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PBRTQC
The term PBRTQC is a general term for systems that use patient-results for 

quality control (QC) or quality assurance (QA) purposes 

PBRTQC Includes:

- Patient moving average / Moving average QC

- Checks based on patient results:
- Limit check
- Delta check
- Multivariate check

Other “tools” available includes:

- internal quality control (iQC)

- externa quality control (eQC)

- analyzer flagging



Characteristics of laboratory tools for QA/QC



Laboratory QA/QC tools 

iQC

Analyzer flagging

Limit checks

eQC

Delta checks

Multivariate checks

MAQC

QA/QC tools Actions

- Patiënt/sample review

- Confirmatory actions/ collection of   
new sample 
- …

Clinical-validation

Laboratory phase

Analytical

Pre-analytical

Post-analytical

- Confirmation of error 
- Estimation of size and type of error
- Determinationof samples affected
- Trouble shooting and technical
corrections
- Correction of results

- Sample/procedure review

- Corrective actions
- …

- Clinical review/consult

- Notification procedure for critical
results



Moving Average QC
The application of Moving Average QC (MA QC) has been described over 

50 years ago as “Average of Normals”

By averaging obtained results a more or less “stable” average is obtained 

that can be used to control (pre-) analytical processes 

Hoffmann and Waid. Am J Clin Pathol 1965; 43(2): 134

H.H. van Rossum & H. Kemperman. Clin Chim Acta 2016; 457: 1-7



MA QC on Medical labs
Most medical labs have the availability to use MA QC

- Analyzer software (hematology)
- Middleware
- Laboratory Information Systems (LIS)
- Dedicated QC software packages

Laboratory specific
- Patient population
- Logistics
- Assay specifications
- …

However: No (simple) method available to obtain MA QC settings  

Clin Chem 2020; 65(8): 962-971

Typical pattern of albumin MA QC
-> MA QC drops during weekend days

Not only the population and distribution of results is relevant but also 
local logistics: when do which samples arrive at the lab/analyzer!



MA QC procedure

A MA QC procedure consists of:

1) Selection of input data 
- Which results are included in the MA calculation

-> e.g. based on test results (excluding extreme results (truncation limits))

2) Calculation procedure
- Calculation method & within a method choosing the variables (N)

-> Mean of last N results
-> Median of last N measures
-> EWMA: Z(t) = λ X(t) + (1- λ)Z(t-1) , with λ between 0 and 1
-> Bull’s algorithm (using variable N)
-> etc…

3) Control limits
- When the MA-value exceeds these values, a MA-alarm is generated.



MA QC optimization
Prior to MA QC optimization it is relevant to consider:

- Objective insights in error detection performance of MA QC

- MA QC procedures that are supported by software available on laboratory

- Manageable number of MA alarms

Selection of MA optimization methods1:
- Trial and error. Probably most applied method 

H.H. van Rossum. CCLM 2019; 57(6): 773-782

- Graphical. Used by Bull to determine optimal XbarB settings for erythrocyte indices 

- Powerfunction analysis. Used by Westgard for validating internal QC rules

- ANPed. (average number of patient samples affected until error detection)

- TEa detection probability.

- Bias detection curves and MA validation charts



Development of new MA QC 

optimization method I

H.H. van Rossum H. Kemperman. CCLM 2017; 55(2): 218-224

1. Allowing a manageable number of false MA-alarms:

- Optimization and validation are based on a dataset of historical consecutive assay results.
-> Minimum: 1 month of results (includes week and weekend days)
-> Method was “in-control”

- For every MA: the control limits are based on the maximum and minimum MA result observed
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Development of new MA QC 

optimization method II

H.H. van Rossum H. Kemperman. Clin Chim Acta 2016; 457: 1-7

2. Simulating MA QC error detection

-> A bias is introduced at a specific position in the dataset and the number of assay results 
needed for bias detection is counted. 

-> This procedure is performed repeatedly:
- At different positions in de dataset
- Using various bias 
- For multiple MA procedures



Development of new MA QC 

optimization method III

3. Presenting simulation results in bias detection curves

- The studied bias is plotted on the x-as -> % bias
- y-axis is scaled based on the average daily production (time in between scheduled QC)
- Median number of results needed for bias detection are presented -> statistical value
- Various MA-procedures a plotted in one graph for comparison purposes

H.H. van Rossum H. Kemperman. CCLM 2017; 55(2): 218-224



Development of new MA QC 

optimization method III

3. Effect of truncation: sodium example

H.H. van Rossum H. Kemperman. CCLM 2017; 55(2): 218-224

Truncating extreme results from MA calculation 
compromises detection of larger bias!!

