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Common Myths and Delusions of QC
質控可以順其自然，無為而治嗎？

Richard Pang

PhD, FACB

June 2016

ProQ@live.hk

Myths of Lab Testing

http://www.scarcity.com.hk/elizabeth‐holmes/

Theranos 測試的一特點，
是其所需的血量之少。
只需要由指尖抽取數滴
血液，Theranos 已足以
測試多項疾病。但當中
的秘密，Elizabeth 
Holmes 至今仍拒絕公開，
這也令她飽受醫學界攻
擊，包括是指其測試不
準確。

伊麗莎白·福爾摩斯
(Elizabeth Holmes)

Therapy & Diagnosis

Microfluidics 
technology

Delusions of QC

?

QCsFewer

Holmes 將會在今年8月份在美國臨床化學協會（AACC）年會上公布
Theranos 的相關數據。那時可能就會知道 Theranos 手裡到底有哪些技術可

以支撐自己的技術是可以被使用的。

https://www.theranos.com/

https://www.aacc.org/meetings‐and‐events/2016‐annual‐meeting‐and‐expo

［順其自然］
［無為而治］

• ［順其自然］，就是在正確的時間，正確的地點，
正確的方式做正確的事，其結果自然就正確。就是
遵循因果報應，自然規律取捨。

• ［無為而治］被道家認為是「道」的重要特徵之一
。它不是指不作為，而是指不經過深思熟慮，無目
的地行為。無為而治者，道家認識到任何有目的的
行為都可能使行為本身產生偏差。根據處理問題不
同，「無為」的態度既可用於政治，也可以用於管
理。道家各派在堅持「無為」本質的前提中，通常
給予了「無為」更豐富的彈性和內涵。

Myths and Delusions

A topic that frequently arises in discussions is 
related to the fundamentals of Quality Control 
(QC) because, despite the fact that everyone 

states to want QC, there is still little consensus on 
basic questions like what to do and how to do in 

order to achieve QC. Quality Control or just 
Quality Compliance, that's the question...

Disclaimers

In reality, I have already retired from 
the profession. The following 
PowerPoint presentation 

“Lacks Power and has No Point”

胡
說
八
道
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What is Quality Control?

英國公投脫歐後，
360萬人聯署再公投

A Top 10 list of problems with QC and the "Westgard Rules"

And if you see a claim that they've "modified" the rules to make them 
better, be afraid....

http://www.westgard.com/lesson73.htm

Quality Control vs Quality Compliance

Do the “Right” QC 
Right…

Tell me what 
to do, 
please…

• FACTORY
– Product is known

– All products MUST be 
the same

• LABORATORY
– Product is unknown

– All products are different
• One cannot predict what 
the results will be.

Diagnostics Industry

Both need QC

LABORATORY vs FACTORY
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分析后
Post-analytical？

分析前
Pre-analytical?

What are those challenges?

分析中Analytical?

Glucose = 
999 mmol/L

Variation is the Enemy
Laboratory Errors

18.5%～47%

46%～68.2% <15%

Clin Chem Lab Med. 2006;44(6):750-9.

Traditional QC (SPC) and Sigma Metrics
in Clinical Laboratories

醫學實驗室質控的歷史演變與發展趨勢

Shewhart SPC Charts

Levey‐Jennings QC Plotting
3SD Limits

2SD Limits
Westgard

Multirule QC

CLIA’88 Final Rule

?EQC*: Equivalent QC?
*NOT Real Time QC

The Center for Medicare and Medicaid Services (CMS) has adopted a new Quality 
Control (QC) option under the Clinical Laboratory Improvement Amendments (CLIA) 

called the
Individualized Quality Control Plan (IQCP) from January 2, 2016. 

QC & Risk 
Management

1930 1940 1950 1960 1970 1980 1990 2000 20101920 2020

Westgard Sigma RulesTraditional SPC

Time Flies…
Nearly half Century…The Way Forward…?

