
B. Govaerts and A. Guillet   ISBA and SMCS – Université Catholique de Louvain – LLN – Belgium            ESTM – Nov 2017        Page 1

Statistical tools for the statistical monitoring of 
blood component quality and production 

ESTM Course – November 2017 - Brussels
Bernadette Govaerts, 

Institute of statistics Biostatistics and Actuarial Sciences,
Alain Guillet, 

Statistical methothodology and Computation Service, 
Université Catholique de Louvain

Louvain-la-Neuve - Belgium 
Bernadette.govaerts@uclouvain.be

Alain.Guillet@Uclouvain.be



B. Govaerts and A. Guillet   ISBA and SMCS – Université Catholique de Louvain – LLN – Belgium            ESTM – Nov 2017        Page 2

Data in blood component production

Thousands of numbers can be collected on a blood component production.
Statistical quality control tools will help to transform these data into information.
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Goal and presentation layout 
GOAL

Present a series of tools to characterize the quality of blood component production on the 

basis on a DATA based monitoring of the process.

Layout

• Review of basic statistical tools

• Mean, variance, histogram, run chart, normal quantile plot

• Statistical quality control tools

• Control charts

• Goals and principles of control charts

• X, Xbar-R, CUSUM, EWMA, p charts and Scan statistics

• Practical implementation of control charts

• Capability analysis

• Goals and principles

• % Non conform, Cpu, Cpl and Cpk indices

• Reception sampling

• Principles and related ISO norms
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Review of some basic but essential 
statistical concepts and vocabulary

when you work with data
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Difference between variable and attribute data
Data collected on a blood transformation process can be of 2 types

Quantitative – Measure – (Variable) Data
à Anything that is measured by an adapted measurement device
à Cell count, pH, Hgb concentration, weight…

Qualitative – Categorical – Attribute Data
à Anything that is counted on a “Yes” / “No” basis 
à Visual inspection, test of conformity or not …

Ø Quantitative data are usually more informative.
Ø Attribute data are often easier to collect. 

The best tool to analyze the data depends on the type of data we observe. 

Let’s start with tools for quantitative data. 
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Run chart : to view the data over time

Run Chart = representation of the values of a quantitative variable over time

What can one see on a run chart ?  
• Position of the process with respect to the specification
• Size of data variability
• Trends in the data
• Outliers values

Small variability but 
high trend

No trend but high 
variabilty
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The histogram: to view the data distribution shape
Histogram = representation of the statistical distribution of a quantitative variable

• X axis : classes of data values  - Y axis : frequencies of data in each class
• Gives an idea of the position, dispersion of the variable and of the shape the distribution
• Stable for n > 50 – take a number of classes around Ön
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Centrality measures
The mean and the median are the most common indices used to characterize the 
position of a variable.

Arithmetic Mean Median or “middle” value

• Mean is the index to use when there is no outlier
• The mean is usually compared to the median to judge the asymmetry of the distribution.
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Dispersion measures 

The range and the standard deviation are the most common indices used to 
characterize the dispersion or variability of a variable.

• The range is easy to calculate and explain but not very informative
• The standard deviation is more informative but more difficult to interpret.  Normality is 

required.
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The Normal distribution
Ø Many biological parameters follow a Normal distribution because they respond to 

the hypothesis of the central limit theorem.  

Ø In statistical quality control, Normality is taken as default assumption for observed 

quantitative variables. Transformations of the variable can help to get a Normal.

Ø The normal distribution is defined by 2 parameters : a position µ and a dispersion s.  

Ø When data are Normal, 99.73% of the data are in an interval +/- 3s around µ

1s 2s 3s-3s -2s -1s

68.26%
95.46%
99.73%

µ
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Interpreting the standard deviation in Normal variables

Xbar - 3 S = 49.38 - 3 x 6.32  = 30.42
Xbar + 3 S = 49.38 + 3 x 6.32  = 68.34
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The Normal quantile plot to check the normality of a data set 

The Normal quantile plot compares a set of data to “ideal” Normal data.  Data should 
be along a line to “accept” normality.   
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Tools for statistical process control 
The basic concepts and vocabulary
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4 processes – 4 different situations – what’s the best ?

LSL = Lower specification limit                   USL = Upper specification limit
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4 processes – 4 different situations – what’s the best ?

LSL = Lower specification limit                   USL = Upper specification limit

Process under statistical control Process out of statistical control
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Three questions: three classes of statistical quality control tools 

Stability of the 
process over time

Control 
charts

X, Xbar-R, EWMA, p 
and Scan charts

Comparison of the 
production to the 

specifications

Capability 
analysis

% Non conform, 
Cpu, Cpl,

Cpk

Conformity of a 
lot of material to 
the specifications

Acceptance 
sampling

Iso norms 
2851 and 3951
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Implementation of SQC by Beckman and all

Statistical process control
tools depend on the type of 
variables of interest and links 
between them. 

