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Point-of-care testing (POCT) is defined as laboratory testing conducted close to the site of patient care.
Although performed originally primarily by clinical staff for acute conditions, recent advances in
technology have made such testing possible for disease screening and prevention across a wide range
of conditions in virtually any setting, and often by individuals with little or no training. With the
ongoing evolution in POCT, numerous concerns have arisen about the quality and accuracy of the tests,
comparability between multiple tests for the same endpoint, interpretation of test results, and whether
and how results should be used for therapeutic decisions and included in a patient’s medical record. The
pharmacist is well-positioned to manage and interpret POCT performed outside of the usual clinical
settings. However, educational and regulatory changes are needed to enable pharmacists to take on this
emerging activity effectively.
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INTRODUCTION
Point-of-care testing (POCT) is defined as laboratory

testing conducted close to the site of patient care. While

various POCT kits have been used for years (eg, blood
glucose, urine ketones, pregnancy), research and discus-

sions about POCT focus on the use of new technologies

that can test for blood coagulation times, blood gas com-
position, cardiac enzyme profiles, standard electrolytes,

and the presence of infectious entities including influ-

enza, human immunodeficiency virus (HIV), hepatitis

C, and groupA streptococcus. These tests are increasingly
being administered by trained staff in hospitals, clinics,

and other professional health-care settings, including

pharmacies.1 Rapid advances in testing technology, in-

cluding the development of easy-to-use portable health-
monitoring devices, means that such testing can now be

done by individuals with little or no training and in virtu-

ally any setting, including a patient’s home. This manu-
script focuses on the role of pharmacists and pharmacy

education in POCT outside of traditional clinical settings.
With the ongoing evolution in POCT, numerous con-

cerns have arisen about the quality and accuracy of the

tests, comparability between multiple tests for the same

endpoint (ie, each test may be internally consistent but
provide different absolute values, making longitudinal

data more difficult to evaluate if the same manufacturer
is not used each time), interpretation of the results, how to
use the results for clinical decision-making, and whether
and how to include the results in a patient’s medical re-
cord. Although performing a point-of-care test may be
done in many settings, optimal use of the generated data
requires appropriate interpretation of the results and com-
munication among themultidisciplinary health-care team
and with the patient. Communication among these stake-
holders with different levels of understanding of human
physiology, biochemistry, disease, and test characteris-
tics offers multiple opportunities for misunderstanding,
a concern that is compoundedwhenpatients are self-testing.
In terms of education, it is important that pharmacists
become knowledgeable about the mechanics and data of
POCT and are able to communicate this information to
patients and other health-care providers.

The potential impact of POCT on pharmacy practice
and patient care in ambulatory settings was highlighted in
August 2015 at an inaugural conference that brought
together POCT manufacturers and pharmacy profes-
sionals.2 Although POCT performed in clinical settings
appears to have the potential to positively impact patient
outcomes by providing rapid results and potentially ear-
lier diagnosis and subsequent treatment (including life-
style modifications to avoid pharmacotherapy), data
supporting such uses remain limited and inconclusive.3

This article describes some of the issues surrounding
POCT, particularly POCT performed outside traditional
health care settings, andmakes the case for pharmacists to
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embrace this technology as a means to enhance patient
care. At the same time, if pharmacists are to embrace
POCT effectively, pharmacy education must evolve to in-
clude more knowledge about this type of testing.

EDUCATIONAL STANDARDS
In Canada, Standard 27 of the 2013 Canadian Coun-

cil for Accreditation of Pharmacy Programs (CCAPP)
accreditation standards states, “The core curriculummust
include a balance of coursework in biomedical sciences,
pharmaceutical sciences, behavioral, social and adminis-
trative sciences, and clinical sciences and practice skills.”
Criterion 27.5 under this standard states, “Clinical prac-
tice skills must be developed through appropriate envi-
ronments such as practice, laboratory or simulation
experiences. This should include but is not limited to
collaborative care with other health-care providers, com-
pounding, diagnostic and point-of-care testing. . . .”

