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ABSTRACT  
Since most pediatric medical devices are made for adults and modified for children without sufficient clinical validation, 
there are a lot of unmet needs in this field. Market constraints, moral dilemmas, and technical difficulties specific to 
pediatric populations such as growth, developmental variability, and a lack of clinical trial data are the main causes of this 
innovation gap. Established to overcome these obstacles, the FDA Pediatric Device Consortia (PDC) program offers multi-
institutional assistance for business planning, regulatory navigation, and prototype development, leading to the 
advancement of more than 2,000 pediatric device projects. Despite these initiatives, there is still a lack of true pediatric-
specific innovation and the majority of pediatric devices are still adult products that have innovative uses. The PDC plays 
a crucial advisory role in the regulatory pathways for pediatric device approval in the US, which include PMA, 510[k], De 
Novo, HDE, and Early Feasibility Studies. Global regulatory frameworks differ, with the US and Japan providing more 
well-established support systems than emerging economies. This underscores the necessity of international cooperation 
and harmonization. Financial disincentives, complex trial and ethical issues, and post-market surveillance are examples of 
ongoing difficulties. Future prospects for accelerating the development of safe and efficient pediatric devices include 
broadening the PDC model, utilizing emerging technologies, and developing international collaborations. 
Keywords: Pediatric device innovation, regulatory pathways, FDA pediatric device consortia, clinical trials, global 
harmonization, unmet needs. 
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INTRODUCTION  
The sphere of traditional care is closely tied to medical 
equipment and it involves everything, starting with 
simple objects such as bandages and thermometers up to 
complicated equipment, such as pacemakers, imagers, 
and diagnostic tools that utilize the power of artificial 
intelligence1. In contrast to medications, medical 
devices, as defined by the regulatory authorities as tools, 

machinery, implants, or other devices with the purpose 
of diagnosis, prevention, monitoring, or treatment of the 
disease, do not, as part of their primary objectives, 
chemically affect the body or affect it in it. They have 
become necessary in virtually every area of public health 
and patient care and their diversity and complexity have 
grown rapidly2,3.To ensure their effectiveness and 
safety, medical devices have to undergo favorable 
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regulatory scrutiny prior to their access to the market. 
About 23,000 manufacturers and 1,700 different types 
of devices fall under Food and Drug Administration 
(FDA) in the US. Devices are categorized into three and 
these are Class I (low risk), Class II (moderate risk), and 
Class III (high risk)4. This classification is essential to 
the regulatory pathway:  
510[k] Clearance: Most devices are approved for sale by 
proving "substantial equivalence" to a legally marketed 
prior device, frequently without the need for current 
clinical data5.  
Premarket Approval (PMA): Clinical proof of efficacy 
and safety is one of the more rigorous requirements for 
high-risk devices6.  
De Novo Pathway: A different review procedure is 
available for new, low- to moderate-risk devices without 
a prior study7. 
 
Pediatric medical devices innovation remains to be an 
important yet untapped sector of the global healthcare. 
Although, 40 percent of the global population is below 
the age of 24 and close to a quarter of the US population 
are children, most of the medical devices are designed to 
be used by adults, and adapted to use by children, often 
without appropriate clinical validation of the particular 
physiological and developmental needs of children8. 
FDA approved less than 4 percent of class III life-saving 
devices that were labeled as infant age 0-2 years and only 
24 percent were used by children. Since the adult devices 
are made differently and have growth, anatomy and 
pathology variation, this gives way to an off-label 
adaptation and adjustment, which can negatively affect 
safety and efficacy9.Particularly in high-risk and 
specialized fields like neuro modulation, orthopedics, 
and rare diseases, children face a lack of devices 
designed especially for their conditions10. Figure 1 
provides an overview of the contributing factors to this 
gap and highlights the role of Pediatric Device Consortia 
in addressing it. According to pediatric doctor surveys, 
the interest in new, Children-oriented products is high, 
whereas the current devices fail to satisfy them. In 
particular, infants, neonates, and children with rare 
diseases are particularly lacking in pediatric-specific 
devices, often with adult devices that do not fit or must 
be adapted unsafely11. 

