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Stroke
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( i \ } A Ischemic Stroke { ’ \ ’f . Hemorrhagic Stroke

Blood clot stops the
Blood leaks into brain tissue
flow of blood to an area

of the brain

There are over 13.7 million Globally, every fourth Stroke is the second Stroke is the leading cause
new strokes of all types person aged over 25 years leading cause of death of serious, long-term
each year. will suffer a stroke in their worldwide. Five and a disability. Every year, over
lifetime. half-million people die 116 million years of healthy
of stroke annually. life is lost due to stroke.
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No widely effective treatments




The ongoing impact of stroke
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Effects of stroke on the brain

Ischaemic core

Morphologic distance

Ischaemic penumbra

Core : Penumbra :

CBF levels

Surrounding regions

Blood supply compromised but
not cut off

Cells under “threat” but not dead
Potential for rescue

Must start treatment early

* Cellsin immediate area
* Die within minutes-hours
« Beyond rescue

Middle cerebral artery

Occlusion site

Penumbra | Core
Vulnerable tissue ‘Toxins’ dead tissue
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Stroke symptoms

FACE

Has their face fallen on one

ARMS

Can they raise both arms an

side? Can they smile?

d keep them there?

SPEECH

Is their speech slurred?

TIME

call 999 if you

\
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single one of these signs
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Do we have good models for stroke?

(%« Paralysis/motor control /

Anterior Communicating
Artery

« Sensory disturbance (pain) /

« Language problems

Human . '
| « Memory impairment

» Depression/anxiety

%154 Geoffrey Jefferson

Brain Research Centre




Rodent models of ischaemic stroke

MCA territory Intraluminal filament & embolic Electrocoagulation
(Longa & Koizumi) (Tamura)
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Choose the right model

» Use model with minimum amount of damage necessary
to address research question

»impact on animal correlates with amount of brain damage

» Use model so damage can be targeted to brain region of
interest e.g. motor cortex

« Use model to best represent clinical scenario e.g. if testing
clot-busting drug need to have clot model

« Optimise procedures
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NC3Rs Working Group on Stroke Models

Aim: to provide recommendations which might reduce the level of severity
experienced by animals in the most common models of middle cerebral artery (MCA)
occlusion whilst at the same time sustaining or increasing the value of the science

Terms of reference:
1. To review the most commonly used rodent (mouse and rat) models of stroke

2. To identify the animal welfare issues
3. To recommend opportunities for refinement

4. To publish the deliberations of the Working Group and promote its
recommendations within the international stroke research community
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The IMPROVE Guidelines
JCBFM

Journal of Cerebral Blood Flow &
Metabolism

Review Article

The IMPROVE Guidelines (Ischaemia g‘;g:;-,:;(;p,r“-“
M Od e I S: P roc ed u ral Reﬁ n e m e nts Of i n ;:Z';E:c?jk?jz::islz’rzmissions.nav
° ° DOL: 10.1177/0271678X17709185
VIVO Exp e rl m e ntS) journals.sagepub.com/home/jcbfm
®SAGE
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Lindsay Gallaghers’*, Claire L Gibson®, Michael } Haley3'*,
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Lawrence DF Moon'"t, Michael ] O’Neill'*1,

Isabel Pérez de Puig'3’*, Anna Planas'3*, C lan Ragan””r,
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Summary of guidelines

List of 43 recommendations in the following categories:
* Pre-surgery (15 items)
» Anaesthesia and analagesia (8 items)
* Intraoperative care (12 items)

» Postoperative care (8 items)
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Post-operative care

36

The experimental study plan should include details of planned post-operative intervention and
assessment points. This should be devised in consultation with veterinary and animal care staff.

37

All animals should be monitored frequently (at least 4 times a day at regular interval during the first 48h
post-stroke) using a traffic light system (see table overleaf) and should be humanely killed if they reach a
pre-defined humane endpoint (red status).

38

Monitoring frequency must be increased if co-morbid animals are used and if animals are showing any
clinical signs requiring intervention (amber status).

39

Monitoring duration should be long enough to ensure eating and drinking behaviours are observed.

40

Clinical assessment sheets should be completed each time animals are monitored - such sheets should
remain with animal cages to ensure record of observations and consistency of care.

