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Abstract

Background/Objectives
: Adverse drug events (ADEs) pose increasing risks for patients with chronic kidney disease (CKD). Integrated virtual
care models that leverage clinical pharmacist expertise may mitigate these risks, yet evidence on their economic
value remains limited. This study evaluates the implementation costs, avoided health system resource use, and return
on investment (ROI) of an integrated virtual pharmacy (iVRx) program for CKD patients.

Methods
A retrospective cost and ROI analysis was conducted using referrals to the iVRx program from February 1, 2021, to
January 31, 2022, across nephrology clinics at the University Health Network in Ontario, Canada. pharmacist–patient
encounters and overall program implementation. Avoided health system utilization attributable to pharmacist-
identified medication-related problem interventions was estimated, including primary care visits, specialist visits,
emergency department (ED) visits, and hospital admissions. ROI was calculated as health system costs averted
relative to total program costs.

Results
A total of 80 referrals in the iVRx program were reviewed during the 12 month observation period. Participants were
58 years old (+/- 17) (69% males with a mean (SD) of 8 (+/-3) medications and 6 (+/-3) co-morbidities). The total cost
of program implementation was $9,253.81 for 387 health services provided (cost per person of $115.67). Early
interventions to address identified medication-related problems in patients in the iVRx program resulted in averting a
total of 61 health system resource use events, which included 6 primary care, 37 specialist, 15 ED visits, and 3
hospital admissions, which was associated with a total cost of $75,231.27. Across all scenarios, the iVRx program
achieved an approximate ROI of $8 for every $1 invested.

Conclusions
This is the first study to estimate the ROI of an integrated virtual care model targeting ADEs in high-risk patients with
chronic kidney disease (CKD). The results of this study provide evidence of economic benefits in CKD patients,
demonstrating that the costs of implementing the iVRx outweigh the monetized benefits of the intervention. Future
studies should assess actual health system resource use in CKD patients using an integrated virtual health care
model through randomized controlled trials or evaluation of health administrative datasets.

Article Summary
Strengths and Limitations

Evaluates the potential economic return on investment of a virtual outpatient pharmaceutical care program
supporting individuals living with chronic kidney disease

Characterizes healthcare resource utilization and costs that could be averted with the integration of
comprehensive pharmacy services into the care pathway
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Recruitment was from an urban subspecialty clinic, with participants potentially more likely to be tech savvy than
the general CKD population, possibly increasing the digital equity divide

Observational single-center analysis from a quaternary teaching center and a specialty pharmacy evaluating
theoretically adjudicated outcomes

Background
Adverse drug events (ADEs), now a third leading cause of death in the US, (1) stem from a larger issue of medication-
related problems (MRPs). MRPs account for the top five leading causes of death in patients with complex chronic
diseases like chronic kidney disease (CKD) due to complex care prescriptions leading to frequent medication non-
adherence, adverse drug events, and poor clinical outcomes.(2, 3) These MRPs not only threaten patient safety and
poor clinical outcomes but also impose substantial costs on healthcare systems.(4–6) Despite global calls to action
by the World Health Organization (WHO) in 2017 to address rising MRPs, it continues to be a growing global public
health burden, resulting in annual emergency department (ED) visits of 96,925 and 1.3 million deaths in the US alone.
(7) In Canada, ADEs pose similar health system and economic burdens, resulting in national costs exceeding
$13 billion CAD annually.(8, 9) There is a dire need for targeted models of care to address the escalating crisis of
medication-related problems (MRPs). With their specialized expertise in medication management, pharmacists are
well-positioned to identify and resolve such issues; however, their integration into clinical teams and patient care
pathways remains inconsistent, limiting their potential impact.(10)

Recent evidence suggests that embedding pharmacists within healthcare teams can significantly improve patient
outcomes and generate meaningful cost savings, especially when pharmacists are positioned to proactively address
medication-related challenges.(11) In CKD, this evidence is more prominent.(12) Barriers to optimal integration have
been cited, including gaps in communication and appropriate medication information transfer, a lack of standardized
follow-up and monitoring, and pharmacy services being delivered in siloes.

