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10 SEPTEMBRE 19

Classification 
& Reporting 
of Severity

Notes de cours préparées par Anne VERMEYLEN 
Université de Namur

et Anne-Dominique Degryse, David Anderson, David Smith
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Severity Assessment
Legal framework under Dir 2010/63/EC

• Article 4(3) “…..eliminating or reducing to the minimum any possible pain, 
suffering, distress or lasting harm to the animals.“

• Article 15(1) “ …..all procedures are classified as ‘non-recovery’, ‘mild’, 
‘moderate’, or ‘severe’ on a case- by-case basis using the assignment criteria set 
out in Annex VIII.“

• Article 54(2) “ … statistical information on the use of animals in procedures, 
including information on the actual severity of the procedures”

• Article 16 – “actual severity” a factor to be considered in requests to re-use
• Article 16(1)(d) – “…, taking into account the lifetime experience of the animal." 

Severity Assessment 
• Classification of Severity of procedures (Art. 15, 

Ann. VIII)
• « […] a procedure is not to be performed if it involves severe pain, suffering or 

distress that is likely to be long-lasting and cannot be ameliorated. »
• Prospective: Mild – Moderate – Severe - Non-recovery

• Statistical Reporting (Art. 54)
• Use of animals in procedures, including information on the Actual severity of 

the procedures and on the origin and species of NHP
• Reporting on annual basis

• Reuse (Art. 16)
• Animal’s general state fully restored
• Restriction according to first use  (until ‘moderate’) 
• Further procedure up to ‘moderate’ or ‘non-recovery’ 
• Reuse possible only in accordance with veterinary advice, taking into account 

lifetime experience (Cumulative suffering)
• Derogation for re-use after “severe” possible after  veterinary examination
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SEVERE

MODERATE

MILD

NON-RECOVERYNON-RECOVERY

Introduction of a needle in accordance 
with good veterinary practice 

Severe pain, suffering or distress 
that is likely to be long-lasting and 
cannot be ameliorated 

Pain, 
suffering 

or 
distress

TerminologyTerminology

Application 
of 

Refinements

AR 29 mai 2013
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KB 29 mei 2013

Severity Assessment
When is it important?

• Prospective – offers opportunity to consider 
appropriateness of design & ensure suffering is 
minimised

• Ongoing – important to remain within limits of 
harm/benefit evaluation

• Retrospective – offers review of actual severity 
before further work undertaken ; allows 
publication of actual severity
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Severity Assessment
Why is it important?

• Ongoing opportunities in particular to implement Refinement and 
reduce suffering

• Improved animal welfare
• Improved scientific data quality due to better welfare

• Improved communication between those responsible for using, 
caring for and monitoring animals

• Input to retrospective project assessment when this is required 
• Improved  transparency

What does this
study involve
doing to the
animals?

What will the
animals
experience?
How much
suffering might
it cause? What
might make it
worse?

How will suffering be reduced
to a minimum?

Adverse effects Methodology
and
interventions

End-Points

Procedure planning
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CONCLUSION

• Encore des questions?     

• Envoyez-les à :

• bienetreanimal@environneme
nt.brussels

• dierenwelzijn@leefmilieu.brus
sels

Merci pour votre attention!
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HARM-BENEFIT 

ANALYSIS

Notes de cours préparées par Anne VERMEYLEN Université de Namur

et Javier Guillèn AAALAC

Version originale de A. Vermeylen (UNamur), 2019
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ACCEPTABLE

BATESON’S CUBE
UNACCEPTABLE

Importance 
of Research

Likehood
of Benefit

High

Animal
Suffering
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CONCLUSION

• Encore des questions?     

• Envoyez-les à :

• bienetreanimal@environnement.brussels
• dierenwelzijn@leefmilieu.brussels

Merci pour votre attention!
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Experimental design and 

statistics

Etienne Hanon

Stat Solutions

Etienne.hanon@gmail.com
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Question :

➢ What is the historical connection between

experimental design

statistics

beer
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Answer :

➢ Statistics suitable for experiments based on small 

sample size are born in the brewery

William Gosset, pseudonyme : Student
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The historical article  of Gosset :

4

➢ Fisher: “The value for which P = .05, or 1 in 20... it is convenient to take this 

point as a limit in judging whether a deviation is to be considered significant 

or not. Deviations exceeding twice the standard deviation are thus formally 

regarded as significant.”

