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Key Messages

* Shortages of iodinated contrast media (ICM) due to pandemic-related lockdowns and
transportation disruptions have exposed vulnerabilities in supply chains for essential
medical supplies.

¢ Radiology associations, government agencies, and clinicians have suggested various
strategies to address ICM shortages and strengthen supply chains.

* A systems approach to managing ICM shortages could help ensure the involvement of
health care providers from all relevant clinical specialties, administration and purchasing,
as well as government and industry. Clear communication is key to managing a critical
shortage of ICM.

e Use of contrast-enhanced CT has increased and the ICM shortages may provide an
opportunity to assess optimal use of ICM and reduce unnecessary exams.

* |ICM use carries environmental consequences that have not yet been fully managed.
Strategies to reduce the use of ICM may also help mitigate the environmental impact.

Context

lodinated contrast media (ICM) is used to enhance visualization of images in diagnostic
imaging and interventional procedures in medicine, including trauma and stroke diagnosis
in the emergency department, cancer diagnosis, staging and follow-up, cardiovascular
and peripheral vascular interventions, gastrointestinal, urological, and interventional pain
procedures.™

Contrast-enhanced CT scans are the largest volume users of ICM.>° The Canadian Medical
Imaging Inventory (CMII) reports more than 5.4 million CT scans were conducted nationwide
in 2019 — an increase of 31% over the previous decade.’ Approximately 50% of CT scans in
Canada use ICM."'2 Much of the ICM used in Canada is supplied by GE Healthcare from its
main manufacturing plant in Shanghai, China.®°'® This plant produces 80% of GE Healthcare's
iohexol (Omnipague) and iodixanol (Visipague) contrast agents; the remaining 20% is
produced in their smaller facility, in Cork, Ireland, but most of this product is intended for the
European market.®™ There are a number of ICM brands and products available internationally
(refer to Table 1).

In April 2022, due to a COVID-19 outbreak and lockdown measures, the GE Healthcare factory
in Shanghai was closed for several weeks, followed by a period of reduced production until full
capacity resumed in June.™ In addition to the factory lockdown, general labour shortages and
worldwide shipping delays further disrupted the production and distribution of ICM to Canada
and globally.571315

Many hospitals stock limited supplies of ICM (1 to 2 weeks’ worth).’® The GE Healthcare
factory closure resulted in a sudden, unanticipated shortage of ICM globally as other
manufacturers were unable to rapidly scale up production to meet the demand.>'31621

Shortages of ICM products were reported by the US FDA in May 2022.22 In June 2022,
iodixanol injection and iohexol injection were added to Health Canada's list of tier 3 drug
shortages?: Tier 3 drug shortages are those likely to have the greatest potential impact on the
health care system.5132123
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It is important that health systems are equipped to handle the challenges that come with
disruption to critical supplies needed for patient care.® There may be more supply chain
disruptions in the future, and strategies to help manage these challenges may support better
patient outcomes.

Objective

This report summarizes information on strategies to conserve ICM supplies during the
shortage. It also identifies ways to strengthen the supply chain for ICM, and other critical
health care products to better prepare for, and manage, potential future shortages.

The key objectives are to:
1. identify strategies to mitigate shortages of ICM
2. outline supply chain weaknesses that can exacerbate such shortages

3. highlight unanticipated consequences of ICM shortages.

About This Document

This report summarizes information identified through a limited literature search using
PubMed and grey literature sources of information. This report may not provide an entirely
comprehensive review of ICM shortages across Canada and internationally because the
literature search used to inform the findings was limited to English-language documents.

Results

Various medical societies, governments, and other agencies have suggested options or
provided guidance to consider during times of ICM shortages:

e Canadian Association of Radiologists™

* Institut national d'excellence en santé et en services sociaux (INESSS) in Quebec?
* Ontario Health?®

e American College of Radiology?®

e American Society of Regional Anesthesia??’

e American Society of Health-System Pharmacists?'

e Society for Cardiovascular Angiography and Interventions in the US?*

e Royal Australian and New Zealand College of Radiologists (RANZCR)82

* Royal College of Radiologists (RCR) in the UK.%
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In addition to the strategies proposed by the previously stated agencies, clinicians at hospital
systems globally have described their experiences and plans for managing ICM shortages,
including those reported by institutions in Australia,*?°%132 Germany,* and the US.157:1617.193458

