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Abstract:  
 

Point-of-Care Testing (POCT) has emerged as a transformative paradigm in emergency 

and critical care medicine, fundamentally altering the diagnostic timeline by delivering 

crucial laboratory results at the patient's bedside within minutes rather than hours. This 

capability for rapid clinical decision-making directly enhances the management of time-

sensitive conditions such as acute coronary syndromes, septic shock, major trauma, and 

life-threatening metabolic imbalances, ultimately contributing to improved patient 

outcomes through earlier intervention and more dynamic treatment guidance. However, 

the integration of POCT into these high-stakes environments extends beyond 

technological deployment, necessitating a robust framework of laboratory stewardship 
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Clinical Outcomes,  

Turnaround Time (TAT),  

Laboratory Integration 

to ensure analytical reliability. Successful implementation hinges on a multidisciplinary 

approach that addresses stringent quality management, comprehensive operator 

training, seamless data connectivity with electronic health records, and a holistic 

assessment of cost-effectiveness that values clinical efficiency gains alongside per-test 

costs. The future of POCT points toward even greater integration through multiplexed 

syndromic panels, continuous monitoring, and artificial intelligence, yet its enduring 

value and safety remain contingent upon its systematic governance as an indispensable 

component of a unified, patient-centered diagnostic strategy. 

 

1. Introduction 
 

The landscape of modern medicine, particularly 

within the high-stakes environments of the 

emergency department (ED) and the intensive care 

unit (ICU), is perpetually challenged by the critical 

nexus of time, accuracy, and clinical decision-

making. In these arenas, where patient physiology 

can deteriorate with alarming rapidity, the 

traditional paradigm of central laboratory testing—

with its inherent delays due to sample 

transportation, processing, and result reporting—

often presents a significant bottleneck. This 

temporal disconnect between the onset of a 

pathological state and its biochemical confirmation 

can impede timely intervention, potentially 

compromising patient outcomes. It is within this 

context that Point-of-Care Testing (POCT) has 

emerged not merely as a technological adjunct but 

as a transformative operational philosophy. Defined 

as diagnostic testing performed at or near the site of 

patient care, with the result leading to a potential 

change in the management of that patient, POCT 

promises to collapse the diagnostic timeline, 

bringing the laboratory to the bedside [1]. 

The conceptual roots of POCT are ancient, from the 

physician tasting urine for glucose, but its modern 

incarnation is a product of late 20th and early 21st-

century technological revolutions. The development 

of miniaturized sensors, sophisticated biosensors, 

microfluidics, and robust immunoassay platforms 

has enabled the creation of devices that are both 

highly accurate and remarkably user-friendly. 

Today, POCT encompasses a vast array of analytes, 

from fundamental parameters like blood glucose 

and arterial blood gases (ABGs) to complex 

biomarkers such as cardiac troponins, brain 

natriuretic peptide (BNP), lactate, and even 

molecular diagnostics for infectious diseases like 

influenza and SARS-CoV-2 [2]. The diffusion of 

this technology into emergency and critical care has 

been driven by an overarching goal: to convert 

diagnostic data into actionable clinical intelligence 

with minimal latency, thereby supporting the 

"golden hour" and "platinum ten minutes" 

principles that are cornerstones of resuscitation and 

acute care medicine. 

The theoretical benefits of POCT in these settings 

are profound and multi-faceted. Foremost is the 

dramatic reduction in turnaround time (TAT). 

While central laboratory TAT can range from 60 

minutes to several hours for certain tests, POCT can 

deliver results in a matter of minutes—sometimes 

even seconds. This acceleration can expedite 

critical diagnoses, such as acute myocardial 

infarction (AMI) or severe sepsis, enabling earlier 

initiation of life-saving therapies like percutaneous 

coronary intervention or appropriate antibiotics and 

resuscitation bundles [3]. Furthermore, the compact 

nature of POCT devices facilitates more frequent 

monitoring, allowing for dynamic, real-time 

assessment of a patient's response to treatment. For 

instance, serial lactate measurements via POCT can 

guide the efficacy of septic shock resuscitation, 

while repeated ABG analyses can fine-tune 

mechanical ventilation strategies in acute 

respiratory distress syndrome (ARDS) patients [4]. 

This capability fosters a more responsive and 

personalized approach to critical care. 

