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ABSTRACT

The current global pandemic, known as COVID-19,
poses challenges to healthcare systems worldwide. At
the same time, it has provoked a collective focus on new
and disruptive technology and stimulated the
application of such technologies to disease control and
containment efforts. Some of the innovations that have
played the most significant roles have come from the
fields of artificial intelligence, big data analytics, and
communications technology. The current situation
provides a good opportunity to relook how medical
people engage with technological advances. This
narrative review attempts to provide a historical
context to the adoption of technology and of technical
developments in Singapore and discusses the impact of
disruptive technology in healthcare.
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INTRODUCTION

COVID-19' burst onto the global healthcare scene in late
December 2019 as a reminder that quarantine controls, contact
tracing, and barrier methods have not outlived their usefulness.
Almost overnight, a new social order has developed, which has
impacted medical education, clinical practice, and public health
and policy. In the wake of the outbreak, there has been a change
in the perception, attitudes, and behaviours of the medical
community towards harnessing technology.?

In simple terms, technology refers to scientific knowledge that
has been applied to practical purposes. One tends to think of
machines and engineering applied to various fields, including
the medical. However, other types of technologies impact on
healthcare as well, including communication technology, data
storage and analytics, energy power technologies, construction,
manufacturing, transportation, robotics, assistive technologies,
and artificial intelligence.
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Technological breakthroughs belong to two distinct types.
Sustaining technological developments advance the capabilities
of current products. These can be better versions of the old or
entirely new products for the same market. Examples include
machines delivering sharper image quality, newer surgical
techniques, or medications with fewer adverse effects. On the
other hand, disruptive technology’ happens when a new
product breaks up the status quo, changes the way people aspire
to and achieve a goal, and creates new markets where the
existing technology may become superfluous and overpriced. In
healthcare, one example is the development of home
self-dialysis. Patients who were unable to be admitted to a
nephrology ward now self-dialyse in their own homes.*

This paper presents a narrative review of disruptive technology
and how the medical industry has interacted with and
responded to it. In the light of enforced innovations resulting
from COVID-19, it will also suggest new ways of engaging
with technology.

METHODS

A literature search of the PubMed Central database was
performed using the keywords “disruptive technology”,
“disruptive innovation”, and the MeSH term “disruptive
technology”. Two initial inclusion criteria were defined. The
articles must focus on disruptive technologies in their content
and must address the healthcare sector. No time limits were set.
All potentially relevant article titles were evaluated, and the
abstracts of articles deemed relevant were assessed. Full-text
versions of selected relevant papers were evaluated.
Non-English language articles, those with in-depth technical
details (e.g. coding, technical language), and articles discussing
non-healthcare related topics were excluded. A search on
Google Scholar was also conducted to include the opinions of
non-healthcare professionals on the use of disruptive
innovation in the healthcare sector. The attached flowcharts
provide information on the searches.

For the description of early technology use in the local
healthcare scene, previous publications from the Singapore
Medical Association (SMA) were reviewed using the search
term "healthcare IT journey". The "Patient Master Index" was
identified as one of the earliest computer systems in use, and
further readings from SMA around it were used to augment our
understanding of the implementation of technology in the early
phases. Information regarding the introduction of Electronic
Medical Records and the National Electronic Health Records
were obtained from the Ministry of Health and Integrated
Health Information Systems websites, respectively. Local news
articles from Channel NewsAsia and Today were referenced for
the cyberattacks of 2018 and 2019. The discussion points
highlighted in the article regarding the use of technology within
the public healthcare sector in Singapore were based on the
authors' personal experience as well as readings around the
topic.
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RESULTS
Disruptive technology and modern healthcare
challenges

To the healthcare professional, the most public effect of
COVID-19 might be the change in the way things are done,
whether scientific research, clinical practice, medical education,
or public health policy and regulation. In terms of technology,
data storage and analytics, artificial intelligence, and
communications technology have had the greatest impact on

this.

In China, eatly in the outbreak, crowdsourced data building on
novel data collection and analysis techniques helped to produce
early epidemiological insights such as the extent of the
outbreak, incubation and infectious periods, and transmission
patterns.’ The synergy across space and time was made possible
by the interconnection of common personal computing
devices, the Internet of Things.

