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Abstract

Background.Methodologies of health technology assessment (HTA) for medical technologies
are well established; yet, operational frameworks that enable appropriate uptake of HTA rec-
ommendations into routine clinical practice are lacking. This review aims to identify the key
themes needed to guide the planning and implementation of HTA subsidy decisions for med-
ical technologies such as diagnostics, medical devices, and services and to monitor their
impact on a complex multipayer healthcare system like Singapore.
Methods. A literature search of implementation frameworks was conducted up to 20
December 2020 and was documented in a flow diagram. A thematic analysis of the evidence
base was performed using the Braun and Clark approach to identify key themes, from which
an implementation framework suitable for Singapore’s healthcare system could be developed.
Results. The searches yielded forty-four articles for review, from which twenty themes were iden-
tified. The top ten themes constituted the key themes of implementation essential for local adap-
tation and were categorized into five domains: implementation strategy, organizational support,
stakeholder engagement, information dissemination, and implementation outcomes and evalua-
tion. These domains provide operational guidance to methodically identify gaps to facilitate sus-
tainable implementation of HTA-informed medical technology subsidy decisions.
Conclusion. A robust and adaptable implementation of HTA-informed subsidy decisions is
crucial to optimize its intended impact of improving patient outcomes per dollar spent.
The key themes of an implementation framework should capture the important aspects of
organizational feasibility to ensure successful adoption in a complex multipayer healthcare
system like Singapore.

Background

Universal health care in Singapore is provided by a combination of government subsidies,
compulsory individual healthcare savings accounts (Medisave), risk-pooling via both volun-
tary private and mandatory government health insurance plans (MediShield Life),
out-of-pocket contributions from patients, and a government endowment fund that acts as
a safety net for the needy (Medifund). Although Singapore has a successful healthcare system
that is well known for its efficiency and quality, it is facing rising healthcare costs driven by a
rapidly aging population, an increasing burden of chronic disease, and growing demands from
citizens for expanded medical services (1).

To overcome such challenges, the Agency for Care Effectiveness (ACE) was established in
August 2015 within the Ministry of Health (MOH) as the national health technology assessment
(HTA) agency to initially focus on evaluating drugs for subsidy considerations. HTA is used as a
tool to review health technologies and provide evidence of the value that these technologies can
deliver to patients and their families, health system stakeholders, and to society more broadly. It is
a multidisciplinary process that uses explicit methods to determine the value of a health technol-
ogy at different points in its life cycle, with the purpose of informing decision making in order to
promote an equitable, efficient, and high-quality health system (2).

In 2017, the ACE expanded its capacity to assessing other health technologies beyond drugs
and supporting the MOH Medical Technology Advisory Committee (MTAC) to make
evidence-based subsidy recommendations for medical technologies, including diagnostics,
medical devices, and services, but excluding models of care, information technology system,
and telemedicine (3). To increase transparency in decision making and facilitate implementa-
tion, the ACE publishes guidance on the rationale of subsidy recommendations, which include
a summary of the comparative safety, effectiveness, and cost-effectiveness evidence along with
the subsidy criteria for eligible populations.

Although established structures and processes exist in the Singapore’s public healthcare sys-
tem for implementing drug subsidy decisions, these are lacking for medical technologies, given
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that their adoption is highly dependent on the organizational fea-
sibility of healthcare institutions. Adopting new medical technol-
ogies has a far-reaching impact beyond generating additional costs
to the healthcare system, which may include changes in the orga-
nization of care and the modification of facilities, manpower
resources, training, and credentialing requirements.

Establishing a robust and adaptive implementation framework
for medical technology subsidy is important in Singapore. This
ensures that funding decisions are translated into sustainable
and effective clinical practice changes, leading to improvements
in patient health outcomes. We aim to identify actionable steps
to implement HTA recommendations for medical technologies
in the Singapore setting.

