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Abstract 

Currently, most healthcare organizations in Canada lack the capacity to identify products on 

hand, track their location or link product use in the delivery of healthcare to patient outcomes. 

These digital blind spots are associated with delayed product-recall responsiveness, 

compromised patient safety and a limited ability to make data-driven decisions during supply 

disruptions. This study presents a co-design strategy supported by the Supply Chain 

Advancement Network in Health (SCANH) Community of Practice to define a digital supply 

chain strategy that will ensure that health systems have the supply chain capacity to deliver 

quality and safe care to Canadians. Using Delphi methodology and roundtable consultation 

among diverse health system stakeholders (n = 35), four system-level strategies are described to 

advance digitally enabled supply chain within and across Canadian health systems, including: (1) 

the key features of a clinically integrated, digitally enabled health supply chain; (2) defined data 

sources and data content to strengthen product traceability (e.g., unique product identification; 

location data; utilization at point of care); (3) integration of global product data standards to 

strengthen accuracy and consistency of supply chain management; and (4) interoperability of 

product data across Canadian healthcare systems. Project findings leverage current federal, 

provincial and territorial data modernization efforts, such as the Canadian Institute for Health 

Information’s Pan-Canadian Health Data Content Framework strategy and Canada Health 

Infoway’s Interoperability initiatives. The results of the co-design strategy offer a strategic path 

forward to advance a digitally enabled health supply chain across Canada, illustrating how access 

to standardized product data empowers proactive, evidence-based supply chain decisions that 

protect patient safety and improve system resilience. 

 



 

 

Introduction 

Canada experiences a higher frequency of health product shortages than any other developed 

country in the world, with critical drug shortages continuing even as the COVID-19 pandemic 

supply disruptions have resolved (Health Canada 2025; PharmaCompass 2023). This stark reality 

reflects a deeper systemic challenge that contributes to the fragility of Canada’s healthcare 

supply chain. Currently, health system leaders are unable to identify available products, track 

their locations or understand the demand utilization of products required to deliver patient care 

(CIHI 2025; Snowdon and Forest 2021; Yang 2024). 

The majority of Canada’s healthcare organizations operate with limited or no digital 

infrastructure to monitor product inventory, or to track demand utilization for products and 

mitigate risks of product shortages. Health systems are essentially “flying blind” (Snowdon and 

Forest 2021), with a lack of digital maturity to enable data-driven decisions to procure products 

to meet patient needs (Canadian Medical Association et al. 2024). During the COVID-19 

pandemic, the inability to locate and track utilization of critical supplies led to delays in care and 

significant health and safety risks affecting both patients and the health workforce (Snowdon et 

al. 2021). This paper presents a digitally enabled health supply chain strategy to strengthen 

quality and safety in health systems and improve overall health system performance in Canada. 

 

Literature Review 

Most of Canada’s health organizations lack digital capacity to track inventory of products needed 

to deliver care, limiting their ability to effectively manage the demand for products and supplies 

required for patient care delivery (Beaulieu and Bentahar 2021). Health facilities in Canada 

typically rely on manual processes for supply management, which are prone to human error, 

increase risks of product shortages due to the inability to forecast demand, limit the ability to 

identify safety risks for patients and create significant constraints in the capacity to deliver care 

when products are not available (Snowdon et al. 2021). Lack of digital infrastructure also 

precludes the use of real-time data analytics or predictive forecasting, which further limits supply 

chain agility and responsiveness (Lanza-Leon et al. 2021). 

Canada’s health supply chain is highly fragmented, with limited interoperability within or 

across provincial and territorial jurisdictions (Snowdon et al. 2021). Alberta demonstrates a more 

digitally advanced system with a centralized supply chain and integrated digital infrastructure 



 

 

supporting greater visibility of product inventory and utilization (Snowdon and Wright 2022a). 

In contrast, Ontario is very decentralized, with a patchwork of digital systems, while Quebec’s 

decentralized infrastructure limits data sharing and product tracking across care settings 

(Beaulieu et al. 2022; Snowdon and Wright 2022b). Other provinces maintain rudimentary 

digital infrastructure that limits their capacity to manage the supply of products needed for 

patient care (Metge and Islam 2022; Zhang et al. 2022). 

