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From neural networks to epilepsy

Zelano 2013, Exp neurol

A model of poststroke epilepsy in the mouse
Johan Zelano, Department of Neuroscience, Uppsala university*

Introduction

With an ageing population and improved 
stroke care, poststroke epilepsy is likely to 
increase in prevalence. The potential for 
intervention makes it important to model 
epileptogenesis after stroke and calls for an 
increased number of robust animal models 
(Pitkänen 2007). Suitable models should have 
sufficiently high risk of epilepsy while 
minimizing impact on animal welfare. I have 
here evaluated a focal model of intracerebral
haemorhage.

Materials and methods

Intracerebral hemorhage was performed by 
stereotactic injection of 15 ul autologous 
blood from the tail vein into the visual cortex. 
The injection was performed as described in 
Kraft 2012, J Vis Exp, with modifications. 
Stereotactic coordinates were 3 mm 
posteriorly and 2 mm lateraly to the bregma
and depth 2 mm. Injections were given at a 
rate of 1 ul/min for 7.5 minutes, followed by a 
5 minute interval before a repeat injection. 
After injections, EEG-electrodes for three 
channel-EEG were mounted in the same 
session. Three weeks after surgery, video-
EEG was recorded for 1 week and evaluated 
by the automatic seizure detection feature of 
Pinnaclet Sirenia®  program.

Results

Four out of twelve mice displayed low-grade seizures (epileptiform discharges 
paralleled by behavioural arrest), five mice did not develop epilepsy and three 
mice were unclassifiable due to EEG artefacts. Most seizures were approximately 
1-4 seconds in duration. 

video

Exploring

Arrest

Exploring

EEG-channels. 
Arrow indicates injection site.

Conclusions
Autologous injection of blood in the mouse cortex may be a usefyul way to
model epileptogenesis after haemorhage. After refinement the model might
complement other methods such as photothrombotic stroke. The stereotactic
coordinates used in this study to target the visual cortex did not result in any
detectable clinical deficits and may offer a good way to model poststroke 
epilepsy with minimal impact on animal welfare.

*Presently at Sahlgrenska 
academy, University of
Gothenburg.

Contact 
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Epilepsy after stroke is common

1015 first seiures in Stockholm 
2001-2004:

Etiology %

Stroke 11

Brain tumor, primary 8

Trauma/metastasis/dementia <3%

Unknown 65%

Lahti 2017, Graham 2013, Forsgren 2005, Adelöw 2008

•Cerebrovaskular disease is the most
common identifiable cause of
epilepsy (14-21%).

•Risk after stroke varies with method. 
Infarction 6.4% (UK), ICH 13.5% 
(Finland)

•Risk factors are young age, large
stroke, cortikal lokalisation, acute
symptomatic sz and bleeding.
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Epilepsy after stroke

Riksstroke
Stroke 2005-2010

n = 106 000

Patient register
Epilepsy
n = 7740

Risk factors

Ung ålder

Stor stroke

Blödning

Förmaksflimmer

Zelano 2016, Eur stroke journal
Hansen 2017, Plos ONE
Larsson 2019, Seizure

Total 7.3%
Infarction 6.4%
ICH 12.4%
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Lesion and vulnerability

|    NEUROSJUKVÅRDEN  SAHLGRENSKA 
UNIVERSITETSSJUKHUSET

Gui, Zelano 2016, Abraira 2020a,b, Eriksson 2019, Zelano mfl unpubl

Acute symptomatic sz: TNF-R1↓ och NCAM↑

PSE: S100B↓ och HSC70↓ in acute phase, but ↑ later.
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Family history?

Riksstroke

Multi generation register

National patient register

Eriksson, Neurology, 2020
VGR/GU PhD-student
Hanna Eriksson

≈17%
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Can the risk be reduced?
• Valproate 1 mo after ICH reduces sz

risk, but not 1-y risk of PSE (Gilad 
2011).

• Statins lower risk PSE? (Etminan
2010, Guo 2015).

