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ABSTRACT

Necessity motivates innovators in low- to middle-income countries (LMICs) to develop medical devices that solve
unmet local health needs. At the start of each process, multidisciplinary teams incubate ideas. Design planning
and validation require funding, infrastructure, procurement, and testing. Ultimately, the regulatory and technology
transfer processes usher the technology to market. These stages are standard procedures in developed nations; in
an LMIC, these present a new set of hurdles to overcome. To assist innovators, this paper describes the hurdles from
ideation to regulation and technology transfer and delineates mechanisms to address them.
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BACKGROUND

Necessity propels innovation; innovation, in turn, fulfills
the mind.! Medical device innovation stimulates scientists,
especially in low- to middle-income countries (LMICs), to
save lives, alleviate suffering, and protect communities from
disease.

Challenges abound, from the lack of material resources
(training, funding, and infrastructure) to environmental,
ethical,> and social concerns, and the dearth of skilled
personnel — often lost to the “brain drain.” Scientists struggle
to divide their time between research, clinical load, and
administrative responsibilities. Even when medical devices are
completed, they go largely unused, lacking needs assessment,
relevance, infrastructure, and trained personnel.* These issues
point to the lack of a “medical device management system.”

The innovator must navigate these challenges in the
medical device development (MDD) process. We outline the
steps (Figure 1); enumerate needs and hurdles from ideation
to regulation and technology transfer; and delineate mecha-
nisms to address these needs (Table 1), specifically in the
Association of Southeast Asian Nations (ASEAN) region.

INCUBATING AND BOLSTERING
INNOVATIVE IDEAS

The synergy of interdisciplinary teams — medicine and
engineering; science and the arts — has proven fruitful.*
Collaborators are found in unconventional places: cross-
border collaborations and public engagement® (safeguarding
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Figure 1. Medical device development process.

Table 1. Summary of the challenges in medical device development in LMICs and mechanisms to address them

MDD Stage Need Challenges Solutions
Idea Incubate and bolster e Limited human, material, and e Develop technologies that maximize the value of health care with
generation innovative ideas environmental resources limited resources
e Social concerns e Form interdisciplinary teams to ensure all aspects (clinical,
o Adearth of skilled personnel engineering, business) of device development are addressed
lost through ‘brain drain’to e Expand cross-border collaborations of interdisciplinary teams
high-income countries e Utilize different modes of communication (online, in-person) to
reduce geographic and social barriers
Design Ensure that the e Mismatch of device design e Practice the design thinking approach to ensure that needs
planning device meets the with stakeholders’ needs genuinely drive the specifications to be developed.?
health technology
requirements (user,
clinical, economic,
organizational)
Design Develop and e Lack of funding needed to e Diversify funding options and strategies by exploring different
development refine the device advance device development funding options, including those beyond the local landscape
verification to meet usability, to the next stage® e Consider different types of grants (i.e., research, program vs.
and validation functionality, safety, e Lack of facilities and project, education, and others) and funding sources (i.e., prizes,
and effectiveness resources that cause a delay crowdsourcing, venture capital investment, corporate sponsorship,
in the design process donations, services in kind, and others)®
Design for e Ethical concerns in human e Explore financing models such as the Development Impact Bond (DIB)
manufacturability, trials as a result of poverty, e Conduct an environmental scan to identify possible leads to source
risk analysis, and lack of education, missing the needed resources
management to policies, and the like e Reach out to individuals and institutions abroad through referrals,
ensure a seamless e Robust requirements emails, or cold calls to explore possible forms of collaboration
regulatory approval for regulatory standards e Employ a more rigid process for securing protocol approval from a
for commercial compliance duly constituted ethics review committee
distribution e [nstitutionalize nationwide regulation of clinical trials
e Keep a design document containing all the device iterations for
version control
Regulatory Prepare regulatory e Determine the device risk o Create a target product profile (TPP) as soon as the design planning
compliance requirements classification needed for stage

