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LEARNING OUTCOMES

INTRODUCTION

After completing this chapter you will be able to:

Stroke is a global disease burden with more than 15 million strokes
occurring worldwide each year. In the United States of America (USA), a
stroke occurs every 40 seconds [World Health Organization (WHO), 2015;
Lloyd-Jones et al., 2010]. Stroke is the leading cause of major disability in the
United Kingdom (WHO, 2015), and in Australia more than half of all stroke
survivors are left with permanent disability (National Stroke Foundation,
2014). The long-term cost of caring for stroke patients is immense; in 2010
in the USA alone, stroke-related costs exceeded $70 billion (Lloyd-Jones et
al., 2010), these costs are substantially higher in low- and middle-income
areas (Smith, 2011). The WHO reports these extreme costs may result in
increased mortality and morbidity rates in low socioeconomic countries
(WHO, 2015).

•
•
•
•
•

Identify the incidence and impact of stroke in the community
Describe the major anatomical areas of the brain and the major
arterial vessels within the brain
Classify the mechanisms of stroke and the symptomatology of stroke
depending on the location of the brain ischemia
Describe the immediate and ongoing care requirements and options
available to a patient suffering an ischemic or haemorrhagic stroke.
Describe the important pharmacological agents associated with
stroke care including key safety precautions and considerations to
avoid further harm.
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ACA – anterior cerebral artery
AcomA – anterior communicating artery
AF – atrial fibrillation
aSAH – aneurysmal subarachnoid haemorrhage
AVM –arteriovenous malformation
BP – blood pressure
BiPAP - bi-level positive airway pressure
CO2 – carbon dioxide CPAP – continuous positive airway pressure
CPSS - Cincinnati Pre-hospital Stroke Scale
CN – cranial nerve
CNS – central nervous system
CSF –cerebrospinal fluid
CTA - computed tomography angiogram
CTP - computed tomography perfusion
DOAC – direct oral anticoagulant
ECR – endovascular clot retrieval
ED – emergency department
EOM - extra ocular movement
EVD – external ventricular drain
GCS – Glasgow coma scale
HOB – head of bed
HT – hypertension
IV t-PA - intravenous tissue plasminogen activator (alteplase)
MRI - magnetic resonance imaging
NIBP – non invasive blood pressure
NIHSS - National Institutes of Health Stroke Scale (NIHSS)
NCCT - non contrast computed tomography scan
IPH - Intraparenchymal haemorrhage
LOC – level of consciousness
LAPSS - Los Angeles Pre-hospital Stroke Scale
MASS - Melbourne Ambulance Stroke Scale
SAH – Subarachnoid haemorrhage sICH - symptomatic intracerebral
haemorrhage
TIA – transient ischemic attack
VTE - venous thromboembolism

Stroke is a clinical condition characterized by the sudden interruption of
the blood supply to the brain, retina, and/or spinal cord (Saver, 2008). It is
a vascular disease, caused by a blocked artery (ischaemic stroke) or a burst
blood vessel (haemorrhagic stroke). A stroke disrupts blood flow, thereby
limiting the supply of oxygen and nutrients, resulting in tissue death
(WHO, 2015). Stroke classically produces a sudden onset of neurological
symptoms, most commonly unilateral in nature, which can be ascribed to
specific vascular territories. The scope and severity of stroke symptoms can
range from mild to severe. Even if symptoms resolve, tissue death may
still have occurred (Saver, 2008). Stroke symptoms which spontaneously
resolve with no infarction may be diagnosed as either a transient ischemic
attack, or in the case of thrombolytic treatment, an aborted stroke
(Saver, 2008; Uchino et al., 2010). Acute stroke is a time critical medical
emergency; there are a limited number of treatment options available, and
most have a set time frame in which treatment must be initiated. Seeking
urgent medical care at a designated Stroke Centre hospital is paramount to
achieve best possible outcomes (Powers et al., 2018; Wardlaw et al., 2012).

