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Abstract: 

The preanalytical phase significantly impacts laboratory test quality and reliability but remains prone 

to errors. This review examines best practices for medical technologists and phlebotomists in 

preanalytics, focusing on patient preparation, specimen collection, handling, transportation, and 

processing. Adhering to standardized guidelines like CLSI's H03-A6 is critical for minimizing errors 

and maintaining sample integrity. Proper patient identification, venipuncture techniques, specimen 

handling protocols, and quality control measures are emphasized. Common preanalytical mistakes, 

including misidentification and labeling errors, are discussed, highlighting patient safety implications. 

Error prevention strategies, emerging technologies' roles in enhancing efficiency, training and 

continuing education's importance, and compliance with regulations are explored. Addressing 

challenges like point-of-care testing's rise and opportunities with advanced technologies is vital. A 

multifaceted approach involving standardization, quality control, education, and technology adoption 

optimizes preanalytics, ensuring accurate laboratory results and safeguarding patient care. 

 

INTRODUCTION 

The preanalytical phase of laboratory testing encompasses all processes and procedures that occur before the 

analytical phase, including patient preparation, specimen collection, handling, transportation, and processing 

(World Health Organization, 2011). This crucial phase has a significant impact on the overall quality and 

reliability of laboratory results, as errors or deviations during this stage can lead to inaccurate diagnoses, 

delayed or inappropriate treatment, and potential harm to patients (Lippi et al., 2011). The preanalytical phase 

is often referred to as the "dark side of the moon" in diagnostic processes, as it accounts for a substantial 

proportion of errors in laboratory diagnostics, with preanalytical errors accounting for nearly 60% to 70% of 

all problems occurring in laboratory diagnostics, most of them attributable to mishandling procedures during 

specimen collection, handling, preparation, or storage (Lippi et al., 2011). Despite its critical importance, the 

preanalytical phase has traditionally received less attention compared to the analytical phase, leading to a lack 

of standardization and a higher risk of errors (Simundic et al., 2015). 

The preanalytical phase involves a complex interplay of various factors, including human, environmental, and 

technological elements, all of which can contribute to potential errors and variability in laboratory test results 

(Lippi et al., 2011). Medical technologists and phlebotomists play pivotal roles in this phase, as their expertise 

and adherence to standardized procedures are crucial for ensuring the integrity and reliability of patient 

samples. However, the preanalytical phase is often decentralized and involves multiple healthcare 

professionals with varying levels of training and experience, which can further increase the risk of errors 

(World Health Organization, 2011). 
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Patient Preparation 

Proper patient preparation is essential for obtaining high-quality specimens and ensuring accurate test results. 

Medical technologists and phlebotomists should follow established protocols for patient identification, 

including verifying the patient's name, date of birth, and unique identifiers (Lippi et al., 2011). Clear 

communication with patients regarding necessary fasting or dietary restrictions, medication intake, or specific 

specimen collection requirements is crucial to minimize potential preanalytical errors (Simundic et al., 2015). 

Failure to properly prepare patients can lead to inaccurate test results, potentially causing misdiagnosis or 

inappropriate treatment decisions (World Health Organization, 2011). 

In addition to following established protocols, it is important to consider patient-specific factors that may 

influence the quality of the specimen. For example, certain medical conditions, such as dehydration or 

bleeding disorders, may affect the ability to obtain adequate blood samples (Lippi et al., 2011). Cultural or 

language barriers can also pose challenges in effectively communicating preparation instructions to patients 

(World Health Organization, 2011). Medical technologists and phlebotomists should be trained to identify 

and address these potential issues to ensure optimal specimen quality. 

 

Specimen Collection 

Phlebotomists play a critical role in the preanalytical phase, as they are responsible for the collection of blood 

specimens through venipuncture (Lima-Oliveira et al., 2012). Adhering to standardized venipuncture 

techniques, such as proper patient positioning, site selection, and order of draw, is essential to ensure the 

quality and integrity of the collected samples (Lima-Oliveira et al., 2012). The Clinical and Laboratory 

Standards Institute (CLSI) H03-A6 document, "Procedures for the Collection of Diagnostic Blood Specimens 

by Venipuncture," provides comprehensive guidelines for phlebotomy practices (CLSI, 2007). Studies have 

demonstrated that strict adherence to these guidelines can significantly reduce preanalytical errors and 

improve the overall quality of laboratory results (Lima-Oliveira et al., 2015; Simundic et al., 2015). Failure 

to adhere to proper phlebotomy practices can result in complications such as hematoma formation, vascular 

injury, or poor sample quality, potentially leading to inaccurate test results and patient harm (World Health 

Organization, 2011). 

