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What Is the Issue?

Shortage events, the phenomena when demand exceeds supply, can
affect both medical care and medical devices. The COVID-19 pandemic
caused a global shortage event, the consequences of which are still
being experienced beyond the peak of the pandemic (e.qg., the lack of
pediatric pain medication available in fall 2022).

Children are vulnerable to shortage events as they represent a
small proportion of the overall population, have distinct needs, and
the pediatric medical device market has historically offered a lack
of options.

What Are the Technologies?

Technologies such as artificial intelligence (Al)-enabled devices, point
of care testing, and virtual care options could contribute to alleviating
shortages in pediatric care.

Technologies such as 3D printing, alternative interventions such as
tracheostomy during shortages of mechanical ventilators, and the
reprocessing of single use devices such as ventilator tubes have been
suggested in times of pediatric medical device shortages.

Solutions to shortage events can take the form of novel devices,
interventions, or policies; however, due to the complexity of this problem,
a multipronged approach is likely needed.

What Is the Potential Impact?

Shortages can cause delayed intervention, which has health and
financial costs. When cancer diagnoses and treatments are delayed,
overall survival rates decrease. High-quality early intervention can
change a child’s developmental trajectory and improve outcomes for
children, families, and communities.

Finding solutions to shortages, particularly for children as they are
already at risk for health inequities, is crucial to ensure good health care
outcomes in the long-term.

What Else Should We Know?

During a shortage event, alternative interventions may have different
safety profiles or require different training than default practices.

Equity should be a consideration when implementing technologies,
interventions, and policies to address shortage events so that these
solutions do not end up replicating or exacerbating existing inequities.
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Purpose and Scope

The purpose of this horizon scan is to present health care stakeholders in Canada with an overview of
information related to shortages of medical devices and care for children. This report aims to provide an
overview of the scope of the shortages and, in turn, some of the policies, technologies, and interventions that
are currently being used or have the potential to address shortages of care and medical devices affecting
children in Canada.

This report is not a systematic review and does not involve critical appraisal or include a detailed summary
of study findings. It is not intended to provide recommendations for or against the use of any policy,
technology, or intervention. For literature search, screening, and selection methods, refer to Appendix 1.

Although shortages of pediatric medications have been reported (e.g., ketamine and antibiotics'), drugs are
not a focus of this report; however, the report does highlight information on new areas of research, such

as 3-dimensional (3D)-printed tablets, that are within the scope of this report. Some health and human
resources solutions, such as cross training among medical staff to address shortages of pediatric health
care providers, are mentioned in this report; however, systemic issues, such as accelerated training programs
for medical professionals, are outside of the scope of this report. It is important to note that larger systemic
change is a part of the solution to care shortages.

Background

Parents and caregivers in Canada have been experiencing shortages relating to the availability of health care
for their children. Shortages of care (e.g., overcrowded pediatric emergency departments [EDs] or difficulty
finding or accessing a health care provider for their child; shortages of over-the-counter pain medication;
and shortages of medical devices, such as pediatric catheters, stents, and accessories for ventilators)?

were reported across Canada during the fall of 2022. During the same period, children’s hospitals were
consistently operating above 100% capacity.® During the same time period, overcrowding was also
experienced in general EDs.

The pediatric population of Canada represents about 21% of the total population.* However, children are not
a monolith, from neonates to adolescents, the experiences, abilities, and health care needs of this group
vary widely and can be affected by history and location, as well as political, economic, and social status. As
children grow and change, they have unique developmental differences that require specific types of health
care intervention that differ from adult care. Furthermore, children have much of their lifespan ahead of
them. When we consider health care outcomes for children we must think in terms of decades of potential
impacts. Ensuring high-quality, complete, and timely care for this population is crucial for good health care
outcomes in the very long-term. Finally, it must be noted that structural inequities, such as systemic racism
in the health care system, can cause children who are racialized to have worse health outcomes than their
peers. Acknowledging and addressing this fact would also be transformational for pediatric health care.
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Canada ranks 30th among 38 rich countries in the well-being of children and youth under age 18 according
to a UNICEF report card from 2020.5 This report found that Canada systematically underinvests in this
population compared with other similar jurisdictions, investing 1.68% of Canada’s gross domestic product
toward policies and investments for children and youth, compared to up to 3.68% of gross domestic product
by countries such as France, the UK, and Sweden.®