Sodium Sodium 125 – 150 mmol/L 



Development of new MA QC 

optimization method IV

4. Validation of MA QC using MA Validation chart

Bar: Median number of assays results needed for bias detection
Error bars: Minimum and maximum number of assays results needed for bias   

detection

Example: - There is more or less a 50% change to detect a 2% bias within 30 assay results
- A 2% bias is always detected within 80 assay results

H.H. van Rossum H. Kemperman. CCLM 2017; 55(2): 218-224



MA Generator

A

B

C

D

Figure. MA Generator layout
A) MA settings field: MA of interest can be studied. 
B) Bias detection curves of MA procedures in MA settings field
C) MA values of selected optimal MA procedure
D) MA validation chart of selected optimal MA procedure www.huvaros.com

An online tool that enables laboratories to obtain and validate their laboratory 
specific MA QC procedures using the presented method.



Implementation of MA QC
How to implement MA QC?

H.H. van Rossum & D vd Broek. CCLM 2019; 57(6): 773-782

H.H. van Rossum & Kemperman; CCLM 2017; 55(8): 218-224

Personal experience:
- 2013-2014: UMC Utrecht, The Netherlands
- 2018: Netherlands Cancer Institute, The Netherlands

- Reason for using MA QC; internal QC insufficient or inefficient? 
- Insufficient: adding MA QC to internal QC?
- Inefficient: reducing number of iQC measures and workload by adding MA QC?

- MA QC operating software systems, features and configuration thereof

- Which tests?

- Obtain MA QC settings and error detection performance validation of these settings

- Lab protocols



MA QC versus internal QC

MA QC is a fundamentally different QC instrument than internal QC

H.H. van Rossum & D vd Broek. CCLM 2019; 57(6): 773-782

H.H. van Rossum Ann Clin Biochem 2020; 57(3): 198-201

-> Use differences to design optimal QA/QC plans!



Integrate MA QC and internal QC

When internal QC is insufficient:
- Add MA QC to QC plan when internal QC has limited performance

H.H. van Rossum & D. van den Broek. CCLM 2019; 57(9): 1329-1338

Unavailable (stable) control materials
Yes 

Consider MA QC*

No

Pre-analytical assay instability issue

History of rapid onset critical error 

No

Observed reagent lot to lot variations/
Commutability issue 

No

No

Sigma value ≤ 4 

No

No MA QC

* Only if ≥ 10 results /analyzer /day

Yes 
Consider MA QC*

Yes 
Consider MA QC*

Yes 
Consider MA QC*

Yes 
Consider MA QC*



Integrate MA QC and internal QC II

When internal QC is inefficient:
Replace internal QC by MA QC

-> Requires proper MA QC error detection validation
-> Reported iQC material reduction of 75-85% for large commercial lab

H.H. van Rossum Ann Clin Biochem 2020; 57(3): 198-201

Fleming JK, Katayev A . Clin Biochem 2015; 48(7-8): 508-513  



MA QC lab protocol: 

learn from the practice

Case: Sodium MA-alarm
- Internal QC: OK

- Re-analysis of recent analyzed samples: 
Clinically relevant difference observed for 30 
patients

- Reproducibility of 1 sample (n=20): No outliers & CV was OK

- After troubleshooting: No technical cause identified
-> Continued sodium analysis 

- After 3 days another MA alarm: 

-> after 4 hours of troubleshooting (by  manufacturer): ISE valve did not 
always close properly

MA QC alarm protocol
- Internal QC?
- Re-analysis of recently analysed samples?

- Review patient results?
- Other?

