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ABSTRACT 

Objective: Internal quality control plays a crucial role in the quality assurance of biological laboratories, ensuring both the monitoring of 
equipment performance and the reliability of test results. However, the adoption and acceptability strategies for these controls vary from 
laboratory to laboratory. Improved quality of results based on the standardizing of the internal quality control material selection, target and 
range assignments, and statistical rules used, validation and troubleshooting methods. The formation of networked laboratories presents 
additional challenges to internal quality control systems, as robust cross-site programs are required to ensure comparability of results. In this 
paper, we aim to redefine the foundations of key internal quality control theory, and outline a strategy to simplify the problem detection. We 
will also attempt to define a set of recommendations to bring internal quality control laboratory practice to the required standard, to ensure 
high quality laboratory results and thus patient safety. 

METHODS: This study focuses on gathering essential laboratory quality controls, and give clear overview for it. It explains the differences 
between: Quality control, Quality assurance, Accreditation and certification, Different kinds of laboratory tests quality controls, Standard 
operating procedures. 

FINDINGS: To set up an efficient quality system in a medical biology laboratory requires a long implementation phase that includes: Proper 
training, Planning, Documentation, Organization. This cannot be accomplished without a clear communication. This method may potentially 
be harmful to the patients if it impedes the results communication owing to misleading IQC rejections. Furthermore, it encourages the 
laboratories to broaden the coefficients of the variation (CVs) of the control chart follow-up by employing Westgard guidelines for CVs that do 
not correctly mirror the real dispersion of IQC values. The Sigma index appears to be the solutions as it entails determining the numbers of 
controls needed, their frequency, and the Westgard rules to be used depending on the performance of each technique and the clinical criteria 
connected with each parameter. 

CONCLUSION: The Sigma index is the most efficient method that involves calculating the number of controls required, and their frequency, 
while Westgard rules are based on the performance of each technique and their clinical criteria associated. Overall, the quality application 
must prioritize patient benefit while remaining realistic, practical, and effective. It is critical not to fall into the trap of over-quality, which can 
be costly, and demotivating and to never lose the sight of what is essential and most important: patient service.  

Key words: Quality Control; Medical Laboratory Analysis; Westgard rules; Biology laboratories; Coefficient of variation; Sigma capability index.; 

 

INTRODUCTION 
 

Accurate diagnoses and treatment choices depend on the validity of 
the data from laboratory testing and analysis. In order to avoid 
misdiagnosis, ineffective treatment, and inaccurate health reports, it is 
crucial to ensure the quality and the precision of laboratory data (1, 2). 
In order to guarantee that the analytical procedures are exact, accurate, 
and consistent, internal quality control, or IQC, is an essential part of 
the laboratory's quality management system (3). The significance of 
internal quality control in laboratories is covered in this review article, 
along with its guiding principles, procedures, and advantages (4, 5). 
Internal Quality Control (IQC) is a quality management system that 
checks the analytical procedures carried out by a lab to guarantee the 
correctness, the precision, and dependability of lab findings (6). 

      IQC entails keeping an eye on and recording all analytical 
procedures carried out in the lab, such as reagent preparation, 
equipment calibration, and data recording (7). IQC allows 
laboratories to detect mistakes and variances in the analytical 
procedures, accurate and reliable results of the laboratory (8, 9).   

The foundation of Internal Quality Control (IQC) is a process 
of ongoing observation and documenting of the analytical 
procedures used in laboratories (10). The IQC procedure include 
keeping an eye on the analytical techniques' precision and 
accuracy, as well as the performance of the instruments and 
reagents (11, 12).  

The establishment of Quality Control (QC) measures, which 
are the samples or materials used to monitor the correctness and 
precision of the analytical procedures, must also be a part of the 
IQC process (13, 14). 
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The IQC principles guarantee that the laboratory's analytical 
procedures are exact, accurate, and consistent, avoiding mistakes from 
showing up in the findings of the laboratory (15). 

Establishing Quality Control (QC) measurements, keeping tabs on 
the analytical procedures, and recording the outcomes are all phases in 
the Internal Quality Control (IQC) process (16, 17). The selection of 
relevant samples or materials to check the accuracy and precision of the 
analytical procedures is part of the process of establishing QC measures 
(18). Analysing the QC metrics alongside the patient samples as part of 
the analytical process monitoring ensures that the findings are 
consistent and fall within the laboratory's permitted range(19). 
Recording the outcomes of the QC measures and the laboratory's 
remedial steps when the outcomes are outside of the permitted range 
are included in the documentation of the findings (20, 21). Improved 
accuracy, precision, and consistency of laboratory findings are just a few 
advantages that the laboratory and its patients can gain through the 
application of internal quality control (IQC)(22). IQC lessens the 
possibility of mistakes and discrepancies in laboratory findings by 
ensuring that the laboratory's analytical methods are functioning 
within the acceptable range (23). A laboratory's entire quality 
management system may be improved by executing corrective actions 
and identifying areas for improvement through the use of IQC (24). 

A key element of the laboratory's quality management system, 
internal quality control ensures the consistency, correctness, and 
reliability of laboratory results. The foundation of IQC is the ongoing 
observation and documentation of the laboratory's analytical 
procedures, which includes establishing Quality Control measures, 
overseeing the procedures, and recording the outcomes (25). Improved 
accuracy, precision, and consistency of laboratory findings, a decreased 
risk of mistakes and variability in laboratory results, and the 
identification of areas for development are just a few advantages of 
implementing IQC(26). In order to improve the quality of patient care 
and the results of scientific research, laboratories must employ IQC 
methods to make sure that their analytical techniques are precise and 
consistent (27).  
Objective and scope of this article  

To guarantee the accuracy and dependability of laboratory test 
findings, quality controls in laboratories are essential. Quality control 
procedures assist to confirm the correctness of test results, find and fix 
problems, and make sure tools and equipment are working properly (28). 
This review article's main goal is to give readers an overview of 
laboratory quality controls. 

The main ideas and definitions of quality controls will be covered 
in this article, along with the differences between quality control and 
quality assurance, accreditation and certification, different kinds of 
laboratory tests and quality controls, and standard operating procedures 
(29). 

Quality control key terms and concept 

Quality assurance vs quality control 

In laboratory testing, quality control (QC) and quality assurance 
(QA) are two essential concepts. The system of regular checks and 

procedures used to guarantee the accuracy and dependability of 
laboratory results is known as quality control (QC). It entails a 
number of actions, including as routinely checking reagents and 
samples, validating procedures, and calibrating instruments(30, 31). 

On the other hand, QA refers to a more extensive set of 
guidelines, protocols, and practices that guarantee the accuracy 
and dependability of laboratory results. It consists of QC in addition 
to safeguards for the staff's competence, suitable record-keeping, 
and continual assessment of the laboratory's overall 
performance(32-34). 

Accreditation and certification 

Two essential procedures—accreditation and certification—
ensure that testing facilities adhere to a set of standards and 
specifications. According to ISO (15189), accreditation is a formal 
declaration made by an accrediting organization that a laboratory 
satisfies specific requirements for testing proficiency and quality. 
The process of confirming, on the other hand, that a laboratory 
satisfies certain standards for a particular type of testing or service 
is known as certification(35, 36). 

In order to give external confirmation of a laboratory's quality 
and competence, accreditation and certification are crucial. They 
also give clients and other stakeholders the reassurance that the 
laboratory is conducting tests in accordance with accepted industry 
standards(37). 

Lab testing and quality assurance measures 

Diagnostic, screening, and monitoring tests are the three 
broad categories into which laboratory tests can be divided. While 
screening tests are designed to identify the existence of a certain 
ailment in a population, diagnostic tests are used to confirm or 
rule out a specific diagnosis. Monitoring tests are used to monitor 
a condition's development or therapy (38). 

Different quality controls are needed for various kinds of 
laboratory testing. For instance, because the findings of diagnostic 
tests are frequently used to inform treatment decisions, more 
stringent QC techniques may be necessary for diagnostic testing 
than for screening tests (39, 40). 

Standardized practices and procedures 

Are written instructions that specify how certain laboratory 
tasks need to be carried out. Because they give laboratory 
employees specific instructions and rules to follow, SOPs (Standard 
Operating Protocols) are a crucial component of laboratory 
quality management (41). SOPs can aid in standardizing lab 
procedures, minimizing mistakes, and guaranteeing that testing is 
carried out regularly and properly (42). SOPs have to be created in 
accordance with industry standards, legal regulations, and the 
unique requirements and conditions of the laboratory. To make 
sure they stay current and pertinent, they should be examined and 
updated frequently (43). 