ANATOMY
The cerebrum
The cerebrum makes up 80% of the brain’s weight and is divided into right
and left hemispheres (Snell, 2010; Waxman, 2013). It consists of an outer
layer of grey matter called the cerebral cortex, and a subcortical white
matter layer. Subcortical axons are responsible for conducting impulses
from the grey matter to other regions of the central nervous system (CNS).
The cerebral cortex is divided into four lobes: frontal, parietal, temporal
and occipital. The frontal lobes are separated from the parietal lobes by the
central sulcus and from the temporal lobes by the lateral (Sylvian) fissure.
The parietooccipital fissure divides the parietal lobes from the temporal
and occipital lobes (see Figure 1).
Primary functions of the cerebral cortex include language, motor control,
sensation recognition and intellect – functions that are unique to Homo
sapiens. In 1909, Dr Korbinian Brodmann, a German neurologist attempted
to localize these cortical functions by mapping their specific regions.
Brodmann’s Classification of the Cerebral Cortex is incomplete, but the
mapped areas allow us to gain a greater appreciation of brain function and
the implications of cortical stroke damage (Alexandrov, 2010a) (see Figure
2).
The subcortex lies directly beneath the cerebral cortex and contains motor
and sensory fibres, the basal nuclei, thalami and the lateral ventricles.
Afferent sensations travel from the spinal cord through the thalamus
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and internal capsule and terminate in the cortex, while efferent motor
fibres originate in the cortex, travelling through the brain in the opposite
direction (Snell, 2010).
The cerebellum
The cerebellum accounts for 10% of the brain’s weight. It is separated from
the cerebrum by the tentorium cerebelli, while the vermis separates the
cerebellum’s left and right hemispheres. Like the cerebrum, the cerebellum
consists of an outer grey matter, and an inner white matter (Snell, 2010).
The brainstem
The brainstem is comprised of three structures – the midbrain, pons and
medulla oblongata. It contains ascending sensory pathways, descending
motor pathways, cranial nerves (CN) III-XII and vital regulatory centers that
maintain homeostasis (Kandel, 2012).

ascend to the brain. At the Circle of Willis (COW) the ICAs terminate and
give rise to the anterior cerebral arteries (ACA), the middle cerebral arteries
(MCA) and the posterior communicating arteries (PComA) (Alexandrov,
2011). While the COW is designed to allow some degree of collateral
blood flow in the case of a vessel occlusion, only approximately 50% of
the population has an anatomically complete circle; hypoplastic or atretic
segments are common (see Figure 3).
The MCAs supply the lateral portions of the frontal and parietal lobes, the
superior aspects of the temporal lobes, and part of the occipital lobes. Small
perforating arteries extend from the main MCA trunks providing blood flow
to much of the subcortical region, including the basal ganglia (Alexandrov,
2011). The majority of ischaemic strokes involve the MCAs (Kleindorfer et
al., 2007). The two ACAs, joined by a single anterior communicating artery
(AComA), supply the rostral and medial surface of the frontal and parietal
lobes. The ophthalmic arteries (OA) derive from the ICAs, and supply the
optic nerves and eyes, while the PcomAs connect the anterior circulation
to the posterior circulation forming the COW (Alexandrov, 2011).
The vertebral arteries (VA) supply the brain’s posterior circulation, they
enter the cranial vault through the foramen magnum, and fuse at the level
of the pons to form the single basilar artery (BA). At its distal tip, the BA
divides to form the posterior cerebral arteries (PCA), which provide arterial
flow to the temporal and occipital lobes (see Figure 3). The VAs and the
BA give off numerous arterial branches and perforating arteries to the
cerebellum and the brainstem, including the posterior inferior cerebellar
arteries (PICA), the anterior inferior cerebellar arteries (AICA), and the
superior cerebellar arteries (SCA) (Snell, 2010).

Figure 1: The four lobes of the cerebral cortex. Reprinted with permission from NET
SMART (www.learnstroke.com), Health Outcomes Institute, LLC.

Figure 2: Brodmann’s cytoarchitecture of the brain; reprinted with permission from NET
SMART (www.learnstroke.com), Health Outcomes Institute, LLC.

