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Abstract

Objectives: Hospital overload is a persistent occurrence in daily practice. Interventions such as point-of-care testing
(POCT) are needed to alleviate the pressure faced by healthcare providers and administrators.
Methods: An invited panel of experts fromSaudi Arabiawas formed under the auspices of the SaudiHeart Association in

order to discuss local treatment gaps in the management of patients receiving anticoagulation therapy. This was done in a
series of meetings, which resulted in the development of official recommendations for the implementation of POCT for
anticoagulation monitoring in the country. Recommendations were based on a comprehensive literature review and in-
ternational guidelines taking into consideration local clinical practice, clinical gaps, and treatment/testing availabilities.
Results: Vitamin K antagonist (VKA)-based anticoagulation therapy requires routine monitoring. POCT is a promising

model of care for the monitoring of International Normalized Ratio (INR) in patients receiving oral anticoagulation in terms
efficacy, safety and convenience. The availability of POC INR testing should not replace the use of standard laboratory
anticoagulationmonitoring.However, there are several indications for implementing POCT INRmonitoring thatwas agreed
upon by the expert panel. POCT for anticoagulation monitoring should primarily be used in the warfarin (or other VKA)
monitoring clinic in order to ensure treatment efficiency, cost-effectiveness of care, patient satisfaction, and quality of life
improvement. The expert panel detailed the requirements for the establishment of a warfarin (or other VKA) monitoring
clinic in terms of organization, safety, quality control, and other logistic and technical considerations. The limitations of
POCT should be recognized and recommendations on best practices should be strictly followed. Core laboratory confir-
mation should be sought for patients with higher INR results (>4.7) on POCT. Proper training, quality control, and regu-
latory oversight are also critical for preserving the accuracy and reliability of POCT results.
Conclusions: POCT enables more rapid clinical decision-making in the process of diagnosis (rule-in or rule-out),

treatment choice and monitoring, and prognosis, as well as operational decision-making and resource utilization. POCT
thus can fulfill an important role in clinical practice, particularly for patients receiving VKAs.

Keywords: Anticoagulation therapy, Point-of-care, Warfarin, Anticoagulation monitoring, Saudi Arabia

1. Introduction

A nticoagulation therapy is needed for in-
dividuals suffering from conditions with a

high risk of venous thromboembolism (VTE) (i.e.

atrial fibrillation (AF)), in order to reduce their risk
of mortality [1,2]. Suboptimal use of guideline-rec-
ommended anticoagulation therapy remains a
global concern, with significant geographical vari-
ability in the use and initiation of oral
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anticoagulants [1,3]. Consistently, both anti-
coagulation control and patient adherence are poor
in clinical practice [1,4]. This should be addressed
seeing as prophylactic anticoagulation therapy is
needed for millions of individuals with elevated risk
of VTE [5]. The Middle East/North Africa region has
one of the highest prevalence of stroke survivors
and most years lost to disability due to ischemic
heart disease [5]. However, data on anticoagulation
therapy remains limited from the Middle East Re-
gion, including Saudi Arabia. Available evidence
reported poor quality of anticoagulation therapy in
Saudi Arabia as patients spend at least 40 % of the
time outside the therapeutic range [6,7]. Patient-
centered initiatives are therefore needed in order to
improve patient knowledge and satisfaction with
treatment, and by extension, increase treatment
adherence and quality of anticoagulation [8e10].
While the introduction of direct oral anticoagu-

lants (DOACs) have affected trends in oral anti-
coagulation use [11e13], the Vitamin K antagonist
(VKA) warfarin is still widely used for several in-
dications. However, the use of warfarin entails
regular monitoring of clotting time through Inter-
national Normalized Ratio (INR) to ensure that the
drug is both safe and effective. However, anti-
coagulation monitoring gaps persist in clinical
practice with detrimental effects on the quality of
anticoagulation [14]. Although conventional labo-
ratory testing have a higher precision and reli-
ability for INR (particularly higher ranges) [15,16],
in-hospital/clinic point-of-care (POC) anti-
coagulation monitoring can still play an important
role in patient management. POC testing (POCT)
coagulometers are used in different settings for
anticoagulation monitoring, such as patient self-
monitoring, anticoagulation clinic POC INR as well
as the rapid determination of activated clotting
time in the operating room and cardiac catheteri-
zation suite [17].
To fulfill the role of POCT, it is critical to establish

clear guidance and policies to ensure careful and
adequate patient selection for POCT in addition to
the organization of the complex logistics and man-
agement needed for the successful and safe use of
POCT coagulometers. This Saudi Heart Association
position statement, therefore, aims to provide
guidance on POC coagulation testing in a hospital/
clinic setting in Saudi Arabia, where the use of this
platform remains limited. Recommendations on
patient selection, POCT logistics, cost-effectiveness
calculation, and future perspectives are offered in an
effort to improve the quality of care of patients
receiving anticoagulation therapy in Saudi Arabia.

2. Methodology

An invited panel of experts from Saudi Arabia was
formed under the auspices of the Saudi Heart As-
sociation as part of ongoing efforts towards the Saudi
vision 2030, which aims to improve community
health and cardiovascular diseases. More specif-
ically, the project was conceived to help develop and
modernize the management of cardiovascular dis-
eases and provide scientific and advisory services to
all healthcare providers. The expert panel partici-
pated in several meetings to discuss local treatment
gaps in the management of patients receiving anti-
coagulation therapy and develop official recom-
mendations for the implementation of POC
coagulation testing for anticoagulation monitoring in
the country. A comprehensive literature review was
conducted with no limits on date or language, using
keywords such as “anticoagulation therapy”, “POC
testing”, “anticoagulation monitoring”, “warfarin”,
and “oral anticoagulants”. Additional references
were identified by searching the reference lists of
retrieved articles and from the authors’ knowledge
of the field. Guidance on POC coagulation testing for
anticoagulation monitors was then developed based
on available literature and international guidelines
taking into consideration local clinical practice,
clinical, gaps, and treatment/testing availabilities.

