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Abstract 

Background The importance of accurately costing implementation strategies is increasingly recognised within the 
field of implementation science. However, there is a lack of methodological guidance for costing implementation, 
particularly within digital health settings. This study reports on a systematic review of costing analyses conducted 
alongside implementation of hospital-based computerised decision support systems.

Methods PubMed, Embase, Scopus and CINAHL databases were searched between January 2010 and August 2021. 
Two reviewers independently screened and selected original research studies that were conducted in a hospital set-
ting, examined the implementation of a computerised decision support systems and reported implementation costs. 
The Expert Recommendations for Implementing Change Framework was used to identify and categorise implemen-
tation strategies into clusters. A previously published costing framework was applied to describe the methods used to 
measure and value implementation costs. The reporting quality of included studies was assessed using the Consoli-
dated Health Economic Evaluation Reporting Standards checklist.

Results Titles and abstracts of 1836 articles were screened, with nine articles eligible for inclusion in the review. 
Implementation costs were most frequently reported under the ‘evaluative and iterative strategies’ cluster, followed 
by ‘provide interactive assistance’. Labour was the largest implementation-related cost in the included papers, 
irrespective of implementation strategy. Other reported costs included consumables, durable assets and physical 
space, which was mostly associated with stakeholder training. The methods used to cost implementation were often 
unclear. There was variation across studies in the overall quality of reporting.

Conclusions A relatively small number of papers have described computerised decision support systems imple-
mentation costs, and the methods used to measure and value these costs were not well reported. Priorities for future 
research should include establishing consistent terminology and appropriate methods for estimating and reporting 
on implementation costs.

Trial registration The review protocol is registered with PROSPERO (ID: CRD42021272948).
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Contributions to the literature

• A low number of papers have reported the costs asso-
ciated with implementing computerised decision sup-
port systems in hospitals. The methods used to cost 
implementation strategies were not well reported and 
complicated by inconsistent terminology.

• Economic evaluations should include implementa-
tion costs to prevent an underestimation of costs. 
However, there is a lack of methodological support 
to cost implementation strategies, particularly within 
the context of digital health.

• This review highlighted the importance of establish-
ing a consistent terminology and appropriate meth-
ods for estimating and reporting on implementation 
costs to account for technology lifecycles (including 
de-implementation costs) and workforce productivity 
impacts.

Introduction
Computerised decision support systems (CDSS) are 
digital health technologies designed to analyse patient’s 
clinical data to assist in clinical decision-making at 
the point of care [1]. CDSS can be knowledge based 
which involves predetermined rules based on literature, 
clinical practice or patients, or non-knowledge based 
which utilises advanced statistical pattern recognition, 
including artificial intelligence and machine learning, 
to produce an action or output from the data [2]. The 
use of CDSS, and other digital health innovations, is 
increasing as hospitals move towards fully electronic 
systems for capturing and communicating patient data. 
However, the complexity of health systems presents 
challenges for CDSS implementation [3]. Commonly 
reported barriers include the costs of implementing 
new systems, as well as technology-specific concerns 
[4]. Changes to workflow practices associated with the 
adoption of new digital health initiatives often requires 
behavioural change from healthcare workers to ensure 
implementation is successful and sustainable [5].

Implementation science provides a method to under-
stand the factors that support the successful adop-
tion of evidenced-based innovations. Implementation 
strategies can then be used to target these factors 
from an innovation, individual, organisational or sys-
tem perspective. In evaluating implementation, cost is 
understood to be a necessary element for success and 
sustainability [6]. However, costs associated with imple-
mentation strategies are under-reported in the literature 
and often excluded from economic evaluations despite 
being a recognised implementation outcome [7–9].

A lack of common language surrounding the term 
‘implementation’ across disciplines can lead to ambigu-
ity about what constitutes an implementation cost. In 
the implementation science literature, ‘implementation’ 
refers to the strategy of actions/methods used to facili-
tate behaviour change to support adoption, integration 
and sustainment of innovations into clinical practice 
[10]. Conversely, in an IT context ‘implementation’ more 
commonly refers to the operationalisation of an innova-
tion [11], while in software engineering, ‘implementa-
tion’ often includes the software coding process [12]. This 
review aligns with the implementation science definition 
and is concerned with the costs associated with imple-
mentation strategies.

Approaches to costing implementation strategies are 
emerging; however, none have been designed for the 
unique context of digital health innovations. Techno-
logical considerations are inter-related with other social 
and organisational considerations, and unintended con-
sequences can emerge if these dimensions are not bal-
anced, which can lead to implementation failure [13]. An 
enhanced understanding of the resourcing requirements 
associated with the implementation of digital health 
initiatives would provide decision-makers with more 
accurate and transparent information that would likely 
support successful implementation efforts.

The aim of this review was to describe the nature of 
implementation costs that have been estimated within 
hospital-based CDSS initiatives and to document the 
methods that have been used to measure and value these 
costs. This review may inform ongoing research efforts 
to establish appropriate methodology for costing imple-
mentation efforts within digital health and healthcare 
settings more broadly.

Methods
This systematic review is reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines for systemic reviews [14] 
and registered with PROSPERO (ID: CRD42021272948).

Eligibility criteria
The population, intervention, comparator, outcomes, 
study design (PICOS) framework [15] was used to define 
the eligibility criteria. Studies that met the following cri-
teria were included:

• Population—Conducted in a hospital setting, encom-
passing both inpatient (tertiary) and outpatient (sec-
ondary) services.

