Andreas Bietenbeck 13.04.2022
lab@bietenbeck.net

PBRTQC — IMPLEMENTING INTO
ROUTINE PRACTICE —
VALIDATION AND SIMULATION
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PBRTQC for what analytes?
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PBRTQC is suitable for

e Laboratories with data processing capabilities
* High-volume tests (e.g. > 200/day)
* Detecting a bias
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PBRTQC works best with low variation of
measured values
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PBRTQC works best with...

* Analytes with a “small” measuring range and a small robust
normalized spread: IQR(measurements) /median(measurements) < 1

* Analytes with little temporal variation (e.g. no seasonal differences)

* Analytes with a homogenous distribution of extreme values (e.g. not
all ICU samples at the same time)

* Biological variation, reference range, etc. do not matter !
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Preliminary simulation

 PBRTQC has to be adjusted to the individual laboratory
 https://pbrtgc.bietenbeck.net

®Studid
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Preliminary simulation

Data input Instructions
Choose CSV File Please provide a file comma separated values file (.csv) with a 'column’ day and a column 'measurement’. The days should be numbered consecutively.
Measurements should only contain numeric values (not someting like ">1"). The ' character needs to be used for decimal points.
Browse... NA.csv

This file contains an example with sodium measurements.
Upload complete.
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Preliminary simulation

Best Overall MNPed

Acceptable number of days with false alarm (%)

10

MM Ped

Allowable bias (%)

3

Algorithm

Moving Mean with Winsorizing

€ simulate
i e e " e
bias

Settings:

truncation: 132.22 - 147.324

algorithm: Moving Mean with Winsorizing

block size: 115

control limits: 137.858582683696 - 142.818537391384

Please provide feedback!
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FInetuning parameters

based on a simulation with 10 analytes and 460 000 historical patient
measurements each

Bietenbeck et al., ClinChem 2020
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Truncation limits
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* Winsorizing (“moving” an outlier
to the truncation limit) is almost
always better than simple removal
of outliers.

* Reference limits are poor
truncation limits.

 Manually selected truncation
limits perform well

Bietenbeck et al., ClinChem 2020
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Block size

* Use simulation to find the best parameter, the block size is important

block size change truncation change
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Algorithm

e exponentially (weighted) moving average, moving Harrell-Davis 50
percentile estimator (HD50), moving average, and moving median

* Use Box-Cox and not logarithmic transformation
* Medians need no truncation and no transformation.

=> No algorithm is superior for all analytes.
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Control limits

* How many false
alarms can you
tolerate?

* Use percentiles of
daily extremes to
set control limits as
tight as possible.
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Fleming et al., Clin Biochem 2015
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The way ahead
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Detecting imprecision

Table 2

Average number of patient results affected before error detection (ANPed) for an increased analytical imprecision (CV,) for 14 common biochemistry measurands under different block
sizes (N) using the average of normals (AoN), moving standard deviation (movSD) and moving sum of outliers (movS0) approaches. The relative size of (within-individual, CV; and
CVE+OvE

2

1]

between-individual, CV) biological variation to analytical imprecision is expressed as the ratio

Measurand N = 100, CVa 150% N = 100, CVa 1100% N = 100, CVa 1200% N = 200, CVa 1200%
OV + CVRZ AoN  MovSD Moving AoN  MovSD Moving AoN  MovSD  Moving AoN  MovSD Moving
oz outliers outiers outliers outliers

a
Alanine ransaminase, IU/ 234 3215 3468 1885 3005 3531 1991 3067 2918 1594 3565 3335 1502
L

Albumin, g/L 5 2017 446 482 1174 129 153 458 36 62 849 49 33

Alkaline phosphatase, IU/L 20 2819 1896 2182 2369 Ho4 1286 1459 173 259 2475 160 afn

Bicarbonate, mmol,/L 1 814 83 100 340 37 28 142 13 15 266 21 24

Calcium, mmol/L 3 1586 227 256 725 Bb 87 259 24 19 207 24 29

Cholesterol, mmol/L &7 3017 2514 2689 2875 2218 2593 2511 1301 2307 3475 1737 3244

Chloride, mmol/L 850 3155 2957 4070 3008 3411 3929 3147 3518 3552 3603 3224 3754

Creatinine, pmol/L 57 3015 2331 2794 2879 2057 1596 2366 918 1206 331e 1577 1893

Phosphate, mmol/L 18 2743 1945 1094 2256 728 607 1299 142 227 2308 128 263

Potassium, mmol/L 36 2953 2489 1435 2807 1854 1322 1904 610 822 2915 1376 1255

Protein, g/L s} 2266 264 565 1361 141 468 528 46 46 1012 52 69

Sodium, mmol/L 1 1070 92 135 444 43 39 166 13 12 313 21 10

Thyroxine, pmol/L 7 2176 854 588 1415 174 211 542 49 23 1076 54 71

Urea, mmol,/L 55 2931 2154 2034 2954 1908 1286 2302 BE7 1125 3192 1501 1737

Liu et al., Clin Biochem. 2018
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Risk-based PBRTQC 7
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Klonoff et al.,
J Diabetes Sci Technol. 2014
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PBRTQC and meterological traceability?

METROLOGICAL TRACEABILITY

CALIBRATION N
MATERIAL VALUE ASSIGNMENT *  PROCEDURE IMPLEMENTATION
a) definition of
Sl unit by CGPM
e [T —— BIPM, NMI %, ARML *
¢) primery calbrator / measurement procedure BIPM. NMI #
measurement procedure
- NMI, ARML
¢) secondary / NMI, ARML, ML
calibrator® P f) manufacturer's selected
measurement procedure ML
g) manufacturer's / ML
working caibrator® \ h) manufacturer’s standing
measurement procedure ML
i) manufacturer's /
product calibrator® \ ML ——
= — '--
j) end-user’s routine manufacturer |
/ measurement procedure and/or end-user
routine sample
\ end-user
RESULT ey
Armbruster;
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PBRTQC?
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How to combine IQC and PBRTQC

ot — i * |QC and PBRTQC
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Regression-Adjusted Real-Time Quality

Control

’ 3 1 | * PBRTQC on
. | residuals of
M g regression
* Regression
= adjusted
* Department
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o s s oo e Duan et al., ClinChem 2021
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Multilevel PBRTQC?

“... the baseline regressor removes daily average autocorrelation, seasonality,
small shifts caused by reagent lot change, calibration, and other subtle changes
in the analytical process that do not have a significant clinical impact.” (Duan et
al., ClinChem 2021)

Detect lot-to-
lot changes ?

Detect large

errors quickly slowly
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Conclusion

IH

 PBRTQC is suitable analytes with a “small” measuring range

* Use simulations to determine the best parameters for your

laboratory

* Learn how to use the powerful new QC tool PBRTQC in your QC

strategy
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Thank you for your attention
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How to start PBRTQC?

 The first PBRTQC result is calculated after one “block size” of
measurements is complete.

e Start with value from last day?
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