Strategies to Mitigate Shortages of ICM

A recent rapid review from INESSS, in Quebec,?* organized ICM conservation strategies

into 3 main action areas based on the recommendations of radiology associations from
Canada,’® Australia and New Zealand,? the UK,*® and the US?: substitution and prioritization of
scans, optimization of ICM doses, and inventory management to avoid waste.?* The INESSS
review includes a description of the action plan for dealing with ICM shortages adopted by
the Centre Hospitalier de I'Université de Montréal (CHUM).?* CHUM developed strategies
based on 3 levels of ICM shortage: yellow (indicating insufficient supplies of ICM to carry out
scans scheduled within the next 5 days), orange (insufficient ICM to carry out emergency
department and hospitalized patient scans), and red (insufficient supplies of ICM to perform
urgent angiograms).?

Ontario Health's technical guidance for the conservation of ICM focused on 5 main areas®®:
expanding use of non—contrast-enhanced CT scans, implementing ICM dose reduction
when possible while ensuring diagnostic image quality, tailoring ICM dosages to patient
body weight, reducing wastage of ICM, and optimizing technical parameters for image
acquisition.%®

The strategies presented by INESSS and Ontario Health were also cited in many of the
guidance documents identified and reviewed for this report. Additional options for managing
ICM during times of shortage were also captured in guidance documents (e.qg., setting up
‘command centres” to monitor supplies of ICM and communicating information to clinical
and administrative staff).

Considering all the identified guidance together, the following 6 broad categories are believed
to capture the main strategies to mitigate shortages of ICM:

Substitution of Scans or Contrast Agents and Prioritization of Scans

Strategies aimed at substituting alternate imaging modalities and contrast agents as well as
prioritizing ICM exams may be used to help mitigate ICM shortages. For example, using CT
without contrast or alternative imaging modalities that do not require ICM, such as ultrasound,
MRI, and nuclear medicine, may be appropriate in some circumstances.’4713161921.2427.33,38-41

If possible, alternative brands of contrast agents from other vendors could be purchased in
some instances to help mitigate ICM shortages.'3172533

Examples of alternate contrast agents may include oral contrast (such as barium sulphate
or diatrizoate meglumine and diatrizoate sodium [Gastrografin, Cystografin, Sinografin]) or, if
appropriate, carbon dioxide angiography for peripheral artery disease, MRI with gadolinium
contrast, or ethiodized oil (Lipiodol, Guerbet),5913.14161921263342

Procedures may be stratified based on risk to determine which may be safely deferred until
normal ICM supplies resume (for example, routine follow-up exams).57131619.21.24262834 At
Monash Health in Australia, for example, a tier system identified conditions in which contrast-

CADTH Health Technology Review Optimizing the Use of lodinated Contrast Media for CT: Managing Shortages and Planning for a Sustainable and Secure Supply 8



CADTH

enhanced CT was necessary (tier 1), CT without contrast was sufficient (tier 2), alternate
types of imaging could be used (tier 3), and imaging could be postponed (tier 4).4

Optimizing ICM Dose

In some circumstances, ICM doses may be reduced if image quality is still
adequate.6791817.19.273840 Tywyg examples include tailoring ICM doses to the patient’s body
weight':5916.17.24253343 gnd updating dosing protocols for ICM (i.e., reduced) to reflect newer
generations of CT scanners.*

Moreover, waste of ICM may be minimized by:"7213161721242535,37-39

e Repackaging larger vials of ICM into smaller quantities. To avoid contamination and risk
to patients, this should be performed by a trained health care professional (i.e., pharmacist
or under the supervision of a pharmacist), following established protocols for sterile
procedures.51321252644 Of note, this strategy was also suggested by GE Healthcare (i.e,,
repackaging of larger vials into smaller, single-use preparations, if necessary).*®

e Refrigerating (but not freezing) or keeping repackaged contrast in a cool place can extend
the beyond-use date.?”’

