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EXTERNAL QUALITY ASSESSMENT PROGRAMME

INTERNAL QUALITY CONTROL (IQC)

COMPONENT I:

System alignment 

verification

COMPONENT II:

Estimation of 

measurement 

uncertainty

QUALITY CONTROLQUALITY CONTROL



Parameter characterizing the dispersion of the 

quantity values being attributed to a measurand

[International Vocabulary of Metrology Basic and general concepts and associated terms (VIM). 3rd ed. 2012]

The value of the measurand is assumed to lie 

within the interval x − u to x + u units, with a 

stated level of confidence.

Result = x ± u

measurement uncertaintyquantity value

MEASUREMENT UNCERTAINTYMEASUREMENT UNCERTAINTY



ubias

Bias evaluation/correction

√(u2
cal + u2

imp)         

MEASUREMENT UNCERTAINTYMEASUREMENT UNCERTAINTY



RANDOM UNCERTAINTY (uRANDOM UNCERTAINTY (uimpimp))

Portion of measurement uncertainty accounting for random 

sources of error

It gives information about the stability of the measuring system

over time and its variability when employed by an individual 

laboratory

RANDOM 
UNCERTAINTY

Measuring 
system

Individual 
laboratory

uimp is often the main contributor to the combined 
standard uncertainty of a measurement result in 

medical laboratories 



RANDOM UNCERTAINTY RANDOM UNCERTAINTY (u(uimpimp))

System imprecision Individual lab performance

• Reagent lot variability

• Calibrator lot variability

• Reagent/Calibration 

stability

• Measuring equipment

• Environmental conditions

• Different operators

• Instrument maintenance

• Material preparation



System Imprecision

Characteristic of the measuring system 

Responsibility of the manufacturer

MEASURING SYSTEM IMPRECISIONMEASURING SYSTEM IMPRECISION



MEASURING SYSTEM IMPRECISIONMEASURING SYSTEM IMPRECISION



System imprecision

NOT 
CONTROLLABLE 
BY END-USERS

If too high, it may cause 

uimp to exceed the IQC
safety margin, leaving 

no room for uncertainty 

related to the end-user

MEASURING SYSTEM IMPRECISIONMEASURING SYSTEM IMPRECISION



Instrument change

From GEM 4000 to GEM 5000:

•Same environment

•Same operators

•Both are closed systems 

(no manual interventions) 
Desirable 

quality



Through IQC Component II, 

the individual laboratory 

estimates the measurement 

uncertainty due to random 

effects (uimp)

System imprecision

System calibration 

(combined) uncertainty

Individual lab 

performance 

Measuremen

t 

uncertainty

budget

Measurand definition

Patient result

RANDOM UNCERTAINTY (uRANDOM UNCERTAINTY (uimpimp))



How to estimate uHow to estimate uimpimp
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Dispersion of repeated measurements which 

can be expressed as a standard deviation 
(SD) or a coefficient of variation (CV)



CONTROL MATERIALS:

•Third Party

•Commutable

•Clinically relevant concentrations 

How to estimate uHow to estimate uimpimp



1) THIRD-PARTY MATERIALS

The materials must be different from 
those used for the verification of 

system alignment (IQC component I) 
[better if produced by a different 

manufacturer]. 

How to estimate uHow to estimate uimpimp



WHY DIFFERENT MATERIALS?

How to estimate uHow to estimate uimpimp

The two IQC components need to be 
kept separate

Materials for IQC Component I are used to validate the analytical run and 
must have specific characteristics, described in the previous presentation. 

If the IQC fails, no other measurements can be performed until the 
situation is brought back under control

On the contrary, measurements for random uncertainty 
estimate must be part of an already validated analytical run 



How to estimate uHow to estimate uimpimp

NON-EXHAUSTIVE LIST OF MATERIALS IN USE AT THE
“LUIGI SACCO” UNIVERSITY HOSPITAL 

Commercial controls:

•Bio-Rad Liquichek Unassayd Chemistry Control, Level 1;

•Bio-Rad Liquichek Hematology Control X, Level 1 & Level 2;

•Bio-Rad Liquichek Blood Gas Plus EGL, Level 2;

•Randox Unassayed Urine Control, Level 3;

•Randox Liquid Cardiac Control, Level 2;

•IL-Werfen Plasma Coagulation Control, Level 1.