In the United States, accreditation standards and key
elements of the 2016 Standards from the Accreditation
Council for Pharmacy Education (ACPE) do not specifi-
cally mention POCT. However, required elements of the
didactic curriculum include the “application of clinical
laboratory data to disease state management, including
screening, diagnosis, progression, and treatment evalua-
tion.” Thus, both Canadian and USA accrediting bodies
recognize the importance of educating student pharma-
cists about laboratory data and its application to disease
monitoring. What appears to be lacking within pharmacy
schools is a focused effort to enhance this educational
need in the face of burgeoning POCT in the pharmacy
environment.

POCT KITS AND DEVICES
In the early days of western medicine, health care

was delivered primarily in the patient’s home and what
limited testing was available was provided directly at this
local point of care. As the science and technology of med-
icine developed rapidly in the mid- to late twentieth cen-
tury, care shifted to hospitals with an emphasis on treating
injuries and curing acute disease. At this time, centralized
laboratorieswere established for the analysis of numerous
patient samples using standardized techniques and com-
plex equipment. As technology improved, automation
was added, further standardizing the results.

Today, ongoing research is identifying an increasing
number of disease biomarkers, and additional tests for
these biomarkers are continually being developed. Fur-
thermore, there is an increased emphasis on wellness and
preventive activities as evidenced by the rapid expansion
of fitness trackers, which are effectively point-of-care

tests, and some of these have the ability to measure rather
sophisticated clinical endpoints. This potential is being
exploited by the development of smart phone apps
designed to collect data to promote healthier behaviors.
Despite the extensive marketing and use of such devises,
research continues to be inconclusive regarding the health
and economic value of such advancements.4

Technological drivers of POCT for consumer medi-
cine include advances in assay automation, low cost sen-
sors, and instrument miniaturization, as well as access to
cloud computing. However, while many routine labora-
tory tests provide critical information about a patient’s
health status, tests are sometimes ordered just because
they are available, and new tests are sometimes imple-
mented without adequate justification for their prognostic
or economic value. Nevertheless, as the technology ad-
vances, opportunities are being seized by manufacturers
tomake POCT available directly to consumers, a scenario
that will undoubtedly affect pharmacists through patient
purchases, questions, and requests for clinical services.

Point-of-care devices have been used for several de-
cades, but until recently on a limited basis in the hospital
or other acute care settings when rapid analysis is some-
times needed (eg, in intensive care units for methicillin-
resistant Staphylococcus aureus, procalcitonin, and rapid
diagnostic testing for bacteria) and for simple home test-
ing such as diabetes and pregnancy. In the intensive care
environment, POCT can improve patient care. For exam-
ple, serial analyses of arterial blood lactate with a hand-
held analyzer, coupled with a specific management
protocol, resulted in a marked reduction in mortality for
infants and neonates undergoing heart surgery.5 It also
has value in diagnosing and treating HIV infection in
resource-constrained countries.6 Recently, the potential
advantages of POCT for international normalized ratio
(INR) monitoring led to the development of guidelines
in Canada for its use in patients on oral anticoagulant
therapy.7

In a review examining the impact of POCT, St. John
concluded that POCT alone is often insufficient to achieve
health benefits and that changes in care processes are also
required.8 However, the advances in POCT over the past
six years indicate a need for additional research to address
the clinical and economic impact of new technologies.
Howick et al’s survey indicated that primary care physi-
cians in Australia, Belgium, The Netherlands, the United
Kingdom, and the United States wanted POCT to help
themdiagnose a range of acute (infections, cardiac disease,
pulmonary embolism/deep vein thrombosis) and chronic
(diabetes, anemia) conditions.9 Of note, the POCT kits
used most frequently in the primary care setting (blood
glucose, urine pregnancy, and urine leucocytes/nitrites)
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only partially correspond with the conditions for which
these physicians would like immediate diagnoses. Al-
though there were differences across countries, there
appeared to be a need for POCT kits to assist clinicians
with immediate decisions regarding urgent referrals or
treatment. What is not yet clear is whether the range of
POCT kits becoming available – from infectious disease
to cholesterol and INR tests – should be performed by
health care professionals in various settings and what de-
mand individuals will have for self-testing andmonitoring
of acute or chronic conditions.

