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Abstract— Heart failure (HF) is the most rapidly growing 

cardiovascular condition with an estimated prevalence of >37.7 

million individuals globally.  HF is associated with increased 

mortality and morbidity and confers a substantial burden, in 

terms of cost and quality of life, for the individuals and the 

healthcare systems, highlighting thus the need for early and 

accurate diagnosis of HF. 

The accuracy of HF diagnosis, severity estimation and 

prediction of adverse events has been improved by the utilization 

of blood tests measuring biomarkers.  The contribution of 

biomarkers for HF management is intensified by the fact that they 

can be measured in short time at the point-of-care.  This is allowed 

by the development of portable analytical devices, commonly 

known as Point-of-Care Testing (POCT) devices, exploiting the 

advancements in the area of microfluidics and nanotechnology. 

The aim of this review paper is to present a review of POCT 

devices used for the measurement of biomarkers facilitating 

decision making when managing HF patients.  The devices are 

either commercially available or in the form of prototypes under 

development.  Both, blood and saliva samples are considered. The 

challenges concerning the implementation of POCT devices and 

the barriers for their adoption in clinical practice are discussed. 

I. INTRODUCTION 

Heart failure (HF) is an important cardiovascular disease and 

a cause of death of 17.7 million people yearly, a number that 

corresponds to 31% of all global deaths according to a report 

provided by the World Health Organization (WHO) [1].  The 

HF demonstrates high prevalence rates (approximately 1-2% of 

the adult population).  This figure exceeds 10% among people 

>70 years old.  The lifetime risk of HF at age >55 years is 33% 

for men and 28% for women [2, 3].  The increased healthcare 

costs, that have been associated with HF, are due to recurrent 

cardiovascular and non-cardiovascular events and repeated 

hospitalizations that occur during the course of the HF disease.  

The economic burden that is posed by HF, in combination with 

the demographic shift towards an ageing population with high 

prevalence of chronic diseases, make HF a significant threat for 

society, necessitating the early diagnosis of the disease and 

consequently the application of the appropriate interventions, as 

well as monitoring of the disease [2]. 

The measurement of biochemical markers, indicative for 

initial evaluation of HF, risk stratification, screening and 

therapy monitoring of HF patients, contribute towards this 

direction.  A short presentation of biomarkers that have been 

emerged in HF literature and are either used in clinical practice 

or being under study is provided in Section II.  The 

measurement of biomarkers’ concentration is achieved using 

non-invasive or invasive techniques allowing either the 

detection of the same biomarker at a different time or the 

detection of different biomarkers at the same time [4].  The 

analysis of samples is mainly performed in centralized 

laboratory settings where bench-top analyzers, operated by 

trained personnel, are utilized and blood is mainly used.  The 

clinical laboratory testing pathway includes steps such us 

sample transport, processing of specimen (e.g. clotting, 

centrifugation etc.) and aliquoting processes, which increase the 

turnaround time of the results and consequently the need for 

physicians to remember a case after results come from the 

laboratory, the time for the delivery of diagnosis and the 

provision of treatment and the complexity of the workflow. 

The need to: (i) make healthcare more patient-centered, (ii) 

reduce hospital admissions, (iii) decrease hospital length of 

stay, (iv) improve access to and quality of care, (v) increase 

provider and patient satisfaction, (vi) take care of a larger 

population of elderly patients with multiple chronic conditions, 

(vii) optimize clinical efficiency and staff time, in combination 

with the laboratory staff shortages, the push toward 

decentralized laboratory testing, and the rapid evolution of 

microfluidics and lab-on-a-chip technologies, are the factors 

driving  the development and the evolution of the Point-of-Care 

Testing (POCT) devices which  collect the sample and perform 

the analysis in the same location.   

POCT can be defined as any biochemical diagnostic test that 

takes place outside the central laboratory and near to the patient 

or at the patient’s bedside.  More specifically, according to 

Sheppard et al. [5], “POCT refers to pathology testing 

performed in a clinical setting at the time of patient 

consultation, generating a test result that contributes to an 

immediate informed clinical decision being made and acted 

upon for patient care”.  Beside fast turnaround time facilitating 

decision making of medical staff, POCT offers several other 

advantages not only for the patient but also for the healthcare 

centers and healthcare systems.  Those advantages contribute 

significantly to the adoption of POCT in a variety of fields 

including glucose measurements, pregnancy testing, screening 

of infectious diseases, blood parameters measurements, as well 

as the detection of cardiovascular diseases. 

This study presents a review of POCT devices either 

available in the market or in the form of prototypes, as well as 

the challenges associated with its implementation and the 

barriers for their adoption in clinical practice.  The systematic 

literature review was based on sources like: i) PubMed, ii) 

Scopus, iii) Science Direct, iv) Google Scholar and v) Web of 

Science (WoS) using as keywords the phrases “point-of-care 
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testing”, “near patient testing”, “bedside testing”, each in 

conjunction with heart failure.  The studies reported in the 

literature were selected based on the following criteria: i) focus 

on heart failure, ii) concern the analysis of blood or saliva 

samples, iii) are written in English, iv) are published from 2000 

(inclusive) until present and v) cover different geographical 

locations.  Studies not fulfilling more than one of the above 

mentioned criteria were excluded.  A diagram of the search 

strategy that was followed for each one of the abovementioned 

sources is presented in Appendix 1. 

The rest of the paper is organized as follows.  In Section II 

biomarkers related to HF are presented.  Section III provides 

information regarding the criteria the POCT devices should 

fulfil and the taxonomy of POCT devices based on different 

aspects (e.g. size, area of use, underlying detection principle, 

analyzer etc.).  Section IV describes the available POCT 

devices utilized in HF disease management.  Section IV is 

divided in two parts: the first one describes POCT devices 

analyzing blood samples and the second part presents POCT 

devices performing analysis on saliva samples.  Section V 

reports challenges concerning the implementation of POCT 

devices and the barriers for their adoption in clinical practice.  

Finally, conclusions and future trends are presented in Section 

VI. 

II. ROLE OF BIOMARKERS IN HEART FAILURE 

The understanding of the role of biomarkers for the 

prevention, assessment, and management of HF has gained the 

interest of HF community.  There is growing body of consistent 

literature supporting the use of biomarkers in the assessment of 

the risk for incident of HF, the diagnosis, the prognosis of 

adverse events, the prevention and the guidance of HF treatment 

[6-8].  The biomarkers can be grouped according to their 

pathophysiological mechanism to the following categories [6]: 

i) neurohormones, ii) markers for extracellular matrix 

remodeling, iii) inflammatory mediators and markers of 

oxidative stress, iv) myocyte injury and myocyte stress, v) other 

biomarkers.  Biomarkers belonging to the above mentioned 

categories are: B-type natriuretic peptide (BNP), N-terminal 

proBNP (NT-proBNP), C-reactive protein (CRP), cardiac 

troponin I or T(cTn-I or cTn-T), interleukin (IL-1, IL-6, IL-10, 

IL-33), tumor necrosis factor alpha (TNF-α) and receptors, 

growth differentiation factor 15 (GDF-15), gelatinase-

associated lipocain -3 (GAL-3), soluble suppressor of 

tumorgenicity 2 (sST2), ST2 membrane-bound receptor 

(ST2L), pentraxin 3 (PTX3), procollagen I intact N-terminal 

(PINP), procollagen I C-terminal propeptide (PICP), type III 

procollagen peptide (PIIINP), insulin-like growth factor-1 

(IGF-1), insulin growth factor-bind protein 7 (IGF-7), G-

protein coupled receptor kinase-2 (GRK-2), matrix 

metalloproteinase (MMP), tissue inhibitor of matrix 

metalloproteinase (TIMP), carboxy-terminal telopeptide of 

collagen type I (CITP), myotrophin, leptin, adiponectin, 

ghrelin, apelin, cystatin-C.  Furthermore, standard laboratory 

markers such as sodium, blood urea nitrogen, serum creatinine, 

hemoglobin, leukocyte count, total lymphocyte count, serum 

albumin, total bilirubin, uric acid and red blood cell distribution 

width are measured. 