Methods

For this review, the appropriate steps required in Singapore to
operationalize HTA implementation beyond the subsidy decision
itself were defined as the key themes of HTA implementation.

Search Strategy

We conducted a literature search adopting three complementary
searches—electronic databases, a manual search of reference
lists, and a review of specific HTA agency Web sites—to identify
articles on implementation frameworks and related strategies.

EMBASE, PUBMED, and CRD databases were searched. The
search strategy employed three concepts:

(1) Implementation OR Adoption OR Diffusion OR Dissemination
OR Spread.

(2) Medical Technology OR Medical Device OR Health Technology
OR Health Technology Assessment OR Health Innovation.

(3) 1 AND 2.

The search concepts were deliberately broad to comprehen-
sively capture relevant articles because HTA implementation
was poorly reported. The first concept captured the aspects of
implementation, whereas the second concept captured the aspects
of HTA of medical technology. The third concept was a combina-
tion of concepts one and two. The search period was from 2008 to
2020, pragmatically chosen to simultaneously cover more recent
developments in implementation science and seminal HTA arti-
cles published in 2008, such as by Drummond et al. (4). The elec-
tronic search was supplemented by a manual search of the
reference lists of articles identified through electronic databases.
There was no period restriction imposed on the manual search,
as the intent was to identify widely cited landmark articles in
implementation science that may have preceded 2008. Articles
were restricted to the English language and included primary
research, reviews, and grey literature such as conference posters
and abstracts. Articles were selected if they described an imple-
mentation framework, process model, or theory, including case
studies of prior implementation efforts. Our evidence hierarchy
prioritized articles that contributed to implementation frame-
works with direct relevance to our research question. Articles
focused on the implementation of drugs, e-health interventions,
digital health services, clinical practice guidelines, or patient safety
guidelines were excluded because they did not meet the local def-
inition of “medical technology”, and HTA implementation for
medical technologies was more challenging in Singapore (3;4).

We also reviewed the online resources of specific HTA agen-
cies including the Canadian Agency for Drugs and Technology
in Health (CADTH), Alberta Health, U.K. National Institute for
Health and Care Excellence (NICE), Australian Medical Services
Advisory Committee (MSAC), U.S. Agency for Healthcare
Research and Quality (AHRQ), and the International Network
of Agencies for Health Technology Assessments (INAHTA).
The INAHTA Secretariat was contacted in November 2020, seek-
ing responses from member agencies for existing policies, proce-
dures, or frameworks that support the implementation of
HTA-informed subsidy decisions for medical technologies.

Data Abstraction and Analysis

Two independent reviewers evaluated full-text articles to mini-
mize bias. Each article was reviewed with the aim of eliciting
whether an implementation model was proposed and what
themes were proposed in those models. The specific themes
from each model were synthesized. A thematic analysis was con-
ducted using the Braun and Clark (5) framework as a guide to
identify key themes using a coding frame (Supplementary File 1).

Thematic Analysis

An inductive method was applied to the evidence synthesis and a
semantic approach was used to code the emerged themes. We
used open coding, with numeric codes assigned to describe the
content in sentences extracted from the articles. We then collated
the assigned codes into broader themes, which were refined
through iterative discussions to remove overlaps and contradic-
tions across the different models that were analyzed. The final
set of themes, including names and definitions, was shared with
all coauthors and was accepted to be coherent and distinctive.

We counted how often themes appeared in each article, and the
top ten themes were identified. We assumed that a high occurrence,
especially in identified landmark articles, corresponded to high
internal validity. Unique counts were assigned to the same theme,
which may have occurred more than once in an article.
Landmark articles on implementation frameworks were internally
defined as frameworks that were widely cited and applied in qual-
itative or quantitative studies in our evidence base. We were cogni-
zant that, although frequency of occurrence was chosen to present
the data, it might not necessarily imply significance in answering
our research question. For the purposes of internal validity, a matrix
analysis mapped the top ten themes occurring in the implementa-
tion frameworks that were widely cited in our evidence base.