Blood supply
While the brain constitutes only 2% of the body’s weight, it utilizes
approximately 20% of cardiac output. As the brain is unable to store
oxygen or glucose reserves, it relies on a constant, uninterrupted supply
of arterial blood flow to maintain normal cellular function (Alexandrov,
2011). Autoregulatory mechanisms support continuous flow to the brain,
however these processes are energy dependent, and in states where the
brain is deprived of oxygen and glucose, autoregulation fails and passive
vasorelaxation results (Czosnyka et al., 2000).
The anterior brain circulation is derived from the common carotid arteries
that bifurcate to form the external and internal carotid arteries (ECA and
ICA). The ECAs supply blood to the face, neck and scalp, while the ICAs

Figure 3 – Arterial blood supply to the brain; reprinted with permission from NET SMART
(www.learnstroke.com), Health Outcomes Institute, LLC.

MECHANISM OF STROKE
Strokes are categorized by aetiology: ischaemic or haemorrhagic. Ischaemic
strokes can be further divided into thrombotic (large artery atheroma),
cardioembolic, small vessel (lacunar), stroke due unusual cause(s), or
cryptogenic (unknown cause) (Rovira et al., 2005). Haemorrhagic strokes
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are classed as intraparenchymal or subarachnoid haemorrhage. Stroke
incidence varies with race; in Western countries ischaemic strokes account
for 80% of all presentations, while the incidence of haemorrhagic strokes
is much higher in African Americans, Hispanics/Latinos, and most of all,
Asians who carry the highest incidence of aneurysmal subarachnoid
haemorrhage (aSAH) (Qureshi et al., 2009).
Transient ischaemic attack (TIA)
A TIA is sometimes called a “mini-stroke”, however unlike a stroke, the
patient experiences complete resolution of symptoms typically within
minutes (Easton et al., 2009). About 30-50% of patients originally diagnosed
with TIA are shown to have small infarcts on magnetic resonance imaging
(MRI) despite resolution of all neurologic symptoms (Caplan, 2007). A TIA
is a significant risk factor for future stroke, underlying serious vascular
dysfunction. As many as 20% of TIA patients go on to have a stroke within
3 months, more than half of these occurring in the first 48 hours (Easton et
al., 2009). Scoring systems, such as the ABCD2 score, categorize TIA patients
into high risk and low risk for a future stroke (see Table 1). High scores (67) carry an 8.1% chance of stroke occurrence within the next two days,
medium scores (4-5) have a 4.1% risk, while low scores (0-3) carry only a
1% risk (Easton et al., 2009). Rapid determination of the TIA mechanism,
supported by targeted secondary prevention are key to preventing future
stroke.

Blood pressure
Clinical features

Duration

Diabetes

A cardioembolic stroke results from emboli that have developed in, or
traveled through the heart. The most common pathogenic mechanism
is atrial fibrillation (AF), which accounts for approximately 20% of all
strokes (Murtagh & Smalling, 2006). Other mechanisms include: valvular
heart disease, left ventricular dyskinesis, acute myocardial infarction,
and even venous thromboembolism (VTE) with embolic transfer through
an intracardiac right-to-left shunt from atrial septal defect or patent
foramen ovale (Rovira et al., 2005; Arboix & Alioc, 2010). While the use of
anticoagulants helps reduce the risk of emboli formation (Arboix & Alioc,
2010), it is not a fail-safe guarantee. As a cardioembolic stroke is not the
result of a long-term atherosclerotic process, there is no ability for collateral
arterial development, therefore such strokes may result in devastating
infarction and subsequent disability (Murtagh & Smalling, 2006).

Unilateral weakness

2

Unusual processes such as vessel dissection, hypercoaguable blood, sickle
cell disease and vasculitis can also cause ischaemic strokes. However the
odds of a stroke occurring from these, or other unusual mechanisms, is
less likely, therefore thrombotic and embolic stroke are generally ruled out
before pursuing other aetiologies. The term cryptogenic is used to denote
“no identifiable cause for stroke”, but should only be selected when an
exhaustive work up has ruled out all other possible causes (Adams et al.,
1993).

