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Be kind, for everyone you meet is fighting a hard battle.



“..success in medicine has dimensions that cannot be found on a play-
ing field. For one, lives are on the line. Our decisions and omissions

are therefore moral in nature. We also face daunting expectations. In
medicine, our task is to cope with illness and to enable every human
being to lead a life as long and free of frailty as science will allow. The
steps are often uncertain. The knowledge to be mastered is both vast
and incomplete. Yet we are expected to act with swiftness and consist-
ency, even when the task requires marshaling hundreds of people—
from laboratory technicians to the nurses on each change of shift to the
engineers who keep the oxygen supply system working—for the care of
a single person. We are also expected to do our work humanely, with
gentleness and concern. It’s not only the stakes but also the complex-
ity of performance in medicine that makes it so interesting and, at the
same time, so unsettling.”

Atul Gawande — Better



To all of us who may someday face acute stroke symptoms
— and to my family.



ABSTRACT

Stroke is one of the leading causes of death and disability, with a high incidence of
over 11 million cases annually worldwide. Costs of treatment and rehabilitation,
loss of work, and the hardships resulting from stroke are a major burden both
at the individual and at the societal level. Importantly, stroke therapies need to
be initiated early for them to be effective. Thrombolytic therapy and mechanical
thrombectomy are early treatment options of ischemic stroke. In hemorrhagic
stroke, optimization of hemodynamic and hemostatic parameters is central,
and surgery is considered in a subset of patients.

Efficient treatment of stroke requires early and precise recognition of stroke
at all stages of the treatment chain. This includes identification of patients
with suspected acute stroke by emergency medical dispatchers and emergency
medical services staff, and precise admission diagnostics by the receiving on-
call stroke team. Success requires grasping the complexity of stroke symptoms
that depend on the brain areas affected, and the plethora of medical conditions
that can mimic stroke.

The Helsinki Ultra-acute Stroke Biomarker Study includes a cohort of 1015
patients transported to hospital due to suspected acute stroke, as candidates
for revascularization therapies. Based on this cohort, this thesis work has
explored new avenues to improve early stroke diagnostics in all stages of the
treatment chain.

In a detailed investigation into the identification of stroke by emergency
medical dispatchers, we analyzed emergency phone calls with missed stroke
identification. We also combined data on dispatch and EMS and hospital
records to identify causes for missing stroke during emergency calls. Most
importantly, we found that a patient’s fall at onset and patient confusion were
strongly associated with missed identification. Regarding the Face Arm Speech
Test (FAST), the most likely symptom to be misidentified was acute speech
disturbance.

Using prehospital blood sampling of stroke patients, and ultrasensitive
measurement, we investigated the early dynamics of the plasma biomarkers
glial fibrillary acidic protein (GFAP) and total tau. Utilizing serial sampling,
we demonstrate for the first time that monitoring the early release rate of
GFAP can improve the diagnostic performance of this biomarker for early
differentiation between ischemic and hemorrhagic stroke. In our analysis of
early GFAP levels, we were able to differentiate with high accuracy two-thirds
of all patients with acute cerebral ischemia from those with hemorrhagic stroke,



supporting further investigation of this biomarker as a promising point-of-care
tool for prehospital stroke diagnostics.

We performed a detailed review of the admission diagnostics of our cohort
of 1015 patients to explore causes and predictors of admission misdiagnosis.
We then investigated the consequences of misdiagnosis on outcomes. We
demonstrate in this large cohort that the highly optimized and rapid admission
evaluation in our hospital district (door-to-needle times below 20 minutes) did
not compromise the accuracy and safety of admission evaluation. In addition,
we discovered targets for improving future diagnostics.

Finally, our detailed neuropathological investigation of a case of cerebral
amyloid angiopathy (CAA) -related hemorrhage after stroke thrombolysis
provided unique tissue-level evidence for this common vasculopathy as a
notable risk factor for intracranial hemorrhagic complications in the setting
of stroke. These findings support research to improve the diagnostics of
CAA, and the prediction of hemorrhagic complications associated with stroke
thrombolysis.