332 N. Beckman et al.

Start

Is the parameter
influenced by the collection or

production process?

Yes

Are
specification limits or
performance criteria

defined?

Monitoring not
indicated

No

Are
specification limits or
performance criteria

defined?

No

No

Conformance to
specification
monitoring

Yes

Yes

Are data
variable or
attribute?

Define limits

Attribute

Are data
normally distributed (after

removing special cause failure
data)?

Transform data

No

Is
Subgroup sampling

applicable?

Yes

Yes

No

Do control
charts reveal any reproducible

special cause variation?

Is the process
capable?

No

No

Audit process design and control.
Identify and make improvements.
If improvements cannot be made,

review the specifications

Is it
possible to redefine

specifications?

Refer to legislation
and guidelines

setting committees

Continue to
monitor

Yes

No

Now normal?

No

SPC chart for
attributes or

Scan Statistics

Yes

Yes

Identify root
cause and
implement
corrective

action

Implement

I/MR or CUSUM
Chart

X-Bar/R or
CUSUM Chart

Is
Criticality

‘Low’

No

Post
improvement

review

Yes

Variable

Yes

Fig. 1. Algorithm for QM testing.

© 2009 The Authors
Journal compilation © 2009 British Blood Transfusion Society, Transfusion Medicine, 19, 329–339
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Control Charts 
A tool to follow 

the stability of a process over time
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Control charts : motivation

This never happens – especially in blood treatment processes

How can one make a difference between these 2 situations ?

« Special » causes of variation                   « Normal » causes of variation.
Process out of statistical control Process in statistical control.
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Goal of control chart
Purpose

Verify if a production is stable 

over time

How ?

With a run chart 

+ control limits

5 proposed charts

• X, Xbar-R

• Cusum and EWMA

• P and Scan

Hypotheses

Normality of the data.  

Transformation can help if not.  

Process under statistical control

Process out of statistical control

Time

Time
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Control chart definition and elements

Time

Alarm -> Action (new measure, system maintenance…)

Pay attention 

UCL = Upper control limit

UWL = Upper warning limit

LCL = Lower control limit

LWL = Lower warning limit

CL = Central Line

Control chart = run chart + control limits (+ warning limits) 
Control limits are NOT specification limits but statistical limits.
When the data point is in the limits à continue to produce
When the data point is out of control limits à Alarm, try to find the special cause

Don’t touch 
the process !

X 
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Choice of control chart limits

Time

x

99.73 %
0.135 %

0.135 %

95.44 %
2.28 %

2.28 %

UCL =       + 3µ s

UWL =      + 2µ s

CL =    µ

LWL =       - 2µ s

LCL =       - 3µ s

Process parameters Estimated parameters

UCL = + 3 SX 

UWL = + 2 SX

CL = X

LWL = - 2 SX

LCL = - 3 SX

Ø If the process is under control and data  are Normal, 
99.7% of the data should be in µ +/- 3s and 95% in µ +/- 2s .

Ø Control limits are usually set to µ +/- 3s  and warning limits at µ +/- 2s .
Ø The limits are estimated on the basis of a reference data set under statistical control.
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Example : the « Galton » data
Ø 80 data points generated from the Galton table.  
Ø µ = 13 for n = 1 to 40 and µ = 15 for n = 41 to 80  and  s = 2.  
Ø Limits are calculated on the first 40 data points.

Observation

In
di
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ue

736557494133251791

20
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14

12

10

8

6

_
X=12.93

UCL=18.49

LCL=7.36

1

I Chart of Galton

The first alarm appears only at point 77.   
X-chart is not very reactive when the mean shift is small
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Westgard’ Rules

Extracted from D. Le Tallec    B-QM Conference - Oct 17

Westgard control rules help to increase the reactivity/sensitivity of control charts
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Example – galton data (2)
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With Westgard rules, a first alarm appears at point 60 
but a false alarm appears at point 34 ! 
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A control chart can take the wrong decision

The process
Th

e 
co

nt
ro

l c
ha

rt

OK

OK

CL

UCL

LCL

CL

UCL

LCL

False Alarm
«False Positive»

Supplier Risk

No detection of a problem
«False Negative»

Client risk

The control chart and the sampling should be chosen to minimize 
false positive and false negative rates.  

