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Initiatives aimed at increasing organ donation can be
considered health care interventions, and will com-
pete with other health care interventions for limited
resources. We have developed a model capable of cal-
culating the cost-utility of organ donor initiatives and
applied it to Donor Action, a successful international
program designed to optimize donor practices.

The perspective of the payer in the Canadian health
care system was chosen. A Markov model was de-
veloped to estimate the net present value incremen-
tal lifetime direct medical costs and quality adjusted
life years (QALYs) as a consequence of increased
kidney transplantation rates. Cost-saving and cost-
effectiveness thresholds were calculated. The effects
of changing the success rate and time frame of the in-
tervention was examined as a sensitivity analysis.

Transplantation results in a gain of 1.99 QALYs and
a cost savings of Can$104 000 over the 20-year time
frame compared with waiting on dialysis. Implemen-
tation of an intervention such as Donor Action, which
produced as few as three extra donors per million pop-
ulation, would be cost-effective at a cost of Can$ 1.0
million per million population.

The cost-effectiveness of Donor Action and other
organ donor initiatives compare favorably to other
health care interventions. Organ donation may be un-
derfunded in North America.
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Introduction

Donor Action (DA) is an international program designed to
increase organ donation through education and structured
feedback of health professionals, allowing hospitals to im-
prove donation rates through improved donation practices.
In localities where it has been implemented organ dona-
tion has increased substantially, stabilizing at an average
increase of 53% (1,2). The program is composed of a five-
step process: 1) Consolidation of support for organ dona-
tion among senior medical personnel; 2) a two-part diag-
nostic review consisting of a retrospective medical record
review and a survey of hospital staff attitudes towards do-
nation. These data are then compiled into the DA database
and a comprehensive profile of strengths and weaknesses
produced; 3) based on gaps identified in the diagnostic
review, specific programs are tailored for individual sites
using modules developed for that specific issue; 4) imple-
mentation of modules; and 5) ongoing monitoring of results
and improvements are undertaken.

Likewise, other organ donor initiatives with similar foci to-
wards establishing ‘best practices’ in organ donation have
reported improvements in donation rates. Renal transplan-
tation has long been recognized as a cost-saving inter-
vention when compared with its alternative, dialysis (3-6).
Currently, patients in need of a kidney transplant can wait
upwards of 7 years while on dialysis, as a worldwide organ
shortage has severely limited the number of transplants
that can be performed. It is logical to therefore think that
any intervention that can substantially increase the rate of
organ donation and thereby increase transplantation rates
may well be cost-effective, depending upon the implemen-
tation cost of the program and the number of extra kidney
transplants that occur as a result.

Successful organ donation programs, such as DA, require
a substantial initial financial investment, as well as addi-
tional expenditures necessary to maintain the program'’s
initial momentum in order to sustain improvement in do-
nation rates. A quality assurance program like DA can be
considered a health care intervention, which in combina-
tion with kidney transplantation yields quality of life and
survival benefit for patients with end stage renal disease.
As it competes with other health care interventions for
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public funding, its expected cost-effectiveness should be
predicted before it is implemented at any national level.

We have constructed a Markov model capable of esti-
mating the net present value cost savings and additional
quality-adjusted life years (QALYs) that result from increas-
ing organ donation rates. An early version of this model
was published demonstrating the cost-effectiveness of DA
in its pilot implementation in Germany (7). We have now
adapted the model to the Canadian healthcare perspective
and have also provided a mechanism for calculating the in-
vestment thresholds at which any organ donation initiative
is either cost-effective (using a $50 000 value for one ad-
ditional QALY) or cost saving as a function of the number
of additional donors obtained through the initiative.

Methods

[For those wishing a deeper understanding of decision analysis models,
we would refer you to the writings of Birkmeyer (8)]. A Markov model is a
decision-analytical tool allowing for analysis of outcomes occurring in com-
plex systems over variable time periods. Theoretical patients are assigned

Table 1: Assumptions and values for base case*

to different transition states (for example ‘on dialysis’) for a period of time
known as a stage (often set at one year). Patients can move between states
at the end of each stage. The inputs of a Markov model are the values
of the outcomes assigned to each transition state, as well as the values
of outcomes assigned for passing into or out of a state and the proba-
bilities of those transitions. These outcomes can then be summed over
the total time period of analysis producing the output of the model,
and various ‘what-if'’ scenarios examined by changing individual input
values.