for commercial
distribution

regulatory approval

e Costs associated with
seeking regulatory approval

e The lengthy approval process
that impedes immediate
market adaption

o |dentify the target market of the device, as regulatory requirements
vary per territory

e Utilize online platforms to initially check if a device is considered a
medical device.** (i.e., Singapore HSA interactive webpage: https:/
www.hsa.gov.sg/medical-devices/registration/is-it-a-medical-device)

e Explore funding options mentioned above

e For teams working in a university setting, consider building
partnerships with industries with existing regulatory permits to skip
several steps of the process
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against data breaches) help bridge the personnel gap left
by the “brain drain.” A case in point: working on a physical
protective device needed for COVID-19, our team comprises
doctors, engineers, and experts from Fine Arts. This ensures
that the product is clinically effective in preventing the
transmission of disease and is aesthetically acceptable to the
wearers.

Diversity comes with its unique problem: the
“differentiating-integrating paradox,®” which must be
managed through paradoxical leadership and its five
characteristics: 1) being self-centered and at the same time
other-centered; 2) keeping both distance and closeness with
followers; 3) dealing with others uniformly while fostering
individualization; 4) regulating work behaviors while allowing
flexibility; 5) keeping decision controls while allowing
autonomy among subordinates. This takes the perspective of
each member and generates new ideas.

FROM DESIGN PLANNING TO
VALIDATION TESTING

In design planning, the team evaluates the stakeholders’
needs, market feasibility, and target specifications’ to develop
design drawings and prototypes. They then test these
prototypes to ensure their safety, efficacy, and validity. In
contrast with high-income countries, in LMICs, these stages
are often an obstacle course marred by inadequate funding
of bureaucracy.

Design Planning and Development

Design thinking is an iterative process of problem-
solving that accommodates the user’s needs.® It involves
empathizing to understand the root cause of the problem —
then reframing them into opportunities for innovation.

The design team meets with potential users (including
patients, physicians, nurses)’ to learn the user needs, inputs,
and requirements unique to their context.’ For example, a
portable cloud-based health monitoring system might be
unusable in a rural setting without internet connectivity.
Similarly, it is not economical for a low-resource municipality
to acquire ten units of a device that costs several thousand
dollars each. Through customer interviews and meetings,’'
these issues are brought to light and enhance the device’s
value."! These should result in a well-defined set of device
specifications. The product design is refined through conti-
nuous feedback from engineers — for manufacturability and
risk analysis — and end users — for usability and functionality.

Funding

Many innovators fall into the “valley of death” due to the
lack of funding to advance device development to the next
stage.® Except for Singapore, funding across the ASEAN
member states is consistently low,'> the majority of which
comes from the government. Scientists must learn to diversify
their funding sources.

Funding can come in various forms; grants (research,
program, project, education) competition prizes, crowd-
sourcing, venture capital investment, corporate sponsorship,
donations, services in kind, and others.! International
organizations finance projects worldwide, especially in
LMICs; these are accessible online through institutional
databases. It is important to note that funders have specific
eligibility criteria for their grants, frequently heavily
influencing the project design.

Funding mechanisms have also been marked by
innovation. For example, the Development Impact Bond
(DIB) model coordinates four players — 1) investors who
provide the capital, 2) service providers who execute the
intervention, 3) outcome funders who repay the investors once
the intervention reaches a milestone, and 4) an independent
third party that verifies the results of the intervention.'
Some researches use Core Funding: donors contribute to an
unearmarked pool, then receive a Monitoring and Evalua-
tion Framework report. This mechanism helps build capacity
and maintain the autonomy of research institutes."

Infrastructure and Procurement

Even with good design, prototyping that takes a few days
in a developed nation may take a few weeks to a few months
or even a year in an LMIC. Infrastructure is inadequate, and
item procurement is often delayed or inaccessible. Scientists
must scout both local and international sources and substitute
where necessary.