Speech disturbance without weakness

1

Case study 1 Part A

Other

0

> 60 min

2

10-59 min

1

< 10 min

0

Yes

1

No

0

Julie is a 48 yo divorced woman with 3 grown children, one of whom lives
with her in their rental apartment. Julie is overweight with a 10 year history
of type II diabetes and HT both controlled by medication. Two hours ago
after coming back from the local shop Julie’s daughter found her mother
sitting in her chair and leaning to one side, unable to speak coherently and
weak down the right side of her body. This episode lasted for at least an
hour, but then resolved by the time the ambulance arrived. Her BP taken by
ambulance personnel = 150/90, HR 85 regular, T 36.6, RR, 16.

Clinical criteria
Age

of all ischaemic strokes (Wardlaw, 2005). The perforating arteries have a
very small caliber (0.5mm or less), so the endothelial damage does not
have to be extreme for the vessel to completely thrombose (Rovira et al.,
2005), and due to their size, vascular imaging will not show an occlusion.
While the exact pathogenic mechanism of lacunar strokes is not entirely
certain, inflammatory endothelial dysfunction with blood brain failure,
significantly damaging vessel walls and stifling arterial flow has gained
current acceptance (Rovira et al., 2005). HT is the primary associated risk
factor, along with diabetes, hypercholesterolemia and smoking. Despite
the small area of infarction, up to 30% of patients can be left dependent
following a lacunar stroke (Wardlaw, 2005).

Score

> 60 years

1

< 60 years

0

> 140/90

1

< 140/90

0

Table 1: ABCD2 score used to grade severity and risk of stroke in patients with transient
ischaemic attack

Ischaemic stroke
An ischaemic stroke is the result of reduced blood flow either due to
an intracranial or extracranial occlusion or stenosis. Thrombotic stroke,
also referred to as large artery atheroma, is associated with risk factors
for atherosclerosis, including hypertension (HT), diabetes, smoking, and
hypercholesterolemia (Adams et al., 1993). Endothelial damage and
plaque development narrows the artery and changes blood flow dynamics,
turbulent flow may further damage the fragile vessel wall (Alexandrov,
2011). Plaque ulceration or rupture results in fibrin and platelet aggregation
and thrombus formation, and may cause an artery-to-artery embolism.
Depending on the degree of the stenosis, patients may experience a TIA
prior to their thrombotic stroke; small clots may temporarily produce
symptoms before being auto-lysed by the body, or temporary reductions
in blood pressure (BP) may see flow distal to the stenosis reduced to
critical levels. Therefore, investigation using vascular imaging is particularly
important in the workup.
Lacunar stroke, also called small vessel stroke, is a thrombotic stroke
that occurs in the small perforator arteries which supply the subcortical
regions of the brain and brainstem, and accounts for approximately 25%

1.

What is Julie’s ABCD2 score?

2.

What is Julie’s risk for a stroke in the next 2 days?

3.

As the stroke team manager what are the immediate actions that
should be taken?

Haemorrhagic stroke
Haemorrhagic stroke subtypes include intraparenchymal (IPH) and
subarachnoid haemorrhage (SAH). SAH is most commonly aneurysmal
(aSAH), but it can also occur secondary to IPH, as blood from the hematoma
spreads across the surface of the brain. Following an ischaemic stroke,
patients may also develop a haemorrhagic transformation of the infarct;
a result of fragile vessels leaking blood within the infarct zone (Thomalla
et al., 2007). Exact rates of haemorrhagic transformation are unknown as
most cases are asymptomatic. Symptomatic haemorrhagic transformation
causing clinical deterioration (generally defined as a large parenchymal
haematoma [type 2] in combination with a 4 or more point worsening on
the National Institutes of Health Stroke Scale [NIHSS] is associated with
increased mortality (Thomalla et al., 2007; Wahlgren et al., 2007). While
anticoagulation and thrombolytic therapy can increase the likelihood of
hemorrhagic transformation, the rates of a symptomatic intracerebral
haemorrhage (sICH) following thrombolytic therapy is low, approximately
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3-6% worldwide (Wardlaw et al., 2012; Thomalla et al., 2007; Wahlgren et
al., 2007; Hacke et al., 2008; Lees et al., 2010).
Intraparenchymal haemorrhage (IPH)
An IPH is caused by bleeding into brain tissue as the result of an arterial
rupture, and accounts for approximately 10% of stroke cases. The
most common cause of an IPH is uncontrolled HT (Qureshi et al., 2009;
Morgenstern et al., 2010) (see Figure 4). The small perforating arteries
are the most vulnerable to rupture, as they receive the highest in-flow
pressures, therefore hypertensive IPH’s are most commonly found
in the subcortical regions of the brain (Qureshi et al., 2009; Elliott &
Smith, 2010). Approximately 14-38% of hypertensive IPH’s continue to
expand within the first 24-hours, with the potential to increase in size
between 20-30% (Morgenstern et al., 2010). Less common causes of
IPH include ruptured vascular malformations and aneurysms, bleeding
disorders, trauma, vasculitis, alcohol and drug abuse (especially cocaine
and methamphetamine) and amyloid angiopathy. Amyloid deposits are
associated with dementia in the elderly, and are classically located in the
superficial cortical areas of the brain. It is thought that amyloid deposits
weaken the arterial layers predisposing them to breaking (Elliott & Smith,
2010).