In conclusion, these proposed targets and strategies will aid in the future
improvement and development of this highly important field of diagnostics.
Our proof-of-concept discoveries on early GFAP kinetics help guide further
study into this diagnostic approach just as highly sensitive point-of-care GFAP
measurement instruments are becoming available. Finally, our results support
the safety of worldwide efforts to optimize emergency department door-to-
needle times when care is taken to ensure sufficient expertise is in place,
highlighting the role of the on-call vascular neurologist as a central diagnostic
asset.



TIVISTELMA

Aivohalvaus on yksi yleisimpia kuolinsyita ja tyokyvyttomyyden aiheuttajia, ja
sen maailmanlaajuinen vuosittainen ilmaantuvuus on yli 11 miljoonaa tapausta.
Hoito- ja kuntoutuskustannukset, tyokyvyn menetys ja aivohalvauksen
aiheuttamat arkielamidn vaikeudet ovat suuri taakka sekd yksilon etti
yhteiskunnan tasoilla. Vaikka hoitovaihtoehtoja on useita, kuten liuotushoito
ja mekaaninen trombektomia iskeemisen aivohalvauksen hoitoon, seka
hemodynamiikan ja hemostaasin optimointi ja leikkaushoito aivoverenvuotojen
hoitoon, nama hoidot on aloitettava nopeasti, jotta ne olisivat tehokkaita.

Aivohalvauksen hoitojen vaatima nopeus edellyttdd aivohalvauksen
varhaista ja tarkkaa tunnistamista hoitoketjun kaikilla tasoilla. Tahin
sisiltyy aivohalvauksen tunnistaminen héitakeskuksen ja ensihoidon toimesta,
nopea triage ja kuljetus oikeaan sairaalaan, ja onnistunut diagnostiikka
paivystyspoliklinikan vastaanottavalta aivohalvaustiimiltd. Haasteina ovat
monimutkaisuus aivohalvauksen oireissa, jotka riippuvat sairastuneista
aivoalueista, sekd lukuisat muut sairaudet, jotka voivat jaljitella aivohalvauksen
oireita.

Helsinki Ultra-acute Stroke Biomarker Study -tutkimus kasittaa 1015 potilaan
kohortin, jotka kuljetettiin sairaalaan epaillyn akuutin aivohalvauksen vuoksi
arvioitavaksi ja diagnosoitavaksi rekanalisaatiohoitojen varhaista aloittamista
varten. Tassa vaitoskirjatyossa etsittiin uusia keinoja kehittaa aivohalvauksen
varhaisdiagnostiikkaa hoitoketjun kaikissa eri vaiheissa.

Yksityiskohtaisessa tutkimuksessa aivohalvauksen tunnistamisesta
hiatdkeskuspdivystdjien toimesta analysoimme hiatdpuheluita, joissa
aivohalvauksen tunnistaminen ep#donnistui. Lisdksi yhdistimme
hatdpuheluiden, ensihoitokertomusten ja sairaskertomusten tietoja
loytadksemme syitd aivohalvauksen tunnistamisen epidonnistumiseen
hétdpuhelujen aikana. Havaitsimme, ettd potilaan kaatuminen ja potilaan
sekavuus olivat keskeisida tekijoitd, jotka liittyivdat epdonnistuneeseen
tunnistamiseen. Face Arm Speech Test (FAST) -seulontaoireista puhehairio
oli todennékoisimmin vaarin tunnistettu.