Real Time QC
Detect Immediate Errors

Do The Right QC Right
Detect Immediate Errors

• “Detect immediate errors that occur due to test 
system failure, adverse environmental 
conditions, and operator performance” (CLIA 
493.1256)

• Most importantly

• Perform corrective actions to “recover” before
reporting of test results

http://www.clinchem.org/content/51/10/1911.full

Guidelines and SOPs

Read…

Understand…

Follow…

Just

Don’t

Didn’t

Myths and Delusions of QC
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Detect Immediate Errors

The power of the QC rule – Detection

EP23 says;
“Medical judgment is used to estimate the overall probability of harm due to 
receiving an incorrect result…”

Detect Immediate Errors

In and Out

Which Statement(s) are “True”?
• QC is “in” so patient results are OK
• QC is “out” so patient results are wrong
• QC is “out” but patient results are OK
• QC is “in” but patient results are wrong

Principles and Assumptions of 
Statistical QC

http://www.westgard.com/essay103.htm

American Statistical Association
(ASA) T‐Shirt

http://qcnetevents.com/content/IW_Parvin_AACC12.pdf/
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Ped vs Pfr “IQC To Detect Immediate Errors”
Myths or Facts?

• This statement often leads laboratory personnel to 
incorrectly believe that QC will always catch errors, 
when in fact; it's the QC rule and frequency that 
determines if an out of control condition (OOC) will 
be caught. 

• A poorly selected rule may not catch a smaller OOC 
condition until many many QC events have passed.

• The 2SD limits are generally not desirable because 
of the high Pfr, except occasionally they are 
necessary for low sigma analytes.

The Quality Toolbox

Lean • 1 % = One in a Hundred
• 10,000 in 1 Million

• 1 PPM = Part Per Million
• 1 in 1 Million

• DPM = Number of Defects Per Million
• 3.4 in 1 Million = 6 Sigma

Sigma Metrics

3.9 Sigma

Undefined
>6 Sigma

西格瑪 (Sigma) 是一種表示品質的統計尺度。任何
一個工作程式或工藝過程都可用幾個西格瑪表示。

“Sigma”標準，的其定義“DPM” 缺陷每百萬已經是一種風險的評估

Sigma Metrics
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Examples for Practice

從理論到實踐

Anticipating Problems

• Lot–to-lot Changes
– Evaluating new lots of reagents

• When?
• How?
• What Criteria?

When?

• Ideally
– Before the new lot is shipped

• Practically
– When the new lot is received

• Suboptimally
– When you are about to start the new lot

How?

• Old lot vs New lot
• QC
• Patient sample correlation

– N=20 or N=10 in duplicate
• Linear regression analysis

– Slope and intercept

How?
Sigma-Metrics

• Sigma statistics
– Sigma = (TEa-Bias)/CV
– Bias = TEa - (Sigma x CV)

– CV = Variation of your current QC @Medical Decision 
Level

– Bias = Difference between new lot and old lot
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What Criteria?

• Bias between Lots
• Y = Slope * X + Intercept [y = ax + b]
• Bias = Y – X = Slope * X + Intercept – X

– %Bias = 100 * (Y – X)/ X
– %Bias = 100 * (Slope * X + Intercept – X)/ X

Scenario

Y = 0.988 X + 0.216

FT4
TEa= 12% [RCPA*QAP]

CV = 2.6%
Bias = 100* (0.988 *15 + 0.216 ‐15)/15

= 0.24%
Sigma = 12% – 0.24%/2.6% = 4.5

Medical 
Decision Level
= 15 pmol/L

FT4

Bio‐Rad Unity Real Time
Interpretation

• Sigma >6 Excellent
• Sigma 4-6 Good
• Sigma 3-4 Marginal
• Sigma 2-3 Poor
• Sigma <2 Unacceptable

分析後
Post-analytical？

分析前
Pre-analytical?

What are those challenges?

分析中Analytical?

