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Background

Errors in the pre-analytical phase of the total testing process account for approximately
60—-70% of all laboratory diagnostic errors, making them the most common quality
failures in the laboratory testing process. The prevalence and costs associated with the
errors, including mistakes in patient identification, inappropriate specimen collection,
and improper sample handling, remain uncertain.' Many perceive that laboratory
performance depends solely on the analytical phase, but this view is inaccurate. Total
quality in the laboratory means that every activity throughout the entire testing process
Is performed correctly. The laboratory testing process consists of three phases:
pre-analytical, analytical, and post-analytical. Together, these phases make up what is
known as the total testing process (TTP). Errors in any of these phases can significantly
Impact accurate diagnoses and overall patient health.

In recent years, laboratories have experienced significant automation in the analytical
phase, shifting from mainly manual processes to advanced integrated systems that
utilize robotics and sophisticated analyzers. These systems can perform multiple tests
on large sample volumes with minimal human intervention.? As a result of this
automation, errors in the analytical phase have notably decreased. However, a
considerable number of errors still occur during the pre-analytical phase, which
adversely affects the overall accuracy of test results. To address this issue, artificial
intelligence (Al) tools, such as machine learning (ML) algorithms, have been proposed
to improve the detection of pre-analytical errors (PAEs). Although the presence of PAEs
Is documented in the literature, the full extent of their prevalence and their impact on
hospitals, laboratories, and patients is not completely understood.

The pre-analytical phase consists of a series of processes that begin when a physician
requests laboratory tests and continues until the sample is prepared for testing. These
processes include patient preparation, sample collection, sample transportation,
sample preparation, and sample storage. Control over this phase is challenging because
most activities occur outside of the laboratory environment. Due to its complexity and
variability, standardizing the pre-analytical phase has proven to be difficult.?
Consequently, it is not surprising that the majority of errors in the total testing process
(TTP) occur during this phase. According to the literature, it is estimated that about
70% of all laboratory testing errors happen during the pre-analytical phase, with most
of these errors originating during the sample collection process.*>

Table 1. Frequency of Pre-Analytical Error Types

Type of Error Frequency (%)*

Sample Hemolyzed 10-77%
Sample Clotted 14-52%
Insufficient Quantity 3-26%
Inappropriate Container 2—-12%
Incorrect or Missing Information 0.5-10%
IV Contamination 0.05-2%
Icterus 0.05-1%
Lipemia 0.01-0.5%

*Frequency = Samples rejected due to a pre-analytical error type/total samples rejected due to
pre-analytical errors.®™

PAE prevalence varies significantly across studies. Lippi et al. (2006) reported rejection
rates of 0.37% (outpatient) and 0.82% (inpatient).® In contrast, Begum (2014) found

higher rates of 3.69% and 6.61% respectively.? Global differences also exist. Getawa et
al. (2023) noted a 0.55% rejection rate in the Americas and 3.19% in Southeast Asia."

Hemolysis and clotting together account for over 70% of all PAEs, followed by
Insufficient quantity, incorrect containers, and missing information—all of which
contribute another 25%.°" Icterus and lipemia, though less common, also impact test
results. While often patient-related rather than procedural, they are monitored for
quality control.

The most common PAE types —including hemolysis, clotting, insufficient sample
quantity, or use of inappropriate containers— are frequently caused by improper
sample collection. Unlike many laboratory-controlled processes, sample collection
typically occurs outside the laboratory and involves multiple healthcare providers who
operate beyond the laboratory’s direct oversight.

Improper collection—often due to inadequate training, disregard for protocols, or
workload pressures—is a leading cause of these errors.'*'®

Methods

We conducted both primary and secondary research on the prevalence and costs of
pre-analytical errors (PAEs). Initially, we conducted a survey during September—October
2024 among a multinational group of academic laboratory directors (MD, PhD, or MD/
PhD) in North America, Asia, and Africa, focusing on their insights regarding the
prevalence of PAEs in their local setting.

Subsequently, based on the insights from this survey, we developed search terms to
identify current evidence on the prevalence of PAEs and their associated direct and
indirect costs. To do so, we screened MEDLINE (via PubMed) and Google Scholar for
peer-reviewed studies, published in English between 2000 and 2024. The direct costs
of PAEs included personnel time and resources used for resampling, retesting, and
Investigating/reporting PAEs. Indirect costs were reported to arise from treating safety
failures and/or extended hospital stays due to incorrect or delayed diagnosis or
treatment. Based on these findings, we then conducted a narrative review

The search strategy included combinations of keywords such as “pre-analytical errors,”
“laboratory testing,” “specimen rejection,” “laboratory quality,” “economic impact,”
“cost,” and "healthcare costs.” Inclusion criteria were:

1. original studies reporting data on the prevalence of PAEs;
2. studies quantifying the direct or indirect costs of PAEs; and
3. studies focused on hospital, outpatient, or clinical laboratory settings.