* “‘Rounding down” ICM dosing slightly to match the vial size, if feasible.>”

* Involving regulatory authorities to explore ways to create safe, multipuncture ICM vials®
and to ensure ICM products are available in more appropriate vial sizes for most common
procedures.“

 Checking ICM expiry timelines and coordinating scan scheduling to ensure optimal use.®

Inventory Management

Inventory management principles have been adopted to help navigate ICM shortages

and extend existing supplies. These principles often leverage information technology to
coordinate, monitor, and share supplies, and predict the inventory requirements during the
shortage.”*5#’ Related inventory management principles may include:

* Establishing an inventory and closely monitoring ICM supplies.>79'31732 |n Ontario,
Ontario Health established a provincial dashboard that was updated weekly to track
regional supplies of ICM and daily use by all clinical programs and to identify sites with less
than a 14-day supply.®® In Australia, staff at Monash Health inventoried existing supplies
of ICM and used business intelligence software to project how long supplies would meet
demand under normal operating conditions and when restricted to only critical (e.g.,
lifesaving or emergency) procedures.* An audit of CT scan data from the previous year
helped with projection models by identifying procedures that most often required contrast-
enhanced imaging, the number of these procedures performed each day, and the minimum
volume of ICM needed for diagnostic imaging quality.# In the US, purchasing and medical
record data were used to determine current inventory and forecast how long ICM supplies
would last, and to allow projections of how much ICM use could be reduced through
conservation measures.™'® In addition, it was also mentioned that opportunities could be
explored with regional health networks to coordinate and share supplies.®™

e Using electronic medical records and ordering systems to provide alerts and ensure
awareness of ICM shortages, flag potentially redundant imaging, and provide clinical
decision-support tools to guide users to alternate imaging options.?°%°
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o Digital contrast media injection management systems may enable more consistent
recording of all information on ICM type and dosage in patients’ electronic medical
records. This may allow more complete tracking of ICM usage and of any contrast-
related adverse events.*’

o Unnecessary or inappropriate imaging may be reduced by following evidence-based
guidelines and recommendations, such as those from Choosing Wisely Canada and
the Canadian Association of Radiologists.*#

o Patient triage may be facilitated through the use of decision aids and laboratory tests
to rule out clinical conditions before using diagnostic imaging.*

o Reviewing prior imaging and patient medical records before requesting new
scans may help avoid unnecessary duplication and identify additional clinical
information.®28%0

o Where possible, a requirement for radiologist or senior clinician review of requests

for contrast-enhanced imaging may help provide oversight and guidance on other
available options."72024

o Some “add-on’ contrast-enhanced imaging may be deferred or performed using other
types of imaging.2&40

o Bundling exams for which contrast is needed into 1 contrast-enhanced scan rather
than individual scans for different areas of the body, which may reduce both ICM and

CT scanner use.®

Optimizing Technical Parameters for Image Acquisition

Technology may be used to enhance image quality, such as dual-energy CT and lower
kilovoltage peak (kVp) imaging.'#579.1317.18253339404350 Qther examples of how technology may
be used to enhance image quality include adjusting imaging settings for different parts of
the body to optimize visualization,*® using artificial intelligence or machine-based learning for
postprocessing to facilitate image enhancement,? using saline flush techniques to ensure
complete delivery of ICM dose into the circulatory system, and the use of injector pump
systems, particularly those with the ability to collect and analyze data on exam protocols

Table 1: Nonionic lodinated Contrast Media Products and Manufacturers?’

Product name

Generic name

Company

Omnipaque lohexol GE Healthcare
Visipaque lodixanol GE Healthcare
Ultravist lopromide Bayer Healthcare
lomeron lomeprol injection Bracco Diagnostics
Isovue lopamidol injection Bracco Diagnostics
Ultraject/Optiject/Optiray loversol Guerbet

Oxilan loxilan Guerbet

Xenetix lobitridol Guerbet

lodixanol Injection USP

lodixanol injection

Fresenius Kabi®

aThere are 2 main types of iodinated contrast media: ionic and nonionic.5? Nonionic contrast media have a lower osmolarity than ionic and do not dissociate into charged
particles in a solution, making them safer for patients and more widely used than the older, ionic forms of contrast media.

A generic iodinated contrast media (bioequivalent to Visipaque) recently received US Food and Drug Administration approval.*
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and radiation dose.?** Moreover, the use of automated contrast delivery systems may help to
conserve contrast media; for example, the ACIST CVi (ACIST Medical Systems / Bracco) may
reduce the use of contrast media® and allows contrast to be delivered from 1 reservoir for up
to 5 patients, potentially reducing wastage.?® Another contrast management system, Namic
(Navilyst Medical) allows larger sizes of contrast vials to be safely used multiple times within
the use by period.”