Beyond speed, POCT enhances workflow 

efficiency by reducing pre-analytical errors 

associated with sample handling and transport. It 

also has the potential to improve patient throughput 

in overcrowded EDs by shortening the decision-

making loops for disposition—admission, 

discharge, or transfer. Moreover, from a patient-

centered perspective, immediate testing and 

subsequent discussion of results can improve 

communication and satisfaction [5]. However, the 

integration of POCT into the complex ecosystem of 

emergency and critical care is not without 

formidable challenges. These challenges form the 

critical counterpoint to its promised benefits and 

must be rigorously addressed to realize its full 

potential. The decentralized nature of testing raises 

significant concerns regarding quality assurance, 

operator competency, and data management. 

Ensuring that a POCT result generated by a nurse 

or emergency physician at 3:00 AM is as reliable as 

one produced by a certified medical technologist in 

a controlled laboratory environment is paramount 

[6]. 

This necessitates robust governance structures, 

involving strict adherence to regulatory standards 

(e.g., CLIA in the United States, ISO 22870 

internationally), comprehensive training and 

certification programs for operators, and rigorous 

internal and external quality control (QC) and 
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proficiency testing (PT) protocols. Furthermore, the 

seamless integration of POCT data into the 

patient’s electronic health record (EHR) is essential 

to avoid creating information silos and to ensure 

that all care providers are working from a unified, 

accurate dataset. The economic evaluation of POCT 

is also complex, requiring a holistic view beyond 

the per-test cartridge cost to encompass its impact 

on overall hospital length of stay, complication 

rates, and resource utilization [7, 8]. 

 

2. Clinical Outcomes in Emergency and Critical 

Care 

 

2.1 Cardiac Emergencies: Accelerating the 

Ischemic Cascade 
 

The management of acute coronary syndromes 

(ACS), particularly ST-elevation myocardial 

infarction (STEMI), is fundamentally a race against 

time. Every minute of delay in reperfusion 

correlates with increased myocardial necrosis and 

worse long-term mortality. POCT for cardiac 

biomarkers, specifically high-sensitivity cardiac 

troponin (hs-cTn) and to a lesser extent, creatine 

kinase-MB (CK-MB) and myoglobin, has 

revolutionized triage and decision-making in chest 

pain patients. The ability to obtain a troponin result 

within 10-15 minutes at the bedside allows for 

extremely rapid rule-in or rule-out protocols. 

Studies have consistently demonstrated that POCT-

guided pathways significantly reduce the time to 

diagnosis and treatment. In the ED, this can 

decrease the door-to-balloon time for STEMI 

patients by expediting activation of the 

catheterization laboratory, even before formal 

central lab confirmation. For non-STEMI 

(NSTEMI) patients, rapid troponin results facilitate 

earlier risk stratification, allowing for prompt 

initiation of antiplatelet and anticoagulant therapy 

and timely transfer to a coronary care unit or 

intervention suite [9]. Furthermore, the 

development of validated rapid rule-out algorithms, 

often utilizing a single baseline hs-cTn 

measurement below a very low threshold or a 0/1-

hour serial sampling protocol with POCT, has 

enabled the safe and efficient discharge of low-risk 

patients from the ED. This reduces unnecessary 

hospital admissions, alleviates ED crowding, and 

lowers healthcare costs without compromising 

patient safety [10]. Beyond troponin, POCT for B-

type natriuretic peptide (BNP) or N-terminal pro-

BNP (NT-proBNP) provides immediate value in 

differentiating acute dyspnea, aiding in the rapid 

diagnosis of acute heart failure amidst other causes 

like COPD exacerbation or pneumonia, thereby 

guiding appropriate diuretic and vasodilator 

therapy. 

 

2.2 Sepsis and Septic Shock: Guiding the 

Resuscitation Bundle 
Sepsis, defined as life-threatening organ 

dysfunction caused by a dysregulated host response 

to infection, demands urgent, protocolized 

management. The Surviving Sepsis Campaign 

guidelines emphasize early recognition, timely 

administration of broad-spectrum antibiotics, and 

rapid hemodynamic resuscitation. POCT serves as a 

powerful enabler for each of these pillars. Lactate 

measurement is a cornerstone of sepsis 

management, with hyperlactatemia (>2 mmol/L) 

indicating tissue hypoperfusion and being a key 

criterion for septic shock. POCT lactate meters 

provide results within seconds from a small blood 

sample, allowing for immediate identification of 

high-risk patients and serial monitoring to guide 

resuscitation endpoints. Early lactate clearance, 

facilitated by goal-directed therapy, is associated 

with improved survival, and POCT makes this 

dynamic assessment feasible at the bedside [11]. 