Verification and Validation

Prototypes undergo verification and validation (V&V')
testing of their parameters, specifications, and safety for
public use.”™'® Verification tests include benchtop, analy-
tical, preliminary performance, biocompatibility, durability/
longevity tests, usability tests, and feasibility studies. Vali-
dation tests check that the device meets the users’ needs and
requirements which may include clinical testing in human
subjects.” V&V tests are based on international standards
and are used to comply with regulatory requirements.”

Scientists may see regulations as a deterrent rather than
a stimulant to innovation.® Many verification tests are still
done abroad due to limited ISO-13845 testing facilities
locally.'®2* For example, a medical-grade face mask for
healthcare workers must demonstrate good breathability,
have identified internal and external faces, and exhibit 98%
droplet filtration, preferably fluid resistance (performance
standards set by EN 14683 Type IIR, ASTM F2100 Level
1,2 or 3, and YY 0469, with at least 98% bacterial droplet
filtration).” In countries such as the Philippines, there are
very few facilities that can conduct such tests; local innovators
collaborated with private industry on a smaller scale to test
these performance standards.

Some medical devices must undergo clinical evaluation;
high-risk devices require in vivo testing on human beings
for their safety and effectiveness, similar to the four phases
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of clinical trials for medications.?® These come with ethical
concerns unique to LMICs. For instance, patients may
remain uninformed about the experimentation and are
unaware that they can opt out of a clinical trial, thinking
this will be taken against them. An ethics review committee
(ERC) must approve and oversee all protocols to ensure the
ethical testing of medical devices.

NAVIGATING THROUGH THE
REGULATORY HURDLES

Regulatory Pathways to Market

Once the device reaches an acceptable risk level, the team
finalizes the design and prepares the regulatory requirements
for commercial distribution.” The team compiles all the
information about the device, including the V&V tests,
in a technical document called a dossier;* the depth of
information depends on the device’s risk classification.

'The submission and approval process depends on country-
specific policies and legislation, sociocultural behavior
towards disease and medication, language differences, and
religious norms and traditions.*® The US Food and Drug
Administration’s Center for Devices and Radiological Health
regulates the US market; Health Sciences Authority regulates
for Singapore; the Philippine Food and Drug Adminis-
tration regulates for the Philippines; each country in the
European Union regulates for themselves.

Problems that impede technology transfer from the
researchers to the include: identifying and verifying the risk
classification of the medical device; the regulatory cost?;
the duration of the approval process; and partnering with
industry.

Is it a Medical Device?

The first question is this: whether the product is a
medical device. The World Health Organization defines a
medical device as “any instrument, apparatus, implement,
machine, appliance, implant, reagent for in vitro use, software,
material or other similar or related article, intended by the
manufacturer to be used, alone or in combination, for human
beings, for one or more of the specific medical purpose(s)

. and does not achieve its primary intended action by
pharmacological, immunological or metabolic means, in or
on the human body, but which may be assisted in its intended
function by such means.” ‘This definition varies between
territories and must be verified by innovators who want to
launch the product in a specific location.?**- %% The World
Health Organization’s definition of a medical device applies
to all member states of the ASEAN region, comprising
Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, the
Philippines, Singapore, Thailand, and Viet Nam, through
the ASEAN Medical Device Directive;*® this may be
checked through Singapore’s Health Sciences Authority’s

interactive Webpage.35

Medical Device Development in LMICs

What risk classification does it belong to?

Once the product is determined to be a medical device,
device developers assign its risk classification. The system
implemented by regulatory authorities is based on the level
of control necessary to assure the safety and effectiveness
of the device.”*%%" In the ASEAN region, medical devices
are classified as Class A (low-risk), Class B (low-moderate
risk), Class C (moderate-high risk), or Class D (high-risk)*
where the potential hazard and harm that a device might
cause in case of a malfunction is directly proportional to its
risk classification.’®* Simple medical devices such as tongue
depressors, walking aids, wheelchairs, and oxygen masks are
Class A medical devices, while hypodermic needles, suction
equipment, and condoms are Class B medical devices.
Class C devices include lung ventilators and orthopedic
implants, while Class D or high-risk devices include pace-
makers, stents, and neurological catheters. 4!