al., 2015), and is commonly associated with a severe headache, vomiting,
and altered levels of consciousness including coma, pupil alterations and
haemodynamic instability, as well as hemisensory and hemimotor changes.
IPH’s can extend into the subarachnoid space and the ventricular system,
creating secondary intraventricular haemorrhage and SAH (Morgenstern et
al., 2010; Elliott & Smith, 2010; Hemphill et al., 2015).
Subarachnoid haemorrhage (SAH)
SAH is caused by bleeding from the large arteries within the subarachnoid
space. The most common cause is a ruptured aneurysm, which is more
common in middle-aged women, with a mean presentation age of 50
years (Connolly et al., 2012). The exact aetiology of aSAH is not entirely
understood, but most commonly includes HT causing haemodynamic stress
at points of arterial bifurcation, as well as connective tissue disorders,
mycotic aneurysms, and genetic familial mechanisms (31, 32). Severe
atherosclerosis can also result in fusiform aneurysm development with
circumferential breakdown of the entire vessel wall. Aneurysms are most
commonly found in the anterior circulation (Alexandrov, 2011; Connolly et
al., 2012) (see Figure 5).
Vascular malformations account for only about 1-2% of aSAH’s. The most
common form is an arteriovenous malformation (AVM); high arterial
pressure in the thin walled veins causes weakening of the vessel, increasing
the risk for rupture (Choi & Mohr, 2005; Cahill et al., 2006). Like aneurysms,
AVMs are more likely to be found in the anterior circulation. Approximately
10% of AVM’s also have an aneurysm on the feeding artery. It is thought
that AVM’s are congenital, and they usually become symptomatic in the
3rd or 4th decade of life (Choi & Mohr, 2005; Cahill et al., 2006).
SAH may present with stroke-like symptoms, as well as altered levels
of consciousness, pupil changes and haemodynamic alterations. Most
commonly though, they present with a “worst headache of my life”
scenario, accompanied by meningeal signs such as neck stiffness,
vomiting and photophobia due to blood irritating the meninges (Connolly
et al., 2012). Injury in a SAH occurs from several mechanisms, including
compression of brain tissue with secondary ischaemic injury and raised
ICP, as well as secondary ischaemic stroke resulting from vasospasm and
communicating hydrocephalus (Connolly et al., 2012; Cahill et al., 2006).

Figure 4: Left basal ganglia intraparenchymal haemorrhage (IPH); reprinted with
permission from NET SMART (www.learnstroke.com), Health Outcomes Institute, LLC.

Damage to brain tissue in an IPH occurs through numerous mechanisms.
Initially the space occupying effect of the haematoma exerts compression
forces and raises ICP; a mid-line shift may occur if the haematoma is
large. The blood components are toxic to the brain tissue, causing cellular
destruction, ischaemia and the breakdown of the blood-brain barrier,
thereby initiating secondary
injury through vasogenic cerebral oedema. Lastly, tissue distal to the
rupture may be deprived of blood flow, creating additional ischaemic brain
injury (Qureshi et al., 2009; Elliott & Smith, 2010). Common locations for
an IPH include:
1.