Some classes of control charts are more efficient than others !
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Mean and Range chart or Xbar-Range chart

Principle of Xbar-Range chart
• Group the data by sub-groups of size n  (e.g. n=4)
• Represent the group means on one chart to follow the « position » of the process
• Represent the group ranges on a second chart to follow the « dispersion » of the process

Group Data Mean - Xbar Range
1 12  13  12  16 13.25 4

2 12  13  12  13 12.5 1

3 13  12  14  13 13 2

4 10  12  14  13 12.25 4

5 13  13  12  10 12 3
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I Chart of Galton

1 2 3 4 5
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Example – Galton data (3)
Xbar-R chart on Galton data

With the Xbar-R chart a first alarm appears just after the mean shift.
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Steps to set up a control chart

Review control limits periodically

Use the control chart in routine on the process

Calculate control limits and choose control rules

Confirm the choice of the sampling plan and control chart

Analyze the properties of reference data

Collect reference data

Choose a tentative sampling plan and control chart

Select the variable of interest
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Example of chart set up (1)
Select the variable of interest

Red cells in plasma (1E9/L)
Choose a tentative sampling plan and a control chart

• 3 bags a day on one centrifuge and two separators 
àThe number of samples must be chosen to balance cost and sensitivity/reactivity of the chart
àThe sampled units must be representative of  the whole process

• Mean and range chart 
à Data are summarized by day on the chart (one point corresponds to one day).

Collect reference data 
during 3 months
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Example of chart set up (2)

Analyze the properties of the data
• Data are not normally distributed but a logarithm transformation solves the problem

• Other properties must be verified : independency and presence of outliers.
• Remove important outliers and unstable periods to calculate the control limits.    
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Example of chart set up (3)
Calculate control limits and then 
choose control rules  

(WR : 1-3S, 2-2S, 10X)
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on the process
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Annual QC system update
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Chart What is represented ?

X The observation at time t : Xt

CUSUM
The cumulative sum of the 
difference between the 
observation and the 
target value t.

EWMA
A weighted moving average of current and past 

observations.  

CUSUM and EWMA charts: a cheap way to find a small shift.  
Ø X-charts are only sensible to big mean µ shifts
Ø Xbar-R charts are more sensible but also more expensive
Ø CUSUM and EWMA charts allow to detect small shifts at low cost.

!

!!
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CUSUM and EWMA charts on the Galton data
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Control charts for attribute data. When and what ?
Attribute data

à Anything that is counted on a “Yes” / “No” basis 
à Visual inspection, test of conformity or not …

When ?
à When no quantitative measure is available
à When quantitative data are not Normal data (even after transformation)
à When the conformity is more important that the data itself  

What ?
à Attribute control charts are more used than “measures” control chart
à BUT they are less efficient !
à Most used attribute control charts in blood transformation processes :

p or np charts and Scan statistics
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P charts and scan statistics
Example

• Hgb by unit RBC  transformed into conformed 
and non conformed
• Y = 1 if Hgb < 40    and Y = 0  when Hgb ≥ 40
• Variable of interest : % out of spec per week 

P-Chart Scan Statistic
Each week : one point on the chart A window is chosen and moved point by point. 
= % out of spec For each point the % out of spec is reviewed.

Example : 2 weeks window 
abline(h=c(UCLs,0),col=2,lty=1)  
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Control limits on p and scan charts
Principle of control limits calculation

• Binomial distribution is usually used to 
calculate the limits

• Choosing control limit to get given false 
negative and positive rates is difficult.

• Tables or performance curves are 
provided.  

• Hypergeometric distribution based 
charts are less expensive when the 
number of items produced is not high 
(because binomial hypothesis of 
sampling in an “infinite population” is 
incorrect) 

EDQM guide
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P chart and scan statistics chart on Hgb <40
Individual values

P – Chart per week Scan statistics 
Chart with 4 weeks window

The choice of the window in the scan statistics works as the lambda in EWMA charts
It allows to see small shifts and long term tendencies.    
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Control chart in the analytical laboratory
Control charts are also commonly used on the analytical lab to 
check daily the stability of control samples. A control chart system is 
often provided with the measurement device.  

Example : GEM  - blood gas analyzer

Sodium Lactate

USL

LSL

USL

LSL
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Capability indices to compare the state of the 
production to the specifications
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Goal of capability analysis
Purpose

Verify if a production is 
well inside the specification 
limits LSL and USL of the 
variable of interest.  

How ?
By the use of an objective  
“capability index” that does 
not depend on the units of 
the variable and specs.  

2 indices proposed
• % out of specification
• CPK

Hypotheses
Normality of the data but 
adapted criteria exist for non 
normal data.

CAPABLE PROCESS

NON CAPABLE PROCESS

LSL : Lower spectification limit             USL = Upper specification limit
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Observed or estimated out of spec proportion

Ø Observed out of spec proportion

Percentage of observations that are 
out of the specifications limits.  

Ø Estimated out of spec proportion

• Adjust a Normal distribution to 
the data

• Calculate the probability to 
observe data out of the 
specification limits.   