41

Dehydration should be assessed frequently and treated post-operatively until the animal is seen to be
drinking normally.

Additional hydration should be provided at least for the first two days post-surgery.

Animals should be provided with an appropriate post-surgical diet (e.g. wet mash). Softened food and
loose pellets on the cage floor should be supplied for at least seven days post-stroke.
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'Traffic light’ monitoring system

GREEN

Clinical signs similar to those seen in clinical stroke are expected to be
present after a focal ischaemic insult as it results in brain injury and
swelling. For some studies where scientific endpoints can be achieved by
small infarcts, signs may be reduced in severity or absent. It is anticipated
that the majority of animals will not display all of the clinical signs, and any
clinical signs should start to show improvement by 48h post-stroke.

AMBER

The presence of any of the signs in the amber column below requires an
increase in the frequency of monitoring and appropriate intervention,
such as consulting the vet or implementing some of the
recommendations presented overleaf. If any of the clinical signs exceed
the limits stated. the animal should automatically move to RED status.

RED

The presence of any of the signs in the red column below requires
immediate euthanasia of the animal via an approved method of humane
killing (in the UK, Schedule 1 or other licensed method).
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'Traffic light’ monitoring system - anytime

Sensorimotor deficits (e.g. forelimb
weakness/hemiparesis, altered gait)

Neglect of one side of the body, preference
for one direction of movement

Reduced food and water intake

Abnormal behaviour upon handling — this may
involve increased or decreased reaction to
being handled compared to non-stroke
animals

Intermittent circling behaviour

Absence of urine’

Absence of faeces”

Surgical wound complication

Reduced motility, beyond what would be
expected based on the severity of the
ischaemic insult

Presence of barrel rolling

Presence of tonic clonic seizures

Continuous laboured respiration which is beyond
what is considered normal for the age/weight of
animal exposed to stroke”
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'Traffic light’ monitoring system -

Lethargy and reduced motility with large
strokes

* Animal not eating some normal chow or food
supplement (e.g. wet mash)

Weight loss®
* Piloerection / staring coat
Discharge from the eyes and nose

* Progressive weight loss exceeding 10% of the
animal’s pre-stroke weight

* Audible respiratory noises (rasping, wheezing),
usually intermittent and normally not
associated with an increased respiratory effort”

24-48h

Animal not moving, unresponsive to stimulation, or
in a lateral recumbent position after the normal
period of time expected for recovery from general
anaesthesia, given the anaesthetic used, the duration
of anaesthesia and the severity of the ischaemic insult.

Weight loss of 20% despite all efforts to supplement
fluid and diet. A decision not to euthanise (e.g. if
animal is eating well, drinking and able to move
around and explore its environment) must be
independently endorsed by the vet or animal welfare
officer
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'Traffic light’ monitoring system- 1 week

* Recovery of weight loss starting 4-5 days
post-stroke

= Disruption to nest building activity during first
week post-stroke — although this is strain
dependent as some strains do not nest
build'”®

Weight loss of up to 20% beyond 48 h post-
stroke (despite all efforts to supplement fluid
and diet) but animal is eating well, drinking and
able to move around and explore its
environment.

No recovery of weight towards pre-stroke
level by 4 days post-stroke

Intermittent abnormal motor activity,

suggestive of seizure, during first 72 h only
Piloerection beyond the first 48 h

Reduced grooming beyond the first 48 h
Secretions around the nose and eyes persisting
beyond first 48 h

No evidence of a return to near normal eating
and drinking behaviour by day 4 post-stroke

Weight loss exceeding 20% beyond 48 h post-stroke
despite all efforts to supplement fluid and diet. A
decision not to euthanise (e.g. if animal is eating well,
drinking and able to move around and explore its
environment) must be independently endorsed by the
vet or animal welfare officer

No recovery of weight towards pre-stroke level by 7
days post-stroke. A decision not to euthanise (e.g. if
the animal is eating well, drinking and exhibiting signs
of normal behaviour) must be independently
endorsed by the vet or animal welfare officer
Intermittent abnormal motor activity, suggestive of
seizure, persisting beyond first 72 h

Intermittent abnormal and laboured breathing (e.g.
rasping) observed for two consecutive observations,
or persisting beyond the first 48 h®
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Available as easily-accessible pdf

1. Summary of all recommendations for IMPROVE (Ischaemia Models: Procedural Refinements Of In Vivo Experiments)

The recommendations describe opportunities to improve the in vivo modelling of ischaemic stroke and minimise the level of severity in the most common rodent models of cerebral ischaemia, while
sustaining or improving the scientific outcomes. The aim is to provide support for researchers and animal care staff to refine their procedures and practices, and implement small incremental changes to
improve the welfare of the animals used and to answer the scientific question under investigation.