 

 
 
Figure 1.  Overview of Pediatric Medical Device 
Consortia 
 
The technical, ethical, market and regulatory barrier 
complex relationship leads to the innovation gap in 
pediatric devices. The smaller pediatric market and 
lower reimbursement rates work as financial barriers, 
and the lack of devices able to cope with long-term use 
or growth inhibits industry investment12. Technical and 
ethical barriers include the need to start with devices 
with the potential to support long-term usage, the 
difficulty of carrying out clinical trials on small and 
often very diverse cultures, and the absence of an 
effective clinical trial infrastructure in pediatric 
hospitals13. In the case of pediatric indications, there is 
often drawn out and complex regulatory pathway in 
place with limited incentives or simplified procedures. 
Very few of the devices themselves have been 
developed or labelled specifically as to child use and 
children do not get the psychological benefit of device 
development keeping up with the adult population14.  
 
In response to these unmet needs and to close the 
innovation gap, the FDA Pediatric Device Consortia are, 
as this review aims to show, pivotal. PDC program 
assists in developing, clinically testing, and approval of 
devices specific to children by providing funding, 
regulation assistance, and inter-sector coordination. This 
review frames the work of the PDC more broadly in 
global perspective, examining global legislative 
initiatives, regulatory pathways and international 
research projects such as the European Pediatric 
Translational Research Infrastructure. It signifies the 
need to use multidisciplinary, coordinated efforts to 
support pediatric device innovation and enhance health 
outcomes of children in the world15,16.  
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OVERVIEW OF PEDIATRIC MEDICAL DEVICE 
DEVELOPMENT 
Approaches to the development of pediatric medical 
devices are a complex area; they depend not only on the 
specific needs of children but also on significant clinical, 
economic, and regulatory challenges. Pediatric medical 
devices are those that are inclined to cure, focus, or treat 
diseases in children. It should be possible to alter devices 
in regard to growth in size, physiology, and psychosocial 
maturity due to the fact that children always grow and 
change in their bodies as opposed to adults. Less than 
one-fourth of Med Tech equipment is customized to 
children, despite the fact children are a large and 
growing segment (over 1.8 billion) of the global 
population, under the age of 24. This indicates the 
importance of childproofed devices16. 
 
Medical devices designed and developed to be used with 
regard to children are especially hard to make since they 
require the combination of very fast maturity in children, 
a complete absence of any clinical trial results, as well 
as a myriad of financial and regulatory complications. 
What makes the development more difficult and what 
has to be addressed in the design process are the 
psychological factors that should be considered when 
dealing with children and their ability to understand and 
work with the devices13. 
Small, diverse pediatric populations have issues with 
their research subjects, and it is difficult to identify a 
sufficient number of them to conduct a reliable and 
statistically significant trial. This also limits pediatric 
clinical research. Ethical considerations and regulatory 
demands cause complexities in studies that are single-
center, nonrandomized, open-label, and usually have 
small sample sizes of participants, usually with less than 
50 participants. Due to this, safety and effectiveness data 
which can be evaluated by regulators is constrained. 
Also, about 22% of completed pediatric device trials are 
published, a factor that hinders development in the field 
hence a slow transmission of valuable findings17. There 
are regulations and financial constraints that affect 
innovation as well. The investment and manufacturers 
have limited financial incentives in the market as it is 
very small in regards to the pediatric market. 
Complexity and general absence of pediatrics-specific 
regulatory paths have led to long and un-determinable 
approval processes. The US has more developed support 
systems such as the FDA Pediatric Device Consortia but 
such regulatory blockers and market distortions are an 
impediment to innovation both in the US and Japan18.  
 

Since most of the medical and surgical equipment 
utilized in children has not been specifically tested or 
approved in the case of pediatrics specifically, the use of 
adult devices that are off-label has become the norm at 
the moment in the world of pediatric devices. It is 
characterized by the fact that in the orthopedic sector 
only 0.5 percent of 510[k] and 2 percent of highly 
innovative devices that target children are available. 
Such ubiquitous off-label use has legal and technical 
risks because adult devices might not be safe or effective 
in children because of their size differences and their 
changing physiology and maturity19. Orthopedics, 
cardiology and diabetes care are some of the areas where 
the unmet need on pediatric condition-specific device is 
still big. Recent changes such as 3D printing and 
improved drug delivery systems are beginning to fill 
some of these gaps. Also, through the provision of 
money, expertise, and regulatory advisory services to 
help develop pediatric-specific devices, collaborative 
programs such as the FDA Pediatric Device Consortia, 
NIH SBIR/STTR grants, and international 
collaborations are spurring innovation20.  
 