Similarly, POCT for biomarkers like procalcitonin 

(PCT), although more debated, can assist in the 

early diagnosis of bacterial infection and later guide 

the duration of antibiotic therapy, supporting 

antimicrobial stewardship efforts. The integration 

of these rapid tests into sepsis screening protocols 

(e.g., nurse-initiated lactate testing for patients with 

suspected infection) can significantly shorten the 

time to bundle compliance. Furthermore, POCT for 

blood gases and electrolytes provides instant 

feedback on acid-base status, oxygenation, and 

electrolyte imbalances common in severe sepsis, 

allowing for precise titration of ventilatory support, 

fluids, and inotropes [12]. The aggregate effect of 

these point-of-care tools is a more agile, data-

driven, and timely response to one of the most 

time-critical conditions in medicine. 

 

2.3 Trauma and Major Hemorrhage: The Role 

of Viscoelastic Testing 
 

The management of major trauma, especially in the 

context of hemorrhagic shock, requires rapid 

assessment of coagulation status to guide targeted 

transfusion therapy. Traditional laboratory tests like 

prothrombin time (PT), activated partial 

thromboplastin time (aPTT), and fibrinogen level 

have a TAT that is often incompatible with the pace 

of exsanguination. Furthermore, they provide 

limited insight into the full dynamics of clot 

formation and stability. This gap has been filled by 

Point-of-Care Viscoelastic Hemostatic Assays 



Naief Mohommad Ali Abdelaal, Jomanh Hudeeb Alamri, Turki Mohammed Sultan Hakami, Hakeem Mohammed Alomair et al.  / IJCESEN 10-4(2024)4118-4124 

 

4121 

 

(VHA), such as thromboelastography (TEG) and 

rotational thromboelastometry (ROTEM). 

These devices provide a real-time, graphic 

representation of the entire clotting process—from 

initial fibrin formation and platelet interaction to 

clot strength and eventual lysis—from a single 

whole blood sample. In the trauma bay or ICU, 

VHA allows for the rapid diagnosis of specific 

coagulopathies: hypofibrinogenemia, platelet 

dysfunction, hyperfibrinolysis, or heparin effect. 

This enables a goal-directed, "precision 

transfusion" strategy, tailoring the administration of 

fresh frozen plasma, cryoprecipitate, platelets, and 

tranexamic acid to the patient's actual hemostatic 

deficit, rather than relying on fixed-ratio massive 

transfusion protocols [13]. Multiple observational 

and some randomized controlled trials have 

demonstrated that VHA-guided transfusion 

strategies in trauma and cardiac surgery are 

associated with reduced overall blood product 

utilization, decreased incidence of massive 

transfusion, and potentially improved survival. By 

preventing both under-transfusion and the risks of 

over-transfusion (e.g., transfusion-related acute 

lung injury, volume overload), POCT VHA 

represents a paradigm shift in hemostatic 

resuscitation [14]. 

 

2.4 Metabolic and Electrolyte Imbalances: 

Immediate Correction 
 

Critically ill patients are prone to rapid and life-

threatening shifts in metabolic and electrolyte 

homeostasis. Diabetic ketoacidosis (DKA), severe 

hyponatremia, hyperkalemia, and disorders of 

calcium and magnesium are common in the ED and 

ICU. POCT for blood glucose is the oldest and 

most ubiquitous form of POCT, essential for the 

safe management of DKA and hyperglycemic 

hyperosmolar state, allowing for frequent titration 

of insulin infusion. Similarly, POCT for blood 

gases invariably includes simultaneous 

measurement of sodium, potassium, ionized 

calcium, and sometimes chloride and magnesium. 

The immediate availability of these values is 

crucial. For example, the detection of severe 

hyperkalemia (>6.5 mmol/L) with associated 

electrocardiogram changes demands immediate 

treatment with calcium, insulin/dextrose, and 

salbutamol. Waiting for a central lab potassium 

result could be fatal. In patients with renal failure or 

on dialysis, rapid potassium results guide the 

urgency and duration of treatment. Ionized calcium 

is vital in managing massive transfusions, 

pancreatitis, and septic shock, where hypocalcemia 

can impair cardiac function and coagulation. The 

ability to correct these abnormalities in real-time, 

based on instant POCT results, supports 

hemodynamic stability and prevents complications 

[15]. 