In conclusion, achieving accurate and dependable testing 
requires an awareness of fundamental concepts and terminologies 
in laboratory quality control. Important elements of laboratory 
quality management include quality control and assurance, 
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accreditation and certification, different kinds of laboratory testing, and 
standard operating procedures. Following these guidelines can assist to 
guarantee accurate, dependable, and consistent laboratory findings, 
which can eventually enhance patient outcomes (44). 

The importance of the iqc: 

Why introduce internal quality controls in laboratories? 

The implementation of laboratory controls is essential to guarantee 
the quality and reliability of the results obtained. Controls are used to 
detect and correct errors or variations in the analytical process, whether 
related to instruments, reagents or the operator (45). The controls also 
ensure the traceability of results and verify that the laboratory's 
performance is in accordance with established norms and standards. 
Finally, the controls allow us to guarantee the safety of the personnel by 
presenting the risks of contamination and by ensuring adequate 
handling of the samples (46).Therefore, any error in the test results can 
have serious consequences for the health of patients. 

IQC minimizes sources of error and ensures that product analysis 
results are reliable and accurate(47, 48). Medical laboratories implement 
defined internal quality control procedures, including regular 
calibration of instruments, verification tests, quality controls, 
verification of the accuracy and reliability of analysis techniques, and 
regular internal audits (49). These procedures ensure that analytical 
instruments and techniques are properly calibrated and that analytical 
results are consistent and reproducible. 

IQC also allows for early detection of errors and deviations from 
written standards, allowing for rapid correction and quality assurance 
of product analysis results. In the event of non-compliance, medical 
laboratories can implement corrective actions to prevent the error from 
occurring in the future (50, 51). 

The main concepts of the iqc 

Loyalty: 

The concept of accuracy is essential in medical laboratories, as it is 
directly linked to the precision and reliability of the analysis results. 
Fidelity can be defined as the ability of an analytical method to produce 
consistent and reproducible results for the same measurement 
performed multiple times on the same sample (52, 53). 

To measure the precision of an analytical method, medical 
laboratories can use indicators such as the coefficient of variation (CV), 
which is the ratio between the standard deviation and the average of the 
analytical results for the same sample analyzed several times. The lower 
the CV, the more reliable and accurate the method is considered to be 
(54). 

There are several sources of error that can affect the fidelity of 
analytical results, such as sample preparation errors, instrument 
calibration errors, measurement errors, and transcription errors in the 
results (55). To minimize these sources of error, medical laboratories can 
implement defined internal quality control procedures, including 
regular instrument calibrations, verification tests, quality controls, 
checks on the accuracy and reliability of analytical techniques, and 
regular internal audits(56) (57). The concept of fidelity ensures that results 
are consistent and reproducible, which is crucial to ensure optimal 

patient care. Laboratories should have defined internal quality 
control procedures in place to minimize sources of error and 
ensure the fidelity of test results(58).  

Correctness:  

The concept of accuracy is one of the essential characteristics 
of internal quality control (IQC) in medical laboratories (59). 
Trueness is defined as the ability of a test to produce results that are 
close to the true value of the measurement or concentration of the 
biological parameter being measured (60). In medical biology 
laboratories, the accuracy is attributed through the performance of 
verification tests or realization with reference methods(61). These 
tests are consistent with analyzing known samples with the 
methods used by the laboratory and with a reference method, 
considered the most reliable and accurate method of 
measurement. The results obtained are then compared to evaluate 
the accuracy of the methods used by the laboratory (62).  

The objective of the trueness assessment is to ensure that the 
results by the laboratory methods are reliable and close to the true 
value of the measurement (63). If the results are not close enough 
to the true value, this may indicate a systematic bias in the analysis 
method. Systematic biases may be due to instrument calibration 
errors, sample preparation errors, or analytical protocol errors (64). 
Detection and correction of these biases is essential to ensure the 
quality and reliability of the results by the laboratory. 

In summary, the concept of accuracy is an essential 
component of internal quality control in medical laboratories. 
Accuracy assessment ensures that the results of the laboratory 
methods are reliable and close to the true value of the 
measurement. This evaluation is crucial to detect and correct 
systematic biases in analytical methods, ensure the quality of the 
results produced and guarantee the safety and optimal 
management of patients (65).  

Total error:  

The notion of total error is an important concept in the 
internal quality control of medical laboratories (66). The total error 
is the sum of the random and systematic errors that can occur 
when measuring a biological parameter in a sample (67). Random 
errors are due to random variations in the measurements, which 
may be caused by fluctuations in the sample, in the instrument 
used, or in the analysis process. Systematic errors, on the other 
hand, are errors that occur consistently and repeatedly in the 
analysis process.  

These errors may be due to incorrect instrument calibration, 
interference with other substances in the sample, or other factors 
(68). The total error is designated using known quality control 
samples, which are analyzed in parallel with the test. By comparing 
the test results with the results of quality control samples, random 
and systematic errors can be diffused and quantified(69).The 
concept of total error is important because it helps determine the 
reliability and accuracy of product results by the analytical 
methods used by the laboratory. If the total error is too high, it may 
indicate a problem with the analytical method or with the 
instruments used, which may compromise the quality and 
accuracy of the results produced (70). 
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It is therefore crucial that medical laboratories continuously monitor 
the total error of their analytical methods, using quality control samples 
and implementing rigorous internal quality control protocols. This 
ensures that the laboratory results are reliable and accurate, which is 
essential to ensure optimal patient care and avoid negative health 
consequences. 

Quality controls in laboratories: challenges and 
limitations 

To guarantee the accuracy and dependability of laboratory test 
findings, quality control methods are crucial (71). Nevertheless, 
establishing quality controls in laboratories is fraught with difficulties 
and restrictions (72). 

Time and Cost Restraints 

The cost and time restrictions involved with putting quality control 
measures into place are one of the biggest problems with quality control 
in laboratories (73). To ensure quality, laboratories may need to spend a 
lot of money on tools, chemicals, and other supplies. Furthermore, 
performing quality control tests might take time, which could prevent 
the release of test findings (74). 

Staff Training and Expertise 

Another challenge is ensuring that laboratory staff are adequately 
trained and have the necessary expertise to conduct quality control tests. 
Staff members must be trained on the correct use of equipment and 
procedures for quality control testing to ensure accurate results. 
However, staff turnover and inadequate training can lead to errors and 
inaccuracies in test results (75). 

Laboratory to Laboratory Variability 

Another issue with quality control in laboratories is inter-laboratory 
variability (76).Different laboratories may provide different test results 
due to variances in their equipment, protocols, and personnel 
competence (77). This can be particularly difficult when comparing data 
from several laboratories or multi-center investigations (78). 

Technology development and new testing techniques 

Implementing quality control measures in laboratories is difficult 
due to the quick speed of technological progress and the creation of new 
testing procedures (79). To ensure the accuracy and dependability of test 
findings, laboratories may need to establish new quality control 
protocols as traditional quality control techniques may not be relevant 
to new testing methodology (80). 

In spite of these difficulties, quality control procedures are essential 
for guaranteeing the dependability and accuracy of laboratory test 
findings. By addressing these issues and constraints, laboratories may 
enhance the quality of their services and support improved patient 
outcomes. This can be done by continuing to invest in employee 
training, technology developments, and new quality control techniques 
(81). 

Managing the implementation of iqc in the 
laboratory  

How to choose samples 

It is important to choose the most effective control method, and 

take into consideration the effect of the sample matrix to ensure 
the reliability of test results when establishing an internal IQC 
quality control system in a medical laboratory (82, 83). In fact, two 
types of internal controls can be used: titrated controls and un-
titrated controls. A titration control, also known as a calibration 
quality control, is a sample with a known and stable concentration 
of the analyte of interest. These controls verify the accuracy of the 
test by comparing the measured concentration of the assay to the 
actual concentration (84). The choice between titrated and un-
titrated controls depends on several factors, including assay 
sensitivity and specificity, assay complexity, cost, and control 
availability.  

Tests with low sensitivity or a narrow concentration range may 
require the use of titration controls to ensure maximum accuracy. 
Tests with a wider concentration range can use untested controls 
to monitor the accuracy of the results (85). The choice between 
titrated and un-titrated controls depends on the characteristics of 
the test and the goals of the laboratory. Titrated controls allow high 
accuracy but are predictable, while un-titrated controls are usually 
cheaper and easier to use but do not allow accurate quantification 
of analyte concentrations. 

In order to minimize the influence of matrix effects on the 
analysis results, the control samples used should preferably be as 
close as possible to real biological samples. To do this, laboratories 
must work with their analyzer and control sample suppliers to 
develop specifications.  

These specifications should identify substances that may cause 
matrix interferences and indicate the properties that control 
samples must exhibit to meet the laboratory's analytical 
requirements (86). 

