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n 2018, the US Food and Drug Administration (FDA)
approved a 15-mm rotatable mechanical heart valve, the
smallest device of that type, that allows cardiac surgeons
to treat newborns and infants in need of a mitral or aortic
valve replacement. Until then, only larger sized valves were
available and were often not suitable for the smaller size of
children’s hearts. The device was approved based on the
results of a single-arm study of 20 pediatric patients with
serious heart failure ranging in age from 1.5 weeks to
27.0 months at the time of mitral valve implant.1 However,
the vast majority of medical devices are not tailored to
children, and adult versions are used off-label with little to
no evidence for their use in children. Knowledge about device
usefulness, effectiveness, and safety is largely based on
the collective experiences of pediatric clinicians and
hand-me-down evidence from studies in adults.
Medical devices are regulated in the US by the FDA,
primarily by its Center for Devices and Radiological Health.
For premarket approval, each device reviewed by the FDA
must demonstrate a reasonable assurance of safety and
efficacy based on valid scientific evidence to obtain marketing
authorization. The range of diagnostic and therapeutic device
types is vast, from treatment of such conditions as bone
fractures (with screws and plates), heart conditions
(mechanical heart valves, defibrillators, pacemakers, stents),
diabetes (artificial pancreas, continuous glucose monitors),
hearing loss (cochlear implants), and chronic otitis media
(tympanostomy tubes).
Despite regulatory and legislative changes that have sought
to encourage the development of medical devices for
pediatric patients, only a small number of devices are
submitted to the FDA each year for a pediatric indication.2
A review of pediatric device approvals found that most
high-risk pediatric devices are initially approved on the basis
of trials in patients 18 years and older, with indications for
use generally limited to these older youths.3 As a result,
most devices in pediatrics are used off-label, with or without
modifications by physicians to tailor them to the size and
needs of their pediatric patients, a strategy supported by
the American Academy of Pediatrics, which recognizes that
this may be the only way to provide certain treatment options
to infants, children, and youth.4 On the economic front,
financial incentives are lacking for manufacturers to develop
medical devices and to conduct research specifically for
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pediatric populations owing to reimbursement challenges
and limited interest by investors.
Clinical evidence, whether it is intended for regulatory or
clinical decision-making purposes, should ideally reflect the
spectrum of pediatric patients, defined by developmental
differences in physiology, growth, and behavior, as well as
age-dependent changes in metabolic and hormonal activity
levels. These factors can impact the performance of a medical
device and its associated clinical outcomes.5 For example,
clinical outcomes associated with a cardiovascular device
can be influenced by heart rate, blood pressure, and
pulmonary and systemic vascular resistance, as well as the
size of the heart and vasculature, all of which change during
childhood.6 Additionally, systematic evidence of the
long-term outcomes associated with medical devices that
may occur months or years after the initial use or implant,
would be informative for postmarket regulatory surveillance
as well as for clinical decision making for physicians and
families, but is not generally available.
The generation of clinical data for medical devices using
conventional interventional study designs is challenging,
even in adult populations, with frequent instances of small
study populations, iterative and rapid design changes in
devices, and ethical and practical issues with blinding and
shams.7 These difficulties are compounded in pediatric
studies where patient populations are systematically small
and events are rare, and ethical, privacy, and safety concerns
can make it challenging to recruit sufficient numbers of
patients to adequately power clinical studies. Finally, clinical
outcomes that are used in adult studies may not be
appropriate in pediatric populations. For example,
replacement rates in adults may be used as a proxy for device
failure, but this same measure may be inappropriate for
pediatric studies because a replacement may be merely
related to growth.
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One solution to the dearth of evidence for the use of
pediatric devices is to conduct research studies using
so-called real-world data, which can be defined as data that
were generated in the course of routine clinical care or
through activities of daily living.8 Real-world data are
obtained from electronic health records, health plan claims,
pharmacy dispensings, and mobile technologies. A common
approach for accessing these data is through the clinical
information systems managed within health systems. In
addition, researchers can work directly with patients through
mobile application platforms, inviting them to participate in
research by sharing their clinical data (eg, electronic health
records) and providing patient-reported outcome data that
characterize their lived experiences of illness and the effects
of therapies.
