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Expanding Access to High KDPI Kidney 
Transplant for Recipients Aged 60 y and Older: 
Cost Utility and Survival
Ryan J. Bamforth, MSc,1 Aaron Trachtenberg, MD, DPhil,2,3 Julie Ho, MD,2,3 Chris Wiebe, MD,2,3 
Thomas W. Ferguson, MSc,1 Claudio Rigatto, MD,1,2 Evelyn Forget, PhD,4 Nancy Dodd, PEng,3 and 
Navdeep Tangri, MD1,2

Background. Modern organ allocation systems are tasked with equitably maximizing the utility of transplanted organs. 
Increasing the use of deceased donor organs at risk of discard may be a cost-effective strategy to improve overall trans-
plant benefit. We determined the survival implications and cost utility of increasing the use of marginal kidneys in an older 
adult Canadian population of patients with end-stage kidney disease.  Methods. We constructed a cost-utility model 
with microsimulation from the perspective of the Canadian single-payer health system for incident transplant waitlisted 
patients aged 60 y and older. A kidney donor profile index score of ≥86 was considered a marginal kidney. Donor- and 
recipient-level characteristics encompassed in the kidney donor profile index and estimated posttransplant survival scores 
were used to derive survival posttransplant. Patients were followed up for 10 y from the date of waitlist initiation. Our analy-
sis compared the routine use of marginal kidneys (marginal kidney scenario) with the current practice of limited use (status 
quo scenario).  Results. The 10-y mean cost and quality-adjusted life-years per patient in the marginal kidney scenario 
were estimated at $379 485.33 (SD: $156 872.49) and 4.77 (SD: 1.87). In the status quo scenario, the mean cost and 
quality-adjusted life-years per patient were $402 937.68 (SD: $168 508.85) and 4.37 (SD: 1.87); thus, the intervention was 
considered dominant. At 10 y, 62.8% and 57.0% of the respective cohorts in the marginal kidney and status quo scenarios 
remained alive.  Conclusions. Increasing the use of marginal kidneys in patients with end-stage kidney disease aged 
60 y and older may offer cost savings, improved quality of life, and greater patient survival in comparison with usual care. 

(Transplantation Direct 2024;10: e1629; doi: 10.1097/TXD.0000000000001629.) 

Modern organ allocation systems combine donor and 
recipient characteristics to maximize transplant ben-

efit, balancing justice with utility.1 The kidney donor profile 
index (KDPI) is a predictor of graft failure and other out-
comes, including delayed graft function,2,3 whereas survival 
after transplant is predicted with the estimated posttrans-
plant survival (EPTS) score. In the United States, the Organ 
Procurement and Transplantation Network uses KDPI and 
EPTS scores to facilitate longevity matching in organ alloca-
tion such that patients expected to survive longer (low EPTS) 
receive higher priority for better quality (low KDPI) organs.4

Expanding the donor pool to increase the number of 
transplantable kidneys is foundational to reducing the organ 
shortage5,6 and is an especially timely goal because transplant 
programs address the backlog created by the interruption of 
services from the COVID-19 pandemic.7,8 A seminal study 
using the 2008–2015 United Network for Organ Sharing data 
examined the outcomes of waitlisted patients who received 
deceased donor kidney offers that were declined and subse-
quently transplanted to a lower-priority recipient. An average 
of 10 waitlisted patients died each day, and those who died 
had received a median of 16 offers (declined: 92.6% for donor 
quality by transplant programs and 2.6% for patient-related 
factors).9 The risks of waiting for a better offer are ampli-
fied in older patients such that the time to the equivalent risk 
of transplant compared with death/waitlist removal is only 
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41 mo for those aged 65–69 y.10 There is growing evidence 
that longevity matching marginal donors (high KDPI) to older 
recipients (high EPTS) offers improved survival compared 
with remaining on the waitlist in hopes of a better offer.11-

13 However, outside the Eurotransplant Senior Program this 
longevity matching is predominantly a transplant program 
practice and not organ allocation policy.14-16

US data show high KDPI transplants cost 12.2% less per 
quality-adjusted life-years (QALYs) than dialysis, suggesting 
that this is a dominant strategy.17 However, high KDPI trans-
plant cost-effectiveness data are lacking outside the United 
States and would be helpful to inform organ allocation policy 
revision in a single-payer health system. Therefore, the pur-
pose of this study was to describe the survival implications 
and cost utility of increasing the use of high KDPI kidneys 
in an older adult population of patients with end-stage kid-
ney disease (ESKD) from a Canadian provincial transplant 
program. Our goal was to create a transparent cost-utility 
model that could inform the allocation of high KDPI kidneys 
in other countries and health systems.

MATERIALS AND METHODS

Population and Health System
Manitoba is the fifth largest Canadian province with a 

population of approximately 1.3 million citizens.18 Manitoba 
has the highest rate of ESKD in Canada, estimated at 1,703 
per million population, and has a universal healthcare 
system, which is both provincially and federally admin-
istered.19,20 Northern rural regions of Manitoba are exceed-
ingly burdened by ESKD, with rates being estimated to be 
3-fold higher than other regions in the Canadian province.21 
With respect to treatment mix, Manitoba has among the 
lowest proportion of patients receiving kidney transplants in 
Canada, resulting in the highest utilization of dialysis coun-
trywide.19 Providing in-center dialysis therapy for patients 
with kidney failure imposes a high cost burden on the pro-
vincial healthcare system, exceeding $200 000 per patient 
per year in certain rural and remote regions of Manitoba22 
with the comparable treatment in an urban setting costing 
approximately $64 000.23

Model Overview
A decision-analytic Markov model using microsimulation 

with TreeAge Pro 2022 (Williamstown, MA) was developed 
from the perspective of the Canadian health payer, following 
published economic evaluations in healthcare guidelines.24,25 
Our model simulated 584 patients, mirroring the waitlist 
population of patients aged 60 y and older in Manitoba from 
January 2010 to November 2020. Primary model outcomes 
included mean costs (in 2022 Canadian dollars) and util-
ity (QALYs) per patient, the incremental cost-effectiveness 
ratio (ICER) between the intervention and usual care, overall 
cohort survival, and mean patient survival between marginal 
kidney recipients and transplant-naive patients in months. 
The status quo scenario (usual care) follows provincial alloca-
tion guidelines being that kidneys with a KDPI <20 are never 
allocated to those aged 60 y and older and with a KDPI of 
≥85 are routinely discarded and only used in exceptional 
circumstances. Comparatively, the marginal kidney scenario 
(intervention) follows the same allocation practices for kid-
neys with a KDPI of <20 but assumes routine acceptance of 

high KDPI transplants to recipients aged 60 y and older. Our 
model considered a 10-y time horizon (120 monthly cycles) 
and discounted all future costs and utilities at 5%.24