Quality control samples of various types 

Quality control samples of various types can be used in 
managing IQC. For instance, kit controls are important for quality 
control samples. This is an internal quality control method used in 
medical laboratories results (87). Control samples provided by the 
test kit manufacturer were used to evaluate the performance of the 
test kit. These control samples undergo the same analytical process 
as the patient biological samples, using the same methods and 
reagents as the biological samples (88). Suite validation verifies that 
the test suite is working properly and providing reliable and 
accurate results. 

Supplier dependency/independence control of reagents is also 
useful. Reagent Analyzer dependent control means an internal 
quality control provided by a test kit supplier for use with a test kit 
on an analyzer supplied by the same supplier. This type of internal 
quality control is often used to evaluate the performance of the pair 
of reagent analyzers under specific conditions such as calibration, 
test and incubation conditions, and is considered an important 
part of the internal quality control process in medical laboratories 
(89).  

Independent supplier controls for reagent analyzer pairs are 
internal quality control materials not supplied by the analyzer or 
reagent manufacturers. It is designed and manufactured by a third 
party and can be used to evaluate the performance of any type of 
analyzer or reagent, independent of the vendor (90). 
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Biological cell control is another internal quality control method 

used in medical laboratories. This involves preparing sample mixtures 
that reflect the different values expected for a particular analysis. This 
mixture, called a pool, is then used as a control sample to assess the 
accuracy and precision of the results obtained by the laboratory for that 
particular analysis (91). Due to the potential for contamination, it is 
important to use the same precautions when handling control samples 
as you would for patient samples (92). Control sample handling and 
storage procedures must be clearly defined and followed to ensure the 
integrity and reliability of control results. It is recommended that 
laboratories do not rely solely on control samples provided with the kit, 
but also use independent controls (93). 

The concept of series in laboratory quality control is also use, this 
concept refers to a set of internal quality control samples that are tested 
concurrently with patient samples. The series may contain several 
internal quality control samples of varying concentration or reactivity 
to ensure reliable and reproducible results. Testing frequency refers to 
the frequency with which internal quality control samples are tested to 
verify test performance (94). This is a period of time when laboratories 
use both old test methods and new methods to assess the consistency of 
results and ensure the validity of the new method before abandoning 
the old method entirely. Each lab sets a target value that represents the 
average of the values determined during the trial period. This value is 
used as a reference for the control chart (95).  

When using control samples, adjust the target value if necessary. 
Justify any adjustments by examining potential sources of variation, e.g. 
B. Calibration, reagent lot changes, maintenance. Selecting alert and 
action thresholds is an important step in implementing a laboratory 
quality control system. An alert threshold is a defined cutoff value for 
control samples, exceeding which indicates a potential problem during 
the analysis. The action level is the less critical value that, if exceeded, 
indicates that corrective action is required to avoid compromising the 
quality of patient outcomes. Alert and action levels should be 
determined based on results obtained during the trial period and the 
laboratory's performance history. They should be reassessed periodically 
to ensure they remain appropriate for the laboratory's current 
circumstances (96). 

Strategy for exploiting icq results  

Levey-Jennings representation 

The Levey-Jennings representation is a graphical tool used in 
pharmaceutical biology to track the quality of biological test results over 
time (97). It is a two-dimensional graph with test results on the y-axis 
and time on the x-axis. The results of the quality control are then 
entered into the graph as points or lines (Figure 1). Under conditions 
where the analytical method is stable, it is important for the laboratory 
to determine the mean and standard deviation or coefficient of variation 
for each control sample (98, 99). This allows to account for changes due 
to new calibrations or new reagent batches, so that standard deviations 
are not underestimated and too many points are not rejected (100).If a 
new batch of control is used, it is recommended to repeat the coefficient 
of variation (CV) from the previous batch, unless the concentration 
levels are different. In this case, during the trial period it is only 
necessary to determine the average value of the new test batch(101). 

 
Fig. 1: Example of a control chart with the actual coefficient of variation 

Follow-up on IQC s with established CVs 

Internal quality control (IQC) monitoring using an 
established coefficient of variation (CV) is a common practice in 
medical analytical laboratories, eg B. CVs are set and sometimes 
mean values are set. The method involves setting upper and lower 
limits of acceptable deviation for each DIC based on laboratory 
history. The results of each new IQC are compared against these 
limits to identify significant deviations and take appropriate 
corrective action (102). 

The advantage of this method is that it is easy to use and allows 
for quick and easy interpretation of results. However, possible 
systematic bias or bias in the analytical methods was not 
considered. Therefore, it is important to combine this method with 
other tools for interpreting DIA results, such as B. control charts 
and Westgard's rules to better assess the quality of the analysis 
results. (Figure 2) 

 
Fig. 2: Example of a control chart with the coefficient of variation set. 

Statistical exploitation of data from the Levey-Jennnings 
representation 

Statistical evaluation of Levey-Jennings plot data is a key step 
in the analysis of quality control data in the field of medical 
biology. It involves using the information contained in the control 
charts to evaluate the performance of the analytical method and 
detect any anomalies that may affect the quality of the results (103). 
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Levey-Jennings control charts are widely used in medical 

laboratories to assess the quality of results of analytical methods. It 
allows to visualize the distribution of results obtained for each control 
level and to quickly identify significant deviations in the results (104). In 
general, assay results follow a normal distribution, meaning that most 
values are around the mean, and the probability of finding values far 
from the mean decreases rapidly as you move away from the mean (105). 
So, statistically, when an analytical process is in control, 68% of QC 
values are within one standard deviation (standard deviation), 95.5% of 
values are within two standard deviations, and 99.7% of all values are 
on either side of the mean within three standard deviations (106).  

The first step in the process is to assess the stability of the analytical 
method by determining the mean and standard deviation of the control 
points obtained over a period of time. If the analytical method is stable, 
it is assumed that the mean and standard deviation calculated from 
these values remain constant over the period (107).This information can 
then be used to define upper and lower control limits to detect any 
significant deviations in the results obtained by the analytical method. 
These limits are usually defined as the mean of the standard deviation 
+/- 2 or 3, depending on the Westgard rule used (108, 109). 

Once the control limits are defined, a Levey-Jennings chart can be 
generated and the results tracked periodically. If a point falls outside the 
control limits, it indicates a significant difference in the results and the 
analytical method should be reviewed to determine the cause of the 
difference. Furthermore, it is important to consider trends and biases 
that also affect the quality of the results. This can be done by drawing a 
trendline on the control chart to see if the results tend to increase or 
decrease over time. It is also recommended to use external quality 
control to confirm the stability of the analytical method (110). 

In short, statistical evaluation of data represented by Levey-
Jennings is a critical step in ensuring the quality and reliability of 
medical biology results. It enables you to quickly identify any significant 
deviations in results and take corrective action to minimize errors and 
improve result quality (111). 

Westgard rules 

Westgard rules are a commonly used quality control method in 
medical laboratories to monitor the quality of analytical results (112).  
The Westgard rule provides an objective way to assess the technical 
quality of a set of analyzes by examining the statistical distribution of 
values obtained from control samples. These rules represent a decision 
criterion for determining whether an analysis series is in control or not 
based on defined control limits.  

It is important to note that these rules apply only to coefficients of 
variation (CVs) that represent the actual observed variation in the 
analytical parameters. Westgard rules are expressed by notation, where 
the first part represents an abbreviation for the statistical parameter or 
quantity of control value, and the second part, usually written as an 
index, represents the control limit(113, 114). 

Warning rules: 

12S rule: refers to the control rule commonly used on the Levey-
Jennings diagram when the control limit is defined as the mean ± 2s. 
This rule is used as an alert rule to trigger a thorough check of the 
control data via the deny rule below (Figure 3). 

 
Fig. 3: 12S 1-point rule beyond 2 ET. 

Deny rule: 

- Rule 13S: A control point is rejected if its value is greater than or 
less than three times the standard deviation (±SD) of the mean 
(figure below). 

 
Fig. 4: Rule 13S 1 point beyond 3 ET 

- Rule 22S: If consecutive control points at the same control level 
consider the same limit at -2 SD or +2 and, or if two points at two 
different control levels consider the same limit at -2 AND or +2 
AND, then deny they must be rejected. This rule can be applied 
within runs and between runs to detect errors or deviations in the 
analysis process. 

- RuleR4S: Reject if one set of four consecutive control points 
exceeds the +2 second average and the other exceeds the -2 second 
average. 

- Rule 41S: Reject a set of four consecutive control points if their 
standard deviation is greater than a multiple of the standard 
deviation (SD) of the mean. 

- 10X rule: A control point will be rejected if it is 10 times above the 
mean and on the same side of the mean (115).  

