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Abstract 
Proficiency testing (PT) is crucial to ensuring the quality and accuracy of medical laboratory testing. This review article 
investigates the performance of unacceptable results in PT among medical laboratories. Unacceptable PT results indicate 
potential issues in laboratory performance, which can have significant implications for patient care. This review examines the 
factors contributing to unacceptable PT results, including pre-analytical, analytical, and post-analytical errors. It also explores 
the impact of unacceptable results on laboratory quality management and patient outcomes. Strategies for reducing 
unacceptable PT results and improving overall laboratory performance are discussed. Understanding and addressing the 
factors contributing to unacceptable PT results are essential for maintaining high laboratory standards and ensuring the 
reliability of laboratory test results. 
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Introduction 

When a laboratory announces a PT scheme, they 
commonly feel confident and even relaxed when 
preparing their systems and starting testing samples. 
Some laboratories may struggle to meet deadlines and 
rush sample examinations due to current workloads 
and time constraints. After obtaining their PT scores, 
it could be quite a shock for those confident to learn 
that their test results were not as accurate as they 
thought. This can then lead to actions on how and 
why mistakes were made and what systems can be 
changed to correct these mistakes. PT is a learning 
experience for medical laboratory scientists; often, it 
is from mistakes that a person can learn the most. PT 
results allow a laboratory to see what mistakes were 
made and which analytes. Mistakes can range from 
simple clerical errors to problems with sample 
preparation and analyte testing [1-3]. PT samples 
provide an alternative to checking test results' 
accuracy, compared to patient samples, which is a far 
riskier and less ethical practice. PT mistakes should be 
investigated so changes can be made to improve and 
prevent similar mistakes from being made in the 
future. PT programs can also often identify a minority 
of laboratories providing unreliable test results. This 
could be due to financial constraints and a lack of 

resources or a lack of qualified staff and training. In 
turn, it may be in the best interests of these 
laboratories to reconsider whether they should 
continue testing these analytes and even consider 
sending samples to a more reliable external source 
[1,3].  
A proficiency testing (PT) program is a tool used to 
assess the quality of laboratory test results by 
comparing them to a "gold standard." This is done to 
monitor the ongoing capability of a laboratory to 
deliver a valid result and to detect any changes to the 
systems being used. In clinical chemistry, a PT 
program simulates patient samples, which can be 
either internal (samples are tested on-site) or external 
(samples are sent to another laboratory). Accurate and 
reliable reporting of patient test results is essential for 
modern healthcare. Any errors made during clinical 
testing can result in misdiagnosis and incorrect 
treatments and jeopardize patient safety. Therefore, 
medical laboratory scientists need to participate in PT 
programs to ensure their test results are reliable and 
that any mistakes can be identified and corrected 
[1,3,4].  
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The importance of PT has become evident to 
government bodies, which now use PT participation 
to determine eligibility for participation in health care 
schemes. PT has also been endorsed by the European 
Union's Directive on using standards in the pursuit of 
standardization to assist laboratories in 
demonstrating competence because accreditation 
alone does not guarantee quality. Therefore, many 
laboratories in various countries may be at different 
stages of implementing PT. PT is also essential for 
clinical trials and studies since data from variably 
competent laboratories can be misleading and 
sometimes is rejected by journals as an acceptable post 
for publication. PT is the preferable alternative to 
using samples from the general population or samples 
that have been artificially manipulated to contain 
abnormal results [1-3,5].  
Proficiency testing (PT) is a system used to evaluate 
individual laboratories' work quality for specific tests 
or measurements and is widely used in clinical 
laboratories. It can be considered a valuable tool to 
reinforce quality assurance and cost-effective quality 
improvement. Any PT program compares a 
laboratory's performance with similar laboratories, 
regionally or nationally, and provides an educational 
experience to improve that performance. PT should 
not only be used to monitor ongoing competence but 
also to identify specific areas in need of further 
improvement [1,3].   

Poor Performance 

The definitions used vary; for example, Power (1996) 
defines a poor performer as a laboratory that fails to 
produce a result within defined standards. He 
recommended a percentage of satisfactory results 
using a z score (between -2 and 2) of 65% and 80%. 
Failure to achieve this was termed insufficient 
reliability. Blanket al. (2002) defined it as a result 
significantly different from the peer group consensus 
value. This definition has logical appeal and is based 
upon the premise in the Analytical Hierarchy that 
certain tests are so vital that the wrong result is worse 
than no result. Other researchers have measured 
performance in terms of categorical classification of 
results (Stableford et al., 2000) and diagnostic 
sensitivity (Shrader et al., 2004). Much research is not 
directly comparable because PP was studied 
concerning one method or disease-specific testing. PP 
is relevant to the on-site analytical process and results 
production; pre- and post-analytical influences may 
completely mask an error in the analytic phase. 6 This 
definition is good in that it highlights the fact that 

poor performance affects patient results and can also 
be epitomized by instances where no result is worse 
than an incorrect one. The extent to which peer group 
performance is attained or error in a single test can be 
identified has informed the PT pilot study reported in 
this thesis and thus is closely related to the definition. 
The most widely used definitions are those of ISO 
13528 (2005), the international standard for PT, 
which gives a quantitative definition of test-level bias 
and imprecision. An impressive performance of a 
method can be indicated by attaining the target 
clinical decision limit or complying with performance-
based guidelines. ISO 13528 focuses on test-specific 
performance rather than results attained in routine 
analysis of patient samples. Thus, it may not 
accurately assess the influence of a method on patient 
results [6,7]. 