Patients transitioned through various health states 
included in the model: on the waitlist, death on the waitlist, 
transplant-ineligible, on transplant (KDPI groupings: ≥86, 
60–85, 36–59, and 20–35), surviving posttransplant with 
functioning graft, death-censored graft failure, permanent 
dialysis, and death. Primary model inputs included patient 
waiting time, transplant ineligibility, mortality, and death-
censored graft failure rates associated with patients aged 60 
y and older. Waiting times were incorporated with a modifi-
able variable for ease of interchangeability, reflecting changes 
in organ supply and organ acceptance rate. Transplant ineli-
gibility was determined whether the patient was coded as 
“ineligible,” “moved,” “no interest,” or “unknown” as their 
most recent status. Transplant-naive patients were those who 
never received a kidney transplant within the duration of the 
model (eg, patients who remain on the waitlist throughout 
the full model duration, patients who transition to death 
before receiving a transplant, and who become ineligible 
before receiving a transplant). This model used a half-cycle 
correction to account for the overestimation of state mem-
bership as patients ultimately transition from state to state 
at different times within cycles. An overview of each model 
section is shown in Figure 1.

Model Inputs
Five-year posttransplant survival benefits by EPTS/KDPI 

combination (KDPI grouped: ≥86, 85–60, 59–36, and 35–20) 
compared with remaining on the waitlist were determined by 
using an online tool developed by the Epidemiology Research 
Group for Organ Transplantation at the John Hopkins School 
of Medicine and are based on US data (Item S1, SDC, http://
links.lww.com/TXD/A646).26 Because 10-y survival benefits 
were publicly unavailable, a life table approach incorporat-
ing relative survival estimates of patients after first deceased 
donor kidney transplant compared with those who have never 
received a kidney transplant, by age group, was used to deter-
mine patient survival after 60 mo posttransplant (Item S2, 
SDC, http://links.lww.com/TXD/A646).27,28

Data sourced from Transplant Manitoba was used to derive 
the probabilities of the following events: death on the waitlist 
pretransplant, becoming ineligible for a transplant and receiv-
ing a transplant.29 The probability of death, once patients 
transition to permanent dialysis because of ineligibility, was 
assumed to be that of the national Canadian dialysis population 
(Item S3, SDC, http://links.lww.com/TXD/A646).30 The rate 
of death-censored graft failure (KDPI groupings <85 and ≥86) 
was sourced from the literature.17 Death after death-censored  
graft failure was derived by applying a hazard ratio to waitlist 
mortality rates.29,31

The probability of receiving a transplant in the marginal 
kidney scenario was proportionately increased by the fac-
tor in which the supply of kidneys with a KDPI of 86–100 
increased. The increase in kidney supply was based on the 
number of kidneys that declined for transplant because of 
their quality, with a KDPI of 86–100 in the years 2018–2020 
in Manitoba.29,32 Within this pool, all were from donations 
after circulatory death. The distribution of KDPI scores for 
available donor organs in the status quo scenario was derived 
from KDPI scores of transplanted kidneys in Manitoba.29 The 
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KDPI distribution in the marginal kidney scenario was derived 
by adding the additional marginal kidneys available for trans-
plant to this distribution.12,32 Unless otherwise specified, the 
analysis assumed a 100% marginal kidney acceptance rate 
at both the clinician and patient levels. Graphical representa-
tions of the KDPI distribution for the original and new kidney 

supplies are shown in Items S4 and S5 (SDC, http://links.lww.
com/TXD/A646).

Regarding EPTS inputs, a Canadian study was used to 
create the distribution of diabetes diagnoses (yes or no) in 
the waitlist population.33 Candidate time on dialysis before 
entering the model was assumed to be 0 mo. Candidate age 

FIGURE 1.  Model overview. KDPI, kidney donor profile index.
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entering the model was assumed to be 60, based on data 
demonstrating the benefit in recipients aged 60 y and older.13 
Candidate age was then tracked by month within the model. 
All rates were converted into monthly probabilities, taking 
into consideration their respective timeframe differences. 
Utility estimates (as measured in QALY weights) for dialy-
sis and transplant patients were sourced from a systematic 
review.34 An assumption was made that kidney transplants 
yield the same baseline utility scores regardless of KDPI 
rating.

Costs
Annual dialysis costs were sourced from a recently pub-

lished study conducted from the perspective of the pub-
lic payer.23 This study considered costs related to dialysis 
care, such as labor, supplies, equipment, dialysis-specific 
pharmaceuticals, overhead, initial patient training, and 
capital costs, which were split out by modality (in-center 
hemodialysis, home hemodialysis, and peritoneal dialy-
sis).23 A blended approach taking into consideration both  
program-specific dialysis modality mix35 and modality-
specific costs to determine the average cost of dialysis per 
patient. Recipient transplant costs related to outpatient 
care, diagnostic imaging, inpatient care, physician claims, 
and laboratory tests were drawn from a Canada-specific 
study.36 The cost of organ procurement was sourced from 
the 2023 interprovincial billing rates for designated high-
cost transplants of the Interprovincial Health Insurance 
Agreements Coordinating Committee in Canada.37 This 
encompasses all costs related to acquisition, storage, ship-
ment, and maintenance of the organ as well as hospital and 
medical costs of the donor.37 Transplant-related medication 
costs are specific to the local transplant program.38 Costs 
were converted to 2022 Canadian dollars (CAD) using the 
Canadian Consumer Price Index (Item S6, SDC, http://links.
lww.com/TXD/A646).39,40 All model inputs and costs are 
located in Table 1.

