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We have great project leadership through our sponsors, a talented staff and many fine laboratories to work with. Currently we monitor and provide support to 170 international laboratories that perform HIV/AIDS research.




Objectives

PSMILE

 To determine when and why to establish
new gquality control (QC) ranges

* To explain the importance of historical
(cumulative) Coefficient of Variation (CV,)

* To evaluate the quality of historical CV


Presenter
Presentation Notes

I want to speak of QC today: Different ways to look at the data these materials provide, How to use that data to improve quality, and concepts that might help you to maximize their value. They give “confidence” to the integrity of the results you provide to patients through your laboratory testing data.
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Objectives continued...

PSMILE

e To calculate the CV of External Quality
Assurance (EQA)

e To utilize historical CV, EQA CV and
Manufacturer’'s CV in order to develop
useful quality control ranges



Mean = average of data = X
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Sum of all data divided by the total
number of data points

X = (X X+ X5+, X )/N
Example:
8+9+7+7+9+8 =48 (Sum)
X = Sum/number of data points = 48/6 =8
MEAN = 8
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Presentation Notes
MEAN is the average of the data. Add all data together and divide by the number of data points.
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Standard Deviation (SD)

PSMILE

Standard Deviation (SD) = Is a measure of
how much the data varies around the MEAN

SD :\/Z(X‘)_()2
(n-1)

where:

X =each score

X =the mean or average

n = the number of values

> means we sum across the values
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Presentation Notes
This is the most complex of the math equations. I have included the equation, but it is best to use a calculator or a formula in an Excel spreadsheet.

Each data point is compared to the MEAN and a squared difference from that MEAN is determined. All of the data point differences are then added together and divided by 1 less than the total number of data points. Then one must take the square root of this value. If you have many data points this is a lot of math. Better to let the computer or calculator do this for you.


Coefficient of Variation (CV)

PSMILE

CV Is SD expressed as a proportion of the
mean

CV = (SD/ Mean) x 100

CV Is expressed as a percent (%)

Utilizing CV allows you to change the SD iIn
proportion to any MEAN value



QC Material CV types discussed
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* CV,, —Historical CV accumulated over time
* CVeoa —CV derived from EQA peer data
* CVixer —CV used to set QC SD ranges

* CV,,,y —Manufacturer's CV from QC
material package insert



When to establish new QC ranges

PSMILE

 \When receiving a new lot of QC samples

 \When receiving a new lot of reagent that
significantly changes results from the old
lot (reference ranges also need to be
adjusted)

 As QC samples age
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Defining QC ranges
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 QC range limits are defined by SD values

o Typically an acceptable range Is
established using +/- 2 Standard
Deviations (SD) around the MEAN

o Statistically this covers 95% of the
expected values
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Since the SD values define our ranges and what results we consider accurate or wrong, it is important that this SD values be set carefully. Not too big or too small.


&5 A well running QC system
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Presentation Notes
This LJ chart shows an assay working well. All data within the -/+ 2SD range and data evenly distributed above and below the MEAN.
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SD limits too large!

o All QC results pass --even unacceptable
ones

e Low sensitivity —the QC will not let you
know when something Is wrong In the
system

 The acceptable range for QC is not a
sensitive indicator of result quality &
provides little value

12
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What happens if our SD ranges are too large?


SD limits too large!
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| l +2SD
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MEAN
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SD limits too small !!
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 Few QC results pass --even values that
are OK

e Sensitivity too high --You are stopped from
releasing acceptable patient results

 Wasting QC material and time

14



SD limits too small !
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1 QC fallures
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Presentation Notes
This LJ chart shows an assay working well. All data within the -/+ 2SD range and data evenly distributed above and below the MEAN.


R
A |

What are acceptable QC Values?

 The laboratory must establish it's own
limits of acceptable QC values

 The correct SD value is what makes the
QC material a sensitive indicator of
acceptabllity

* We will use Historical (Cumulative) CV
(CVy, to establish sensitive SD limits and
QC ranges
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The secret is to set the SD limits at a values that is neither too large or too small. The way do this is to use the analyte/instrument/method’s precision to set the SD limits.
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Why not use the manufacturer’s QC limits?