To address these gaps, in 2021, the University Health Network’s (Toronto, Canada) Division of Nephrology
implemented a virtual pharmacy program (iVRx) integrating community pharmacists to deliver a targeted intervention
in partnership with McKesson Canada. The iVRx aims to ensure access, standardized follow-up and monitoring,
communication between all clinicians, and bidirectional transfer of pertinent medication-related information aligned
with pharmacy practice standards for outpatient nephrology care. (13) The initial evaluation of the program
demonstrated that identifying MRPs enabled early interventions to prevent further patient harm.(14) The continued
implementation and sustainability of integrated care models with targeted medication reviews rely on ongoing
financial resources. This study evaluates the integrated virtual pharmacy program designed for patients with CKD,
focusing on its effectiveness in identifying and resolving MRPs, and its impact on health care resource utilization and
costs. By conducting a cost and return on investment (ROI) analysis, we aim to determine whether integrating
pharmacy services can deliver both health system and financial benefits, and to understand the implementation costs
to support broader adoption and reimbursement of such models within the healthcare system.

The overarching goal was to perform an economic evaluation to determine the cost of the integrated virtual health
care model and its implementation. More specifically, the objectives of this study were to: 1) Identify the cost of the
health services provided (descriptive cost analysis of health services)

2) Assess health system resource use, including primary care, specialist visits, ED visits, and hospitalizations
(descriptive cost analysis of health system resource use)
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3) Determine the return on investment (ROI) associated with the implementation of iVRx in patients with chronic
kidney disease (return on investment analysis)

Methods

Study Design
This study is an economic analysis based on a retrospective review of referrals received in the iVRx program from
February 1, 2021, to January 31, 2022 (12-month period). This study is based on descriptive costing and return on
investment analysis. The analysis was conducted in accordance with the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) statement (15) while following the Canadian Agency for Drugs and Technologies in
Health (CADTH) (16) guidelines for economic evaluation in Canada. The University Health Network institutional
research ethics board approved the study (IRB number:21-6180). Human ethics and consent to participate in the
study has been waived.

Study setting and population
iVRx was implemented at the University Health Network (UHN) Nephrology Division’s ambulatory clinics (Toronto,
Ontario, Canada), which partnered with McKesson Canada’s Pharmacy division (specialty pharmacy and online retail
pharmacy). The iVRx program launched on February 1, 2021, in the five target clinics (Comprehensive Cardio-Renal-
Endo (CaRE) - cardiovascular renal and metabolic syndrome, OncoNephrology, and Glomerulonephritis clinics). The
Division of Nephrology at UHN is an academic centre comprising 23 nephrology practices, offering services ranging
from general nephrology to subspecialty clinics, dialysis, and transplantation, and seeing over 4000 ambulatory
nephrology outpatient visits per year throughout the province of Ontario.

Eligible adult (> 18 years of age) patients were those residing in Ontario from the five nephrology clinics who
presented with a new prescription for any medication in one of four targeted classes (sodium glucose transport
cotransporter 2 (SGLT-2) inhibitors, glucose-like peptide 1 (GLP-1) agonists, proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitors, or immunosuppressants). All consecutive patient referrals could enroll regardless of
language, ethnicity, or access to digital technology, if the patient or caregiver had access to a primary telephone.
Those who had medically documented cognitive impairment, lived in a long-term care facility, taking less than 2
prescription medications or were unavailable for extended periods of time were not referred into the program.

Intervention
Nephrologists initiated enrollment in the iVRx program by using a digital referral form and prescription.(14)
Pharmacists contacted the patient within 24 hours of receiving the prescription for a baseline call. The baseline call
included a standardized medication review (medication reconciliation, drug reimbursement navigation, education,
adherence check, and setting up a tailored monitoring plan). The monitoring plan provided succinct parameters for
pharmacists to check at specific time points: one week after delivery, then one month, and three months. Scheduled
follow-up visits included adherence checks, side-effect investigations, and changes in clinical outcomes. All
consultations with the patient or caregiver were conducted with telephone or video call preapproved platforms
(Microsoft Teams). Pharmacists then connect and collaborate with the prescribers by sharing patient status reports
and issues with each baseline and follow-up call with specific action items and next steps.
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Data Collection

Study perspective and Time Horizon
The study used a payer perspective, considering the Ontario Ministry of Health and Long-Term Care (MOH) as the
payer for health services, specifically physician visits, emergency department visits, and hospital admissions. We
considered the lifetime of the iVRx intervention period (up to 12 months). In line with CADTH guidelines, we did not
consider a 1.5% discount rate as there were no costs and consequences beyond 1 year. Descriptive statistics were
summarized for all costs. All costs are reported in 2025 Canadian dollars (Can$) using the Bank of Canada Consumer
Price Index for inflation to a given base year.(17)

Baseline characteristics of study participants were summarized using descriptive statistics. Continuous variables
were summarized as mean ± standard deviation (SD) or median and interquartile range (IQR), as appropriate, and
categorical variables were summarized by counts and frequencies.

