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Sigma metrics in laboratory medicine: A call for harmonization 
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A B S T R A C T   

Background and aim: Sigma metrics are applied in clinical laboratories to assess the quality of analytical pro
cesses. A parameter associated to a Sigma > 6 is considered “world class” whereas a Sigma < 3 is “poor” or 
“unacceptable”. The aim of this retrospective study was to quantify the impact of different approaches for Sigma 
metrics calculation. 
Material and methods: Two IQC levels of 20 different parameters were evaluated for a 12–month period. Sigma 
metrics were calculated using the formula: (allowable total error (TEa) (%) – bias (%))/(coefficient of variation 
(CV) (%)). Method precision was calculated monthly or annually. The bias was obtained from peer comparison 
program (PCP) or external quality assessment program (EQAP), and 9 different TEa sources were included. 
Results: There was a substantial monthly variation of Sigma metrics for all combinations, with a median variation 
of 32% (IQR, 25.6–41.3%). Variation across multiple analyzers and IQC levels were also observed. Furthermore, 
TEa source had the highest impact on Sigma calculation with proportions of Sigma > 6 ranging from 17.5% to 
84.4%. The nature of bias was less decisive. 
Conclusion: In absence of a clear consensus, we recommend that laboratories calculate Sigma metrics on a suf
ficiently long period of time (>6 months) and carefully evaluate the choice of TEa source.   

1. Introduction 

Nowadays, laboratory medicine faces a constant increase in requests 
and production of analytical data is consequently steadily growing. As 
such, the management of laboratory errors is crucial and statistical 
quality control (QC) procedures are key to face present and future 
challenges while maintaining analytical quality requirements. Despite 
the development of valuable tools for improving such aspects, QC fre
quency varies dramatically between laboratories and many still blindly 
use an empirical 2 standard deviations (SD) rule for QC rejection [1,2]. 
To rethink and improve QC procedures in clinical laboratories, modern 
adaptations of the Six Sigma methodology show great potential [3]. Six 
Sigma finds its roots in the industrial world of the 1980 s and was 
conceived in an effort to decrease the manufacture of defective products, 
improve cost-efficiency and reduce variability in processing [4]. Further 
developed and spread by quality management specialists, the method
ology is today applied in industry, business and the healthcare sector 
[5]. The first mention of Sigma in the context of clinical laboratories was 
made by Nevalainen et al. in 2000 [6] and was rapidly followed by 
James Westgard [7]. “Six Sigma” strategies were adapted and applied to 

the reality of clinical laboratories in addition to other indicators to assess 
the quality of analytical processes. Sigma metrics are today commonly 
calculated using a simple equation that includes method bias, impreci
sion through the coefficient of variation (CV), and analytical perfor
mance specifications (APS) for allowable total error (TEa) [8]. Usually, 
the Six Sigma scale runs from 0 to 6 and provides an estimation of the 
robustness of a process by defining the number of defects that will be 
produced per million events [9]. Methods that exhibit high Sigma 
metrics are analytically robust, meaning that more measurement errors 
can be tolerated before patient results become erroneous. In compari
son, low Sigma metrics assays are those that present potential prob
lematic performance. The ideal goal for analytical methods is a Sigma 
metric of 6, which means that 3.4 defects will be produced per million 
events (“world class” tests) whereas a Sigma of 3 equals 66,807 defects/ 
million (“marginal” or”poor“ tests) [10]. Far from consisting in an 
additional statistic produced to be documented in laboratory records 
and to show auditors, Sigma metrics have direct application in the field 
of laboratory medicine. In practice, Sigma metrics help laboratories to 
optimize the number of controls, run lengths and the number of QC rules 
to apply to those controls, enabling them to decrease QC costs, 
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rationalize QC procedures and optimize staff efficiency [3,11]. 
The main obstacle to a wider use of Sigma metrics in laboratories 

comes from the lack of consensus regarding the most appropriate data 
used to determine Sigma. Each variable in the Sigma equation may be 
extracted from many sources and depends on different factors: the extent 
of time to consider for CV and bias determination, the material to use for 
bias determination (i.e., peer comparison program (PCP) that makes use 
of the routine QC data or external quality assessment program (EQAP)/ 
proficiency testing program (PTP)) [12] and the APS of the method (i.e., 
source of TEa) (e.g., CLIA, RiliBAK, EFLM biological variation database). 
Appropriate guidelines and harmonization are missing and shall there
fore help laboratory specialists in implementing Sigma metrics. 

