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PBRTQC

The term PBRTQC is a general term for systems that use patient-results for
guality 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 (iIQC)

- externa quality control (eQC) E}
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Characteristics of laboratory tools for QA/QC

PBERTQC
Maving Limit Delta Multivariate Analyzer

iQc eQC Average Checks Checks Checks Flagging
QA/QC of laboratory phase
Pre-analytical phase Limited Yes Yes Yes Yes Yes
Analytical phase Yes Yes Yes Yes Yes Yes Yes
Post-analytical phase Limited Limited Yes Yes Yes Yes
Clinical validation Yes Yes Yes




Laboratory QA/QC tools

QA/QC tools

Laboratory phase

Actions

Analytical
eQC .

Analyzer flagging

Limit checks
Delta checks

Multivariate checks

- Confirmation of error

- Estimation of size and type of error
- Determinationof samples affected

- Trouble shooting and technical
corrections

- Correction of results

Pre-analytical

- Patiént/sample review
—_— - Confirmatory actions/ collection of
new sample

Post-analytical

- Sample/procedure review
- - Corrective actions

x Clinical-validation

- Clinical review/consult
=2 _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
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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

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

Laboratory specific Typical pattern of aloumin MA QC
- Patient population -> MA QC drops during weekend days
- Logistics
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Not only the population and distribution of results is relevant but also

. : : |
local logistics: when do which samples arrive at the lab/analyzer! il (6o 2R G 3207



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,) = A X, + (1-A)Z,. ;) with A between 0 and 1
-> Bull’s algorithm (using variable N)

-> elc...
3) Control limits NETHERLAN DS ~-
- When the MA-value exceeds these values, a MA-alarm is generated. CANCER
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MA QC optimization

Prior to MA QC optimization it is relevant to consider:

- Objective insights in error detection performance of MA QC

- Manageable number of MA alarms

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

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

- Graphical. Used by Bull to determine optimal XbarB settings for erythrocyte indices
- Powerfunction analysis. Used by Westgard for validating internal QC rules

- TEa detection probability.

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

-

- Bias detection curves and MA validation charts f&ﬂé@é :“9
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Development of new MA QC
optimization method |

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

é 15 _
< 10 -
< 4ERLANDS :Sj
0 . . . . : : - - CANCER
0 500 1000 1500 2000 2500 3000 3500 4000 | STITUTE

N EUWEMNMHOEEK
Consecutive MA result number

H.H. van Rossum H. Kemperman. CCLM 2017; 55(2): 218-224
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Development of new MA QC
optimization method Il

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.

120

-> This procedure is performed repeatedly:

- At dlifferent positions in de dataset
- Using various bias
- For multiple MA procedures

140
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Development of new MA QC
optimization method Il

3. Presenting simulation results in bias detection curves
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- 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 Il

3. Effect of truncation: sodium example

Sodium
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Truncating extreme results from MA calculation

compromises detection of larger bias!!
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Development of new MA QC
optimization method IV

4. Validation of MA QC using MA Validation chart
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Bar: Median number of assays results needed for bias detection

Error bars: Minimum and maximum number of assays results needed for bias ;'f
detection NETHERLANDS )

CANCER

INSTITUTE

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

- A 2% bias is always detected within 80 assay results
H.H. van Rossum H. Kemperman. CCLM 2017; 55(2): 218-224



MA Generator

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

Moving average
o o o o "

Algorithm used Algorithm used Algorithm used Algorithm used Algorithm used

Mean - Mean - Mean - Mean - Mean -

141
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135
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132
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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 T T Er S i R s e
C) MA values of selected optimal MA procedure

D) MA validation chart of selected optimal MA procedure www.huvaros.com




Implementation of MA QC

How to implement MA QC?

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

- Which tests?

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

- MA QC operating software systems, features and configuration thereof

- Lab protocols

Personal experience: TR ATG :)
- 2013-2014: UMC Utrecht, The Netherlands CANCER
- 2018: Netherlands Cancer Institute, The Netherlands 'NST”UTE

H.H. van Rossum & D vd Broek. CCLM 2019; 57(6) 773-782
H.H. van Rossum & Kemperman; CCLM 2017; 55(8): 218-224



MA QC versus internal QC

MA QC is a fundamentally different QC instrument than internal QC

Characteristic Moving average QC Statistical internal QC

QC frequency Continuous Scheduled

-> Use differences to design optimal QA/QC plans!
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Integrate MA QC and internal QC

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

Yes

Unavailable (stable) control materials Consider MA QC*

|No
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Integrate MA QC and internal QC Il

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
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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

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

- Review patient results?
- Other?

Case: Sodium MA-alarm
- Internal QC: OK

o §§ o & o S Al X
° 5’»\ ‘?,@ 03 Qéo . 2 © 2
- Re-analysis of recent analyzed samples: fQ i 7 f & S fQ f fq
Clinically relevant difference observed for 30 & )
patients
- Reproducibility of 1 sample (n=20): No outliers & CV was OK
- After troubleshooting: No technical cause identified Hj
-> Continued sodium analysis NETHERLANDS f‘
CANCER
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- After 3 days another MA alarm:

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

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

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



Evidence behind the practice

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

- 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)

UMC Utrecht 2013-2014 Netherlands Cancer Institute 2018-2019
Demonstrate feasibility for all chemistry Used MA QC when iQC was insufficient
- 24 Chemistry tests; - 10 Chemistry & 6 hematological tests
all performed on 2 analyzers all performed on 2 analyzers
- Duration: 100 days - Duration: 10 months
- MA QCs: 303871 - MA QCs: 673283
- Alarm rate: -0,025% - Alarm rate: -0,030%
- 0,76/day - 0,67/day
- 71% of alarms during office hours - 51,5% of alarms during office hours E‘“
NETHERLANDS &
. . . . . . . CANCER %
MA QC is feasible in routine clinical practice!! INSTITUTE LLw™=

H.H. van Rossum & H. Kemperman. CCLM 2017; 55(8): 1142
H.H. van Rossum et al. CCLM 2021 Epub H.H van Rossum & D van den Broek. JALM 2020; 5(6): 1184



MA QC performance on routine lab Il

MA QC work-up:

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

UMC Utrecht 2013-2014

- 14,6% of alarms; error> TBa

- 7,3% of alarms; error > TEa

- 4,5% of alarms instant assay failure

Netherlands Cancer Institute 2018-2019

- 26% of alarms; error > TBa
- 13.% of alarms; error > TEa
-9,2% MA QC alarm triggered instant (technical)

corrections

MA QC provides relevant error detection!!

