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Abstract

Background: Evidence-based practices (EBPs) are frequently adapted in response to the dynamic contexts in which
they are implemented. Adaptation is defined as the degree to which an EBP is altered to fit the setting or to improve

fit to local context and can be planned or unplanned. Although adaptations are common and necessary to maximiz-
ing the marginal impact of EBPs, little attention has been given to the economic consequences and how adaptations
affect marginal costs.

Discussion: In assessing the economic consequences of adaptation, one should consider its impact on core com-
ponents, the planned adaptive periphery, and the unplanned adaptive periphery. Guided by implementation science
frameworks, we examine how various economic evaluation approaches accommodate the influence of adaptations
and discuss the pros and cons of these approaches. Using the Framework for Reporting Adaptations and Modifica-
tions to Evidence-based interventions (FRAME), mixed methods can elucidate the economic reasons driving the
adaptations. Micro-costing approaches are applied in research that integrates the adaptation of EBPs at the planning
stage using innovative, adaptive study designs. In contrast, evaluation of unplanned adaptation is subject to con-
founding and requires sensitivity analysis to address unobservable measures and other uncertainties. A case study is
presented using the RE-AIM framework to illustrate the costing of adaptations. In addition to empirical approaches to
evaluating adaptation, simulation modeling approaches can be used to overcome limited follow-up in implementa-
tion studies.

Conclusions: As implementation science evolves to improve our understanding of the mechanisms and implica-
tions of adaptations, it is increasingly important to understand the economic implications of such adaptations, in
addition to their impact on clinical effectiveness. Therefore, explicit consideration is warranted of how costs can be
evaluated as outcomes of adaptations to the delivery of EBPs.
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Contributions to the literature

» Adaptations are a reality of implementing evidence-
based practices and have economic implications

e Economic implications should be considered in deci-
sions to adapt evidence-based practices

» Current frameworks to describe adaptations and spec-
ify the conditions under which adaptations are made
can be helpful in identifying their resource implications

» Economic evaluation tools can guide how and when to
assess the economic impact of adaptations

Introduction

Allocating resources to the implementation of inter-
ventions requires an understanding of the relation-
ship between resources expended and health outcomes
achieved by the program or intervention. Economic
evaluation methods that have traditionally been applied
to measure value and compare the costs and conse-
quences of health interventions [1] can also inform
whether strategies designed to improve the quality of
health care delivery and the uptake of evidence-based
practices (EBPs) represent a cost-effective use of limited
resources. An increasing number of health economic
evaluations are nested within implementation and
improvement research studies [2]. These studies esti-
mate the costs of delivering EBPs (intervention costs),
the costs of the implementation strategies to enhance
their delivery (implementation costs), and the down-
stream health care costs subsequent to the implemented
EBP (downstream costs) [3].

Despite the growing use of economic evaluation in
implementation science, little attention has been given
to economic issues and to the methodological chal-
lenges of evaluating the marginal costs of implementa-
tion attributable to adaptations that often occur to EBPs
during the implementation process [4]. This article
offers a unique perspective on the economics of adapta-
tion, an evolving area of the field, by discussing practi-
cal approaches to evaluate the economic consequences
of adaptation (i.e., what is planned at baseline vs. what
gets delivered). This topic is of increased importance to
public health and health care delivery with the intro-
duction of new approaches that integrate adaptive,
contextually sensitive continuous quality improvement,
particularly within learning health care systems [5]. Pre-
vious research suggests that adaptations are widespread
[6, 7], underscoring the importance of understanding
the effectiveness and economic implications of various
adaptations to public health and health care delivery
systems.
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Background

Defining adaptation

There is an ongoing debate regarding what is meant by
the term adaptation [8], and we use a definition that is
broad but specific enough to advance the discussion of
how to measure the economic impact of adaptations.
Adaptation of EBPs has been defined as the process of
“thoughtful and deliberate alteration to the design or
delivery of an intervention,” with the goal of improving
its fit or effectiveness in a new context [9]. The origins
of adaptation can be traced to its roots in the Diffu-
sion of Innovations theory [10], originally defined as
“re-invention” and discussed as early as 1972 by Char-
ters and Pellegrin [11]. Originally thought to be unam-
biguously negative, re-invention has increasingly been
recognized as a fundamental part of the adoption and
implementation process. The most common reasons
for adaptation have included the need for a culturally
appropriate program, a new target population, a new
community or clinical setting, the desire to improve
ease and feasibility of implementation, attempting to
make the program more widely accessible, and con-
densing the original intervention [7]. Although adapta-
tions can be made to the implementation strategy used
to deliver EBPs into a new setting, this paper focuses
on adaptations to EBPs which can occur even in the
absence of implementation strategies.

