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Background:
Pre-analytical errors are the leading source of laboratory inaccuracies worldwide, accounting for over 60% of all diagnostic testing errors. In hematology, sample quality is critically dependent on correct collection, labeling, and transport practices. Errors during this phase not only delay diagnosis but also waste resources and compromise patient safety. Despite ongoing laboratory quality improvement initiatives in Zimbabwe, limited data exist on the prevalence and causes of hematology sample rejection in provincial hospitals.
Objective:
To determine the prevalence, causes, and clinical implications of hematology sample rejection at Masvingo Provincial Hospital Laboratory, Zimbabwe, and to assess how pre-analytical variables influence sample rejection trends.
Methods:
A retrospective descriptive study was conducted using data from the hematology section of Masvingo Provincial Hospital Laboratory covering the period January–December 2024. Records from the sample rejection logbook and Laboratory Information Management System (LIMS) were reviewed. Parameters analyzed included total number of hematology samples received, number and reasons for rejection, source of samples, and time of occurrence.
Results:
A total of 6,364 hematology samples were processed during the study period, of which 72 were rejected, giving an annual rejection rate of 1.13%. Monthly rejection rates fluctuated between 0.2% and 3.0%, with the highest rates observed in June, July, and October 2024. The leading causes of sample rejection were clotted samples (28%), wrong sample tubes (18%), lipemic samples (14%), and insufficient volume (14%). Other causes included hemolysis (11%) and mismatched specimen details (13%). Most rejected samples originated from the Pediatric Ward (32%) and Antenatal Clinic (19%), indicating higher vulnerability among these clinical areas.
Conclusion:
Pre-analytical variables significantly affect hematology sample rejection at Masvingo Provincial Hospital Laboratory. While documentation and labeling practices appear satisfactory, technical errors—particularly clotting and use of incorrect tubes—remain a challenge. Strengthening staff competency through continuous professional training, regular quality audits, and improved transport logistics will help reduce rejection rates and improve the reliability of hematology results.
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[bookmark: _GoBack]INTRODUCTION
[bookmark: _g5jzfkblp4r][bookmark: _urdueul0z158]Clinical laboratory testing plays a pivotal role in modern medicine, providing critical information that influences more than 70% of medical decisions regarding diagnosis, prognosis, and therapeutic management. However, the accuracy of test results is highly dependent on the quality of the specimen analyzed. The pre-analytical phase—encompassing all steps from test requisition, patient identification, sample collection, labeling, handling, and transport to the laboratory—is widely recognized as the most vulnerable stage in the total testing process. Estimates suggest that 60–80% of laboratory errors originate during this phase, far exceeding those occurring during the analytical or post-analytical phases [1-2]. In hematology laboratories, the integrity of blood specimens is particularly susceptible to pre-analytical factors because cell morphology, stability, and count accuracy depend on precise collection and handling conditions. Common pre-analytical issues include improper mixing with anticoagulants, under- or over-filling of collection tubes, sample clotting, hemolysis, mislabeled specimens, and prolonged transportation times. Such factors can render samples unsuitable for analysis, leading to sample rejection. The consequences are multifold: repeat venipuncture, delayed turnaround times, patient discomfort, waste of consumables, and financial strain on healthcare institutions [3].
Globally, sample rejection rates vary widely—from 0.3% in highly automated reference laboratories to over 10% in resource-limited settings. In low- and middle-income countries (LMICs), including those in sub-Saharan Africa, infrastructural limitations, inconsistent phlebotomy training, and weak transport systems exacerbate pre-analytical errors. In Zimbabwe, the National Laboratory Services Directorate under the Ministry of Health and Child Care has emphasized quality management systems (QMS) to improve laboratory reliability and accreditation readiness. Yet, despite these efforts, pre-analytical errors remain under-reported and under-investigated, particularly in provincial laboratories that serve as referral hubs for surrounding districts [4]. Masvingo Provincial Laboratory is a key diagnostic center supporting healthcare delivery for a wide catchment area that includes multiple district hospitals and peripheral clinics. The laboratory processes a substantial number of hematology specimens daily, ranging from full blood counts to malaria and differential analyses. Anecdotal reports from internal audits have suggested an upward trend in hematology sample rejections—mainly attributed to clotting, underfilled tubes, and incorrect labeling. However, systematic data on the magnitude and determinants of these pre-analytical problems have not been formally documented. Without empirical evidence, it is difficult to design targeted interventions to improve laboratory performance and achieve the goals of the Zimbabwe National Quality Assurance Programme [5]. This study, therefore, sought to investigate the impact of selected pre-analytical variables on hematology sample rejection rates at Masvingo Provincial Laboratory, Zimbabwe. By identifying the most frequent causes of rejection and their associated factors—such as collection source, sample transport delay, and staff training frequency—this research aims to provide evidence-based insights for strengthening laboratory quality systems. The findings are expected to inform corrective actions, guide policy in sample handling practices, and ultimately enhance the reliability of hematology testing across provincial and district laboratories in Zimbabwe.