Monitoring the concentration of the aforementioned 

biomarkers in the blood can provide significant clinical 

information about the management of HF.  The role of BNP and 

NT-proBNP testing is already included in the task force of the 

European Society of Cardiology and American Heart 

Association guidelines for confirming or refusing the diagnosis 

of HF, as well as for the stratification of long-term risk profiles.  

A summary of the recommendations/suggestions for the 

utilization of the biomarkers reported in a scientific statement 

from the American Heart Association (AHA) [6] and in the 

guidelines of the National Academy of Clinical Biochemistry 

Laboratory (NACBL) [7] is provided in Table I.  

The biomarkers that are utilized in clinical practice are BNP, 

NT-proBNP, CRP, cTn-I and cTn-T.  These biomarkers are 

measured either in laboratory settings or using POCT devices 

by analyzing blood samples.  However, recently the utilization 

of saliva as a liquid biopsy has gained the attraction for the 

detection of a broad range of oral and systemic diseases [9].  

Saliva is a complex fluid that can act as a “mirror of body 

health” since it includes informative proteins and peptides that 

can be measured in a fast, easy, non-invasive and low cost way.  

Salivary diagnostics, exploiting the fact that saliva is easy to 

store and ship, does not clot and can reflect the current 

pathophysiological state of an individual, emerged recently and 

a large number of studies are presented in the literature 

demonstrating the relation between the concentrations of 

specific saliva biomarkers with the detection of cardiovascular 

diseases [10, 11].  More specifically, soluble vascularization 

cellular adhesion molecule-1, troponin I, growth related 

protein-alpha, epithelial cell-derived neutrophil-activating 

peptide 78, creatine kinase-myoglobin, CRP, MMP-9, 

myeloperoxidase (MPO), myoglobin, TNF-α, soluble CD40 

ligand, IL-1β, IL-6, soluble intracellular adhesion molecule, 

adiponectin, leukotriene B4, prostaglandin E2, NT-proBNP, 

cTn-I, BNP, monocyte chemoattractant protein-1, unstimulated 

whole saliva, and cortisol has been studied [10-17].  Focusing 

on HF, NT-proBNP, TNF-α and cortisol have demonstrated 

diagnostic and prognostic capacity [18, 19]. 

In order to be used in clinical practice the biomarkers should 

fulfil the following criteria: i) allow accurate and reproducible 

measurements, ii) can be measured in short time, iii) can be 

measured in reasonable cost, iv) provide validated clinical 

information not already available, v) their performance is 

superior to other available tests, vi) can facilitate clinical 

decision making and enhance the provided clinical care, and vii) 

the assay should be easy to perform and analyze [4]. 

III. POINT-OF-CARE TESTING DEVICES 

A. Application of POCT devices 

POCT devices make use of miniaturized versions of 

laboratory technologies, allowing many clinical pathology 
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based tests to be performed in a range of settings and in many 

fields of medicine [20]. 

The use of POCT devices has advantages affecting not only 

the patient but also the POCT operator, the medical practitioner, 

the health service, the healthcare systems and society.  The main 

advantage of POCT is the short time of generation of results and 

thus the early initiation of treatment.  Furthermore, the 

collection of samples is less stressful and almost noninvasive, 

allowing the individual to observe the whole process increase 

the levels of his/her self-motivation, self-screening and 

adherence to medication.    The earlier screening of the disease 

and provision of personalized treatment results to improved 

patient care, earlier discharge from the hospitals and to the 

decrease of patient visits [5, 20].  The above mentioned 

advantages contribute towards better monitoring and 

management of epidemics, reducing waiting time targets and 

lowering the costs for the healthcare insurances and the 

healthcare systems.  The POCT devices simplify and make less 

expensive the management of samples, minimize the risk of 

sample contamination and allow the incorporation of the less 

specialized personnel to the test performance.  Finally, due to 

their portability, POCT devices provide access to advanced 

medical technologies in the developing world or remote 

locations, ease the installation of mobile field hospitals and are 

available to community events such as health screening days, 

health promotion activities and disease awareness programs 

fostering community engagement, capacity building and 

resilience [5, 20]. 

B. Required features of POCT devices 

POCT devices should follow the so called ASSURED 

guidelines defined by the World Health Organization (WHO) 

[21], an acronym extracted by the words Affordable, Sensitive, 

Specific, User friendly, Rapid and Robust, Equipment free, 

Delivered.  More specifically, each POCT device should 

address the needs of the user in a clinically and cost-effective 

manner (Affordable by those at risk of infection), provide the 

results in short turnaround time and there is no need for 

refrigerated storage (Rapid and robust), while the delivered 

results contain minimal false negatives (Sensitive and minimal 

false positives - Specific).  Additionally, POCT devices should 

be easily used by a spectrum of users, lay persons to highly 

trained, and the test requires a minimum number of steps (User 

friendly) in order to be performed.  Finally, POCT devices 

should not require complex equipment (Equipment free) and 

they are accessible to end users (Delivered).  The ASSURED 

criteria should be achieved, as far as possible, by the nine key 

design elements of POCT devices: 1) operator interface, 2) 

sample delivery device, 3) bar code identification system, 4) 

reagent storage and availability, 5) sensors to detect the 

measurement reaction, 6) control and communication systems, 

7) data management and storage, 8) manufacturing 

requirements, 9) reaction cell [22]. 

C. Taxonomy of POCT devices 

The large number of POCT devices currently available on the 

market does not allow an analytical presentation of them.  

However, an overview of the different types of POCT devices 

and a taxonomy of them according to: i) size and portability, ii) 

complexity/risk of harm, iii) type of the provided results, iv) 

type of specimen under testing, v) analytes, vi) test format, vii) 

reagent, viii) detection process, ix) data transfer technology is 

presented below [5]. 

D. Size and portability 

POCT devices come in various sizes and shapes, from small 

portable systems to heavy bench-top automated analyzers 

which are barely smaller than central mainframes. Most of the 

POCT analysis can be performed by the patient himself and 

consists of small handheld apparatus. The most representative 

of these, is the glucose-meter which is widely used by diabetic 

patients to manage their glycaemia. Bench top monitors are 

mainly located in primary care centers, clinics or hospitals.  

They host more complex technologies that allow more accurate 

results to be delivered. 

E. Complexity/risk of harm 

The POCT devices can be either classified as “low”, 

“moderate” or “high” complexity based on Clinical Laboratory 

Improvement Amendments (CLIA) Act 1988 or classified as 

In-Vitro Device of class I (IVD-class I) to IVD-class IV based 

on the risk posed to the health of the general public or the 

individual [5]. 

F. Type of the provided results 

The results provided by the POCT devices can be: i) 

quantitative, a number in a specified unit of measurement, ii) 

qualitative, an indication for the presence or not of the disease, 

iii) semi-quantitative where a range of concentrations within 

which the results lay is provided [5]. 

G. Type of specimen under testing 

Specimen types that can be measured by a POCT device 

include blood, urine, saliva, semen, sweat of breath, genital, 

nasal or throat swabs and faeces with the first two being the 

most common [5]. 

H. Analytes, Reagents and detection process 

A POCT device can detect a large variety of target analytes 

(e.g. small molecules, enzymes, proteins, cells, infectious 

agents, drugs of abuse, cardiovascular biomarkers etc.).  The 

detection process of analytes consists of one or two main steps: 

i) recognition of the analytes to be tested, ii) detection of the 

resultant signal.  Target analytes interact with one or more 

reagents in order to be revealed.  Reagents can be classified to 

chemo-sensors and bio-sensors.  In the first case, a chemical 

indicator or a binding molecule is used in order a chemical 

reaction to take place, while in the second case, an antibody or 

enzyme is used in order analytes to be recognized. 
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In systems where higher precision or quantification of 

analytes is needed, a detection process follows the reaction step.  

The detection process can be performed using either 

photometric-optical or electrochemical methods.  

Spectrophotometry, reflectometry, immune-chromatography, 

surface plasmon resonance, turbidimetry are common optical 

methods.  Electrochemical techniques include potentiometry, 

amperometry and impedancemetry.  Optical methods are based 

on the quantitative measurement of the reflection or 

transmission properties of a material or light as a function of 

wavelength.  Electrochemical methods are based on the 

measurement of the electrical energy produced due to the 

movement of electrons from one element to another.  Field 

effect transistor based immune-sensors are also an efficient 

solution for the quantification of the bio interaction of target 

analytes and antibodies capturing of antigen into an electric 

signal.  The main advantages of these transducers are high 

sensitivity and selectivity, label-free detection, real-time 

response, cost-effective fabrication, ease of miniaturization and 

integration [23]. 