The role of economics in the science of adaptation
There is growing recognition that adaptation is a nec-
essary step in optimizing EBP implementation and that
it is essential to the uptake and sustainment of EBPs.
There are common steps involved in adaptation pro-
cesses, each of which may have economic implications.
These steps typically include conducting an organi-
zational assessment, determining the level of change,
and consulting stakeholders or experts before adapt-
ing the intervention, preparing new materials, training
staff members, implementing the adapted intervention,
evaluating the adapted intervention, and determining
needed changes based on action step assessments [7].
Given the adaptations may have resource implica-
tions, there is a need to advance the science at the
intersection between adaptation and economic evalua-
tion. Despite their widespread prevalence, adaptations
are understudied, with knowledge gaps surrounding
their context, the adaptation decision itself, the posi-
tive and negative outcomes associated with various
levels of adaptation, and the robustness of adaptations
across different contexts and types of interventions
[6]. Early efforts have been directed at studying the
impact of adaptation on individuals and organizations,
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including an initiative by the Robert Wood John-
son Foundation to systematically investigate the local
adaptation of evidence-based practices [12]. Advanc-
ing our economic understanding of adaptation is con-
sistent with calls to develop strategies to improve the
science of adaptation in the context of implementation
that would more comprehensively describe the needed
fit between EBPs and their settings, and embrace
opportunities for ongoing learning about optimal EBP
delivery over time [13].

Progression of economic evaluation in implementation
research

Economic modelling can inform those planning to
scale up EBPs. In this respect, various approaches to
the economic evaluation for implementation of EBPs
can be applied to study adaptations. When evaluat-
ing EBPs, estimates of the expected benefit for each
patient can be summed up to estimate the net effect for
a group of patients, which can be used to estimate the
net effect for a health care system. Sculpher first pro-
posed the evaluation of implementation strategies by
estimating their cost-effectiveness ratio in 2000 [14].
This model assumes that the strategies under evalu-
ation can achieve perfect implementation conditions
with patterns of clinical practice remaining static. In
2001, Mason and colleagues suggested a framework for
economic evaluation that examines the cost-effective-
ness of implementation strategies that help to achieve
the adoption of treatments in addition to the cost-
effectiveness of the treatments [15]. This framework
recognized that interventions do not achieve perfect
implementation in the real world, and therefore, it is
important to value the actual uptake of the interven-
tion. However, costs on this framework are estimated
at the patient level, which is less useful to decision-
making that occurs at the program level. Additionally,
while this framework acknowledges implementation
gaps as a problem in economic modeling, it does not
directly address adaptations and their consequences
with respect to economic evaluation. Over the past
two decades, analytic methods have been proposed to
measure the expected value of the improved implemen-
tation of health care interventions at the patient level
[16, 17]. However, the literature is scarce on approaches
to directly address adaptation as a necessary step in
optimizing implementation. In response, this paper
discusses available frameworks and methods that can
be applied to economic evaluation of adaptations, as
well as the needed for new methods and approaches to
advance the science of adaptation from an economic
evaluation lens.
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Methodology

Framework for characterizing the economic drivers

and consequences of adaptations

Stirman et al. developed the Framework for Reporting
Adaptations and Modifications to Evidence-based inter-
ventions (FRAME) for describing and measuring adap-
tations that organizations make to fit an evidence-based
intervention to their setting [6]. The framework was
based on a systematic review of adaptations to evidence-
based interventions. The latest iteration of this frame-
work [18] includes eight domains: (1) when and how in
the implementation process the adaptation was made,
(2) whether the adaptation was planned/proactive or
unplanned/reactive, (3) who determined that the adap-
tation should be made, (4) what is adapted, (5) at what
level of delivery the adaptation is made, (6) type or nature
of context or content-level adaptations, (7) the extent to
which the adaptation is fidelity-consistent, and (8) the
reasons for the adaptation, including the intent or goal of
the adaptation (e.g., improve fit, adapt to a different cul-
ture, reduce costs).