• Intervention/exposure—CDSS defined as a comput-
erised system used by healthcare professionals to 
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assist in clinical decision-making at point of care [2]. 
This excludes CDSS’s that do not involve a decision 
support element including technologies that are only 
concerned with medical records, communication, 
information exchange, clinical performance, infec-
tion outbreak warning and shared decision-making.

• Outcomes—Reported the direct and indirect costs of 
implementation strategies associated with the imple-
mentation of CDSS.

• Study design—Studies reporting original research.

Articles were excluded if as follows: published prior 
to 2010 (for pragmatic reasons and due to rapidly devel-
oping literature in this field); they were an abstract or 
dissertation; the setting was primary care, a virtual hos-
pital, hospital in the home, other in home services, or not 
specified as hospital; they reported on CDSS develop-
ment but not implementation; they reported on a digital 
health intervention that did not involve a decision sup-
port element (consistent with our definition of CDSS); or 
no implementation strategies were costed. No language 
restrictions were applied.

Search strategy
PubMed, Embase (Elsevier), Scopus (Elsevier) and 
CINAHL (EBSCOhost) databases were searched using 
a combination of subject headings and keywords across 
four categories: ‘cost’, ‘implementation’, ‘CDSS’ and ‘hos-
pital’. The search results were restricted to journal articles 
published between January 2010 and 02 August 2021 (last 
date searched). Forward and backward citation searching 
was performed on included papers. The detailed search 
strategy is outlined in Additional file 1.

Study selection
All records retrieved from the search were imported 
into EndNote, deduplicated and then imported into 
Rayyan for screening [16]. Two authors (T. D. and M. 
F.) independently performed title and abstract screen-
ing of all records in Rayyan. Abstracts that met the 
inclusion criteria were progressed to full-text screening 
which was independently conducted by two authors (T. 
D. and H. C.). Discrepancies at any stage in the screen-
ing process were resolved through discussion with T. 
D., M. F. and H. C. to reach consensus on which articles 
to include. Study investigators were not contacted for 
more information.

Data collection and analysis
One author (T. D.) extracted the data from the included 
studies using a form that was piloted and revised by T. D. 
and H. C. The data extraction form included study char-
acteristics (author, year published, country, study design) 

as well as the clinical setting, clinical condition, CDSS 
type, implementation science theory/model/framework 
employed [17], economic study design [18], implementa-
tion strategies used and implementation costs.

The Expert Recommendations for Implementing 
Change (ERIC) framework was used to identify imple-
mentation strategies and related CDSS implementa-
tion costs. Implementation strategies reported in the 
included papers were mapped to one or more dis-
crete implementation strategies defined in the ERIC 
framework. These individual strategies were then cat-
egorised into one of nine clusters of implementation 
strategies [19]. The ‘humans, “things” and space’ cost-
ing framework was applied to identify and describe the 
methods used to measure CDSS implementation costs. 
The framework costs hospital interventions by captur-
ing the staff time of ‘humans’ involved, ‘things’ includ-
ing durable assets and consumables and the physical 
space utilised [20].

Data synthesis
Data were collated and synthesised using narrative and 
descriptive summaries. No attempt at meta-analysis 
was made given the heterogeneity in target population, 
intervention, study design and outcome measures across 
included studies.

Quality assessment
The reporting quality of included papers was assessed 
using the Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS) checklist because most 
were economic evaluations [21]. Two authors (T. D. and 
H. C.) independently conducted the quality assessment, 
and discrepancies were resolved through discussion.

Results
Study selection
Figure  1 illustrates the article selection process. The 
search strategy yielded 1836 articles after remov-
ing duplicates, from which we reviewed the full text of 
133 articles against the defined inclusion criteria. We 
excluded 125 of these for the following reasons: was 
a duplicate (n = 1); not an original study (n = 1); pri-
mary care setting (n = 4); CDSS was developed but not 
implemented (n = 20); or CDSS implementation was 
not costed (n = 99). A total of 8 remaining articles were 
included in the review [23–30]. Forward citation search-
ing (n = 166) and backward citation searching (n = 240) 
were conducted on the 8 included papers resulting in 
the identification of 1 eligible paper that subsequently 
met the inclusion criteria [31]. Therefore, 9 papers were 
included in this review.
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Study characteristics
Key characteristics of the included studies are sum-
marised in Table  1. All except one of the nine included 
studies were from high-income countries. Two included 
papers conducted prospective studies across multiple 
centres [30, 31]. All other studies were retrospective 
observational single-centre designs that described imple-
mentation within a single service [23–29].

All articles were conducted within the context of a 
health economic study design. Four of the studies were 
cost-effectiveness analyses [23, 27, 29, 31], three were 
cost analyses [25, 26, 28] and two were cost-benefit analy-
ses [24, 30]. Economic evaluations took the perspective 
of the health service [23, 27–29, 31] or was not specified 
[24–26, 30]. None of the articles reported using an imple-
mentation science theory, model or framework to assist 
CDSS implementation.

