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ABSTRACT This paper summarizes the panel discussion at the IEEE Engineering in Medicine and Biology
Point-of-Care Healthcare Technology Conference (POCHT 2013) held in Bangalore India from
Jan 16–18, 2013. Modern medicine has witnessed interdisciplinary technology innovations in healthcare
with a continuous growth in life expectancy across the globe. However, there is also a growing global
concern on the affordability of rapidly rising healthcare costs. To provide quality healthcare at reasonable
costs, there has to be a convergence of preventive, personalized, and precision medicine with the help
of technology innovations across the entire spectrum of point-of-care (POC) to critical care at hospitals.
The first IEEE EMBS Special Topic POCHT conference held in Bangalore, India provided an international
forum with clinicians, healthcare providers, industry experts, innovators, researchers, and students to define
clinical needs and technology solutions toward commercialization and translation to clinical applications
across different environments and infrastructures. This paper presents a summary of discussions that took
place during the keynote presentations, panel discussions, and breakout sessions on needs, challenges, and
technology innovations in POC technologies toward improving global healthcare. Also presented is an
overview of challenges and trends in developing and developed economies with respect to priority clinical
needs, technology innovations in medical devices, translational engineering, information and communication
technologies, infrastructure support, and patient and clinician acceptance of POC healthcare technologies.

INDEX TERMS Global healthcare, healthcare challenges, healthcare innovations, point-of-care
technologies.

I. INTRODUCTION
The twentieth century witnessed a technology revolution
in medicine and health through instrumentation, computer

and information and communication technologies.
This revolution has continued in the twenty-first century,
with smart cross- and trans-disciplinary technologies and
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innovations directly impacting medical practice and
healthcare delivery, which, in turn, have redefined the
relationship between patients and healthcare providers.
Technology innovations and globalization have brought the
world together as one global community where developing
and developed economies have become more dependent and
well connected than in previous times. As the overall life
expectancy across the globe has increased, the global com-
munity is now facing new challenges of improving quality
of life and healthcare at an affordable cost. While the expo-
nentially rising cost of healthcare, defined as total healthcare
expenditure as a percentage of a nation’s Gross Domestic
Product (GDP), is a critical priority challenge in developed
nations, providing minimal quality healthcare to all, specif-
ically large and sparsely distributed communities living in
rural areas, is the most vital challenge to developing
nations.

A necessary component of affordable global healthcare
is Point-of-Care (POC) healthcare technologies, and
developing POC technologies will require continuous evo-
lution of innovation in smart and portable bio-sensor,
computing, information and communication technologies.
A strategic study at the National Institutes of Health has
noted (http:// report.nih.gov/NIHfactsheets/ViewFactSheet.
aspx?csid=112) [1]: ‘‘With the development of miniaturized
devices and wireless communication, the way in which
doctors care for patients will change dramatically and the role
patients take in their own healthcare will increase. Healthcare
will become more personalized through tailoring of
interventions to individual patients.’’

Though the challenges of providing high-quality health-
care in developing countries are different than those in devel-
oped countries, they share a common goal: to provide access
to health monitoring and assessment technologies to people
with limited or no healthcare facilities, or with geographically
distant or difficult to physically access facilities.While devel-
oped countriesmayfind POC technologies an effectivemeans
for reducing healthcare costs and improving efficiency, POC
technologies are critical in the provision of diagnostic and
monitoring healthcare needs in countries with large popula-
tions or rural areas. The developing countries in the eastern
part of the globe, which account for more than two-thirds
of the population of the world, face the basic challenge of
providing minimal healthcare to all people living in adverse
geographical or economic constraints, and also monitoring
critical infectious diseases such as HIV/AIDS, TB, malaria,
etc. The challenge becomes even more critical in potential
epidemic situations.

Given the rapidly aging populations in both developed
and developing nations, it is now more critical than ever
to develop collaborative synergies to explore POC health
monitoring, assessment and therapeutic technologies to
significantly impact global healthcare for the ‘‘well-being’’
of a healthy society.