Significance of Investigating Poor 
Performance 

Suppose these investigations of PT samples are to be 
effective. In that case, it will be necessary to know 
what evidence is that a particular result in a PT sample 
is incorrect. Usually, this will be implicit from how 
the sample has been 'solved' at the organizing 
laboratory; a discrepant result will be due to a certified 
difference between the target value and the result.  
6Evidence can also be sought using the sample plus 
more general data from the scheme by trying to relate 
the performance of the sample to that in previous or 
subsequent schemes or to some related overall 
performance assessment in the laboratory, having first 
established what this represents. The ability to set up 
a PT sample investigation like any other analytical 
problem, varying the information available until the 
cost-effectiveness balance is right, is ideal. Yet, it is 
seldom possible to achieve this due to inadequate 
sample information or resources for a full 
investigation. However, an awareness of what 
evidence is available and the cost-effectiveness balance 
is necessary to avoid squandering resources on 
investigations that are doomed to failure [6]. 
Considerable thought should be given to investigating 
the causes of poor performance in proficiency testing. 
Such investigations consume considerable time and 
effort and add to the cost of external quality 
assessment - both for the laboratories concerned and 
for the organizers of the schemes. In one sense, it is a 
luxury to probe the errors identified in PT because, if 
resources were no problem, it would always be better 
to investigate and correct the causes of errors found 
in patient samples. However, as resources are finite, it 
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is necessary to take a pragmatic view and use them 
where they can do the best. PT samples are artificial, 
and the clinical risk to the patient due to their error 
is either nil or minimal. The same (or very similar) 
samples are often used in EQA schemes. So, repeating 
the exercise for the same sample type to investigate 
and correct an error found in PT may not be the best 
use of resources. However, we argue that it is usually 
worthwhile to investigate PT samples that have led to 
a misreport because they reflect an error that exists or 
could exist in patient samples and harm patients [8-
10]. 

Factors Contributing to Poor Performance 

Analytical errors have been cited as one of the most 
common reasons PT samples are reported incorrectly. 
Sub-optimal analytical performance is usually due to a 
failure to calibrate or standardize the method. This 
may be due to a lack of understanding of the 
importance of these processes. Often, there is no 
immediate feedback that errors have occurred, which 
can give a false impression of method performance. 
Failure to use the calibration materials provided by 
the manufacturer can also lead to errors in PT sample 
analysis. PT samples will often have different analyte 
concentrations than those of patient samples [8-10]. 
The use of the patient's internal quality control ranges 
to determine the acceptability of results in PT is a 
common cause of failure when the two do not 
correlate. Participation in PT, of which the results are 
known, can lead to a bias in methodology for PT 
samples to gain a desirable result. This can occur 
through deliberate and conscious manipulation of PT 
samples or by implementing costly but unnecessary 
changes to data management and reporting systems. 
PT samples are often treated differently than patient 
samples due to the urgency of reporting results or time 
spent engaging in additional problem-solving and 
consultation to resolve unacceptable results. Failure 
to treat PT samples as routine patient material and 
failure to simulate real-time analysis procedures is 
often the cause of unsatisfactory performance [9-11].  
PT analysis results in feedback, and implementing 
corrective actions are important when errors in PT 
results occur. Often, these processes are not 
implemented correctly or at all. In rare cases, poor PT 
performance has led to the withdrawal of a 
laboratory's testing service to avoid scrutiny from 
regulatory bodies and/or litigation from patients 
[9,11,12]. 

Analytical Errors 

Analytical errors can exhibit highly variable effects in 
a scale of PT/CAP survey samples, both random and 
systematic. Random errors cause the data to be 
scattered about an average value. Range statistics, 
standard deviation, and coefficient of variation 
measure the scatter of the data and are used to 
describe the precision of a method. Random errors 
are reflected in increased imprecision and decreased 
accuracy in the measurement process. This is seen 
when a method that normally achieves satisfactory 
results begins to perform poorly. A cause of the 
random error is any event or condition that follows 
the sample, which results in the taking of an incorrect 
measurement on that sample (i.e., spuriously high 
potassium values due to hemolysis of a serum sample 
in transit resulting from a poorly packaged shipment). 
(8,10) In this case, the error occurred from failure to 
monitor an effective variable. Calibration errors are 
also classified as random errors, affecting the 
precision but not the accuracy of a measurement. If a 
systematic error is constant in both instances, it is 
possible to identify its presence when the laboratory 
plots its results on a Youdens Plot. It will be indicated 
by a result that falls significantly higher or lower than 
the true value. A change in the bias of the 
measurement will be detected by comparison with 
previous survey performance. This situation was 
observed in a clinical trial of patients presenting with 
septic symptoms. Despite no empirical evidence, the 
treating teams were convinced that the CRP of a 
patient should be vastly elevated in typical cases. The 
laboratory, therefore, increased the CRP reference 
range, and the data was compared with the previous 
cohort. Any significant change will be ultimately 
confirmed as an event of systematic error [10,12,13]. 