Machine learning was used in artificial intelligence programs
that helped to delineate the features of COVID-19 in lung
computed tomogram (CT) imaging. The time taken to review
each lung CT scan was minimised, thus reducing the time to
reporting and clinical decisions. Artificial intelligence has also
been explored to predict transmission patterns and next
potential cluster areas.

Communications software is allowing new collaboration
strategies that enable the continuation of scientific research,
data analysis, and medical education across physically disparate
sites. Contact tracing and epidemiology, time-honoured from
the cholera outbreak in 1854, are now aided by the ability to
gather reams of data and to connect it across multiple domains,
as done by the Taiwanese,” South Koreans,® and elsewhere.’

At the time of writing, new applications continue to be
developed, as well as new applications of old technologies.

The Impact Of Disruptive Technology

The nature of disruption is such that the established incumbent
eventually makes way for a different version. In healthcare, one
immediate example is how the internet has disrupted the
doctor-patient information asymmetry. Medical information,
accurate and otherwise, is widespread and accessible. This has
changed the doctor’s role. From being an authority, he now has
to negotiate a shared decision and guide the patient to an
informed consent or refusal.'™'! For better or for worse, this has
forced a paradigm shift to doctors’ self-perception and chosen
role.”?

Advanced practice nurses are another disruption. With
additional training in defined areas, the advanced practice nurse
is empowered to provide clinical consultation and has
prescribing privileges in selected settings.' As these nurses take
over care in areas that used to require doctors, primary care
physicians find themselves having to address more complex
issues, or to take on the care of patients with more complex
problems. This brings its own burden of retraining and
recertification.'*

OF COVID-19

Telemedicine, with the healthcare provider and patient not
physically together in a consultation, is even more disruptive to
the doctor-patient dyad. It has evolved to address limitations of
space, time, and expertise and may involve specialist or
general practitioner (GP) consultations. Tele-stroke or
tele-dermatological consultations use technology to overcome
limited access to specialist care. As COVID-19 sweeps through
communities, tele-GP consultations may help to provide care
in the context of social distancing.'® If tele-GP becomes
established, the shape of GP consultations and even the type of
doctors and patients can be expected to change. Change begins
in small ways, and a final diagnosis of disruption is
retrospective.

Adopting an exciting new technology can create problems.
Scientific evidence takes time to be accumulated and validated.
When the measured pace of medical decision making is speeded
up, the price may be that of adverse patient outcomes. This was
the case with the use of electronic cigarettes as a “healthier”
alternative to smoking or as an aid to smoking cessation.
E-cigarettes have now been shown to be not only ineffective in
smoking cessation but also detrimental to health by
contributing to lung injury."”

Another potentially poor outcome is the low reversibility of a
bad decision. To reverse a widely diffused technology is difficult
even with strong evidence for support, particularly if the
technology has become entrenched or is associated with
non-clinical benefits. For example, electronic fetal monitoring
continues to be a widespread “standard of care” despite
inconclusive evidence of its benefits.'®

Technology can become an issue if used beyond its intended
function. The technology that uses Quick Response coding to
identify potentially ill citizens in China can also be redirected
towards dystopian efforts in social monitoring and
discrimination."”

Advances in communications technology have allowed
near-instantaneous transmission of information within the
medical community, and between the medical community and
the general public. Unfortunately, the advantage that this
confers is balanced by the misinformation that is possible due to
the democratic nature of technology and varying levels of
health and technology literacy. This adds an unpredictable
psychological ~ facet to  technological and  technical
interactions.?

In general, however, one can expect that new technology will
bring benefits and catalyse further improvements. Additionally,
if the new technology is also disruptive, different value
networks associated with the disruption will develop. Human
resource utilisation can be expected to improve with certain
innovations, as when a machine is set to do what a machine
does better than a human being, or when practitioners are able
to practice at the top of their license with an adjustment to the
job architecture. Over time, health literacy is expected to
improve with better organisational processes and more equity
in access to healthcare and health-related information.?!

Despite obvious benefits, the uptake of new technology in
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healthcare is not straightforward. The cost-effectiveness of
harnessing disruptive technology is difficult to define due to
intricacies of cost analysis and complexities of the healthcare
industry. Infrastructure requirements, data quality, and legal
and ethical concerns surrounding data privacy and ownership
create challenges for governance and control. The usual
economic model to justify change is ill-adapted to Medicine.
Healthcare-related drivers of change are often disconnected
from profit, and it is difficult to assign a value to patient
benefit.”> New models of governance and of cost-effectiveness
analysis are needed to navigate these challenges, and the
ethical and judicial challenges need to be deliberated before
considering potential benefits.