Home-made pools:

•CRP;

•Ferritin;

•HCG;

•Serum Indices;

•HbA1c;

•Troponin T & Procalcitonin.



2) COMMUTABLE MATERIAL

Results obtained on non-commutable 

materials may not reflect performances 

achieved by the same measuring 

system on biological samples in terms 

of random uncertainty.  

How to estimate uHow to estimate uimpimp



How to estimate uHow to estimate uimpimp

Hage-Sleiman et al. Clin Chem Lab Med 2019;57:e49

human pools

non commutable IQC

COMMUTABLE vs NON-COMMUTABLE MATERIAL



3) RELEVANT CONCENTRATIONS

Imprecision may vary with analyte 
concentration, so that the material 

concentration should be chosen in 

relation to the clinical application of the 

test � concentration close to 
decision limits or reference limits

How to estimate uHow to estimate uimpimp



How to estimate uHow to estimate uimpimp

IMPRECISION OFTEN VARIES WITH ANALYTE 
CONCENTRATION

Level 1: ~60 g/L

Level 2: ~130 g/L



How to estimate uHow to estimate uimpimp

IMPORTANCE OF CLINICALLY RELEVANT CONCENTRATIONS

Clinically relevant 

concentration



How to estimate uHow to estimate uimpimp

Replicate measurements should be performed 

under intermediate precision conditions: 

ISO 20914:2019 � condition of measurement, out of a set 

of conditions that includes the same measurement 

procedure, same location, and replicate measurements on 

the same or similar objects over an extended period of time 

but may include other conditions involving changes.

The changes can include new calibrations, calibrators, 

operators, and various platforms.



How to estimate uHow to estimate uimpimp

Measurements should be performed over an 

extended period that includes all or most 
changes in measuring conditions (e.g., 

reagent lots, calibrators, instrument 

maintenance, etc.)

INTERMEDIATE IMPRECISION  



How to estimate uHow to estimate uimpimp

Consecutive 6-month 
evaluation   

Time span for covering significant 

sources of random uncertainty, while still 

being clinically relevant  

WHAT IS THE IDEAL 
EVALUATION TIME?



How to estimate uHow to estimate uimpimp

using IQC Component IIusing IQC Component II



DATA EVALUATION DATA EVALUATION -- EXAMPLESEXAMPLES

SHIFT DUE TO A NEW CALIBRATION: KEEP ALL RESULTS IN THE 
CALCULATION

SHIFT DUE TO THE NEW BATCH OF CONTROL MATERIAL: SEPARATE uimp ESTIMATE

Control material contamination

EXPLAINABLE OUTLIER: TO BE EXCLUDED



AND DO NOT FORGET !AND DO NOT FORGET !

uimp MUST be combined with ucal �

All commercial calibrator assigned values 

have an uncertainty that contributes to the 
overall uncertainty of measurement results.



AND, MORE IMPORTANTLY, ASCERTAIN IF AND, MORE IMPORTANTLY, ASCERTAIN IF 

MEASUREMENT UNCERTAINTY AFFECTS THE MEASUREMENT UNCERTAINTY AFFECTS THE 

INTERPRETATION OF LABORATORY RESULTSINTERPRETATION OF LABORATORY RESULTS

Bias evaluation / 

correction

ubias

Comparison 
with analytical 
performance 

specifications



Key messagesKey messages

• Select an adequate control material;

• Manage their measurements as similarly as possible to 
clinical samples;

• Medium/long term evaluation is necessary in order to 
account for most sources of analytical variation;

• Critically review the data during/at the end of the 
evaluation period;

• Combine random uncertainty to calibrator uncertainty;

• Compare results with objectively defined performance 
specifications.