Instrument Calibration 

While implementation of such recommendations on 
a widespread and sustainable basis will require 
significant resources and depend upon the availability 
of suitable PT materials, it is a neglected area that 
offers potential for improving the accuracy of results 
in some specific analytes. In summary, instrument 
calibration and monitoring for bias are key factors 
affecting performance in a wide range of assays, and 
laboratories need to consider using PT-based 
approaches to assess their current practice in this area. 
PT organizers must work with clinical scientists and 
regulatory bodies to provide appropriate support and 
guidance. Failure of a laboratory to achieve acceptable 
performance may well indicate the need to optimize 
the calibration of a method rather than any 
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shortcomings in the day-to-day process of sample and 
assay [14-17]. Recommendations have been made for 
using PT materials to monitor instrument bias in 
specific assays, particularly when there is evidence of 
method differences in specimen types and 
populations. This is a complex issue, particularly 
when disease states may be defined by specific assay 
results and clinical decisions based on these results. 
PT materials targeted at monitoring bias must be 
commutable for the samples likely to be encountered 
in routine practice, easily measurable by various 
methods, and reflect the clinical measurement 
interval for the assay. (18) The importance of 
instrument calibration has been amply demonstrated 
in clinical chemistry methods subjected to 
standardization procedures. This was seen in the early 
days of cholesterol measurements when calibration of 
methods to reference methods resulted in very 
significant changes in reported values for the same 
specimens. More recently, changes in HbA1c 
measurement units to the IFCC scale have caused 
comparable shifts in reported values from the same 
specimens analyzed in different laboratories using 
different methods and have demonstrated the 
importance of comparability and the accuracy of 
results [19-21]. 

For the results to be accurate, laboratory instruments 
must be precise. Specially designed PT materials to 
assess instrument bias are not common in current PT 
schemes. However, while precision is a fundamental 
feature of all laboratory procedures and indicates a 
method's capability, proficiency testing measures the 
total effect, including both precision and bias [22]. 
Reagents used in the clinical chemistry laboratory 
must be of high quality. Because PT materials are 
often assayed by a method that includes comparison 
to a reference method (e.g., HPLC, GCMS, ICP-MS, 
IDMS) or a higher order material (e.g., atomic 
absorption, titrimetry), any bias in the value assigned 
to the PT material will impact upon the laboratory's 
analyte result. One source of error or bias potentially 
leading to inaccurate assignment of analyte values to 
PT materials is inappropriate or deteriorated reagents. 
This error may occur irrespective of whether the 
laboratory result is traceable to the PT material due to 
the state of the art in the assay; with the assignment 
of target values by peer groups for the commutable 
materials, the importance of this issue is increased 
[23].  

Sample Handling and Storage 

Sample mishandling and improper storage were often 
quoted as problems faced in the pre- and post-
analytical phase and when incorrect results were 
reported. This study identified sample handling and 
storage as problems relating to poor PT performance 
[84-86].  In one instance, water contamination of a 
sample was traced back to a hole in the laboratory's 
roof.  87Unfortunately, the laboratory staff were 
unaware of the problem or the extent of the water 
damage to the sample until the EQA provider 
informed them of the outlier result [24, 25]. 

Operator Competence 

The effect of poor operator technique and lack of 
experience on PT performance has been studied by 
collecting information from participating 
laboratories. Evidence of the Directorate General XII 
of the European Communities programs shows that 
high SD between results submitted by participants 
and the consensus mean result for a plasma pool 
generally agreed as outlier performance is associated 
with the employment of untrained staff in the analysis 
of CPD specimens [26,27]. The main problems 
encountered, which are due to insufficient staff 
training and experience, include failure to remove 
high molecular weight substances from ultrafiltration 
membranes before re-equilibration, interchanging 
serum and urine specimens, not following the correct 
analytical procedure, e.g., incorrect reagent dilution, 
and inability to make a clinical decision on whether a 
result is likely to be incorrect due to analytical error. 
Similar problems arose in the Scandinavian survey, 
where poor performance was significantly associated 
with staff having less than 2 years of experience in 6 
of 13 subspecialties in medical biochemistry 
[15,28,29-31]. 
Mistakes made by entry-level personnel, which can 
drastically affect test results, are more likely to occur 
when staffing problems occur. In the USA, a survey 
conducted by Mallows et al. found that financial 
constraints imposed by managed care had forced 
many laboratories to lay off qualified personnel and 
fill vacancies with technical and clerical staff with little 
or no laboratory work experience. The evidence 
suggests that this shift in staffing levels may have led 
to increased errors and adverse events, detrimentally 
affecting patient safety. This is a worrying trend and 
one that has been recognized internationally. In 
response, the UK Council for Professions 
Supplementary to Medicine has set out a policy for 
the training and development of HCS staff, which 
should be closely adhered to if patient safety is not to 
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be compromised. The influence of staffing levels in 
laboratory error is of further concern for CPD 
analysis, as some laboratories may use a general 
clinical chemist, who may leave the post because of 
retirement or career advancement, resulting in a 
replacement with a specialist in a different area of 
medical biochemistry. A decrease in error may be seen 
if medical biochemists reporting poor performance in 
subspecialties outside their area of training change to 
the analysis of tests in their field of knowledge [32,33]. 

Pre-analytical Errors 

The most common errors that cause poor PT 
performance are misidentification of patient samples, 
deteriorated or contaminated samples, inappropriate 
sample collection, unsuitable test requests, or 
incorrect test selection. Sample mix-ups are common 
within clinical laboratories and may go undetected 
unless an unexpected PT result is obtained. It can 
occur within or outside the laboratory when samples 
are taken to the laboratory and left in a location where 
other patient samples are also present, for example, a 
ward or a doctor's surgery. The effect of a mixed-up 
sample is that the laboratory result will not be for the 
true patient and can cause downstream negative 
effects for the patient whose sample was incorrectly 
analyzed. In some cases, this type of error may be 
discovered if patients' samples are labeled in any way 
that allows the sample identity to be electronically 
verified and tracked through any automated analyzer 
[34-36].  