Akuuttivaiheen verindytteitd ja 4drimmaisen herkkda maaritysmenetelmaa
hy6dyntden tutkimme kahden verestd mitattavan merkkiaineen, tahtisolujen
sdikeisen happaman proteiinin (GFAP) ja taun varhaista dynamiikkaa
aivohalvauspotilailla. Osoitamme ensimmaiistd kertaa, ettdi GFAP:n
varhaisen vapautumisnopeuden seurantaa sarjanaytteista voidaan hyodyntaa
parantamaan taman merkkiaineen diagnostista suorituskykya iskeemisen ja
hemorragisen aivohalvauksen varhaisessa erottamisessa. Varhaisten GFAP-



tasojen analyysissimme pystyimme erottamaan suurella varmuudella kaksi
kolmasosaa kaikista iskeemiseen aivohalvaukseen sairastuneista niista
potilaista, joilla oli aivoverenvuoto. Tulokset viittaavat siihen, ettd GFAP
merkkiaine voisi olla jatkossa kehitettavissia ambulansseissa hyodynnettavaksi
pikaverikokeeksi, joka auttaisi aivohalvauksen eri muotojen varhaisessa
erottelussa.

Teimme yksityiskohtaisen katsauksen kaikkien kohorttimme potilaiden (n
= 1015) paivystysdiagnostiikkaan selvittidksemme diagnostisten vaikeuksien
syitd ja ennustajia sekd tutkimme virheellisen tulovaiheen diagnoosin
seurauksia potilaiden ennusteeseen. Osoitamme ensimmaistd kertaa
suuressa aineistossa, ettd sairaanhoitopiirissimme kéytetty aivohalvauksen
rekanalisaatiokandidaattien erittdin nopea vastaanottoarviointi (liuotushoidon
mediaaniviive alle 20 minuuttia) ei vaaranna diagnostiikan tarkkuutta
ja turvallisuutta. Lisdksi kuvailemme diagnostiikan kehittdmiskohteita
tulevaisuudessa.

Viitoskirjan viimeisessd osatyossd laadimme yksityiskohtaisen
neuropatologisen tapausselostuksen aivojen amyloidiangiopatiaan liittyvasta
verenvuodosta aivohalvauksen liuotushoidon jalkeen saadaksemme
ainutlaatuista kudostason ndytt6d tamin yleisen verisuonisairauden
aiheuttamasta komplikaatioriskisti aivohalvauksen rekanalisaatiohoidoissa.
Havaintomme tukevat tutkimusta aivojen amyloidiangiopatian diagnostiikan
parantamiseksi ja verenvuotokomplikaatioiden ennustamisen kehittdmiseksi.

Yhteenvetona voidaan todeta, ettd esitetyt tutkimukset havainnollistavat
aivohalvauksen varhaisen diagnosoinnin monitahoisia haasteita.
Vaitoskirjatyossd esitetyt kehityskohteet ja menetelmit auttavat timéan
erittdin tarkedn diagnostisen alan tulevassa kehitystyossd. Mika tarkeinta,
nama tulokset sisiltavit uusia ja ainutlaatuisia konseptihavaintoja varhaisen
GFAP-kinetiikan kaytosta aivohalvauksen diagnostiikassa ja erittdin nopean
paivystysarvion turvallisuudesta kéytettdessa sairaanhoitopiirimme nopeaa
liuotushoitoprotokollaa.
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ABBREVIATIONS

ACI
CAA
CI
CMB
CSF
CT
CTA
CTP
DALY
ED
EMD
EMS
EMT
EVT
FAST
GCS
GFAP
HS
HUH
HUS
ICH
ICP
INR
IQR
IVT
LVO
MRI
MSU
mRS
NCCT
NIHSS
POC
rtPA
SAH
SC
SM
TBI

Acute cerebral ischemia

Cerebral amyloid angiopathy
Confidence interval

Cerebral microbleed

Cerebrospinal fluid

Computer tomography

Computer tomography angiography
Computer tomography perfusion
Disability-adjusted life year
Emergency department

Emergency medical dispatcher
Emergency medical services
Emergency medical technician
Endovascular thrombectomy

Face Arm Speech (Time) test
Glasgow coma scale

Glial fibrillary acidic protein
Hemorrhagic stroke

Helsinki University Hospital
Helsinki and Uusimaa Hospital District
Intracerebral hemorrhage
Intracranial pressure

International normalized ratio
Interquartile range

Intravenous thrombolysis
Large-vessel occlusion

Magnetic resonance imaging
Mobile stroke unit

Modified Rankin Scale
Non-contrast computer tomography
National Institutes of Health Stroke Scale
Point-of-care