7060504030

200

150

100

50

0

Hgb/unite CED

Fr
eq

ue
nc

y

40

 Hgb/unite CED

7060504030

200

150

100

50

0

Hgb/unite CED

Fr
eq

ue
nc

y

40

 Hgb/unite CED



B. Govaerts and A. Guillet   ISBA and SMCS – Université Catholique de Louvain – LLN – Belgium            ESTM – Nov 2017        Page 44

Cpu and Cpl indices for one specification limit

USL USLUSL

Cpu = 1Cpu < 1 Cpu > 1

S
XUSLCpu

3
-

=

X SX 3+SX 3- X SX 3+SX 3- X SX 3+SX 3-

When there is only one upper specification limit : 

S
LSLXCpl
3
-

=When there is only one lower specification limit : 
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Cpk index, a combination of Cpl and Cpu 

Cpk = min (Cpl, Cpu) Good Cpk : Cpk > 1

Cpk < 1

LSL USL

X SX 3+SX 3-

S
XUSLCpu

3
-

=

S
LSLXCpl
3
-

= Cpl = 1

LSL

SX 3- X SX 3+

Cpu < 1

USL

X SX 3+SX 3-
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Capability analysis: examples

666054484236

LSL

LSL 40
Target *
USL *
Sample Mean 49.38
Sample N 679
StDev(Overall) 6.31626

Process Data

Pp *
PPL 0.50
PPU *
Ppk 0.50
Cpm *

O v erall C apability

% < LSL 6.92
% > USL *
% Total 6.92

O bserv ed Performance

% < LSL 6.88
% > USL *
% Total 6.88

Exp. O v erall Performance

Process Capability of Hgb/unite CED

69666360575451

LSL USL

LSL 50
Target *
USL 70
Sample Mean 60.5368
Sample N 679
StDev (O v erall) 3.18048

Process Data
Pp 1.05
PPL 1.10
PPU 0.99
Ppk 0.99
C pm *

O v erall C apability

% < LSL 0.00
% > USL 0.00
% Total 0.00

O bserv ed Performance
% < LSL 0.05
% > USL 0.15
% Total 0.19

Exp. O v erall Performance

Process Capability of Hc CED

Hgb by CED Unit > 40 50 < Hc < 70
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Quality control annual report at Belgian Red Cross 
A monthly and annual report is prepared for each important variable 
including Cpk and %Out of spec measures.  
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Acceptance sampling to verify the conformity 
of a lot of incoming material or of the production 

with respect to the specification

Capability indices à Characterization

Acceptance Sampling à Decision
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Objective of acceptance sampling
Goal of Acceptance sampling 

« Verify that the supplier delivers lots of materials at a quality equal or superior to a level of 
quality (AQL) decided between the client and supplier (or imposed by the legislator) »

Principle

Applications 
• Incoming material used in blood donation and transformation:  e.g. lots blood bags, 

laboratories reagent kits,… 
• Lots of blood products delivered to hospitals.   E.g. one lot = one day of production of RBC 

or of PC, etc. …
Type of acceptance sampling

By attribute (e.g. visual check) or variable (a measure is done on each sampled unit)

Lot Sample

Decision Rule
based on

nb of defects
or 

sample Mean/S 

Lot accepted 
or rejected
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Acceptance sampling international standards

Ø Acceptance lot-by-lot sampling methodologies are described very clearly in 

international ISO standardization texts in order to avoid any ambiguity in the 

applied procedures.

Ø Two standards are provided : 

• ISO 2859 for acceptance sampling based on an inspection by attribute data 

• ISO 3951 for acceptance sampling based on an inspection by variable

Ø They provide different sampling schemes : simple, double, sequential
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Parameters of a sampling plan for attributes

Input parameters  

N : Size of the lot
AQL : Acceptable quality level 

(% defects accepted)
Chosen level of inspection

Level 1 / 2 / 3 / S3 / S4
Normal/Reduced/reinforced

Sampling plan parameters

n : sample size
c : maximum number of defectives

accepted
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n and c computation based on client and supplier risks

Client and supplier objectives 
• The client doesn’t want to accept a lot with a proportion of defect p > AQL
• The supplier doesn’t want to have one lot rejected when it is « good » : p < AQL

Computation of n and c
n and c are calculated in order to minimize (or at least control) the supplier and client 
risks to take a wrong decision.

Lot

Good lot : p £ AQL Bad lot : p >AQL

Sample d £ c : Acceptation Good decision Client Risk

d > c : Rejection Supplier Risk Good decision 
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Three questions: three classes of statistical quality control tools 

Stability of the 
process over time

Control 
charts

X, Xbar-R, EWMA, p 
and Scan charts

Comparison of the 
production to the 

specifications

Capability 
analysis

% Non conform, 
Cpu, Cpl,

Cpk

Conformity of a lot 
of material to the 

specifications

Acceptance 
sampling

Iso norms 
2851 and 3951
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Thank you for your attention ! 
Do you have any questions ?