An increasing number of POCT kits and devices are
available for general use (Appendix 1). These allow pa-
tient diagnoses in a pharmacy (eg, streptococcal and in-
fluenza tests), a physician’s office, an ambulance, at
home, or a hospital. The tests may give results directly
or require sending a sample to a central laboratory for
analysis with results returned to the patient or health-care
provider, often within 24 hours. Assuming the results are
accurate and interpreted appropriately, care can then oc-
cur in a timely manner.

REGULATORY ISSUES
Point-of-care testing kits and equipment are consid-

ered “medical devices” and must be evaluated and ap-
proved by government agencies in most countries
before the results can be considered for clinical decision-
making. In theUnitedStates, commercial clinical laboratory
tests are regulated by the Food and Drug Administration
(FDA) to ensure they meet safety and effectiveness stan-
dards. A product is considered safe when its clinical benefit
to thepatient is judged to exceed thepotential risk associated
with using the technology, and effectiveness is established
when clinically significant results can be obtained. Medical
devices are categorized into classes based on the degree of
risk posed to the patient: class I devices pose low risk, class
II devices pose moderate risk, and class III devices pose the
greatest risk. In Canada, a similar process exists and in-
volves obtaining a Health Canada medical device license
as governed by Canada’s Food and Drug Act. Other coun-
tries may accept the FDA decision, have comparable
agencies responsible for approving the use of clinical labo-
ratory tests, or simply allow the use of such kits without
approval.

In the United States, the Centers for Medicare &
Medicaid Services (CMS) regulate all laboratory testing
performed on humans according to the Clinical Labora-
tory Improvement Amendments (CLIA) passed by Con-
gress in 1988. There are three regulatory categories under
CLIA, based on the potential risk to public health associ-
ated with the test of interest. Tests can fall into the waived
category, or into a moderate or high complexity category.

For a test to be considered CLIA-waived, it must employ
sufficiently simple and accuratemethodologies so the risk
of erroneous results is negligible, or there is no significant
risk of harm to the patient if the test is performed incor-
rectly. There are more than 120 waived tests,10 and these
are the types of tests making their way into pharmacy
practice because of their minimal regulatory oversight.

To perform CLIA-waived tests in the United States,
a pharmacy must apply for and maintain a CLIA Certif-
icate of Waiver and CLIA license. This involves filling
out the appropriate form, sending the application to the
State Survey Agency for CMS, paying biennial fees, fol-
lowing manufacturer test guidelines for test procedures
and quality control, and agreeing to inspections by
CMS.11 The amendments state that waived laboratories
must follow “good laboratory practice” when performing
tests, which address issues of proper physical environ-
ment and recording of test results and patient information
in a retrievable file.12 Further considerations for pharma-
cists wishing to perform POCT in pharmacies are stan-
dards set by the US Occupational Safety and Health
Administration (OSHA) as well as any individual state
standards that may exist aimed at ensuring a safe and
healthy work environment for employers. These stan-
dards outline protocols necessary to minimize the risk
of employee exposure to blood and infectious materials
and include the use of personal protective equipment
(eg, gloves, laboratory coats), work practices to prevent
needle-sticks, and provision of hepatitis B vaccination
for employees. Other important requirements relate to
employee training, recordkeeping, and the existence of
an exposure control plan in the event of exposure.12

The number of tests receiving a waiver will increase
as technology improves andmore “noncritical” endpoints
are identified. An example is the genetic test for Bloom
Syndrome that received FDA approval as a “direct-to-
consumer genetic test” in early 2015. Although the dis-
ease is rare, the approval from the FDA is an indicator of
how this agency may proceed with regulating the many
new genetic tests arising from the revolution in DNA
sequencing technology.

A similar revolution is underway in biochemical and
molecular testing where the technology enables simulta-
neous assessment of a wide range of diseases. These lab-
on-a-chip devices may include one or many laboratory
functions on a single chip of only millimeters to a few
square centimeters in size, and use extremely small fluid
volumes. Although not yet available for personal use, lab-
on-a-chip manufacturers promise results in minutes and
that the technology could be used to test for numerous
conditions simultaneously including diabetes, blood dis-
orders,HIV, liver andkidney function, sexually transmitted
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diseases, coagulation disorders, and more. At the same
time, the claims made for such tests are not always
realistic and must be examined rigorously, including
peer-reviewed research.13