However, the implementation of POC healthcare
technologies towards a tangible clinical impact poses

formidable challenges in educating users. Not only must
users and local support staff learn about technology usage,
measurement techniques, data communication and
compliance, patients and family members must undergo
a behavioral change to understand and accept new roles
and responsibilities in keeping themselves, family members,
and others healthy. The concept of self-care must be a
major flagship in this education process. POC healthcare
technologies (including sensor- and biomarkers-based POC
diagnostic technologies; therapeutic and rehabilitation
devices; and information and communication technol-
ogy (ICT) with mHealth, eHealth, and health monitoring
with POC decision support systems) will directly impact
patients, support staff, community center workers, and
nurses, among others. All of these users will have to
become comfortable, to varying degrees, with technology
usage and local decision-making. In addition, physicians
and business managers will also need to become conver-
sant in the broad spectrum of data integration, mining and
interpretation [2]–[12].

II. PROCEDURES AND METHODS
The EMBS conference on Point-of-Care Healthcare
Technologies invited scientific researchers and innovators,
industry leaders, clinical experts, and policy makers from
the USA, Hong Kong, China, Japan, Europe and India as
plenary, keynote and panel speakers. This white paper was
developed out of those presentations, as well as panel
discussions, data presented, and comments made during
breakout sessions, using the following multi-step
methodology. The conference’s first day featured plenary and
keynote talks by leaders and representatives from government
agencies including Roderic Pettigrew, MD, PhD, Institute
Director, National Institute of Biomedical Imaging and
Bioengineering, National Institutes of Health (USA); senior
leaders from global industries including IBM Life Sciences
andMedtronic (USA and India); experts from clinical health-
care facilities including the Cardiology Department, Kyushu
University Hospital (Japan) and Apollo Hospital (India);
and biomedical researchers and innovators. These talks were
followed by a panel discussion led by representatives from
stakeholder groups from all over the globe. Both the plenary
and keynote talks and the expert panel discussed current and
future challenges in global healthcare. After these interactive
panel discussions with over 176 researchers and
stakeholders, the following steps were implemented to
systematically collect insights from the various discussions
generated by the conference program, including
two additional panel discussions and three breakout sessions.
Conference attendees represented a rich spectrum of clinical
practitioners, industry experts and entrepreneurs, academic
researchers, and policy makers (Table 1).

This paper represents the summary of discussions, data and
comments made during the conference events.

1. A questionnaire was circulated after the first panel
discussion to all attendees requesting them to identify
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TABLE 1. Percentage of conference attendees representing major
stakeholder groups.

specific issues for discussion during the breakout
sessions at the conference. These questions were
categorized for three breakout sessions.

2. Three breakout sessions were held with detailed
discussions on the following topics:
a. Breakout Session 1: Priority Point-of-Care

Healthcare Technology Areas and Global
Collaborations

b. Breakout Session 2: Patient Participation and
Role: Expectation and Challenges

c. Breakout Session 3: POCHT Implementation
Strategies and Compliance: Challenges and
Future Trends

3. Breakout discussions were summarized by the session
leaders in consultation with designated note-takers who
transcribed the sessions and presented to the entire
group of conference attendees in the Panel
Discussion 2: Reports from Breakout Sessions:
Future Trends and Follow-up. The discussions were
summarized further in the raw data.

4. The speakers from Panel Discussion 2 session formed
a committee of authors and prepared a report that was
transformed into the content of this paper. The paper
went through three iterations to help ensure that it was
an accurate record of the conference and that all points
of view were included.

III. POINT-OF-CARE HEALTHCARE TECHNOLOGIES
(POCHT): A PARADIGM SHIFT IN AFFORDABLE
QUALITY GLOBAL HEALTHCARE
POCHT is a paradigm-shift in global healthcare. However,
such technologies do not exist in isolation and must be
integrated into and adopted by new or existing health
service delivery models, be supported by sound business
cases, and show demonstrated levels of improvement to
patient health outcomes in terms of such metrics as quality-
adjusted life years (QALYs) as a means of quantifying
disease burden. Development, deployment and com-
pliance issues related to affordable global healthcare
have to be critically examined towards the creation of
sound business models for their effective implementa-
tion such that they can be sustained with an economic
impact.

