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Abstract

Background: Risk-based decision making is increasingly recognized as key to sup-

port national blood policy makers and blood operators concerning the implementa-

tion of safety interventions, especially to address emerging infectious threats and

new technology opportunities. There is an urgent need for practical decision support

tools, especially for low- and middle-income countries that may not have the finan-

cial or technical capability to develop risk models. WHO supported the development

of such a tool for blood safety. The tool enables users to perform both a quantitative

Multi-Criteria Decision Assessment and a novel step-by-step qualitative assessment.

Study Design and Methods: This paper summarizes the content, functionali-

ties, and added value of the new WHO tool. A fictitious case study of a safety

intervention to reduce the risk of HIV transmission by transfusion was used to

demonstrate the use and usefulness of the tool.

Results: Application of the tool highlighted strengths and weaknesses of both

the quantitative and qualitative approaches. The quantitative approach facili-

tates assessment of the robustness of the decision but lacks nuances and inter-

pretability especially when multiple constraints are taken into consideration.

Conversely, while unable to provide an assessment of robustness, the step-by-

step qualitative approach helps structuring the thought process and argumen-

tation for a preferred intervention in a systematic manner.

Conclusion: The relative strengths and weaknesses of the quantitative and step-by-

step qualitative approach to risk-based decision making are complementary and

mutually enhancing. A combination of the two approaches is therefore advisable to

support the selection of appropriate blood safety interventions for a particular setting.

1 | INTRODUCTION

Risk-based decision making concerns the selection of miti-
gating measures from a set of candidate interventions to
prevent the occurrence of one or more undesired outcomes,
or to reduce the probability or impact thereof.1 Such

decision making requires collection of all relevant informa-
tion concerning the foreseen occurrence of various unde-
sired outcomes and organizing these data into a structure
that supports the decision makers in making well informed
choices. However, the decision-making process itself is com-
plex, involving contextual and political considerations,
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long-term goals, diverging stakeholder interests, effective
communication and ultimately, the acceptance of the conse-
quences of the final decision. Within the blood transfusion
community, the Alliance of Blood Operators (ABO) devel-
oped a Risk Based Decision Making (RBDM) Framework
that addresses various elements of the complex decision-
making process, tailored specifically to the decision-making
process by blood operators.2–4 The framework consists of six
stages (preparation, problem formulation, participation strat-
egy, assessment, evaluation, decision), and for each of these
stages guidelines and checklists are provided that help the
decision makers in both managing the decision-making pro-
cess and building a case for the most appropriate decision to
be made.5 Whereas management of the decision-making
process through incorporation of a large number of consider-
ations is a strong point of the ABO-RBDM framework, a
weakness of the framework is that it is highly conceptual
and lacks hands-on tools for its implementation. This can be
especially challenging for small blood centers and more
broadly in countries that do not have the financial or technical
capability to develop risk models that are required to provide
quantitative estimates for various outcomes (eg, how many
deaths caused by transmission of an infection by blood transfu-
sion will be prevented by implementing different candidate
screening tests; how many units of blood will be lost through
positive test results). Hence, WHO developed a simplified,
practical and easy-to-use Risk-Based Decision Support Tool for
Blood Safety aimed specifically at decisions on the implemen-
tation of blood screening tests or pathogen reduction technol-
ogy, which can be used by both blood operators and blood
regulators and is accessible via the WHO website (www.who.
int/health-topics/blood-products) or at the tool's own website
(www.decisionsupportforbloodsafety.com). Additionally, the
complementary qualitative and quantitative approaches pro-
vided in the tool may help decision makers to explain and
obtain support for their decisional processes. Following a
global consultation of stakeholders in 2017, a first version of
this tool was developed in 2018 and pilot tested with 20 blood
operators, policy makers and public health experts including
representatives from 11 African countries. The tool was final-
ized in 2019 taking on board feedback obtained during this
pilot exercise. In this paper the contents of the WHO risk-
based decision support tool, its functionality and added value
for decision making are illustrated and discussed.