Cost analysis of health services provided and total program cost
Costs for the iVRx program obtained from the retrospective review of referrals considered the following: number of
pharmacist-patient encounters (number baseline calls, standard follow up calls, email correspondence and additional
phone calls), documented pharmacist time spent per encounter, and average pharmacist salary (expressed as hourly
wage based on mid-career 2025 Ontario community pharmacist).(18) Non-labor costs were not included as they were
operational prior to the implementation of iVRx. A pharmacist-patient encounter counted as a health service provided,
and the cost was validated using the Ontario MedsChek Professional Services guidebook as a reference point.(19)
The total cost of iVRx’s implementation and the cost per patient considered the number of pharmacist-patient
encounters (health services provided) throughout the intervention.

Cost analysis of health care system resource use
The consequence from the health service provided (pharmacist-patient encounter) included the avoided health care
system use secondary to each pharmacist-patient encounter. The health care system use avoided was identified
based on an adjudication process. Specifically, the adjudication process started with assessing documented
medication-related problems identified from each pharmacist-patient encounter. Medication-related problems (MRPs)
defined as “any events or circumstances that involves drug therapy that actually or potentially interferes with the
desired health outcomes” and “issues related to: obtaining, taking, managing effects and communication or
coordination related to medications, including insufficient information about medications”(20) were documented in
the standard clinical notes for each patient and encounter. All documented MRPs were independently categorized for
their clinical severity (mild, moderate, severe) by individual registered pharmacists (SO, KC, KL, JMB) guided by the
National Coordinating Council for Medication Error Reporting and Prevention Index.(21, 22) Moderate and severe
MRPs where further adjudicated on the potential health care system used if the intervention was not implemented
(e.g. no incremental healthcare utilization, result in a primary care visit, specialist visit, ED or hospitalization). Where
the adjudicated outcome differed between the raters, consensus was reached by discussing each MRP and the
patient documented encounter information to arrive at a consensus.

The descriptive cost analysis of health system resource use included the costs associated with primary care,
specialist, ED visits and hospital admissions. Due to limitations of the available published data specific to the cost of
ED visits for CKD patients, we assumed that the cost of an ED visit for CKD patients enrolled in the study would be in
line with the cost of an ED visit for a complex patient, e.g. those of a heart failure patient.(23, 24) For the base case
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scenario regarding nephrologists billing costs, we considered the average value of A165 ($162.90) and A160
($310.45).(25) The average of the two values was considered as there may be differences in service fee depending on
whether it is a solo nephrologist or a multidisciplinary clinic providing care.

Return on investment (ROI) analysis
To calculate the iVRx ROI, the benefit or return of an investment, which is the cost of the averted health system use or
gains of iVRx, was divided by the cost of the investment of iVRx. The ROI was expressed as dollars saved, and a
percentage.(26, 27) The iVRx ROI formula is described in Fig. 1. We considered that an ROI greater than or equal to 1
signifies the returns generated by improvement actions, such as the iVRx intervention, are greater than or equal to the
costs for the development and implementation of the intervention; hence, this ROI is considered to be positive. If the
ROI were less than 1, implementing iVRx would yield a net loss from changes in quality and health care utilization. In
this case, the ROI would be considered to be negative.(28) We acknowledge that while the term good ROI remains
subjective, many professionals consider a good ROI to be 10.5% or greater for investments in stocks. This number is
the standard because it is the average return of the Standard and Poor's 500 (S&P 500),(29) a stock market index
tracking the stock performance of 500 of the largest companies listed on stock exchanges in the United States.
Currently, the S&P 500 index serves as a benchmark of the overall performance of the U.S. stock market. Hence, for
the purpose of the ROI analysis in this study, we considered a 10.5% ROI or greater to indicate a very good ROI.