The aim of this study was to evaluate the impact of different com
binations of data sources for Sigma metrics calculation. 

2. Material and methods 

2.1. Study design 

This retrospective study was conducted for 12 months between 
January 2020 and December 2020 at the Clinique Saint-Luc Bouge 
(Namur, Belgium). The Sigma metrics was calculated for 20 parameters 
based on TEa, bias and imprecision. For that purpose, a total of 67,483 
data from 39 different lots of IQC were analyzed. 

2.2. Analytical methods 

Analyses were performed on a cobas 8000 (Roche Diagnostics, Basel, 
Switzerland), according to the manufacturer’s recommendations. A total 
of 20 parameters were studied, namely: sodium (Na), potassium (K) 
(ion-selective electrode (ISE) module); albumin (ALB) (502 module); 
total cholesterol (TC), HDL–cholesterol (HDL-C), triglycerides (TG), C- 
reactive protein (CRP), total proteins (TP), creatinine (CREAT), urea 
(702 module); N-terminal pro-brain natriuretic peptide (NT-proBNP), 
high-sensitive cardiac troponin T (hs-cTnT), thyroid-stimulating hor
mone (TSH), free thyroxine (FT4), cortisol (CORT), luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), estradiol (E2), progesterone 
(PROG) and prolactin (PRL) (801 module). ALB, CORT, NT-proBNP, LH, 
FSH, E2, PRL and PROG were analyzed on a single analyzer. CREAT, 
urea, hs-cTnT, Na, K, TG, TC, HDL, CRP and TP were analyzed on two 
distinct analyzers. TSH and FT4 were analyzed on three distinct 
analyzers. 

2.3. Sigma metrics calculation 

Internal quality controls (IQC) from Bio-Rad (California, USA) were 
used for all parameters, except hs-cTnT for which IQC were gathered 
from Roche Diagnostics. Two levels of IQC were evaluated for all pa
rameters (level 1 and 2). Coefficients of variation were calculated for 
each parameter according to the equation: 

CV(%) =
Standard deviation

Mean
x100 

Raw data for IQC were extracted from the cobas IT Middleware and 
CV were calculated per month for each analyzer. Outliers were excluded 
from the analysis because of the effect they may have on the mean (i.e., 
inversion of levels or aberrant results) [13 14]. The bias was calculated 
in two different ways. Firstly, the bias was calculated by comparing the 
mean IQC results of each parameter to the monthly target bias obtained 
using the QCNet software from Bio-Rad or the eLabQC program from 
Roche Diagnostics (for hs-cTnT only) (bias 1, PCP). Secondly, the bias 
was calculated based on the EQC program organized by the Belgian 
Institute of health (Sciensano). Since EQA samples are not sent every 
month, yearly data were used for bias calculation (bias 2, EQAP or PTP). 
The bias was calculated using the following equation: 

Bias(%) =
(Mean of IQC − PCP or EQAP/PTP)

PCP or EQAP/PTP 

Nine different APS for TEa were used: (I) Royal College of Patholo
gists of Australasia (RCPA), (II) Clinical Laboratory Improvement 
Amendments (2019) (CLIA), Guidelines of the German Federal Medical 
Council (III) column 3 (i.e., permissible relative deviation of a single 
result or the relative root mean square, respectively) (RiliBAK3) and (IV) 
column 5 (i.e., permissible relative deviation in EQA) (RiliBAK5), (V) 
Randox International Quality Assessment Scheme (RIQAS), (VI) Scien
sano, and from the European Federation of Clinical Chemistry and 
Laboratory Medicine (EFLM) biological variation database using (VII) 
minimal, (VIII) desirable and (IX) optimal specifications. Since the EFLM 
does not provide biological variation data for hs-cTnT and NT-proBNP, 
data from the literature were obtained [15,16]. The 18 combinations of 
data obtained for the CV, bias and TEa permitted the calculation of 
Sigma metrics for each parameter. Sigma metrics were calculated using 
the following equation: 