The innovation gap that is faced by pediatric devices has 
to be eliminated through integration in various fronts. To 
accumulate resources and knowledge and push forward 
the improvement of pediatric devices, it is vital to have 
cross-sector collaboration between industry, academia, 
regulators, and advocacy institutions. Certain regulatory 
reform needs to be done to accelerate the process of 
approvals and come up with incentives that will attract 
investment in pediatric-specific technology. Ensuring 
the safe and effective devices necessitate the strong 
evidence that will in part be generated via increasing the 
communication of studied results and improving the 
pediatric device trial infrastructure21,22. 
 
FDA PEDIATRIC DEVICE CONSORTIA [PDC] 
PROGRAM 
In a bid to close the gap that long existed between the 
medical device designed specifically to kids, the FDA 
developed its first-of-its-kind PDC Program. Device 
innovation among children has historically suffered 
significant setbacks due to the fact that most medical 
technologies have been designed on adults, applied off-
label in children without adequate data on their safety or 
effectiveness. The eyed the developing, creating and 
distributing of pediatric medical devices critically and 
the Pediatric Medical Device Safety and Improvement 
Act of 2007 mandated the creation of nonprofit consortia 
to help in the realization. Figure 2 illustrates key 
milestones in the development of the PDC program. The 
FDA responded to this by establishing the PDC Grant 
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Program that is today a fundamental aspect of the US 
pediatric device innovation ecosystem23,24. 
 
The PDC Program is structured based on multi-
institutional collaborations and there are five federally 
supported consortia serving the entire country. These 
consortia unite academic medical centers, children 
hospitals and other involved parties as well as the 
industry partners in an effort to create an all over 
resource when it comes to pediatric device development. 
They aim to alleviate the hurdles that normally hamper 
the creation of novel pediatric devices, that is, the small 
market size, the wearisome complications of design and 
regulation, and the absence of satisfactory financial 
promise. The consortia guide the innovators through 
each phase of development in a device and can provide 
broad expertise in all these aspects: engineering, clinical 
research, business development and regulatory 
affairs25. 
 

The PDCs offer wide arrays of funding programs that 
are precisely created to satisfy the requirements of 
innovators in pediatric devices. They also contribute to 
the creation of prototypes and design and engineering of 
gadgets that meets the special needs of children. 
Business planning and mentoring play also a vital role 
and networks may help to guide innovators on funding, 
commercialization and intellectual property. Regulatory 
support is another essential service as it is highly 
challenging to maneuver through the regulatory 
requirements of FDA approvals of any pediatric related 
device. The consortia offer capable advice concerning 
FDA compliance, regulatory filings, and design of 
clinical trials. Also, they allow to connect 
manufacturers, clinical specialists, innovators, and 
potential investors with each other and create the 
powerful network that accelerates the development and 
adoption of novel pediatric devices23,26. 
 

Figure 2. Milestones of the FDA Pediatric Device Consortia

2007

• Legislation Passed
Pediatric Medical Device Safety and Improvement Act

2009

• PDC Program Launched
First round of consortia funded by the FDA to address pediatric device innovation gap

2012

• 1,000 Projects Milestone
PDC reached support for over 1000 pediatric device development projects

Notable success stories began to emerge

2015

• Emphasis on Clinical Trial Support
Enhanced role in assisting innovators with trial design and regulatory submissions

Partnership with pediatric hospitals and academic institutions

2018

• Inclusion of Digital Health & Telemedicine
• AI in diagnostics

• Pediatric telemonitoring tools
• Mobile health apps for children

2020

• Global Collaboration Initiatives
Support expanded to consider regulatory harmonization

Involvement in international pediatric networks and IMDRF conversations

2025+

• Future Direction
Expansion & Evolution

• Integrate 3D printing, precision pediatrics, wearables
• Global pediatric device registry proposals
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Since its inception, PDC Program has contributed 
heavily to the advancement of pediatric devices. As of 
2012, the consortia have supported over 200 pediatric 
device concepts in development; in the ensuing years, 
the number has grown, to over 2,000 projects sponsored 
to date. Numerous pediatric devices, those filling unmet 
and rare clinical needs as well, were cleared or approved 
by the FDA due to the consortia activities. The success 
of the program to promote innovation and address gaps 
in infrastructure in children hospitals can be seen in the 
fact that the number of pediatric medical devices 
provided in clinical trials has grown significantly and 
since 2014, in particular27. The PDCs have also 
constructed much of the infrastructure necessary to 
conduct practical trials of pediatric devices, which 
unlike drug trials, are very different in their design and 
execution and the regulatory demands. The consortia 
have also achieved some success in facilitating advances 
in pediatric medical device research and development 
through introduction of best practices, development of 
special purpose tools and leveraging multi-sector 
interactions21,28. 
 