Editorials, opinion pieces, non-English articles, and studies without clear data on PAE
prevalence or associated costs were excluded.

Titles and abstracts of 744 records were initially screened. After applying the inclusion
and exclusion criteria, 21 articles were selected for full-text review and inclusion in this
analysis. Of these, 13 provided prevalence data on PAEs, and 8 provided economic data
related to PAEs. Data extracted from the studies included type and frequency of PAEs,
reported rejection rates, types of tests or sample settings involved, direct and indirect
cost estimates, and any related assumptions or modeling methods used to quantify
economic burden

Results

Thirteen laboratory directors responded to our survey. 69% (9/13) reported to measure
the frequency of PAEs with a prevalence of 3% or less of the total samples. In contrast,
among those 31% (4/13) who did not report measuring the frequency of PAEs, 50%
(2/4) estimated their frequency at 3% or higher and 50% (2/4) expressed uncertainty.

In the subsequent literature research, a total of 744 abstracts/titles were screened,
resulting in the inclusion of 21 articles for detailed analysis. Thirteen of these studies
focused on the prevalence of PAEs, and 8 studies examined the associated costs. The
reported prevalence of PAEs varied, with sample rejection rates ranging from 0.37% to
6.61%. In clinical laboratories, the direct costs of PAEs may constitute up to 10% of the
annual testing budget. Furthermore, when considering both direct and indirect costs,
PAEs can account for 0.2% to 1.2% of total hospital operating costs, compared to 2—3%
of hospital operating costs for overall laboratory costs.

Until recently, there has been limited awareness of the financial costs associated with
PAEs. Depending on when PAEs are identified, they can lead to various significant
expenses. These costs may include re-sampling, re-testing, and additional time spent by
personnel on tasks such as inspecting samples, verifying test results, and investigating
and reporting errors. While several studies have estimated the financial impact of PAEs
on laboratories and hospitals, there is still a notable lack of systematic research focused
on the costs associated with these errors.'’

The direct costs associated with PAEs related to specific laboratory tests are significant.
Burrows (2012) reported three PAEs per day in inpatient CBC testing at Sunnybrook,
Canada. Depending on the need for retesting, the cost per PAE ranged from $47.94 to
$54.03 (2024-adjusted), totaling over $283,000 annually for all PAEs.'® Kulkarni et al.
(2020) found similar cost burdens in INR testing—about $40.69 per PAE, totaling
~$54,737 annually."’

Cadamuro et al. (2015) estimated annual costs related to hemolysis alone at €122,077
($179,314 USD 2024)." Eker (2022) and Hjelmgren (2023) calculated total PAE costs at
$103,427 (Turkey)?®° and $114,754 (Sweden)?', respectively.

Furthermore, some studies encompass an even broader scope by considering both
direct and indirect costs associated with PAEs. Green (2013) estimated the average
North American PAE cost at $285 per incident, totaling $1.64 million annually for a
650-bed hospital.??

PAEs have a direct effect on laboratory costs through personnel time and effort.
Personnel time accounts for 95-100% of direct PAE costs, with investigation and
documentation as the most time-consuming. Burrows estimated 35 minutes per
investigation, costing ~$31.20 per error;'® Kulkarni's analysis found similar results
($34.39 per error)."” These costs continue to rise steadily, driven by increasing labor
rates and persistent staffing shortages.

Conclusions

Our research suggests that prevalence and costs of PAEs vary considerably, depending
on patient populations and laboratory settings. Nevertheless, PAEs impose a significant
financial burden on healthcare budgets. Determining and benchmarking prevalence
and costs of PAEs can help laboratories to detect inadequate sample quality more easily,
Improve the quality of laboratory testing process and patient care and reduce overall
cost of care.

Pre-analytical errors create substantial clinical and financial burdens. They risk patient
safety and diagnostic accuracy, often occurring in uncontrolled settings like sample
collection. Despite automation reducing analytical errors, PAEs remain a dominant
challenge.

Personnel-related costs significantly exceed material expenses, primarily due to time
spent on investigation and reporting. As labor shortages and wages increase, reducing
time spent on PAEs could yield significant savings. Investments in training, automation,
and Al-based quality tools may help mitigate these costs and improve diagnostic
quality.
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