Special attention should be given to the difference 
between pre-analytical errors and the other types of 
errors, which are problems that occur before the 
diagnostic analysis. On the other hand, analytical 
errors occur during testing, and post-analytic errors 
occur after testing. When investigating poor PT 
performance, it is only possible to determine that an 
error is likely to have occurred. It is not always 
possible to definitively diagnose the exact problem. 
Several systematic techniques can be used to identify 
the nature of specific errors. These include reviewing 
the entire testing process, seeking any anomalies, 
parallel testing, blind split testing, and standard 
addition of known analytes at different 
concentrations to patient samples. These methods 
involve re-testing patient samples while manipulating 
test conditions and comparing results to determine 
where a problem may have occurred. (6,34,35,37)  

Post-analytical Errors 

The Dempster review reported that deviations from 
preceding qualitative elements could lead to post-
analytical errors that contribute to diagnostic errors. 
One of the main functions of the clinical 
biochemistry laboratory is to provide accurate and 
reliable data, and this is achieved through the 
utilization of biological variation data and other 
available evidence to set analytical quality 
specifications, which are then used to measure the 
performance of an analyte or measurement 
procedure. This can be assessed during internal 
quality control, during which the laboratory will 
measure the precision of the data gathered. Here, they 
use the guidelines provided by biological variation 
data to decide whether the precision of an analyte is 
acceptable, with limits set to designate a desirable or 
minimum standard [37, 38]. Although imprecision is 
the main focus of biological variation when assessing 
analytical performance, accuracy is also assessed 
through bias, and this is a key area where post-
analytical errors can be identified. External quality 
assessment is a procedure used in the UK and other 
countries worldwide to assess and improve the 
performance of a laboratory in the analytical phase by 
having a second party assess the quality of the results 
of tests made by the first party. This is largely based 
on proficiency testing, where a national scheme 
provider sends simulated patient samples to the 
laboratory, which will then peer-review the 
laboratory's performance [34,36-38]. When the 
laboratory investigates the poor performance of an 
analyte in a proficiency test, one process that 
differentiates between analytical and post-analytical 
errors is to compare the analyte's performance with 
the biological variation data or a set of predefined 
analytical quality specifications. This process may 
reveal that an acceptable le level of precision and 
trueness has been achieved, demonstrating that the 
cause of the poor performance is an error in the 
interpretation of the clinical information given, or it 
may show that the analyte has deviated from the 
quality specifications indicating an analytical error 
[34,39,40]. Other methods to distinguish between the 
two error types include a review of the analytical phase 
and how the data was obtained, and investigations 
often use a fishbone diagram to map out the various 
influences on the production of analyte data, as seen 
in a study by Carlos Rios. The understanding of the 
error type is crucial as a post-analytical error may have 
serious implications on the patient if the clinical 
decision is influenced by inaccurate or misinterpreted 
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data, and it is, therefore, necessary to act on the error 
and attempt to improve the performance of the 
analyte. This is evident by the recent decision by the 
Australian government and the Institute of Clinical 
Pathology and Medical Research to underpin all of 
the pathology industry in Australia with a quality 
framework based on Risk Management and the recent 
publication of an ISO standard for medical 
laboratories based around the same thing [34,39,41]. 
Sample mishandling and improper storage were often 
quoted as problems faced in the pre- and post-
analytical phase and when incorrect results were 
reported. This study identified sample handling and 
storage as problems relating to poor PT performance 
[24,25,26].  In one instance, water contamination of a 
sample was traced back to a hole in the laboratory's 
roof. (24) Unfortunately, the laboratory staff were 
unaware of the problem or the extent of the water 
damage to the sample until the EQA provider 
informed them of the outlier result [24-26].   

Staff Competency and Training 

Staff inexperience and lack of knowledge are 
significant issues leading to incorrect method 
selection or inappropriate test performance, resulting 
in calibration, control, and patient sample results 
differing from the true value. One way to combat this 
is through appropriate education and training. Staff 
should regularly attend appropriate training courses 
and be encouraged by laboratory management to 
strive for further education in clinical chemistry. 
Continuous education will improve staff competency, 
but proficiency testing serves as continuous education 
and competency improvement. Regular participation 
in an external PT program will force staff to identify 
and resolve issues in their analysis system, thus using 
PT analytes as a "practice" for testing new methods or 
troubleshooting existing ones. PT will also help 
determine whether a new staff member can perform 
testing independently [34, 42,43]. If a laboratory has 
been notified of unacceptable performance in PT, 
corrective action should be taken, and staff 
competency should be reassessed. It is necessary to 
establish performance criteria and set limits to 
determine whether a result is acceptable. This is often 
done by comparing a known true value to the 
laboratory result, effectively the same as PT using a 
patient sample. If the performance is still 
unsatisfactory, then that particular testing should be 
left until further training or verification of the 
method can be performed. In some cases, it may be 
necessary to replace staff [34,40,43].  Overall, the most 

important factor in staff competency and training is 
the attitude, common goal, and response to errors in 
the laboratory. This requires full cooperation between 
lab management, staff, and pathologists. Errors in 
analysis or PT must be met with emphasis on the need 
for error identification and resolution and not 
punishment. The laboratory management should 
determine the cause of the error and what action can 
be taken to prevent a recurrence and then catalyze the 
changes. PT provider contact can also be helpful, 
providing a resource to determine the correct result 
and the most appropriate method to obtain it 
[34,39,42]. 