The final decision about device classification lies on the
authority covering the target territory; this is more complex
as no one size fits all. For instance, regular gauze is a Class
A device, a gauze with an internal sponge is class B, but a
gauze with medicine or biologic is a Class D device. They
all seem to fall under the gauze category, but the varying
mechanisms of action and the indications for use result in
differences in device classifications. Similarly, non-sterile
examination gloves are Class A devices, but surgical, sterile
gloves are Class B devices.*’ A higher risk classification
translates to more tests needed to establish safety and a longer
approval process. Scientists need to consider the anticipated
risk classification of their device as early as the funding
application and planning stage of their development process.

The target product profile (TPP) — initially used in
drug development* — may be used as a starting point for
classification; it is a concise summary that identifies risks and
frames the device development to comply with the regulatory
standards for safety and effectiveness.®* At the minimum,
the initial profile contains the device description, its intended
use, and indications for use, answering the 5 W’s: what it
is, how it works, who it is for, why, when, and where to use
it. A well-defined TPP dictates the appropriate tests and

maximizes funding.

Is it ready for regulatory submission?

The regulatory approval of medical devices is a lengthy
and costly process. Once submitted, it may take over 235
working days and cost more than 56,000 US Dollars
(depending on the risk classification, completeness of the
documents submitted, and the jurisdiction).* Scientists
must consult regulatory authorities,”"*! for guidance on the
regulatory pathway, the timing of submission, and the best
way to minimize the back-and-forth after submission.

The ASEAN region’s medical device directive (AMDD)
unifies the classification system, conformity requirements,
and technical documentation requirements. Once a medical
device is approved for market authorization in one ASEAN
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country, the same documents can be filed in another country
in the region. Manufacturers and distributors can quickly
enter the region collectively, while local LMICs can develop
their own medical devices while looking to a larger target
market.”>** Each ASEAN country’s medical device authority
implements the guidelines based on the AMDD.>

SCALING UP AND PARTNERSHIPS: FROM
IDEATION TO TECHNOLOGY TRANSFER

Medical device development is complete once the
product reaches the public through product launch and
post-launch assessment.”*>1*3%¢! From prototyping to public
use, partnerships and collaborations are critical. University
technology transfer offices help innovators build partnerships
and commercialize their technologies;*? it evaluates patent-
ability and commercialization potential.

The technology is scaled up either through direct
industry licensing or through starting up a new company.®®
Partnering with established manufacturers can improve
success in regulatory approval, industry adoption, and
commercialization; however, they are few and are focused
on profitable basic devices (such as surgical gloves and
bandages), limiting the opportunity for advanced medical
device innovation.®"* The technology-readiness level of
the device must be optimized by engaging industry partners
as funders, early adopters, or co-developers.”” Innovators
can leverage their intellectual property (patent, trademark,
copyright work, trade secrets, or know-how) as an asset in
the commercialization of their device.”*"

CONCLUSION

The medical device innovator’s journey from ideation
to regulation and technology transfer is replete with hurdles
that must be overcome. Challenges abound but are surmoun-
table. Innovators must take stock of one’s resources and
capabilities, as well as those of the institution and locality.
From there, they build on these existing resources and reach
out to others for a collaborative partnership.

Often, inventors are experts in their science but may
falter in bringing their invention to its ultimate destination:
the user. The keys to successfully achieving these milestones
are a resolute will and the proper know-how.

List of Abbreviations
LMICs: Low- to Middle-Income Countries
MDD: Medical Device Development
ASEAN: Association of Southeast Asian Nations
COVID-19: Coronavirus Disease
DIB: Development Impact Bond
V&V: Verification and validation
ERC: Ethics Review Committees
TPP: Target Product Profile
TRL: Technology Readiness Level

Statement of Authorship

Both authors contributed in the conceptualization of
work, acquisition and analysis of data, drafting and revising
and approved the final version submitted.

