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POPULAR SCIENCE SUMMARY 
Stroke is a medical condition where there is a sudden and often dramatic loss of neurological 
function in one or more parts of the body, such as the ability to move an arm or leg in one 
side, or the ability to speak. The most common cause of a stroke is an occlusion of a blood 
vessel in the brain due to a blood clot, also known as an ischemic stroke. Stroke can also be 
caused by a rupture of a blood vessel in the brain, also known as a hemorrhagic stroke. 
Ischemic stroke has several subtypes based on the origin of the blood clot.  

The five projects that are presented in this doctoral thesis investigate 1) how different origins 
of a blood clot affect the chances of good treatment results, and 2) how different blood 
pressure factors can affect treatment outcomes. The results present exciting opportunities for 
the future development of more personalized treatment options. They provide the potential to 
further improve the outcomes of patients who suffer a stroke caused by a blood clot.  

There are two main treatment options for removing a blood clot causing a stroke: to 
intravenously use a blood clot dissolving medicine or to mechanically remove the blood clot 
from inside the blood vessel. The initial scientific investigations for the blood clot dissolving 
treatment and the mechanical clot removal therapy did not show overwhelmingly positive 
results. However, analysis of that data led to improvements in patient selection for new 
scientific studies, which showed that both treatment options were effective for selected 
groups of ischemic stroke patients (Figure P1 and Figure P2). However, these treatments 
carried an increased risk of causing a bleeding which could at worst lead to more damage to 
the brain than the ischemic stroke itself. This is where the subtypes come in, as these specific 
patient subpopulations may respond differently to the treatment options. This could help 
improve or tailor a treatment option to maximize the benefits while minimizing the risks. 

One area of controversy is using the blood clot dissolving treatment for patients with a 
lacunar stroke, which is an occlusion of a small immediate branch from a large artery of the 
brain. The key issue here is size, as the volume of the damaged brain tissue is small but the 
resulting symptoms can be quite severe. Yet, the symptoms are still often less severe than an 
occlusion of a large artery. But can the intravenous blood clot dissolving treatment actually 
do any good with this small occlusion, or are we just going to risk harming the patient with 
this powerful treatment? Project 1 investigated this question using a large international 
database called the Safe implementation of treatment in stroke (SITS), which had data on 
stroke patients, including data on patients treated with the intravenous blood clot dissolving 
treatment and patients that did not receive the treatment. The results showed that the blood 
clot dissolving treatment improved the outcomes of lacunar stroke patients. It was also safer 
than when given to other ischemic stroke subtypes. This suggests that the concern of causing 
more harm than good with the intravenous blood clot dissolving treatment for lacunar stroke 
patients was not warranted. 

But what about the large blood vessels? The two most common causes of a blood clot that 
occludes a large artery to the brain are neck artery atherosclerosis and a blood clot from the 



 

 

heart. Neck artery atherosclerosis blood clots are formed near areas with atherosclerosis, 
which is a thickening of the blood vessel wall due to long-term high blood pressure, high 
cholesterol, or smoking. Blood clots formed in the heart are commonly caused by an irregular 
heartbeat of parts of the heart, also known as atrial fibrillation. There are many established 
ways to try to prevent a stroke caused by one of these mechanisms, but when a stroke does 
occur theses mechanisms are currently not taken into account in making treatment decisions. 
Project 3 investigated whether blood clots caused by neck artery atherosclerosis and from the 
heart differed in their outcomes after treatment with mechanical clot removal using the SITS 
database. The results showed that not only did patients with neck artery atherosclerosis have 
worse outcomes, but that these blood clots were also more difficult to remove using 
mechanical clot removal. These findings suggest that the origin of the blood clot may affect 
the treatment results when trying to mechanically remove it, opening the possibility to adapt 
the treatment approach based on the origin of the blood clot. 

For patients with an ischemic stroke, blood pressure is a double-edged sword. On the one 
hand you need a high enough blood pressure to try to “push-through” the blood clot and use 
smaller blood vessels around the blood clot to try to provide as much blood as possible to the 
brain tissue at risk of dying. On the other hand, high blood pressure increases the risk of 
bleeding after an ischemic stroke, which could further damage the brain tissue. Therefore, 
there is a clear need to understand how to manage blood pressure after an ischemic stroke. 
Unfortunately, there is so far limited high quality data on how to do so. Projects 2, 4 and 5 
tried to shed some light on this complex issue, investigating different aspects of blood 
pressure and how it can affect the outcomes in patients with an ischemic stroke treated with 
mechanical clot removal. Projects 2 and 4 investigated patients treated with mechanical clot 
removal therapy in the SITS database, and project 5 used a smaller but more detailed 
database of patients treated with mechanical clot removal from one hospital. Combined, their 
results found that high blood pressure values after a mechanical clot removal were associated 
with worse outcomes, where an increase in blood pressure values after the treatment showed 
even worse outcomes. Project 5 designed a prediction model based on patients with good 
outcome for the way blood pressure changes over the first 24 hours after mechanical clot 
removal. The results showed that for all patients, deviating from this predictive blood 
pressure trajectory was associated with not achieving a good outcome. The results from these 
projects offer several approaches to further study the management of blood pressure after an 
ischemic stroke treated with mechanical clot removal therapy, with the potential to create 
prediction models that could be individually adapted to each ischemic stroke patient. 

So, what will the future hold? Hopefully fewer strokes. But when a stroke does occur, it is my 
hope that we will have the personalized treatment tools to tailor the available treatments to 
each patient in order to achieve the best possible outcome for that patient.  

  



 
Figure P1. Brief history of intravenous thrombolysis treatment for acute ischemic stroke, with acronyms for randomized 
controlled trials. 
Abbreviations: IVT=Intravenous thrombolysis, h=hours, FDA=U.S. Food and drug administration, EMA=European 
medicines agency. 

 
 



 

 

 
Figure P2. Brief history of intraarterial treatment for acute ischemic stroke, with acronyms for randomized controlled 
trials. 
Abbreviations: EVT=Endovascular thrombectomy, IAT=Intraarterial thrombolysis, IVT=Intravenous thrombolysis, 
h=hours. 

  



Populärvetenskaplig sammanfattning 

Termen stroke används för det sjukdomsförlopp där en patient får ett plötsligt och oftast 
omfattande neurologiskt bortfall av viljestyrda funktioner, till exempel att röra på en arm eller 
ett ben, eller förmågan att tala. Den vanligaste orsaken till en stroke är att en blodpropp 
blockerar ett av hjärnans blodkärl, vilket kallas en ischemisk stroke. Stroke kan också orsakas 
av blödningar i hjärnans blodkärl, vilket kallas hemorragisk stroke. Ischemisk stroke kan 
delas upp i flera subtyper baserade på blodproppens ursprung. 

De fem delarbeten i denna doktorandavhandling undersökte 1) hur blodproppar med olika 
ursprung påverkade chanserna för ett bra behandlingsutfall, samt 2) Hur olika 
blodtrycksfaktorer påverkade behandlingsutfallen. Resultaten i avhandlingen ger en inblick i 
möjligheten till framtida utveckling av individualiserade behandlingsalternativ. Detta skulle 
kunna förbättra behandlingen och vården av patienter med en stroke orsakad av en blodpropp.  

Det finns två huvudsakliga behandlingsalternativ vid en ischemisk stroke: intravenös 
blodproppslösande medicin samt att mekaniskt ta bort blodproppen inifrån blodkärlet. Vid de 
första vetenskapliga studierna av patienter med ischemisk stroke där man undersökte 
blodproppslösande behandling samt att mekaniskt ta bort blodpropparna fann man inte några 
övertygande positiva resultat. Man vidareutvecklade därefter patientselektionen för framtida 
vetenskapliga studier, och kunde visa att behandlingsalternativen ledde till ett bättre utfall för 
selekterade strokepatienter (Figur P1 och Figur P2, på engelska Figure P1, Figure P2). Dock 
visade studierna att behandlingsalternativen ledde till en ökad risk för blödningar, vilket i 
värsta fall kunde leda till att hjärnan skadades mer än av den ischemiska stroken. Det är här 
subtyper blir intressanta, då dessa subpopulationer av patienter kanske svarar annorlunda vid 
behandling. Således finns en möjlighet att kunna anpassa behandlingarna för att öka 
fördelarna och minska riskerna. 

Ett kontroversiellt ämne är användandet av den intravenösa blodproppslösande behandlingen 
vid en lakunär stroke, vilket är en ocklusion av ett en liten gren från ett större kärl i hjärnan. 
Anledningen till kontroversen handlar i grunden om storlek, då volymen av den skadade 
hjärnvävnaden är liten men symtomen kan ändå vara omfattande. Dock är symtomen oftast 
mindre omfattande än vid en storkärlsocklusion. Frågan är då om den intravenösa 
blodproppslösande behandlingen faktiskt hjälper vid en så liten ocklusion, eller tillför man 
bara en ökad risk för blödning med behandlingen? Projekt 1 undersökte just detta genom att 
analysera data från en stor internationell databas som heter Safe implementation of treatment 
in stroke (SITS), som innehåller bland annat data på patienter med ischemisk stroke som 
behandlades med intravenös blodproppslösande samt patients som inte fick någon sådan 
behandling. Resultaten visade att den intravenösa blodproppslösande behandlingen ledde till 
förbättrade utfall för patienter med en lakunär stroke. Behandlingen verkade dessutom vara 
mindre skadlig än vid behandling av andra subtyper av ischemisk stroke. Resultaten bekräftar 
således inte oron för sämre utfall och en ökad risk vid användandet av intravenös 



 

 

blodproppslösande behandling vid en lakunär stroke, varför det verkar som att dessa patienter 
inte ska nekas behandlingen. 

De två vanligaste orsakerna till en stroke orsakat av en storkärlsockluderande blodpropp är 
åderförkalkning av ett halskärl samt en blodpropp från hjärtat. Blodproppar från 
åderförkalkade halskärl bildas vid plaque i kärlet, som orsakas av långvarigt högt blodtryck, 
höga blodfetter samt rökning. Blodproppar som bildas i hjärtat orsakas oftast av en 
oregelbunden hjärtrytm i en del av hjärtat, så kallad hjärtflimmer. För att förebygga 
blodproppar orsakade av dessa mekanismer finns flera behandlingsalternativ, dock vid en 
akut stroke så används inte blodproppens ursprung vid val av behandling. Project 3 
undersökte om blodpropparnas ursprung kunde påverka utfallen efter behandling med att 
mekaniskt ta bort blodproppen genom att analysera data från SITS databasen. Resultaten 
visade att blodproppar från åderförkalkade halskärl ledde både till sämre utfall och till 
svårigheter med att mekaniskt ta bort blodproppen. Dessa fynd talar för att det kan finnas en 
anledning att tänka på blodproppens ursprung även i det akuta skedet för att i framtiden 
möjligen anpassa behandlingen efter blodproppens ursprung. 

För patienter med en ischemisk stroke är blodtryckshantering en svår balansgång. Å ena sidan 
behövs ett tillräckligt högt blodtryck för att ”trycka igenom” blodproppen samt använda 
andra kringliggande kärl för att säkerställa blodförsörjningen i så stor utsträckning som 
möjlighet. Å andra sidan är ett högt blodtryck en risk i sig för att orsaka en blödning efter en 
ischemisk stroke, vilket skulle kunna förvärra den befintliga skadan på hjärnvävnaden. Det 
finns således ett behov av att förstå hur blodtrycket efter en ischemisk stroke bör hanteras. 
Tyvärr finns i nuläget mycket begränsade högkvalitativa data på just detta. Projekten 2, 4 och 
5 undersökte olika blodtrycksfaktorer och hur dessa kan påverka utfallen efter behandling 
med att mekaniskt ta bort blodproppen vid en ischemisk stroke. Projekten 2 och 4 använde 
SITS databasen, medan projekt 5 använde data på en mindre grupp strokepatienter från ett 
enda sjukhus, dock med mer detaljerad blodtrycksdata. Resultaten från projekten visade att 
höga blodtrycksvärden efter behandling med att mekaniskt avlägsna blodproppen ledde till 
sämre utfall för patienterna, där ett ökande blodtryck visade ännu sämre chanser för ett bra 
utfall. Projekt 5 skapade dessutom en prediktionsmodell baserat på patienter med ett gott 
utfall där deras blodtrycksvärden skapade en kurva över utvecklingen av blodtrycket över de 
första 24 timmarna efter behandling. Resultaten för samtliga patienter i Projekt 5 visade att 
om man inte följde denna kurva så ökade risken för ett dåligt utfall. De sammanvägda 
resultaten från dessa projekt talar för att det finns flera blodtrycksfaktorer som är viktiga för 
strokepatienter efter att en blodpropp avlägsnats mekaniskt, och de skulle kunna användas för 
att skapa individuellt anpassade prediktionsmodeller för samtliga patienter med ischemisk 
stroke. 

Så hur ser framtiden ut? Förhoppningsvis ser de preventiva behandlingar till att minska 
strokefallen. Men om nu en ischemisk stroke sker så hoppas jag att det kommer att finnas 
individualiserade behandlingsalternativ för att kunna anpassa de befintliga behandlingarna på 
bästa sätt för varje enskild patient.  



Disertacijos apžvalga populiariajam mokslui 

Insultas yra toks sveikatos sutrikimas, kai staiga prarandama kokia nors neurologinė funkcija 
vienoje ar keliose kūno dalyse, pavyzdžiui gebėjimą judinti ranką, koją ar kalbos netekimas. 
Insultą gali sukelti viena iš dviejų priežasčių t.y. kraujo krešulys arba kraujavimas iš smegenų 
kraujagyslės. Krešulio užkimšta kraujagyslė smegenyse sukelia išeminį insultą.  

Šioje disertacijoje yra aprašomi penki projektai, kuriuose nagrinėjami išeminio insulto 
potipiai ir tai, kokią reikšmę tai turi gydymo rezultatams. Minimi potipiai skirstomi pagal 1) 
krešulio susidarymo kilmę, 2) atitinkamą gydymą atsižvelgiant į kraujo spaudimo pokyčius. 
Projektų rezultatai gali praversti vystant labiau individualizuotas gydymo strategijas 
pacientams, kenčiantiems nuo išeminio insulto.  

Yra du pagrindiniai išeminio insulto gydymo būdai: krešulio tirpinimas vaistu arba 
mechaninis krešulio pašalinimas. Pirmieji klinikiniai tyrimai naudojant šiuos du gydymo 
būdus neįrodė didelio gydymo veiksmingumo, tačiau vėlesnės studijos pagerino pacientų 
atranką ir pozityvūs gydymo rezultatai buvo pademonstruoti (Iliustracija P1 ir Iliustracija P2, 
angl. Figure P1, Figure P2). Deja, bet abu šie gydymo metodai taip pat gali sukelti 
kraujavimą, dėl kurio žala smegenims tampa dar didesnė. Būtent dėl šios priežasties yra 
svarbu identifikuoti insulto potipius, nes skirtingi potipiai gali įtakoti gydymo pasekmes.  

Mokslininkai nesutaria, ar krešulį tirpinantis vaistas turėtų būti naudojamas pacientams su 
išeminiu lakūniniu insultu. Toks insultas susidaro, kai užblokuojama smulkioji arterija, staiga 
atsišakojanti nuo didžiosios smegenų arterijos. Pagrindinė problema lakūninio insulto yra ta, 
kad ši maža pažeista arterija gali sukelti neproporcingai sunkius simptomus, tačiau šiek tiek 
lengvesnius, palyginus su didžiųjų arterijų užkimšimu. Kyla klausimas, ar sisteminis 
gydymas krešulį tirpinančiu vaistu gali padėti ištikus mažosios kraujagyslės insultui, ar taip 
tiesiog yra rizikuojama sukelti daugiau komplikacijų pacientui, t.y. kraujavimą? Pirmame 
disertacijos projekte tiriamas atsakymas į šį klausimą naudojant didelę tarptautinę duomenų 
bazę, iš kurios atrinkti pacientai su lakūniniu insultu buvo gavę arba negavę krešulį tirpinantį 
gydymą. Rezultatai atskleidė, kad šis gydymas yra naudingas būtent pacientams su lakūniniu 
insultu. Taip pat pastebėta, kad pirminiai nuogąstavimai, kad gydymas sukels dar didesnę 
kraujavimo riziką, nepasitvirtino.   

O kaip gi dėl krešulio užkimšusio vieną iš didžiųjų smegenų arterijų? Yra dvi pagrindinės 
priežastys dėl ko didžiosios smegenų arterijos užsikemša: dėl atkeliavusio krešulio iš kaklo 
arterijos arba iš širdies. Kaklo arterijose krešuliai susiformuoja greta aterosklerozinių 
pokyčių, kurie nulemia arterijos sienelės sustorėjimą dėl ilgalaikio aukšto kraujospūdžio, 
aukšto cholesterolio kiekio kraujyje arba rūkymo. Širdyje krešulys gali susiformuoti esant 
neritmiškam širdies darbui. Šiandienai yra naudojami prevenciniai gydymo metodai šiems 
krešuliams mažinti, tačiau, įvykus insultui, krešulio kilmė nenulemia gydymo pasirinkimo. 
Dėl šios priežasties trečiajame projekte lyginami išeminiai insultai pagal jų kilmę, t. y. iš kur 
atkeliavo krešulys. Duomenys buvo surinkti iš didelės tarptautinės duomenų bazės, kur 
visiems pacientams krešulys buvo pašalintas mechaniškai. Rezultatai parodė, kad 



 

 

aterosklerozės kilmės krešuliai sukėlė blogesnes pasekmes, taip pat juos buvo techniškai 
sunkiau pašalinti. Šių atradimų pagalba būtų galima tikslingiau planuoti mechanišką krešulio 
ištraukimą. 

Teisingai subalansuotas kraujospūdis yra labai svarbus ištikus išeminiam insultui. Reikia 
aukšto kraujo spaudimo, kad kiek įmanomai daugiau kraujo patektų į smegenis aplink 
užkimštą kraujagyslę. Kita vertus, aukštas kraujospūdis padidina riziką kraujavimui 
smegenyse. Atsargus kraujospūdžio reguliavimas po insulto gali įtakoti gydymo pasekmes, 
tačiau trūksta kokybiškų duomenų, kaip tai daryti. Ši problema nagrinėjama antrame, 
ketvirtame ir penktame projektuose. Pacientų duomenys iš tarptautinės duomenų bazės, buvo 
panaudoti antram ir ketvirtam projekte, kai tuo tarpu penktame projekte pasitelkta mažesne 
duomenų baze iš vienos ligoninės su labiau detalizuotais pacientų duomenimis. 
Apibendrinant šių projektų rezultatus buvo pastebėta, kad aukštas kraujo spaudimas po 
krešulio ištraukimo turėjo neigiamų pasekmių, o jei kraujospūdis kilo palaipsniui, tada 
pasekmės buvo dar rimtesnės. Penktame projekte yra pateikiamas statistinis prognozavimo 
modelis, paremtas sėkmingai gydytų pacientų kraujospūdžiu duomenimis. Šių pacientų 
kraujospūdis buvo matuojamas 24 valandas po krešulio ištraukimo. Pacientai, kurių 
kraujospūdis skyrėsi nuo šio modelio pacientų, turėjo blogesnių pasekmių. Dėl šių rezultatų 
yra pateikiamos skirtingos galimybės tolimesniems tyrimams dėl kraujospūdžio reguliavimo 
po išeminio insulto, mechaniškai ištraukus krešulį. Taip atveriamos naujos galimybės 
pritaikant individualizuotą gydymą.  

Kas laukia ateityje? Reikia tikėtis, kad bus mažiau insultą patiriančių pacientų. O vis dėl to 
ištikus insultui, aš tikiuosi, kad individualizuotas gydymas padės pritaikyti geriausią 
įmanomą gydymą.    



ABSTRACT 
Background 
Treatment with intravenous thrombolysis (IVT) and endovascular thrombectomy (EVT) 
improve outcomes for patients with acute ischemic stroke. The efficacy and safety of IVT 
and EVT may differ based on specific patient subgroups.  Where, and in essence how, the 
blood clot was formed may affect treatment outcomes. Similarly, a patient’s blood pressure 
(BP) after a treatment may alter the treatment’s effect. This doctoral thesis aims to investigate 
how stroke etiology and different blood pressure parameters may affect patients with acute 
ischemic stroke treated with IVT or EVT. 
 
Methods 
All projects performed retrospective analyses on acute ischemic stroke patients in 
prospectively collected databases. Project 1-4 used the Safe implementation of treatment in 
stroke (SITS) international database. Project 5 registered all patients treated with EVT at the 
Karolinska University hospital during 2018-02-12 – 2020-02-11. Projects 1 and 3 
investigated stroke etiologies, with project 1 investigating IVT treatment for patients with a 
lacunar stroke while project 3 compared EVT treatment for patients with large artery 
atherosclerosis and cardiac embolism.  Projects 2, 4, and 5 investigated the effect of mean 
systolic BP (SBP), SBP change, and SBP course during the first 24 hours after EVT 
treatment, respectively. Primary outcomes were functional independence defined as a 
modified Rankin scale (mRS) score of 0-2 at 3-month follow-up, and successful reperfusion 
defined as a modified treatment in cerebral infarction score of 2b-3. Secondary outcomes 
included death by 3-month follow-up and symptomatic intracerebral hemorrhage (SICH). 
Multivariate regression analyses, including linear, logistic, and Poisson models, were used in 
the projects where applicable to adjust for potential confounding effects, in addition to 
propensity score matching in project 1. Projects 1 and 3 included unadjusted aggregate data 
meta-analyses of current literature. 
 