CDSS characteristics
The type of CDSS implemented varied across the 
included studies. Three papers included an alert or 
early warning system which aided in the identifica-
tion of patients at risk according to the respective clini-
cal guideline [23, 24, 26]. For example, one of the papers 
investigated a paediatric early warning system that used 

a multicomponent scoring tool with an action algorithm 
to identify hospitalised children with clinical deteriora-
tion [24]. Three papers implemented a computerised pro-
vider order entry (CPOE) system which aims to reduce 
medication errors and adverse drug events by minimis-
ing illegible writing, unstructured orders and dosing vari-
ability [27, 30, 31]. Another study implemented order sets 
which are a bundle of clinical orders grouped together 
to improve adherence to clinical guidelines [23]. Three 
papers implemented a management system for specific 
clinical contexts. Management systems are multi-func-
tional, typically multidisciplinary and often integrate 
CPOE systems. A patient data management system was 
investigated in an included paper which supported bed-
side clinical documentation. Its functionalities included 
data acquisition from monitoring and medical devices, 
bedside CPOE facilitating calculations of drug doses and 
fluid balances, import interfaces from laboratory/micro-
biology/radiology data and surgery reports, automated 
calculation of ventilation times, automated scoring and 
semiautomated coding of diagnoses/procedures with 
interface for exporting data directly to the electronic bill-
ing system [25]. Another included study implemented 
a patient blood management system which was defined 
as, "an evidence-based, multidisciplinary approach to 

Fig. 1 PRISMA flowchart of study selection process. Study selection was in accordance with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines for systemic reviews [14], and the flowchart is sourced from [22]
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optimising the care of patients who might need trans-
fusion". It aimed to ensure optimal treatment was given 
while reducing avoidable/inappropriate use of blood and 
blood components [28]. Electronic medication manage-
ment system (eMMS) was the final management system 
studied in an included paper. The eMMS interfaced with 
the existing CPOE allowing doctors to prescribe medi-
cation electronically as well as having functionalities 
to alert for drug allergy checking, pregnancy warnings, 
therapeutic duplication and some dose-range checking 
[29].

CDSS implementation strategies and cost
Implementation strategies were extracted from the 
information contained in the included papers and cat-
egorised against the ERIC framework. Identified imple-
mentation strategies were then cross-checked with 
reported costs in the included papers to determine if 
the strategy had been costed. A summary of these find-
ings is presented in Table  2. Figure  2 provides a high-
level illustration on the number of papers that costed, 
partially costed or did not report costs for each cluster 
of implementation strategies.

Use of evaluative and iterative strategies
Eight papers reported ‘using evaluative and iterative 
strategies’ [23–29, 31]. The most common implementa-
tion strategy in this cluster was stage implementation 
scale-up which was conducted in five of the papers [24, 
25, 27, 29, 31] and costed in four papers [25, 27, 29, 31]. 
Stage up ranged from 6 months [24] to 6 years [29]. Audit 
and provide feedback [23, 28] and purposely re-examine 
the implementation [24, 31] were implementation strate-
gies present in more than one included paper and con-
sistently costed. Agulnik et  al. were the only paper to 
partially cost the strategies reported under this cluster: 
the purposeful re-examination of implementation was 
costed, but the paper did not report costs for the three 
other strategies (the assessment for readiness and identifi-
cation of barriers and facilitators, staging implementation 
scale-up and development and organised quality monitor-
ing system) [24].

Provide interactive assistance
Seven papers ‘provided interactive assistance’ [23–25, 27, 
28, 30, 31]. Centralise technical assistance was the most 
common implementation strategy in this cluster and was 
costed in all papers [27, 28, 30], except one [25]. Central-
ised technical assistance included centralised IT staff to 
maintain the CDSS [25], help desk support [27, 30] and "a 
member of the [electronic patient record (EPR)] staff was 
responsible for implementing it on the EPR system" [28]. 

Three papers reported providing clinical supervision, and 
all papers provided costs for the strategy [23, 24, 28].

Train and educate stakeholders
Seven papers reported strategies in the ‘train and edu-
cate stakeholders’ cluster, and all seven papers conducted 
ongoing training as an implementation strategy [23, 24, 
27–31]. Training included: nursing skills fair [23], 30-min 
training workshop [24, 28], and annual clinical personnel 
training [29]. Three papers did not provide details of the 
training [27, 30, 31]. Most papers costed ongoing training 
except for two papers that partially costed it by report-
ing the costs for some clinicians (including pharmacists, 
nurses) but not for physicians [24, 30]. The final paper 
that partially costed implementation strategies reported 
under this cluster was Swart et al.; ongoing training and 
educational meetings were costed, but train the trainer 
was not [28]. Develop educational materials was present 
in more than one included paper and was consistently 
costed [23, 24].

Develop stakeholder interrelationships
Six papers ‘developed stakeholder interrelationships’ by 
employing five different implementation strategies [23, 
24, 27–30]. Identifying and preparing champions was 
a common strategy in this cluster and was consistently 
costed across the papers [24, 28, 30]. Champions and the 
cost allocations included the followng: a nurse educator 
with 50% salary support [24], a transfusion practitioner 
at 0.8 full-time equivalent (FTE) [28] and a physician 
champion with an unclear cost allocation [30]. Only two 
papers partially costed this cluster [23, 24]. Afshar et al. 
costed two strategies (use advisory boards and work-
groups and involve executive boards) but did not cost 
the final strategy (use an implementation advisor) in this 
cluster [23]. As mentioned, Agulnik et  al. costed iden-
tifying and preparing champions but did not cost two 
other strategies: model and simulate change and advisory 
boards and workgroups [24].