 

2.5 Coagulation Monitoring for Anticoagulation 

Therapy 
In patients on therapeutic anticoagulation, 

particularly those with mechanical heart valves, 

atrial fibrillation, or venous thromboembolism, 

rapid assessment of coagulation status is frequently 

needed before urgent procedures or in cases of 

suspected bleeding or overdose. POCT for activated 

clotting time (ACT) is standard during 

cardiopulmonary bypass and percutaneous coronary 

interventions to monitor high-dose heparin therapy. 

For patients on vitamin K antagonists (e.g., 

warfarin), POCT devices for prothrombin 

time/international normalized ratio (PT/INR) 

enable immediate dosage adjustment in 

anticoagulation clinics or prior to procedures, 

improving patient convenience and therapeutic 

control. 

Perhaps the most significant advancement is the use 

of POCT for direct oral anticoagulant (DOAC) 

levels. While not yet routine, emerging POCT 

devices capable of measuring anti-Factor Xa 

activity (for rivaroxaban, apixaban, edoxaban) or 

dilute thrombin time (for dabigatran) are becoming 

available. In the emergency setting for a bleeding 

patient on a DOAC, such a test could instantly 

confirm the presence and approximate level of the 

drug, guiding the use and dosing of specific 

reversal agents like idarucizumab or andexanet alfa. 

This moves management from empirical to 

evidence-based reversal, optimizing hemostatic 

outcomes and conserving expensive reversal agents 

[16]. 

 

3. Laboratory Integration and Governance 

 

3.1 The Central Laboratory's Role: From 

Competitor to Steward 
 

The proliferation of POCT can create tension with 

the central laboratory, perceived as a threat to its 

volume and control. However, the most effective 

model is one of integration, where the central 

laboratory transitions from a mere service provider 

to the overarching steward of all testing—

centralized and decentralized. This laboratory 

stewardship is critical for ensuring the accuracy, 

reliability, and clinical validity of every test result 

reported, regardless of its origin. The laboratory, 

with its expertise in analytical techniques, quality 

control, and regulatory compliance, is uniquely 

positioned to manage the POCT program [17]. This 

stewardship model involves the establishment of a 
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multidisciplinary POCT committee, typically led by 

the laboratory director and including 

representatives from clinical departments (ED, 

ICU, nursing), administration, and information 

technology. This committee sets policies, evaluates 

and selects devices, approves testing menus, and 

oversees the entire POCT operation. 

 

3.2 Quality Management System: Ensuring 

Result Reliability 
 

A robust Quality Management System (QMS) is the 

non-negotiable foundation of any safe POCT 

program. This system must be as rigorous as that of 

the central lab and is often mandated by 

accreditation bodies like The Joint Commission or 

College of American Pathologists, guided by the 

ISO 22870 standard. Key components include: 

1) Operator Training and Competency 

Assessment:All users must undergo initial training 

on the specific device, including principles of 

operation, sample collection, instrument handling, 

and troubleshooting. Competency must be formally 

assessed and documented annually, not just 

assumed. 2) Internal Quality Control 

(IQC): Devices must run control materials with 

known values at defined frequencies (e.g., every 24 

hours of operation, with each new lot of reagents, 

after maintenance) to verify the analyzer is 

functioning within specified limits. 3) External 

Quality Assessment (EQA)/Proficiency Testing 

(PT): The POCT program must participate in 

formal PT schemes where unknown samples are 

tested and results are reported to an independent 

agency for comparison with peer laboratories. This 

is the ultimate test of analytical accuracy. 

4) Documentation and Record Keeping: All 

activities—patient results, QC data, maintenance, 

operator training records—must be meticulously 

documented and readily available for audits [18]. 

 

3.3 Connectivity and Data Management: The 

Digital Backbone 
 

A disconnected POCT device is a major patient 

safety risk. Manual transcription of results into the 

EHR is error-prone and fails to provide real-time 

data access to the entire care team. Therefore, 

bidirectional connectivity between POCT devices 

and the hospital’s Laboratory Information System 

(LIS) and EHR is essential. Modern POCT devices 

should feature automated data transfer: when a test 

is performed, the result, along with operator ID, 

device ID, sample ID, and QC status, is wirelessly 

transmitted directly into the patient’s record. This 

eliminates transcription errors, ensures data 

integrity, and provides an audit trail. Furthermore, 

connectivity allows the central laboratory to 

remotely monitor POCT devices in real-time, 

checking QC status, usage patterns, and error logs, 

enabling proactive management and support [19]. 

This digital integration is the backbone that 

transforms a standalone device into a coherent part 

of the hospital’s diagnostic infrastructure. 