Results 
Project 1 found that IVT treatment led to better outcomes for LS patients when compared to 
non-IVT treated LS patients and non-LS IVT treated patients, respectively, which was also 
confirmed in an unadjusted meta-analysis of 13 studies. Project 3 found that after adjusting 
for known confounders, LAA patients had worse outcomes that patients with CE. However, 
the unadjusted meta-analysis of 25 studies did not find any difference. Project 2 found that 
higher mean SBP after EVT was associated with lower chances of functional independence 
for patients with successful reperfusion, and a higher risk of SICH regardless of reperfusion 
grade. Projects 4 and 5 found that an increase in SBP or a deviation from a linear decreasing 
SBP course after EVT treatment were associated with worse outcomes, respectively. 
 
Conclusions 
The projects in this thesis highlight the associations of stroke etiology and BP with outcomes 
after reperfusion therapy in acute ischemic stroke patients, suggesting that lacunar stroke 
patients should not be denied IVT treatment if otherwise eligible, that stroke etiology may 
affect EVT outcomes, and that generally higher SBP values over the first 24 hours after EVT 
treatment were associated with worse outcomes.  
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1 INTRODUCTION TO THE AUTHOR, BY THE AUTHOR 
I have always been fascinated with science and the intriguing concept of finding things out 
through logical and experimental thinking. My first encounter with a more structured 
scientific approach was through a summer course for pre-high school students organized by 
the organization “Unga forskare” (“Young researchers”) together with the company Astra 
Zeneca. The course was a forensics inspired introduction to the scientific method and very 
basic laboratory techniques, which was both fun and also dangerously enthralling.  

Through several twists and turns, I was able to continue my interest in science when I got the 
opportunity to do my high-school project work at the molecular cell biology lab of Professor 
Marie Öhman at Stockholm University. Professor Öhman and her research group were kind 
enough to teach me some basic laboratory techniques that led to some rudimentary results, for 
which I at the time was very proud of. During my final year of high-school I was considering 
several options for university study, but the final decision to go into the medical programme 
came during the summer after high-school when I was working as a nurse assistant at the 
Hematology unit at Karolinska University hospital Huddinge. I was lucky to be working with 
several dedicated and motivated nurses who managed to challenge my limited knowledge and 
get me to want to learn more, from how different medications work to how to catheterize 
veins (for which they sacrificed their own veins to train me).  

I was accepted to and began my medical programme studies the following autumn semester 
of 2011 at the Karolinska Institute in Stockholm, Sweden. While I was initially still hesitant 
to my choice of studies, I was fortunate enough to end up in an ambitious and frankly 
awesome study group of students (#208) with whom studying became fun, and this kept me 
in the medical programme until graduation in 2017. During the medical programme I was 
still interested in research, finding a summer research internship after my first year at 
university at the Multiple sclerosis lab of Professor Jan Hillert, where I was kindly and 
effectively supervised by Dr Sahl Bendri. Thanks to the experience gained through this 
internship I enrolled in a research introductory course for medical students called “FoLäk”. It 
was thanks to this course that I eventually started my PhD, as part of the course involved 
summer research internships.  

Wanting to try out database driven research I was given the opportunity to work as a research 
intern during a summer at the Clinical Neurophysiology lab of Dr Gerald Cooray where I was 
taught several basic data analysis techniques. I found data analysis to be fascinating and 
decided to try to continue within this field. For my next summer research internship, I got the 
opportunity to work with Dr Charith Cooray’s research in stroke, and it was through this 
work that I got in touch with his supervisor at the time Dr Niaz Ahmed. After Dr Niaz 
Ahmed supervised my master thesis for the medical programme we planned out a PhD 
project for me which I began in 2016. The ability to combine research and clinical work was 
in no small part thanks to receiving the Clinical scientist research program (“CSTP”) grant 
and the clinical research internship (“forskar-AT”) from the Karolinska Institute, and research 
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grants from the Swedish Stroke foundation, where the grants provided the opportunity to 
have valuable time to focus on my research in between clinical rotations.  

During the final summer of the medical programme I began my clinical career by working as 
a sub-intern at the Internal medicine division of Mälarsjukhuset in Eskilstuna, Sweden. After 
graduating the medical programme, I began working as a sub-intern at the Geriatrics division 
of the Sabbatsberg hospital in Stockohlm, Sweden. The experience and clinical knowledge 
gained through these sub-internships were invaluable and humbling, and was a great 
introduction to the clinical reality of a doctor.  

Working clinically as a research intern at the Karolinska University Hospital was an 
interesting experience. The “new” hospital in the Solna campus offered a unique possibility 
to see and be part of cutting-edge medical advancements and research, which were often 
applied in the daily clinical routine. The atmosphere for a clinical intern looking to learn the 
basics was not easy, but I was amazed by the skills and knowledge of the experienced 
consultants and researchers. After completing the clinical rotations and research work for the 
research internship, I received my MD license in 2021.  

After a long road, I have finished my PhD thesis and will soon defend it. It has been a 
wonderful journey, and I am grateful for all the people that have helped me throughout it. I 
hope to continue the research that this thesis presents and hopefully continue to improve the 
treatments available to stroke patients.  
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2 LITERATURE REVIEW 

2.1 STROKE DEFINITION AND EPIDEMIOLOGY 

The world health organization defines stroke as “rapidly developing clinical signs of focal (or 
at times global) disturbance of cerebral function, with symptoms lasting 24 hours or longer or 
leading to death, with no apparent cause other than of vascular origin”.4 This definition has 
been used since 1970 and due to its simplicity it has remained unaltered since then. The goal 
of this definition is to provide a robust and easy definition of stroke which does not require 
advanced analytical tools, while also avoiding the accidental inclusion of patients with 
spontaneously improving conditions such as with transient ischemic attacks (TIA). However, 
during the half-century since this definition was first applied, advances in neuroscience 
research, radiological examinations, and stroke treatment have made this definition less 
applicable in the acute setting. This is primarily because “time is brain”, meaning that the 
neurons that are still viable but not functioning can be saved if early treatment can be given in 
acute ischemic stroke.5 To adapt the definition of stroke to a modern health-care setting, an 
updated and more complex definition of stroke was proposed by the American Heart 
Association and the American Stroke Association (AHA/ASA), which incorporates both 
clinical, and imaging criteria for use in clinical practice, research, and assessment of public 
health.6 

Stroke is a debilitating disease that affects around 15 million people worldwide per year, 
leading to 5 million deaths caused by the stroke and leading to another 5 million people 
suffering permanent neurological disabilities.7 Stroke is also the third most common cause of 
disability in adults and the second most common cause of death in the world.8 
Understandably, there is a great interest in finding ways to improve the outcomes of patients 
that suffer from a stroke, with great efforts placed in trying to prevent a stroke from 
happening in the first place. Because of great efforts in cardiovascular prevention, the 
incidence of stroke is decreasing in western countries.9 While this is promising, patients who 
suffer a stroke require complex treatment and rehabilitation in order to achieve the best 
possible outcomes.10 Due to the shifting demographic trends in western and emerging 
countries, the need to improve stroke treatment and outcomes in order to help patients and put 
less strain on the health care systems is growing.11 

 

2.2 STROKE CATEGORIES  

Stroke is generally divided into 3 categories based on the cause of the stroke: ischemic stroke, 
intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH).6  

Ischemic stroke is caused by the obstruction of a blood vessel to the brain by a blood clot or a 
narrowing of a blood vessel to such extent that the brain parenchyma does not receive 
sufficient oxygen.6 Ischemic stroke is the most common form of stroke and is the cause of 
about 80-85% of all stroke cases in western countries.  
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ICH is caused by spontaneous non-traumatic bleeding in the brain parenchyma or ventricular 
system, leading to a local accumulation of blood.6 ICH is caused by microangiopathy and 
cerebral artery malformation. ICH cases encompass roughly 10-15% of all stroke cases. 

SAH is caused by spontaneous non-traumatic bleeding into the subarachnoid space of the 
brain which may be caused by a cerebral aneurysm rupture or arteriovenous malformations, 
leading to the spread of blood through the subarachnoid space.6 SAH is primarily caused by 
cerebral aneurysm ruptures or arteriovenous malformations. Roughly 5% of stroke cases are 
caused by SAH. 

For this thesis, all the projects will refer to patients suffering an ischemic stroke. The 
references in the projects to ICH and SAH will not refer to a stroke caused by these 
mechanisms, but to complications that may arise because of an ischemic stroke itself or a 
complication of a treatment for an ischemic stroke. 

 

2.3 RISK FACTORS AND PREVENTION  

The best and most effective way to treat a stroke is to prevent it from happening, both in 
primary and secondary prevention. While some of the most important risk factors cannot be 
changed, such as age and sex, there are luckily several preventable and modifiable risk 
factors that can help minimize the risk of a stroke.11, 12 Life-style changes are an important 
first step in the treatment of modifiable risk factors, and should be initiated first or in 
combination with therapeutic treatment where applicable.11, 13-15 

The most important modifiable risk factor in primary and in secondary stroke prevention is 
hypertension.11-15 According to the AHA/ASA 2021 Guidelines, and the European Society of 
Cardiology/ European Society of Hypertension (ESC/ESH) 2018 Guidelines, for primary 
prevention of stroke the goal of reducing blood pressure (BP) to <140/90 mmHg is more 
important than the choice of therapeutic agent used, and this BP goal has the strongest 
recommendation level and the highest level of evidence (Class I; Level of evidence A).13, 15 
For secondary prevention of stroke, AHA/ASA recommends a more strict BP goal of 
<130/80 mmHg (Class I; Level of evidence B-R), with thiazide diuretics, angiotensin-
converting enzyme inhibitor, and angiotensin-II receptor blockers  as first-line treatment 
options (Class I; Level of evidence A).14 ESC/ESH recommends a SBP target of 120-130 to 
be considered (Class IIa, Level of evidence B), using a treatment combination of a renin-
angiotensin system blocker and a calcium channel blocker or thiazide-like diuretic (Class I, 
Level of evidence A).15 

Other important modifiable risk factors in stroke prevention are dyslipidemia and smoking. 
Dyslipidemia should be pharmacologically treated in patients deemed to have a high 10-year 
risk for cardiovascular events, where statin therapy is the primary pharmacological choice 
(AHA/ASA: Class I; Level of evidence A, ESC/ESH: Class I, Level of evidence B).13, 15 For 
people who smoke, a combination of counseling and pharmacological treatment is 
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recommended in order to help the person stop smoking (AHA/ASA: Class I; Level of 
evidence A, ESC/ESH: Class I, Level of evidence B),13-15 with unsurprisingly a strong 
recommendation to avoid starting to smoke if you have never smoked (Class I; Level of 
evidence B).13  

Diabetes mellitus is also seen as an important risk factor for stroke.13, 15 The risk of stroke 
more than doubles for patients with Diabetes mellitus,16 with an increased risk even for pre-
diabetes in men.17 However, this risk is modifiable. One study found that in patients with 
Diabetes mellitus and persistent microalbuminuria, a relatively intensive multidimensional 
intervention consisting of the combination of therapy to reduce behavioral risk factors and 
treatment where necessary for hyperlipidemia (statins), blood pressure lowering medication 
(angiotensin converting enzyme inhibitors or angiotensin II receptor blockers), and 
antiplatelet drugs, reduced the long-term risk of cardiovascular events including stroke by 
more than half when compared to patients receiving conventional therapy during a mean 
treatment time of 7.8 years.18 In patients who have suffered a stroke and also have Diabetes 
mellitus it is important to achieve good glycemic control in order to reduce the risk of 
microvascular complications (AHA/ASA: Class I, Level of evidence A).14 While medication 
is one arm of the available treatment options, multidimensional care and interventions have 
been shown to reduce the risk of recurrent stroke and cardiovascular events (AHA/ASA: 
Class 2a, Level of evidence B-R).14 

A major cause of ischemic stroke is atrial fibrillation.12 The irregular flow of blood in the 
atrial appendages during atrial fibrillation may cause the formation of thrombi that may be 
embolized. By itself, atrial fibrillation may not necessarily be a major risk for ischemic 
stroke, yet in combination with other common risk factors the risk of an ischemic stroke 
increases drastically.19 The risk-assessment score with the acronym “CHA2DS2-VASc” is a 
common tool for assessing the need for pharmacological treatment for preventing an ischemic 
stroke in patients with atrial fibrillation (Table 1).20 For primary prevention of stroke in 
patient with non-valvular atrial fibrillation, a patient with ≥2 points and acceptably low risk 
for hemorrhagic complications should receive treatment with oral anticoagulation 
(AHA/ASA: Class 1 for all; Level of Evidence A for Warfarin, B for Dabigatran, Apixaban, 
Rivaroxaban).13 For secondary prevention of stroke in patient with non-valvular atrial 
fibrillation, treatment with oral anticoagulation (Apixaban, Dabigatran, Edoxaban, 
Rivaroxaban, or Warfarin) should be given (AHA/ASA: Class I; Level of Evidence A; and 
European stroke organization [ESO]: High quality of evidence, strong recommendation).14, 21 

Another major cause of ischemic stroke is atherosclerotic changes of the arteries that provide 
blood to the brain.12, 22 Through primarily platelet aggregation, thrombi may form due to the 
turbulent flow of blood near the atherosclerotic lesion, or when an atherosclerotic lesion 
ruptures.22 The treatment options and recommendations differ for intracranial and extracranial 
atherosclerotic changes, but there are still similarities. Adequate medical treatment is 
necessary regarding hypertension, lipid levels, and anti-platelet therapy, both in primary and 
secondary prevention.13, 14 For extracranial stenosis, carotid endarterectomy can be performed  
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Table 1. The definitions and points for the risk-assessment tool 
“CHA2DS2-VASc”, based on Lip et al.20 
Acronym Points Definition 
C  1 Congestive heart failure/Left ventricular dysfunction 
H  1 Hypertension 
A  2 Age over or equal to 75 
D  1 Diabetes mellitus 
S  2 Stroke, TIA or thromboembolism 
V  1 Vascular disease such as prior myocardial infarction, 

peripheral artery disease, or aortic plaque 
A 1 Age 65 to 75 
Sc  1 Female sex 

for symptomatic patients with a stenosis of 50-69% (AHA/ASA: Class I, Level of evidence 
B; ESO: Low quality of evidence, weak recommendation), and is strongly recommend for a 
stenosis ≥70% (AHA/ASA: Class I, Level of evidence A; ESO: Moderate quality of 
evidence, strong recommendation).14, 23 Carotid stenting is an alternative for symptomatic 
extracranial stenosis and can be an alternative to carotid endarterectomy in patients <70 years 
(ESO: Low level of evidence, weak recommendation).23 Carotid stenting for symptomatic 
extracranial stenosis is recommended if the periprocedural risk of carotid endarterectomy is 
considered high (AHA/ASA: Class 2b, Level of evidence A).14 For patients with 
asymptomatic stenosis with an increased risk of stroke despite best medical treatment, carotid 
endarterectomy can be performed on a stenosis of ≥60%  (AHA/ASA: Class IIb, Level of 
evidence B; ESO: Moderate quality of evidence, strong recommendation ).13, 23  

Intracranial stenosis of large arteries is also a cause of ischemic stroke. Due to the location of 
the stenosis, the non-medical treatments are more complex. For patients that have had a 
stroke or TIA and have a major intracranial artery stenosis, treatment with angioplasty or 
stent placement is not known to be beneficial and may even be harmful if used as an initial 
treatment (AHA/ASA: Class 2b; Level of Evidence: C-LD).14 Additionally, performing 
angioplasty or stent placement of an intracranial artery as an initial treatment has been shown 
to be harmful (AHA/ASA: Class 3 Harm, Level of evidence A).14 

 

2.4 ACUTE MANAGEMENT  

The acute management of patients with an acute stroke is multifaceted and time sensitive. 
From the triaging in the pre-hospital setting to streamlining the time it takes from patient 
arrival to the hospital to receiving an acute treatment, several health-care professions and 
medical specialists must work together to achieve the best possible outcome for the patient. 

2.4.1 Scores and scales 

The clinical presentation of an acute stroke can be quite varied, from patients with minor 
symptoms that may regress spontaneously, to patients who rapidly deteriorate and may even 
lose consciousness. To assist medical staff in decision making, several scoring systems and 
scales have been developed, ranging from pre-hospital triaging to long-term follow-up 
evaluations. 



 

 7 

2.4.1.1 Pre-hospital evaluation and triage 

Several pre-hospital triage tools have been developed with varying success. The tools need to 
be quick and easy to use, while also providing sufficient sensitivity and specificity to actually 
assist in decision making. The implementation of a quick screening method called the Face 
Arm Speech Time test showed decent positive predictive values for paramedical staff on-
site.24 Similarly, the Cincinnati prehospital stroke scale showed good validity in identifying 
stroke patients by pre-hospital staff.25  

In addition to identifying stroke patients, pre-hospital evaluations can also be used to select if 
a patient may need to be transported to a hospital with more advanced treatment options. A 
screening tool which evaluates simple motor function of the arms and legs was used to select 
patients for direct transportation to a tertiary stroke center and showed that such a 
prioritization resulted in better functional outcome for patients.26  

2.4.1.2 National institute of Health stroke scale (NIHSS) 

The National Institute of Health of the U.S. Department of Health developed a stroke 
symptom scoring system called the National Institute of Health Stroke Scale (NIHSS).27, 28 It 
is a validated scoring system used throughout the world which is designed for health care 
professions who take care of stroke patients on a regular basis.29, 30 The current version of 
NIHSS consists of 11 items assessing specific functions and rating the ability of the patient to 
perform these functions from 0 to 4 points, depending on item (Table 2). The maximum score 
for the NIHSS is 42, where scores of over 25 are usually seen in patients that are unconscious 
or with fluctuating consciousness. 

2.4.1.3 Modified Rankin Scale (mRS)  

The evaluation of stroke patients for long-term outcomes was an important factor to consider 
when designing the clinical trials for treating acute ischemic stroke. A scale was designed to 
assess how independently the patient could function in their daily life as a whole, as opposed 
to evaluating specific neurological functions. The proposed scale was called the Modified 
Rankin scale (mRS) and assigned patients a score of 0 to 6, where 0 means no symptoms at 
all and 6 means that the patient has died (Table 3),31 and was based on the original scale 
proposed by Dr John Rankin in 1957.32 The interrater reliability of mRS has further improved 
since its release by the use of structured interviews, while the accessibility of the scale has 
been improved through the use of telemedicine and even patient or caregiver centered 
mobile-phone applications.33-36 

2.4.1 Radiology 

Radiological examination plays a key role in the early management of patients who suffer an 
acute stroke. Non-contrast computer tomography (CT) scans are routinely used in the acute 
setting, with the primary goal being to exclude patients with ICH or SAH and help decide on 
whether to give the patient IVT treatment for an ischemic stroke.10 While diffusion weighted 
magnetic resonance imaging (MRI) has been shown to be more sensitive at detecting an acute  
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Table 2. National Institute of Health Stroke Scale (NIHSS), based to the latest guidelines 
from the American Heart Association and American Stroke Association10 
Tested item Title Score 
1A Level of consciousness 0 

1 
2 
3 

Alert 
Drowsy 
Obtunded 
Coma/unresponsive 

1B Orientation questions 0 
1 
2 

Answers both correctly 
Answers 1 correctly 
Answers neither correctly 

1C Response to commands 0 
1 
2 

Performs both tasks correctly 
Performs 1 task correctly 
Performs neither 

2 Gaze 0 
1 
2 

Normal horizontal movements 
Partial gaze palsy 
Complete gaze palsy 

3 Visual fields 0 
1 
2 
3 

No visual field defect 
Partial hemianopia 
Complete hemianopia 
Bilateral hemianopia 

4 Facial Movement 0 
1 
2 
3 

Normal 
Minor facial weakness 
Partial facial weakness 
Complete unilateral palsy 

5 Motor function (arm),  
separate points for: 
a. Left 
b. Right 

0 
1 
2 
3 
4 

No drift for lifted arm for 10 seconds 
Drift before 10 seconds 
Falls before 10 seconds 
No effort against gravity 
No movement 

6 Motor function (leg),  
separate points for: 
a. Left 
b. Right 

0 
1 
2 
3 
4 

No drift for lifted leg for 5 seconds 
Drift before 5 seconds 
Falls before 5 seconds 
No effort against gravity 
No movement 

7 Limb ataxia 0 
1 
2 

No ataxia 
Ataxia in 1 limb 
Ataxia in 2 limbs 

8 Sensory 0 
1 
2 

No sensory loss 
Mild sensory loss 
Severe sensory loss 

9 Language 0 
1 
2 
3 

Normal 
Mild aphasia 
Severe aphasia 
Mute or global aphasia 

10 Articulation 0 
1 
2 

Normal 
Mild dysarthria 
Severe dysarthria 

11 Extinction or inattention 0 
1 
2 

Absent 
Mild loss (1 sensory modality lost) 
Severe loss (2 sensory modalities lost) 
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Table 3. Modified Rankin scale (mRS), based on van Sweiten et al.31 
Score Definition 
0 No symptoms at all. 
1 No significant disability despite symptoms: able to carry out all usual duties and activities. 
2 Slight disability: unable to carry out all previous activities but able to look after own affairs 

without assistance. 
3 Moderate disability: requiring some help, but able to walk without assistance. 
4 Moderately severe disability: unable to walk without assistance, and unable to attend to own 

bodily needs without assistance. 
5 Severe disability: bedridden, incontinent, and requiring constant nursing care and attention. 
6 Death. 

ischemic stroke, it requires more time to be performed, more training for the interpreting 
radiologist, and is not yet a cost-effective approach for routine practice.37 

Radiological examinations may also be used to assess the level of damage to the brain. The 
Alberta Stroke Program Early Computer Tomography Score (ASPECTS) can be used on 
baseline CT scans to assess ischemic markers of a stroke caused by an occlusion of the 
middle cerebral artery.38 ASPECTS has a maximum score of 10, where 10 points means no 
visible sign of early infarction while 0 points means diffuse ischemia throughout the territory 
of the middle cerebral artery. One point is deduced for every sign of early infarction, which 
includes swelling and parenchymal hypoattenuation for the defined regions. This can be a 
valuable tool when assessing the risk-benefit of a potential intervention.  