Recombinant tissue plasminogen activator
Subarachnoid hemorrhage

Stroke code

Stroke mimic

Traumatic brain injury
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TCD Transcranial Doppler

TIA Transient ischemic attack
VIPS Volumetric impedance phase-shift spectroscopy
YLL Years of life lost
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1INTRODUCTION

Acute stroke, a medical emergency requiring rapid initiation of treatment, is
for emergency care, one of its most challenging diagnostic areas. Due to the
wide spectrum of different symptoms and presentations, and because symptom
onset is usually not accompanied by pain, stroke symptoms are difficult for
laypeople to identify, and often do not trigger the necessary urgency in seeking
immediate help.

The diagnostic difficulties are challenging also for emergency medical
dispatchers and emergency medical services (EMS) personnel. Stroke-like
symptoms can result from a plethora of other acute neurological and non-
neurological conditions only differentiated by clinical expertise and complicated
diagnostic equipment. Dispatchers and EMS in most parts of the world have
very limited means to make triage decisions for these patients, and initiation
of specific therapies before hospital arrival is rarely possible. Patients with
acute stroke-like symptoms and sufficiently short delays from symptom onset
are therefore transported as stroke code patients to the closest stroke center
for diagnostics and treatment.

The challenges are greatest at the end of the line, the receiving emergency
department, where the on-call physician must rapidly synthesize all available
information. This includes medical and EMS records, information from the
patient, next ofkin, and EMS personnel, and findings from clinical examination,
point-of-care blood tests, hemodynamics, and multimodal neuroimaging.
Further, all of this must be done immediately, skillfully identifying conditions
mimicking stroke.

Although stroke medicine steadily progresses, challenging professionals to
make timely changes and improvements in their stroke code pathway, acute
diagnostic and therapeutic decisions have become more complicated, with new
therapies and diagnostic capabilities, requiring decisions for which evidence-
based guidelines arelimited. In the Helsinki Ultra-acute Stroke Biomarker Study
and in this thesis, the goal has been to examine the diagnostic performance of
our stroke code care pathway to identify strategies for improving diagnostic
accuracy and speed of treatment at all levels, from the emergency call to the
emergency department.
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2 REVIEW OF THE LITERATURE

2 REVIEW OF THE LITERATURE

2.1 THE SOCIETAL BURDEN OF STROKE

For epidemiological purposes, stroke is traditionally defined based on World
Health Organization (WHO) descriptions, which define stroke through clinical
findings and symptoms as rapidly developed signs of focal or global disturbance
of cerebral function lasting more than 24 hours (unless interrupted by death),
with no apparent origin other than vascular (Aho & Fogelholm 1974).

For the purposes of clinical work and research, where more exacting
diagnostic methods are readily available, the definition of stroke has undergone
refinement towards a tissue-based definition. According to the definition in an
expert consensus document of the American Heart and Stroke Associations,
central nervous system (CNS) infarction is brain, spinal cord, or retinal cell
death attributable to ischemia, based on 1) pathological, imaging, or other
objective evidence of cerebral, spinal cord, or retinal focal ischemic injury
in a defined vascular distribution; or 2) clinical evidence of cerebral, spinal
cord, or retinal focal ischemic injury based on symptoms persisting >24 hours
or until death, and other etiologies excluded. In addition to CNS infarction,
stroke specifically also includes non-traumatic intracerebral hemorrhage
(ICH) and subarachnoid hemorrhage (SAH), and cerebral venous thrombosis
(Sacco et al. 2013). The benefit of this tissue-based definition is the inclusion
of asymptomatic CNS ischemia and hemorrhage not included in the traditional
epidemiological definition.

