorrhage,” “haemorrhage,” “hematoma,” “haematoma,”

“bleed”
Infection “infect,” “ventriculitis,” “meningitis”
Malfunction “malfunction,” “occlu,” “block,” “obstruct,” “plug”
Migration “migrat”
Mortality “death,” “dead,” “mortality”
Organ Perforation “perforat,” “penetrate,” “extru”
Pneumocephalus “air,” “pneumocephalus”
Slit Ventricles “slit,” “intracranial hypotension,” “overdrainage”

TABLE D.2 Counts (N) for a Classification of 784 Reports of Shunt
Complication by Type of Event and Manufacturer
Event type A B C D E F G H I Total

Abdominal Cyst 2 0 0 1 0 0 0 0 0 3
Abdominal Metastas 1 0 2 1 0 0 0 0 0 4
Cardiac 2 0 1 1 0 0 0 0 2 6
Disconnection 15 0 4 91 3 0 0 3 9 125
Hemorrhage 24 2 4 7 10 1 1 4 1 54
Infection 29 0 8 20 3 1 0 2 9 72
Malfunction 123 5 23 137 35 6 1 11 39 380
Migration 3 0 1 0 6 0 0 0 1 11
Mortality 2 0 0 0 1 0 0 0 1 4
Organ Perforation 7 0 2 1 0 0 0 0 0 10
Pneumocephalus 3 0 3 0 0 0 0 0 0 6
Slit Ventricles 43 0 3 0 0 0 0 0 0 46
Total 254 7 51 259 58 8 2 20 62 721

SOURCE: ECRI MAUDE database.
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the largest reporting ratios RR in Table D.3 have small values of N, but
much smaller values of E. The ratio RR has a lot of statistical “noise” when
such small frequencies are involved. The values of RR computed from such
small counts cannot be expected to be very stable as more reports are
received. These ratios can, however, be adjusted to discount or “shrink”
large values of RR when they are based on such small counts. A statistical
model, the empirical Bayes gamma-Poisson hierarchical model (DuMouchel,
1999) can produce improved estimates (called the empirical Bayes geomet-
ric mean, EBGM) of the “true” reporting ratio.3

These values appear in the final column of Table D.3. This model
predicts that the combination (Manufacturer D, Disconnection) in line 15
of Table D.3, which has the lowest value of RR but is based on much larger

TABLE D.3 The 15 Largest Reporting Ratios (RR = N/E) for
Manufacturer–Event Type Combinations Listed in Table D.1

Manufacturer
Code Event N E RR EBGM

1 Man. G Hemorrhage 1 0.138 7.26 1.04
2 Man. C Pneumocephalus 3 0.413 7.26 1.25
3 Man. C Abdominal Mets 2 0.276 7.26 1.14
4 Man. E Migration 6 0.982 6.11 1.70
5 Man. I Cardiac 2 0.505 3.96 1.10
6 Man. B Hemorrhage 2 0.551 3.63 1.10
7 Man. I Mortality 1 0.337 2.97 1.01
8 Man. C Organ Perforation 2 0.689 2.90 1.08
9 Man. E Mortality 1 0.357 2.80 1.01

10 Man. C Cardiac 1 0.413 2.42 1.00
11 Man. H Hemorrhage 4 1.722 2.32 1.15
12 Man. A Organ Perforation 7 3.240 2.16 1.24
13 Man. E Hemorrhage 10 4.821 2.07 1.32
14 Man. A Abdominal Cyst 2 0.972 2.06 1.04
15 Man. D Disconnection 91 47.194 1.93 1.85

NOTE: The expected count E is computed under the assumption of no association between
manufacturer and event type. The empirical Bayes geometric mean (EBGM) is a “shrinkage
estimate” of RR that adjusts for the statistical uncertainty due to small counts. Note that the
smallest value of RR in Table D.2 (Man. D, Disconnection, line 15) has the largest value of
EBGM because it is based on much larger N and E.

3Because relatively few reports were used in this analysis compared to adverse drug reaction
data mining analyses, the empirical Bayes model used here was a simplification of that used in
DuMouchel, 1999. The model used here assumes that the true relative ratio (True RR) has a
prior distribution such that True RR = 1 with probability 1 – P, while, with probability P,
True RR has a gamma distribution with parameters α and β. The analysis of the counts in
Table D.2 resulted in the estimates P = 0.50, α = 3.79, and β = 3.85, and these values led to
the values of EBGM listed in Table D.3.
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values of N and E than any other combination in Table D.3, actually has
the largest “true” relative reporting ratio, EBGM = 1.85. A reporting ratio
of 1.85 is interpreted as an estimated 85 percent excess frequency in discon-
nection reports for manufacturer D compared to the number expected if
there were no association between manufacturer and shunt complication
event type in the database. The reduction in estimated reporting ratios from
RR to EBGM is an attempt to adjust for the multiple comparisons fallacy.
Since we examined nine manufacturers by 12 event types, we expect the
largest of the 9 × 12 = 108 values of RR to be so large purely by chance.
However, the statistical theory behind the shrinkage estimator EBGM
makes it safer (more valid statistically) to pick out the largest value of
EBGM without biasing the estimation of the reporting ratio. And, in fact,
there have been literature reports of excess disconnections in shunts from
manufacturer D.
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The Regulatory History of Cerebrospinal
Fluid Shunts for Hydrocephalus

Stephen J. Haines, M.D.,* Jeffrey P. Blount M.D.**

STATEMENT OF PROBLEM

Cerebrospinal fluid (CSF) shunts are implantable devices inserted by neu-
rosurgeons to treat hydrocephalus. Shunt insertion and revision are the opera-
tions most commonly performed by pediatric neurosurgeons (1). There is little
question that these devices have saved the lives of thousands of children and
reduced morbidity in tens of thousands more, yet CSF shunts demonstrate a
substantially higher degree of failure or adverse outcomes than most approved
devices in current use (2). The U.S. Food and Drug Administration (FDA) has
regulatory authority over these and all medical devices. Historically the FDA
has taken a limited regulatory approach toward CSF shunts. The purpose of
this paper is to provide background about hydrocephalus and its surgical
treatment and to examine the effect that such an approach may have had on
the development, safety, and effectiveness of CSF shunts.

BACKGROUND AND DEFINITIONS

Anatomy and Physiology

Cerebrospinal fluid is continuously made (predominantly although not
exclusively) within normal hollow cavities of the human brain called ven-

*Lyle A. French Chair, Professor and Head, Department of Neurosurgery, Professor of
Pediatrics and Otolaryngology, University of Minnesota, Minneapolis, MN.

**Assistant Professor of Surgery, Department of Surgery, Division of Pediatric Neurosur-
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tricles. The largest of the ventricles are the two lateral ventricles, which
occur in parallel and have a shape that is complex but that can be broadly
described as the appearance of a medially angulated letter C with a tail
extending from their back (Figure E.1). The tail is the occipital horn while
the top part of the letter C is the frontal horn and the inferior and more
lateral part is the temporal horn. Smaller singular third and fourth ven-
tricles are midline structures in direct communication with the lateral ven-
tricles. At the base of the fourth ventricle in the brain stem (laterally out the
foramen of Luschka and medially out the foramen of Magendie), the CSF
escapes the middle of the brain and freely flows into the subarachnoid space
that extends around the outside of the brain and down into the spine to
surround the spinal cord and nerve roots.

Cerebrospinal fluid is generated by small fronds of pink-orange tissue
within the ventricles called choroid plexus (Figure E.2). Blood flows into
and out of the choroid plexus via the choroidal vessels, and the CSF is
continuously generated from within the choroid plexus in an energy-
dependent process. The rate of production of CSF is about 0.2–0.3 cc/

FIGURE E.1 Ventricles of the human brain (3). (Source: Brian J, Warner D.  Atlas
of anesthesia: Scientific principles of anesthesia. Miller R, Schwinn DA, eds., 1997.
Used with permission of Current Medicine, Inc., via ImagesMD.com.)
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minute or 35 cc/hr. The total capacity of normal ventricles in adults or
older children (above age 2) is about 35 cc, and another 120 cc of CSF
surrounds the spinal cord and nerve roots. Thus, the total amount of CSF in
the adult or large child is typically about 150–160 cc. Yet the rate of daily
production of CSF is about 3 times that amount.

This imbalance is corrected by the resorption of CSF back into the
bloodstream, which occurs primarily along the superior sagittal sinus and
to a lesser degree from the epidural veins. Structures called arachnoid granu-
lations (Figure E.2) extend extensively from the venous sinuses and serve to
reabsorb CSF back into the bloodstream. As part of the plasma volume, it
in turn is filtered by the kidneys. Thus, there is a complex, one-way, and
tightly regulated circulation of CSF from the choroid plexus within the
ventricles, through some narrow interventricular passageways (foramina or
aqueducts), over the surface of the brain, and into the bloodstream. A
variety of pathologic processes can disturb this delicate circulatory path-
way, resulting in a relative or absolute imbalance between the amount of

FIGURE E.2 The cerebrospinal fluid system (4). (Source: Digre K. Idiopathic In-
tracranial Hypertension Headache. Current Pain and Headache Reports. 6(3):217–
225. Used with permission of Current Science, Inc., via ImagesMD.com.)
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fluid produced and reabsorbed. Some of these pathologic processes are
congenital (e.g., congenital obliteration or stenosis of aqueducts or oblitera-
tion of the resorbtive capacity of the arachnoid granulations), while others
are acquired (e.g., infections, intracranial hemorrhage, or residual hemor-
rhage from trauma or tumors). The resulting imbalance leads to a relative
accumulation of cerebrospinal fluid within the ventricles of the brain that is
called hydrocephalus.

Hydrocephalus

Hydrocephalus (sometimes referred to as “water on the brain”) is a
condition in which an excess of cerebrospinal fluid accumulates in the
brain. In most cases, this is associated with an increase in the CSF pressure,
which can be measured by placing a fluid filled catheter in the ventricle and
connecting it to a manometer or strain gauge. CSF pressure is most com-
monly measured in centimeters of water rather than millimeters of mercury
because manometric readings utilize the CSF itself for measurement and
CSF has the same density as water. As the normal CSF pressure changes
with age, the definition of “high” pressure varies with age as well. The
normal pressure in an adult is thought to be less than 20 cm of water.
However, a pressure of 15 cm of water in a normal adult may be abnor-
mally high in an infant.

There are less common circumstances when the measured CSF pressure
in the ventricle may be in the normal range. For example, ventricular en-
largement associated with excess CSF volume causes brain dysfunction
(“normal pressure hydrocephalus”). This condition is typically observed in
elderly adults. Their scans do not show loss of brain surface volume, and
they may be successfully treated with CSF shunts. A full discussion is be-
yond the scope of this paper, however.

Hydrocephalus must be distinguished from ventricular enlargement
caused by loss of brain volume (sometimes called “hydrocephalus ex
vacuo”), which may result from an acute or chronic injury to the brain. In
the latter situation, the ventricular cavities are enlarged, CSF pressure is
normal, but, unlike those with normal pressure hydrocephalus, MRI or PT
scans show loss of brain volume. It is the generalized loss of brain substance
(which causes the ventricular enlargement) that reflects the underlying brain
disorder that is responsible for their brain dysfunction. CSF shunts do not
help this condition.

Classification Systems

Hydrocephalus may be classified by the location of the primary CSF
space enlargement. “External” hydrocephalus occurs when the subarach-
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noid space surrounding the brain is enlarged. The ventricles may be mod-
estly to moderately enlarged or rounded, but the intracranial pressure is
normal. This condition may also be known as benign macrocrania of in-
fancy or benign extraventricular hydrocephalus (BEH). Ventricular shunts
are not used to treat external hydrocephalus. The more common and more
serious “internal hydrocephalus” is notable for ventricular enlargement
and elevation of intracranial pressure and is usually treated by implanting a
ventricular shunt.

A further classification of internal hydrocephalus is that of “obstruc-
tive” versus “communicating.” In the former, the CSF formed inside the
ventricles cannot flow through its normal pathways (i.e., is obstructed)
from reaching the absorbtive arachnoid villi along the sagittal sinus. Com-
mon sites of obstruction are the cerebral aqueduct (which connects the
third and fourth ventricles) and the outlets of the fourth ventricle. Less
commonly obstruction may occur at the foramen of Monroe or within the
ventricles. Any diffuse injury (e.g., infection, hemorrhage, or trauma) in the
brain has the possibility of eliciting scarring and inflammation that may
contribute to the obstruction.

Another classification is based on etiology, but this is generally used in
conjunction with the above classification scheme. This classification system
defines broad classes of insult to the brain that resulted in the hydroceph-
alus. Examples include congenital, post-infectious, post-hemorrhagic, and
post-traumatic7 hydrocephalus.

Diagnosis of Hydrocephalus

Hydrocephalus is typically suspected because of age-dependent signs of
increasing intracranial pressure. In infants, this manifests as head growth
that exceeds the normal rate, bulging of the normally flat anterior fonta-
nelle (soft spot) of the skull, and behavioral signs, including irritability and
unexplained vomiting. In its later stages, there can be continuous down-
ward gaze of the eyes (“sun setting”) and lethargy.

Older children and adults will complain of headache, nausea, and vom-
iting. Because the head cannot grow to accommodate significant increases
in CSF volume after the age of 2 or 3 years, older children and adults are at
increased risk for significant elevations of intracranial pressure (ICP). As
such, hydrocephalus may cause double vision, papilledema (swelling of the
optic nerve that can be seen by eye examination with an ophthalmoscope),
confusion, and lethargy. Left untreated, this can progress to coma and
death.

To diagnose hydrocephalus, doctors examine an image of the brain,
using either CT or magnetic resonance imaging. CT provides excellent
definition of the ventricles and is sufficiently rapid that sedation is rarely
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necessary even in young children. As such, CT imaging has traditionally
occupied the cornerstone of radiographic assessment of the child with hy-
drocephalus. Figure E.3 compares the CT scans of two children. The first
scan reveals distention of the ventricles in a child with hydrocephalus. The
second scan, from a different child, reveals transependymal flow at the tips
of the lateral ventricles. This darker color within the brain substance at the
tips of the ventricles is thought to result from fluid within the substance of
the brain. Whether the fluid is egressing through the tissue from the dis-
tended ventricles or failing to gain access to the ventricles from the tissue
remains an issue of controversy.

MRI provides images in multiple planes (axial, coronal, and sagittal) and
provides better tissue definition. As such, MRI may provide important addi-
tional information that may elucidate etiology and facilitate classification
and treatment. Figure E.4 is a sequence of MRI images of a child with
hydrocephalus secondary to an intracranial tumor (which is not evident in
these images). In this sequence, the left image shows the rounded, full appear-
ing ventricles in the coronal plane. The image on the right shows ventricular
distention and transependymal flow, which is evident as the darkened areas
in the tissue at the tips of the ventricles in an image taken in the axial plane.

Prognosis

The contemporary prognosis for hydrocephalus is largely dependent
upon the degree to which it is recognized and successfully treated and
followed. The natural history of untreated hydrocephalus is ominous. While
some patients are able to arrive at an equilibrium in which excess CSF
volume is compensated by head growth and brain volume reduction to
result in normal intracranial pressure, most are not. Even those that reach a
compensated equilibrium often suffer cognitive and physical impairments
related to the effects of adjusting to chronically increased pressure on brain
development. Prior to the development of effective shunt systems, the natu-
ral history of most infants with hydrocephalus was that of progressive
neurologic decline, macrocephaly (potentially grossly dysmorphic), and
early death.

TREATMENT AND COMPLICATIONS

Treatment

The treatment of hydrocephalus is surgical. Although some medications
have been shown to reduce the rate of CSF formation (acetazolamide, digoxin,
and furosemide are the most common), they rarely are sufficient to relieve the
symptoms of significant hydrocephalus. It is unusual to significantly delay
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FIGURE E.3 CT scans of a child with hydrocephalus and a child with transependy-
mal flow at the tips of the lateral ventricles. (Courtesy of Jeffrey P. Blount, M.D.)
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FIGURE E.4 MRIs of a child with hydrocephalus. (Courtesy of Jeffrey P. Blount,
M.D.)
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surgical treatment once the diagnosis is established. Occasionally these medi-
cations can be used to temporize until surgical therapy is undertaken, but
there is no significant role for medical therapy in the long-term, contempo-
rary treatment of hydrocephalus.

Historically, three conceptual surgical approaches have been under-
taken to treat hydrocephalus: reduction of the rate of formation of CSF by
ablation of the choroid plexus, establishment of alternative pathways for
the spinal fluid to reach the arachnoid granulations, and shunting of the
fluid to a body cavity where it can be absorbed (5).

Prior to the development of valve-regulated CSF shunts, attempts were
made to decrease the formation of CSF by surgical removal of the choroid
plexus (choroid plexectomy). This intervention was developed because the
choroid plexus was the site where CSF was known to be generated. Later, it
became evident that CSF also egresses directly from the brain tissue itself.
While occasionally successful in establishing a “compensated” state, cho-
roid plexectomy was rarely curative and has been relegated to be of only
historic interest with an important exception. Choroid plexectomy may be
highly useful in treating hydranencephaly—intrauterine destruction of the
brain caused from infections or infarcts, which results in loss of the cortex
and replacement with CSF.

A number of surgical interventions have been proposed to bypass the
site of obstruction to CSF flow surgically. The first historical efforts at-
tempted wholly intracranial diversion from the trapped ventricles. One
such procedure (popularized by Torkildsen during the early 1950s) involves
placement of a valveless tube from the ventricle to the subarachnoid space
(usually the cisterna magna at the base of the skull). Despite initial claims of
success, ventriculocisternal diversion did not provide long-term control for
hydrocephalus and is no longer used.

Another approach involved the surgical creation of an alternative path-
way past an obstruction to the subarachnoid space and arachnoid granula-
tions. Anatomically, the most inviting location to pursue this was through
the floor of the third ventricle. Hydrocephalus causes distention of the third
ventricle with thinning of the floor so that an opening can be made to the
subarachnoid space (third ventriculostomy) without disturbing any func-
tional neurological tissue. When done as a major operation involving widely
opening the skull (craniotomy), it had significant risk of death and disabil-
ity. In the 1950s and 1960s, emerging capabilities in stereotactic neurosur-
gery allowed the procedure to be performed with less morbidity than with
open approaches. However, the puncture was made without direct visual-
ization or x-ray guidance and severe complications occurred.

In the late twentieth century, advances in endoscopy led to a resurgence
of interest in third ventriculostomy. Contemporary endoscopes allow excel-
lent visualization of the floor of the third ventricle. Endoscopic third ven-
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triculostomy is an important procedure in contemporary management of
hydrocephalus, but it is an effective intervention only for a subset of pa-
tients with hydrocephalus. Long-term results of and patient selection for
endoscopic third ventriculostomy remain topics of considerable interest
and continued investigation (6).

Valve-Regulated CSF Shunts

The first reliable valve-regulated CSF shunt was developed in the 1950s
by John Holter after his son was born with spina bifida and hydrocephalus.
Holter was a machinist and, faced with a condition for which no reliable
treatment was available, designed and produced the Holter valve in con-
junction with neurosurgeon Eugene Spitz. This valve was rapidly adopted
and represented a major breakthrough in the treatment of hydrocephalus.
Other differential pressure valves were subsequently developed, and major
and minor modifications of devices and techniques followed (2).

Like all shunts the initial shunt consisted of a ventricular catheter, a
valve, and a distal catheter. The ventricular catheter is the portion of the
shunt that penetrates the skull and the brain tissue. The valve prevents over-
drainage of cerebrospinal fluid. In the absence of a valve, fluid can rapidly
drain down the tube and cause acute drops in the intracranial pressure.
Acutely this causes severe headaches, vomiting, and lethargy and may con-
tribute to the collapse of the ventricles. Subsequently, ventricular collapse
may cause the surface of the brain to pull away from the inner surface of the
skull. This can result in the disruption of draining veins and the accumula-
tion of potentially life-threatening subdural hematomas. The distal catheter
is the portion of the shunt that drains the CSF from the valve to its ultimate
body cavity for absorption. The most popular location for the distal drain-
age catheter in early shunts was the right atrium of the heart. The catheter
was usually inserted through the jugular vein, requiring sacrifice of the vein
or one of its major tributaries. In some cases, it was even placed directly in
the atrium by an operation through the chest.

With time and experience, a number of complications related to the
placement of CSF shunt catheters within the vascular system were identi-
fied. When such catheters stopped working, the revision operation could be
quite challenging (7). In 1968, a study concluded that the relative position
of the catheter in the superior vena cava was critical to its continued func-
tion: the rate of malfunction rose rapidly as the catheter rose from the level
of the sixth to the fourth thoracic vertebra as visualized on a chest x-ray.
Routine revisions were recommended to prevent such malfunctions (8).
Although this observation identified that shunt failure was common in
infants in the first 36 months after placement, it took the authors 11 years
to accumulate and publish that experience. Another method for predicting
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the need for elective lengthening of the atrial catheter was reported in 1976
(9). Other sites for the distal catheter were explored, before and after the
introduction of the Holter valve, including the mastoid (10), sagittal sinus
(11), gall bladder (12), and pleural (13) and peritoneal (14) cavities. Be-
cause of the ease of revision and less serious cardiovascular and infectious
complications of the ventriculo-peritoneal shunt, it became the most popu-
lar site for catheter implantation to date, with atrial and pleural shunts a
distant second and third in frequency of utilization (15).

Complications Drive the Development of the Modern CSF Shunt

The most common problems with valve-regulated shunts are obstruc-
tion and infection (16), (17), (18). The youngest patients seem at highest
risk of shunt failure (19), (20). Obstruction may occur in any part of the
system (ventricular catheter, valve, or distal catheter) (2), but the most
common site is the ventricular catheter. Figure E.5 shows an endoscopic
view of a ventricular catheter partially covered in fibrinous debris. Strands
of debris can be seen to be gradually occluding one of the holes of this
ventricular catheter. Gradual occlusion of the ventricular catheter by simi-
lar tissue is thought to be the most common cause of VP shunt malfunction.
Other causes of malfunction include discontinuity of the system (disconnec-

FIGURE E.5 Endoscopic view of a ventricular catheter partially covered in fibri-
nous debris. (Courtesy of Jeffrey P. Blount, M.D.)
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tion or fracture of tubing), migration of the system (often, but not always,
associated with disconnection or fracture), perforation of an organ at the
site of the distal catheter, or development of a cyst around the end of the
distal catheter (particularly related to shunts with distal catheters in the
peritoneum).

To decrease the number of shunt obstructions, a number of technical
innovations focused on the ventricular catheter. It is hypothesized that
ingrowth of choroid plexus tissue into the small proximal holes of the
ventricular catheter was the mechanism by which ventricular catheter ob-
struction occurs. Consequently, several catheters were developed that at-
tempted to prevent ingrowth of choroid plexus. The most popular was the
flanged catheter that featured soft silastic flanges at the most distal end of
the ventricular catheter. In theory, the flanges were to keep choroid away
from the holes in the ventricular catheter. Unfortunately, in clinical practice
they were found to be optimal sites for choroid plexus adherence. This
adherence made necessary shunt revisions difficult. The flanges increased
the surface area of the device, which, in turn, increased the frequency of
intraventricular hemorrhage from avulsion of the choroid plexus.

The number and size of the holes in the proximal part of the ventricular
catheter have also been modified in an ongoing effort to reduce the rate of
ventricular catheter failure. No significant improvement in overall ventricu-
lar catheter longevity has been realized despite differences in size, number,
and positioning of holes in the proximal catheter.

Another recent technical innovation involving the ventricular catheter
is the impregnation of the catheter with antimicrobial agents. This is dis-
cussed further in the section on shunt infection.

Valve design has similarly undergone extensive, continuous technical
revisions and innovations. The earliest prototype of the Holter valve fea-
tured two rubber condoms with slits at either end of a piece of tubing.
Other early valves featured simple differential pressure mechanisms that
allowed flow when pressure in the proximal part of the shunt reached a
given value. These valves prevented continuous drainage but did little to
prevent siphoning or over-drainage. To improve valve function, the valve
was moved to the distal end of the shunt. The distal slit valve included a
tiny slit in the distal end of the peritoneal catheter, which provided suffi-
cient resistance to CSF outflow to function meaningfully as a valve. The
Raimondi distal spring valve (a peritoneal valve) was less successful. This
valve featured a spring-like device in the distal end of the peritoneal cath-
eter that functioned to resist CSF outflow. Unfortunately, the spring pro-
vided sufficient rigidity that hollow viscus perforation was a frequent and
serious problem. Concern over this event led a small group of pediatric
neurosurgeons to take the unprecedented step of writing to the FDA in
1978 to petition for the removal of the device. As a result of this action and
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word-of-mouth dissemination of the knowledge of bowel perforation com-
plications, the distal spring valve fell quickly out of use.

Advances in the understanding of CSF physiology fostered technologic
advances in valve design in the 1980s and early 1990s. Prior to this, all
shunt valves functioned through differential pressure. The next sequence of
valve design added flow control to differential pressure. Several valves were
marketed that incorporated these concepts (e.g., Orbis-Sigma 1, Delta
valve).

Another recent innovation in shunt valve design was the introduction
of valves that can be externally adjusted to change the pressure setting
of the valve, allowing the performance characteristics of the valve to be
changed without requiring surgical replacement (21). These valves were
used to treat some forms of slit ventricle syndrome, to allow for changes in
normal intracranial pressure with growth from infancy to adolescence, and
to prevent subdural hemorrhage consequent to shunt over-drainage. Over-
all effectiveness for each indication remains to be definitively demonstrated.

The shunt design, marketing, and pediatric neurosurgery communities
hoped that such advancements, based on improved understanding of CSF
physiology, would predictably result in real and demonstrable improve-
ments in shunt longevity (22). Unfortunately, as documented in the multi-
centered prospective shunt design trial, these aspirations were not realized,
and rates of shunt failure remained relatively unchanged (23), (24).

Infection

Infectious complications have plagued shunts since they first were im-
planted (25), (26), (27), (28). Infection is an important problem for two
main reasons. First, shunt infections are associated with significant morbid-
ity, mortality, and expense. Second, shunt infections are largely iatrogenic
events that have proven markedly resistant to extensive efforts aimed at
reducing or eliminating them (26), (28), (30), (31). Shunt infection may
result in ventriculitis, which is similar to meningitis except that it is centered
within the ventricles of the brain rather than diffusely throughout the sub-
arachnoid space. The infection itself may injure the brain and result in
developmental delay, direct neurologic deficits, or seizures. The patient’s
immune response to the infection may be similarly damaging to the brain
and worsen the injury and resulting deficit. The infection may cause ob-
struction of the shunt with secondary elevation of intracranial pressure and
risk for cerebral herniation. If undetected, shunt infections may progress to
severe neurologic injury or death (32), (33).