Non-invasive vascular studies have widely been adapted to select patients for potentially 
receiving endovascular procedures. CT angiography (CTA) is used to map the arteries of the 
brain with the goal of finding the site of an occlusion or any anatomical deviation such as an 
aneurysm.10 CT perfusion (CTP) has also been established as an important mode of 
investigation and is used primarily to differentiate brain tissue that is at risk of being 
permanently damaged, otherwise known as the penumbra, as compared to brain tissue that 
already is permanently damaged.39-41 While CTP is not as sensitive as MRI based diffusion 
weighted imaging (DWI), it is more easily accessible for centers that manage stroke patients.  

While radiological examinations play a key role in the acute setting, they are also vital in the 
follow-up of patients who suffer a stroke. A common practice when treating patients with an 
acute ischemic stroke is to perform a radiological examination after roughly a day in the 
clinic or if the patient worsens during the stay at the hospital. The radiological examination is 
used to evaluate the progress of any infarction, cerebral edema, and to find any hemorrhagic 
transformation of the infarct. Hemorrhagic complications following an ischemic stroke and 
especially following treatment for an ischemic stroke are relatively common and vary from 
small local point-like hemorrhages in an infarcted tissue to large, displacing hematomas.42 A 
commonly used classification of hemorrhages following an acute ischemic stroke is the 
European Cooperative Acute Stroke Study (ECASS) I definition (Table 4).43  
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Table 4. Types of hemorrhagic transformations after an ischemic stroke, based on the ECASS I definition.43 
Type of hemorrhagic transformation Definition 
Hemorrhagic infarction type 1 (HI1) Small petechiae along the margins of the infarct. 
Hemorrhagic infarction type 2 (HI2) Confluent petechiae within the infarcted area but without space-

occupying effect. 
Parenchymal hemorrhage type 1 (PH1) Blood clots in 30% or less of the infarcted area with some mild 

space-occupying effect. 
Parenchymal hemorrhage type 2 (PH2) Blood clot(s) in more than 30% of the infarcted area with 

significant space-occupying effect 

2.4.1.1 Symptomatic intracerebral hemorrhage (SICH) 

The presence of a hemorrhagic transformation together with clinical findings is denoted as a 
symptomatic intracerebral hemorrhage (SICH). There are several common definitions of 
SICH that are based on different randomized controlled trials (RCT) and observational 
studies, including the National Institute of Neurological Diseases and Stroke (NINDS) 
criteria,44 ECASS II and III criteria,45, 46 the Heidelberg criteria,47 and the Safe 
Implementation of Treatment in Stroke Monitoring study (SITS-MOST) criteria,48 including 
a modified version of the latter criteria (Table 5).2  

Table 5. Symptomatic intracerebral hemorrhage (SICH) definitions. 
SICH name Radiological criteria Clinical criteria 
NINDS44 Any previously not seen hemorrhage on 

CT scan. 
Any decline in neurological status. 

ECASS II45 Any sign of hemorrhage on CT scan. Clinical deterioration, or adverse 
events indicating clinical 
worsening or causing an increase 
of ≥4 NIHSS points. 

SITS-MOST49 Local or remote PH2 at 22-36 hour follow-
up CT scan. 

1) Neurological deterioration of 
≥4 NIHSS points from baseline or 
the lowest score during the first 24 
hours after treatment, or  
2) Death. 

ECASS III46 Any extravascular blood in the brain or 
within the cranium that was associated 
with a clinical deterioration. 

1) Clinical deterioration, defined 
as an increase of ≥4 NIHSS 
points, or  
2) Death. 

Heidelberg47 Any new intracranial hemorrhage detected 
by brain imaging which is associated with 
one of the clinical criteria. 

1) Neurological deterioration of 
≥4 NIHSS points at any time after 
diagnosis, or 
2) Neurological deterioration of 
≥2 NIHSS points in any one 
NIHSS item, or 
3) Hemorrhage that leads to 
intubation, hemicraniectomy, 
external ventricular drain, or any 
other major medical or surgical 
intervention, or  
4) Absence of alternative 
explanation for deterioration.  

Modified SITS-MOST2 Local or remote PH2 or a SAH at 22-36 
hour follow-up radiological examination. 

1) Neurological deterioration of 
≥4 NIHSS points during the first 
24 hours after treatment, or  
2) Death within 24 hours. 
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2.4.1.2 Modified treatment in cerebral infarction (mTICI) 

As an ischemic stroke is caused by an occlusion of an artery, there is a need to assess the 
level of occlusion as it may vary from complete occlusion to barely any effect on the lumen. 
The modified treatment in cerebral ischemia (mTICI) is a score that evaluates the reperfusion 
grade of the occluded blood vessel (Table 6).50, 51 The mTICI score is a further development 
of the widely used thrombolysis in myocardial infarction (TIMI) score, which was originally 
used to evaluate treatment for myocardial infarction but was later adapted for interventional 
treatment of cerebral infarction.52, 53 The mTICI score has shown good predictive capabilities 
for favorable outcome and interrater reliability.54 In recent years, there has been a discussion 
of whether to include an additional score of “2c” due to some data suggesting it can better 
incorporate the difference in outcomes between 2b and 3, but there is still no major consensus 
on the issue.55 The mTICI score is commonly dichotomized into successful reperfusion 
(mTICI score 2b-3) and unsuccessful reperfusion (mTICI score 0-2a). 

 

2.5 TREATMENT OF ACUTE ISCHEMIC STROKE 

The treatment and management of acute ischemic stroke has developed quickly during the 
latest three decades. From the trials of Aspirin and Heparin use in the acute setting,56 to the 
development of complex endovascular procedures,57 large scientific leaps have made it 
possible to help a larger group of patients that previously did not have a positive prognosis. 

2.5.1 Intravenous thrombolysis – 4.5 hours good, 3 hours better 

Thrombolysis is the process of dissolving a blood clot. The body has natural processes for 
handling blood clots that arise naturally, with the main process involving tissue plasminogen 
activator (t-PA) which lyses the cross-linked fibrin.58 The first major use of a thrombolytic 
agent as a treatment was used for treating acute myocardial infarction.59 Already in the 
1960’s and 1970’s there were several RCTs of thrombolytic agents for the treatment of acute 
myocardial infarction.60 While the initial trials included patients on a broad scale which most 
likely affected the results negatively, later updated trials showed that several thrombolytic 
agents benefited patients with myocardial infraction if treatment is given early after symptom 
onset.61 

Table 6. Modified treatment in cerebral infarction (mTICI) score definitions, based on Tomsick et al51 with 
the addition of score “2c” according to Almekhlafi et al.55 
Score Definition 
3 Full perfusion with filling of all distal branches. 
2c Near complete perfusion except for slow flow in a few distal cortical vessels, pr presence of small 

distal cortical emboli. 
2b Perfusion of half or greater of the vascular distribution of the occluded artery. 
2a Perfusion of less than half of the vascular distribution of the occluded artery. 
1 Perfusion past the initial obstruction but limited distal branch filling with little or slow distal 

perfusion. 
0 No perfusion. 
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With the increased and successful implementation of thrombolytic agents within myocardial 
infarction caused by an occlusion of coronary artery, it was not a far leap for neurologists 
treating stroke patients to consider a similar use of thrombolytic agents for patients with an 
acute stroke caused by an occlusion of an artery to the brain. The first RCTs of intravenous 
thrombolysis (IVT) using Alteplase, a recombinant t-PA (rt-PA), for acute ischemic stroke 
treatment were published in 1995.43, 44 The acronym IVT will in this dissertation only refer to 
rt-PA Alteplase, unless otherwise stated. Despite high hopes for these trials, the results were 
only slightly positive. The National Institute of Neurological Diseases and Stroke (NINDS) 
trial found an association with better outcome and more SICH for patients treated with IVT.44 
On the other hand, the ECASS trial found that IVT benefitted only a subgroup of patients 
with moderate to severe neurologic deficit and without extended infarct sign, leading to the 
conclusion that IVT treatment should not be given to the general ischemic stroke population 
but instead only to this selected subgroup.43 The main concern of both trials was the 
significant increase in ICH because of IVT, which while expected was quite high in both 
trials. Additionally, the net benefit of the NINDS trial was only seen in the second part of the 
NINDS trial which investigated 3-month outcomes, with the first part of the NINDS trial not 
finding any improvement in short-term outcomes. However, despite these issues, the Federal 
Food and Drug Administration (FDA) of the U.S. approved IVT treatment for acute ischemic 
stroke within 3 hours of symptom onset in 1996 with several exclusion criteria. On the other 
side of the Atlantic, the European Agency for the Evaluation of Medical products (now called 
the European Medicines agency) did not approve IVT treatment at the time, and it took until 
2002 for the agency to conditionally approve IVT within the European union. During these 
years, the scientific community noted that these initial RCTs of IVT treatment had included 
patients quite broadly which could have influenced the results of the trials. This led to the 
design of new RCTs that took into account what was learned from the first studies, targeting 
treatment for selected patients.  

The new RCTs that were designed also aimed to investigate the efficacy and safety of 
extending the time-window for IVT treatment beyond 3 h62ours, up to 6 hours,45, 63 where one 
trial was divided into 2 parts of subsequent enrollment based on safety concerns for patients 
enrolled from 5 to 6 hours.63 Despite the increased time-window, these initial trials were not 
able to show a significant association between IVT treatment and better functional outcome 
within 3 hours of onset to treatment time. On the other hand, a pooled analysis of all of the 
IVT RCTs showed a net benefit of IVT treatment within 3 hours of symptom onset.64 
Additionally, this meta-analysis suggested that there could be a treatment benefit of IVT to up 
to 4.5 hours after symptom onset, and possibly even 6 hours. 

Later RCTs aimed to continue to investigate extended time-windows. Several RCTs 
suggested a net benefit for IVT treatment in acute ischemic stroke up to 6 hours after 
symptom onset,65, 66 but more clear results were seen in the group of patients that received 
treatment within 4.5 hours of symptom onset.46 It was additionally suggested by one RCT 
that age did not affect the outcomes.65 The time window of 4.5 hours from symptom onset 
was further emphasized by observational data49 and a meta-analysis of the early trials.64 A 
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later pooled-analysis on IVT treatment in acute ischemic stroke RCTs also showed that 
treatment within 4.5 hours of symptom onset resulted in better functional outcome across all 
age categories and stroke severity, with earlier treatment leading to better outcomes.67 Based 
on these findings, the time window for IVT treatment has been extended to 4.5 hours after 
symptom onset. 

2.5.1.1 Building on IVT treatment – Imatinib 

An interesting approach has been proposed to increase the positive results from IVT 
treatment by potentially decreasing the cases of SICH. The I-Stroke study was a phase II 
RCT testing Imatinib treatment for patients receiving IVT, showing that Imatinib was safe 
and may reduce neurological disability.68 The theory behind the effect of Imatinib for IVT 
treated acute stroke patients is that tPA, including rt-PA, may itself increase permeability of 
the blood brain barrier and even damage the blood brain barrier.69 This could potentially 
exacerbate the damage to surrounding brain tissue through excess swelling and hemorrhage. 
Imatinib, a tyrosine kinase inhibitor, may be able to limit the detrimental effects of the 
administered rt-PA on the blood brain barrier or even restore the blood brain barrier after rt-
PA administration, based on non-clinical models.69, 70 A currently ongoing phase III RCT 
aims to investigate the efficacy of Imatinib for patients with an acute ischemic stroke treated 
with IVT (ClinicalTrials.gov identifier: NCT03639922).  

2.5.1.2 Pitfalls and limitations 

Despite the initially mixed results of the IVT RCTs, IVT treatment has become a cornerstone 
in acute ischemic stroke treatment.10 Still, there remains several unanswered questions 
regarding IVT treatment. Several aspects limit IVT treatment based on the inclusion and 
exclusion criteria, but also on pathophysiological and pharmacodynamic mechanisms. 

One of the main issues for IVT treatment still is the time-window for the treatment, with the 
benefit of treatment trailing off the longer from symptom onset IVT treatment is given. A 
typical cause of frustration and sense of resignation with physicians has been patients who 
present with a wake-up stroke, which is when a patient wakes up with stroke symptoms. Due 
to the unknown time of stroke onset, which could be any time during the patient’s sleep, IVT 
treatment is usually not possible, as the “last known well” is at the time the patient went to 
sleep which usually exceeds 4.5 hours from arrival to the hospital. Several RCT were 
designed to address if radiologically selected patients could receive IVT treatment later than 
previously considered. One of these RCTs aimed to investigate this by using a MRI 
examination of the patient once they arrived to the clinic, evaluating recent ischemic changes 
rather than the presumed time of symptom onset.71 The study had strict MRI criteria for 
allowing IVT treatment, and demonstrated that IVT treatment was beneficial for patients who 
fulfilled their study criteria. Similarly, another RCT investigated the possibility to extend the 
IVT treatment time-window from 4.5 to 9 hours after last known well for patients that 
demonstrated hypoperfused but salvageable regions of the brain.72 The trial was ended 
prematurely due to the publication of the results from the previous trial and showed no 
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difference in mRS 0-1 or mRS 0-2 at 3 months. The authors noticed that patients were older 
and had higher NIHSS scores in the intervention arm of the trial. After adjusting for these 
factors, there was a significant increased chance for mRS 0-2 and mRS 0-1 at 3 months. 
Yet another trial used similar MRI methods to include patients based on perfusion volume 
to infarct core ratio that had a last known well of 4.5 to 9 hours.73 This trial was also 
terminated early, but due to slow recruitment of patients. The trial did not find any 
difference in functional independence for IVT treated and placebo patients. Interestingly, 
the trial only registered a total of 1 SICH case which was in the IVT arm, suggesting 
perhaps that these MRI criteria are in themselves a sign of better prognosis. Combined, 
these studies increase the possibility to treat patients with IVT based on advanced imaging 
criteria beyond 4.5 hours of symptom onset. This was confirmed in a meta-analysis of several 
of the RCTs with treatment data beyond 4.5 hours of symptom onset.74 

Another obstacle for IVT treatment is the lysing of larger blood clots and specific 
compositions of blood clots. IVT has nearly no potential to lyse clots larger than 8mm in 
acute middle cerebral artery occlusions.75 This may be due to the inability of IVT to reach the 
entire thrombi, reducing the effectiveness of IVT for larger thrombi. As tPA lyses cross-
linked fibrin, it is easy to assume that fibrin-rich clots should be more readily lysable. A 
limiting factor in IVT treatment is the resistance to enzymatic degradation of thrombi due to 
excessive cross-linking within mature embolic clots and thrombi composed of cholesterol, 
calcium, or other debris.76  

2.5.1.3 Other thrombolytic agents 

Historically, several potential thrombolytic agents have been tested for clinical use. Only the 
rt-PA Alteplase has been approved for treating acute ischemic stroke. A second candidate t-
PA is Tenecteplase. It is a further development of t-PA, made to increase fibrin specificity 
and prolong the half-life of the active drug.77 One of the benefits of Tenecteplase treatment is 
that it is given as a bolus dose, rather than an infusion as with Alteplase. There have been two 
phase 3 RCTs comparing Tenecteplase treatment to Alteplase, where both have failed to 
show any difference in efficacy between treatments while the safety profile was similar.78, 79 

Another potential thrombolytic agent is Desmoteplase, which is a recombinant Desmodus 
Salivary Plasminogen Activator α-1, and is administered as a bolus dose.80 It has high fibrin 
specificity, long terminal half-life, and potentially no neurotoxicity as with rt-PA.80, 81 Two 
phase-II RCTs were conducted in order to find a good dose for treating acute ischemic stroke 
and found a trend for favorable outcome.80, 82 However, a later RCT did not find any benefit 
of Desmoteplase for acute ischemic stroke when treatment was given 3-9 hours after 
symptom onset.83 

Streptokinase is a thrombolytic agent that been tested for treating acute ischemic stroke, and 
has historically been used to treat myocardial infarction.84 While early data showed some 
potential for its use in acute ischemic stroke, the RCTs that were later conducted showed an 
increased risk of death and disability.84-87 
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2.5.2 Endovascular thrombectomy 
 

Endovascular thrombectomy (EVT) is a quite recent addition to acute ischemic stroke 
treatment. Several recent RCTs and meta-analyses have shown that EVT is an effective 
treatment in the anterior circulation stroke caused by large artery occlusion. Similar to IVT, 
endovascular treatment had a mixed start when it comes to results from the initial RCTs. 
Early RCTs on intraarterial treatment with thrombolytic agents showed some promising 
results for using rt-PA88 and recombinant prourokinase or urokinase89-91, improving the 
chances for functional independence but increasing the risk of hemorrhagic events. However, 
a later RCT by Ogawa et al. did not find any difference between intraarterial urokinase as an 
addition to rt-PA, but the trial was terminated earlier than planned due to the approval of 
intravenous thrombolysis in Japan.92 During this time, there was a rapid development in the 
devices available for both intraarterial administration of treatment and for EVT.93-96 Yet the 
lack of RCTs comparing the efficacy of endovascular treatments to standard care, which 
primarily was IVT, was hindering the implementation of the treatment more broadly.97 
Therefore, several RCTs were designed to investigate this. 

In 2013, three RCTs were published where the aim was to investigate endovascular treatment 
for acute ischemic stroke, with two RCTs investigating EVT or intraarterial thrombolysis 
versus IVT,98, 99 and one RCT investigating EVT versus standard care.100 All three RCTs 
showed that endovascular treatment was not significantly different as compared to IVT 
treatment or standard care. This was initially a major setback for endovascular treatment, but 
it was noted that the trials used older thrombectomy devices while also not confirming a large 
vessel occlusion prior to treatment, which could have affected their results negatively. 

Therefore, several RCT were conducted to investigate endovascular treatment further, 
focusing on EVT, but in more selected patients and using modern EVT devices. In 2015, five 
RCTs were published that showed EVT treatment improved the outcome for acute stroke 
patients with large vessel occlusion in the anterior circulation.101-105 In these trials, two RCTs 
used solely IVT treated patients and randomized EVT treatment between them,101, 102 while 
the remaining RCTs compared EVT treatment to standard medical care where at least 67% of 
the entire study cohorts received IVT.103-105 An important difference between the trials was 
the time-window for starting EVT treatment. In both RCTs that included only IVT treated 
patients, the time limit was set to 6 hours after symptom onset.101, 102 On the other hand, the 
other RCTs had varying time limits, ranging from 6 hours103, to 8 hours,105 and finally 12 
hours,104 in addition to different radiological criteria. 

During the following 2 years, two more RCTs were published which also showed improved 
outcomes for EVT treated patients.106, 107 These trials were based on IVT treated patients, and 
one trial changed the protocol to include patients up to 5 hours from 6 hours based on safety 
concern for patients treated beyond 5 hours.106  

All these recent RCTs concluded that EVT treatment was a beneficial treatment for acute 
ischemic stroke patients in the anterior circulation. In terms of outcomes, all but one study 
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found a higher chance of mRS 0-2 in patients treated with EVT, where the single study that 
found no difference in mRS 0-2 found a higher chance of mRS 0-1 in EVT treated patients.107 
All the RCTs also found that there was no difference in SICH or mortality except one study 
which found lower mortality in EVT treated patients.104  

Two meta-analyses, one with 5 RCTs with pooled patient-level data57 and one with all 10 
RCTs but without patient level data,108 showed that EVT treatment led to better mRS scores 
compared with standard care or IVT treatment. However, no RCTs exist for patients 
ineligible for IVT treatment randomized to EVT treatment. 

A later meta-analysis without patient-level data including data from 3 RCTs and 
observational studies showed that EVT treated patients receiving IVT benefitted more when 
compared to EVT treated patients without IVT treatment.109 These results indicate a positive 
effect of combined treatment; however, these results may be subject to selection bias, as 
several of the exclusion criteria for IVT treatment are by themselves negative prognostic 
factors for outcomes.  

One of the most important and discussed aspects of EVT treatment after the initial RCTs was 
the time from symptom onset to treatment. This was a debated topic, as the initial 7 EVT 
RCTs differed in allowed time to treatment, with the vast majority of patients being included 
within 6 hours of symptom onset. On the other hand, there were some data from the first trials 
beyond 6 hours which sparked the idea to investigate the effectiveness of EVT treatment 
beyond the first 6 hours after symptom onset. This was partly confirmed in a later meta-
analysis which found that EVT treatment significantly improved outcomes up to 7.3 hours 
after symptom onset.110  

Two RCTs were designed to try to address this question: the DWI or CTP Assessment with 
Clinical Mismatch in the Triage of Wake-Up and Late Presenting Strokes Undergoing 
Neurointervention with Trevo trial (DAWN) and the Endovascular therapy following 
imaging evaluation for ischemic stroke trial (DEFUSE).40, 41 Both of these trials relied on 
specific imaging criteria related to the salvageable and infarcted brain tissue to select patients 
for the study, rather than simply relying on time from symptom onset. The DAWN trial 
included patients from 6 to 24 hours after symptom onset with a mismatch between clinical 
severity and infarct volume on radiological examination,40 while the DEFUSE trial included 
patients from 6 to 16 hours after symptom onset with an initial infarct size of less than 70 ml 
and a ratio of the volume of ischemic tissue on perfusion imaging to infarct volume of 1.8 or 
more.41 Both RCTs found an increase in 3-month mRS 0-2 and no difference in death and 
SICH for patients treated with EVT. Additionally, DAWN also showed that the EVT effect 
persisted in both the 6 to 12 and 12 to 24-hour intervals.40 For both extended time-window 
RCTs, EVT treated patients were compared to standard care patients. While the time 
windows were beyond the IVT treatment guideline time-window, between 5-13% of patients 
received IVT in these RCTs.40, 41 While these two RCTs showed that an extended time-
window is possible, they were limited by their inclusion/exclusion criteria. The DAWN trial 
included patients with fairly small infarct volumes at baseline as measured by perfusion 
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imaging, while the DEFUSE trial limited inclusion of patients to a ratio of ischemic tissue to 
initial infarct volume to 1.8.40 Regardless, a later meta-analysis without patient-level data of 
all RCT’s with patients included later than 6 hours of symptom onset showed that EVT 
treatment increased the chance of 3-month mRS 0-2 with no difference in death and SICH.111 
However, the meta-analysis notes that for the later trials there were much stricter imaging 
criteria primarily based on CTA or CTP imaging findings, potentially selecting away less 
favorable patients in the later trials. Additionally, the meta-analysis pooled all the trials 
together without differentiating them based on time intervals, potentially causing skewed 
distribution by including more patients closer to 6 hours than 24 hours after symptom onset.  