How to choose the right test procedure 
(number of test values and westgard rule(s) 

In paragraph 5.6.2.1 of the ISO 15189 2012 edition requires 
laboratories to implement internal quality control procedures to 
ensure that the results obtained are of the specified quality. In 
medical biology, the expected quality of results must meet clinical 
requirements and needs (116, 117).  
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The choice of control method must be adapted to the analytical 

performance of the method used  (118) and the clinical requirements of 
the analytical parameters, including the number of values and the 
choice of rules. Therefore, it is important not to use the same control 
method for all analyzes (119). The analytical power of an assay can be 
assessed using the Sigma capability index, which is calculated as: 
(TAE% - B%)/CV%. The index compares the assay's analytical 
performance (expressed as true bias (B) and average precision 
coefficient of variation (CV)) to available clinical requirements or total 
acceptable error (TAE) derived from biological data. Ricos database of 
parameters under consideration. For example, the sigma capability 
index is very high for parameters with wide reference intervals 
determined by biological variation and low measurement uncertainties 
related to analytical performance (120).On the other hand, for parameters 
with poor analytical performance and narrow reference intervals, the 
Sigma capability index decreases. 

In order to meet the clinical needs, the internal quality control 
(IQC) strategy must consider the Sigma capability index of the 
parameter, and the lower the more specified. Parameters with high 
sigma indices will receive "light" IQC, which will reduce false rejections 
compared to strategies that control all analyzes in the same way. In 
practice, by applying a limited number (3 or 4) of different internal 
quality control (IQC) strategies, it is possible to cover all assays routinely 
tested in medical biology laboratories (121). The 2010 expert meeting 
made recommendations for this purpose(122, 123). 

When Sigma > 6: performance is considered excellent. In this case, 
a single rule, the 13.5s rule, should be applied to interpret the results, 
and quality control performed once a day. A possible strategy in this case 
is Level 1 Quality Control (QC) for patients, with the 13.5s rule activated. 

When Sigma is between 6 and 4: performance is adapted as fit for 
purpose. In this case, two levels of quality control should be applied once 
a day, with interpretation of results based on a single rule, the 12.5s rule. 
One possible strategy for achieving these objectives is to use Level 1 
Quality Control (QC) for patients combined with Level 2 QC, with the 
12.5s rule activated. 

When Sigma is between 4 and 3: performance is limited as poor. In 
this case, two levels of QC must be applied twice a day, with 
interpretation of results based on several rules, including rules 13s, 22s, 
R4s and 41s. One possible strategy for achieving these objectives is to use 
Level 1 and 2 Quality Control (QC) for patients, combined with Level 1 
and 2 QC, with rules 13s, 22s, R4s and 41s activated. 

When the Sigma index is less than 3: this indicates inadequate 
parameter performance. It is then recommended to use a more applied 
internal quality control (IQC) strategy, using three levels of control, 
performed three times a day, with interpretation of the results based on 
as many rules as possible. In this case, it may also be necessary to assay 
duplicate patient samples. An example of an appropriate IQC strategy 
would be the combination of QC Levels 1+2+3 for control levels and 
QC Levels 1+2+3 for patients, with activation of rules 13s, 22s, R4s and 
41s. 

As a general rule, most medical analyzes fall into the first two 
performance categories where lean control procedures are sufficient 
(Sigma > 6 and 4 < Sigma < 6) (124), resulting in very low false 
rejection rates. 

Therefore, if a medical laboratory has decided on an 
appropriate control strategy based on the Sigma capability index, 
only changes in analytical behavior that have clinical impact will 
be identified. On the other hand, if the laboratory uses a uniform 
control procedure for all parameters regardless of the sigma index, 
such as 13s/22s/R4s/10x, the false rejection rate can be higher.   

Using a single control method for all parameters means 
reporting all changes in analytical behavior, even those that do not 
have clinically significant effects on patients (125). This practice 
forces laboratories to adopt two solutions: either widen their 
control limits to reduce false rejections, or set analytical and 
clinical targets that allow patient results to be published when 
adjusted to control limits (however, violations of Westgard rules 
need to be considered retroactively), including the lack of impact 
assessment in cases where spurious rejections are detected. The 
structure of the control chart makes it possible to define alert and 
action thresholds, target values and control frequencies according 
to the analytical performance of the laboratory and the 
recommendations of regulatory and standardization bodies (126). 

Conclusion 

Setting up an effective quality system in a medical biology 
laboratory requires a substantial implementation period, 
involving adequate training of staff members, preparation of 
specific documents and organization of meetings. This 
implementation process cannot be achieved without thorough 
communication both within the laboratory and with the associated 
clinical departments.  

If the strategy for running and interpreting internal quality 
controls is uniform for all parameters, this can lead to a 
considerable number of potential problems within the laboratory, 
likely to block day-to-day operations. This approach can be 
laborious and costly for laboratories, which have to learn how to 
juggle re-runs with clinical analytical objectives.This approach 
can even be detrimental to patients if it hinders the 
communication of results due to false IQC rejections. In addition, 
it leads laboratories to widen the coefficients of variation (CVs) of 
control chart follow-up, using Westgard rules for CVs that do not 
faithfully retrograde the true dispersion of IQC values. A more 
efficient approach is to use the Sigma index.  

This strategy involves selecting the number of controls 
required, their frequency and the Westgard rules to be applied, 
based on the performance of each technique and the clinical 
requirements associated with each parameter.Despite its simplicity 
and effectiveness, the Sigma index strategy remains little-known 
among laboratories, which could nevertheless benefit greatly from 
it. In general, only 3 or 4 strategies are sufficient to cover all 
parameters and enable rapid detection of over 90% of problems, 
while limiting the rate of false rejections. Quality must first and 
foremost be geared to patient benefit, while remaining realistic, 
practical and effective. It is crucial not to fall into the trap of over-
quality, which can be costly, demotivating and often harmful, and 
never to lose sight of what is essential and most important: service 
to the patient.



 

 e0022023 
14 

 

Lhajjam, H; Azzouzi, H; Sefiani, N; Elmrabet, H; Ihendyane, N 

CONFLICT OF INTEREST  

The author declares that there is no conflict of interests regarding 
the publication of this manuscript. In addition, the ethical issues, 
including plagiarism, informed consent, misconduct, data fabrication 
and/or falsification, double publication and/or submission, and 
redundancy have been completely observed by the authors. 

ACKNOWLEDGEMENT  

Authors would like to thank professors who reviewed this work and 
gave valuable feedbacks who decided to remain unknown, we would 
also like to express a dedicated appreciations to Dr Amina Gihbid for her 
comments and suggestions. 

We extend our sincere gratitude to the anonymous reviewers for 
their thoughtful and thorough review of our manuscript. Your 
invaluable feedback and insightful comments have been helpful in 
strengthening the quality and rigor of our research. 

CONFLICT OF INTEREST 

The authors declare no potential conflict of interest regarding the 
publication of this work. In addition, the ethical issues including 
plagiarism, informed consent, misconduct, data fabrication and, or 
falsification, double publication and, or submission, and redundancy 
have been completely witnessed by the authors.   

 

REFERENCES 

1. C. C. Johnson et al., "To err is human, to correct is public health: a systematic review examining poor quality testing and misdiagnosis of HIV status," Journal of 
the International AIDS Society, vol. 20, p. 21755, 2017. 

2. D. A. Fenta and M. M. Ali, "Factors affecting quality of laboratory result during ordering, handling, and testing of the patient’s specimen at hawassa university 
college of medicine and health science comprehensive specialized hospital," Journal of Multidisciplinary Healthcare, pp. 809-821, 2020. 

3. A. Agarwal et al., "Standardized laboratory procedures, quality control and quality assurance are key requirements for accurate semen analysis in the evaluation 
of infertile male," The world journal of men's health, vol. 40, no. 1, p. 52, 2022. 

4. M. Thompson and B. Magnusson, "Methodology in internal quality control of chemical analysis," Accreditation and Quality Assurance, vol. 18, pp. 271-278, 2013. 
5. C. Muth et al., "Evidence supporting the best clinical management of patients with multimorbidity and polypharmacy: a systematic guideline review and expert 

consensus,"  vol. 285, ed: Wiley Online Library, 2019, pp. 272-288. 
6. W. H. Organization, Laboratory quality management system: handbook. World Health Organization, 2011. 
7. J. O. Westgard and S. A. Westgard, "The quality of laboratory testing today: an assessment of σ metrics for analytic quality using performance data from proficiency 

testing surveys and the CLIA criteria for acceptable performance," American journal of clinical pathology, vol. 125, no. 3, pp. 343-354, 2006. 
8. M. Plebani, L. Sciacovelli, and A. Aita, "Quality indicators for the total testing process," Clinics in laboratory medicine, vol. 37, no. 1, pp. 187-205, 2017. 
9. H. Kinns, S. Pitkin, D. Housley, and D. B. Freedman, "Internal quality control: best practice," Journal of clinical pathology, vol. 66, no. 12, pp. 1027-1032, 2013. 
10. S. R. Nilakantam, K. K. Shivashankar, A. Prashant, M. Dayananda, S. M. Nataraj, and N. G. Dayananda, "Sigma-Metric Analysis to Evaluate Quality Management 

of Analytical Processes Using RCA and QGI in a Clinical Biochemistry Laboratory, South India," International Journal of Health and Allied Sciences, vol. 11, no. 3, 
p. 5, 2022. 