Sensitivity and Scenario Analyses
Univariate sensitivity analysis was performed on main cost 

parameters by varying their estimates by ±25% from base-
line to determine their individual impact on the costs. Waiting 
times varied by altering the percentage of marginal kidneys 
accepted for transplant (100%, 75%, 50%, and 25%) to 
evaluate the new cost and QALY estimates. Deterministic 
and probabilistic sensitivity analysis (first- and second-order 
Monte Carlo simulation) were performed concurrently on 
584 random first-order Monte Carlo trials on 100 different 
samples to estimate the variation among individual expected 
lifetime costs and effectiveness and parameter uncertainty. 
Finally, mean cost and effectiveness estimates for marginal 
kidney recipients and transplant-naive patients in the mar-
ginal kidney scenario were estimated in scenario analysis.

Guidelines
Our analysis follows the Consolidated Health Economic 

Evaluation Reporting Standards 2022 (CHEERS 2022) state-
ment.25 The checklist is provided in Item S10 (SDC, http://
links.lww.com/TXD/A646). Ethical approval for this pro-
posed project was obtained from the University of Manitoba 
Research Ethics Board (Ethics No. HS23415 [H2019:344]).

RESULTS

Internal Validation
Model predictions for the number of patients on the 

waitlist becoming ineligible for a transplant, the number of 
transplants performed, and deaths on the waitlist were all in 
close agreement with the observed rates found in Transplant 
Manitoba data during a 10-y period (Table 2).

Costs
Total mean (SD) and associated 25%, 50%, and 75% 

percentile costs at 1, 2, 3, 5, and 10 y for 60-y-old incident 
kidney transplant waitlist patients are summarized in Table 3. 
During 10 y, the total mean cost per patient in the status quo 
scenario was estimated at $402 937.68 (SD: $168 508.85). In 
the marginal kidney scenario, the total mean cost per patient 
during 10 y was $379 485.33 (SD: $156 872.49), representing 
a $23 452.35 reduction in cost per patient in comparison with 
the status quo scenario.

Quality of Life
Table 4 outlines 1, 2, 3, 5, and 10 y mean (SD) and asso-

ciated 25%, 50%, and 75% percentile QALY estimates per 
patient by scenario. During 10 y, the mean QALYs per patient 
in the status quo and marginal kidney scenarios were 4.37 
(SD: 1.81) and 4.77 (SD: 1.87), representing a difference 
of 0.4 QALYs per patient in favor of the marginal kidney 
scenario.

Cost Utility
During a 10-y time horizon, the mean cost-utility ratio in 

the status quo and marginal kidney scenarios were $92 205.42 
and $79 556.67 per waitlisted patient. The difference in cost-
utility ratios between the status quo and marginal kidney sce-
narios was $12 648.75 per QALY in favor of the marginal 
kidney scenario. The ICER between the 2 scenarios indi-
cated that the new intervention was dominant in comparison 
with the usual care scenario. The full results are presented in 
Table 5.

Survival
Patient survival rates by scenario are presented in Figure 2. 

Overall, 57.0% of the incident waitlisted patients survived 
for 10 y in the status quo scenario. In the marginal kidney 
scenario, 62.8% of the incident waitlisted patients survived 
for 10 y, representing a difference of 5.8%. As per Table 6, 
patients who received a marginal kidney in the marginal kid-
ney scenario survived 114.71 mo on average. In comparison, 
mean survival in months for patients who never received a 
transplant (including patients who remain on the waitlist 
throughout the full model duration, patients who transition 
to death before receiving a transplant, and who become ineli-
gible before receiving a transplant) was 74.07 mo on, rep-
resenting a difference of 40.64 mo between these subsets of 
patients.

Sensitivity and Scenario Analyses
Deterministic and probabilistic sensitivity analysis yielded 

a mean 10-y cost per patient in the status quo scenario of 
$411 858.75 (SD: $82 889.13), with QALYs during the 
same time period of 4.38 (SD: 0.20). In the marginal kidney 
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TABLE 1.

Model inputs

Variable Point estimate Distribution Source

Recipient EPTS score
 � Diagnosis of diabetes 0.937 – Arora et al33

 � Candidate time on dialysis Enter model at 0 – Assumption + model dependent
 � Prior organ transplants 0 – Assumption
 � Candidate age 60 – Assumption/model determined
Monthly dialysis costs
 � Peritoneal dialysis, month 1 (2016 CAD) $10 378.50 Gamma–alpha: 16, beta: 0.00154 Beaudry et al23

 � Peritoneal dialysis, month 2 + (2016 CAD) $3221.50 Gamma–alpha: 16, beta: 0.00497 Beaudry et al23

 � Home hemodialysis, month 1 (2016 CAD) $15 459.17 Gamma–alpha: 16, beta: 0.00104 Beaudry et al23

 � Home hemodialysis, month 2 + (2016 CAD) $3269.67 Gamma–alpha: 16, beta: 0.00489 Beaudry et al23

 � In-center hemodialysis, month 1 + (2016 CAD) $5351.17 Gamma–alpha: 16, beta: 0.00299 Beaudry et al23

Dialysis modality proportions
 � Peritoneal dialysis 14.70% – Manitoba Renal Program35

 � Home hemodialysis 7.00% – Manitoba Renal Program35

 � In-center hemodialysis 78.30% – Manitoba Renal Program35

Recipient related transplant costs
 � Labs, year 1 (2008 CAD) $5292.00 Gamma–alpha: 89.00, beta: 0.0168 Barnieh et al36

 � Labs, year 2 + (2008 CAD) $1759.00 Gamma–alpha: 110.80, beta: 0.063 Barnieh et al36

 � Diagnostic imaging, year 1 (2008 CAD) $285.00 Gamma–alpha: 89.00, beta: 0.0373 Barnieh et al36

 � Diagnostic imaging, year 2 + (2008 CAD) $712.00 Gamma–alpha: 110.80, beta: 0.1556 Barnieh et al36

 � Physician services, year 1 (2008 CAD) $6330.00 Gamma–alpha: 89.00, beta: 0.0141 Barnieh et al36

 � Physician services, year 2 + (2008 CAD) $2049.00 Gamma–alpha: 110.80, beta: 0.0541 Barnieh et al36

 � Inpatient services, year 1 (2008 CAD) $32 005.00 Gamma–alpha: 89.00, beta: 0.0028 Barnieh et al36

 � Inpatient services, year 2 + (2008 CAD) $3344.00 Gamma–alpha: 110.80, beta: 0.0331 Barnieh et al36