How the healthcare sector views technology

In Singapore, the Ministry of Health began computerising its
systems in 1984, under the Civil Service Computerisation
Programme of the National Computer Board.?* The plan
then was to link the government hospitals, polyclinics, and
ancillary services into various networks. Twenty years later, in
2004, electronic medical records were introduced across public
health institutions, and in 2011, the National Electronic
Health Records was launched as a nation-wide, nationally
accessible resource.”2

Doctors have had a love-hate relationship with technology.
Electronic records have made the doctor’s handwriting a fondly
remembered oddity and illegible prescription errors have
become lesser. Information technology has allowed doctors to
quickly and simultaneously access accurate information and to
reduce repetitive manual form-filling. However, the possibility
of remote access may push clinicians to consider patients as
collections of parameters to be reviewed. Wards are sometimes
filled with collective exasperation at yet another technological
breakdown. On a more subconscious level, the greater
proficiency of junior doctors with information technology may
threaten the sacred senior-junior hierarchy in Medicine.”

The data leaks that came to light in late 2018 and early 2019
involving SingHealth, #® the National Public Health Unit,” and
Health Sciences Authority® were an information technology
nightmare and a watershed event in the computerisation and
digitisation drive. It resulted in an immediate scramble to
implement stricter controls and internet-data separation in
public health institutions. Governance and risk management
became key to technology implementation.

While having a unified electronic health system helps build a
national database that can be mined for health-related
purposes, the data leaks are a sober reminder of the price that
we pay as a society and as individuals in terms of potential
privacy compromise.

In 1984, when Singapore began its computerisation process, a
local survey found that ten percent of a thousand clinics used
computers, mostly for accounting and word processing
purposes.’’ In 1990, over sixty percent of forty-two private
clinics had computers.*”

Adopting technology does not come cheaply or smoothly.?

Medicine tends to progress incrementally, gathering evidence
and formulating guidelines. Technology, by contrast, can move
at a blistering pace. Industry standards change quickly while the
doctor remains with his equipment that is a generation or two
behind. One talks about patient health literacy. Perhaps it is
time to address doctors’ technology literacy as Medicine and
technology intersect more frequently and intricately.

Technology can be used and misused. Patients complain about
the disruption of the therapeutic relationship when doctors
spend the consultation time looking at the computer screen.**
Conversely, doctors are concerned that in sieving through the
extensive electronic medical record they may miss subtle data
points, with legal consequences.®

We should be aware of the movement to adopt technology
appropriately. This is a concept that emphasises on choosing
technologies that are apt to our needs and our context and are
people-centred.®® In a sense, appropriate technology is the
counterpoint to disruptive technology. Should doctors switch
to using hand-held cardiac ultrasound devices or continue using
their stethoscopes? Should we develop complex algorithms to
evaluate new patients, or should we take some time to allow
them to talk? The response depends on the context and our
priorities.

A related dichotomy is that between technology and clinical
skills. Do we depend on the chest x-ray, or should we percuss
and auscultate more confidently? Does it matter at all what the
physical findings are when the patient is going for a pan-CT
scan? In our adoption of technology, we need to guard against
the temptation to think that given the right code and
algorithms, technology can solve all our problems.?”

The future of Medicine

The interaction between technology and Medicine provides a
tantalising glimpse of what the practice of Medicine could be.
Countries are making use of big data analytics and other new
technologies for case identification and disease containment.””
Collaboration had happened across institutional and national
boundaries in pursuit of a common objective, as when
GenBank was used to facilitate the SARS-CoV-2
sequencing.””® Premier medical journals have put aside
paywalls to allow open access.”” One is tempted to envision a
seamlessly interconnected medical ecosystem enabled by
blockchain technology.