11. J. O. Westgard, P. L. Barry, M. R. Hunt, and T. Groth, "A multi-rule Shewhart chart for quality control in clinical chemistry," Clin Chem, vol. 27, no. 3, pp. 493-501, 
1981. 

12. M. Panteghini, "Redesigning the surveillance of in vitro diagnostic medical devices and of medical laboratory performance by quality control in the traceability 
era," Clinical Chemistry and Laboratory Medicine (CCLM), vol. 61, no. 5, pp. 759-768, 2023. 

13. J. S. Krouwer, "Why Bland–Altman plots should use X, not (Y+ X)/2 when X is a reference method," Statistics in medicine, vol. 27, no. 5, pp. 778-780, 2008. 
14. F. Braga, S. Pasqualetti, E. Aloisio, and M. Panteghini, "The internal quality control in the traceability era," Clinical Chemistry and Laboratory Medicine (CCLM), 

vol. 59, no. 2, pp. 291-300, 2021. 
15. R. Agarwal, "Quality-improvement measures as effective ways of preventing laboratory errors," Laboratory Medicine, vol. 45, no. 2, pp. e80-e88, 2014. 
16. R. McEnroe et al., Evaluation of precision of quantitative measurement procedure; approved guideline. Clinical Laboratory Standards Institute, 2014. 
17. M. Teshome, A. Worede, and D. Asmelash, "Total clinical chemistry laboratory errors and evaluation of the analytical quality control using sigma metric for routine 

clinical chemistry tests," Journal of multidisciplinary healthcare, pp. 125-136, 2021. 
18. P. Pereira, "ISO 15189: 2012 Medical laboratories-Requirements for quality and competence," Westgard QC: Madison, WI, USA, 2020. 
19. B. O. Crews, J. C. Drees, and D. N. Greene, "Data-driven quality assurance to prevent erroneous test results," Critical Reviews in Clinical Laboratory Sciences, vol. 57, 

no. 3, pp. 146-160, 2020. 
20. P. Bonini, M. Plebani, F. Ceriotti, and F. Rubboli, "Errors in laboratory medicine," Clinical chemistry, vol. 48, no. 5, pp. 691-698, 2002. 
21. H. C. Çubukçu et al., "Improving the laboratory result release process in the light of ISO 15189: 2012 standard," Clinica Chimica Acta, vol. 522, pp. 167-173, 2021. 
22. A. Larsson, R. Greig-Pylypczuk, and A. Huisman, "The state of point-of-care testing: a European perspective," Upsala journal of medical sciences, vol. 120, no. 1, 

pp. 1-10, 2015. 
23. M. Plebani et al., "Harmonization of quality indicators in laboratory medicine. A preliminary consensus," Clinical Chemistry and Laboratory Medicine (CCLM), 

vol. 52, no. 7, pp. 951-958, 2014. 
24. S. F. Green, "The cost of poor blood specimen quality and errors in preanalytical processes," Clinical biochemistry, vol. 46, no. 13-14, pp. 1175-1179, 2013. 
25. C. A. Todd, A. M. Sanchez, A. Garcia, T. N. Denny, and M. Sarzotti-Kelsoe, "Implementation of Good Clinical Laboratory Practice (GCLP) guidelines within the 

external quality assurance program oversight laboratory (EQAPOL)," Journal of immunological methods, vol. 409, pp. 91-98, 2014. 
26. Albert Chakona, "Advancements   in   Fish   Phylogenetics:   From   Molecular   Markers   to   Next-Generation Sequencing," Fishtaxa, vol. 26, 2022. 
27. Y.-c. Feng, Y.-c. Huang, and X.-m. Ma, "The application of Student’s t-test in internal quality control of clinical laboratory," Frontiers in Laboratory Medicine, vol. 

1, no. 3, pp. 125-128, 2017. 
28. D. C. Montgomery, Introduction to statistical quality control. John wiley & sons, 2019. 
29. V. Suresh, P. Sameer, and R. K. Susan, "A Clinical Trial of Venous Stent Placement for Post-thrombotic Syndrome: Current Status and Pandemic-related Changes," 

Vascular & Endovascular Review, vol. 5, 2022. 
30. J. O. Westgard, "Use and interpretation of common statistical tests in method comparison studies," Clinical chemistry, vol. 54, no. 3, pp. 612-612, 2008. 
31. International Test Commission, "ITC guidelines on quality control in scoring, test analysis, and reporting of test scores," International Journal of Testing, vol. 14, 

no. 3, pp. 195-217, 2014. 
32. L. M. Berte, "Laboratory quality management: a roadmap," Clinics in laboratory Medicine, vol. 27, no. 4, pp. 771-790, 2007. 



 

 
 e0022023 

15 
 

The importance of the Internal Quality Controls in medical laboratories to ensure high quality results 

33. P. Konieczka and J. Namiesnik, Quality assurance and quality control in the analytical chemical laboratory: a practical approach. CRC Press, 2016. 
34. J. R. Cook, E. H. Hooijberg, and K. P. Freeman, "Quality management for in-clinic laboratories: the total quality management system and quality plan," Journal of 

the American Veterinary Medical Association, vol. 258, no. 1, pp. 55-61, 2021. 
35. S. M. Zneimer and D. Hongo, "Preparing for Clinical Laboratory Improvement Amendments (CLIA) and College of American Pathologists (CAP) Inspections," 

Current protocols, vol. 1, no. 12, p. e324, 2021. 
36. V. Rusanganwa, J. B. Gahutu, M. Evander, and A.-K. Hurtig, "Clinical referral laboratory personnel’s perception of challenges and strategies for sustaining the 

laboratory quality management system: a qualitative study in Rwanda," American Journal of Clinical Pathology, vol. 152, no. 6, pp. 725-734, 2019. 
37. L. C. Fallieri, G. T. Ferreira, B. Barbosa, M. S. Araújo, P. R. Henrique, and J. P. S. Servato, "Cutaneous horn occurring on the oral tissues: report of a case and review 

of literature," Jornal Brasileiro de Patologia e Medicina Laboratorial, vol. 57, 2021, doi: 10.5935/1676-2444.20210032. 
38. T. F. Babor, B. G. McRee, P. A. Kassebaum, P. L. Grimaldi, K. Ahmed, and J. Bray, "Screening, Brief Intervention, and Referral to Treatment (SBIRT): toward a public 

health approach to the management of substance abuse," Alcohol/Drug Screening and Brief Intervention, pp. 7-30, 2023. 
39. D. R. Dufour, J. A. Lott, F. S. Nolte, D. R. Gretch, R. S. Koff, and L. B. Seeff, "Diagnosis and monitoring of hepatic injury. II. Recommendations for use of laboratory 

tests in screening, diagnosis, and monitoring," Clinical chemistry, vol. 46, no. 12, pp. 2050-2068, 2000. 
40. M. J. Kavanaugh, S. E. Azzam, and D. M. Rockabrand, "Malaria rapid diagnostic tests: literary review and recommendation for a quality assurance, quality control 

algorithm," Diagnostics, vol. 11, no. 5, p. 768, 2021. 
41. O. Prosper et al., "Modeling Seasonal Malaria Transmission," Letters in Biomathematics, vol. 10, no. 1, pp. 3–27, 2023, doi: 10.30707/LiB10.1.1682014077.793816. 
42. S. Hollmann et al., "Ten simple rules on how to write a standard operating procedure,"  vol. 16, ed: Public Library of Science San Francisco, CA USA, 2020, p. 

e1008095. 
43. L. M. Berte, Quality Management System: A Model for Laboratory Services; Approved Guideline. Clinical and Laboratory Standards Institute, 2011. 
44. J. A. Kirwan et al., "Quality assurance and quality control reporting in untargeted metabolic phenotyping: mQACC recommendations for analytical quality 

management," Metabolomics, vol. 18, no. 9, p. 70, 2022. 
45. E. J. Favaloro, "Novel approaches to quality control and external quality assessment for platelet function testing with a focus on the platelet function analyser (PFA-

100 and PFA-200)," Annals of Blood, vol. 4, 2019. 
46. R. M. Leblanc, "Gestion du contrôle interne de qualité en hémostase: quels outils?," Option/Bio, vol. 29, no. 577-578, pp. 20-23, 2018. 
47. A. Mourtzikou, M. Stamouli, and E. Athanasiadi, "Improvement of Clinical Laboratory Services through Quality," International Journal of Reliable and Quality E-

Healthcare (IJRQEH), vol. 2, no. 2, pp. 38-46, 2013. 
48. C. Bezier, G. Anthoine, and A. Charki, "Reliability of RT-PCR tests to detect SARS-CoV-2: risk analysis," International Journal of Metrology and Quality Engineering, 

vol. 11, p. 15, 2020. 
49. T. Pihlström et al., "Analytical quality control and method validation procedures for pesticide residues analysis in food and feed," Sante, vol. 11813, no. 10, pp. 21-

22, 2017. 
50. S. Chouaieb, W. Maamouri, H. Jouini, and M. Zili, "Contrôle de qualité interne en hémostase," Revue Francophone des Laboratoires, vol. 2019, no. 510, pp. 16-23, 

2019. 
51. H. H. van Rossum, "Technical quality assurance and quality control for medical laboratories: a review and proposal of a new concept to obtain integrated and 

validated QA/QC plans," Critical Reviews in Clinical Laboratory Sciences, vol. 59, no. 8, pp. 586-600, 2022. 
52. J. O. Westgard, "Internal quality control: planning and implementation strategies," Annals of clinical biochemistry, vol. 40, no. 6, pp. 593-611, 2003. 
53. J. Wu et al., "Rapid and accurate identification of COVID-19 infection through machine learning based on clinical available blood test results," MedRxiv, p. 2020.04. 