TIMING

Basic

RECOMMENDATION

Rodents ordered from an outside supplier should be delivered at least seven days before the procedure
toallow

Defore stroke
surgery

the start of
animals in new groups should be avoided.

b handiing and should not be handled by the tail. Tunnel and cup
be used for y a

ighed daily for at least

c ting helter d should be
provided. Tunnels, wheel simple, improve enrichment.

Additional ‘supe *should

.as it may have

. to surgery t

After be retured to animals they
s00n as they are sufficiently recovered.

The that each cage
and/or animals allocated to different treatments.

prior
undertaken until they reliably consume the diet.

be routinely rgery. unless tific reason; any restriction

After any food restriction for to
feeding patterns before surgery.

c of
ensured.

practices before and after stroke should be

Aged animal

Teeth should be checked regularly, especially if the animal is on soft food diet. Animals should be
provided with chew sticks to grind teeth.

and analgesia

Th be chosen on the basis of take
account of species, strain and health status of the animals. Selection should involve the vet.

h 1 1 the same duration as
the test group in order to controlfor ffacts of the anaestnetic on aukcomes

y. particularly if other Kypes of analgesia

Local prior to incision
Tocal to ensure that it

and with

are not.
appropriate area.

Pain is a variable which needs to be controlled. Pain relief must be used unless there are good scientific
0, supported by solid,

TIMING

Intracperative 24

RECOMMENDATION

Aseptic surgical technique is essential.

care
25

Antibiot eis ajustified case.

The surgeon should work with an assistant.

Surgeons’ performance should be monitored and reviewed.

During general anaesthesia and in the immediate , the animal'
should be maintained by insulation or supported by a heating device, with a feedback heating system
that cuts out when normal body temperature is reached.

body may be needed for

espiratory and
reproducibility of study methods.

is essential for the

Surgical
activities should also be recorded

Pulse oximetry is recommended as SaO3 is a good indicator of tissue oxygenation and heart rate is
difficult to monitor otherwise.

is useful for

for specific by the study

needs.

induction

Intubation and artificial
of i lesion: for longer

Animals should fluids p y

tudh planned p
assessment points. This should be devised y

Allanimals snoum be monitored frequently (at least 4 times a day at regular interval during the first 48h
ising a traffic light ifthey reacha
pre-defined o endpoint (red status).

Monitoring frequency must be increased if co-morbid animals are used and if animals are showing any
clinical signs requiring intervention (amber status).

heet: 4 I

remain with animal cages to ensure record of observations and consistency of care.

treated post-operati the

ould quently lis seen to be.

sh
drinking normally.

Additional hydration should be provided at least for the first two days post-surgery.

Is should P (e.g. wet mash). Softened food and
loose pellets on the cage floor should for d

Th the vet, based on the objective of the study,
the specific stroke model and the type and timing of outcome measures.

The for level of pain post. tively, to ensure that
the risk of any y de-effect:

Al relief being a

Reference: Percie du Sert N, Affieri A, Allan SM, et al. The IMPROVE Guidelines

d different doses. This should
be reported explicitly in publications.

Analgesia should be given by the most reliable and least stressful route. If there is doubt about oral
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2. Signs to monitor after experimental stroke surgery in rodent models

Clinical signs that may present following induction of cerebral ischemia have been characterized as green, amber or red, as detailed below.

The guidelines apply to adult rodents from standard, commonly used strains and may need adjustment under other circumstances (e.g. for aged, young or obese animals).

GREEN

Clinical signs similar to those seen in clinical stroke are expected to be
resent after a focal ischaemic insult as it results in brain injury and

that the majority of animals will not display all of the clinical signs, and any
clinical signs should start to show improvement by 48h post-stroke.