While pediatric health care is a stated priority for people living in Canada,® parents, caregivers, and health
care providers are concerned about access to essential care, medicines, and health products like medical
devices.” The COVID-19 pandemic has further contributed to these concerns about children’s access to
medical care and health resources.? This report provides an overview of:

* issues related to shortages and access to care for children

« the policies, technologies, and interventions that are currently being used or have the potential to
address shortages of care for children

e issues related to access to medical devices for children

» the policies, technologies, and interventions that are currently being used or have the potential to
address shortages of medical devices for children.

Addressing Access to Care for Children

Access to medical care professionals is a well-documented issue for people living in Canada. Pediatrics is

a specialized area of medicine that focuses on child and youth health. It requires additional training after
medical school. There are also pediatric subspecialties; clinicians can specialize in a particular area of

care, such as pediatric oncologists, neonatologists, or pediatric hematologists. Some areas in Canada are
experiencing a shortage of physicians, specialists, and other health care providers.® Due to their unique skills
and training there are fewer clinicians who specialize in the treatment of children, which can exacerbate
these access issues.®'? As a result, children often wait longer for health care of all forms than adult patients
do; including mental health interventions, surgeries, and primary care.®™ As many as 1.5 million, or about
18%, of children in Canada are currently without a primary care provider.®

This pediatric care shortage showed itself as more parents and
caregivers turning to pediatric EDs for care in the absence of other
options, which contributed to very high attendance at children’s EDs
in the fall of 2022.14%°

The COVID-19 pandemic has increased the pressure on the existing workforce.' For specialized areas like
pediatrics, these care shortages affect an already small workforce and make it difficult for some people
living in Canada to access care. These ongoing access issues are exacerbated when a shortage event,
like the COVID-19 pandemic, occurs. Beginning in March 2020, health care resources were strategically
redeployed to deal with COVID-19, leaving fewer resources and creating a backlog for regular health care
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services. During the height of the pandemic when beds were in short supply, pediatric resources were often
reallocated to adults (i.e., pediatric ED and intensive care unit beds were allocated to adults). This shortage
event resulted in cascading effects for children, including surgical backlogs and longer wait times to see

a specialist. This is crucial because delayed intervention leads to serious health and financial costs. For
example, when certain cancers are discovered and treatment is started early, the overall survival rates
increase.’® Another example is that for children with developmental needs, high-quality early intervention
services can change a child’s developmental trajectory and improve outcomes for children, families, and
communities. These interventions are likely to be more effective and less costly when provided earlier in life
rather than later.’®" It is clear that backlogs and increased wait times lead to delays that can result in more
serious harms.

Although this shortage of pediatric care is a complex problem, potential solutions that were present in the
medical literature ranged from the use of technologies such as Al and virtual care to strategies for resource
management and health and human resources within health care settings. This section outlines examples
of how these technologies may contribute to addressing some of the care shortages that affect children,
though this list of technologies is not exhaustive and is not a CADTH recommendation for or against these
technologies.

Al and Automation

Retinopathy of prematurity (ROP) is the leading cause of childhood blindness in very low birth weight and
very preterm infants. As more pediatric patients survive prematurity, there is a corresponding increasing
need for assessments of ROP. However, fewer professionals are training to be neonatal ophthalmologists.
This mismatch of needs and specialists has required health systems to consider technological alternatives.
A deep learning algorithm has reportedly been developed and tested to diagnose ROP remotely, based on
images." The algorithm was able to outperform 6 of 8 human experts.’”® Combining this Al with telemedicine
can help to address regional shortages of specialists.

In addition to ROP, Al has the potential to diagnose pediatric respiratory illnesses. One such technology that
is early in its development is DeepBreath, a deep learning model that can be used to identify the audible
signatures of acute respiratory illnesses (such as pneumonia and bronchiolitis) in children.' Machine
learning is also being used to advance the understanding of pediatric asthma.? The value proposition of Al-
aided analysis is that it may contribute to the standardization and automation of the evaluation of breathing
patterns in pediatric patients, which could result in increased throughput.