Author Disclosure
Both authors declared no conflicts of interest.

Funding Support

'The authors have no financial support to declare.

REFERENCES

1. OhYY, Chesebrough C, Erickson B, Zhang F, Kounios J. An insight-
related neural reward signal. Neurolmage. 2020 Jul; 214:116757.

2. Ponka D, Coffman M, Fraser-Barclay KE, Fortier RDW, Howe A,
Kidd M, et al. Fostering global primary care research: a capacity-
building approach. BMJ Glob Health. 2020 Jul; 5(7):¢002470.

3. World Health Organization, editor. Medical devices: managing the
mismatch: an outcome of the Priority Medical Devices project. Geneva:
World Health Organization; 2010.

4. Lyu ZJ, Li Y. [Thoughts of the combination of medicine and
engineering and collaborative innovation on surgery in China].
Zhonghua Wei Chang Wai Ke Za Zhi Chin ] Gastrointest Surg.
2020 Jun 25; 23(6):562-5. PMID: 32521975

5. Tebes JK, Thai ND. Interdisciplinary team science and the public:
steps toward a participatory team science. Am Psychol. 2018 May;
73(4):549-62.

6. Li Q, She Z, Yang B. Promoting innovative performance in
multidisciplinary teams: the roles of paradoxical leadership and team
perspective taking. Front Psychol. 2018 Jul 2; 9:1083.

7. Pietzsch JB, Shluzas LA, Paté-Cornell ME, Yock PG, Linehan
JH. Stage-gate process for the development of medical devices. ]
Med Devices. 2009 Jun 1; 3(2):021004.

8. Celi LA, Majumder MS, Ordéiiez P, Osorio JS, Paik KE, Somai M,
editors. Leveraging Data Science for Global Health. Cham: Springer
International Publishing; 2020.

9. Thamjamrassri P, Song Y, Tak J, Kang H, Kong H-]J, Hong J. Customer
discovery as the first essential step for successful health information
technology system development. Healthc Inform Res. 2018; 24(1):79.

10. Create a succinct value proposition: “Customer discovery” and the
customer development model [Internet]. MaRS startup toolkit.
[cited 2021 May 21]. Available from: https://learn.marsdd.com/
article/developing-your-value-proposition-an-overview-of-customer-
discovery/

11.  Goldenberg SJ. 3.1.6 - Commercial considerations in medical device
development. In: Wagner WR, Sakiyama-Elbert SE, Zhang G,
Yaszemski MJ, editors. Biomater Sci Fourth Ed. Academic Press;
2020. p. 1457-62.

12.  Dobrzanski P, Bobowski S. The efliciency of R&D expenditures in
ASEAN countries. Sustainability. 2020; 12(7).

13.  Oroxom R, Glassman A, Lachlan, Mcdonald. Structuring and funding
development impact bonds for health: nine lessons from Cameroon
and beyond [Internet]. 2018. [cited 2021 May 28]. Available from:
https://www.cgdev.org/publication/structuring-funding-development-
impact-bonds-for-health-nine-lessons

14. Mahmood S, Hort K, Ahmed S, Salam M, Cravioto A. Strategies
for capacity building for health research in Bangladesh: role of core
funding and a common monitoring and evaluation framework.
Health Res Policy Syst. 2011 Dec; 9(1):31.

15. Maresova P, Klimova B, Honegr J, Ku¢a K, Ibrahim WNH, Selamat A.
Medical device development process, and associated risks and legislative
aspects-systematic review. Front Public Health. 2020 Jul 30; 8:308.

16. Medina LA, Kremer GEO, Wysk RA. Supporting medical device
development: a standard product design process model. ] Eng Des.
2013 Feb; 24(2):83-119.