A blockchain refers to a growing list of records, called blocks,
that are linked together in an encrypted manner. Not
surprisingly, blockchain technology is being used to develop
electronic medical records and their applications in facilitating
medical research. One outcome could be the creation of health
records from data collected via commonly held personal devices
to build up blockchain-powered medical records.*

With the massive amounts of data collected using wearable
technology and other consumer held devices, artificial
intelligence and machine learning may help create a
rapid-learning system that uses data analytics to assist in
diagnosis or in individualising treatment. 4!
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Blockchain technology is also expected to improve biomedical
research and education by eliminating data falsification and
under-reporting or exclusion of the undesirable results of
clinical research, and may make it easier for patients to grant
permission for their data to be used for research.”

The Human Genome Project was declared complete in 2003.
With the genome mapped, nanotechnology is being considered
with techniques of gene editing® for gene therapy and precision
medicine. The science of nano-sized particles is also expected to
be applied to tasks such as biomarker-facilitated diagnosis and
directed drug delivery.*

Three-dimensional printing uses specialised printers equipped
with preset raw materials to build up a digital construct. It is a
manufacturing technique that has captured the medical
. . . 45 d h b 1- d . . d. .d 1' d
imagination® and has been applied to creating individualise
prosthetics and complex anatomical models for surgery
planning.*® The hope is to use tissue cells as building blocks to
print grafts or entire organs for transplantation.”

Virtual reality as we know it, allowing perception of a simulated
external world via a head-mounted display, was invented in
1968, but its medical uses have been discovered mostly in the
last decade. Current uses include medical education,
psychotherapy, surgical training,” and as an interface for
communication.”

A robot is a machine that is capable of performing a complex
series of tasks and is usually programmable. Robotics have been
applied to widening types of surgery and rehabilitation as well
as to the more mundane tasks of automation in a pharmacy and
cleaning work in contaminated areas.’’

The list is exciting and incomplete. Technology is poised to
drive medical practice in the twenty-first century. Beyond
technology, however, is the knowledge economy which forms
the basis of innovation, development, and disruption in the
post-industrial age. The common thread running through the
various disruptions today is the human collaboration that
underpins the knowledge base. We caught a glimpse of this
with the Human Genome Project, a disruptive global
collaboration to achieve an unprecedented objective.
Collaboration is premised on the fact that no one group, or
nation has a monopoly on knowledge.

While the advantages to doing otherwise may seem obvious,
collaboration in the healthcare sector has traditionally been
only amongst fellow medical professionals, a phenomenon that
has been described as “total internal reflection”.’* To fully
capitalise on the latest developments, it is time for medical
professionals to collaborate with colleagues from engineering,
sociology, and economics. One example of this is the
multidisciplinary centres for safety and quality improvement
working on climate change.*

Those who are technologically ahead need to ensure that the
disadvantaged are not left behind. COVID-19 has shown us
that richer nations have more resources to be deployed in a
crisis. Perhaps the creation of an equal healthcare playing field
across societies and countries would be the true disruption of

our time. This is an effort that requires the partnership of
Medicine, technology, diplomacy and government, and
industry.>

DISCUSSION

Integrating healthcare needs and technology:
lessons from COVID-19

The nature of healthcare is such that we are rightly concerned
about governance and regulatory controls, evidence and
validation, as well as safety checks. These moderate the pace at
which we adopt new technologies. The rapid advancements of
technology mean that change is the norm, and technological
innovations may appear more quickly than the healthcare
industry is comfortable with. COVID-19 has shown us that it
may be desirable to engage with technology in a new way.

There is a need for a mechanism that allows for rapid decision
making, often in fields that are outside our areas of expertise.
This may mean empowering a sub-committee within the
traditional procurement committee and allowing them to
co-opt relevant expertise. Proper documentation, even with
quick responses, will help to ensure there are justifications to a
rapid decision. These should be coupled with regulatory
requirements that can stay relevant.

The recent widespread adoption of online conferencing
platforms is an example of swift decision making and
implementation to ensure educational, service, and
administrative continuity. When authorities in Singapore
implemented movement restrictions affecting large-scale
gatherings on February 7, 2020, * organisations had to find
technology tools for the new order. The College of Family
Physicians, Singapore (CFPS) was no different. Through a
combination of prescient early adoption and the efforts of the
CFPS president and council, individual physician teachers,
asset owners, administrative staff, vendors, and physician course
participants, the first successful online conference involving
450 people was conducted the next day. 5

While organisational leadership is crucial, it may also be timely
to encourage a bottom-up approach. Linking a portion of
employee incentives to system performance may foster changes
from multiple perspectives in many issues, including
engagement with new technology and even future responses to

crises.”8

Adaptation to change is an evolutionary instinct for survival
and will be sustained as long as the need for adaptation persists.
Opver the course of time, if the changes seen remain and become
part of new norms with novel value networks, disruption will
have occurred.