AMBER

The presence of any of the signs in the amber column below requires an
increase in the frequency of monitoring and appropriate intervention,
such as consulting the vet or implementing some of the
recommendations presented overleaf. If any of the clinical signs exceed
the limits stated, the animal should automatically move to RED status.

RED

The presence of any of the signs in the red column below requires
immediate euthanasia of the animal via an approved method of humane
killing (in the UK. Schedule 1 or other licensed method)

TIMING
Anytime Sensorimotor deficits (e.g. forelimb weakness/hemiparesis, altered Intermittent circling behaviour Presence of barrel rolling
gait) Absence of urine * Presence of tonic clonic seizures
Neglect of one side of the body, preference for one direction of Absence of faeces * Continuous laboured respiration which is beyond what is considered
movement Surgical wound complication normal for the age/weight of animal exposed to stroke ***
e Reduced motility, beyond what would be expected based on the
Abnormal behaviour upon handiing  this may involve increased or S T S
decreased reaction to being handled compared to non-stroke.
animals
First 24h Lethargy and reduced motility with large strokes Animal not eating some normal chow or food supplement (e.g. wet Animal not moving, unresponsive to stimulation, or in a lateral
post-stroke mash) recumbent position after the normal period of time expected for
recovery from general anaesthesia, given the anaesthetic used, the
duration of anaesthesia and the severity of the ischaemic insult
First 48h Weight loss ** Progressive weight loss exceeding 10% of the animal s pre-stroke Weight loss of 20% despite all efforts to supplement fluid and diet. A
post-stroke Piloerection/ staring coat weight decision not to euthanise (e.g. if animal is eating well, drinking and
e e e e Audible respiratory noises (rasping, wheezing), usually intermittent able to move around and explore its environment) must be
T e e fmes | et el independently endorsed by the vet or animal welfare officer
First week Recovery of weight loss starting 4 to 5 days post stroke Weight loss of up to 20% beyond 48h post-stroke (despite all efforts Weight loss exceeding 20% beyond 48h post-stroke despite all
post-stroke Disruption to nest building activity during first week post stroke — to supplement fluid and diet) but animal is eating well, drinking and efforts to supplement fluid and diet. A decision not to euthanise (e.g.
e e P e e ERet Eae ] able to move around and explore its environment. if animalis eating well, drinking and able to move around and explore
Noresovery of weight towartis pre-stroke level by 4 days post-stroke: its environment) must be independently endorsed by the vet or
g animal welfare officer
Intermittent abnormal motor activity, suggestive of seizure, during
first 72h only No recovery of weight towards pre-stroke level by 7 days post-stroke.
e e Taaraoh A decision not to euthanise (e.q. if the animal is eating well, drinking
and exhibiting signs of normal behaviour) must be independently
Reduced grooming beyond the first 48h endorsed by the vet or animal welfare officer
Secretions around the nose and eyes persisting beyond first 48h T e e e e TR Y
No evidence of a return to near normal eating and drinking behaviour beyond first 72h
by day 4 post-stroke Intermittent abnormal and laboured breathing (e g. rasping) observed
for two consecutive observations, or persisting beyond the first
i wes
*These would typically be observed in singly housed animals to assess if the animal is eating and drinking sufficiently. However, group- toaid y.In group. i observing its, monitoring body
weight. th to h I sufficiently.
**Weight loss after stroke is com! i dcan principally by ion, impai ling, it H
i fever to ing of both fat as andleading to
functional decline. ically ight loss after . 42 daye. The amount ufwe\gmlostdurmgmal periodss tigntly

typi
correlated with the size of the infarct.

non-ob

natis normal for

and
i nthe fret 24 hour after M

t suoke For example,obese animals may exnivit noiser rasping respiration than

Natfonal Centre
for the Replacement
Reflnement & Reduction

NC
3R®

of respiratory secretions and/or minor laryngeal trauma. It

andis ly long or repeated

24-36 hour:

trauma at the time of intubation.

of Animals In Research

y dist nearesmtor,,

W

AL
7|

the MCAO or yng

Geoffrey Jefferson

Brain Research Centre



Key points

» Choose the right stroke model to answer your question
* Minimise damage to brain wherever possible

« Reduce unwanted variability as much as possible

« Optimise pre-, intra- and post-surgery procedures

» Implement careful monitoring post-surgery
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