I. Testing format 

The three main testing formats employed in POCT devices 

are: i) single-use, qualitative or semi-qualitative testing strips or 

cups, ii) single-use testing strips or test receptacles with a 

reading (or monitoring) device and iii) multi-use quantitative 

testing cartridges with a larger bench-top reading or monitoring 

device.   Characteristic examples of the first category of testing 

format are dipsticks and lateral flow immune assay (LFIA) test 

strips.  Urine dipsticks, consisting of a series of reagent pads, is 

an indicative example.  Strips based on LFIA can be further 

grouped to competitive and sandwich.  The main difference of 

these two LFIA formats concern the correlation of the response 

with the amount of analyte in the sample.  LFIA strips consist 

mainly of sample application area, conjugate release pad, 

detection zone and absorbent pad.  The second type of testing 

format (single-use testing strips or test receptacles with a 

reading or monitoring device) includes cartridge, cassette, 

cuvette and rotor containers.  A reading device is required for 

monitoring the reaction and measuring-quantifying the signal in 

short turnaround time. 

J. Systems of integration of detection process 

Systems integrating detection process components are: i) 

paper-based, ii) lab on a chip (LOC), iii) bead-based, iv) nucleic 

acid.  Paper-based systems are in general easy to use and low-

cost.  Home pregnancy tests, glucose detectors and lateral flow 

immunoassays for infectious diseases are the most prevalent 

tests based on this technology.  In general, no containers are 

required to collect samples and very few amount is drawn from 

the body (less than one micro liter of capillary blood for 

example) by means of adapted tools (swabs, needles etc.).  The 

most widespread systems that host paper-based technologies 

are dipsticks and strips.  Results are mainly qualitative and 

consist of a color or mark which is interpreted by the test 

operator by means of a reference table.  This technology 

suffered, for a long time, from poor accuracy and 

reproducibility mainly due to uncertainties engendered by the 

capillary spread of the sample toward the sensing sites, which 

cannot be precisely controlled, and due to degradation or 

contamination of the samples during the flow process.  To 

address these issues, different solutions have been developed.  

Reader systems, such as CCD camera colorimeters, can 

significantly improve the interpretation of the test and provide 

a mean to quantify its results.  The recent advances and state of 

the art in paper-based analytical devices is presented in [24].  

Control of the sample and reagent flow can also be done with 

the help of microfluidics [25-27].  Detection of multiple 

analytes is also made easier and more precise with this 

technology.  The use of fluorophore, QDot or magnetic particles 

as reporter particles, are typical efficient strategies to enhance 

the detection sensitivity [28].  Vashist et al. [29] also mentions, 

among others, the use of acoustic fields and the application of 

thermal contrasting techniques. 

Progress in miniaturization has led to the possibility of 

integrating all the components that are necessary to perform a 

complete analysis on a single chip. The size of this chip is 

generally few square millimeters. Any sort of detection or 

sample handling technologies can be implemented as long as 

they are small enough to fit on the chip. Microfluidics is a 

prominent example [25-27].  LOC platforms take a great 

advantage of it and can reproduce all sorts of flow control 

operations that can be done in a central laboratory, with very 

much fewer amount of sample [30]. 

Systems which do not use LOC or paper based systems are 

mostly large bench-top equipment.  They are often capable of 

detecting more than one analytes at once and the technologies 

that are used are similar to those found in central laboratories 

and have benefited from advanced miniaturization and 

automation techniques.  Bead-based and nucleic acid systems 

are representative examples.  Beads coated with antibodies, of 

size in range of 10 to 100 micro meters, are used to capture 

targets markers.  After this step, different strategies can be 

applied to detect the bound beads. Underlying principles behind 

them are: i) the analysis of physical properties of beads like 

color, size or shape and ii) the detection of labelled reporter 

particles that bound to the bead-bound antigen.  Array 

configuration of microbeads are also used for multiplexed 

analysis. 

Point of care for nucleic acid testing are processed on large 

bench-top equipment that host highly complex DNA handling 

technologies.  As pointed out by Hart et al. [31], their sensitivity 

is 3 to 4 times higher than immunoassays.  In comparison to 

other POCT systems, the procedure for the full analysis requires 

much more steps as DNA needs to be extracted and purified, 

and nucleic acids have to be isolated and duplicated by 

enzymatic or isothermal amplification.  There is large number 

of different reagents and washing liquids and microfluidics is 

widely employed to handle the complexity of the flow controls 
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of them.  All these aspects imply that the average turnaround 

time is much longer (almost 90 min). 

K. Data transfer technology 

Connectivity is a major feature of POCT equipment and it is 

considered as one of the major drivers of the POCT market as 

it greatly facilitates: i) the quality control, ii) the identification 

of testing personnel, iii) the management of the patient medical 

record, iv) the access to the results from all staff on the care 

team through a healthcare network, v) timely and optimal care 

decisions, vi) the inclusion of POCT data in analytics needed 

for the risk stratification and population health statistics, vii) the 

timely diagnosis and treatment, viii) the automatic billing.  

Moreover, sharing of POCT results with the laboratory and 

hospital information system (LIS, HIS) addresses data loss 

concerns which could occur once the patient is no longer at the 

testing location or when the internal memory of the POCT 

device is fully loaded and it should be cleaned in order to host 

new results.  Additionally, data transfer allows the analysis of 

measurements in distant calculation servers or through 

dedicated mobile applications developed in order to support 

patients’ management.  The mobile application can either 

directly communicate with the POCT device or retrieve the 

necessary information (biomarker values) form LIS, and the 

electronic health record more specifically, once they have been 

transferred there from the POCT device.  The interconnectivity 

approaches mentioned above presuppose the development of a 

computer interface or a middleware, ongoing maintenance, as 

well as a proprietary data management.  Furthermore, as 

applicable to any lab test, correct display of results has to be 

verified.  The possibility for the information technology (IT) 

staff not to understand the POCT and therefore try to 

consolidate all methods into one general test display should be 

diminished.  The challenge is how to best integrate POCT data 

[32]. 

Thanks to the POCT Connectivity Standard (POCT1-A), the 

data management is standardized which means that no specific 

manufacturer constraints exists in terms of connectivity.  Many 

POCT devices offer cabled, bidirectional interfaces with the 

LIS such as RS232 or USB to PC communication.  Some of 

them can even send and receive information wirelessly, the 

most common protocol being Bluetooth.  Another solution is 

barcode scanner [33].  It reduces identification mistakes from 

manual entry drastically.  Almost all of the large handheld and 

bench top devices are equipped with this system.  It allows the 

scanning of containers (type, lot, expiration date), patients’ and 

users’ identification codes, QC data (QC material, lot, basis, 

expiration date, target values, etc.) and any other alphanumeric 

code.  Thus, barcode scanners make the entry of information 

easier, compared to manual typing.  They integrate a decoder 

which is preprogrammed to read code types such as UPC-, 

EAN-, or code 128.  Failure of scanners must be avoided at all 

cost as it forces the staff to type data manually which increases 

errors. That is why the medical staff should be trained to use 

them properly, since training lead to an optimal scanner 

performance and a non-use of manual entry. 

IV. POINT-OF-CARE TESTING DEVICES FOR HEART FAILURE 

A. Point-of-care testing devices analyzing blood samples 

POCT for detection of biomarkers in cardiovascular diseases 

exists since 25 years [34].  A sandwich immunoassay technique 

was first implemented providing qualitative results.  The 

separation of plasma from blood is a necessary pre-processing 

step in order capturing of biomarkers by the antibodies to be 

achieved.  A volume of 100 micro liters of venous blood is 

usually drawn from the patient for the analysis to be performed.  