Sigma metric =
TEa(%) − Bias(%)

CV(%)

categorized as Sigma > 6 (“world class” tests), Sigma 3–6 and Sigma 
> 6 (“poor” and “unacceptable” tests). A total of 18 ways to calculate the 
Sigma metrics were presented and compared for 20 parameters and two 
levels of IQC. 

2.4. Statistical analysis 

Median and inter-quartile ranges (IQR) were used to present the 
data. Normality of distribution was tested using the D’Agostino-Pearson 
test w/wo log transformation. Differences between more than two 
groups was assessed using an ordinary two-way ANOVA with multiple 
comparison tests. Data analysis was performed using GraphPad Prism 
(version 9.3.0) and Microsoft Excel (version 16.58). p < 0.05 was used as 
a significance level. 

3. Results 

Sigma metrics varied greatly over time and with various bias and TEa 
combinations (Figs. 1, 2 and Supplemental Fig. 1. A to R). Represen
tative examples of the evolution of Sigma metrics for TC and TSH are 
presented in Fig. 1 and Fig. 2. For TC, important variability from low 
(<3) to high (>6) Sigma metrics were observed over time for both IQC 
levels and analyzers (median CV ranging from 31.3% to 48.7%). On the 
analyzer A, while most combinations (16/18; 88.9%) presented a Sigma 
metrics > 6 at month 4, Sigma metrics at months 9 and 10 were however 
all < 6. Considering the analyzer B, the overall variability was less 
pronounced compared to the analyzer A (48.7% vs 31.9% for level 1 and 
41.8% vs 31.3% for level 2) but Sigma metrics were also highly depen
dent on the month of calculation. Most Sigma metrics were < 3 for 
months 3 to 5 while half combinations presented a Sigma metrics > 6 for 
months 6 to 12. On both analyzers, the TEa source strongly impacted the 
Sigma metrics. The highest Sigma metrics were observed using TEa from 
RIQAS, CLIA and RiliBAK5 and the lowest Sigma metrics using TEa from 
OBV, RCPA and Sciensano. For TSH, high Sigma metrics variations were 
also observed over time, with the analyzer B presenting a lower varia
tion compared to analyzers A and C. As observed for TC, inter-month 
variation of Sigma results were important and the nature of bias 
impacted less the calculation. Sigma metrics were the highest using TEa 
from MBV and DBV while the lowest ones using TEa from Sciensano and 
RiliBAK 3 (Fig. 2). For the two representative examples (TC and TSH), 
the nature of bias did not highly impact Sigma metrics (Figs. 1 and 2). 

Considering all other parameters, the variability was higher using 
level 1 compared to level 2 for ALB, CRP, Na (analyzer A), NT-proBNP, 
PRL, and TP (analyzer B) (i.e., no overlap of IQR). On the contrary, the 
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variability was higher using level 2 for FSH, hs-cTnT, K, LH, Na 
(analyzer B), and TP (analyzer A) (Supplemental Fig. 2. A, D, F, I, J, K, 
L, M, N, Q). Regarding the parameters analyzed on two different ana
lyzers, the variability was higher on the analyzer A for CRP (level 2), K 
(both levels), Na (both levels), and TP (level 2). However, the variability 
was lower on the analyzer A for CRP (level 1), FT4 (level 2), hs-cTnT 
(level 1), and TP (level 1) (Supplemental Fig. 2. D, G, I, J, L, Q). 
Overall, we observed a median Sigma metrics variation of 32% (IQR, 
25.6–41.3%). CRP (level 1, analyzer B) showed the highest variation 
over time (78% (IQR, 52.9–83.8)) and CREAT (level 2, analyzer B) the 
lowest (10.6% (IQR, 10.5–29.4). Our results therefore suggest high 
variation of Sigma metrics when calculated on a monthly basis. 