Adapt and tailor to context
Five papers promoted adaptability of the CDSS and con-
sulted clinicians in the process [24, 26, 28, 29, 31]. Cli-
nician consultation occurred regardless if the CDSS 
was commercially sought, "configuration…required the 
equivalent of one full-time pharmacist" [29], or built in-
house, "the Transfusion Practitioner was also involved in 
the design of the CDSS" [28]. One of the five papers also 
tailored strategies by leveraging an identified facilitator to 
substitute training for an informational memo sent to the 
competent clinician group [26]. Only one implementa-
tion strategy was not costed in this cluster [24].
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Table 2 Implementation strategy categorisation and determination of whether it was costed in the included paper

ERIC cluster and strategy Implementation strategy in 
included paper

Citation/s Costed

Use evaluative & iterative strategies Assess for readiness and identify 
barriers and facilitators

A multidisciplinary team of key 
informants at National Paediatric 
Oncology (UNOP) established pae-
diatric early warning system (PEWS) 
implementation was feasible 
based on long-term institutional 
dedication to quality improvement, 
strong nursing buy-in for the pro-
ject and paediatric intensive care 
unit (ICU) commitment to improv-
ing outreach and monitoring in the 
hospital wards

(From former paper [32]) [24] N

Before the implementation, the 
current situation (organisational 
aspects of the medical ward, proce-
dures and processes) was assessed

(From former paper [33]) [31] Y

Audit and provide feedback Monthly reports on clinician’s 
transfusion practices

[28] Y

Provision of real-time physician 
feedback

[23] Y

Conduct cyclical small tests of 
change

Two physicians from the medical 
group reviewed all messages gen-
erated by the system for 4 months 
prior to implementation and 
suggested modifications directed 
at ensuring that messages would 
be perceived as necessary, useful 
and brief

[26] Y

Develop a formal implementation 
blueprint

Both hospitals had a systematic 
approach for the implementation 
of computerised provider order 
entry (CPOE)

(From former paper [33]) [31] Y

Develop and organise quality 
monitoring system

At the end of PEWS implemen-
tation, compliance with PEWS 
performance and documentation 
was 100%

(From former paper [32]) [24] N

Review of noncompliant cases 
from the clinical data abstraction

[23] Y

Purposely re-examine the imple-
mentation

The implementation team evalu-
ated the implementation process 
in a session at each ward with 
physicians and nurses

(From former paper [33]) [31] Y

Nurse educator: responsible for 
monitoring of PEWS quality

[24] Y

Stage implementation scale-up A commercial patient data 
management system (PDMS) was 
introduced stepwise in each ICU 
subarea to replace the former 
paper-based patient chart

[25] Y

After a successful pilot, the PEWS 
system was implemented unit by 
unit in all non-paediatric ICU inpa-
tient areas over a 6-month period

(From former paper [32]) [24] N

CPOE/CDSS was not simultane-
ously implemented in all study 
wards

(From former paper [33]) [31] Y

CPOE system was implemented 
incrementally over 2 years

[27] Y

Rollout from 2005 to 2011 [29] Y
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Table 2 (continued)

ERIC cluster and strategy Implementation strategy in 
included paper

Citation/s Costed

Provide interactive assistance Centralise technical assistance A member of the electronic patient 
record (EPR) staff was responsible 
for implementing it on the EPR 
system

[28] Y

Centralised IT staff required to 
maintain the PDMS

[25] N

Annual ongoing costs included 
help desk support

[30] Y

Ongoing help desk support. The 
help desk was staffed by one 
technical person and two clinical 
pharmacists who specialised in 
CPOE implementation

[27] Y

Provide clinical supervision Full-time sepsis programme 
coordinator.

[23] Y

Nurse educator: responsible for 
on-the-ground support

[24] Y

Transfusion practitioner (TP) feeds 
back monthly reports on clinician’s 
transfusion practices in team 
meetings where open discussion 
is promoted to share experiences 
and as part of the education aspect 
of the meeting

[28] Y

Provide local technical assistance During the actual implementation, 
the implementation team was 
available to answer questions and 
solve problems

(From former paper [33]) [31] Y
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Table 2 (continued)

ERIC cluster and strategy Implementation strategy in 
included paper

Citation/s Costed

Train & educate stakeholders Conduct education meetings Feedback reports on clinician’s 
transfusion practices discussed 
at monthly team meetings with 
education provided

[28] Y

Conduct ongoing training Annual clinical personnel training [29] Y

Conduct ongoing MD training & 
nursing skills fair

[23] Y

Personnel costs reflect … training [27] Y

Training of nurses: initial 30-min 
training workshop & retraining 
exercises (6-h total)
Nurse educator: responsible for 
PEWS training

[24] Y

Training of pharmacists and nurses [30] Y

Training of physicians [30] N

Training of physicians [24] N

Training provided by TP: 30-min 
training sessions for new junior 
doctors on how to use the system

[28] Y

Physicians and nurses were intro-
duced to and trained in the use of 
the system

(From former paper [33]) [31] Y

Develop educational materials Develop physician/nurse training 
material

[23] Y

Training materials [24] Y

Distribute educational materials Pocket sepsis reference cards 
for nurses and doctors at the ED 
department

[23] Y

Make training dynamic This introduction was different in 
both hospitals: demonstrations in 
one (passive learning) versus real 
practicing in prescribing (active 
learning) in the other

(From former paper [33]) [31] Y

Use train-the-trainer strategies Building a clinical support team 
(train the trainer)

[30] Y

Training may have a ripple effect [28] N
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Table 2 (continued)

ERIC cluster and strategy Implementation strategy in 
included paper

Citation/s Costed

Develop stakeholder interrelation-
ships

Identify and prepare champions Nurse educator [24] Y

Physician champion [30] Y

Use of TP as a champion [28] Y

Involve executive boards Executive committee to implement 
policies and procedures set forth 
by the steering committee