Across all domains of the framework, there are eco-
nomic drivers and implications that should be consid-
ered. Costs can vary according to (1) the timing of the
adaptation; (2) whether they are planned; (3) the deci-
sion-maker responsible for the adaptation; (4) whether
the adaptation is to the EBP or implementation strategy;
(5) whether the EBP is delivered at the patient, practice,
or organizational level and the nature of the adaptation;
(6) the nature of the content adaptation; (7) whether the
adaptation preserves fidelity to the core components of
the EBP; and (8) the reason or motivation for the adap-
tation. In some cases, economic factors might be driving
the adaptation, and researchers may seek to understand
the mechanisms by which costs motivate adaptations
to a program and the role they play in influencing the
likelihood of sustainability over time. Table 1 presents
examples within each domain of the FRAME, along
with its cost relevance, considerations for cost measure-
ment, and comparisons of its implications according to
whether the adaptation was planned or unplanned. For
example, adaptation can focus on either the EBP or the
implementation strategy. Delineating adaptation costs of
the implementation strategy compared with the EBP is
crucial for scaleup efforts. Variation in adaptation costs
may be related to the complexity of the intervention to
be implemented [19]. Potential strategies to reduce the
cost of adaptations may include starting with smaller
adaptations and building upon successful experiences
and sharing learnings from adaptations early and often
through “train-the-trainer” or communities of practice
approaches.
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Mixed methods economic evaluation

Guided by the FRAME and other tools [20], mixed meth-
ods approaches can be highly useful to elucidate the eco-
nomic reasons driving the adaptations to improve the
generalizability of findings, as well as their economic
consequences [21]. Mixed methods can also inform sen-
sitivity analysis that is often a critical component to test
the assumptions made in economic evaluation [22], by
further identifying and explaining variations in cost at
different levels (e.g., provider, practice) and for various
stakeholders. For implementation planning purposes,
it is useful to understand the dimensions upon which
planned adaptations may be warranted and to establish
a range in costs associated with planned adaptations that
are likely to occur. Whereas estimating the cost implica-
tions of adaptations can be useful, more nuanced eco-
nomic evaluation than simply measuring costs should
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be carried out in early phases of implementation and
improvement program planning.

Addressing the economic consequences of adaptation

Figure 1 conceptualizes adaptations to an EBP and its
implementation that warrant economic evaluation. In the
cases of the EBP, there are core components to consider,
in addition to planned adaptive periphery, as well as
unplanned adaptive periphery. This relationship is illus-
trated for both the trial components (i.e., EBP) and the
trial costs (i.e., intervention costs, implementation costs,
and downstream costs). Studies can be designed to moni-
tor the impact of adaptations within the planned adaptive
periphery. Economic evaluation can estimate the mar-
ginal costs for a particular implementation strategy, the
marginal estimates of incremental costs of the EBP within
the confines of the costs of a particular implementation

Trial

Evidence based
practice (EBP)

Periphery

Unplanned Adaptive Periphery

Planned Adaptive

Core Components

Trial Costs

LT ELUEEE D Y ynplanned Adaptive Peripheral Costs (i.e., marginal estimates of unexpected
Costs incremental costs; may be outside perceived bounds of implementation costs)

Planned Adaptive
Peripheral Costs
(i.e., marginal estimates of incremental costs or degree of uncertainty w/in
bounds of implementation costs for Strategy A. No cost comparison)

Core Component Costs of Implementation

EBP Costs

Unplanned Adaptive Peripheral Costs (i.e., marginal estimates of
unexpected incremental costs of Strategy A; may be outside perceived
bounds of initial EBP costs; beware of confounding)

Planned Adaptive Core Component Costs of EBP vs.
Peripheral Costs usual care (i.e., Strategy A vs. Strategy B)
(i.e., marginal estimates of expected incremental costs or degree of
uncertainty w/in confines of Strategy A costs)

Downstream

nplanned Adaptive Peripheral Costs (i.e., marginal estimates of unexpecte
incremental costs downstream of Strategy A. may be outside bounds of
perceived downstream costs; beware of confounding)

Core Component Costs of Downstream EBP vs.
usual care (i.e., Strategy A vs. Strategy B)

Planned Adaptive
Peripheral Costs

(i.e., marginal estimates of expected incremental costs or degree of
uncertainty in downstream estimates of Strategy A costs)

Fig. 1 Core components, planned adaptive periphery, and unplanned adaptive periphery. The relationship is illustrated for both the trial

components and the trial costs (i.e, implementation, intervention, and downstream)
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strategy, and the marginal costs in downstream esti-
mates of the implemented intervention. However, track-
ing downstream effects may be subject to confounding
because it may not be clear what caused the effect.