Health systems in Canada have limited interoperability, which makes it challenging for 

leaders to track inventory of health products, in relation to patient care needs and performance 

outcomes (CIHI 2023; Miller et al. 2025). Gaps in digital infrastructure limit tracking of product 

utilization, undermining health system capacity to deliver safe patient care (Kelley et al. 2021; 

Marchildon et al. 2020; Snowdon 2022), and contribute to inefficiencies in supply management 

that undermine system performance (Kelley et al. 2021). For example, Canada remains the only 

G7 country without a national breast implant registry despite patient harm outcomes linked to 

breast implants. In 2023, thousands of Canadian women with textured breast implants were not 

informed of their elevated cancer risk because health systems lacked the digital infrastructure to 

identify which women received the recalled implants, and there was no centralized registry to 

monitor patient safety outcomes linked to breast implants (Casey 2023). 

A growing body of evidence documents the relationship between digitally enabled supply 

chain capacity and the ability to track products used in care linked to patient outcomes. Digital 

infrastructure enables teams to track products on hand, identify location of products, track 

demand utilization rates, identify medical errors and counterfeit products, implement faster recall 

execution when products are harmful and create a continuous digital record of product use during 

care procedures to evaluate which products offer the best outcomes for patients (Jarrett et al. 

2020; Pathak et al. 2023; Zingde and Shroff 2021). When digitally enabled supply management 

was advanced in the U.K., outcomes included improvements in patient safety, enhanced 

traceability of product use and patient outcomes and an estimated return on investment of 4:1 

with projected nationwide savings of £1 billion (Snowdon 2018). 

Few Canadian health systems have advanced, digitally mature supply chain infrastructure 

capable of proactive management of supplies to prevent or mitigate risks of shortages. This gap 

limits the capacity for coordinated, resilient supply management and prevents the linkage of 



 

 

product utilization with patient care outcomes, necessary to support high-quality, safe care across 

the system. 

 

Methods 

This study was supported by the Social Sciences and Humanities Research Council (SSHRC) 

Partnership Grant (#1154256) to advance healthcare supply chain resilience, which engaged over 

110 partners representing over 60 organizations across Canada. The Research Ethics Board at the 

University of Windsor provided ethics approval for the study (REB# 24-237). 

 

Phase 1: Define the features of a digitally enabled health supply chain 

A Digital Health Supply Chain Workgroup (n = 14) was assembled to co-design a digital health 

supply chain strategy to enable traceability of products from manufacturer to their use in patient 

care (Barrett and Heale 2020). The workgroup met over the course of two years (2022–2024) to 

identify key features and data requirements for the digital health supply chain (Table 1).  

 

TABLE 1. Key digital features of an end-to-end transparent digital health supply chain 

Feature Definition Impact on Health Systems 

Clinical Integration 

Supply chain prioritizes patient 

care needs and clinician capacity 

to deliver quality care. Ensures 

clinicians have access to health 

supplies to deliver care when and 

where needed. Engages clinicians 

to identify alternative products 

and care processes during 

shortages.  

Instills confidence among the 

health workforce in health 

system’s capacity to ensure 

products are available to meet 

demands for care. Builds trust and 

empowers the health workforce to 

support quality care that meets 

patient care needs. 

Critical Data 

Content 

Define the critical data points 

(e.g., product identification) 

Establishes the necessary data 

content for product tracking and 



 

 

needed to enable tracking of 

health products from manufacturer 

to point of care.  

traceability required for each 

supply chain stakeholder.  

Data 

Standardization 

Data protocols establish consistent 

and accurate mobilization and use 

of product data to enable supply 

management (e.g., identify 

products on hand, location of 

products and patients with greatest 

need for products in patient care).  

Enables supply chain resilience by 

managing supply inventory with 

accurate data analytics to track 

and forecast product utilization, 

product availability, inventory 

control and predictive forecasting 

of risks to inform leadership and 

clinical decisions. 

 Interoperability 

Flow of product and inventory 

data across health organizations 

and systems to inform proactive 

and actionable decisions to 

manage supply to mitigate the 

risks to patients during supply 

shortages or disruptions.  

Enables flow of data across 

organizations and jurisdictions to 

inform decisions and coordinate 

management of supply disruptions 

to foster equitable access to 

products needed for care delivery 

across health systems.  