REGULATORY PATHWAYS FOR PEDIATRIC 
DEVICES IN THE US 
The development and authorization cycle of the 
pediatric medical devices are complex in the US and are 
affected by specific clinical, legal and economic 
concerns. Most equipment is adapted out of adult 
equipment and not specifically designed as a pediatric 
device and children experience a significant rate of 
unmet device requirements. To ensure safety and 
efficacy, the US Food and Drug Administration has 
regulated several regulatory pathways some of which are 
exclusively geared towards the needs of the pediatric 
populations29.These pathways are outlined in Figure 3. 
 
In the process of clearing medical devices the US Food 
and Drug Administration uses three main procedures 
that consider the novelty and the level of risk of the 
device 30,31. High-risk [Class III] devices require the 
most strict route Premarket Approval (PMA). The 
manufacture of a device before being introduced into the 
market demands a lot of clinical evidence to show that 
the device is effective and safe32. The 510[k] clearance 
is the most common pathway of low to moderately risky 
(Class II) devices. Instead of having to submit new 
clinical evidence, manufacturers must prove that their 

product is, at least, substantially corresponding to a 
predicate, or previously accepted device, in this 
instance, often without the necessity of providing new 
clinical pieces of evidence. Such a route allows quicker 
access to the market, although it has been accused of not 
having a robust safety and efficacy base in some cases 
and most of the devices authorized under this process are 
not pediatric-specific33.De Novo Classification is also 
offered to new and low to moderate-risk devices which 
lack predicate. This pathway permits such devices to be 
risk based and risk cleared, as opposed to automatically 
being deemed high-risk. The De novo process will 
embrace innovations by allowing new types of device to 
come into the market with suitable controls32. 
The US is facing regulatory pathways to pediatrics that 
are meant to address the specific challenges of 
developing medical devices in children and those who 
may be tackling rare diseases and different, small groups 
of patients. The Humanitarian Device Exemption (HDE) 
is one critical path that devices, to treat or diagnosis rare 
diseases (many of which are pediatric) can take. The 
HDE is specifically suited to pediatric applications 
where it is often impractical to conduct large scale trials 
since it allows a device to be approved based on a 
smaller amount of clinical data as is required of standard 
pathways, as long as the unmet medical need serves a 
non-profitable indication34. 
The Early Feasibility Studies (EFS) program enhances 
the innovation process by allowing small-scale clinical 
trials in children who are patients through the early 
acquisition of safety and performance data before 
continuing with larger studies. In spite of the challenges 
of low patient numbers, this approach facilitates the 
provision of new pediatric devices and helps to acquire 
important data prior to the further regulatory approvals 
and procedures35. 
The use of adult medical devices off label is not rare and 
is often needed in children since there are very few 
devices specifically designed to work with children. 
Because of the clinical demand of appropriate devices 
within the context of a clinical practice, in excess of the 
allowances in extant regulatory approvals, clinicians 
often adapt approved adult devices to be used on patients 
in the pediatrician. This practice is recognized to be 
common practice and also suitable since there are the 
significant barriers to making pediatric devices and the 
urgency to equip children with effective aids of care19. 
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Figure 3. Regulatory Pathways for Pediatric Devices in the US 
 
GLOBAL REGULATORY PERSPECTIVE 
The regulation of pediatric medical devices is a 
complicated and dynamic field with notable regional 
variations worldwide. Because of their smaller market 
size and distinct physiological requirements, children 
present obstacles to innovation and regulatory approval. 
Global efforts are being made to close these gaps, 
although regional differences in methods and progress 
are in place. [See Table 1] 
 
EUROPEAN UNION 
The EU is conducting strict clinical evidence and post-
market monitoring through a document called Medical 
Device Regulation (MDR, EU 745/2017). Children 
qualified under orphan and pediatric devices are 
particularly vulnerable under MDR since an increase in 
the number of regulations may lead to shortage or recall 
of devices removing children of the essential 
interventions. Clinical trials also require Pediatric 
Investigation Plans (PIPs) as part of the Pediatric 
Regulation (EC) No 1901/2006, which provides 
incentives such as extension of patent protection. The 
reliance on a number of Notified Bodies and the lack of 
centralized approval however make this complicated. 
Desperate policies should be set to maintain the 
availability of the devices that help children and 
guarantee their supply in the long run30,36,37. 
 