2 | MATERIALS AND METHODS

2.1 | Review of risk-based decision-
making steps

There is a set of generic steps that can be found in any
risk-based decision-making approach.6,7 These steps, as

well as a description of their content is shown in Table.
For many practical applications of risk-based decision-
making support for blood safety, like the decision to
select the most appropriate screening test to reduce the
risk of transmission of an infectious disease, the first few
steps are easily defined. For instance, when considering
the prevention of HIV transmission, the problem formu-
lation (Step 1), the risk management strategies (Step 2)
and the outcomes to consider (Step 3) are usually
straightforward. If the problem is to reduce the transmis-
sion of HIV infections, the strategies relate to the candi-
date screening tests to consider and the outcomes will
most likely include the number of transmissions
prevented, the costs of testing, the prevented costs of life-
long treatment of infected patients, and possibly conse-
quences of loss of blood units due to true positive and
false-positive test results. Slightly more challenging is the
assessment of outcomes (Step 4), as this requires model-
ling of infectious disease transmission by blood transfu-
sion and the effectiveness of screening tests. The real
challenge in the decision-making process however lies in
evaluating and balancing the impact of various outcomes
for each of the different risk management strategies
(Steps 5-7) and providing justification for a preference in
case this would deviate from decisions for comparable
cases (Step 8).

2.2 | Specification of safety interventions
and outcomes in the WHO tool

The outline presented in Table 1 is very generic and flexi-
ble. However, it was decided (based on feedback obtained
during the pilot evaluation) that the WHO tool should
consist of a limited set of restricted risk management
strategies. Therefore, the WHO tool allows assessment of
a preformatted set of interventions (eg, donor deferral,
blood screening or pathogen reduction), and all interven-
tions considered are compared to an alternative without
any additional safety measures in place. The user is only
required to enter a set of parameters related to the spe-
cific setting (number of donations, prevalence among
donors, proportion recipients not affected, coverage rate
for the safety intervention, total costs of treatment per
patient, mortality rate of infected patients) and a set of
parameters for each of the measures considered:
e.g. donor deferral (effectiveness of donor selection),
screening (test sensitivity, specificity and the costs of test-
ing per donation), or the pathogen reduction technology
applied (effectiveness of the technology, costs per dona-
tion, and the reduced yield of products that may take
place in the production process). An overview of various
general and intervention specific parameters is given in
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the first three columns of Table 4. In addition to these
quantitative parameters, one qualitative parameter
assessing the technological complexity per safety inter-
vention was added. This was considered desirable to
allow for weighting various safety interventions
according to the practical viability of applying the tech-
nology considered in a specific setting. For each of the
safety interventions, quantitative estimates for various
outcomes were calculated. Table 2 shows an example of a
safety interventions & outcomes table. The input parame-
ters used for calculating these outcomes are provided in
Table 4. The formulas used for these calculations are
available in the user guide of the tool provided in the

Supplementary Materials S1 or in the User Guide on the
tool's website.

2.3 | Multi-criteria decision
assessment (MCDA)

Multi-Criteria Decision Assessment is increasingly
applied to support the appraisal of new medicines.8–10

This has evolved in the development of various
methods for balancing the benefits and risks of medi-
cines to support more transparent and consistent deci-
sion making .11–14 The core of a multicriteria decision-

TABLE 1 Generic steps in a risk-based decision-making approach

Step Reference Description

1. Problem formulation Defining the exact problem to be solved (eg, implementation of a new blood
screening test for HIV to reduce the number of HIV transmissions), describe the
context (eg, implementation for all new donors in the blood supply in a particular
region or country).

2. Describe risk management
strategies considered

Describe various risk management strategies in detail. Each strategy might consist of
a combination of interventions. In case some feasible alternatives or combinations
of interventions are not included as a separate safety management strategy,
provide the rationale for their exclusion. These concern for instance practical or
financial considerations.

3. Define outcomes Define a set of outcomes. These consist of all relevant effects, both favorable and
unfavorable, that each of the risk management strategies will have on the blood
supply. Examples of outcomes might be the number of infections transmitted,
number of deaths resulting from these infections, number of products wasted and
costs of screening.

4. Assess consequences using
reference data

For each management strategy considered a quantitative estimate for each of the
defined outcomes is derived. This assessment will require input of various kinds of
reference data (eg, prevalence and incidence rates for infections, number of donors
and donations, effectiveness of screening tests) and a model to derive an estimate
of the outcome of interest from these reference data. The assessment results are
presented in an “effects table”, a matrix where the assessed outcomes are
presented for each management strategy.

5. Explore trade-offs Determine how various outcomes are to be compared and their increases/decreases
valued? For example, what is the value of a reduction in the number of deaths
worth in monetary terms? Are there particular thresholds applicable?

6. Address uncertainty Most inputs used in the assessment (Step 4) are not fixed, but their exact values are
surrounded by uncertainty. This also holds for any valuations found for various
outcomes.