Robotics is an area that shows promise in pediatric pain management. Studies have shown that humanoid
robot—based distraction therapy can have a modest effect on reducing distress for children undergoing IV
insertion.?’ Medi is a 2 ft humanoid robot that teaches deep breathing to children to help them cope with fear
and pain caused by IV insertions.?? Children who were trained by Medi were able to tolerate more completed
insertions compared to usual care even though the pain and fear experienced by the patient were about the
same.?? While these robots do not replace in-demand workers, a potential benefit is in the ability to save
clinician time at the patient’s bedside by addressing these common and understandable concerns so that the
clinician can successfully attend to other patients.
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While Al and automation show promise to address shortages of specialized pediatric health care workers,

it is important to acknowledge the specific risks that Al might pose to the pediatric population. Children

are vulnerable and ensuring Al health care is equitable and inclusive is of paramount importance.z A
systematic review on the use of Al for the pediatric population determined that few studies found that direct
patient outcomes were improved with its use and recommends further study to standardize outcomes and
measures, as well as developing implementation standards for Al-enabled technologies.?

Point of Care and At-Home Testing

Point of care testing (POCT) is medical diagnostic testing performed outside the clinical laboratory, at or
near where a patient is receiving care, such as a rapid antigen COVID-19 test taken in a pharmacy. POCT is
sometimes seen as an inferior alternative to more resource-intensive gold standard diagnostic tests that
require laboratory access. However, with appropriate training and implementation, POCTs may have a role in
pediatric EDs to save time and resources in times of resource constraint.?® In addition to their in-hospital use,
POCTs can be used in settings such as pharmacies and even at home.

In fall of 2022 and winter of 2023, a “triple-demic” of respiratory syncytial virus (RSV), influenza, and
COVID-19 contributed to demand in children’s EDs across Canada. At-home testing for respiratory conditions
could play a role in alleviating some of the pressure on pediatric EDs as the ability to test at home might offer
some reassurance to worried caregivers. While there is currently no rapid at-home test for all 3 respiratory
viruses on the market in Canada, the FDA has approved an at-home test for RSV, influenza, and COVID-19.
However, the cost and the processing time of this test might limit its possible uses; the test costs US$169
and the specimens must be sent to a lab for processing, which may be an unacceptable delay for receiving
results.?® Further developments in at-home testing for respiratory conditions may help to determine if this
type of technology leads to a meaningful reduction in the use of EDs.

Virtual Care

While there is some variability in how the term virtual care is used in the literature, the Women'’s College
Hospital Institute for Health Systems Solutions and Virtual Care defines it as any interaction between
patients, caregivers, and providers that occurs remotely, using any form of communication or information
technology, with the aim of facilitating or maximizing the quality or effectiveness of patient care.?’ Virtual
care has been deployed to help with many aspects of the care continuum — it has been proposed as a
solution to a shortage of mental health care providers for youth and young adults,?®2° and virtual care has
also been used successfully to increase access to gender affirming care to pediatric patients who may live in
regions without such services.®' A systematic review found that mobile health technologies, such as the use
of smartphones, tablets, and patient monitoring devices to communicate health information to the care team
(asynchronous virtual care), have been shown to improve postoperative outcomes for pediatric patients and
attendance at postoperative procedures, as well as reliably monitoring patients’ pain.3?