Economic methods can also be used to estimate the
marginal cost in the case of unplanned or reactive adap-
tation. Unplanned adaptation is the change to the con-
tent or strategy of EBP delivery that is not specified in
the standard treatment protocol [23]. From an evalu-
ation perspective, unplanned adaptations could be in
response to unexpected contextual changes (e.g., chang-
ing the structure of a treatment protocol due to the onset
of COVID-19) or could reflect a deficit of implementa-
tion fidelity (e.g., drifting from the protocol) and create
noise that could limit the interpretation or reduce the
statistical power of estimating the consequences of these
adaptations. The economic consequences of unplanned
adaptation decisions may be difficult to address com-
prehensively using standard evaluation methods. One
issue is the problem of endogeneity that confounds all
unplanned adaptations. Endogeneity means that the
choice to adapt was based on internal decisions, as
opposed to being randomly assigned. This prevents
causal estimates because the adaptation is correlated
with unobserved confounders. When estimating EBP
costs, unplanned adaptive peripheral costs are the mar-
ginal estimates of unexpected incremental costs. For
downstream costs, these are the marginal estimates of
unexpected incremental costs downstream of implemen-
tation. In all cases, these estimates may be outside the
perceived bounds of the initial EBP costs and confound-
ing is possible.

For a given EBP, estimates may exist from the original
trial on the cost or cost-effectiveness of implementing the
intervention. However, because an adapted EBP will rely
on different local resources across various delivery set-
tings, costs could differ substantially between contexts.
When the EBP is implemented in a new setting, one sce-
nario could involve implementing the EBP without adap-
tation. Although some costs might be lower in the new
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setting — for example, if the original trial required more
developmental work for an implementation infrastruc-
ture — it is possible that the EBP will achieve suboptimal
outcomes due to the limited fit between the EBP and the
new delivery setting. Therefore, an alternative scenario
involves adaption to improve the fit of the EBP in the new
setting. In this scenario, there is an incremental cost to
implementing the EBP beyond the costs involved in the
original setting, and there is an incremental change in
implementation outcomes beyond the scenario that does
not include adaptation. This rationale for studying the
economics of adaptation is applicable to both cost-effec-
tiveness analysis and budget impact analysis and depends
on whether a standard has been established by one or
more trials evaluating the EBP. The model structure dia-
gram for a budget impact analysis [24] of implementa-
tion with an adaptation scenario is provided in Fig. 2 for
illustrative purposes, although a similar logic can be fol-
lowed for addressing adaptations in a cost-effectiveness
analysis. If the implementation of an EBP in a new setting
without adaptation results in a loss in net benefits from
the intervention, these models can examine the extent to
which the adaptation restores these benefits.

Important considerations for the economics of adaptation

The analysis of implementation studies includes costs
that accrue to or are paid by the decision-maker and
other costs relevant to stakeholders [25]. Implementa-
tion stakeholders are often faced with the decision of
whether the adaptation should be made, based on prior
knowledge and future projections of the value of EBPs.
Stakeholders include those who are making the adapta-
tion decision (whether top-down or bottom-up), but
also those who will receive the results of the economic
evaluation, including internal and external stakeholders.
Therefore, specifying the appropriate economic perspec-
tive helps in identifying how and why certain adaptations
should be costed and is essential for the effective replica-
tion of EBP implementation or in planning for potential

Population Evidence-based EBPs, implementation strategies
(original setting) practice (EBP) Implementation costs
Population health outcomes
Results:
Scenario 1: EBPs, implementation strategies Budget and
Eligible Without adaptation Implementation costs health impact of
Population Population health outcomes implementation
(new setting) with adaptation
EBPs, implementation strategies
Scenario 2: Implementation costs
With adaptation Population health outcomes

Fig. 2 Model structure diagram for a budget impact analysis of implementation with adaptation (adapted from Mauskopf et al.) [24]
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adaptation. Given that implementation stakeholders are
often interested in short-term rather than longer term
outcomes, we focus the discussion on the evaluation of
the economic impact of adaptation on intervention and
implementation costs at the expense of downstream
costs, especially when adaptations are involved. This dis-
cussion is applicable to both cost-effectiveness analysis
which evaluates whether an EBP provides value relative
to an existing intervention and budget impact analysis
which estimates the financial consequences of adopting
anew EBP.