2.5.2.1 Building on EVT treatment 

Similar to IVT treatment, there is ongoing research aiming to further improve the outcome 
after EVT treatment. An approach to minimize the spread of ischemia in damaged brain 
parenchyma is the use of nerinetide, which has been shown to inhibit signaling that leads to 
neuronal excitotoxicity by perturbing post-synaptic density protein 95 protein-protein 
interactions.112 The Efficacy and safety of nerinetide for the treatment of acute ischaemic 
stroke trial (ESCAPE-NA1) was a RCT designed to investigate whether Nerenetide infusion 
for patients with an acute ischemic stroke treated with EVT could increase the proportion of 
patients with good clinical outcome.113 Despite not showing any significant difference for the 
analysis of the entire study population, ESCAPE-NA1 did show a statistically significant 
improvement in functional outcome for patients that did not receive IVT with alteplase in a 
prespecified exploratory analysis. The trial did not perform an analysis for interaction by IVT 
treatment, but still raises a potentially interesting target for future analysis and trials. 

 

2.6 STROKE ETIOLOGY BY TOAST CLASSIFICATION – NO, NOT THE SMELL 

Ischemic stroke can be caused by several different mechanism. To better understand and 
differentiate the source of embolization, or the etiology, of an ischemic stroke, a classification 
system was developed called the Trial of Org 10172 in Acute ischemic Stroke Treatment 
(TOAST).114 The TOAST classification divides ischemic stroke into 5 categories: large artery 
atherosclerosis (LAA), cardiac embolism (CE), lacunar stroke (LS), other known/rare 
etiology (OE), and unknown or multiple possible etiologies (UE) (Table 7). 

2.6.1 Lacunar stroke  

The name lacunar stroke (LS) stems from the French term “lacune”, which means small hole. 
This description is based on autopsy findings, where patients who had suffered a LS were 
found to have small holes in their brains. LS is caused by an occlusion, or in 5% of cases a 
hemorrhage, in a single perforating artery in subcortical areas, such as the basal ganglia, 
thalamus, internal capsule, corona radiata, or brainstem.115 The damaged areas may be small 
in size, but their clinical manifestations vary vastly. Clinically, LS is usually defined by one 
of the lacunar syndromes: pure motor, pure sensory, sensory motor, ataxic hemiparesis, and  
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Table 7. Classification of ischemic stroke etiology based on the Trial of Org 10172 in Acute ischemic Stroke 
Treatment (TOAST) definitions114 
Etiology Definition 
Large-artery atherosclerosis (LAA) - Clinical and brain imaging findings of significant 

(>50%) stenosis or occlusion of a major brain artery 
or branch cortical artery, presumably due to 
atherosclerosis. 

- Exclusion of other possible etiologies 
Cardioembolism (CE) - At least one cardiac source for an embolus 

- Exclusion of other possible etiologies 
Small vessel occlusion, lacune (LS) - Clinical findings supporting a classic lacunar 

syndrome with no cerebral cortical dysfunction 
- Normal CT/MRI findings, or relevant brain stem or 

subcortical hemispheric lesion with a diameter of less 
than 1.5cm. 

- Exclusion of other possible etiologies 
Stroke of other determined etiology (OE) - Evident rare cause of an ischemic stroke, such as 

nonatherosclerotic vasculopathy, hypercoagulable 
state or hematological disorders. 

- Exclusion of other possible etiologies. 
Stroke of undetermined etiology (UE) - Multiple possible etiologies. 

- No etiology found despite adequate investigation. 
- Incomplete evaluation 

clumsy-hands dysarthria.116 These syndromes stem from the specific areas that are damaged. 
In the general ischemic stroke population, LS account for about 21-36%117-119 of stroke cases, 
differing in proportions primarily on how LS is defined and within what time-frame from 
symptom onset patients are included in the studies. For the remaining text, LS will refer only 
to the ischemic component of lacunar stroke. 

The underlying mechanisms that cause a LS are part of a broader vascular pathology that has 
a slow and less clinically obvious presentation called small vessel disease.116 Illustrating this 
point, lacunes are found radiologically in about 20% of the healthy elderly population.120 This 
may be due to previous “silent” LS which do not lead to any acute symptoms, or due to more 
chronic damage that causes progressive formations of lacunes through angiopathy caused by 
one or many risk factors such as hypertension, diabetes or smoking.116 This may lead to some 
confusion in differentiating the acute and the chronic lacunes radiologically, but it is 
important to note that in an acute LS, the radiological and clinical findings must match. In 
practice, it is not uncommon that an acute LS is not seen on initial CT scan in the acute 
setting.116, 121 Diffusion weighted MRI has been shown to be more sensitive in detecting LS in 
the acute setting.116, 121 Interestingly, when analyzing the MRI scans of patients presenting 
with an acute LS, it was found that up to a third of the patients had multiple acute subcortical 
lesions, suggesting that the cause of LS may be embolic.121, 122  

Compared with other ischemic stroke subtypes, patients with LS are generally regarded as 
less severe stroke cases. Patients with LS have been shown to have more favorable natural 
outcome at 3 months when compared to other stroke etiologies.117, 118, 123 Additionally, LS 
patients tend to present with milder symptoms at stroke onset.117, 124 These facts give the 
impression that patients with LS are more inclined to a better natural outcome than their 
counterparts. However, this may be an oversimplification. Although patients with LS have 
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better short-term outcomes that other ischemic stroke etiologies, studies show that patients 
with LS have a paradoxically increased 5-year mortality compared to the general population, 
in addition to an increased risk of dementia.125-127 It is unlikely that this is caused by the 
single LS, but it clearly shows that patients with LS have a high risk of a broader small vessel 
disease that may have manifested itself in the acute LS. While reducing the risk of future LS 
and small vessel disease is pertinent for these patients, it is important not to underestimate the 
effects of the acute LS for these patients and not see acute LS as a benign condition.  

2.6.2 Large artery atherosclerosis and cardiac embolism  

In contrast to the perforating arteries of LS, large artery occlusion in acute ischemic stroke is 
most often caused by large artery atherosclerosis (LAA) or cardiac embolism (CE). There is 
little distinction between these two etiologies in studies investigating stroke caused by large 
artery occlusion, which may not be unproblematic.  

The process of thrombus formation is fundamentally different for LAA and CE blood clots, 
which may lead to significantly different clot compositions. According to the classical 
Virchow’s triad, there are 3 components needed for thrombosis: a hypercoagulable state, 
endothelial damage, and stasis/abnormal blood flow.128 A revised version of Virchow’s triad 
has been suggested, with the updated 3 components being: endothelial or endocardial damage 
or dysfunction (and related structural abnormal changes); abnormal blood stasis; and 
abnormal hemostasis, platelets, and fibrinolysis.129 Based on this knowledge, 2 main types of 
thrombi have been suggested: red and white thrombi. 

Red thrombi are described as compact, fibrin and red blood cell rich thrombi. Their formation 
is usually attributed to areas with primarily stasis of blood flow, such as the atrial appendage 
or deep veins of the extremities. There, a network of fibrin deposits is formed which captures 
the red blood cells and forms red, firm thrombi.130, 131 Because of the abundance of red blood 
cells, these thrombi tend to have a red color. Additionally, it has been suggested that 
hypercoagulative factors are increased in the left atrium,132 and that an inflammatory state in 
the endocardium could lead do endothelial damage.133 Based on this knowledge, it was 
expected that red thrombi should be found in patients with an ischemic stroke caused by CE.  

White thrombi are described as firm, yet fragmentable thrombi. Their formation is mainly 
through platelet aggregation in the arterial circulation in close association to atherosclerotic 
plaques.130, 131 Their mostly platelet rich structure gives these thrombi a more faint, white 
color. Because of the abundance of platelets, an abnormal hypercoagulative state is likely. 
This, in addition to the endothelial damage and abnormal blood flow from atherosclerotic 
plaques, also satisfies Virchow’s triad. It was therefore expected that thrombi caused by LAA 
should be white thrombi. 

Given these pathophysiological differences in thrombi composition, it is easy to assume that 
there should be a clear difference in both treatment outcomes and histological features of 
thrombi extracted from patients with LAA and CE. However, the study of thrombi 
composition has been more difficult than might have been anticipated. A meta-analysis of 
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ischemic stroke patients by Brinjikji et al. found that there was no association between 
histological findings and stroke etiology or angiographic outcomes.134 In part, this could be 
due to H&E staining, which was the most common method used, but which was not good at 
differentiating the etiological subtypes. Methods involving extracting thrombi with a stent 
retriever or aspiration were also biased to producing only larger thrombi. Smaller and 
fragmented thrombi or those which simply were not possible to extract could not be analyzed, 
creating a clear bias. Additionally, not all studies used the same definitions to describe the 
thrombi, adding to the heterogeneity of the combined results. Despite this complicating the 
analysis, this meta-analysis did find a significant association between radiological findings 
and etiology.134 Some studies found that a dense vessel sign on baseline CT-scans was 
associated with CE. However, when combining the data, there was no statistically significant 
association. Additionally, there was heterogeneity in the results between the studies both in 
the relationship between clot composition and stroke etiology and radiological findings and 
clot composition.134 On the other hand, results from 2 studies investigating MRI findings 
showed that susceptibility vessel signs with blooming effects around the thrombus were 
positively associated with CE,134-136 while a later consensus statement also suggested that 
MRI can differentiate between red blood cell and fibrin rich thrombi, potentially opening the 
door for differentiating between LAA and CE as ischemic stroke etiologies in an early 
setting.137 

2.6.3 SSS-TOAST system and the CCS algorithm 

The TOAST definition is fairly simple to implement with broad capabilities of classifying 
most ischemic stroke cases.114 However, due to the strict criteria of the specific stroke 
etiologies, the undetermined etiology (UE) category encompasses a large percentage of 
ischemic stroke patients. With recent improvements in radiological examinations and 
epidemiological knowledge, the possibility to more accurately assign the etiology of an 
ischemic stroke has increased. To build on these recent developments, an algorithm was 
developed to try to decrease the number of ischemic stroke patients classified as UE.138 The 
Stop Stroke Study TOAST (SSS-TOAST) system was developed to enhance the TOAST 
etiology criteria. In addition to broader criteria, the SSS-TOAST classification adds 3 levels 
of confidence to each etiology: evident, probable, and possible. The aim with the level of 
confidence is to assign an etiology to as many patients as possible, even when there is some 
uncertainty. This drastically reduces the number of patients in the UE etiology, yet also 
increases the risk of falsely assigning an ischemic stroke etiology in the more uncertain 
assignments. The SSS-TOAST classification has a good potential for improving stroke 
etiology assignment, with some data already suggesting it outperforms the TOAST and other 
classifications.139 With future improvements to radiological and perhaps histological 
examinations, the SSS-TOAST classification may help improve the search for ischemic 
stroke etiology and further assist in acute stroke management and secondary prevention. To 
increase the access to the SSS-TOAST classification, an online questionnaire called the 
Causative classification of Stroke system (CCS) was created and has shown excellent intra- 
and inter-examiner reliability.140 
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2.1 IVT TREATMENT FOR DIFFERENT ISCHEMIC STROKE ETIOLOGIES 

There are no RCTs investigating the effect of IVT in acute ischemic stroke for specific 
ischemic stroke etiologies. While not the focus of the trial, the NINDS RCT presented post-
hoc data for the different stroke etiologies.44 The study did not present any statistical analysis 
for these subgroups. Based on the numbers presented in the NINDS study’s Table 5, one can 
calculate the unadjusted/crude odds ratios for mRS 0-1. IVT treatment showed a significant 
improvement for patients with LS (crude odds ratio [cOR] 2.53, 95% confidence interval [CI] 
1.002-6.37) and LAA (cOR 2.35, 95% CI 1.36-4.07), but not for CE (cOR 1.61, 95% CI 
0.97-2.68). Comparing the etiologies in IVT treated patients of the NINDS trial, LS patients 
showed a higher proportion of mRS 0-1 compared to LAA patients (cOR 2.51, 95% CI 1.27-
4.94) and CE patients (cOR 2.72, 95% CI 1.40-5.29), while CE patients did not differ from 
LAA patients (cOR 0.92, 95% CI 0.56-1.53). Although the NINDS trial did not have data on 
recanalization status, these crude results contradict the expected theoretical effect, as CE 
patients with potentially the most fibrin-rich thrombi did not improve with IVT. However, the 
data extracted from the study is unadjusted and is most likely prone to confounding by 
baseline differences between the etiologies. Therefore, any conclusions drawn from 
extracting the data should be limited. 

Observational studies investigating the different stroke etiologies and their relation to 
outcomes after IVT treatment differ in both results and in study designs. White thrombi have 
been described to be resistant to treatment with thrombolytic therapy, possibly because of the 
increased concentrations of plasminogen activator inhibitor-1, which is released by platelets 
and the endothelium141. Additionally, larger thrombi which were resistant to IVT treatment 
tended to present with a dense-vessel sign on baseline CT, where dense vessel signs were 
associated with CE thrombi.75, 134 Therefore, it is not unreasonable to assume that the effect of 
IVT should be different based on the composition of the thrombus. Some observational 
studies showed general trends towards better functional outcomes for LS patients, while CE 
patients had the worst functional outcomes, and LAA were somewhere in between.117, 118 
Importantly, these studies had in general relatively low numbers of IVT treated patients, 
which could be a sign of underlying stroke management differences for the study populations 
included in these studies. However, in observational studies with a higher proportion of IVT 
treated patients the results based on stroke etiology vary widely, with some studies showing 
no significant differences between CE and LAA,142, 143 one study showing unfavorable 
outcomes for CE and LAA patients with carotid stenosis,144 one study showing better 
outcomes for CE as compared to LAA,145 and CE showing worse outcome outcomes than 
LAA.146 Additionally, a meta-analysis of observational studies without patient-level data 
investigating IVT treatment in patients with CE compared to all other etiologies found that 
CE had lower chances of mRS 0-2 at 3 months.147  On the other hand, the meta-analysis also 
pointed out that CE patients tended to be older and have higher baseline NIHSS score, 
potentially creating a selection bias. Importantly, it is worth noting that in observational 
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studies comparing IVT treatment among all stroke etiologies, patients with LS consistently 
showed better outcomes after IVT treatment than CE and/or LAA patients after IVT 
treatment.142-145  

Despite these results, IVT treatment for patients with LS has not been without controversy. 
While LS amounts to 21-36% of all ischemic stroke cases in the general stroke population,117-

119 the number of LS patients arriving at the hospital with an acute ischemic stroke may be 
lower at around 10-13%,44, 148 although one study did find 38% of acute stroke patients to 
have LS.149 A potential reason for these lower numbers could be that LS patients tend to 
present with milder symptoms at stroke onset as compared to other etiologies.142-145 This 
could lead to both patient’s and doctor’s delay. Additionally, a lack of data on IVT treatment 
for LS patients in observational studies and in the randomized controlled trials could affect 
the number of LS patients treated with IVT in the real-world data. Unsurprisingly, there is a 
debate on whether IVT treatment is safe for patients with LS. The hesitation to treat LS 
patients also stems from the concern that the cause of LS may not be through thrombi 
formation, but rather by arteriolosclerosis, cerebral amyloid angiopathy or inflammatory 
small vessel diseases.150 Therefore, IVT treatment would theoretically not be able help these 
patients and instead only increase the risk of complications. 

 

2.2 EVT TREATMENT FOR DIFFERENT ISCHEMIC STROKE ETIOLOGIES  

While EVT treatment has been shown to be effective in acute ischemic stroke caused by large 
artery occlusion, there still remain several aspects for which data are lacking that could 
potentially affect the outcomes. One such aspect is how stroke etiology could affect outcomes 
following EVT treatment. Based on the theory of thrombi compositions, it is not entirely 
clear what to expect when comparing LAA to CE. Several smaller observational studies have 
investigated EVT treatment and compared the results of LAA and CE patients.151-153 All of 
these studies found that patient with CE had a lower chance of mRS 0-2 at 3 months, with 
one study also finding higher rates of SICH and 3-month mortality in CE patients.153 Notably, 
CE patients had more severe symptoms at baseline as per NIHSS score,152, 153 worse collateral 
status at baseline,153 but no significant difference in mTICI score after EVT treatment, while 
other stroke risk factors where fairly evenly distributed.151-153 With 6-35% of patients 
receiving IVT in these studies, the primary treatment can be considered to be EVT. 
Combined, these findings suggest that there could be potentially significant differences 
between CE and LAA patients already at baseline despite several similarities, which could 
affect the outcomes of these etiologies. One explanation for this could be the physiological 
adaptation to chronically lower blood flow in patients with LAA. This could lead to better 
adaptation to an anoxic environment for LAA patients as opposed to CE patients where one 
would expect minimal previous adaptation mechanisms. Additionally, two studies found that 
CE patients had thrombi which were more difficult to extract, with longer groin puncture-to-
recanalization times, arguing that CE thrombi were harder to pass with the devices.151, 153 This 
would be in accordance with the pathophysiological mechanisms for CE thrombi formation, 
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with more compact thrombi. On the other hand, another study found the opposite result, 
questioning this theory.152 Despite these differences, CE patients still had worse 3-month 
outcomes in both studies. As a result, more knowledge is needed to fully understand how CE 
and LAA patients differ in clinical practice and how the difference in etiology may affect the 
procedural and clinical outcomes.  

A meta-analysis comparing EVT outcomes for acute ischemic stroke patients with 
intracranial atherosclerosis related occlusions (ICAS) compared to non-ICAS patients was 
performed by Tsang et al.154 The non-ICAS patients included both CE patients and all other 
non-LAA stroke etiologies. The meta-analysis found that ICAS patients had longer EVT 
procedural times, higher rates of rescue treatments, but no difference in reperfusion rates. 
Interestingly, the meta-analysis emphasizes that there were several substantial baseline 
differences between the two groups, such as in age, baseline NIHSS and sex. While the meta-
analysis showed that functional independence, death, and SICH did not differ between the 
groups, this could be due to the underlying baseline differences that were not adjusted for.  

 

2.3 BLOOD PRESSURE IN STROKE  

The relationship between systemic blood pressure (BP) and cardiovascular disease, including 
stroke, is well known. For both ischemic and hemorrhagic stroke, higher BP is a well-known 
risk factor.12 BP management is one of the key aspects in stroke prevention.12 Additionally, 
hypertension is known to be a contributing factor to the formation of both LAA155 and LS.150 
While BP plays a significant role in the development of stroke etiologies, it also plays an 
important role during an acute ischemic stroke.  

In order to understand the role of BP in stroke, it is important to understand how BP affects 
cerebral blood flow. Cerebral autoregulation of blood flow is a complex mechanism aimed to 
maintain a stable blood flow to the arteries of the brain. It can be calculated using the cerebral 
perfusion pressure and the cerebrovascular resistance, where the ratio is as follows: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 𝐶𝐶𝑟𝑟𝑏𝑏𝑏𝑏𝑏𝑏 𝑓𝑓𝑟𝑟𝑏𝑏𝑓𝑓 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 𝑝𝑝𝐶𝐶𝐶𝐶𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑝𝑝 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 𝑣𝑣𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝑟𝑟 𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑟𝑟𝑟𝑟𝑝𝑝𝑟𝑟𝐶𝐶 =  

(𝑀𝑀𝐶𝐶𝑟𝑟𝑝𝑝 𝑟𝑟𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 − 𝑝𝑝𝑝𝑝𝑟𝑟𝐶𝐶𝑟𝑟𝑟𝑟𝐶𝐶𝑟𝑟𝑝𝑝𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶)
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 𝑣𝑣𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑟𝑟 𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑟𝑟𝑟𝑟𝑝𝑝𝑟𝑟𝐶𝐶  

where  

𝑀𝑀𝐶𝐶𝑟𝑟𝑝𝑝 𝑟𝑟𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 = 𝐷𝐷𝐷𝐷𝐷𝐷 +
(𝑆𝑆𝐷𝐷𝐷𝐷 − 𝐷𝐷𝐷𝐷𝐷𝐷)

3  

In general, the cerebral arteries can withstand wide variations in systemic BP changes, but 
there are limits. Figure 1, based on the work of Peterson et al,156 illustrates the cerebral 
autoregulation for a healthy person versus a person with chronic hypertension. The cerebral 
autoregulation is shifted towards higher values in patients with a long history of hypertension, 
which changes the way cerebral blood flow will react to different BP levels, especially lower 
values. Because of the cerebral autoregulation, BP is believed to be a double-edged sword in  
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Figure 1. Cerebral autoregulation. 
Solid line: Healthy person, dashed line: person with chronic 
hypertension. 

acute ischemic stroke. There is a typical physiological response of hypertension with relative 
bradycardia during an ongoing ischemic stroke  which  tries to engage collaterals and to 
“push through” the occlusion.157 Therefore, an aggressive lowering of BP with a persistent 
occlusion may be detrimental. On the other hand, maintaining high BP for a prolonged time 
is known to increase the risk of hemorrhagic transformation, which also may be detrimental 
to the patient. Essentially, an occluded artery would require higher BP levels to maintain 
some cerebral perfusion, while a completely open artery should not require higher BP levels. 
To complicate things, an artery that is not fully opened or completely occluded most likely 
requires BP levels that are slightly elevated but not too much. In the natural course of an 
ischemic stroke that does not receive an acute reperfusion treatment, BP drops by itself 
during the course of the first 36 hours after the acute ischemic stroke. However, how the BP 
drop changes due to the use of a treatment that may achieve reperfusion of the artery is still 
unknown, as is the optimal way to manage BP in the acute phase following treatment for an 
acute ischemic stroke.  