What is striking about the concept of POCHT is its near
universality of potential application. There is benefit to the
management and treatment ofmost diseases – hence priorities
mirror the prevalence of disease in each country. There is
applicability to both wealthy and developing countries with
cross-fertilization of design back and forth among all nations,
with both simple and advanced technologies being of use
to all [2]–[8]. Both rural and urban settings would benefit
greatly from POC technologies. Perhaps most striking is the
potential for widespread and localized screening for disease
and health conditions. A simple vision of the technology
might include:
(a) Increasingly low-cost diagnostic tests, including

those modified from existing methods through the
use of novel, low-cost micro-molecular-biochemistry
technology;

(b) Inexpensive device-based imaging and first-level
analysis (e.g., smartphones capable of pulse oximetry,
blood pressure, EKG recording and analysis or image
recognition of skin disease);

(c) Smart device / smartphone / computer communication
of data to regional or central health centers;

(d) Communication back to the personal care site for
treatment or feedback;

(e) Ability to engage sophisticated healthcare treatment
and diagnostic information, either by accessing human
experts or clinical decision support systems.

IV. POCHT CHALLENGES: TECHNOLOGY
INNOVATION AND PRIORITY NEEDS
Within this broad framework there are many health areas that
would potentially be impacted. Some of the global needs and
challenges include:
(a) Chronic disease management and monitoring: Here,

the major impact would come from the major chronic
diseases, especially cardiovascular, pulmonary,
neurological, geriatric, and early detection of the onset
of and complications from diabetes.

(b) Therapeutic intervention: Rehabilitation medicine and
therapy would be greatly assisted by the ability to
locally monitor patient progress, condition, and exer-
cise or other health management programs. In rural
areas where transport to a rehabilitation facility is
prohibitive, therapy could be administered by paramed-
ical personnel. The same logic applies in developed
countries where system cost is an over-riding
issue.

(c) Prenatal monitoring: Special mention is made of the
impact potential for POCHT in perinatal care; this
would include routine physiological monitoring of
hemoglobin, urine protein and blood pressure to detect
problems at an early stage. POCHT could lead to major
reductions in maternal mortality rate.

(d) Preventative medicine through behavioral change:
There is a great potential for increased feedback
to the individual of key health indicators. One can
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imagine poor, rural areas where the introduction of
paramedical personnel bringing more information cou-
pled with simple monitoring measures of health (blood
pressure, heart rate, blood physiology) would have sig-
nificant impact on people’s behavior and lives. At the
other extreme, POCHT technologies are already in
the hands of wealthy, educated people in the form
of smartphone applications for monitoring exercise –
there will be a continuing and rapid growth of monitor-
ing capability for this population that already wants to
change its behavior. Aggressive development – either
private, profit-making or government – could bring
these behavior-changing technologies to ever-wider
populations [8], [12].

(e) Medical information: The ability to collect medical and
healthcare information locally and aggregate centrally
has strong implications for epidemiology and for plan-
ning the availability of medical supplies and resources
(supply-chain management). A form of this already
exists in the RFID of equipment for inventory within
hospitals.

V. POC HEALTHCARE TECHNOLOGIES
There is strong consensus that several technologies are
already having a huge impact on society at large, with impacts
on healthcare to follow.
(a) Low cost sensor technologies: There are several

prototypical examples.
(i) Perhaps ubiquitous is the smartphone capable of

a number of diagnostic measurements, including
EKG / heart rate, breathing rate, blood pressure,
blood oxygen saturation, image recognition for
skin disease

(ii) Low cost blood chemistry sensors, ranging from
the more straightforward (blood glucose) to the
highly sophisticated (detectors for dengue fever,
on chip PCR)

(iii) Reduced-cost versions of historically expen-
sive technologies – an example is ultrasound
machines whose cost now permits wide
distribution

(b) Communications and computational technology:
Smartphones put more computer power in the hands of
a common person than a computer engineer dreamed
of 50 years ago. Wireless and satellite communications
have revolutionized the communications world. The
development of these technologies is practically ‘‘for
free’’ as other markets are driving the cost and avail-
ability faster than the medical applications would. The
goal is to harness these technologies, not develop them.

(c) Modeling and simulation from physiology to behavior:
Asmore point-of-care data become available, there will
be increasing need for models of increasing complexity
to assist in analysis. An example is modeling the
daily activity patterns of the elderly to predict medical
problems. More generally, the ability to use data to

anticipate individual problems is a key component of
personalized medicine.