To overcome this monthly variation, we also decided to calculate 
annual Sigma metrics (median of monthly Sigma metrics) for all 20 
parameters according to bias and TEa combinations (Fig. 3). The heat
map presents differences in Sigma metrics based on: (1) parameters (i.e., 
rows), (2) bias/TEa combinations (i.e., columns) and (3) IQC levels 
(Fig. 3). The percentage of Sigma metrics < 3 (%Sigma < 3, blue tone), 
between 3 and 6 (%Sigma 3–6, beige tone) and > 6 (%Sigma > 6, red 
tone) was calculated per row and column. 

We identified that CREAT and TP mostly have Sigma metrics < 3 
(50% to 77.8%) for both IQC levels. ALB, CRP, K and PROG show
ed>50% of Sigma < 3 with level 1 and NT-proBNP with level 2. On the 
contrary, CORT, HDL, LH, PRL, TG, hs–cTnT and TSH showed>50% of 
Sigma > 6 for both levels (50% to 100%). Among them, CORT, LH, PRL 
and TG all had Sigma metrics > 3. 

The proportion of Sigma metrics < 3 and > 6 were 30.8% and 37.3% 
for level 1 and 18.9% and 50.6% for level 2, respectively (Fig. 3). This 
shows that Sigma metrics tends to be lower using the level with the 
lowest concentration. 

TEa sources that led to the highest proportion of Sigma metrics > 6 
were DBV (50% and 55% for bias 1 and 2), MBV (62.5% and 65.0%), 
CLIA (60% and 67.5%) and RiliBAK5 (81.3% and 84.4%). Contrariwise, 

higher proportions of Sigma metrics < 6 were observed using OBV 
(17.5% and 17.5% for bias 1 and 2), RiliBAK3 (25.0% and 21.9%), 
Sciensano (25.0% and 27.8%), and RCPA (26.3% and 36.8%). These 
results are consistent with the TEa repartition per parameter presented 
in Supplemental Fig. 1, where DBV, CLIA, RiliBAK5 and MBV had the 
highest median TEa whereas OBV, Sciensano and RCPA the lowest 
median TEa (Supplemental Fig. 1 and Fig. 3). Furthermore, we iden
tified that the impact of the bias selection was only moderate. The 
proportions of Sigma metrics < 3 and > 6 were 28.7% and 41.7% for 
bias 1 and 21.0% and 46.2% for bias 2, respectively (Fig. 3). 

Complementarily, we calculated a median Sigma per parameter 
using all bias and TEa combinations calculated on the 12-month period 
for both levels (Fig. 4). Considering level 1, 5 parameters had a median 
Sigma metric < 3 (25%), 8 between 3 and 6 (40%), and 7 above 6 (35%). 
Regarding level 2, 2 parameters had a Sigma metric < 3 (10%), 8 be
tween 3 and 6 (40%), and 10 were > 6 (50%). CREAT and TP both had a 
median Sigma < 3 for levels 1 and 2. Sigma metrics < 3 were also 
observed for ALB, CRP and PROG for the level 1, and for NT-proBNP 
considering the level 2. High Sigma metrics (i.e. > 6) were observed 
for CORT, HDL-C, LH, PRL, TG, and TSH for both IQC levels. These 
figures further illustrate the major differences in Sigma metrics calcu
lation using different bias and TEa combinations as well as the differ
ences between IQC levels. 