Another important consideration in the economic eval-
uation of implementation within the context of adapta-
tion is to specify the time period of interest. In traditional
economic evaluation, the time horizon is any period over
which economic value could be expected to differ across
the comparators. The traditional approach of selecting a
fixed value time horizon may be inappropriate. Philips
et al. discussed alternative approaches to the selection
of time horizons for valuing implementation alternatives
and the benefits of explicitly modeling future changes
and advocate for the selection of a common time horizon
after accounting for the effects of anticipated changes
in short-term adaptations [26]. Timing of the adapta-
tion may influence cost, and it is plausible to observe
diminishing returns in cost-savings for introducing an
adaptation later in the implementation process. Given
the complexity of adaptation decisions, implementa-
tion science frameworks are needed to evaluate costs of
adaptations.

Case study: costing adaptations in implementation

of opioid reassessment clinics

Implementation science frameworks can also clarify
how adaptations could simultaneously affect primary
target outcomes of an implementation study as well as
its economic evaluation. Clarifying this a priori helps
in planning for how to measure and report adaptations
and make more appropriate cost estimates related to
outcomes of interest. Table 2 illustrates a case study
of adaptations in opioid reassessment clinic (ORC)
[27] implementation, organized by the domains of the
Reach, Effectiveness, Adoption, Implementation, and
Maintenance (RE-AIM) framework [28]. For each RE-
AIM outcome, we present an adaptation example, along
with its cost relevance, considerations for cost analy-
sis, and a comparison of the implications of planned
and unplanned adaptation. In the case study, effective-
ness is measured as the number of patients on high-risk
long-term opioid therapy who are transitioned to safer
regimens. A new initiative at the clinical site requires
regular monitoring of patients transferred to safer regi-
mens. Costing this adaptation involves measuring the
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time and resources required for monitoring patients after
the initiative is launched. One method to consider here
is interrupted time series that could examine the cost of
adaptation on the effectiveness of the outcome per unit
of time. However, in the case of unplanned adaptation, a
causal inference may not be achieved due to endogeneity.
One of the implementation outcome measures in the case
study is the number of patients successfully completing
treatment with the opioid reassessment clinic. The adap-
tation in this case involves hiring a new addiction spe-
cialist on site with specialty in tapering. Implications of
the adaptation involve added salary for the new special-
ist, in addition to more time consulting and coordinating
care with more patients. The additional implementation
costs could be assessed in relevance to the increased rate
of outcome per unit time. If this adaptation is planned,
a causal inference may be achieved with random assign-
ment of the adaptation.

Economic approaches to costing adaptations

Adaptations occur across a continuum of implementa-
tion study designs, ranging from trials testing adapted
versions of the EBP to studies that allow for local adapta-
tions during the implementation process, with the poten-
tial for an infinite number of versions of the original EBP.
Herein, we discuss various economic approaches to cost-
ing adaptations, namely micro-costing, time-based activ-
ity costing, minimal intervention needed for change, and
simulation modeling.

Micro-costing approaches

At one end of this continuum, micro-costing approaches
have been applied in research that integrates adapta-
tion of EBPs and implementation strategies at the plan-
ning stage using innovative study designs, such as the
multiphase optimization strategy trial (MOST) design
[29]. An adaptive implementation strategy can consist
of several discrete strategies delivered in sequence and
in different combinations. In adaptive implementation
strategies, the type and dose of implementation strategy
delivered to a site may be tailored in direct response to
levels of adoption of EBPs observed among specific sites.
Tailoring of implementation strategies could be based on
circumstances that may not be observable at baseline. In
one example, Collins and colleagues evaluated multiple
intervention components for a smoking cessation trial
with a MOST design [30]. The study used a phase-based
approach to guide the choice of intervention components
and outcome measures through randomized experimen-
tation, while using the MOST framework to ensure that
the intervention was not only effective, but also efficient
and scalable. Matching implementation strategies to clin-
ical context can be viewed as an optimization problem,
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whereby the objective is to determine the most cost-
effective approach to achieve the desired health outcome.

The sequential multiple assignment randomized trial

One type of MOST used in optimizing decision rules of
a time-varying adaptive intervention is the sequential
multiple assignment randomized trial (SMART). A clus-
ter randomized trial of community-based clinics with a
SMART design evaluated a standard versus enhanced
implementation strategy to improve outcomes of an EBP
to treat mood disorders [31]. The trial evaluated imple-
mentation strategies of varying intensity, with a low-
intensity strategy that includes EBP packaging, training,
and technical assistance, followed by a medium-intensity
strategy involving facilitation by external experts, and a
high-intensity strategy involving internal facilitation with
protected time for internal staff to support EBP imple-
mentation. Implementation strategies were evaluated for
their cost-effectiveness through random assignment in
three stages, whereby sites not responding to the imple-
mentation strategy in the previous stage were further
randomized to receive a supplemental implementation
strategy in the subsequent stage [22]. Findings suggested
that the most cost-effective implementation support
starts with a less intensive, less costly implementation
strategy and increases as needed to enhance EBP uptake
[22]. A SMART design is also being applied to the imple-
mentation of clinical guidelines for opioid prescribing in
primary care settings, in which clinics are randomized
to receive a sequence of implementation strategies that
address implementation concerns at the health system,
clinic, and provider levels [32]. This ongoing study aims
to identify the most cost-effective sequence and combi-
nation of implementation strategies [32].

