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ABSTRACT ARTICLE HISTORY
Medical technologies are pervasive across women'’s health, Received 12 October
spanning across obstetric and gynecological care. FemTech, the 2022

sector responsible for developing these technologies, is grow- Accepted 10 March 2023

ing at 15.6% per annum. However, there are concerns of dis-
connects between new product development (NPD) and the
care afforded to women in consequence of implementing these
innovations. The most crucial stage of NPD involves under-
standing the clinical need. Without a clear need and clinical
use case, innovators risk developing solutions which do not
address the issues women and caregivers experience. Thus, the
product will miss the market and experience limited uptake.
Tools for performing clinical needs assessments and defining
the use case are being developed. This review provides an
analysis of their strengths and weaknesses to inform FemTech
innovators of the available resources. We further discuss con-
cepts for creating a unified approach to assessing unmet needs
such that technologies have a higher chance of improving
women’s healthcare.

Women constitute half of the world’s population. Yet, matters related to
the health of women are considered to be of concern to a meager and
often neglected portion of the broader healthcare ecosystem. Even more
concerningly, despite evidence that innovation leads to improved outcomes
for patients and the healthcare system, women’s health is an area that has
experienced few advancements as it is viewed as a niche market by the
medical technology industry.

In recent years however, attitudes in healthcare and medical technology
are shifting with governments, healthcare providers, and industry seeking
to empower women through policy, improved access to quality care, and
technology (Barclay & Caulfield, 2022). In particular, technology develop-
ment for women’s health, also referred to as FemTech, is on the rise with
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breakthrough innovations that improve care delivery, diagnostics and health
status monitoring, or addressing conditions affected by taboos and cultural
sensitivities already being implemented (Kemble et al., 2022). However, as
with most areas of medical technology, there are concerns that disconnects
between the FemTech industry and the needs of the various stakeholders
in the women’s healthcare ecosystem exist.

To reduce the extent of this disconnect, we undertook a narrative lit-
erature review of existing frameworks with the aim of understanding how
to assess clinical needs and develop the clinical use case for medical device
innovation. We provide an analysis to detail the strengths and weaknesses
of each model and informs an interdisciplinary framework for guiding the
development of medical devices, with special regard to the context of
women’s healthcare. This interdisciplinary framework provides a theoretical
contribution to the literature and may be applied to real-world FemTech
innovations when determining its validity and utility. Our proposed frame-
work will also provide both, innovators and adopters of future FemTech
medical devices, with considerations and insights that will help address
inequities in women’s healthcare and increase the likelihood of achieving
a technological innovation that is acceptable to the market.

Background

Despite women comprising approximately half of the global population,
women’s healthcare has faced a number of systemic inequities which are
caused by limited accessibility, lack of funding mechanisms, poor advocacy
and lack of policy devoted toward specifically addressing these factors
(Amin et al., 2021; Australian Institute of Health & Welfare, 2019; Kemble
et al., 2022). This has larger implications, as there is a relationship between
slow advances in health and wellbeing, and an individual’s ability to play
an active role in society (Marquez, 2017). In line with this, one of the
United Nation’s Sustainable Development Goals (SGDs) highlighted the
value of gender equality and empowerment of all women and described
the role that existing healthcare limitations have played against the move-
ment for equality (UN Department of Economic & Social Affairs, 2015).
Medical technology, and its innovation, stands as a key agent which can
be harnessed to contribute to achieving this SGD through improved health
outcomes and access to care. The mechanisms to do this are well captured
in the quadruple aims of healthcare: (a) improved patient outcomes; (b)
improved patient experience; (c) improved provider experience; and (d)
lower cost of care. There are numerous areas across the life journey of a
woman, that these initiatives can deliver clinical improvements and wider
societal impact. These include pregnancy and birth, gynecological condi-
tions, non-communicable diseases including cancer, access to mental health
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Pelvic floor disorders, incontinence,
Contraception & sexual health, general aging issues, dementia, mobility
menstrual disorders, pregnancy and Menopause, Pelvic floor disorders, and falls, gynaecological
infertility, breast care, gy e i w gical cancers/ cancers/conditions/diseases/infection,
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Type 1 diabetes, mental Pelvic floor disorders, gynaecological Pelvic floor disorders, incontinence,
health, menstruation, cancers/conditions/diseases/infection, gynaecological
contraception and sexual chronic health conditions & non- cancers/conditions/diseases/infection,
education communicable diseases, autoimmune chronic health conditions & non-
diseases, arthritis, osteoporosis, mental communicable diseases, autoimmune
health diseases, arthritis, osteoporosis, mental
health

Figure 1. Major conditions or areas for intervention across women’s lifespans.

services, sexual and reproduction health, as well as health education (NIH
Office of Communications, 2016; World Health Organization, n.d.). Figure
1 presents the areas and conditions that require clinical attention along
the lifespan of women.

FemTech is the subset of the medical device (MD) industry that is
responsible for the development and translation of MDs, software, and
services into obstetrics and gynecology. FemTech has potential to not only
improve the lives of women, but also inspire positive social changes beyond
the healthcare system. With a compounded annual growth rate (CAGR)
of 15.6% and a forecasted revenue of 60.01 billion USD by 2027, it is
anticipated that FemTech will soon be responsible for a sizeable portion
of the MD industry (Emergen Research, 2021). However, as the MD
industry and FemTech develop, there are concerns about the apparent
disconnect between new product development (NPD) and the implemen-
tation of innovations into clinical practice (Petkova et al., 2010).
Understandably, this disconnect affects the sustainability of FemTech ven-
tures since there is a complex, invisible, but yet palpable process which
they must navigate to achieve clinical impact.

To address this disparity, techniques and tools which aim to mitigate
risk and uncertainty in the early innovation process remain invaluable.
The conception and application of these innovation instruments, particu-
larly in the early stages of the medical device innovation (MDI) process,
has resulted in the rapid curation of a relatively new field of research,
known as early health technology assessment or EHTA. EHTA may be
defined as ‘all methods used to inform industry and other stakeholders
about the potential value of new medical products in development, including
methods to quantify and manage uncertainty’ (M. Ijzerman et al., 2017).