The basal ganglia: Most common site, resulting from rupture of the
lenticulostriate perforators derived from the MCAs

2.

The thalamus: The thalamogeniculate perforators derived from the
PCAs and PComAs

3.

The pons: paramedian pontine perforators derived from the BA

4.

The cerebellum: The penetrating branches of the PICA and AICA

5.

The cortical regions of the brain: usually the result of amyloid
angiopathy associated with abnormal penetrating arteries, or
occasionally an MCA aneurysm rupture (29).

While a small IPH from a single penetrating vessel may produce mild stroke
symptoms, a massive IPH around the vital centers in the brainstem can
result in a life-threatening situation (Elliott & Smith, 2010; Hemphill et

Figure 5: Computed tomography (CT) scan of diffuse subarachnoid haemorrhage (SAH)
with communicating hydrocephalus (large temporal horns of the lateral ventricles);
reprinted with permission from NET SMART (www.learnstroke.com), Health Outcomes
Institute, LLC.

STROKE LOCALIZATION
Stroke locale can be described by the affected lobe/s (e.g. fronto-parietal
stroke), or by vascular territory (e.g. MCA stroke). Clinical localization of
stroke symptoms is an essential skill for critical care nurses and physicians,
enabling observation of stroke progression or resolution. Additionally,
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because ischemic strokes are generally not visible on non-contrast
computed tomography (NCCT) scan until at least 6-8 hours after symptom
onset, clinical localization provides the basis for stroke diagnosis (Powers et
al., 2018; Adams et al., 2007).

Clinical findings (sudden
onset)

Possible neurovascular territory

Arm and face weakness

Contralateral MCA

Leg weakness

Contralateral ACA

Cerebral cortex

Arm, face and leg weakness

Contralateral distal ICA (supplying both MAC
and ACA) or proximal MCA

Frontal lobes

Loss of language frequency

MCA (usually left)

Cognitive changes

ACA

Major functions of the frontal lobes include voluntary motor function,
higher intellectual function and language expression (Waxman, 2013).
The pre-central gyrus is Brodmann’s area 4, (see Figure 2) also called the
motor strip; it extends from the medial longitudinal fissure bilaterally
down both hemispheres to the junction of the temporal lobe. The motor
strip receives dual vascular supply (see Figure 6): ACAs supply the medial/
superior aspects of the motor strip, while the MCAs supply the lateral
regions (Waxman, 2013).
Within the motor strip, the area responsible for the leg movement is
within the ACA territory superiorly, while the arms, hands, and face are
located laterally in the MCA territory (Waxman, 2013). Consequently, an
MCA stroke classically produces weakness in the arm, hand, face, tongue,
larynx/pharynx. Distal ICA and proximal MCA occlusions can also affect the
leg by stifling flow into the ACA (Snell, 2010). Motor fibres from Brodmann’s
area 4 travel through the subcortex to the brainstem, where they cross
over to the other side in the pyramids of the medulla, producing weakness
contralateral to the side of the injury (Waxman, 2013; Brazis et al., 2011).
Brodmann’s area 44 (see Figure 2), also called Broca’s area, lies anterior
to area 4; damage to this region results in expressive language loss
(aphasia). Supplied by the MCA, area 44 most commonly occurs in the
left hemisphere, including in left handed people (Alexandrov, 2010a). It
is important to assess hand dominance in patients who present with a
right MCA stroke who also have expressive language loss, since rarely in
left handed individuals area 44 will be located on the right. Damage to
Brodmann’s area 44 will cause difficulty with both written and spoken
language. Clinical examination must assess word finding capabilities and
fluency of language (Wojner, 1998). Dysarthria may also be present due to
the proximity to Brodmann’s area 4 (Brazis et al., 2011) (see Table 2).
Brodmann’s areas 9, 10 and 11 (see Figure 2) are supplied by the ACA and
lie adjacent to the longitudinal fissure. These cortical areas play a key role
in cognition and executive functioning, including orientation, memory,
insight, judgement, and arithmetic and abstraction (Waxman, 2013;
Kandel, 2012).