ACCESS TO LABORATORY TESTS
All too often, health care is impacted adversely be-

cause the patient finds the care difficult to access, unaf-
fordable, or is reluctant to seek help for other reasons.
This access issue is also endemic in many third world
countries for economic and logistical reasons. POCT
has the potential to empower a broader range of clinicians,
or even the patients themselves, to obtain clinical data,
and thus has the potential to improve diagnoses and
health-care delivery, and to address the challenges of ac-
cessibility and health disparities. It is noteworthy that
a national POCT program inAustralia relating to diabetes
management in an aboriginal population demonstrated
that it provided a convenient and accessible service that
empowered Aboriginal Health Workers to have a direct
role in the care of their diabetes patients.14

In addition to the value of POCT in acute care set-
tings, a desired outcome of using POCT kits in non-
traditional settings is a shift from treating acute disorders
to early detection of disease and prevention. POCT also has
the potential to encourage more effective management of
multiple chronic conditions by providing information on
a patient’s genomics for use in tailoring therapy. Point-of-
care testing may enable more frequent access to critical
data in easily accessible and less expensive medical set-
tings, or even the patient’s home. However, success de-
pends on the development of accurate, inexpensive
devices that are simple to operate. In addition, success
will require regulatory changes, acceptance by pa-
tients, and a focused effort among clinicians, such as phar-
macists, to embrace this opportunity in a collaborative
fashion.

ROLE OF PHARMACISTS
As new tests and technologies emerge, POCT pro-

vides an excellent opportunity for pharmacists to adopt
a greater role in patient care; one that builds upon their
knowledge and expertise in drugs and drug therapy, and
their access to patients. In fact, pharmacists have been
providing POCT, such as those for influenza, streptococ-
cal infections, glycosylated hemoglobin (A1c) and cho-
lesterol screenings, for years.An emerging area of clinical
data where pharmacists will have an explicit and impor-
tant role is pharmacogenomics. Although not yet main-
stream, POCT devices that measure a person’s drug
metabolizing abilities are emerging, and pharmacists, as

medication experts, should be at the forefront of this test-
ing landscape. This area also raises interesting questions
around the potential need for pharmacists to obtain patient
consent for genomic testing.

One model being promoted for engaging pharma-
cistsmore broadly in POCT is “permissionless innovation
in practice.”15 This model asserts that experimentation
with new technologies such as POCT should generally
not require regulatory permission. While intriguing, pa-
tient safety is paramount and a total absence of regulation
seems unlikely. In Alberta, Canada, because any licensed
pharmacist listed in the Provincial Provider Registry has
the authority to order laboratory tests, most pharmacists
can engage in POCT. Other jurisdictions may need to
advocate for additional collaborative practice authority
or other regulatory changes to enable optimal use of
POCT by pharmacists. However, as patients themselves
become involved in POCT through approved (or perhaps
unapproved) kits, this distinction may become blurred.

Weidle et al demonstrated the feasibility of offering
HIV testing in community pharmacies.16 Importantly,
96% of participants accepted the idea of pharmacists per-
forming the tests, which involves a finger-stick. This per-
centage was comparable to acceptance of physicians
performing the test. Point-of-care testing in community
pharmacies in the Netherlands also has been shown to be
feasible for creatinine testing to monitor kidney func-
tion.17 This study used POCT to examine creatinine levels
in a capillary blood sample from elderly patients onmain-
tenance therapy for diabetes or cardiovascular disease
with drugs excreted by the kidney. A pharmacist calcu-
lated the patient’s renal function and the results were used
for adjusting drug dosages. Consultation with the pa-
tient’s physician was done as appropriate. Point-of-care
testing in mental health settings in Minnesota, together
with interprofessional partnerships and pharmacist man-
agement ofmedications,may improve themanagement of
metabolic risks in patients taking antipsychotics.18 Al-
though there was no difference in metabolic syndrome
and related conditions in the control and POCT groups,
the authors concluded that POCT successfully identified
a high proportion of patients with these disorders and that
this information had the potential to improve long-term
risks in these patients.