3. Anticoagulation therapy: options and
management

3.1. Anticoagulants

The main classes of anticoagulants currently used
are heparins (unfractionated heparin (UFH) and low-
molecular weight heparin (LMWH)), VKAs

Abbreviations

AF atrial fibrillation
CAP College of American Pathologists
CLIA Clinical Laboratory Improvement Amendments
COVID-
19 coronavirus disease 2019
DOACS direct oral anticoagulants
FDA Food and Drug administration
INR International Normalized Ratio
LMWH low-molecular weight heparin
POC Point-of-care
POCT Point-of-care testing
QC Quality control
UFH Unfractionated heparin
VKA Vitamin K antagonist
VTE Venous thromboembolism
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(warfarin), and recently, direct oral DOACs. Both
UFH and LMWH are recommended for the phar-
macological VTE prophylaxis, with a preference for
LMWH [18]. Anticoagulation response to heparins is
more predictable and reliable compared to warfarin,
with no requirement for frequent laboratory moni-
toring [19,20]. Since their approval, DOACs have
quickly risen as leading alternatives to the long-
standing standard of care in anticoagulation (VKAs
and heparins). In a thromboembolic setting, DOACs
are more effective, safe, and convenient treatment
options compared to other anticoagulants [21].
Moreover, DOACs typically do not require laboratory
monitoring.
By contrast, the use of warfarin entails close

monitoring, the need for dose adjustments to prevent
adverse drug reactions due to dietary/medication
interference, as well as to account for genetic and
nongenetic interindividual variability in response to
warfarin. Despite this, warfarin continues to be the
only approved drug for some primary and secondary
prophylactic conditions. Warfarin carries a signifi-
cantly higher risk of major bleeding, intracranial
bleeding and gastrointestinal bleeding compared to
other oral anticoagulants [2]. Typically, 1e3% of in-
dividuals treated with warfarin in a clinical trial
setting will experience major bleeding [22,23], but
rates could be significantly higher (up to 7 %) in real-
life practice [24,25]. That being said, bleeding rates
with warfarin eventually decrease as they are highest
in the first few months of treatment.

3.1.1. Local guidelines
VTE is treated in Saudi Arabia based on the Saudi

Health Council's 2021 evidence-based clinical prac-
tice guideline on the screening, prophylaxis and
management of VTE [26]. Pharmacological prophy-
laxis is preferred in the absence of a high bleeding
risk, in which case mechanical prophylaxis could be
considered. Treatment with a VKA or DOACs is
recommended for recurrent VTE, with the need for
periodic review of anticoagulant control, bleeding
episodes and risk of bleeding. Monitoring the effi-
cacy of anticoagulation is necessary; while routine
laboratory monitoring of LMWH is not recom-
mended, therapeutic dosing of UFH should be
monitored. As for INR control in patients receiving
VKA therapy, the Saudi guidelines recommend
selecting the approach that provides the most pre-
cise INR control based on local conditions. Com-
puter-assisted dosing algorithms are recommended,
and patient self-testing and self-management may
be considered for eligible patients and should be
supported by a dedicated and well-trained anti-
coagulation team.

However, there remains a lack of local VTE
guidelines regarding warfarin and POC INR moni-
toring. In Saudi Arabia, the accepted international
guideline is the American College of Chest Physi-
cians Evidence-Based Clinical Practice Guidelines
on Antithrombotic Therapy and Prevention of
Thrombosis [27,28].

3.2. POC monitoring as a promising model of care
for oral anticoagulation in terms of efficacy and
safety

Providing high-quality anticoagulation manage-
ment services improves anticoagulation control, with
settings such as clinical trials and anticoagulation
clinics shown to have the best outcomes [29]. POCT
refers to testing that is performed at the site of clin-
ical care delivery by personnel that are not primarily
trained in clinical laboratory science (including pa-
tients). By contrast, conventional laboratory moni-
toring is done through a structured approach
designed to process many samples simultaneously
using large instruments with different throughput
operated by trained medical technologists.
POC INR testing is approved for VKA monitoring

and can improve the time spent in the INR thera-
peutic range compared with the use of standard
laboratory Prothrombin time/INR [30]. POCT for
INR measurement can be as precise and accurate as
laboratory testing [16,31e35], and can lead to com-
parable VKA-dosing decisions [33,35,36]. POC de-
vices allow more convenient and frequent
monitoring of anticoagulation therapy, inherently
ensuring more patient education on anticoagulation
management [37]. Consistently, improved anti-
coagulation therapy quality was reported in clinical
trials with self-monitoring and self-management, in
addition to a reduction in thromboembolic events
and all-cause mortality (only in self-management)
[38]. POC INR testing in the clinic has been shown
to have better psychological impact on patients
compared to traditional laboratory INR monitoring
[38], leading to high patient satisfaction [40]. POCT
also allows patients to access the necessary care in
critical situations such as global pandemics, pro-
moting adherence to routine monitoring and pre-
serving or improving anticoagulation quality with
high rates of patient satisfaction [41e44].
However, the majority of patients are not optimal

candidates for POC anticoagulation monitoring [37].
Adequate education and training are essential pre-
requisites for the safe and effective use of this
approach. Moreover, experience with POC INR
testing remains rather limited in Saudi literature.
One study compared the efficacy of POC INR
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testing to standard laboratory measurement at a
tertiary care hospital [45]. Results showed that
POCT with validated results is comparable to con-
ventional testing methods while simplifying clinic
workflow, enhancing the patient experience and
convenience (reduced waiting time, immediate
result availability) and providing a less invasive
alternative. That being said, the researchers
cautioned against the reliance on higher INR results
with POC devices, suggesting confirmation with
core laboratory testing.