In addition to following established guidelines, phlebotomists should be trained to recognize and address 

potential challenges during specimen collection. For example, patients with difficult venous access or those 

who are uncooperative or anxious may require additional care and attention to ensure a successful and 

comfortable blood draw (Lippi et al., 2011). Phlebotomists should also be familiar with the appropriate use 

of personal protective equipment (PPE) and safe sharps handling practices to minimize the risk of exposure 

to blood-borne pathogens (World Health Organization, 2011). 

 

Specimen Handling and Transportation 

After collection, proper specimen handling and transportation protocols must be followed to maintain the 

stability and integrity of the samples (Lippi et al., 2011). Medical technologists and phlebotomists should be 

knowledgeable about the specific requirements for different specimen types, including storage conditions 

(e.g., temperature, light exposure), anticoagulants, and transportation times (Lippi et al., 2011). Accurate 

labeling, documentation, and chain-of-custody procedures are also critical to prevent misidentification and 

ensure traceability (World Health Organization, 2011). Improper handling or transportation conditions can 

lead to sample degradation, compromising the accuracy of test results (Simundic et al., 2015). 

The transportation of specimens is a particularly critical step, as samples may need to be transferred between 

different facilities or locations (World Health Organization, 2011). Transportation methods, such as 

pneumatic tube systems or courier services, should be carefully evaluated and validated to ensure that samples 

are not subjected to unnecessary stress or environmental conditions that could compromise their integrity 

(Lippi et al., 2011). Additionally, appropriate documentation and tracking procedures should be in place to 

monitor the movement of samples and identify potential issues or delays (World Health Organization, 2011). 

 

Sample Processing and Preparation 

Upon arrival at the laboratory, medical technologists are responsible for the processing and preparation of 

patient samples for analysis (Lippi et al., 2011). This may involve centrifugation, aliquoting, or specific 

pretreatment steps depending on the type of analysis requested (Lippi et al., 2011). Adherence to standardized 
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protocols and proper documentation of any deviations or anomalies observed during sample processing are 

essential to maintain sample quality and ensure accurate test results (World Health Organization, 2011). 

Deviations from established protocols can introduce errors and potentially affect the reliability of test results 

(Lippi et al., 2011). 

Sample processing and preparation often involve the use of various instruments and equipment, such as 

centrifuges, pipettes, and aliquoting devices (World Health Organization, 2011). Regular maintenance, 

calibration, and quality control checks of these instruments are crucial to ensure their proper functioning and 

minimize potential sources of error (Lippi et al., 2011). Medical technologists should be trained in the correct 

operation and maintenance of these instruments, as well as troubleshooting techniques to address any issues 

that may arise. 

 

Quality Control and Preanalytical Variables 

The preanalytical phase is susceptible to various sources of variability that can impact the quality and 

reliability of test results (Lippi et al., 2011). Medical technologists and phlebotomists should be aware of 

potential preanalytical variables, such as patient-related factors (e.g., posture, physical activity, diet), 

environmental conditions (e.g., temperature, humidity), and sample handling procedures (Lippi et al., 2011). 

Implementing robust quality control measures, including regular equipment maintenance, calibration, and 

proficiency testing, is crucial to detect and mitigate potential preanalytical errors (World Health Organization, 

2011). Failure to address preanalytical variables and implement appropriate quality control measures can 

compromise the accuracy and reproducibility of laboratory test results (Simundic et al., 2015). 

Quality control measures in the preanalytical phase should extend beyond the laboratory setting and 

encompass all aspects of the testing process, from patient preparation to specimen transportation (World 

Health Organization, 2011). Regular audits and assessments should be conducted to identify potential sources 

of variability and implement corrective actions as needed (Lippi et al., 2011). Additionally, laboratories should 

establish and maintain open communication channels with healthcare providers, phlebotomists, and other 

stakeholders involved in the preanalytical phase to facilitate the exchange of information and address any 

concerns or issues that may arise (World Health Organization, 2011). 

 

Preanalytical Errors and Patient Safety 

Preanalytical errors can have significant consequences for patient safety, as they may lead to incorrect 

diagnoses, delayed or inappropriate treatment, or even adverse events (Lippi et al., 2011). Common 

preanalytical errors include patient misidentification, improper sample collection or handling, labeling errors, 

and sample mix-ups (Lillo et al., 2012; Plebani & Carraro, 1997). Medical technologists and phlebotomists 

should be trained to recognize and report potential errors, and laboratories should implement effective root 

cause analysis and corrective action plans to prevent recurrences (Lillo et al., 2012). Preanalytical errors can 

have serious implications for patient care, highlighting the importance of adhering to best practices and 

implementing appropriate safeguards throughout the preanalytical phase (World Health Organization, 2011). 