When commencing a new MD development project, one of the most
crucial steps in the MDI process involves understanding the clinical need
for the candidate solution (Yock et al., 2015). The term ‘clinical need’ can
be defined as ‘a condition for which there exists no satisfactory method of
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diagnosis, prevention or treatment ... or, even if such a method exists, in
relation to which the medicinal product concerned will be of major thera-
peutic advantage to those affected’ (“Commission Regulation (EC) No
507/2006,” 2006). Determining the clinical need can be considered an
integral part of the EHTA process which involves gathering information
that will help the innovator identify gaps in current healthcare practices
(Weigl et al.,, 2012). In doing so, innovators can ascertain if there is a
true clinical problem from the perspective of multiple stakeholders and if
further research and development (R&D) will provide a fitting solution.
Additionally, innovators can adjudge whether the R&D investment is worth
it, if a better alternative exists, and begin defining the specifications for
an innovation so that the technological solution sufficiently fills the gap
(M. J. ljzerman & Steuten, 2011; Weigl et al., 2012; Yock et al., 2015).
In product management, there is a fascinating dynamic between what
is known as ‘technology push’ and ‘market pull’ that is now being observed
in the discipline of translational medicine (Dixon, 2001; Saitman, 2019).
Both approaches have historically been applied in healthcare, but their
differences play a significant role on the innovation pathway (Dixon, 2001;
Saitman, 2019; Steinberger et al., 2017). In technology push, the innovator
sees a solution for a clinical need the target user (e.g. clinician) faces but
cannot see. Thus, the innovator must promote the advantages of their
solution and create demand for their product. In the case of market pull,
the end user identifies the problem and the innovator responds with a
solution that is almost guaranteed to fulfill a market niche based on the
end user’s needs and input. When analyzing their impact on innovation
processes, the latter approach is less risky, requires less effort and invest-
ment, and has a safer pathway to market and return on investment (Dixon,
2001). However, a pervasive problem-solution dichotomy in healthcare is
that the solution is developed to address a problem, but the clinicians
themselves do not believe the problem exists. Conversely, when the prob-
lem exists beyond doubt, the solution does not sufficiently fulfill the needs
of the clinicians and patients who would use the technology. Hypothetically
speaking, validating the clinical need enables the innovator to achieve the
benefits of a market pull strategy and hopefully address this dichotomy
as they engage with the market to determine if there is a problem and
identify requirements for a fitting solution. Particularly if they consider
market scalability, cost-tolerance in reimbursement structures, and the
wants of stakeholders. These stakeholders usually include clinicians (e.g.
obstetricians-gynecologists [ob/gyn], midwives/nurses, etc.), administrators,
healthcare organization/providers (HCOs), and patients who are the end-us-
ers. Often, these stakeholders influence the adoption process or can provide
valuable insights to the venture’s direction (Gold et al., 2014; Oliveria
et al.,, 2003; Smith et al., 2019; Tanenbaum et al., 2018; Warty et al., 2021).
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The ability to determine the clinical need of a MD, and thus define
the clinical use case, can be complex. Inadequate definition of the clinical
use case often results in NPD failure for an otherwise promising innova-
tion, as the technology has not been developed to address the needs of
the end user or the market (Yock et al, 2015). This directly affects and
informs the rest of the innovation process as well, including resource
management, commercialization, and marketing strategies. This can be
read in more detail in our previous work (Warty et al., 2021). Thus, by
defining the clinical need for a technology, innovators can improve the
likelihood of successfully implementing their solutions and making better
R&D decisions that lead to enhanced patient outcomes (Saitman, 2019).

Despite the critical nature of clinical needs assessments (CNA) in the
MDI process, there is little discussion by researchers or industry into the
development and use of frameworks for evaluating the clinical need of a
MD. Often, identifying a clinical gap is achieved using in-depth literature
reviews, direct observations, or interviews with key opinion leaders (KOLs)
(Smith et al., 2019). Whilst these resources are useful in identifying a
potential clinical need, more formal methods of evaluation could further
reduce the risks associated with the innovation process. Such evaluation
may provide consideration to additional variables and ensure a more
comprehensive analysis of the clinical opportunity.

Presently, to our knowledge, there is no widely applicable theoretical
CNA method that is easy to use for technology innovators, nor has there
been any real-world validation of these innovation management processes.
Of particular concern is the discernible practice-knowledge gap. There has
been little integration of formal CNAs into routine practice, which impedes
clinical innovation efforts. In line with this, the aim of this review is to
identify and critically evaluate existing CNA frameworks to provide an
overview of the MDI landscape. We hope that this review will promote
greater awareness of the existing frameworks and encourage innovators to
employ those that fit with their practice. Importantly, we attempt to shed
light on the multitude of factors that could guide a unified (clinical,
technical, and commercial) approach to performing CNAs; such that novel
technologies have a higher chance of achieving clinical implementation
and improving patient outcomes, particularly in the context of women’s
healthcare.

Method

Articles for this traditional review were searched on PubMed, EMBASE,
and IEEE Xplore using terms related to ‘clinical needs’ and ‘medical device’
with the AND Boolean operator without further restriction for studies
related to performing CNAs during early MDI. Due to limited relevant
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results from the databases, additional independent searches for grey liter-
ature and articles of relevance was performed as well, and a traditional,
nonsystematic review methodology was selected. The reference lists of
relevant articles were further exploited to identify additional CNA
frameworks.

Results: Identified models and frameworks

A summary of the discussed models may be found in Table 1:

Stanford biodesign model (Yock et al., 2015)

The Stanford Biodesign model, developed in the early 2000s, is part of
one of the most reputed and comprehensive programs for MDI in the
world. Typically running for one year, this program educates innovative
professionals (such as biomedical engineers, clinicians, researchers, and
business executives) in MDI. The Stanford Biodesign program has resulted
in the founding of over 40 companies and the technologies have been
used in more than 2.7 million patients (Stanford Byers Center for Biodesign,
2020; Steinberger et al., 2017). Its successes have inspired the designs of
other Biodesign programs and models (Chaturvedi et al., 2015; Grayden
et al. 2022).

In the Stanford Biodesign model, the development of MDs is divided
into three phases.

1. Identify: Identify and validate a clinical need.
Invent: Brainstorm and screen ideas that address the clinical need
and develop the prototypes.

3. Implement: After selection of the final prototype/concept, begin
developing commercialization strategies and business planning.

Understanding the unmet clinical needs form the foundation for focused
ideation and development in the Stanford Biodesign model. In doing so,
innovators can mitigate the risks associated with a project and maximize
chances for successful development (Steinberger et al., 2017).