2.3.1 Blood pressure management after an acute ischemic stroke 

There are currently limited guidelines with low evidence grades for the management of BP 
during the acute phase of an ischemic stroke. In general, both the ESO and the AHA/ASA 
guidelines recommended treatment of extreme BP values in acute ischemic stroke, suggesting 
treatment in patient with BP >220/120 mmHg or unusual medical conditions, acknowledging 
that the evidence for this is not strong.158-160 The main reason for suggesting to lower high BP 
values is to minimize the risk of ICH, which is even greater after IVT treatment, while still 
balancing the necessary BP levels for maintaining sufficient cerebral perfusion. BP should be 
further lowered to <185/110 mmHg before IVT is given, and <180/105 mmHg after IVT 
treatment for 24 hours.10, 158 BP has been shown to decrease without any intervention during 
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the first hours and gradually throughout the first week after hospitalization.161 Additionally, a 
J or U-shaped association of BP with outcomes has previously been observed in the acute 
stroke population, suggesting that simply lowering BP for all stroke patients may not be 
optimal.162-164 Patients with successful reperfusion had lower chances of mRS 0-2 at 3 months 
with linearly increasing mean 24-hour SBP values, while patients without successful 
recanalization had a J-shaped association of SBP with regard to mRS.164 While there are no 
RCTs investigating hypotension in acute ischemic stroke, the current recommendation from 
the AHA/ASA is that hypotension and hypovolemia should be corrected in order to maintain 
systemic perfusion levels necessary to support organ function, but no target BP levels are 
specified.10  

With high SBP values being associated with poor outcome, two RCTs were conducted with 
the intention of lowering BP after acute stroke, where both ischemic and hemorrhagic stroke 
patients were included.165, 166 Both of these RCTs randomized patients with systolic BP (SBP) 
>140 mmHg, to treatment with nitric oxide or Candesartan, or no treatment or placebo, 
respectively for each trial. These RCTs showed that there was a successful lowering of BP, 
but this did not translate to any improvement in long term outcomes. On the other hand, the 
recanalization grade was not considered in these RCTs, nor was a target BP level used, 
leading to mean SBP values >140 mmHg in both treatment cohorts. As IVT treatment has 
become accepted, the guidelines for managing BP in acute ischemic stroke have evolved to 
follow in the footsteps of the eligibility criteria for IVT.  

In the RCTs investigating IVT treatment, BP was used as an exclusion criterion for patients 
with >185 or >110 mmHg for SBP and DBP, respectively.43, 44 Additionally, the IVT RCTs 
decided to maintain BP levels at <180/105 mmHg after IVT treatment. This is why the 
current guidelines use these targets, while acknowledging that there is not a lot of compelling 
evidence for these targets as the RCTs were not designed to test the BP levels.10, 158 On the 
other hand, lower BP levels after treatment with IVT have been suggested in observational 
data with the most favorable outcomes at 141-150 mmHg and an observed U-shape 
association of SBP with regard to the outcomes.167 Consequently, an RCT was conducted 
with the intention of investigating whether intense BP lowering after IVT treatment could 
lead to better outcome.168 Randomizing to an intense or standard SBP lowering, at 130-140 or 
<180 mmHg, respectively, Anderson et al. did not find any long-term effects despite showing 
a decrease in ICH in the intense SBP lowering cohort.168 Interestingly, the mean SBP in the 
intense SBP lowering cohort was still 144 mmHg, potentially indicating that the lack of effect 
on long-term outcomes could be due to failing to maintain the intervention target SBP level. 
The RCT did not take into account recanalization grades of the study participants.168 Due to 
the lack of new evidence, the guidelines for BP targets for IVT treated patients remain 
unchanged. 

BP management guidelines after EVT closely follow the IVT guidelines. The ESO and the 
AHA/ASA guidelines recommend maintaining BP levels of <180/105 mmHg during the 
EVT procedure and during the first 24 hours after EVT, yet again acknowledging the low 
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level of evidence for these targets.10, 158 This is because the targets are based on the EVT 
RCTs which had similar BP management for their trial protocols. However, during recent 
years there has been a major increase in observational studies suggesting that the current 
guidelines could be outdated with a strong need for RCTs to gather high quality evidence for 
BP management after EVT treatment. So far, only one RCT on BP management after EVT 
treatment in acute ischemic stroke has been completed, the BP-TARGET trial.169 This study 
found that randomizing patients to an intensive SBP target of 100-129 mmHg after EVT 
treatment did not decrease the rate of ICH. 

Observational data on BP management after EVT treatment for acute ischemic stroke patients 
has investigated several BP parameters that could be of interest. SBP and DBP peaks during 
the first 24 hours after EVT have been shown to be associated with worse outcomes due to 
the risk of ICH with higher values of BP.170-173 One study attempted to find a SBP value to 
discriminate bad outcome, finding that a peak value of SBP >158 mmHg was associated with 
worse outcome.170 Higher mean SBP as a continuous variable and higher mean SBP intervals 
during the first 24 hours after EVT treatment were shown to be associated with worse 
outcomes.174 Other SBP parameters that have been investigated are standard deviation,175, 176 
mean successive variation,175-177 and coefficient of variation,175, 176 which all show worse 
outcomes for increasing values of the parameters. Several of the studies that investigate these 
parameters have been pooled together in a recent meta-analysis which confirm the 
findings.178 

An important factor that has been suggested to affect BP parameters is reperfusion grade. 
Based on the theory that an ischemic stroke naturally causes an increase in BP, it is simple to 
consider that patients with different reperfusion grades may have different needs in terms of 
BP management. A good visualization of how BP acts differently over time based on 
reperfusion was presented in a study that showed that regardless of reperfusion grade, 
patients had an initial drop in BP after treatment.179 In this study, patients with successful 
reperfusion showed a continuing slow BP decrease during the course of 36 hours after 
treatment, while patients with persistent occlusions showed a more stable BP level after the 
initial drop over the first 36 hours after treatment. Reperfusion grade may also affect the 
association between SBP parameters and outcomes after EVT treatment. Higher maximum 
SBP values after EVT treatment and higher mean SBP values led to lower chances of 
functional independence and higher risk of SICH in patients with successful reperfusion.164, 

172, 173 While similar associations were present for patients with unsuccessful reperfusion, the 
magnitude of the associations differed.164, 180 Combined, these results would suggest that 
maintaining lower SBP should be beneficial and that perhaps SBP reduction may be more 
beneficial for patients with successful reperfusion. A clear example of how the stroke 
research field has adapted to and accepted that reperfusion grade plays a critical role in BP 
management after EVT treatment can be seen with the current on-going RCTs of BP 
management after EVT treatment, where all studies only included patients with successful 
reperfusion. (ClinicalTrials.gov identification: NCT04116112, NCT04205305, 
NCT04484350, NCT04775147, NCT04140110). 



 

 27 

3 RESEARCH AIMS 
This doctoral thesis is composed of 5 separate projects with individual aims following the 
fundamental research aim of this doctoral thesis: 

To investigate the association of etiological subtypes of ischemic stroke and blood pressure 
parameters with outcomes after reperfusion therapy in acute ischemic stroke. 

 

 

Research aim project 1: 

To investigate outcomes after intravenous thrombolysis in patients with an acute ischemic 
stroke caused by a lacunar stroke. 

 

Research aim project 2: 

To investigate the potential association of blood pressure levels with clinical outcomes in 
endovascular thrombectomy treated acute ischemic stroke patients. 

 

Research aim project 3: 

To investigate whether the stroke etiologies large artery atherosclerosis and cardiac embolism 
influence outcomes in acute large artery occlusion treated by endovascular thrombectomy. 

 

Research aim project 4: 

To investigate the association between systolic blood pressure change at different time 
intervals and endovascular thrombectomy outcomes. 

 

Research aim project 5: 

To investigate if the systolic blood pressure course after treatment with endovascular 
thrombectomy for patients with an acute ischemic stroke was associated with outcomes. 
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4 MATERIALS AND METHODS 
This section will go through the materials and methods used in the five projects in this 
doctoral thesis. While several of the methodological choices are present in more than one 
project, any unique or modified method or analysis will be highlighted and refer to the 
relevant project.  

 

4.1 STUDY PARTICIPANTS 

4.1.1 SITS database 

Projects 1-4 used the Safe Implementation of Treatment in Stroke (SITS) international 
database. SITS is an international multicenter collaboration where participating centers 
commit to prospectively register all consecutive stroke cases according to different data entry 
protocols. The protocols now included in SITS encompass general stroke patients, ischemic 
stroke patients treated with intravenous thrombolysis or endovascular thrombectomy or 
bridging data entry protocol, and has recently added an ICH protocol. SITS was originally 
created in 1996 by several of the ECASS investigators as a non-profit, research-driven, 

Doctoral thesis project overview 
 Population Intervention/Exposure Comparisons Outcome Meta-analysis  

Project 1 SITS database: 
IVT treated and 
not IVT treated 
patients 
 

IVT treated LS patients 1. Non-IVT treated 
LS patients 
2. IVT treated non-LS 
patients 

Primary: mRS 0-2 at 3 months 
Secondary: mRS 0-1 at 3 
months, death at 3 months, 
SICH 

Yes 

Project 2 SITS database: 
EVT treated 
patients 

Mean BP values for 24 
hours after EVT 
treatment 

1. Patients with 
successful reperfusion 
2. Patients with 
unsuccessful 
reperfusion 
 

Primary: mRS 0-2 at 3 months 
Secondary: mRS 0-1 at 3 
months, death at 3 months, 
SICH 

No 

Project 3 SITS database: 
EVT treated 
patients 

Stroke etiology LAA Stroke etiology CE Primary: mTICI 2b-3 
Secondary: mRS 0-2 at 3 
months, death at 3 months, 
SICH, EVT procedural time, 
number of EVT attempts 
 

Yes 

Project 4 SITS database: 
EVT treated 
patients 

SBP change measured 
after EVT treatment at 
0-2, 2-4, 4-12, and 12-
24 hours. 

1. Baseline SBP 
2. End of EVT 
procedure SBP 

Primary: mRS 3-6 at 3 months 
Secondary: Death at 3 months, 
NIHSS deterioration ≥4 at 24 
hours, SICH 
 

No 

Project 5 BaSE-T 
database: 
EVT treated 
patients 
 

SBP course during 24 
hours after EVT 
treatment for patients 
with mRS 0-2 

SBP course during 24 
hours after EVT 
treatment for patients 
with mRS 3-6 

Primary: mRS 0-2 at 3 months 
Secondary: Death at 3 months, 
SICH, and ICH 

No 

Abbreviations: SITS=Safe implementation of treatment in stroke, IVT=Intravenous thrombolysis, EVT=Endovascular thrombectomy,  BaSE-T=Blood pressure and 
stroke etiology in thrombectomy, LS=Lacunar stroke, BP=Blood pressure,  LAA=Large artery atherosclerosis, SBP=Systolic blood pressure,  CE=Cardiac embolism, 
SICH=Symptomatic intracerebral hemorrhage, mTICI=Modified treatment in cerebral infarction score, NIHSS=National institute of health stroke scale, 
ICH=Intracerebral hemorrhage. 
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independent international collaboration registry in order to monitor the use of stroke 
treatments. In 2002, the European medicines agency (at the time called the European Agency 
for the Evaluation of Medical products) conditionally approved IVT treatment within 3 hours 
of symptom onset for stroke patients in the European union if all patients were registered in 
SITS, in a phase IV-like study which was later published in 2007. SITS has since then 
expanded beyond Europe and is now present on an international stage with centers 
continuously joining the registry. Every SITS study center has a local coordinator, in 
additional to a national coordinator. It is their responsibility to ensure that the data is 
registered in the SITS registry, which is an online tool that is accessible through the internet 
using a personal 2-way authentication system. All patients registered in SITS received a 
treatment file number which is pseudoanonymized and generated by the system, in order to 
increase the safety of their data. The SITS registry includes variables such as baseline and 
demographic characteristics, investigations performed in hospital, detailed treatment 
procedural parameters, and outcome variables including radiological findings, clinical 
measurements during and after treatment, and 3-month follow-up results.   

Project 1 used two main comparisons: LS patients treated with IVT compared to LS patients 
not treated with IVT, and LS patients treated with IVT compared to non-LS patients treated 
with IVT. The reason for the second comparison was to evaluate SICH, as patients not treated 
with IVT did not routinely perform follow-up radiological examinations meaning there was 
no way to evaluate SICH in these patients. Therefore, LS patients treated with IVT were 
matched with non-LS patients treated with IVT in a 1:2 ratio to evaluate any difference in 
SICH. The exact matching was based on age, sex, and NIHSS score at baseline.  

LS was defined based on both clinical findings and NIHSS baseline subscores, which were 
based on the TOAST definition.114 Essentially, we wanted to find patients that showed signs 
of typical lacunar syndromes (pure motor, pure sensory, or sensorimotor) while removing 
patients that had cortical NIHSS subscores in order to reduce the risk of false positive 
classification. The following two approaches were used to identify LS patients, and they were 
weighted equally with at least one definition required for classifying a LS patient: 

1. An international statistical classification of diseases and related health problems 
version 10 (ICD-10) diagnosis for small vessel disease (I63.5), in addition to NIHSS 
baseline scores of 0 in cortical subscores, i.e. visual fields (#3), language (#9), and 
extinction or inattention (#11). 

2. NIHSS baseline scores matching a lacunar syndrome, defined as having points in only 
the subscores for facial movements (#4), motor function arm (#5), motor function leg 
(#6), or sensory (#8), in addition to not having an ICD-10 diagnosis for Cerebral 
Infarct for Large vessel disease with significant carotid stenosis (I63.0), Other Large 
vessel disease (I63.3), Cardiac Emboli (I63.4), Sinus Venous Thrombosis (I63.6), or 
Other Unusual Cause (I63.9). 
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Project 2 divided the study population into 2 groups based on the reperfusion grade, mTICI 
2b-3 (successful reperfusion) and mTICI 0-2a (unsuccessful reperfusion). These groups were 
analyzed separately. 

Project 3 used both clinical findings and ICD-10 diagnosis to define patients with either LAA 
or CE stroke, based on the TOAST definitions.114 A patient was categorized as having a LAA 
stroke if they fulfilled one of the following criteria: 

1. Presence of a stenosis on radiological examination at baseline or during digital 
subtraction angiography. 

2. If there is no data on stenosis, an ICD-10 diagnosis of I63.0 or I63.3, due to these 
diagnosis covering non-cardiogenic large artery occlusions. 

A patient was categorized as having a CE stroke if they fulfilled one of the following criteria: 

1. Known atrial fibrillation or presence of atrial fibrillation observed during bsaeline, at 
24 hours, at discharge, or at 3-month follow-up. 

2. If there is no data on atrial fibrillation, an ICD-10 diagnosis of I63.4. 

If a patient fulfilled criteria for both LAA and CE that patient was deemed as having multiple 
potential etiologies and was not included in the analysis of either of the etiologies. 

Projects 2-4 used data quality criteria when selecting the final study population. Study centers 
that were included into the final study population needed to include at least 10 patients and 
have at least 70% 3-month follow-up data. These criteria were deemed necessary in order to 
select high quality data and experienced EVT treatment centers that also routinely followed 
up their patients.  

4.1.2 BaSE-T database 

Project 5 is based on the data from the blood pressure and stroke etiology in thrombectomy 
(BaSE-T) database. BaSE-T is a single-center database which collected data from all patients 
receiving EVT treatment at the Karolinska university hospital in Stockholm, Sweden from 
2018-02-12 to 2020-02-11. Data was collected retrospectively using patient electronic and 
physical charts. Collected data included data on baseline and demographic characteristics, 
detailed data on BP measurements during the first 24 hours after EVT treatment, data on 
treatments and examinations that occurred during hospital stay, and data on 3-month follow-
up evaluation. All patients registered in BaSE-T were pseudoanonymized, using a generated 
patient identification number. The key for the identification number was kept separate from 
the data, in order to increase safety for the patient-level data. 

 

4.2 OUTCOMES 

The primary outcome for project 1-2 and 4-5 was functional independence defined as mRS 0-
2 at 3-month follow-up, and the primary outcome for project 3 was successful reperfusion 
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defined as mTICI 2b-3. Secondary outcomes varied for the projects but mostly included mRS 
0-2 and mTICI 2b-3 if they were not the primary outcomes, in addition to excellent outcome 
as defined by mRS 0-1 at 3-month follow-up, SICH by specified definitions on follow-up 
radiological examinations, any ICH on follow-up radiological examination, and death by 3 
months. For project 3, secondary outcomes also included the number of EVT maneuvers and 
the procedural length of EVT. Project 4 included neurological deterioration as a secondary 
outcome, defined as a worsening in NIHSS score of ≥4 from baseline value. 

 

4.3 STATISTICAL ANALYSIS 

For all projects, contrasts between comparison groups regarding baseline and demographic 
characteristics and univariate analyses of the outcomes were performed with Student’s t-test 
for continuous variables, Mann-Whiteney’s U-test for ordinal variables, and Pearson’s Chi-
squared test for categorical variables. A p-value of <0.05 was considered to be statistically 
significant in all projects. 

Multivariable analyses were performed primarily using logistic regression models, as most 
outcomes were dichotomized. For all multivariable analyses, one of two methods were used 
to select the covariates: To select all baseline and demographic characteristics which showed 
univariate p<0.1 when contrasting the comparison groups, or to select variables that were 
clinically relevant based on confounding effects found using directed acyclic graphs.181 
Additionally, project 1 used propensity score matching in one of the comparisons in a 1:1 
ratio, in order to make sure that the regression model results held even after removing the 
population size differences. The variables included in the propensity score matching were 
based on clinical relevance, and were age, sex, NIHSS at baseline, hypertension, diabetes, 
previous stroke, and smoking. For project 3, a Poisson regression was used for the continuous 
outcomes due to their count-like distributions. For project 4, mixed-effects models were used 
with study center considered as a random effect.  

Project 2 analyzed mean BP over 24 hours after EVT treatment. Mean SBP was analyzed as 
both a continuous variable and in 20 mmHg intervals, with DBP analyzed as a continuous 
variable. The SBP intervals were: <100, 100-119, 120-139, 140-159, 160-179, and ≥180 
mmHg. If the number of patients in the intervals at the extreme ends were low the closest 
interval would be collapsed into one. The interval with the highest percentage of functional 
independence was used as reference. 

Mean SBP as a continuous variable was analyzed in logistic regression models for a linear, 
quadratic and restricted cubic spline relationship. Akaike’s information criterion (AIC) values 
were used to evaluate which model showed best fit to the data. 

Project 4 analyzed SBP change, defined as the mean SBP based of 2 adjacent SBP 
measurements minus SBP at baseline (∆SBP) or minus SBP at end of EVT procedure 
(∆eSBP). The time intervals were 0-2h, 2-4h, 4-12h, and 12-24h after EVT treatment. 
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Project 5 aimed to test the predictive capability of SBP course for stroke outcomes by 
performing steps to create and test a potential predictive model of SBP course. SBP course 
here means the way SBP values change over the first 24 hours after EVT treatment for a 
patient. The predictive model was created using 3 steps: 1) Creating a SBP course that should 
predict good outcome by modelling the SBP courses of patients that ended up having 
functional independence in individual linear mixed effects models, 2) Taking the calculated 
fixed effects for patients with good outcome and estimating the random effects for patients 
with bad outcomes using the empirical best linear unbiased predictor (EBLUP), and 3) 
Testing the individual random effects from all the patients to see if they can accurately 
predict a favorable outcome using a logistic regression model.  

To understand the reasoning behind the steps in Project 5, it may help to consider what they 
aim to achieve in order to understand how they work. The following explanation is based on 
the text found in the methods section of Project 5. To be able to say if a patient’s SBP course 
is “good” or “bad”, there needs to be some sort of reference SBP course to compare to. The 
reference we chose is the fixed effects calculated in step 1, where a “line” can be drawn from 
time 0 to 24 hours after EVT treatment for each model, knowing that this was the general 
SBP course for patients with good outcome. However, even patients with good outcome did 
not have values that exactly matched that “line”. Therefore, it is necessary to calculate how 
far from the “line” a SBP course may stray, in other words deviate, while still predicting good 
outcome. This is measured through the individual random effects of each patient with good 
outcome. However, the fixed and random effects are based on the same population, creating 
difficulties when comparing to a new population, in this case patients with bad outcomes. A 
method for working around this is using the EBLUP. The EBLUP uses the fixed effects of 
the original population (the “line”), in addition to the G-matrix and the variance of the 
residuals of the original population (which represent the variation of the random effects in the 
original population), to apply the observed values of the patients in the new population as if 
they were part of the original population, creating random effects for the new population that 
are essentially the distance from the “line” of the original population. Because we now have 
the distance from the “line” for both patients with good and bad outcomes, we can test to see 
if the distance itself, in other words the random effects values for each individual patient, can 
be used to predict good outcome in logistic regression models. 

 

4.4 COMPARING STATISTICAL MODELS 

Several of the projects included methods to compare the resulting statistical models created 
by the analyses, with the aim of these comparisons being to find the model that either best fits 
the data or the model that can describe the association the best. 