JAPAN  
In contrast to that of the US, Japan features a less 
centralized system of regulation of devices involving 
children, which is distributed. Japan has adopted 

supportive policies, which include priority review, fee 
waiver, and subsidy and established priorities since 
2013, but pediatric device development continues to lag 
behind that of adult devices. Despite the increased 
cooperation between industry, government, and the 
academic community, there must be more effective 
processes and standards applicable to children. In cases 
where large-scale trials are infeasible, the approach 
adopted by Japan creates a focus on teamwork and the 
use of other approaches that will ensure the effectiveness 
and safety of the device in question38,39. 
 
CANADA  
Similar to the US and EU, Canada also has a risk-based 
system of classification of medical equipment using 
Health Canada. Though Canada possesses 
comprehensive regulatory system, little published 
information on guidance of device aimed at kids is 
available. Even though the market of the medical 
devices available in Canada with the help of healthcare 
expenditures is quite strong, and the approval and 
registration system is also quite developed, more 
specialized policies focused on the children may be 
needed40. 
 
INDIA  
Medical devices are regulated in India by the Central 
Drugs Standard Control Organization (CDSCO). 
Nevertheless, Schedule Y proposes only general 
considerations of pediatrics, where children are 
considered to be susceptible group; there are no 
particular standards or acts to regulate pediatric devices 
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or clinical trials. The lack of pediatric-designed 
guidelines underlines the need to regulate and promote 
particular laws and structures so that safer and effective 
pediatric devices could be developed37,41. 
 
BRAZIL  
The literature reviewed does not have much detail 
information regarding the regulation of pediatric devices 
in Brazil. ANVISA controls medical devices in Brazil, 
and it is known that a common problem across the world, 
especially in emerging markets, is that a congruent 
approach of rules and frameworks governing specific 
pediatric activity and that promote innovation are 
required. 
 
CHINA  
State Food and Drug Administration (now NMPA) is the 
body that regulates medical devices in China; this body 
has a system with a minimum, periodical re-examination 
of some devices to enhance post-market control. Despite 

the adverse event reporting being one of the sweeping 
regulatory attributes that China has in common with 
other largest markets, it is being increasingly surrounded 
by the active surveillance and alignment with 
international regulations. Special regulations are yet to 
be made considering the needs of children, and they 
need to be done more as well41. 
 
INTERNATIONAL COLLABORATION 
Further modernization and innovation in the pediatric 
device sector relies significantly upon the global 
harmonization of regulatory processes and procedures 
similar to any worldwide efforts and initiatives to 
harmonization led by the International Medical Device 
Regulators Forum (IMDRF). Collaboration by 
regulators, businesses, and clinical experts is essential to 
overcome the specific challenges of the development of 
pediatric devices in order to facilitate international 
networks of innovation. 
 

 
Table 1. Global Pediatric Medical Device Regulatory Overview 

Country/Region Regulatory Pathways Pediatric-Specific 
Provisions 

Regulatory Authority Remarks 

USA [FDA] 510[k], PMA, De 
Novo, HDE 

Pediatric Medical 
Device Safety Act, 
FDA PDC, Early 
Feasibility Studies 

U.S. FDA One of the few with a 
structured pediatric 
program (PDC); 
offers targeted 
funding/support 

European Union CE Marking under 
MDR (EU 2017/745) 

Pediatric needs 
considered but no 
dedicated framework 

EMA / Notified 
Bodies 

Pediatric device 
approval is complex 
due to generalist 
structure under MDR 

Japan Standard PMDA 
Review Process 

Special pediatric 
consultation system; 
flexible review for 
unmet pediatric 
needs 