➢ Gosset was more concerned with whether a result was practically meaningful 

than whether it was statistically “significant.” 
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Scientific results and reproducibility ?

➢ Who has already experienced difficulties in reproducing 

his own experiences? 

5

➢ Who has already experienced difficulties in reproducing 

published experiences?
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1,500 scientists lift the lid on reproducibilityClic
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A crisis?

John P. A. Ioannidis is a physician-scientist, professor at Stanford , involved in evidence-based 

medicine, epidemiology, data science and clinical research. Pioneered the field of meta-

research (research on research). 
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Michael F.W. Festing Author of « The Design of Animal Experiments (Reducing the 

use of animals in research through better experimental design)
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possibilities include :

• the adoption of large-scale collaborative research 

• replication culture

• registration

• standardization of definitions and analyses

• more appropriate (usually more stringent) statistical thresholds

• improvement in study design standards
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How to improve ?
Clic

k t
o b

uy N
OW

!PD
F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


12

Some initiatives to improve reproducibility and 

robustness of biomedical studies :

➢ PREPARE (Planning Research and Experimental Procedures on Animals : 

Recommendations for Excellence

➢ ARRIVE Guidelines Checklist Reporting In Vivo Experiments

➢ EQUATOR Network : Enhancing the Quality and Transparency Of health 

Research (Reporting guidelines)

➢ Conferences dedicated to the reproducibility of experiments and meta-

analyzes, organized by Uliège(Ezio Tirelli, Pierre Drion)

➢ Books :
• Experimental Design for Laboratory Biologists (Maximising 

information and improving reproducibility) by Stanley E. Lazic

• The Design of Animal Experiments (Reducing the use of animals in 

research through better experimental design) by Michael F.W. 

Festing
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Improving data quality :

Scientific Workflow, where to act ?
13

Before

Design 
experiment

During

Execution
Data collection

After

Analysis
Reporting
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Reporting

Improve Communication of scientific resultsClic
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What is your feeling with this graph?
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* *

Blood brain barrier opening in the rat in order to increase penetration of large 

molecules into the brain

Improve presentation of the data
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Mandatory information :
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* *
Means + SEM 

N=16

Mann-Withney test, p value = 0.0056

Student t test, p value = 0.0078
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SEM versus SD

➢ When sample size increases how is the SD expected to evolve :

Increase, decrease or stay about the same?

➢ When sample size increases how is the SEM expected to evolve :

Increase, decrease or stay about the same?
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Error bars : Sd or Sem ?
That is the Question.

Science or 
Propaganda?
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Improving Transparency
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effect of LPS
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SD : standard deviation 

quantifies the dispersion of the 

data around the mean (roughly 

2/3 of the data lie in the range : 

mean ± sd)
n

s
sem d=

V
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Brain permeability to endogenous IgG:

effect of LPS

means + sem

Treatments
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SEM : standard error of the mean 

or standard error quantifies how 

precisely you estimate the 

population mean (linked to 

confidence interval)
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Errors Bars Comparison
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The Full Transparency
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Avoid Scrubing the Data !

Do not remove Outliers (for your hypothesis !) 
22

The MagicEraser

of the most Resistant 

Outliers

Vivo
Vivo Ex Vivo Vitro
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How to express the effect amplitude ?

Brain permeability

IgG µg/ml

Treatments

Control LPS

Average 1.66 2.62

Standard dev. 0.87 1.03

n 16 16
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B r a i n  p e r m e a b i l i t y  t o  e n d o g e n o u s  I g G :
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24

Effect Amplitude:

Brain permeability
IgG µg/ml

Treatments

Control LPS

Average 1.66 2.62

Standard 

dev.
0.87 1.03

n 16 16

Difference Difference %

0.96 58.1
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LPS

0
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5

Effect size or Standardized Effect Size or 

Standardized Difference
25

Δ

𝐸𝑆 =
𝑥1 − 𝑥2

𝑠𝑑
=

∆

𝑠𝑑

sd

➢ The effect size represents the magnitude of the effect on 

the scale of variability ≈ the scale of physiological 

variation

➢ Effect size is independent of the sample size
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Standardized Effect size 