METHODOLOGY 
[bookmark: _n03ws55oeofp][bookmark: _8e18yl6afvp3]Research design
A retrospective cross-sectional study design was utilized for this research. This approach was the most appropriate as it allowed for the analysis of existing data over a defined period, facilitating the examination of preanalytical variables and their association with sample rejection rates. By analyzing historical data, the study was able uncover patterns and trends without the need for prospective data collection.
[bookmark: _h5u51ym4zbp6]Study setting 
The research was conducted at Masvingo Provincial Laboratory, a prominent healthcare facility in the Masvingo region selected due to its significance in hematology testing and the observed variability in sample rejection rates. The laboratory serves a diverse patient population, providing an ideal context to study the impact of preanalytical factors on sample quality through historical records.
[bookmark: _xwilwzouce6d]Study population
The study population consist of all patient samples submitted for hematology testing at Masvingo Provincial Laboratory over a one-year period. This means it included samples that were accepted and those that were rejected due to various preanalytical errors. The study incorporated key informant interviews to gather qualitative insights from three laboratory personnel and three other healthcare providers. By including both accepted and rejected samples, the study aimed to provide a comprehensive understanding of the factors contributing to sample rejection.
[bookmark: _vnrho4owvg1d]Sample size and sampling procedure
Sample size measures the number of individual samples measured or observations used in a survey or experiment (Zambani, 2018). All patient samples that were run per month were reviewed, comprising both accepted and rejected samples.
[bookmark: _upanmo1m3k6n]Data collection instruments, their validity and reliability
Data was collected using a standardized data extraction form designed to capture relevant information regarding preanalytical variables, including specimen collection techniques, handling, and transportation conditions. The data extraction form was developed based on existing literature and expert consultations to ensure content validity. Its reliability was assessed through a pilot test, aiming for a Cohen's kappa coefficient of 0.78 or higher, indicating substantial agreement among reviewers.
[bookmark: _lgubncomruc]Pretesting of instruments
Pretesting of the data extraction form was conducted with a subset of 20 patient records prior to the main data collection. This process allowed for the identification of potential issues in the form's clarity and relevance. Feedback from the pre-test lead to necessary revisions, enhancing the instrument's effectiveness in capturing accurate data.
[bookmark: _msmrpeo9t23f]Inclusion criteria
In this study, we focused on a diverse group of patients whose samples are collected at Masvingo Provincial Hospital Laboratory. This included both adults and children, allowing us to capture a wide range of demographics that reflect our community. The time frame for the data collection extended throughout the year 2024, which allowed for a comprehensive analysis.  This study only focused on hematology samples, such as those for complete blood counts and coagulation tests, to keep our focus sharp and relevant. The main interest lied in the preanalytical phase, which includes patient preparation, specimen collection, handling and transportation. By examining these factors, the main aim was to uncover how they affect sample rejection rates in the lab.
[bookmark: _v52qcrhm9ahp]Exclusion Criteria
Any samples that were rejected before January 2024 were not be included, as they fell outside our study's timeframe. Certain patient populations were excluded, particularly those with known hematological disorders, since their conditions could skew our results. Furthermore, the research did not consider analytical and post-analytical variables, such as those related to actual test performance and interpretation of results, as the primary focus was on the pre-analytical phase.
[bookmark: _oaymq6z3155j]Data collection procedure
Data collection was carried out over a four-week period. Trained research assistants reviewed the laboratory’s historical records and extracted relevant data from the selected patient files. They ensured meticulous attention to detail to maintain the accuracy and integrity of the data collected. The data was organized systematically for analysis, with all identifying information anonymised to protect patient confidentiality
[bookmark: _3ulmnkqn5g2]Ethical consideration
Ethical approval was be obtained from the institutional review board prior to the commencement of the study. Given the retrospective nature of the research, informed consent from patients was not required. However, confidentiality was maintained throughout the process, with all data anonymised and securely stored to protect patient privacy. The study will adhered to ethical guidelines for research involving human subjects. Also, approval to carry out the study was obtained from the management at Masvingo provincial hospital laboratory. 
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[bookmark: _e1wgopofg34a][bookmark: _xrg8kbn3fsfn]Prevalence of hematology sample rejection at Masvingo Provincial Hospital laboratory
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Figure 1: Hematology sample rejection at Masvingo Provincial Hospital