We ran a sensitivity analysis of the ROI for low and high values of the spectrum associated with nephrologists and
specialist care, informed by expert consultation to reflect real-life care scenarios appropriately.

Patient and public involvement in the design and implementation of study was not possible due to the nature of the
retrospective chart reviews.

Results

Study population
A total of 80 referrals were received and assessed from February 1, 2021, to January 31, 2022. Of the 80 referrals, 46
patients received baseline plus 3 calls, 13 patients received only the baseline call, and one patient required an
additional follow-up at 6 months. Table 1 summarizes the primary causes of CKD and the baseline characteristics.
The majority of participants were male (69%), and the mean age (SD) was 58+/-17 years. Most (92%) had a mean
number of comorbidities 6+/-3. The median number of medications at referral was 8 [8,11].
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Table 1
Patient Characteristics

Variable n = 80

Age (years)

Mean (STD)

Median [IQR]

Age Categories

18 to 55

55–64

65–74

≥ 75

57.7 (+/-17.3)

60 [47,70]

31 (39%)

18 (23%)

16 (20%)

15 (19%)

Men (n%) 55 (69%)

Medications

Mean (STD)

Median [IQR]

Number of Medications (n = 72)

Less than 3

3 to 5

6 to 10

Greater than 10

8 (+/-3)

8 [8,11]

3 (4%)

14 (19%)

36 (50%)

19 (26%)

Cause of CKD (n)

Diabetic kidney disease

IgA nephropathy

Cancer

Membranous glomerulopathy

Focal Segmental glomerulosclerosis

Hypertension

Drug induced toxicity

SLE

Hereditary kidney disease

Obstructive uropathy

Other

35

10

10

7

5

3

3

1

1

1

4

Comorbidities

Mean (STD)

6 (+/-3)

6 [4,8]
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Variable n = 80
Median [IQR]

Comorbidities (n)

Cardiovascular Conditions

Endocrine and Metabolic Conditions

Respiratory Conditions

Gastrointestinal Conditions

Cancer

Musculoskeletal Conditions

Blood Disorder

Neurological Conditions

Psychiatric Conditions

69

47

25

24

23

16

10

6

6

Costs

Health services provided and total program cost
The iVRx program delivered 80 baseline calls, followed by a total of 63 follow up calls, with 54 call#1,43 call #2, 43 #3,
and one call #4. The team delivered an additional 115 phone calls outside of the standard baseline and follow-up
calls. In total, 387 health services provided (pharmacist-patient encounters) to iVRx patients with total
implementation cost of $9,253.81 ($115.67 cost/patient). (Table 2)

Table 2
Costs of health services provided by iVRx program

Health services (Pharmacist-patient encounter) Total (n) Cost per Unita Total cost

Baseline Call* 80 $51.97 $4,157.6

Follow up  

Call 1 63 $17.32 $1,091.16

Call 2 54 $935.28

Call 3 43 $744.76

Call 4 1 $17.32

Other call 115 $1,991.8

Email 31 $10.19 $315.89

Total 387   $9,253.81

Total cost per patient $115.67

aCost in 2025 Can$

*Assumption: Baseline call took approximately 1 hour
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Health care system resource use and associated cost
Eighty potential health system resource use was averted with the iVRx interventions made on identified medication-
related problems. Specifically, the potential health care system use avoided included 6 primary care visits, 37
specialist visits, 15 ED visits and 3 hospitalizations. The total costs associated with the respective health system use
were $904.2 for primary care visits, $11,486.65 for specialist visits, $12,198.15 for ED visits and $53,371.95 for
hospitalizations. The total cost associated of health system use averted was $77,960.95. (Table 3)

Table 3
Healthcare system resource averted and associated cost

  Base Case Sensitivity Analysis

Low value

Sensitivity Analysis

Higher value

Healthcare
System
Resource

Total
averted
(n)

Costa per
unit HSU*

Total Cost Cost per
unit HSU

Total Cost Cost per
unit HSU

Total Cost

Primary care
visit

6 $150.70 $904.20 $150.70 $904.20 $150.70 $904.20

Specialist visit 37 $236.67 $8,756.97 $162.9 $6,027.3 $310.45 $11,486.65

Emergency
visit

15 $813.21 $12,198.15 $813.21 $12,198.15 $813.21 $12,198.15

Hospitalization 3 $17,790.65 $53,371.95 $17,790.65 $53,371.95 $17,790.65 $53,371.95