The procedure followed in paper based tests has known 

noticeable improvements due to the adjunction of an optical 

reader or microfluidics capabilities.  The size of POCT devices 

dedicated to the detection of cardiovascular biomarkers varies 

from large handheld to benchtop system with the latter having 

greater sensitivity.  For the majority of the POCT devices, the 

turnaround time is about 20 minutes.   

As mentioned in Section II among the most common 

validated biomarkers for HF are cardiac troponins (cTnI and 

cTnT) and NT-proBNP.  The level of cardiac troponins in the 

blood provide information regarding the damage of the 

myocardium, while NT-proBNP is useful for risk determination 

and screening of patients presenting symptoms of acute HF 

[34].  Although POCT utilization for the measurement of 

troponin is available for nearly 20 years and the POCT for 

troponin comply with the recommended 1h procedure for the 

rule-in and rule-out of the patients, the high sensitivity troponin 

assays used in the central laboratory settings prohibit their 

adoption.  According to Wu [34], POCT devices for troponin 

are not able to detect the normal level of troponin in healthy 

patients.  There are very few commercial devices with 

performances that are almost equivalent to those of high 

sensitive and precise analyzers.  Contrary to troponin, detection 

of natriuretic peptides can be assessed in POCT with the same 

efficacy as with central laboratory platforms.  Measurement of 

these biomarkers has numerous advantages for healthcare 

management in emergency departments (time and cost savings, 

screening efficiency etc.) as demonstrated by Muller et al. [34].  

Shephard et al. [5] concludes that central testing will 

undoubtedly be abandoned for this application. 

Besides cardiac troponins and NT-proBNP and BNP, 

nowadays there are both qualitative and quantitative 

commercial POCT devices for myoglobin, creatine kinase-

muscle/brain (CK-MB), and other markers [36-47].  A short 

comparison of the POCT devices that are available in the 

market and provide quantitative measurements of 

cardiovascular biomarkers by analyzing blood samples is 

presented in Table II and Table III covering different aspects of 

the POCT devices.  The performance measures of these devices 

(measurable range, limit of detection, limit of quantification, 

cut-off points and/or reference range) for each one of the 

detected biomarkers in the blood are presented in Table IV.  As 
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far as established clinical threshold values of those biomarkers 

are concerned, according to the authors knowledge they are 

reported only for natriuretic peptides as follows: (i) Normal 

Range:<300, (ii) Age < 50 years: NT-proBNP >450 pg/mL - 

HF likely, (iii) Age 50-75 years: NT-proBNP >900 pg/mL – HF 

likely, (iv) Age >75 years: NT-proBNP >1800 pg/mL – HF 

likely [2]. 

B. Point-of-care testing devices analyzing saliva samples 

The identification and detection of salivary biomarkers for 

the determination of the risk, the severity of a disease, as well 

as the response to treatment gain the interest of researchers and 

convert salivary diagnostics to an emerging field [11].  This is 

due to the fact that [48, 49]: (i) saliva collection process is non-

invasive causing minimal discomfort and anxiety and thus 

improves patient compliance for testing, (ii) a small volume of 

sample is needed, (iii) the use and exposure to chemical 

reagents is limited, (iv) the device utilized for the analysis is 

disposable and low-cost, (v) the processing time is very rapid 

and the process is performed automatically, (vi) the saliva is a 

complex fluid that can act as a diagnostic medium for a range 

of oral and systemic diseases such as diabetes, periodontal 

diseases, caries, oral cancer, Sjogren syndrome, oral squamous 

mucous fibrosis, hepatitis, human papilloma virus, chronic 

obstructive pulmonary disease and acute myocardial infarction 

[9].   

The saliva fluid consists of various enzymes, nuclei acids, 

electrolytes, proteins, cytokines, antibodies, antimicrobial 

constituents and hormones the analysis of which reflect the 

body health or disease.    Among the major salivary diagnostic 

toolboxes are proteomes, metabolomes, genomes, microbiomes 

and immunologic.  A presentation of the salivary diagnostic 

toolboxes is provided in [9, 50].   

The potential of salivary biomarkers in combination with the 

advantages of POCT lead to the development of salivary 

biomarker-based POC platforms.  The measurement of 

molecular level of biomarkers in the form of proteins, DNA, 

mRNA and electrolytes is based on the application of 

microfabrication techniques.  A representative example is 

microfluidics or micro/nanoelectromechanical systems 

(MEMS/NEMS).  The current emerging technologies 

(biosensors, fluorescent biosensors-FRET biosensor, biological 

microelectromechanical systems, microfluidics-paper based 

technology, electric field induced release and measurement 

EFIRM, smartphone based biosensors) facilitate the application 

of point-of-care diagnostics for ‘‘lab-on-a-chip” for the 

simultaneous detection of diseases [9]. 

Focusing in the area of cardiology, salivary diagnostics play 

an important role in the risk assessment for cardiovascular 

diseases in people with insulin resistance and acute myocardial 

infarction [11].  Salivary biomarkers reported as diagnostic and 

screening factors for persons with cardiovascular disease 

include Soluble vascularization cellular adhesion molecule-1 

(sVCAM-1), Troponin I (TnI), Growth related protein-alpha 

(Gro-α), Epithelial cell-derived neutrophil-activating peptide 

78 (ENA-78), CK-MB, CRP, MMP-9, MPO, MYO, TNF-α, 

Soluble CD40 ligand (sCD40L), IL-1β, IL-6, Soluble 

intracellular adhesion molecule (sICAM-1), Adiponectin 

(Adip), Leukotriene B4 (LTB4), Prostaglandin E2 (PGE2), NT-

proBNP, cTnI, BNP, Monocyte chemoattractant protein-1 

(MCP-1) [50-57].  The relation between salivary biomarkers 

with specific cardiovascular disease is depicted in Table V. 

Some initial research in salivary-based POC platforms for the 

detection of acute myocardial infraction [17] concluded that 

complementary to ECG, saliva-based tests within lab-on-a-chip 

systems may provide a convenient and rapid screening method 

for cardiac events.  The LOC presented in [58] is based on the 

electronic taste chip (ETC) approach.  A sandwich-type 

immunoassay is used for the measurement of CRP on the ETC 

LOC system.  A detecting antibody is used to visualize the 

bead-capture analyte.  The chemical and immunological 

reactions take place on and within the interior regions of 

microspheres positioned in the inverted pyramidal micro-

chamber wells of the microchip, while a microfluidic system 

controls the flow of a reagents and washes. Detection of the 

captured analyte is achieved either in fluorescence or 

colorimetric modes.  The optical signal generated on the beads, 

in both modes, is visualized and captured by a charge-coupled 

device (CCD) video chip, positioned above the array, along 

with the use of transfer optics.  A LOC multiplexed test is 

presented in [17] that is based on modifications of the 

procedures and methods followed in [58] for optimized used in 

multiplexed Acute Myocardial Infarction (AMI) diagnosis.   

More specifically, multiplex LOC-based immunoassays for the 

detection of CRP, IL-1β, MYO and MPO are described.  

According to the study of Floriano et al. [17] the salivary 

biomarkers that carry important information for the diagnosis 

of AMI are CRP, sICAM-1, sCD40L, MPO, MMP-9, TNF-α, 

MYO, IL-1β, adiponectin, and RANTES.  Further, 

optimizations and improvements lead to the development of a 

programmable bio-nanochip (P-BNC) system presented in [59].  

It includes microelectronic components, microfabrication 

techniques, and nanotechnology to noninvasively measure 

multiple cardiovascular biomarkers.  The system is 

characterized as (i) “programmable” since the sensor can be 

reprogrammed to serve a new application by just inserting 

biomarker-specific reagents, (ii) “bio” due to the bio-signatures 

measurement and extraction capability, (iii) “nano” since it is a 

miniaturized system that can be integrated in to nano-networks 

and quantum dots, and (iv) “chip” due to the fact that mass-

production of the senor elements is allowed.  The P-BNC 

system can measure soluble analytes (through bead micro-

creators), as well as cell counting, typing, and differentiation 

(through membrane micro-structures).  Finally, in the 

HEARTEN project [60-62], an integrated electrochemical 

biosensor was developed for the detection of TNF-α and 

cortisol biomarkers in real saliva, as a diagnostic medium for 

HF application [63].  The silicon chips, that constitute the 

biosensor, is bonded to a standard printed circuit board using 

wire bonding between the pads on the chip and the printed 
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circuit board [64].  A protective epoxy resist is added to protect 

the wire bonding interconnects. The biosensor includes a metal 

working microelectrode, a counter electrode based on platinum 

and Silver/Silver Chloride as a pseudo-reference electrode.  