The monthly rejection rates for Hematology fluctuated between 0.2% and 3.0%. The highest rejection rates were in June, July and October 2024, whereas the lowest rejection rate was in May 2024.
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Figure 2: Most common reasons for sample rejection at Masvingo Provincial Hospital

Clotted samples were found to be the leading cause of rejection in hematology with a total of 20 samples, which constitute 28% of all rejected samples. This was followed by wrong sample tubes (18%), lipaemic samples (14%) and insufficient samples (14%). Eight samples were rejected because they were hemolyzed. Also, nine samples were rejected because specimen and form details differed and another two samples were rejected because of wrong transport conditions. There were no samples rejected because the hospital number or proof of payment was missing, incorrect labelling, specimen tube was leaking, form and specimen were soiled, no test was indicated and specimen was too old.
[bookmark: _527016c7z8jh]
[bookmark: _j1hk9qr6fic]Table 1: Analysis of the locations of blood taking
	WARD
	NUMBER OF SAMPLES REJECTED 
	PERCENTAGE OF REJECTION 

	Pediatric Ward 
	23
	32

	Antenatal Clinic 
	14
	19

	Post Natal Ward 
	10
	14

	Out-Patient Department 
	10
	14

	Other Wards 
	15
	21



Analysis of the locations of blood taking showed that most of the rejected samples came from the pediatric ward followed by the antenatal Clinic. Others such as Post Natal Ward and the outpatient department contributed to 10 and 8 rejected samples. The rest of the wards at the hospital had 20 rejected samples combined 