 � Outpatient services, year 1 (2008 CAD) $8647.00 Gamma–alpha: 89.00, beta: 0.0103 Barnieh et al36

 � Outpatient services, year 2 + (2008 CAD) $4248.00 Gamma–alpha: 110.80, beta: 0.0261 Barnieh et al36

 � Medication, year 1 (2019 CAD) $10 059.47 Gamma–alpha: 89.00, beta: 0.0088 Transplant Manitoba + McKesson38

 � Medication, year 2 + (2019 CAD) $33 338.83 Gamma–alpha: 110.80, beta: 0.0332 Transplant Manitoba + McKesson38

Donor-related transplant costs
 � Organ procurement (April 2023 CAD) $31 780 – Interprovincial Health Insurance 

Agreements Coordinating 
Committee37

Other
 � Estimated original and new kidney supply by KDPI See Items S4 and S5 (SDC, http://

links.lww.com/TXD/A646)
– Bae et al12 + Transplant Manitoba32

 � Model calibrated probability of death on the waitlist See Item S7 (SDC, http://links.
lww.com/TXD/A646)

– Transplant Manitoba29

 � Model calibrated probability ineligible for a transplant See Item S8 (SDC, http://links.
lww.com/TXD/A646)

– Transplant Manitoba29

 � Model calibrated probability of receiving a transplant See Item S9 (SDC, http://links.
lww.com/TXD/A646)

– Transplant Manitoba29

 � Time to death-censored graft failure KDPI ≤85 – Weibull scale: 0.002616, shape: 0.8666 Axelrod et al17

 � Time to death-censored graft failure KDPI >85 – Weibull scale: 0.00185948, shape: 
1.0776

Axelrod et al17

 � Probability of death posttransplant See Items S1, S2, and S7 (SDC, 
http://links.lww.com/TXD/A646)

– Transplant Manitoba29 + Bae et al12 
and Gondos et al27 + Arias et al28

 � Probability of death, permanent dialysis because of 
ineligibility

See Item S3 (SDC, http://links.
lww.com/TXD/A646)

– CORR30

 � Probability of death, permanent dialysis after graft 
failure (hazard ratio applied to waitlist death rates)

1.78 – Rao et al31

 � Discount rate, costs 0.5 – CADTH24

 � Discount rate, utilities 0.5 – CADTH24

 � CPI See Item S6 (SDC, http://links.
lww.com/TXD/A646)

– Statistics Canada39

 � Utility, hemodialysis facility-based 0.71 Normal mean: 0.71, SD: 0.04 Wyld et al34

 � Utility, peritoneal dialysis 0.71 Normal mean: 0.71, SD: 0.04 Wyld et al34

 � Utility, home hemodialysis 0.71 Normal mean: 0.71, SD: 0.04 Wyld et al34

 � Utility, transplant 0.82 Normal mean: 0.82, SD: 0.04 Wyld et al34

CAD, Canadian dollar; CADTH, Canadian Agencies for Drugs and Technologies in Health; CORR, Canadian Organ Replacement Registry; CPI, Consumer Price Index; EPTS, estimated posttransplant 
survival; KDPI, kidney donor profile index.
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scenario, the mean 10-y cost and QALYs were $386 494.89 
(SD: $65 304.42) and 4.77 (SD: 0.18) per patient, respectively. 
The marginal kidney scenario remained dominant in 90% of 
random samples, with 10% yielding higher mean QALYs and 
costs in comparison with the status quo scenario. All sam-
ples were within a willingness-to-pay threshold of $100 000 
CAD. Mean and 25%, 50%, and 75% percentile results by 
scenario can be found in Table 7, with graphical results shown 
in Figure 3.

In univariate sensitivity analyses, the most influential cost 
parameter in both scenarios was identified as the monthly 
cost of dialysis. Altering the monthly cost of dialysis by 

±25% varied the 10-y mean cost of care by ±$95 532.71 
(spread = $191 065.42) in the status quo scenario and by 
±$75 785.13 (spread = $151 570.28) in the marginal kidney 
scenario. The 10-y mean cost of care per patient in the mar-
ginal kidney scenario remained below that in the status quo 
scenario in all univariate sensitivity analyses performed. Full 
results are shown in Table 8, with graphical results repre-
sented in Figures 4 and 5.

During 10 y, the mean cost and QALYs for transplant-naive 
patients in the marginal kidney scenario were $353 966.35 
and 3.63, respectively. Comparatively, for marginal kidney 
recipients, the mean cost and QALYs were $411 112.67 

TABLE 2.

Waitlist validation, transplant Manitoba data vs model output

Ineligible Waitlist deaths Transplants

Year Transplant 
Manitoba data

Model 
output

Validation Transplant 
Manitoba data

Model output Validation Transplant  
Manitoba data

Model output Validation

1 27 27 100.0% 8 8 100.0% 13 13 100.0%
2 28 28 100.0% 15 15 100.0% 14 14 100.0%
3 28 28 100.0% 10 10 100.0% 11 11 100.0%
4 29 29 100.0% 13 13 100.0% 6 6 100.0%
5 15 15 100.0% 10 10 100.0% 9 9 100.0%
6 9 9 100.0% 9 9 100.0% 13 13 100.0%
7 10 10 100.0% 6 6 100.0% 4 4 100.0%
8 9 9 100.0% 6 6 100.0% 2 2 100.0%
9 7 7 100.0% 0 0 100.0% 2 2 100.0%
10 7 7 100.0% 2 2 100.0% 5 5 100.0%

TABLE 3.

Treatment specific costs per patient (first-order Monte Carlo simulation)

Scenario 1 y 2 y 3 y 5 y 10 y

Status quo
 � Mean (SD) $70 064.06 (6832.84) $130 797.43 (17 738.47) $183 514.54 (34 435.36) $266 512.25 (73 272.11) $402 937.68 (168 508.85)
 � Quartile 1 $69 605.38 $133 880.58 $195 095.05 239 413.35 257 277.31
 � Median $69 605.38 $133 880.58 $195 095.05 308 917.88 486 966.35
 � Quartile 3 $69 605.38 $133 880.58 $195 095.05 308 917.88 549 304.86
Marginal kidney
 � Mean (SD) $73 316.30 (12 431.55) $135 559.58 (21 233.88) $187 957.88 (37 062.38) $261 935.41 (72 792.91) $379 485.33 (156 872.49)
 � Quartile 1 $69 605.38 $133 880.58 $195 095.05 220 189.99 264 109.83
 � Median $69 605.38 $133 880.58 $195 095.05 306 572.43 367 563.42
 � Quartile 3 $69 605.38 $133 880.58 $197 918.54 308 917.88 549 304.86

TABLE 4.