Electrochemical impedance spectroscopy was used for the 

electrochemical characterization of the individual cytokines 

[65].  The inflammatory response of recombinant human 

proteins TNF-α and cortisol were measured in Phosphate 

buffered saline (PBS). 

V. CHALLENGES - BARRIERS RELATED TO POCT SYSTEMS 

POCT systems moved clinical diagnostic testing closer to the 

patient and allowed measurement of biomarkers to be 

performed outside the traditional central laboratory.  POCT 

systems reduced turnaround time of laboratory analysis of data, 

permitted the immediate access to the test results and 

consequently allowed rapid patient treatment.  Although, the 

POCT systems have gained the attraction of healthcare 

professionals, the excitement of this technology is often lost and 

the utilization of POCT systems in hospital-based clinics is 

limited.  This is due to an assortment of obstacles (real and/or 

perceived) concerning the development and mainly the 

adoption of the POCT systems [66].  Initially, the technology 

that underpinned the POCT device utility was the major 

impending factor.  However, the great progress of technological 

tools, allowing fabrication of MEMS, which integrate micro-

chemical, micro-electronic and micro-fluidics structures, in one 

system have turned the focus to the clinical value of the data 

derived from POCT and how it is recorded and integrated 

within the care pathway [66].  According to Quinn et al. [66] 

and Wiencek et al. [67] the challenges - barriers related to the 

adoption of the POCT systems can be grouped to the following 

four categories: 

(i) the device performance and data management issues.  

The inconsistencies in test results between POCT and central 

laboratory testing, the lack on interoperability between POCT 

devices and electronic medical record, as well as usability 

issues (i.e. interface, clarity of output, calibration and reference 

sources) of POCT devices impend their adoption. 

(ii) the quality assurance and the regulatory issues related 

to POCT systems.   The impediments to POCT implementation 

and adoption are the complex regulatory requirements related 

to accreditation and testing of POCT devices, the quality issues 

that appear due to misuse of POCT by users that are not trained 

or lack the appropriate competencies, the required frequency of 

quality control along with the necessary documentation, the 

cleaning and disinfection processes that should be performed, 

the documentation of the POCT results and the harmonization 

among central laboratory instruments and methods and POCT, 

as well as between different models of POCT devices. 

(iii) staffing and operational issues.  The barriers for the 

uptake of POCT devices belonging to this category are: (a) the 

inappropriate use of POCT, the reduced levels of staff 

satisfaction, leading, in some cases, to friction between clinical 

and laboratory staff groups, (b) the misuse of POCT reagents, 

(c) the reluctance of laboratory system to release the quality 

control and quality assurance responsibilities to a clinician, 

most probably, not formally trained, (d) the changes induced, 

by the utilization of POCT, in the clinical pathway and 

workflow, (e) the lack of the appropriate management structure 

for the accommodation of POCT systems and (f) the resistance 

of organization to change health service practice. 

The inappropriate use of POCT, which might end to wrong 

results, is accompanied by medico-legal implications.  The 

knowledge and understanding, by the POCT users, of the 

analytical principles, the quality assurance issues, the liability 

issues, the limitations of use, as well as of the interpretation of 

results are essential in order to achieve a reliable performance 

of the test.  The support that is provided by the relevant 

laboratory department can contribute toward this direction [68].  

Additionally, users of POCT should be aware of the legal 

responsibility they have in case they do not follow the 

instructions the manufacturer provides and/or they use 

instruments for purposes for which they are not intended. 

This transfer of liability from the manufacturer to the user 

applies also to the users that use the POCT in their home for 

self-monitoring, an area of use of POCT devices that will 

become more common in the future.  Such devices should be 

designed and manufactured taking into account the skills and 

the means available to users along with the influence resulting 

from variation that can be expected by the users’ environment.  

Users of POCT devices, intended for self-monitoring, should 

ask for the confirmation of a medical professional for the 

interpretation of the results of the tests and the actions that 

should be followed [69]. 

(iv) economic issues.  The obstacles for the integration of 

the POCT devices in clinical practice, related to economic 

issues, are the high cost of POCT in comparison to traditional 

central laboratory testing, the reimbursement policy that is 

followed, the inappropriate allocation of budgets for POCT, the 

high cost for initial implementation of a POCT system and the 

complexity-difficulty in estimating cost-effectiveness of a 

POCT system against traditional central laboratory testing 

methods. 

In order to determine the impact of a new technology in 

healthcare, a factor that critically affects its adoption in clinical 

practice, three different aspects should be examined: i) the 

patient outcomes, ii) the process of care, and iii) the resource 

utilization.  Despite the fact that POCT is generally perceived 

as more expensive (due to their faster turnaround time and the 

cost of the consumables) than a test that is performed in the 

central laboratory settings, the calculation of the actual cost 

cannot be directly estimated since the savings should not be 

limited in testing costs alone but other factors must also be 

considered (downstream savings).  Unit cost of a test (POC or 

central laboratory test) should not drive the decision which one 

to be used.  The decision should be taken based on a number of 

factors, many of which are unique to each hospital and/or care 

unit.  Different types of cost analysis (cost minimization, cost 

effectiveness, cost consequences, cost utility and cost benefit 
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analysis) should be performed towards this direction [32, 70-

72]. 

The lack of the clear view of the economic impact of POCT 

is attributed also to the reimbursement strategies employed in 

laboratory medicine.  Reimbursement strategies usually take 

into account only the complexity of the test performance and its 

delivery as a cost per test service, while they ignore the resource 

utilization across the whole care pathway and the increase in the 

economic benefits that may be achieved for all the relevant 

stakeholders.  The reason for the appearance of the 

reimbursement issues is the difficulties in the billing of POCT, 

in accurately capturing information, as well as in the lack of 

familiarity with regulatory guidelines.  The problems in the 

billing of POCT are mainly caused by the multiple 

methodologies and Current Procedural Terminology (CPT) 

codes that are used for the same name.  This mainly concerns 

the POCT devices that perform, at the same time, multiple 

results (multiple tests with one cartridge), where the one test is 

reimbursed while another may not be [32, 70-72].  

Obstacles cannot be prioritized, either within or across the 

four categories, since the facts regarding the utilization of 

POCT systems change rapidly and various measures and 

solutions are followed in order to allay concerns and address the 

hurdles to hospital-based clinical adoption of POCT devices. 

VI. CONCLUSIONS 

This manuscript gives an overview of POCT systems for HF.  

Both products available in the market and prototypes are 

introduced analyzing blood or saliva samples.  Additionally, a 

summary of blood and saliva biomarkers that contribute to HF 

management (assessing risk for HF incidence, diagnosis of HF, 

risk stratification, screening of cardiac dysfunction, monitoring 

and guiding HF treatment) is presented.  Finally, a taxonomy of 

POCT systems along with barriers and limitations in their 

adoption are briefly reported. 

The potential of POCT systems to advance HF management 

and care across diverse clinical settings, as well as to enhance 

clinical research is widely accepted.  Towards this direction 

contribute: (i) the technological advancement in the field of 

biosensors, microfluifics/paper based technology, biological 

MEMS, electric field-induced release and measurement and (ii) 

the close collaboration of representatives (i.e. health care 

providers, biomarker scientists, engineers, device 

manufacturers etc.) from different sectors leading to POCT 

systems meeting the ASSURED guidelines.  Although the use 

of POCT has significantly increased, there are some challenges 

to be addressed in order to be fully adopted in different settings.  

Those challenges mainly concern the quality assurance and 

accreditation standards that the POCT devices should met.  

Following the five-step roadmap (Needs of identification, 

Biomarker selection and device design specification, Device 

development, Pilot testing, Prospective clinical testing) for the 

development of POCT systems for cardiovascular diseases that 

has been proposed by the National Heart, Lung, and Blood 

Institute Working Group [20], can help creating clinically 

relevant POCT devices. 
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Table I: Blood biomarkers related to HF. 