Δ

𝐸𝑆 =
𝑥1 − 𝑥2

𝑠𝑑
=

∆

𝑠𝑑

➢ ! Cohen’s d (american psychologist and statistician)
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Since ancient Egypt 

27
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P value, the meaning : 

28

Population
2 random samples (n=5)
from the Population

The P value is the probability to get by chance a difference as the one observed (or greater)
between the 2 samples (n=16) if they were randomly drawn from a single infinite population
(equivalent to : 2 identical populations = The null hypothesis)

For the 2 extracted samples, Student T test n mean 1 mean 2 d sd es p value

5 57.4 60.2 2.9 14.6 0.20 0.764
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P Values examples

29

What is the least likely drawing? (Keeping in mind the original population)

Drawing A Drawing B

n mean 1 mean 2 d sd es p value

5 57.4 60.2 2.9 14.6 0.20 0.764

n mean 1 mean 2 d sd es p value

5 44.4 79.0 34.7 14.7 2.36 0.006
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P Values examples

30

What is the least likely drawing? (Keeping in mind the original population)

Drawing A Drawing B

n mean 1 mean 2 d sd es p value

25 54.6 66.1 11.4 14.3 0.80 0.007

n mean 1 mean 2 d sd es p value

5 54.1 65.7 11.6 15.2 0.76 0.264
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P Values examples

31

What is the least likely drawing? (Keeping in mind the original population)

Drawing A Drawing B

n mean 1 mean 2 d sd es p value

5 54.1 65.7 11.6 4.8 2.41 0.005

n mean 1 mean 2 d sd es p value

5 54.1 65.7 11.6 15.2 0.76 0.264
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Conclusion : the logic of the P Value

32

SIGNAL

NOISE

Imprecision of estimation

Difference between means

Variability of data

Small Sample Size 

P value is a function of the ratio

SIGNAL

NOISE
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Relationship      signal/noise                   P Value 

33

SIGNAL

NOISE

SIGNAL

NOISE

unlikely to get this result 

by chance
small probability

likely to get this result by 

chance
high probability
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Avoid using avoid using the P Value in a reductive 

way :
34

➢ http://www.askanalytics.in/2015/10/understanding-p-value.html

P>0.05
Not Significant

No effect

P<0.05
Significant
Important 

effect

Do not dichotomize the conclusions !!!!
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How to use the P Value?

35

➢ The P value gives an idea of the chance of obtaining
such a result by hazard if the null hypothesis is true
(= drawing from 2 identical populations)

➢ The P Value gives no idea of the physiological relevance
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P value interpretation

36

Control     Dose1      Dose 2    Dose3
Comparisons with control group (Anova & Dunnett)

P values:    0.38       0.046     <0.0001

Brain weight (g) of rats daily exposed to x during development  

x mean sd diff to ctrl

0 1.28 0.05

d1 1.25 0.06 -0.02

d2 1.23 0.06 -0.04

d3 1.17 0.05 -0.10

Anova linear contrast p<0.0001

Trend  

test p<0.0001
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P value interpretation

37

➢ Morten Schmidt a,b,⁎, Kenneth J. Rothman c,d
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“We want to know what medicines don’t work, what diets miss the mark, what risk 

factors are irrelevant, what supplements are no better than placebo, what diagnostic 

tests are unrevealing, unhelpful, or even harmful, and anything else that may be 

terrifically non-contributory in gastroenterology and liver diseases,” the Co-Editors 

asked in the request for manuscripts.
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Data quality improvement :

Scientific Workflow, where to act ?
40

Before

Design 
experiment

During

Execution
Data collection

After

Analysis
Reporting
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Improve the design : 6 approaches

➢ 1 Avoid bias : randomize, blind ...