While there is some evidence that virtual care increases access to
certain specialties, a lack of specialists cannot entirely be addressed
through virtual access to a limited pool of care providers.
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Health Human Resource Management

The specialist workforce trained to treat the pediatric patient population is in decline and predicted to
continue shrinking.'8** According to Canadian Institute for Health Information (CIHI) data from 2021, the
workforce of pediatric specialists is as large as it has ever been; however, there are regions that have been
disproportionately affected by pediatric workforce shortages in recent years, including Nova Scotia and

the Northwest Territories.® It should be noted that the total workforce number does not necessarily reflect
full-time working physicians as it does not account for the increasing complexity of care that may require
physician collaboration, reduced working hours, or physicians who pursue academic or other nonclinical
work. Research on primary care and family care shortages has found that volume of patient contacts is
decreasing over time and practice sizes are also shrinking.®® Trends that affect access to primary care for the
general and pediatric populations are the growing population, changing physician demographics, impending
retirements, shifts away from comprehensive practice, and burnout across health care professionals.®® The
COVID-19 pandemic has placed strains on the health care workforce and there is evidence that clinicians
are reducing their hours and retiring early in response to burnout.®” The literature describes many possible
solutions for this potential shortage of trained pediatric staff, such as clinician cross training within an
institution among adult and pediatric practitioners,®*3 knowledge sharing among specialized practitioners
like child psychologists,***? telemedicine consultation for rural and remote areas,*® primary care providers
taking on specialist roles,* and encouraging institutions to support clinicians who choose to work in
pediatric specialties with added incentives.*> Additional supports for the mental health of practising
clinicians may also be helpful in addressing chronic clinician burnout.*¢

When sharing limited resources among all types of patients (i.e., cross training physicians to treat and
manage both adult and pediatric patients, especially in a time of extreme resource strain like the COVID-19
pandemic), taking an equity approach to resource allocation is crucial. Developing shared resource
allocation protocols ahead of time ensures that decision-making during times of crisis can run as smoothly
as possible. This is of particular concern for special patient groups like pediatric patients who might pose
unique challenges to traditional ways of assessing morbidity and mortality risk.4’

Addressing Access to Medical Devices for Children

The term medical device, as defined in Canada’s Food and Drugs Act, covers a wide range of health or
medical instruments used in “diagnosing, treating, mitigating or preventing a disease, disorder or abnormal
physical state.” Medical devices is a broad category that includes items as diverse as wheelchairs, imaging
modalities like MRI machines, as well as rapid COVID-19 tests. Both in Canada and internationally, for
certain diseases, especially rare diseases, children have either no device options, inadequate options, or
adult devices that are modified and used off-label with little or no safety or efficacy data for their use in
pediatrics.*® Pediatric patients often require specialized medical devices due to unique conditions and the
fact that devices developed for the general population might be too large for their bodies.
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Some experts suggest that access to medical devices that are
purposely designed and developed for children and youth is vital to
improving the quality and safety of children’s health care delivery
in Canada.?

Researchers have noted that children are disadvantaged in the realm of health technology assessment
priority setting for a variety of systemic and practical reasons.* One of the reasons for this disadvantage
is the difficulty in generating robust evidence for the treatment and management of children. Randomized
controlled trials are considered the evidence gold standard; however, these types of studies have practical
and ethical limitations in the pediatric population. When recruiting for clinical trials, there are often small
numbers of potential subjects for childhood diseases and there is also a historical reticence to involve
children in clinical research due to concerns about safety. As many jurisdictions use health technology
assessment to allocate funding for medical devices and pharmaceuticals, these concerns have a direct
effect on what medical technologies are available and accessible to the pediatric population.

The COVID-19 pandemic has revealed particular vulnerabilities in the medical device market.*® An expert
that we spoke to regarding Canadian medical device supply chains summed it up neatly as “less choice,
more demand.” (Ms. Claudette (Chloe) Brozuk, Provincial Health Services Authority, Victoria, BC: personal
communication, Feb 21, 2023). This is not a problem specific to Canada — with global supply chain issues,
medical device shortages are an problem for many regions.5' A group of cardiologists in the EU note that
pediatric patients are particularly vulnerable when devices are in short supply in part because there are often
fewer or no alternatives to devices that are intended for children.5? Apart from the additional strains placed
on supply chains and the COVID-19 pandemic, pediatric medical devices have different market dynamics
characterized by a lower volume of sales and reduced return on investment when compared to general
medical devices.5®

In response to increasing shortages of medical devices in Canada, a new medical device regulation was
introduced in March 2, 2022, that attempts to ensure manufacturers and importers report shortages and
discontinuations of medical products.> This information may then appear on the Health Canada-maintained
List of shortages and discontinuations, which tracks information on actual and anticipated device shortages.?
In the US, the FDA has started a similar program to push for increased authority to compel medical device
manufacturers to report when there are shortages of critical medical devices.® These types of programs can
be used for future planning for medical devices.