4. Position statements ePOC anticoagulation
monitoring

4.1. Clinical indications for POCT in
anticoagulation monitoring

The availability of POC INR testing should not
replace the use of standard laboratory anti-
coagulation monitoring. However, there are several
indications for implementing POCT INR moni-
toring, namely:

1 Patients taking warfarin or other VKAs, for AF,
VTE, mechanical heart valve or other indications
where POC would be used.

2 For patients treated with VKAswho aremotivated
and can demonstrate competency in POC moni-
toring, including the usual outpatient and home
INR monitoring (Patient Self-Management).

3 In the out-patient setting in case of busy anti-
coagulation clinic (i.e. limited time and staff,
more than 24 h from blood sample collection till
INR results); the use of POCT can reduce waiting
time, improve the efficacy of clinical services and
ensure patients receive the appropriate treat-
ment for their condition in a timely manner
[45e47].
4- In case of patients from remote areas with
difficulty attending the anticoagulation clinic; the
use of POCT is a convenient alternative for lab-
oratory INR testing and provides patients in
remote and rural areas access to rapid and
effective care [48].
5- In the ER setting in case a patient presents with
bleeding and requires immediate action; POCTs
can be essential as part of goal-directed algo-
rithms for coagulation therapy optimization
during emergency situations and/or with
massively blood loss [49,50].
6- In the Operating Room setting in case there is
bleeding with a need to evaluate INR during
surgeries; POCT provides rapid and reliable re-
sults for patient blood management during

surgery and can improve outcomes, and decrease
the number of needed transfusions [51e55].
7- In situations when normal clinical services are
inaccessible, such as lockdown during epidemics;
POCT INR can be used in drive through locations
to provide patients with the necessary anti-
coagulation monitoring. POCT anticoagulation
monitoring can improve adherence to routine
monitoring in addition to maintaining or in some
cases improving anticoagulation quality all while
ensuring patient satisfaction [41e44].

4.2. Frequency of INR monitoring

The frequency of INR monitoring depends on the
risk of VTE in each individual patient as well as the
treatment phase (initiation or maintenance phase);
the initiation phase of warfarin requires more
frequent monitoring, with slight variation between
the hospital (daily) and outpatient (weekly) settings.
More frequent monitoring is needed for patients with
high thrombotic risk (e.g. deep vein thrombosis and
renal failure), patients with supratherapeutic or sub-
therapeutic INR, patients initiating/discontinuing/
changing medication with known interactions with
warfarin.
Overall, once INR anticoagulation dose and INR

are stable and patients enter the maintenance phase
of therapy, INR can be safely monitored every 4e6
weeks. For patients taking VKA therapy with
consistently stable INRs, the American College of
Chest Physicians guidelines suggest an INR testing
frequency of up to 12 weeks rather than every 4
weeks [28]. Moreover, the guidelines suggest that in
case of a single out-of-range INR of 0.5 below or
above therapeutic in patients taking VKAs, current
anticoagulation dose can be continued and INR be
retested within 1e2 weeks [28].
INR testing requires many hospital and laboratory

visits which increase the cost of management and
affect the quality of life of patients and can results in
more absence from work and schools. Despite this,
there are currently no formal guidelines on the
optimal frequency of INR testing with POC moni-
toring devices in the context of patient self-testing
and patient-self management.

4.3. Warfarin monitoring clinic

4.3.1. Goals
Achieving optimal efficacy and safety are the two

main goals of the warfarin monitoring clinic. As for
optimal safety, it is reliant on continuously
educating patients and providers alike, adopting a
multidisciplinary approach for patient care
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management and reducing adverse events, ER visits
and hospitalizations.
The secondary goal consists of, cost-effectiveness

of care, patient satisfaction and quality of life
improvement.

4.3.2. Purpose and standard precautions/safety
POCT is intended as a useful tool for healthcare

practitioners who need to make immediate and
informed decisions about patient care and man-
agement. All patient and laboratory specimens
should be treated and handled as such according to
standard precautions. Vaccination of POCT users is
recommended in compliance with organizational
requirements. Disinfection of POCT devices should
be undertaken according to manufacturer
recommendation.

4.3.3. Organization
There is an organizational structure that should

identify qualified personnel who will be responsible
in pre-analytical, analytical and post-analytical as-
pects and phases of POCT (patient or client prepa-
ration, test performance, reporting of results and
critical results) as well as the POCT management in
particular.
It is important to consider that POCT may vary

depending on the healthcare system in Saudi Ara-
bia. Regulatory requirements should be considered
early before creating a POCT program.

4.3.3.1. POCT program director. The POCT program
director is the overseeing authority for the overall
operation and administration of POCT. The re-
sponsibility of the director includes the involvement
of the selection of instruments and tests, in charge of
training and evaluation of personnel competence in
performing POCT tests, recording and reporting of
results in a timely manner, accurately, completely,
quality management of operational process, and
safety.
The director serves as the liaison between the

laboratory and the patients. The director needs to
develop and carry out the program as well as the
test needed. It is the POCT director's responsibility
to ensure that all POCT processes are implemented
in accordance with applicable regulatory, accredi-
tation local, national, and organizational
requirements.
The director of POCT is ultimately responsible for

all oversight of a POC program. The Clinical Labo-
ratory Improvement Amendments (CLIA) re-
quirements for Technical and/or Clinical Consultant
must be met in the director of POCT. In general,
credentials held by directors of POCT include

doctorate (PhD) in the biological or physical sci-
ences or a medical doctor/doctor of osteopathic
medicine (MD/DO). Additionally, directors of POCT
hold certification by an appropriate board (clinical
chemistry or pathology) for the conduction of these
tasks. The responsibilities of the director of POCT
consist of quality management (establishing and
monitoring quality metrics), compliance with regu-
latory and accreditation standards, technical trou-
bleshooting, evaluation of analytical method,
training operators and assessing their competency,
evaluation of new POCT requests, review and
approval of policies and procedures related to
POCT.