➢ 2 Calculate sample size

➢ 3 Favor paired design

➢ 4 Reduce variability of measurements

➢ 5 Use historical data

➢ 6 Split experiment in mini sub-experiments 

(Randomize block design)

41
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1    Avoid bias

➢ Randomize

➢ Blind observations

➢ Process automation (Reduce technical variability)

➢ Scrutinize all the technical details 

42
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Avoid bias

43

Example : Immunohistochemistry 

staining, Simultaneous Processing of 

slices from 20 animals
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Avoid bias

44

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Control                     Compound A                 Compound B

Gene expression in cell culture

Example : Gene expression measured 

in 18 cell cultures

Gene expression in cell cultures (qPCR)

Treatments sample date culture gene x Mean sd
Control 1 2017-12 1.11

2 2017-12 1.21
3 2017-12 1.13
4 2017-12 1.52
5 2017-12 1.13
6 2017-12 1.02 1.19 0.17

Compound A 7 2018-02 1.16
8 2018-02 0.77
9 2018-02 0.62

10 2018-02 0.96
11 2018-02 0.67
12 2018-02 0.88 0.84 0.20

Compound B 13 2018-02 1.25
14 2018-02 0.98
15 2018-02 0.90
16 2018-02 1.10
17 2018-02 0.79
18 2018-02 0.58 0.93 0.23

Anova P value : 0.027
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2    Sample size calculation

45
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Why Calculate the Sample Size?

➢ Scientific reasons

• Level of expected confidence

• Size of the effect to be detected: 

Biologically significant ≠ Statistically significant

➢ Ethical reasons

• Avoid too many experiences (save animals, patients)

• Avoid unuseful experiences if not enough data !!!!!!

➢ Financial reasons

Clic
k t

o b
uy N

OW
!PD

F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


47

Why  Calculate the Sample Size?

Effect of sample size on statistical significance

Example (simulation):

Trial 1 Treatment A Treatment B

Mean 100 119

Sd 15 14

n 5 5

p 0.08

Trial 2 Treatment A Treatment B

Mean 100 119

Sd 15 14

n 20 20

p 0.0001

Comparison of blood pressures
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Effect of sample size on variability of means

(simulated data)
48

random samples drawn from a gaussian population (mean=60 sd=15)

n=16

Minimal mean = 53 

Maximal mean = 67

Means and individual data

n=6

Minimal mean = 48 

Maximal mean = 72

10 random samples n=1610 random samples n=6
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Sample Size Calculation: Comparison of 2 Means

( )
2

2
2

112

+= −−

ds
ZZn 

( )
2

2
2

112


+= −−

CV
ZZn 

➢ n : minimum number of observations

➢ Z1- : critical value in Gaussian distribution corresponding to the 

probability threshold value α:

0,05 one-sided test Z1- = 1,64

0,05 two-sided test (0,025) Z1- = 1,96

➢ Z1- : critical value in Gaussian distribution corresponding to the 

selected power probablility. 

Power 80% Z1- = 0,84

Power 90% Z1- = 1,28

➢ sd : standard deviation and  smallest difference to be detected 

• Sd and  are expressed in absolute values or

• CV and  are expressed in percentages

• Sd estimate : literature (comparison !), pilot study
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Sample size according to effect size

(comparison of 2 means)
50

0.5 0.75 1 1.25 1.5 2

63 28 16 11 7 4

Effect size

n (per group)

( )
2

2
2

112

+= −−

ds
ZZn 

 = 1   
1

𝐸𝑆  

➢ Z1- : 0,05 two-sided test (0,025) Z1- = 1,96

➢ Z1- : Power 80% Z1- = 0,84
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3    Paired design : the benefit 

51

➢ Example:  

• Measures performed on same subjects before and after treatment or 

subjects who receive 2 treatments sequentially

• Measures performed on different matched subjects (similarity in 

genotype or in any relevant feature)

Immediate effect of walking on 
heart rate

Heart rate (bpm)

Subject before after

1 65 66

2 67 70

3 70 73

4 71 72

5 74 76

6 75 78

7 77 76

8 78 85

9 79 83

10 80 92 60

65

70

75

80

85

90

95

H
R

 b
p

m

Before                      After    

Effect of walking on Heart rate 

(Forgetting that the data are paired) 

Non Paired Student t test P Value: 0.24 

mean 73.6 77.1

sd 5.2 7.7

var 26.7 59.9

Common sd 6.6

Diff of means 2.6

Effect size 0.39
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Benefit of paired design