7. Explore risk attitude(s) In considering the trade-off between various outcomes, individuals (or organizations)
may have different perceptions on the acceptability of uncertainty of various
outcomes. Increasing levels of uncertainty are generally associated with higher risk
levels.

8. Review comparable
decisions

Consistency of decisions with respect to similar outcomes in a different setting or
with respect to similar decisions in a different setting (e.g. country) may affect the
derived preference.

9. Summary of findings The end result of the decision-making process is generation of a concise summary of
the findings from all of the above steps with determination of a preferred risk
management strategy. If required, the preferred risk management strategy derived
from the materials collected can be substantiated with argumentation.
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making process is a safety interventions and outcomes
table as shown in Table 2. In different contexts the
name of this table may differ (eg, “Performance
Matrix”, “Consequence Table” or “Effects Table”), but
all will show the alternatives considered vs their associ-
ated consequences.

2.4 | Quantitative assessment

Deciding which risk management strategy to select
requires making trade-offs between various outcomes that
involve individual judgements on the value of each of
these outcomes. A method to derive a quantitative com-
parison of the alternative interventions is to assign relative
weights to each of the outcomes and to provide a mecha-
nism to aggregate the weighted outcomes into a single
number that expresses an overall score (MCDA “utility”)
based on an underlying common measure (eg, dollar cost).
As judgements regarding weights are personal and there
are no universal rules for making them, the weights are
subjective in nature. There are various preference elicita-
tion tools and techniques available for obtaining decision-
makers' preferences regarding the different outcomes (eg,
analytic hierarchy process or discrete-choice experi-
ments).14,15 However, these require expertise and experi-
ence in expert elicitation as well as commitment and input
from various stakeholders.16 In our tool we implemented a
simple linear additive model as a practical approach. This
means that per outcome only one single weight is used
and that the overall score per optional safety intervention
(the MCDA score) is just the sum of the weighted out-
comes of the quantitative estimates. The best option is in
our case the intervention with the lowest overall MCDA
score as all outcomes are reflecting undesirable events.

2.5 | Sensitivity assessment

The MCDA aims to provide an optimal decision by
balancing outcomes for each of the optional interventions
on the basis of the weights defined per outcome. The out-
comes are calculated using estimates for each of the input
parameters. However, as the point estimates for the input
parameters may be subject to uncertainty, it is worthwhile
evaluating the robustness of this optimal decision. As the
optimal decision is directly calculated as a function of the
input values and the outcome weights, it is straightfor-
ward to calculate the change in the optimal decision when
the input value is varied over a range of credible values.
This type of univariate sensitivity assessment is very intui-
tive and provides useful insights on the robustness of the
overall preference. In the decision support tool, the user

can provide a minimum and maximum value for each
input parameter. In a sensitivity assessment the tool deter-
mines the value of the input parameter (“changepoint”) at
which selection of the optimal intervention would be
altered by the effect of that value on the MCDA scores for
the interventions. As the optimal decision is similarly a
function of the outcome weights, the user also can evalu-
ate the sensitivity of the final decision to variation of the
outcome weights.

2.6 | Qualitative assessment

The quantitative character and the fact that the selection
of the optimal intervention evolves from a numerical cal-
culation rather than a narrative rationale might induce a
lack of trust in the appropriateness of the outcome. In
addition, a decision derived from a mathematical model
based on a limited set of criteria (the pre-defined out-
comes) might also miss considerations that may change
the ultimate preference for one intervention over another.
This could be the case for example when it is known that
one intervention would be strongly preferred by one of the
decision makers while the quantitative disadvantage com-
pared to the optimal intervention would be small. In such
a situation it might be preferable not to implement the
intervention suggested by the quantitative MCDA.

In a qualitative MCDA the decision makers judge the
overall value of a technology by deliberating on its perfor-
mance in relation to an explicitly defined set of criteria (ie,
they provide a qualitative interpretation of the Safety inter-
ventions & Outcomes table).14 Note that this process differs
fundamentally from an intuitive prioritization (without any
specific method) as the criteria considered are made explicit
as are the considerations proposed by the decision makers.
The cognitive burden of this process, however, may be
extensive, especially when it involves the simultaneous eval-
uation of multiple technologies requiring complex trade-offs
between various criteria.14 To support the deliberative pro-
cess, we designed and implemented a novel step-by-step
approach for the qualitative assessment using the WHO
tool. In this approach the user first ranks the outcomes in
descending order of importance. The decision process starts
by comparing the candidate interventions based only on the
two outcomes perceived as most important. The decision
maker must provide argumentation for selecting the opti-
mal intervention when considering only these two out-
comes. Next, the third-most important outcome is added for
consideration and arguments for selecting the optimal inter-
vention must again be provided. This process is then
repeated until all outcomes have been included in the pro-
cess. By sequentially adding outcomes to consider, the
thought process underlying the decision is guided

JANSSEN ET AL. 507



systematically and the complexity of interactions gradually
increases. However, the argumentation is also likely to con-
verge rapidly as each additional outcome will have a dimin-
ished impact on the choice of the optimal intervention
selected in the previous step due to the lesser perceived sig-
nificance of each successively considered outcome.