 Manufacturer’s limits are often 2-3 times
too large —Not sensitive to your laboratory

conditions

 They are general guidelines that include
several different instrument/method types

o If the QC range is too large you will not
find problems

17
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Why not use the Manufacturer’s suggest QC ranges. 

These are normally too large and result in your QC materials not being a good indicator of quality.  These are given as guidelines and should not be used.

They are derived from a few different instruments and from a handful of labs. AND they are not tied to your particular lab’s instrument.

What we see from labs that use these is that they think they have good QC, but are surprised when the EQA materials fail. EQA fails, because the QC ranges were too large and the laboratory did not realize they had a problem.  Random failure of EQA samples is one indicator to us that the QC ranges are not set correctly.
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Lactate U/L Roche Cobas C700
Your result Mean SD Lower Upper SDI Your Grade
6 414 3.85 0.19 3.28 4.42 1.5 Acceptable
7 3.52 3.20 0.19 2.63 3.77 1.7 Acceptable
8 4.48 3.84 0.20 3.24 4.44 3.2 Unacceptable
9 6.59 6.12 0.36 5.04 7.20 1.3 Acceptable
10 491 4.26 0.21 3.63 4.89 3.1 Unacceptable
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Mean =4.48
SD =0.448
CV=10%

Lactate Value

5.824

5.376

4.928

4.48

4.032

3.584

3.136

10

QCrun

15

20

25



PSMILE

Lactate U/L Roche Cobas C700
Your result Mean SD Lower Upper SDI Your Grade
6 414 3.85 0.19 3.28 4.42 1.5 Acceptable
7 3.52 3.20 0.19 2.63 3.77 1.7 Acceptable
\
8 4.48 3.84 0.2 3.24 4.44 3.2 Unacceptable
9 6.59 6.12 0.36 \ 5.04 7.20 1.3 Acceptable
oo \
10 491 4.26 0.2 3.63 4.89 3.1 Unacceptable

!

0.20/3.84=5.2%

0.21/4.26=4.9%
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Mean =4.48
SD =0.22
CV =4.9%

Lactate Value

5.14

4.92

4.7

4.48

4.26

4.04

3.82

10 15
QCRun

20 25
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Mean =4.48
SD=0.11
CV =2.5%

Lactate Value

4.81

4.7

4.59 -

4.48

4.37

4.26

4.15

10

QC Run

15

20

25



How do | determine the SD limits
that are correct?

Utilizing CV allows you to
set your QC limits based
on the capability of your

Instrument according to Its

precision
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Presentation Notes
In the next section we will show how to use your CVH to set QC ranges that are sensitive to your instrument/method.


&> An important form of CV is CV,,
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It IS extremely useful for the
laboratory to track the CV,,
of QC data for each
guantitative analyte over
time
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Presentation Notes
Understand the CVH of your system is KEY.


= . . . .
CV, is cumulative precision data
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e Gather all QC data accumulated
over time

—Across different reagent lots
—Across different employees
—Across different “normal”’ conditions

 Each QC level/analyte/instrument
combination has a unique CV,,

25
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Presentation Notes
We will discuss or consider a number of different variations on CV. 
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Establishing CV,,
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1. Gather each analyte QC data for each
type of instrument/method/QC material

2. Remove any data that is greater than 4
SD from the MEAN

3. Calculate the MEAN, SD and CV for the
month and on an on-going basis for the
life of the QC material

26
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Why would we wish to remove some points from your calculations? If the data was an accident or in error, keeping this data in your calculations will cause your analysis to be tainted by those data points.

Caution do not remove them form the QC history, just from the data of the calculations. You want the full record of QC data to exist for investigations and trouble shooting.


auose EXample of 1 month glucose QC data

88

1
S— 20 data points of new QC Material
4 84 03
5 89
] » 92 &
7 92 o1 V'S ¢
8 87
) o ” 90 <& ¢
0 o c_:; 89 o . .
11 88 S
12 87 Q 88 1 ¢ *
13 86 8 87 V'S ¢ ¢
14 84 &)
15 89 %86 14 ¢ ¢ *
16 86 85
17 87
18 90 84 14 ¢
— 21 83 I I I I I I I I I I I I I I I I I I I I
20 88 0123456 7 8 9101112131415161718192021
Average 87.9 Each QC Assay
SD 2.2
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Here is the data from 20 QC assays over a few days. The MEAN is indicated by the red line on the chart. 