4.4.1 Akaike’s information criterion 

Akaike’s information criterion (AIC) is a commonly used method for comparing different 
statistical models to the same data. In general terms, a statistical model becomes more 
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flexible the more degrees of freedom it is allowed. What this means practically is that a 
model that can allow for shifts and changes based on different variables is more likely to 
accurately predict the data it is based on. On the other hand, the more flexible a model is, the 
higher the risk for “overfitting” a model to that specific data. This means that while the model 
predicts the current data well it would perform poorly on other similar data due to the model 
being overly adapted to the current data. To partly adapt to this, the AIC is meant to consider 
the model’s fit to the data while also penalizing the models that have higher degrees of 
freedom. The AIC produces a numerical value which by itself is not so important, but when 
comparing two models of the same data, the model with the lowest AIC value is considered 
to be the best model. 

4.4.2 Area under the curve 

The area under the curve (AUC) is a value from 0-1 which is based on the receiver operator 
characteristic (ROC). The AUC evaluates how well a prediction model works but does not 
evaluate or penalize the model based on any other criteria like with the AIC. The ROC is 
graph that is used to evaluate the prediction accuracy of a prediction model. The ROC plots 
the sensitivity against 1 minus the specificity of the model, creating a graph where a model 
purely based on chance would show a diagonally increasing line. The AUC is literally the 
area under curve of the model’s prediction line, where AUC of 1 would be a perfect model, 
and 0.5 would be a model purely based on chance (conversely, a value of 0 would be a model 
that is so bad at predicting something that it is perfect for predicting the opposite). Different 
thresholds exist for what is considered a decent AUC value, but generally a model is 
considered “good” for values >0.8 and “acceptable” for values between 0.6-0.8. An AUC 
value of close to 1 would raise a suspicion of overfitting the model. 

4.4.3 Different shapes for the predictor’s association to the outcome 

In its simplest form, a regression model will present a value for the increased chance of 
achieving the outcome for every increase in 1 unit of the predictor (which for categorical 
variables requires a value to be the reference value). This increase is most often a linear 
relationship, meaning that if the unit of the predictor increased by 2 the chances of the 
outcome would increase twice the value of the 1 unit increase, and if the unit of the predictor 
increased by 3 the chances of the outcome would increase three times etc. While this is a 
fairly simple relationship to understand an obvious question must be asked: could there be a 
non-linear relationship that better explains the association between predictor and outcome?  

To investigate if a non-linear relationship may be better at explain the association, alternative 
models can be designed which include these relationships. A simple regression model with a 
linear relationship would be as follows: 

1. 𝑌𝑌~𝐶𝐶𝑏𝑏 + 𝑟𝑟 
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where Y is the outcome and X is the predictor, with b being the coefficient with which the 
chance of predicting the outcome increases for every increase of 1 unit of X, and a being the 
constant (otherwise referred to as the intercept).  

Alternative relationships that are non-linear could be the following: 

2. 𝑌𝑌~𝑟𝑟𝑏𝑏2 + 𝐶𝐶𝑏𝑏 + 𝑟𝑟 
3. 𝑌𝑌~𝑏𝑏𝑏𝑏3 + 𝑟𝑟𝑏𝑏2 + 𝐶𝐶𝑏𝑏 + 𝑟𝑟 

for quadratic and cubic relationships, respectively, where c and d are the quadratic and cubic 
coefficients, respectively. With the addition of more degrees of freedom, the models increase 
in flexibility, meaning that they can if needed adapt to more complex associations. 

For projects 2, 4, and 5, different models were created to investigate of the relationship 
between predictor and outcome, or the shape of the association. The models were compared 
using the methods described above in order to try to find the best model while still 
considering the increased risk of overfitting.  

Projects 2 and 4 used restricted cubic splines (RCS), which are a further development of the 
cubic association. RCS use cubic associations but add an additional layer of flexibility by 
dividing the data based on knots. Knots essentially divide the data into different sections, 
allowing for a separate cubic association within each section, forcing the ends of each cubic 
spline from adjacent sections to meet. Additionally, the end sections of the RCS are forced to 
be linear, meaning that value beyond the final knots on either side follow a linear association. 

 

4.5 BOOTSTRAPPING 

Bootstrapping is a method of re-sampling from existing data. It creates new iterations 
(usually at least hundreds of new iteration) of the existing data by removing or copying cases 
at random while still maintaining the same total number of cases for each iteration. By doing 
so the bootstrapping can produce intervals for the accuracy of an analysis, since any extreme 
cases in the original data will most likely lose power during the random re-sampling with 
replacement.  

Project 5 uses bootstrapping to try to reduce the uncertainty from the first 2 steps in its 3 steps 
for creating a prediction model. Essentially, the results from steps 1 and 2 do not have any 
confidence intervals when moving to the next step which may lead to overestimation of the 
results of step 3. To try to limit this, all steps are bootstrapped, creating iterations of the steps 
that produce confidence intervals for the results of step 3 that consider the uncertainty of the 
previous steps. 
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4.6 META-ANALYSIS 

An important statistical tool for summarizing available data within a research field is the 
meta-analysis. By combining available data it is possible to confirm previous results or find 
the general trend in otherwise heterogeneous results. The collection of data for the meta-
analysis can be performed using the available published results, usually through the 
extraction of available data from the publication itself or through contact with the 
corresponding author. The best way to acquire data for a meta-analysis is by using individual 
patient level data, which requires the actual dataset or part of the dataset that was used for the 
analysis of a published manuscript. While this provides the best possibility for correcting for 
baseline imbalances and adjusting the data if needed, it also requires more stringent ethical 
considerations as it most likely becomes possible to identify individual patients. Therefore, it 
is common to use summarized or unadjusted data that can be extracted from published 
manuscripts as it then does not require these ethical considerations and can be done with less 
work for the corresponding authors of the manuscripts. However, using this unadjusted data 
limits the generalizability of the conclusions from the meta-analysis, as differences between 
study populations and individual patients are not taken into account in the analyses.  

Projects 1 and 3 each include a meta-analysis of current literature. Both projects use random 
effects meta-analyses with unadjusted data that is extracted form published literature and in 
some cases from contacting the corresponding authors of the manuscripts. The meta-analyses 
follow the guidelines for meta-analyses from the preferred reporting items for systematic 
reviews and meta-analyses (PRISMA). Project 3 includes the addition of a meta-regression 
analysis, which aims to adjust the results of the meta-analysis based on study-level 
differences in pre-specified baseline and demographic characteristics. 

Project 1 included studies that in the meta-analysis if they had data on at least one of the 
comparisons, searching the databases PubMed and Web of Science in addition to the 
reference lists of studies that were included. Data from the SITS database were also included 
in the meta-analysis. Studies were included into the meta-analysis if they fulfilled the 
following criteria: 

1. Had a study design of a randomized trial, or a prospective or retrospective 
observational study that investigated patients with LS treated with IVT compared to 
control groups of either patients with LS not treated with IVT or non-LS patients 
treated with IVT. 

2. Measured at least one of our primary or secondary outcomes. 
3. Had at least 20 patients with LS. 
4. Had quantitative data that could be extracted for the meta-analysis 
5. Were published in English before the 22nd of August, 2018. 

Project 3 included studies after searching the databases PubMed and Web of Science in 
addition to the reference lists of studies that were included. Data from the SITS database were 
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also included in the meta-analysis. Studies were included if they fulfilled the following 
criteria: 

1. Published online or in print before 2020-02-03. 
2. Written in the English language. 
3. Published in peer-reviewed journal as an original scientific manuscript and based on a 

randomized controlled trial or observational data (both prospective and retrospective).  
4. Had at minimum data on LAA and CE patients in addition to one of the following 

outcomes: mTICI 2b-3, mRS 0-2 at 3 months, death by 3 months, and SICH by any 
definition. 
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5 ETHICAL CONSIDERATIONS 
A fundamental concept within medical ethics is that a researcher must weigh the benefits of 
the conducted research against the potential risks with the research. While none of the 
projects in this thesis introduced any intervention which could have been potentially a risk for 
patients, there are still risks when using patient-level data that have to be acknowledged.  

The data from patients included in the projects of this thesis is of sensitive nature and 
includes patient-level data encompassing data on among other things age, sex, medical 
history, date of stroke, and stroke outcomes. All researchers handling patient-level data have 
a tremendous responsibility to do so in accordance with good clinical practice and any 
relevant ethical committee approvals. The projects in this thesis are no exceptions and have 
all had the necessary ethical committee approvals. A primary safety mechanism is to only use 
data that is pseudoanonymized, meaning that the data files themselves do not contain any 
mention of the patient’s name or other personal information, and use a system generated 
identification number. While this would prevent any immediate identification of a patient if 
the dataset would be accessed by someone unauthorized to do so, there is still a key that is 
kept separately from the data that could be used to identify each patient. The reason for taking 
these safety precautions is to minimize the risk of identifying individual patients within the 
data. While the sheer number of patients within the databases would make identifying a 
patient without the key unlikely as there would be many “copies” of similar patients, this is 
still a potential risk that must be handled. 

The other side of the ethical considerations are the potential benefits of the research. The 
SITS registry is a large dataset that has a unique possibility to answer difficult questions that 
would otherwise remain unknown. The fundamental strength of large datasets is the ability to 
observe and investigate different subgroups, which in smaller datasets would be impossible 
due to the low number of patients in these subgroups. It is here that the potential benefits of 
the research in this thesis lies. The subgroup analyses in the projects of this thesis are in many 
cases unique regarding their study population sizes. Being datasets from a “real-world” 
setting, the results provide much needed knowledge on current treatment outcomes for these 
subgroups of patients from a non-trial setting, while also incorporating advanced statistical 
methods to model these associations.  

Combined, the ethical aspects of the projects boil down to the questions of risk versus benefit. 
Due to the unique properties of the databases used in this thesis, and the experience of 
handling such data within the research group, there was and still is a good reason to believe 
that the potential benefits outweigh the risks. However, as with current research, these ethical 
considerations must be renewed and discussed in order to keep making sure that the benefit 
remains while the risks are minimized as much as possible for the patients, without whom the 
research would be impossible. 
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6 RESULTS 
6.1 PROJECT 1 – IVT IN LACUNAR STROKE 

Project 1 included a total of 4610 patients with LS treated with IVT and 1221 patients with 
LS not treated with IVT in the first comparison. LS patients constituted 6.8% of the entire 
database population according to our LS criteria. For the second comparison, 8451 non-LS 
patients treated with IVT were included. 

In multivariable analysis of the first comparison, LS patients treated with IVT showed more 
favorable outcomes for all outcomes except death by 3 months (Table 8). Interestingly, the 
univariate results were not significant. The propensity score matched analysis of the first 
comparison showed results favoring LS patients treated with IVT, with LS patients not 
treated with IVT showing a 7.1% lower chance of functional independence. 

For the second comparison, LS patients treated with IVT showed less SICH and more 
favorable outcomes in the multivariable analyses than non-LS patients treated with IVT 
(Table 9). 

The literature search yielded a total of thirteen studies that matched the inclusion criteria for 
the meta-analysis, with the studies having varying data for the comparisons and outcomes. 
The analysis based on unadjusted aggregate data for LS patients treated with IVT compared 
to LS patients not treated with IVT was only possible for mRS 0-1 at 3 months due to 
otherwise lack of data, and did not show any significant difference. For the comparison of LS 
patients treated with IVT to non-LS patients treated with IVT, the meta-analysis showed a 
lower risk of SICH, and a higher chance of mRS 0-2 and mRS 0-1 at 3 months for LS 
patients treated with IVT (Figure 2).  

 

 

 

Table 8 (Table 2, project 1). Outcome at three-months of lacunar stroke patients treated with IVT 
compared with lacunar stroke patients not treated with IVT. 
 IVT-treated LS 

(n=4610) 
Not IVT-treated 
LS (n=1221) 

p-value, 
unadjusted 

Adjusted OR for 
IVT treated LS 

p-value, 
adjusted 

mRS 0-2 at 3m 82.2% (3709/4512) 80.8% (957/1184) 0.274 1.65 (1.28–2.13) <0.001 
mRS 0-1 at 3m 65.1% (2939/4512) 63.2% (748/1184) 0.209 1.49 (1.22–1.82) <0.001 
Death by 3m 2.0% (93/4610) 2.6% (32/1189) 0.196 0.57 (0.29–1.13)  0.105 
Percentage (n patients with outcome/n patients with data for outcome) presented for proportions of 
outcomes. Univariate models per Pearson’s Chi-square test. Adjusted odds ratios (95% confidence 
intervals) presented for outcomes. 
Abbreviations: IVT=Intravenous thrombolysis, n=Total number, LS=Lacunar stroke, OR=Odds ratio, 
mRS=Modified Rankin scale, 3m=3 months. 
Based on the work of Matusevicius et al.1 
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Table 9 (Table 3, project 1). Unadjusted and adjusted odds ratios for outcome measurements for patients with lacunar 
stroke treated with IVT, compared with non-lacunar stroke patients treated with IVT. 
 IVT-treated LS 

(n=4610) 
Not IVT-treated 
non-LS (n=8451) 

p-value, 
unadjusted 

Adjusted OR for 
IVT treated LS 

p-value, 
adjusted 

SICH by SITS-MOST 0.4% (18/4589) 1.2% (98/8376) <0.001 0.33 (0.19–0.58) <0.001 
SICH by ECASS 0.9% (41/4570) 2.5% (211/8353) <0.001 0.40 (0.27–0.57) <0.001 
SICH by NINDS 1.4% (64/4568) 3.9% (325/8355) <0.001 0.38 (0.28–0.51) <0.001 
mRS 0–2 3m 82.2% (3707/4508) 79.4% (6578/8285) <0.001 1.13 (1.02–1.26) 0.025 
mRS 0-1 3m 65.2% (2938/4508) 62.0% (5139/8285) <0.001 1.12 (1.03–1.22) 0.011 
Mortality 3m 2.0% (93/4606) 5.1% (428/8451) <0.001 0.41 (0.32–0.53) <0.001 
Percentage (n patients with outcome/n patients with data for outcome) presented for proportions of outcomes. Univariate 
models per Pearson’s Chi-square test. Adjusted odds ratios (95% confidence intervals) presented for outcomes. 
Abbreviations: IVT=Intravenous thrombolysis, n=Total number, LS=Lacunar stroke, OR=Odds ratio, 
SICH=Symptomatic intracerebral hemorrhage, mRS=Modified Rankin scale, 3m=3 months. 
Based on the work of Matusevicius et al.1 

 

 

 

 

 
Figure 2 (Figure 3, project 1). Forest-plots for meta-analyses.  
(A) mRS 0-2 at 3-months in LS patients treated with IVT compared to non-LS patients treated with IVT, (B) mRS 
0-1 at 3-months in LS patients tread with IVT compared to LS patients not treated to IVT, (C) SICH per NINDS 
in LS patients treated with IVT compared to non-LS patients treated with IVT, and (D) SICH per ECASS2 in LS 
patients treated with IVT compared to non-LS patients treated with IVT. (Number of LS patients treated with 
IVT/Total amount of patients in the comparison). 
Abbreviations: mRS=Modified Rankin Score; LS=Lacunar stroke; IVT=Intravenous thrombolysis; 
SICH=Symptomatic Intracerebral Hemorrhage. 
Based on the work of Matusevicius et al.1 
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6.2 PROJECT 2 – MEAN BLOOD PRESSURE AFTER EVT 

Project 2 included a total of 2920 patients with successful reperfusion and 711 patients with 
unsuccessful reperfusion. Due to a low number of patients, the ≥180 mmHg interval was 
collapsed into a ≥160 mmHg interval for both successful and unsuccessful reperfusion, and 
the <100 mmHg interval was collapsed into a <120 mmHg interval for patients with 
unsuccessful reperfusion. The intervals 100-119 and 120-139 mmHg were used as reference 
for patients with successful and unsuccessful reperfusion, respectively. 

The point estimates and confidence intervals of the multivariable analysis of SBP as a 
categorical variable are visualized in Figure 3 for patients with successful reperfusion. When 
compared to the reference interval 100-199 mmHg, intervals 140-159 and ≥160 mmHg were 
associated with lower odds of mRS 0-2 at 3 months and more SICH, while the interval 120-
139 mmHg was associated with lower odds of death by 3 months. Interestingly, the point 
estimates roughly formed U-shaped associations for the outcomes, suggesting that perhaps a 
linear trend is not the most accurate depiction.  

Multivariable analyses of mean SBP as a continuous variable for patients with successful 
reperfusion showed that increasing mean SBP resulted in a lower chance of mRS 0-2 at 3 
months, higher risk of SICH and higher risk of death by 3 months. When comparing the 
different relationships, the quadratic version had best AIC for all outcomes except for death 
by 3 months where the RCS version was best. Interestingly, the linear relationships had the 
worse AIC values for all outcomes. Visually, the quadratic and RCS versions suggested that 
there is a turning point at which further decreasing SBP does not improve outcomes and 
might even harm (Figure 4).  

Multivariable analysis of mean SBP as a categorical variable for patients with unsuccessful 
reperfusion only showed a significant association for increased SICH for the interval ≥160 
mmHg. Mean SBP as a continuous variable showed increased risk of SICH, with the linear 
relationship showing the best AIC value for all outcomes except mRS 0-1.  

6.3 PROJECT 3 – STROKE ETIOLOGY AND EVT OUTCOMES 

Project 3 included 1903 patients that were categorized as a LAA stroke and 3214 patients that 
were categorized as a CE stroke.  

In the multivariable analyses, patient with LAA showed lower odds of achieving successful 
reperfusion, a lower chance of functional independence at 3 months, a higher risk of death by 
3 months, but no difference in SICH when compared to patients with CE (Table 10). There 
were significant interactions with several of the outcomes for IVT treatment, circulation area, 
and if 2 or more EVT maneuvers were performed. 

The multivariable analyses of the continuous outcomes showed that patients with LAA had 
both fewer EVT maneuvers and longer EVT procedural times. Again, IVT treatment showed 
a significant interaction on the outcomes, while circulation area showed an interaction with 
EVT procedural time. 



 

 41 

 

 

 
Figure 3 (Figure 3, project 2). Adjusted log odds ratios of the 
outcomes in interval analysis of systolic blood pressure (SBP).  
Adjusted log odds ratios (point) and 95% CIs (error bars) of 
outcomes as per 20 mm Hg SBP intervals for (A) patients with 
successful recanalization and (B) patients with unsuccessful 
recanalization. SBP interval 100 to 119 mm Hg used as reference 
for successful recanalization and SBP interval 120 to 139 mm Hg 
for unsuccessful recanalization. Too few events for analysis for 
symptomatic intracerebral hemorrhage (SICH) modified Treatment 
in Cerebral Ischemia 0 to 2a <120 mm Hg. mRS indicates modified 
Rankin Scale; and SICH mSITS, SICH by mSITS-MOST (modified 
SITS-Monitoring Study) criteria. 
Based on the work of Matusevicius et al.2 

 Figure 4 (Figure 2, project 2). Multivariate logistic regression 
models of systolic blood pressure. 
Shown for (A) patients with successful recanalization, and (B) 
patients with unsuccessful recanalization. 
Regression models include linear model (dotted line), quadratic 
model (dashed line), and restricted cubic spline model with 3 knots 
(solid line).  
Abbreviations: mRS=modified Rankin Scale, SICH 
mSITS=Symptomatic intracerebral hemorrhage by mSITS-MOST 
(modified SITS-Monitoring Study) criteria. 
Based on the work of Matusevicius et al.2 
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Table 10 (Table 3, project 3). Adjusted odds ratios for dichotomous outcomes for LAA compared to CE. 
mTICI 2b-3 mTICI 3 mRS 0-2  

at 3 months 
Death 
by 3 months 

SICH 
by mSITS 

All patients 
0.70 (0.57-0.86) 0.71 (0.62-0.83) 0.74 (0.63-0.85) 1.44 (1.21-1.71) 1.09 (0.71-1.66) 
IVT treated 
0.71 (0.54-0.93) 0.82 (0.67-0.99)† 0.76 (0.63-0.91)† 1.77 (1.42-2.23)† 1.30 (0.78-2.15) 
Not IVT treated 
0.64 (0.47-0.88) 0.54 (0.42-0.69)† 0.64 (0.49-0.82)† 1.12 (0.84-1.49)† 0.70 (0.30-1.51) 
Anterior circulation 
0.69 (0.55-0.86) 0.69 (0.59-0.81) 0.73 (0.62-0.86)† 1.29 (1.05-1.59)† 1.00 (0.62-1.57) 
Posterior circulation 
1.08 (0.57-2.03) 0.78 (0.48-1.26) 0.59 (0.36-0.95)† 1.80 (1.11-2.96)† 6.67 (0.87-148.54) 
More than 2 EVT maneuvers 
0.75 (0.54-1.03)† 0.68 (0.50-0.92)† 0.62 (0.44-0.87)† 1.53 (1.07-2.20)† 1.12 (0.48-2.44) 
Two or fewer EVT maneuvers 
0.62 (0.46-0.82)† 0.70 (0.59-0.84)† 0.75 (0.62-0.90)† 1.40 (1.13-1.75)† 1.21 (0.72-2.00) 
†=p-interaction <0.05 for the subgrouping variable. 
Within parenthesis, 95% confidence intervals. 
Abbreviations: mTICI=Modified treatment in cerebral infarction score, mRS=Modified Rankin scale score, 
SICH by mSITS=Symptomatic intracerebral hemorrhage by modified SITS-MOST criteria, LAA=Large 
artery atherosclerosis, CE=Cardiac emboli, IVT=Intravenous thrombolysis. 

 

 
Figure 5 (Figure 2, project 3). Meta-analysis of included studies for the outcomes, with aggregate, 
unadjusted data. (A) for mTICI 2b-3, (B) for mRS 0-2 at 3 months, (C) for death by 3 months, (D) for 
SICH. 
Abbreviations: LAA=Large artery atherosclerosis, CE=Cardiac emboli, OR=Odds ratio, 95%-
CI=95% confidence interval, mTICI=Modified treatment in cerebral infarction score, mRS=Modified 
Rankin scale, SICH=Symptomatic intracerebral hemorrhage. 
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The literature search for the meta-analysis yielded 25 studies, with all studies being of 
observational design. The meta-analysis of unadjusted aggregate data did not show any 
significant results for any of the outcomes (Figure 5). None of the meta-regression analyses 
showed any significance, suggesting there is no major difference between study-level 
baseline and demographic characteristics, yet few studies provided enough data for the meta-
regression analyses. 