4.3.3.2. POCT coordinator. A successful POCT pro-
gram greatly depends on the availability of qualified
laboratory staff. The POCT coordinator should be an
experienced medical technologist licensed by the
Saudi Commission for Health Specialties, with
adequate training in the use of POCT devices. The
POCT coordinator will perform duties related to
quality, training, assessment, review of reports etc.
associated with the POCT program. Responsibilities
generally include:

� Management and supervision of the POCT
program

� Fulfillment with regulatory and accreditation
standards

� Guaranteeing fulfillment with the policies and
procedures

� Operator training and competency assessment
� Quality management establishment
� Registration and participation in approved pro-
ficiency testing

4.3.3.3. POC site manager. The site manager oversees
day to day operation of POCT program. The site
manager ensures that all POCT instruments are
functioning and POCT is performed by certified
users according to POCT policy.

4.3.3.4. POCT users. The POCT users are assigned to
perform POCT. They are non-laboratory personnel
that need to be trained in performing POCT testing.
All staff using POCT equipment will receive initial
training prior to use of the machine. After training,
device operator/POCT user will have competency
and must be assessed at periodic time intervals
depending on the complexity of the test [56].
All POCT users must be suitably trained, maintain

the knowledge and skills that enable them to
perform POCT, and work within the scope of
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practice and competencies. Testing personnel are
also recommended to participate not only in
training but also in education updates [57].
Training and Competency for POCT Users:
Training must be provided for all healthcare

providers who use POCT devices. Ensuring that
only trained and competent users access the POCT
device. The training of POCT users should include
all manufacturer and facility necessities, including
the pre-analytical and post-analytical steps to
ensure accuracy throughout the testing process.
Training needs to include:

1. Quality control (QC) (e.g. frequency, documen-
tation, troubleshooting of out-of-range controls)

2. Patient testing (e.g. type of specimen requires,
specimen handling, result reporting and
documentation)

3. Privacy of patient and client information
4. Preventive maintenance
5. Demonstration, practice, and troubleshooting of

instrument operation.
6. Due to the importance of patient safety, the

correct identification for POCT should be one of
the main training objectives [56].

The competency of POCT practitioner performing
waived or nonwaived should be assessed at a
required frequency. Competency for nonwaived
testing, such as INR, must be assessed, during the
first year of an individual's duties at least semi-
annually; after an individual has performed his/her
duties for one year, competency must be assessed at
least annually; retraining and reassessment must
also occur when problems are identified with an
individual's performance. All six elements listed
below must be covered during each assessment.
Training records must be retained for a minimum of
two years. After the initial two-year period, records
of successful ongoing competency assessments
maybe used in lieu of training records (as per the
POCT Checklist of the College of American Pa-
thologists (CAP) Accreditation Program).
For waived test systems, it is not necessary to

assess all six elements listed below at each assess-
ment event. The POCT program may select which
element to assess.

1. Direct observations of routine test performance,
including as applicable, patient identification
and preparation; and specimen collection,
handling, processing, and testing.

2. Monitoring test result recording and reporting,
including critical results if applicable.

3. Review of intermediate results or worksheets,
quality control records, proficiency testing re-
sults, and preventive maintenance records.

4. Monitoring of instrument maintenance and
function checks.

5. Assessment of test performance through testing
previously analyzed specimen, internal blind
testing samples, or external proficiency samples.

6. Evaluation of problem-solving skills.

4.3.4. Benefits and advantages
POCT mainly provides accurate and timely test

results that effectively contribute to make immedi-
ate informed decisions about individual care. POC
coagulation testing allows rapid patient in-
terventions; POC Prothrombin time/INR analyzers
provide immediate, actionable results. This expe-
dites patient management and reduces a warfarin
anticoagulant therapy patient's visit from 3 hours or
more to as few as 30 minutes. Moreover, POCT
minimizes the visits to the Warfarin clinic and
POCT can be used regardless of geographic differ-
ences [58]. A number of studies have shown that
POCT does not have a different effect on the
outcome by geographic location [58]. POCT ensures
greater convenience and satisfaction for patients
because of the speed of diagnosis and treatment
decisions while also providing more opportunities
for patients to engage with the practice team [57].

4.3.5. Selecting equipment/INR POCT instrument
Selecting and purchasing the testing equipment

should be determined in advance. Part of the POCT
program is establishing a policy or procedure for
purchasing POCT equipment that is fit for purpose
in the clinical setting.
The first step in the implementation process is to

contact the manufacturer or the suppliers of the
measurement procedures and instruments to get
information on the specification, costs, QC, and
training needs. Upon review of the manufacturer's
literature or manual, manufacturer's representative
will be contacted to teach personnel with the de-
vices. Evaluation of POCT INR/Coagulation ma-
chine will be suggested. Evaluation includes
precision, accuracy, and heparin study (as needed
for other coagulation tests like activated partial
thromboplastin time, activated clotting time-low
range, activated clotting time plus). The amount of
consumables needed for the evaluation should be
considered beforehand with the manufacturer.
Challenges, advantages, and comments should be

discussed and documented after evaluation of the
machine or kit(s) and could include:
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� Size of the machine
� Food and Drug administration (FDA) approval
� Maintenance requirements/planned preventa-
tive maintenance

� Easy to use and to operate
� Connectivity/WiFi/USB/Middleware
� Operator and QC lockout
� Calibration requirements
� Calibration Verification/Linearity Materials
(nonwaived)

� Optimum capacity of battery when fully charged
(if applicable)

� Cost analysis report to calculate the direct and
indirect cost of the service (study of the total
cost-effectiveness might help decision making/
device selection (direct and indirect cost) [59])

� Sample requirement and amount of sample
needed.

� Method of sample collection and processing (is it
invasive or non-invasive method of collection?
Can the sample be used directly from the
collection container?)