Quality-adjusted life-years per patient (first-order Monte Carlo simulation)

Scenario 1 y 2 y 3 y 5 y 10 y

Status quo
 � Mean (SD) 0.69 (0.04) 1.32 (0.17) 1.87 (0.35) 2.78 (0.76) 4.37 (1.81)
 � Quartile 1 0.69 1.35 1.98 2.65 2.65
 � Median 0.69 1.35 1.98 3.15 5.62
 � Quartile 3 0.69 1.35 1.98 3.15 5.62
Marginal kidney
 � Mean (SD) 0.70 (0.05) 1.34 (0.17) 1.92 (0.35) 2.91 (0.78) 4.77 (1.87)
 � Quartile 1 0.69 1.35 1.98 3.15 3.30
 � Median 0.69 1.35 1.98 3.15 5.62
 � Quartile 3 0.69 1.35 2.05 3.38 6.20
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and 5.94, respectively, representing an ICER of $24 738.67 
between scenarios. Results are shown in Table 9.

Scenario analysis considering varying levels of marginal 
kidneys accepted for transplant are in Table 10. When accept-
ing from 75% to 25% of potential kidneys, the mean costs 
and QALYS ranged from $389 291.33 to $398 662.76, and 
4.70 to 4.50, respectively. All scenarios remained dominant in 
comparison with the status quo scenario.

DISCUSSION

Using data from a Canadian provincial transplant pro-
gram, our model demonstrates the cost, utility, and patient 
survival implications related to increasing the use of high 
KDPI kidneys. Our results suggest that the marginal kidney 

scenario is dominant because patients were treated at a 
lower mean cost and experienced higher mean QALYs dur-
ing a 10-y time horizon in comparison with the status quo 
scenario. Additionally, our model estimated that 57.0% and 
62.8% of the status quo scenario and marginal kidney sce-
nario cohorts, respectively, would remain living at the end 
of 10 y. In comparison with transplant-naive patients, our 

TABLE 5.

Cost per quality-adjusted life-years per patient (first-order Monte Carlo simulation)

Scenario 1 y 2 y 3 y 5 y 10 y

Status quo
 � Mean $101 542.12 $99 088.96 $98 136.12 $95 867.72 $92 205.42
 � Quartile 1 $100 877.36 $99 170.80 $98 532.85 $90 344.66 $97 085.78
 � Median $100 877.36 $99 170.80 $98 532.85 $98 069.17 $86 648.82
 � Quartile 3 $100 877.36 $99 170.80 $98 532.85 $98 069.17 $97 741.08
Marginal kidney
 � Mean $104 737.57 $101 163.87 $97 894.73 $90 012.17 $79 556.67
 � Quartile 1 $100 877.36 $99 170.80 $98 532.85 $69 901.58 $80 033.28
 � Median $100 877.36 $99 170.80 $98 532.85 $97 324.58 $65 402.74
 � Quartile 3 $100 877.36 $99 170.80 $96 545.63 $91 395.82 $88 597.56

FIGURE 2.  Ten-year patient survival by scenario.

TABLE 6.

Ten-year mean survival in months, transplant-naive vs 
marginal kidney recipients, marginal kidney scenario

Group Mean survival (mo)

Transplant-naive recipient 74.07
Marginal kidney recipient 114.71

TABLE 7.

Deterministic and probabilistic sensitivity analysis: costs 
and QALYs

Scenario Cost QALYs

Status quo
 � Mean (SD) $411 858.75 (82 889.13) 4.38 (0.20)
 � Quartile 1 $348 961.52 4.25
 � Median $415 121.99 4.37
 � Quartile 3 $475 119.31 4.51
Marginal kidney
 � Mean (SD) $386 494.89 (65 304.42) 4.77 (0.18)
 � Quartile 1 $336 163.09 4.65
 � Median $385 390.79 4.75
 � Quartile 3 $437 539.35 4.88

QALY, quality-adjusted life-year.
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model estimated that those who received marginal kidneys 
on average survived for 40.64 more months (transplant-
naive recipient = 74.07 mo versus marginal kidney recipi-
ent = 114.71 mo).

Our model represents a comprehensive tool that can 
describe the associated costs, utility, and survival in older 
adults (aged 60 y and older) on the kidney transplant waitlist, 
accounting easily for variation in kidney supply and quality. 
Furthermore, this model can be easily adapted to fit unique 
healthcare settings and populations by adjusting parameters 
and assumptions accordingly. To our knowledge, this is the 
first study to incorporate both KDPI and EPTS scores to derive 
the cost utility of marginal kidney uses in a single health-payer 
(Canadian) setting, which we hope will be useful in informing 
organ allocation policy revision.

Both marginal kidney and status quo scenarios approach 
the upper limit of the World Health Organization’s 

recommended willingness-to-pay threshold of between 1× to 
3× GDP per capita ($70 000–$100 000/QALY in the current 
setting); nevertheless, the lower cost-utility ratio in the mar-
ginal kidney scenario makes it an attractive policy strategy. 
These results correspond with other recent research demon-
strating that the cost-effectiveness of high KDPI deceased 
donor transplants is <$100 000 per QALY in the United 
States.17

The cost-neutrality point between scenarios occurs between 
years 4 and 5 after waitlist initiation, after which the mar-
ginal kidney scenario offers reduced costs per patient. This 
delay is primarily driven by high upfront transplant-related 
costs, which diminish with time. As preemptive kidney trans-
plantation can offer both improved patient and graft survival 
in comparison with those who received their donor organ 
after being on dialysis,41 facilitating early patient access to 
deceased donor organs promotes the full realization of the 

FIGURE 3.  Incremental cost-effectiveness, marginal kidney scenario vs the status quo scenario. Each dot represents the results of a simulation, 
plotting the incremental cost and incremental effectiveness, and the circle represents the 95% confidence interval.

TABLE 8.