74 ACTA MEDICA PHILIPPINA

VOL.57 NO. 6 2023



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

International Organization for Standardization. ISO 13485:2016,
Medical devices — quality management systems — requirements for
regulatory purposes. Geneva; 2016.

Association of Southeast Asian Nations. ASEAN Guidelines for
Accreditation and Conformity. Jakarta, Indonesia: Association of
Southeast Asian Nations; 2015.

Testing laboratories [Internet]. Philippine Accreditation Bureau.
[cited 2021 May 17]. Available from: http://www.pabaccreditation.
dti.gov.ph/public/public_test.php

Accreditation statistics [Internet]. The official website of department of
standards Malaysia. [cited 2021 May 17]. Available from: https://www.
jsm.gov.my/statistics

List of accredited testing laboratories in Malaysia [Internet]. Available
from: https://www.asean.org/storage/images/archive/21381-Malaysia.
pdf

Search accredited organisations [Internet]. Singapore Accreditation
Council. [cited 2021 May 17]. Available from: https://sacinet.
enterprisesg.gov.sg/SacAccSearch/index.html

List of accredited laboratories according to ISO/IEC 17025 [Internet].
‘Thailand Industrial Standards Institute. [cited 2021 May 17]. Available
from: https://appdb.tisi.go.th/tis_devs/tislab/lab_test2e.php

Joint sectoral committee for electrical and electronic equipment.
ASEAN sectoral MRA on electrical and electronic equipment listing
of the designated conformity assessment bodies [Internet]. Available
from: https://asean.org/storage/2016/06/22]SCEEE-Doc-07e-Ag-
7.2.4-Listing-TUV-Rheinland-Testing-Lab-1-Jun-2016-15-May-
2019-revl.pdf

World Health Organization. Technical specifications of personal
protective equipment for COVID-19: interim guidance, 13 November
2020. World Health Organization; 2020 p. 30 p.

Association of Southeast Asian Nations. ASEAN medical device
directive [Internet]. Jakarta, Indonesia: Association of Southeast Asian
Nations; 2015 [cited 2020 Dec 10]. Available from: https://asean.org/
storage/2016/06/22.-September-2015-ASEAN-Medical-Device-
Directive.pdf

ASEAN consultative committee for standards & quality. Common
submission dossier template [Internet]. 2010 [cited 2021 Jan 16].
Available from: https://www.asean.org/wp-content/uploads/images/
archive/SnC/ASEAN%20MDPWG%20CSDT _Final_21%20
Oct%202010.pdf

US Food and Drug Administration. Content of a 510(k) [Internet].
FDA; 2021 Mar. Available from: https://www.fda.gov/medical-
devices/premarket-notification-510k/content-510k

Regulation (EU) 2017/745 of the European parliament and of the
council of 5 April 2017 on medical devices, amending Directive
2001/83/EC, Regulation (EC) No 178/2002 and Regulation (EC) No
1223/2009 and repealing Council Directives 90/385/EEC and 93/42/
EEC [Internet]. May 5, 2017. Available from: https://eur-lex.curopa.
eu/legal-content/EN/TXT/?uri=0J:1:2017:117:TOC

OECD. OECD guiding principles for regulatory quality and
performance [Internet]. 2011. Available from: https://www.oecd-
ilibrary.org/content/component/9789264116573-12-en

‘World Health Organization. Medical device — full definition [Internet].
World Health Organization; [cited 2021 May 21]. Available from:
http://www.who.int/medical_devices/full_deffinition/en/

Aronson JK, Heneghan C, Ferner RE. Medical Devices: Definition,
classification, and regulatory implications. Drug Saf. 2020; 43(2):83-93.
Australian government department of health therapeutic goods
administration. Update to medical device definitions and requirements
for system or procedure packs [Internet]. Therapeutic Goods
Administration (TGA). Australian Government Department of
Health; 2020 [cited 2021 May 21]. Available from: https://www.tga.
gov.au/update-medical-device-definitions-and-requirements-system-
or-procedure-packs