The following discussion summarizes key concepts from the in-depth
analysis that is provided by the authors of Biodesign: The Process of
Innovating Medical Technologies—the modality in which the Stanford
Biodesign program is presented (Yock et al., 2015).

As per the Biodesign model, the identification phase can be classified
into needs finding and needs screening. Each stage consists of a number
of substages which detail how to perform a clinical needs assessment.
Needs Finding involves developing a strategic focus, understanding the
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various elements of a clinical problem (typically through direct observation
in clinical environments and challenging the status quo), and developing
a needs statement around this. Mokarram et al. have developed a guide
for creating such needs statements (Mokarram et al., 2021). Needs Screening
involves undertaking disease state research, evaluating existing solutions,
and analyzing the market and stakeholders, before filtering down to a
specific need to pursue. This is elaborated further in the Supplementary
Materials.

From this, a needs specification can be created, dividing the require-
ments into ‘must-have’ or ‘nice-to-have’ specifications which then influ-
ence the Invention stages. A difficulty with this occurs when the line
between ‘must-have’ and ‘nice-to-have’ is blurred for particular require-
ments, or when the requirements are categorized insufficiently to either
over-constrain or under-constrain the needs specification. As such, the
expertise and experience of the multi-disciplinary team and advisors
become vital as they guide the innovators through this determination
process.

Identifying multiple clinical needs without introducing solution bias,
and systematically filtering down to select a commercially viable need that
can be technologically resolved, mimics the ‘market pull’ approach. It
encourages innovators to attempt to become the market through ethno-
graphic engagement and participant observation. This is because the mul-
tidisciplinary team often immerses themselves in the clinical environment
(e.g. maternity ward, birth suite, gynecology clinics, etc.) as part of the
CNA process, and in doing so, develops an intimate understanding of the
market. With this understanding, the team can then follow a refined
innovation pathway that is safe, de-risked, and is likely to have an assured
pathway to market.

As with any method, there are disadvantages. One challenge is that the
needs finding process may result in a number of unmet needs being
identified but later discarded as a result of the needs screening process.
Given that the entire program duration is one year, often clinical needs
that are easier to resolve tend to be addressed, due to time constraints.
Due to this, many unmet and potentially viable needs remain as unad-
dressed clinical challenges. Another challenge is that the Biodesign program
typically requires a year of training to which many innovators, particularly
clinician-innovators, are not able or willing to commit (Chaturvedi et al.,
2015; Yang et al.,, 2016). Innovators who employ this model without having
undergone the program may face challenges using the resources or fol-
lowing specific processes which are specially developed. Another possible
risk is that clinical teams who are being observed will subconsciously
change their behavior simply because they are being observed (Hawthorne
effect) (McCambridge et al.,, 2014). Lastly, in practicing this model, the
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multidisciplinary team may perform ethnographic observation to identify
unmet needs in only one clinic (though the model itself advocates for
visits to multiple facilities) or are championed by a single influential cli-
nician, creating a vulnerability due to the sample size being n=1. Similarly,
while the model advocates for observing the entire timeline of care to
properly comprehend the status quo, this may not be executed sufficiently
due to logistical issues such as gaining access to relevant clinical areas.
These are problematic because the need may not exist in other clinical
environments, for example, in rural vs urban clinics, or high resources vs
low resourced healthcare systems. In other words, confirmation bias can
be introduced as these issues may skew the innovators understanding of
the problem and the viability of their solution as they attempt to extrap-
olate their findings to other clinical settings.

Chaturvedi model - A sample Stanford biodesign derivative (Chaturvedi

et al.,, 2015)

The Chaturvedi model is a derivative of the Stanford Biodesign model,
but uses the experiences of the authors to develop a method that is suited
for a newly industrialized country such as India. As part of this model,
additional consideration is provided to the stakeholders, reimbursement
system, regulatory standards, and the broader Indian market.

The method described by Chaturvedi follows the Stanford Biodesign
model phases of Identify, Invent, and Implement. However, the model
includes deviations that are tailored to the newly industrialized market of
India. It could thus be applicable to other developing or newly industri-
alized countries such as China, Turkey, Brazil, Mexico, and South Africa,
as they build their domestic MDI capabilities and infrastructure for fitting
in global value chains (Boddin, 2016). These deviations include the pro-
vision of training to engineers, designers, business graduates and clinicians
on the team on the mindset and concepts required to create a startup for
enabling translation into the Indian healthcare system. The opinions of
clinicians from the local clinical environment can be insightful. Given
India’s MedTech industry is still developing, clinicians do not need to
manage impacts to their clinical careers by committing full-time to MDI.
The complexity of this must be considered however, given the benefits
associated with close clinician collaboration and co-designing (Smith et al.,
2019). Next, a novel needs filtering method which facilitates the identifi-
cation of needs which, if fulfilled, could result in successful implementation
within the Indian system. Lastly, the model includes provisions of addi-
tional considerations into the needs specification for incomplete clinical
data due to poor documentation practices, as well as for the interests of
stakeholders and the Indian company.
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POCTRN (point-of-care technologies research network) models (Weigl et al.,
2012)

The focus of the paper produced by Weigl et al., is on the value CNA
performance possesses for developers of point-of-care (POC) diagnostic
devices (Weigl et al., 2012). It highlights the importance of maintaining
CNA documentation which can inform market and product requirements
at the initiation of product development and their subsequent use by
developers as reference points for when a product concept is changed or
refined. The paper also discusses the activities and purpose of needs
assessments before providing a basic methodology on how to create a
CNA, and the considerations such as the design (qualitative vs quantitative
vs hybrid), eligibility criteria of participants, and data analysis methods.
The authors argue that CNAs can facilitate NPD decisions and influence
strategies for commercialization and marketing.

Weigl’s framework provides considerations (existing gap, potential solu-
tions to gap, stakeholder needs, and barriers to uptake) for inclusion in
a CNA and recommends an iterative approach to the assessment. Ideally,
a CNA should be performed at conceptualization where needs identification
and assessment occurs, during planning, and periodically repeated to
confirm that the product conforms to the CNA’s findings.