4. Discussion 

The Six Sigma scale is presented as a powerful and accessible tool to 
estimate the quality of an analytical process, that includes APS (i.e., TEa) 
and systematic (i.e., bias) and random (i.e., CV) error estimations [3]. 
However, there is a multitude of possibilities for data used for its 
calculation and no clear consensus exists so far. This may be responsible 
for the lack of application of the Sigma metrics in clinical laboratories 
[1,2,17]. In the literature, we found several teams that have calculated 

Fig. 1. Evolution of Sigma metrics on a 12-month period using 18 combinations of bias and TEa for TC on 2 analyzers. Plain lines represent combinations using bias 1 
and dashed lines represent bias 2. Colors represent TEa sources. Horizontal red dotted line corresponds to 3 Sigma and green dotted line to 6 Sigma. Vertical black 
dotted line represents a QC lot change. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Sigma metrics [14,17–41]. Many differences across studies were 
noticeable (nature of bias and of TEa as well as the study length that 
impact the precision). This reflects well the lack of harmonization that 
clinical laboratories are facing to apply Sigma metrics. As the choice of 
calculation combinations may be cause of great variations in Sigma 
metrics and may lead to substantially different conclusions regarding 
the quality of a method [13], we decided to address that problematic in 
the present study. 

We first showed that the Sigma calculation was highly depending on 
timing, as observed in other studies [22,24]. A high inter-month varia
tion was observed for all the 20 parameters evaluated in our study 
(Figs. 1 and 2, Supplemental Fig. 2). Parameters classified as “world 
class” (Sigma > 6) on a particular month may therefore be classified as 
“poor” or “unacceptable” (Sigma < 3) in the following months before 
reaching again a higher Sigma grade (Figs. 1 and 2). Since TEa goals are 
invariable, variations that occurred over time were only related to 
changes in bias and CV. This therefore illustrated the instability of 
performance over time, suggesting that Sigma should be calculated on a 
larger period (i.e., >6 months) to ensure a more robust estimation of 
precision and bias, as performed in several studies 
[23,26,27,29,38,39]). Although we cannot exclude that this phenome
non was due to variability in our own laboratory, this is mostly unlikely. 

To consider all contributions to long-term variation, CLSI C24 states that 
imprecision should be estimated from cumulative mean and SD based on 
several months [42]. A multi-site study might prove useful to confirm 
our observations. 

We also showed that various analyzers for the same parameter might 
present different Sigma metrics over time. Some proposed to calculate a 
mean Sigma when the same parameter is analyzed on different analyzers 
[43]. Furthermore, the CV may also vary across reagent lots, as recently 
demonstrated [44]. Sigma metrics should be reevaluated in a periodic 
manner to consider such variability but month-to-month reevaluation 
will not be practical in clinical laboratories since profound modifications 
of QC procedures might happen. Additionally, the inclusion of precision 
data from a short period of time (i.e. <1 month) as performed in some 
studies [18,25,28,34,37] might falsely present high Sigma metrics. The 
Sigma metrics also vary depending on the level of IQC considered [28]. 
Lower Sigma were observed for IQC level 1 compared to level 2 (Fig. 3). 
This is due to the lower concentration of the parameter in level 1 and 
then to a higher CV. Whereas some propose to consider CV of different 
IQC levels to calculate Sigma metrics to apply the strictest rules in case 
of discrepancies between levels [33,41,43], other proposed to calculate 
a mean CV between IQC levels to compute an unique Sigma value per 
parameter [14]. However, and since Sigma results may show values 

Fig. 2. Evolution of Sigma metrics on a 12-month period using 18 combinations of bias and TEa for TSH on 3 analyzers. Plain lines represent combinations using bias 
1 and dashed lines represent bias 2. Colors represent TEa sources. Horizontal red dotted line corresponds to 3 Sigma and green dotted line to 6 Sigma. Vertical black 
dotted line represents a QC lot change. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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above 6, high discrepancies between levels (e.g., level 1 showing Sigma 
3 and level 2 Sigma 9), might conclude at a mean high Sigma, ignoring 
the conclusion that would have been made on the lowest level. It was 
therefore proposed that Sigma above 6 should be rounded to 6 before 
calculating the mean, meaning that no average will ever be at 6 Sigma 
[11]. The expertise of laboratory medicine specialists may also be 
valuable for the choice of the relevant clinical decision level that should 
be considered for Sigma metrics calculation. 