Improve Communication via Command Centres

Establishing an institution-wide committee to develop a comprehensive communication
strategy to ensure awareness and oversight of ICM conservation measures and promote
shared decision-making.®'3? Representatives from all clinical areas that use contrast media,
and other departments, such as information technology and pharmacy, could be involved in
the committee.® The committee may take responsibility for all communications about the
shortage and consequent practice changes.>’ Related strategies may include:

» Tracking and sharing information on ICM usage and shortages, and reviewing protocols
with all relevant departments to ensure the best use of available ICM supplies.+1320

e Using a collaborative approach and clear communication when determining which actions
to take and how to implement them.*%

e Targeting potential reductions in high volume areas. For example, clinicians in the US and
Australia determined contrast-enhanced CT was commonly used for abdominopelvic
indications, for which alternative options (including CT without contrast) are available 325
The American College of Radiology’s ACR appropriateness criteria provides guidance on
alternative imaging modalities.5®

Regulatory Involvement

Involving government regulatory agencies may help to explore availability and possible
exceptional importation of foreign-authorized ICM products not currently licensed for
domestic use.” However, due to the lead time needed for production increases and
organizing exceptional importations, this may not be possible in times of immediate
global shortages.

Supply Chain Weaknesses

Identified Supply Chain Weaknesses

The COVID-19 pandemic disrupted supplies of many health care products, exposing
vulnerabilities in current supply chain methods, characterized by the reliance on a single ICM
supplier and inventory management practices focused on the delivery of products when they
are needed.5ﬂ6,20,32,57—60

A position paper from the US Pharmacopeia stressed the need for a more “resilient” supply
chain.®' Similarly, a 2022 Emergency Care Research Institute (ECRI) White Paper, Lessons of
COVID-19: Three Actions for a More Resilient Supply Chain, noted that: “The pandemic fueled
a 'perfect storm”: a crisis of international scale with multiple product lines affected and high
demand for those products, all supported by a supply chain designed around lean inventory
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”

models...” (p. 3)%? The ECRI report focuses on supply chain issues with personal protective
equipment during the early days of the pandemic, but many of the recommendations can

be applied to the ICM shortage as well. In particular, ECRI recommends mapping the supply
chain down to the level of sources of raw materials, and the locations, stock on hand, and
capacities of manufacturing facilities.®? This is consistent with other guidance documents
that recommend identifying sources of raw materials to identify areas of risk and improve the
strength of supply chains.®”¢!

Just-In-Time Inventories

With just-in-time inventory practices, minimal supplies are stocked and supplies are reordered
as needed, helping to ensure minimal waste and reducing storage requirements.> Just-
in-time inventory management systems have been widely adopted in health care settings;
however, they are known to work best under normal conditions.* For example, just-in-time
inventory management relies on rapid, frequent transport and delivery of supplies — and the
transportation sector likewise experienced pandemic-related disruptions.® Thus, just-in-time
inventory can result in a limited ability to manage a surge in demand, product shortages, and
worker absenteeism.®® Addressing vulnerabilities in the supply chain requires stockpiling of
critical medical supplies to ensure they are available in times of shortages.5%°%" One author
suggested maintaining a 6 month, rather than a 1 week’s supply of ICM, given the relatively
long shelf life of contrast media. Despite the extra storage costs, this would ensure a “safety
net.”® Stockpiling was suggested at both the national and the health system levels.5¢
Because all types of medical equipment could be affected by supply chain disruptions, it

is also important to ensure that adequate stocks of ancillary equipment needed for ICM
administration are maintained (for example, IV needles and injection tubing).®

Preferred Vendor and Sole Source

Reliance on a single supplier can make it difficult to source alternative products (and may also
indicate an absence of domestic manufacturing capacity).%® ECRI also recommends reviewing
preferred vendor and sole source agreements and considering expanding to multiple supply
sources.®? Currently, an estimated 80% of active pharmaceutical ingredients used in the US
drug supply are sourced from China and India.®* Increasing domestic production of critical
medical products may be another option to help improve the strength of supply chains.5'® At
least 1 guidance document proposed the requirement for vendors to use production facilities
at more than 1 location.®®