Health. Therapeutic goods amendment (2020 Measures No. 1) Act
2020 [Internet]. Jun 29, 2020. Available from: https://www.legislation.
gov.au/Details/C2020A00075/Html/Text

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

Medical Device Development in LMICs

Health Sciences Authority. Is it a medical device [Internet]. Health
Sciences Authority. 2019 [cited 2021 Apr 12]. Available from:
https://www.hsa.gov.sg/medical-devices/registration/is-it-a-medical-
device

US FDA. Classify your medical device [Internet]. [cited 2021 Jan
4]. Available from: https://www.fda.gov/medical-devices/overview-
device-regulation/classify-your-medical-device

Kumar Gupta S. Medical device regulations: a current perspective.
J Young Pharm. 2015 Dec 21; 8(1):06-11.

Organization WH. Medical device regulations: global overview and
guiding principles. World Health Organization; 2003.

IMDRF good regulatory review practices group. Essential principles
of safety and performance of medical devices and IVD medical
devices [Internet]. 2018 p. 37. Available from: http://www.imdrf.
org/docs/imdrf/final/technical/imdrf-tech-181031-grrp-essential-
principles-n47.pdf

Medical device authority, ministry of health Malaysia. General medical
device [Internet]. Medical device authority Malaysia. [cited 2021
May 21]. Available from: https://www.mda.gov.my/industry/medical-
device-registration/general-medical-device.html

Pilot study on the implementation of department of health
administrative order (AO) No 2018-0002 re: guidelines governing the
issuance of an authorization for a medical device based on the ASEAN
harmonized technical requirements [Internet] [FDA Memorandum
Circular]. Food and Drug Administration; 2019 [cited 2020 Dec 10].
Available from: https://ww2.fda.gov.ph/attachments/article/603751/
FDA%20Memorandum%20Circular%20N0.%202019-005.pdf
Breder CD, Du W, Tyndall A. What’s the regulatory value of a
target product profile? Trends Biotechnol. 2017 Jul; 35(7):576-579.
PMID: 28391988

Defining your target product profile: medical device products |
Entrepreneur’s toolkit, MaRS [Internet]. MaRS startup toolkit. [cited
2021 May 21]. Available from: https://learn.marsdd.com/article/
defining-your-target-product-profile-medical-device-products/
Target product profiles [Internet]. World Health Organization. World
Health Organization; [cited 2021 May 21]. Available from: http://
www.who.int/research-observatory/analyses/tpp/en/

Target product profiles [Internet]. NIH center for accelerated
innovations at Cleveland clinic. [cited 2021 May 21]. Available from:
http://www.ncai-cc.ccf.org/skills/ Target-Product.php

Fees and turnaround time for medical devices [Internet]. Health
sciences authority. 2020 [cited 2021 May 21]. Available from: https://
www.hsa.gov.sg/medical-devices/fees

HRPA guide to drug-device consultations [Internet]. Health products
regulatory authority; 2008 Jun p. 14. Available from: https://www.
hpra.ie/docs/default-source/publications-forms/guidance-documents/
adv-g0005-guide-to-drug-device-consultations-v1.pdf

US Food and Drug Administration. Requests for feedback and meetings
for medical device submissions: The Q-submission program [Internet].
Available from: https://www.fda.gov/media/114034/download#page5
Scientific and regulatory advice by the federal institute for
drugs and medical devices (BfArM) [Internet]. Available from:
http://www.bfarm.de/SharedDocs/Downloads/EN/Service/
AdviceProcedures/Guidance_for_Applicants_ScientificAdvice.pdf?__
blob=publicationFile&v=3

What a manufacturer needs to know about conformity assessment
and declarations of conformity for IVDs: pre-submission meetings |
Therapeutic goods administration (T'GA) [Internet]. [cited 2021 May
21]. Available from: https://www.tga.gov.au/book/pre-submission-
meetings