Accountability for 

Product Safety and 

Security 

Governments approve products 

for use. Manufacturers are 

accountable for quality and safety 

of products and recall processes 

when there is evidence of harm. 

Health systems are accountable 

for reporting safety outcomes and 

harm, but most health 

organizations cannot identify 

where products are located, and 

cannot identify patients who 

Reduces patient harm, ensures 

compliance with federal 

regulations, enables efficient 

recall of products by 

manufacturers from patient care 

settings and strengthens public 

trust in the safety of care delivery. 



 

 

received the harmful product 

during care procedures.  

 

The workgroup defined the key features and data elements of a digital health supply chain, 

aligned to global supply chains from manufacturing to use of the product in patient care. Figure 1 

illustrates the digital mapping of the healthcare supply chain, outlining the specific data needs of 

each stakeholder, illustrating how supply chain data and processes can be digitally enabled 

across jurisdictions. 

 

FIGURE 1. Digitally enabled health supply chain 

GTINs = Global Trade Item Numbers. 

 
 

The map serves as a blueprint to guide Canada’s health systems in advancing digital 

supply chain, to accurately verify products used in care, identify product location during 

emergencies, identify patient safety outcomes linked to products and support the recall of 

products causing harm. By establishing this flow of product data to the point of care delivery, the 

framework supports health systems to advance their digital infrastructure to link product data to 

patient care outcomes and enable data-driven decision-making for clinicians and patients. 

 



 

 

Phase 2: Co-design strategy to advance a digitally enabled supply chain for Canadian 

health systems 

The workgroup progressed from defining the features of a digitally enabled supply chain toward 

identifying a strategy to advance implementation. Partners included organizations with expertise 

in data standards, Canadian health information agencies that report on health system 

performance, manufacturers, distributors, pharmacy leaders and supply chain teams. 

A roundtable discussion was convened to examine how standardized data that uniquely 

identify every health product could advance a digital supply chain strategy. Roundtable strategies 

are well-documented to enable knowledge exchange, consensus development and the co-design 

of implementation strategies (Balfour et al. 2009; Ginsburg et al. 2021). In order to track and 

accurately identify product use during patient care, products must be accurately and easily 

identifiable, which is typically done using barcode scanning or radio-frequency identification 

(RFID) sensors to upload product identification into a patient’s electronic medical record. Global 

data standards such as Global Trade Item Numbers (GTINs) are data standards that define up to 

400 attributes of a product, such as expiry date, lot number and manufacturer (GS1 Canada 

2022). Use cases for product data in health systems included documentation of product use in 

care processes, tracking product data to assess quality and safety of care outcomes, monitoring 

demand for products to better manage product inventory and supporting forecasting of supply 

shortages to ensure that health systems have the products needed to deliver patient care. 

Use cases demonstrated the current state of product use in patient care delivery (e.g., 

manual identification), and how the flow of product data to the point of care enables 

documentation of product use during care processes (e.g., vaccines, medications), product 

utilization for inventory management and accurate identification of products used in care (e.g., 

dose and expiry date) to ensure that the right products are delivered to the right patient. These 

use cases informed strategies to digitally capture product data in patient health records and health 

system reporting frameworks. 

 

Data collection and analysis 

Workgroup meetings and roundtable discussions were recorded and transcribed through audio 

and video recordings, with all participants providing consent to be recorded for all meetings. 

Transcripts were independently reviewed and coded by members of the research team using 



 

 

thematic analysis comprising data familiarization, initial theme identification and iterative theme 

refinement (Braun and Clarke 2021a). Data were integrated during analysis, with particular 

attention to how key features and mapping of digital supply chain data capture (Phase 1) aligned 

with strategies for implementation to advance supply chain resilience and health system 

performance (Phase 2). Research team discussions identified emerging themes, theme saturation 

and reconciled coding discrepancies to strengthen analytic rigor (Braun and Clarke 2021b). 

 

Results 

The results produced four overarching themes that identify the key features of a strategy to 

advance a digitally enabled supply chain for Canadian health systems, as described in the 

following section. 