[23] Y

Model and simulate change The modified PEWS was first 
piloted in the intermediate care 
unit at UNOP. During the pilot, we 
focused on identifying problems 
with the tool and making the 
necessary adjustments

(From former paper [32]) [24] N

Personnel costs: testing [27] Y

Testing of the electronic medica-
tion management system (eMMS)

[29] Y

Use advisory boards and work-
groups

A multidisciplinary team imple-
mented a modified PEWS

[24] N

Sepsis steering committee: reviews 
sepsis cases and sends out timely 
weekly feedback, reviews and 
approves physician and nursing 
educational material and works 
with epic IT team to create new 
navigators, warning systems and 
order sets to improve recognition 
and management of sepsis

[23] Y

Use an implementation advisor Research personnel (assuming 
researcher is an implementation 
scientist)

[23] N

Adapt & tailor to the context Promote adaptability Involving physicians, pharmacists 
and nurses in the revision process.

[26] Y

Configuration of commercial CDSS 
(MedChart)

[29] Y

Modified the PEWS tool and 
algorithm from Boston Children’s 
Hospital for use at UNOP

(From former paper [32]) [24] N

Technical adjustments were made (From former paper [33]) [31] Y

TP was involved in the design of 
the CDSS

[28] Y

Tailor strategies Once the fully revised system was 
ready to go live, a memo was sent 
to the medical group’s providers to 
inform them of the new messages 
they would be receiving. The group 
had a history of including locally 
developed alerts and messages 
within their electronic medical 
records system so no further train-
ing was necessary

[26] Y
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Other implementation strategies
Three papers ‘supported clinicians’ by facilitating the 
relay of clinical data to providers [23, 28] and creating 

new clinical teams [31]. All implementation strategies in 
the cluster to support clinicians were costed [23, 28, 31]. 
Two papers reported implementation strategies under 

Table 2 (continued)

ERIC cluster and strategy Implementation strategy in 
included paper

Citation/s Costed

Support clinicians Create new clinical teams The implementation process was 
performed by an implementation 
team consisting of information and 
communication technology and 
hospital pharmacy staff

(From former paper [33]) [31] Y

Facilitate relay of clinical data to 
providers

Monthly reports on clinician’s 
transfusion practices

[28] Y

Provision of real-time physician 
feedback

[23] Y

Utilise financial strategies Access new funding Investment costs are covered by a 
hospital-wide PDMS implementa-
tion budget and derived from a 
separate PDMS investment plan for 
university hospitals with funding 
from the German government

[25] N

Financial incentives from the 
Centers for Medicare & Medicaid 
Services to providers who demon-
strate meaningful use. At the top of 
the list of stage 1, meaningful use 
criteria are implementation of the 
CPOE system

[27] Y

Alter incentive/allowance struc-
tures

When the Everett Clinic meets 
prespecified quality benchmarking 
criteria, the pay-for-performance 
incentives are awarded annually 
by the health plans with which it 
contracts

[27] Y

Change infrastructure Mandate change Executive committee to implement 
policies and procedures set forth 
by the steering committee

[23] Y

The boards of directors of both 
hospitals enforced their medical 
wards to implement CPOE

(From former paper [33]) [31] Y

Other Workflow alterations Before the implementation, the 
current situation (organizational 
aspects of the medical ward, proce-
dures and processes) was assessed

(From former paper [33]) [31] Y

Executive committee to implement 
policies and procedures set forth 
by the steering committee

[23] Y

Prescribing at the point of care 
demanded a fundamental shift in 
workflow

[27] N

Implementation also involved 
modification of nursing flowsheets 
to allow PEWS documentation and 
PEWS colour coding (green, yellow 
or red) on all unit census boards

(From former paper [32]) [24] N

Updating of hospital protocols and 
guidelines

[29] Y

Workflow-related issues [30] N

The Expert Recommendations for Implementing Change (ERIC) framework [19] was applied to categorise the implementation strategies. N, implementation strategy 
was not costed; Y, implementation strategy was costed
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the cluster ‘utilise financial strategies’, but only one costed 
the strategies [25, 27]. Two papers described mandating 
change under the ’change infrastructure’ cluster, and both 
papers costed this implementation strategy [23, 31]. None 
of the included studies reported any implementation 
strategies categorised in the ‘engage consumers’ cluster.

Six of the nine studies mentioned that workflows or 
protocols required alterations to assist with the uptake of 
CDSS [23, 24, 27, 29–31]. This implementation activity 
had no associated code under the ERIC framework; thus, 
the category ‘workflow alterations’ was created. One 
study explained that implementing the CPOE required 
a fundamental shift in workflow to allow, "prescribing 
at the point of care … and required a computer to be 
installed in each examination room" [27]. Prior to this 
CPOE implementation, prescribing occurred in offices 
or at workstations away from the patients [34]. One study 
did not expand on the extent of workflow alteration but 
mentioned "workflow-related issues" [30]. Three papers 
costed this implementation strategy [23, 29, 31].

Measuring CDSS implementation costs
Table  3 outlines the approaches used by each study to 
measure and value implementation costs categorised as 
either ‘humans’, ‘things’ or ‘space’.