Task Assessing risk for incidence of HF 

Biomarker(s) BNP, NT-proBNP, cTn-I, cTn-T, sST2, GAL-3, GDF-15, CRP, cystatin-C 

Suggestion(s) 

AHA [6]: 

1. “In community based populations, measurement of BNP or NT-proBNP or markers for myocardial injury (cTn-
I, cTn-T) alone adds prognostic information to standard risk factors for prediction new-onset of HF” 

2. “Measurement of several new biomarkers including sST2, GAL-3, GDF-15, and markers of renal function, alone 

or in a mutli-marker strategy, may be useful for providing additional risk stratification” 

Related literature [73-80] 

Task Diagnosis of HF 

Biomarker(s) BNP, NT-proBNP, IGF-7, sST2, GAL-3, PINP, PIIINP, PICP, CITP, MMP-1, MMP-2, MMP-8, MMP-9, TIMP-

1, TIMP-4 

Suggestion(s) AHA [6]: 

1. “Measurement of BNP and NT-proBNP is useful to support clinical judgement for the diagnosis of ambulatory 

and acute decompensated patients, especially in the setting of clinical uncertainty” 

NACBL [7]: 

1. “BNP or NT-proBNP testing can be used in the acute setting to rule out or to confirm the diagnosis of heart 

failure among patients presenting with ambiguous signs and symptoms. (Class I, Level of Evidence: A)” 

2. “BNP and NT-proBNP testing can be helpful to exclude the diagnosis of heart failure among patients with 
signs and symptoms suspicious of heart failure in the non-acute setting. (Class IIa, Level of Evidence: C)” 

3. “In diagnosing patients with heart failure, routine blood BNP or NT-proBNP testing for patients with an 

obvious clinical diagnosis of heart failure is not recommended. (Class III, Level of Evidence: C)” 
4. “In diagnosing patients with heart failure, blood BNP or NT-proBNP testing should not be used to replace 

conventional clinical evaluation or assessment of the degree of left ventricular structural or functional 

abnormalities (e.g., echocardiography, invasive hemodynamic assessment). (Class III, Level of Evidence: C)” 

Related literature [81-83] 

Task Prognosis of HF – Risk stratification 

Biomarker(s) 

Chronic HF: BNP, NT-proBNP, cTn-T, cTn-I, sST2, GAL-3, mid-regional pro-adrenomedullin 

Acute HF: BNP, NT-proBNP, cTn-T, cTn-I, sST2, GAL-3, mid-regional pro-adrenomedullin, CRP, copeptin 

HF with preserved ejection fraction: BNP, NT-proBNP, cTn-T, cTn-I, sST2, GAL-3, IGF-7, PINP, PIIINP, PICP, 

CITP 

Suggestion(s) AHA [6]: 

1. “Measurement of BNP or NT-proBNP and cTn at the time of presentation is useful for establishing prognosis 

or disease severity in patients with acutely decompensated HF” 
2. “Measurement of other clinically available tests such as biomarkers of myocardial injury or fibrosis is 

reasonable for additive risk stratification in patients with acutely decompensated HF” 

3. “Measurement of pre-discharge BNP or NT-proBNP during an HF hospitalization can be useful for 
establishing post-discharge prognosis” 

NACBL [7]: 

1. “Blood BNP or NT-proBNP testing can provide a useful addition to clinical assessment in selected situations 
when additional risk stratification is required. (Class IIa, Level of Evidence: A)” 

2. “Serial blood BNP or NT-proBNP concentrations may be used to track changes in risk profiles and clinical 

status among patients with heart failure in selected situations where additional risk stratification is required. 
(Class IIa, Level of Evidence: B)” 

3. Cardiac troponin testing can identify patients with heart failure at increased risk beyond the setting of acute 

coronary syndromes. (Class IIb, Level of Evidence: B)  
4. Routine blood biomarker testing for the sole purpose of risk stratification in patients with heart failure is not 

warranted. (Class III, Level of Evidence: B) 

Related literature [75, 81, 82, 84-107] 

Task Screening of cardiac dysfunction 

Biomarker(s) BNP, NT-proBNP 

Suggestion(s) NACBL [7]: 

1. “Blood BNP or NT-proBNP testing can be helpful to identify selected patients with left ventricular systolic 

dysfunction in the post-infarction setting or to identify patients at high risk of developing heart failure (e.g., 

history of myocardial infarction, diabetes mellitus). However, the diagnostic ranges and cost-effectiveness in 
different populations remain controversial. (Class IIb, Level of Evidence: B)”  

2. “Routine blood natriuretic peptide (BNP or NTproBNP) testing is not recommended for screening large 
asymptomatic patient populations for left ventricular dysfunction. (Class III, Level of Evidence: B)” 

Related literature [107-110] 
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Task Monitoring – Guiding HF therapy 

Biomarker(s) BNP, NT-proBNP 

Suggestion(s) AHA [6]: 

1. “BNP- or NT-proBNP–guided HF therapy is of uncertain benefit in clinical practice and cannot be universally 

advised. There are some data to support the use of serial measurement of biomarkers as a means to achieve 

ideal doses of guideline determined medical therapy, but the influence of this approach outside specialized 

HF centers with highly structured HF disease management programs is unknown” 

2. “The usefulness of serial measurement of BNP or NT-proBNP to reduce hospitalization or mortality in patients 

with HF is not well established”  

3. “The response of NT-proBNP to neprilysin inhibition with concomitant renin-angiotensin-aldosterone system 
inhibition is associated with positive clinical outcomes but should not be used as a surrogate to guide treatment 

with an angiotensin-receptor/neprilysin inhibitor compound until prospectively acquired randomized data are 

available” 

4. “The usefulness of BNP- or NT-proBNP–guided therapy for acutely decompensated HF is not well 

established” 

5. “BNP or NT-proBNP concentrations collected after treatment may be useful for prognosis in hospitalized 

patients with acutely decompensated HF” 

NACBL [7]: 

1. “Routine blood BNP or NT-proBNP testing is not warranted for making specific therapeutic decisions for 

patients with acute or chronic heart failure because of the still emerging but incomplete data as well as intra- 
and inter-individual variations. (Class III, Level of Evidence: B)” 

Related literature [81, 111-118] 
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Table II: Commercially available POCT devices providing quantitative measurements of cardiovascular biomarker(s) by analyzing blood samples – PART A. 

Brand name Biomarker Response time Sample Containers Data input User interface Connectivity/Communication 

Alere Triage® [36] 

❖ BNP,  

❖ NT-proBNP 
~ 15-20 minutes blood, plasma or urine Paper based 

Barcode reader for 

patient and operator ID 
with alphanumeric 

capability 

 

Screen and 

buttons 

LIS compatibility, RS-232 computer 

interface port 

Other features: ID and QC lockouts including unauthorized users, Multiple comprehensive connectivity options, Low total operating costs, Integrated printer. 

Roche Cobas h 232 

[37] 

❖ Troponin T,  

❖ NT-proBNP 

❖ D-dimer, 
Myoglobin, 

❖ CK-MB 

~ 8 - 12 minutes 
150 µL heparinized 

whole blood 
Strip Barcode scanner 

Color touch 

screen 

QR code WiFi USB (handheld base 

unit and computer are required) 

Other features: Supported communication interfaces: IR-printers, POCT1-A communication via docking station, POCT1-A communication via WiFi, QR code 

ASPECT-PLUSTM 

ST2 [38] 

❖ ST2 ~ 20 minutes 35 μL EDTA plasma 

A disposable, 

single use 

cassette 

Internal reader check on 

every initialization 

Screen and 

buttons 

LIS connectivity 

RFID for automatic upload of lot 

specific information 

Other features: Factory calibrated, QC lockout, Built-in printer 

i-STAT® [39] 

❖ CTnI,  

❖ CK-MB,  
❖ BNP 

~2 minutes 
2-3 drops of blood (65-95 

µl) 
Cartridge Barcode scanner 

Screen and 

buttons 

Downloader/Recharger available for 

use with ethernet cabling (network 

format) and direct wiring (serial 
format), network downloader converts 

serial data via IR to TCP/IP, AME, 

ASTM, HL7, also wireless transfer to 
POC Data Manager which is 

connected to the LIS/KIS 

Other features: Lab-quality results fast, Simple to use, Broad test menu, Comprehensive support 