You may need to remove data points that fall outside of 4 SD from the MEAN. Do any points need to be removed? The MEAN is 87.9 and the SD is 2.2. The farthest from the MEAN is also the lowest point, 84.  The difference is 3.9

3.9/2.2 = 1.8 SD or SD Index SDI
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Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov

Dec

v,

Normal
21
2.5
2.6
2.3
24
2.3
2.2
21
2.2
2.5

2.4

2.34

Track CV, over time

12 Month Plot CV,

[T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

28
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This is a 12 month plot of CVH over one year. Notice CVH is an average. Sometimes it is higher, sometimes lower. This will be important later when we discuss another form of CV or CVREF.


Monitor CV to alert for problems
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Increasin gCv _
12 month plot with
Increasing CV,
Mar 2.2 4
Apr 24 35 7
May 25 3 /
Jun 2.8 /
_25
Jul 2.9 L>g 2 |
Aug 3.1 >
1.5
Sep 3.2
1 |
Oct 3.4
0.5
N 2.5
O 1 I I I I I I I I I I I
bee 23 1 2 3 4 5 6 7 8 9 10 11 12
cV, 2.64 Month
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Reagent going bad
Calibration changing
Decreasing instrument precision


Monitor CV to alert for problems
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Random CV

Jan 2.1

12 month plot CV,, with
o | ol [ SPIKE

Apr . 3 5 /\
May 2.2 3 \
Jun 2.3
2.5
Jul 2.2
5 2
Aug 2.1
©15-
Sep 3.4
1 -
Oct 3.6
0.5
Nov 2.3
0 -
Dec 2.2 10 11 12

CV, 2.45 Month
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Bad Calibration, bad reagent, bad probe
Eventually instrument precision returns to normal after another change in reagent or instrument maintenance
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Things that increase your CV,,

—Day to day instrument differences
— Electrical and power quality

— Different persons operating the
Instrument

— Different reagent lots
—QC material preparation
—Reagent Quality

31
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How do you determine If your
CV, Is an acceptable value?

COMPARE your value to some
standard
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So we have a CVH now, but how do we understand if it is acceptable for our laboratory or not.

What standard can you think of that we can use to compare our CVH?


Standard 1:

PSMILE

Instrument/Method
manufacturer’s value

* The Instrument manufacturer determines
and publishes the instrument/reagent
method CV (precision)

 If you can not achieve the precision (CV)
that the manufacturer claims on your
Instrument, contact the manufacturer for
service

33
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The CV of the manufacturer is most often found in the reagent package insert. The manufacturer claims that with their instrument/method combination you should have an expected CV value at least as small as is published by them. This is an indicator of instrument function. If you can not met or better this value, then your system might have a problem.


Standard 2:
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The External Quality Control (EQA)
survey method CV

« CAP & Accutest (OWA) materials are
considered an External Quality Assurance
(EQA) quality indicator. (Between labs)

e This Is not the same as internal QC
(Within Labs)

 EQA providers publish instrument/method
peer CV data with survey results. Your lab
CVy, should be lower than the CVgq,
published

34
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If you wish to do well on EQA samples you would like your CVH to be less than the CVEQA. Having a CVH smaller than CVEQA allows you to be successful on EQA samples even if your instrument has a small Bias. 

This is because your total error is the sum of precision (CV) plus Bias. 

We speak more on Bias toward the end of this presentation and later today in the validation presentation.
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Calculating CViqp

EVALUATION
ORIGINAL

- Evaluation and Comparative Method Statisti
Jnat of Measure Your No. of Limits of
Peer Group Specimen Result | nfean 3.D. ]leﬂ' DI Lower
a Nitrogen (BUN) CHM-01 191 | 1894 071 [236 +02 16.
z/dL CHM-02 36.9 36.14 107 1237 +07 32,
UREASE WITH GLDH CHM-03 112 11.18 038 233 00 9.
ROCHE MODULAR CHM-04 453 44.36 127 1235 07 40.

CHM-05 36.4 36.19 L1l 257 +02 J2!

CV = (1.07+ 36.14) «

CV = (1.27 + 44.36) *

CV=(0.71+18.94)« 100 = 3.7%

100 = 3.0%

CV = (0.58+ 11.18) » 100 = 5.2%

100 = 2.9%

CV = (1.11 +36.19) » 100 = 3.1%

/

CV =(SD + Mean) X 100
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CVEQA is the CV of your instrument/method peer group. 