52

For comparison : Non Paired Student t test P Value: 0.24 

60

65

70

75

80

85

90

95

H
R

 b
p

m

Before                    After

Effect of walking on heart rate

Paired Student t test P Value: 0.014

before after difference

65 66 1

67 70 3

70 73 3

71 72 1

74 76 2

75 78 3

77 76 -1

78 85 7

79 83 4

80 92 12

mean 3.5

sd 3.7

Effect size 0.96 -15

-10

-5

0

5

10

15

0.5 1 1.5H
R

 b
p

m

Differences after - before
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Benefit of paired design

53

Benefit of Paired Student is linked to correlation 

before after difference

65 66 1

67 70 3

70 73 3

71 72 1

74 76 2

75 78 3

77 76 -1

78 85 7

79 83 4

80 92 12

mean 3.5

sd 3.7

Effect size 0.96

60

65

70

75

80

85

90

95

60 65 70 75 80 85 90 95

A
ft

er

Before

Effect of walking on heart rate

Correlation r = 0.92
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Benefit of paired design : sample size

54

0.5 0.75 1 1.25 1.5 2

32 14 8 6 4 2

Effect size

n 

2

2
2

11 )(


+= −−

S
zzn 

 =    
1

𝐸𝑆  
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4     Reduce variability of measurements

Model of pain induced in the rat by compression of the 

sciatic nerve

Pressure sensitive platform
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Analysis of the model: induced asymmetry
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Statistical analysis of the model : 

correlation between successive measures

Correlation r = 0.59
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Analysis of the model  : therapeutic window

-20

-15

-10

-5

0

5

10

15

20

V
ar

ia
ti

o
n

 o
f 

ar
e

a 
(m

m
2

) 

Gabapentin

Variations of contact area of injuried paw in the rat 
CCI model (measurement under treatment -
measurement under baseline, 5 min each)

(24h delay)
Effect of Gabapentin 

Mean 6.2

sd 9.4

n 15

Paired t 1.601

Probability 0.132

Effect size 0.66

Conclusion  : High level of variability due to poor 

correlation between successive  measurements, great 

variability of differences (before – afeter)
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Sample size calculation based on current data

Mean 6.2

sd 9.4

n 15

Paired t 1.601

Probability 0.132

Effect size 0.66

Effect size 0.66

n 19
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Improvement of the model by reducing variability

Contact area of injuried paw 

(mm2) 5 min measurement

Contact area of injuried paw (mm2)

4 X 5 min measurement

meas.

before

meas.

after
diff m1 m2 m3 m4

mean

before
m5 m6 m7 m8

mean

after
diff

59 44 -15 59 51 48 39 49.3 44 45 50 49 47.0 -2.3

34 49 15 34 34 39 35 35.5 49 48 49 41 46.8 11.3

35 38 3 35 41 43 46 41.3 38 48 49 40 43.8 2.5

39 55 16 39 38 52 45 43.5 55 62 51 47 53.8 10.3

43 50 7 43 48 38 46 43.8 50 52 52 53 51.8 8.0

58 46 -12 58 51 45 58 53.0 46 58 60 50 53.5 0.5

41 38 -3 41 43 47 34 41.3 38 44 37 40 39.8 -1.5

28 41 13 28 39 45 38 37.5 41 36 47 39 40.8 3.3

38 44 6 38 38 43 42 40.3 44 45 51 47 46.8 6.5

30 40 10 30 38 35 39 35.5 40 44 40 32 39.0 3.5

45 55 10 45 42 43 47 44.3 55 50 42 50 49.3 5.0

42 54 12 42 41 42 44 42.3 54 57 41 52 51.0 8.8

31 42 11 31 31 44 37 35.8 42 39 38 43 40.5 4.8

37 44 7 37 34 35 26 33.0 44 30 26 30 32.5 -0.5

46 59 13 46 49 41 47 45.8 59 52 54 60 56.3 10.5

n 15 n 15

Mean 6.2 Mean 4.7

Sd 9.4 Sd 4.5

Var 90.7 Var 18.6

ES 0.66 ES 1.06

Minimum sample size 19 Minimum sample size 7
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Speed illusion : the bunny and the turtle
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Keep in mind the Harm  / Benefit analysis

Animal experimentation Scientific Information

Discomfort Relevance of the model

Suffering

Quality of information 

(robustness , 

reproducibility)