RapidPIA® [40] 
❖ BNP ~15 minutes blood 

- 
Barcode scanner 

LCD Screen 8 
lines and 

buttons 

Interface: USB, RS-232C 

Other features: thermal printer 

Meritas® [41] 

❖ Troponin I 

❖ BNP 
~15 minutes 

200 µl Whole blood, 
lithium heparin and 

EDTA plasma 

Single use 
disposable test 

cartridges 

Barcode scanner 
Screen and 

buttons 
Connectivity to LIS/HIS 

Other features: - 

Pathfast® [42] 

❖ Troponin I, 
❖ NTproBNP,  

❖ CK-MB,  

❖ D-Dimer,  
❖ High sensitive C-

reactive Protein 

(hsCRP), 
❖ Myoglobin 

simultaneously 

~17 minutes 
100 μl whole blood, 

serum or plasma 
Reagent cartridge Barcode scanner 

LCD touch 

screen 

Data transfer: ASTM standard 

 

PC Integrated Interface: RS-232C and 
Ethernet Port 

Other features: Integrated printer 

RAMP® [43] 

❖ NT-proBNP, 
Troponin I, 

❖ D-Dimer, 

❖ CK-MB, 
❖ Myoglobin 

~15 minutes blood 

Single use 

disposable test 

cartridges 

Barcode scanner 
Screen and 

buttons 

LIS compatibility, RS-232 serial 

communication; mini DIN for barcode 

wand 

Other features: Multiple access levels for enhanced security including operator lockout, Internal electronic quality control (IQC) and external liquid quality control (LQC) available 
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Brand name Biomarker Response time Sample Containers Data input User interface Connectivity/Communication 

Samsung LABGEO® 

[44] 

❖ Troponin I / CK-

MB / Myoglobin, 

❖ Troponin I / NT-
proBNP / D-

Dimer, 

❖ Troponin I / NT-
proBNP 

~20 minutes 
500μl Whole Blood or 

Plasma 
Lab on a disc Barcode scanner 

Touch screen 

display 

USB, Ethernet 10/100 Base-T, W-
LAN, HIS-Standard-Protocols (HL7, 

ASTM, POCT1-A) 

Other features: Supports LAN connectivity, the use of multiple external devices, including USB Memory, Wi-Fi USB dongle and barcode scanner devices, connection to Hospital 

Information Systems (HIS), PCs and mobile phones or other mobile devices for efficient database management, transfer of results for reference, notification and database building.  

SHIONOSPOT® [45] 
❖ BNP ~15 minutes Whole blood - - - - 

Other features: Measurement range: 6-2000 pg/ml, Number of tests: 25 tests/kit, Storage temperature, Validity: 2-8 °C, 6 months 

Stratus® CS Analyzer 

[46] 

❖ Troponin I, 

❖ D-Dimer, 

❖ NT-proBNP, 

❖ Cardiophase 

hsCRP, 

❖ CK-MB, 
❖ Myoglobin 

~14 minutes to 

first result, and 

~4 minutes for 

each subsequent 

result 

blood Cartridge Barcode scanner 
Touch screen 

display 

Bidirectional connectivity through 

network connection, unidirectional 

Other features: Electronic QC with programmable time lockout, Patient ID and/or sample ID entry sample collection time entry, Unauthorized operator lockout capability TestPak lot 

expiration notification password protection of advanced setup functions 
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Table III: Commercially available POCT devices providing quantitative measurements of cardiovascular biomarker(s) by analyzing blood samples – PART B. 

Brand name Detection method 

Operating environment 

(hospital, doctor's office, at 

home) 

Dimensions (mass, volume) LOC description 

Alere Triage® [36] Immunofluorescence Hospitals, doctor's offices 
7 cm (H) x 19 cm (W) x 22,5 cm (D), 

0,7 kg 

Drops of an anticoagulated whole blood or plasma specimen are 

added to the sample port.  The whole blood cells are separated from 

the plasma using a filter.  The specimen reacts with fluorescent 

antibody conjugates.  A capillary action allows the flow to be 

performed.  Complexes of each fluorescent antibody conjugate are 

captured on discrete zones specific to the analyte.  The Alere Triage 

BNP Test contains all reagents necessary for the quantification of 

BNP in EDTA anticoagulated whole blood or plasma specimens. 

Roche Cobas h 232 [37] - Hospitals, doctor's office 244 x 105 x 51mm 

❖ Troponin T,  

Measuring range: 50 - 2,000 ng/L (50-100 ng/L is quantitative 

range indicating result is between 50-100 ng/L) 

Cut-off values:  

< 50 ng/L = Low risk,  

50 - 100 ng/L = Medium risk,  
>100 = High risk 

❖ NT-proBNP 

Measuring range: 60 – 9,000 pg/mL 
Cut-off values:  

<125 pg/mL = Exclusion of Non-acute heart failure,  

<300 pg/mL = Exclusion of acute heart failure 
Consideration of age-stratified cut-points for diagnosis of (=CHF 

likely considering confounding factors):  

<50 years < 450 pg/mL,  
50-75 years >900 pg/mL,  

>75 years > 1,800 pg/mL 

❖ D-dimer,  

Measuring range: 0.1 - 4.0 µg/mL 

Cut-off values: 0.5 µg/mL 

❖ Myoglobin, 
Measuring range: 30 - 700 ng/mL 

Cut-off values: Female: 7 - 64 ng/mL, Male: 16 - 76 ng/mL 

❖ CK-MB 
Measuring range: 1.0 - 40.0 ng/mL 

Cut-off values: Female: 4 ng/mL, Male: 7 ng/mL 

ASPECT-PLUSTM ST2 

[38] 

Quantitative fluorescent 

lateral flow 
immunoassay format 

Hospitals - 

The ASPECT-PLUS ST2 Test is a quantitative sandwich 
monoclonal lateral flow immunoassay. Serum, venous EDTA, or 

heparin anti-coagulated plasma is loaded into the sample well 

where it flows through the anti-ST2 antibody coated strip. Assay 
buffer is added to the second well. The cassette is then inserted into 

the ASPECT Reader for incubation, and ST2 is quantitatively 

determined and reported by the reader. 

i-STAT® [39] Biosensor 
Hospital, Emergency department, 

Critical care 
- 

Each unique i-STAT System cartridge contains chemically sensitive 

biosensors on a silicon chip that are configured for specific 

analytes. 

Quality checks of sample integrity, sensors, and fluidics are 

automatic with each i-STAT cartridge run, providing confidence 

and advanced performance. Sample size: 95μL. 
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Brand name Detection method 

Operating environment 

(hospital, doctor's office, at 

home) 

Dimensions (mass, volume) LOC description 

RapidPIA® [40] 
Reflected light intensity 

method 
Hospitals, doctor's office 205 x 275 x 96mm 

Plastic cartridge containing the required antibodies and reagents. 

Meritas® [41] 

Quantitative lateral flow 

immunoassay that uses 

fluorescence-based 

measurement 

Hospitals, doctor's office 17,8 x 27,4 x 14,5 cm 

Plastic cartridge. 

Lateral flow driven by capillary forces. 

Filter to remove red blood cells, allowing only plasma to enter  
The cartridge contains a microfluidic chip with a micropillar 

surface, for a controlled and even flow. 

 The microfluidic chip has 4 zones: 
Sample zone: the plasma makes contact with the assay chip. 

Conjugate zone: with detection (fluorescent) antibodies in a 

protective matrix. 
Reaction zone: with immobilized capture antibodies.  

Wicking zone: to control the flow and serve as a waste reservoir. 

Pathfast® [42] 

Immunoassay analyzer 

(progressive 

chemiluminescence) 

Laboratories, hospitals and 

medical offices 
343 (w) x 569 (d) x 475 (h) mm 

Proprietary Magtration technology ensures that small sample 

Volumes can be analyzed with high accuracy and precision: 

Magnetic particles / ALP-conjugated antibody / Chemiluminiscent 

substrate / Sample diluent / Washing buffer. 