PMDA Provides tailored 
guidance and early 
engagement for 
pediatric innovation 

Canada Device Licensing 
under Medical 
Device Regulations 

No pediatric-specific 
regulation; general 
framework applies 

Health Canada Pediatric needs 
handled on a case-by-
case basis 

India CDSCO Medical 
Device Rules (2017) 

No specific pediatric 
framework; follows 
general device 
approval route 

CDSCO Pediatric device 
innovation is 
emerging; lacks 
streamlined support 
system 

China NMPA device 
classifications (Class 
I–III) 

Pediatric devices 
considered under 
general pathway; 
case-by-case 
evaluation 

NMPA (formerly 
CFDA) 

Increasing attention 
on pediatric health, 
but formal pediatric 
regulation is still 
lacking 

Brazil ANVISA Regulatory 
Framework 

No pediatric-specific 
track; general 

ANVISA Emerging efforts to 
recognize pediatric-
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CHALLENGES IN PEDIATRIC DEVICE 
INNOVATION 
Pediatric devices are one of the most important and 
undeveloped areas in the field of healthcare due to the 
fact that they are not very accessible to children since 
most medical devices are not designed to fit their 
specific anatomical, physiological, and developmental 
requirements. These challenges are outlined in Figure 4.  
The availability of medical devices in children and 
adults has always been different as the problems in the 
sphere are far beyond the financial, regulatory, clinical, 
technical, and post-market scopes. 
 
Market and Financial Barriers  
One of the greatest obstacles is the absence of a financial 
motivation of business companies to invest in the 
development of pediatric devices. The reduced market 
size and low returns on investment are due to the small 
size of pediatric population and the consideration that 
most pediatric diseases are considered as orphan 
conditions. Due to this fact, business often puts more 
emphasis on adult devices and to address the needs of 
children, the adult devices are altered or adapted to off-
label use which might not be sufficient to solve the 
unique pediatric needs42. 
 
Ethical and Clinical Trial Challenges 
In pediatric populations, there are certain ethical and 
practical barriers to performing clinical trials. Safety and 
consent issues, as well as the prospective consequences, 
are especially prominent due to children being an 
endangered category. Most pediatric device testing is: 
open label, single center, nonrandomized, and low in 
numbers of subjects, making it hard to generate decent 
safety and effectiveness data. A long and complex 
regulatory process of pediatric devices also contributes 
to the slowing of the approval process and an additional 
requirement of unique to the children data. These 
barriers contribute to the explainability of the existing 
dependence of children on the off-label use of the adult 
devices43. 

 
Figure 2. Challenges in Pediatric Device Innovation 

Design and Manufacturing Hurdles 
Children are special due to their anatomical and 
physiological features predominant over their size and 
long-term use that requires the creation of special 
devices dedicated to children. This increases its 
complexity and developing costs since it needs tailor-
made designs and special materials. The small 
businesses cannot even afford to invest in it because the 
market is limited, and it is also technical laying hands on 
pediatric devices as it should be safe, effective and 
durable44. 
 
Post-Market Challenges 
Post-market vigilance with real-world data throughout 
lifecycle advocacy plays a significant role in the safety 
and efficacy of pediatric devices especially after the 
product is in the market. Nevertheless, problem 
identification and continual improvement of devices is 
difficult, because few children are using devices and 
without their own dedicated surveillance infrastructure. 
The culture of accessibility and constant development 
could be advanced through the engagement of families 
and parents in the process of safety monitoring and 
reporting16,45. 
 
Regulatory and Collaborative Solutions 
The Pediatric Device Consortia program, the Early 
Feasibility Studies program, and collaborative networks 
such as the European Pediatric Translational Research 
Infrastructure (EPTRI) are some of the programs started 
in an effort to facilitate innovations, speed up regulatory 
processes, and help support the creation and 
commercialization of pediatric devices. Such 
collaboration across the various sectors of business, 
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academia, regulators, and advocacy organizations to this 
field is important in order to make it grow14,38. 
 