In our study, we compared two different approaches based on PCP 

and EQAP (or PTP). These were both available in our laboratory and 
each of them may be flawed by different characteristics (e.g., low fre
quency of EQA leading to high uncertainty). As previously suggested 
[13,43], it appeared that the source of bias impacted less the Sigma 
metrics (Fig. 3). Some studies reported the use of bias based on the 
difference with the manufacturer’s IQC targets [23,25,32] although this 
is generally discouraged [13,24]. Others also considered that the bias 
could be rounded to zero [13]. 

The last variable of the Sigma equation (i.e. TEa), is a well-known 

Fig. 3. Heatmap of Sigma metrics for 20 parameters (2 IQC levels) using 18 different bias/TEa sources. The left part of the heatmap corresponds to bias 1 and the 
right to bias 2. The upper part corresponds to IQC level 1 and the lower part to IQC level 2. Colors represent the Sigma scale from 0 Sigma to 6 Sigma and above. Grey 
shades correspond to the percentage of combinations in each of 3 Sigma ranges (%Sigma < 3, %Sigma 3–6 and %Sigma > 6). Parameters with unavailable TEa data 
are represented with a black cross. 
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source of variation in Sigma calculation [13,25,28,43,45]. The 2014 
Milan strategic conference has proposed models to objectively derive 
APS based on (1) clinical outcomes, (2) biological variation and (3) 
state-of-the-art (SOTA), the latter being defined as the highest level of 
analytical performance technically achievable (i.e. CLIA, RiliBAK, 
RIQAS, RCPA) [46,47]. Compared to APS based on clinical outcomes 
that are scarce in the literature [47], biological variation data that cover 
a wide range of measurands are directly available and updated online on 
the EFLM biological variation database [48]. References included in 
meta calculations only are studies that comply with the critical appraisal 
checklist that has been developed by the EFLM biological variation 
group [49,50]. The EFLM biological variation database replaces the 
canonical Ricos database [48]. The variety of TEa sources available for a 
single parameter represents a major impediment to the application of 
Sigma metrics [45] and make the performance comparison between 
laboratories difficult [17]. Our results demonstrated a dramatic varia
tion in Sigma metrics, mostly due to the choice of TEa (Fig. 3). The 
higher Sigma metrics observed where the ones with the higher TEa. For 
instance, MBV presented a majority of Sigma metrics > 6, whereas the 
more restrictive OBV led to lower Sigma metrics (Fig. 3 and Supple
mental Fig. 1). Other sources such as RCPA, RiliBAK3 and RIQAS per
formed quite in a similar way in terms of Sigma metrics (Fig. 3 and 
Supplemental Fig. 1). APS vary for many reasons including the strict
ness of the regulatory regime or the method of determination (i.e., 
biologically-based or empirical consensus). 

Out of 25 studies reviewed, 17 (68.0%) only used 1 TEa source that 
mostly was based on CLIA 1988 recommendations (10/18; 55.6%) 
[14,17–19,21–41]. None used the latest CLIA 2019 that are more 
restrictive compared to 1988, though not yet ratified into law. Few other 
studies evaluated the impact of TEa on Sigma metrics. Hens et al. showed 
that Sigma metrics tend to be higher using RiliBAK, followed by CLIA 
and desirable biological data from Ricos [25]. Three other studies also 
observed higher Sigma metrics using CLIA compared to Ricos or EFLM 
[22,39,43]. Additionally, higher Sigma metrics using MBV from Ricos 
followed by CLIA, and OBV from Ricos were observed [39]. These ob
servations are consistent with our observations (Fig. 3, Supplemental 
Fig. 1). Since APS are neither standardized nor harmonized, we must 
grudgingly accept that benchmarking studies will be similarly afflicted. 