Results

The literature searches were initially conducted on 15 October
2019 and were updated on 20 December 2020. Our searches
yielded 9,854 hits that comprised 9,828 retrievals from electronic
databases and 22 citation reviews and 4 articles from HTA agen-
cies. After removing duplicates and screening titles and abstracts,
121 articles remained. Of these, seventy-seven were excluded. Of
the remaining forty-four articles, eighteen articles were retrieved
from the databases, twenty-two were retrieved from citation
reviews, and four were found on HTA agency Web sites. A flow
diagram of our search results is shown in Figure 1.

INAHTA member agencies who responded to the survey were
NICE UK, CADTH Canada, CDE Taiwan, SBU Sweden,
CONITEC Brazil, and NIPH Norway. They do not have formal
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frameworks in place to support the implementation of subsidy
decisions for medical technologies.

Prominent Implementation Frameworks

There were eleven prominent implementation frameworks widely
cited in the retrieved literature. The top ten themes that emerged
from the evidence synthesis were mapped back to the implemen-
tation frameworks and are reported in Table 1.

The most often cited framework was CFIR (7) with 4,097 cita-
tions, but it only covered seven themes and missed the
“Information Dissemination” domain. The most often cited
theme was “conducting an organizational needs assessment”.
The framework that included eight out of ten themes and covered
all domains was the QIF (12), but it did not include “conducting a
pre-implementation context analysis of various domains”, and
“employing diverse and intelligent strategies to disseminate infor-
mation, for example, knowledge translation tools”.

Helpful Findings for Developing Singapore’s Specific
Implementation Framework

The top ten recurrent themes and examples of the coding frame
are shown in Table 2. Supplementary File 2 captures the five
domains and respective themes and details their descriptions.

The top ten themes holistically covered key concepts in the
prominent implementation frameworks and were considered the
most relevant findings for developing a specific implementation
framework for Singapore. These were shared with all coauthors
and were further synthesized into five distinct domains. Broad
acceptance was obtained that these themes were representative
of good practice standards for HTA implementation.

Five-Domain HTA Implementation Framework

A five-domain model for HTA implementation was developed:

(1) Implementation Strategy,
(2) Organizational Support,
(3) Stakeholder Engagement,

(4) Information Dissemination, and
(5) Implementation Outcomes and Evaluation.

Presented in sequential order as shown in Figure 2, this five-
domain framework provides operational guidance of the action
items across the implementation spectrum from planning and
execution to impact monitoring. Domains represented in the fig-
ure are relevant to implementing HTA for medical technologies in
Singapore. Refer to Supplementary File 2 for complete descrip-
tions of each domain.

Implementation Strategy
A prevalent assumption of an implementation strategy was “clin-
ical serendipity”—a natural and smooth adoption of new innova-
tions or interventions by clinicians (24). In contrast, successful
implementation required various, if not all, parts of the imple-
mentation strategy (e.g., dissemination, training, and support)
to be carefully designed (7). This included outlining specific
tasks and timelines (7;12) and ensuring that the implementation
strategy was adaptable to address unique requirements in any par-
ticular context (25).

Organizational Support
Organizational readiness assessments were referred to explicitly,
with specific tools created to assess readiness (14) based on orga-
nizational factors such as communication channels (7), leadership
(26), culture and morale (8), and resource allocations (26); and
implicitly by inferring the need to develop an understanding of
the local operating environment or context (6;7;13). Different
medical technologies require different aspects of organizational
readiness to be surveyed, taking context into account.