Patient misidentification is a critical error that can have severe consequences, as it can lead to the wrong test 

results being associated with a patient, potentially resulting in misdiagnosis or inappropriate treatment (Lippi 

et al., 2011). To mitigate this risk, laboratories should implement robust patient identification protocols, such 

as using at least two unique identifiers (e.g., name and date of birth) and verifying patient identities at multiple 

points throughout the preanalytical process (World Health Organization, 2011). The use of barcoding systems 

and electronic patient identification tools can also help reduce the risk of misidentification errors (Lillo et al., 

2012). 

Labeling errors, such as mislabeled or unlabeled specimens, can also have severe consequences and should 

be addressed through standardized labeling procedures and double-checking protocols (Lippi et al., 2011). 

Sample mix-ups, where specimens are inadvertently switched or contaminated with another patient's sample, 

can also occur and should be mitigated through proper specimen handling and tracking procedures (World 

Health Organization, 2011). 

In addition to implementing preventive measures, laboratories should have robust incident reporting and 

investigation processes in place to identify and address preanalytical errors when they occur (World Health 

Organization, 2011). Root cause analysis should be conducted to identify the underlying factors contributing 

to the error, and appropriate corrective and preventive actions should be implemented to prevent recurrence 
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(Lillo et al., 2012). This may involve revising policies and procedures, providing additional training to staff, 

or implementing new technologies or safeguards (World Health Organization, 2011). 

Emerging Technologies and Automation 

The preanalytical phase is continuously evolving, with new technologies and automation solutions aimed at 

improving efficiency, reducing errors, and enhancing sample quality (Lillo et al., 2012). Examples include 

automated sample tracking and labeling systems, barcode scanning for positive patient identification, and 

automated sample processing and aliquoting systems (Lillo et al., 2012). Medical technologists and 

phlebotomists should stay updated on these advancements and be trained in the proper usage and maintenance 

of new technologies to fully leverage their benefits. 

Automated sample tracking and labeling systems can help reduce the risk of misidentification and labeling 

errors by ensuring that patient information and sample identifiers are accurately and consistently captured and 

associated with each specimen (Lillo et al., 2012). Barcode scanning and other positive patient identification 

technologies can further enhance patient safety by verifying patient identities at multiple points throughout 

the preanalytical process (World Health Organization, 2011). 

Automated sample processing and aliquoting systems can improve efficiency and reduce the risk of errors 

associated with manual sample handling and preparation (Lillo et al., 2012). These systems can consistently 

perform tasks such as centrifugation, aliquoting, and sample storage, minimizing the potential for human error 

and ensuring consistent sample quality (World Health Organization, 2011). 

While automation and new technologies can offer significant benefits, it is important to carefully evaluate and 

validate these systems before implementation to ensure they are properly integrated into existing workflows 

and do not introduce new sources of error or variability (Lippi et al., 2011). Ongoing monitoring, maintenance, 

and quality control measures should also be in place to ensure the continued reliability and performance of 

these systems (World Health Organization, 2011). 

 

Training and Continuing Education 

Proper training and ongoing education are essential for medical technologists and phlebotomists to maintain 

proficiency and stay current with the latest best practices in the preanalytical phase (Lima-Oliveira et al., 

2012). Initial training should cover topics such as venipuncture techniques, specimen handling protocols, 

quality control measures, and laboratory information systems (Lima-Oliveira et al., 2012). Continuing 

education programs, such as workshops, seminars, or online courses, should be provided to ensure that 

professionals stay up-to-date with changes in regulations, guidelines, and emerging technologies. 

Training programs should emphasize the importance of adhering to standardized procedures and best 

practices, as well as the potential consequences of preanalytical errors on patient safety (World Health 

Organization, 2011). Practical, hands-on training should be provided to ensure that medical technologists and 

phlebotomists develop the necessary skills and competencies for specimen collection, handling, and 

processing (Lima-Oliveira et al., 2012). 

In addition to technical skills, training programs should also focus on developing strong communication and 

interpersonal skills, as effective communication is essential for ensuring proper patient preparation, obtaining 

accurate patient information, and collaborating with other healthcare professionals involved in the 

preanalytical process (Lippi et al., 2011). 

Continuing education is equally important to ensure that medical technologists and phlebotomists remain up-

to-date with the latest developments, guidelines, and best practices in the field (World Health Organization, 

2011). Regular refresher training, competency assessments, and opportunities for professional development 

should be provided to maintain and enhance the knowledge and skills of preanalytical staff (Lima-Oliveira et 

al., 2012). 

 

Regulatory and Accreditation Requirements 

The preanalytical phase is subject to various regulatory and accreditation requirements to ensure the quality 

and safety of laboratory services (World Health Organization, 2011). Medical technologists and phlebotomists 

should be familiar with the relevant guidelines and standards set forth by organizations such as the Clinical 

and Laboratory Standards Institute (CLSI), the International Organization for Standardization (ISO), and the 

College of American Pathologists (CAP) (World Health Organization, 2011). Adherence to these 

requirements is essential for laboratories to maintain accreditation and compliance. 
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Accreditation bodies, such as the College of American Pathologists (CAP) and the Joint Commission, have 

established specific requirements for the preanalytical phase, including policies and procedures for patient 

preparation, specimen collection, handling, and transportation (CAP, 2021; The Joint Commission, 2021). 