Glucose = 
999 mmol/L

Variation is the Enemy
Laboratory Errors

18.5%～47%

46%～68.2% <15%

Clin Chem Lab Med. 2006;44(6):750-9.

• Specimen rejection rates
– No. of specimens being rejected in the 

reception area per month/year
– e.g., 3/1,000 = 3,000/1,000,000 = 4.3 Sigma

• Reporting errors
– No. of erroneous/incorrect results being issued 

per month/year
– e.g., 3/100,000 = 30/1,000,000 = 5.6 Sigma

Pre- and Post-analytical

Sigma‐Metric

DPM = Defects per Million
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http://www.sigmavp.com/six‐sigma‐calculators.htm http://www.sigmavp.com/six‐sigma‐calculators.htm

3

1000

3000

4.3

QC Goalkeeper
&

Patient Safety

Critical Value Reporting
& TAT https://clinicallabs.osumc.edu/Documents/Test_Turnaround_Time.pdf

Test Turnaround Time (TAT)

http://www.sigmavp.com/six‐sigma‐calculators.htm

3

8856

339

4.9

TAT of Blood‐gas Tests
<30 min = OK

>30 min = Not Acceptable

Quality Indicators
Outcome Measures

Arch Pathol Lab Med 2000;124:516‐9
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http://www.westgard.com/cliafinalrule9.htm

Define the Analytical Quality
(Sigma Metrics for Your Method)

For cholesterol, for 
example, the CLIA 
criterion is an allowable 
total error of 10%. If 
your method has a CV 
of 2.0% and a bias of 
1.0%, then the Sigma 
metric for your method 
is 4.5 [(10-1)/2]

http://www.sigmavp.com/six‐sigma‐calculators.htm

8.0

0.2

1.3

6

Westgard Sigma Rules

http://www.westgard.com/westgard‐
sigma‐rules.htm

To look for faster and simpler 
tools that will help 
laboratories select the right 
SQC for their own 
applications.

What’s the Difference?
• Total Cholesterol

– TEa = 10%, 
– Bias = 1.0%, 
– CV = 3.0%

• Total Cholesterol
– TEa = 10%, 
– Bias = 2.0%, 
– CV = 2.0%

• Total Cholesterol
– TEa = 10%, 
– Bias = 0.0%, 
– CV = 2.0%

Sigma = 3

Sigma = 4

Sigma = 5

Sigma Metrics

Sigma=3

Sigma=4 Sigma=5

1-3s[2-2s][4-1s]8-X

N = 8

1-3s[2-2s][R4s]4-1s

N = 4

1-3s

N = 2

• When your method Sigma is 6 or greater, you can do QC anyway you want, 
just be sure to keep the false rejections low by using wide control limits - at 
least 3s.

• When your method Sigma is 5 or so, use N=2 or 3 with 2.5s or 3.0s control 
limits.

• When your method Sigma is 4 or so, increase N=4 to 6 and use either the 
12.5s single rule or a 13s/22s/R4s/41s multirule procedure. 

• With method Sigmas below 4.0, run all the control you can afford. In 
addition, increase the frequency of instrument function checks, performance 
validation checks, and preventive maintenance. 

• With method Sigmas below 3.0, look for a new and better method. You can’t 
do enough QC to assure the quality of the test results from methods having 
less than 3.0 Sigma performance!

QC that is needed for Methods 
having Different Sigma Metrics
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Critical Systematic Error, SEc

http://www.westgard.com/sigma-metrics-lab2012.htm

SEc = [(TEa-bias)/s] - z
σ ‐ 1.65

Error Rate Categories
Low = method that experiences <3% QC flags/year
Moderate = method that experiences 3-10% QC flags/year
High = method that experiences >10% QC flags/year 

∆SEc

QC Rule 

Low Moderate High

> 3 1-3.5s 1-3s 1-2.5s (D, I)

2-3 1-3s 1-2.5s 1-2s (D, I)

1-2 1-2.5s (D) 1-2s (D, +) 1-2s (D, +, I)