� Frequency of QC
� Storage conditions, shelf-life and amount of
consumables/reagents

� Other consumables (Syringe and single-use auto
disabling finger prick)

� External quality assurance program
� Memory of the device for sample storage and
number of users

� Accessories (printer, barcode scanner)
� Alpha-numeric keys response (Touch screen or
buttons)

� Lancet and fingerpick specification

The selection of instrument is optimized when
operators who are knowledgeable about laboratory
testing and have tested the suggested instrumen-
tation or kit(s) are part of the decision making
process [56].

4.3.6. Method validation
Validation is to confirm by examination and to

obtain objective evidence that the particular re-
quirements for a specific intended use are fulfilled.
It is the responsibility of the manufacturer and
laboratory to ensure that the testing devices and
related equipment perform as expected for their
intended use.
The analytical performance requirements of the

lab must be defined prior to implementing a new
POCT service or device. POCT through newly
introduced FDA-approved, nonwaived tests/
methods have go through thorough investigation
prior to reporting of patient results.

As applicable, validation should include the study
and acceptance of the following: 1) accuracy (veri-
fication of comparability of results), 2) analytic pre-
cision, 3) analytic sensitivity (detection limit); 4)
analytic specificity/interference, 5) reportable range
of patient test result/the analytical measurement
range (AMR), and 6) reference interval validation
(normal values-ranges).
Non-FDA cleared, modified, or Lab Developed

Tests need to be assessed for all of the above-
mentioned performance measures before patient
test result reporting, as applicable. Interfering sub-
stances may be obtained from manufacturers or
published literature (for more information, please
refer to CAP All Common Checklist 2020).
To start with method validation, formulating a

plan may be considered, including the following
elements:

1. Name of Analyzer and analyzer type
2. Type of test/s (quantitative)
3. Measurement items/analyte (INR)
4. Sample type (fresh whole blood) and number of

samples needed for validation
5. FDA approval
6. Consumables needed to be provided by com-

pany (QC materials and strips/cuvettes for pre-
cision, accuracy/comparison, linearity, normal
values-ranges)

7. Date machine received or delivered in the area
8. Start date of validation
9. Target date of completion (validation)

10. Challenges and comments
11. Contact person from company and communi-

cation trail

Appropriate software (such as MS Excel, EP
evaluator, Analyze-it, etc.) can be used to analyze
and document validation study and to achieve
standardization of key performance characteristics
in the documentation of analytical assays. The vali-
dation spreadsheets should contain the following
statement, “This validation study has been reviewed
and the performance of the method/test is accept-
able for patient testing”, as per CAP requirement.

4.3.7. Quality system
Responsibilities for the implementation of POCT

for analytical and non-analytical assays must be
defined in the quality system. The POCT supervi-
sor/POCT Coordinator is the one assigned and has
the authority to take responsibilities for 1) formu-
lating policies and implementation, 2) establishing
protocols to prevent the spread of infection, 3) staff
education/training and POCT operational activities,
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4) overall quality system of POCT performance and
POCT devices, 5) monitoring internal quality con-
trol performance of POCT users, 6) keeping the in-
house inventory of the required POCT consum-
ables/reagents and 7) record keeping.
A periodic review of policies and procedures must

be at least annually. Auditing of POCT services in
clinical areas will be conducted by POCT co-
ordinators to ensure compliance and corrective ac-
tion will be discussed (if there is any). Enrolling and
participating in a proficiency testing/external qual-
ity assessment (EQA) program such as that offered
by the CAP is a requirement. However, if unable to
participate in proficiency testing, an alternative
assessment procedure for the affected analyte
should be implemented (See All Common Checklist
CAP Accreditation Program 2020).
12 quality essentials should be evident in the

POCT program as described by the Clinical and
Laboratory Standards Institute, as well as ISO 15189.
The 12 quality essentials are organization,
personnel, equipment, purchasing and inventory,
process control, information management, docu-
ments and records, occurrence management,
assessment, process improvement, customer ser-
vice, and facilities and safety.
As previously mentioned, studies report the reli-

ability of POC INR readings in comparison to
standard laboratory based method of INR
[16,31e35]. In one study, the INR values by POCT
method were significantly correlated to the standard
laboratory method with correlation coefficient of
0.875 [60]. This strong correlation was more evident
at lower INR readings (<2.5) with differences
ranging between 0,1e0.3. However, the disagree-
ment between the two methods was more often
observed with higher INR values; the difference
between POC and laboratory INR measurement can
be up to 1.0 for INR values between 2.5 and 4.5 and
can reach 2.0 for INR values higher than 4.5.
This was confirmed in a published local Saudi;

results indicated that caution is needed with regard
to higher INR results (>4.7), which call for core
laboratory confirmation [61]. It is therefore essential
to know the limitation of the POCT method in order
to generate safe guidelines for clinical practice.
Based on the published data about the accuracy of
POCT, it is not clear which INR cut-off value should
be used to consider a repeat of the test by conven-
tional laboratory methods. While it is important to
standardize the POCT procedure from sample
collection to analysis and also ensure the adequate
quality of the instrument, guidelines are needed on
when to consider repeating INR POCT by labora-
tory methods in specific cases such as:

� high INR level >4.0,
� fluctuating results between visits,
� major change in the warfarin dose,
� a clinical episode of bleeding and thrombosis
despite POCT INR values being within thera-
peutic range.

It is recommended to consider INR of 4.7 as the
cut-off point that mandates a repeat INR test using
conventional laboratory methods.

4.3.8. Workplace/POCT site
A safe and secure area is essential to ensure

effective POCT test performance. The POCT site
must address to all aspects of POCT such as POCT
test performance, POCT device location, Internet/
Wifi for connectivity, phlebotomy chair (as appli-
cable), equipment maintenance and equipment
function checks including documentation, reagent
storage and consumables, patient sample storage
and records, pre-testing counselling, specimen
testing, result reporting and critical results report-
ing, waste management as well as safety
requirement.
All POCT equipment must be operated by a

trained/certified POCT user only. In the event of
machine failure, there must be a contingency plan to
continue operation with validated backup devices
provided by the POCT lab. A copy of the Operator's
Manual should be readily available near the POCT
device in addition to a list of certified competent
POCT users.