These requirements cover areas such as patient identification, specimen labeling, quality control measures, 

and staff training and competency assessment (CAP, 2021; The Joint Commission, 2021). 

In addition to accreditation requirements, medical technologists and phlebotomists should also be 

knowledgeable about applicable local, state, and federal regulations governing laboratory practices and patient 

privacy and safety (World Health Organization, 2011). This may include regulations related to the handling 

and disposal of biohazardous materials, occupational health and safety, and the protection of patient health 

information (OSHA, 2012; U.S. Department of Health and Human Services, 2003). 

Compliance with regulatory and accreditation requirements is essential for maintaining the integrity and 

quality of laboratory services, as well as ensuring patient safety and public trust (World Health Organization, 

2011). Laboratories should implement robust quality management systems and regularly review and update 

their policies and procedures to ensure ongoing compliance with relevant guidelines and regulations (CAP, 

2021; The Joint Commission, 2021). 

 

Challenges and Opportunities 

As the field of laboratory medicine continues to evolve, the preanalytical phase will face new challenges and 

opportunities (Alavi et al., 2020). The increasing adoption of point-of-care testing and decentralized 

laboratory services may require additional considerations for sample handling and transportation (Lippi et al., 

2011). Furthermore, the integration of advanced technologies, such as artificial intelligence and machine 

learning, may enable more efficient and accurate preanalytical processes, including sample tracking, quality 

control, and error detection (Lippi et al., 2011). 

The rise of point-of-care testing (POCT) and decentralized laboratory services has the potential to improve 

patient access to laboratory testing and reduce turnaround times for test results (Lippi et al., 2011). However, 

it also introduces new challenges for the preanalytical phase, as specimen collection and handling may be 

performed outside of traditional laboratory settings by healthcare professionals with varying levels of training 

and experience (World Health Organization, 2011). 

To address these challenges, laboratories must establish clear policies and procedures for POCT and 

decentralized testing, including standardized protocols for specimen collection, handling, and transportation 

(Lippi et al., 2011). Training and competency assessment programs should be implemented to ensure that all 

personnel involved in the preanalytical phase, regardless of their location or role, are adhering to best practices 

(World Health Organization, 2011). 

The integration of advanced technologies, such as artificial intelligence (AI) and machine learning, presents 

exciting opportunities for enhancing the preanalytical phase (Lippi et al., 2011). AI-powered systems could 

be used for automated sample tracking and labeling, real-time monitoring of preanalytical variables, and 

intelligent decision support for quality control and error detection (Lippi et al., 2011). 

For example, AI algorithms could be trained to analyze images of specimen labels or patient identification 

wristbands to detect potential errors or discrepancies, reducing the risk of misidentification and labeling errors 

(Lippi et al., 2011). Machine learning models could also be developed to identify patterns and anomalies in 

preanalytical data, such as temperature fluctuations during specimen transportation or deviations from 

established protocols, enabling proactive interventions to mitigate potential errors (Lippi et al., 2011). 

While the integration of AI and advanced technologies holds great promise, it is essential to carefully evaluate 

and validate these systems to ensure they are reliable, accurate, and compliant with relevant regulations and 

guidelines (World Health Organization, 2011). Ongoing monitoring and quality control measures should be 

in place to detect and address any potential issues or biases that may arise from the use of these technologies 

(Lippi et al., 2011). 

 

Conclusion 

The preanalytical phase is a critical component of the laboratory testing process, and adherence to best 

practices by medical technologists and phlebotomists is essential for ensuring the quality and reliability of 

laboratory results. This comprehensive review has highlighted the importance of proper patient preparation, 

specimen collection, handling, and processing, as well as the potential sources of preanalytical errors and their 
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impact on patient safety. 

The review has emphasized the roles of emerging technologies, training and education, and regulatory and 

accreditation requirements in maintaining and improving the preanalytical phase. By continuously improving 

preanalytical practices and staying updated with the latest advancements, medical technologists and 

phlebotomists can contribute to enhanced patient care and overall healthcare quality. 

Addressing the challenges and embracing the opportunities presented by new technologies, decentralized 

testing, and evolving healthcare landscapes will be crucial for the future of the preanalytical phase. 

Collaboration between laboratory professionals, healthcare providers, and regulatory bodies will be essential 

to develop and implement effective strategies for improving preanalytical processes and minimizing the risk 

of errors. 

Ultimately, a comprehensive approach that prioritizes patient safety, standardization, and continuous quality 

improvement is key to optimizing the preanalytical phase and ensuring accurate and reliable laboratory test 

results. 
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