Treatment is invasive and expensive. Infection occurs at a rate of 7–10
percent of operations (34). Surgical shunt removal with implantation of a
temporary drain and intravenous antibiotics are the cornerstone of care
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(35). Once the infection is cleared, a second operation is needed to insert a
new shunt. A recent estimate suggested that treatment of an individual
shunt infection costs in excess of $50,000 (36). Overall risks of shunt
failure and infection correlate with clinical experience of the institution
where implantation is performed (37). In-hospital mortality varies by sur-
geon and hospital experience, ranging from 0.1 percent to 0.8 percent of
hospital admissions (38).

The most common microorganisms to cause shunt infections are
Staphylococci from the skin. Other cutaneous bacteria are frequently impli-
cated, and enteral organisms (from the gut) may rarely be implicated. The
preponderance of cutaneous organisms is strongly suggestive that the criti-
cal event in the pathophysiology of shunt infections is inoculation of the
shunt with skin bacteria at the time of shunt insertion. A wide variety of
interventions have been proposed to reduce the risk of shunt infection. The
only intervention that has been proven to reduce the rate of infection is the
provision of intravenous antibiotics prior to the initiation of shunt surgery
(39). Clinical studies also indicate that a dedicated program toward reduc-
ing shunt infection often results in reductions of shunt infection rate. In
poorly controlled, retrospective reviews, individual centers have reported
utilization of protocols that resulted in lower shunt infection rates. How-
ever, no single technique or procedure has significantly reduced infection
rates across time and multiple clinical centers (40), (41), (42). The number
of properly controlled, prospective trials is very limited (43).

The manifestation of the shunt infection is dependent upon the ana-
tomic location of the shunt. Early CSF shunt systems employed the atrium
for the distal catheter placement. As such, blood and heart valve infections
were frequent. Many of these infections were not easy to diagnose. In fact,
catheters can be colonized by staphylococcus aureus without causing overt
infectious signs in the shunted child. However, chronic exposure to the
organism could lead to immune-complex glomerulonephritis (an inflamma-
tory kidney disease) that might result in kidney failure (44). This condition
is called “shunt nephritis” (45), (46). Shunt infection investigators were
intrigued by shunt nephritis through the 1970s, but as the peritoneal shunt
became more popular, other issues in shunt infection dominated publica-
tions (Figure E.6).

One of the principal advantages in utilizing the peritoneum for distal
catheter placement is the relatively minor damage imparted by a shunt
infection (47), (48), (49). The peritoneum has a well-recognized capability
to seal-off/wall-off localized infections. Continued CSF accumulation within
the loculated peritoneum can result in a localized collection of infected CSF
called a pseudocyst (50). The severity of infection-related complications is
significantly less for peritoneal shunts, and the recognition of this and the
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gradual increase in the number of peritoneal shunts represents a successful
hallmark in the history of CSF shunts.

The focus on infection and the inability to eliminate it as an important
complication have led recently to the introduction of shunt components,
such as ventricular and distal catheters, impregnated with antibiotics (51).
Several prototypes are currently available and preliminary reports suggest
their potential effectiveness (52).

Other Complications

A host of other complications has been described. All have important
implications for shunted patients and the health care system. Because the
shunt is an implant, its repair requires an operation. Virtually all infections
require that the infected shunt be removed and replaced. Obstruction, dis-
connections, fractures, and migrations all require surgical correction. Or-
gan perforation may require shunt repair or replacement in addition to
surgical intervention. Hemorrhage can sometimes cause additional brain
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damage. The spread of a brain tumor outside of the central nervous system
through a shunt can seriously complicate the treatment of the tumor. Heart,
lung, and kidney failure, which can result from shunt infection or malfunc-
tion, can be life-threatening.

Reports of Complications

To examine the identification and attempts to devise ways of treating
and preventing complications, we performed a search of the MEDLINE
and OLDMEDLINE databases with the following strategy:

1 Exp HYDROCEPHALUS/co and exp HYDROCEPHALUS/su 560
[Complications, Surgery]

2 exp Cerebrospinal Fluid Shunts/ae, mo 1,713
[Adverse Effects, Mortality]

3 1 or 2 2,184

The 2,184 articles identified were then screened by title and abstract
(where necessary) to identify those that dealt directly with complications of
CSF shunts. A category of “general” was identified for comprehensive re-
views of CSF shunts that might contain discussions of complications. This
category of publication was used primarily in the early days of shunt experi-
ence. Only 13 of the 128 articles in this category were published after 1976.

The articles discussing complications were grouped according to type
of complication. The large category of “malfunction” includes general stud-
ies of malfunction and specific studies of occlusion, disconnection (includ-
ing fracture of the catheter), migration (of a portion of the system away
from its site of implantation), and perforation of an organ by the distal
catheter of the shunt system.

The large category of infection includes general studies of shunt mal-
function and specific studies of shunt nephritis, infected abdominal cysts, or
peritonitis.

Other identifiable categories of complication include uninfected ab-
dominal cysts, intracranial hemorrhage caused by the shunt, tumor me-
tastases through the shunt, pneumocephalus (symptomatic air in the head
related to the shunt), slit ventricles (ventricles that become smaller
than normal after shunting and are associated with symptoms), cardio-
pulmonary (including heart failure, pulmonary embolism, lung dysfunc-
tion, or catheters that perforate the heart or become loose in the vascular
system), and death. Articles describing other complications or studying
multiple types of complications were classified as “miscellaneous.” Table
E.1 shows the distribution of the 1,272 articles. (The entire reference list is
available upon request.)
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The relative frequency of publication of types of complication by year
is shown in Figure E.7. The early dominance of cardio-pulmonary complica-
tion reports is replaced by dominance of infection reports after 1976 and
is explained by the evolving predominance of ventriculo-peritoneal shunts.

TABLE E.1 Articles on Shunt Complications by Type of Complication
Complication Articles

# %
Malfunction 179 14.1

Occlusion 59 4.6
Disconnection 16 1.3
Migration 29 2.3
Organ perforation 75 5.9

Infection 388 30.5
Infection 293 23.0
Abdominal: cyst or peritonitis 7 0.6
Shunt nephritis 88 6.9

Abdominal Cyst (no infection) 43 3.4
Hemorrhage 55 4.3
Abdominal metastasis 54 4.3
Pneumocephalus 28 2.3
Slit ventricles 33 2.6
Cardio-pulmonary 68 5.3
Mortality 12 0.9
Miscellaneous 412 32.4

Total 1,272

FIGURE E.7 Literature reports of shunt complications.
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A cursory review indicates that CSF shunts have many different serious com-
plications, including death, which may result from unrecognized or untreated
malfunction and infection as well as a host of less common situations.

Issues of Growth and Active Lifestyle

Three specific issues related to growth and lifestyle has been overtly
addressed by shunt investigators. The first is the need to revise atrial cath-
eters placed in young children, discussed above. The second is the develop-
ment of a strategy to avoid revision of peritoneal catheters because of
growth. The third is the fracture of catheters under the skin as they cross
from the neck to the chest.

Early in the experience with peritoneal catheters, some were concerned
that excessive catheter length might be problematic (perhaps wrapping
around the bowel and leading to bowel obstruction or causing discomfort
because of amount of foreign material) and used catheters just long enough
to enter the peritoneal cavity at the time of placement. Children could
outgrow these catheters, requiring surgical revision to lengthen the perito-
neal end. A catheter that would expand with growth was reported in 1975,
but did not achieve widespread acceptance (53). Another theory suggested
that a specific, optimal length of catheter could be determined for each
patient, avoiding a presumed problem related to excessive catheter length
(54). This approach likewise failed to achieve currency. A number of re-
ports have suggested ways to add length to existing catheters (55), (56),
(57). Over time, it became common practice to insert catheters long enough
to allow for growth through maturity and to avoid elective operations that
lengthened the tubing. Recently, this practice has been validated in the
published literature (58). Because of the content and nature of the FDA
reporting process, these problems are not identified in the formal post-
market surveillance process.

Finally, the issue of fractures of the distal catheter in the neck has been
investigated (59), (60), (61). Although it has not been possible to defini-
tively prove that these fractures are related to activity, this is hypothesized
to be an important factor because of the consistent location of the fractures.

THE PERIOD OF REGULATION

Regulation Prior to Marketing

In 1976, amendments to the Federal Food, Drug, and Cosmetic Act
gave the FDA its first real authority to regulate medical devices. Devices
were placed in three classes. Class I devices “present minimal potential for
harm to the user” and are the subject of the least regulatory control. Class II

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


APPENDIX  E 365

devices “are those for which general controls alone are insufficient to assure
safety and effectiveness, and existing methods are available to provide such
assurances.” These devices are subject to special controls, such as special
labeling or performance standards. For a Class II device that is used in
supporting or sustaining human life, FDA must identify special controls
that will provide adequate assurance of safety and effectiveness. Class III
devices “are usually those that support or sustain human life, are of sub-
stantial importance in preventing impairment of human health, or which
present a potential, unreasonable risk of illness or injury” Class III devices
are subject to the most stringent regulation (62).

Although CSF shunts are necessary to sustain life in many patients with
hydrocephalus and their failure can lead to death unless properly detected
and treated, CSF shunt systems have been classified as Class II in the Code
of Federal Regulations (21 CFR 882.5550) (63). In 1999, the Systemic
Technology Assessment of Medical Products (STAMP) Conference (spon-
sored by the FDA) investigated the topic of CFS shunt technology. The
introduction to the subsequent report indicates that the decision to classify
shunts as Class II medical devices was “based upon the belief that standards
could be written to assure the safety and effectiveness of marketed shunts,
and that clinical experience had proven shunts to be reasonably safe and
effective” (64).

The rationale expressed in the initial classification is similar to the
rationale described above and, in addition, states that the panel responsible
for the classification believed that “the characteristics of central nervous
system fluid shunts and their components are reasonably well established.”
It further stated that “the complications associated with these devices have
been extensively reported in the literature,” and it acknowledged a mortal-
ity rate in patients treated with shunts of 5–35 percent. The panel noted
that the device was primarily used in children. The Commissioner of FDA
further commented that he doubted “that requirement [sic] premarket ap-
proval of these devices will improve the complication rate associated with
their use” (43 FR 55714-55716, 1978).

Class II devices do not generally require “premarket approval” (PMA),
but premarketing notification (510[k] notification) must be submitted to
and cleared by FDA. This gives FDA the opportunity to assure that general
controls and specific controls for the device are met. In FDA terminology,
these devices receive clearance rather than approval. Applicants for clear-
ance usually must show that the devices meet technical standards for
biocompatibility, function, and reliability through bench testing. They must
also demonstrate the device to be “substantially equivalent” to a device that
was either marketed before May 28, 1976, or has been shown (through the
notification or clearance process) to be substantially equivalent to such a
device. Current, relevant technical standards are embodied in the Interna-
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tional Organization for Standardization (ISO 7197:1997) and American
Society for Testing and Materials (ASTM F647-94[2000]) documents.

The FDA maintains a public, searchable database of releasable deci-
sions on 510(k) applications cleared after January 1999 (65). Table E.2
includes 26 codes that the FDA may use to describe its determinations
about whether a device meets the criterion of substantial equivalence. The
actual, online database, however, only includes decisions for devices that
are found to be substantially equivalent. Those familiar with FDA confi-
dentiality, trade secret, and privacy regulations might expect this, given the
prominent use of “releasable” in the description of the database. Less ex-
pert users of the database might, however, expect to find negative decisions,

TABLE E.2 Codes for Determination of Substantial Equivalence by FDA
for 510(k) Notifications
Code Description

Determination of Substantial Equivalence listed in 510(k) database
AN Approved Evaluation of Automatic Class III Designation
ST Substantially Equivalent – Subject to Tracking Regulations
PT Substantially Equivalent – Subject to Tracking and Postmarket

Surveillance
SF Substantially Equivalent – Waiting on Future Policies
SS Substantially Equivalent – Special Labeling
SE Substantially Equivalent
SA Substantially Equivalent – Awaiting Device Approval
SW Substantially Equivalent – Awaiting Drug Approval
CS Substantially Equivalent – CLIA Submission
SK Substantially Equivalent – Kit
KD Substantially Equivalent – Kit with Drugs
SI Substantially Equivalent – Market after Inspection
SP Substantially Equivalent – Postmarket Surveillance
PR Substantially Equivalent – Proposed Recision
SU Substantially Equivalent – with Limitations
SN Substantially Equivalent – for Some Indications
SD Substantially Equivalent – with Drug

Determination of Non-Substantial Equivalence listed in FDA decision codes
FB Subject to 515(b) – Requires PMA
NE Not Substantially Equivalent
SC Not Substantially Equivalent – Cannot Market
SL Not Substantially Equivalent – Improper Label
RE Rescind Substantial Equivalence
UD Unable to Determine Equivalence
UO Unable to Determine Equivalence – Outstanding Drug Issue
UR Not Substantially Equivalent – Unreliable Data
OD Unable to Determine Equivalence – Outstanding Device Issue

SOURCE: (65), (66).
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especially because the documentation for the database defines nine codes
for various kinds of negative decisions.

A search of the 510(k) database through January 2005 (65) produced
166 records for code JXG (shunts, central nervous system), 8 records for
HCA (catheter, ventricular), and 1 record for NHC (catheter, ventricular
[containing antibiotic or antimicrobial agents]). HCD (cannula, ventricu-
lar) and GYK (instrument, shunt system implantation) were not included in
further searches as these devices are not permanently implanted shunts. All
175 devices were cleared as substantially equivalent (SE). According to this
database, the FDA has never required postmarket surveillance, tracking,
special labeling, or placed limitations beyond those proposed by the manu-
facturer for CSF shunts.

The search also identified a valve system that is electromagnetically
adjustable to 17 different pressure settings (67). All previously marketed
shunts operated at a single, predetermined pressure. These pressure settings
are susceptible to alteration by strong magnetic fields, such as magnetic
resonance imaging scanners. Although not required by the FDA, this sub-
mission included a randomized clinical trial, comparing the programmable
shunt to its non-programmable predecessor (21). To date, the FDA has not
required a premarket approval application for any CSF shunt.

Based in part on the descriptions provided above, it is clear that the
CSF shunt is considered to be a mature device from a regulatory point of
view. Despite its use to “support or sustain human life” and its “substantial
importance in preventing impairment of human health,” FDA does not
require the intense scrutiny applied to Class III life-saving devices intro-
duced into clinical practice after 1976. One must ask if this is a reasonable
conclusion or if this conclusion is based on short-term effectiveness without
sufficient consideration of long-term effectiveness and complications.

Postmarketing Surveillance

In 1999, the FDA convened the previously mentioned STAMP confer-
ence, “Shunt Technology: Challenges and Emerging Directions.” The con-
ference reviewed “families of closely related medical devices having broad
use and most often, several years of marketing experience, as well as, a
significant potential for adverse events.” In presentations, patient advo-
cates, industry representatives, and physicians familiar with cerebrospinal
fluid shunts and the associated complications stressed continuing difficulty
with problems of shunt function and infection. The report states that “over
60% of shunt patients manifest some type of shunt complication over their
lifetime such as shunt obstruction, over-drainage, infection, device migra-
tion, disconnection and fracture.” The report summary mentions the pos-
sible development of patient information cards and online databases that

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


368 SAFE MEDICAL DEVICES FOR CHILDREN

would allow more comprehensive collection of information on shunt com-
plications using standard definitions, but makes no specific recommenda-
tions (64).

It is clear that the approved CSF shunt devices continue to have impor-
tant problems with both function and infection. The existing system for
monitoring these devices for problems should be examined for effectiveness
both in identifying problems and in prompting corrective action.

The 1976 Medical Device Amendments granted FDA authority to issue
regulations requiring adverse event reporting for marketed medical devices.
FDA issued these medical device reporting regulations  in 1984. A medical
device reportable event as defined by the statute means:

(1) An event about which user facilities become aware of information that
reasonably suggests that a device has or may have caused or contributed
to a death or serious injury; or (2) An event about which manufacturers
or importers have received or become aware of information that reason-
ably suggests that one of their marketed devices:
(i) May have caused or contributed to a death or serious injury; or
(ii) Has malfunctioned and that the device or a similar device marketed by
the manufacturer or importer would be likely to cause or contribute to a
death or serious injury if the malfunction were to recur. (21 CFR 803.3)

Subsequent adverse event reports were collected in the Medical Device
Reports (MDR) database. To strengthen the reporting system, Congress
enacted the Safe Medical Devices Act of 1990 (SMDA), which established
requirements for reporting by device manufacturers, distributors, and user
facilities. The FDA established a new database, Manufacturer and User
Facility Device Experience (MAUDE), and began the transition from the
MDR database in 1992. Since August 1996, MAUDE has been the exclu-
sive adverse event report database.

In 1990, Congress also enacted separate regulatory authority for post-
market surveillance. The FDA website provides the following statement
regarding the purpose of postmarket surveillance (68).

The primary objective of postmarket surveillance is to study the per-
formance of the device after marketing as it is to be used in the general
population for which it is intended. Generally, the primary variables to be
studied are morbidity or mortality. The major interest lies in device failure
and its attendant impact on the patient.

Postmarket surveillance is considered a warning system for the early
detection of potential problems within a reasonable time of their first
marketing. The intent of the regulation is to:

• Identify problems
• Provide safety warnings
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• Provide information not available from the medical device report-
ing regulation

• Provide actual use of safety and effectiveness information.

ECRI (formerly the Emergency Care Research Institute), a not-for-
profit health services research agency, maintains a version of the MDR and
MAUDE databases with additional search capabilities. Both versions of the
databases were used for this report. Searches were performed in December
2004. The strategy summarized in Table E.3 was used to search the MDR
database.

This search produced 1,762 reports relevant to CSF shunts submitted
to the MDR database from 1978 through 1996. Because of misclassi-
fications leading to the inclusion of non-shunt devices and overlapping
product codes that include CSF devices that are not implanted shunts (e.g.,
external ventricular drains, CSF shunt programmers, and devices for pass-
ing shunt catheters subcutaneously), the records were reviewed by the au-
thor (SJH) to identify misclassifications and reports not related to im-
planted CSF shunts. The final result was 1,555 reports regarding implanted
CSF shunts.

The MAUDE database was searched in June 2004 with the strategy
((((“CEREBROSPINAL FLUID” OR CSF OR VP OR V-P OR VA OR
VENTR* OR HYDROCEPH* OR CNS OR CENTRAL) AND SHUNT)
OR (“NEURO VALVE” OR PUDENZ OR “SHUNT KIT” OR “POSTE-
RIOR FOSSA” OR OSV OR DELTA)))). This produced 2,985 records of
reports submitted from 1992 through 2004. These were reviewed for accu-
racy and a number of misclassifications by FDA product code were identi-
fied. Thirty-four were clearly shunts misclassified as another device (Table
E.4). Others were non-shunt devices misclassified with a shunt code. Clean-
ing of the list resulted in 2,298 records of reports to the MAUDE database
regarding problems with CSF shunts. An amended search in December
2004 increased the number of reports to 2,472.

Classification of Complications

In Part 2, we presented a classification of complications based on re-
view of the literature. Both the MDR and MAUDE reports list reporter-
classified outcomes as: death, serious injury, malfunction, or other. Because
the MDR database could only be obtained in a text file, the “EFFECT
TYPE” was identified by text searching the 1,762 reports that were identi-
fied in line S9 of the search strategy in Table E.3. All effect types other than
“DEATH,” “SERIOUS INJURY,” or “MALFUNCTION” are grouped as
“OTHER.” The MAUDE database was available in spreadsheet for-
mat allowing a more detailed search. The responses “OTHER,” “NO
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TABLE E.3 Search Strategy (MDR Reports) for Adverse Events for CSF
Shunts
Step Items Description (use 4 digit years)

S1 56,618 SF=(AI OR ABS)
S2 1,508 SO=(HEALTH()DEVICES?)
S3 657 PC=(16-244?)
S4 486 S3 NOT S1
S5 826 PC=(10-704? OR 16-151? OR 10-769? OR 15-588? OR

16-244? OR 17-090? 04 17-734?)
S6 589 S5 NOT S1
S7 1,709 FP=(JXG? OR GYK? OR HCD? OR HCA?)
S8 1,709 S7 NOT S1
S9 1,762 S7 OR S6
S10 111 S9 AND (OCCLU? OR BLOCK? OR OBSTRUCT*)
S11 77 S9 AND (DISCONNECT? OR FRACTUR?)
S12 6 S9 AND MIGRAT?
S13 7 S9 AND (PERFORAT? OR EXTRU? OR PENETRAT?)
S14 49 S9 AND (INFECT? OR VENTRICULITIS? OR MENINGITIS?)
S15 1 S9 AND (PERITONITIS? OR PSEUDOCYST? OR PSEUDO

(1N) CYST?)
S16 0 S9 AND CYST (3N) ABDOM?
S17 0 S9 AND CYST AND PERITON?
S18 0 S9 AND (NEPHRITIS OR GLOMERULONEPHRITIS)
S19 49 S9 AND (HEMORRHAG? OR HAEMORRHAG? OR

HEMATOMA? OR HAEMATOMA? OR BLEED?)
S20 0 S9 AND METASTAS?
S21 1 S9 AND TUMOR? AND (ABDOM? OR PERITON?)
S22 22 S9 AND (AIR OR PNEUMOCEPHALUS)
S23 424 S9 AND (SLIT OR INTRACRANIAL()HYPOTENSION OR

LOW()PRESSURE) OR OVERDRAIN? OR OVER()DRAIN?)
S24 30 S9 AND (HEART CARDIAC OR ATRI? OR SUPERIOR()

VENA()CAVA OR SUPERIOR()VENACAVA OR
ENDOCARDITIS OR VEGETATION)

S25 15 S9 AND ET=DEATH
S26 9 S9 AND DIED
S27 16 S25 OR S26
S28 388 S23 NOT (S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR

S19 OR S21 OR S22)
S29 295 (S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S19 OR

S21 OR S22)NOT S28
S30 0 S29 AND (HAIR OR FAIR)
S31 24 S11 AND (HEART OR CARDIAC OR ATRI? OR

SUPERIOR()VENA()CAVA OR SUPERIOR()VENACAVA OR
ENDOCARDITIS OR VEGETATION)

S32 11 S11 AND ET=DEATH
S33 7 S11 AND DIED
S34 12 12 S32 OR S33
S35 0 S11 AND (BRAIN()DEATH OR BRAINDEATH OR

BRAIN()DEAD OR BRAINDEAD)
S36 442 S11 AND (SLIT? OR INTRACRANIAL()HYPOTENSION OR

LOW()PRESSURE OR OVERDRAIN? OR OVER()DRAIN?)
S37 36 S11 AND S19 OR S20 OR S21 OR S22 OR S23
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ANSWER PROVIDED,” and blank fields were grouped as “OTHER.” The
shunt reports classify as follows (Table E.5).

In the MDR database, the refined text search for “MORTALITY”
(Table E.3, line S34 and 35) produced 12 reports suggesting shunt-related
death. Of the 12 reports identified, 2 were of non-shunt devices misclassified
as shunts leaving 10 shunt-related deaths.

TABLE E.4 CSF Shunt Reports in the MAUDE Database Misclassified as
a Non-Shunt Device
Listed FDA Product Code Actual Product Report #

<blank> Shunt catheter 36
Shunt catheter 5,787
VP shunt 9,189
VP shunt 9,200
VP shunt 9,201
VP shunt 19,227
VP shunt 20,112

KPM (peritoneo-venous shunt) VP shunt 941
VP shunt 16,815

FIQ (cannula, A-V shunt) Shunt catheter 2,336
CAR (monitor, spinal fluid pressure, electrically Shunt catheter 5,860

powered)
LID (not currently listed, “ventriculo-amniotic” VP shunt 9,511

in database) VP shunt 15,964
VP shunt 16,748

LXL (not currently listed, “valve-shunt-fluid” VP shunt 25,331
in database)

VP shunt 28,084
VP shunt 507,413

MAJ (catheter, percutaneous, intraspinal, short-term) VP shunt 65,062
HCA (catheter, ventricular) VP shunt 105,654

VP shunt 174,723
VP shunt 206,462
VP shunt 210,976
VP shunt 228,231
VP shunt 238,155
VP shunt 394,625
VP shunt 437,978
VP shunt 446,166

GBW (catheter, peritoneal; General and Plastic Surgery) VP shunt 206,467
VP shunt 220,542
VP shunt 241,343
VP shunt 241,350
VP shunt 385,607

GWB (antisera, fluorescent, all types, streptococcus VP shunt 501,635
pneumoniae) (probable typographical error)

JQG (radiometric, F259, iron-binding capacity) VP shunt 501,622
VP shunt 501,934
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In the MAUDE database, eight official reports listed outcome as
“DEATH.” The report narratives were examined in detail by the author.
Four reports were found to state that the patient had died. In one instance,
the reporter determined that the death was unrelated to the shunt. One
report was the result of the filing of a malpractice suit alleging death related
to the shunt. The other two patients died within 2 weeks of shunt operation
and, therefore, would ordinarily be considered to have device-related mor-
tality. Thus, of the eight official “DEATH” outcomes, six appeared to be
definitely shunt related, one (the malpractice allegation) was possibly shunt
related, and one was unrelated.

The report narratives were then text-searched for “DEATH” or “MOR-
TALITY.” Where death was mentioned but no details were available, the
death was considered shunt related. When all reports indicating patient
death, either in the outcome section of the official report or as a result of the
text search, were adjudicated by the author, there were 11 deaths related to
shunt complications. This includes any death within 30 days of shunt op-
eration and excludes one patient who died 5 months postoperatively from
an intracerebral hemorrhage.

This analysis of the reporting of shunt-related death suggests that both
the outcome section of the reports and the automated text search of the
entire narrative file result in overlapping and incomplete ascertainment of
specific problems.

Because there were simply too many reports for individual review, and
accepting the likely inaccuracies suggested by the detailed review of report-
ing of “DEATH,” the computerized text searching of the MDR and
MAUDE databases using the strategies described above was used to classify
the reported complications using the classification scheme presented in Part 2.
The MAUDE search done for Table E.6 utilized the strategy listed above,
but used a different text searching program that was part of the preparation
of data for the disproportionality analysis reported below, resulting in
minor differences in identified mortality reports. The definition of “MAL-
FUNCTION” in the “EFFECT TYPE” reporting analyzed above is differ-

TABLE E.5 Outcome as Reported for CSF Shunt Events in MDR and
MAUDE Databases

MDR MAUDE

Outcome Number Percent Reported number Percent

Death 15 0.9 8 0.3
Serious Injury 810 46.0 1,364 55.2
Malfunction 870 49.4 572 23.1
Other 67 3.8 528 21.4
Total 1,762 2,472
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ent from the definition of “MALFUNCTION” for the purposes of compli-
cation classification (some malfunctions would be called “SERIOUS INJU-
RIES” while some would not), thus explaining the differences in the totals
for “MALFUNCTION” in the two tables. This classification follows:

ECRI also maintains a Health Devices Alerts Data Base, which collects
data, reports, and alerts “from a wide variety of national and international
patient safety organizations, ECRI product evaluations, member hospital
reports, and accident and forensic investigations, in addition to FDA En-
forcement Report data and manufacturer notices.” When searched with the
following strategy ((((“CEREBROSPINAL FLUID” OR CSF OR VP OR
V-P OR VA OR VENTR* OR HYDROCEPH* OR CNS OR CENTRAL)
AND SHUNT) OR (“NEURO VALVE” OR PUDENZ OR “SHUNT KIT”
OR “POSTERIOR FOSSA” OR OSV OR DELTA)))), there were 4 of 13
identified action items related to CSF shunts. A fifth was discovered seren-
dipitously. Of 345 abstracts in published literature, 202 referred to CSF
shunts. No alerts were identified.