Stakeholder Engagement
The theme of stakeholder engagement was widely reported.
Implementation efforts should be consultative, allowing for
ample stakeholder participation. Early engagement of stakehold-
ers helped address and manage any concerns upstream (4) and
by doing so, ensured support for the implementation strategy
(12;13). Stakeholders representative of a range of different

Figure 1. Flow diagram of search results.
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Table 1. Occurrence of the top ten themes in prominent implementation frameworks

Frameworks CICI CFIR PRISM PARiSH RE-AIM ISF QIF NPT
R =
MC2

INAHTA
guidance
document

The
Alberta

framework

Citation count (as of
15 Oct 2019)

129 4097 336 1744 3332 1008 570 461 92 6 18

Reference (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

Domain: Implementation Strategy

Having a clear
implementation
strategy prior to
execution

√ √

Ensuring
interventions are
adaptable

√ √ √ √ √ √

Domain: Organizational Support

Conducting an
organizational needs
assessment

√ √ √ √ √ √ √ √

Aligning innovation
to organizations’
strategic objectives
and work routines

√ √ √ √ √

Conducting a
preimplementation
context analysis of
various domains

√ √

Ensuring the
organization has
appropriate resources
to implement

√ √ √ √

Domain: Stakeholder Engagement

Engaging all
stakeholders,
including clinician
champions and key
opinion leaders
involved in the service
provision of the
innovation

√ √ √ √ √ √ √

Domain: Information Dissemination

Employing diverse
and intelligent
strategies to
disseminate
information, for
example, knowledge
translation tools

√ √ √

Having a dedicated
unit within the
organization
responsible for
implementation

√ √ √ √

Domain: Implementation Outcomes and Evaluation

Evaluating
implementation
outcomes

√ √ √ √ √ √

CICI, Making sense of complexity in context and implementation: the Context and Implementation of Complex Interventions; CFIR, Fostering implementation of health services research
findings into practice: a consolidated framework for advancing implementation science; PRISM, A practical, robust implementation and sustainability model for integrating research findings
into practice; PARiSH, Enabling the implementation of evidence-based practice: a conceptual framework; Re-AIM, Re-AIM resources; ISF, Bridging the gap between prevention research and
practice: the interactive systems framework for dissemination and implementation; QIF, The quality implementation framework: a synthesis of critical steps in the implementation process;
NPT, Normalization process theory: a framework for developing, evaluating, and implementing complex interventions; R = MC2: A practical implementation science heuristic for organizational
readiness; INHATA guidance document: HTA agencies and decision makers; The Alberta framework: Maximizing the impact of health technology assessment.
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Table 2. Top ten themes from the literature review and examples from the coding frame

S. No. Theme Count Examples from the coding frame

1 Engaging all stakeholders, including clinician
champions and key opinion leaders involved in the
service provision of the innovation

Fifty Drummond et al., 2008
[Pg. 253] “Principle 10: Those conducting HTAs should actively
engage all key stakeholder groups. This is likely to result in
technology assessments of higher quality that is more widely
accepted and stand a greater chance of being implemented (4)”.

Greenhalgh et al., 2017
[Pg. 603] “Champions: The adoption of an innovation by individuals
in an organization is more likely if key individuals in their social
networks are willing to support the innovation. The different
champion roles for organizational innovations include: The
organizational maverick, the transformational leader, the
organizational buffer, the network facilitator (17)”.

Tarricone et al., 2017
[Pg. 149] “Concentrate on the identification of key opinion leaders in
hospital to better understand the adoption and the diffusion
process (18)”.

2 Conducting an organizational needs assessment Twenty-five Pfadenhauer et al., 2017
[Pg. 9] “The first stage of the implementation process is
characterised by the exploration of organizational needs,
intervention-organizational fit as well as capacity and readiness
assessment in a given setting”. Organizational perspective includes:
Structure and size, age, maturity, size of the organization, social
architecture, organizational structures, formal versus informal
networks, organizational policies and guidelines, culture, team
dynamics and implementation climate (6)”.

