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Learning Objectives

1. ldentify the first steps to take after an out-of-control
event

2. Discuss how to evaluate patient results after an out-
of-control event

3. Outline approaches to not only correct patient results
but also to implement preventative actions

Primary reference

www.clsi.org

CLSI C24
Statistical Quality Control for
Quantitative Measurement

Statistical Quality Control for Quantitative

PFOCEdureSI Pr'n(”ples and Meé\surementProcedures: Principles and
Definitions
Definitions, 4th Edition, 2016

* Design an effective QC strategy

Select QC materials and QC frequency
Establish QC target means and SDs
Troubleshooting

Recovery from out-of-control events




Laboratory errors cause harm to patients and increase cost

Mistakes in a stat laboratory: types and frequency

Mario PLEBaNT® and PaoLo CARRARD

Clin Chem 1997; 43(8): 1348-1351

40,490 laboratory results = 0.47% error rate
[1/200 results]

6.4% — wrong care or inappropriate treatment
19.0% — unnecessary work-up, increased cost

Types of laboratory errors

Categories of Laboratory Errors

Phases of testing Analytical error types
gum—
Pre-analytical: 46-68% Instrument: 14.2%
Analytical: 7-13% == Calibration: 9.0%
Post-analytical: 19-47% Reagent: 3.3%
—
Laboratory Medicine 2012; 43(2): 41-44 Arch of Pathol Lab Med Dec 1996; 120: 1094-1101

Routine QC evaluates the analytical phase of testing
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Common causes of QC failures

Problem with the QC material itself — improperly reconstituted, improperly
stored, wrong QC material analyzed, inappropriate QC target mean or SD
Problem with reagents — improper formulation or preparation, onboard
degradation, altered shelf life, improperly stored, inappropriate QC target
mean for a new reagent lot

Problem with calibrator — improper formulation or target value assignment,
improperly prepared or reconstituted, improper calibration frequency
Instrument problem — lamp degradation, leak in tubing or damaged pipettor
seals, mixer failure, pump failure

Inadequate maintenance — inadequate cleaning or decontamination, wearing
of parts

Improper procedure — failure to follow SOP, inadequate SOPs or training
program




QC Material QcC Date/Time
Value

Calcium Lv1 QC
Calcium Lv1 QC
Calcium Lv1 QC
Calcium Lv1 QC
Calcium Lv1 QC
Calcium Lv1 QC
Calcium Lv1 QC

4.95 3.6 2/16/20218:16 ?
5.20 -1.1  2/15/202116:24 = J)?
531 0.0 2/15/20218:44 . ? v . S
5.33 0.2 2/14/202116:36 <
5.35 0.4 2/14/20218:29 |
\_V
5.40 0.9 2/13/202116:03
5.45 1.4 2/13/20218:51

What steps should be taken when a QC out-of-control

event occurs?

Steps to recover from an out-of-control event: PHASE 1

the analytical measuring system error

DETECT

(QC alert)
\ :
STOP reporting
e patient results
INVESTIGATE
to determine the ROOT CAUSE of the
problem
Y

IMPLEMENT CORRECTIVE ACTION
to correct the problem 10

10




Steps to take after an out-of-control event: PHASE 2
EVALUATE IMPACT
on previously reported PATIENT RESULTS

~~ Take steps to
‘MITIGATE PATIENT
e HARM

IMPLEMENT PREVENTATIVE ACTION
to prevent recurrence of the problem

Be sure to Document the entire process

11
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DETECT the analytical measuring system error

Establish an effective QC program
* Set QC target means (20 days) and target SDs (several months)
* Establish automated QC multi-rules (ex: 1,3s; 2,2.5s (within and
across control), 8, ¢S, R4s)
* Routinely review Levey-Jennings charts

+4 SDI
+3 SDI
+2 SDI
+1 SDI
Mean
-1 SDI
-2 SDI
-3 SDI
-4 SDI

Date/Time

12



STOP patient result reporting

Check other levels of QC

Immediately take measuring system (or assay) out
of service, turn off auto-verification