Total 61   $75,231.27   $72,501.63   $77,960.95

* HSU - healthcare system use

a Cost reported in 2025 Canadian dollars (Can$)

Return on investment (ROI)

Base case scenario
The overall cost of the iVRx implementation was $9,253.81. The total cost of health system use averted by iVRx’s
interventions was $75,231.27. Based on the gains over costs of the iVRx implementation, the corresponding ROI of
iVRx was $8.13 for every dollar invested in the program.

Sensitivity analysis
Based on the gains over costs of the iVRx implementation, the corresponding ROI of iVRx was $7.83 (lower value) and
$8.42 (higher value) for every dollar invested in the program.

Discussion
In this study, we found that CKD patients enrolled in the iVRx program, a comprehensive integrated virtual pharmacy
service, intervened on MRPs, possibly avoiding adverse drug events. Our results demonstrated that these clinically
relevant MRPs required an intervention to prevent patient harm. Furthermore, these interventions potentially averted a
significant health care cost avoiding unnecessary visits to the general practitioner, specialist, emergency room, or
hospitalizations. We note that the corresponding ROI of iVRx was an estimated eight-fold potential benefit in averted
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healthcare system resource use for every dollar invested in the iVRX program The study highlights the cost-
effectiveness of a virtual integrated care model harnessing pharmacist expertise in addressing MRPs, its impact on
health care resource use and translating to a favorable ROI to the address significant burden of MRPs in vulnerable
patients with CKD.

Several factors may account for the substantial impact observed in the study findings. First, the iVRx program
employs an integrated model designed to address critical barriers in the medication management process—
specifically, communication, monitoring, and access.(30) The implementation of a unified communication channel
and a consolidated referral/prescription form effectively streamlines the transfer of medication-related information
among clinicians, thereby mitigating inefficiencies and reducing the risk of miscommunication. Notably, deficiencies
in communication between patients and healthcare providers are a leading cause of adverse drug events (ADEs), with
over 50% of preventable ADEs in ambulatory care attributed to inadequate exchange of medication information.(31)
Furthermore, the program incorporates a standardized follow-up and monitoring protocol that proactively identifies
medication-related problems (MRPs) in vulnerable patients with chronic kidney disease (CKD). Evidence suggests
that insufficient patient-clinician communication, or patients’ inability to articulate medication concerns, contributes
to more than half of preventable adverse drug reactions (ADRs), with approximately 36% of MRPs occurring during
the monitoring phase.(7) The model strategically positions pharmacists to effectively address MRPs by providing
them with the right tools for communication and effective monitoring. Furthermore, using a virtual health space broke
down siloed practices between health care professionals (e.g., physicians and pharmacists), allowing the virtual
platform to open a virtual corridor to support interprofessional collaboration between clinicians. The model does not
rely on elaborate and resource-intensive solutions but instead harnesses readily available processes, expertise, and
digital solutions without large, extensive system overhauls. With this, the solution is not resource-intensive nor pulls
further from an already strained health care system.

A second factor that may underly the substantive benefits reported in this analysis is the targeting of high-risk
patients and the delivery of services where they are needed the most.(32) The WHO identified patients with a high
number of comorbidities and medications vulnerable to MRPs.(7) The frequency of health care visits, transitions of
care, and providers further increases this risk. In Ontario, Canada, a study of the annual MedsCheck program showed
that less than 5% of eligible patients with diabetes received follow-up and monitoring.(33) and the majority were
conducted in younger patients with fewer medications rather than high-risk patients. Through the iVRx program,
community pharmacists are supported by focusing their expertise towards patients who will benefit the most; thus
effectively providing impactful service.