The structure proposed by Weigl et al. is quite generalist. This is because
the ascribed model is simply the one employed by POCTRN and is one
of many methodologies. Commonalities between these methodologies
include defining a research question or purpose for the CNA and identi-
tying key stakeholders. The authors express that a CNA can be developed
using a logic framework which prescribes the inputs (e.g. staff and time
spent performing CNA), outputs (data collection methods such as surveys,
interviews, etc.), and outcomes (analysis of findings from outputs). For
the data collection strategy (or outputs), the type of method depends on
the research question. For example, observational studies, literature reviews,
and focus groups/opinion leader interviews are qualitative tools that can
inform the design of quantitative surveys which enable innovators to
develop generalizations, predictions, and calculations of the likelihood of
an outcome occurring. From this, developers can understand the impact
of the research question and assessment methods on the data that is col-
lected and used to develop conclusions about the clinical need.

An important point is ensuring that the respondents to any data col-
lection exercise are credible sources of information. In one section, the
authors describe the Warfare Analysis Laboratory Exercise (WALEx) where
clinician-users (nurses/midwives, medical practitioners [such as ob/gyns],
allied health, and physician assistants), biomedical engineers, patients of
the target demographic, industry, and regulators are isolated in a room
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to discuss what qualities they want in a product. These specialists should
be screened by some eligibility criteria and recruited using a strong sam-
pling plan. However, performing such exercises can be difficult due to the
time commitment and fiscal resources that may be required but often not
available in a very early stage venture or project.

This model focuses on CNAs rather than also providing a means of
developing the clinical use case. It intends to guide the design of CNA
protocols rather than provide a formal structure like the Stanford model
or other models detailed below. As a result, it provides little guidance on
how to focus the research question to validate an identified need. It also
lacks detail on how the barriers to uptake may factor into the CNA.
However, the framework demonstrates the importance of a high-quality,
well defined protocol which is built around the research question, and
the value of ensuring that investigators are trained in data collection. Thus,
it provides interesting perspectives on how a CNA may be developed
before it is factored into developing a clinical case.

lizerman and Steuten model (M. J. lizerman & Steuten, 2011)

The Ijzerman and Steuten model focuses on providing an overview of the
MDI process. This model proposes that performing a clinical case analysis
as an additional step to clinical needs finding and needs validation can
provide additional information for decision making by innovators.

As part of this clinical case analysis, innovators are expected to ask
questions along the lines of:

o What is the intended application/product?

o What are the advantages of the new product?
« What is the target group (size)?

o What are the comparator interventions?

o What is the expected clinical outcome?

By answering these questions, innovators are able to gain an improved
understanding of the standard of care and develop awareness of potential
competition and alternative options that could impact adoption.
Furthermore, innovators will be able to determine how to optimize the
market potential of their product and predict how their proposed solutions
could be implemented.

In a recent review by Smith et al., the [jzerman and Steuten model was
expanded upon to demonstrate the value of involving clinicians in the
needs assessment process (Smith et al., 2019). Smith et al. identified that
the position occupied by clinicians in healthcare places them uniquely to
assist in formulating a statement of clinical need. Clinicians also can
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demarcate points that are potentially useful for developing the clinical use
case, for example, how the innovation could fit within existing clinical
guidelines and the potential effect on clinical management (Smith et al.,
2019). The authors highlight how poor engagement with clinicians could
result in: a problem being inadequately explored (which impacts NPD);
limited implementation/adoption of new technologies (if the product does
not fit the healthcare paradigm); an ineffective regulatory strategy (in the
presence of deficient trial design strategies); and an inability to draw upon
KOLs to endorse the technology once mature (Smith et al., 2019; Warty
et al., 2021).

Markiewicz’s iterative stakeholder engagement model (Markiewicz, 2017)

The Markiewicz model is based on the premise that iterative and contin-
uous engagement of stakeholders throughout the NPD process can ensure
that the innovation fulfills the users’ needs, addresses concerns with the
learning curve, and identifies the fit with the clinical environment and
regulatory infrastructure (Markiewicz, 2017).

The Markiewicz model is closely associated with the Ijzerman and
Steuten model. It proposes that stakeholders are engaged when developing
the product specifications and during the early proof-of-concept phases
(M. J. Ijzerman & Steuten, 2011; Markiewicz, 2017). At this first juncture
of specification development, stakeholders are approached to provide rec-
ommendations for manufacturers to consider during NPD. A systematic
review is performed to guide the questions that are asked of stakeholders.
Then, at the proof-of-concept phase, interviews with KOLs and patients
are used to inform manufacturers of alternative clinical use cases for the
device under development and confirm the existing clinical use case before
the evaluation processes commence. Performing interviews at the proof-
of-concept stage also informs the manufacturers which potential clinical
use cases had the highest/lowest potentials for implementation as well.

Turner framework (Turner et al., 2020)

The COVID-19 pandemic resulted in a global shortage of medical equip-
ment and supplies, leading to reductions in the quality of clinical care
that was provided (Bown, 2021; US Food and Drug Administration, 2022).
In response, workaround solutions for these shortages were developed
through custom-made devices intended for local use. However, the enthu-
siasm of these innovators to fill a gap may result in bias and uncontrolled
use of potentially detrimental solutions (Duggan et al., 2019). The Turner
framework aims to address this by allowing innovators to develop their
solutions in a stepwise manner.
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Targeted toward innovative clinicians, this framework involves:

1. Clearly defining the problem that the device is intended to resolve.

2. Defining which safety indices are relevant to the device and using
those as benchmarks that must be met. This step involves the per-
formance of literature reviews, consultations with experts, analysis
of performance measures from manufacturing standards, clinical
guidelines, and MD regulators.

3. Seeking feedback on the design’s utility, potential pitfalls, and iden-
tifying any existing solutions. Turner et al. suggest that consultations
with biomedical engineers will mitigate risks with the innovation
process. Such specialists can advise on topics ranging from the
technology itself to the overall lifecycle of the device (including
aspects of the supply chain, training, manufacturer needs, construc-
tion, use, maintenance, and discontinuation).

4. Performing extensive laboratory and in situ simulations.

From step 4 onwards, the Turner Framework focuses on the steady and
safe introduction of these custom devices into clinical settings. Turner
et al. recommends doing so by first implementing the solution in a low-
risk setting (subject to local clinical and ethics approval), and then tran-
sitioning to a higher-risk setting where the users are trained on a
standardized protocol. Finally, undergoing an iterative cycle of feedback,
review, re-design, and improvement to critically evaluate the performance
of the solution.

Ocampo and Kaminski model (Ocampo & Kaminski, 2019)

This model focuses on the MDI process for medium-risk MDs and is
broken down into 3 key phases: Pre-development, Development, and Post-
development. Only the first two phases will be discussed in this review
as post-development is associated with post-market surveillance and
obsolescence.