Table 2: Localization rules for frontal clinical findings; reprinted with permission from NET
SMART (www.learnstroke.com), Health Outcomes Institute, LLC.
Clinical findings (sudden
onset)

Possible neurovascular territory

Arm and face numbness (and
weakness)

Contralateral MCA

Leg numbness (and weakness)

Contralateral ACA

Arm, face and leg numbness (and
weakness)

Contralateral distal ICA or proximal MCA

Loss of receptive language

MCA (usually left)

Sensory neglect

Contralateral MCA

Table 3: Localization rules for parietal clinical findings; reprinted with permission from
NET SMART (www.learnstroke.com), Health Outcomes Institute, LLC.

An ACA stroke can result in a patient displaying behavioural changes
independent of motor weakness. Changes to cognition may be mistaken for
language dysfunction (MCA stroke), therefore thorough clinical assessment
and localization is essential (Brazis et al., 2011).
Parietal lobes
The parietal lobes are the primary sensory lobes of the brain. They also
receive dual vascular supply from the ACAs and MCAs (see Figure 6).
Sensory information is sent from the periphery through the thalamus
to the parietal cortex. The primary sensory strip lies in the post-central
gyrus behind the motor strip, and is represented by Brodmann’s areas 1,
2 and 3 (see Figure 2). The sensory strip distribution parallels the motor
cortex with the feet, legs and trunk located superiorly in the ACA territory,
while the arms, hands and face are found laterally in the MCA territory
(Alexandrov, 2010a). Like the motor cortex, the sensory strip is found in
both hemispheres, damage results in contralateral symptoms (Brazis et al.,
2011).
Brodmann’s areas 5 and 7 (see Figure 2) are supplied by the MCA and
are involved in somesthetic association. Assessment involves using
double simultaneous stimulation (DSS) to test for neglect or extinction.
In DSS testing, patients may be able to detect sensations if they are
applied singularly, but may ‘neglect’ the stroke affected side during
simultaneous touch or visual testing (Brazis et al., 2011). The patient may
also display difficulty with sensory interpretation, such as stereognosis
and graphesthesia, where they are unable to decipher everyday objects by
touch alone or determine a number or letter traced on the affected limb
(Wojner, 1998).

Figure 6: Arterial distribution of the cerebral cortex (inferior view-left; superior view
right); the dark grey areas represent the middle cerebral artery (MCA) territories
bilaterally; the light grey areas represent the anterior cerebral artery (ACA) territories
bilaterally; the beaded grey areas reflect the posterior cerebral arterial (PCA) territories
bilaterally; reprinted with permission from NET SMART (www.learnstroke.com), Health
Outcomes Institute, LLC.