3 | RESULTS

For illustration of the MCDA tool, we considered its
implementation to determine the best screening or
pathogen reduction technology to reduce the risk of
HIV transmission in a model scenario. The fictitious
setting, represented by the input values in Table 4, is
that of an African country with a blood establishment
supplying around 60 000 blood products per annum.
The total budget that is available for blood screening or
processing is 100 000 US$ per year. Due to small num-
ber of donors, substantial amounts of product losses are
considered unacceptable. For purposes of illustration
prevalence of HIV infections among donors is set arbi-
trarily at 2%, and about 10% of the transfusion recipi-
ents are presumed to be carriers of the HIV virus. Due

to operational limitations, it is assumed possible to only
implement additional screening or processing of blood
products for 50% of the blood supply. The cost of treat-
ment of an average HIV patient is 150 US$ and the
excess mortality rate of HIV infected transfusion recipi-
ents is estimated at 17.5%. The outcomes presented in
Table 2 represent the outcomes of candidate safety
interventions for this setting. Table 2 indicates that the
Total Net Costs without the implementation of any
additional safety intervention are 162000 US$, as shown
on the first row for the safety intervention “No screen-
ing.” This number is calculated as: the number of dona-
tions (=60 000) × prevalence of infection among donors
(=2%) × (1 - proportion of recipients not affected)
(=90%) × the costs of treatment of an infected donor
(=150 US$). The formulas used for the calculations in
Table 2 are available in the user guide of the tool pro-
vided in the Supplementary Materials S1 or on the
tool's website. Figure 1 shows these same results graph-
ically. The quantitative estimates of various outcomes
in this table are obtained from the set of input parame-
ters (Table 4) by application of a risk calculation model
that is embedded within the tool. Note that values for
some of the model parameters might not represent real
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FIGURE 1 Estimates for various outcomes per safety intervention scaled to the maximum value per outcome [Color figure can be

viewed at wileyonlinelibrary.com]
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world characteristics of state-of-the-art technologies but
were modified for illustrative purposes.

The MCDA assessment requires weights for each of
the outcomes considered. In Table 3 the weighted out-
comes for the candidate interventions and their overall
MCDA scores are shown. This table is derived from the
outcomes shown Table 2 in combination with (and multi-
plied by) the weights per outcome shown in the first row
of Table 3. For this example, all outcomes are converted
to an equivalent in US dollars. This means that the
weight for the total net costs is set to 1. The MCDA
weight for the annual number of deaths is set to 148 000
US$, implying that the decision maker is willing to spend
148 000 US$ to prevent one additional death by HIV
transmission by blood transfusion. This number is the
Value of a Statistical Life (VSL) estimate by Viscusi et al.
for Zimbabwe.17 The weight for the annual cost of each
intervention has been set to zero as these costs are
already incorporated in the total net costs from Table 2.
For the production loss, a value 148 US$ per lost dona-
tion has been set. This number was derived from expert
estimates that for every 1000 products lost one additional
death is expected. Technological complexity is based on
the expected negative impact (additional disturbances
during operation) that the choice of a more complex
technology will have on the blood supply. Note that the
cost-effectiveness ratio is not included in the MCDA as
this outcome is derived from the total net costs and
annual number of deaths which are already included in
the MCDA.

Table 3 clearly shows that in this example the preven-
tion of fatalities has the largest impact on the decision.
This column provides by far the largest contribution to
the overall MCDA score. The contribution from all other
columns are more comparable for the different options,
and the contribution from any of the other outcomes is
one to three orders of magnitude less. From the overall
MCDA score column it is also clear that “No testing” has
roughly twice the (negative) utility as all other interven-
tions, meaning that implementation of any of the inter-
ventions considered is strongly preferred.

Laboratory serological testing is preferred over rapid
serological testing even though its costs are higher
(96 300 US$). The lower number of products lost
(1940 × 148 = 287 179 US$) and the lower number of
fatalities (1.89 × 148 000 = 279 720) outweigh these addi-
tional costs of testing.