During the pre-development phase, the organization first aims to align
the product development objectives with its defined enterprise strategy by
analyzing their product portfolio and their fit within the market. This
alignment is based on product trends and findings from the market anal-
ysis and is classed as part of the strategy planning activities. The next set
of activities entail defining the product, clarifying the project scope, and
creating a project plan.

The development phase can be broken down into six subphases, as
follows: 3. Feasibility study, 4. System design, 5. Detailed design, 6.
Production process, 7. Production support, and 8. Product launch. Ocampo
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and Kaminski identify that subphases 3, 4, and 5 are used to set up the
project, whilst the latter 3 subphases are associated with production and
product launch. The authors of this review construe Subphases 3, 4, and
5 as relevant for influencing the clinical use case definition.

Ocampo and Kaminski describe the conduct of a feasibility study
(Subphase 3) as crucial to the NPD process. The purpose of a feasibility
study is to verify that the product is feasible technically, economically,
financially, and that there is a potential market. From this, the project
team can develop strategies for translation, and a project plan that will
define the product. The considerations and activities which are performed
are elaborated in Supplementary Materials—Table S1. The creators of this
model then propose a gate (G3) which takes into consideration the find-
ings of the feasibility study activities to determine the overall feasibility
of the project.

Subphase 4 System design then details how the final concept is devel-
oped and selected using the outputs of the feasibility study to mitigate
risk during the EHTA stages of MDI. The final concept is then defined
by a proposed system architecture, parameters that influence product
design, component/subsystem compatibility, ability to be transferred to
manufacturing, and compatibility with intended user environments. This
definition is then evaluated to determine the stability or anticipated pace
of innovation/reinvention, costs, and user considerations (Cain & Mittman,
2002; Ocampo & Kaminski, 2019). In doing so, the detailed design
(Subphase 5) can be produced, tested, and clinically validated before being
transferred to manufacturing.

Ocampo and Kaminski is one of the more comprehensive models of
MDI in its description of CNA and clinical use case considerations. This
model provides consideration to several of the barriers to uptake, which
strengthens its value as a product development guide (Warty et al., 2021).
However, as this model was conceived only recently, there is no data
validating its utility to our knowledge.

World Health Organization (WHO) model (World Health Organization,
2011)

The WHO model aims to provide member states (national governments)
with a framework for performing CNAs when identifying which health
areas could benefit from technological intervention and how this could
be achieved. Due to the diverse socioeconomic statuses of these member
states, the framework is generic and set toward identifying systemic/HCO
deficiencies that could be addressed through the development or acquisi-
tion of medical technologies. As such, this model could prove useful for
innovators in identifying needs in a provider/state-centric manner. This
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is because following concepts defined in this model will help align the
innovators’ understanding of the clinical need with that of the HCO or
policy maker. This could facilitate implementation of technologies by
ensuring that the developed MDs fulfill a clinical need as is potentially
defined by health services, and more adequately fulfill the requirements
of HCOs. This has the additional benefit of providing insights for inno-
vators on how to market their devices to policy makers to facilitate tech-
nology diffusion.

When interpreting this model, it is evident that there is a general
approach and a specific approach with the latter being used to supplement
the former. This strengthens the value of the CNA activity and better
influences the MDI process to ensure clinical implementation.

As part of the general approach, the first step involves identifying what
health services are needed by analyzing the target population and associ-
ated epidemiological data. This is followed by identifying the existing
conditions and availability of HCOs, MDs, and human resources/personnel.
After this, the existing standards and practices for health service delivery,
MDs, and personnel such as clinical engineers for operation, maintenance,
and management of medical equipment; are assessed to see how they
could be applied or modified. From this data, an overall gap can be iden-
tified to produce a list of general needs which can finally be ranked by
priority based on resources constraints such as budget and personnel
limitations.

The model then focuses on the specific aspects of needs assessment in
a series of 7 steps, as summarized here:

1. Identify the health service requirements: This step involves under-
standing the local geographic and public health conditions with a
focus on the population of the target area, size of region, number
of individuals, population density, and disease burden. By providing
considerations to the epidemiological needs, population-based chal-
lenges, practice guidelines/standards/recommendations, and local
healthcare priorities; innovators can tailor a solution that is appro-
priate to the requirements of target HCOs.

2. Identify the availability of health services: Services such as maternal
and child health, reproductive medicine, gynecologic oncology, sur-
gical services, etc.; facilities such as hospitals or clinics; and skilled
personnel are not always available or accessible. By providing con-
sideration to the availability and accessibility of HCOs, the percep-
tions of HCOs and the target population on the services provided,
the conditions and types of facilities, and the staffing levels; it is
possible to develop an overview of the available services and their
providers to gain an understanding of what systems exist.
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3. MD situation: The goal of this step is to identify the existing MDs
and the associated infrastructure (building, electricity, water, waste
disposal) by evaluating medical equipment inventories and the con-
dition of the infrastructure and management systems around them.

4. Qualification and number of human resources required to cover
the required healthcare demand: This step aims to evaluate the
availability, capacity, and capability of current human resources. For
example, the availability of magnetic resonance imaging (MRI) equip-
ment in the northern hemisphere is at a ratio of 25 MRIs to 1
million inhabitants versus 1 MRI to 25 million in sub-Saharan Africa
(Dechambenoit, 2016). For neurologists and neurosurgeons, there is
1 neurologist per 3,000,000 people and 1 neurosurgeon per 3,000,000
people in sub-Saharan Africa (versus ratios of 1:40,000 for neurol-
ogists per capita and 1:200,000 neurosurgeon/capita in the Northern
Hemisphere) (Dechambenoit, 2016). This is relevant to planning the
development of staffing and training plans.

5. Financial situation: This step involves evaluating the capacity of an
HCO or 3rd-party payer to finance the overall operations including
delivery of health service, health technology management, and asso-
ciated infrastructure.

6. Analysis and interpretation: Once all this information is gathered,
it is possible to interpret the data to draw conclusions that can
shape how the population needs are addressed, and if the MD fulfills
the clinical gap.

7. Prioritization and appraisal of options: Using the findings and
conclusions of the CNA, the needs must be prioritized. With con-
tinually decreasing healthcare budgets, it is likely that there will be
insufficient resources to fulfill all the identified needs. This process
should also consider the potential solutions of HCOs and patients
as the decisions that will be made will depend on local circum-
stances, although national priorities will play a role. The goal is
often to prioritize needs that will produce the greatest impact for
the lowest investment of resources. This step is known as option
appraisal. Once this is done, an implementation plan should be
developed, ideally in collaboration with HCOs to ensure that the
plan is realistic and feasible.