Overall, pharmacists are well-positioned to provide
POCT to improve patient access to clinical data and en-
hance disease state and medication management pro-
grams.19 Such provision can occur in community and
institutional pharmacy settings and should include an em-
phasis on preventive care. Nevertheless, challenges to
achieving the potential of POCT exist that must be
addressed in the coming years.
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POCT CHALLENGES
Point-of-care testing ordered by a clinician or ob-

tained by a patient through publicly available kits have
their own challenges. Furthermore, how the results are
used in these situationsmay differ. Ideally, the pharmacist
should act in collaboration with the patient and other
health-care professionals to optimize the use of the data
obtained and, consequently, the clinical outcomes.

Physician- and pharmacist-ordered POCT involves
an expanding number of tests. Clinician-managed POCT
has a significant level of control in terms of validity, in-
terpretation, how the results are used, and incorporation of
the results into the patient’s record. However, it is the
patient-obtained POCT that raises themost concerns such
as determining whether such kits are accurate and which
kits can be used by individual patients, where data from
unsanctioned kits would go, what happens if patients
make decisions based on a faulty understanding of the
significance of the results, and how to handle data ob-
tained from monitoring devices such as smart watches.
Answers to these and other questions will be key to the
broader and effective use of POCT.

Probably the greatest concern with POCT is reliabil-
ity. TheCLIA-waived category guarantees simplicity and
that problems adversely affecting patient care pose min-
imal risk, but not reliability. Simplicity is deceptive, how-
ever, and there are many ways a result can be wrong.
Importantly, POCT results may not be comparable to
those from a central laboratory. While the results should
be comparable within the same test system, POCT may
use different technology than that in central laboratories.
Differences in the quality of the specimen, its potential
storage before use, and other technical factors may also
affect the results. As POCT becomes more widely used,
pharmacists are positioned to investigate this critical re-
liability concern through collaborative research projects.

Another major challenge with patient-initiated POCT
is interpreting results. Although “normal” parameters can
be established for all tests, what constitutes normal can vary
and be affected by age, gender, diet, medications, co-
morbidities, etc. Thus, while a nonspecialist (including
the patient) may perform the test, who determines what
action may need to be taken in response to the results is
unclear. Traditionally, physicians order, review, interpret,
andmake clinical decisions based on test results. However,
as POCT expands, physicians will not have the capacity to
view all test results. An alternativemay be pharmacists, the
most accessible health-care professionals,who serve as first
point of contact in terms of providing the test kits and doing
an initial interpretation of the results leading to a care plan
or patient referrals to appropriate follow-up care.

A third significant challenge is taking action on test
results. When a pharmacist does POCT, the patient his-
tory and a physical assessment should take place before
determining whether testing is appropriate. However,
once determined appropriate, it is essential that action
be taken on both normal and abnormal results. This can
involve a direct patient care intervention (ie, starting,
changing, or stopping drug therapy) by the pharmacist,
if within their scope of practice, including advanced
prescribing authority and collaborative arrangement or
referral to an appropriate health care provider. One exam-
ple studied for actionability is POCT results for infectious
diseases. Such testing could benefit patients and repre-
sents an opportunity to expand services in community
pharmacies.1 Interestingly, about 75% of adults who visit
a physician for pharyngitis receive a prescription for an
antibiotic even though less than 5% of such problems
involve bacteria (most pharyngitis is viral).20 Thus, phar-
macists treating only those cases of pharyngitis accom-
panied by a positive strep test would provide more
appropriate therapy.

Although the results of POCT ordered by a clinician,
including pharmacists, should be incorporated into the
patient’s record, connecting POCT devices to an elec-
tronic medical record, or uploading numerical results
from tests performed at home or other noninstitutional
locations, requires a compatible computer interface and
must overcome security and privacy issues. Currently, no
electronic record systems are designed to accept data
from a range of health-care providers and certainly not
from patients themselves. However, with advances in
wireless communication, the way in which patients are
monitored and the data managed will change dramati-
cally. Already, numerous consumer devices exist to mon-
itor exercise, heart rate, and other physiologic parameters.
These devices are creating more personalized health
care,4 something POCT will further and assist with as it
tailors interventions to individual patients. Inevitably, the
role patients take in their own health care will increase,
and it is possible that relevant data from these sourcesmay
become part of a patient’s record.