Globally, stroke is the third leading cause of lost disability-adjusted life years
(DALYs), an epidemiological measure of disease burden, when considering all
age groups (GBD 2019 Diseases and Injuries Collaborators 2020). Further,
stroke is the third leading cause, worldwide, of years of life lost (YLLs) (GBD
2017 Causes of Death Collaborators 2018). Based on the Global Burden of
Disease Study, the crude total number of new stroke cases worldwide (incidence)
increased between 1990 and 2017 by 76%, to a total estimate in 2017 of 11.9
million annual cases. The corresponding age-standardized global rate of new
strokes in 2017 was estimated to be 150.5 cases per 100 000 (Avan et al. 2019).
The total crude global prevalence of stroke was estimated in 2017 to be 104.2
million (Avan et al. 2019).

Importantly, the incidence of stroke is highly dependent on age and
traditional vascular risk factors such as hypertension, smoking, poor diet,
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impaired glucose tolerance, obesity, and hypercholesterolemia (Lawes et
al. 2004; Buttar et al. 2005; Prospective Studies Collaboration et al. 2007)
(O’Donnell et al. 2010). On a global scale, 1.3% of stroke incidence is in people
aged < 40 years, 10.9% in 40- to 64-year-olds, and 87.8% in those =65 years
(Avan et al. 2019). It is particularly alarming that the incidence of stroke has
increased in recent decades particularly in younger generations (<55 years)
(Béjot et al. 2014; Tibzk et al. 2016; L. Li et al. 2022).

Stroke leaves survivors with varying degrees of long-lasting neurological
deficits, including motor and sensory impairment, pain, disturbances in speech,
apraxia, and cognitive issues (Kotila et al. 1999; Morley et al. 2005; G. Chen
et al. 2005; Mukherjee et al. 2006; Snaphaan et al. 2009; Kyrozis et al. 2009;
Broomfield et al. 2014; Jokinen et al. 2015). These deficits often disrupt daily
life, leading to loss of work, difficulties in carrying out daily activities, and
sometimes requiring daily assistance and care. Finally, stroke has a myriad
of emotional, mental, and social effects on survivors, further disrupting life.
Due to this complexity, stroke is a devastating disease, on both societal and
individual levels.

2.2 ACUTE STROKE AND STROKE MIMICS: PRESENTATION AND
ACUTE TREATMENT

2.2.1 ACUTE CEREBRAL ISCHEMIA: ISCHEMIC STROKE AND TIA

In its normal state, cerebral energy metabolism is highly dependent on the
oxidative metabolism of glucose, its main energy source (Vannucci et al. 1997).
When a cerebral artery is suddenly occluded, a gradient of insufficient blood
flow forms, with a central tissue area of very deep ischemia, surrounded by a
larger area with less severe blood flow deficiencies. The severity of ischemia and
oxygen deficiency ranges from benign oligemia with minor effects on cellular
metabolism, to more severe ischemia in the so-called penumbral area, which
leads to various disruptions in cellular physiology including shutdown of protein
synthesis, disruption in the electrical activity of the brain tissue, peri-infarct
spreading depression, increases in lactate production, glucose depletion, and
finally severe membrane depolarization as cellular ion pumps fail (Heiss 1992;
Hossmann 1993b; Hossmann 1993a; Hossmann 1994; DeGracia et al. 2008).
The deepest zone of ischemia is in the infarct core where ischemia quickly
leads to necrosis and permanent damage to brain tissue (Hossmann 1994;
Bandera et al. 2006).
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2 REVIEW OF THE LITERATURE

Whereas neurons are the most sensitive cell type facing ischemia, the
other components forming the basic structural and functional element of
cerebral tissue — the neurovascular unit — including astrocytes, endothelial
cells, pericytes, resident inflammatory cells, and oligodendrocytes, are
also severely affected, leading to a cascade of disruptive events (del Zoppo
2009; Stanimirovic & Friedman 2012; Dalkara & Alarcon-Martinez 2015).
This includes loss of blood flow regulation, accumulation of waste products,
microvascular failure with microvascular plugging, cellular and vascular tissue
edema, an uncontrolled inflammatory response, and uncontrolled proteolysis
(del Zoppo 2009; Iadecola & Anrather 2011). At later stages, recanalization of
the occluded artery can lead to reperfusion injury, with severe oxidative injury
and further inflammatory activation and infiltration of inflammatory cells
(del Zoppo 2009; Bai & Lyden 2015). Inflammatory injury and later apoptotic
cell death continue in the days after ischemia, sometimes together with more
severe complications such as tissue hemorrhage and severe edema (Beghi et
al. 1989; Bai & Lyden 2015).