Guidance and impact tracking system (GAITS) tool (Consortia for improving
medicine with innovation and technology)

Developed by the Consortium for Improving Medicine with Innovation
and Technology (CIMIT), GAITS is a tool for tracking progress through
innovation processes for medical devices, digital medicine, and biomarker



HEALTH CARE FOR WOMEN INTERNATIONAL 17

diagnostics. The tool evaluates all stages from identifying a need to when
an innovation becomes the standard of care (Consortia for Improving
Medicine with Innovation and Technology). It provides resources to help
innovators to progress through each of these steps. Many of these resources
were sourced from other reputable models including Stanford Biodesign.
In the GAITS methodology, each task that is tracked is classified into one
of four domains, which help to build a sophisticated unified framework.
These domains are clinical, market/business, regulatory, and technology.

In relation to developing insights into unmet clinical needs and available
solutions, the GAITS methodology prescribes that the clinical domain
consists of designing the unmet needs statement and disease state char-
acterization (Consortia for Improving Medicine with Innovation and
Technology). Under the business domain, there is emphasis on needs
screening and selection, as well as a characterization of the existing solu-
tions. The regulatory domain requires that innovators familiarize themselves
with the relevant regulations, providing resources that can help identify
the optimal regulatory pathway. In order to fulfill the requirements of the
technology domain, innovators should summarize the state-of-the-art for
care and alternative solutions.

The next milestone revolves around the idea or potential solution to
the unmet need. The solution to the unmet need is described, evaluated,
and then selected for the next milestones which take the solution from
proof-of-concept to recognition as the standard of care (Consortia for
Improving Medicine with Innovation and Technology). In the milestone
of ‘Ided; the clinical domain consists of understanding the context in which
the solution is going to be used (the clinical workflow), updating the
needs statement with any new information that arises from any domain.
Feedback is obtained from at least 5 clinical stakeholders (for example,
clinicians, users, support personnel), and lastly a statement of how the
solution can benefit the patient, user, or system is developed. Under the
business domain, the way in which each stakeholder will influence the
uptake of the solution is identified. A value proposition statement can
then be developed for key stakeholders. Then, the methodology requires
an evaluation of the competitive landscape to determine where the solution
will fit in the market, and how it will aid with defining the venture’s
business model. Under the regulatory domain, understanding similar prod-
ucts on the market will determine the type and extent of testing that is
required. It is also important to determine if the solution meets the reg-
ulatory definition of a MD. Finally, the technology domain requires inno-
vators to design experiments around various hypotheses. The purpose of
this is to de-risk major technical challenges, screen ideas and provide
rationale for the options that will advance to development, manage IP
disclosures with relevant institutions, and develop paper prototypes (for
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example, descriptions and drawings of solution which also discuss speci-
fications, pricing, indications for use, etc.).

A unique feature of the GAITS cycle is that it categorically defines MDI
processes into the clinical, technology, regulatory, and market/business
domains to demonstrate the unified nature of all MDI processes. Because
of its simplicity and comprehensive content, the checklists created by
CIMIT are being adopted by developers, investors and organizations that
provide innovation support. However, it has been noted that the checklist
content provided can be vague and the resources are targeted primarily
to the US market. As such, industry stakeholders often have to develop
or adapt the resources to their respective contexts.

Discussion
Comparative discussion of existing models

When comparing these models (Supplementary Materials—Table S2), we
find that most support early performance of CNAs, with the exceptions
of Weigl et al. and Markiewicz et al. who both further advocate for an
iterative approach. The data collection techniques that were recommended
included the use of ethnography or observation (Turner et al., 2020; Weigl
et al., 2012; Yock et al.,, 2015), interviews (Markiewicz, 2017; Weigl et al,,
2012), literature reviews (Weigl et al., 2012), or answering sets of questions
(M. J. ljzerman & Steuten, 2011; Ocampo & Kaminski, 2019; World Health
Organization, 2011).

We can see differences in the scope of these models with only Ijzerman
and Steuten, Stanford Biodesign, GAITS, and Markiewicz models being
designed in a fashion that permits the model to be applied for various
MDs (though Markiewicz was applied to a POC setting in their case
study). The POCTRN model, though providing basic principles to devel-
oping CNAs, has a specific focus on POC devices as well, whilst Turner
focuses on custom devices for emergency situations where there is a supply
shortage (i.e. COVID-19 pandemic). Ocampo and Kaminski focus on
medium risk (Class 1-2) MDs for their model. Though the WHO model
is provider-centric (created for healthcare policy makers and HCOs), it
provides considerations that could be used by MD developers to gain
insights into the condition of the health services of their target markets,
around which they can tailor their commercialization strategies. This focus
distinguishes the WHO model from others that were designed for devel-
opers, who may not otherwise provide consideration to the health services
requirements and their influence on the design and commercialization
strategies. In its essence, it will ensure compatibility of an innovation with
existing environment which is strongly correlated with its diffusion and
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integration (Cain & Mittman, 2002; Rogers, 2003). Positively, several frame-
works recognized the patient as a stakeholder which is in line with present
trends toward patient-centered care and could inspire future frameworks
for co-designing with patients as they are the ultimate beneficiary of
healthcare (Coulter & Oldham, 2016; Mallik, n.d.). Unfortunately, inno-
vators often believe ‘that the needs of the patient do not originate from the
patient themselves, and that patients’ needs are better articulated through
a hierarchy of health professionals’ which limits the patients™ ability to voice
any concerns or expectations (voice of the customer), potentially impeding
innovative efforts (Money et al., 2011).

When examining the utility of these existing models, we found that
only the Stanford Biodesign program collected data describing venture
outcomes due to the program, as well as the extent to which the products
have been clinically applied (Stanford Byers Center for Biodesign, 2020;
Wall et al,, 2017). One study demonstrated a 72% venture survival rate
and 20% acquisition/exit rate for companies that were founded during the
program. Additionally, 36% of these companies were implemented on the
market within the 1-14-year window from whence the program alumni
responded to the survey (Wall et al., 2017).