<1 1-2s (D, I) 1-2s (D, +, I) 1-2s (D, +, I)

SEc = [(TEa-bias)/s] - z

D: examine QC chart Daily, +: Increase control frequency; 
I: Initiate corrective action

By courtesy of
Alan Wu, PhD, FACB

Choosing OWN (Individualized) QC Rules 
Based on Error Rates

http://www.sigmavp.com/six‐sigma‐calculators.htm

8.0

0.2

1.3

4.35

SEc = [(TEa-bias)/s] - z
σ ‐ 1.65

• >6σ (excellent performance) – evaluate with one 
QC per day (alternating levels between days) 
and a 1-3.5s rule.

• 4σ–6σ (suited for purpose) – evaluate with two 
levels of QC per day and the 1-2.5s rule.

• 3σ–4σ (poor performance) – use a combination 
of rules with two levels of QC twice per day.

• <3σ (problematic) – maximum QC, three levels, 
three times a day. Consider testing specimens in 
duplicate.

Sigma Metrics and QC Frequency
(Collective Opinion Paper)

Clin Chem Lab Med 2011; 49: 793‐802.

Method Decision Chart
• Designate the necessary Quality Managers to learn 

and implement Six Sigma tools
• Adopt a standard set of Quality Goals, provided by 

Westgard QC
• Evaluate analytical performance
• Assess quality on the Sigma-scale
• Redesign QC based on the Sigma-metrics
• Apply and Request a review of laboratory data
• Implement and integrate Sigma-metric policies and 

procedures into the laboratory's Quality Manual
• Establish a continuous quality improvement plan to 

assess and update method Sigma-metrics

Westgard Sigma (Verification of 
Performance) VP Program

https://www.westgard.com/westgard‐sigma‐vp.htm
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Performance Verification
Hospital A, Instrument A Hospital A, Instrument B

Hospital B, Instrument BHospital B, Instrument A

https://www.westgard.com/sigma‐vp‐chimei.htm

Quality Lab

HPLC

HbA1c

6

1.8

0.5

NGSP/CAP Survey TEa = 6%

Sigma = 3.06 Sigma = 5.5

• For pre- and post- analytical phases
• Sigma values = 5

– 3/8,980
– 8/24,000
– 23/72,986
– 103/310,980
– 333/1,000,000

Problems of using Sigma Metrics
Desirability vs Practicality - I

?Sample size (N)?
Significant?

• For analytical phases
• Analyte Concentrations/activities

– Cholesterol
– Glucose
– HbA1c
– Calcium
– ALT
– Cortisol
– Platelet Count

Problems of using Sigma Metrics
Desirability vs Practicality - II

?Medical (Critical) 
Decision Levels?
Significant?
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Medical (Critical) Decision Levels

http://www.westgard.com/decision.htm/

4 Levels

5 Levels

Quality Control Plan

Problems of using Sigma Metrics
Desirability vs Practicality ‐ III

QC Planning (Quality Goals) 
品質目標的設定 : 從理論到實踐

Plan “A”

Plan “B”

Plan “C”

Perfection

“Perfection is not attainable, but if we 
chase perfection we can catch excellence.”

Vince Lombardi

An American football player, 
coach, and executive.

該怎麼做？

http://thinkexist.com/quotes/vince_lombardi/2.html

Zero Defect?
零缺陷?

• A: Analytical

• B: Biological

• C: Clinical

What is “ABC”

D: Desirable

Analytical CV ≤ 1/2 ALE
http://www.qcnet.com/Portals/0/PDFs/CLIALimits(3-3-04).pdf