3 Aligning innovation to organizations’ strategic
objectives and work routines

Seventeen Braithwaite et al., 2014
[Pg. 326] “Types of implementation: A key goal is to choose the type
of implementation that meets needs and is the best fit for the
organisation and stakeholders. Researching the evidence of the
efficacy of an intervention and the context in which it is
implemented can aid the decision-making process and potentially
save time and resources (19)”.

4 Evaluating implementation outcomes Fifteen Damschroder et al., 2009
[Pg. 11] “Process: Reflecting and evaluating quantitative and
qualitative feedback about the progress and quality of
implementation accompanied with regular personal and team
debriefing about progress and experience. It is important to
differentiate this processual construct from goals and feedback
under inner setting, described above. The focus here is specifically
related to implementation efforts. Evaluation includes traditional
forms of feedback, such as reports, graphs and qualitative feedback
and anecdotal stories of success. Dedicating time for reflecting or
debriefing before, during and after implementation is one way to
promote shared learning and improvements along the way (7)”.

5 Ensuring interventions are adaptable Fourteen Dearing et al., 2009
[Pg. 514] “Intervention adaptation: On the other hand, adherents of
the program adaptation perspective counter that it is only through
allowing adopters to change a program to suit their needs that the
likelihood of sustainability is increased. If adopter do not feel
ownership of the program, how can we ensure its persistence in
practice? 20)”.

6 Having a clear implementation strategy prior to
execution

Thirteen Powell et al., 2015
[Additional file 6]: “Develop a formal implementation blueprint.
Develop a formal implementation blueprint that includes all goals
and strategies. The blueprint should include: 1) aim/purpose of the
implementation; 2) scope of the change (e.g., what organizational
units are affected); 3) timeframe and milestones; and 4) appropriate
performance/progress measures. Use and update this plan to guide
the implementation effort over time (21)”.

7 Employing diverse and intelligent strategies to
disseminate information, for example, knowledge
translation tools

Twelve Hailey et al., 2010
[Pg. 13] “Mail-outs and presentations in journals are relatively
inefficient and may not be timely, although publication in relevant
journals may be a good conduit to the appropriate audience. Use of
the Internet offers advantages of speed of transmission, and
potential for dialogue. A mixed strategy may be appropriate, using

(Continued )
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backgrounds catered for adaptability in the implementation strat-
egy (27;28).

Information Dissemination
Dissemination was defined as an active process of knowledge
transfer, one that was vertical, planned, formal, and centralized
(29). The more extensive and multipronged the mode of informa-
tion dissemination was, the greater the success in implementation
(20;30). Specific to HTA, the INAHTA’s guidance document

highlighted that mail-outs and journal presentations might be
ineffective as standalone modes of communication, and instead,
recommended a mixed approach. This involved face-to-face con-
sultations, in tandem with the distribution of written materials
(15). Having a localized unit (12;19) within the organization to
orchestrate implementation efforts was shown to improve the
success rate of implementation. Such a unit introduced structure
and clarity of roles, key deliverables, and timelines for seamless
information flow (12). It was suggested that these units possessed

Table 2. (Continued.)

S. No. Theme Count Examples from the coding frame

several approaches, but will tend to be demanding of resources and
expertise (15)”.

8 Ensuring the organization has appropriate resources
to implement

Ten Re-aim planning tool
[Tips to improving effectiveness] “Effectiveness: Assess resources
available to you: prior to implementation, ensure you have sufficient
resources to deliver the program (22)”.

9 Conducting a preimplementation context analysis of
various domains

Nine Braithwaite et al., 2014
[Pg. 325–6] “Assessing contextual factors prior to implementation is
a vital step in identifying, understanding and guarding against
potential obstacles and enablers in the environment. In addition to
considering microsystem characteristics, it is vital to examine the
political, cultural and social settings, which can impede or promote
the implementation effort (19)”.

10 Having a dedicated unit within the organization
responsible for implementation

Eight Ovretveit et al.
[Pg. 1016] “Box 2 Summary: Establish a ‘3S’ scale up system (1) A
structure of people and groups at different management levels
accountable for achieving scale up, with a reporting and review
process (23)”.