ECRI defines action items as “reports of medical device problems,
hazards, and recalls that have been verified by ECRI with the device manu-
facturer/distributor. Each Action Item includes ECRI’s specific recommen-
dations and instructions to help those who have the affected product take

TABLE E.6 Classification of Complications in the MDR and MAUDE
Databases and Published Literature

MDR MAUDE Literature

Complication # % # % # %

Malfunction 201 12.9 526 21.3 179 14.1
Occlusion 111 7.1 380 15.4 59 4.6
Disconnection 77 5.0 125 5.1 16 1.3
Migration 6 0.4 11 0.4 29 2.3
Organ perforation 7 0.5 10 0.4 75 5.9

Infection 36 2.3 75 3.0 388 30.5
infection 36 2.3 72 2.9 293 23.0
Abdominal: cyst
or peritonitis 0 0 3 0.1 7 0.6
Shunt nephritis 0 0 0 0 88 6.9

Abdominal Cyst (no infection) 0 0 0 0 43 3.4
Hemorrhage 29 1.9 54 2.2 55 4.3
Abdominal metastasis 0 0 4 0.1 54 4.2
Pneumocephalus 9 0.6 6 0.2 28 2.2
Slit ventricles 442 28.4 109 4.4 33 2.6
Cardio-pulmonary 24 1.5 6 0.2 68 5.3
Mortality 12 0.8 5 0.2 12 0.9
Miscellaneous 802 51.6 1,687 68.2 412 32.4

Total 1,555 2,472 1,272
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the actions needed to prevent harm” (69). The nine unrelated action items
involved devices such as knee prostheses, airways, and pacemakers that use
some of the terms in the search but are not CSF shunt devices. The five
action items involved risk of fracture of a right angle connector leading to a
recall of unimplanted connectors (from a batch of 4,600 units), debris in
metal connectors leading to a recall of 156 units, abnormally high operat-
ing pressure of valve leading to recall of all unimplanted units (number not
specified), mislabeled closing pressure on valves leading to recall of un-
implanted valves (from a total of 60,760 distributed), and the distribution
of ventricular catheters without holes in them. The two most recent actions
were in 1992 and 2004.

Data Mining Techniques

We applied disproportionality analysis techniques (see Appendix D) to
the shunt subset of the MAUDE database. Shunt complications in the data-
base were identified by searching the text of the narrative descriptions of
adverse events in the database (the details are given in Appendix D of the
main report). This analysis identified only two associations between spe-
cific manufacturers and adverse event reports. Table E.7 shows the results
of the analysis, identifying an excess of catheter disconnections associated
with products of Company A and an excess of catheter migration associ-
ated with products of Company B.

We could not identify any action such as a recall, safety alert, or publi-
cation possibly related to the migration events identified for Company B. In
the case of company A, concern was expressed in the literature regarding
fracture (included in our definition of disconnection) in papers published in
1992 and 1995 (60), (70), (71). These papers deal with predominantly
pediatric populations. A change in the formulation of the catheter was
made by the company in response to concerns about an excessive number
of catheter fractures. As the public data in the MDR and MAUDE data-
bases does not include the age of the patient, we could not determine if
children were overrepresented in the adverse event reports. No author has

TABLE E.7 Disproportionality Analysis of CSF Shunt Events in MAUDE
Database
N E RR EBGM Manufacturer Event

91 47.2 1.93 1.85 COMPANY A Disconnection
6 0.982 6.11 1.70 COMPANY B Migration

NOTE: N = number of events reported, E = number of events expected in the absence of
association, RR = raw relative risk estimate (N/E), EBGM (Empirical Bayes Geometric Mean)
is an adjusted relative risk estimate. For details see Appendix C.
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addressed the question of whether or not children are particularly suscep-
tible to such fractures because of their activity levels.

Summary

Complications of CSF shunts have been the subject of clinical investiga-
tion since the first effective valve-regulated shunt was introduced in the
1950s. Important modifications in shunt procedures and design have been
documented in the literature since that time. Since 1976, the FDA has
collected reports from manufacturers and user facilities regarding death,
serious injury, and malfunction related to CSF shunts. Analysis of these
reports compared to the reports in the literature suggests that infections of
CSF shunts have received much more attention in the literature than in the
reports and that the problem of slit ventricles received greater attention in
the MDR reporting system than in either the MAUDE system or the litera-
ture. The application of data mining techniques to the databases identified
only one problem disproportionately associated with one manufacturer.
There is suggestive evidence that this problem was also identified in the
literature.

CONCLUSIONS

The tone for regulation of CSF shunts was set when the decision was
made to classify them as Category II devices. This classification does not
require premarket approval, which routinely requires submission of data
from clinical studies. Viewed from today’s perspective, this classification
may seem unusually lax for a device that treats life-threatening conditions
and may have malfunctions associated with death or disability.

The contrast with the cochlear implant (see Appendix F) is instructive.
The first version of that device was approved through the premarket ap-
proval process in 1984 (P830069). Multiple design changes and adapta-
tions have been approved since that time. The device has a low failure rate
(between 0.8 percent and 0.3 percent per year), and the implantation infec-
tion rate is relatively low (1.6 and 4.1 percent in two recent reports) (72),
(73). Yet 15 reports of meningitis created sufficient concern to result in
studies that led to recall of one brand of implant. A subsequent study
identified 26 cases of meningitis in 4,264 children with cochlear implants.
This represents a substantial increase over the expected rate of meningitis,
but is far below the rate of 7 to 9 percent for CSF infections as seen with
CSF shunts (74). CSF shunts treat life-threatening disease, and their failure
is associated with life-threatening complications. Cochlear implants treat a
serious, but not life-threatening condition and rarely are associated with
life-threatening complications. Although the focus on meningitis associated
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with cochlear implants did not arise through the FDA device reporting
system, FDA attention to the problem did generate significant change in
available devices and management protocols to decrease the patient risk.
No similar effort has been directed toward CSF shunt-related infection.

As of June 2003, there were 171 CSF shunt-related premarket notifica-
tions in the FDA database, resulting in decisions affirming “substantial
equivalence.” These decisions have allowed manufacturers to introduce
many variations and modifications of the CSF shunt and its parts. For an
important medical device with a relatively small market, the 510(k) notifi-
cation approach may have been very effective and appropriate.

CSF shunts have been associated with very few manufacturing prob-
lems. The FDA has never recalled a shunt product. ECRI has issued only
five health device alerts involving probably only several hundred actually
distributed devices. The record suggests that the FDA’s mechanisms for
assuring sound manufacturing processes, biocompatibility, sterility, and
basic function have worked well to minimize mechanical malfunction, faulty
modifications in design, and errors in the manufacturing process.

There is good evidence of rational progress in the clinical history of
CSF shunting. Both technical (surgical) and technologic (device) advances
are real and persistent across the history of this undertaking. Technical
successes include the evolution toward peritoneal distal catheters, cessa-
tion of implantation of short catheters (that require elective lengthening),
and the realization that compulsive sterile technique is associated with
decreased infection rates. Technical disappointments include endoscopic
placement of ventricular catheters (75) and lack of clear superiority of
frontal versus occipital trajectories (76). Technologic successes include
the development of silastic, differential pressure valves, and pliant perito-
neal catheters. Technologic disappointments have included flanged cath-
eters, variations in ventricular catheter hole size, distal spring valves,
polyethylene shunts, and flow-regulated valves (insofar as no expected
decrease in obstruction rate was seen). Programmable valves and antimi-
crobial impregnation are recent developments for which no final conclu-
sion can currently be reached. All of these developments have occurred in
a relaxed federal regulatory environment.

However, shunts continue to have clinically significant, sometimes life-
threatening complications. As noted at the STAMP conference, over 60
percent of shunted patients will experience a complication, most of which
require surgical revision of the device. The rates of infection and malfunc-
tion have been stable for the past two decades, and there is no convincing
evidence that they vary by brand or type of device. In the setting of pre-
market notification rather than premarket approval, the burden of identify-
ing adverse events or complications for the purposes of assuring that safety
and effectiveness are maintained falls predominantly outside the premarket
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review system, with a small role for the formal postmarket surveillance
system.

That postmarket surveillance system does not appear to have resulted
in any important change in the safety or effectiveness of CSF shunts. De-
spite more than 4,000 reports of device problems, the majority of which
resulted in patient injury or, rarely, death, there have been only four recalls
identified. All were manufacturer initiated recalls related to manufacturing
or labeling issues. With the exception of infection, which has received far
greater attention in the published literature than in reports to the FDA, the
device problems reported to the FDA have reflected the type and distribu-
tion of the problems reported in the medical literature. As a result, one
could conclude that the time and effort involved in reporting and reviewing
those reports, at least as implemented, thus far, have not resulted in any
important change in the safety, effectiveness, or clinical use of CSF shunts.

The current structure of the adverse event reporting system makes it
difficult to search it for the details necessary to analyze specific complica-
tions. Frequently, the data necessary to classify the adverse event report in
a clinically useful manner is simply not present. Additionally, variation in
the understanding of types of events and errors in product classification
makes accurate analysis nearly impossible. However, it is clearly beyond
reasonable expectations or the resources of the FDA to impose reporting
rules that require adherence to carefully specified definitions, more detailed
information, and rigorous error checking.

The application of data mining techniques did identify one manufactur-
ing problem (excessive catheter fracture) that was contemporaneously iden-
tified in the medical literature.

These data raise several questions. One could argue that postmarket
surveillance, in its present form, offers no benefit and could ask if it should
be abandoned for these devices. Alternatively, the question remains whether
or not a strengthened monitoring effort that would allow the identification
of device-specific rates of infection and malfunction could result in further
progressive improvement in both malfunction and infection rates. Is it a
problem that the system monitors for serious device complications but does
not feed this information into a system designed to identify and implement
solutions to the problems? Has the system been lulled into inaction by
accepting as inevitable the relatively high rates of complications associated
with CSF shunts?

For the present, the burden of identifying problems associated with
CSF shunts and searching for solutions to those problems rests with the
informal system of clinical observation and research. While real gains have
been made and the life of a hydrocephalic child is markedly different than a
generation ago, there is clearly much more to learn. Recent flow-controlled
valves more closely emulate best available concepts of CSF physiology, but
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have failed to reduce rates of obstruction. This failure has heightened col-
lective awareness concerning our incomplete understanding of CSF physiol-
ogy and the pathophysiology of hydrocephalus. The question of whether or
not a higher level of FDA regulation and more intense focus on the CSF
shunt would have resulted in a shunt with lower risk of infection and
malfunction cannot be answered from this retrospective look at the prob-
lem. It is, however, an important question worthy of further exploration.
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INTRODUCTION

Impairment of hair cell function induces profound deafness in approxi-
mately 0.3 percent of children younger than 5 years.1,2 In deafness, hair
cells of the inner ear fail to trigger auditory nerve fibers in the presence of
sound. However, large reserves of auditory nerve fibers exist even in the ear
of the profoundly deaf. Furthermore, these nerve fibers retain the ability to
respond to electrical activation. Cochlear implants could potentially affect
the auditory rehabilitation of an estimated 200,000 United States children
with advanced levels of deafness as indicated by a failure to achieve critical
milestones in speech and language using conventional hearing aids.

While the impact of hearing loss in an adult varies considerably with
the severity of hearing loss and with lifestyle choices, the impact of an
advanced level of hearing loss in infancy and early childhood can dramati-
cally affect developmental learning. Because most domains of communica-
tion and language learning are subserved by early access to the phonology
of speech, deafness effects can extend to the acquisition of visual-language
reception (reading) and visual-language production (writing), as well as the
constructs of spoken language. A hearing 5-year-old child, for example, has
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***Oxford University.
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a vocabulary that ranges between 5,000 and 26,000 words. In comparison,
a deaf child of the same age usually has access to a vocabulary of about 200
words and limited ability to structure a spoken sentence.3 Given the sub-
stantial impact of deafness on development and the potential benefit of
restored hearing, there are risks of underestimating the importance of po-
tential complications associated with a device-oriented approach to deaf-
ness. Complications associated with the implantation procedure and device
malfunction may arise during critical stages of language acquisition, before
a child can be expected to report on their experience with an implanted
device.

The cochlear implant is best characterized as a device that provides
access to sound. The device enables the hearing pathway to respond to
environmental and speech sounds, providing informational cues from the
surroundings and from others through direct, electrical activation of audi-
tory nerve fibers tuned to frequencies that span the spectrum of practical
hearing.

In October 2004, the U.S. Food and Drug Administration (FDA) devel-
oped a website that contains general information on hearing physiology
(including animated graphics), information on how a cochlear implant func-
tions, as well as FDA regulatory approvals for these devices. The reader is
referred to this website as a comprehensive resource for background infor-
mation on cochlear implants: http://www.fda.gov/cdrh/cochlear/index.html.

Three different manufacturers of cochlear implant systems provide cur-
rently available devices. All three product devices consist of similar compo-
nent parts

1. An external unit comprised of a microphone, speech processor (Fig-
ures F.1 and F.2), and batteries to drive the system.

2. An implanted receiver and electronics package (Figure F.3) with
connecting leads that feed an electrode array (Figure F.4).

The design of the electrode array must incorporate biocompatibility,
mechanical stability, practical fabrication, and minimize insertion trauma.
From a surgical point of view, efforts to reduce insertion trauma must be
accomplished at the materials and design levels, as well as through the
surgical technique.

For the past two decades, mastoid-implantable internal devices with
leads to electrical arrays placed in the basal turn of the cochlea have been
applied to deaf children as an increasingly large proportion of all cochlear
implants placed (Figures F.5 and F.6). As of 2003, more than half of all
newly implanted devices have been placed in children under age 5. It is
estimated that approximately 7,500 to 10,000 United States children have
received a multichannel cochlear implant prior to the age of 5 years out of
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FIGURE F.1 Ear-level processor. (Cour-
tesy of Cochlear Americas Corporation.)

FIGURE F.2 Body-worn processor. (Courtesy of Cochlear Americas Corporation.)

a worldwide population of approximately 90,000 recipients as of February
2005 (synthesis of verbal communication with the three major cochlear
implant manufacturers: Advanced Bionics Corporation, Cochlear Corpora-
tion, and Med El Corporation, February 2005).

Auditory thresholds of cochlear-implanted children allow access to au-
ditory information beyond that available to deaf children who routinely use
conventional amplification (hearing aids). Lowered hearing thresholds of-
fer a substrate for auditory therapy.4 Through developmental learning in
the early, formative years, auditory centers of the brain appear capable of
processing the additional information from the implant in ways that are not
possible at later developmental stages. Speech comprehension and oral lan-
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FIGURE F.3 An implanted receiver and
electronics package. (Courtesy of Ad-
vanced Bionics Corporation.)

FIGURE F.4 An electrode ray. (Courtesy
of Advanced Bionics Corporation.)

guage development after implantation occur at a rate that parallels that of
normal hearing peers, although gaps due to early deprivation often persist.
Phonologic access afforded by of the cochlear implant to children has set
the stage for several global perceptions of the intervention:

• the cochlear implant represents one of many innovative technologies
that enable the rapid transfer of processed information from sound to
comprehension;

• implant technology represents an alliance of informational process-
ing strategies that utilize both manufactured and natural neural circuits;
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FIGURE F.5 An implanted electronics and receiver package connected to an elec-
trode ray, which is inserted through the cochlea. (Used with permission of Lippin-
cott Williams & Wilkins. Originally appeared in Cochlear Implants: Principles and
Practices, 2000. Niparko J, Kirk KI, Mellon NK, eds.)

FIGURE F.6 The cochlear implant system comprised of its internal and external
components. (Courtesy of Medmovie.com.)
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• to the extent that a cochlear implant can encode the sounds of
speech with precision, the device can provide opportunities for develop-
mental and oral language learning in young children with implications
for psychosocial development, scholastic achievement, and life chances;
and

• potentially dramatic, life-altering outcomes following early cochlear
implantation have fostered high media visibility and enthusiasm about the
benefits of early implantation.

Against a two-decade old background of a generally positive global
perception of clinical effects of cochlear implants in deaf children, a more
open acknowledgement of potential harms has emerged in recent years.
This summary provides background, peer-reviewed information regarding
current risks posed to implant recipients and suggests approaches to im-
prove surveillance of complications associated with cochlear-implantable
devices in children.

We begin with a description of considerations for candidacy selection
and then review current understanding of complications and underlying
mechanisms. We close with an assessment of the current state of device
surveillance and propose several approaches to addressing the considerable
challenge of tracking the health of children with cochlear implants.

CANDIDACY EVALUATION: MEDICAL, OTOLOGIC
AND RADIOLOGIC ASSESSMENT

General Medical and Otologic Assessment

To date, most cochlear implantations have been performed in children
over the age of 2, though recent trends have shifted applications to ever
younger patients. The main concerns with implanting infants and toddlers
relate to the unreliability of audiologic testing at these ages, the prevalence
of otitis media, challenges in the rehabilitation process, surgical obstacles
posed by smaller tolerances in surgically approaching the cochlea. None-
theless, centers have demonstrated promising results with few surgical com-
plications.5,6,7,8,9 Moreover, outcome analyses seem to suggest the value in
implanting at earlier ages. Zwolan and colleagues reviewed their series of
295 children implanted between 12 months and 10 years of age and ob-
served that children implanted at younger ages experienced greater gains in
speech perception over time than children implanted at a later stage.10

Robbins and colleagues11 noted that children implanted prior to the age of
19 months carry the highest potential for acquiring auditory skills at rates

Copyright © National Academy of Sciences. All rights reserved.

Safe Medical Devices for Children 
http://www.nap.edu/catalog/11313.html

http://www.nap.edu/catalog/11313.html


388 SAFE MEDICAL DEVICES FOR CHILDREN

that are not statistically different from their normal-hearing peers. Like-
wise, Schauwers and colleagues12 found smaller delays in the onset of bab-
bling with earlier implantation, and Govaerts and colleagues13 found that
implantation before the age of 2 was important in achieving optimal re-
sults. These case series of children suggest that implant-based percepts
promote developmental learning in keeping with constructs of critical-
period dictates of early language development.

It does not appear that earlier implantation is associated with higher
device-related complications. For example, a review of 34 cochlear implant
complications in the Johns Hopkins cohort of 1,030 patients found that 51
percent of implants were placed in children under the age of 4 years. Device
failure was found to occur in children under the age of 5 years in 11 of the
34 cases (33 percent).

In addition to age considerations, the child must undergo a series of
tests to ensure the proper candidacy for the procedure. Evaluation should
include a complete medical history with appropriate laboratory studies
and an assessment of the patient’s general health and ability to endure a
general anesthetic for the necessary mastoid surgery. For children under
the age of 9 to 12 months, general anesthetic may carry increased risk;14

therefore, the benefits of earlier implantation must be carefully assessed
against these risks. Although implantation under a local anesthetic has
been described, this approach is usually not recommended because it
constrains the soft tissue dissection behind the mastoid required for em-
bedding the internal device.

Patients must be physically and psychologically capable of completing
the course of recommended programming and therapy. Personality traits
and family dynamics that predict program engagement should be assessed.
Psychological assessment may be indicated to screen for psychopathology
and organic brain disease. However, children with developmental delays
and other limitations or disabilities should not be barred from implanta-
tion. While such children may not experience the same gains as deaf chil-
dren without other functional limitations, numerous studies have shown
considerable benefit is still possible.15,16,17,18

Both the chronology of deafness and the history of amplification use
can help determine the choice of ear to be implanted. Previous otologic
operations should be documented, as well as any abnormalities or diseases.
In particular, a history of meningitis should prompt a discussion of meth-
ods for implanting a cochlea that may be partially or fully ossified as a
result of meningitic-related inflammation. While post-meningitic deaf chil-
dren were previously thought to perform at less impressive levels after
implantation due to the neuropathologic consequences of the disease at the
level of the inner ear, Francis and colleagues19 found no significant delays in
their cognitive or speech perception performance, with the exception of
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those children who exhibited evidence of meningitic-related hydrocephalus.
Data from this case series of 30 meningitis-deafened children suggest that
central factors hold sway in predicting audiologic performance and that
ossification of the cochlea does not prevent good outcomes.

Most children who present for cochlear implantation will likely have
some history of acute otitis media (AOM). However, this does not consti-
tute a clinical contraindication currently, as long as the condition is under
control at surgery. The surgeon, however, should be prepared for an
inflamed middle ear mucosa that may complicate and lengthen the sur-
gery.20 Based on clinical experience, ventilation tubes may be removed
before implantation, but should be left in if the child has frequent recur-
rent episodes of AOM. Luntz and colleagues21 suggest the continuous use
of ventilation tubes until the child has outgrown susceptibility to AOM
based on a study.

In audiologic testing, the cochlear implant candidate should have pure-
tone averages (PTA) greater than 90 dB and speech understanding scores of
up to 50 percent on sentence testing, though recent work has suggested that
children who retain greater residual hearing may still also significantly
benefit from implantation.22 Such guidelines, however, are less compelling
as younger candidates are considered. The required testing may prove diffi-
cult in young children. For such children, severe to profound levels of
hearing loss, severe delays in verbal language acquisition, and substantial
elevations in thresholds even with the use of hearing aids may indicate the
need for an implant.23

Special consideration should be given to patients for whom magnetic
resonance imaging (MRI) may be needed in the future. MRI is convention-
ally contraindicated in patients with magnetic devices. Recently, devices
compatible with low-strength MRI (0.2 Tesla) and devices which can be
rendered MRI compatible (by a minor surgical procedure to remove the
magnet should the need for an MRI arise) have become available from
some of the manufacturers.24,25,26 Even with magnetic devices left in place
and intact, though, at least three reports have suggested that MRI can be
safely performed.27,28,29 Nonetheless, at least three adverse events are under
investigation.

Etiologic Assessment

Determining the cause of a child’s hearing loss can reveal information
about the expected histopathology of the inner ear. Although many patient
factors are deemed important in predicting success of speech recognition
with the cochlear implant, survival of the first-order neurons is thought to
be of particular importance. Second, recognition of factors that are associ-
ated with cochlear abnormalities (e.g., congenital malformations or ossifi-
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cation) is critical for surgical planning and for patient and family counsel-
ing before implantation.

Nadol’s studies30 of almost 100 temporal bones from patients with docu-
mented profound sensorineural hearing loss reveal patterns of spiral gan-
glion cells (SGC) survival that are consistent across diagnostic categories.
Residual SGC counts were highest in individuals who were deafened by
aminoglycoside ototoxicity or sudden idiopathic sensorineural hearing loss
and least in those deafened by postnatal viral labyrinthitis or congenital
causes. Counts for the two other etiologic categories—temporal bone neo-
plasms and bacterial labyrinthitis—fall in between. Age at time of death and
duration of deafness were less predictive of SGC survival than was the cause
of hearing loss.

Labyrinthitis ossificans, or new bone formation in the inner ear, is a
common finding in the temporal bones of patients who are deafened by
bacterial meningitis. Quantitative assessment of 11 temporal bones of these
patients by Nadol revealed a significant negative correlation between SGC
survival and the presence of bony occlusion.30 However, even in segments
with severe bony occlusion, significant numbers of SGCs remained. In a study
of temporal bones from previously implanted patients, Linthicum and col-
leagues31 found that useful auditory sensations are reported by individuals
whose temporal bones were found to have as few as 10 percent of the normal
complement of cells. Although the presence of ossification is not considered a
contraindication to implantation, the degree of ossification as demonstrated
on imaging studies preoperatively should correlate with SGC survival and
help guide the implant team in selecting an ear for implantation.

Radiologic Assessment

Radiologic imaging is an essential part of the evaluation of the cochlear
implant candidate. High-resolution computerized tomography (HRCT)
scans of the temporal bone help to define the surgical anatomy and provide
information about cochlear abnormalities that can aid the surgeon in surgi-
cal planning and patient counseling. Temporal bone CT scans should be
obtained and reviewed for evaluation of temporal bone anatomy with at-
tention to the degree of mastoid pneumatization, position of vascular struc-
tures, middle ear anatomy, and position of the facial nerve.32 Scans are also
examined for evidence of cochlear malformation, cochlear ossification, en-
larged vestibular aqueduct, and other inner ear and skull base anomalies.
An absolute contraindication to cochlear implantation detectable by HRCT
is the absence of the cochlea in Michel’s aplasia.

Although HRCT is the gold standard for evaluating most aspects of
temporal bone anatomy, MRI is ideal in imaging soft tissue structures such
as the membranous labyrinth and nerves. MRI can identify the presence or
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absence of fluid within the cochlear turns and the size of the cochlear and
vestibular nerves within the internal auditory canals. MRI is superior
to HRCT in determining cochlear obstruction due to non-ossified scar-
ring. One disadvantage to using MRI in children, though, is the need for
sedation.

CRITERIA FOR DEFINING COMPLICATIONS IN
COCHLEAR IMPLANTATION

A number of classification schemes have been developed to help define
complications in the cochlear implantation process. Cohen and colleagues33

labeled “major” complications as those requiring additional surgery or
hospitalization for treatment or correction, while “minor” complications
resolve with minimal or no treatment. Exceptions to this distinction include
facial nerve palsy or paralysis, considered to be a “major” complication
even if no further surgery or inpatient treatment is required. As examples,
they cite flap necrosis and improper electrode placement as “major” com-
plications and dehiscence of incisions, infection, facial nerve stimulation,
dizziness, and pedestal problems as “minor” complications. The initial
reports revealed the rate of “major” and “minor” complications to be 8
percent and 4.3 percent, respectively, but later analyses found the rates to
be 5 percent and 7 percent, suggesting a decrease in major complications
with experience over time.34

Determining the stage at which complications arise can also be help-
ful. Luetje and Jackson35 separated “surgical” complications from “non-
surgical” complications. “Surgical” complications were identified as skin
flap problems, facial nerve injury and stimulation, and infection. “Non-
surgical” complications consisted of device failure, delayed stimulation,
educational deficiencies, poor compliance by the family unit, behavioral
problems, and socioeconomic disadvantages. In a review of 55 children, no
“surgical” complications were found whereas “non-surgical” problems oc-
curred, the most common being device failure in 10.9 percent of the group.

Finally, the timing of events is of interest. Kempf and colleagues36

characterized “early” complications as those that arose within 3 months of
surgery and “delayed” complications as those that occurred after this time
period. In their retrospective analysis of 366 children, “early” complica-
tions such as flap problems, electrode dislocation, facial nerve problems,
and incorrect insertion of the electrode, were found in 1–2.5 percent of
children. “Delayed” complications, for example, otitis media and facial
nerve stimulation, occurred in 14 percent of the children.