4.3.9. Connectivity
When electronic medical records are available in-

patient care setting, suitable connectivity must be in
place between the test system and the medical in-
formation system to ensure POCT results are
incorporated into the medical record. This will
guarantee the availability of test results anytime for
health care providers. If connectivity is not avail-
able, the POCT user can record the results manually
following the hospital policy of results documenta-
tion and reporting of critical results.
Using a middleware for POCT machine might

help the POCT coordinators manage the device and
POCT operators. The middleware receives data
from the connected POCT devices and can send the
patient results to the laboratory/hospital informa-
tion system. POCT coordinators are able to manage
and quickly resolve issues related to device perfor-
mance. One can also adjust device settings using the
middleware. The use of middleware plays an
important role in managing QC violation and cali-
bration issues. Corrective actions can be done
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remotely. QC data, Levey Jennings chart, and cali-
bration data, audit trail, and analyzer messages can
be saved and can be extracted if needed for docu-
mentation and investigation purposes.

5. Conclusions

POCT enables more rapid clinical decision mak-
ing in the process of diagnosis (rule-in or rule-out),
treatment choice and monitoring, and prognosis, as
well as operational decision making and resource
utilization. POCT thus can fulfill an important role
by helping address the pressures faced by health-
care providers and administrators, particularly in
the emergency department. Hospital overload and
delayed clinical action are faced on a daily basis in
clinical practice. While this issue is multifactorial,
one of its main drivers is the overflooding of
emergency departments. By implementing POCT,
better clinical follow up and earlier discharge can be
ensured by improving the efficiency of hospital
departments. This is achieved through the reduction
of the number of people that need to be admitted,
be it to the emergency department or any other
department. That being said, the limitations of
POCT should be recognized and recommendations
on best practices should be strictly followed. Core
laboratory confirmation should be sought for pa-
tients with higher INR results (>4.7) on POCT.
Proper training, quality control and regulatory
oversight are also critical for preserving the accu-
racy and reliability of POCT results.
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[14] Emren ZY, Şen€oz O, Erseçgin A, Emren SV. Evaluation of
bleeding rate and time in therapeutic range in patients using
warfarin before and during the COVID-19 pandemic-
warfarin treatment in COVID-19. Clin Appl Thromb Hemost
2021;27. https://doi.org/10.1177/10760296211021495.

[15] Kim YS, Choi JW, Song SH, Hwang HY, Sohn SH, Kim JS,
et al. Comparison of the international normalized ratio be-
tween a point-of-care test and a conventional laboratory test:
the latter performs better in assessing warfarin-induced
changes in coagulation factors. Ann Lab Med 2023;43:
337e44. https://doi.org/10.3343/ALM.2023.43.4.337.

[16] Bonar R, Mohammed S, Favaloro EJ. International normal-
ized ratio monitoring of vitamin K antagonist therapy:
comparative performance of point-of-care and laboratory-
derived testing. Semin Thromb Hemost 2015;41:279e86.
https://doi.org/10.1055/S-0035-1549091.

[17] Wool GD. Benefits and pitfalls of point-of-care coagulation
testing for anticoagulation management: an ACLPS critical
review. Am J Clin Pathol 2019;151:1e17. https://doi.org/
10.1093/AJCP/AQY087.

[18] Schünemann HJ, Cushman M, Burnett AE, Kahn SR, Beyer-
Westendorf J, Spencer FA, et al. American Society of Hema-
tology 2018 guidelines for management of venous thrombo-
embolism: prophylaxis for hospitalized and nonhospitalized
medical patients. Blood Adv 2018;2:3198e225. https://doi.org/
10.1182/BLOODADVANCES.2018022954.

[19] McRae SJ, Ginsberg JS. Initial treatment of venous throm-
boembolism. Circulation 2004;110. https://doi.org/10.1161/
01.CIR.0000140904.52752.0C.

[20] Andras A, Tenna AS, Stewart M. Vitamin K antagonists
versus low-molecular-weight heparin for the long term
treatment of symptomatic venous thromboembolism.
Cochrane Database Syst Rev 2017;2017:1e83. https://doi.org/
10.1002/14651858.CD002001.PUB3/MEDIA/CDSR/
CD002001/IMAGE_N/NCD002001-CMP-010-03.PNG.

[21] Lee JJ, Ha ACT, Dorian P, Verma M, Goodman SG,
Friedrich JO. Meta-analysis of safety and efficacy of direct
oral anticoagulants versus warfarin according to time in
therapeutic range in atrial fibrillation. Am J Cardiol 2021;140:
62e8. https://doi.org/10.1016/J.AMJCARD.2020.10.064.

[22] Ezekowitz MD, Bridgers SL, James KE, Carliner NH,
Colling CL, Gornick CC, et al. Warfarin in the prevention of
stroke associated with nonrheumatic atrial fibrillation. Vet-
erans Affairs Stroke Prevention in Nonrheumatic Atrial
Fibrillation Investigators. N Engl J Med 1992;327:1406e12.
https://doi.org/10.1056/NEJM199211123272002.

[23] Granger CB, Alexander JH, McMurray JJV, Lopes RD,
Hylek EM, Hanna M, et al. Apixaban versus warfarin in

patients with atrial fibrillation. N Engl J Med 2011;365:
981e92. https://doi.org/10.1056/NEJMOA1107039.

[24] Mercaldi CJ, Ciarametaro M, Hahn B, Chalissery G,
Reynolds MW, Sander SD, et al. Cost efficiency of anti-
coagulation with warfarin to prevent stroke in medicare
beneficiaries with nonvalvular atrial fibrillation. Stroke 2011;
42:112e8. https://doi.org/10.1161/STROKEAHA.110.592907.