FUTURE DIRECTIONS AND OPPORTUNITIES  
Technology advancements, collaborative models and 
international regulatory efforts all project that 
development of pediatric devices would be subject to 
numerous opportunities and will change in the future. 
Among the many important steps to take, expanding the 
Pediatric Device Consortium model, and in particular 
components thereof, such as the use of telemedicine, 
artificial intelligence (AI), and digital health hold high 
priority. Digital health tools and telemedicine are 
transforming how pediatrics are taken care of especially 
in far-off or underprivileged regions of the world by 
improving access to care, diagnosing, and treatments in 
healthcare46.These technologies allow providing 
personalized care, virtual consultations, real-time 
monitoring, but these methods require ongoing research, 
robust infrastructure, and the adaptation to the specific 
needs of pediatric populations. The given capabilities 
are enhanced even further by AI that enables data-driven 
decision-making and the possibility to develop craftier 
and more adaptive devices47,48.  
Technological advancement, especially with 3D printing 
is changing the way pediatric medical devices can be 
developed around specific patients. This is 
advantageous because 3D printing makes it possible to 
produce custom implants, prosthetics, surgical guides, 
and anatomical models that more intensively suit the 
specific anatomical and physiological needs of children 
due to high costs and time-consuming processes. 
Besides enhancing surgical planning and outcomes, the 
technology is also beneficial to clinicians training on 
how to use it, educating the patients/family and making 
the overall care a good quality49,50. Pediatric devices in 
the future might be even more tailor-made and 
functional due to the creation of 4D printing that utilizes 
the benefits of smart, responsive materials responding to 
environmental cues and the involvement of artificial 
intelligence into the design/manufacturing procedure. 
Nonetheless, it presents some points that must be 
addressed in continuous research-interdisciplinary 
collaboration and they include selection of materials, 
cost, standardization, and regulatory correspondence51.  
To achieve faster the approval and acceptance of 
pediatric devices, it is essential to improve international 
harmonization. By collaborating to reduce the number 
of eliminations, speed device approval and ensuring that 
innovative technologies better serve global children, 
international regulatory agencies can help ensure that 
these important new devices are better able to enter the 
global marketplace. To address the challenges of the 

smaller market size of pediatric devices, pediatric 
innovation policies recommended to support include the 
provision of a targeted incentive such as grants, tax 
credit, and Priority Review Vouchers22.  
The next great opportunity is to enhance the public-
private partnerships. The effective interaction of the 
world of academia, industry, regulators, and patient 
advocacy groups leads to resource sharing, knowledge 
exchange, and simultaneous advocacy of pediatric 
needs. Multidisciplinary collaborations are useful to 
facilitate device development, deal with market issues, 
and also move new technology to clinical practice, such 
as the PDIC model. Such partnerships are imperative in 
ensuring constant innovation and ensuring that any of 
the technological developments translate to neon and 
visible improvement of pediatric health outcomes52. 
 
CONCLUSION 
The needs shortly remain high in the area of pediatric 
medical device development since most medical devices 
exist in the form of an adult medical device with simply 
modifications to fit children and do not have sufficient 
study. Innovation in pediatric devices is yet to be 
achieved despite increasing awareness and limited new 
developments because of complexities in market, 
ethical, and technical obstacles. By promoting multi-
institutional partnerships, providing technical and 
regulatory assistance, and sponsoring over 2,000 
pediatric medical device development projects some of 
which have achieved FDA clearance or approval the 
FDA PDC program has helped to address these 
problems. Nevertheless, adult devices that are used off-
label still remain to be prevailing in the market, and not 
many innovations are specially designed to address the 
needs of children. Regulatory shortcuts such as PMA, 
510[k], De novo, and pediatric-specific regulatory 
means such as the Humanitarian Device Exemption and 
Early Feasibility Studies provide access to device 
approval, yet innovators nevertheless find such 
directives challenging. The PDC and programs associate 
with this activity provide valuable guidance and support 
in this endeavor. Harmonization efforts such as IMDRF 
are underway and regulatory systems are evolving 
across the world as people around the globe seek to 
improve children needs in the EU, Japan, Canada and 
many developing economies. 
The lack of monetary rewards, the challenge of 
conducting pediatric clinical trials, the need to develop 
special device management, and post-market 
surveillance become among the current challenges. 
Promising innovations to consider in the future include 
the adoption of such technologies as 3D printing, an 
expansion of the PDC model to involve digital health 
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and artificial intelligence, and strengthening of 
international and public-private collaborations. Finally, 
FDA PDC, and related programs are excellent solutions 
to the innovational gap in pediatric devices, but further 
policy assistance, cooperation between the stakeholders, 
and international alignment are the keys to making sure 
that children receive medical technologies that are safe, 
effective, and appropriately designed. 
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