 

Theme 1: The value of digital supply chain to advance quality patient care 

Participants examined how access to supply chain data strengthens the quality of patient care, 

improves patient outcomes and enhances organizational performance. The relationship between 

product use in care delivery, inventory management of products to ensure that they were 

available to support patient care delivery and clinical decision-making to ensure that the safest 

products are used in patient care was explored extensively. Participants shared the following 

examples of how the lack of access to supply chain data directly impacts patient care: 

We were to begin a case [surgery] and the day before, everybody was reassured that the 

implant was available, [but the] implant [was] not available, and nobody knew where it 

was … we do not scan, we do not record barcodes, we were not keeping track of our 

inventory in a digital way … we have no way to track this [supplies] inside our hospital 

walls … [I now have to] drive an hour and a half to the [hospital] facility and then go 

through their storeroom with their staff to ensure that we have them [supplies], so that I 

do not show up there on the day of [a] surgery without the right equipment because there 

is no visibility. (Surgeon, Roundtable Participant) 

On my first shift, a patient in the ICU [intensive care unit] needed a chest tube and 

everybody did not know where the kit was … Took me an hour to find all the gear I 

needed to put a chest tube in a patient. (Surgeon, Roundtable Participant) 



 

 

The stark reality of supply chain in hospitals was captured by one hospital leader who 

noted the paradox of current healthcare supply chain: 

[It is] safer to buy a bottle of water from our cafeteria than to actually deploy certain 

medical devices and implants because that bottle [of] water is traceable. Many of the 

things that we put into patients and that we use on patients are not. And for me sitting 

around the table with a bunch of grocery executives who have advances in their 

environment, I think, why can’t we do this? (Hospital Leader) 

There was widespread agreement that advancing digitally enabled supply chain must 

prioritize the safety of patients and the clinical workforce. The value of documenting products 

used in care was described as a strategy to advance quality and safety for patients and support 

clinicians in delivering effective care. 

 

Theme 2: “It is beginning with the end in mind, getting the right supplies to the people who 

need them” 

Participants identified the absence of standardized product data capture in patient care records as 

a fundamental barrier to tracking quality and safety of patient outcomes. Participants described 

how utilization of products in care delivery could be linked to outcomes, such as access to care, 

wait times and safety. 

It is beginning with the end in mind, which is getting the right supplies to the people that 

need them … the physician … the hospital. … If there are no supplies, then patient 

outcomes are definitely at risk. That is … why healthcare supply chain is so important. 

(Data Scientist Leader) 

Integration of product data into patient healthcare records was identified as a strategy to 

enable the health workforce to deliver quality of care, efficiently: 

The next step … is creating the visibility of the supplies and devices across an 

organization so you can identify where things are being used, and if you have too much 

of Widget A in this facility and it is being consumed at a greater pace at your second 

facility, you can then shift and move things around … how are we able to leverage data 

for: 1) to drive to better clinical and patient outcomes, and 2) help the organization be 

more efficient and effective in their care delivery. (Digital Health Leader) 



 

 

Participants discussed the importance of clinicians being able to verify, with certainty, 

that the right product was used in patient care. Critically, integration of product data into the 

healthcare record ensures that products are identifiable, and patients can be confident in the 

quality of care and the safety of products used in care: 

In the event of a recall or even a medication incident, having that ability to trace right 

back to the individual [product used in care] … the ability to narrow it down specifically 

to that patient to say, “We know you received it” versus “We think you received it.” 

Think about the impact that would have to a patient’s peace of mind in being able to 

definitively know whether they were impacted or not [by a recalled product]. (Medical 

Device Leader) 

Product data integrated into patient care records enable the use of advanced analytics to 

identify which products used in care achieve the best outcomes for patients. This strategy was 

viewed as critical to ensuring both quality care and cost-effective procurement. 

Then we are able to take and combine those datasets in ways that we can put them 

through analytics engines and look at things like what are the outcomes from using this 

stent and this demographic population and create … the clinical evidence that then can … 

[inform] what do we want to be stocking on the shelves for our patients. (Digital Health 

Leader) 

Participants viewed this as a breakthrough in overcoming the “mess of different data 

systems” by integrating globally standardized product data into the patient healthcare record, 

thereby building the foundation for a digitally enabled health supply chain across Canada. 