RAMP® [43] 

Measurement of fluorescence 

in various RAMP® 

immunoassay applications 

Hospitals, doctor's office, clinic 
27 cm wide x 25 cm deep x 15 cm 

high 

Quantitative immunochromatographic test. Fluorescent-dyed 

particles coated with anti-NT-proBNP antibodies bind to NT-

proBNP (if present in the sample). Single use test cartridge with 

barcode defines lot specific calibration. Proprietary RAMP® buffer 

enhances performance. 

Samsung LABGEO® [44] Immunoessay 
Moving ambulances, during 

emergencies 

177 mm (H) x 177 mm (W) x 330 

mm (D), 2,4 kg 

Microfluidic cartridge in the shape of a compact disc. Liquids move 

by centrifugation on the spinning CD inside the analyzer device. 

SHIONOSPOT® [45] 
Fluorescent 

immunochromatographic  
- 27(W) X 25(D) X 15(H) cm, 2.1kg 

It is a fluorescent immunochromatographic assay co-developed 

with Response Biomedical using its RAMP technologies. 

Stratus® CS Analyzer [46] 
Dendrimer-enhanced radial 

partition immunoassay 

Hospital, clinic, emergency 

department 

46 cm (H) x 71 cm (W) x 58 cm (D), 

68 kg 

Single and ready to use TestPaks Cartridges. No reconstitution. No 

warming to room temperature. Reduction in reagent waste. 

Examines heparinized whole blood samples. 
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Table IV: Measurable range, limit of detection (LoD), limit of quantification (LoQ), cut-off points and/or reference ranges of the commercially available POCT devices providing quantitative measurements of 

cardiovascular biomarker(s) by analyzing blood samples. 

Brand name Biomarker Measurable range LoD LoQ Cut off points / Reference range 

Alere Triage® [36] 

NT-proBNP 20 – 35000 pg/mL 20 pg/mL 48 pg/mL 

Age <75  
NT-proBNP >125 pg/mL 

 

Age >=75  
NT-proBNP >450 pg/mL (abnormal and suggestive of patients with CHF) 

BNP 
5 – 5000 pg/mL 

 
- - 

• Cut off: 100 pg/mL 

• BNP <= 100 pg/mL are representative of normal values in patients without 

CHF. 

• BNP > 100 pg/mL are considered abnormal and suggestive of patients with 

CHF. 

• BNP >5000 pg/mL are considered very high values for BNP and exceed the 

upper limits of the BNP test. 

Roche Cobas h 232 

[37] 

Troponin T 50-2000 ng/L - - 

• <50 ng/L Acute Myocardial Infarction (AMI) not likely, but possible 

• 50-100 ng/L AMI possible; initiate treatment accordingly (re-test) 

• >100 ng/L AMI (very) likely; initiate treatment accordingly 

NT-proBNP 60-9000 pg/mL - - 

• Exclusion of non-acute HF <125 pg/mL 

• Exclusion of acute HF <300 pg/mL 

• Consideration of age-stratified cut-points for diagnosis: 

• Age <50 →NT-proBNP >450 pg/mL 

• Age 50-70 →NT-proBNP value >900 pg/mL 

• Age >75 →NT-proBNP value >1800 pg/mL 

D-dimer 0.1-4.0 μg/mL - - 0.5 μg/mL 

Myoglobin 30-700 ng/mL - - Female: 7-64 ng/mL  -  Male: 16-76 ng/mL 

CK-MB 1.0-4.0 ng/mL - - 
Female: 4 ng/mL (at the 99th percentile of a reference population) 

Male: 7 ng/mL (at the 99th percentile of a reference population) 

ASPECT-PLUSTM 

ST2 [38] 
ST2 12.5-250 ng/mL 12.5 ng/mL 12.5 ng/mL 

• In self-declared healthy individuals, ST2 are 15 to 25 ng/mL. 

• In patients diagnosed with ACS or HF and who have ST2 concentrations ≥35 

ng/mL risk of adverse events such as hospitalization or mortality within one 

(1) year is high. 

• ST2 result, <35 ng/mL, in patients with HF or ACS may be used to classify 

patients and individuals as low risk for adverse events such as 

rehospitalization or death, clinically appropriate therapy should be pursued. 

i-STAT® [39] 

CTnI,  0.0-50.0 ng/mL - - 0.0-0.08 ng/mL (represents the 0-99% range of results) 

CK-MB 0.0-150.0 ng/mL - - 0.0-3.5 ng/mL (represents the 95% range of results) 

BNP 15-5000 pg/mL - - <15.0-50.0 pg/mL (represents the 95% range of results) 

Pathfast® [40] 

Troponin I, 0.001-50 ng/mL 0.02 ng/mL - - 

NTproBNP 15-30.000 pg/mL 15 pg/mL - - 

CK-MB 2-500 ng/mL 2.0 ng/mL - - 

D-Dimer 0.005-5 μg/mL FEU 0.005 μg/mL - - 

hsCRP 0.05-30 mg/L 0.05 mg/L - - 

Myoglobin 5-1000 ng/mL 5.0 ng/mL - - 

RAMP® [41] 

NT-proBNP 
18 -35000 ng/L 

 

LLD=18 ng/L Results 

exceeding 35000 ng/L are 
reported as >35000 ng/L 

- 
125 ng/L for <75 years 

450 ng/L for > 75 years 

Troponin I 0.03 -32 ng/mL 

LLD= 0.03 ng/mL Results 

exceeding 32 ng/mL are 

reported as > 32 ng/mL 

- 99th percentile: 0.10 ng/mL 
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Brand name Biomarker Measurable range LoD LoQ Cut off points / Reference range 

D-Dimer 100 - 5000 ng/mL FEU < 100 ng/mL FEU - 99th percentile: 386 ng/mL FEU 

Samsung LABGEO® 

[42] 

CK-MB  2-60 ng/mL - - Upper reference limit: 8.58 ng/mL 

Myoglobin 30-500 ng/mL - - Upper reference limit: 99.84 ng/mL 

D-Dimer 100-4000 ng/mL FEU - - Upper reference limit: 446.8 ng/mL FEU 

Troponin I 0.05-30 ng/mL - - Upper reference limit: 0.01 ng/mL (99%) 

NT-proBNP 30-5000 pg/mL - - 
Upper reference limit: age <75 125 pg/mL 

                                     age >=75 450 pg/mL 

SHIONOSPOT® 

[45] 
BNP 6-2000pg/mL - - - 

Stratus® CS 

Analyzer [46] 

Troponin I 0.03-50 μg/L <0.03 μg/L - - 

D-Dimer 0.3-150 μg/L FEU 0.3 μg/L FEU - - 

NT-proBNP 15-20.000 pg/mL 15 pg/mL - - 

hsCRP 0.1-50 mg/L <=0.1 mg/L - - 

CK-MB 0.3-150 μg/L 0.3 μg/L - - 

Myoglobin 1-900 μg/L 1μg/L - - 
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Table V: Biomarker(s) related with cardiovascular diseases/conditions. 

Cardiovascular disease/conditions Biomarker(s) 

Heart failure NT-proBNP 

Myocardial necrosis TnI, CK-MB, and MYO 

Inflammation, tissue injury and remodeling CRP, MMP-9, MPO 

Acute myocardial infarction (AMI) CRP, IL-6, IL-1β, MPO, sCD40L, TNF-α, Adip, sICAM-1, MMP-9 

Hypertension MMP-8, lysozyme 

Arterial stiffness LTB4 and PGE2 

AMI patients within 48 h of chest pain onset 
CRP, MMP-9, IL-1beta, sICAM-1, adiponectin, MCP-1, Gro-alpha, E-
selectin, IL-18, ENA-78, sVCAM-1, MPO, MYO, CK-MB, TnI, BNP, 

sCD40-L TNF-α, Fractalkine, IL-6, Adiponectin 

12 and 24 h of onset of Myocardial Infarction cTnI 

Patients who had under gone heart surgery MMP-8 

Intima–media thickness CRP, MMP-9 

Pre-existing CVD diseased patients who underwent an 
invasive cardiac procedure 

CRP, TNF-α, sCD40L, IL-1β, IL-6, adiponectin, MMP-9, MPO, sICAM-
1 
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