Statins Crude RR ARR 95%CI
No use 1.00 1.00 1.00

Current use 0.65 0.65 0.46–0.92
Past use 0.67 0.72 0.39–1.30

RR of epilepsy, Etminan 2010

In patients w acute symptomatic sz
OR 0.34, 95% CI 0.13–0.88

OR of epilepsy, Guo 2015
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The quest goes on…

Koepp et al, Epilepsia Open, accepted
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Prognosis

106 455 at risk
(9.6%ICH)

HR death: 
1.69 (1.64-1.74)

Zelano et al ESJ 2016
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Proportionate mortality ratio

Poststroke epilepsy, n =4167

Non-poststroke epilepsy, n = 49385

Hansen Zelano 2017

Causes of death
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ASM and death

Larsson 2019

Patients w PSE 2005-2014

Larsson 2022
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Pre stroke seizures

Burn 1997

= 1.6%
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Pre-stroke seizures
1. National stroke register

Cases with first efter stroke >60 år 2005-2010
n = 92596

Strokes preceeded by a first
seizure or epilepsy diagnosis
<10 years, n = 1372 (1.5%)

2. SIRE incidence study
Expected number of new

seizures or epilepsy in Sweden 
in 10 years in patients 

>50 years of age
n =  16192 

3. Crude estimate of proportion of
possibly heraldic seizures:
1372 / 16192 = 8.5 %

Zelano, Seizure, 2017
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Prevention? Late-Onset Seizures Trial of vascular risk Investigation and Treatment 
(LOSTIT) 

Late-onset seizure in 123 005 patients 
with first-ever stroke and 250 506 
controls (Larsson, Zelano 2021)
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Seizure prognosis?

• Easy to treat?. 

• Some studies 80-90% on first ASM.
• Short latency stroke-epilepsy indicates 

worse treatment response.1
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Consoli 2012

Kutlu 2008

Belcastro 2008

Gilad 2007

Zelano 2015

Stephen 2001

Semah 1998

Redfors 2020

All epilepsy (Chen 2018)

0 20 40 60 80 1001. Lattanzi et al, Eur J Neurol, 2022
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Summary

• PSE is an indicator of high vascular risk.
• Interesting questions: 

• can vascular primary prevention after a late first seizure prevent stroke or 
epilepsy?

• can better ASM treatment reduce mortality?
• can PSE be prevented?
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WCMTM PhD-student
Sarah Akel

Proteomics Brain injury markers

 

Vill	du	delta	i	
forskning	om	
epilepsi?	

 
 
 

Vi	rekryterar	nu	vuxna	personer	i	
hela	Västra	Götalandsregionen	som	
vill	delta	i	en	studie	av	epilepsi.		
	
	
	
Studien	innebär	ett	inledande	blodprov.	Därefter	besvarar	
deltagarna	en	årlig	webbenkät.	Studiens	syfte	är	att	identifiera	
gener	och	ämnen	i	blod	som	har	betydelse	vid	behandling	av	
epilepsi.	Studien	kommer	också	att	studera	prognos	vid	
epilepsi.		
	
Vi	söker	dig	som	är	vuxen	och	har	epilepsi	eller	har	haft	ett	
epileptiskt	anfall	det	senaste	året.	Tala	med	din	läkare	eller	
anmäl	intresse	på	hemsida	för	att	få	mer	information. 	

Eriksson 2020, Epilepsy and behav
Banote 2021, Epilepsy Research
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Advance neurobiological understanding, diagnosis, and 
treatment of epilepsy through big data, precision 
medicine, biomarkers, and clinical trials.

Biomarkers Epilepsy
health care

Zelano group

Coordinators
Judith Klecki
Erica Torstensson

PhD students
Samuel Håkansson
Sarah Akel
Markus Karlander

Postdocs
(Klara Andersson)
David Larsson
Recruting

Reearchers
Olha Nika
André Idegård

Big data

POST DOC 
WANTED!
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Ongoing or planned projects PSE

• Biochemical markers of seizures and side effects in PSE (PREDICT)
• Seizure prognosis (PREDICT)
• (fMRI study)
• Register study of long term outcomes (ASM, side effects - planned) 
• LOSTIT (planned)
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Registration open on www.stess2023.se
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johan.zelano@neuro.gu.se
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