Univariate sensitivity analysis: 10-y cost variation by scenario

Scenario Cost input Mean cost per scenario –25% 25% Spread

Status quo Dialysis $402 937.68 $307 404.98 $498 470.39 $95 532.70
Transplant, recipient all years $402 937.68 $398 609.10 $407 266.27 $4328.58
Transplant, recipient year 1 $402 937.68 $400 732.38 $405 142.99 $2205.30
Transplant, recipient year 2+ $402 937.68 $400 814.40 $405 060.97 $2123.28
Transplant, donor $402 937.68 $402 064.56 $403 810.81 $873.12

Marginal kidney Dialysis $379 485.33 $303 700.19 $455 270.47 $75 785.14
Transplant, recipient all years $379 485.33 $363 639.70 $395 330.96 $15 845.63
Transplant, recipient year 1 $379 485.33 $371 325.41 $387 645.24 $8159.92
Transplant, recipient year 2+ $379 485.33 $371 799.62 $387 171.04 $7685.71
Transplant, donor $379 485.33 $376 244.76 $382 725.89 $3240.57
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cost benefits associated with transplantation because of 
improved survival.

Our base case assumed a 100% acceptance rate of mar-
ginal kidneys both at the clinical and patient level. However, 
there are many reasons why a donor organ may be declined,42 
and some patients may reject a high KDPI kidney offer, opting 

to remain on the waitlist in hopes of receiving a higher-quality  
kidney. Therefore, our sensitivity analyses modeling lower 
acceptance rates demonstrated that the marginal kidney sce-
nario remained dominant down to an acceptance rate as low 

FIGURE 4.  Univariate sensitivity analysis: 10-y cost variation, status quo scenario. Each box represents the effect on mean cost per patient 
when the related cost input is varied by ±25%. The cost input on the y-axis corresponds to the boxes positioned in line in the figure: blue = 
dialysis; red = transplant, recipient all years; yellow = transplant, recipient year 1; green = transplant, recipient year 2+; purple = transplant, donor.

FIGURE 5.  Univariate sensitivity analysis: 10-y cost variation, marginal kidney scenario. Each box represents the effect on mean cost per patient 
when the related cost input is varied by ±25%. The cost input on the y-axis corresponds to the boxes positioned in line in the figure: blue = dialysis; 
red = transplant, recipient all years; yellow = transplant, recipient year 1; green = transplant, recipient year 2+; purple = transplant, donor.

TABLE 9.

Scenario analysis: 10-y cost and QALYs, transplant-
naive vs marginal kidney recipients, and marginal kidney 
scenario

Group Mean cost Mean QALYs ICER

Transplant-naive recipient $353 966.35 3.63 $24 738.67
Marginal kidney recipient $411 112.67 5.94

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

TABLE 10.

Scenario analysis: mean cost and QALYs by marginal kid-
ney acceptance rate, and marginal kidney scenario

Percent of marginal kidneys accepted Mean cost Mean QALYs

100% $379 485.33 4.77
75% $389 291.33 4.70
50% $396 909.03 4.60
25% $398 662.76 4.50

QALY, quality-adjusted life-year.
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as 25%, demonstrating the robustness of our model to varia-
tions in acceptance rate.

Univariate sensitivity analysis results indicated that dialy-
sis was the most influential cost parameter in the model. 
Although the mean cost per patient was lower during 10 y 
in the marginal kidney scenario when the cost of dialysis was 
varied by ±25%, the difference between scenarios was sig-
nificantly more pronounced when it was increased. Although 
reimbursement schemes vary by program, spending per 
patient with end-stage renal disease in countries such as the 
United States is unlikely to fall in the near future because of 
the marked differences between reimbursement for Medicare 
and non–Medicare patients coupled with the increased enroll-
ment of non–Medicare patients.43,44 This contributes to the 
potential upside risk associated with the marginal kidney sce-
nario from a strictly costing perspective. Transplant-related 
costs impacted the 10 y mean cost of care marginally com-
pared with the cost of dialysis, highlighting the importance of 
reducing dialysis use to influence overall costs.

Notably, the KDPI score is based on its relative quality in 
comparison with kidneys recovered within the previous year.2 
The conclusions drawn from this model may change if unu-
sual or large fluctuations occur with respect to the quality 
of kidneys recovered within the previous year. Considering 
changes in the KDPI score relative to previous years is needed 
when applying this model to forecast healthcare resource use 
in future scenarios.

The use of KDPI in organ allocation may contribute 
to high organ discard rates because of a harmful labeling 
effect.45,46 One in 5 kidneys procured for donation is dis-
carded, and this number increases to more than half with a 
KDPI of ≥86%.5,47 This is a concerning phenomenon, given 
the growing evidence that high KDPI transplants offer a 
survival advantage over remaining on the waitlist, particu-
larly for older recipients.11,12,48 As utility estimates in patients 
posttransplant are improved in comparison with those on 
maintenance dialysis (0.82 versus 0.71),34 this also suggests 
that high KDPI transplants may offer improved quality of 
life. The use of all transplantable kidneys is recognized as 
foundational in reducing the organ shortage5,6 and is an 
especially timely goal because transplant programs address 
the backlog created by the interruption of services from the 
COVID-19 pandemic.7,8

Preemptive kidney transplantation has been shown to offer 
both improved patient and graft survival in comparison with 
patients who underwent dialysis before transplant.41 These 
benefits may also translate to older patients receiving mar-
ginal kidneys (KDPI ≥85) preemptively, with research sug-
gesting a similar risk of graft failure and improved risk of 
mortality in comparison with waitlisted maintenance dialysis 
patients who received higher-quality organs (KDPI 35–84).49 
Although our model considers dialysis vintage in the EPTS 
score calculation, the effects of preemptive transplantation 
were not directly considered.