Activity-based costing approaches

Calculation of the expected value of specific implementa-
tion strategies and their adaptations requires determin-
ing the change in implementation levels and estimating
the value of those changes. Comparing the value of such
changes against their costs allows for the estimation of
the expected value of the implementation strategies and
adaptations. Empirical studies using micro-costing meth-
ods such as activity-based costing can inform decision-
makers about the opportunity costs of alternative health
care interventions or strategies and how they change
over time [33]. This involves tracking the inputs used to
produce the EBP and multiplying the quantity of inputs
by their input costs. The underlying assumption behind
these methods is that the adaptation to improve imple-
mentation of the intervention results in a net health
benefit from the intervention being tested. Such a gain
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in net health benefit is then compared with the cost of
the implementation strategy to quantify whether it is an
appropriate use of health care resources by estimating the
value of implementation for a defined patient population
and health care budget. Although relying on routinely
generated data sources for analysis, such as electronic
health record data, is preferrable due to its low burden,
primary data collection may be necessary for measures
that are not typically captured in existing data sources.

The example provided in Fig. 3 outlines one method
of measuring costs (while considering adaptations) with
activity-based costing, but there are other types of micro-
and macro-costing methods (e.g., cost-adjusted charges
or total reimbursement, and gross-costing) that are dis-
cussed elsewhere [34]. Figure 3 illustrates an approach
for the measurement of input labor costs with the pur-
pose of understanding the impact of adaptation on such
costs. Although not included in this example for simplic-
ity, other input costs (e.g., supplies, technology) may be
considered as well. This hypothetical example considers
the case of a planned adaptation within the context of a
SMART design, whereby participants in one of the trial
arms underwent a planned adaptation. Considering an
activity-based costing dataset that is derived from a cost
survey or log (panel A), the information is then summa-
rized into an intermediate dataset with computed costs
(panel B). In this stage, decision-makers will need to
address potentially missing data from the activity logs.
For example, the analysis should be informed by a plau-
sible assumption for the mechanism behind the missing
data (i.e., whether the likelihood that the data are miss-
ing is independent of or dependent upon the observed or
unobserved values) [35]. The intermediate dataset is then
transformed into a final analytic dataset for analysis, in
which the costs attributable to the adaptation are derived
as a distinct category based on the relevant activities
(panel C). The variable costs in the adapted approach
can be used to estimate the impact of the adaptation on
health or system outcomes in determining the marginal
benefit (or harm) based on the adaptation. In line with
the concept of unplanned adaptations, this approach
could also capture unplanned adaptations, by continuing
to monitor input costs as local modifications arise. This
approach could also be applied to retrospective studies,
subject to the availability of input data. With retrospec-
tive data, it may be very difficult to use micro-costing if it
is unclear when the adaptation took place and the effort
that was expended before and after the adaptation. How-
ever, if retrospective micro-costing data already exist for
an adaptation at a given site, these data may be invalu-
able when estimating costs to expand an adaptation to
new sites and can be used as a tactic when approaching
decision-makers.



Salloum et al. Implementation Science Communications (2022) 3:100 Page 10 of 13
Activity Who When Time (mins) Where How Note SMART stage
Team training Pat 4-May 20 Conference room  In person Facilitator 1
Team training Alex 4-May 20 Conference room  Inperson  Team member 1
Team training Cam 4-May 20 Conference room  Inperson  Team member 1
Sent email Pat 12-May 30 Office Email Facilitator 1
Other activity Cam 14-May 180 Office Email Facilitator 1
Team training Pat 4-Jun 10 Conference room  In person Facilitator 2
Team training Alex 4-Jun 10 Conference room  Inperson Team member 2
Team training Cam 4-Jun 10 Conference room  Inperson  Team member 2
Sent email Pat 12-Jun 60 Office Email Facilitator 2
Role Month  Sum of effort (mins) Wage per min Cost SMART stage
Research assistant May 200 $ 025 $ 50.00 1
Team lead May 50 $ 060 $ 30.00 1
Physician May 20 $ 167 $ 33.33 1
Research assistant June 10 $ 025 $ 2.50 2
Team lead June 70 $ 060 $ 42.00 2
Physician June 10 $ 167 $ 16.67 2
Subtotal Month Cost SMART stage
Facilitation May $ 45.33 1
Patient education May $ 56.67 1
Adaptation May $ 11.33 1
Facilitation June $ 21.41 2
Patient education ~ June $ 30.59 2
Adaptation June $ 9.18 2