Rather than supply chain resilience, a recent analysis by lvanov refers to supply chain
viability .5 Viability is defined as the “...ability of a supply chain to maintain itself and survive
in a changing environment through a redesign of structures and replanning of performance
with long-term impacts..."s® Key aspects of viability to better manage supply chain disruptions
are production capacity scalability; intertwined supply networks; substitution of alternative
products through developing relationships with other suppliers and manufacturers; and
repurposing manufacturing facilities, when needed (such as the example of the Ford
manufacturing plant retooling to produce personal protection face shields in the early days
of the pandemic).®® Additional guidance documents offer the suggestion of increasing
transparency of the supply chain and reporting requirements for manufacturers and
suppliers; stipulating that manufacturers develop contingency or backup plans to address
production problems, and using advanced manufacturing processes, such as “continuous
manufacturing,” in a single production line %5
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When expansions to GE Healthcare's facility in Ireland are completed in 2025, production at
this facility is expected to increase by more than 50%.” GE Healthcare also recently signed
an agreement with a Chilean mining company, the Sociedad Quimica y Minera de Chile, to
increase their production of iodine.®® The recent introduction of a generic ICM, from Fresenius
Kabi, may also increase supply options.*

Decentralized Supply Chains

A recent review of pandemic-related supply chain issues in Canada highlighted
decentralization as a contributing factor in supply chain “fragilities.”®® It was noted in the
review that decentralized supply chain management may result in increased competition for
products.®® As well, a lack of collaboration between decentralized jurisdictions can make it
challenging to redistribute products where they are most needed.®

Specifically, Ontario and Quebec were described as provincial examples of decentralized
supply chains, often with individual hospitals or hospital systems managing their own supply
orders and with no province-wide system or coordinating network.®® The Ontario Health
guidance also noted the paucity of comprehensive, province-wide information on ICM usage
and inventories in the province.® Elsewhere, provinces such as British Columbia, Alberta,
Nova Scotia, and Newfoundland and Labrador, have centralized, province-wide supply chain
systems that provide data on utilization and inventories across their jurisdictions.536971

Internationally, New Zealand was not affected by the global ICM shortage, which is largely
believed to be a result of their national government drug sourcing, centralized through
Pharmac, requiring 2 month’'s supply be held in the country at all times.”? Further assessment
of this type of centralized practice would be needed, including determination of who should be
responsible for maintaining stockpiles of critical drugs and equipment.

Other Factors

In addition, the lack of transparent, automated supply inventories (i.e., reliance on manual
systems) can make it difficult to readily assess utilization data and identify supply risks.%
An additional fragility is a “reactive” response strategy versus a proactive approach that
anticipates or plans for supply disruptions.5®

Unanticipated Consequences of Conserving ICM

Within this context, and depending on local circumstances and resources, there may be
opportunities and benefits to implementing ICM conservation measures on an ongoing basis.
As previously mentioned, some CT protocols are based on practices with older CT units with
slower image acquisition times.**? With newer CT units that have much faster acquisition
times, there may be an opportunity to revisit protocols and adjust ICM doses accordingly.*3?

Patient Impacts — Safety and Access to Care

The use of contrast-enhanced CT is not risk-free because patients are exposed to both
ionizing radiation and iodine.’®2° From a patient safety perspective, reducing ICM can also
reduce the overall radiation dose, which is an implication for patient care.” lodinated contrast
media is associated with a small risk for allergic reactions and acute kidney injury.’”* Using
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safer imaging alternatives, when appropriate, and reducing ICM doses, may benefit patients
by minimizing the risks of adverse events and reducing the time required to administer the
scan (i.e., ICM CT scan versus non-ICM CT scan).®162034547576 Of note, clinicians in Melbourne,
Australia, found that diversion of some patients from contrast-enhanced to nonenhanced CT
or to other types of imaging reduced the turnaround time for those patients who needed CT
with contrast. As well, some authors have noted that longer-term patient follow-up may be
needed to determine whether ICM conservation measures have negatively affected patients
through missed diagnoses or delays in treatment. 182038

Costs and Staff Impacts

The use of alternatives to CT was generally recommended, and shifting procedures to

other areas of health care delivery would have impacts (e.g., wait lists, staffing, costs).#6%24
For example, if MRI was substituted for CT imaging in stroke diagnosis, because it is less
available and more time consuming to perform, patient treatment could potentially be
delayed.™?° Other effects of substituting MRI for contrast-enhanced CT may include the

need to extend operating hours for MRI scanners to ensure availability, lease portable MRI
units from vendors, use research MRI units for clinical exams, ensure MRI safety shielding

is in place, and cross-train medical imaging technologists to work with both CT and MRI as
needed.* Protocols for MRI for stroke may also need to be revised to reduce the time required
for imaging acquisition.#51941