 

6.4 PROJECT 4 – SYSTOLIC BLOOD PRESSURE CHANGE AFTER EVT 

Project 4 included 5835 patients in the study population. Mean ∆SBP was -12.3, -15.7, -17.2, 
and -16.9 mmHg for the time intervals 0-2h, 2-4h, 4-12h, and 12-24h, respectively. 
Multivariable analysis of ∆SBP showed decreasing chances for all favorable outcomes with 
increasing ∆SBP at all time intervals. When visualizing ∆SBP for all time intervals in 
adjusted RCS models, there seems to be a clear difference between positive and negative 
∆SBP for all time intervals for every outcome (Figure 6). ∆SBP values greater than around -

 

 

 

Figure 6 (Figure 3, project 4). Restricted cubic spline models for the 
outcomes by baseline systolic blood pressure change (ΔSBP).  
(a) mRS 3−6 at 3 months, (b) death by 3 months, (c) SICH by mSITS, 
(d) NIHSS worsening during 24 h. NIHSS worsening defined as an 
increase of ≥4 points. Solid line, 0–2 h; dashed line, 2–4 h; dotted 
line, 4–12 h; dot-dash line, 12–24 h.  
Abbreviations: mRS=modified Rankin scale score, NIHSS=National 
Institutes of Health Stroke Scale, SBP=systolic blood pressure, 
ΔSBP=baseline systolic blood pressure change, SICH by 
mSITS=Symptomatic intracerebral hemorrhage by the modified SITS-
MOST criteria. 
Based on Anadani et al.3 

 Figure 7 (Figure 4, project 4). Restricted cubic spline models 
for end of procedure systolic blood pressure change (ΔeSBP). 
(a) mRS 3−6 at 3 months, (b) death by 3 months, (c) SICH by 
mSITS, (d) NIHSS worsening during 24 h. Dashed line, 
2–4 h; dotted line, 4–12 h; dot-dash line, 12–24 h.  
Abbreviations: mRS=modified Rankin scale score, 
NIHSS=National Institutes of Health 
Stroke Scale score, eSBP=end of procedure systolic blood 
pressure, ΔeSBP=end of procedure systolic blood pressure 
change, SBP=systolic blood pressure, SICH by 
mSITS=symptomatic intracerebral hemorrhage by the modified 
SITS-MOST criteria. 
Based on Anadani et al.3 
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15 show increasingly worse chances of favorable outcomes, while decreasing ∆SBP values 
show a less dramatic change towards favorable outcome.  

Mean ∆eSBP was -4.8, -7.1, and -8.1 mmHg for the time intervals 2-4h, 4-12h, and 12-24h, 
respectively. Multivariable analysis of ∆eSBP showed decreasing chances for all favorable 
outcomes with increase ∆eSBP at all time intervals, except for time interval 12-24h for death 
by 3 months and SICH. When visualizing ∆eSBP for all time intervals in adjusted RCS 
models, the difference observed for ∆SBP is not as clear, where the ∆eSBP models seem to 
show a linear-like relationship (Figure 7). 

 

6.5 PROJECT 5 – SYSTOLIC BLOOD PRESSURE COURSE AFTER EVT 

Project 5 included 374 patients that were treated with EVT during the study period. BP was 
measured a median of 20 times during the first 24 hours after EVT treatment, with 58 patients 
having less than 10 BP measurements during this period. The level parameter for the fixed 
effect was similar within the outcome versions, but the other parameters differed (Table 11). 
Visually, the quadratic and cubic model versions closely followed each other for all outcomes 
(Figure 8). In the multivariable analyses for the outcomes, only the linear version showed a 
significant result for SBP course for mRS 0-2 at 3 months. No versions showed any 
significant results for being alive by 3 months, no SICH, and no ICH. 

 

Table 11 (Table 2, project 5). Fixed effects for the mixed effects models by 
prediction model version. 
Outcome Models Level Trend Curvature Twist 
mRS 0-2  
at 3 months Linear model 129.78 -0.28378 - - 

 Quadratic model 132.50 -1.2406 0.04379 - 

 Cubic model 133.54 -1.9443 0.12573 -0.00240 

      
Alive 
at 3 months 

Linear model 131.02 -0.23423 - - 

 Quadratic model 133.34 -1.0488 0.03721 - 

 Cubic model 134.06 -1.5385 0.09416 -0.00166 

 
     

No SICH 
by mSITS 

Linear model 131.99 -0.21927 - - 

 Quadratic model 134.06 -0.94195 0.03302 - 

 Cubic model 134.57 -1.2899 0.07348 -0.00118 

      

No ICH Linear model 132.22 -0.22255 - - 

 Quadratic model 134.27 -0.93689 0.03259 - 

 Cubic model 134.93 -1.3832 0.08448 -0.00151 
Abbreviations: mRS=Modified Rankin Scale score, SICH by mSITS=Symptomatic 
intracerebral hemorrhage by modified Safe implementation of treatment in stroke 
criteria, ICH=Intracerebral hemorrhage. 
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Figure 8 (Figure 3, project 5). The fixed effects from the mixed effects models for each favorable outcome, by 
prediction model version. 
A=mRS 0-2 at 3 months, B=Alive by 3 months, C=No SICH on follow-up radiological examination, D=No ICH 
at on follow-up radiological examination. 
Solid line=linear model, dashed line=quadratic model, dotted line=cubic model. 
Abbreviations: EVT=Endovascular thrombectomy, SBP=systolic blood pressure, mRS=Modified Rankin scale 
score, SICH=Symptomatic intracerebral hemorrhage by modified safe implementation of treatment in stroke 
definition, ICH=Intracerebral hemorrhage. 

The AUC values for predicting mRS 0-2 at 3 months showed varying results. Using all 
values during the first 24-hour period after EVT, the quadratic and cubic versions showed the 
best AUC values (Table 12). All model version showed AUC values >0.8 for mRS 0-2 at 3 
months, even when only using data for the first 6, 12, and 18h. AUC values were around 0.8 
for the models for being alive by 3 months, with AUC values below 0.7 for models for no 
SICH and no ICH. 

 

 



 

46 

Table 12 (Table 3, project 5). AUC values for the prediction model versions, by 
hours of SBP measurements testing the models. 
Outcome Model 24 hours 18 hours 12 hours 6 hours 
mRS 0-2  
at 3 months Linear model 0.830 0.833 0.835 0.820 

 Quadratic model 0.837 0.835 0.836 0.823 

 Cubic model 0.837 0.835 0.831 0.823 

      
Alive 
at 3 months 

Linear model 0.799 0.797 0.801 0.795 

 Quadratic model 0.801 0.800 0.801 0.795 

 Cubic model 0.801 0.800 0.795 0.795 

 
     

No SICH 
by mSITS 

Linear model 0.636 0.679 0.650 0.662 

 Quadratic model 0.633 0.669 0.653 0.667 

 Cubic model 0.632 0.669 0.665 0.666 

      

No ICH Linear model 0.604 0.608 0.600 0.594 

 Quadratic model 0.603 0.610 0.605 0.596 

 Cubic model 0.628 0.637 0.624 0.612 
Abbreviations: AUC=Area under the curve, mRS=Modified Rankin Scale score, 
SICH by mSITS=Symptomatic intracerebral hemorrhage by modified Safe 
implementation of treatment in stroke criteria, ICH=Intracerebral hemorrhage. 
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7 DISCUSSION 
7.1 THE HORROR, THE HORROR – THE DECISION TO USE AN EFFECTIVE 

BUT POTENTIALLY DANGEROUS TREATMENT  

A fundamental concern of all medical staff, which is even implied in the Hippocratic oath, is 
to end up doing more harm than good for a patient. It is therefore not surprising that the 
medical field takes great care in validating and approving new forms of treatment. The lack 
of overwhelmingly positive results in the initial RCTs of IVT and EVT for acute ischemic 
stroke treatment highlighted the need to carefully consider the risks and benefits with new 
treatments. The later RCTs of IVT and EVT treatment showed that the scientific process of 
reanalyzing previous data to improve the designs of new RCTs works, which led to the 
current evidence-based treatment of IVT and EVT.  

The stroke research and clinical field has in many ways had a renaissance during the last 30 
years. The increased usage of IVT and the development of centers that can perform EVT has 
benefited patients with acute ischemic stroke while also providing society with a cost-
effective way to minimize death and suffering which previously was not possible.182-185 Still, 
many patients do not achieve favorable outcomes even if they receive the newest treatments 
and best possible stroke care. With this in mind, there is still a lot of potential for improving 
the outcomes for patients that suffer an acute ischemic stroke, building on the success of 
these game-changing treatments. 

 

7.2 TO LYSE OR NOT TO LYSE, THAT IS THE QUESTION – IS IT STILL 
WORTH DEBATING THROMBOLYSIS FOR LACUNAR STROKE 
PATIENTS? 

Patients with LS have been a cause of concern when considering IVT treatment. On the one 
hand we have a treatment that could potentially improve the outcomes for patients with LS, 
on the other hand we increase the risk for SICH which could potentially add more 
neurological deficits than the patients are suffering from before treatment. Project 1 sheds 
some light on this issue by investigating the effect of IVT on LS patients while also 
comparing risk of SICH between LS patients receiving IVT to non-LS patients receiving 
IVT, which is a subgroup of patients that receives IVT without major hesitation.  

The hesitation to give IVT to LS patients can be noted in observational studies that present 
data on their entire ischemic stroke populations in addition to data on stroke etiologies. In 
these studies, patients with LS are in smaller proportions in the IVT treated cohort than in the 
entire study population.118, 149, 186 Interestingly, an exception to this trend is the only IVT 
treatment RCT with data on LS patients, the NINDS trial, where LS patients accounted for 
13% of the entire study population and 16% of the IVT-treated cohort.44 This would suggest 
that in a real-world setting, where treatment is not randomized, there seems to be an active 
avoidance of IVT treatment for LS patients. A potential reason for this could be that LS 
patients often present with relatively mild symptoms, which is an exclusion criterion for IVT 
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treatment. A recent RCT by Khatri et al. investigated IVT treatment versus Aspirin for acute 
ischemic stroke patients with minor nondisabling neurological deficits, defined as a NIHSS 
score of 0-5 at baseline which was judged to be not clearly disabling.187 The study was 
terminated early due to low patient recruitment, and from the available data did not find any 
improvement in functional outcome with IVT treatment. Interestingly, about 37% of patients 
with data on stroke etiology had LS, which would support that these patients are 
overrepresented in stroke with relatively mild symptoms. However, in this RCT, the ischemic 
stroke etiology did not affect the choice of including the patient in the study.  

In the WAKE-UP trial, 21% of the entire study population had MRI confirmed LS. While the 
WAKE-UP trial showed positive results for its entire population, the LS subgroup analysis 
did not find any improvement of functional outcome, but this could be due to a lack of 
statistical power.188 Still, a recent meta-analysis of aggregate data from observational studies 
evaluating the efficacy and safety of IVT for patients with LS found that IVT improved 
favorable outcome while increasing the proportion of patients with SICH, with the pooled 
SICH rate being 0.72%.189 Importantly, this meta-analysis emphasizes that while the level of 
evidence for IVT treatment for patients with LS is low, there does not seem to be a reason for 
avoiding IVT treatment for LS patients based on the available data.  

The main issue with observational data regarding the treatment of LS patients with IVT is 
that the studies vary widely in study populations, both in terms of geographical regions and 
the size and proportion of patients with LS.44, 117, 118, 142-145, 148, 149, 186, 188, 190 The results from 
these studies are also heterogenous, as was seen for several of the meta-analyses in project 1. 
Combined, it is not difficult to understand why some reasonable skepticism may arise for 
treating patients with suspected LS with IVT. However, rather than considering what the 
observational studies do not show, it may help to look at the fundamental question of “Does 
IVT help LS patients?” from a different perspective.   

When considering why there may exist skepticism for IVT treatment for patients with LS, it 
boils down to the lack of high quality evidence that specifically says that LS patients benefit 
from IVT. The “golden standard” for answering this question would be to perform a RCT, 
randomizing LS patients (confirmed through robust means, such as DWI MRI) to either IVT 
treatment or placebo. However, when considering this scenario a problem arises, namely the 
ethical implication of not providing IVT treatment for a patient with an acute ischemic stroke. 
As the approval of IVT treatment by the FDA and EMA is not based on any specific ischemic 
stroke etiology, it is implicitly approved for all ischemic stroke etiologies without any 
contraindications. Therefore, withholding IVT treatment for otherwise eligible patients can 
only be done for a strictly monitored RCT that would investigate the effect of IVT for LS 
patients. Yet, for this type of RCT there would need to be sufficient prior data to suggest that 
IVT treatment does not benefit or is more unsafe for LS patients. The available observational 
data, in addition to the meta-analysis in project 1 and by Karaszewski et al,189 do not support 
that IVT is ineffective or more unsafe for LS patients. It would therefore be ethically 
questionable to perform a RCT on IVT treatment for patients with LS, as the need for better 
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quality evidence cannot come at a price of an expected worsening for LS patients that receive 
placebo and are otherwise eligible for IVT. While this on the one hand limits the possibility 
to once and for all answer this question, it highlights that patients with LS that are otherwise 
eligible for IVT treatment should not be handled differently from patients with other ischemic 
stroke etiologies that are eligible for IVT treatment. 

 

7.3 ALL CLOTS ARE EQUAL BUT SOME CLOTS ARE MORE EQUAL THAN 
OTHERS – THE POTENTIAL ROLE STROKE ETIOLOGY MAY PLAY IN 
ENDOVASCULAR THROMBECTOMY TREATMENT 

Whether stroke etiology plays a significant role for EVT treatment strategy and outcomes is 
still unknown. In order to understand the association between stroke etiology and EVT 
treatment outcomes it is necessary to first consider how stroke etiology could affect EVT 
outcomes.  

Considering the EVT procedure itself, there are two ways in which the procedure can be 
considered a failure (other than technical malfunctions and bleeding complications): the EVT 
procedure is not able to remove the blood clot, either by not reaching the blood clot or by not 
being able to remove it once it is reached, and/or the EVT procedure creates distal emboli that 
are unreachable through additional EVT maneuvers.  

The inability to remove a blood clot despite performing endovascular treatment may be 
caused by several factors. A few recent publications have tried to shed some light onto the 
common reasons for reperfusion failures with EVT treatment in a real-world setting.191-193 
Around 11-17% of EVT treated patients did not achieve successful reperfusion, which is a 
similar level when compared to project 3 and in the lower end when compared to the EVT 
RCTs which were at 13-34%.101, 102, 104, 105 In the studies on EVT failures, about 20% of the 
patients with a failed reperfusion attempt had a failure caused by an inability to reach the 
occluded vessel with the EVT device, most commonly due to elongation of a blood vessel or 
stenosis of a blood vessel.191-193 The failed reperfusion cases where the blood clot was 
reached showed that the most common reason for failure was the inability to penetrate the 
blood clot due to the hard nature of the blood clot, or that despite seemingly passing the blood 
clot with the device there was no clot extraction achieved. One of the studies found a trend 
showing that the presence of peripheral artery disease, which is a finding that would be 
expected for LAA patients, was more common for patients where the blood clot could not be 
reached.191 On the other hand, another one of these studies found no major difference in 
proportions of LAA and CE patients between subgroups of patients with failed reperfusion.192  

These findings seem to follow the results from project 3, where LAA patients had fewer EVT 
attempts, longer EVT procedural times, and in the end lower chances of successful 
reperfusion. It could be that the atherosclerotic changes that are expected for LAA patients 
throughout the pathway of the EVT catheter led to more difficult maneuvering and more 
frequent abandoning of a reperfusion attempt for these patients. A potential solution could be 
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to consider direct carotid artery puncture if this helps avoid a difficult pathway for the EVT 
catheter. However, such an access is both difficult to achieve and prone to more serious 
complication and should most likely only be selected for patients with otherwise high chances 
of good outcomes if successful reperfusion is achieved.194 For failures due to an inability to 
pass the blood clot there could be tendency towards these harder clots being of CE origin 
based on the underlying clot formation theory,130, 131 but this potential etiological difference 
was not observed in the studies on EVT failures.191-193  

The second type of EVT failure is the distal embolization of blood clots during EVT. These 
distal emboli can vary both in size and firmness, and lead to worse outcomes despite decent 
reperfusion of the original occlusion.195 In vitro studies of different EVT devices and different 
compositions of thrombi found that there were many factors affecting the reperfusion grades 
and distal embolization.196, 197 In the in vitro setting, the use of a conventional guiding 
catheter increased the risk of large, hard distal emboli.196  On the other hand, stent-retriever 
EVT showed less distal embolization of small, soft emboli when compared to aspiration 
EVT.196 However, another in vitro study showed that the risk of distal embolization was 
lowered when controlling proximal flow using a balloon guiding catheter, as compared to a 
conventional guiding catheter.197  

Data from a real-world setting show similar results as the in vitro models. A review of current 
literature by Yeo et al.198 showed that more recent studies favored balloon guide catheters and 
stent retrievers, and also showed lower proportions of distal embolization. The authors 
propose several mechanisms related to the EVT maneuver that could create emboli and 
suggest that newer EVT devices could be better adapted at handling them. However, they do 
not consider if the composition of the blood clot could be another factor to consider when 
choosing an EVT device. A blood clot that is less compact and more prone to fragmentation, 
like a theoretical LAA blood clot, could be prone to distal emboli if there is sufficient blood 
flow remaining in the blood vessel during EVT maneuver. This would suggest that perhaps 
using balloon guiding catheters could be a relatively simple solution to minimize distal 
emboli for LAA patients. This idea is in line with a study that considered histological 
composition and its association with clot migration, which found that fibrin rich thrombi with 
low numbers of red blood cells, which theoretically should be LAA thrombi, were associated 
with both longer EVT procedural times and a higher risk of distal emboli.199  

With the theoretical differences between LAA and CE blood clots, one would expect larger 
differences between these etiologies when looking at EVT outcomes, but this was not so clear 
in the unadjusted meta-analysis of project 3. The adjusted analyses of SITS data suggest that 
perhaps underlying baseline imbalances could be hiding a potentially significant association 
between stroke etiology and EVT outcomes. Even if there is a significant clinical difference 
between these etiologies, there remains one large obstacle for practically applying this 
knowledge: how to know with certainty the stroke etiology at baseline when decisions for 
applying treatment strategies need to be made.  
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According to both the TOAST and SSS-TOAST criteria,114, 138 there are few possibilities in 
the acute setting to define a stroke etiology. While this is somewhat dispiriting, it is important 
to remember the reason for caring about stroke etiology in the first place, a reason which is 
routinely applied in a primary or secondary prevention setting: to assume the clot 
composition that the patient most likely has. For this purpose, stroke etiology is essentially 
used as a proxy for clot composition, which is the more important factor to know in the acute 
setting for predicting EVT failures and how to avoid them. However, the problem with clot 
composition is that it is not known until the clot is removed, meaning there needs to be a 
decent proxy for clot composition that could be used quickly and efficiently in the acute 
setting. 

The natural choice here would be to use a blood test or a radiological examination to estimate 
clot composition. While there is no reliable blood test for this yet, there is a decent potential 
within the field of radiology. There is some potential in current CT and MRI methods to 
differentiate between stroke etiology, and therefore essentially clot composition,134, 137 which 
was also confirmed in a more recent study.200 On the other hand, MRI investigations are more 
time consuming both during the investigation and when interpreting the results, and current 
CT routines do not provide adequate distinctions between clot compositions.  

As observational studies and in vitro modelling suggest that there is a difference in EVT 
outcomes based on stroke etiology, or essentially clot composition, we must look to the future 
and hope for improvements in radiological examinations to be able to differentiate clot 
compositions and hopefully improve stroke care. Possible candidates that could improve 
radiological distinctions between etiologies are faster MRI protocols201 and the introduction 
of spectral CT.202  

 

7.4 BLOOD PRESSURE WILL HAVE BLOOD PRESSURE – THE BALANCING 
ACT OF MANAGING BLOOD PRESSURE AFTER ENDOVASCULAR 
THROMBECTOMY TREATMENT 

BP management after EVT treatment for acute ischemic stroke has been an intensely studied 
area during recent years, and due to the ongoing RCTs will probably remain so for the 
coming years. While it is encouraging to see many observational studies investigate several 
BP parameters ranging from mean BP values to coefficients of variation from 24-hour 
measurements, there is a fundamental issue that limits practically applying these parameters: 
they require a time period, usually 24 hours, to be calculated. This means that the parameters 
are unknown during the critical 24 hours after EVT treatment, making them difficult if not 
impossible to use in an interventional sense during these data acquiring hours. This criticism 
can also be applied to project 2, which uses mean BP from the first 24 hours after EVT in the 
analyses. Despite their limitation, these BP parameters may still point to where to look for BP 
targets that could be used for interventions to try to improve outcomes for acute ischemic 
stroke patients.  



 

52 

One such target could be to suggest a BP threshold which should be aimed for. This can be 
tested by either testing different BP intervals, or by trying to find an optimal cut-off for 
favorable outcomes. Previous studies investigating this show that SBP during 24 hours after 
EVT treatment is associated with better outcomes for patients with SBP <160 mmHg,170-172, 

203-205 which is also what project 2 found. Some studies found even lower values associated 
with favorable outcomes, with intervals with SBP values <140171, 205-208 or <120 mmHg174, 206 
showing better outcomes. These results paint a picture which at first glance may seem to 
show that SBP values (usually mean values of 24-hour measurements after EVT in these 
studies) <140, and even <120 mmHg, could be used as potential BP targets in order to 
achieve favorable outcomes, with the results from project 2 seemingly supporting these 
thresholds. However, these thresholds should be interpreted with caution due to the 
observational design of these studies.  