Humans
All papers reported ‘humans’ to be an implementa-
tion cost. Two papers measured staff labour directly 
using activity diaries [26, 29], and one paper also inter-
viewed staff [29]. The activity diary used by Field et  al. 
was weekly reports of staff member’s time spent on a set 
of predefined activities [26]. Westbrook et al. used work 

diaries and clinical personnel training schedules as well 
as interviewing "hospital pharmacists and from clini-
cal information by IT and hospital managers who were 
involved in eMMS implementation and maintenance" to 
confirm the accuracy of the data [29]. Although West-
brook et  al. recorded human-related implementation 
costs, these costs were not incorporated into the eco-
nomic evaluation model as the authors assumed that 
"staff time spent in attending eMMS training sessions 
was incorporated into their existing workloads as no new 
staff were employed to cover their time" [29]. The authors 
further explained that they used an incremental approach 
to costing by only accounting for additional staff time 
associated with the eMMS implementation [29].

The remaining seven papers did not clearly report the 
methods they used to cost ‘humans’ [23–25, 27, 28, 30, 
31]. The amount of time for planned implementation 
strategies was applied in four papers to cost personnel 
time. However, the authors did not explore the possibil-
ity of variations to scheduled implementation strategies, 
for example the need for additional training sessions or 
meetings that ran over the allotted time [23, 24, 27, 28]. 
Agulnik et  al. measured training costs, "using the mean 
base salary for nurses at [National Paediatric Oncology] 
multiplied by the amount of time required for individual 
training" [24], and Swart et al. measured ongoing person-
nel costs from the listed activities including training and 
meetings [28]. Similarly, three papers reported the FTE 
portion of staff contributing to implementation strate-
gies, but how the authors determined the FTE quota was 
not clear [24, 28, 29]. For example, Swart et  al. costed 
their transfusion practitioner who assisted with imple-
mentation strategies, "at 0.8 FTE as this was appropriate 

Fig. 2 Costing of the Expert Recommendations for Implementing Change (ERIC) clusters in the included papers. The figure illustrates the number 
of included papers that reported a discrete implementation strategy categorised to an ERIC implementation [19]. Within individual papers, each 
ERIC cluster was determined to be ‘costed’, ‘partially costed’ or ‘not costed’
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to the project at the time these data were recorded" [28]. 
Two papers did not report any information on how per-
sonnel implementation costs were measured [30, 31].

The included papers valued staff time in three differ-
ent ways. Four papers obtained the actual staff salaries at 
their respective hospitals [24, 28, 29, 31]. Four papers, all 
from USA, valued staff salaries from average rates for the 
region or nationwide obtained from Bureau of Labor Sta-
tistics [23, 26, 27, 30]. Castellanos et al. study described 
the salary rates that were applied in the costing but did 
not mention where these rates were obtained [25].

Things and space
Three papers costed ‘things’ associated with implemen-
tation strategies [23, 24, 29]. ‘Things’ were classified as 
consumables or durable assets [20]. Two papers costed 
consumables associated with education or training activi-
ties including "pocket sepsis reference cards" [23] and 
"training materials and study supplies (including paper, 
copies, educational materials, computer, Internet)" [24]. 
It was unclear how the consumables were costed, but 
the sunk costs appear to be reported. Westbrook et  al. 
costed durable assets including furniture and equipment 
for training purposes, as well as custom equipment to 
improve usability [29]. The durable assets were estimated 
over the time horizon using the unit cost, useful lifespan 
and amounts reported. All ‘things’ were valued at mar-
ket price. Only one paper costed ‘space’ associated with 
the implementation effort. Westbrook et al. included the 
rental opportunity cost where training took place and 
measured it at the market price attributed over a 15-year 
time horizon [29].

Quality assessment
We used the 2022 CHEERS checklist to assess the report-
ing quality of economic evaluations in the included 

studies [21]. The percentage of not reported applicable 
items ranged from 12 to 42% across the papers. The fol-
lowing items were generally reported well in the papers: 
setting and location, outcome selection, measurement 
and valuation, costs and resource measurement and 
valuation, model rationale and description, character-
ising heterogeneity and uncertainty and the abstract, 
introduction, main results and discussion. Common lim-
itations across all papers included the absence of report-
ing a health economic analysis plan and including the 
approach and effect of engaging with patients and oth-
ers affected by the study. Additional limitations included 
not identifying the study as an economic evaluation in 
the title, study population, comparators, perspective, 
time horizon and discount rate. Additional file 2 contains 
detailed scores for each included study.

Discussion
This systematic review identified nine papers that 
reported costs of implementation strategies relating 
to the introduction of a CDSS in a hospital setting. The 
relatively low number of included papers demonstrates 
the lack of reporting on implementation costs in this 
field. Implementation strategies and costs detailed in the 
included papers spanned all clusters of implementation 
strategies as defined within the ERIC framework, except 
for ‘engage consumers’. However, the methods used to 
cost implementation strategies were not well reported. 
Labour was the main implementation cost reported 
across the papers, irrespective of implementation strat-
egy or cluster.

An absence of implementation costs in economic eval-
uations is problematic as it can contribute to an under-
estimation of costs, falsely optimistic cost-effectiveness 
estimates and a disconnect between published evidence 
and public health decision-making [35]. Nonetheless, 

Table 3 Description of approaches used to measure and value implementation costs within the included papers

The humans, ‘things’ and space costing framework [20] was applied

Paper Method (valuation)

First author, year, (reference) Human Things Space

Afshar, 2019 [23] Unclear (Bureau of Labor Statistics) Unclear (market price) ✗
Agulnik, 2019 [24] Unclear (actual salary) Unclear (market price) ✗
Castellanos, 2013 [25] Unclear (not reported) ✗ ✗
Field, 2012 [26] Activity diaries (Bureau of Labor Statistics) ✗ ✗
Forrester, 2014 [27] Unclear (Bureau of Labor Statistics) ✗ ✗
Swart, 2020 [28] Unclear (actual salary) ✗ ✗
Vermeulen, 2014 [31] Unclear (actual salary) ✗ ✗
Westbrook, 2015 [29] Activity diaries, interviews (actual salary) Estimated over time horizon 