Laboratory serological testing is also preferred over
NAT testing as the additional cost of NAT testing
(1 022 100 US$) and the disadvantage of technological
complexity (with a monetary equivalent of 300 000 US$)
do not outweigh the benefits of the 1.8 fewer fatalities
(with a monetary equivalent of 148 000 × 1.8 = 265 734 T
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US$) and the 323 fewer products lost (with a monetary
equivalent of 323 × 148 = 47 863 US$).

The results show that it is worthwhile to implement
at least one safety intervention. With the weights used, a
clear preference for laboratory serological testing was
found. In a real-world setting, this conclusion would be
decisive if the input values were substantiated by expert
opinion and supported by the decision maker.

Note that for the sake of illustration, we considered
the impact of various safety interventions on the reduc-
tion of HIV transmission only. For pathogen reduction
however, there would be additional benefits as its imple-
mentation would also reduce the risk of transmission of

some other infections. Such scenarios would not affect
the methodology presented but would merely increase
the number of model parameters and potential scenarios
to include.

3.1 | Sensitivity analysis

As described in the methods section, for each of the input
parameters and MCDA weights the change in optimal
decision is determined by varying each of the inputs indi-
vidually over a range of values. Table 4 shows each of the
input values used in the model and the range of values

TABLE 4 Model parameters and viable range of values used, and outcomes of the sensitivity analysis

Description Value Units

Range of viable values

Changepointsa
Min
value

Max
value

General model parameter

Number of donations 60 000 - 60 000 60 000

Prevalence among donors 2% - 1% 20% At 10% a change from 3 to 4

Proportion recipients not affected 10% - 1% 20%

Coverage rate for the safety intervention 50% - 50% 100%

Costs of treatment (per patient) 150.00 US$ 100.00 200.00

Mortality rate of infected patients 17.5% - 10% 20%

Intervention specific parameters

Sensitivity of rapid serologic testing 96.0% - 65% 99.99% At 99.4% a change from 3 to 2

Specificity of rapid serologic testing 92.0% - 80.0% 99.99%

Costs of rapid serologic testing (per donation) 1.12 US$ 0.50 2.50

Sensitivity of laboratory serological testing 98.0% - 75% 99.99% At 94.6% a change from 2 to 3

Specificity of laboratory serological testing 98.6% - 98.0% 99.99%

Costs of laboratory serological testing (per don.) 4.33 US$ 3.25 5.40

Sensitivity of NAT testing 99.9% - 99.4% 99.99%

Specificity of NAT testing 99.7% - 99.6% 99.80%

Costs of NAT testing (per donation) 38.40 US$ 24.90 59.50

Effectivity of pathogen reduction 90.0% - 75% 99.99%

Costs of pathogen reduction (per donation) 20.00 US$ 15.00 30.00

Production loss of pathogen reduction 5.0% - 3% 7%

MCDA weight parameters

Total net costs 1.00 - 1 1

Annual number of deaths 148 000 US$/death 0 1 500 000 At 1203 a change from 1 to 3;
At 708 830 a change from 3 to 4

Annual cost of the intervention 0 - 0 0

Annual number of products lost 148 US$/product 0 5000 At 3262 a change from 3 to 4

Medium technological complexity 100 000 US$ 0 1 500 000

High technological complexity 300 000 US$ 0 1 500 000

aThe numbers used reference the different risk management strategies: 1 - No testing, 2 - Rapid serologic testing, 3 - Laboratory serological testing, 4 - NAT
testing, 5 - Pathogen Reduction.

510 JANSSEN ET AL.



considered. The last column in the table provides infor-
mation on the changepoints within the range of viable
values where the numbers identifying the interventions
reflect the five optional safety interventions listed in the
footnote below the table. From this column it can be
found that within the range prevalence of HIV among
donors between 1% and 20%, at 10% the optimal screen-
ing strategy will change from 3 to 4, that is, from “Labo-
ratory serological testing” to “NAT testing.” In case the
sensitivity of rapid serological testing would have been
higher than 99.4% instead of the 96% used in the current
assessment, rapid serological testing (option 2) would be
preferred over laboratory serological testing (option 3).
This would also be the case if the sensitivity of laboratory
serological testing would have been less than 94.6%,
instead of the 98% used in the current assessment. The
changepoints for the weights used indicate that a change
by a factor of 5 and 20 for the annual number of deaths
and the annual number of products lost respectively,
would be required to change the optimal interventions
selected. The overall conclusion would therefore be that
the preference for laboratory serological testing is rather
solid.