[25] Hylek EM, Evans-Molina C, Shea C, Henault LE, Regan S.
Major hemorrhage and tolerability of warfarin in the first
year of therapy among elderly patients with atrial fibrillation.
Circulation 2007;115:2689e96. https://doi.org/10.1161/
CIRCULATIONAHA.106.653048.

[26] Saudi Health Council. Evidence-Based Clinical Practice
Guideline: Screening, Prophylaxis and Management of
Venous Thromboembolism (VTE). 2021.

[27] Stevens SM, Woller SC, Kreuziger LB, Bounameaux H,
Doerschug K, Geersing GJ, et al. Antithrombotic therapy for
VTE disease: second update of the CHEST guideline and
expert panel report. Chest 2021;160:e545e608. https://
doi.org/10.1016/J.CHEST.2021.07.055.

[28] Holbrook A, Schulman S, Witt DM, Vandvik PO, Fish J,
Kovacs MJ, et al. Evidence-based management of anticoag-
ulant therapy: antithrombotic therapy and prevention of
thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines. Chest 2012;141:
e152Se84S. https://doi.org/10.1378/CHEST.11-2295.

[29] Van Walraven C, Jennings A, Oake N, Fergusson D,
Forster AJ. Effect of study setting on anticoagulation control:
a systematic review and metaregression. Chest 2006;129:
1155e66. https://doi.org/10.1378/CHEST.129.5.1155.

[30] Canadian Agency for Drugs and Technologies in Health.
Point-of-care testing of international normalized ratio for
patients on oral anticoagulant therapy. Syst Rev Econ Anal
2014:1e152.

[31] Plesch W, Van Den Besselaar AMHP. Validation of the in-
ternational normalized ratio (INR) in a new point-of-care
system designed for home monitoring of oral anticoagulation
therapy. Int J Lab Hematol 2009;31:20e5. https://doi.org/
10.1111/J.1751-553X.2007.00998.X.

[32] Plesch W, Wolf T, Breitenbeck N, Dikkeschei LD, Cervero A,
Perez PL, et al. Results of the performance verification of the
CoaguChek XS system. Thromb Res 2008;123:381e9. https://
doi.org/10.1016/J.THROMRES.2008.04.021.

[33] Christensen TD, Larsen TB. Precision and accuracy of point-
of-care testing coagulometers used for self-testing and self-
management of oral anticoagulation therapy. J Thromb
Haemost 2012;10:251e60. https://doi.org/10.1111/J.1538-
7836.2011.04568.X.

[34] Meneghelo ZM, Barroso CMQ, Liporace IL, Cora AP.
Comparison of the international normalized ratio levels ob-
tained by portable coagulometer and laboratory in a clinic
specializing in oral anticoagulation. Int J Lab Hematol 2015;
37:536e43. https://doi.org/10.1111/IJLH.12333.

[35] Dillinger JG, Si Moussi T, Berge N, Bal Dit Sollier C,
Henry P, Drouet L. Accuracy of point of care coagulometers
compared to reference laboratory measurements in patients
on oral anticoagulation therapy. Thromb Res 2016;140:66e72.
https://doi.org/10.1016/J.THROMRES.2016.02.006.

[36] Colella MP, Fiusa MML, Orsi FLA, De Paula EV, Annichino-
Bizzacchi JM. Performance of a point-of-care device in
determining prothrombin time in an anticoagulation clinic.
Blood Coagul Fibrinolysis 2012;23:172e4. https://doi.org/
10.1097/MBC.0B013E32835029BF.

[37] Wells PS, Brown A, Jaffey J, McGahan L, Poon M-C,
Cimon K. Safety and effectiveness of point-of-care moni-
toring devices in patients on oral anticoagulant therapy: a
meta-analysis. Open Med 2007;1:e131.

[38] Heneghan CJ, Garcia-Alamino JM, Spencer EA, Ward AM,
Perera R, Bankhead C, et al. Self-monitoring and self-man-
agement of oral anticoagulation. Cochrane Database Syst Rev
2016;7. https://doi.org/10.1002/14651858.CD003839.PUB3.

[39] Riva N, Xuereb CB, Ageno W, Makris M, Gatt A. Patients’
satisfaction associated with portable coagulometers for

JOURNAL OF THE SAUDI HEART ASSOCIATION 2023;35:290e300 299

O
R
IG

IN
A
L
A
R
T
IC

L
E



warfarin monitoring: a cross-sectional study. Blood Transfus
2020;18:386e95. https://doi.org/10.2450/2020.0005-20.

[40] Kong MC, Lim TG, Ng HJ, Chan YH, Lee LH. Feasibility,
cost-effectiveness and patients’ acceptance of point-of-care
INR testing in a hospital-based anticoagulation clinic. Ann
Hematol 2008;87:905e10. https://doi.org/10.1007/S00277-008-
0530-8.

[41] Rezaei Bookani K, Minga I, Chander M, Hankewych K,
Plassmeier M, Tafur A. Drive-through model for anti-
coagulation clinics during the COVID-19 pandemic. Clin
Appl Thromb Hemost 2020;26. https://doi.org/10.1177/
1076029620947476.

[42] Zobeck B, Carson E, MacDowell M, Hunt A, Reeder A.
Appointment attendance and patient perception of drive-up
INR testing in a rural anticoagulation clinic during the
COVID-19 pandemic. J Am Coll Clin Pharm JACCP 2021;4:
459e64. https://doi.org/10.1002/JAC5.1390.

[43] Giver J, Dunn AL, Sankar A, Stanek J, Monda K, Canini J,
et al. Drive-through anticoagulation clinic during the
COVID-19 pandemic. J Nurse Pract 2022;18:92e6. https://
doi.org/10.1016/J.NURPRA.2021.08.026.