There are limitations to this model. As local data were 
unavailable, probability inputs regarding patient survival 
posttransplant were derived from existing literature and 
based on data from the United States.12 Evidence suggests 
that patient survival in the first year posttransplant is similar 
between Canada and the United States yet elevated in the 
United States beyond that point.50 As such, our results may 
be considered conservative. Furthermore, because a life table 

approach was taken to derive survival probabilities with a 
functioning graft after 60 mo posttransplant, patient and 
donor characteristics encompassed in the EPTS and KDPI 
score were not taken into consideration for those surviving 
with a functioning graft for >5 y. A main limitation of this 
model is encompassed in the perspective taken. From the 
perspective of the public health payer, indirect costs of care, 
such as patient transportation costs, caregiver costs, and 
patient opportunity costs, were not considered. Additionally, 
costs related to adverse events, such as infections, hos-
pitalizations, or those associated with patient modality 
transitions, were not accounted for. As a relatively lower 
proportion of waitlist patients in the marginal kidney sce-
nario rely upon dialysis care, these costs may have a larger 
impact for patients in the status quo scenario. Moreover, 
our model assumed costs sourced from a Canadian urban 
dialysis program, which may understate the cost of care in 
rural and remote locations, which can be up to $215 918 per 
patient per year.22 In this model, patients were assumed to 
accept any kidney offered to them and may not be indicative 
of real-world circumstances because patients may decline 
an offer, opting to remain on the waitlist. Nonetheless, our 
model remained dominant in sensitivity analyses, assum-
ing an acceptance rate as low as 25%. Finally, although our 
model accurately represents the utility in Manitoba, Canada, 
its generalizability to other transplant programs is unknown. 
In jurisdictions with shorter wait times in this model, the 
comparative attractiveness of using additional high KDPI 
kidneys may be reduced.

In conclusion, we have developed a model that simulates 
the cost and utility of care and patient survival for kidney 
transplant waitlisted adults aged 60 y and older. Our model 
suggests that the routine use of high KDPI transplants is likely 
a cost-effective intervention compared with the high discard 
rates currently seen. Further research is required to determine 
the effects of blood type, the allowance for multiple trans-
plants, and the effects of preemptive transplants on costs, 
QALYs, and survival in this patient population.

REFERENCES
	 1.	Faitot F, Michard B, Artzner T. Organ allocation in the age of the algo-

rithm: avoiding futile transplantation—utility in allocation. Curr Opin 
Organ Transplant. 2020;25:305–309.

	 2.	Organ Procurement and Transplantation Network. U.S Department of 
Health and Human Services. Kidney donor profile index (KDPI) guide 
for clinicians. Available at https://optn.transplant.hrsa.gov/resources/
guidance/kidney-donor-profile-index-kdpi-guide-for-clinicians/. 
Accessed June 7, 2021.

	 3.	Zens TJ, Danobeitia JS, Leverson G, et al. The impact of kidney donor 
profile index on delayed graft function and transplant outcomes: a 
single-center analysis. Clin Transplant. 2018;32:e13190.

	 4.	Organ Procurement and Transplantation Network. A guide to calcu-
lating and interpreting the estimated post-transplant survival (EPTS) 
score used in the kidney allocation system (KAS). Available at A Guide 
to Calculating and Interpreting the Estimated Post-Transplant Survival 
(hrsa.gov). Accessed June 7, 2021.

	 5.	Cooper M, Formica R, Friedewald J, et al. Report of national kidney 
foundation consensus conference to decrease kidney discards. Clin 
Transplant. 2019;33:e13419.

	 6.	Stewart ZA, Shah SA, Formica RN, et al. A call to action: feasible strat-
egies to reduce the discard of transplantable kidneys in the United 
States. Clin Transplant. 2020;34:e13990.

	 7.	Owens B. Organ transplants drop dramatically during pandemic. 
CMAJ. 2020;192:E692–E693.

	 8.	Fantus D, Paquet MR. Safely restarting renal transplant programs 
should be a priority. CMAJ. 2020;192:E988.

https://optn.transplant.hrsa.gov/resources/guidance/kidney-donor-profile-index-kdpi-guide-for-clinicians/
https://optn.transplant.hrsa.gov/resources/guidance/kidney-donor-profile-index-kdpi-guide-for-clinicians/


© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.	 	 11Bamforth et al

	 9.	Husain SA, King KL, Pastan S, et al. Association between declined 
offers of deceased donor kidney allograft and outcomes in kidney 
transplant candidates. JAMA Netw Open. 2019;2:e1910312.

	10.	Schold JD, Huml AM, Poggio ED, et al. A tool for decision-making 
in kidney transplant candidates with poor prognosis to receive 
deceased donor transplantation in the United States. Kidney Int. 
2022;102:640–651.

	11.	Massie AB, Luo X, Chow EK, et al. Survival benefit of primary deceased 
donor transplantation with high-KDPI kidneys. Am J Transplant. 
2014;14:2310–2316.

	12.	Bae S, Massie AB, Thomas AG, et al. Who can tolerate a marginal 
kidney? Predicting survival after deceased donor kidney transplant by 
donor-recipient combination. Am J Transplant. 2019;19:425–433.

	13.	Arcos E, Perez-Saez MJ, Comas J, et al; Catalan Renal Registry*. 
Assessing the limits in kidney transplantation: use of extremely 
elderly donors and outcomes in elderly recipients. Transplantation. 
2020;104:176–183.

	14.	Jacobi J, Beckmann S, Heller K, et al. Deceased donor kidney trans-
plantation in the Eurotransplant senior program (ESP): a single-center 
experience from 2008 to 2013. Ann Transplant. 2016;21:94–104.

	15.	Assfalg V, Miller G, Stocker F, et al. Kidney transplantation after rescue 
allocation—the Eurotransplant experience: a retrospective multicenter 
outcome analysis. Transplantation. 2022;106:1215–1226.

	16.	Noreen SM, Klassen D, Brown R, et al. Kidney accelerated place-
ment project: outcomes and lessons learned. Am J Transplant. 
2022;22:210–221.

	17.	Axelrod DA, Schnitzler MA, Xiao H, et al. An economic assess-
ment of contemporary kidney transplant practice. Am J Transplant. 
2018;18:1168–1176.

	18.	Statistics Canada. Population and dwelling counts: Canada, prov-
inces and territories. Available at https://www150.statcan.gc.ca/t1/
tbl1/en/tv.action?pid=9810000101. Accessed May 20, 2019.

	19.	Canadian Institute for Health Information. Treatment of End-Stage 
Organ Failure in Canada, Canadian Organ Replacement Register, 
2010 to 2019: End-Stage Kidney Disease and Kidney Transplants — 
Data Tables. Ottawa, ON: CIHI; 2020.

	20.	Chartier M, Dart A, Tangri N, et al. Care of Manitobans living with 
chronic kidney disease. Availalable at http://mchp-appserv.cpe.uman-
itoba.ca/reference/ckd_final.pdf.