02.20051136, 2020. 
54. B. V. Kumar and T. Mohan, "Sigma metrics as a tool for evaluating the performance of internal quality control in a clinical chemistry laboratory," Journal of 

laboratory physicians, vol. 10, no. 02, pp. 194-199, 2018. 
55. E. K. Walsh, C. R. Hansen, L. J. Sahm, P. M. Kearney, E. Doherty, and C. P. Bradley, "Economic impact of medication error: a systematic review," Pharmacoepidemiology 

and drug safety, vol. 26, no. 5, pp. 481-497, 2017. 
56. L. J. Black, D. Anderson, M. W. Clarke, A.-L. Ponsonby, R. M. Lucas, and A. I. Group, "Analytical bias in the measurement of serum 25-hydroxyvitamin D 

concentrations impairs assessment of vitamin D status in clinical and research settings," PloS one, vol. 10, no. 8, p. e0135478, 2015. 
57. S. Sudirman, H. Sasmita, B. Krisnanto, and F. F. Muchsidin, "Effectiveness of Internal Audit in Supporting Internal Control and Prevention of Fraud," Bongaya 

Journal of Research in Accounting (BJRA), vol. 4, no. 1, pp. 8-15, 2021. 
58. J. C. Pamplin et al., "Prolonged, High-Fidelity Simulation for Study of Patient Care in Resource-Limited Medical Contexts and for Technology Comparative 

Effectiveness Testing," Critical Care Explorations, vol. 3, no. 7, 2021. 
59. C. Ricós, P. Fernandez-Calle, C. Perich, and J. O. Westgard, "Internal quality control–past, present and future trends," Advances in Laboratory Medicine/Avances en 

Medicina de Laboratorio, vol. 3, no. 3, pp. 243-252, 2022. 
60. R. J. Hyndman, "Measuring forecast accuracy," Business forecasting: Practical problems and solutions, pp. 177-183, 2014. 
61. R. E. S. Govatsmark et al., "Completeness and correctness of acute myocardial infarction diagnoses in a medical quality register and an administrative health 

register," Scandinavian journal of public health, vol. 48, no. 1, pp. 5-13, 2020. 
62. J. O. Westgard and S. A. Westgard, "Quality control review: implementing a scientifically based quality control system," Annals of clinical biochemistry, vol. 53, no. 

1, pp. 32-50, 2016. 
63. N. Castell et al., "Can commercial low-cost sensor platforms contribute to air quality monitoring and exposure estimates?," Environment international, vol. 99, pp. 

293-302, 2017. 
64. K. E. Harr, B. Flatland, M. Nabity, and K. P. Freeman, "ASVCP guidelines: allowable total error guidelines for biochemistry," Veterinary clinical pathology, vol. 42, no. 

4, pp. 424-436, 2013. 
65. R. A. McPherson and M. R. Pincus, Henry's clinical diagnosis and management by laboratory methods E-book. Elsevier Health Sciences, 2021. 
66. C. C. Serdar, M. Cihan, D. Yücel, and M. A. Serdar, "Sample size, power and effect size revisited: simplified and practical approaches in pre-clinical, clinical and 

laboratory studies," Biochemia medica, vol. 31, no. 1, pp. 27-53, 2021. 
67. D. Broadhurst et al., "Guidelines and considerations for the use of system suitability and quality control samples in mass spectrometry assays applied in untargeted 

clinical metabolomic studies," Metabolomics, vol. 14, pp. 1-17, 2018. 
68. S. Strömberg, M. Nistor, and J. Liu, "Towards eliminating systematic errors caused by the experimental conditions in Biochemical Methane Potential (BMP) tests," 

Waste management, vol. 34, no. 11, pp. 1939-1948, 2014. 
69. S. Adib, I. BARAKAT, M. MASRI, W. SABOUR, and C. CAPAPÉ, "First substantiated record of sea lamprey Petromyzon marinus (Agnatha: Petromyzonidae) from the 

Syrian coast (Eastern Mediterranean Sea)," FishTaxa, vol. 20, pp. 21-24, 2021. 



 

 e0022023 
16 

 

Lhajjam, H; Azzouzi, H; Sefiani, N; Elmrabet, H; Ihendyane, N 

70. H. K. Mohajan, "Two criteria for good measurements in research: Validity and reliability," Annals of Spiru Haret University. Economic Series, vol. 17, no. 4, pp. 59-
82, 2017. 

71. M. Sony, J. Antony, and J. A. Douglas, "Essential ingredients for the implementation of Quality 4.0: a narrative review of literature and future directions for research," 
The TQM Journal, vol. 32, no. 4, pp. 779-793, 2020. 

72. U. Gadiraju et al., "Crowdsourcing versus the laboratory: towards human-centered experiments using the crowd," in Evaluation in the Crowd. Crowdsourcing and 
Human-Centered Experiments: Dagstuhl Seminar 15481, Dagstuhl Castle, Germany, November 22–27, 2015, Revised Contributions, 2017: Springer, pp. 6-26.  

73. D. Dudzik, C. Barbas-Bernardos, A. García, and C. Barbas, "Quality assurance procedures for mass spectrometry untargeted metabolomics. a review," Journal of 
pharmaceutical and biomedical analysis, vol. 147, pp. 149-173, 2018. 

74. A. Mitra, Fundamentals of quality control and improvement. John Wiley & Sons, 2016. 
75. M. E. Robson et al., "American Society of Clinical Oncology policy statement update: genetic and genomic testing for cancer susceptibility," Journal of Clinical 

Oncology, vol. 33, no. 31, pp. 3660-3667, 2015. 
76. A. L. van Nuijs et al., "Multi-year inter-laboratory exercises for the analysis of illicit drugs and metabolites in wastewater: development of a quality control system," 

TrAC Trends in Analytical Chemistry, vol. 103, pp. 34-43, 2018. 
77. J. E. Arnold et al., "ASVCP guidelines: principles of quality assurance and standards for veterinary clinical pathology (version 3.0): developed by the American 

Society for Veterinary Clinical Pathology's (ASVCP) Quality Assurance and Laboratory Standards (QALS) Committee," 2019. 
78. Y.-J. Kim et al., "Development and validation of the VitaL CLASS score to predict mortality in stage IV solid cancer patients with septic shock in the emergency 

department: a multi-center, prospective cohort study," BMC medicine, vol. 18, pp. 1-12, 2020. 
79. W. H. Organization, "First meeting of the network on Buruli ulcer PCR laboratories in the WHO African Region: centre pasteur du Cameroon, Yaoundé, 21-24 

October 2019," 2020. 
80. European Colorectal Cancer Screening Guidelines Working Group, "European guidelines for quality assurance in colorectal cancer screening and diagnosis: 

overview and introduction to the full supplement publication," Endoscopy, vol. 45, no. 01, pp. 51-59, 2013. 
81. C. Giroud, M. Dumontet, A. Vassault, F. Braconnier, and G. Férard, "Recommendations for expressing uncertainty of measurement of quantitative results in 

laboratory medicine," in Annales de Biologie Clinique, 2007, vol. 65, no. 2, pp. 185-200.  
82. P. Seng et al., "Identification of rare pathogenic bacteria in a clinical microbiology laboratory: impact of matrix-assisted laser desorption ionization–time of flight 

mass spectrometry," Journal of clinical microbiology, vol. 51, no. 7, pp. 2182-2194, 2013. 
83. J. Mbatchou et al., "Computationally efficient whole-genome regression for quantitative and binary traits," Nature genetics, vol. 53, no. 7, pp. 1097-1103, 2021. 
84. E. Matuschek, D. F. Brown, and G. Kahlmeter, "Development of the EUCAST disk diffusion antimicrobial susceptibility testing method and its implementation in 

routine microbiology laboratories," Clinical microbiology and infection, vol. 20, no. 4, pp. O255-O266, 2014. 
85. N. M. Myers, E. N. Kernisan, and M. Lieberman, "Lab on paper: iodometric titration on a printed card," Analytical chemistry, vol. 87, no. 7, pp. 3764-3770, 2015. 
86. M. Manley, "Near-infrared spectroscopy and hyperspectral imaging: non-destructive analysis of biological materials," Chemical Society Reviews, vol. 43, no. 24, pp. 