Methods of Identifying Poor Performance 

Internal quality control (IQC) in the laboratory can 
be an effective tool in identifying poor laboratory 
performance in between PT exercises. It can be more 
effective than comparing results directly to the 
assigned value as it will be more sensitive in 
identifying problems. IQC is defined as the set of 
procedures used to monitor the analytical process 
after it has been established that the process is 
adequate to maintain the quality of results. This is an 
ongoing method of PT monitoring, which can be just 
as effective in identifying patient problems and PT 
results. IQC methods can include setting control 
limits for the target of measurement, producing a 
control chart to monitor changes in the accuracy and 
precision of the target, or it can involve comparing an 
internal control material to another method of 
measurement to validate the method in addition to 
monitoring its long-term bias and imprecision 
[34,41,43]. Statistical analysis of proficiency testing 
(PT) results is recommended by the International 
Organization for Standardization (ISO) to identify 
poor laboratory performance. It is a simple and 
objective method of identifying outliers and trends in 
PT results. It has the advantage that the performance 
of the laboratory can be compared to an objective 
target, i.e., the assigned value, Δ. Various statistical 
methods have been employed to identify outlying PT 
results, such as modified z-scores and the Levey-
Jennings quality control procedure. Z-scores are the 
most commonly used statistical method, with very few 
laboratories using other tests that can be just as 
effective, if not more so. There are many methods of 
calculating z-scores, many of which are inappropriate 
for PT results 

Statistical Analysis of Proficiency Testing 
Results [8,10,40,44] 
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The error types analysis is still in development for the 
strategy to identify poor performance. The error can 
be defined as deviations from the true value caused by 
bias, imprecision, and total (random) analytical errors 
that decrease the probability that the result will be 
taken as no clinical change when it indicates 
significant clinical change. This condition usually 
leads to a failed or wrong decision in interpreting the 
patient's clinical data or medical decision, but it could 
be an unseen error. The step to identify the error type 
is to compare the laboratory results with the PT 
provider's and the other peer group's results. This 
analysis will need vast information from the PT 
provider and other peer groups. By comparing those 
results, a pattern of error types could be identified 
much better [45]. 
This is the easiest, lucid, and efficient way of 
identifying poor performance compared to peer 
groups. It is explained by mining various statistical 
information from the PT result, such as z-score, rate 
of correction, and error types for every analyte. The z-
score is usually calculated using this equation: Z = (x - 
X) / s, where x is the laboratory result, X is the mean 
result, and s is the standard deviation. The z-score will 
measure how many standard deviations between the 
laboratory result and the mean result. The rate of 
correction could be calculated using a percentage. 
This calculation requires a specific value of the 
decision about the acceptability or non-acceptability 
of the rate. The rate of correct is the proportion 
between the number of proficiency results classified as 
correct divided by the number of proficiency testing 
events [46,47,48]. 

External Quality Assessment Programs 

The result of the quality proficiency test from the 
participant, as seen from the graphic and table, 
doesn't show the real condition of the test. But, with 
the previous information, it can give suggestions and 
feedback towards the test so the next PT can be done 
with better preparation. The other statistical data 
processing can make a table comparing the glucose 
test from the participant with other participants and 
a histogram comparison of both tests. It's based on the 
graphical and table information about test quality 
from the participant, which can be easily approached 
[49,50]. 
With the data, a Clarke error grid consisting of the 
regression line of standard criteria vs participant 
results can be made. The picture below describes the 
glucose result of the participant compared with 
standard criteria and the obtained regression line. We 

obtain information about bias or systematic error 
from the intercept of the regression line, which is -
73.105. If stated as LTC value, the glucose test has 
BTC since the regression line is nearing the 
continuum of standard criteria. Then, we calculate 
the correlation value with the real state correlation of 
0.913 and SD of the regression line 7.402. These two 
values can be used to calculate the value of %TE from 
the formula 125%^√(1+r) (1-s), whereas s=√(n 2-1) ^-
1∑ xi-1/n ∑(xi-1/n)^2 for the obtained n value and xi 
is the LTC value. After getting the value of TE current 
and slope from the regression line previous Std 
criteria-LTC, %TE uncertainty plot vs BTC can be 
made, which is the value of the slope line ±te/s√1-r^2 
with an ellipse shape and the location of that glucose 
test point. Lastly, %bias and %TE report of the 
glucose test complete with a histogram and findings 
from the beginning [49,51-52]. 
To mediate work for quality improvement, each 
participant should be identified and occasionally give 
immediate suggestions for their program. As 
described previously in linearity analysis, the presence 
module total error estimation system can potentially 
suggest PT performance based on the standard criteria 
value. During the following module, several graph 
participants taken from PT result 2005 of participants 
with code CMS 331 will be displayed. The use of MS 
Excel combined with the 2005 Excel add-in program 
from [Link] to process the data aimed to simplify the 
statistical calculation of each test from the participant. 
The Excel data table filled with the coding of standard 
criteria and LTC and %bias values from the 
participant, which was processed with error grid 
conversion, can be seen as an xy scatter plot of each 
test. We take the example of the glucose test. (54-57) 

Internal Quality Control Measures 

Quality control is part of the quality management 
process focused on fulfilling quality requirements. To 
guarantee the reliability of the laboratory results, 
those results must be precise (free from random error) 
and accurate (free from both systematic and random 
error). It is related to the testing process in that precise 
and accurate results are based on properly functioning 
reagents and instruments and on technicians who 
follow correct procedures. Errors in test results can 
occur due to faulty procedures, inexperience of the 
technician, or improperly functioning equipment [59-
61].  To find and correct errors as they occur, the 
clinical chemist needs reliable and rapid methods to 
assess the precision and accuracy of the testing 
process. Control materials are used to monitor 
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precision and accuracy on a day-to-day basis. Precision 
is assessed using control charts, where it is expected 
that 1/3 of results will fall outside the range ±2s, and 
1/20 will fall outside the range ±3s (where s is the 
standard deviation of the results). A large group of 
control results should form a normal distribution. 
Multiple control materials at different concentration 
ranges should be tested. Accuracy is assessed by 
comparing the laboratory's results to the true value of 
the control material. If the control material is human 
blood or urine, it may enrich known samples, and an 
assay on patient samples can double as an accuracy 
assessment [62-66]. Any detected imprecision or 
inaccuracy must be promptly dealt with. Reagents, 
equipment, and technician methods must be 
evaluated and corrected, and if errors persist, new 
reference ranges may be established. Control material 
analysis is a form of internal quality assessment, and 
to ensure that the overall quality of testing is 
acceptable, the clinical chemist should participate in 
external quality assessment programs [65,67,68]. 