The shortages of some pediatric medical devices have many causes and possible solutions ranging from
technical solutions like 3D printing to regulatory solutions that could change how devices enter the market.

3D Printing

In Canada, guidance about bringing 3D-printed implantable medical devices to market acknowledges that
this is a quickly changing field.%® 3D-printed medical devices are potentially less reliant on international
supply chains depending on the materials they use — polymers are generally available domestically while
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other materials may not be. Another potential advantage of 3D-printed devices is that they can be made to
correspond to a specific patient’s measurements. This type of precision manufacturing can be particularly
useful for children as this patient population is rarely 1 size fits all; consider neonates and children born
preterm who are at risk for being born at a low birth weight (defined as less than 5 pounds) or a very

low birth weight (defined as less than 2.5 pounds).*”*® 3D-printed medical devices that are already being
explored for use in the pediatric patient population are stents, tubes, swabs, and airway support devices that
could be created in much smaller sizes to suit the wide range of needs of this population.’”*' Challenges
like very small anatomy size and growth over time must be considered when 3D printing medical devices

for this population. Follow-up and replacement of the device must be considered as part of the device
implementation.®?

3D printing technology is also being used to create pharmaceutical tablets for pediatric patients, which
has the potential to be used to address the problem of a shortage of pediatric drug formulations. There
is evidence that 3D printing using the hot melt extrusion process manufactured mini tablets that fulfilled
the requirements of the European Pharmacopoeia.® It should be noted that children often use liquid or
suspension formulations as many are unable to easily use tablet medications.

Alternative Products and Procedures

Extracorporeal Membrane Oxygenation

When pediatric medical devices are in short supply, alternative solutions are sought. Sometimes an
alternative procedure can be suggested, but the alternative may have a different safety or risk profile. For
example, the removal of a neonatal venovenous cannula from the market in 2018 resulted in the nearly
exclusive use of venoarterial extracorporeal membrane oxygenation (ECMO) for respiratory failure during the
first half of 2021.%4 The involvement of the carotid artery in venoarterial ECMO may make it a riskier option
than venovenous ECMO.5

Ventilation

When there is a lack of mechanical ventilators for pediatric patients, patients who would otherwise be
treated with a mechanical ventilator are switched to a more invasive tracheostomy tube.>> While a ventilator
is a somewhat invasive medical device that requires the placement of an endotracheal and nasogastric tube,
a tracheostomy is more invasive as it requires a surgical procedure with all of the risks that that entails. In
the US, while shortages persist, the FDA recommends that health care centres reuse tracheostomy tubes
after they are reprocessed and sterilized.%

IV Locks

In the US in 2018, Ablysinol was granted orphan drug designation by the FDA for the rare indication of
treating hypertrophic obstructive cardiomyopathy. This designation allowed patent exclusivity which in
turn prohibits other manufacturers from making and marketing dehydrated, sterile ethanol. The result was
a shortage of ethanol in the US and a related price increase that required changes to certain common
procedures such as the use of ethanol locks to keep IV lines clear of infection.®® This shortage of ethanol
locks has made it necessary to source new locking agents. Furthermore, there is concern that an ethanol
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lock shortage and the related reliance on new locking agents may increase the rates of central line
bloodstream infection (an adverse event) on an already vulnerable pediatric patient population.®

Sexually Transmitted Infection Testing

Another area that has been affected by shortages is sexually transmitted infection testing.®” This shortage
may necessitate resource stewardship in terms of only testing groups that are at highest risk, as well as
treating individuals who are symptomatic without a confirming test. This latter situation, while practical, is
not recommended best practice for antibiotic stewardship.

