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Summary of Talk

❖Scheme Design
❖Basic statistics & Error Detection
❖How do we set Performance Specifications and Target Values?
❖Weqas Connect Standard Report 
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Scheme Design
Common Report format (quantitative)

Ammonia

b123 Co-oximetry

Bile Acids

Bilirubin

Blood Gas

BNP

Cardiac Markers

Co-oximetry

CRP

ED Toxicology

Endocrine

fFN

Haematinics

HbA1c

Homocysteine

Immunosuppressants

Lipids

NT Pro BNP

pH Meter

Plasma Cardiac Markers

pO2 Accuracy

pO2 Accuracy

POCT Creatinine

POCT CRP

POCT D-dimer

POCT Haemoglobin

POCT INR

POCT Urine ACR

Porphyrin

Pre-Eclampsia

Procalcitonin

Quantitative Faecal Hb

SARS-CoV-2 Ab

SARS-CoV-2 Ag

Serum ACE

Serum Chemistry

Serum hCG

Serum Indices

Therapeutic Drug Monitoring

Urine Chemistry

Urine Oxalate & Citrate
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Why multiple samples is important

Identifies components of both Imprecision and 
Inaccuracy

Identifies systematic errors

Assesses method linearity – required for ISO 15189

Powerful error detection tool



Mean +/- 1SD

Mean +/- 2SD

Mean +/- 3SD

Bias

Total error

*

* *

Gaussian Distribution
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The Weqas Report
Statistical Indices

• Imprecision:   Sy.x, r, IS 

• Inaccuracy:    Bias plot, y=mx+c
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Interpretation of Imprecision

Sy.x is the deviation around the best fit line and is an indication of scatter.  It is 
used as an index of within run imprecision. This is given in the units of the analyte

in question.

Correlation coefficient (r value) is also an index of within run imprecision.  The 
closer to 1.0 the value is, the better the precision  (less scatter about the best fit 

line). 

IS score is derived from the correlation coefficient.

IS = (1-r)*10,000'r' value Imprecision score

0.9990

to

1.0000

0 to 10 - Good

0.9850

to

0.9989

11 to 150 - Acceptable to Warning level

<

0.9850

> 150 - Unacceptable

(including Curvilinear Data)
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Standard deviation

SD =  (ȳ-y)2

Standard dev of residuals

Sy.x =                    (ỹ-y)2

Imprecision indices

where 
y = observed value
ȳ = expected value
d.f. = degrees of freedom

where 
ỹ = the value on the
line of best fit

d.f.

d.f.
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Imprecision – Scatter around the “best fit line”,  Sy.x
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r = 0.9812
Sy.x= 4.1

Sodium (mmol/l)

dy.x = -5.6

r  = 1.000
Sy.x = 0

Measurement of scatter 

All reported 
results are on the 
“best fit” line – no 

scatter

Reported results 
are scattered 

around the “best 
fit” line  –
standard 

deviation of 4.1 
mmol/L
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Imprecision – how to calculate Sy.x

Target value Lab result

Line of best 

fit Deviation

x y ỹ y- ỹ=dy.x dy.x
2

111 108 109.9 -1.9 3.62

123.5 128 123.3 4.7 21.97

135.7 136 136.4 -0.4 0.16

148 144 149.6 -5.6 31.30

160.3 166 162.8 3.2 10.31

slope 1.07 ∑dy.x ∑dy.x
2

int -9.17 0.0 67.36

d.f =  n-1 = 4

Sy.x =
√  ∑dy.x

2
/d.f √67.4/4 4.10
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Interpretation of Inaccuracy

y = mx + c 

Represents the slope – in the example this is  
0.97 which shows a 3% negative proportional 

bias.  If deemed significant indicates a 
proportional error.