Review of Control Charts 

The initial step in any investigation involves 
identifying the issue, such as discovering any 
abnormal patterns or changes in the test performance. 
The laboratory conducts a wide variety of tests, and to 
enhance efficiency and speed, data from multiple 
analytes may be examined simultaneously. However, 
for the EAP, each analyte should be evaluated 
individually. Established control charts are the most 
effective method for identifying significant alterations 
in test performance. Nelson's rules have been devised 
for numerous benchmarked EQUAS schemes, such 
as the Ricos trueness verification protocol, which 
considers biased and total allowable errors to measure 
systematic error. An online tool called the quality and 
error control expert (QUALEX) has been specifically 
developed to identify analytical errors in EQUAS 
data. QUALEX offers an advantage over other 
Shewhart chart rule systems because it allows for easy 
inclusion or modification of rules to investigate 
specific errors derived from EQUAS data results [69-
72]. 
This sets out the guidelines to be followed by the 
laboratory whenever EQUAS-like data is analyzed. 
The EQUAS scheme aims to monitor the results of 
routine clinical laboratory testing. Consequently, to 
truly reflect routine performance, all available data 
and control results should be included in the analysis. 
This inclusiveness is a fundamental difference 
between an evaluation and an investigation. The 

more failures there are to include relevant 
information, the more the investigation becomes an 
evaluation of the failure itself. Any investigation must 
find problems that can be corrected rather than just 
identifying failure. The findings should be of value to 
other laboratories that may be experiencing similar 
problems, even though the specifics of the problems 
may differ. The quality coordinator will conduct All 
data analysis and may delegate specific tasks to other 
staff with suitable expertise. [73-75]. 

External Quality Assessment Programs 

Probability-based models and multilevel regression are 
used to evaluate the EQA and the potential effects of 
covariates. This new evaluation method eliminates 
further costs and time and can help assess systematic 
and random errors in data generated from PT events. 
This more recent approach to post-analytical PT data 
assessment has provided the opportunity to fully 
understand errors that occur during PT events and 
assess the impact and outcome of corrective action 
[16,76-79]. Adverse analytical events (AAE) have been 
defined as medical laboratory errors detected before, 
during, or after using laboratory information to make 
decisions for patient care. This led to the development 
of a new method in which PT samples do not require 
formal testing to obtain results. Instead, they observe 
patient samples or retrospective data that have used 
the same tests, methods, and reagents on a routine 
basis. This will allow for the comparison and analysis 
of data collected from AAE with the PT event data 
[80-82]. The two most commonly applied methods of 
external quality assessment for PT programs involve 
the post-analytical approach and the data and their 
data evaluation. The post-analytical approach involves 
re-testing PT materials in routine diagnostic 
laboratory conditions and comparing these results 
with those obtained during the PT event. Any 
discrepancies in results can then be investigated, and 
corrective action can be taken. This approach 
effectively determines the cause of error but is 
expensive and time-consuming [83-86] 

Peer Review and Inter-laboratory 
Comparisons 

This method of identifying sub-standard performance 
is probably one of the best, but regrettably, it is rarely 
done. The idea is that data on methods and results of 
a particular analysis can be shared between two or 
more laboratories. This data can then be critically 
evaluated. In doing so, laboratories could identify and 
correct local problems in their analytical process. The 
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main criticism of this method is that it has proved too 
costly for many laboratories to undertake and has a 
poor turnaround time. Since PT has become 
increasingly easier and cheaper to access, it may be 
feasible to begin implementing PT comparisons as a 
mandatory part of a PT program. An example of how 
successful an inter-laboratory comparison can be as a 
tool of improvement can be seen in the Swiss Vitamin 
C PT program. This program included a matrix of 4 
different lyophilized sample types, each distributed to 
the participating laboratories. An evaluation of the 
results from this trial showed significant improvement 
in performance regarding accuracy towards the 
consensus mean [87,88,89]. As we can see, there are 
several ways that laboratories' performance can be 
identified and improved upon. PT results provide an 
undeniably good data source that will allow tailored 
guidance to laboratories, as it is often difficult to see 
the areas of weakness in the analytical process. The 
main problem at this point is associating poor 
performance with the cause of error and rectifying the 
problem, which in many cases will be a lack of 
motivation due to little consequence of failure. If 
laboratories are unable to apply measurable 
suggestions and witness improvement, there is little 
chance their performance will change [90]. 