Analyzer 1 ":-’:nﬁ.; o
Check QC on other analyzers  Q“AFRT F——=========== == Seie | 35D
performing the same assay
Analyzer 2
ac Py Sty Swtes dovte e ——
Check QCfor other analytes oy [T iRedmiinge
TO FAIL] 38
13
INVESTIGATE to determine the ROOT CAUSE
6.2 Review Records to get
Calcium QC LV1 started
6
Any developing QC
5.8 +3-sbH trends?
5.6
Any recent changes to
-——— bt swpwrx - - - -"-"—-—-—-—-—-=-- Target — oy’
54 | Mo the assay — ex: new
o reagent lot, new
5.2 o i
__________________________ 3 SDI calibrator lot?
5 .
o Any recent maintenance
4.8 issues or parts
Date/Time

replaced? 1
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Tools to evaluate recent assay performance

Levey-Jennings charts and QC multi-rules - daily, weekly, monthly

Routine laboratory records — calibration records, lot changes, maintenance

logs, temperature charts

Other laboratory QA records — 6 mo linearity checks, among-instrument

comparisons

Peer Group QC data

Patient Based Real Time QC (PBRTQC) monitoring

15

15

Steps to recover from an out-of-control event: PHASE 1

DETECT

the analytical measuring system error

(QC alert)

~
/

INVESTIGATE

to determine the ROOT CAUSE of the

problem

o

8

5.6

94

5.2

4.8

STOP reporting
patient results

Calcium QC LV1

16




Repeat QC analysis using a fresh container of control material

ROOT CAUSE
Problem with QC material itself (or
QC acceptance criteria)

YES
\

NO Is repeat QC near limit NO . QC material evaporated or
of acceptable range? improperly stored
/ VES * QC material nearing expiration
* Wrong QC level analyzed
Root cause not determined * Damaged shipment of QC material
Continue to investigate * Usingincorrect target mean for a

new lot of QC material

17

ROOT CAUSE
6.2 i Degradation of the QC
Calcium Qc V1 material was the problem

<

CORRECTIVE ACTION
Use a fresh container
|_o| of QC material

4.8

18
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Steps to recover from an out-of-control event: PHASE 1

DETECT
the analytical measuring system error
(QC alert)

~
/

STOP reporting
patient results

INVESTIGATE
to determine the ROOT CAUSE of the
problem

N

‘ IMPLEMENT CORRECTIVE ACTION

to correct the problem

19

19

process!! '

Steps to take after an out-of-control event: PHASE 2

EVALUATE IMPACT
on previously reported PATIENT RESULTS

o

~ |
.MITIGATE PATIENT="

Take steps to

=0-

HARM

IMPLEMENT PREVENTATIVE ACTION
to prevent recurrence of the problem

Implementation of corrective action is NOT THE END of the recovery

20
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EVALUATE IMPACT on patient results

Measuring system was actually ROOT CAUSE:
performing as expected Problem with QC

material itself

-
-

-
T

EEEEEEIEEIE EIEEIEEEEEEEEEEE IIEE No need to repeat

QC Chart | patient samples
°® O ®
©0°%°00°°,070%, %0 %% o l
[
PREVENTATIVE ACTION

Modify QC material open-vial stability

21
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Glucose QC LV1 |
64 o ||
63
62 m===sssss s === === === +3 SDI
61 &
0 o @ 0000
59 ~EDOOCHEHD - O @ —OTD-GHNEDD - - — - 12rget
Mean
R i e -3 SDI
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A problem with the

measuring system \ NO
l No i likely /!
Recalibrate with freshly
Replace reagent prepared calibrator call
wedge

\ Technical
/ NO Service

2

Root Cause
Instrument pump seal leaking

23
Do not just repeat QC until it passes
65
2[a4RQ e
0
' +3 SDI
+2 SDI
Target
Mean
-2 sDI
-3 SDI
24
24
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EVALUATE IMPACT on patient results

o W5 NOT
N

suring S s 4 ROOT CAUSE

Ned g s expect® . .