Policy-Based Solutions

Researchers and clinicians have suggested that new incentives for manufacturers of pediatric medical
devices might help to curb supply shortages.®* In Canada, programs such as the Special Access Program
allow medical professionals to access medical devices that have not been approved for use in Canada
under special circumstances — such as in times of shortages. Other jurisdictions offer additional incentive
programs for device manufacturers to help ensure access to medical products for rare diseases, sometimes
referred to as orphan medical device programs.®®% These types of programs help to ensure access to critical
medical devices and often serve in-need patient populations. Health Canada is undertaking a plan to update
the regulatory review of drugs and devices and, as part of that ongoing process, steps are being taken to
formalize a preclinical meeting framework where medical device manufacturers will be able to receive advice
and recommendations, especially on their investigational testing protocols.”®

While Canada has an orphan drug program, a similar program for
devices might help ensure these technologies are still produced for
the populations who need them — even when the devices are not
profitable.

The European Medicines Agency (EMA) has recently developed a scientific advice pilot program for high-risk
medical devices.” This type of program aims to help shepherd device manufacturers through the approval
process. The pilot aims to take 10 devices that will be either those intended for the treatment of a rare
condition or those meant for pediatric use.”

Final Remarks

Medical device and care shortages are an ongoing concern for children in Canada. This report is not an
exhaustive list nor endorsement of possible solutions to these events. Furthermore, this report did not
consider systemic changes that may be related to human resources or infrastructure investments for health
care needs.

The pediatric patient population is unique in the health care system and has some specific vulnerabilities
as a result. Children make up a minority of the population and many systems are not designed with their
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needs in mind. Pediatric patients are growing and developing over time, which means their bodies, as well as
their mental and emotional capacities, are changing significantly. One result of this is that they may literally
outgrow a medical device over time. In terms of quality of life, children also have the potential to live for
many decades after a health care event, which must be factored into their treatment and health outcomes.

When considering technical or policy-based interventions to assist this patient population, these unique
characteristics must be considered. Policy-based solutions that incentivize the development of medical
devices for children are a potentially useful upstream solution, because, as it stands now, there are often few
backup devices when shortages occur.

From a resource management perspective, both personnel and medical devices can be deployed in
innovative ways to deal with shortage events. The solutions are many and varied and must consider the
individual needs of patients and the full health care setting. For example, when alternative devices or
procedures are offered, it is important to consider whether these alternatives have a similar safety profile.
Some technologies mentioned in this report are in the early stages of development and it is possible that the
uses of these technologies will change as more evidence becomes available.

While technologies such as virtual care and Al offer promise to addressing shortages affecting the pediatric
population, it is crucial that these technologies are deployed thoughtfully with an equity framework in mind
lest these new technologies reproduce and/or exacerbate existing inequalities and structural racism in
health care.”? Policy-based solutions must ensure that safety and access are considered when pediatric
medical devices are brought to market.
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Appendix 1: Methods

Literature Search Strategy

An information specialist conducted a literature search on key resources including MEDLINE, the Cochrane
Database of Systematic Reviews, the International HTA Database, the websites of Canadian and major
international health technology agencies, as well as a focused internet search. The search approach was
customized to retrieve a limited set of results, balancing comprehensiveness with relevancy. The search
strategy comprised both controlled vocabulary, such as the National Library of Medicine’'s MeSH (Medical
Subject Headings), and keywords. Search concepts were developed based on the elements of the research
questions and selection criteria. The main search concepts were pediatrics and shortages or potential
solutions to shortages, including 3D printing, home tests, and artificial intelligence/smart devices. Retrieval
was limited to the human population. The search was completed on January 31, 2023 and limited to English-
language documents published since January 1, 2020.

Study Selection

One author screened the literature search results in Endnote and the same author reviewed the full text of
all potentially relevant publications. Articles that described policies, technologies, and interventions that
are currently being used or have the potential to address shortages of care or devices for pediatric patients
were included as information sources for this horizon scan. This project used CADTH's definition of health
technologies which focuses on those medical devices and interventions that are patient-facing and that are
intended to have a direct impact on patient outcomes.

Expert Consultation

For this report, CADTH interviewed 2 individuals with expertise relating to medical supply chains in Canada.

Peer Review

A draft version of this bulletin was reviewed by 1 clinical expert who specializes in pediatric
emergency medicine.
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