An algorithm that considers the hierarchy of the 2014 Milan 
consensus was proposed by Varela and Pacheco to guide laboratory 

specialists to evaluate which TEa source better fits the test analytical 
performance [51]. The authors recommend to use DBV in case of Sigma 
metrics > 5.15 and to use MBV if the Sigma is < 5.15. The OBV is used in 
case of Sigma > 12. For that purpose, the bias expressed as a percentage 
of TEa should also be < 50%. They only propose to use a TEa source of 
lesser hierarchy in case of low Sigma (i.e., <5.15) when calculated with 
MBV. They propose to choose a TEa than can bring you to obtain a Sigma 
metrics > 5.15. In our study, we found that the proportion of Sigma 
metrics > 6 was the highest for MBV and RiliBAK5. In fact, Sigma 
metrics were globally lower considering SOTA compared to MBV. In 
other terms, the strategy proposing to shift from MBV to SOTA in case of 
low Sigma metrics could not be very useful in clinical practice. The other 
concern about this algorithm is that it brings users to “force” the use of 
Sigma metrics > 5.15. Depending on the choice made by the laboratory 
specialist, the same analytical process may be deemed “poorly per
formant” while being classified as “excellent” using a second one. It is 
however a valuable tool to navigate through all existing TEa sources. In 
our study, the variation across Sigma calculation were so important that 
it is nearly always possible to find a combination where the Sigma could 
be > 6 for each of the 20 parameters studied (Fig. 3). The evaluation of 
the impact of different TEa is therefore important, notably since some 
OBV and DBV TEa criteria are known to be unachievable with current 
laboratory platforms [13,25,51]. It should also be noted that the Milan 
hierarchy of 2014 explicitly acknowledges that no model of APS will 
apply to all parameters and encourages diversity of choices [46]. Given 
the constant evolution of testing and clinical treatments (i.e., technical 
advancements, new application of existing tests, clinical criteria), APS 
will be dynamic and ever-changing, making it difficult to imagine that 
any strategic conference may point to a unique set of specifications. The 
debate over the right APS is not one that can be settled eternally, but 
instead, only momentarily. Some analytes have clear clinically-based 
APS (e.g., HbA1c), while others have more appropriate biological vari
ation APS, and those that lack the former types, must settle for the SOTA 
specifications [47]. Of note, databases do not provide TEa for all pa
rameters, which prevents the use of a single source in a laboratory. 

The Sigma metrics will determine the IQC frequency (i.e., number of 
patients samples between two QC events) and the Westgard rules to 
apply. This aspect is more harmonized and a new tool is now available 
online [52,53]. Establishing a form of consensus on the use of APS goals 
would be a challenging initiative. The issue of Sigma metrics 

Fig. 4. Median Sigma metrics calculated on all bias/TEa combinations for each parameter ranked by increasing median order. Each symbol corresponds to median 
Sigma calculated on a 12-month period using a single bias/TEa combination. Red dotted line corresponds to 3 Sigma and green dotted line to 6 Sigma. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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harmonization in clinical laboratories is nonetheless wider, as the 
equation for Sigma metrics calculation is the object of a currently un
resolved dispute between experts in the field [54,55]. The equation used 
in this study and generally used in the literature regarding Sigma ap
plications [14,17–41] was indeed adapted from the industry to labora
tories by including bias as a variable, which was claimed to be 
mathematically incorrect and incoherent when compared to the appli
cation of Sigma in the industry from which it originated [56–58]. It 
seems however likely that given the lower impact of bias on Sigma 
metrics, calculation of Sigma excluding this variable would have pro
duced similar results to those observed here. This further supports that 
although it may be classified as optimistic or naive because of obvious 
impediments, harmonization of the approach would benefit laboratory 
specialists who wish to calculate Sigma metrics and facilitate compari
son between laboratories. Even if making the right choices for the 
calculation of Sigma is complex, we believe that laboratory specialists 
should not fear its use as this would deprive them of an inestimable ally 
on their journey to better manage IQC. 

In conclusion, Sigma metrics are valuable tools to evaluate the 
quality of analytical processes and to optimize QC rules and frequency in 
clinical laboratories. However, the vast choice of sources for precision, 
bias and APS represents a major impediment to Sigma deployment and 
harmonization is necessary to ensure adequate use of the metrics. In 
absence of general guidelines, we recommend that laboratories calculate 
Sigma metrics on a sufficiently long period of time (>6 months) and 
carefully evaluate the choice of TEa source. The nature of bias was less 
decisive for Sigma metrics. 
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