In this scenario, trained staff and the necessary supplies (e.g., MRI contrast agents or
radiopharmaceuticals for nuclear medicine) for alternative imaging technologies would also
need to be readily available,* and clinicians may need refresher training on interpreting images
from non—-contrast-enhanced CT scans.®

Assessments of the effects associated with strategies to reduce use of ICM would help
inform future planning. Reductions in ICM usage may not necessarily result in overall cost
savings when staff time and the costs of alternative imaging services are included.?%%2
However, reducing the use of contrast-enhanced CT may have a positive impact on some
areas of workflow, such as reducing the staff time needed to place IV lines for contrast
administration.®

Environmental Effects of Contrast Media

More efficient use of ICM has environmental benefits as well.*® The iodine used in ICM is a
nonrenewable mineral resource.”” According to a GE Healthcare news release, on average, 5%
of purchased ICM supplies are not used.”” GE Healthcare recently introduced a Canadian and
US recycling program to collect unused ICM, similar to a longer-running program in Europe.”
As of March, 2022, 15 sites in Canada were participating in the recycling program, and it is
expanding across the country.”” The iodine collected can be used to produce new contrast
agents.*® Other European manufacturers (Bracco Diagnostics and Bayer Healthcare) have
also introduced iodine recycling processes.*?

Contrast media is a known contaminant in water supplies — including in drinking water.* This
is a growing problem as use of contrast-enhanced CT increases and the current methods

of water purification do not adequately remove ICM and its breakdown by-products.”® Water
quality monitoring in Europe identified an increase in various ICM products over a 10-year
period. Optimizing use of ICM and reducing product waste are 2 ways to help mitigate this
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problem, in addition to urine collection technologies to prevent used ICM from entering the
sewage system.*®

Image Quality Impacts

Ontario Health's guidance recommended that imaging centres aim to reduce their ICM
consumption by 50% from baseline levels, regardless of vendor.® The Ontario guidance noted
that some centres achieved a 30% to 60% reduction in ICM usage in the early days of the
shortage, without compromising imaging quality.® Although not assessed through controlled
studies, experiences at imaging facilities across the globe suggest that reducing ICM dosing
in CT scans may not affect image quality or diagnostic accuracy.®

Clinical Trial Impacts

Contrast media shortages have also had an effect on ongoing clinical trials.® The US National
Cancer Institute outlined options for clinical trials during ICM shortages, including the use of
alternative imaging modalities.®

Implications for Decision-Making

The INESSS rapid review mentions that strategies for addressing the ICM shortage have not
yet been evaluated and their applicability will vary depending on local context. A US review
of the literature on ICM shortages relevant to trauma and emergency department care
concluded that further studies are needed to obtain better evidence on how best to optimize
ICM use without jeopardizing patient outcomes.

Regardless of local ICM inventories, ensuring equitable patient access to necessary contrast-
enhanced imaging across jurisdictions is important. Reducing unnecessary use of contrast-
enhanced CT scans could help improve access for patients for whom this type of imaging is
critically needed, particularly during times of shortages.

Several factors have contributed to increasing use of contrast-enhanced CT scans, including
increased demand and easier access to CT. Increased demand for CT in the context of
recent shortages of ICM have highlighted a need to evaluate overall ICM use. Assessing
ICM conservation strategies in the period of shortage could provide insight to help support
appropriate use, including identifying potential overuse or “low-value” imaging. Measures to
conserve ICM may also reduce its environmental impact. The Ontario guidance notes that,
in addition to addressing ICM shortages, their recommendations are intended to ensure
“sustainable, effective use of contrast media.’

The recent shortage has also shed light on how procurement practices for critical supplies,
which tend to be based on just-in-time inventory management, and often rely on a single
supplier with limited local capacity, may have contributed to the shortage. Exploring
alternative procurement practices, such as placing larger orders requiring less frequent
delivery of critical medical supplies with long shelf lives, may enhance supply chain viability.
These practices may also have some environmental benefits worthy of exploration when
considering the fossil fuels required for their transcontinental delivery.
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