Singapore health sciences authority. Consultation schemes [Internet].
Health sciences authority. 2019 [cited 2021 Jan 4]. Available from:
https://www.hsa.gov.sg/medical-devices/consultation-schemes
Gudeppu M, Sawant S, Chockalingam CG, Timiri Shanmugam PS.
Medical device regulations. Trends Dev Med Devices [Internet].
Elsevier; 2020 [cited 2021 May 11]. p. 135-152. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9780128209608000083

VOL. 57 NO. 6 2023

ACTA MEDICA PHILIPPINA 75



Medical Device Development in LMICs

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Jiang N, Miuck JE, Yetisen AK. The regulation of wearable medical
devices. Trends Biotechnol. 2020 Feb; 38(2):129-133.

Wagner MV, Schanze T. Challenges of medical device regulation for
small and medium sized enterprises. Curr Dir Biomed Eng. 2018 Sep
1; 4(1):653-656.

Kementerian Kesehatan Republik Indonesia [Internet]. [cited 2021
May 21]. Available from: https://www.kemkes.go.id/

Official portal of medical device authority (MDA) Malaysia - medical
device authority (MDA) [Internet]. [cited 2021 May 21]. Available
from: https://portal.mda.gov.my/

Food and drug administration Philippines [Internet]. [cited 2021 May
21]. Available from: https://www.fda.gov.ph/

Health sciences authority [Internet]. HSA. [cited 2021 May 21].
Available from: https://www.hsa.gov.sg

Thai FDA Online Checker [Internet]. FDA Thailand. [cited 2021 May
21]. Available from: https://www.fdathailand.com/en/

Vietnam - country commercial guide [Internet]. International trade
administration. [cited 2021 May 21]. Available from: http://www.
trade.gov/knowledge-product/vietnam-healthcare

Chen Y-J, Chiou C-M, Huang Y-W, Tu P-W, Lee Y-C, Chien C-H. A
comparative study of medical device regulations: US, Europe, Canada,
and Taiwan. Ther Innov Regul Sci. 2018 Jan;52(1):62-69.

Schrankler J. The role of university technology transfer. Medical
Innovation. Elsevier; 2018. p. 31-41.

Van Norman GA, Eisenkot R. Technology transfer: from the research
bench to commercialization. JACC Basic Transl Sci. 2017 Apr;
2(2):197-208.

Indonesia medical devices report - Q2 2021. Fitch solutions country
industry reports. London: Fitch Solutions Group Limited; 2021 p.
1-81.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Malaysia medical devices report - Q2 2021. Fitch solutions country
industry reports. London: Fitch Solutions Group Limited; 2021 p.
1-112.

Philippines medical devices report - Q2 2021. Fitch solutions country
industry reports. London: Fitch Solutions Group Limited; 2021 p.
1-91.

Singapore medical devices report - Q2 2021. Fitch solutions country
industry reports. London: Fitch Solutions Group Limited; 2021 p.
1-102.

Thailand medical devices report - Q2 2021. Fitch solutions country
industry reports. London: Fitch Solutions Group Limited; 2021 p.
1-94.

Vietnam medical devices report - Q2 2021. Fitch solutions country
industry reports. London: Fitch Solutions Group Limited; 2021 p.
1-91.

Tzinis I. Technology readiness level [Internet]. NASA. Brian Dunbar;
2015 [cited 2021 May 21]. Available from: http://www.nasa.gov/
directorates/heo/scan/engineering/technology/technology_readiness_
level

Importance of intellectual property generated by biomedical research
at universities and academic hospitals. ] Clin Transl Res. 2017; 3(2).
Chao TE, Mody GN. The impact of intellectual property regulation
on global medical technology innovation. BMJ Innov. 2015 Apr;
1(2):49-50.

World Trade Organization, World Health Organization and World
Intellectual Property Organization. Promoting access to medical
technologies and innovation: intersections between public health,
intellectual property and trade, 2nd edition. 2020; 352.

76

ACTA MEDICA PHILIPPINA

VOL.57 NO. 6 2023