Alarm triggered by 1 patient
Missed alatm Missed alarm Missed alarms Missed alarms
False alarm False alarm False alarm
Upper MA QC
control limit “/ “ \" ’L
] TRV R Wlﬁ‘]}“ T”JHUI'IHJWL w\ﬂk
L MA QC - | 1 ] T ! |
?(I)Vr?trrol Iiint el {0
]\ Action: calibration /N\ T %
f Error: -5.23% &iQC failure
Alarm triggered by 1 Error: -0.94% Error: -1.49% Error: -2.29% &iQC failure Improper work-up, Alarm triggered by 1 Action: calibration & ‘
patient Action: calibration Action: calibration | Action: calibration iQCwas OK patient correction of results

H.H. van Rossum & H. Kemperman. CCLM 2017; 55(8): 1142
H.H van Rossum & D van den Broek. JALM 2020; 5(6): 1184



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!

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

.. ULC
Creatinine LLC 0 e —
200 ' " — —— 200 pmol/L
I 15 pmol/L 0
" — 20 bmolL “” — 250 mollL
— ) pmo
2% Emglit e 350 pmol/L
35 pmol/L 140

)
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=1 S

Results needed for error detection

Results needed for error detection

n
=1

o

-60 -40 -20 o] 20 40 60
(Systematic) error (%)

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

-20 0 20
(Systematic) error (%)



Patient (limit) checks optimization and
validation

Creatinine
Limit check settings Alarm rate | Pre-analytical phase Analytical phase
Alarm probability Alarm probability

Concentration (umol/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

Chloride

Results needed for error detection
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Limit check validation chart
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Limit check optimization using error-
detection simulations

Table 4. Selected autoverification limits and their performance.

Analyte test

Albumin, gL
Bicarbonate, mmol/l
Calcium, mmal/L
Chlaride, mmaol/

Creatinine, prmol/L

se, mma Ll
Magnesium, mmoll
Potassium, mmaol/l

Proteins (total), gL

irm, mimaol']

ALT.P UL

Alkaline phosphatase, LA
Amylaze, LIL

ASTA LN

Bilirubine (direct), prmal/L
Bilirubine (total), pmolfL
Cholesterol, mmolL
HDLcholesterol® mmald
LDL-cholesterel,” mmol/L
CKELYL

CRR" mgiL

gamma GT,' LA

Iram, pmald
Lactate, mmal']
LD L
Lipase, LK

LLE uLc MA QC®
Random Systematic Random Systematic Random Systematic
error error error error error error
Alarm Alarm Alarm Alarm Alarm Alarm
probability probability probability  probability probabil ity probabil ity
Alarm Alarnm Alarnm
rate, rate, rate,

Value n/week -50% =97.5% -50% =97.5% Value n/week -50% >97.5% -50% =97.5% n/week =50% =97.5% -50% =97.5%
18 147 —60 = 20 40 55 012 35 = 12 20 = = —30and 10 —35and 20
14 043 50 60 35 45 36 012 35 . 20 25 . . 20and 10 —25and 15
1.6 132 -35 -40 -20 -25 30 2.29 30 55 12 20 = = —10and8 -12and 12
850 051 20 25 15 20 120 019 20 35 15 20 . . 20and 25 —25and 35
30 089 —60 = -25 35 250 926 = = 3 = = = —15and & —25and 20
3.0 05 50 . 25 40 25 053 ¢ . . . 0.58 . . 15 and25 —30and 40
0.4 151 -55 -60 -30 -40 14 043 = = 35 50 0.23 = & —10and8 -15and 12
3.00 252 35 45 10 25 600 345 40 . 8 15 . . Gand 8 Band 12
30 008 —60 = -45 55 012 45 = 30 35 0.04 = = —12and8 —20%5
130 8 15 1 1 314 8 15 3 : 1.04 . 2and2 Jand 3

4(5° 000 = = -55 = 364 = = = =
200 000 . . &0 . 353 . . . .
R__l::l '::l"__n}::l * - - * :"::'E L - - *
10,0 182 : . 30 45 310 . . . :

Mone 016 = = = =

Mone 027 & & & &
1.0 000 = = = = 9 017 = = = =
":,_4 0} :"b-1 * * * * | r :":":" L * w *
0.5 0,02 = = = = 100 002 = = = =
100 0N . . . . 272 . . . .

hNone None
5.0 0,04 . . 45 60 1000 566 ¢ . . .

20 19 -60 = -40 = 70 000 = = = =
0.3 0.00 45 45 45 45 7 008 . . . .

500 012 = = -60 = 1250 492 = = = =
6. 0.16 . . - . 400 1.21 ¢ . . .
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PBRTQC: Final remarks

Significant improvements have been made:

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

It is not just the algorithm:

-> Proper IT & alarm protocol are key!!

PBRTQC has reached a tipping point and seems poised for
more widespread acceptance and application..
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Questions?
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o5l Toon QC grafiek
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