. . erform™” Problem is measuring
Patient specimens 1

M QC specimens \\\ \\\ system related

INREANRERBERNERRABREBRANARE \\\\ Patient results may be
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PEEELEEEEEEEEE] EEEREEL

\ g

P
P
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QC Chart ® Patient samples
® © ® © PY must be
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EVALUATE IMPACT on previously reported patient results

Determine the date/time of the last acceptable QC
Determine number of samples analyzed since the last
acceptable QC

Repeat ALL patient samples

WWW\ or

Repeat SUBSETS of patient

=1
[ P samples
o

26
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63 Vi +3 DI May not need to repeat all

61 = _ patient sample concentrations if

59 X Target only a single level of QC fails

28 Mean

57

56 -3 SDI ROOT CAUSE

55 . . .

54 Error due to calibration drift -

52 calibration frequency inadequate,
corrected by recalibration

{

QC LV1 had no effect,
Only repeat patient samples with
original result > 59 mg/dL

27

27
o ) Do corrected reports for patient result
y ? repeats need to be issued?
Corrected Allowable Total Analytical Error (TEa)
Report NOT .. . . .
Limit for acceptable imprecision and
Corrected Needed . .
R bias for the result of a single
eport .
Needed measuremen
* 1
L 30 20  -10 X 1.0 2.0 30 4
TEa lower limit TEa upper limit
28

14



Establishing TEa

European Federation of Clinical Chemistry and Laboratory
Medicine (EFLM) Conference Recommendations

Clinical outcomes — allowable TEa based on change of analyte
concentration in disease or for therapy; professional practice
guidelines, clinical trials studies

Biological variation — biological variation studies; databases (EFLM,

Westgard QC)

State-of-the art (assay performance) — manufacturer’s package insert,

laboratory’s validation data

Clin Chem Lab Med 2015; 53(6): 833-835

29

29

EFLM Biological Variation Database: https://biologicalvariation.eu/

TOOLS
Glucose (serum/plasma)

Analytical

Between-individual (CV,): 8.1% performance

Within-individual (CV;):  5.0% m S;:It%ccui:’;:;ztrions

References

E : menges m mata cascusstion | fasorenes nat e

LENK
Short-term, within-person variabifity in clinical chemistry test results, Eckfeldt J Chambless Ll end Shen Y, 1994, Arch Pathol Lab Med, 118, 496-500

Within subject binlogical vanation of glucose and HbA1cin healthy persons andin type 1 diabetes patients, Carisen 5. Petersen PH, Skeie 5. Skadbeng 0 and Sandbern 5 2011, Clin Chem Lab Med, 49,
15017

The EUBIVAS: within- and between-subject biokogical variation data for electrolytes, lipids, urea, wric acid, total protein, total bilirbin, direct bilinubin and glucose, Aarsand AK, Diaz-Garzén J, Femandez-
Calie P, 2t al, 2018, Clin Chem, 64{9), 1380-93

Within subject binlogical veriation of glucose and HbA1cin healthy persons and in type 1 dizbetes patients, Carisen 5, Petersen PH, Skeée 5, Skadberg O and Sandberg 5, 2011, Clin Chem Lab Med, 43,
1501-7

Biological and analytic componants of veriation in long-term studies of serum constituants in nermal subjects, Harris EK, Kanofsky F, Shakarji G and Cotiove E, 1970, Ciin Chem, 16, 10227

Biokogical and analytic components of variation in long-term studies of serum constituents in nermal subjects. IV, Results of a study designed 1o eliminate long-term analytic deviations,, Young DS,
Harris EK and Cotiove E 1971, Ciin Chem, 17, 403-10

L= vaniabilidad bilagica intraindividual coma objeto de calidad analitica, Ricés C. Codina R, 1989, Rev Diag Biol 28,346
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Calculates TEa based on biological variation

estimates
cvg: 8.1%

CV;: 5.0%

\ % Total Error Specifications

Minimum Specification Desirable Specification  Optimum Specification
9.8 6.5 3.3

TEa = 1.65 x 0.5 CV; + 0.25 (CV? + CV ?)1/2

https://biologicalvariation.eu/search?g=glucose

31
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TAKE STEPS TO MITIGATE HARM - issue corrected reports to
‘providers