Challenges with sustainability and reimbursement exist for this virtual pharmacist-led clinical care, which we have
demonstrated provides a reasonable return-on-investment (ROI) to avert more costly healthcare resource utilization.
Suppose chronic disease management programs like this are to exist with a pharmacist providing chronic disease
management care. In that case, there is a need to reassess pharmacist service (not necessarily pharmacies)
reimbursement model in Ontario and Canada that is independent of the dispensing of medication and aligned with
the outpatient and/or community setting. Insufficient reimbursement for pharmacist chronic disease management
care activities for individuals with diabetes has been identified as one of the barriers to providing routine monitoring
and follow-up in a community setting.(10) For this patient population, more than half of the individuals are not
necessarily eligible for public health coverage for medications (Ontario Drug Benefit), and thus their care is covered
with private insurance; however, limited chronic disease management reimbursement exists in the private insurance
space for pharmacists. Provincial reimbursement in Ontario for MedsCheck and Minor Aliment reimbursement in
Ontario is a step in the right direction; however, the intervention does not align with chronic disease management
frequency of care. Reimbursement for pharmacists’ care in these patients with complex needs should be aligned with
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the pharmaceutical care standards of practice for patients with CKD.(13, 34) Provincial pharmacy programs for the
CKD patient population have been implemented with dedicated funding to support care elsewhere in Canada.(10, 32)
Findings in the current study demonstrate that the positive ROI emphasizes the need for further investment in the
pharmacy-provided services, which is a significant opportunity for policy change to address the financial burden of
these high risk patients.

Finally, to the best of our knowledge, this is the first study to demonstrate interventions delivered through an
integrated pharmacy model that can potentially avoid health care system use and result in an $8.13 return on
investment for every $1 spent on the program. This is especially significant in patients with CKD, where medication
management is complex, MRPs are high, and the financial burden to the health care system is costly.(5) In Canada,
managing advanced chronic kidney disease carries an estimated cost of care of $14,634 per year per patient.(4)
Comparably, an analysis of advanced CKD without renal replacement therapy in the US showed a cost of $11,879 for
general outpatient management escalating to $31,212 for an acute hospitalization from a CKD-related complication
(e.g., hyperkalemia), similar to the current study’s population.(35) The rise in downstream health care system costs is
in part a consequence of unaddressed MRPs in vulnerable CKD patients. Recently, the URGEIM trial in France (36)
demonstrated similar results in decreasing ED visits when solutions integrate the expertise of pharmacists and
position them within in the circle of care. Weber et al (37) studied a multidisciplinary care model in patients with
cardio-renal metabolic syndrome, demonstrating a projected $250 million USD cost savings, while Vassalotti et al’s
(38) advanced CKD study showed both a decrease in health care system use and cost savings. Though results from
these types of studies are limited, they provide a promising start to demonstrate the impact of integrated care models
to address MRPs in complex chronic diseases like CKD on improvements in health care use and costs.

The present study has some limitations. First, there is no data on how frequently individuals referred to the iVRx
program used the health care system after each pharmacist intervention was captured. Also, MRPs and interventions
were only categorized by their potential for patient harm and subsequent health care use, a process measure, and not
actual ADEs. A rigorous adjudication process by independent pharmacists was followed to ensure classification
followed a standardized, globally accepted methodology, thereby strengthening the agreement to practice standards.
(21) A study to relate actual ADEs to health resource outcomes or clinical events would require a larger study of
longer duration. Additionally, there may be concerns about the generalizability of the study’s findings in that the
referrals came from one quaternary urban academic centre. As patients were referred from five different nephrology
clinics, we anticipate that a broad range of patients with complex chronic diseases will be fully represented in the
study, reflecting the current population. Finally, using only one corporate community pharmacy partner may limit the
practice's applicability and scalability to other community pharmacies. However, the proposed model harnessed
current standards of practice and resources, without requiring large deviations or a process overhaul, to support its
feasible implementation alongside other community pharmacy practices.(39)

Conclusion
The findings illustrate the economic benefits of iVRX intervention in CKD patients. This is the first evaluation
estimating the ROI of the integrated virtual health care (iVRx) intervention for CKD patients in Ontario, demonstrating
that the costs to implement iVRx are outweighed by the monetized benefits of the intervention. There is a need to
implement targeted integrated care models to address the increasing burden of MRPs in patients with complex
chronic disease. Strategies need to ensure they are cognizant of the limitations of the current health care system and
its resource constraints. The present study provides evidence of an integrated care model using pharmacist expertise
to address MRPs in complex chronic kidney disease, potentially diverting unnecessary health care use and achieving
a positive return on investment.
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