Although children were indeed once thought to be at greater risk than
adults of major and minor complications from cochlear implantation, stud-
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ies have, in fact, suggested no significantly heightened risk in the pediatric
population. In a series of 309 children who were implanted with the Nucleus
device by 25 surgeons in North America before 1991, the total complica-
tion rate (major and minor) was 7 percent, which compared favorably with
the adult rate of 12 percent. The incidence of complications was lower in
children older than 7 years of age. However, the relatively low rate of
operative complications in the pediatric population as reported in this study
may have reflected the greater experience of surgeons who initially per-
formed pediatric cochlear implants.44, 37

SURGICAL ISSUES RELATED TO COMPLICATIONS

Cochlear Implantation Surgical Procedures

Implantation of the young child requires specific knowledge of the
unique anatomy of the temporal bone in this age group and of the impact of
skull growth on the implanted device. Although temporal bone growth has
been shown to continue through adolescence, anatomy of the facial recess is
fully developed at birth.38,39 The most significant developmental changes
are in the size and configuration of the mastoid cavity, which has been
shown to expand in width, length, and depth from birth until at least the
teenage years. Growth of the mastoid during this time parallels the growth
patterns of the skull, with two periods of rapid development: one starts at
birth and continues through early childhood, and the other occurs at pu-
berty. From 1 year of age to adulthood, the average mastoid can be ex-
pected to grow 2.6 cm in length, 1.7 cm in width, and 0.9 cm in depth for
males and 2.0 cm in length, 1.7 cm in width, and 0.8 cm in depth for
females. Based on these measurements, it has been recommended that
2.5 cm of electrode lead redundancy in the mastoid is necessary to accom-
modate head growth while avoiding electrode extrusion.40,41

Investigation in the young primate has demonstrated that cochlear im-
plantation had no adverse effects on skull growth.42,43 Moreover, the elec-
trode appears to remain in a stable position with no migration over time.44

These observations strongly suggest that lateral skull base development
occurs in a pattern that circumscribes the implanted device, with soft-tissue
anchoring of connecting leads.

As for all otologic surgery in children, the surgeon should remember
that the lack of development of the mastoid tip, narrow tympanic ring, and
lack of subcutaneous tissue in infants and toddlers place the main trunk of
the facial nerve just below the skin, where it is easily injured by an incor-
rectly placed incision. Design of the postauricular skin flap is particularly
important. In younger children, who have a thin scalp, elevation of the
postauricular tissue in continuity with the skin flap may protect from flap
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necrosis secondary to magnet pressure.45 In older children, the lateral skull
is usually thick enough to permit the creation of an adequate well for the
receiver/stimulator. In younger children, in whom the skull is much thinner,
the bone is often drilled to the level of the dura, or a mobile island of thin
bone can be created over the dura in the center of the well for protection.
Alternatively, many surgeons make attempts to thin the skull to approxi-
mate, but not reach, the level of the dura. Retention sutures are often placed
between the bone and dura. Electrode insertion and closure are similar to
the procedures in the adult.

A new development in the surgical procedure is minimal access surgery,
proposed by O’Donoghue and Nikolopoulos.46 With this technique, a short,
oblique, and straight postauricular incision of a length no greater than 3 cm
is made without shaving any hair, thereby minimizing flap infection and
flap necrosis. The authors posit improved aesthetic quality of this proce-
dure that can reduce the psychological trauma of the intervention and can
translate into increased acceptance of cochlear implants by children and
their families. In general there has been a move to smaller incisions in
placing cochlear implants in children as guided by these considerations
rather than in response to demonstrated complications.

Implantation of Special Populations

Cochlear Ossification

Labyrinthitis ossificans results from severe inflammation of the inner
ear and can be associated with a variety of pathology, including viral or
bacterial labyrinthitis, advanced otosclerosis, trauma, autoimmune inner
ear disease, occlusion of the labyrinthine artery, and leukemia or other
tumors of the temporal bone.47 Labyrinthitis ossification presents one of
the greatest challenges to effective, safe cochlear implantation. In children,
the most likely cause of cochlear ossification is meningitis. Twenty percent
of children acquire profound bilateral sensorineural hearing loss prior to
the age of 3 years; 90 percent of these cases are meningitic in origin.48

Green and colleagues demonstrated that ossification due to meningogenic
labyrinthitis extended further into the cochlea than ossification due to other
causes. The extra bone growth makes the insertion of the electrode a diffi-
cult process.47 In addition, the stimulation of surviving neural elements may
be compromised by the bony obliteration, and histopathololgic reports
have shown an association between the degree of bony occlusion and a
decreased number of surviving SGCs,49 particularly in cases of bacterial
meningitis. For these reasons, patients with labyrinthitis ossificans were
often thought to perform at lower levels than those without ossification.

Nonetheless, certain factors make successful implantation possible. In
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most cases, ossification involves only the most basal portion of the cochlea,
allowing complete electrode insertion.50 A significant if decreased number
of neurons can also remain in ossification.51 El-Kashlan and colleagues52

and Steenerson and Gary53 therefore found that children with post-
meningitic hearing loss and cochlear ossification could attain significant
benefit from their implants, although children without ossification were
likely to perform better. Still, other studies demonstrate that ossified and
non-ossified children perform equally well.54 A key factor for success may
be the timing of implantation. Ossification may appear as early as 2 months
following meningitis, leaving a small time period during which electrode
insertion is optimal.55 As mentioned previously, however, central nervous
system sequelae of meningitis are likely to hold sway in determining out-
come.19 Nonetheless, the implant surgeon should expect that ossification
may be present and have an armamentarium of techniques available to deal
with potentially unexpected findings.56 Gantz and colleagues57 described a
more aggressive approach that optimized electrode insertion by creating a
circumodiolar trough for the electrode using an extended transtympanic
approach. The ear canal is divided and closed, and the ear canal skin,
tympanic membrane, malleus, and incus are removed. The bony canal wall
may be retained or taken down, but the prominence of the anterior bony
external canal usually must be reduced to allow adequate visualization of
the cochlear promontory. A cochleostomy is created, and a bridge of bone
at the round window niche is preserved to help secure the electrode. The
electrode array is then inserted beneath the bony bridge at the cochleostomy
and into the lumen. Fibrous tissue is used to secure the electrode within the
lumen. Additional strategies of implantation of the ossified basal turn in-
volve opening the scala tympani.

Cochlear Malformations

Cochlear malformations pose potential risks to the surgical approach
and opening of the inner ear. Up to 30 percent of children with congenital
hearing loss have bony abnormalities of the labyrinth.58 Cochlear malfor-
mation raises concerns about both surgical safety and postimplantation
performance. Bony malformations of the cochlea have been associated with
absence of the round and oval windows and with an aberrant course of the
facial nerve. In addition, a thin cribriform area between the modiolus and a
widened internal auditory canal is believed to be the route of cerebrospinal
fluid leak when it occurs during surgery or spontaneously, as in the case of
microscopic occult leak and recurrent meningitis.59,60 An anomalous inter-
nal auditory canal may suggest absence of the auditory nerve, ordinarily a
contraindication to implantation.61,62 MRI may be used to delineate the
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intracanalicular neural anatomy in detail.63 Histopathologic studies of tem-
poral bones with cochlear malformations reveal substantially diminished
and, in one case, bilaterally absent SGC populations.64,65,66,67 Even so,
implantation of children with cochlear malformations can be achieved with-
out surgical complications and can result in levels of performance compa-
rable to patients with normal bony cochlear anatomy.60,68,69,70,71,72,73,74

Modifications of conventional surgical implantation techniques are sug-
gested and depend on a knowledge of the different types of malformations.
Malformations based on embryogenesis are described by Jackler and col-
leagues61 (Table F.1) as follows:

1. Cochlear aplasia: no cochlear development; these patients are not
usually candidates for implantation, though Govaerts and colleagues75 has
suggested that patients with Type IIa aplasia may be implanted with rea-
sonable benefit.

2. Common cavity deformity: combined cochlea and vestibule with no
internal structure.

3. Cochlear hypoplasia: small cochlear bud.
4. Incomplete partition: classic Mondini malformation, with loss of

interscalar septum between the middle and apical turns; cochlea are often
smaller than normal.

Full or near-full electrode insertion can be achieved using routine im-
plantation techniques in patients with incomplete partition (Mondini) de-
formity. A common cavity malformation is also likely to accommodate a
multichannel electrode array, whereas the small size of the hypoplastic
cochlea restricts the number of electrodes that can be positioned within
the inner ear. Still, the two patients with cochlear hypoplasia in one series
were able to use 10 electrodes each (Tucci and colleagues60). Because the
electrodes may not be confined by scalar anatomy, electrode migration may
occur, and individuals with cochlear malformations may require frequent
reprogramming of the electrodes. Electrodes that are not intracochlear or
that elicit facial nerve stimulation can be eliminated from the “map” as can
electrodes that elicit facial nerve stimulation in implanted normal cochleae.

Abnormalities of the round window and facial nerve anatomy should
be expected and the use of facial nerve monitoring is recommended. If the
round window is absent, a cochleostomy should be placed according to the
measurements described previously. The round window may be found in a
position more posterior and superior than usual, consistent with the defor-
mity of the cochlea. Malposition of the facial nerve may necessitate a
modification of usual implantation techniques, and implantation through a
vestibulotomy has been described. Facial nerve anomalies were found in 17
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TABLE F.1 Malformations Based on Embryogenesis as Described by
Jackler and Colleagues (Images courtesy of Johns Hopkins Medical Institutions)
Name (after
Jackler et Other
at.)61 Designations Characteristic

Michel Deformity Complete
absence of vestibule
and cochlea.

Cochlear Aplasia Absent cochlea yet
identifiable vestibule
or semicircular canals.

Common Cavity Defective fundus at
lateral end of IAC.
Risk of CSF gusher.

(No name distinguished Incomplete partition Cochlea is lacking the
by Jackler and colleagues) type 1,10 entire modiolus resulting

Empty cochlea,11 in cystic appearance.
Pseudomondini,12 Vestibule is similarly
Cystic cochleovestibular cystic.
malformation

Cochlear Cochleovestibular Full vestibule-cochlear
Hypoplasia hypoplasia,10 partition and normal

Dwarf cochlea13 number of turns, but ab-
normally small cochlea.

Incomplete Incomplete Cochlea has 1.5
Partition/ partition type 210 turns with basal
Mondini modiolus. The

apical turn has a
cystic formation.
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Gestational Stage
Anatomic at Developmental Axial CT Anatomy of
Associations Arrest Cochlea & Labyrinth

Often including Week 3
absence of IAC.

Absence of Late week 3
promontorium
distinguishes this
from acquired
ossified cochlea.

IAC may be small, Week 4 (arrested at
normal or large. otocyst stage)
Presence of neural
tissue in the cavity
is variable.

Little more than a Week 5
common cavity
with a rudimentary
partition.

Approximately
week 6

Enlarged vestibular Week 7
aqueduct. Spiral
ganglia and nerve
endings present
(good implantation
outcomes).
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percent of children with malformations by Mylanus and colleagues,76

though rates of up to 32 percent have been reported by Buchman and
colleagues.74 Particularly in cases where the nerve crosses the promontory,
Hoffman and colleagues warn of facial nerve paralysis and suggest a sacri-
fice of the posterior canal wall for better visualization in difficult cases.57

While Buchman and colleagues did not encounter either paresis or paraly-
sis, they did note an association with adventitial facial nerve stimulation by
the cochlear implant.

CSF leak is also a common hazard when implanting children with inner
ear malformations. Rates of up to 50 percent have been reported.70,71,72,73

Once the initial flow of CSF abates, soft tissue packing at the cochleostomy
can readily fix the problem. However, in cases of persistent CSF leak, a
lumbar spinal drain can be placed at the time of surgery and left in place for
3 to 4 days to allow the fibrous tissue packing in the cochleostomy to seal,
preventing further leakage. Control of a CSF leak may also be accom-
plished by more extensive soft tissue packing of the middle ear space and
Eustachian tube, with or without radical mastoidectomy and closure of the
ear canal. An important, recently identified concern occurs when a CSF
leak follows implantation of a malformed inner ear and results in early or
delayed meningitis. Six of 26 cases of pediatric postimplantation meningitis
found by Reefhuis and colleagues occurred in such instances.91

Intra-Operative Complications

Electrode Placement Problems

Electrode placement problems occurred in 0.58 percent of children.34

Rather than its proper placement in the scala tympani, the electrode is occa-
sionally misplaced into a hypotympanic air cell. Intraoperative radiography
can help to guide the electrode to its precise location, and care should be
taken to minimize the trauma to the membranous components of the cochlea
during insertion.77 If resistance is encountered, the electrode can be with-
drawn slightly, rotated medially (counterclockwise for the right cochlea and
clockwise for the left), and carefully advanced.78,79,80 Because buckling of the
implant can produce spiral ligament, basilar membrane, and localized neural
injury, aggressive insertion attempts should be avoided.

Long-term complications involving the electrode (including migra-
tion) were found by Hoffman and Cohen in 1.31 percent of children.121

However, Roland and colleagues have found no substantial migration over
time in children.44 Cohen and Hoffman suggest that packing the
cochleostomy and facial recess with soft tissue may help to prevent migra-
tion.81
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Facial Nerve Injury

Though rare, facial nerve injury is a serious potential complication of
cochlear implantation. Studies focusing specifically on the incidence of
injury in children are still lacking, but Hoffman and Cohen found a rate of
facial nerve injury of 0.58 percent in 1,905 children.110 House and
Luxford82 described eight cases, three of them pediatric, of facial paralysis
or paresis that occurred after implantation. More recently, Fayad and
colleagues83 reviewed 705 implant recipients and found 4 to have post-
operative facial nerve weakness. Of the 4, one was a 19-month-old child.
Surgeons should be aware of aberrant positioning of the facial nerve in
cases of cochlear malformation as well as the relatively small tolerances of
the smaller corda-facial angle within the pediatric temporal bone.

In House and Luxford’s eight cases, the most frequent mode of
injury was the heat of the burr shaft rotating over the facial nerve in the
facial recess. Copious irrigation during drilling, maintenance of a thin sheet
of bone over the facial nerve in this location, and maintenance of an angle
of drilling that keeps the burr shaft lateral and away from the floor of the
facial recess are important in preventing injury. Intraoperative facial nerve
monitoring may be helpful, but may not prevent injury from occurring. In
Fayad and colleagues’ review, the authors proposed neural edema in early
onset palsy and acute nerve compromise or reactivation of herpes virus
from surgical trauma in delayed onset palsy as possible mechanisms. Ste-
roid treatment has been helpful in some cases of paresis.

INFECTIONS AND OTHER POST-OPERATIVE COMPLICATIONS

Otitis Media

One of the most common conditions affecting children, acute AOM
carries small risk for the post-implantation patient. Infection can poten-
tially spread along the electrode through the cochleostomy into the cochlea,
particularly in a child who already has a pre-implantation history of AOM.
Such a history, however, should not preclude or delay implantation as
numerous studies have shown the decreased likelihood of the disease fol-
lowing surgery. House and colleagues84 noted that with (1) the natural
decline in cases with age, (2) effective antibiotic, or (3) mastoidectomy
treatment, children often develop fewer instances of AOM than prior to
implantation. Similarly, Luntz and colleagues85 reported that neither the
prevalence nor the severity of AOM increased with implantation, although
children with a history of AOM did show a higher risk of developing post-
implantation infection. Their data showed a decrease in AOM from 74
percent pre-operatively to 16 percent post-operatively, with all post-
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operative cases treated successfully and without any complications. Fayad
and colleagues86 also found a significant decrease in cases of otitis media
after implantation, both in children with and without a history of bilateral
myringotomy and tubes, and Kempf and colleagues87 found only a 5.6
percent post-implantation rate of AOM.

Ideally, AOM should be controlled before surgery. Children with pre-
implantation histories of AOM should be treated prior to the operation
with adenoidectomy or ventilation tubes. If AOM develops during either
the peri-operative or post-operative period, Kempf and colleagues recom-
mend prompt treatment with intravenous antibiotics and mastoidectomy if
necessary. In cases of severe infection, removal of the device is possible with
future reimplantation as an option.87 Papsin and colleagues88 suggest that
effusion at the time of implantation does not pose peri-operative difficul-
ties; they recommend peri-implant myringotomy tubes with peri-implant
antibiotics to protect against peri-operative infections.

Device Infection

Foreign objects within the inner ear are potential breeding grounds for
infection and can lead to life-threatening episodes of meningitis. Nadol and
Eddington’s study of 21 temporal bones found that late hematogenous
contamination and colonization of the device are likely mechanisms for the
pathogenesis of meningitis.89 Such infections of the device can be difficult
to treat as biofilms create a barrier between the bacteria and antibiotics.
Removal of the implant may be necessary, if incision, drainage, and intrave-
nous antibiotics fail. The possibility of bacterial biofilm development on the
surface of the cochlear implant is increasingly recognized in cases of persis-
tent and recurrent abscess or granulation tissue formation.90 This observa-
tion is critical as biofilms confer substantial bacterial resistance to host
defenses. Such observations carry implications for device design. They sug-
gest, for example, that surface openings to accommodate retention magnets
and electronic grounding should be sealed and offer no confines for con-
taminants to be isolated from immuno-surveillance.

Post-Implantation Meningitis

In 2002, an alarming increase in the number of post-implantation men-
ingitis cases noted anecdotally and through reports to the FDA prompted
health care agency investigations in both Europe and North America.91

Initial reports suggested a higher risk of meningitis in patients implanted
with a particular device design and particularly when placed with an
intracochlear shim (electrode positioner), and the manufacturer ultimately
recalled unimplanted devices utilizing the positioner in July 2002. The level
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of risk did not suggest the need for positioner removal unless repeated
infections of any kind are encountered. Since then, continued studies have
revealed a higher risk for the disease in patients with all cochlear implants
compared to the general population. Children appear to be particularly
affected: of the 52 cases originally reported by the FDA, 33 (63 percent)
were under the age of 7.

Reefhuis and colleagues91 conducted a study of 4,264 children im-
planted between 1997 and 2002 and found 29 cases of bacterial meningitis
in 26 of the children. This rate of meningitis (caused by Streptococcus
pneumoniae) was 30 times the incidence in the general population. While
the use of a positioner increased the likelihood for contracting meningitis,
even children who were implanted without a positioner had rates of menin-
gitis 16 times higher than the general population. Case-control analysis
found the following risk factors: a history of placement of a ventriculo-
peritoneal (CSF) shunt, a history of otitis media prior to implantation, the
presence of inner-ear malformations with CSF leak and CSF leaks alone,
the use of a positioner, incomplete insertion of the electrode, signs of middle-
ear inflammation at the time of implantation, and exposure to smoking in
the household. While the incidence of meningitis decreased considerably
after the peri-operative period, cases still appeared even 2 years after
implantation.

The design of the study conducted by Reefhuis and colleagues, as noted
by the authors, did not permit the comparison of meningitis risk between
deaf children with and without a cochlear implant. That is, there is no
comprehensive epidemiologic analysis of the risk of meningitis in deaf chil-
dren but no cochlear implants. It is biologically plausible that greater risk of
meningitis exists in deaf children in general given high levels of associations
of deafness with skull base anomalies that predispose them to the disease. It
is also possible that any surgical implant placed in or near the skull base of
toddlers and young children (e.g., CSF shunts) does indeed carry a pro-
longed risk of meningitis.

Callanan and Poje92 similarly found an association between meningitis
and the use of a positioner and congenital malformations. Another risk
factor may be hyperbaric oxygen therapy; in children with cerebral palsy it
was associated with middle ear complications. Of the congenital malforma-
tions, Mondini dysplasia has generated the most attention for its predispo-
sition to CSF leaks. Page and Eby93 reported a case of CSF otorhinorrhea
and meningitis 2 years post-implantation in a child with Mondini dysplasia
and suggested careful seals of the cochleostomy to prevent CSF leakage.
Suzuki and colleagues94 also reported a case of fatal meningitis with chronic
otitis media and bilateral CSF leaks in a 6-year-old boy 2 years following
implantation. However, it should be remembered, as O’Donoghue and
colleagues95 point out, profoundly deaf patients who are likely to undergo
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cochlear implantation may already be at increased risk for meningitis par-
ticularly in the context of a CT-evident cochlear anomaly.

Mechanisms for post-implantation meningitis for children with im-
plants have been proposed by Cohen and colleagues.96 Infections may re-
sult from the direct spread of otitis media into the scala tympani, either at
the time of surgery in immediate cases or some time following surgery in
delayed cases. Also, the trauma caused by surgery may activate latent colo-
nies of pneumococci and the drilling of the well for device placement may
allow exposure and subsequent translocation of postsurgical, neovascu-
larized dura. Finally, hematogenous spread of infection or factors relating
to the surface of the device itself may cause meningitis.

Given the dangers posed by meningitis (mortality rates range from 15
to 60 percent), the Center for Disease Control and Prevention recommends
pneumococcal vaccination for all cochlear implant recipients following age-
appropriate schedules.97 These vaccinations should be completed 2 or more
weeks prior to surgery. Reefhuis and colleagues further suggest careful
monitoring for signs and symptoms of meningitis in the post-operative
period, timely diagnosis and treatment of acute otitis media to prevent the
spread of infection, and awareness of any inner ear malformations or other
surgical findings that may predispose the child to meningitis.91 If meningitis
develops, however, consideration of removal of the implant is individual-
ized given the risk for surgical complications that might exacerbate the
conditions leading to meningitis.

Tinnitus and Vestibular and Balance Function

While no studies have tracked tinnitus in pediatric cochlear implant
recipients, many have established an association between cochlear implan-
tation and a reduction in tinnitus.98,99,100 Ruckenstein and colleagues’ re-
view of 38 adult patients with pre-implantation tinnitus found that 92
percent had statistically and clinically significant reductions in their symp-
toms following implantation.101 Miyamoto and Bichey’s review of recent
literature confirmed these results, but noted that the prevalence of tinnitus
in pre-operative implant recipients was extremely high at 80 to 90 per-
cent.102 Children are generally believed to have a lower prevalence of tin-
nitus, yet how they detect and report symptoms remains unclear. Still,
Aschendorff and colleagues found a similar reduction in tinnitus following
implantation in adolescent patients.103 Further studies are necessary to
clarify tinnitus in children receiving implants.

Similarly, research on vertigo in post-implantation children is scarce. In
adult populations, vertigo is a common complaint following surgery, with
the vast majority of patients noting resolution of active vertigo within 72
hours of surgery. Caloric testing on cochlear implant recipients showed that
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while implantation did not abolish vestibular function, temporary distur-
bances were seen in 20 percent of patients,104 thus yielding the possibility of
post-implantation disequilibrium and vertigo. During the first week after
surgery, patients often experience some degree of disequilibrium and un-
steadiness. True vertigo that persists in the post-operative phase is rare.105

Extended periods of disequilibrium are also rare, but, when present, are
treatable with exercise regimens designed to elicit central compensatory
mechanisms. Kubo and colleagues106 reported a 49 percent rate of vertigo
in 94 adult implant recipients and similar results were found by Ito.107 Fina
and colleagues108 found a lower rate of 39 percent while Steenerson and
Gary109 reported that up to 75 percent of adults with implants experienced
vertigo or imbalance. Most of Fina and colleagues’ 75 patients experienced
delayed, episodic vertigo and had a history of pre-operative dizziness. Like
tinnitus, vertigo is more likely to affect older populations; the incidence in
children is still unknown though clinical observations (e.g., rare instances
of obvious nystagmus) suggest that it is uncommon.

Scalp Flap Complications

The most frequently reported major and minor complications are re-
lated to the incision and postauricular flap design. Problems range in sever-
ity from minor wound dehiscences or infections to major loss of tissue
necessitating removal of the device. In a study of 3,064 adults and 1,905
children who received implants, Hoffman and Cohen110 found the overall
rate of flap complications to be 4.5 percent. Flap necrosis occurred in 0.37
percent of children while flap infection was found in 0.73 percent of chil-
dren. Fifty-five percent of all flap complications were considered major and
required follow-up surgery.

Many implant surgeons have thus emphasized the importance of good
flap design and technical skill to avoid these complications. Ideally, the flap
should have adequate blood supply and venous drainage, allow enough
exposure of the operative site with sufficient coverage of the device, and be
carefully closed in layers without tension. Because it is associated with
complications,111 a C-shaped incision is contraindicated when there is a
previous post-auricular incision.112 Inverted U- and J-shaped flaps take
advantage of the posterior arterial supply. Because these flaps have the
disadvantage of crossing the electrode lead as it enters the mastoid cavity, it
is necessary to create an anteriorly based musculofacial flap (i.e., Palva flap)
under the scalp to ensure electrode coverage.

Other suggestions have included straight, post-auricular incisions. Gib-
son and colleagues113 developed a 7 cm vertical entry route found to mini-
mize scalp infection and device extrusion in 20 adults and 32 children.
O’Donoghue and Nikolopoulos’s minimal access surgical route is a 3 cm
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oblique incision.46 Of their 23 pediatric cases, no major complications
occurred, and only 3 instances of wound edema were encountered.

As Cohen and Hoffman warn,114 flaps that are too thick will impede
the transmission of electrical signals, whereas flaps that are too thin will
erode under the magnetic pressure. Careful handling of the flap, with proper
moisture and hemostasis, and suture placement away from the surface of
the implant are especially important. Signs of flap infection or necrosis
should be immediately treated with topical or oral antibiotics to avoid
removal of the device. More persistent cases of infection should be treated
with intravenous antibiotics and surgery if necessary. Extrusion of the de-
vice can result from local flap necrosis, which can be managed by rotation
of the device under an extended flap, usually to a more superior location
where intact skin covers the device.115,116

Facial Nerve Stimulation

With initial use of the cochlear implant, current flow through the facial
nerve may cause undesirable stimulation. Kempf and colleagues found 11
cases out of 66 children with such a problem.87 Facial nerve stimulation is
usually easily solved by changing stimulation patterns and eliminating of-
fending electrodes that inject errant electrical signals. In rare cases the
stimulation persists, though, and the device may not be able to be used by
the patient.

Histopathology of Implanted Temporal Bones

The histologic results of cochlear implantation have been well stud-
ied.117,118,119,120 Potential histopathologic findings can be divided into sur-
gical and device-related injuries. Surgical trauma may include fractures of
the osseous spiral lamina, perforation of the basilar membrane, and tears of
the spiral ligament. Cochlear fibrosis and neoossification are common find-
ings in these studies. In general, traumatic changes appear to be limited to
the most basal portions of the cochlea and are unlikely to exert significant
negative effects on implant performance. Reactions to extended electrical
stimulation (e.g., electrochemical tissue damage, neural degeneration) by
current implants appear to be modest. Foreign body reactions and infec-
tions that extend along the implant array to involve membranous elements
of the cochlea are likely to induce sensorineural degeneration. However,
well-documented cases of such occurrences are lacking.