 

3.4 Economic Considerations: Total Cost of 

Ownership 
 

The economic assessment of POCT is nuanced. A 

simplistic comparison of the per-test cartridge cost 

of POCT versus the reagent cost of a central lab test 

is misleading. A true cost-effectiveness analysis 

must adopt a "total cost of ownership" perspective. 

This includes capital equipment costs, maintenance 

contracts, reagent costs, and the labor costs 

associated with operator training and QC 

performance. More importantly, it must account for 

clinical outcome benefits that translate into 

economic value: reduced length of stay in the ED or 

ICU, decreased rates of complications (e.g., renal 

failure in sepsis, bleeding in trauma), more efficient 

use of blood products, and potentially shorter 

overall hospital stays. For example, a POCT 

troponin pathway that safely discharges low-risk 

patients 2 hours faster can free up valuable ED 

beds. A VHA-guided transfusion protocol that 

reduces platelet and plasma use by 20% generates 

significant savings. Therefore, the business case for 

POCT should be built on its value in improving 

care efficiency and patient outcomes, not just on a 

narrow cost-per-test analysis [20]. 

 

4. Future Directions and Innovations 
 

The trajectory of POCT points towards greater 

sophistication, integration, and 

breadth. Multiplexing Panels are a key trend, 

where a single cartridge can test for a suite of 

biomarkers relevant to a specific clinical syndrome. 

For instance, a "sepsis panel" might simultaneously 

quantify PCT, lactate, CRP, and interleukin-6 from 

one sample. A "respiratory panel" could identify 

multiple viral and bacterial pathogens. This 

comprehensive snapshot accelerates syndromic 

diagnosis [21]. Non-Invasive and Continuous 

Monitoring represents another frontier. 

Technologies for transcutaneous measurement of 

gases, continuous glucose monitoring, and even 

spectroscopic analysis of blood components 

through the skin aim to provide truly real-time, 

dynamic physiological data without the need for 

repeated blood draws [22]. 

Artificial Intelligence (AI) and Machine 

Learning will increasingly be embedded in POCT 
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devices and the interpretation of their results. AI 

algorithms can integrate multiple POCT results 

with vital signs and EHR data to provide diagnostic 

probabilities, risk scores, or treatment 

recommendations directly to the clinician. For 

example, an AI model could analyze POCT 

troponin, ECG, and patient history to calculate a 

real-time probability of ACS [23]. Finally, the rise 

of Telemedicine and Remote Care is extending 

POCT into the community and pre-hospital setting. 

Ambulances equipped with POCT devices (e.g., for 

troponin, lactate, INR) can transmit results to the 

receiving hospital, activating specialist teams 

before patient arrival. In remote clinics, POCT 

connected via telehealth to a central laboratory 

expert can bring advanced diagnostics to 

underserved populations [24]. 

 

5. Conclusion 
 

Point-of-Care Testing has irrevocably altered the 

diagnostic tempo of emergency and critical care 

medicine. By delivering critical biochemical and 

hematological data at the bedside within minutes, it 

empowers clinicians to make faster, more informed 

decisions that align with the urgent 

pathophysiology of acute illness. The evidence 

across cardiac care, sepsis management, trauma 

resuscitation, and metabolic control demonstrates 

tangible benefits in reducing time-to-diagnosis, 

streamlining therapeutic interventions, optimizing 

resource use, and ultimately, improving patient 

outcomes. However, the powerful advantages of 

speed and convenience are inextricably linked to 

the imperative of accuracy and reliability. 

Unregulated, poorly managed POCT poses a 

significant risk of erroneous results that could lead 

to misdiagnosis and harm. 

Therefore, the successful implementation of POCT 

is not merely a procurement exercise but a 

comprehensive organizational commitment. Its full 

potential is only realized through deliberate and 

strategic integration under the stewardship of the 

central laboratory, enforced by a rigorous quality 

management system, enabled by seamless data 

connectivity, and justified by a holistic value-based 

assessment. As technology advances towards 

multiplex panels, continuous monitoring, and AI-

enhanced interpretation, the role of POCT will only 

expand. The future of acute care diagnostics lies in 

a fully integrated model where rapid, precise, 

bedside testing and the deep analytical expertise of 

the central laboratory function in synergistic 

harmony. In this model, POCT becomes the agile, 

frontline sensor network, while the laboratory 

provides the governance, quality framework, and 

interpretative depth, together forming a cohesive 

diagnostic engine designed to support the highest 

standards of care for the most critically ill patients. 
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