A Markov model was developed to compare the cost-utility of cadaveric kid-
ney transplantation with dialysis of those patients selected for transplanta-
tion but remaining on a transplant waiting list. Three states were employed:
transplanted, waiting on dialysis and death. The length of the Markov cy-
cle was 1 year, with a 20-year time frame. Within this period treatment
costs and QALYs were calculated for patients treated with the two renal
replacement alternatives. Half-cycle correction was used for both costs and
QALYs. A payer's perspective was used. Costs adjustments for patient time
for treatment were excluded. Transition probabilities, utility values and costs
were calculated based upon the published literature (Table 1). All monetary
values and QALYs were discounted at a rate of 5% per year. Dollars were
expressed as Canadian. The willingness to pay for a QALY gain was set at
$50 000. Cost-effectiveness thresholds reflect the discounted cost-savings
of the intervention plus the discounted monetary of the QALYs gained.

Input variables Reference
Utilities
Dialysis 0.57 (5)
Transplantation (1 year) 0.70 (5)
Transplantation (subsequent years) 0.70 (5)
Costs
Maintenance cost of dialysis $49 065 (5)
Initial transplantation cost (cadaveric) $62 365 (5)
Organ procurement cost $10816 Institution**
Maintenance cost — transplantation $15376 (5)
Graft loss cost (incl nephrectomy) $3450 Institution**
Maintenance cost — dialysis failed graft $59 065 (5)
Currency Can $1994
Willingness to pay of society for a QALY gain $50 000
Probabilities/Rates
Discount factor for costs 0.05 (22)
Discount factor for QALYs 0.05 (22)
Cadaver graft survival at 1 year 0.86 (23)
Cadaver graft loss (>1 year) 0.048 (24)
Annual patient mortality (6.3/100 patient years) in
wait-listed dialysis patients (year) 0.061 (25)
Patient survival at one year post transplant 0.95 (23)
Annual patient mortality >1 year (3.8/100 patient years) 0.037 (25)
Patient mortality after graft loss (at 1 year) 0.24 (26)
Annual patient mortality after graft loss (>1 year) 0.11 (26)
Death with functioning graft 0.28 (23)
Population size (million) 31.5 (27)
Number of cadaver donors/million population 14 (23)
Procured kidneys per cadaver donor 1.64 (23)
Increase in organ donation rate with donor action 53% (1)

*Published event rates were converted to annual probabilities (28). Annual probabilities for patient or graft loss were assumed stable
after the first year over the lifetime of the patient or graft and were calculated from the observed graft or patient loss between years 1-5

assuming a constant logarithmic decline (29).

**|nstitution sources were used for Canadian donor organ and transplant graft nephrectomy costs as well as probabilities of graft
nephrectomy in the failed transplant recipient and death on return to dialysis.
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Cost-saving thresholds are also provided, which reflect only the monetary
cost savings of the intervention, essentially setting the value of a QALY
to 0$.

Sensitivity analysis

The cost-effectiveness threshold of any initiative aimed at increasing organ
donation will vary based upon its success rate. We conducted a one-way
sensitivity analysis calculating the investment thresholds that could be justi-
fied depending on the additional donors per million generated by DA varying
them from 1 to 15 extra donors per million population. We also conducted
a one-way sensitivity analysis on the time frame employed, realizing that
many funding decisions surrounding organ donation are inherently political
and therefore examining the effect of varying the time frame between 2
and 30 years.

Results

Cost savings and QALY advantage of transplantation

over dialysis

In Canada, waiting on dialysis results in 4.67 QALYs and
a cost of $401 810 over 20 years. Transplantation results
in 6.66 QALYs and costs $297 372, an incremental gain of
1.99 QALYs and a cost savings of $14 438 per additional
individual transplanted (Figure 1).