This is how you calculate CVEQA.
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CV relationships
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QC analyte SD should be set using a
reference CVig less than both manufacturer’s
CVpan and CViop

CVMAN

CVEQA

e

CV, < CVig < CVEQA < CVyan

4

36
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This graphic shows the relationship between various types of CV we have discussed. The left hand axis is the MEAN and the blue line represents variance from the MEAN. They are relative and their relationship can change.

Note: CVREF is something we have not talked much about as yet. We have hinted at it. Remember when I said that the CVH is an average and that sometimes the CVH for a particular period of time can be higher than this average. CVREF can represent the highest CVH plus a little bit more. 

In the examples coming up we will discuss and use CVREF.


Demonstration of establishing
sensitive SD limits using CV,
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Establishing your new mean
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1. Ensure that your old lot of QC material is
running inside of your current range with
no bias, shifts or trends

2. Run new normal QC material for at least
20 data points with old QC material for at
least 5 days. Ensure that your old QC
material Is within acceptable range for
each run.

3. Calculate SD, MEAN & CV from data
4. |s the CV = CV,, and CV,,,?

38


Presenter
Presentation Notes
When you receive a new lot of QC you should run your current QC and the new QC for a number of days together and collect the data on the new QC. It is important that you have an overlap on lots of QC so you can compare assay function across these lots. 


20 data points of Normal QC data -Glucose

~SL7
PSMILE
1 88
2 89 94.5
3 86
4 84
5 39 92.3 +
6 90 . ’
7 92
5 = 90.1 ® *
9 86 % = & *
>
10 o1 v 87.9 L *- 2 2
11 88 8
12 87 g ¢ * *
13 86 g5 7 * * * *
14 84
15 89
2 ¢
16 86 83.5
17 87
18 90
19 91 8 1 -3 T T T T T T T T T 1
20 88 0 2 4 6 8 10 12 14 16 18 20
MEAN 87.9 QC Run
SD 2.2
cv 2.55%
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The data plotted from running an new lot of QC with the MEAN in red. This is a LJ chart plotted with our calculated SD = 2.2.
Good distribution

Unassayed vs. assayed value? Compare the mean with expected range of means or with the assayed value from the package insert.

However we will not use the SD on this new data. It will be too tight. These 20 data points do not contain enough variation. We need to look at several CV values larger than this particular CV from this data set.


B~
Example normal glucose QC data
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MEAN = 87.9
SD=2.2
CV =255 from new precision data

Compare — CV to other CV values...
>CV,, = 2.7 accumulated over time
>CVeoa = 3.3 from EQA peer group

>CVan = 3.6 from package insert

40
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We need to compare several types of CV. Eventually we will set the SD from a type of CV used as a reference.


Example normal glucose QC data

PSMILE

To calculate SD for sensitive QC limits use
a CVige between CV and CViq,

CV,;=2.7<3.0 <V = 3.3 <CVpy = 3.6

Reference CVpg; is 3.0%
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The NEW reference CV and the OLD reference CV are the same in the case. This often happens. 

It is best to set the CV larger than you might think, and then over time if it is too large, make it smaller as you understand the expected CV over time.

You will be greatly frustrated if you start with a CV too tight. You will have many QC errors that might not be necessary.

Each instrument in the same lab could have a different CVH. –Each instrument is a little different.

You do not want a QC ranges different for each instrument. What should you do?



Use CVgee to calculate SD limits
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SD = MEAN X (CVge/100)
SD = 87.9 x (3.0/100)
SD = 2.6

42
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This will be the SD for the new QC material lot. Continue to monitor and adjust as necessary.

If everything is running correctly and you run this QC 100 times, how many times would you expect the QC to be outside of +/- 2SD.

If everything is running correctly and you run this QC 100 times, how many times would you expect the QC to be outside +/- 3SD.


QC range limits are defined by CVi..

PSMILE

95.7
I 2.6. 3SD
units
93.1
2SD
90.5
1SD
87.9 MEAN
-1SD
85.3
-2SD
82.7
3SD

80.1
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Questions?
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mswartz4@jhmi.edu
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