Findings of localized cochlear trauma after cochlear implantation have
led to concerns that these traumatic injuries might result in associated SGC
degeneration. Although two studies of temporal bone histopathology in
individual patients with a unilateral cochlear implant report a decrease in
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the normal SGC population ipsilateral to the implant (Zappia and col-
leagues),119 other studies in chronically implanted animals121,122 and hu-
mans123,124,125 showed no differences in SGC populations between the im-
planted and unimplanted ears. It is likely that many factors influence neuron
survival, as evidenced by histopathologic studies, including previous pa-
thology (which may vary between the two ears) and the amount of time
between implantation (with possible end organ damage) and the time of
death. Because the temporal association between SGC degeneration and
end organ damage has not been clearly established for humans, histopatho-
logic findings from implanted temporal bones are not always clearly inter-
pretable. Although the duration of implant stimulation in the Linthicum
study ranged from 1 to 14 years, Nadol’s report was limited to the study of
one set of temporal bones from a patient implanted 10 weeks before
death.120 Animal studies have shown that the reintroduction of electrical
activity through a cochlear implant may prevent degenerative changes in
the central auditory system.126,127

DEVICE FAILURE

The cochlear implant system may demonstrate failure either as a result of
complete loss of electrical connectivity or current shunting/shorting. Either
the internal, implanted device or the external processor may be affected.

Device failure as a result of loss of electrical function in the external
processor commonly produces a sudden loss of function and, therefore,
hearing. Intermittency and rarely popping sensations occur before proces-
sor failure. Processor functionality may be lost with direct trauma to the
unit, exposure to water, and, most frequently, normal wear and tear of
connecting lead-wires linking the processor unit with the magnetically-
retained antenna that relays information to the internal device. Manufac-
turers’ inserts and websites and cochlear implant clinics offer readily avail-
able troubleshooting guides to either correct the problem with the external
unit or prompt processor replacement.

Although much less prevalent, device failure as a result of loss of elec-
trical function in the internal device is of considerably greater concern. An
internal device failure typically presents as either an immediate cessation of
function or intermittency that is associated with reduced quality of sound
and diminishing periods of function over days to weeks. Reports of painful
stimulation have been noted, but are fortunately rare.

As all devices are current-limited at levels well below the threshold for
tissue injury, symptoms of painful stimulation probably reflect adventitial
stimulation of middle ear sensory nerves as a result of current shunting.
However, hermeticity failures may be associated with DC leakage as sug-
gested by failure analysis of explanted devices. The presence of moisture in
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the implant case can result in dendrite formation and short circuiting of the
safety mechanisms (e.g., capacitors), which are designed to prevent neural
overstimulation. To date, there are no clear case reports of DC leakage or
shorting of RF energy to the electrode resulting in permanent neurological
damage, but such injury may be possible and the likely clinical manifesta-
tions would be pain. This would presumably prompt adults and older
children to immediately cease use of the device, which provides an addi-
tional safety net against permanent neurological damage. Unfortunately,
infants and younger children would not necessarily be able to remove the
noxious stimuli, and there could be a delay in recognition of the problem by
parents and caregivers, leaving this younger population more vulnerable to
injury. Such possibilities should be made clear to clinical teams who pro-
vide services to families with infants and young children with cochlear
implants.

Diagnosis of the mode of failure of an internal device is hampered when
the implant lacks telemetry to enable electrical assessment of all contained
circuits. When telemetry is available, removing select channels from the
“map” of stimulated circuits may allow for continued function. In the
absence of telemetry, revision surgery may be the only alternative when the
clinical team deems the implant nonfunctional.

Explanted devices are sent to the manufacturer for bench assessment of
circuit integrity. Formal data on analyses of explanted devices have yet to
be reported. However, for the purposes of this review the senior author
interviewed manufacturers’ engineers and found general trends in patterns
of failure across manufacturers. Of devices with a recognizable fault, the
general pattern of failure mode occurs with a relative incidence of

• Hermeticity or moisture: 75 percent (0.75 percent total)
• Electronic / Hybrid failure: 16 percent (0.16 percent total)
• Electrode / Connecting lead: 9 percent (0.09 percent total)

As a whole, cochlear implants have maintained a historical reliability of
99 percent at 1 year, meaning that 99 percent of devices remain working at
the 1 year interval. Reliability data have only recently been disclosed for
public review by one of the implant manufacturers. It should be noted,
however, that the integrity of the data on reliability is subject to under- or
misreporting due to a lack of agreement on what constitutes a “device
failure” and the challenges associated with ongoing communications an
estimated 1,000 cochlear implant centers internationally.

Notwithstanding these uncertainties, reported trends suggest that de-
vice reliability has improved over the past 30 years.128 For example, the
failure rate for the third generation Cochlear Corporation device released in
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2001 (0.3 percent/year) is approximately one-third of that associated with
its first generation device used from 1985 to 1998 (0.8 percent).

The need for revision surgery to replace the internal device has moti-
vated scrutiny of potential sources of manufacturing and material defects.
In the past year, FDA has examined manufacturing processes at all three
major manufacturers with public disclosure of concerns relating to two of
the three (see www.fda.gov/foi/warning_letters/g5089d.htm and www.fda.
gov/foi/warning_letters/g5265d.htm).

Although cochlear implant technology has improved significantly over
the past few years, children remain at an unspecified level of increased risk
for device failure given higher activity levels and predisposition to direct
trauma.129 A trend toward device failures with direct device impact, par-
ticularly in toddlers and very young children, associated with a particular
grade of ceramic casing used in Clarion devices manufactured in the mid-
1990s led to a change in the grade of the ceramic used. Subsequently, this
manufacturer has adopted a titanium case embedded in soft, solid silastic.

Device failure is the most common indication for revision surgery and
cochlear reimplantation. “Upgrades” to more advanced models are rarely
indicated as the level of performance enhancement achievable is subject to
individual case consideration. Infection and flap breakdown require
reimplantation less frequently.130

Luetje and Jackson131 reported a 9 percent rate of device failure in a
review of 55 children, which matched results found by Parisier and col-
leagues.132 The most common failures include fracture of the central pin
feed-through for the antenna coil, damaged integrated circuits in the inter-
nal receiver from electrostatic discharges (occasionally associated with con-
tact and friction with playground-grade polyethylene), damaged electrodes
exiting from the internal receiver, capacitor failure, and electrode-array
damage.

Detection of device failure is imperative in the implanted child. Parisier
and colleagues’ analysis identified four major risk factors that point to
failure: fluctuations in threshold and comfort levels of nine units for more
than six electrodes, performance incompatible with age and duration of
deafness, complaints of extraneous noises and intermittent shocks, and a
high number of external equipment changes.131 Tests on the device showing
an absence of recorded output, abnormal pulse configuration, or lack of
amplitude increase in response to increased stimulation can verify failure.

Prevention of device failure in children begins with proper securing of
the implant, particularly the connecting lead between the receiver/stimulator
and the electrode array, which is vulnerable to shearing. The device should
be embedded in a well drilled in bone and fixed with permanent suture
material. While the evolution of implant design has certainly decreased the
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rate of device failure, these precautions may help to shield the device from
traumatic events.

Should device failure occur, though, reimplantation is the most viable
solution. The most common challenges encountered include fibrosis and
ossification of the cochleostomy, as well as skin flap breakdown and CSF
leakage.133,134,135,136 Theoretical concerns relate to hair cell and spiral gan-
glion cell damage from further surgical trauma, though clinical evidence of
trauma with reimplantation is lacking. Special attention should be paid to
the skin flap given the frequency of atrophy following primary implanta-
tion and removal of bone at the cochleostomy may be necessary. Alexiades
and colleagues suggest that if significant scar tissue surrounds the lead wire,
facial recess, or cochleostomy, the lead wire can be severed away from the
electrode array to ease removal of the old device and insertion of a replace-
ment (although this procedure may hamper the subsequent device analysis
discussed above).130

Despite technical challenges, insertion of all electrodes is usually pos-
sible, as Parisier and colleagues found.136 Balkany and colleagues’134 review
of 16 subjects, 11 of them pediatric, found insertion length to be greater
than in the primary surgery. Only Miyamoto and colleagues found a small
but statistically significant decrease in reimplant insertion and the number
of active channels.133

Performance following reimplantation is generally promising. Parisier
and colleagues’ review of 25 children found that speech perception abilities
had remained the same or had improved overall.136 In particular, these
children demonstrated continued improvement in open-set speech recogni-
tion. Similar reimplantation results were found in Alexiades and colleagues’
review of 20 children135 and in Haensel and colleagues’ review137 of 11
children. If the technical challenges of reimplantation surgery can be over-
come, children may benefit greatly from the revision with little risk of
compromised performance.

RISKS FOR POOR COMMUNICATION OUTCOMES

Cochlear implants can have impressive effects on a child’s language
abilities, yet outcomes remain variable across the pediatric population.
Numerous studies have thus attempted to identify predictors determining
post-implantation communication. So far, relevant factors are age at onset
of deafness, age at implantation, length of implant use, amount of residual
hearing, duration of deafness, educational mode and resources, and psy-
chosocial elements.

A clear factor seems to be the age at implantation: children appear to
perform better when implanted at earlier stages.138,139,140,141 On IT-MAIS
testing, Robbins and colleagues found that children implanted under the
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age of 19 months demonstrated faster progress and higher scores than those
implanted between the ages of 2 and 3.140 As Geers142 found, though, this
age advantage disappears after 2 years, implying a critical period of devel-
opment within the first 2 years of life. At older ages, then, other factors
begin to affect implant performance. In particular, duration of deafness,
pre-operative open-set score, and equivalent language age were found by
Dowell and colleagues143 to explain a large percentage of the variance in
speech perception scores of children implanted between the ages of 8 and
18. Children with an earlier age at onset of deafness and with greater
durations of deafness tend to have poorer outcomes.144

At the same time, educational resources must be attuned to the child
with a cochlear implant in order to achieve optimal benefit. Classrooms
emphasizing total communication rather than oral communication have
been found to limit the speech intelligibility abilities and phonological pro-
cessing skills of children.145,146 Placement in oral communication settings
have allowed a greater number of implanted children to eventually join
mainstream classrooms in which speech intelligibility scores are further
enhanced through interaction with hearing peers. However, oral communi-
cation is not enough to ensure the proper progression of the child through
schooling. Cooperation between parents, school administrators, teachers,
and speech specialists is also vital to the success of the child. Luetje and
Jackson130 noted that insufficient funds for special education programs
with trained speech and language professionals and adversarial relation-
ships between all parties involved are detrimental to the child’s progress.
These adverse circumstances are made worse in regions of the country
where services to deaf children are scarce.

The child’s family unit is another integral part of the rehabilitation
process. Nikolopoulos and colleagues147 found family structure and sup-
port to be significant predictors of outcome. Without full investment of the
family in the child’s learning and development maximum benefit from the
implant may never be reached. Unfortunately, many families are under
considerable stress due to their children’s condition. Spahn and colleagues148

found that a quarter of parents of cochlear implant recipients suffer from
high psychic stress, with 18 percent needing psychosocial support. Aware-
ness and prompt treatment of these issues may prevent further delays in the
child’s progress, although the exact effects of parental stress on child devel-
opment with an implant remain unclear.

Overcoming these obstacles can help the child achieve successful out-
comes with a cochlear implant. The gains that can be made through im-
plantation are certainly impressive; not only have implanted children shown
remarkable improvements in language ability, educational attainment, and
social integration, but they have also proven the procedure to be economi-
cally beneficial. Cost–utility analyses by O’Neill and colleagues149 and
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Cheng and colleagues150 have demonstrated considerable quality of life
gains at reasonable costs, particularly when compared to other health care
interventions.

It is clear, however, that early cochlear implantation does not provide a
“mainstream” educational and psychosocial developmental opportunity for
all childhood recipients. The extent to which device-specific factors may
impose constraints in developmental learning will require longitudinal,
multivariate analysis. If device-specific factors predicting poor long-term
performance were identified, their occurrence would have to be considered
in the context of a device-related complication.

TRACKING COMPLICATIONS ASSOCIATED WITH
COCHLEAR IMPLANTS IN CHILDREN

The above survey of the peer-reviewed literature presents only the range
of reported complications associated with cochlear implantation in chil-
dren. Substantial uncertainty remains regarding the precise rates of compli-
cations, and there is insufficient epidemiologic data with which to better
understand potential source(s) of adverse outcomes that may be associated
with cochlear implants in children.

The importance of tracking complications associated with cochlear
implants in children is underscored by the enthusiasm associated with the
application of advancing technologies to a significant disability. For ex-
ample, microprocessing technology has propelled communication technolo-
gies of increasing sophistication for the general population. Advances in
information processing, when incorporated into cochlear implants, are com-
monly perceived as naturally contributing to an improved speech code and
an improved outcome for deaf children. Indeed, virtually all introductions
of newer models of speech processors for cochlear implants have entailed
higher rates of information transfer. Faster processing capabilities result
from the integration of literally more millions of transistors into progres-
sively smaller body- and ear-worn speech processors. As ever larger num-
bers of components are fit onto microchips then, a move to new implant
designs that facilitate the delivery of more sophisticated codes has followed
in at least seven instances. Such circumstances, however, risk a potentially
hazardous scenario wherein technology drives the development of devices
for biologic application in the absence of long-term, quality data that track
in vivo effects.

The field of pediatric cochlear implantation has generally advanced
only after periods of months to years of observation of successful experi-
ence with newly designed devices in adults. This cautious approach may
still fail to ensure safety for childhood applications. In fact, observations
emanating from the identification of the risk posed by cochlear implants for
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meningitis in children in 2002 indicated that complications of particular
concern to children can arise and that trends can go undetected for years.91

It also appears that complications unique to children can arise after highly
variable periods of time following surgical implantation, thus necessitating
follow-up for indefinite periods of time. For example, the current database
on pediatric cochlear implant users is not sufficiently robust to enable a
formal determination of meningitis risk going forward as new implant
types are introduced. These observations emphasize the need for manda-
tory reporting requirements and better quality reporting to facilitate the
early detection of health-related complications in cochlear implant users.

Manufacturer-based reports on cochlear implant complications are of-
ten supplied in direct correspondences and in newsletters to clinicians.
However, such reports are often provided in the context of marketing
device durability, suggesting that some datasets may go unreported in manu-
facturer communications. In addition to reports, independently-tracked data
are needed to provide a more useful profile. The above summary of pediat-
ric cochlear implant complications from the peer-reviewed literature repre-
sents the best efforts of clinicians to gather information about complica-
tions from case series, and manufacturer and FDA datasets.

The cornerstone for FDA’s postmarket surveillance of medical devices
is the information provided by both voluntary and mandatory device-related
adverse event reports to the Agency. (For additional description, see Chap-
ters 3 and 4 of the Institute of Medicine report in which this appendix
appears.151) Voluntary reporting to FDA began in 1973, and the current
MedWatch Program, created in 1993, provides a mechanism for consumers
and health care professionals to voluntarily report problems with medical
devices by phone, mail, or online completion of an adverse event form.
More recently, FDA has developed partnerships with major health care
organizations in the United States to promote reporting adverse events
through this program, particularly those of a serious nature.

In 1984 FDA implemented the MDR (Medical Device Reporting) regu-
lation, which requires manufacturers and importers to report all device-
related deaths, serious injuries, and malfunctions to the Agency. Addition-
ally, under the Safe Medical Devices Act of 1990 and other subsequent
legislation, user facilities (e.g., hospitals, nursing homes) are also now re-
quired to report: (1) device-related deaths to both FDA and the manufac-
turer, (2) device-related serious injuries to the manufacturer (or to the FDA
if the manufacturer is unknown), and (3) an annual summary report of
deaths and serious injuries to FDA. Although legal enforcement of these
mandatory reporting requirements is possible and FDA does inspect manu-
facturer facilities for compliance with adverse event record keeping and
reporting, FDA has relied on the goodwill and cooperation of manufactur-
ers and user facilities to ensure compliance with the regulation and charac-
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terization of the potential sources of the complication. Of note, individual
health professionals are not required to report events. This is not an insig-
nificant source of cochlear implant surgeries for children in the United
States.

The specific requirements for device-related adverse event reporting are
outlined in federal regulation at 21 CFR 803. Briefly, manufacturers are
required to report deaths, serious injuries, and malfunctions to FDA within
30 calendar days. When an adverse event requires remedial action to pre-
vent an unreasonable risk to public health (or when another event desig-
nated by FDA occurs), manufacturers must report the event to the agency
within 5 work days. User facilities must report deaths and serious injuries
within 10 work days, and must also file an annual report to FDA of deaths
and serious injuries.

In actual practice, reporting from user facilities has been low (less than
3 percent of adverse event reports to the Agency in 1999). Recognizing the
value and importance of adverse event reporting experience from user fa-
cilities in postmarket surveillance, Congress mandated, under the FDA
Modernization Act of 1997, that a focused network of well-trained and
highly motivated user facilities be created to enhance detection of emerging
device problems and to act as a two-way communication channel between
FDA and the clinical community. This network, known as the Medical
Product Surveillance Network (MedSun), is currently under development
and will consist of at least 250 hospitals and approximately 50 nursing
homes. MedSun aims to achieve a reasonably representative sample of user
facilities (primarily hospitals) that may allow for national estimates on
certain device issues in the future. This network could eventually provide a
consistent, reliable source of postmarket clinical experience in children with
cochlear implants.

Adverse events, whether from voluntary or mandatory reports, are
entered into the FDA’s Manufacturer User Facility and Distributor Experi-
ence (MAUDE) database. MAUDE contains reports from user facilities
since 1991, voluntary reports to the Agency since June 1993, distributor
(e.g., importers) reports since 1993, and manufacturer reports since August
1996. Within FDA’s Center for Devices and Radiological Health (CDRH),
the Office of Surveillance and Biometrics routinely monitors and analyzes
incoming reports to detect signals of significant postmarket safety and
effectiveness concerns. Information from these reports is disclosed to the
public and is available on the web in the MAUDE database (www.
accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM).

An informal analysis of MAUDE suggests that in its current state, the
database lacks sensitivity for complications that can be managed medically
or are related to surgical technique; such complications would seem to be
unlikely to be reported to FDA.152 The MAUDE dataset is intended for
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serious complications that result from errors in the use of a device or device
malfunction. Even for complications such as device failure, however, there
is often an absence of data, such as device lifespan prior to failure and
uniform terminology regarding failure modes (e.g., hermeticity breach, elec-
trode wire breakage). These data would likely prove invaluable in analyzing
trends. Information such as patient age, date of implant, surgical approach
and relevant surgical anatomy, prior surgeries, and characteristics of the
implant center are often not included in the MAUDE reports. To be effec-
tive, the MAUDE database will need to be structured to provide detailed
information on individual medical devices. This will require a priori form
design that offers heightened sensitivity and specificity in characterizing
device-related complications. Form 3500A (www.fda.gov/medwatch/safety/
3500a.pdf) is quite detailed. One problem, however, is that it often is not
filled out completely by the manufacturer or user facility—due either to
lack of information or other issues.

For cochlear implants, the MAUDE database might be strengthened
with regular, timely provision to FDA of manufacturer and distributor data
on the number of devices implanted (i.e., denominator data) and trends
with respect to recipient demographics could construct a crucial back-
ground of device distributional patterns. For example, when cases of men-
ingitis were reported at an alarming rate in 2002, it was completely unclear
as to whether the higher incidence of this complication may have coincided
with clinical trends of implantation of younger ages. Epoch analyses are
likely to be extremely instructive in determining the source(s) of device-
related complications. Such analyses would be afforded with updated, high-
quality epidemiologic datasets.

It is apparent, however, that the establishment of a uniform, compre-
hensive, and up-to-date national database of device-related complications
faces monumental obstacles. For example, manufacturers may be reluctant
to publicly provide data on devices implanted for defined time periods (i.e.,
denominator data) because this would reveal potentially sensitive informa-
tion regarding market share. Another very practical issue that hampers
ongoing tracking is that families of children with cochlear implants are
young and highly likely to change their address within any 5 to 10 year
period. A recent experience is instructive. The Advanced Bionics Corpora-
tion made a concerted effort to contact every user of its cochlear implant
systems (n = ~12,000) in association with the meningitis reports of 2002
with direct, registered mail. Despite using updated address information
based on warranty registration, the corporation was able to contact less
than 90 percent of users at a cost of over $300,000. While the inability to
contact more than 10 percent of users is less than ideal, it is higher than
might be expected. Because children and most adults with cochlear im-
plants require regular follow-up, their regular contact with clinics may
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promote high rates of information updating and thus relatively high access
when compared with patient groups using other implants.

The above experience underscores that some cochlear implant device
users and their families appear to go without close, regular follow-up by a
medical facility. Moreover, address changes are not always available from
manufacturer and patient records. This experience, however, does suggest
that ongoing manufacturer to FDA communications and warranty-related
contact information can provide an important means of informing trends in
device-related complications. This would seem to be particularly important
with respect to childhood recipients. The establishment of a dedicated,
pediatric database that draws on multiple sources of information deserves
further consideration.

In addition to adverse event reporting requirements, FDA may also
mandate that manufacturers perform postmarket studies either as a condi-
tion of the original FDA approval or under the FDA Modernization Act
(Section 522) authorities. High-risk implantable devices (e.g., cochlear im-
plants) require FDA approval of a premarket approval application (PMA)
prior to marketing to ensure their safety and effectiveness. Along with the
specific adverse event reporting requirements listed in the PMA Conditions
of Approval, the Agency may also include an additional “condition” for the
manufacturer to address specific safety and/or effectiveness issues through a
postapproval study. For example, cochlear implant manufacturers have
often been required to collect additional long-term clinical data on pediatric
patients to demonstrate safety and effectiveness of the device in this popu-
lation. Alternatively, the Agency may impose postmarket study require-
ments for certain devices under Section 522 of the Federal Food, Drug, and
Cosmetic Act. This authority allows FDA, under its discretion and for good
reason, to order manufacturers to conduct postmarket surveillance on Class
II or III devices that are implanted in the human body for more than 1 year,
life-sustaining or life-supporting devices used outside of a device user facil-
ity, or devices the failure of which would be reasonably likely to have
serious adverse health consequences. These studies are generally reserved
for potential device failure situations that would be reasonably likely to
have serious adverse health consequences. Under these circumstances, FDA
can require prospective surveillance period of up to 36 months.

Reviews of major complications associated with implantable devices
suggest that two approaches to monitoring device safety might be expanded:
(1) the role of clinicians in reporting potential device-related complications,
and (2) the visibility of a centralized data coordination center. Health care
providers are the likely contact for virtually all complications related to
device use. The responsibility of clinicians to report major device complica-
tions is in the interest of the public’s health and should be underscored in
licensing requirements. Successful completion of web-based training mod-
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ules used recently to inform clinicians of new Health Insurance Portability
and Accountability Act and Effort-Reporting regulations could be used to
develop new approaches to device-use surveillance and may be held as a
requirement for licensure. Such training should also promote complete un-
derstanding of mechanisms of reporting to a data coordination center that
is singularly recognized as the site for the accrual of data on device compli-
cations.
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G

Glossary

Active surveillance. For adverse event reporting, programs that include
direct involvement by the sponsor (e.g., U.S. Food and Drug Adminis-
tration [FDA]) in collecting information, for example, through routine
or special surveys. (See also Passive surveillance.)

Adolescent. As defined by FDA in connection with medical devices, an
individual between the ages of 12 and 20 (“up to 21” years).

Adverse event. An instance of harm during patient care or research that is
not the result of the individual’s disease or medical condition. Adverse
events are sometimes defined to include events that have the potential
to cause harm, such as close calls or near misses that could have re-
sulted in harm but did not.

Approval. Authorization to market a medical device that requires submis-
sion of a premarket approval application (PMA) and FDA review of
safety and effectiveness.

Benefit. A positive or valued outcome of an action or event.
Child. As defined by FDA in connection with medical devices, an individual

between the ages of 2 and 11 (“up to 12” years).
Class I medical devices. Low-risk devices that need not be reviewed by

FDA before marketing As specified in statute, these are (1) devices for
which certain “general” controls, for example, standards for good
manufacturing practices, are considered to provide reasonable assur-
ance of the safety and effectiveness of the device or (2) devices that are
not intended or represented (“purported”) to support or sustain life
or play an important role in preventing impairment or that are not
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expected to pose an unreasonable risk of illness or injury. (21 USC
360c(a)(1)(A))

Class II medical devices. Devices that present more risk than Class I devices
(see above). For these devices, general controls are not by themselves
sufficient to provide reasonable assurance of safety and effectiveness,
but sufficient information is available to develop “special controls” (for
example, guidelines) for that purpose (21 USC 360(c)(a)(1)). For a
Class II device to be legally marketed, the manufacturer must usually
submit a notification of intent to market and receive FDA clearance
under 510(k) provisions (referring to the applicable section of the Medi-
cal Device Amendments of 1976. (21 USC 360(k))

Class III medical devices. Devices that are intended to support or sustain
life or play an important role in preventing impairment or that are
considered to pose an unreasonable risk of illness or injury. For devices
in this class, FDA has determined that general controls are inadequate
to reasonably assure safety and effectiveness and that available infor-
mation is insufficient to develop adequate special controls. (21 USC
360(c)(a)(1)) Class III devices usually require FDA approval.

Clearance. A process for FDA to authorize a device for marketing based on
a review of evidence of safety and equivalence to certain previously
marketed devices; clinical evidence of safety and effectiveness is not
usually required.

Clinical trial. A prospective study involving human subjects that is designed
to evaluate a health care intervention (e.g., device therapy, diagnostic
test).

Close call (see Near miss).
Combination product. A product that (1) is comprised of two or more regu-

lated components, i.e., drug/device, biologic/device, drug/biologic, or
drug/device/biologic, that are physically, chemically, or otherwise com-
bined or mixed and produced as a single entity; (2) is comprised of two
or more separate products packaged together in a single package or as a
unit and comprised of drug and device products, device and biological
products, or biological and drug products; or (3) is packaged separately
that according to its investigational plan or proposed labeling is intended
for use only with an approved individually specified drug, device, or
biological product where both are required to achieve the intended use,
indication, or effect and where upon approval of the proposed product
the labeling of the approved product would need to be changed, e.g., to
reflect a change in intended use, dosage form, strength, route of adminis-
tration, or significant change in dose. (21 CFR 3.2(e))

Compassionate use. A mechanism for securing FDA permission for the use
with an individual patient of a medical device that has not been ap-
proved or cleared for marketing. (See also Emergency use.)
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Condition-of-approval study. A study to be conducted after approval of a
device to address issues of safety and effectiveness (e.g., long-term ef-
fects, effects in populations not yet studied) not sufficiently evaluated
by studies submitted in support of a premarket approval application.
The manufacturer agrees to perform these studies as a condition of
approval.