[44] Alhmoud EN, Abd El Samad OB, Elewa H, Alkhozondar O,
Soaly E, El Anany R. Drive-up INR testing and phone-based
consultations service during COVID-19 pandemic in a
pharmacist-lead anticoagulation clinic in Qatar: monitoring,
clinical, resource utilization, and patient-oriented outcomes.
J Am Coll Clin Pharm JACCP 2021;4:1117e25. https://
doi.org/10.1002/JAC5.1469.

[45] Bhat M, Abuzied Y, Fagih Z, Wani T, Gawan I, Andalay EM,
et al. Efficacy of point-of-care for INR testing compared to
standard laboratory methods at a tertiary care hospital in
Saudi Arabia. Glob J Qual Saf Healthc 2020;3:98e104. https://
doi.org/10.36401/JQSH-19-36.

[46] Rahsepar S, Jahromi MSS, Abiri S, Akhavan R, Akhavan H,
Abbasi B, et al. Point-of-care tests’ role in time metrics of
urgent interventions in emergency department; a systematic
review of literature. Arch Acad Emerg Med 2022;10. https://
doi.org/10.22037/AAEM.V10I1.1817.

[47] Kankaanp€a€a M, Raitakari M, Muukkonen L, Gustafsson S,
Heitto M, Palom€aki A, et al. Use of point-of-care testing and
early assessment model reduces length of stay for ambula-
tory patients in an emergency department. Scand J Trauma
Resusc Emerg Med 2016;24. https://doi.org/10.1186/S13049-
016-0319-Z.

[48] Dahm MR, McCaughey E, Li L, Westbrook J, Mumford V,
Iles-Mann J, et al. Point-of-care testing across rural and
remote emergency departments in Australia: staff per-
ceptions of operational impact. Stud Health Technol
Inform 2017;239:28e34. https://doi.org/10.3233/978-1-614
99-783-2-28.

[49] Lier H, Vorweg M, Hanke A, G€orlinger K. Thromboelas-
tometry guided therapy of severe bleeding. Essener Runde
algorithm. Hamostaseologie 2013;33:51e61. https://doi.org/
10.5482/HAMO-12-05-0011.

[50] Bolliger D, Tanaka KA. Point-of-care coagulation testing in
cardiac surgery. Semin Thromb Hemost 2017;43:386e96.
https://doi.org/10.1055/S-0037-1599153.

[51] Deppe AC, Weber C, Zimmermann J, Kuhn EW, Slottosch I,
Liakopoulos OJ, et al. Point-of-care thromboelastography/
thromboelastometry-based coagulation management in car-
diac surgery: a meta-analysis of 8332 patients. J Surg Res
2016;203:424e33. https://doi.org/10.1016/J.JSS.2016.03.008.

[52] Wikkelsø A, Wetterslev J, Møller AM, Afshari A. Throm-
boelastography (TEG) or thromboelastometry (ROTEM) to
monitor haemostatic treatment versus usual care in adults or
children with bleeding. Cochrane Database Syst Rev 2016;
2016. https://doi.org/10.1002/14651858.CD007871.PUB3.

[53] Wikkelsoe AJ, Afshari A, Wetterslev J, Brok J, Moeller AM.
Monitoring patients at risk of massive transfusion with
thrombelastography or thromboelastometry: a systematic
review. Acta Anaesthesiol Scand 2011;55:1174e89. https://
doi.org/10.1111/J.1399-6576.2011.02534.X.

[54] G€orlinger K, Dirkmann D, Hanke AA, Kamler M,
Kottenberg E, Thielmann M, et al. First-line therapy with
coagulation factor concentrates combined with point-of-care
coagulation testing is associated with decreased allogeneic
blood transfusion in cardiovascular surgery: a retrospective,
single-center cohort study. Anesthesiology 2011;115:1179e91.
https://doi.org/10.1097/ALN.0B013E31823497DD.

[55] Fitch JCK, Mirto GP, Geary KLB, Byrne DW, Hines RL.
Point-of-care and standard laboratory coagulation testing
during cardiovascular surgery: balancing reliability and
timeliness. J Clin Monit Comput 1999;15:197e204. https://
doi.org/10.1023/A:1009934804369.

[56] CLSI. Essential Tools for Implementation and Management
of a Point-of-Care Testing Program. 3rd ed 2016. Wayne, PA.

[57] The Royal Australian College of General Practitioners.
Standards for point-of-care testing. 5th ed. East Melbourne,
Vic: RACGP; 2018.

[58] Laurence C, Gialamas A, Yelland L, Bubner T,
Glastonbury B, Beilby J. Point of Care Testing in General
Practice Trial Final Report. 2009.

[59] Garay OU, Gui~nazú G, Adamczuk YP, Duboscq C. Cost-utility
and budget impact analysis of implementing anticoagulation
clinics and point-of-care monitoring devices in anticoagulated
patients in Argentina. PharmacoEconomics e Open 2022;6:
657e68. https://doi.org/10.1007/S41669-022-00352-4.

[60] Najmi Muhammad N, Abd Razak R, Chui Wei F, Rahayu
Othman S, Ishak M, Amirul Arif Yaakub M, et al. Compar-
ative Evaluation of International Normalized Ratio (INR)
Monitoring Between Point-Of-Care (POC) and Laboratory-
Based Testing Methods in Patients Receiving Warfarin
Therapy in Sultanah Nur Zahirah Hospital n.d.

[61] Bhat M, Abuzied Y, Fagih Z, Wani T, Gawan I, Andalay EM,
et al. Efficacy of point-of-care for INR testing compared to
standard laboratory methods at a tertiary care hospital in
Saudi Arabia. Glob J Qual Saf Healthc 2020;3:98e104. https://
doi.org/10.36401/JQSH-19-36.

300 JOURNAL OF THE SAUDI HEART ASSOCIATION 2023;35:290e300

O
R
IG

IN
A
L
A
R
T
IC

L
E