Let us consider the results from the categorical analysis in project 2 to try to understand how 
these intervals could be used. Patients with 100-119 mmHg showed the highest proportion of 
mRS 0-2 at 3 months for patients with successful reperfusion and were chosen as the 
“control” interval for the analyses. Yet, it is worth noting that patients in both the <100 and 
120-139 mmHg categories did not have significantly worse mRS 0-2 at 3 months after 
adjusting for covariates. Additionally, the 120-139 mmHg interval actually showed lower 
odds of death by 3 months, which would further emphasize that the choice of reference 
category is not necessarily the same as the “best” SBP interval. When visually interpreting 
the SBP intervals and their log odds ratios, it would seem that there is a U-shaped association. 
This would suggest that at some point below the “best” SBP interval the chance of favorable 
outcome decrease. While this might seem obvious, it is important to note that in the restricted 
cubic spline model and quadratic model of SBP as a continuous variable in project 2, this 
shift already appears around 120 mmHg, suggesting that lowering SBP below this point may 
not improve outcomes.  

With these points in mind, it is interesting to consider the RCTs of SBP management after 
ischemic stroke. The Enhanced control of hypertension and thrombolysis stroke study 
(ENCHANTED) randomized acute ischemic stroke patients treated with IVT, with only 2% 
of patients receiving EVT.168 The patients were randomized to SBP targets during the 24 
hours after IVT treatment of either 130-140 mmHg (intervention) or <180 mmHg (control). 
The goal was to achieve these values within 60 minutes of randomization. The trial showed 
that intensively lowering SBP lowered the rates of ICH but there was no subsequent 
difference in functional independence. Despite the intervention goal, the SBP of the 
intervention arm was on average 148 mmHg at 60 minutes, suggesting difficulties in 
achieving the actual intervention which could have affected the outcomes. Additionally, the 
SBP of the intervention arm was on average just below 140 mmHg from 6-24 hours after 
randomization. An important note for here is that the ENCHANTED trial did not consider 
reperfusion grade, which could have affected the SBP trajectories. 
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The BP-TARGET trial only included EVT treated patients that had successful reperfusion.169 
Around 53% of patients received IVT. The trial aimed to investigate whether an intensive 
SBP target of 100-129 mmHg could reduce rates of ICH as compared to a guideline-based 
target of 130-185 mmHg, aiming to achieve these targets within 1 hour of randomization and 
maintaining them for 24 hours after randomization. The trial did not find any difference 
between the SBP targets. The mean difference in SBP between the intervention and control 
arms for the 24-hour period was only 10 mmHg. Additionally, the patients in the intervention 
arm were within the SBP target only 61% of the time during the 24 hours, with the control 
group achieving this for 30% of the time during the 24 hours. The intervention arm achieved 
the SBP target within on average 3 hours rather than the 1-hour goal. Interestingly, while 
statistically not significant, the intervention arm had more SICH (11% vs 7%) and more death 
by 3 months (19% vs 14%) than the controls. On the other hand, mRS 0-1 at 3 months was 
more frequent, but not significantly, for the intervention group (32% vs 28%).  

While the ENCHANTED and BP-TARGET trials have fundamentally different study 
populations, they share the difficulties which could now be expected from all BP RCTs for 
ischemic stroke patients.  

Firstly, the trials highlight the difficulties in achieving the intervention BP goals quickly, as 
both trials aimed to achieve the intervention arm goals within 60 minutes but for many of the 
patients failed to do so. While this may seem like a simple problem to solve, it could be worth 
investigating in more detail why this was not achieved. If this is a “doctor’s delay” issue, then 
the study protocols must be stricter in highlighting the need to achieve the SBP targets within 
the given time-window. However, if this failure is present despite adequate measures taken to 
attempt to lower SBP, then this could be an indication that there is a patient subgroup that is 
“resistant” to BP lowering treatment in the acute setting. This could mean that this subgroup 
may need to be further studied, to understand if they require a different BP management 
approach. 

Secondly, the trials show that a “natural” BP drop occurs in the control arms, which is 
expected based on previous data.161, 167 While this is unsurprising, this confirmation of the 
natural BP drop may now warrant a different approach to the analysis of the data and the 
calculation of power needed for RCTs investigating BP lowering as a treatment. Assuming 
randomization was performed correctly, there should be an equal number of patients that 
“naturally” drop in BP between treatment arms. If these patients already achieve the SBP 
target of the intervention arm without actually receiving any intervention they will most 
likely dilute any present effect of the intervention in the analyses. This leads to 2 realizations: 
the power analysis for RCT assessing BP management after an acute ischemic stroke must 
take into account this patient subgroup, and there may be a need for a specific strategy when 
analyzing this subgroup. While excluding patients after randomization is problematic, there 
could be a benefit in performing a sensitivity analysis with excluding patients that did not 
require any or minimal intervention in the intervention arm and patients who “naturally” 
achieved the intervention target in the control arm.  
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Finally, future re-analysis of the data from these trials should consider if there is a need for 
better patient and/or target selections. This is primarily due to the observed tendency for more 
SICH and death by 3 months in the intervention arm of BP-TARGET. As this was not 
observed in the ENCHANTED trial, this could be a sign for caution when choosing lower 
SBP targets for patients with confirmed successful reperfusion.  

In light of the currently ongoing RCTs that have SBP intervention targets ranging from <120 
to <140 mmHg (ClinicalTrials.gov identification: NCT04116112, NCT04205305, 
NCT04484350, NCT04775147, NCT04140110), these difficulties may need to be considered 
when the trials present their results and may warrant reanalysis of the combined results from 
these RCTs. While the focus on finding an optimal SBP thresholds is understandable due to 
its simplicity if it were applied in clinical practice, it must be weighed against the risk of 
applying a “one size fits all” approach to the heterogenous ischemic stroke population. 

Different approaches for analyzing BP after EVT treatment have been suggested and offer 
valuable alternatives when considering where to focus interventional approaches. Project 4 
and project 5 are examples of these alternative approaches. Instead of focusing on fixed SBP 
targets, these approaches present more dynamic alternatives to analyzing SBP during the first 
24 hours after EVT treatment. Project 4 showed that a fairly simple comparison of SBP 
change was associated with functional independence, even at early time intervals of 2-4h 
after EVT treatment, with increasing SBP further increasing the risk of unfavorable 
outcomes. This could theoretically be used as a warning system within clinical practice, with 
increasing SBP suggesting some unfavorable event is happening. While project 4 did not 
investigate what could have caused the SBP increase, it is not unlikely that damaged 
autoregulation or autonomic autoregulatory mechanisms could be increasing SBP because of 
infarct progression or increased cerebral oedema.209 Instead of using a proxy for 
autoregulation, Petersen et al. used calculated limits of cerebral autoregulation to create 
individually adapted optimal mean arterial pressure (MAP) boundaries for each patient.209 
Briefly summarized, using the tissue oxygenation index and MAP, optimal MAP boundaries 
were created from previous MAP measurements from the patient and were constantly 
updated with new measurements. Patients were then analyzed on the basis of the percent of 
the time they were outside the optimal MAP boundaries. The results showed that there was a 
significant decrease in chance of functional independence with increasing time outside the 
optimal MAP boundaries. When they instead divided the same patients for time above SBP 
thresholds of 160 or 180 mmHg, they did not find any association with functional 
independence. While the study by Petersen et al. had relatively few patients and should be 
viewed as a pilot study testing the feasibility of this methodology, it shows promising results 
which incorporates individualized BP management. Hopefully, Petersen and colleagues will 
scale up this interesting concept in a multicenter observational study and if it still proves 
promising translate it into a RCT after perhaps adapting more individualized parameters such 
as ischemia volume and reperfusion status. 
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Creating individualized BP management should be the goal of most studies investigating BP 
management in ischemic stroke. However, creating feasible and simple individualized 
methods of managing BP is difficult and may require a stepping-stone of generalized but 
more flexible BP management strategies. As BP is dynamic, it may be more accurate to on a 
population level describe BP course and trajectories rather than static parameters. Two 
studies aimed to describe different SBP trajectories for patients after an ischemic stroke.210, 211 
While purely descriptive in design, these studies found that lower SBP trajectories and 
trajectories which showed decreasing SBP had better outcomes. However, these studies 
included patients from a general stroke population, with most patients not receiving any acute 
intervention and therefore not considering their reperfusion status. Project 5 similarly 
investigated SBP course as a dynamic predictor in EVT treated patients. Project 5 
demonstrated that using the EBLUP it was possible to create SBP course models for patients 
with functional independence and compare the SBP course to the SBP course of patients that 
did not achieve functional independence. The results showed that deviating from a linear SBP 
course model was associated with lower odds for functional independence. Additionally, the 
SBP course seemed to perform well for predicting functional independence even when using 
the SBP measurements for only the first 6 hours after EVT. Similar to the work of Petersen et 
al,209 the number of patients in project 5 was quite low and should be viewed as a proof-of-
concept study. However, if similar methods could be applied to larger datasets, this would 
open the possibility to both improve the accuracy of the predictive SBP course but also 
perhaps build upon it further by perhaps describing subgroups of patients and their 
corresponding SBP course.  

Combined, the current knowledge on SBP management after an acute ischemic stroke offers 
many promising paths to further investigate. Yet, the research so far has not resulted in any 
breakthrough for this field. The ongoing RCTs will doubtlessly add valuable experience and 
data, but the process of individualizing SBP management should aim even higher. An 
intriguing idea would be to aim for a digitalized tool that, after inputting certain baseline 
variables and SBP and mTICI values, would provide a personalized graph for the “optimal” 
SBP course for this particulate patient. The goal does not necessarily have to be a SBP course 
that improves outcomes, as it could just be a SBP course that serves as a warning tool for the 
clinician and medical staff. Deviations from this SBP course would suggest the need for some 
sort of intervention, perhaps SBP lowering or even an investigation for a re-occlusion or 
hemorrhage. As a source of inspiration we could look toward the graphs used in pediatrics for 
monitoring the weight and length of a child during development over time.212 These graphs 
serve as an early warning system for deviating from the “normal”, and highlight when further 
attention is needed while at the same time being easy to understand and interpret by most 
medical staff.  
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8 STRENGTHS AND LIMITATIONS 
8.1 GENEREAL CONSIDERATIONS 

The primary strength of projects 1-4 is the use of the SITS database, which is a large 
international database of “real-world” data, providing a high number of patients that can be 
used for in depth subgroup analysis. However, the observational design of all of the projects 
in this thesis limits the generalizability of the conclusions and cannot establish causality with 
their study designs. While the data portraits typical “real-world” patients which would 
suggest good external validity, there was no random allocation of the interventions or the 
comparison groups. This creates a potential indication bias, which can roughly be 
summarized as the risk that the underlying choice made to receive a treatment or be allocated 
to a specific comparison group is in itself a sign that there is something different with these 
patients as compared to patients that did not receive the treatment or are allocated to another 
comparison group. In contrast, a RCT includes similar patients that are then randomly 
assigned to intervention or placebo. While all centers in SITS should register all consecutive 
stroke patients there is a risk that some underlying selection bias could have affected the 
database populations. Additionally, each project used its own inclusion and exclusion criteria, 
which decreases the general external validity of the thesis projects.  

There are underlying issues that must be addressed when using data from patient registries, 
which apply to the SITS and BaSE-T databases that were used in this thesis. One of the 
primary issues is the existence of missing data. As the databases used for this thesis are 
created from patient medical charts or paper case report forms, they are limited to the data 
available there, both in terms of missing data and which variables are registered. This likely 
adds some information bias to the data used in the projects. While local/center coordinators 
may themselves try to resolve and register any missing data, this is not always possible. The 
SITS database does not validate the data that is entered into the database through the source 
of the data, which may lead to both missing data and misclassification bias. In the BaSE-T 
database, much effort was put in to minimize the amount of missing data and any 
inconsistencies in the data, but the effects of information bias and potentially 
misclassification bias may still remain. The main concern with missing data is that the 
missing data may itself be an underlying sign that there is something different with the 
subgroup that has missing data. To tackle this issue, there are several approaches that can be 
used. In several of the projects in this thesis, centers with high numbers of missing data for 
outcomes were excluded in order to try to increase the data quality of the study population. 
Other approaches that were not used in this thesis but are generally used include using 
different missing imputation methods, to try to fill in the missing data based on similar 
patients that have data, or simply excluding all patients with missing data for important 
variables. While none of these methods are perfect, they offer a strategy for handling and 
working with the missing data.  

Even if missing data could be addressed, there remains the risk of misclassification bias. 
Projects 1 and 3 are at risk of this, as the criteria for the etiological subtypes were based on 
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the data that was available in SITS and could be different to the classification given if other 
data was available. Despite the information and support provided by the SITS registry in 
guiding physicians to use the most recent guidelines when diagnosing etiology, this may lead 
to differences between clinicians as well as centers. The TOAST criteria that were used for 
this purpose were not specifically designed for the data that was available in SITS, which 
could affect the etiological classifications. 

In observational studies, there are likely to be underlying differences between comparison 
groups. These can be caused by confounding factors, which if not handled correctly can mask 
or alter the observed association. To try to compensate for this, different methods can be used 
to adjusted for these underlying differences, such as adjusted regression analyses or 
propensity score matching, which were both used in the projects of this thesis. However, 
these adjustments are not as good as the randomization in a RCT, as there could be unknown 
confounding factors or factors not adjusted for that alter the observed results.  

Projects 1 and 3 included meta-analyses of unadjusted aggregate data. Other than the 
previously discussed risk of not adjusting for confounders, the meta-analyses are also at risk 
for publication bias. This is based on the knowledge that most studies that are published show 
positive or significant results, and studies that show negative or unsignificant results tend to 
not be published. The meta-analyses used methods to describe the heterogeneity of the 
results, but as this did not limit the data that was included in the meta-analysis it leaves a risk 
for publication bias. 

 

8.2 PROJECT 1 – MORE DATA, BUT HETEROGENOUS POPULATION 

Project 1 used two different comparisons in order to handle the lack of radiological data for 
LS patients not treated with IVT. By adding the second comparison group the project could 
provide much needed data on the risk of SICH for LS patients as they were compared to 
patients that are known to have an increased risk of SICH but where IVT treatment is not as 
controversial due to the overall benefit. While these two different “control” groups allow for 
important comparisons, they also make generalizing the efficacy of IVT for LS patients 
difficult. Additionally, there were regional differences between the comparison groups, where 
LS patients not treated with IVT were more frequently from South America and Asia, while 
LS patients receiving IVT were from Europe. The different regions and centers may have 
different management structures for acute stroke care or access to acute stroke treatment and 
could have influenced baseline differences in the control population. Yet our IVT-treated 
non-LS matched controls were from a similar geographical representation as IVT-treated LS 
patients. There were some countries contributing to both IVT and non-IVT treated LS 
patients, but the number of patients for these countries was small and therefore we did not 
perform a separate analysis for these countries. Finally, our definition of LS was based on 
clinical and not radiological findings, which could lead to potential differences in the study 
population as compared to using strictly radiological criteria. Our criteria were chosen to 
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reflect a broad but accurate definition of LS which should be an acceptable tool for 
classifying these patients. Similar methods of LS definitions were used in the studies included 
in the meta-analysis, suggesting that while this way of defining LS is not perfect it to some 
extent an acceptable method.  

 

8.3 PROJECT 2 – CLEAR ASSOCIATION, BUT LACKING BP MANAGEMENT 
DATA 

Project 2 used mean BP during 24 hours after EVT as a potential predictor of outcome, using 
up to 5 BP measurements to calculate the mean. The BP measurements were spread over 24 
hours which compensates for any temporary fluctuations, but this could mean that more 
complex associations were missed. The study centers followed BP targets from local 
guidelines where SITS encourages each center to use of the latest international guidelines, but 
SITS did not have access to the exact BP targets that were used for each patient. Additionally, 
SITS does not register how BP was measured and with which types of machines. The use of 
BP lowering medication was up to the treating physician, potentially adding variations to the 
study population based on BP-lowering treatments. While the data had sufficient power for 
most analyses, there were few patients with SBP <100 and >180 mmHg which limited our 
analysis and conclusions for the categorical analysis of these patients.  

 

8.4 PROJECT 3 – LARGEST ANALYSIS, BUT LIMITED ETIOLOGY CRITERIA 

Project 3 included the largest number of patients for the comparison of etiologies for EVT 
outcomes to date, which is a strength when trying to address the underlying research 
question. While our definitions of the stroke etiology followed the established TOAST 
criteria, our definitions were not validated through other sources. Additionally, our definition 
of LAA, similarly to the TOAST definition, did not differentiate in-situ-occlusion from 
artery-to-artery embolism. This differentiation was not available in the SITS registry, which 
could mean that there were different subgroups within the LAA subgroup. This could affect 
the results for LAA patients in an unknown way. Additionally, almost a quarter of the 
patients had unspecified or unknown etiologies, which leads to a risk that there could a 
missed underlying effect by excluding these patients.  

 

8.5 PROJECT 4 – USEFUL COMPARISON, BUT UNKNOWN BP MEDICATION 

The ∆SBP showed that a fairly simple method of comparing SBP measurements over time 
was associated with outcomes, showing that this could be a simple target for future studies. 
However, similar to project 2, project 4 lacked any data on the SBP targets and SBP 
management of each patient other than if the patient received or did not receive any SBP 
lowering treatment. The SBP lowering medication was also not specified, which could add 
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unknown variability in the form of the response to the SBP lowering medication based on the 
specific medication used. As ∆SBP was measured using baseline SBP, there is a risk that 
SBP during EVT procedure and any treatment given during this time could affect ∆SBP. As 
we did not analyze SBP during the EVT procedure, this could lead to some effects by the 
anesthesia drugs which could affect our overall results. Additionally, we did not include 
treatment in an intensive care unit or infarct volume in the analyses, which are factors that 
could have affected ∆SBP.  

 

8.6 PROJECT 5 – POTENTIAL NEW APPROACH TO BP ANALYSIS, BUT 
LIMITED POWER 

Project 5 used data from a single-center setting, which as compared to the SITS database 
meant that there was only a small number of patients included. On the other hand, this 
database had access to more frequent BP measurements, which allowed for complex 
modelling of the BP course. The models used a novel approach, which while complex could 
be widely applied in other datasets that have frequent BP measurements. However, due to the 
low number of patients, the more flexible SBP course models seemed to lack statistical power 
as they did not show significant results yet still held good predictive capacities. The better 
predictive capacity of the complex models could have been an indication of over-fitting the 
prediction models. Data on BP medication was not included into the statistical models, due to 
the fundamental goal of the project being to study the SBP course as it was. Adding BP 
medication would have required even more complex and flexible models that include time-
specific interventions, which we believed we lacked the statistical power to analyze. It is 
likely that patients receiving BP medications at certain time-points had their SBP course 
altered, which may have affected our results. We managed to create statistical models for 
most of the study population based on at least 10 SBP measurements during the first 24 hours 
after EVT, which could be a strength if comparing to other databases that do not have as 
frequent SBP measurements as some patients had in this project. However, this could 
potentially hide important SBP course parameters for patients with fewer measurements. On 
the other hand, given the study design and population, we believe this was necessary to 
maintain a good chance of accurately describing the complex models and deviations from a 
SBP course. Finally, we did not include occlusion site, collateral status or ASPECTS in our 
statistical models. We chose to not include occlusion site due to its even distribution between 
the modelling populations, and we chose to not include collateral status and ASPECTS due to 
a high number of missing data. However, these important factors may have affected the 
models that we presented. 
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9 CONCLUSIONS 
Subtypes of a disease offer the possibility to isolate and investigate specific patient 
subpopulations that may differ in significant ways from the overall disease population. 
However, in randomized controlled trials, subtypes of a disease like ischemic stroke are 
generally not focused upon. This raises the need for a good understanding of the potential 
risks and benefits of the treatment options for patients within these subtypes, in order to know 
if they require any alternative treatment strategies. 

Ischemic stroke etiologies are widely considered to be key factors in both primary and 
secondary stroke prevention while at the same time usually not considered in treatment 
decisions in the acute setting. The results from the first project suggests that, if otherwise 
eligible, IVT treatment for LS patients should not be withheld. While it is unlikely that a RCT 
will be carried out to test the safety of IVT in patients with LS, the results from this thesis 
further emphasize that perhaps this is not necessary given the lack of data for the concerns 
that were raised regarding IVT treatment for LS patients. On the other hand, the results in this 
thesis raise the question of the need for considering stroke etiology when treating acute 
ischemic stroke patients with EVT. Yet, applying this data in the clinical setting could be 
difficult, as the stroke etiology is not always immediately known in the acute setting. Future 
radiological developments may be able to better distinguish the stroke etiologies, and by 
doing so help the treating physicians make better decisions when choosing EVT treatment 
approaches. 

BP management after EVT is a topic which is receiving a lot of attention, where the results of 
the ongoing RCTs will shed more light onto this complex issue. The results from the BP-
oriented projects of this thesis highlight that several BP parameters, from mean SBP to SBP 
trajectories, play an important role and can affect outcomes after EVT treatment. The results 
also suggest that analyzing and treating BP as a dynamic rather than static process is feasible, 
with the potential for further analyzing SBP change and trajectory in future studies and trials. 
These methods would help in the development of more personalized BP targets, rather than 
the current guidelines’ static BP thresholds. If validated in larger datasets, these prediction 
models could be further developed to individually tailor SBP targets by applying important 
early prognostic factors, such as reperfusion status, history of hypertension, and infarct size at 
baseline. 

In conclusion, this thesis suggests that LS patients should not be denied IVT treatment while 
stroke etiology and BP management may affect EVT treatment outcomes in acute ischemic 
stroke. There is a need to further investigate how knowledge on stroke etiology and SBP 
management after reperfusion therapies could be applied in the clinical setting, and well-
designed RCTs are much needed to guide future clinical decisions. 
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