CONCLUSION

The COVID-19 pandemic has shown us that in a highly
interconnected world with blurred geographical divisions, * a
crisis can appear unannounced and force us into a disruption
situation. When this happens, vigilance, swift responsivity,
cross-domain nimbleness, and generous collaboration will all be
vital to continued viability.
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“There is a tide in the affairs of men, which, taken at the flood,
leads on to fortune.”

Declaration of Conflicts of Interest

The authors declare that they have no conflict of interest in
relation to this article.

REFERENCES

|. World Health Organisation (WHO). Pneumonia of unknown cause —
China [internet]. WHO; 2020 Jan 5 [cited 2020 May 26]. Available from:
https://www.who.int/csr/don/05-january-2020-pneumonia-of-unkown-ca
use-china/en/

2. Jonathan Chang. Commentary: Disruptive tech is coming for
COVID-19 threat, but needs more funding. Channel NewsAsia
[internet]. 2020 Feb 18 [cited 2020 May 26]; Commentary. Available
from:

https://www.channelnewsasia.com/news/commentary/covid- | 9-coronavi
rus-tech-artificial-intelligence-detection- 12443936

3. Christensen CM. Disruptive innovation: can health care learn from
other industries? A conversation with Clayton M. Christensen. Interview
by Mark D. Smith. Health Affairs (Millwood). 2007 May-Jun;26(3):288-95.
PMCID: 17355981. Epub 2007/03/16. DOI:
http://dx.doi.org/10.1377/hlthaff.26.3.w288

4. Twardowski ZJ. From the rotating drum dialyser to the personal
hemodialysis system: a brief history of hemodialysis technology. Int |
Artif Organs. 2000 Dec;23(12):791-7. PubMed PMID: 1 1197736. Epub
2001/02/24. DOI: http://dx.doi.org/10.1177/039139880002301202

5.5un K, Chen J, Viboud C. Early epidemiological analysis of the
coronavirus disease 2019 outbreak based on crowdsourced data: a
population-level observational study. Lancet Digit Health.
2020;2(4):e201-e208. doi:10.1016/S2589-7500(20)30026- |

6.McCall B. COVID-19 and artificial intelligence: protecting healthcare
workers and curbing the spread. Lancet Digit Health.

2020;2(4):e 1 66-e167. doi:10.1016/52589-7500(20)30054-6

7. Wang CJ, Ng CY, Brook RH. Response to COVID-19 in Taiwan: Big
Data Analytics, New Technology, and Proactive Testing [published
online ahead of print, 2020 Mar 3]. JAMA. 2020;10.1001/jama.2020.3151.
doi:10.1001/jama.2020.3151

8.COVID-19 National Emergency Response Center, Epidemiology &
Case Management Team, Korea Centers for Disease Control &
Prevention. Contact Transmission of COVID-19 in South Korea: Novel
Investigation Techniques for Tracing Contacts. Osong Public Health Res
Perspect. 2020;1 (1):60-63. doi:10.24171/j.phrp.2020.11.1.09

9.Kamel Boulos MN, Geraghty EM. Geographical tracking and mapping
of coronavirus disease COVID-19/severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) epidemic and associated events around the
world: how 21st century GIS technologies are supporting the global fight
against outbreaks and epidemics. Int ] Health Geogr. 2020;19(1):8.
Published 2020 Mar | 1. doi:10.1186/s12942-020-00202-8

10.Herndon JH, Hwang R, Bozic K]. Healthcare technology and
technology assessment [published correction appears in Eur Spine J.
2007 Aug;16(8):1303. Bozic, K H [corrected to Bozic, K J]]. Eur Spine J.
2007;16(8):1293-1302. doi:10.1007/s00586-007-0369-z

I 1.Meské B, Drobni Z, Bényei E, Gergely B, Gyérffy Z. Digital health is a
cultural transformation of traditional healthcare. Mhealth. 2017;3:38.
Published 2017 Sep 14. doi:10.21037/mhealth.2017.08.07