Strategies for Addressing Poor Performance in 
Laboratory Testing 

A strategy that seems to be often overlooked is the 
progression from addressing poor performance to 
continuous improvement. Most case studies look at 
how to return to an acceptable level of performance. 
This is usually due to a lack of perceived benefit from 
comparing the effectiveness of different strategies 
against each other and the cost of implementation. 
One case study demonstrating the opposite approach 
is investigating poor performance in the pilot scheme 
of a new EQA program for cystic fibrosis genetic 
analysis. This was to replace their current method, 
and it was decided that there would be a greater long-
term benefit to investigating and addressing the poor 
performance as it would affect the laboratory's ability 
to offer reliable testing for cystic fibrosis patients. The 
expectation was to identify the cause of failure and an 
opportunity to compare different strategies for 
successfully implementing the new method [91,92]. 
Considering the occurrence of poor performance in 
subsequent PT schemes, an important consideration 
for an institution is using resources to investigate and 
address the poor performance. This may involve 
cessation of routine work to free staff and time to 

investigate the cause of poor performance and 
satisfactory completion of the investigation to enable 
changes to be implemented. This may have cost 
implications if performance in PT is linked to 
financial incentives or reimbursement rates, and loss 
of revenue triggers a sequence of events, eventually 
costing more than the original lost revenue. An 
approach such as this was taken by the Chemistry 
Laboratory at Emory Healthcare and can be related to 
their decision to withdraw from accreditation and 
reapply later. Changes implemented due to the 
investigation must effectively ensure errors are not 
repeated. This may involve a trial-and-error approach 
to find the most appropriate corrective action. An 
example given in the case studies is the change from 
reagent rental to purchase to improve the calibration 
and maintenance of equipment. [93,94]. 
Thus, readers should understand why laboratories 
show poor performance in PT, what the procedures 
involved, and who is responsible for outlining 
strategies to address poor performance. They should 
also understand how some of the case studies 
presented in other sections could have been 
approached differently. [94,95] 

Root Cause Analysis 

An RCA model looks for underlying reasons or "root 
causes." Thus, it extends beyond pinpointing the root 
causes of performance, quality, or safety issues. The 
fundamental cause of an issue that has arisen or a 
deviation or non-conformance that has been found 
has been identified as the root cause. A variation may 
have one or more underlying causes. To improve 
systems or processes, one has to understand the 
underlying cause. If the root cause of the issue is not 
found and fixed, it is likely to recur or, at most, affect 
other parts of the system or process. The goal of 
traditional linear root cause analysis [RCA] models 
has been to identify one or a few fundamental causes 
[94,95]. The significance of the analysis, the frequency 
of disappointing results, and the presence of trends 
will all influence how in-depth the investigation 
becomes. The lab ought to verify if the PT report 
explains the subpar performance. A progressive 
approach is recommended to increase the likelihood 
of identifying the problem's core cause in the absence 
of a justification [96,97]. The staff who performed the 
analysis, as well as, if applicable, the management of 
the laboratory, ought to be involved with the 
following steps of the inquiry:  Analyze the raw data, 
data from internal quality control, any patterns from 
earlier PT rounds, and the participants' overall 
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performance in that round; Create a plan for 
corrective measures after the inquiry is finished, 
taking into account any implications for earlier test 
results; carry out and document the remedial measure 
or actions; Verify the efficacy of the corrective remedy 
or actions [95,96]. 
The staff who carried out the analysis as well as, if 
applicable, the management of the laboratory, should 
be involved in the following steps of the investigation:  
Examine the raw data, data from internal quality 
control, any patterns from earlier PT rounds, and the 
participants' overall performance in that round; 
Create a plan for remedial action after the 

investigation is finished, taking into account any 
implications for earlier test results; take out and 
document the remedial measure or actions; Verify the 
efficacy of the corrective solution or actions. Problems 
related to the PT scheme. Poor performance could 
also be due to the PT scheme not being entirely 
appropriate. The Eurachem Guide provides 
information on selecting an appropriate PT scheme. 
In other cases, a problem may have occurred with the 
PT items. The laboratory is encouraged to discuss its 
findings with the PT provider [95,96]. The “Fishbone 
diagram” or “5 Whys” are useful tools to investigate 
the root cause of a problem Figure 1,2. 

 

 
Figure 1: A hospital laboratory has provided results in a PT scheme for tumor markers in serum with a 20 % deviation from 

the assigned value, although the daily internal controls performed well. 
 
The laboratory investigated the process and 
discovered the mistake was due to an incorrect unit 
conversion factor introduced for PT results when the 
IT system was last updated. Since patient results are 
reported in a different unit than the one used by the 
PT provider, no patient results were affected [95,96]. 
A laboratory performing microbiology analyses obtained poor 
performance scores because the number of microorganisms 
found was underestimated. Laboratory investigations 
showed an issue with the incubation time and temperature 
applied by the analyst. The laboratory found that the analyst 
used an out-of-date procedure [95,96]. 

1. Poor growth of Listeria monocytogenes ........ why?  
2. Incorrect incubation time and temperature ........... 
why?  
3. The applied test procedure contained a mistake ... 
why?  
4. An outdated version of the procedure was used .. 
why?  
5. The revised procedure was not distributed ........... 
why?  

The workload of the person in charge of 
document control 
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Figure 2: The 5 Whys diagram are useful tools to investigate the root cause of a problem. 