H.H. van Rossum & H. Kemperman Clin Chem 2017; 63(5): 1041

Badrick et.al. Clin Chem 2019; 65(8): 962-971



Evidence behind the practice

H.H. van Rossum & H. Kemperman. CCLM 2017; 55(8): 1142

H.H van Rossum & D van den Broek. JALM 2020; 5(6): 1184

2 recent trials structurally investigated the feasibility and 
value/performance of MA QC

UMC Utrecht 2013-2014
Demonstrate feasibility for all chemistry
- 24 Chemistry tests;

all performed on 2 analyzers

- Duration: 100 days

- MA QCs: 303871
- Alarm rate: - 0,025%

- 0,76/day

- 71% of alarms during office hours

- Both used bias detection curves / MA Validation chart to obtain MA QC settings
- In both GLIMS LIS was used for MA QC management (mean calculations)

Netherlands Cancer Institute 2018-2019
Used MA QC when iQC was insufficient
- 10 Chemistry & 6 hematological tests

all performed on 2 analyzers

- Duration: 10 months

- MA QCs: 673283

- Alarm rate: - 0,030%
- 0,67/day

- 51,5% of alarms during office hours

MA QC is feasible in routine clinical practice!!

H.H. van Rossum et al. CCLM 2021 Epub



MA QC performance on routine lab II

H.H. van Rossum & H. Kemperman. CCLM 2017; 55(8): 1142

H.H van Rossum & D van den Broek. JALM 2020; 5(6): 1184

MA QC work-up:

UMC Utrecht 2013-2014
- 14,6% of alarms; error> TBa
- 7,3% of alarms; error > TEa
- 4,5% of alarms instant assay failure

- Both used similar protocol: iQC measurement, comparison of samples, result review

Netherlands Cancer Institute 2018-2019
- 26% of alarms; error > TBa
- 13.% of alarms; error > TEa
- 9,2% MA QC alarm triggered instant (technical) 
corrections

Error: -2.65%

Action: calibration

Alarm triggered by  1 

patient

False alarm

Error: -0.94%

Action: calibration

Missed alarm

Error: -1.49%

Action: calibration
Error: -2.29% & iQC f ailure

Action: calibration

Missed alarm

Improper work-up, 

iQC was OK
Alarm triggered by  1 

patient

Alarm triggered by  1 patient

Missed alarms Missed alarms

Error: -5.23% & iQC f ailure

Action: calibration & 

correction of  results

False alarm False alarm
Upper MA QC 
control limit 

Lower MA QC 

control limit 

MA QC provides relevant error detection!!



Patient (limit) checks
Also in the field of patient checks for QA, used for autoverification of test results 
similar developments are taking place

-> Lower Limit Check (LLC); if a test results is below this value a manual verification is required

-> Upper Limit Check (ULC); if a test result is higher than this value a manual verification required

When assumed: 

-> Pre-analytical error detection: requires detection of random error (within 1 test result)

-> Analytical error detection: required detection of systematic error (within analyticl run)

Then: 

Using simulations pre-analytical and analytical error detection can be investigated!

H.H. van Rossum Clin Chim Acta 2020; 57(3): 198

Similar error-detection simulation as for MA QC can be performed



Patient (limit) checks optimization and 

validation 

Creatinine 

     
Limit check settings Alarm rate Pre-analytical phase Analytical phase 

 

  Alarm probability Alarm probability 

Concentration (µmol/L) No./week >50% >97.5% >50% >97.5% 

LLC 15 0 * * * * 

 

20 0 * * -50 -60 

 

25 0 * * -40 -50 

  30 0.89 -60 * -25 -35 

  35 4.45 -55 * -12 -25 

ULC 150 52.74 * * 1 3 

 

200 18.55 * * 1 40 

  250 9.26 * * 3 * 

 

300 6.2 * * 25 * 

  350 3.79 * * 45 * 

MA QC#   0.615384615 * * -15 & 6 -25 & 20 

 

Limit check error detection performance

Limit check validation chart

H.H. van Rossum Clin Chim Acta 2020; 57(3): 198

H.H. van Rossum J Appl Lab Med 2022; 7(2): 467



Limit check optimization using error-

detection simulations

H.H. van Rossum J Appl Lab Med 2022; 7(2): 467



PBRTQC: Final remarks

Significant improvements have been made:

It is not just the algorithm:

PBRTQC has reached a tipping point and seems poised for 
more widespread acceptance and application.. 

-> PBRTQC optimization methods have become available
-> Realistic insights in error detection performance 

-> Proper IT & alarm protocol are key!!
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