This deserves recognition as it is stark contrast to industry metrics of
NPD/innovation where data shows only 56% of companies that survive
the first four years and the estimated 75-90% of health technology startups
that ultimately fail (Shah, 2018; Shepherd, 2018; Spink, 2018). Furthermore,
even though new products can be created, fewer than 7-9% of these
achieve clinical adoption - a lengthy process that can take up to 17 years
- for a variety of factors (Balas & Boren, 2000; Leng et al., 2018; Morris
et al, 2011; National Innovation and Science Agenda (Australia,), 2015;
Science and Technology Committee (UK,), 2013; Scott et al., 2015). This
suggests that CNAs could improve venture success and clinical implemen-
tation if conducted rigorously. Particularly if the CNA has been used to
guide, not only MD development, but also the associated commercialization
strategies.

Wall et al. further implies the benefit of a unified approach versus a
model which is primarily focused on only one of the domains - clinical,
technical, or business - of a CNA (see Supplementary Materials—Table
§3) (Wall et al., 2017). The clinical domain was discussed by all the models
except one, Ijzerman and Steuten, which employed a clinical case analysis.
When comparing considerations for the clinical domain, most models
recommend involving healthcare workers (including clinicians, clinical
engineers, and administrators) as part of the data collection process to
understand user needs and how they perceive the fit in the healthcare
system. For the technical domain (discussed by Stanford Biodesign,
POCTRN, GAITS, Turner, and Ocampo and Kaminski), consultations with
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engineers were recommended to understand the impact on system-require-
ments, technical feasibility, relevant technical standards, and manufacturer
needs. The business domain was considered by the Stanford Biodesign,
POCTRN, GAITS, Ijzerman and Steuten, and Ocampo and Kaminski
models. Each emphasized a different commercial concept that could pro-
vide preliminary guidance to innovators. For example, in Ijzerman and
Steuten, the clinical case analysis focuses on developing the product-market
tit for the target group, whilst Stanford Biodesign focuses on an analysis
of the market and financial stakeholders during the needs identification
stage. POCTRN and Ocampo and Kaminski focus on economic viability,
market requirements, and business sustainability, though the latter also
discusses IP management. Interestingly, GAITS was the only model to
provide consideration to regulators as a separate, specific domain, rather
than a subunit of either the clinical, technical, or business domains.

A unified approach to CNAs

The models presented above highlight the existing theoretical tools for
determining the clinical need for a medical innovation. However, only the
Stanford model, GAITS, Ocampo and Kaminski, and aspects of the
POCTRN guide present a truly unified (clinical, technical, and business)
approach to performing CNAs utilizing the tenets of EHTA. Despite the
presence of comprehensive models, there is scope to optimize the process.
This may be done through the development of a model or framework for
determining unmet clinical needs that are commercially sustainable and
that will support decision making for developing the clinical use case, to
minimize the need for venture pivots due to poor problem-solution fit.
Of particular interest is if such a model can be applied in an easy-to-use
manner for interpretation by a broader range of innovators including
clinicians, who may lack training or comprehension of MDI processes.
We believe that a unified approach is necessary because the data col-
lected during the CNA process not only validates the existence of a clinical
problem, but contributes toward developing and commercializing the MD.
In relation to the clinical aspects, a good CNA will help identify and
understand the clinical problem, stakeholder requirements for implemen-
tation and use, and provide a basic understanding into the state of the
health services and surrounding infrastructure. The more technical con-
cerns of a properly conducted CNA can then help analyze existing solu-
tions, evaluate the technical feasibility of the proposal, identify requirements
and specifications of the proposed solution, and guide research and devel-
opment strategy which will mitigate risk during the product development
and testing processes. Technical considerations as part of the CNA process
can further guide the transfer process from the bench to the manufacturing
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Table 2. Potential inputs into a skeleton unified CNA framework as identified from studies in
this literature review.

Unified CNA framework
Technical domain

Clinical domain Business domain

Identify clinical gap for disease state
and understand the clinical
problem. Literature reviews,
discussions with experts, surveys/
interviews can facilitate this data
collection process

Stakeholder analysis (clinicians, clinical

Understand existing solutions,
the technology systems they
leverage (e.g. process and
system-level analyses), and
influence on clinical practices

Identify the target markets and
which to use as an initial
market. Then perform market
analysis

Identify product requirements or Collect data that can inform

engineers, administrators,

regulators, reimbursors, patients) of

clinical value points in design

process as per the quadruple aims

of healthcare

Health services infrastructure and

suggestions that can shape
specifications and perform an
impact analysis of stakeholder
needs on design
development. This includes
regulatory requirements
which will be based on the
solution type

Appraisal of technical feasibility

financial analyses and
determine return on
investment (eg. compare
cost-effectiveness analyses,
expected return/cash flows [eg.
net present value or internal
rate of return])

Information for developing IP,

resources in line with adoption and
implementation cycles (funding,
personnel required, facilities, etc.)

of proposal and alternative
solutions, including risk
analyses of the overall

regulatory, reimbursement, and
marketing strategies

proposal.
Clinical setting including cycle of care Manufacturer needs and relevant
as relevant to geography standards

Validation and clinical trial
requirements

Other inputs that can guide the
design

Regulatory infrastructure for initial
launch market

Reimbursement landscape in initial
launch market

as design considerations need to evaluate manufacturer needs against user
needs for feasibility and benefit. From a business perspective, the CNA
will not only identify the market and provide considerations for the market
analysis; it will provide several input considerations for the various com-
mercialization strategies; facilitate economic/financial analyses; and help
determine venture sustainability to help the product achieve its market fit.

There are potential benefits in employing a unified framework (Table 2).
For example, by gathering data that forms the basis of the clinical use
case and design strategy and guides the development of commercialization
strategies, innovators undergo a more efficient translation process. This
would be due to the evidence-based approach associated with decision
making that will mitigate risk within the NPD process (thereby highlighting
the importance of CNAs as an EHTA activity in MDI). This unified
framework can be further strengthened by employing a team of clinicians,
engineers, and business-minded individuals to perform the data collection
and analysis. Each team member can provide expert analyses in their
respective domains (clinical, technical, and business) whilst providing
inputs into other domains that arise from differences in thought, training,
and experience. Validation data on the Stanford Biodesign model is in
favor of such multidisciplinary approaches (Wall et al., 2017). Hence, it
is anticipated that such a framework will increase venture sustainability,
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as well as the likelihood of diffusion and clinical implementation of med-
ical technology innovations.