12.Griinloh C, Myreteg G, Cajander A, Rexhepi H. "Why Do They
Need to Check Me?" Patient Participation Through eHealth and the
Doctor-Patient Relationship: Qualitative Study. | Med Internet Res.
2018;20(1):el I. Published 2018 Jan I5. doi:10.2196/jmir.8444

I3.Horrocks S, Anderson E, Salisbury C. Systematic review of whether
nurse practitioners working in primary care can provide equivalent care
to doctors. BMJ. 2002;324(7341):819-823. doi:10.1136/bm;j.324.7341.819
I4.Christensen CM, Bohmer R, Kenagy ]. Will disruptive innovations
cure health carel. Harv Bus Rev. 2000;78(5):102-199.

I5.Bagot KL, Cadilhac DA, Vu M, Moss K, Bladin CF; VST collaborators.
Telemedicine in the acute health setting: A disruptive innovation for
specialists (an example from stroke). | Telemed Telecare.
2015;21(8):443-448. doi:10.1177/1357633X15610722

| 6.Hollander JE, Carr BG. Virtually Perfect? Telemedicine for
COVID-19. N Engl ] Med. 2020;382(18):1679-1681.
doi:10.1056/NEJMp2003539

I7.Cherian SV, Kumar A, Estrada-Y-Martin RM. E-Cigarette or Vaping
Product-Associated Lung Injury: A Review [published online ahead of
print, 2020 Mar 13]. Am | Med. 2020;50002-9343(20)30140-6.
doi:10.1016/j.amjmed.2020.02.004

I8.Alfirevic Z, Devane D, Gyte GM, Cuthbert A. Continuous
cardiotocography (CTG) as a form of electronic fetal monitoring (EFM)
for fetal assessment during labour. Cochrane Database Syst Rev.
2017;2(2):CD006066. Published 2017 Feb 3.
doi:10.1002/14651858.CD006066.pub3

19.Goh B. China rolls out fresh data collection campaign to combat
coronavirus [internet]. Reuters; 2020 Feb 26 [cited 2020 May 26].
Available from:
https://www.reuters.com/article/us-china-health-data-collection/china-rol
Is-out-fresh-data-collection-campaign-to-combat-coronavirus-idUSKCN2
OKOLW

20.Vogel L. Viral misinformation threatens public health. CMA.
2017;189(50):E1567. doi:10.1503/cmaj.109-5536

2|.Geskey JM. Disruptive Innovation and Health Literacy. Health Lit Res
Pract. 2018;2(1):e35-e39. Published 2018 Feb 7.
doi:10.3928/24748307-20180115-01

22 Herzlinger RE. Why innovation in health care is so hard. Harv Bus
Rev. 2006;84(5):58-156.

23. Chee YC. Computer enhanced health care delivery in Singapore.
Singapore Med J. 1992;33(6):566-567.

24.Low CO, Daniel L. Challenges of Transformation on Our Healthcare
IT Journey. SMA [internet]. 2015 May [cited 2020 May 26]; 47(1):5-7.
Available from:
https://www.sma.org.sg/Uploadedimg/files/Publications%20-%20SMA%20
News/4705/Feature.pdf

25. Integrated Health Information Systems (IHIS). About the National
Electronic Health Record [internet]. Singapore: IHIS; 2018 Jan 4. [cited
2020 May 26]. Available from:
https://www.ihis.com.sg/Latest_News/Media_Releases/Pages/About_the
_National_Electronic_Health_Record.aspx

26. Integrated Health Information Systems (IHIS). Smart Care Smart
Technology Yearbook 2014-2015 [internet]. Singapore: IHIS. [cited 2020
May 26]. Available from:
https://www.ihis.com.sg/About_IHiS/Pages/year_book.aspx

27. Plumb JJ, Hains |, Parr MJ, Milliss D, Herkes R, Westbrook JI.
Technology meets tradition: The perceived impact of the introduction of
information and communication technology on ward rounds in the
intensive care unit. Int ] Med Inform. 2017;105:49-58.
doi:10.1016/j.ijmedinf.2017.04.004

28.Irene T. Personal info of |.5m SingHealth patients, including PM Lee,
stolen in Singapore's worst cyber attack. The Straits Times [internet].
2018 Jul 20 [cited 2020 May 26]. Available from:
https://www.straitstimes.com/singapore/personal-info-of- | 5m-singhealth-
patients-including-pm-lee-stolen-in-singapores-most