8200-8214, 2014. 
87. K. Okonechnikov, A. Conesa, and F. García-Alcalde, "Qualimap 2: advanced multi-sample quality control for high-throughput sequencing data," Bioinformatics, 

vol. 32, no. 2, pp. 292-294, 2016. 
88. E. Bendavid et al., "Covid-19 antibody seroprevalence in santa clara county, california," International journal of epidemiology, vol. 50, no. 2, pp. 410-419, 2021. 
89. P. Sáez-Plaza, M. J. Navas, S. Wybraniec, T. Michałowski, and A. G. Asuero, "An overview of the Kjeldahl method of nitrogen determination. Part II. Sample 

preparation, working scale, instrumental finish, and quality control," Critical Reviews in Analytical Chemistry, vol. 43, no. 4, pp. 224-272, 2013. 
90. J.-M. Giannoli et al., "Recommendations for the application and follow-up of quality controls in medical laboratories," Biochemia Medica, vol. 31, no. 2, pp. 187-

209, 2021. 
91. D. J. McCarthy, K. R. Campbell, A. T. Lun, and Q. F. Wills, "Scater: pre-processing, quality control, normalization and visualization of single-cell RNA-seq data in R," 

Bioinformatics, vol. 33, no. 8, pp. 1179-1186, 2017. 
92. A. P. Lauder et al., "Comparison of placenta samples with contamination controls does not provide evidence for a distinct placenta microbiota," Microbiome, vol. 

4, pp. 1-11, 2016. 
93. P. B. Prince and S. J. Lovesum, "Privacy enforced access control model for secured data handling in cloud-based pervasive health care system," SN Computer Science, 

vol. 1, no. 5, p. 239, 2020. 
94. C. Jason and S. Mitchell, "The Importance of Early Thrombus Removal," Vascular & Endovascular Review, vol. 5, 2022, doi: https://doi.org/10.15420/ver.2021.10. 
95. Y. Fan, "Exploring the potential of using Marxist network management to address the challenges of bioethics education in higher medical colleges," Journal of 

Commercial Biotechnology, vol. 28, no. 1, 2023, doi: https://doi.org/10.5912/jcb1286. 
96. J. S. Oakland, Total quality management and operational excellence: text with cases. Routledge, 2014. 
97. K. P. Freeman, J. R. Cook, and E. H. Hooijberg, "Introduction to statistical quality control," Journal of the American Veterinary Medical Association, vol. 258, no. 7, 

pp. 733-739, 2021. 
98. W. P. Oosterhuis et al., "The use of error and uncertainty methods in the medical laboratory," Clinical Chemistry and Laboratory Medicine (CCLM), vol. 56, no. 2, 

pp. 209-219, 2018. 
99. K. Vani, S. R. Sompuram, S. P. Naber, J. D. Goldsmith, R. Fulton, and S. A. Bogen, "Levey-Jennings analysis uncovers unsuspected causes of immunohistochemistry 

stain variability," Applied immunohistochemistry & molecular morphology: AIMM, vol. 24, no. 10, p. 688, 2016. 
100. P. Peng, X. Peng, X. Jiao, and N. Chen, "A unique Levey–Jennings control chart used for internal quality control in human papillomavirus detection," Virology 

Journal, vol. 19, no. 1, pp. 1-9, 2022. 
101. E. Bugni, R. Cohen, and C. Mazellier, "IQC Laboratory management strategy for medical biology," in Annales de biologie clinique, 2017, vol. 75, no. 6, pp. 637-645.  
102. G. Bozkaya, N. Uzuncan, S. Bilgili, and O. Demirezen, "Evaluation of analytical performance of Variant II turbo HbA1c analyzer according to sigma metrics," 

Journal of Medical Biochemistry, vol. 38, no. 1, p. 33, 2019. 
103. T. Badrick, A. Bietenbeck, M. A. Cervinski, A. Katayev, H. H. van Rossum, and T. P. Loh, "Patient-based real-time quality control: review and recommendations," 

Clinical chemistry, vol. 65, no. 8, pp. 962-971, 2019. 
104. B. Weng et al., "A novel use for Levey-Jennings charts in prenatal molecular diagnosis," BMC Medical genomics, vol. 13, no. 1, pp. 1-8, 2020. 
105. J.-Y. Tein, S. Coxe, and H. Cham, "Statistical power to detect the correct number of classes in latent profile analysis," Structural equation modeling: a 

multidisciplinary journal, vol. 20, no. 4, pp. 640-657, 2013. 
106. P. J. Williamson, G. Atkinson, and A. M. Batterham, "Inter-individual responses of maximal oxygen uptake to exercise training: a critical review," Sports Medicine, 

vol. 47, pp. 1501-1513, 2017. 
107. C. Hafemeister and R. Satija, "Normalization and variance stabilization of single-cell RNA-seq data using regularized negative binomial regression," Genome 

biology, vol. 20, no. 1, p. 296, 2019. 

https://doi.org/10.15420/ver.2021.10
https://doi.org/10.5912/jcb1286


 

 
 e0022023 

17 
 

The importance of the Internal Quality Controls in medical laboratories to ensure high quality results 

108. M. M. Saramela and T. R. Fernandes, "Evaluation of urinalysis pre-analytical phase in a private laboratory of Maringá city, Paraná, Brazil," Jornal Brasileiro de 
Patologia e Medicina Laboratorial, vol. 57, 2021, doi: 10.5935/1676-2444.20210013. 

109. B. Yu and F. Gao, "A statistical method of graduates' employment direction based on integrated genetic algorithm," Journal of Commercial Biotechnology, vol. 28, 
no. 1, pp. 282-290, 2023, doi: https://doi.org/10.5912/jcb1103. 

110. R. P. Laubender and A. Geistanger, "Selection of within‐run quality control rules for laboratory biomarkers," Statistics in medicine, vol. 40, no. 16, pp. 3645-3666, 
2021. 

111. J. L. Sepulveda and D. S. Young, "The ideal laboratory information system," Archives of Pathology and Laboratory Medicine, vol. 137, no. 8, pp. 1129-1140, 2013. 
112. A. Katayev and J. K. Fleming, "Past, present, and future of laboratory quality control: patient-based real-time quality control or when getting more quality at less 

cost is not wishful thinking," J Lab Precis Med, vol. 5, no. 28, pp. 10-21037, 2020. 
113. S. COFRAC, "06. Guide technique d’accréditation: contrôle de qualité en biologie médicale," ed: COFRAC. Révision 00. https://www. cofrac. fr/documentation/SH-

GTA-06, 2020. 
114. C. A. Parvin, Statistical quality control for quantitative measurement procedures: Principles and definitions. CLSI, 2016. 
115. A. Sáez-Alquezar, P. Albajar-Viñas, A. V. Guimarães, and J. A. Corrêa, "Quality control in screening for infectious diseases at blood banks. Rationale and methodology," 

Ejifcc, vol. 26, no. 4, p. 278, 2015. 
116. D. Mok, E. Lim, K. Eckersley, L. Hristov, and C. Kirsch, "ISO 15189: 2012 implementation: an applied guide for medical laboratories," Australian Journal of Medical 

Science, vol. 34, no. 4, pp. 134-173, 2013. 
117. M. Seyfried and P. Pohlenz, "Assessing quality assurance in higher education: quality managers’ perceptions of effectiveness," in Impact Evaluation of Quality 

Management in Higher Education: Routledge, 2020, pp. 24-37. 
118. P. M. Nowak, R. Wietecha-Posłuszny, and J. Pawliszyn, "White Analytical Chemistry: An approach to reconcile the principles of Green Analytical Chemistry and 

functionality," TrAC Trends in Analytical Chemistry, vol. 138, p. 116223, 2021. 
119. D. Risso, J. Ngai, T. P. Speed, and S. Dudoit, "Normalization of RNA-seq data using factor analysis of control genes or samples," Nature biotechnology, vol. 32, no. 9, 

pp. 896-902, 2014. 
120. F. Scherrer, J.-P. Bouilloux, D. Chamard, and F. Cornu, "Intérêts et limites de la méthodologie six sigma au laboratoire de biologie médicale," in Annales de Biologie 

Clinique, 2017, vol. 75, no. 1, pp. 107-113.  
121. S. E. Wheeler et al., "Quality standards and internal quality control practices in medical laboratories: an IFCC global survey of member societies," Clinical Chemistry 

and Laboratory Medicine (CCLM), no. 0, 2023. 
122. G. Cooper et al., "Collective opinion paper on findings of the 2010 convocation of experts on laboratory quality," Clinical chemistry and laboratory medicine, vol. 