 
Corrective and Preventive Actions 

Steps of corrective and preventive action: (i) Define 
the event Make an objective for the event to identify 
the problem and measure the effectiveness of 
improvement at the end of preventing the event. (ii) 
Assemble a team. Select an active team or assign 
responsible personnel to identify the cause of an 
event. The team must work together in root cause 
analysis to ensure a systematic understanding of 
another event's cause and effect. (iii) Find out the root 
cause. Use tools in RCA, such as a fishbone diagram 
and 5 why, to assist in understanding the event cause. 
This will enable easier planning of corrective and 
preventive action [97-99].  (iv) Determine the 
corrective action. Ensure the action implemented 
only rectifies the event's cause and does not change 
any other part that might affect the rectified event. A 
good plan will be specific, realistic, with a timeline, 

systematic, and measurable; it involves basic 
principles such as "What will be done?" and "How is it 
going to be achieved?" Corrective action is an action 
taken to rectify and eliminate the cause of actual poor 
performance in a running event to prevent the 
occurrence of such an event in the future. In contrast, 
preventive action is an action to avoid such an event 
[98-100].  Several measures can be taken to address 
poor performance to run preventive and root cause 
action, such as removing the personnel, modifying the 
method and routine, purchasing and installing a new 
instrument, and providing additional training and 
education. All of the measures should be to increase 
the testing accuracy of the event. Preventive action 
should be created as a policy that enables the 
improvement taken to be long-lasting and not just 
solve the event only. These actions must be 
monitored, and their effectiveness should be assessed 
simultaneously. [100,101]. 
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Figure 3: Check Steps for Proficiency Testing Corrective Action 

 
Preanalytical Errors: A "No" response may indicate 
specimen handling issues, often due to failure to read 
PT kit instructions. 
Analytical/Procedural Errors: A "No" response may 
suggest analytical or procedural errors, possibly due to 
not performing recommended instrument 
maintenance/calibration or not following written test 
procedures. Review PT kit instructions or standard 
operating procedures as needed. 
Clerical Errors: A "No" response may point to clerical 
mistakes. Though different from patient result 
reporting, these errors may require additional staff 
training, instruction review, adding a second reviewer, 
or investigating the reporting format. Contact your 
proficiency testing provider if the reported results do 
not match the evaluation report. 

Continuous Improvement Initiatives 

The choice of which projects to undertake is 
important, and FOCUS-PDCA is a decision-making 
tool that can be used in selecting and managing 
improvement projects. This structured problem-
solving methodology splits the process into two main 
phases and has a systematic review built in at each 
stage to judge whether the continued effort is 

worthwhile. First, "Focus" involves defining the 
problem and setting an objective that must be 
achievable, and then "PDCA," which stands for "Plan-
Do-Check-Act," is the process for reaching the 
objective. At each instance of "Act," the results should 
be reviewed to determine whether to proceed to the 
next step [101-103]. By conducting a "Check" at the 
end of the first phase, it can be determined whether 
the issue is within the realm of influence of the 
laboratory and if the problem definition and objective 
are correct. This is important as it avoids wasted 
effort, and the "Check" or review is a recurring theme 
similar to establishing the cause of issues in the CAPA 
process. By performing continuous improvement 
initiatives, general problem-solving will resume, and 
the findings from RCA and CAPA can be 
implemented into changes in processes and 
monitored for their effectiveness [101,103].    
Incorporating continuous improvement into the 
culture of the laboratory is essential for ensuring that 
corrective actions are appropriate and effective and 
that performance is maintained or enhanced in the 
long term. However, to be effective, a structured 
program of projects or initiatives driven by 
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information from the past aimed at improving 
processes should be established. This is in contrast to 
a strategy of relying on "firefighting," in which action 
is taken only in response to an issue and frequently 
results in ill-directed effort. An example of this is 
where a sudden peak in failure of a particular analyte 
triggers a flurry of activity directed at troubleshooting 
the analytical system for that analyte. Yet, the cause of 
the problem may be found in the pre-analytical phase 
or even in how the EQA samples are received and 
managed [102,103]. 

Staff Education and Training 

One of the most significant factors in causing errors 
is the relative lack of training given to laboratory 
personnel. This contrasts the complexity of the tasks 
they are expected to perform. In the RT scheme, 
assessments are made of laboratory staff competency 
and its relation to laboratory performance. The 
methodology used in this has been to measure the 
cognitive skills of the laboratory staff, i.e., the ability 
to understand and answer questions on the theory 
underpinning a given clinical biochemistry assay. In 
the UK, laboratory employees are now expected to 
know the underlying principles of clinical 
biochemistry [102-105].  This follows the successful 
implementation of the ACB National Vocational 
Qualifications [NVQ] scheme, a well-structured, 
certificated form of training with defined objectives 
recently incorporated into the IBMS training 
program. Third, the increasing dependence of 
laboratories on automation will help reduce human 
error. Still, it raises machine-related mistakes, 
necessitating a higher level of staff expertise to 
diagnose and remedy these when they occur. After 
assessment of the training and educational needs of 
laboratory personnel, it is recommended that public 
awareness of the importance and complexity of 
laboratory medicine be increased to encourage the 
provision of adequate training resources. Steps should 
be taken to assign responsibility for RT and 
implement its findings. An RT coordinator could be 
appointed for a given clinical area, e.g., diabetes, to 
monitor changes in performance, maintain contact 
with PT providers, and investigate any variability in 
laboratory performance seen between different types 
of samples. This work cannot take place without the 
necessary funding, so laboratory managers and 
clinicians must be made aware of the benefits and 
cost-effectiveness of RT through the provision of hard 
evidence as to its efficacy [5,104,105]. 
 

Conclusion 

In conclusion, this review underscores the importance 
of investigating and addressing unacceptable results in 
proficiency testing among medical laboratories. Such 
results indicate potential issues in laboratory 
performance, with implications for patient care and 
safety. To mitigate these challenges, laboratories must 
implement robust quality assurance measures, 
including staff training, adherence to standardized 
procedures, and regular equipment maintenance. 
Participation in proficiency testing programs is also 
vital, providing valuable insights for continuous 
improvement. Collaboration among laboratories and 
ongoing monitoring is essential for identifying and 
addressing common challenges, ultimately enhancing 
the quality and reliability of laboratory test results for 
improved patient outcomes. 
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