Figure 2. The five-domain model HTA implementation
framework provides operational guidance in a sequen-
tial order for the implementation of HTA-informed sub-
sidy decisions for medical technologies.
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the necessary technical, communication, financial, and project
management skills required to carry out the implementation
effort (24).

Implementation Outcomes and Evaluation
Evaluation of implementation outcomes was explicitly described
as evaluating fidelity, adoption, appropriateness, costs, feasibility,
penetration, and sustainability (31) and was implicitly described
as incorporating a component for audit (9) or feedback (26) in
any implementation strategy. Regardless of the method chosen,
ensuring that some form of feedback mechanism was hardwired
into the evaluation enhanced the robustness of an implementa-
tion strategy. Evaluation outcomes created in partnership (22)
with stakeholders ensured that the outcomes were relevant and
specific to their context, instilling greater ownership among
stakeholders.

Discussion

Based on our literature review, we identified key themes for imple-
mentation and conceptualized them into an HTA implementation
framework with domains most relevant to Singapore. The frame-
work is a visual representation of the key themes that could be
considered in sequence, when implementing HTA recommenda-
tions of medical technologies.

In Singapore, the provision of services involving medical tech-
nologies is highly influenced by institutional practices and user
preferences at healthcare institutions. In recognition of the fact
that a “one-size-fits-all”, “top-down” implementation strategy is
not adaptable nor practical, we attempted to cater implementation
efforts to unique operating environments. As the national HTA
agency, the ACE developed an Organizational Readiness
Assessment (ORA) tool (Supplementary File 3) to highlight back-
end processes at the healthcare institutions that might be affected
when a medical technology is recommended for subsidy. This
self-assessment allows hospital institutes to identify potential
implementation barriers early and make changes before subsidy
comes into effect.

Clinical stakeholders such as doctors often assumed the role of
clinical champions to identify and solve implementation issues
unique to their institutions. However, a proper implementation
team at the healthcare institutional level, comprising people
with the necessary skillsets and authority to drive multifaceted
changes, should be established to solve organizational problems.
Establishing such teams will complement existing multipronged
modes of information dissemination that the ACE employs,
including face-to-face consultations, frequent email exchanges,
issuing formal circulars, and publishing guidance documents on
our Web site. The ACE has yet to explore mobile applications
as a mode of information dissemination but acknowledges that
it is worth exploring to cater to increasing demand from
information-seeking behaviors.

Implementation success in Singapore is currently measured by
the timeliness of subsidy implementation. Such a measure is not
reflective of the true benefits to patients and the healthcare sys-
tem. As such, implementation outcomes should be codeveloped
with relevant stakeholders to ensure the collection of meaningful
data that measures changes in clinical practice and improvements
in patient outcomes in a sustainable manner. We acknowledge
that the key themes of the five-domain model were considered
most relevant to HTA implementation in the Singapore setting.
Other HTA agencies may consider its local relevance and

applicability. The ten key themes of implementation need to be
regularly reviewed to keep pace with the evolving needs of the
healthcare landscape and be adapted to address any potential bar-
riers to framework compliance.

Conclusion

Policy decision making in Singapore is increasingly reliant on
HTA when assessing the value of medical technologies. A robust
and adaptable implementation of HTA-informed subsidy deci-
sions for medical technologies is crucial to optimize patient out-
comes commensurate with costs. Although there is a plethora of
implementation science literature to guide the implementation
of novel or complex health interventions, much of the existing lit-
erature is about conceptual developments. The top ten themes
were identified to emphasize the important aspects of organiza-
tional feasibility, which should be considered when implementing
HTA recommendations for medical technologies in the Singapore
setting. We will continue reviewing the applicability of key themes
when implementing HTA-informed subsidy decisions as we gain
more experience in the future.
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