Represents the point at which the line crosses the y axis. 
This is shown in the units of measurement of each analyte.  
In the example this is 12.04nmol/L.  If deemed significant, 

this indicates a constant error.
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Types of Errors

Imprecision Inaccuracy

Random Curvilinear Prop Mixed Constant

Slope No Yes/No Yes Yes No

Intercept No Yes/No No Yes Yes

Sy,x Yes Yes No No No

r Yes Yes No No No
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The Weqas Report
Target values used in Statistical Analysis

Reference values – used for bias plot /SDI calculation 
and σ score 

Method mean – used for SDI calc if no ref and n>8

Overall mean – used for SDI calc and bias plot if no ref 
and n <8

Analyser mean – on report for information only 
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Generation of Reference Target Values

• Specialist Laboratories Required

• Accredited to ISO17025 and ISO15195

• Limited number of laboratories worldwide
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Value of Reference Targets

• Traceable to higher order

• Establishes method traceability for the lab –
requirement of ISO 15189

• Highlights the pitfalls of using the trimmed overall 
mean as an accuracy target in EQA Schemes

• Useful in the post market vigilance of the IVD -
Directive

• Required for UK MAPS
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Reference Methods

Flame Atomic Absorption/ Emission 

Spectrometry

• Sodium,  Potassium, Calcium

• Magnesium, Lithium

IDGC-MS

•17ß-Oestradiol

•Progesterone

•Bile Acids

•Creatinine

•Cholesterol

•Glucose

•Urate

•Triglyceride

•HDL *

• HbA1c **
** Provided by IFCC Ref lab, Netherlands

IFCC Enzymes

• AST, ALT, LDH, GGT, CK, 
Amylase

* Currently provided by CDC lab  Rotterdam and WEQAS

HPLC

• Homocysteine

LC-MS/MS

•Testosterone

•Cortisol
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Determining analytical quality 
specifications

Allowable Total Analytical Error (TEa)
encompasses both imprecision and inaccuracy.
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Analytical goal
Hierarchy

Analytical goals based 
on clinical outcomes

• What we need but 
data not readily 
available

Analytical goals based 
on biological variation

• Data available but 
not always 
achievable

“State of the art” -
Interlaboratory variation

• What we can 
achieve but may not 
be “fit for purpose”

Improvements in 
methods / technology

Data from 
outcome 
studies

Model 
1

Model 
2

Model 
3
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Interlaboratory variation
FT4

Relationship of analyte conc. to SD follows a polynomial equation for most analytes
and is non linear therefore using fixed % TE is not appropriate
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“State of the art” v Biology

Chloride sd

y = 0.0003x
2
 - 0.0511x + 3.6594

R
2
 = 0.2425

y = 0.0004x
2
 - 0.0767x + 5.5206

R
2
 = 0.4002

0

0.5

1

1.5

2

2.5

3

3.5

70 80 90 100 110 120 130

mean

S
D

Batch 331-360

Batch531-542

Biological goal

551-562

571-582

591-602

611-622

631-642

651-662

671-682

691-702

711-722

731-742

751-762

771-782

791-802

Poly. (731-742)

Biological goals not achievable. Performance has not 
improved over time.
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Sodium sd 

y = 0.000529x
2
 - 0.134162x + 9.943278

R
2
 = 0.530525

y = 0.0008x
2
 - 0.2043x + 13.87

R
2
 = 0.866

y = 0.000664x
2
 - 0.167438x + 11.810643

R
2
 = 0.597886
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Batch 551-562
571-582
591-602
611-622
631-642
651-662
671-682
691-702
711-722
731-742
751-762
771-782
791-802
Poly. (731-742)
Poly. (791-802)

“State of the art” v Biology

Biological goals not achievable. Although Performance 
has improved over time.
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“State of the art” v Biology
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current TE 8.5%
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Performance criteria = Target value +/- TE

Allowable TE  = 2*Weqas SD

Quality Indicators

SDI = (lab result-target value)/WEQAS SD

To be within performance criteria SDI < 2

Sigma score based on UK MAPS criteria

Sigma metric: [(TE
a
- bias

obs
)/s

obs
]

Total Allowable 
Error as defined 

by MAPS

Laboratory bias at 
critical level

Within run CV (%)
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Standard 
Quantitative 
Report
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