(d) Automated decision-making and support:We have now
seen more than a decade of on-line medical diagnostic
information services, which will continue to grow
in sophistication. There is tremendous potential for
exploiting the spectacular medical research knowl-
edge base, advancing the practice of evidence-based
medicine on a world wide scale. The initial cost is
very high, but the delivery cost is very low given the
communications technology. This technology can scale
for the use of the expert, the general practitioner, the
nurse, and the paramedical professional.

(e) Accessible data structures: The delivery of the benefits
of POCTHwill be greatly assisted by enhanced accessi-
bility of data to the broader medical community. There
are a variety of competing issues to achieving this goal,
including security and privacy of data, interoperability
of data structures, and ownership of data.

VI. STRATEGIC ENABLERS
Some POC technologies are already either in place or
developing rapidly. Others will need support from govern-
ments, either directly through education as well as research
and development funds, or indirectly by incentivizing the
private sector.
(a) Networking of practitioners: The encouragement of

a growing leadership community is essential to the
promulgation of POCHT practice. This should come
in a variety of forms: publication in scholarly jour-
nals; publication in the medical trade press; workshops
sponsored by national medical organizations; confer-
ences; social media; andMOOCS (massive online open
courseware; http://www.mooc-list.com).

(b) Medical and paramedical education: POCHT makes
possible task shifting at all levels, putting expert
knowledge in the hands of generalists and general
medical knowledge in the hands of paramedical
personnel. Therewill be tremendous need for education
at all levels.

(c) Design for all: This maxim implies that designing for
the cost constraints of the developing world impacts
medical products in the developed world, and vice
versa. This is especially relevant in the fast-developing
POCHT area and a world in which innovation travels
the globe nearly instantly.

(d) Entrepreneurship and financial support: POCHT is an
especially open area for entrepreneurial development,
as is evidenced by rapidly developing smartphone
applications, tremendous spinoffs from biomolecular
science, and strong support for global health from
a variety of Western institutions and foundations.
Still, much more is needed from all sectors of society.

(e) Standards and harmonization: This refers to a host of
properties that enable data access, storage, transmission
and use; standards for measurement and reporting of
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FIGURE 1. POCHT impact and paradigm with major infrastructure support
and issues.

patient information; and access to expert information
and to one’s own records.

VII. POCHT CLINICAL IMPACT
Clinical impact can be realized in preventive, therapeutic
and surveillance areas. In the preventive area, POCHT
impact may be appreciable only after a few years. For
example, a decline in the incidence of myocardial infarction
after good control of diabetes, cholesterol and blood pressure
will take years to realize. The impact in the therapeutic area
can bemore readily assessed after POCT implementation. For
example, the Apollo Hospital in India uses cardio biomarkers
in early diagnosis of myocardial infarction and early transfer
to the ICU. It can be readily shown that POCT has a favorable
impact on the hospital’s cardiac mortality. Similarly, use of
antenatal POCHT kits in diagnosing early eclampsia or ane-
mia can be easily shown to reduce maternal mortality rate.
Surveillance POCHT is similar to preventive POCHT where
the actual clinical impact may be appreciable only after a
few years. The major challenge would be in data acquisi-
tion, communication, and patient compliance, specifically in
developing economies. The major challenge is in task
shifting: shift of preliminary or pre-diagnosis responsibility
at the point-of-care. Other challenges include developing
pathways to provide [8]–[12]:
(a) Evidence-based personalized care;
(b) Patient centered precision medicine;
(c) Preventive healthcare;
(d) Short-term feedback with long-term benefits;
(e) Cost-effectiveness, specifically in mass screening

(e.g., diabetes and hypertension monitoring);
(f) Easy and intuitive devices and decision support

systems.
The medical devices and informational communication

technologies at the point-of-care also face other societal
challenges for acceptance and implementation. These issues
include diverse demographic and cultural backgrounds, and
differences in needs due to geographical, social, and
economic factors. While it makes sense to be patient-centric,
empowering ptaients with point-of-care decision support

systems raises concerns about legal liability and potential
reduction in sensitivity. It is not yet clear how POCT can
be used to integrate family members and physicians into one
effective healthcare team.