Increasing the role of patients in their own care is
appropriate and should be encouraged. However, POCT
done by nonprofessionals should be limited to simple and
largely error-proof tests . But even these types of tests will
yield useful data, and problems associated with data in-
terpretation, appropriate action in response to the results,
and communication of results to the patient’s physi-
cian or other relevant health care professionals must be
addressed. Critical future needs include resources to assist
patients in understanding test results (a role pharmacists
ideally fill) and data management systems that can handle
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the POCT results. Until such systems are in place (which
may be a long time), it is likely that patient-initiated
POCT results will remain informational, though will
hopefully stimulate patients to take more formal actions.

FUTURE EDUCATIONAL NEEDS AND
POSSIBILITIES

Training on how to perform POCT is a potential chal-
lenge to their use, although by definition “waived” tests
must be simple to perform. Nevertheless, a perceived bar-
rier to the implementation of POCT services includes in-
adequate education of student and practicing pharmacists.
Standards from CCAPP and ACPE either directly or indi-
rectly mandate education in clinical laboratory tests. How-
ever, while all pharmacy programs teach students about
laboratory test results, no information exists about the de-
gree to which this education should include increased in-
formation about physical assessment, interpretation anduse
of laboratory values, and POCT. A detailed consideration
of curricular needs for POCT for infectious diseases has
been published.21 Further, pharmacy schools may need to
consider their physical environment in the context of offer-
ing POCT training to students. Schools may need CLIA
licensure plus compliance with US and state health and
safety standards in order to train students on POC devices.

Resources for practicing pharmacists to learn about
POCT are increasing rapidly. There are professional
development22 and certificate programs.17,23 More pro-
grams are likely to be developed, and incorporating as-
pects of these programs into pharmacy school curricula
should be considered.

Training for POCT done in an institutional setting
(including schools of pharmacy) should include an in-
creased emphasis on the details about the technology
employed and the advantages and challenges associated
with POCT. Thiswould involve teaching theory and prac-
tice, storage and preparation of patient samples, appropri-
ate quality control, and data recording and interpretation.
At the same time, in jurisdictionswhere necessary, efforts
should be made to change regulations to optimize the use
of POCT in terms of patient care.

CONCLUSION
When pharmacists began to offer immunizations

25 years ago, the rapid uptake of this service by patients
(inAlberta, over 50%ofall flu immunizationsweredone in
pharmacies after only four years)marked a turning point in
the public’s perception of the profession from one focused
on the drug product to one focused on providing a broader
range of health-care services and management. Point-of-
care testing has the potential to take this perception of
pharmacists to an even higher level. Importantly, POCT

provides an opportunity for pharmacists to become more
directly engaged with patients in terms of monitoring and
managing their care. However, realization of this potential
will require a conscious effort of educators to both enhance
the knowledge of student pharmacists and to provide pro-
fessional development opportunities about POCT for those
pharmacists already in practice.
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Appendix 1. Point-of-Care Testing

Commonly used tests
Glucose
Blood gases/electrolytes
Activated clotting time for high dose heparin monitoring
Urine dipsticks including pregnancy
Occult blood
Hemoglobin
Rapid strep

Available but variable use
Cardiac markers
Drug/toxicology
INR/PT
Heparin
D-Dimer test for thromboembolism
Magnesium
Lactate
Transcutaneous bilirubin
Lipids
Hemoglobin A1c
Microalbumin, creatinine
HIV
Influenza
H. pylori
Other bacteria

Emerging and future tests
Complete blood count
White blood cell count
Coagulation for transfusion algorithms
Platelet function
Microbiology – outbreaks, epidemics, MRSA
Endocrine testing to guide surgical therapy
Parathyroid hormone
ACTH
Gastrin
Growth hormone
Testosterone
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Sepsis markers
Stroke markers
Cancer markers
DNA testing

POCT issues
Accuracy and usefulness of tests
Standardization/comparability – quality control
Data management/oversight; interpretation (role for pharmacists)

Patient and health provider access
Where and how are data stored and distributed

Where should POCT be done
Home
Pharmacy
Emergency department
Nursing home
Hospital
Clinic
Physicians’ office

Abbreviations:ACTH5drenocorticotropic hormone; HIV5human immunodeficiency virus; INR5international normalized ratio;
MRSA5methicillin-resistant Staphylococcus aureus; PT5prothrombin time
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