Symptoms of acute cerebral ischemia (ACI) begin suddenly, and depend
largely on which central nervous system (CNS) areas are undergoing ischemia.
Symptoms usually reach their maximum intensity in a few minutes or hours.
Presentations of ACI are typically classified according to the vascular territory
affected (Table 1), with four out of every five occlusions occurring in the anterior
carotid circulation, and one-fifth in the posterior vertebrobasilar circulation
(Bogousslavsky 1994; Nouh et al. 2014; Yassi et al. 2015; C.-H. Park et al. 2016).

The five main branches arising from the internal cerebral artery include
the middle cerebral artery, the anterior cerebral artery, the anterior choroidal
artery, the posterior communicating artery, and the ophthalmic artery (Tatu et
al. 1998). The posterior circulation consists of the two vertebral arteries that join
to form the basilar artery. Smaller paramedian and circumferential branches
and four cerebellar arteries arise from the basilar artery, which finally divides
into two posterior cerebral arteries (Tatu et al. 1996). Cerebral ischemia in any
of these specific vascular territories leads to a corresponding clinical syndrome
(Table 1) (Grivé et al. 2005). Notably, a multitude of congenital anatomical
variants of the cerebral vasculature exist (Dimmick & Faulder 2009; Varga
et al. 2019). For example, a relatively common variant is decreased or absent
patency of the posterior communicating artery, which may also influence the
clinical manifestation and prognosis of posterior circulation strokes (Ahn et al.
2018; J. S. Park et al. 2022). Although many of these variants are uncommon,
what is important is to remember their existence in clinical practice.

In addition to occlusion of major vascular arterial branches, two other
lesion types are worth noting. Lacunar ischemic lesions are small subcortical
infarcts with a diameter under 1.5 cm, which involve occlusion of deep perforant
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arteries (FISHER 1965; Cannistraro et al. 2019). Watershed infarcts involve
the junctional areas between the distal regions of two separate arteries, and
are typically caused by systemic hemodynamic failure, either alone or in
combination with tight stenosis of a larger proximal artery (Momjian-Mayor
& Baron 2005).

Table 1. Common stroke syndromes

Anterior circulation

Site of arterial
occlusion

Common acute symptoms Other notes

MCA (M1)

When untreated
leads to massive
brain edema and

Contralateral hemiparesis, hemihypoesthesia,
hemianopsia, ipsilateral conjugated eye

and head deviation (towards lesion). Left
MCA: aphasia, ideomotor apraxia. Right

MCA: contralateral multimodal hemineglect,
anosognosia, anosodiaphoria, asomatognosia,
confusion.

high mortality

herniation, with very

MCA (anterior
M2)

Contralateral isolated brachiofacial paresis,
partial brachiofacial hypoesthesia, ipsilateral
conjugated eye and head deviation (towards
lesion). Left MCA: Broca’s aphasia, ideomotor
apraxia. Right MCA: contralateral multimodal
hemineglect, anosognosia, anosodiaphoria,
confusion. No visual defects.

MCA (posterior
M2)

Contralateral homonymous hemianopsia, mild
brachiofacial paresis, cognitive difficulties.
Left MCA: Wernicke’s aphasia or conduction
aphasia. Right MCA: hemineglect, dyspraxia,
spatial disorientation, confusion, behavioral

changes.

ACA Paresis and hypoesthesia of the distal lower
limb, motor hemineglect, motor aphasia,
behavioral changes, sphincter dysfunction,
mutism, anterograde amnesia, callosal
disconnection syndrome.

AChA Motor or sensorimotor hemiparesis,
sensory deficit alone, ataxic hemiparesis.

More rarely: triad of severe hemiparesis,
hemihypoesthesia, and upper
quadrantanopia.