Confidential commercial information. Valuable data or information that is
used in one’s business and is of a type customarily held in strict confi-
dence or regarded as privileged and not disclosed to any member of the
public by the person to whom it belongs. (21 CFR. 20.61)

Correction. A type of recall that involves an on-site repair, adjustment,
labeling change, destruction, or inspection of a product.

Corrective action. Action to eliminate the cause(s) of an existing defect or
similar product or quality problem in order to prevent recurrence.

Design controls. Procedures to control the design of the device in order to
ensure that specified design requirements are met. (21 CFR 820.30)

Device failure. The failure of a device to perform or function as intended,
including any deviations from the device’s performance specifications
or intended use. (21 CFR 822.3(c))

Device malfunction. The failure of a device to meet its performance specifi-
cations or otherwise perform as intended. (21 CFR 803.3(n))

Device tracking.  A process that allows manufacturers to provide certain
critical information about the location of certain Class II or III devices
so that they can promptly remove a device from the market when
requried by the FDA.

Direct benefit. A tangible positive outcome of an event or action.
Distributor. Any person who furthers the distribution of a device from the

original place of manufacture to the person who makes delivery or sale
to the ultimate user. (21 CFR 821.3(h))

Effectiveness. The achievement of desired results in actual clinical practice.
Efficacy. The achievement of desired results in controlled clinical studies.
Explant. An implanted device that has been removed from a patient.
General controls. Requirements (e.g., registering all manufacturing loca-

tions, following quality system regulations) that all classes of medical
devices must meet to be lawfully marketed.

Harm. A hurtful or adverse outcome of an action or event, whether tempo-
rary or permanent.

Hazard. A potential source of harm.
Human factors. [H]ow people use technology . . . the interaction of human

abilities, expectations, and limitations, with work environments and
system design (FDA, 2003s).

Humanitarian Device Exemption (HDE) application. An application that is
similar to a premarket approval (PMA) application but exempt from
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the effectiveness requirements of a PMA. An approved HDE authorizes
marketing of a Humanitarian Use Device.

Humanitarian Use Device. A device that is intended to benefit patients
suffering from a disease or condition that affects fewer than 4,000
individuals in the United States per year.

Implant. As defined in regulations for investigational devices: a device
that is placed into a surgically or naturally formed cavity of the hu-
man body if it is intended to remain there for a period of 30 days or
more. To protect public health, FDA may also determine that devices
placed in subjects for shorter periods are also “implants.” (21 CFR
812.3(d)) As defined in medical device tracking regulations: a device
that is intended to be placed into a surgically or naturally formed
cavity of the human body for more than 1 year to continuously assist,
restore, or replace the function of an organ system or structure of
the human body throughout the useful life of the device. (21 CFR
821.3(f))

Importer. One who imports a device into the United States and who fur-
thers the marketing of a device from the original place of manufacture
to the person who makes final delivery or sale to the ultimate user.
Does not include those who repackage or otherwise change the con-
tainer, wrapper, or labeling of the device or device package.

Infant. As used by FDA in relation to medical devices, individual below 2
years of age.

Institutional Review Board (IRB). A group of qualified individuals charged
under federal regulation with protecting the rights and welfare of people
involved in research in accord with federal regulations. IRBs review
and approve plans for research involving humans.

Investigational device. A device that is the object of a clinical investigation
or research involving one or more subjects to determine safety or effec-
tiveness of the device. (21 CFR 812.3(g) & (h))

Label. A display of written, printed, or graphic matter upon the immediate
container of a drug or other product. (FDCA 201(k))

Malfunction. The failure of a device to meet its performance specifications
or to perform as intended. (21 CFR 803.3(n))

Manufacturer. Any person, including any importer (i.e., an initial distribu-
tor of an imported device), repacker, relabeler, or specifications devel-
oper who manufactures, prepares, propagates, compounds, assembles,
or processes a device. (21 CFR 821.3(c))

Market withdrawal. A firm’s removal or correction of a distributed product
which involves a minor violation that would not be subject to legal
action by the FDA or which involves no violation, e.g., normal stock
rotation practices, routine equipment adjustments and repairs, etc.
(FDA, 2002i).
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Medical device. An instrument, apparatus, implement, machine, contriv-
ance, implant, in vitro reagent, or other similar or related article, in-
cluding a component, part, or accessory, which is
• recognized in the official National Formulary, or the United States
Pharmacopoeia, or any supplement of them;

· • 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 of other animals and
which is not dependent upon being metabolized for the achievement of
its primary intended purposes. (21 USC 321(h))

Misbranded. A device is considered misbranded if it fails to meet any one of
several requirements, for example, if its labeling is false or misleading
or if it was made in an establishment that was not registered in accord
with regulations. (21 USC 352)

Near miss. An event that could have resulted in harm but did not. Some-
times described as a “close call.”

Nonsignificant risk device. A device that does not pose a significant risk to
the human research subjects. Studies involving such devices require IRB
approval and informed consent but do not require an Investigational
Device Exemption (IDE) from FDA. (See also Significant risk device.)

Off-label use. (See Unlabeled use.)
Passive surveillance. For adverse event reporting, a program that waits for

reports from individuals or organizations without active efforts to col-
lect information. (See Active surveillance.)

Pediatric population. May refer to all children or a subgroup of children
who share the same characteristics.

Permanently implantable device. An implantable device is a device that is
intended to be placed into a surgically or naturally formed cavity of
the human body for more than 1 year to continuously assist, restore,
or replace the function of an organ system or structure of the human
body throughout the useful life of the device.

Postamendment device. A medical device available to consumers after the
enactment of the Medical Device Amendments of 1976.

Postmarket. Processes including evaluations, activities, and decisions that
occur after regulatory approval, clearance, or registration of a medical
product for marketing.

Postmarket study commitments. Refers collectively to condition-of-approval
studies and Section 522 Postmarket Surveillance studies.

Postmarket surveillance of medical devices. Programs that seek to protect
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public health by systematically collecting, analyzing, and communicat-
ing information about events involving or potentially involving legally
marketed medical devices.

Postmarket Surveillance (Section 522) study. Required postmarket activity
that may be ordered after the approval or clearance of certain Class II
or Class III devices.

Preamendment device. A medical device available to consumers before enact-
ment of the Medical Device Amendments of 1976. (See Predicate device.)

Predicate device. A device that a) was legally marketed in the U.S. prior to
May 28, 1976, or b) has been reclassified from Class III to Class II or I,
OR c) was found to be substantially equivalent through the premarket
notification (510(k)) process.

Premarket. Processes including evaluations, decisions, and other activities
that occur prior to the marketing of a medical product.

Premarket notification (510(k) process). Process for securing FDA clear-
ance to market devices that are substantially equivalent to devices mar-
keted prior to May 28, 1976. 510(k) refers to the relevant section of the
Federal Food, Drug, and Cosmetic Act.

Public health notification. An FDA announcement used to quickly dissemi-
nate device-related safety information beneficial to healthcare provid-
ers. Recently the FDA decided to comprehensively apply the term to
what had been distinguished as Safety Alerts, Public Health Notifica-
tions, and Public Health Advisories.

Quality systems regulation. General control requirements that cover meth-
ods, facilities and controls related to medical device design (prior to
actual production), manufacture, packing, storage, and installation.
These regulations include Good Manufacturing Practices and seek to
prevent safety problems related to design deficiencies.

Rare condition. A condition that affects or is manifested in (causes symp-
toms in) fewer than 4,000 individuals in the United States per year.

Recall. A firm’s voluntary or directed removal or correction of a marketed
product that the FDA considers to be in violation of the laws it admin-
isters and against which the agency would initiate legal action, e.g.,
seizure. Recall does not include a market withdrawal or a stock recov-
ery. (21 CFR 7) Class I recalls involve dangerous or defective products
that have a reasonable probability of causing serious health problems
or death. Class II recalls involve products that might be expected to
cause a temporary health problem or that pose only a slight threat of a
serious nature. Class III recalls involve products that are unlikely to
cause any adverse health reaction, but that violate FDA labeling or
manufacturing regulations.

Registry. A system for collecting information about a class of individuals or
patients who have in common a disease, injury, condition, medical pro-
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cedure or product, or similar characteristic. The term registry is some-
times used narrowly to refer to the database itself and sometimes more
broadly to refer to analyses and studies based on registry information.

Risk. A potential harm or the potential of an action or event to cause harm.
Risk management. A systematic application of policies, procedures, and

practices to the analysis, evaluation, and control of risks. It is a key
component of quality management systems, and a central requirement
of the implementation of Design Controls in the Quality Systems Regu-
lation (FDA, 2000b).

Safe. A relative term, defined as: “there is reasonable assurance that a
device is safe when it can be determined, based upon valid scientific
evidence, that the probable benefits to health from use of the device for
its intended uses and conditions of use, when accompanied by adequate
directions and warnings against unsafe use, outweigh any probable
risks.” (21 CFR 860.7(d)(1))

Safety alert (see Public health notification).
Safety signal. An apparent excess of reported adverse events associated with

a product. Sometimes a single, well-documented report may be suffi-
cient to signal a safety problem.

Serious adverse health consequence. Any significant adverse experience re-
lated to a device, including events which are life threatening or which
involve permanent or long-term injury or illness. (21 CFR 821.3(e))

Serious injury. An injury or illness that (1) is life threatening; (2) results in
permanent impairment of a body function or permanent damage to
body structure; or (3) requires medical or surgical intervention to pre-
clude permanent impairment or damage.

Significant risk device. A device that cannot undergo tests in humans with-
out IRB approval and FDA approval of an application for an Investiga-
tional Device Exemption. Such a device is one that: (1) is intended as an
implant and presents a potential for serious risk to the health, safety, or
welfare of a subject; (2) is purported or represented to be for a use in
supporting or sustaining human life and presents a potential for serious
risk to the health, safety, or welfare of a subject; (3) is for a use of
substantial importance in diagnosing, curing, mitigating, or treating
disease, or otherwise preventing impairment of human health and pre-
sents a potential for serious risk to the health, safety, or welfare of a
subject; or (4) otherwise presents a potential for serious risk to the
health, safety, or welfare of a subject. (21 CFR 812.3(m))

Special controls. Requirements for Class II medical devices that are in-
tended to ensure safety and effectiveness. Unlike general controls, spe-
cial controls may vary for different types of devices. Special controls
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include performance standards, guidelines, patient registries, and post-
market surveillance. (FDCA section 513(a)(1)(B))

Substantially equivalent. When a device (a) has same intended use and has
same technological characteristics as a predicate device, OR (b) has the
same intended use but different technological characteristics if these
differences do not raise different questions of safety and effectiveness
and if information is provided to show that the device is as safe and
effective a legally marketed device.

Surveillance. The ongoing, systematic collection, analysis, interpretation,
and dissemination of data about a health-related event for use in public
health action to reduce morbidity and mortality and to improve health
(CDC, 2001).

Trade Secret. Information that may consist of any commercially valuable plan,
formula, process, or device that is used for the making, preparing, com-
pounding, or processing of trade commodities and that can be said to be
the end product of either innovation or substantial effort. There must be a
direct relationship between the trade secret and the productive process.

Unlabeled use. Use of a drug or medical device for a purpose, patient group,
or other use that is not specifically approved by the FDA for use as
indicated on the product’s label. Such use by physicians is considered
part of the practice of medicine, which FDA—by statute—does not
regulate. Sometimes described as “off-label” use.

User facility. A hospital, an ambulatory surgical facility, a nursing home, an
outpatient diagnostic facility, or an outpatient treatment facility that is
not a physician’s office. An outpatient treatment facility includes home
health care groups, ambulance providers, and rescue services. (21 CFR
803.3(f) & (v))

Withdrawal of FDA approval. An order withdrawing approval of a PMA if,
from any information available to the Agency, FDA determines that
certain requirements were not fulfilled. (21 CFR 814.46(a))

ACRONYMS AND ABBREVIATIONS

510(k) premarket notification
AAP American Academy of Pediatrics
ACC American College of Cardiology
ACHRE Advisory Committee on Human Radiation Experiments
AHRQ Agency for Health Research and Quality
AMA American Medical Association
AMC academic medical center

CBER Center for Biologics Evaluation and Research
CDC Centers for Disease Control and Prevention
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CDER Center for Drug Evaluation and Research
CDRH Center for Devices and Radiological Health
CERT Centers for Education and Research on Therapeutics
CHCA Child Health Corporation of America
CMS Centers for Medicare and Medicaid Services
CONSORT Consolidated Standard of Reporting Trials
CRO contract research organization
CT computer-assisted tomography

DHHS U.S. Department of Health and Human Services
DSaRM Drug Safety and Risk Management Advisory Committee

ECLS Extracorporeal Life Support
ECMO Extracorporeal Membrane Oxygenation
ECRI formerly, the Emergency Care Research Institute
EU European Union

FDA U.S. Food and Drug Administration

GAO Government Accountability Office (formerly General
Accounting Office)

GHTF Global Harmonization Task Force
GMDN Global Medical Device Nomenclature
GMP Good Manufacturing Practices

HDE Humanitarian Device Exemption
HIPAA Health Insurance Portability and Accountability Act of

1996
HUD Humanitarian Use Device

ICD International Classification of Diseases
ICH International Conference on Harmonisation
IDE Investigational Device Exemption
IOM Institute of Medicine
IRB Institutional Review Board
ISO International Organization for Standardization
ISPE International Society for Pharmacoepidemiology

JCAHO Joint Commission on the Accreditation of Healthcare
Organizations

LVAD left ventricular assist device
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M-DEN Medical Device Engineering Network
MDR Medical Device Reporting
MedSun Medical Product Surveillance Network
MRI magnetic resonance imaging

NACHRI National Association of Children’s Hospitals and Related
Institutions

NAS National Academy of Sciences
NEISS National Electronic Injury Surveillance System
NHLBI National Heart Lung and Blood Institute
NICHD National Institute for Child Health and Human

Development
NIH National Institutes of Health
NRC National Research Council
NYPORTS New York Patients Occurrence and Tracking System

OIG Office of Inspector General

PDP product development protocol
PHTS Pediatric Heart Transplant Study
PMA premarket approval application

QuIC Quality Interagency Coordination Task Force

SEC Securities and Exchange Commission
STAMP Systematic Technical Assessment of Medical Products
STROBE Strengthening the Reporting of Observational studies in

Epidemiology

UMDNS Universal Medical Device Nomenclature System

VAERS Vaccine Adverse Event Reporting System

PUBLIC LAWS

P.L. 59–384 Pure Food and Drugs Act of 1906
P.L. 75–717 Federal Food, Drug, and Cosmetic Act of 1938
P.L. 87–78 Drug Amendments of 1962
P.L. 94–295 Medical Device Amendments of 1976
P.L. 99–660 National Childhood Vaccine Injury Act of 1986
P.L. 101–629 Safe Medical Devices Act of 1990
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P.L. 102–300 Medical Device Amendments of 1992
P.L. 104–191 Health Insurance Portability and Accountability Act of

1996
P.L. 105–115 Food and Drug Administration Modernization
P.L. 106–310 Children’s Health Act of 2000
P.L. 107–109 Best Pharmaceuticals for Children Act of 2002
P.L. 107–188 Public Health Security and Bioterrorism Preparedness

and Response Act of 2002
P.L. 107–250 Medical Device User Fee and Modernization Act of

2002
P.L. 108–155 Pediatric Research Equity Act of 2003
P.L. 108–214 Medical Devices Technical Corrections Act of 2004
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Hugh Tilson, M.D., Dr.P.H. (Chair), is an epidemiologist and outcomes
researcher whose career in preventive medicine and public health extends
over three decades. He is currently Senior Adviser to the Dean of the
University of North Carolina School of Public Health and Clinical Profes-
sor of Public Health Leadership and Adjunct Professor of Epidemiology
and Health Policy at the University. Dr. Tilson chairs the National Steering
Committee for the Centers for Education and Research on Therapeutics
(CERTs) program for the Agency for Healthcare Research and Quality.
From 1981 to 1996, he was an executive with Burroughs Wellcome and the
Wellcome Foundation, where he was responsible for introducing epidemi-
ological methods and principles. He was Founding Co-President of the
International Society for Pharmacoepidemiology.

James M. Anderson, Ph.D., M.D., is Professor of Pathology, Macromolecu-
lar Science, and Biomedical Engineering in the Institute of Pathology, Case
Western Reserve University, Cleveland, Ohio. He is a member of the Institute
of Medicine. For the past 13 years, Dr. Anderson has been involved in the
International Organization  for Standardization (ISO) Task Force to Develop
Standards for Medical Device Safety. He is the Chairman for Part 1 of the
ISO 10,993 Standard that defines criteria for the biological response evalua-
tion of medical devices, prostheses, and biomaterials. Dr. Anderson’s re-
search interests range from his activity as a pathologist in clinical implant
retrieval and evaluation to fundamental, mechanistic studies focused on de-

H

Committee Biographical Statements
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veloping a better understanding of tissue, cell, and blood interactions with
biomaterials.

Erle H. Austin, III, M.D., is Professor of Surgery, Division of Thoracic and
Cardiovascular Surgery, Department of Surgery, University of Louisville
Medical School. He is Chief of cardiovascular surgery at Kosair Children’s
Hospital and also practices at other Louisville hospitals. He is a member of
the Congenital Heart Surgeons’ Society (CHSS) and of the Scientific and
Government Relations Committee of American Association of Thoracic
Surgeons. Dr. Austin’s research and policy interests include evaluation of
implanted medical devices to treat congenital heart problems and the devel-
opment of criteria for evaluating the safety and effectiveness of medical
devices for pediatric populations.

Mark E. Bruley, is a biomedical engineer and Vice President for Accident
and Forensic Investigation at ECRI, an independent nonprofit health ser-
vices research agency in Plymouth Meeting, Pennsylvania. Since 1982 he
has been responsible for ECRI’s health technology accident and forensic
investigation programs that provide investigative and educational services
worldwide. He recently developed the education and training materials for
recognition, investigation, and root cause analysis of medical device ad-
verse events in health care facilities for FDA’s new MedSun medical device
problem reporting program. He publishes, lectures, and consults on medi-
cal device accident investigation, medical error and patient safety, problem
reporting programs and regulations, and health care technology acquisi-
tion.

Paul Citron, M.S.E.E., retired as Vice President for Technology Policy and
Academic Relations at Medtronic, Inc., Minneapolis, Minnesota, after 32
years.  His entire career at the company related to research and develop-
ment. He is currently visiting professor at the University of California, San
Diego. Mr. Citron was elected to the National Academy of Engineering
(NAE) in 2003 for “innovations in technologies for monitoring cardiac
rhythm and for patient-initiated cardiac pacing, and for outstanding contri-
butions to industry–academia interactions.” He is currently a member of
the NAE Division Committee on Engineering and Physical Sciences and the
Bioengineering Peer Committee. He is a member of the Roundtable on
Biomedical Engineering Materials and Applications. Mr. Citron was a
founding member of the American Institute for Medical and Biological
Engineering.

William H. DuMouchel, Ph.D., is Vice-President, Research, and Chief Sta-
tistical Scientist at Lincoln Technologies, Inc., Wellesley Hills, Massa-
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chusetts. He previously was Senior Scientist at AT&T Labs and Research
and Professor of Biostatistics and Medical Informatics at Columbia Univer-
sity. He has developed Bayesian methods for disproportionality analysis of
databases of spontaneous reports of adverse drug reactions that are now
used within FDA and industry.  His research has also focused on Bayesian
models for data mining and meta-analysis and on computer advisory sys-
tems for data analysis. Dr. DuMouchel is an elected fellow of the American
Statistical Association and of the Institute of Mathematical Statistics. He
served previously on the National Research Council Committee on Applied
and Theoretical Statistics.

Ellen J. Flannery, J.D., is a partner at Covington & Burling, Washington,
DC. She advises clients regarding the regulation of medical devices, phar-
maceuticals, and biological products, as well as product liability law. She
has chaired the American Bar Association Section of Science and Technol-
ogy and the ABA Coordinating Group on Bioethics and the Law. Ms.
Flannery has been counsel in cases involving the scope of FDA’s legal
authority and product liability defense and has taught Food and Drug Law
seminars at Boston University, University of Maryland, and University of
Virginia Law Schools. She serves on the editorial boards of the Guide
to Medical Device Regulation and the Food and Drug Administration
Enforcement Manual and has published a number of articles related to
medical device regulation.

Linda Golodner is President of the National Consumers League, the nation’s
oldest consumer organization. She also chairs the National Council on
Patient Information and Education and serves on the Board of Directors of
the National Patient Safety Foundation, the Patient Safety Institute, and the
American National Standards Institute, where she has chaired the Con-
sumer Interest Forum. Among other activities, Ms. Golodner has served on
the Steering Committee of the Centers for Education and Research on
Therapeutics and the National Research Council Board on Agriculture and
Natural Resources, and she is a member of the Underwriters Laboratories
Consumer Advisory Council. She was appointed to the White House Ap-
parel Industry Partnership, which she co-chaired, and she now serves on the
Board of Directors of its successor organization, the Fair Labor Associa-
tion. She received the American Pharmacists Association’s Hugo H. Schaefer
Award and has been honored by the United Nations Association (National
Capitol Area) for her work in human rights.

Stephen J. Haines, M.D., is the Lyle A. French Chair and Head of the
Department of Neurosurgery, University of Minnesota. He serves on the
Neurological Devices Panel for the Medical Device Advisory Committee of
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the FDA Office of Device Evaluation. Dr. Haines has a primary clinical
interest in pediatric neurosurgery. His work focuses on the application of
advanced clinical research techniques to neurosurgery and the development
of resources for the evidence-based practice of neurosurgery.

Patricia Hicks, M.D., is Associate Professor in the Division of General
Academic Pediatrics in the Department of Pediatrics at the University of
Texas Southwestern Medical School at Dallas and Adjunct Professor of
Law at Southern Methodist University. She is also the mother of a son who
relies on a varying array of life-sustaining medical devices that he uses at
home and at school. Dr. Hicks is the Director of the Pediatric Residency
Training Program and Director of the Residents’ Continuity of Care Clinic
in the residency training program where she teaches residents and also cares
for children with complex chronic health conditions and counsels and ad-
vises their families, schools, and community. Her teaching responsibilities
include a Clinical Ethics in Medicine medical school course and a combined
law school and medical school course, Law, Literature, and Medicine. As a
member of the hospital’s Information Systems Committee, she is involved
with projects related to electronic medical records and database organiza-
tion and design for research, reporting, clinical decision support, and moni-
toring.

Stephen W. Lagakos, Ph.D., is Chair, Department of Biostatistics, Harvard
University School of Public Health. He is a member of the Institute of
Medicine and recently served on the Committee to Assess the Need for
Clinical Trials of Testosterone Replacement Therapy. Dr. Lagakos’ current
research involves a variety of statistical issues arising in clinical trials and
other longitudinal studies, with particular emphasis on statistical methods
and analyses relating to HIV and other infectious diseases.

George Lister, M.D., is Professor and Chairman of Pediatrics, University of
Texas Southwestern Medical School. He was formerly Professor of Pediat-
rics and Anesthesiology and Chief, Section of Critical Care and Applied
Physiology, Department of Pediatrics at Yale University School of Medicine
and Lecturer in the Department of Cellular and Molecular Physiology. He
was also Medical Director of Pediatric Intensive Care at the Yale-New
Haven Hospital. He is past Chair of the Board of Directors of the American
Board of Pediatrics, past President of the Society for Pediatric Research,
and National Council Member of the American Pediatric Society. With a
research focus on oxygenation and hypoxia in infants and children, Dr.
Lister has chaired the NICHD Collaborative Home Infant Monitoring
Evaluation study, which has examined the use of apnea monitors for chil-
dren considered at risk for SIDS.
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Jonathan J. Rosen, Ph.D., is a member of the Harvard Medical School
faculty, a Senior Research Scientist at the Massachusetts General Hospital,
and director of the research implementation program for the nonprofit
Center for the Integration of Medicine and Innovative Technology (CIMIT)
Consortium. He is a member of the National Academy of Engineering’s
Roundtable on Biomedical Engineering Materials and Applications. During
his corporate career with Johnson & Johnson, he managed the cardiovascu-
lar development program, directed the corporate advanced research pro-
gram for their Corporate Office of Science and Technology, and served as
Chief Technical Officer for their Surgical Instrument Division before leav-
ing to start a series of medical device ventures in Europe and in the United
States. He is currently involved in several projects related to pediatric medi-
cal devices and the development of new technologies to improve care for
underserved patient populations.
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Index

A

Academic Programs in
Pharmacoepidemiology, 23

Active lifestyle
cerebrospinal fluid shunt and, 51, 364
defined, 51-52
developmental control over, 52-53, 303
home environments and human factors,

53
and longevity of implants, 3, 22, 51-52,

200
social dimensions, 53

Adhesion barrier, 125
Adolescents

active lifestyle, 52, 53
defined, 48, 49, 422
impact of devices on, 49-50
management of devices, 143-144
psychosocial considerations, 51

AdvaMed, 171, 191, 192
Adverse event reports and reporting. See

also Postmarket surveillance
Alternative Summary Reporting

program, 92, 115, 125
anonymous, 155
automated screening process, 125, 182
case reports, 86, 126, 127, 180

cerebrospinal fluid shunts, 362-364,
369-374

classes of devices, 85, 168
classification of complications, 369-374
cochlear implants, 411-414
coding system for, 168-169, 173, 177,

182, 206, 218, 236, 340-341
competitive pressures and, 155-156
confidentiality protections, 155, 171,

236
data mining techniques, 341-342, 374-

375
defined, 35, 368
disproportionality analyses of

databases, 336-345, 374-375
by distributors and importers, 87, 88,

116-119, 121
drugs vs. devices, 90, 167-168, 340,

341-342
ECRI program, 172-173, 369-374
education and communication

programs, 165, 173, 175, 176-177,
178

enforcement of requirements, 115, 120,
174

epidemiologic studies of, 71, 125, 161,
168, 194

examples, 120, 122-124
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FDA programs, 38, 114-126, 164-170,
173-177, 229, 235-236

forms, 114-115, 154, 174, 181
by health professional networks, 153,

155, 161-162, 163, 171, 178, 377-
378

home health agencies, 126, 156, 157-
158, 166, 180

home health care and, 4, 24, 112, 123,
126, 156-157, 159, 162, 178, 181-
182, 230

human factors analysis, 127, 160, 169
improvement initiatives, 111, 164-170
inappropriate, 156
and innovation, 163, 310, 321
interactive option, 167
international vigilance reports, 111,

125, 236
investigating, 112-113, 120-126, 151,

158-160, 161-162, 163, 170-171,
172, 173, 175, 178, 180

investigational devices, 91-92
JCAHO program, 171-172
labeling devices, 138, 149, 178
liability concerns and, 132, 155, 156
limitations of programs, 8, 113, 120-