Sensitivity analysis: effect of varying success rates

As the success rate of organ donor initiatives may vary
based on a number of factors, we adapted the model to
calculate the thresholds for cost-effectiveness and mone-
tary cost-savings as a function of the incremental raw num-
bers of donors per million generated by the intervention.
Figure 2 demonstrates these relationships. All units are
expressed per million population, so for example an inter-
vention that produced three incremental donors per million
population would be cost-effective at a price of 1.0 million
dollars per million population.

Sensitivity analysis-varying time horizon

We also provided an adjustment to the model to examine
the effect of shortening the time frame for the accumula-
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Figure 1: Incremental quality adjusted life years (QALYs) gain
and cost savings of transplantation.
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Figure 2: Investment thresholds of Donor Action in Canada
per million population.
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Figure 3: Effect of time frame changes on cost effectiveness
thresholds.

tion of QALYs and cost-savings. Figure 3 demonstrates the
thresholds for cost-effectiveness and cost savings for in-
terventions that produce either 5 or 10 incremental donors
per million as a function of the time frame of the anal-
ysis. Even with limited time frames, of 8 years or less,
cost-effectiveness thresholds are in millions of dollars per
million population. As the time frame lengthens, the cost
thresholds stabilize, reflecting the effect of continual graft
loss and return to dialysis.

Discussion

Our model and the accompanying sensitivity analysis
clearly demonstrate that the implementation of DA would
be cost reducing under most clinical scenarios. We have
previously published a preliminary iteration of this model
demonstrating that the implementation of DA in Germany
(7), which has been extensive but is not yet country-
wide, is cost-effective. Equally important, our new model
provides a matrix for evaluating the cost-effectiveness
of virtually any initiative to increase organ donation and
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simultaneously leads to the suggestion that organ dona-
tion is currently grossly under funded in North America.

There are a number of limitations to our analysis. First and
foremost, this analysis ignores the effect of how trans-
planting other solid organs such as hearts, livers, lungs and
pancreatica affect overall cost-effectiveness of organ dona-
tion initiatives. The available data on the cost-effectiveness
of other forms of solid organ transplantation are limited, es-
pecially as there are few effective competing therapies for
many of these transplants, but it may well be that these
transplants are also cost-effective (9-12), further amplify-
ing the effect of increasing organ donation. The actual in-
crease in organ donation that would be likely given the im-
plementation of DA in North America is an estimate based
on the experience of the program in Europe, but it may well
be that these assumptions are too large, especially in areas
where donation is already at levels that were achieved only
after implementation of the program in Europe.

We used cost estimates that were conservative. The cost
data were generated from patients while on dialysis and
up to 2 years post transplant (5). This avoids including
higher dialysis costs that might accrue to untransplantable
patients. However, this may underestimate the burden of
dialysis costs as patients left on the wait list for long periods
of time owing to the lack of donors may be removed from
the wait because of complications and are likely to have
more expensive care. We also assumed that patients with
a failed transplant had higher mortality rates and more ex-
pensive care that continued throughout their subsequent
course. Although this cost study is dated (5), the net costs
of newer immunosuppressive agents are not likely to be
much greater. Pharmacoeconomic studies would argue
that the newer agents have been cost saving or at least
cost neutral for microemulsion cyclosporinee and basilix-
imab and in the early post transplant period for mycophe-
nolate mofetil (13-15).

Despite the above limitations, our sensitivity analysis indi-
cates that considerable sums could be invested into organ
donation initiatives and be cost-effective, even if only a
single additional donor per million was achieved. For ex-
ample, an intervention that yielded one additional donor
per million across all of Canada would still be cost sav-
ings at an implementation price of 9 million dollars! We
also examined the effects of limiting the time frame of
the accumulation of QALYs and cost savings. Our analysis
demonstrates that the cumulative savings attributable to
increased organ donation diminish as time progresses and
plateaus by 30 years, reflecting the fact that few grafts are
left functioning that far post-transplant. We do recognize
that decisions to fund health care initiatives are often politi-
cal in nature and the principals involved may be limited to a
much shorter time perspective. Even when we limited the
monetary gains seen by increasing transplantation rates
to shorter and shorter time frames, organ donation initia-
tives that resulted in five extra donors per million population
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achieved savings of greater than $300 000 pmp in as little
as b years. Another implication of our sensitivity analysis is
that our results are likely to be roughly generalizable to the
U.S. Our inputs are all derived from Canadian sources, but
the graft survivals and costs are similar to published data
from the U.S., as one might expect, given the similarity
in practices between the two countries. Generalizability is
also related to implementation cost. The implementation
costs of DA have varied from country to country but have
consistently been less than 55 000 Canadian dollars per
million population and maintenance costs have been less
than 70 000 Canadian dollars per million population.

