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Abstract 

The pre-analytical phase comprises all procedures performed before laboratory analysis, 

including patient preparation, specimen collection, handling, transportation, and storage. 

This stage is widely recognized as the most vulnerable to errors in the total testing 

process. Current evidence indicates that approximately 30–75% of laboratory errors 

originate during the pre-analytical phase, making it a critical determinant of diagnostic 

reliability. Failures at this stage can lead to inaccurate results, misinterpretation, 

inappropriate clinical decisions, delayed treatment, and increased healthcare expenditure. 

This review explores the various pre-analytical factors, their mechanisms of interference, 

statistical burden, and their consequences on patient outcomes. 
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Introduction 

Laboratory investigations form the backbone of clinical decision-making, contributing to 

nearly two-thirds of medical diagnoses and treatment plans. The laboratory testing 

pathway is broadly categorized into three stages: pre-analytical, analytical, and post-

analytical phases. Among these, the pre-analytical phase remains the most susceptible to 

LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 14 ISSUE 3 2026

PAGE NO: 813

mailto:kanishkathekulshreshtha@gmail.com
Tanoy
Textbox

Tanoy
Textbox

Tanoy
Textbox

Tanoy
Textbox



variability and error, primarily due to its dependence on manual procedures and multiple 

personnel. 

Despite advancements in analytical technologies, errors occurring before analysis 

continue to compromise test reliability and patient safety. Therefore, understanding and 

controlling pre-analytical variables is essential for ensuring high-quality healthcare 

delivery. 

 Concept of Pre-Analytical Variables : Pre-analytical variables refer to all factors that 

influence a specimen prior to its analytical measurement. These variables can arise at 

different points, including patient preparation, specimen collection, and sample 

processing. 

They are broadly categorized into: 

 Patient-related factors  

 Specimen-related factors  

 Operational or process-related factors  

Each of these categories plays a crucial role in determining the accuracy and validity of 

laboratory results. 

Burden of Pre-Analytical Errors (Statistical Overview) 

Several investigations have quantified the extent of errors occurring in the pre-analytical 

phase: 

 Studies report that 30–75% of total laboratory errors occur before analysis  

 In certain large-scale analyses, over 70% of diagnostic inaccuracies have been 

attributed to pre-analytical issues  

 Some reports indicate that more than 95% of total errors are linked to pre-

analytical processes in high-volume laboratories  

 Errors in test requisition forms have been documented in up to 80% of cases in 

some healthcare settings  

 Sample rejection rates due to pre-analytical issues range between 0.5% and 7%, 

depending on institutional practices  

 Hemolysis remains the leading cause, contributing to nearly 60–70% of 

specimen-related errors  

These statistics highlight the significant impact of pre-analytical variables on laboratory 

performance and patient care. 
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Classification of Pre-Analytical Variables 

Patient-Related Factors: Variations in patient condition and preparation can 

significantly alter laboratory values: 

 Fasting status and dietary intake  

 Physical exertion prior to testing  

 Biological rhythms (e.g., hormone fluctuations)  

 Drug interactions  

 Body posture during sample collection  

Specimen Collection Factors: Errors during sample collection are among the most 

frequent: 

 Misidentification of patients  

 Use of incorrect collection tubes or anticoagulants  

 Improper venipuncture technique leading to hemolysis  

 Extended tourniquet application  

 Incorrect sequence of tube collection  

Sample Handling and Transportation: Post-collection handling plays a vital role in 

maintaining sample integrity: 

 Delayed transport to the laboratory  

 Exposure to inappropriate temperatures  

 Inadequate mixing or centrifugation  

 Mechanical agitation during transit  

Documentation and Administrative Issues: Clerical errors can also compromise test 

validity: 

 Incomplete or inaccurate requisition forms  

 Mislabeling or unlabeled specimens  

 Incorrect test orders  

Pathophysiological Mechanisms of Error: Pre-analytical variables influence 

laboratory results through multiple mechanisms: 

 Cellular disruption (hemolysis): Release of intracellular components such as 

potassium and enzymes  

 Sample contamination: Mixing with intravenous fluids or external substances  

 Analyte instability: Degradation of substances like glucose due to delayed 

processing  

 Improper anticoagulation: Formation of clots affecting hematological tests  
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These alterations can significantly distort laboratory findings and lead to incorrect 

clinical interpretations. 

Impact on Patient Outcomes 

Diagnostic Inaccuracy: Erroneous laboratory results may result in: 

 False-positive findings  

 False-negative diagnoses  

 Missed or delayed identification of disease  

Therapeutic Implications: Incorrect data can lead to: 

 Inappropriate medication use  

 Incorrect dosing decisions  

 Delayed initiation of appropriate therapy  

Clinical Risk and Patient Safety: Serious consequences may include: 

 Increased morbidity due to delayed treatment  

 Potentially avoidable complications  

 In critical cases, increased mortality risk  

Economic Consequence : Pre-analytical errors contribute to: 

 Repeated testing and resource wastage  

 Prolonged hospital stays  

 Increased overall healthcare costs  

Patient Experience 

From the patient perspective: 

 Repeated sample collection causes discomfort  

 Increased anxiety and dissatisfaction  

 Reduced confidence in healthcare services  

High-Risk Clinical Settings: Certain healthcare environments are more prone to 

pre-analytical errors: 

 Emergency departments (due to urgency)  

 Intensive care units (complex patient conditions)  

 Outpatient departments (variability in practices)  

 Inter-facility sample transportation systems  
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Contributing Factors: Key contributors to pre-analytical errors include: 

 Human factors such as fatigue and inadequate training  

 Poor communication among healthcare teams  

 Lack of standardized operating procedures  

 Insufficient infrastructure and logistics  

Strategies for Improvement 

Standardization of Procedures 

 Implementation of uniform protocols  

 Use of structured checklists  

Education and Training 

 Regular staff training programs  

 Competency-based assessments  

Technological Solutions 

 Barcode-based patient identification  

 Integration of Laboratory Information Systems (LIS)  

 Automated transport and processing systems  

Quality Monitoring 

 Tracking of error rates and rejected samples  

 Monitoring hemolysis indices  

 Regular quality audits  

Strengthening Communication 

 Improved coordination between clinicians and laboratory personnel  

 Clear documentation practices  

Future Directions: Advancements in healthcare technology offer promising 

solutions: 

 Artificial intelligence for early error detection  

 Real-time monitoring of sample conditions  

 Increased automation in pre-analytical workflows  

These innovations aim to reduce human dependency and enhance diagnostic precision. 

LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 14 ISSUE 3 2026

PAGE NO: 817



Conclusion : The pre-analytical phase remains the most critical and error-prone 

component of laboratory testing. Its impact on patient outcomes is substantial, 

influencing diagnostic accuracy, treatment decisions, and overall healthcare quality. 

Addressing pre-analytical variables through standardization, education, and technological 

integration is essential for improving patient safety and optimizing clinical outcomes. 
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