ICA Severe presentation with combination of Slowly developing
symptoms related to anterior circulation atherosclerotic
arteries stenosis and

subsequent
occlusion is usually
less severe and
can even be
asymptomatic

OA Visual loss in a single eye. Ocular ischemic

syndrome, amaurosis fugax.
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Posterior
circulation
VA Déjerine syndrome, Wallenberg syndrome,
Babinski-Nageotte syndrome.
PICA Vertigo, nausea, vomiting, nystagmus,
ipsilateral ataxia, gait ataxia.
AICA Vertigo, nausea, vomiting, nystagmus,
ipsilateral deafness with tinnitus, ipsilateral
peripheral type facial palsy, facial
hypoesthesia, Horner’s syndrome, ipsilateral
ataxia, dysarthria, contralateral thermoalgesic
sensory deficit.
SCA Ipsilateral limb and gait ataxia, dysarthria,
nystagmus, Horner’s syndrome
BA Quadriplegia, bilateral facial palsy, horizontal  Often the most
gaze palsy, locked-in syndrome, coma. A severe form of
multitude of specific brainstem syndromes stroke with high
have been described. mortality, although
presentations vary
depending on
collateral circulation
PCA Contralateral thermoalgesic sensory deficit, In 2-10% of patients
contralateral hemianopsia, contralateral facial the PCA is fed
nerve, vagus nerve and hypoglossal nerve mainly from the
paresis, ipsilateral oculomotor nerve deficit anterior circulation
via a large PCoA
Thalamic Thalamic pain syndrome, neuropsychiatric

symptoms

MCA: middle cerebral artery, ACA: anterior cerebral artery, AChA: anterior choroidal
artery, ICA: internal carotid artery, OA: ophthalmic artery, VA: vertebral artery, PICA:
posterior inferior cerebellar artery, AICA: anterior inferior cerebellar artery, SCA: superior
cerebellar artery, BA: basilar artery, PCA: posterior cerebral artery, PCoA: posterior
communicating artery.

Early treatment of acute ischemic stroke focuses on ensuring hemodynamic
stability of the patient, recanalizing the occluded cerebral artery as swiftly as
possible, and preventing complications (Powers et al. 2019). As prehospital
differentiation of ACI and hemorrhagic stroke (HS) is currently in most cases
impossible, early prehospital care focuses on ensuring an adequate airway,
breathing, and oxygenation, and circulatory stability, including control of
very low or high blood pressure, and initiation of basic fluid resuscitation
with a crystalloid solution. Other symptoms such as severe nausea and
vomiting, pain, confusion, or early seizures also require treatment early in
the prehospital setting. In general, most ACI patients are hypertensive but
otherwise hemodynamically stable, and the need for intubation is rare.

The main approaches to recanalization include thrombolytic therapy and
mechanical thrombectomy, both of which require more detailed in-hospital
work-up, including neuroimaging, to ensure correct patient selection (Powers

20



et al. 2019). Thrombolysis is based on intravenous infusion of a thrombolytic
drug such as tissue-plasminogen activator (tPA) or tenecteplase, which bind
to the fibrin-rich areas of the culprit cerebrovascular occlusion, and are thus
activated to induce rapid fibrinolysis and dissolution of the clot through local
production of plasmin from endogenous plasminogen (Medcalf 2017). Whereas
thrombolysis shows high recanalization rates in milder strokes, occlusion of
larger vessels and tandem occlusions of cervical arteries are often resistant
to thrombolysis alone (Lees et al. 2010; Riedel et al. 2011). Mechanical
thrombectomy is highly effective and valuable in these larger occlusions, and
involves an intervention performed using intra-arterial catheters and x-ray
illumination, usually by an interventional radiologist, to either aspirate or
mechanically retrieve the occluding blood clot (M. Goyal et al. 2016; Powers et
al. 2019). Finally, prevention of early complications of ACI such as aspiration
pneumonia, deep-vein thrombosis, or recurrent stroke, requires monitoring
and specialist care. This occurs ideally in a dedicated stroke unit, to optimize all
physiological parameters including hematological factors, to actively treat 