3.2 | Qualitative assessment

As described in the methods section, the first step in
the qualitative assessment is determining the order of
importance of the outcomes to consider in the assess-
ment. For our fictitious case study we defined the order
of importance of outcomes to be: (a) Annual number of
deaths, (b) Annual cost of screening, (c) Annual num-
ber of products lost, (d) Technological complexity,
(e) Total net costs, and (f) Cost-effectiveness. There are
a number of additional considerations relevant for this
case study. These considerations are that (a) more than
100 deaths by transfusion transmitted HIV cases is con-
sidered unacceptable; that (b) the maximum budget
available for screening is 100 000 US$; that (c) no more
than 1500 products per annum may be lost due to
screening or treatment by pathogen reduction; and
finally, that (d) technological complexity above a
medium level will be too difficult to maintain in
practice.

In the last two columns of Table 5, the first two steps
of the Step-by-Step qualitative assessment are shown.
The conclusion of the first step is that “No testing” is not
a viable option as the number of fatalities is considered
unacceptable. This would be the most likely motivation
for considering the implementation of an additional
safety intervention in the first place. Any of the interven-
tions considered are expected to roughly halve the

number of fatalities. Also, pathogen reduction seems not
to meet the proposed maximum number of fatalities con-
sidered acceptable. As the annual cost of screening is
lowest for rapid testing, this is therefore the preferred
option at this stage. Note that a purely quantitative
assessment considering only these two outcomes, would
result in a preference for laboratory testing as the value
of preventing an additional two deaths with laboratory
serological testing exceeds the increase in screening costs
of 96 300 US$. However, it should also be noted that all
other options exceed the maximum budget available for
an additional intervention. In the second step of the
assessment, the annual number of products lost are taken
into additional consideration. Now a clear conflict
appears as none of the options considered complies with
all the restrictions previously defined. This means that
the selection of the best safety intervention requires a
review (or even a renegotiation) of these constraints. The
budget for screening is most likely to be adjusted as this
is exceeded by 30% whereas the maximum acceptable
number of products lost is exceeded by almost 60%.
Assuming the budget is expanded, consideration of the
number of products lost shifts the preferred option from
rapid testing to laboratory-based testing. However, this
may also be dependent on the setting. One might decide
that accepting the additional number of products lost
would be more easily overcome than extending the
budget.

Steps 3 to 5 are not further elaborated in this paper in
detail, but we refer the interested reader to the Supple-
mentary Materials S1 to this paper or to the tool's
website. However, it is clear that including technological
complexity (Step 3) in the considerations will not affect
the preference as it is identical for the two most favorable
options determined in Step 2 (see Table 2). The same
holds when additionally considering the total net costs
(Step 4 of the assessment). Despite that the difference in
total net costs between two options is slightly less than
the difference in the direct costs of testing, this will not
affect the preference for laboratory serological testing.
Finally, when additionally considering cost-effectiveness
(Step 5), the fact that rapid testing seems to be cost-saving
(the cost-effectiveness ratio for this option is negative,
meaning the health care costs prevented by screening
exceed the costs of screening) does not compensate for
the excessive number of products lost. This means that
the conclusion drawn after the first two steps of the
assessment that laboratory serological testing is the pre-
ferred option is also the final outcome of the qualitative
assessment.

In our scenario, both the qualitative and the quanti-
tative approach lead to the same conclusion that labora-
tory serological testing is the preferred intervention. The

JANSSEN ET AL. 511



T
A
B
L
E

5
F
ir
st
tw

o
st
ep
s
of

th
e
qu

al
it
at
iv
e
st
ep
-b
y-
st
ep

M
C
D
A
as
se
ss
m
en

t

O
p
ti
on

al
sa
fe
ty

in
te
rv
en

ti
on

s
(1
)
A
n
n
u
al

n
u
m
be

r
of

d
ea

th
s
[−

]

(2
)
A
n
n
u
al

co
st

of
th

e
in
te
rv
en

ti
on

[U
S$

]
(3
)
A
n
n
u
al

n
u
m
be

r
of

p
ro
d
u
ct
s
lo
st

[−
]

ST
E
P
1
-
co

n
si
d
er
in
g:

(1
)

A
n
n
u
al

n
u
m
be

r
of

d
ea

th
s,

an
d
(2
)
A
n
n
u
al

co
st

of
th

e
in
te
rv
en

ti
on

ST
E
P
2
–
C
on

si
d
er
in
g:

(1
)
A
n
n
u
al

n
u
m
be

r
of

d
ea

th
s,
(2
)
A
n
n
u
al

co
st

of
th

e
in
te
rv
en

ti
on

,a
n
d
(3
)

A
n
n
u
al

n
u
m
be

r
of

p
ro
d
u
ct
s
lo
st

N
o
te
st
in
g

18
9a

0
0

U
n
ac
ce
pt
ab
le

n
um

be
r
of

fa
ta
lit
ie
s

U
n
ac
ce
pt
ab
le

n
um

be
r
of

fa
ta
lit
ie
s

R
ap

id
se
ro
lo
gi
c
te
st
in
g

98
33

60
0

23
52

a
P
re
fe
rr
ed

op
ti
on

:
C
os
ts
ar
e
lo
w
an

d
th
e
di
ff
er
en

ce
in

th
e
re
m
ai
n
in
g
n
um

be
r
of

fa
ta
lit
ie
s
be
tw

ee
n
th
is
an

d
ot
h
er

te
st
s
is
ac
ce
pt
ab
ly

sm
al
l

C
os
ts
ar
e
lo
w
an

d
th
e
di
ff
er
en

ce
in

th
e
re
m
ai
n
in
g
n
um

be
r
of

fa
ta
lit
ie
s

be
tw

ee
n
th
is
an

d
ot
h
er

te
st
s
is

ac
ce
pt
ab
ly

sm
al
l,
bu

t
4%

lo
ss

of
pr
od

uc
ts
(e
xc
ee
di
n
g
th
e
th
re
sh
ol
d

by
57
%
)
is
un

ac
ce
pt
ab
le

L
ab
or
at
or
y
se
ro
lo
gi
ca
l

te
st
in
g

96
12
9
90
0a

41
2

E
xc
ee
ds

th
e
av
ai
la
bl
e
bu

dg
et

P
re
fe
rr
ed

op
ti
on

:
C
os
ts
of

te
st
in
g
ex
ce
ed

th
e
av
ai
la
bl
e

bu
dg

et
,b

ut
as

th
e
n
um

be
r
of

pr
od

uc
ts
lo
st
w
it
h
ra
pi
d
te
st
in
g
is

n
ot

ac
ce
pt
ab
le
,a

re
co
n
si
de
ra
ti
on

of
th
e
bu

dg
et

co
n
st
ra
in
t
se
em

s
ap

pr
op

ri
at
e

N
A
T
te
st
in
g

95
1
15
2
00
0a

88
L
ow

es
t
n
um

be
r
of

fa
ta
lit
ie
s
bu

t
co
st
s
ex
ce
ed

th
e
av
ai
la
bl
e

bu
dg

et
by

an
or
de
r
of

m
ag
n
it
ud

e

L
ow

es
t
n
um

be
r
of

fa
ta
lit
ie
s
bu

t
co
st
s

ex
ce
ed

th
e
av
ai
la
bl
e
bu

dg
et

by
an

or
de
r
of

m
ag
n
it
ud

e

Pa
th
og
en

re
du

ct
io
n

10
4a

60
0
00
0a

15
00

N
ot

a
vi
ab
le

op
ti
on

,h
ig
h
er

an
n
ua

ln
um

be
r
of

de
at
h
s
at

h
ig
h
er

co
st
co
m
pa

re
d
to

bo
th

ra
pi
d
an

d
la
bo

ra
to
ry

se
ro
lo
gi
ca
lt
es
ti
n
g

N
ot

a
vi
ab
le

op
ti
on

,h
ig
h
er

an
n
ua

l
n
um

be
r
of

de
at
h
s
at

h
ig
h
er

co
st

co
m
pa

re
d
to

bo
th

ra
pi
d
an

d
la
bo

ra
to
ry

se
ro
lo
gi
ca
lt
es
ti
n
g

a B
ol
d
n
um

be
rs

ex
ce
ed

th
e
ac
ce
pt
ab
le

m
ax
im

um
an

n
ua

ln
um

be
r
of

de
at
h
s
(1
00
),
th
e
av
ai
la
bl
e
an

n
ua

lb
ud

ge
t
fo
r
th
e
in
te
rv
en

ti
on

(1
00

00
0
U
S$
)
or

th
e
ac
ce
pt
ab
le

m
ax
im

u
m

an
n
u
al

n
u
m
be
r
of

pr
od

u
ct
s
lo
st
(1
50
0)
.