(market price)
Rental opportunity 
cost (market price)

Zimlichman, 2013 [30] Unclear (Bureau of Labor Statistics) ✗ ✗
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the limited reporting on CDSS implementation costs 
that we describe here is consistent with studies evaluat-
ing implementation of digital health technologies and 
clinical innovations more broadly [35]. A 2006 systematic 
review investigated the impact health information tech-
nologies have on healthcare quality, efficacy and costs 
and was unable to determine cost efficiency as only 3 of 
54 included studies reported the implementation costs 
[36]. A 2016 systematic review that evaluated the appli-
cation of economic analysis within the field of improve-
ment and implementation science found that only six 
of the thirty included studies described implementation 
costs [37]. These costs included preparatory work, train-
ing, education and ongoing costs regarding care quality 
and outcomes. All costs and outcomes were evaluated 
retrospectively leading the authors to propose that pro-
spective economic evaluations in implementation studies 
may not be conducted due to a lack of awareness, per-
ceived lack of importance, political or social sensitivities 
related to digital health investments or simply that they 
are not reported in academic publications or potentially 
other public forums.

Another explanation for the lack of reporting on 
implementation costs may be due to the lack of capa-
bility among digital health implementation evaluators 
compounded by a lack of appropriate methodological 
direction and practical tools for use in prospective eco-
nomic evaluations within this field [38, 39]. Approaches 
to costing implementation strategies are still emerging. 
Saldana et  al. developed a cost-mapping tool called the 
cost of implementing new strategies (COINS) [40]. The 
tool records and maps costs and resources used in an 
implementation process to the Stages of Implementa-
tion of Completion (SIC) framework in a manner simi-
lar to the time-driven activity-based costing approach, an 
established business accounting method [41]. COINS can 
measure the direct costs and indirect costs (e.g. person-
nel effort) required throughout implementation stages 
[41]. Further work by Sohn et al. developed a conceptual 
framework for assessing implementation costs [35]. The 
framework classifies implementation costs by resource 
type, key activities, implementation stage (design, initia-
tion and maintenance), site level (site specific vs ‘above 
service’ or ‘central’ costs) and as programmatic versus 
non-programmatic (research) to allow for generalisation 
to other settings and for key drivers of implementation 
costs to be identified. Another recent approach by Cidav 
et  al. combines time-driven activity-based costing with 
an implementation science framework, by Proctor et al., 
typically used to identify, specify and report implementa-
tion strategies and evaluate implementation effectiveness 
[8]. This is a pragmatic method that outlines the names, 
actions, actors and temporality for each implementation 

strategy, determines the duration of each action and 
then assigns a dollar value to the resources that each 
action consumes. The resulting data shows how specific 
components of an implementation strategy influence 
its overall cost. Finally, two papers have recently been 
published describing key considerations when costing 
implementation [10, 42]. Gold and colleagues explained 
how cost can be included and measured in implementa-
tion studies by utilising traditional economic evaluations 
that compare costs and effectiveness of health interven-
tions [42]. Eisman and colleagues outlined that economic 
information should be presented in clear and meaning-
ful ways to different stakeholder groups throughout the 
implementation effort and provide recommendations 
for cost assessment activities [10]. Despite these recent 
advances, there are no currently available methods or 
tools designed for the unique context of digital health 
implementation.

The digital health setting contains a range of addi-
tional challenges when costing implementation. In the 
included studies, we observed that ‘intervention’ versus 
‘implementation’ costs were not clearly defined and often 
study specific. This ambiguity makes costing implemen-
tation strategies challenging [27]. For example, software 
and hardware are integral to the digital health innova-
tion itself and therefore would typically be considered an 
intervention cost. However, Westbrook et  al. described 
the introduction of long-life battery laptops fixed to cus-
tom trolleys in response to specific hardware issues that 
were identified in focus groups during the 1-year evalu-
ation [29, 43]. In this sense, the laptops could be consid-
ered an adaption strategy to support implementation and 
therefore be included as an implementation cost. A clear 
set of common definitions around implementation in 
these contexts would minimise confusion.

Challenges defining CDSS implementation costs in a 
generalisable way can also be compounded by complex-
ity associated with background levels of organisational 
digital maturity. Among organisations with higher levels 
of digital maturity, existing enterprise architecture and 
related processes, including business as usual workforce 
capacity building activities, may impact measurement of 
resource use and costs required for the implementation 
of new CDSS initiatives. Evaluating the costs of imple-
menting a similar CDSS initiative in an organisation 
with a lower-level digital maturity may require additional 
types and volumes of implementation activities to achieve 
the same level of CDSS effectiveness. This also high-
lights the challenge of dealing with sunk implementation 
costs (e.g. prior investments in lifespan-limited informa-
tion technology implementations on which a new CDSS 
is dependent) and opportunity costs (e.g. labour time 
diverted away from productive clinical care activities to 
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participate in CDSS-related education and training activ-
ities). These issues were largely not addressed with meth-
odological rigour among the included studies.