29.Mikhy Brochez disclosed list of HIV-positive people in new leak,
prison service makes police report. Channel NewsAsia [internet]. 2019

THE SINGAPORE FAMILY PHYSsIicIAN VoL 46(4) JuLy-SepTeEMBER 2020 : 63



TECHNOLOGICAL ADVANCES AND MEDICINE: A NARRATIVE REVIEW IN THE LIGHT

Feb 17. [cited 2020 May 26]. Available from:
https://www.channelnewsasia.com/news/singapore/hiv-data-leak-mikhy-b
rochez-singapore-prison-service-| 1251244

30.Siew A. HSA blood donor data leak: When ‘sorry’ may not be
enough. Today [internet]. 2019 Mar 21 [cited 2020 May 26]; Opinion.
Available from:
https://www.todayonline.com/commentary/hsa-blood-donor-data-leak-w
hen-sorry-may-not-be-enough

31.L. O. New Move to Boost Clinics' On Line Programme. The Straits
Times [internet]. 22 January 1990 [cited 2020 May 26]. Available from:
https://eresources.nlb.gov.sg/newspapers/Digitised/Issue/straitstimes | 990
0122-1

32. Lee KL, Raman KS. Application of computers in clinics in Singapore:
status and doctors' perceptions. Ann Acad Med Singapore.
1990;19(5):580-594.

33.Kruse CS, Kristof C, Jones B, Mitchell E, Martinez A. Barriers to
Electronic Health Record Adoption: a Systematic Literature Review. |
Med Syst. 2016;40(12):252. doi:10.1007/s10916-016-0628-9

34. Kazmi Z. Effects of exam room EHR use on doctor-patient
communication: a systematic literature review. Inform Prim Care.
2013;21(1):30-39. doi:10.14236/jhiv21il.37

35.Kroth PJ, Morioka-Douglas N, Veres S, et al. The electronic elephant
in the room: Physicians and the electronic health record. JAMIA Open.
2018;1(1):49-56. doi:10.1093/jamiaopen/ooy016

36.E. F. Schumacher. Small Is Beautiful: Economics as if People Mattered
(Harper Perennial Modern Thought). Harper Perennial; 2020. 348 p.
37.Evgeny Morozov. To Save Everything, Click Here: Technology,
Solutionism, and the Urge to Fix Problems that Don’t Exist. Penguin;
2013. 408 p.

38Wu F, Zhao S, Yu B, et al. A new coronavirus associated with human
respiratory disease in China [published correction appears in Nature.
2020 Apr;580(7803):E7]. Nature. 2020;579(7798):265-269.
doi:10.1038/s41586-020-2008-3

39.Carr D. Sharing research data and findings relevant to the novel
coronavirus (COVID-19) outbreak. In: Wellcome, editor.: Wellcome;
2020. David Carr. Sharing research data and findings relevant to the
novel coronavirus (COVID-19) outbreak [internet]. London: Wellcome.
2020 Jan 31 [cited 2020 May 26]. Available from:
https://wellcome.ac.uk/coronavirus-covid- | 9/open-data

40.Agbo CC, Mahmoud QH, Eklund JM. Blockchain Technology in
Healthcare: A Systematic Review. Healthcare (Basel). 2019;7(2):56.
Published 2019 Apr 4. doi:10.3390/healthcare7020056

41.Yoon HJ. Blockchain Technology and Healthcare. Healthc Inform Res.
2019;25(2):59-60. doi:10.4258/hir.2019.25.2.59

42.Bibault JE, Giraud P, Burgun A. Big Data and machine learning in
radiation oncology: State of the art and future prospects. Cancer Lett.
2016;382(1):110-117. doi:10.1016/j.canlet.2016.05.033

43.Patsali P, Kleanthous M, Lederer CW. Disruptive Technology:
CRISPR/Cas-Based Tools and Approaches. Mol Diagn Ther.
2019;23(2):187-200. doi: 10.1007/s40291-019-00391-4

44. Giron F, Pasté A, Tasciotti E, Abraham BP. Nanotechnology in the
Treatment of Inflammatory Bowel Disease. Inflamm Bowel Dis.
2019;25(12):1871-1880. doi: 10.1093/ibd/izz205