Fig. 3 Measuring input costs to understand the effect of adaptation

Minimal intervention needed for change (MINC) approach
One approach that has been recently introduced to opti-
mize the delivery of EBPs is the concept of “minimal
intervention needed for change” or MINC [36]. The goal
of MINC is to provide a minimum standard for compar-
ing low- vs. high-intensity EBPs to evaluate the relative
improvements based on their relative costs. One question
is as follows: how much more (or less) will the EBP cost
with the adaptations and how do these changes influence
the cost of EBP delivery or the implementation strategy?
Not all adaptations are costly. Some adaptations involve
recurring expenditures as opposed to new expenditures.
Defining the core elements vs. the adaptable compo-
nents of an EBP or implementation strategy is critical
for the downstream economic evaluation of EBP delivery
under different adaptation scenarios. Although MINC
is a promising approach, its premise relies on introduc-
ing another comparison condition (i.e., the less intensive,
less costly condition) that may or may not align with the
required adaptation.

Simulation modeling approaches

In addition to economic evaluation based on empirical
evidence, simulation modeling can be used to overcome
limited follow-up in implementation studies. Common
dynamic simulation modeling methods to inform the

implementation of EBPs in health care systems include
system dynamics, discrete event simulation, and agent-
based modeling [37]. These approaches to dynamic sys-
tems allow for considering the complexity of the system
by modeling the upstream and downstream economic
consequences of adaptations in complex health care
systems. Simulation modeling enables decision-mak-
ers to evaluate scenarios outside of the observed norm,
extend the time of observation, and strengthen and
relax assumptions, which is typically not feasible in the
real world. While it is inherently challenging to simulate
downstream cost estimates over the long-term, over-
laying simulations with probabilistic models of plau-
sible health care disruptions (e.g., varying degrees of
pandemic-related impacts) may provide more confidence
in the standard error around the estimate.

Although there are distinct advantages of simula-
tion modeling over other economic evaluation models,
these approaches can introduce challenges with respect
to both analysis and interpretation. For instance, simu-
lation models require extensive data that may not be
available in the detail required by the model, especially
when considering unintended economic consequences
of an adaptation. However, although simulation mod-
els might require detailed or unavailable data, they are
also able to account for this limitation in a way that other
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modeling approaches are unable to. Simulation mod-
eling can also present challenges for decision-makers
— i.e., end users of such models. Given the additional
complexity of such models, decision-makers may find
them more difficult to comprehend, assess their valid-
ity, and interpret their findings. Although simulation
modeling can be intimidating for some decision-makers,
there is a strong evidence base to make such methods
more accessible — e.g., through group model building
and community-based system dynamics [38, 39]. These
dynamic approaches allow for the costs and effects of
the implementation strategy to improve implementa-
tion of an EBP across multiple time periods, whereas
the traditional static approach assumes that the impact
occurs entirely in a single time period. Varying marginal
costs and benefits can be integrated into this approach
by allowing for varying costs and benefits for the value of
the EBP and of implementation strategies. Finally, even if
simulations are not able to generate a precise point esti-
mate, the simulations can generate a range of costs, and
the bounds may provide sufficient information for deci-
sion-makers [40].

Coincidence analysis as an alternative to simulation
modeling

One alternative method that has recently emerged to
address the real-world complexity of dynamic imple-
mentation is coincidence analysis [41]. In coincidence
analysis, researchers can apply an algorithm specifically
designed for causal inference across entire datasets to
identify specific combinations of components and con-
ditions that consistently lead to improved outcomes,
regardless of sample size [41]. However, one challenge
with using coincidence analysis is that it requires the
measures to be temporally aligned with the outcome,
whereas downstream costs, by definition, are not tem-
porally connected. Therefore, coincidence analysis may
be useful to measure the costs of implementation strate-
gies when the method used has sufficient precision to
do so.