Original Repeat Unit Diff % Diff Issue
Result Result Corrected
Report?
102 91 -11 YES

-10.8
78 65 -13 -16.7 YES
225 221 -4 -1.8 NO
110 89 21 -19.1 YES Develop tools to enable
) oG 12 -17:6 L expedited review and
367 350 -17 -4.6 NO . o
o8 o0 . 55 \o automated decisions
121 105 -22 -17.3 YES
280 266 -14 -5.0 NO
325 311 -14 -4.3 NO
97 85 -12 -12.4 YES
101 82 -19 -18.8 YES

32
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Approaches to mitigate patient harm

* Develop data entry templates to quickly identify patients that
require corrected reports

e Callin extra staff to assist with patient sample repeats and
provider phone calls

* |ssue memos to clinical staff in real time

* Engage Risk Management or institutional Safety Teams

33
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Steps to take after an out-of-control event: PHASE 2

Evaluate Impact
on previously reported patient results

-~ Take steps to 3
‘MITIGATE PATIENT»

o HARM I

Implement Preventative Action PREVENTATIVE ACTION
to prevent recurrence of the problem

including pump seal
replacements

Implement more frequent
preventative maintenance

34
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Approaches for

PREVENTATIVE ACTION

35

35

+3 SDI

Target
Mean

-3 SDI

Increased frequency of QC analysis

e o7 ° 00 ® 0000 o _o
® ® 9 o)
%0 000 '0:00 ‘:' 00: 000 9ggp 0 ©00 O¢Rp o
*—o ®
&, ° e 0)

v' If assay is unstable
v’ For large testing volumes
v’ For results with immediate clinical intervention

36
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Establish QC rules based on method performance
relative to TEa limits

(TEa(x)' IBI (x)I)
SD

¢

Sigma = TEa,
SD(X)

Sigma,, =

37

Using the Sigma metric to set QC rules

TE,
limit
& 5 4 3 2 1 o 1 2 3 a s e & 5 4 3 2 1 o 1 2 3 & 5 &
Sigma Scale (Standard Deviations) Sigma Scale (Standard Deviations)
* A small bias can be tolerated * More conservative SDI criteria needed
* Larger SDI criteria can be used (1, 5s) to keep assay in control
* Use QC Multi-rules (1, 3s; 2, 2.5s within
and across, 8, 1.5s, R4s)
Slide courtesy of Greg Miller 38
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Peer Group QC programs

Amssay négm Yggr féoup ngup A»ge%n D;:l&ta SDI Range Notes  SDI Ycogr Grg:.{p Lot 1088
an In an .
11 2380 2358 02 2354 03 004 3 7 1 8 14 Peer group size
RBC 2 2400 432 04 & 05 02 5 v -5 B 11 _
weepL L3 5300 5243 04 532 06 -0 =7 V 6 B 11 L1=1367
L1 560 559 06 560 08 -0 -2 21 10 14 _
HGB L2 1270 1246 08 1254 12 09 7 v =z % 10 L2 =1368
g L3 1660 1637 11 1653 15 16 10 v 13 6 9 _
L 16.90 16.82 0 | 16.82 33 .00 0 h 4 0 13 20 L3 - 1370
HCT L2 3690 3670 45  37.00 59 -30 -4 v -5 12 16
% L3 4760 4752 53 4792 73 -40 -8 V] -5 11 15
L1 7130 7132 62 7145 o1 -13 -2 A = 9 13
MCV L2 6380 8375 60 84D 9F -2 § v S 8 12
n I3 6980 @377 68 8993 101 16 2 A, 2 ER K
L1 2380 2370 P 2379 3 -09 -4 V] -3 11 14
MCH 12 2880 28 : -05 = -2 10 12
s I3 3140 3083 27 303 3 210 = i 3 9 11
L1 3340 2323 45 3329 o0 -06 = A 14 18
MCHC 12 3430 338 43 1’y 53 04 1 v K| 13 16
gldL L3 3500 346 38 45 52 -05 -1 W -1 11 15
L1 90 91 367 89 390 02 17] % 4 40 45
PLT [2 250 248 614 249 79 00 0 A4 0 25 31
weapl L3 540 B4 758 B4E 1214 03 5 W 2 14 22
L1 4760 4703 41 4705 -02 g L4 0 9 11
RDW-SD L2 4320 478 53 4799 55 13 3 I B | 11 13
A L3 4750 4697 33 4714 66 17 -4 i 3 8 1a
1 1370 1853 48 1851 20 02 E| ] 9 11
RDW-CV L2 1610 1583 10 1585 3w A R, 2 7 B
% L3 1470 1458 08 1462 43 o o AV = 5 5
L1 2940 2932 06 2966 07 -0 1 v -5 22 25
c L2 6720 6615 10 6663 13 049 7 v 4 16 19
el L3 15240 15802 16 15902 25 8l v 4 10 15
Acceptability criteria: within £==3SDI and CV < 1.5x group CV
Historical performance data for current lot and previous lots included
39
39
Peer Group QC programs
Peer Group Blood Gas
Program: O2HB Reagent Lot#s: 15208016-7, 15208019-815208016-9