45.Michalski MH, Ross JS. The shape of things to come: 3D printing in
Medicine. JAMA. 2014;312(21):2213-2214. doi:10.1001/jama.2014.9542
46.Shilo D, Emodi O, Blanc O, Noy D, Rachmiel A. Printing the
Future-Updates in 3D Printing for Surgical Applications. Rambam
Maimonides Med J. 2018;9(3):e0020. Published 2018 Jul 30.
doi:[0.5041/RMM].10343

47.Murphy SV, Atala A. 3D bioprinting of tissues and organs. Nat
Biotechnol. 2014;32(8):773-785. doi:10.1038/nbt.2958

48.Sutherland IE. A head-mounted three dimensional display.

OF COVID-19

InProceedings of the December 9-11, 1968, fall joint computer
conference, part | 1968 Dec 9 (pp. 757-764).

49.Lerner MA, Ayalew M, Peine W], Sundaram CP. Does training on a
virtual reality robotic simulator improve performance on the da Vinci
surgical system?. ] Endourol. 2010;24(3):467-472.
doi:10.1089/end.2009.0190

50.Pensieri C, Pennacchini M. Overview: virtual reality in Medicine.
Journal For Virtual Worlds Research. 2014 Jan 19;7(1).

51.Weber D), Rutala WA, Anderson D), Chen LF, Sickbert-Bennett EE,
Boyce JM. Effectiveness of ultraviolet devices and hydrogen peroxide
systems for terminal room decontamination: Focus on clinical trials. Am
J Infect Control. 2016;44(5 Suppl):e77-e84. doi:10.1016/j.ajic.2015.11.015
52.Kneebone RL. Crossing the line: simulation and boundary areas.
Simul Healthc. 2006;1(3):160-163.
doi:10.1097/01.sih.0000244454.28295.78

53.Vincent C, Batalden P, Davidoff F. Multidisciplinary centres for safety
and quality improvement: learning from climate change science. BM]
Qual Saf. 201 1;20 Suppl | (Suppl_1):i73-i78.
doi:10.1136/bmijgs.2010.047985

54.Gates B. Responding to Covid-19 - A Once-in-a-Century Pandemic?.
N Engl ] Med. 2020;382(18):1677-1679. doi:10.1056/NEJMp2003762
55.News Highlights [internet]. Ministry of Health. MOH; 2020 [cited
2020 Jun 14]. Available from:
https://www.moh.gov.sg/news-highlights/details/risk-assessment-raised-to
-dorscon-orange

56.In a conversation with a colleague from the College of Family
Physicians Singapore (A/Prof Cheong Pak Yean 2020, oral
communication, Feb 2020)

57 Ministry of Manpower. National VWages Council 2019/2020
Guidelines [internet]. Singapore: Ministry of Manpower; 2019 May 30
[cited 2020 May 26]. Available from:
https://www.mom.gov.sg/newsroom/press-releases/2019/0530-national-
wages-council-2019-2020-guidelines

58. Kane S, Gandidzanwa C, Mutasa R, et al. Coming Full Circle: How
Health Worker Motivation and Performance in Results-Based Financing
Arrangements Hinges on Strong and Adaptive Health Systems. Int |
Health Policy Manag. 2019;8(2):101-111. Published 2019 Feb 1.
doi:10.15171/ijhpm.2018.98

59.Thomas L. Friedman. The World Is Flat: A Brief History of the
Twenty-first Century. Farrar, Straus and Giroux;2005. 488 p.
60.Shakespeare W. The Tragedy of Julius Caesar. 1599. Greenblatt et al.
2015:1549-614.

THE SINGAPORE FAMILY PHYSsIicIAN VoL 46(4) JuLy-SepTeEMBER 2020 : 64



TECHNOLOGICAL ADVANCES AND MEDICINE: A NARRATIVE REVIEW IN THE LIGHT
OF COVID-19

LEARNING POINTS

¢ Despite their downsides, disruptive technology, in the form of data storage and analytics, artificial
intelligence, and communications technology, has had a great impact on the current healthcare
landscape.

¢ Collaboration across communities and integration across domains are needed to successfully
harness disruption.

¢ The medical profession needs to be able to embrace and deal quickly with technological advances
when the need arises without forgetting its duty to evaluate these advances properly.
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