Applying the skeleton unified framework to devices in obstetrics and
gynecology

When focusing on technologies for women’s health, there are a number
of additional considerations for innovators when performing the CNA
activity. For example, who the stakeholders are, challenges with providing
care, and the barriers to uptake (especially social barriers and stakeholder
perceptions) which can restrict the ability to develop innovative solutions
for unmet needs.

In FemTech, there are a number of stakeholders who can provide valu-
able insights for a unified CNA. These stakeholders are summarized in
Figure 2 classified by their domain in the unified framework. Engineers,
IT professionals, and technologists are usually the best positioned profes-
sionals to address the technological aspects of the CNA and development
of the clinical use case, whilst implementation specialists, or individuals
with a business background can address the considerations of the business
domain. When seeking clinical input, it should be considered that there

Technical Expertise e Business Expertise
. . . Entrepreneurs, : wr
Engineers: Biomedical, Engineer-MBA Implementation Specialists,
Electrical, Mechanical, Business Executives,
Software/IT MBAS
£ e Ideal KOL
o D /’7
S O
& &
“?Qf% (‘6-}1”'0 Gd]é
F & /"'1' re,, %
& Ia"y;f‘"w
(@ OS 6’4’

Clinical Expertise

Ob/Gyns, Midwives/Nurses,
Midwifery/Nursing Managers,
Allied Health Specialists, Hospital

Administrators, Patients, and Patient
Advocacy Organisations

Figure 2. Stakeholders who can provide insights into the clinical, technical, and business
domains. Note: MBAs refers to graduates of the Master of Business Administration degree.
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are a variety of clinicians who are qualified to provide insights into specific
aspects of a patient’s care cycle, and that a clinical problem may affect
each one differently. For example, whilst a urogynecologist may be involved
in the initial care of a pelvic floor dysfunction patient or perform the
surgery, pelvic floor nurses may assist in pelvic floor assessments and
pessary management. Meanwhile, physiotherapists will have primary
responsibility for the patient’s pelvic floor rehabilitation. Administrators
will be able to advise on reimbursement and other health service-related
topics as well; whilst patients and patient advocacy groups can provide
immense insights based on their experiences as receivers of clinical care.
Lastly, interdisciplinary individuals as KOLs, advisors, or innovators can
simplify the CNA process by providing valuable knowledge across multiple
domains.

Another consideration for innovators is associated with the challenges
with providing care to women. Whilst women are more likely to seek
treatment than men, live longer, and are more likely to face poorer health
than men; historically, they have faced issues with accessing healthcare
(Heise et al., 2019). There are a number of reasons for this, including
socioeconomic status, lower education/literacy, issues of gender inequity,
social and/or cultural norms, etc. (Heise et al., 2019). As such, innovators
must provide consideration to how the technology will be implemented
so that issues associated with accessibility and cost of care can be addressed.
An additional challenge with caring for women is associated with the
ability to generate direct rapport with the patient as well as respect their
right to bodily autonomy. This, in part is because, in many societies,
women lack the independence to make medical decisions and have limited
control over their health (only 55% of females worldwide are able to
experience this autonomy) (Baker et al., 2021). The need for respecting
patient autonomy is widely valued, particularly as it is a core tenet in
bioethics, and because it has helped improve patient-clinician relationships.
However, innovators should understand that it is not only the clinician
who can infringe upon the patients’ autonomy, but also potentially their
solution and the practices associated with the solution’s use as well
(Entwistle et al., 2010). This understanding is vital as poor ability to build
trust, amongst female patients especially, has been associated with poor
health service utilization as well (Thapa & Niehof, 2013).

There are also a number of barriers to clinical uptake that innovators
must consider in the early MDI stages (Warty et al., 2021). However,
technologies targeting women’s health face additional social barriers which
are often associated with the perception around a technology. A prime
example of this is the well-publicized impact of the transvaginal mesh,
where historical failures associated with the technology have heightened
public, clinician, and patient risk aversions to future mesh technologies
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and other gynecological interventions (CBC News, 2019; Devlin, 2017,
2018; Hooton, 2019; US Food & Drug Administration, 2021a, 2021b). As
a result, the outdated Burch colposuspension has returned the gynecological
practice and is now the current gold standard surgical intervention for
stress urinary incontinence (Veit-Rubin et al., 2019). Another example is
in obstetrics, where clinicians are often averse to anything that could result
in harm to the fetus, sometimes at the expense of the woman’s well-being.
As such, research and interventions are applied to stricter standards to
protect: (a) the fetus from any harm, (b) the mothers’ ability to produce
future healthy offspring and/or (c) the mothers’ quality of life after her
pregnancy (Mastroianni et al., 1999). Indeed, there has been growing
interest amongst bioethicists and technological philosophers about issues
in pregnancy management, including concerns regarding over-medicaliza-
tion, the impact of antenatal screening and testing, and technologized
birthing practices (Kukla & Wayne, 2016; Topgu & Brown, 2019; Verbeek,
2008). Lastly, there is the impact of cultural taboos or sensitivities that
are related to gynecological conditions, with a commonly touted example
being menstrual hygiene (Gottlieb, 2020). To varying degrees, these cultural
sensitivities are present in most societies around the world, and this is
something FemTech innovators must consider.

Conclusion

In industry, one of the key issues in relation to CNAs is that there is little
integration of formal methods into routine practice, that signifies a poten-
tial practice-knowledge gap. Additionally, with the exception of the Stanford
Biodesign model which has basic and limited data on the success rates
of the program, there is no real-world assessment or validation method
of these innovation frameworks. This raises concern, as it is unclear
whether these frameworks are being implemented and to what effect.
Furthermore, it is likely that, without the visibility and successful appli-
cation of such frameworks, innovators of medical technologies see little
value in employing or developing such tools or alternatively, are not aware
of their existence. In this review, we provided a critical analysis of existing
CNA frameworks to identify potential considerations for FemTech inno-
vators to include as part of their CNAs. Additionally, these same consid-
erations can form the basis of a unified framework which could be used
to mitigate clinical, technical, and business risks and decision uncertainty
along the translation journey. Additionally, we describe the use of such
frameworks in women’s healthcare, where inequities in healthcare and
innovation exist. If such a unified framework were to be developed and
validated, we may be able to provide FemTech innovators with an EHTA
tool for use in early MDI that could result in novel medical technologies
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efficiently and effectively addressing current and future unmet clini-
cal needs.
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