121, 125-126, 152-165, 174, 235-
236, 330, 338

linkages between programs and
databases, 174, 225

mandatory, 9, 24, 37, 39, 40, 86, 87-
92, 94, 114, 115, 116-120, 175,
177-178, 321

manufacturer response, 86, 87-92, 93,
94, 98, 100-101, 109-110, 114,
115, 116-119, 120-121, 125, 141-
142, 155, 163, 171, 175, 177-178

MAUDE database, 93, 115, 151, 155,
163, 166, 206, 342, 368, 369-374,
412-413

MDR program, 87, 368, 369-370, 411
MedSun program, 8-9, 35, 76, 94, 114,

152, 155 n.3, 159, 165-167, 171,
173, 175-177, 180, 182, 236, 321,
336

MedWatch program, 35, 37, 92, 99
n.16, 164, 171, 174, 178, 181

objectives, 87, 101, 113, 163, 173, 232,
411

online option, 114-115, 167, 174, 181-
182

overreporting, 156
oversight responsibility, 74-75, 112-

113, 237-238
patient privacy, 91, 93-94, 104, 154, 175
patient safety programs, 154, 156, 157,

165-167, 168, 176-177, 180
private programs, 171-173
problems with, 153-157, 161-162
public availability of information, 93-

94, 103, 105, 120
and recalls, 162, 174
recommendations, 8-9, 11-13, 174-175,

176, 177, 178, 179, 180, 182
and redesign of devices, 113
in research vs. patient care, 33
resources for patients and families, 181-

182
responding to problems, 58-59, 86,

124, 161-164, 174
review processes, 121-124, 152, 160,

169-170, 172, 173
root-cause analysis, 170, 172, 173
safety advisories and, 124, 153, 206-207
shared responsibility for, 173, 244,

248-249
state programs, 170-171
statutory authority, 38, 39-40, 86, 368
terminology defined, 88-89
trends, 115, 116-119
underreporting, 8, 94, 131, 153-156,

161, 171, 174, 177, 235, 331, 338
by user facilities, 9, 39-40, 87, 88, 91,

93, 94, 114, 115, 116-119, 120,
121, 152-153, 156, 157-158, 165-
167, 171, 172, 175, 180, 236, 310,
412

voluntary, 37, 39, 86, 87 n.10, 91, 92-
93, 94, 114-115, 116-119, 121,
126, 151, 163, 168, 172, 178-180

Adverse events
“caused or contributed,” 89
to children, 120, 121, 151, 206
close calls or near misses, 32-33, 91,

94, 115, 127-129, 162, 165, 166
“Code Blue” events, 124
computer-based surveillance, 167-169,

182
deaths, 91, 94, 113, 115, 116-119, 122,

146-148, 162
defined, 32-33, 422
design factors, 127-148, 149
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documenting, 114-115, 122-124, 154-
155, 158, 159-160, 168, 173

environmental hazards, 130-131, 150,
162

evaluation codes, 206
failure or malfunction, 33, 35, 91, 96-

97, 98, 112-113, 115, 116-119,
125, 135, 147-148

high-profile events, 124-125
home care and, 101-102, 112, 126,

162, 163
identifying, 1-2, 3, 24, 112-113, 157-

158, 160-161, 165, 167-170, 171,
182

illustrative vignettes, 126-148
infections, 132-134, 151
institutional/system factors, 127-148, 153
labeling-related, 138, 149
lifestyle-related, 206
magnitude of, 152-153
manufacturing-related, 147-148, 149
remedial action, 89
reportable, 87 n.11, 88-90
risk analyses, 327-328
sentinel events, 171-172
serious injury, 89, 91, 116-119, 122, 428
sources of, 5, 33, 112, 126-151
use errors, 26, 33, 89, 122, 126, 127-

130, 138-139, 144-147, 149-150
workarounds and, 154, 169, 180

Aerosol delivery devices, 67-68
Agency for Healthcare Research and

Quality, 7, 8, 14, 44, 171, 218, 219,
220, 225, 227, 235, 242, 249

American Academy of Pediatrics, 66, 153,
157, 179, 181, 203

American Association of Medical Record
Librarians, 37

American Association of Orthodontists, 163
American College of Cardiology, 171
American College of Radiology, 97
American Heart Association, 248
American Medical Association, 37, 189
American Society for Testing and

Materials, 366
American Society of Hospital Pharmacies,

37
American Thoracic Society, 67-68, 171, 221
Aortic connector devices, 125
Apnea monitors (home), 3, 47, 70, 77, 84

n.9, 85, 101, 108, 162, 182

Approval of Class III devices, 30, 34, 76,
78 n.4, 79-80, 85, 95, 109, 110

Arrhythmia detector and alarm devices, 85
Arthroscopy, 320
Atrial septal defect occluder, 2, 57, 58,

202, 208, 209, 302, 311, 319
Availability of devices for children, 40, 41,

45

B

Baclofen infusion pump, 141-142, 203
Balloon atrial septostomy (Rashkind

procedure), 20
Bartlett, Robert, 199
Bayh Dole Act, 308
Benefits of medical devices, 4, 17-18, 20,

23, 32, 422, 424
Best Pharmaceuticals for Children Act of

2002, 40, 230
Bile duct stents, 2, 68, 98, 322
Bililights, 2, 19, 58
Biologics, 29 n.3, 91
Biologics Control Act, 37
Blood pressure cuffs, 98
Bone cancer, 65
Bone cements, 71
Breast implants, 92, 95, 107, 125, 193
Breathing frequency monitors, 97
Bronchoscopes, 2, 58, 132-134, 151, 164

C

Campbell, Robert, 314
Carbon dioxide sensors, 98, 99
Cardiac stents, 2, 62-63, 68, 95, 98, 193-

194
Cardiomyopathy, 215, 322
Catheters, 60, 64, 77, 124, 127, 141-142,

199, 203, 314. See also Central
vascular catheters

Centers for Disease Control and
Prevention, 71, 93, 227

Centers for Education and Research in
Therapeutics, 218-219, 226-227,
235

Centers for Medicare and Medicaid
Services, 184 n.1, 220, 312-313,
321
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Central vascular catheters, 60, 92, 95, 138-
139, 143-146, 170

Cerebrospinal fluid shunts
active lifestyle and, 51, 364
adult use, 2, 58, 350
adverse event reports, 342-345, 362-

364, 368, 369-375, 377
classification of complications, 369-374
clinical trials, 367
cochlear implants compared, 375-376
complications, 20, 71-72, 112, 356,

357-364, 367-368, 369-374
defined, 347
disproportionality analysis of reports of

complications, 342-345, 374-375,
377

growth issues, 201, 364
Holter valve, 17, 356, 358
identifying concerns with, 70, 170, 201,

377-378
infections, 20, 48, 359-361, 368, 377
innovations, 17, 65, 357-362, 376
and outcomes, 20
postmarketing surveillance, 201, 367-

378
premarket regulation, 364-367
programmable, 367
Raimondi distal spring valve, 358-359
regulatory history, 347-378
replacement, 65, 201, 361-362
valve-regulated, 17, 355, 356-357

Cerebrospinal fluid system
anatomy and physiology, 20, 347-350
pressure measurement, 350

Chest tubes, 54
Child Health Corporation of America, 167,

177, 217
Children. See also Active lifestyle;

Adolescents; Growth and
developmental issues; Infants

defined, 27, 48, 49, 422
management of devices, 51

Children’s Amalgam Trial, 212
Children’s Health Act of 2000, 309
Children’s Hospital Boston, Pediatric

Product Development Initiative, 47
Children’s Oncology Group, 222, 323-324
Circumcision clamp injury, 122, 129-130,

164, 172-173
Clark, Bennett Champ, 73

Class I devices, 30, 76, 77, 84, 109, 162,
309 n.4, 364, 422-423

Class II devices, 30, 34, 76, 77, 78, 84, 85,
95, 109, 110, 183, 238-239, 309-
310 n.4, 315, 364-365, 423

Class III devices, 30, 34, 76, 77, 78 n.4,
79-80, 85, 95, 109, 110, 127, 183,
238-239, 246, 309, 310, 315, 365,
367, 423

Classification of devices, 5, 30, 34, 39, 76,
77-80, 103, 309

Clearance of Class II devices, 30, 34, 41,
76, 78, 84, 85, 95, 109, 110

Clinical trials. See also Pediatric
postmarket surveillance studies;
Postmarket surveillance studies;
Research on medical devices

age-specific, 47
appropriate circumstances for, 54, 221
biases, 6, 188, 190, 211, 331, 332-333
blinded, 211-212, 317-318
challenges with children, 220-222, 245-

246, 303, 315-319
confidentiality issues, 106, 189, 192,

197, 210
CONSORT, 219
data monitoring committees, 92
defined, 35 n.6, 423
design and protocols, 49 n.3, 106, 188,

189, 190, 192, 197, 210-219, 223,
233-234, 315-319, 332-334

drugs vs. devices, 41-42, 47, 210, 218,
309, 316

economic value assessment in, 318-319
ethical concerns, 211-212, 245-246,

333-334
experimental studies, 210-213
FDA guidance on, 25, 27, 32, 35-36,

40, 54-55, 224
generalizability of findings, 212, 234,

303, 320
historical controls, 213, 315, 334
identifying concerns through, 71, 141,

161
innovation in, 199
institutional and professional factors,

222, 322
Institutional Review Boards, 81, 82, 91-

92, 189, 317
insurance coverage, 184 n.1, 210 n.2,

314, 321
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multi-center, 209, 215, 216, 222, 309,
323-324

organizational infrastructure, 245, 315,
323-324

outcome measures and norms, 221-222,
315-316, 318-319, 320

parent factors, 222
patient privacy, 104, 210
performance standards for surgeons,

212, 317, 322
pivotal, 315-317
placebo effect, 213
population size considerations, 221,

303, 323
pragmatic or practical, 213
premarket, 3, 22, 209, 303, 320, 321,

322-323
protections for children, 2, 5, 10, 22,

40, 68, 73, 221, 240-241, 245, 317
public access to data, 6, 14, 188-189,

190, 192, 194-195, 197, 233-234
randomized controlled, 211-212, 309,

310, 314, 315, 317-318, 331, 332-
334

recruitment of participants, 210, 316,
337

registry of, 187-190, 197, 213, 234,
318

reporting of, 219
single-arm, 212-213, 303, 315, 316,

318
Close calls or near misses, 32-33, 91, 94,

115, 127-129, 162, 165, 166, 426
Cochlear implants

and balance functions, 402-403
candidacy evaluation, 387-391
classification, 77
clinical trials, 319
cochlear malformations and, 394-398
and communication outcomes, 382-

383, 384-385, 387, 408-410
complications, 3, 388, 391-392, 398-

405, 410-415
CSF leaks, 398
defined, 383
designs, 383-384, 386
device infection, 400
electrode placement problems, 394, 398
etiologic assessment, 389-390
facial nerve injury, 398, 399, 404

failure of device, 130-131, 303, 380,
405-408

growth and development
considerations, 392-393

histopathology of, 404-405
and infections and other post-operative

complications, 3, 399-405
Internet information site, 383
intra-operative complications, 398-399
labyrinthitis ossification and, 3, 388,

389, 390, 393-394
medical and otologic assessment, 387-

389
and meningitis, 3, 70, 71, 100, 125,

126, 151, 161, 214, 375-376, 388-
389, 393, 394, 398, 400-402

and MRI, 389, 390-391, 394-395
and otitis media, 389, 399-400
public health notification, 100
radiologic assessment, 390-391
regulation of, 410-415
revision surgery, 407
scalp flap complications, 392-393, 403-

404, 408
special populations, 393-398
surgery-related complications, 392-399
surgical procedures, 392-393
and tinnitus, 402
tracking complications in children, 214,

410-415
and vertigo, 402-403

“Code Blue” events, 124
Coding system for devices, 8, 14, 168-169,

173, 177, 182, 218, 224, 225, 249,
312

Cognitive and psychosocial considerations,
49, 50-51, 52

Combination products
defined, 29-30, 423
regulatory responsibility, 74

Compassionate use exemptions, 65, 80,
423

Complaints, 89, 90, 156, 178. See also
Adverse event reports and reporting

Complications. See also Adverse event
reports and reporting; Adverse
events; Infections

cerebrospinal fluid shunts, 20, 71-72,
112, 357-364, 369-374

classification of, 369-374
cochlear implants, 3, 392-405
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criteria for defining, 391-392
developmentally related, 21, 48, 57, 71,

134-135, 136-138, 141-142
disproportionality analysis of reports

of, 342-345, 374-375
drug-related, 57
of hydrocephalus, 357-362
hypersensitivity reactions, 1, 21, 67,

166-167, 227, 330
surgery-related, 392-399
tracking, 214, 410-415

Computed tomography (CT), 2, 61, 86,
101, 224, 305, 351-352, 353, 390

Condition-of-approval studies
defined, 424
monitoring commitments, 190-192,

195, 202
pediatric, 82, 192, 202-203, 208, 209
postmarket surveillance, 34-35, 76, 78,

79, 80, 82, 85, 96, 106, 183, 190-
192, 202-203, 208, 209

Confidentiality
adverse event reports, 155, 171, 236
clinical trial information, 106, 189,

192, 197, 210
of commercial information, 7, 10, 102-

105, 189, 194-195, 197, 424, 429
and innovation, 10
and international cooperation, 236
statutory restrictions, 10, 102, 103,

104, 105, 106, 191, 246
of surveillance studies, 7, 102, 189

Congenital heart disease, 57
Contamination of devices, 98
Cooper, Theodore, 39
Cooper Committee, 39
Counterfeiting, 150
Cranial orthosis, 58, 224
Craniofacial fixation devices, 66, 72, 303
Cribs, 173
Cystic fibrosis, 67, 133, 143-144

D

Data entry errors, 135-136
Data monitoring committees, 92
Deaths, 91, 94, 113, 115, 116-119, 122,

146-148, 162, 214
Deep brain stimulators, 3, 52, 56, 60, 70,

71, 77

Defibrillators, 2, 35, 58, 59, 60, 97, 101
n.17, 134-135, 173, 203, 247-248,
312, 313

Design of pediatric devices. See also
Innovation; Use of devices with
children

accessories for children, 2, 58, 59-60
adverse events related to, 127-148, 149
behavioral factors, 67-68
benefit-harm balancing, 2, 21-22
childproofing, 53
clinical trial challenges, 315-319
controls, 107, 109, 424
developmental considerations, 1, 2, 23,

54, 55-68, 136-138, 141-142
environmental considerations, 131-132,

216, 224
FDA guidance on, 72, 100-101
growth accommodation, 1, 2, 54, 55-

69, 65-67, 134-138, 141-142, 200
human factors engineering, 107, 149-

150, 169
identifying concerns or adaptations, 3,

4, 36, 48, 107, 232-233
lifestyle factors, 303
limits to downsizing or other

adaptations, 64-65, 69-70
and malfunctions or failures, 130-131
manufacturer studies for approval of

new uses, 36, 85
problem identification, 69-72, 129
redesign and preventive design, 42, 99,

100-101, 113, 129
regulatory controls, 107
same device for all patients, 1, 2, 58,

58-59
sanitation considerations, 132-134
shared responsibilities for safety, 4,

232-233, 247-248
size adjustments, 2, 19, 21, 58, 59, 61-

65, 302-303
spectrum of, 56-68
unique or nearly unique to children, 1,

2, 57, 58
use errors related to, 129, 130, 149
workarounds, 68-69, 144-146, 169

Device Experience Network database, 93
Devicenet, 94
Diabetes, 53
Dialysis machines, 59, 123, 313, 314
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Disproportionality analyses of databases
advantages, 337
analytic issues and strategies, 338-341
Bayesian confidence propagation neural

network method, 340-341
confounding and bias, 339-340
data mining techniques, 341-342, 374-

375
drugs vs. devices, 341-342
example, 342-345
overview, 336-341
use—outcome association, 336-337

Distraction osteogenesis device, 139-141
Distributors of devices

adverse event reporting, 87, 88, 116-
119, 121

defined, 424
tracking devices, 97

Drug Amendments of 1962 (Kefauver-
Harris), 37, 38

Drug-eluting stents, 29, 100, 161, 166-167,
330

Drug Importation Act, 37
Drug infusion pumps, 32, 43, 50, 51, 58,

69, 97, 101-102, 138-139, 141-142,
150-151, 172, 203

Drugs
accelerated approval, 185
adverse event reporting, 90, 91, 167-

168, 341-342
devices compared, 4, 24, 27-28, 36, 38,

41-42, 47, 48, 49, 56, 57, 82, 90,
91, 150-151, 167-168, 229-230,
302, 316, 341-342

clinical trials, 41-42, 47, 210, 218, 309,
316

commitment monitoring, 185-187, 197,
246

complications related to, 57
confidentiality of surveillance studies,

102, 189
developmental issues, 56, 57
device-related errors, 150-151
FDA regulation compared, 4, 9, 24, 36,

38, 41-42, 48, 49, 82, 185-186,
229-230

innovation, 302
labeling, 99 n.16
patient safety initiatives, 11, 242-243
for pediatric use, 40, 185 n.3, 187
withdrawal of, 185

Dystonia, 52, 71, 311

E

Ear thermometers, 58
ECRI, 30, 97, 172-173, 247-248, 369,

373-374, 376
Education and communication programs

adverse event reporting, 165, 173, 175,
176-177, 178

Effectiveness
defined, 32, 424
exemptions from requirements, 40
statutory requirement, 38

Efficacy, defined, 32, 424
Endoscopes and endoscopy, 320, 355-356,

357
Endovascular graft failures, 125
Endovascular Technologies, 120 n.1
Enforcement

of adverse event reporting requirements,
115, 120, 174

FDA authority, 37, 98, 99, 195, 223
Environmental hazards, 130-131, 150,

162, 216 n.4, 224, 247-248, 367
Epidemiologic research

on adverse event reports, 71, 125, 161,
168, 194

device, 220, 224-225
FDA program, 75, 106-107
proportional mortality analysis, 338
recommendations, 8, 14, 225
STROBE, 219

European Standards Organization, 30
European Union, definitions of medical

device, 28, 29 n.2
Extracorporeal Life Support Organization,

215-216, 321
Extracorporeal membrane oxygenation,

199-200, 215, 333-334

F

Facial nerve injury, 399, 404
Failures or malfunctions, 33, 35, 91, 96-

97, 98, 112-113, 115, 116-119,
125, 130-131, 135, 147-148, 405-
408, 424, 425

Fair Packaging and Labeling Act, 37
FDA Modernization Act of 1997, 22, 38,

40, 79, 80, 82, 87, 94, 95, 96, 110,
186, 188 n.4, 218, 239, 412
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FDA regulation of medical devices. See also
Postmarket surveillance; Premarket
regulation

Accredited Persons program, 110, 239
adequacy of, 5-10, 110, 152, 153, 163,

164, 174, 183, 185-186, 229-230,
232-238, 376-377

benefit-harm balancing, 4, 24
budget and resources, 75-76, 163
categories of devices, 31, 38
classification of devices, 5, 30, 34, 39,

76, 77-80, 103, 309, 364-365
confidentiality of information, 10, 102-

106, 189
context for, 41-45
coordination of pediatric issues, 230,

232, 237-238
cross-boundary programs, 106-111
design controls, 107, 109
disseminating information, 237-238
drug regulation compared, 4, 24, 36,

38, 41-42, 48, 49, 82, 185-186,
229-230, 237

enforcement authority, 37, 98, 99, 195,
223

epidemiologic research program, 75,
106-107, 321

evolution of, 36-41, 73
expedition of review, 25
guidance documents, 25, 27, 32, 35-36,

40, 48, 49, 54-55, 61, 74, 101, 157,
224, 230, 232

home health committee, 157, 181, 230,
236

independent oversight, 9, 237-238
and innovation, 24, 41, 45, 46, 240-

241, 309-311
international harmonization activities,

30, 37, 85, 110-111
organization for, 10, 74-76, 230, 237-

238
pediatric expertise in, 4, 10, 25, 40-41,

55, 173, 230
public health notifications, 5, 86, 92,

100, 103, 232
quality systems regulations, 84, 101,

107-110
recalls and corrections, 5, 26, 40, 86,

92, 98-99, 110, 164
recommendations for, 173-177

research, analysis, and methods
development, 75, 106-107

responses to potential safety problems,
9, 97-102, 125, 163, 170

responsibilities, 33-34, 93, 309
safety criteria, 31
standards development, 106-107
statutory authority, 7, 22-23, 36-37,

39, 40, 41, 73, 78, 86, 107, 230,
234-235, 309, 364-365, 368

systems perspective, 44-45
Federal Food, Drug, and Cosmetic Act

510(k) applications, 78, 82, 83, 102,
104, 105, 191, 192, 365

adverse event reporting, 86
confidentiality protections, 102, 105,

106
FDA authority, 36, 37, 73, 86, 364
and quality systems regulations, 107
Section 522, 7, 14-15, 34, 85, 95, 183-

184, 191, 193-195, 200, 201-202,
226

Fever reduction device, 193
Food and Drug Administration. See also

FDA entries
Bureau of Medical Devices and

Diagnostic Products, 39
Center for Biologics Evaluation and

Research, 74
Center for Devices and Radiological

Health, 6, 10, 15, 27, 29, 39, 42,
74, 75-76, 106-107, 124, 157, 164,
173, 181, 183, 190-191, 193, 194,
195, 224, 225-226, 230, 232, 235,
236, 238, 239, 412

Center for Drug Evaluation and
Research, 9, 29, 185, 186, 194, 225,
237

Drug Safety and Risk Management
Advisory Committee, 237-238

extramural research program, 225-226,
235

Office of Communication, Education,
and Radiation Programs, 75

Office of Device Evaluation, 74, 96
Office of In Vitro Diagnostic Device

Evaluation and Safety, 74
Office of Pediatric Therapeutics, 10, 40,

230
Office of Science and Engineering

Laboratories, 74, 97
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Office of Surveillance and Biometrics,
74-75, 76, 96

Patient Safety News, 164
Pediatric Advisory Committee, 230

Fraudulent devices, 36, 38
Freedom of Information Act, 102, 103,

104, 105, 106, 191

G

Gastronomy tubes, 136-138
General controls, 77, 78, 79, 83-84, 365,

424
Global Harmonization Task Force, 37, 111
Global Medical Device Nomenclature, 30,

173
Glucose meters, 101, 311
Government Accountability Office, 152
Groopman, Jerome, 46
Growth and developmental issues

accommodations in devices, 58, 65-67,
364

active lifestyle and, 52-53, 303
cognitive and psychosocial, 49, 50-51, 52
complications related to, 21, 57, 71,

134-135, 136-138, 141-142
CSF shunts, 364
definitions, 50
in design and use of devices, 1, 2, 54,

55-69, 134-138, 141-142, 200
drugs vs. devices, 56, 57
FDA guidance on, 49, 54-55
identifying problems with devices, 69,

70-71, 134-135
infants, 50
and innovation goals, 50
long-term studies, 3, 23, 48, 49, 61, 71-

72, 127, 148-149, 193, 200, 202,
206-207, 212, 223, 226, 248-249,
303

metabolic interactions, 56
migration of implants, 50, 55, 66, 72,

202, 205, 206
overstimulation concerns for infants, 50
patient cooperation, 67
physical interactions, 56
and postmarket surveillance, 50
replacement of implants, 50, 55, 60 n.6,

61, 65, 201, 303
surgical accommodations, 62

H

Harder, Ben, 51
Harder, Nancy, 112
Harm, defined, 31, 32, 424
Hazard, defined, 31-32, 424
Health insurance coverage

clinical trials, 184 n.1, 210 n.2, 314,
321

and innovation, 312-313, 322, 324
Health Insurance Portability and

Accountability Act of 1996, 91, 93-
94, 154, 175, 210, 415

Health Maintenance Organization
databases, 217, 218, 225
Research Network, 218-219

Health professionals and health
professional societies

adverse event reporting, 153, 155, 161-
162, 163, 171, 178

educating and communicating with
patients and families, 127-129, 131-
132, 137, 139, 157, 178, 181, 182,
246

postmarket research, 235
recommendations, 178-180
registries, 215-217, 226-227, 321
training in device use and event

reporting, 129, 150, 154, 165, 178,
180, 193, 205, 212, 247-248, 317,
322

Hearing screener for newborns, 2, 47, 58
Heart valves, 1, 2, 18, 39, 57, 58, 67, 70,

72, 95, 97, 149, 168, 302-303, 311
Holter, John, 17, 356
Home health agencies, 24, 88

adverse event reporting, 126, 156, 157-
158, 166, 180

Home health care
active lifestyle and, 53
and adverse event reporting, 4, 24, 112,

123, 126, 156-157, 159, 162, 178,
181-182, 230

apnea monitors, 3, 47, 70, 77, 84 n.9,
85, 101, 162

checklist for device use, 157, 181
education and assistance resources,

127-129, 131-132, 137, 139, 157,
178, 181, 182, 248

FDA home committee, 157, 181, 230,
236
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prothrombosis time test kits, 193 n.6
recommendations, 13, 181-182
resources for patients and families, 181-

182, 244, 248
risks of adverse events, 101-102, 112,

126, 162, 163
safety initiatives, 244, 248
user errors, 126, 138-139, 248

Hospital beds, 125
Human factors analysis, 11, 127, 160, 169,

244
Human factors engineering, 107, 149-150,

169, 424
Humanitarian use devices, 29, 40, 52, 57,

59, 81-82, 83, 192, 203, 204-205,
303, 310-311, 314, 424-425

Hydraencephaly, 355
Hydrocephalus. See also Cerebrospinal

fluid shunts
in adults, 350
classification systems, 350-351
complications, 357-362
defined, 350
diagnosis, 351-352
life expectancy, 17
modern CSF shunt development, 357-

362
physiology, 20, 350
prognosis, 20, 352
treatment, 352, 355-356

I

Immune complex glomerulonephritis, 358
Implanted devices or implants. See also

Complications; individual devices
“active,” 29 n.2
and active lifestyle, 3, 22, 51-52, 200,

303
capsular contracture, 125
defined, 28-29, 425
failures or malfunctions, 33, 35, 91, 96-

97, 98, 112-113, 115, 116-119,
125, 130-131, 135, 147-148, 159,
214-215, 356-357, 405-408

list, 295-301
longevity of, 3, 22, 51-52, 200, 206,

303
migration of, 50, 55, 66, 72, 202, 205,

206, 358, 361, 362
monitoring, 50, 135, 137

MRI magnetization, 97
permanent, 426
placement, 60-61, 64-65, 71
replacement, 50, 55, 60 n.6, 61, 65,

201, 303
resorbable, 66-67
retrieval of failed or malfunctioning

devices, 159, 214-215, 361-362
skin thickness and, 64-65
tracking, 28-29, 39-40, 42-43, 97, 410-

415, 424
Importers, 88, 89, 425
Incubators, 2, 47, 57, 58, 77, 147-149,

173
Infants

adverse events, 122, 123, 356-357
brain plasticity, 48-49
complications of implants, 48, 71
defined, 48-49, 425
device placement, 60
devices for, 2, 18, 20, 47, 57, 65, 98,