A critical question left unanswered by this analysis is just
how much organ donation can be increased. An underly-
ing assumption of our analysis was that organ donation
can be increased above current levels in even the best-
performing locales. A variety of data support this assump-
tion. Polls of the general population consistently demon-
strate that as much as 75% of the general population
state that they would wish to be organ donors (16), yet
actual consent rates for organ donation run closer to 50%
(17). The number of organ donors per million population
in Canada varies from nine to 19 donors per million pop-
ulation and remains well below some European countries
such as Spain, which has reported 32 donors per million
(17-20). Although the accuracy of using donors per million
population as an index of organ donation performance has
been rightfully called into question (21), it seems unlikely
that a three-fold difference between the worst performers
and the best can be explained by methodology alone. It is
not clear if there is a level of organ donation after which the
cost of increasing donation rates still further becomes pro-
hibitively expensive. Experience with DA up to this point
has not demonstrated such a point of diminishing return
in several European countries as well as Canada (1,2,7).
Our analysis makes it seem likely that substantially more
resources could be put towards organ donation in even the
best-performing locales and still be well spent.

Our analysis has focused solely on DA, a program de-
signed to improve donation practices among health care
professionals. The relative efficacy of other established ap-
proaches such as public education programs or putative
approaches such as providing financial compensation for
donors and their families is not well studied. Our analysis
is not intended to make a value judgment of best-practice
initiatives vs. other approaches, but our model could be
used in the future to examine exactly these issues, as the
transplant community continues to examine ways of in-
creasing organ donation in forums such as the recent Na-
tional Consent Conference in Organ Donation sponsored
by the United Network for Organ Sharing.

There are a number of likely reasons why organ donation
is underfunded. In Canada, there is no federal program to
promote organ donation or oversee retrieval, rather these
activities are coordinated provincially (20). Some provinces
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have separately funded organizations to promote donation
publicly and professionally (e.g. British Colombia and On-
tario) while others are hospital based (Nova Scotia) and rely,
for the most part, on the transplant programs to provide
promotion and education. Support organizations such as
the National Kidney Foundation of Canada help promote
donation and more recently the funding of research that
would increase organ donation. All hospitals are chronically
under funded and there are financial disincentives given the
costs of maintaining donors and retrieving organs. Reim-
bursement costs for organ donor maintenance and retrieval
are currently only provided in the province of Quebec. As
most hospitals are neither transplant nor dialysis centers,
there is no infrastructure support or financial incentive (re-
move patients off dialysis) to identify donors and procure
organs. Most activity to date has been based on goodwill
and has relied heavily on the enthusiasm and initiative of
a relatively few individuals. An amendment to the Human
Tissue Gift Act (Ontario) for required request/routine refer-
ral legislation has been enacted but not yet implemented.
Some provinces and hospital bylaws have required refer-
ral policies but these are not uniformly applied throughout
the provinces or country. A federal expert advisory com-
mittee has been created to investigate these deficiencies
and consider a national integrated process for monitoring,
data collection, professional education and training, facility
licensing, accountability, standards of practice and accred-
itation. At present lack of professional education, absence
of an integrated national network, inadequate hospital in-
frastructure and economics continue to be major barriers
to donation.

In conclusion, initiatives to increase organ donation such
as DA are likely to be cost-effective under a variety of clin-
ical scenarios. Aggressively implementing such programs
could be an important step to generating long-term savings
and alleviating the worldwide organ shortage.
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