 

Theme 3: Interoperability of supply chain data across jurisdictions 

Participants addressed the challenges of coordinating responses to supply shortages that impact 

Canadians across the country’s federated jurisdictions and diverse healthcare systems. Barriers to 

information sharing across jurisdictions was discussed, including governance approaches that 

could enable interoperable flow of data (e.g., product inventory, location, utilization rates) across 

health systems. Participants identified data interoperability as an essential feature of the digital 

supply chain to overcome current fragmentation within and across health systems: 

The information resides in silos and … these silos do not talk to each other. There is no 

way of connecting them together. There is a lot of proprietary software [in health 



 

 

systems] that … do not allow for that connectivity. (Medical Product Distribution 

Leader) 

Participants envisioned seamless data portability to support coordinated care: 

The patient’s [health] information should be portable with them … or travels with them 

wherever they go, wherever they touch the healthcare system; be it institutional, be it at a 

clinic, be it at a family practice physician … your pharmacy … If the patient’s able to 

carry that information with them … and it is seamlessly available to the care team in front 

of them, then there is a lot of benefits that start to happen. (Pharmaceutical Leader) 

Pan-Canadian coordination was viewed as essential by roundtable participants: 

It has to be Pan-Canadian, or [it] just does not work … how do you get them [provinces 

and territories] to do something that could be applied to all Canadians. (Data Scientist 

Leader) 

[We need] data that connects 15 healthcare systems in Canada to one truly Pan-Canadian 

health [information] system. (Digital Health Leader) 

Participants identified the importance of the flow of data across jurisdictions as a feature 

of the digital supply chain that creates the opportunity for strengthening health system 

performance. 

 

Theme 4: Critical product data elements as a foundational element to advance quality of 

care delivery 

Participants defined the data elements required to operationalize and advance digitally enabled 

supply chain across Canadian jurisdictions. The clinical need for product data integrated into 

patient care documentation led participants to a clear consensus on specific data points that 

would be essential to support quality patient care. Participants identified the many outcomes that 

are achievable when product data are integrated into the patient record, and available to 

clinicians to inform care decisions: 

They [clinicians] need to know if there is potential for [product] shortages. They need to 

know about substitutions and recalls. They need to know where supplies are located … 

for the patient, they need [information on] product therapies and medications that were 

used [in care delivery]. (Digital Health Leader) 



 

 

Critical data elements needed to identify the product included lot number and expiry date, 

which informs clinician decisions (e.g., surgeons) of whether products are safe for use in patient 

care. 

I think that is really where we landed in terms of scope … The GTIN [global trade item 

number], the lot [number], the expiry [date], [and the] serial number. (Health Information 

System Leader) 

It is so important to get the data right … because #1 safety and #2 security of supply … 

having this extra level of data would allow everyone … to make important decisions in 

real time. (Medical Product Distribution Leader) 

Critically, participants emphasized that these data elements must be embedded at the 

point of manufacturing and consistently tracked across the global supply chain to enable 

traceability of products used in care, from manufacturer to patient outcomes: 

The manufacturer puts them on the labels on the different packaging levels and makes 

that available to federal, provincial [and] municipal government. (Vaccine-specific 

Expertise Perspective, Roundtable Participant) 

Discussion revealed critical insights into how jurisdictions across Canada could advance 

the digital supply chain, guided by the key data elements included in the Pan-Canadian Health 

Data Content Framework (CIHI 2025). This strategy creates the opportunity to support the 

integration of product data into patient health records for every Canadian. Ultimately, it enables 

documentation of products used in care delivery linked to quality and safety outcomes for 

patients, and supports tracking of product utilization to ensure that health systems have the 

products needed to deliver care to Canadians when and where they are needed. 

 

Discussion 

As Canada faces the highest number of supply disruptions of any country in the world, and given 

that the duration of these disruptions lasts longer than for any other country, the lack of product 

data in patient care documentation has emerged as a foundational barrier to safe patient care and 

resilient supply chain management across Canada (Health Canada 2024). The traceability of 

health product data from manufacturer to patient health outcomes offers a playbook for each 

jurisdiction to advance supply chain resilience across Canada. 