123, 356-357
developmental considerations, 50, 57,

64-65, 69
lifestyle factors, 52, 53
overstimulation, 50
oxygen therapy, 148-149
premature, 48, 64-65, 69
recall of devices, 98, 164
skin damage, 64-65, 123

Infections, 61
cerebrospinal fluid shunts, 20, 48, 359-

361
cochlear implants and, 3, 70, 71, 100,

125, 126, 399-405
device, 132-134, 151, 400
reporting, 132-134, 151

Informed consent, 38, 317
Innovation. See also Design of pediatric

devices; Manufacturers
adoption of new technology and

continuation of, 319-320
adverse event reporting and, 163, 310,

321
cerebrospinal fluid shunts, 17, 65, 357-

362
in clinical trial design, 199, 240-241
defined, 68
drug industry compared, 302
dynamics of, 21, 46, 66, 199, 240, 305-

306, 313-322
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economic value assessment, 318-319,
324

FDA regulation and, 24, 41, 45, 46,
240-241, 309-311, 321

federal support for R&D, 308-309
growth-accommodating devices, 50, 66,

68
incentives for, 322-324
industry and markets, 21, 46, 240, 304-

306, 313, 322, 323
miniaturization of components and, 59,

64
patent protection, 306, 308
players in, 304-308
policy environment, 10, 240-241, 308-

313, 321, 324
postmarket evaluation and, 232, 235,

310, 320-322, 323, 324
premarket evaluation, 207, 310, 314-

319, 320, 321, 322-323, 324; see
also Clinical trials

product development cycle, 42-44
prototype development, 313-314, 315
public-private partnerships, 324
reimbursement issues, 312-313, 322,

324
research burdens, 207-208
and shared responsibility for safety,

232-233, 243-244
universities and academic health

centers, 47, 306-308, 313-314, 315
unmet needs, 302-303, 322
workarounds and, 67, 69, 144-146

Inspection of facilities and devices, 5, 36,
109, 129, 238-239

Institute for Safe Medical Practices, 171
Institutional Review Boards (IRBs), 81, 82,

91-92, 96, 189, 317, 425
Insulin Amendment, 37
Insulin pumps, 29, 51, 53, 77
International Classification of Diseases,

168 n.5
International Committee of Medical

Journal Editors, 189
International Conference on

Harmonization, 111
International Electrotechnical Commission,

97
International harmonization activities, 30,

37, 85, 108-109, 110-111

International Organization for
Standardization, 108-109, 110, 365-
366

International Society for
Pharmacoepidemiology, 23, 220

International Society for
Pharmacovigilance, 23

International vigilance reports, 111, 125
Internet, adverse event reporting online,

114-115, 167, 174, 181-182
Intracardiac echocardiography, 63-64
Intraocular lens replacement, 62
Intrauterine devices, 39, 314
Intravenous catheters and needles, 58, 68-

69
Investigating adverse events, 112-113, 120-

126, 151, 158-160, 161-162, 163,
170-171, 172, 173, 175, 178, 180,
194

Investigational devices, 80-81, 91-92, 102-
103, 104, 106, 109, 425

J

Joint Commission of Accreditation of
Healthcare Organizations, 32 n.5,
44, 171-172, 248

L

Labels and labeling of devices
adverse events and, 87 n.11, 138, 149,

178
changes, 90, 103, 106
content, 36, 56
defined, 246, 425
drugs, 99 n.16
guidance to manufacturers, 246
indications for use, 45, 56, 68, 83, 125,

178, 209, 224, 241
links to databases for monitoring

studies, 197
special controls, 84

Labyrinthitis ossification, 3, 393-394
Lap band adjustable gastric band, 125
Laparoscopic surgery, 319, 320
Liability issues, 132, 155, 156
Limb prostheses, 65-66
Long Q-T Syndrome, 134-135
Lung function evaluation devices, 67
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M

Magnetic resonance imaging, 97, 305, 314,
351, 352, 354, 367, 389, 390-391

Mandatory Medical Device Reporting
(MDR) program, 87, 368, 369-370

Manufacturer and User Facility Device
Experience (MAUDE) database, 93,
115, 151, 155, 163, 166, 342, 412-
413

Manufacturers
adverse event reporting, 86, 87-92, 93,

94, 109-110, 114, 115, 155-156,
177-178, 310, 411-412

Alternative Summary Reporting
program, 92, 246

annual reports, 192-193
competitive pressures, 155-156
complaint handling, 90, 156, 178
confidentiality protections, 7, 10, 102-

105, 189, 194-195, 197, 424
corrections, 99, 110
corrective and preventive actions, 99,

109-110, 178-179, 424
defined, 88, 425
disclosure of notifications, 100
educational support information from,

141-142, 178, 246
enforcement actions against, 115, 120,

195
inspections, 5, 109, 110, 115, 120, 126,

178, 247
investigating adverse events, 120-121,

159, 175, 177, 178, 194
labeling products, 178
postmarket surveillance, 35, 37, 86,

106, 125, 246
quality assurance, 5, 109, 110, 115,

120, 126, 178
recalls by, 98, 110, 215
recommendations for, 177-178
redesign and preventive design, 100-101
registries, 215, 322
response to adverse events, 86, 87-92,

93, 94, 98, 100-101, 109-110, 114,
115, 116-119, 120-121, 125, 141-
142, 155, 163, 171, 175, 177-178

studies for approval of new uses, 36, 85
surveillance plans, 102-103
tracking devices, 97, 110, 161, 310, 424
withdrawal of products, 125

Mechanical ventilators, 1, 17-18, 19, 20,
26, 50, 58-59, 64-65, 97, 101, 112,
173, 222

Medicaid programs, 312
Medical Device Amendments

of 1976, 22, 37, 39, 73, 79, 87, 309,
368

of 1992, 87
Medical Device Engineering Network

(M-DEN), 167
Medical Device Laboratory Product Problem

Reporting Program, 87 n.10
Medical Device Safety Network, See MedSun
Medical Device User Fee and

Modernization Act of 2002, 2-3, 22-
23, 25, 38, 40, 54, 55, 82, 110,
190, 192, 230, 239

Medical devices. See also Combination
products; Implanted devices or
implants; Innovation; Pediatric
devices; individual devices

defined, 27-28, 426
drugs compared, 4, 24, 27-28, 36, 38,

41-42, 47, 48, 49, 56, 57, 82, 90,
91, 150-151, 167-168, 229-230,
302, 316, 341-342

failure or malfunction, 33, 35, 91, 96-
97, 98, 112-113, 115, 116-119,
125, 130-131, 135, 147-148, 405-
408, 424

industry characteristics, 21, 41-42, 46,
240, 304-306, 313, 322, 323

maintenance and repair, 129
nomenclature/coding system, 8, 14, 30-

31, 168-169, 173, 177, 182, 218,
224, 225, 249, 288-301, 312

non-implant, 288-294
“non-significant risk,” 81, 426
product development cycle, 42-44
shared responsibilities for safety, 4, 24,

232-233, 243-249
“significant risk,” 80, 428

Medical Devices Technical Corrections Act,
38, 41, 230

Medicare
coverage, 44, 86, 184, 210 n.2
enrollee databases, 217, 225

MedSun (Medical Device Safety Network)
program, 8-9, 35, 76, 94, 114, 152,
155 n.3, 159, 165-167, 171, 173,
175-177, 180, 182, 236, 321, 336
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MedWatch program, 35, 37, 92, 99 n.16,
164, 171, 174, 178, 181

Meningitis, 3, 70, 71, 100, 125, 126, 151,
161, 214, 400-402

Misbranded devices, 195, 426
Monitoring postmarket study commitments

action toward, 186-187
condition-of-approval studies, 190-192,

195, 202
for devices, 190-195
for drugs, 185-187, 197, 246
FDA shortfalls in, 3, 6, 183, 185-186,

229-230, 233
humanitarian device exemptions, 193
links to alerts and labeling changes, 197
pediatric use of devices, 192, 193, 197-

198
public availability of information on, 6,

186, 190-191, 192, 193, 194, 197-
198, 233, 237-238

recommendations, 6, 13-14, 195-198
registry of clinical trials, 187-190, 197
responsibility for, 6, 75, 96, 183
Section 522 postmarket surveillance

studies, 191, 193-195
status reports, 9-10, 186-187, 190, 191,

194, 197, 233
tracking system, 192, 193, 195-197

N

Nasal dressing, 122
National Association of Children’s

Hospitals and Related Institutions,
157, 167, 177, 181

National Cancer Institute, 61, 222
National Center for Patient Safety, 170
National Childhood Vaccine Injury Act of

1986, 93 n.15
National Consumers League, 171
National Electronic Injury Surveillance

System (NEISS), 152-153, 225
National Heart Lung and Blood Institute,

39, 215, 308-309
National Institute for Biomedical Imaging

and Bioengineering, 308
National Institute for Child Health and

Human Development, 222
National Institute of Dental and

Craniofacial Research, 212

National Institute of Standards and
Technology, 227

National Institutes of Health, 7, 36, 44, 49
n.3, 86, 126, 188 n.4, 212, 220, 222,
227, 235, 244, 249, 307, 308, 321

National Science Foundation, 227
Near misses. See Close calls or near misses
Nebulizers, 68, 123, 149, 221
Neonatal ECMO Registry, 321
Neonatal intensive care units, 151, 222.

See also Incubators; Infants
Neurological devices, 54-55, 77, 224, 311,

334
New England Research Institute, 215
New York Patient Occurrence and

Tracking System, 170-171
New York State Cardiac Advisory

Committee, 321
North American Industrial Classification

System, 30 n.4

O

Office of Inspector General, 185, 186
Office of Pediatric Therapeutics, 40
Oral swabs, 26
Organisation for Economic Co-operation

and Development, 308
Orphan technologies, 59 n.5
Orthodontic headgear injury, 131-132,

163, 178
Orthopedic devices, 3, 70, 224

growth accommodating, 65-66, 66,
139-141

Otitis media, 399-400
Outcomes

adverse, 32
improvements in, 20
measures and norms, 221-222, 315-

316, 318-319, 320

P

Pacemakers, 1, 2, 3, 19, 21, 26, 35, 39, 52-
53, 61, 62-63, 65, 70, 77, 95, 97,
113, 313

Patent ductus arteriosus, 47
Patient consent

for retrieval of implants, 159
for tracking, 97
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Patient privacy, 91, 93-94, 104, 105, 154,
175, 210

Patient safety
communication of information

affecting, 9
drugs v. devices, 11, 31, 242-243
FDA initiatives, 9, 97-102, 125, 163,

170
innovation and, 232-233, 243-244
programs, 10, 154, 156, 157, 165-167,

168, 170, 176-177, 180
shared responsibility for, 10-11, 232-

233, 241-243
Pediatric devices. See also Design of

pediatric devices; Implanted devices
or implants; Use of devices with
children

barriers to development of, 230, 231
cleaning, disinfecting, and inspecting,

133
demand for, 47, 305-306
developmental considerations, 55-69
examples, 1, 17-18, 20, 76, 77
incentives for developing, 47
identifying concerns with, 70, 170, 201
labeling, 56, 73-74
lists, 288-301
longevity, 206
waiver of fees for, 83

Pediatric Health Information System, 217
Pediatric Heart Transplant Study, 216-217
Pediatric population, defined, 27, 426
Pediatric postmarket surveillance studies.

See also Clinical trials
510(k) devices, 226, 234, 303, 310, 365
active lifestyles considerations, 51-52,

200, 202, 206, 207, 223, 234
adequacy, 3, 7-8, 14-15, 22, 23, 51-52,

199-228, 232, 234-235
adverse event reports and, 201, 206-

207, 214, 217
age-specific, 47
availability of data, 7, 196, 200, 201-

202, 207, 219, 233-234, 246
benefits, 201
cerebrospinal fluid shunts, 201, 367-

369

condition-of-approval studies, 82, 192,
202-203, 208, 209

data mining techniques, 374-375
designs and information resources, 210-

219, 225-226, 233-234
dimensions and complexity of research,

207-220
epidemiologic, 201, 220, 224-225, 249
follow-up studies, 202, 203, 209, 210,

216, 223
growth and developmental aspects, 7,

23, 49, 50, 200, 202, 203, 204-205,
206, 207, 212, 222-223, 234

and innovation, 232, 235, 310, 320-
322, 323, 324

length of, 3, 23, 48, 49, 61, 71-72, 127,
148-149, 193, 200, 202, 206-207,
212, 223, 226, 232, 248-249, 303

patient databases as resources, 7-8,
217-219, 224, 225, 236

pharmaceuticals, 23, 40
premarket clinical studies as resources,

204-205
protections for children, 2, 5, 10, 22,

40, 49, 68, 73
public access to information from, 6,

14, 190-191, 196, 197-198, 232,
233-234, 246

recommendations, 7-8, 14-15, 195-197,
222-228

registry-based, 6, 199, 204, 208, 214,
215-217, 225, 226, 303, 312

reporting of information from, 219
required, 7, 201-207
safety advisories and, 201, 206-207
Section 522, 7, 14-15, 200, 201-202,

226, 234-235
sharing responsibility for, 231, 246
voluntary, 7, 60, 203, 207, 212, 235

Pediatric Research Equity Act of 2003, 185
n.3, 187, 194

Pediatric Research Initiative, 309
Pediatrics, defined, 27
Pharmaceutical Research and

Manufacturers Association, 189
Pharmacoepidemiology, 219
Phototherapy devices, 2, 19
Plastic tubing, 216 n.4
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Postmarket surveillance. See also Adverse
event reports and reporting; FDA
regulation of medical devices;
Pediatric postmarket surveillance
studies; Postmarket surveillance
studies

by accrediting groups, 35
active, 35, 114, 166-167, 175, 329, 422
basics of, 85-97
budget, funding, and resources, 76,

186, 238-240
compliance with, 190
computer-based, 167-169, 182
defined, 34, 74 n.2, 85, 95, 422, 426-

427
departure of device from market and, 42
FDA responsibilities, 34, 74-75
follow-up information, 197, 232
by health care providers, 35
international initiatives, 111
limitations of, 72, 76, 94, 113, 376-377
mandatory, 37, 95, 193 n.6, 234-235
by manufacturers, 35, 37, 86, 106
objectives, 5, 34, 95-96, 232, 368-369
passive, 35, 94, 114, 152, 165, 173-

174, 329-330, 426
pediatric context, 46-72
by private organizations, 35
regulatory framework, 73-111
resources to support, 238-240
Section 522 activities, 34, 85
sentinal system, 94
shared responsibilities for safety, 35,

232-233, 248-249
by state governments, 35
systems perspective, 45
tools, 5, 35, 86; see also Adverse event

reports and reporting
tracking of medical devices, 28-29, 39-

40, 86, 96-97, 110, 167-169, 310,
410-415

Postmarket surveillance studies. See also
Clinical trials; Monitoring
postmarket study commitments;
Pediatric postmarket surveillance
studies; Research on medical devices

bias sources, 330-331
characteristics of interest, 327-331
condition-of-approval studies, 34-35,

76, 78, 79, 80, 82, 85, 96, 106,
183, 190-192

confidential information, 10, 103, 106,
189, 203, 210

criteria for, 96
defined, 34-35, 427
designs and information resources, 95,

331-336
disproportionality analyses of

spontaneous adverse event reporting
databases, 336-345

of drugs, 3, 102, 185-187, 195
epidemiologic, 75, 107, 249
fees for evaluating, 82-83
for humanitarian device exemption, 183
identifying concerns or adaptations, 3,

70, 71, 86, 232-233
and IRBs, 96
knowledge-building activities, 86
for labeling for use changes, 184
numerator and denominator data, 160,

165, 329-330
probabilities of outcome events, 327-

328
purpose, 5, 95-96, 101
questions and methods, 327-345
registry-based, 35, 187-190, 215, 321,

336
release from requirements, 195, 196,

197
required, 7, 22, 40, 78, 85, 95-96, 193-

195
Section 522, 7-8, 14-15, 35, 95, 96,

183-184, 191
statutory authority, 7, 183-184, 234-

235
use—outcome associations, 328-329
voluntary, 184, 191, 215

Premarket approval applications (PMAs),
82

“agreement” meetings, 79, 244
confidentiality protections, 10, 102,

103-104, 105, 106
content, 109
delays in approval, 40, 42, 229, 238-

239, 310 n.5
design controls, 109
“determination” meetings, 79, 244
inspections, 110, 238-239, 247
summary, 219, 246
supplemental, 79, 105, 202-203
task-specific approach, 208-209
user fees, 192, 238
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Premarket evaluation, 3, 22
clearance without testing, 59-60
clinical studies, 3, 22, 209, 303, 310,

319, 320, 322-323
FDA guidance on, 25, 27, 32, 54-55,

243-244
identification of concerns, 70, 71
in vitro testing, 208-209, 314
and innovation, 207, 310, 314-319,

320, 321, 322-323, 324
inspections, 110, 238-239, 247
Institutional Review Boards, 81, 82, 91-

92
regulatory responsibility, 74
uncertainties in, 319, 322-323
user fees, 40, 190, 238

Premarket notifications (510(k)), 78, 82,
83, 102, 104, 105, 191, 192, 365,
366-367, 427

Premarket regulation. See also Premarket
approval applications

activities, 5, 33-34
basics of, 4, 74 n.2, 76-85
cerebrospinal fluid shunts, 364-367
Class I devices, 30, 76, 77, 84
Class II devices, 30, 76, 77, 78, 84, 85
Class III devices, 30, 34, 76, 77, 78 n.4,

79-80, 85
clearance or approval requirements, 5,

76-83, 110, 239
exemptions, 65, 77, 80
expedited review, 80, 82
general controls, 77, 78, 79, 83-84,

365, 424
guidance documents, 78, 84 n.9, 85, 108
humanitarian device exemption, 29, 40,

52, 57, 59, 81-82, 83, 310-311
investigational device exemptions, 80-

81, 102-103
least burdensome approach, 82
mandatory performance standards, 84-

85, 103, 110-111
off-label or unlabeled use of devices, 83
product development protocol, 79-80,

103
special controls, 5, 78, 79, 84-85, 108,

365, 428-429
“substantially equivalent” devices, 78,

82, 309, 365-367, 376, 429
supplemental applications, 79, 105
user fees, 82-83

Privacy Act, 102. See also Patient privacy
Prothrombosis time test kits, 193 n.6
Psychosocial factors

active lifestyle, 53
adolescents, 51

Public access to information
adverse event reports, 93-94, 103, 105,

120
clinical trial data, 188-189, 190, 192,

194-195, 197
communication strategy, 9
pediatric postmarket surveillance

studies, 6, 14, 190-191, 196, 197-
198, 232, 233-234, 246

status of study commitments by
manufacturers, 6, 186, 190-191,
192, 193, 194, 197-198, 233, 237-
238

Public health advisories and notifications,
5, 9, 86, 92, 100, 103, 106, 124,
129, 153, 161, 162, 163, 164, 172,
174, 192, 194, 206-207, 232, 248,
427

Public Health Security and Bioterrorism
Preparedness and Response Act of
2002, 186

Public Health Service Act, 37
Pulmonary artery rupture, 107
Pulmonary valved conduit, 57
Pulse oximeters, 2, 20, 58, 59, 71
Pure Food and Drugs Act, 36, 37

Q

Quality Interagency Coordination (QulC)
Task Force, 170

Quality systems regulations, 84, 108-109
complaint review and evaluation, 90,

156, 178
corrective and preventive actions, 101,

109-110
defined, 427
design controls, 109
good manufacturing practices, 107-108,

322
inspections, 5, 110, 109, 115, 120, 126,

178, 247
international standardization, 108-109
statutory authority, 107
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R

Radiation
acne treatment, 320
dose errors, 135-136

Radiolabeled drug markers, 68
Rare disease or condition, 81, 427. See also

Humanitarian use devices
Recalls and corrections, 5, 26, 36, 40, 86,

90, 92, 98-99, 110, 111, 133, 153,
162, 164, 172, 174, 215, 376, 424,
427

Recommendations
adverse event reporting, 8-9, 11-13,

174-175, 176, 177, 178, 179, 180,
182

coding system for devices, 8, 14, 177,
182, 225

epidemiological research, 8, 14, 225
FDA programs, 10, 15, 173-177, 232
health professionals and professional

organizations, 178-180
home care resources, 13, 181-182
manufacturers, 177-178
monitoring postmarket study

commitments, 6, 13-14, 195-198
patient safety initiatives, 9, 13, 15, 180,

242
pediatric postmarket surveillance study

improvements, 7-8, 14-15, 195-197,
222-228

public access to information, 6, 14,
197-198

recommendations, 181-182
Registries

of clinical trials, 187-190, 197
defined, 35, 215, 427-428
diagnosis-based, 213, 215, 226, 336
funding for, 321-322
health professional organizations as

sponsors, 215-217, 226-227, 321
intervention-based, 215-216
manufacturer, 215
postmarket studies based on, 35, 179,

180, 213, 215, 225, 226, 321-322,
330, 335-336

registry of registries, 225
warranty lists, 214

Regulation of medical devices. See also
FDA regulation of medical devices;
Postmarket surveillance

international initiatives, 110-111
terminology, 27-36
time line, 36, 37-38

REMATCH trial, 316
Research on medical devices. See also

Clinical trials; Innovation; Pediatric
postmarket surveillance studies;
Postmarket surveillance studies

adverse event reporting in, 33
autopsy studies, 214
bias sources, 6, 188, 190, 211, 330
case cohort studies, 330
case control studies, 214, 330, 335-336,

337
case reports, 86, 126, 127, 180
challenges with children, 220-222
clinical evaluation, 22, 244-246, 332-334
collaborative, 7, 15, 225-226, 227, 235,

309
conference to set agenda for, 7, 227-

228, 235
criteria for, 227-228
dimensions and complexity, 207-220
FDA extramural program, 225-226,

235
importance of, 24, 227, 249
observational studies, 211, 213-215,

217, 321
prospective comparative studies, 212-

213, 218, 312, 314, 334-335
registry-based, 35, 179, 180, 213, 215,

225, 226, 321-322, 330, 335-336
on retrieved devices, 214-215
retrospective, 214, 216, 334-335
retrospective studies, 335, 337
risk analyses, 327-331
shared responsibilities for, 225-226,

227, 244-246, 249
Reuse of devices, 97
Risk

biased estimated, 331
classification of devices based on, 5, 39,

76
defined, 31, 428
management, 428
probability analysis of adverse events,

327-331
Root-cause analysis, 11, 170, 172, 173
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S

Safe Medical Devices Act, 37, 39-40, 85,
87, 95, 96, 107, 310, 411

Safeguards
commitments for postmarket studies as,

196-197, 244
defined, 31
postmarket surveillance as, 223

Safety
alerts, see Patient safety; Public health

advisories and notifications
criteria, 31
defined, 31
device, 243-249
long-term, 248-249
in manufacturing and supply, 246-247
patient, 241-243
shared responsibility for, 4, 24, 43,

173, 237-238, 241-249
tips for preventing medical errors, 242-

243
in use of devices, 69, 247-248

Scoliosis, 21, 71
Section 522, 7-8, 14-15, 35, 95, 96, 183-

184, 191
Securities and Exchange Commission, 105
Sentinal events, 32 n.5, 171-172. See also

Adverse events
Skin thickness and implants, 64-65
Special controls, 5, 78, 79, 84-85, 108,

365, 428-429
Statz-Hill, Melisande, 126
Sudden infant death syndrome, 3, 339-340
Surveillance. See also Postmarket

surveillance
bias sources, 330-331
characteristics of interest, 327-331
data collection strategies, 329-330
defined, 34, 422, 429

Syringe, aspirated cap, 127-129
Systematic Technical Assessment of

Medical Products (STAMP), 169-
170, 365, 367, 376

T

Tampering and sabotage, 150
Tampons, 107, 125
Telemedicine, 151

Temporomandibular joint prostheses, 95,
97

Testicular prostheses, 2, 58, 61, 311
Thoracic insufficiency syndrome, 314
Tinnitus, 402
Tissue engineering, 67
Titanium nails, 49, 66
Toxic shock syndrome, 107, 125
Tracheostomy tubes, 51, 52, 58-59, 63, 64,

69, 126, 221
Trade Secrets Act, 102, 103
Transmyocardial revascularization, 107
Twiddler’s syndrome, 65

U

Universal Medical Device Nomenclature
System, 30

Universities and academic health centers,
47, 306-308, 313-314, 315

University of Alabama at Birmingham, 216
University of Michigan, 215
U.S. Department of Agriculture, 37
U.S. Department of Commerce, 30 n.4
U.S. Department of Defense, 227
U.S. Department of Health and Human

Services, 9, 49 n.3, 100, 185, 186,
221, 237

U.S. Department of Health, Education, and
Welfare, 39

U.S. Department of Veterans Affairs, 86,
170, 227

U.S. Postal Service, 36
Use of devices with children. See also

Design of pediatric devices
accommodations for developmental

differences, 58
adaptations in programming,

placement, or operation, 36, 48, 52-
53, 54, 60-62, 64-65, 71

behavioral factors, 67-68, 143-144
checklist, 157, 181
communication with parents and

education and training, 127-129,
131-132, 137, 139, 150

data availability on, 47, 59 n.5, 113
errors in, 26, 33, 89, 122, 126, 127-

130, 138-139, 143-144, 146-147,
149-150

in home environment, 101-102, 112,
126, 138-139, 162, 163
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identifying concerns with, 70, 113, 232-
233

risk analyses, 328-329
shared responsibility for safety, 247-

248
spectrum of, 56-68
training of health professionals, 129,

150, 154, 165, 178, 180, 193, 205,
212, 317, 322

unlabeled or off-label, 45, 68, 125, 209,
224, 241, 429

workarounds, 68-69, 144-146, 150
User facilities

adverse event reporting, 9, 39-40, 87,
88, 89, 91, 93, 94, 114, 115, 116-
119, 120, 121, 152-153, 156, 157-
158, 165-167, 171, 172, 175, 180

defined, 88, 429
inspection and maintenance of devices,

150
investigating adverse events, 171, 236
MedSun recruits, 165-166
quality management and patient safety

programs, 9, 13, 154, 156, 157,
165-167, 168, 176-177, 180, 321

registry support, 322
sources of adverse events, 149-150, 151

V

Vaccine Adverse Event Reporting System,
93, 114, 179

Vacuum extractor, 122, 153
Vascular grafts, 193 n.6
Ventricular assist devices, 29-30, 59, 64,

77, 82, 97, 192, 203, 213-214, 306,
308-309, 311, 313, 314, 316, 321,
322

Ventriculitis, 359
Ventriculoperitoneal shunt, 214
Verapamil, 48
Vertical Expandable Prosthetic Titanium

Rib, 2, 43, 70-71, 204-205, 311,
314

Vesicoureteral reflux, 202, 311

W

Withdrawal
of products, 125, 425
of approval, 429

Women’s Health Initiative, 335
Workarounds, 67, 68-69, 144-146, 154,

169, 180
World Health Organization, 168 n.5, 229,

340-341
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