HKAML June 28 (Tuesday) 2016

13

2014 Updates

http://www.qcnet.com/Portals/0/PDFs/BVValues1Final.pdf

Minimum Specifications for Total Error, Imprecision, and Bias, Derived from 
intra‐ and inter‐individual Biologic Variation

http://www.westgard.com/minimum‐biodatabase1.htm

Optimal Specifications for Total Error, Imprecision, and Bias, Derived from 
intra‐ and inter‐individual Biologic Variation

http://www.westgard.com/optimal‐biodatabase1htm.htm

Quality Specifications
• Desirable

– CVA < 0.5 x CVI

– B< 0.25 x (CVI
2 + CVG

2)0.5

– TEa < 1.65 x 0.5 x CVI + 0.25 x (CVI
2 + CVG

2)0.5

• Optimum
– CVA < 0.25 x CVI

– B< 0.125 x (CVI
2 + CVG

2)0.5

– TEa < 1.65 x 0.5 x CVI + 0.125 x (CVI
2 + CVG

2)0.5

• Minimum
– CVA < 0.75 x CVI

– B< 0.375 x (CVI
2 + CVG

2)0.5

– TEa < 1.65 x 0.5 x CVI + 0.375 x (CVI
2 + CVG

2)0.5

http://www.westgard.com/biodatabase1.htm

1. Evaluation of the effect of analytical performance on clinical 
outcomes in specific clinical situations

2. Evaluation of the effect of analytical performance on clinical 
decisions in general
a. Data based on the components of biological variation
b. Data based on analysis of clinicians’ opinions

3. Published professional recommendations
a. From national and international expert bodies
b. From expert local groups or individuals

4. Performance goals set by
a. Regulatory bodies
b. Organisers of External Quality Assessment (EQA) schemes

5. Goals based on the current state of the art
a. As demonstrated by data from EQA or Proficiency Testing Schemes
b. As found in current publications on methodology.

The Stockholm Consensus (共識) 
Hierarchy

Accred Qual Assur (2010) 15:323–330

• "We use different specifications for different analytes"
• "We use L-J chart with +/-3SD" "CLIA criteria"
• "Biological goals total error as Maximum Uncertainty Measurement for garanteed 

minimum clinical outcome"
• "All of the above. I have a basket of QS tailored the  clinical utility of a test."
• "This is changing with the move towards ISO:15189 instead of CPA accreditation 

standards." "Standard Methods"
• "DPMO, percent achieved or percent error." "External proficiency program provides 

precision goals that we apply wherever they are provided. When we achive better 
precision we adjust, if poorer we try to maintain the target as otherwise you tend to 
flag on PT samples. For certain laboratories this causes problems as their precision 
may be acceptable but the manufacturer(s) has a method bias. When the reference 
range is different the bias can be acceptable, but in most instances the reference 
range is the same as all other laboratories using different manufacturer platforms."

• "Percentage of variance observed locally at specific levels (QC, calibrator & PT 
material), while keeping in mind CLIA'88 & CAP."

What Types of Quality Goals do you use?
(Recent Survey)

https://www.westgard.com/global‐goal‐comments.htm
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http://www.rcpaqap.com.au/

https://www.westgard.com/gone‐goals‐gone.htm

Clin Chem 1963; 9: 217‐233

Tonks’ Formula

Measurement Uncertainty
(MU)

?The Role of QC Software

Monthly Summary Report
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5.5.1.4 Measurement uncertainty of 
measured quantity values

• The laboratory shall determine measurement 
uncertainty for each measurement procedure in 
the examination phase used to report measured 
quantity values on patients’ samples. 

• The laboratory shall define the performance 
requirements for the measurement uncertainty 
of each measurement procedure and regularly 
review estimates of measurement uncertainty.

MU: Measurement Uncertainty

CI: Confidence Interval

CX: Carrier expert

Expression of Measurement Uncertainty in 
Laboratory Medicine: Proposed Guideline

• “Uncertainty is an 
ISO-driven 
metrological concept. 
For years, while it 
has been popular in 
Europe, uncertainty 
has been discussed 
in the US, but never 
implemented. 