[bookmark: _3s527uvrawry]DISCUSSION 
[bookmark: _xioq0en5ybcz][bookmark: _8h0idb2qdeqc][bookmark: _50lxh6uub5xd]Prevalence of Hematology Sample Rejection
The findings of this study revealed an overall hematology sample rejection rate of 1.13% at Masvingo Provincial Hospital Laboratory for the year 2024. Although this percentage appears relatively low, it represents a meaningful quality indicator that warrants attention, particularly in a busy provincial laboratory setting. The rate aligns with international benchmarks, which typically range between 0.3% and 2% in well-performing laboratories, yet it remains higher than the ideal rejection rate of below 1% recommended for continuous quality improvement [6]. Monthly fluctuations were observed, with rejection rates ranging between 0.2% and 3.0%, peaking in June, July, and October 2024. These variations may be attributed to seasonal workload changes, staff rotations, or variations in adherence to standard operating procedures (SOPs). For instance, the months with higher rejection rates could coincide with increased patient load, staff shortages, or newly assigned personnel unfamiliar with sample handling protocols. Such temporal patterns underscore the importance of continuous monitoring and staff retraining to minimize preventable pre-analytical errors [7]. The relatively higher rejection rates observed in certain months are comparable to findings from other regional studies. For example, a study in Nigeria reported a 2.6% rejection rate for hematology samples, with notable peaks during periods of high clinical demand. Similarly, South African provincial laboratories have reported periodic spikes in rejection rates linked to inconsistent phlebotomy practices and lapses in transport logistics. Thus, the rejection rate observed at Masvingo Provincial Hospital Laboratory, while moderate, reflects broader systemic challenges common in resource-constrained laboratory networks [8].
Major Causes of Hematology Sample Rejection
Analysis of rejection causes showed that clotted samples were the leading reason for rejection (28%), followed by wrong sample tubes (18%), lipemic samples (14%), and insufficient samples (14%). Other less frequent causes included hemolysis, mismatched specimen details, and improper transport conditions. Notably, there were no rejections due to missing hospital numbers, proof of payment, incorrect labeling, or soiled forms, indicating that administrative compliance with documentation has improved [9]. Clotted samples remain one of the most common pre-analytical errors in hematology worldwide. This typically occurs when blood is not adequately mixed with anticoagulant (EDTA) or when there is a delay between collection and mixing. Such clots can lead to inaccurate cell counts or obstruct the analyzer, necessitating sample rejection and recollection. The predominance of clotted specimens at Masvingo may reflect gaps in phlebotomy training, improper tube inversion practices, or delayed sample transport from collection points to the laboratory [10].
The use of wrong sample tubes (18%) highlights a need for stricter adherence to phlebotomy protocols and color-code awareness. Each laboratory test requires specific anticoagulants and additives, and inappropriate tube selection can compromise test validity. This challenge is often observed in settings where staff rotation leads to inexperienced personnel collecting samples for specialized tests. Lipemic and hemolyzed samples accounted for a combined 27% of rejections. Lipemia is often due to non-fasting samples or poor patient preparation, while hemolysis results from excessive pressure during venipuncture, small-bore needles, or rough handling. Both conditions affect plasma clarity and interfere with hematology analyzer performance. The identification of these errors signals the need for enhanced patient pre-test instructions and improved phlebotomy technique supervision [11].
Clinical and Patient Implications
Sample rejection is not merely a laboratory inconvenience—it has direct implications on patient care. The analysis of sample sources showed that the Pediatric Ward accounted for the highest proportion of rejected samples (32%), followed by the Antenatal Clinic (19%), Postnatal Ward (14%), and the Outpatient Department (14%). The high rejection rate in the pediatric ward could be due to the challenges of obtaining adequate blood volumes from infants and young children, which often leads to underfilled or clotted samples. Similarly, in the antenatal and postnatal units, physiological changes in pregnancy and the urgency of sample collection may contribute to suboptimal handling [12]. These findings have significant implications. Recollection delays patient management decisions, especially for vulnerable populations such as neonates and pregnant women, where timely hematological assessment is critical. Repeated venipunctures also increase discomfort, risk of anemia in neonates, and resource wastage. Furthermore, persistent rejections can undermine clinician confidence in laboratory services, ultimately compromising the perceived reliability of diagnostic outcomes [13-14]. The absence of rejections due to missing labels or soiled specimens is commendable and reflects adherence to basic laboratory identification protocols. However, the persistence of clotted and underfilled samples suggests that technical rather than administrative factors are now the major contributors to pre-analytical errors. Strengthening continuous professional development for phlebotomists, enforcing sample adequacy checks at collection points, and improving feedback between laboratory and clinical departments could effectively reduce these rejections [16].
Comparison with Other Studies and Quality Improvement Implications
The overall pattern of findings aligns with existing literature indicating that the majority of laboratory errors occur before analysis. In a Tanzanian study, clotted samples constituted 33% of all hematology rejections, closely mirroring the 28% observed in this study. Similarly, insufficient volume and wrong tube usage were recurrent issues across African laboratories where workload pressure and limited supervision persist [17]. The relatively low annual rejection rate (1.13%) at Masvingo Provincial Hospital suggests that quality control systems are in place but can be enhanced. Implementing root cause analysis (RCA) for recurring rejection types, along with regular audits and phlebotomy refresher courses, could further minimize pre-analytical waste. Moreover, introducing sample transport time monitoring—using barcoded timestamps or courier logs—could help reduce delays that contribute to clotting and hemolysis [18]. From a quality management perspective, hematology sample rejection should continue to serve as a key performance indicator (KPI) within the laboratory’s quality assurance framework. Tracking this indicator over time will help assess the effectiveness of interventions and guide accreditation readiness under programs such as Zimbabwe National Quality Assurance Programme (ZINQAP) and WHO-Afro SLIPTA (Stepwise Laboratory Improvement Process Towards Accreditation) [6].
CONCLUSION
This study assessed the impact of pre-analytical variables on hematology sample rejection at Masvingo Provincial Hospital Laboratory and revealed that, although the overall annual rejection rate (1.13%) was relatively low, several preventable factors continue to compromise sample quality and workflow efficiency. The most frequent causes of rejection were clotted samples, wrong sample tubes, lipemic specimens, and insufficient sample volume, highlighting persistent challenges in phlebotomy practice and specimen handling. Rejection rates fluctuated across the year, with notable peaks in June, July, and October 2024, suggesting that seasonal workload variations, staff turnover, or lapses in adherence to standard operating procedures may influence pre-analytical performance. Furthermore, the pediatric and antenatal units contributed the highest proportion of rejected samples, underscoring the technical difficulties of specimen collection in vulnerable patient groups such as children and pregnant women.
These findings underscore the need for strengthened pre-analytical quality control measures, including continuous staff training, improved communication between clinical wards and the laboratory, and strict adherence to specimen collection and transport protocols. Periodic audits, timely feedback, and monitoring of rejection trends should form part of the laboratory’s quality assurance system to maintain diagnostic reliability. Minimizing pre-analytical errors is essential not only for improving laboratory efficiency but also for enhancing patient safety and clinical outcomes. Sustained commitment to quality management, supervision, and education at all stages of the specimen journey will ensure that the Masvingo Provincial Hospital Laboratory continues to deliver accurate, timely, and trustworthy hematological results.
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