	21.	Komenda P, Yu N, Leung S, et al. Secular trends in end-stage renal 
disease requiring dialysis in Manitoba, Canada: a population-based 
study. CMAJ Open. 2015;3:E8–E14.

	22.	Ferguson TW, Zacharias J, Walker SR, et al. An economic assess-
ment model of rural and remote satellite hemodialysis units. PLoS 
One. 2015;10:e0135587.

	23.	Beaudry A, Ferguson TW, Rigatto C, et al. Cost of dialysis therapy by 
modality in Manitoba. Clin J Am Soc Nephrol. 2018;13:1197–1203.

	24.	Canadian Agencies for Drugs and Technologies in Health. Guidelines 
for the economic evaluation of health technologies: Canada. 2017. 
Available at Guidelines for the Economic Evaluation of Health 
Technologies: Canada — 4th Edition | CADTH. Accessed June 7, 2019.

	25.	Husereau D, Drummond M, Augustovski F, et al; CHEERS 2022 
ISPOR Good Research Practices Task Force. Consolidated Health 
Economic Evaluation Reporting Standards 2022 (CHEERS 2022) 
statement: updated reporting guidance for health economic evalua-
tions. BMJ. 2022;376:e067975.

	26.	Johns Hopkins Bloomberg School of Public Health. KDPI-EPTS sur-
vival benefit estimator. Available at transplantmodels.com/kdpi-epts/. 
Accessed November 19, 2019.

	27.	Gondos A, Brenner H. Relative survival of transplant patients: quan-
tifying surplus mortality among renal transplant recipients compared 
with the general population. Transplantation. 2011;92:913–917.

	28.	Arias E, Xu J. United States life tables, 2017. Natl Vital Stat Rep. 
2019;68:1–66.

	29.	Data from: Pre and Post Transplant Dataset. 2019. Winnipeg.
	30.	Canadian Institute for Health Information. Treatment of End-Stage 

Organ Failure in Canada, Canadian Organ Replacement Register, 
2009 to 2018: End-Stage Kidney Disease and Kidney Transplants — 
Data Tables. Ottawa, ON: CIHI; 2019.

	31.	Rao PS, Schaubel DE, Saran R. Impact of graft failure on patient sur-
vival on dialysis: a comparison of transplant-naive and post-graft fail-
ure mortality rates. Nephrol Dial Transplant. 2005;20:387–391.

	32.	Data from: Deceased Donor Decline Dataset. 2019. Winnipeg.
	33.	Arora P, Vasa P, Brenner D, et al. Prevalence estimates of chronic 

kidney disease in Canada: results of a nationally representative survey. 
CMAJ. 2013;185:E417–E423.

	34.	Wyld M, Morton RL, Hayen A, et al. A systematic review and meta-
analysis of utility-based quality of life in chronic kidney disease treat-
ments. PLoS Med. 2012;9:e1001307.

	35.	Program MR. Status Report - Week 43. 2019. January 25, 2019.
	36.	Barnieh L, Manns BJ, Klarenbach S, et al. A description of the costs 

of living and standard criteria deceased donor kidney transplantation. 
Am J Transplant. 2011;11:478–488.

	37.	Interprovincial Health Insurance Agreements Coordinating Committee 
(IHIACC). Interprovincial billing rates for designated high cost trans-
plants effective for discharges on or after April 1, 2023. Available at 
https://files.ontario.ca/moh-2023-2024-rates-high-cost-procedures-
en-2023-05-09.pdf. Accessed September 20, 2023.

	38.	McKesson Canada. Medication costing information. Transplant 
Manitoba. 2020.

	39.	Statistics Canada. Consumer Price Index, annual average, not sea-
sonally adjusted. 2023.

	40.	Statistics Canada. Consumer Price Index, monthly, not seasonally 
adjusted. 2023.

	41.	Kasiske BL, Snyder JJ, Matas AJ, et al. Preemptive kidney trans-
plantation: the advantage and the advantaged. J Am Soc Nephrol. 
2002;13:1358–1364.

	42.	Huml AM, Albert JM, Thornton JD, et al. Outcomes of deceased 
donor kidney offers to patients at the top of the waiting list. Clin J Am 
Soc Nephrol. 2017;12:1311–1320.

	43.	Saeed MK, Ho V, Erickson KF. Consolidation in dialysis mar-
kets—causes, consequences, and the role of policy. Semin Dial. 
2020;33:90–99.

	44.	Hoffman A, Sloan CE, Maciejewski ML, et al. Medicare enroll-
ment among patients with end-stage kidney disease receiving 
dialysis in outpatient facilities between 2005 and 2016. JAMA. 
2020;323:1314–1316.

	45.	Bae S, Massie AB, Luo X, et al. Changes in discard rate after the 
introduction of the kidney donor profile index (KDPI). Am J Transplant. 
2016;16:2202–2207.

	46.	Tanriover B, Mohan S, Cohen DJ, et al. Kidneys at higher risk of 
discard: expanding the role of dual kidney transplantation. Am J 
Transplant. 2014;14:404–415.

	47.	Lentine KL, Smith JM, Hart A, et al. OPTN/SRTR 2020 annual data 
report: kidney. Am J Transplant. 2022;22(Suppl 2):21–136.

	48.	Jay CL, Washburn K, Dean PG, et al. Survival benefit in older 
patients associated with earlier transplant with high KDPI kidneys. 
Transplantation. 2017;101:867–872.

	49.	Chopra B, Sureshkumar KK. Kidney transplantation in older recipi-
ents: Preemptive high KDPI kidney vs lower KDPI kidney after varying 
dialysis vintage. World J Transplant. 2018;8:102–109.

	50.	Kim SJ, Schaubel DE, Fenton SS, et al. Mortality after kidney trans-
plantation: a comparison between the United States and Canada. Am 
J Transplant. 2006;6:109–114.

https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=9810000101
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=9810000101
http://mchp-appserv.cpe.umanitoba.ca/reference/ckd_final.pdf
http://mchp-appserv.cpe.umanitoba.ca/reference/ckd_final.pdf
transplantmodels.com/kdpi-epts/
https://files.ontario.ca/moh-2023-2024-rates-high-cost-procedures-en-2023-05-09.pdf
https://files.ontario.ca/moh-2023-2024-rates-high-cost-procedures-en-2023-05-09.pdf