Addressing uncertainty and other considerations

for costing adaptations

The results of any economic analysis contain inher-
ent uncertainty due to the estimated nature of current
inputs, other assumptions (e.g., the same observed ben-
efits extend beyond the observation period), and pre-
dictions about the future. This uncertainty in economic
modeling is exacerbated in the case of adaptation. There-
fore, it is important for economic analysis of adaptation
to include both scenario and sensitivity analyses [42].
The first source of uncertainty is related to the meas-
ures and assumptions that vary from the setting of the
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original trial as the intervention is implemented within
a new site. Examples of measures that vary by setting
include population characteristics, health system treat-
ment patterns, and the disease prevalence within the
health system. Scenario analysis is useful for this source
of uncertainty. Local information should be used to
inform alternative plausible scenarios by varying the
value of these input measures. However, caution should
be exercised to avoid the excessive use of assumptions
rather than data and the inadequate characterization of
uncertainty [43]. The second source of uncertainty is for
the measures and other assumptions that are estimated
with uncertainty regardless of the setting. This uncer-
tainty could be due to changes in measures over the
analysis time horizon and unpredictable future events.
Sensitivity analysis is useful for this source of uncer-
tainty. To the extent possible, the ranges of alternative
values used for the sensitivity analysis should be based
on observed variability in each measure, and information
should be provided on how these ranges were derived.
For example, the ranges used for effectiveness could be
the 95% confidence limits from the original trial. For
uncertain variables that lack observed data, expert opin-
ion on likely ranges may be needed. When presenting
results of the economic analysis, the base-case analysis
results using single or default values for both the inputs
known and unaffected by the adaptation and those for
which there is uncertainty. Then, the alternative sets of
results should be presented by changing the uncertain
input measure one at a time or by changing a group of
parameter values.

New estimation approaches are needed

One area where improved methods are needed is in
estimating the economic consequences of the adapta-
tion, compared with no adaptation, based on individual
components of the EBP or implementation strategy.
Using current micro-costing approaches, one would
start with an estimate of the current EBP components
without the adaptation under the original setting.
However, producing projections of change in the effec-
tiveness of various components once the adaptation is
introduced would be based on assumptions or best-
guess estimates. An additional assumption that is often
made is that implementation capacity is equal across
sites. Some adopting sites that have greater implemen-
tation capacity may be able to adapt more quickly or
achieve superior outcomes. Guidance for methods to
estimate the effect of adaptation on EBP or implemen-
tation strategy components would be useful. In addi-
tion to FRAME, FRAME-IS is a recent extension of the
tool that can be used for documenting adaptations to
implementation strategies [44].
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Conclusions

Economic evaluation of adaptations to EBP delivery is
complex due to the multifaceted interactions involved,
including various stakeholders, health care organiza-
tions, implementation processes, and technological
innovations. Considering these challenges, research-
ers should strive to engage stakeholders in understand-
ing the circumstances leading to the adaptation and its
implications. As with any economic evaluation, clearly
defining the problem and considering the appropriate
perspective and time horizon are critical to guiding the
purpose and scope of the evaluation. Mixed methods
research guided by implementation science frameworks
is important to establish the circumstances surround-
ing the adaptions and data availability. Next, researchers
should consider the appropriateness of simulation mod-
eling over traditional models for economic evaluation.
Recently, the Professional Society for Health Economics
and Outcomes Research (ISPOR) proposed a checklist
to assist researchers and decision-makers in deciding
whether simulation methods are appropriate to address
specific health system problems [37]. The checklist can
be used by health care delivery and implementation
researchers, as well as decision-makers, in planning
system interventions that address complex challenges
in delivering effective and efficient care. Recent devel-
opments in implementation science and data science
present opportunities to broaden and deepen our sci-
entific understanding of the economics of adaptation.
Beyond simulation modeling, additional checklists and
reporting templates are available from ISPOR and other
international standards organizations for applications
in health economics and outcomes research to inform
health care decision-making [45, 46].

The National Academy of Medicine has prioritized
a paradigm shift towards a learning health care sys-
tem, characterized by continuous learning and quality
improvement with continuity in clinical data collection
informing faster and more iterative adaptations [47].
This dynamic approach to evidence development and
application integrates adaptative, contextually sensitive
continuous quality improvement with the challenge
of EBP sustainment [5]. Although a significant gap
remains in achieving the goals of a learning health care
system, progress will only be made if health systems
can adapt to their evolving environments and the eco-
nomic case for such adaptations can be demonstrated.
Specifically, it is crucial to understand the differences
between costing at baseline and real-world delivery.
Further research on the economic implications of adap-
tations during the implementation process is necessary
to improve EBP scaleup and sustainability.
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