VIII. CONCLUDING REMARKS AND RECOMMENDATIONS
Though the challenges of providing high-quality healthcare
in developing countries are different than those in devel-
oped countries, there is a common goal to provide access
to health monitoring and assessment technologies to people
with limited or no healthcare facilities. Large developing
nations with fast economic growth such as India and China
are committed to providing healthcare to all, but they still face
major challenges in assessing rural and underserved patients’
healthcare needs and in providing them with timely quality
healthcare at the point-of-care. This is also a critical challenge
in metropolitan areas where the hospital and primary health-
care facilities are overburdened. Major challenging priority
areas where healthcare is most needed for people in India,
as identified by WHO, are: hypertension and cardiac deaths,
diabetes, cancers, women’s health (specifically child birth)
and infant mortality, and neurological disorders [13]. Use
of advanced point-of-care technologies, including wearable
sensors, biomarkers, andmobile-communications-based edu-
cation, along with health data collection and analysis, is a
viable and affordable way to reach larger populations for
better healthcare and compliance. The impact on quality of
life from better outreach, increased affordability of quality
primary care, and increased patient compliance would be
tremendously positive.

It is important to consider perspectives from all
stakeholders, including patients, industry, healthcare
providers, payers, policy makers and society as a whole
(Fig. 1). In order for the POCHT paradigm shift to lead to
transformational change, POCHT technologies must address
critical issues in patient privacy, data integrity and security
on one hand, but also infrastructure support and policies
on the other hand. These infrastructure and policy supports
will need to enable data and decision-support systems for all
stakeholder groups in healthcare: patients at point-of-care,
clinicians at healthcare facilities, and payers at the insurance
or provider levels.

All of these stakeholder groups must be willing to accept
the challenges and potential errors that might impact the
sensitivity and specificity of healthcare processes.
In addition, clinicians and community members, such as
community health workers, will need to help patients accept
responsibility and accountability for their own health as they
are empowered to address their health issues, illnesses, and
preventive care in order to remain healthy. Thus patients, fam-
ilies, and communities will need to learn to think in newways
about the use of technology and how to responsibly monitor
their health when applying POC healthcare technologies and
decision-support systems.

The transformational change in defining new roles
and responsibilities for patients has to come through
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patient-centered design, local solutions, and sensitive
patient-education on POC benefits, such as significant cost-
savings, reduced hospitalizations, and better personalized
and preventive healthcare. The outreach to patients for POC
education and monitoring may incorporate specific innova-
tive methods such as smartphone ICT and incentives from
healthcare providers, payers and government. For example,
many developing and developed countries are encouraging
continuous monitoring of blood glucose and hypertension
through innovative programs including educational camps
and free or heavily discounted prices of monitoring
systems. Of course, the economic aspects of such initia-
tives in developing countries can cause critical challenges in
implementation involving social and political issues. Recent
studies on the economic impact of using POC technologies
in economically challenged nations presented in
references [12]–[15] summarize that these socio-economic
and infrastructure challenges may at first overshadow
the benefits of POC technologies. Yet, in the long
run, POC technologies with smart ICT hold tremen-
dous hope for sustainably managing resources and
improving healthcare delivery in rural and developing
nations.

While the developed world provides quality healthcare,
growing expense is a universal concern, perhaps most acutely
in the USA with the most expensive healthcare system in the
world. Mutual collaborative efforts and networking in both
developed and developing markets will allow opportunities
to learn the best technologies, research, innovation, and best
practices that lead to better and more affordable global
solutions for quality healthcare.

1) RECOMMENDATIONS
1. A collaborative meeting jointly hosted by NIH and

NSF with invited technology, industry, and business
leaders inWashington, DC to discuss resource develop-
ment strategies (e.g., workshops) on future collabora-
tive research, clinical translation, and implementation
infrastructure issues.

2. Develop a web portal supported by NIH/NSF/EMBS as
the resource for collaborative networking, research and
development, research dissemination, workshop, and
clinical translation information in POCHT with active
participation from academia, industry, corporate sector,
hospitals, and healthcare provider facilities.

3. An annual meeting with leaders and all stakeholders
in technology innovation, development, commer-
cialization, implementation, and clinical acceptance
(including reimbursement) sectors should be pursued
with an emphasis on the development, follow-up, and
evaluation of strategic goals and global milestones.

APPENDIX
Minutes of the breakout sessions are available for download
as a supplementary file on http://health.embs.org.
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