 

 

The results of this study underscore the patient safety imperative of advancing digitally 

enabled supply chain infrastructure. Examples of surgeons driving hours to manually verify the 

availability of the correct implant and intensive care unit staff spending time searching for chest 

tubes and emergency equipment demonstrate the significant burden clinicians experience in 

current health systems when products and supplies are not readily available when needed for care 

delivery. These findings align with previous research documenting care compromises during 

supply shortages, or patient harm where delays or cancellations of treatment are the only option 

(Snowdon et al. 2024). 

The results of this study offer a practical approach to integrating standardized product 

data into patient health records and to digitally enable health system reporting to more fully 

document the quality and safety of care delivery. The majority of Canadian health systems report 

their performance data to the Canadian Institute for Health Information (CIHI), which is leading 

the Pan-Canadian Health Data Content Framework strategy. Integration of product data into 

patient health records ensures that health systems and CIHI can monitor safety and quality of 

care outcomes linked to product use for every Canadian. 

Implementation of product data that are globally relevant positions Canada to better 

document products used in care, safety and quality outcomes of care linked to product use, and 

identify risks to patients when product supply is disrupted and not available to support patient 

care. This integration of product data into individual patient care records offers leaders insights 

into the products used in care, where products are located, which patients are at highest risk 

during product shortages and which products are associated with the best safety outcomes. 

Digital supply chain enables supply chain teams to accurately identify the products needed to 

deliver care, where they are needed and what inventory volume must be maintained to ensure 

that health systems have the capacity to meet the healthcare needs of patients. The digital supply 

chain strategy proposed in this study offers the opportunity for real-time tracking of product 

utilization and future forecasting of product demand to identify patients at risk when products are 

in shortage and to inform equitable distribution of products to patients at greatest risk. Predictive 

analytics to forecast demand and inform more resilient supply management strategies ensures 

that products are available when and where needed. 

Integration of product data into patient records offers national visibility of product 

utilization and product recalls to inform clinicians and health system leaders to monitor 



 

 

outcomes (e.g., readmissions, infections, complications) related to recalled products used in care 

delivery. Integration of product data into the Pan-Canadian Health Data Content Framework may 

be a key enabler that addresses the challenge of identifying safety outcomes of product use in 

care delivery (Canadian Medical Association et al. 2024; Kelley et al. 2021). Currently, if an 

implant, medication or device is recalled, there is no digital infrastructure that can identify which 

patients received the recalled product, and how best to contact them to support risk mitigation of 

potential harmful outcomes. Digital tracking of the precise location and use of products in patient 

care enables efficient removal of recalled products when they are found to cause harm. 

 

From vision to implementation: The critical digital supply chain blueprint 

The digital supply chain strategy provides a playbook for how product data elements can 

seamlessly flow from manufacturer to patient outcomes, establishing a blueprint for advancing 

both patient safety imperatives and supply chain resilience across Canada. The opportunity to 

integrate product data elements into the patient record establishes the foundation for “end-to-

end” supply chain traceability that positions Canadian jurisdictions to support proactive 

management of health supply chain disruptions and ensure that every Canadian has access to safe 

and quality care, when and where it is needed. 

The key features of digital supply chain and the integration of product data into patient 

care records offer Canadian health systems a strategic roadmap that aligns with current federal 

and provincial data modernization efforts. At the provincial and territorial level, digitally enabled 

supply chain can advance collaboration across jurisdictions to better coordinate efforts to manage 

widespread supply disruptions (e.g., pandemic preparedness). At the national level, digitally 

enabled supply chain enables interoperability of supply data to support a more resilient and 

coordinated supply chain strategy across Canada to prevent, or proactively manage, supply 

shortages focused on reducing and eliminating risks for patients who require access to care. 

 

Conclusion 

This study offers a robust digital health supply chain strategy that establishes accurate product 

data integrated into patient health records to identify quality and safety of care outcomes linked 

to product use within and across healthcare systems. The digital supply chain strategy also offers 

a strategic roadmap to strengthening supply chain resilience by tracking product availability, 



 

 

inventory levels and supply disruption risks for patients, which enables health system leaders to 

effectively and equitably distribute products to patients in need. Of critical importance is the 

underlying principle of healthcare supply chain, the end of which is a person’s life. As Canada 

advances its national agenda to strengthen health system performance, supply chain resilience 

must be recognized as foundational for ensuring that health systems in every Canadian 

jurisdiction have the capacity (e.g., the products needed) to deliver safe and quality care to every 

citizen. 
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