Now that CLSI has 
issued its C51A 
guideline, uncertainty 
is now official in the 
US, too. The C51 
guideline is worth 
exploring in detail, 
for those who seek 
metrological 
orthodoxy in their 
testing processes…”

CLSI C51-A 
“Top-Down” Approach

• The guideline identifies a simple and practical 
methodology using SQC data obtained under 
“intermediate precision conditions, ” i.e., a single 
laboratory and measurement principle, but with 
the changes in routine operating conditions 
(operations, reagent lots, calibrator lots, etc.). 
The laboratory should calculate a mid-term SD
and utilize this estimate to express the standard 
uncertainty, then multiply by a coverage factor of 
2 to express an expanded measurement 
uncertainty (95% confidence limit or interval).

What To Do…
• While there is no specific guidance for how 

many control measurements are needed, the 
estimate of the SD will be more reliable if at least 
100 data points are included, which will often 
require that SQC data be collected over a period 
of several months. A period of 6 months should 
be practical in many laboratories and matches 
the CLSI recommendation for establishing 
control limits from a cumulative SD obtained 
from 6 successive months of routine SQC data.

Monthly Summary Report

A period of 6 months should be 
practical in many laboratories and 

matches the CLSI recommendation for 
establishing control limits
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海灣戰爭期間，當時的美國國防部長拉姆斯菲爾德

（Donald Rumsfeld）有一個著名的說法：

“世界上有我們知道我們知道的事情；有我們知道我們不
知道的事情；還有我們不知道我們不知道的事情”

(The Unknown)

As we know 
There are known knowns 

There are things we know we know 
We also know 

There are known unknowns 
That is to say 

We know there are somethings we don't know 
But there are unknown unknowns 

The ones we don't know 
We don't know 

Donald Rumsfeld
Former United States 
Secretary of Defense

Department of Defense 
news briefing on

February 12, 2002

http://en.wikipedia.org/wiki/Unknown_unknown
http://52.10.201.150/riskcalculator/#welcome

Risk Assessment

http://52.10.201.150/riskcalculator/#welcome

5.6.2.1 General
The laboratory shall design quality control procedures that verify the attainment of the intended 
quality of results.

Quality Control –
fitness for purpose

Can we report our 
analytical results and 

ensure that:

They are (the 
methods) fit for the 
intended purpose?

"天作孽猶可恕自作孽不可活“
是什麼意思?

• 《尚書·太甲中》：『天作孽猶可違，自作孽不可逭』
• 《詩》云： 「永言配命 ，自求多福。」

孽，災也。違逭相通，避也，逃也。言天災可避，自作災不可逃。

MY WIFE

Tender

Specifications

儀器本身如果有先天的缺陷，哪多做質控也
無補於事的！

選購儀器前一定要做足評估工作

［順其自然］就是遵循因果報應，自然規律取捨

The lowest price is NOT 
always the best deal
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• The Individualized Quality 
Control Plan (IQCP), based on 
the identified risk(s), is a 
comprehensive strategy that 
includes all control procedures 
to reduce residual risk and 
methods to immediately detect 
errors, using both prevention 
and monitoring strategies. The 
QCP is intended to proactively 
address potential risks before
they occur and result in 
failures, compared to the 
practice of addressing failures 
after they occur.

https://www.cms.gov/Regulations-and-
Guidance/Legislation/CLIA/Downloads/IQCP-

Workbook.pdf

道家認識到任何有目的的行為
都可能使行為本身產生偏差 Bring Home Messages

• Traditional QC working together with Sigma-metric is a 
powerful technique for managing the analytical quality 
of laboratory testing processes, but it must be 
implemented properly to provide the potential benefits.

• Common myths and delusions that arise in discussions 
are related to the fundamentals of Quality Control (QC) 
because, despite the fact that everyone states to want 
QC, there is still little consensus on basic questions 
like what to do and how to do in order to achieve QC. 
Quality Control or just Quality Compliance, the question 
remains...

Queen Mary Hospital    瑪麗醫院

Acknowledgements

Remember to get back 
to the basics, 

minimize our chances 
for mistakes and pray 

for the first frost

Time Really Flies

Questions…

Myths and 
Delusions of QC