Chance of success
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5   Use of Historical Data to Improve Power of 

Design

Neurotoxic 

injection
Diazepam 

block SE

180 min Status 

Epilepticus

Progressive onset of  

seizures

Weeks

Spontaneaous 

recurrent seizures

Chronic epilepsy model
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Chronic epilepsy model : kinetic of seizures

Nb of seizures

Controls

Difference (Treatment -Baseline)

n 90

Mean -0.6

Sd 12.1

Epilepsy Model

Neurotoxic induced seizures in the rat       (neurotoxic single injection)

Number of seizures per day

Baseline Treatment

Days

Rat id 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

1 4 4 4 2 3 3 2 2 1 3 1 3 1 2 1 1 1 2 1

2 1 4 4 1 1 2 15

3 3 1 3 2 2 5 1 4 9 1 1 3 3 2 1

4 1 1 1 1 3 2 1 2 2 4 6 2 3 1 3 1

5 3 1 1 2 1 1 1 1 1 3 2 1 4
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Sample size calculation based on current data :

comparison control versus treated

Comparison of 2 groups 

(control versus treated)

T test comparison of 2 means

proba 1- alpha/2 0.025

proba beta 0.8

Z alpha 1.96

Z beta 0.84

(za+zb)2 7.85

Delta 10

Sd 12

Effect size 0.83

Effect size 2 0.69

n calc 22.6

n 23
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Sample size calculation based on historical data :

comparison treated versus historical controls

Comparaison de 2 groupes 

expérimentaux

(contrôle versus traité)

Comparaison aux 

contrôles historiques           

(ex n=90)

T test comparaison de 2 

moyennes

T test comparaison à une 

référence

proba 1- alpha/2 0.025 proba 1- alpha/2 0.025

proba beta 0.8 proba beta 0.8

Z alpha 1.96 Z alpha 1.96

Z beta 0.84 Z beta 0.84

(za+zb)2 7.85 (za+zb)2 7.85

Delta 10 Delta 10

Sd 12 Sd 12

Effect size 0.83 Effect size 0.83

Effect size 2 0.69 Effect size 2 0.69

n calc 22.6 n calc 11.4

n 23 n 12

2N = sample size for the 2 groups
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6  Split in sub-experiments :

Randomised Block Design

➢ In an RB Design the experiment is split up into a number 

of small experiments

➢ Advantages of the RB Design: 

• Increase homogeneity of tested “material” (matched )

• If the blocks are independent, smooth out uncontrolled variations 

and increase representativity and robustness

Design coming from the agronomy practice
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Randomised Block Design Increases Homogeneity

Compare with the paired test
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Randomised Block Design Increases robustness

Example of uncontrolled variations (animals, operator,

environment, reagents....)
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Brain permeability to endogenous IgG :

effect of LPS in 4 independent experiments 
individual data
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B r a i n  p e r m e a b i l i t y  t o  e n d o g e n o u s  I g G :
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Same data
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Randomised Block Design in order to avoid :

study 1 study 2 study 3

-30

-20

-10

0

10

Body weight loss 1 day after p. injection
(means and individual data n=125-159)

W
e
ig

h
t 

lo
s
s
 %

Example of uncontrolled drift in 3 independent studies 

conducted at 3-month intervals
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Randomised block design improves Stability

71

External carotid

Middle Cerebral Artery Occlusion Model of Stroke in 

Rodents

Middle cerebral artery

Internal Carotid
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6 experiments performed 

during 6 consecutive weeks 

(one experiment per week)

6 experiments formed of 4 

sub-experiments performed 

during 4 differents weeks

Randomized bd

Middle Cerebral Artery Occlusion

Infarct volume in control rats (n=16 per group)

Observed data, not simulated!
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Conclusions :

Simple approaches to improve reproducibility of studies :

➢ Tansparency in the reporting of the results : graphics and 

expression of effects (effect size)

➢ Improvement of design:

• Elimination of bias

• Adequate Sample Size

• Paired Design

• Reduction of the Measuring Variability

• Historical database 

• Randomized block design
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Etienne Hanon

Stat Solutions

Etienne.hanon@gmail.com

Thank You
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