Lab Group Group #of
Mean Mean SD SDI Labs

O2Hb LV1 81.8 82.3 0.46 1.08 20
O2Hb LV2 51.4 48.5 0.61 4.75 20
O2Hb LV3 22.7 20.4 0.80 2.88 21

* Results can be submitted in real time, peer group data provided

* Can review peer group QC values for new lots of reagent, calibrator, assay
reformulations

* Can be used by manufacturers to assist with troubleshooting

* Can facilitate faster identification of the root cause of the issue “0

40
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Patient-based real-time QC (PBRTQC)

Means, medians, exponentially weighted means, cumulative sums (or other
metrics) are calculated every N patient sample results

Metrics compared against acceptability criteria limits (based on: SDI, RCV,
TEa, modeling approaches) and alerts generated

PBRTQC Accuracy Plot

Variables that influence effectiveness:

* Number of patient results to average

* How to identify outliers and extreme values
-subgroups needed, not useful for all analytes
*  What magnitude of error should trigger an

alert

41

Patient-based real-time QC (PBRTQC) plot

- Detection of
Upper ®e | Out-of-Range a systematic
Limit

error

Target | @

Lower
Limit

Acceptable Limits

Responding to an out-of-control event:

* Review records
* Run assay QC immediately to confirm alert
* Run previously analyzed patient samples to confirm alert

42




Cumulative Summation — can be used for QC or patient samples

% FCUSUM Plot Alk Phos

CUSUM Value

3 SDI
¥ Routine QC Alk Phos

43

-3 SDI

43

SDI to trigger calculation: 0.5
CUSUM value to fail rule: 3.0

3.7]
2.6

CUSUM Threshold

l

l

l 1.7]
l

05 06 06 04 04 05 06 08 11 12 14 16
SDI for sequential data points

Slide courtesy of
Greg Miller

44

22



Frequency

Phases Tested

Commutability
Characteristics

Type of Error
Detected

Am J Clin Pathol 1984,81:492-9

Comparison of PBRTQC to standard statistical QC

| Attribute | Standard QC

1-3x per day After a defined # of
patient samples

Analytical Pre-analytical,
Analytical, Post-
analytical
Not commutable Commutable
(for most)
Systematic, Systematic
Random

45

45

errors

 Conclusions

Steps to respond to an out-of-control event:

» PHASE 1: Detect Error, Stop Patient Testing, Investigate and
Identify Root Cause, Implement Corrective Action

> PHASE 2: Evaluate Impact on Patient Results, Mitigate Patient
Harm, Implement Preventative Action

TEa should be used to evaluate the impact on patient results after an out-of-
control event, and also for designing an effective QC program that will prevent

Additional tools are available that can improve ability to DETECT errors and
PREVENT them from reaching clinical significance
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