49, no. 5, pp. 793-802, 2011. 
123. C. H. Schoenmakers, A. J. Naus, H. J. Vermeer, D. van Loon, and G. Steen, "Practical application of Sigma Metrics QC procedures in clinical chemistry," Clinical 

chemistry and laboratory medicine, vol. 49, no. 11, pp. 1837-1843, 2011. 
124. A. Noronha, S. Bhat, E. Gijo, J. Antony, A. Laureani, and C. Laux, "Performance and service quality enhancement in a healthcare setting through lean six sigma 

strategy," International Journal of Quality & Reliability Management, vol. 40, no. 2, pp. 365-390, 2023. 
125. S. Yarahmadian, A. Oroji, and A. K. Williams, "A hybrid differential equations model for the dynamics of single and double strand breaks of cancer cells treated by 

radiotherapy," Letters in Biomathematics, vol. 9, no. 1, pp. 141–158, 2022, doi: 10.30707/LiB9.1.1681913305.295521. 
126. N. Hartnell, N. J. MacKinnon, E. J. Jones, R. Genge, and M. D. Nestel, "Perceptions of patients and health care professionals about factors contributing to medication 

errors and potential areas for improvement," Canadian Journal of Hospital Pharmacy, vol. 59, no. 4, 2006. 
  

 
 
 
 
CORRESPONDING AUTHOR  
Lhajjam, H  
lhajjamhajar@gmail.com 
 

This is an open-access article distributed under the terms of the Creative Commons Attribution License. 

 

https://doi.org/10.5912/jcb1103
https://www/
mailto:lhajjamhajar@gmail.com

	ABSTRACT
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	INTRODUCTION
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	The foundation of Internal Quality Control (IQC) is a process of ongoing observation and documenting of the analytical procedures used in laboratories (10). The IQC procedure include keeping an eye on the analytical techniques' precision and accuracy,...
	The establishment of Quality Control (QC) measures, which are the samples or materials used to monitor the correctness and precision of the analytical procedures, must also be a part of the IQC process (13, 14).
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	Establishing Quality Control (QC) measurements, keeping tabs on the analytical procedures, and recording the outcomes are all phases in the Internal Quality Control (IQC) process (16, 17). The selection of relevant samples or materials to check the ac...
	A key element of the laboratory's quality management system, internal quality control ensures the consistency, correctness, and reliability of laboratory results. The foundation of IQC is the ongoing observation and documentation of the laboratory's a...
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	Quality control key terms and concept
	Quality assurance vs quality control
	In laboratory testing, quality control (QC) and quality assurance (QA) are two essential concepts. The system of regular checks and
	procedures used to guarantee the accuracy and dependability of laboratory results is known as quality control (QC). It entails a number of actions, including as routinely checking reagents and samples, validating procedures, and calibrating instrumen...
	On the other hand, QA refers to a more extensive set of guidelines, protocols, and practices that guarantee the accuracy and dependability of laboratory results. It consists of QC in addition to safeguards for the staff's competence, suitable record-k...
	Accreditation and certification
	Two essential procedures—accreditation and certification—ensure that testing facilities adhere to a set of standards and specifications. According to ISO (15189), accreditation is a formal declaration made by an accrediting organization that a laborat...
	In order to give external confirmation of a laboratory's quality and competence, accreditation and certification are crucial. They also give clients and other stakeholders the reassurance that the laboratory is conducting tests in accordance with acce...
	Lab testing and quality assurance measures
	Diagnostic, screening, and monitoring tests are the three broad categories into which laboratory tests can be divided. While screening tests are designed to identify the existence of a certain ailment in a population, diagnostic tests are used to conf...
	Different quality controls are needed for various kinds of laboratory testing. For instance, because the findings of diagnostic tests are frequently used to inform treatment decisions, more stringent QC techniques may be necessary for diagnostic testi...
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	The main concepts of the iqc
	Loyalty:
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	To measure the precision of an analytical method, medical laboratories can use indicators such as the coefficient of variation (CV), which is the ratio between the standard deviation and the average of the analytical results for the same sample analyz...
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	Correctness:
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	The objective of the trueness assessment is to ensure that the results by the laboratory methods are reliable and close to the true value of the measurement (63). If the results are not close enough to the true value, this may indicate a systematic bi...
	In summary, the concept of accuracy is an essential component of internal quality control in medical laboratories. Accuracy assessment ensures that the results of the laboratory methods are reliable and close to the true value of the measurement. This...
	Total error:
	The notion of total error is an important concept in the internal quality control of medical laboratories (66). The total error is the sum of the random and systematic errors that can occur when measuring a biological parameter in a sample (67). Rando...
	These errors may be due to incorrect instrument calibration, interference with other substances in the sample, or other factors (68). The total error is designated using known quality control samples, which are analyzed in parallel with the test. By c...
	It is therefore crucial that medical laboratories continuously monitor the total error of their analytical methods, using quality control samples and implementing rigorous internal quality control protocols. This ensures that the laboratory results ar...
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	Time and Cost Restraints
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	Staff Training and Expertise
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	Laboratory to Laboratory Variability
	Another issue with quality control in laboratories is inter-laboratory variability (76).Different laboratories may provide different test results due to variances in their equipment, protocols, and personnel competence (77). This can be particularly d...
	Technology development and new testing techniques
	Implementing quality control measures in laboratories is difficult due to the quick speed of technological progress and the creation of new testing procedures (79). To ensure the accuracy and dependability of test findings, laboratories may need to es...
	In spite of these difficulties, quality control procedures are essential for guaranteeing the dependability and accuracy of laboratory test findings. By addressing these issues and constraints, laboratories may enhance the quality of their services an...
	Managing the implementation of iqc in the laboratory
	How to choose samples
	It is important to choose the most effective control method, and
	take into consideration the effect of the sample matrix to ensure the reliability of test results when establishing an internal IQC quality control system in a medical laboratory (82, 83). In fact, two types of internal controls can be used: titrated...
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	Quality control samples of various types
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	Strategy for exploiting icq results
	Levey-Jennings representation
	The Levey-Jennings representation is a graphical tool used in pharmaceutical biology to track the quality of biological test results over time (97). It is a two-dimensional graph with test results on the y-axis and time on the x-axis. The results of t...
	Fig. 1: Example of a control chart with the actual coefficient of variation
	Follow-up on IQC s with established CVs
	Internal quality control (IQC) monitoring using an established coefficient of variation (CV) is a common practice in medical analytical laboratories, eg B. CVs are set and sometimes mean values are set. The method involves setting upper and lower limi...
	The advantage of this method is that it is easy to use and allows for quick and easy interpretation of results. However, possible systematic bias or bias in the analytical methods was not considered. Therefore, it is important to combine this method w...
	Statistical exploitation of data from the Levey-Jennnings representation
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	Westgard rules
	Westgard rules are a commonly used quality control method in medical laboratories to monitor the quality of analytical results (112).  The Westgard rule provides an objective way to assess the technical quality of a set of analyzes by examining the st...
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	Warning rules:
	12S rule: refers to the control rule commonly used on the Levey-Jennings diagram when the control limit is defined as the mean ± 2s. This rule is used as an alert rule to trigger a thorough check of the control data via the deny rule below (Figure 3).
	Fig. 3: 12S 1-point rule beyond 2 ET.
	Deny rule:
	- Rule 13S: A control point is rejected if its value is greater than or less than three times the standard deviation (±SD) of the mean (figure below).
	Fig. 4: Rule 13S 1 point beyond 3 ET
	- Rule 22S: If consecutive control points at the same control level consider the same limit at -2 SD or +2 and, or if two points at two different control levels consider the same limit at -2 AND or +2 AND, then deny they must be rejected. This rule ca...
	- RuleR4S: Reject if one set of four consecutive control points exceeds the +2 second average and the other exceeds the -2 second average.
	- Rule 41S: Reject a set of four consecutive control points if their standard deviation is greater than a multiple of the standard deviation (SD) of the mean.
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	How to choose the right test procedure (number of test values and westgard rule(s)
	In paragraph 5.6.2.1 of the ISO 15189 2012 edition requires laboratories to implement internal quality control procedures to ensure that the results obtained are of the specified quality. In medical biology, the expected quality of results must meet c...
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	Conclusion
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