512 JANSSEN ET AL.



biggest advantage of the step-by-step qualitative
approach is that it allows incorporating much more sub-
tle considerations such as inclusion of a threshold value
and even reviewing the viability of an option despite its
exceedance of a threshold. Such subtleties would be
difficult—if not impossible—to incorporate in a quanti-
tative model. Where a quantitative model may allow
balancing preferences at a macro level, the final decision
will always require the integration of considerations on
a finer, micro level. As such, decision makers are rec-
ommended to always include a deliberative component
in their process of formulating recommendations as this
allows taking into account any considerations perceived
relevant.14

4 | DISCUSSION

In this paper we reviewed the features of the WHO Risk-
Based Decision Support Tool for Blood Safety and dem-
onstrated its functionality and usability based on a ficti-
tious case study considering the selection of a safety
intervention to reduce the number of transmissions of
HIV by blood transfusion. Importantly, because of the
illustrative purpose of the case study not all parameters
used present a realistic characterization of the current
health and technological data available.

One of the weaknesses of the WHO tool is that the
assessment is restricted to the evaluation of a set of risk
management options to reduce the risk of transmission
of an infectious disease by blood transfusion. The tool
was originally designed to be completely flexible in the
risk management options and outcomes to include, but
the pilot study showed that a pre-structured design for a
fixed decision problem would be preferable. Leaving risk
management options open would require the user to
define the appropriate risk models as well as
implementing these in the tool. Hence, flexibility was
sacrificed for ease of use and controllability. However, if
the tool is successfully applied in practice, alternative
risk management evaluations can be easily developed
and implemented. For more general support on the
complete risk-based decision-making process we
strongly recommend reviewing the freely accessible
website of the ABO Risk Based Decision Making Frame-
work which describes a structured approach to support
the decision making process in general and provides
many useful checklists as well as a workbook to provide
practical support.5

A key feature of the WHO tool and starting point for
the decision-making process is a table with various out-
comes assessed for each risk management strategy. This

Safety interventions & Outcomes table can be used to
support the decision-making process in both a quantita-
tive and a qualitative MCDA, which are both supported
by the WHO tool.

The strength of the quantitative assessment is that in
general it allows imposing more consistency over a
broader range of decisions,13,18 and that the robustness of
the decision can be explored by evaluating the sensitivity
of the intervention selected for changes in input parame-
ters. The main disadvantage of this approach is that it
does not consider any aspects that are not explicitly mod-
elled. One might for example increase the MCDA weight
whenever an outcome exceeds a threshold value to over-
come these limitations specified in our case study. How-
ever, such modifications would introduce substantial
additional complexity and hence reduce transparency.
Also, the fact that the selection of the most favorable
intervention is based on a numerical derivation from a
quantitative model rather than a narrative rationale may
not be easily accepted.19,20

The strength of the qualitative approach on the other
hand is that it builds a case for the selected intervention
by means of a documentation of considerations and argu-
mentations used. This may reduce consistency over vari-
ous decisions, but it facilitates communication of the
reasoning behind the decision, which is likely to support
acceptance of the decision. The step-by-step approach as
presented on our tool helps structuring the thought pro-
cess in a systematic manner.

For our case study, it is striking that despite the differ-
ing considerations applied in either method, the outcome
of both assessments is the same. In the quantitative
approach, the use of the weight for the number of deaths
(the 148 000 US$ per death prevented) guides the deci-
sion toward laboratory serological testing. The sensitivity
assessment shows that the preference for this interven-
tion is rather insensitive to changes in model parameters.
On the other hand, in the qualitative assessment, by sim-
ply inspecting the cost and the change in fatalities for
each test, the preference points in the same direction.
The fact that threshold values as well as any other con-
siderations can be easily incorporated in the qualitative
assessment results in a realistic argumentation in support
of the intervention selected. All in all, the conclusion
should be that the quantitative and qualitative
approaches are complementary with each having its own
strengths and weaknesses. Therefore, we conclude it is
well-advised to apply both approaches when selecting a
new or re-evaluating an existing intervention.

Hopefully, dissemination of the WHO tool for risk-
based decision support for blood safety will contribute to
better blood safety decision making. The tool should
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motivate low- and middle-income countries to find their
own best suited safety strategies instead of trying auto-
matically to implement the most advanced safety tech-
nologies employed in most high-income countries. The
tool in its current form only supports the evaluation of a
set of risk management options to reduce the risk of
transmission of an infectious disease by blood transfu-
sion. However, if successful applications are reported,
alternative scenarios can be easily developed and
implemented in the future.
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