Implications for costing implementation strategies 
in digital innovation
The methods used to cost implementation in the included 
papers adopted an ‘accounting’ approach to estimat-
ing costs; these approaches involve a financial analysis of 
direct operating costs [20]. However, for economic evalu-
ations to inform healthcare investment policy, considera-
tion of whether equal or greater health gains could have 
been achieved elsewhere for the same levels of investment 
is required [20, 44]. This may include consideration of 
indirect costs such as lost productivity. This is important, 
as economic costs have been shown to be 4 to 15% greater 
than accounting costs [20]. None of the current approaches 
or tools available to cost implementation considers oppor-
tunity costs [8, 35, 40]; the importance of opportunity costs 
has been highlighted in recent contributions to the litera-
ture [10, 42]. While considering stakeholders with diverse 
perspectives and key cost components during implemen-
tation, Eisman et al. stated that in implementation efforts 
which largely involve the time of frontline staff, productiv-
ity is a trade-off that should be estimated as an opportunity 
cost [10]. Additionally, Gold and colleagues have outlined 
that opportunity costs are specific to the decision-maker 
and may change over the time horizon [42].

CDSS are often implemented to increase service pro-
ductivity. However, the introduction of a new software or 
change to established workflows is often accompanied by 
a ‘learning curve’ effect, where productivity may decline in 
the short term as staff adapt to the change [45, 46]. In the 
case of clinicians, the learning curve can make it difficult 
to provide the same standard of care in the same amount 
of time. A separate study that investigated barriers to 
CDSS implementation outlined that because a clinician’s 
pay schedule is attached to the number of patients seen 
daily, the learning curve becames a barrier to implemen-
tation [47]. Additionally, a systematic review that investi-
gated the perceived barriers and facilitators of electronic 
health records (EHRs) implementation also found that loss 
of clinical productivity was a significant barrier by physi-
cians. Conversely, productivity was perceived as a facilita-
tor in studies that explored health professionals, managers 
and patients perceptions and demonstrated that EHRs 
were seen as positively influencing workplace efficiency 
and communication [48]. Two papers included in our 
review mentioned a learning curve but did not attempt to 
assign a cost to this, because it was assumed to be incorpo-
rated into existing workloads [29] or was not present due 
to a 2-year incremental implementation approach [27].

This review emphasises the importance of ‘workflow 
alterations’ as an implementation strategy in digital 
health innovation. While this is not a strategy previously 
identified in the ERIC framework, a newly developed 
evaluation framework for EHR-integrated innovations 
emphasises the importance of having an innovation 
seamlessly integrate into existing clinical and informa-
tion system workflows [12]. Additionally, workflow chal-
lenges have been cited as a barrier to EHR adoption 
[4]. The papers included in this review only mentioned 
alterations to clinical workflows and not to information 
system workflows. However, only two of the five papers 
that mentioned workflow alterations reported that their 
CDSS was integrated with an EHR system [23, 27], and 
only one paper interviewed IT staff [29]. Workflow chal-
lenges appear to be a factor contributing to the complex-
ity of implementing technology and should be considered 
when adopting digital health innovations.

An additional indirect cost consideration within the field 
of digital health relates to the expected life cycle of technol-
ogy. Technology hardware has a relatively limited lifespan, 
typically between 2 and 7 years depending on replacement 
practices [29]. Only two of the studies included within this 
review considered technology lifecycle costs. Westbrook 
et  al. calculated the total cost of hardware using its cost 
per unit and a 3-year useful life, repeated over 15-year time 
horizon, as well as determining the annualised cost attrib-
uted to the cardiology ward using the proportion of the 
number of beds in the cardiology ward [29]. In the other 
study, the expected life of hardware was the same as the 
time horizon, 5 years, and no specific lifespan considera-
tions were incorporated into the cost analysis [27].

Software can also have a limited life cycle and can 
become obsolete or be iterated over time. This has been 
identified as an issue when the developing evidence base 
for specific programmes, as subsequent software genera-
tions can become available prior to the completion of a 
traditional randomised controlled trial [49, 50]. Depending 
on the nature of hardware and software assets, the costs of 
de-implementation of technology may need to be consid-
ered within the context of economic evaluation. De-imple-
mentation is its own process, separate to implementation, 
with relevant behaviour change strategies incurring addi-
tional resource use and associated costs [51]. Cost is often 
used as a justification for de-implementation, but, similar 
to implementation, little research exists on the costs asso-
ciated with de-implementation strategies [52]. None of the 
included papers considered de-implementation, despite 
one analysing a time horizon of 15 years [29].

Limitations
The strength of our findings is limited by the quality of the 
included studies. The quality of reporting varied across 
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the papers, and missing information was not uncom-
mon. Implementation strategies were not always clearly 
or comprehensively reported, although this is a common 
limitation in studies reporting on complex behaviour 
change interventions [53, 54]. None of the included stud-
ies employed an implementation science theory, model 
or framework; however, this trend may change with the 
recent development of a framework that addresses the 
unique challenges of implementing digital health innova-
tions. The nonadoption, abandonment, scale-up, spread 
and sustainability (NASSS) framework was developed to 
predict and evaluate the success of technology-supported 
health (and social) care programmes [55]. Finally, all data 
in the included papers were collected retrospectively. 
Prospective data collection about implementation may 
allow for more comprehensive and accurate costings in 
future studies.

Conclusion
Few papers have reported the costs associated with the 
implementation of CDSS in hospitals. Where these costs 
have been reported, there have been inconsistencies 
in terminology and approaches, and the methods used 
to assign costs were generally not well reported. Future 
research is needed to establish consistent terminology 
and appropriate methods for estimating and reporting on 
implementation costs within the context of digital health. 
Specific areas of focus should include accounting for 
technology life cycles including de-implementation costs, 
as well as the workforce productivity impacts associated 
with adapting to new technologies or processes.
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