Real-world data can support a variety of different types of
studies. Retrospective study designs leveraging multiple types
of data generated in the course of clinical care can support
marketing authorization for expanded indications as well as
postmarket surveillance studies to monitor safety and
effectiveness. For premarket submissions, when appropriate,
retrospective data can be used as historical controls in
prospective studies, or for developing objective performance
criteria against which the new technology can be more
efficiently assessed. For example, in 2017, a pediatric
ventricular assist device that provides mechanical circulatory
support to bridge to cardiac transplantation for pediatric
patients was approved by the FDA based in part on
real-world evidence from the Extracorporeal Life Support
Organization registry. The registry provided data to develop
historical control data on the effectiveness endpoints for the
comparator, extracorporeal membrane oxygenation.9
A significant future promise of real-world data lies in
premarket randomized clinical trials that leverage electronic
health records to identify, recruit, consent, and follow
patients.10 These trials are embedded within usual care and
aim to decrease the burdens that traditional data collection
processes impose on patients, clinicians, and practices;
improve recruitment and timeliness; and reduce the cost of
conducting clinical trials.11 However, there have been no
such trials to date to support regulatory submissions in the US.
To leverage the opportunities of real-world data, the FDA’s
Center for Devices and Radiological Health began planning
in 2012 for the establishment of the National Evaluation
System for health Technology (NEST), a multistakeholderled initiative whose mission is to increase the value and use
of real-world data to support medical device evidence
generation.12 NEST’s early activities have focused on
establishing a network of device manufacturers who
collaborate with health providers, health payers, and
coordinated networks to conduct research. PEDSnet
(pedsnet.org), a network of 8 children’s hospitals covering
approximately 6 million pediatric patients, is the only
NEST research partner devoted exclusively to pediatric
research.13 NEST is currently funding 20 test cases (5 of
which include pediatric patients) that include evaluating
the identification of historical controls for a premarket
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submission, label expansions, postmarket surveillance, and
active surveillance to test feasibility and establish a data and
operational infrastructure that would allow such studies to
be conducted at scale.14
Challenges to leveraging the full potential of real-world
data remain. For example, very few health systems routinely
capture a unique device identifier that specifically identifies
the type and manufacturer of a device. Although the absence
of a unique device identifier limits our ability to efficiently
conduct retrospective device research, in many instances it
is still possible to identify the use of specific devices by brand.
For example, in the NEST test cases, researchers are using
manufacturer registries, health system supply chain data, or
internal registries to obtain these data.
Concerns about the study validity when using real-world
data have also appropriately focused on the quality of the
source data and the appropriateness of the analysis
methods.15 First, data quality issues can arise because of the
lack of standardized data collection at the point of care (eg,
there are dozens of ways that a record might capture even
seemingly simple variables such as sex or age). One solution
adopted by the institutions working with NEST is to curate
and organize data generated at the point of care using
standardized common data models to increase its usability
for research and surveillance purposes.16
Second, to support robust clinical evidence, longitudinal
patient data that include relevant clinical outcomes that
occur over time are important. Pediatric patients may receive
care in different systems at any point in time (especially if
they are in need of complex care) and will eventually
transition to adult care. Although still a challenge from a legal
and governance perspective, the increasing ability to link
electronic health record data with health payer claims data
and the use of patient-mediated data sharing through mobile
platforms improves the capacity to follow the patient over
time and obtain longitudinal data for research purposes.
Third, institutions must have in place appropriate
processes for checking the internal validity of data collected.
Increasingly these processes are being automated, but in
pediatric studies additional checks might be required to
account for the multiple subpopulations between 0 and
21 years of age.17 For example, age and weight variables
will impact normal ranges for laboratory tests, vital signs,
and drug dosages.
Finally, the use of data for purposes other than what they
were originally collected for requires appropriate legal and
regulatory frameworks as well as robust privacy and security
policies in place at institutions to ensure patient data are
appropriately protected. Following other data network
models, data used in NEST are local and remain behind the
firewalls of the institutions generating the data minimizing
the transfer of individual-level clinical data outside of the
system where care is received.16
Like the 15-mm rotatable mechanical heart valve
developed for newborns and infants, many medical devices
used in pediatric patients hold the potential for radically
changing how we provide care to children while improving
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their health outcomes. The use of real-world data captured in
electronic health records and other electronic clinical
information systems, such as mobile apps, can rapidly
expand the evidence base for pediatric device effectiveness
and safety. With the establishment of NEST, and its
collaborators such as PEDSnet, evidence to support
regulatory label changes, postmarket surveillance, and
premarket trials will benefit clinicians and patients through
more timely, comprehensive, and robust information on
the safety and effectiveness of available and future medical
devices. n
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