Found most commonly in the left MCA territory, Wernicke’s area
(Brodmann’s 39 and 40) (see Figure 2) is responsible for receptive language,
including language connections with other areas of the brain, such as
auditory language in the temporal lobe, memory in the limbic system
and expressive language responses in the frontal lobe. A stroke affecting
Wernicke’s can result in fluent aphasia, where the patient can produce
speech but word placement is nonsensical. A large left MCA stroke can
affect both language centres, resulting in global aphasia (Wojner, 1998).
It is important to note that while isolated parietal lobe damage does not
produce motor weakness, a parietal lobe stroke often occurs in association
with a frontal lobe stroke due to their shared blood supply, thus motor and
sensory changes are often seen together (Brazis et al., 2011) (see Table 3).
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Temporal lobes
The superior aspects of the temporal lobes are supplied by the MCAs
(see Figure 6) while the posterior and inferior aspects are supplied by the
PCA’s. The temporal lobes have major functions in auditory reception and
olfaction (Waxman, 2013). Brodmann’s area 41 is the primary auditory
reception area (see Figure 2) present bilaterally to supply the brain with
sound impulses from each ear. Area 28 (see Figure 2) located in the
hippocampal gyrus, is the primary olfactory center (Waxman, 2013) (see
Figure 6). While temporal lobe damage can result in auditory hallucinations,
primary auditory loss is a rare complication, occurring more commonly in a
brainstem stroke (Kandel, 2012; Brazis et al., 2011).
Occipital lobes
Supplied by the PCA’s, the occipital lobes are the primary visual lobes.
Brodmann’s area 17 (the primary visual cortex) and 18 (the visual association
cortex) (see Figure 2) are responsible for receiving and interpreting visual
images (Wojner, 1998) (see Figure 6). Brodmann’s area 18 helps the brain
map visual images in terms of spatial awareness, orientation and colour.
Visual agnosia may result from an occipital stroke, where the patient can
see but lacks the ability to interpret or make sense of what they are seeing
(Brazis et al., 2011).
Images travel from the eyes, along the optic nerves to the optic chiasm
and the optic tract, before being transmitted to the cortex for processing
and interpretation. Monocular vision loss occurs from damage at the level
of the retina or optic nerve, whereas binocular defects indicates damage
at the chiasm or beyond (Brazis et al., 2011). A homonymous hemianopia
is a binocular defect characterized by a loss of vision in one-half of the
visual field in both eyes (e.g. vision is lost in the left half of the visual field
in both eyes). While a homonymous hemianopia always indicates damage
beyond the chiasm, it can result from a large MCA fronto-parietal stroke
that damages the visual pathways, as well as from primary occipital cortical
damage (Zhang et al., 2006). Clinical assessment will help with stroke
localization: pure visual loss in the absence of other findings occurs in PCA
occipital stroke, while the addition of sensorimotor symptoms points to
an MCA fronto-parietal stroke. Cortical blindness (double hemianopia) is
a rare finding, indicating bilateral PCA strokes, which can occur over time,
or as a single severe stroke, such as a top of the BA stroke which reduces
flow into both PCA’s simultaneously. Diplopia (double vision) is the result
of brainstem damage and not occipital lobe damage (Alexandrov, 2010a;
Brazis et al., 2011).
Case study 1 Part B
You are about to move Julie for a CT scan when all of a sudden you notice
that she is unable to speak and appears to not comprehend you, has
complete flaccidity of the right side of her body including face and is staring
to the left.
1.

Considering Brodmann’s cytoarchitecture of the brain, please
describe which areas of the brain have been affected and why?

2.

What is the likely arterial territory affected by the stroke?

3.

What is the type of speech abnormality that Julie presents with?

The subcortex
Subcortical strokes result from damage to small perforator arteries. A
subcortical stroke can be small (lacune, single perforator) or large (multiple
perforators), and can be asymptomatic or very physically disabling,
depending on the exact locale of the stroke (Wardlaw, 2005). While a
subcortical stroke will not result in damage to the primary motor or sensory
cortices, sensorimotor changes can be present if the thalamus or afferent
sensory/efferent motor tracts are affected. To aid stroke localization, pure
cortical symptoms such as neglect, aphasia and apraxia will be absent in a
subcortical stroke (Wardlaw, 2005; Brazis et al., 2011). Strokes within the
subcortical grey matter of the basal ganglia can result in extra-pyramidal
motor dysfunction, such as rigidity, non-fluid muscle tone, reduced speed

of actions, tremors or other involuntary movements (Waxman, 2013;
Kandel, 2012).
The cerebellum
The cerebellum is supplied by the VA’s, PICA’s, BA, AICA’s and the SCA’s (Brazis
et al., 2011). The cerebellum is responsible for fine motor coordination,
tone, posture, balance and equilibrium (Kandel, 2012). Cerebellar tests
include: tandem gait walking, Romberg’s test assessing balance and gait
stability and ataxia (assessing the degree of smooth motor control) (Brazis
et al., 2011). Ataxia, dysmetria, dysarthria, dysphagia and unsteady gait are
all pathological findings and are usually ipsilateral to a cerebellar lesion.
Cerebellar strokes can also present with vertiginous symptoms which need
to be distinguished from a peripheral vertigo (Edlow et al., 2008).
While the cerebellum is involved in motor control, a pure cerebellar stroke
does not cause motor weakness or alterations in sensation. However,
cerebellar strokes often occur in association with a brainstem stroke due
to their shared blood supply. Therefore a clinical presentation of both
ataxia or vertiginous symptoms and weakness or numbness should raise
suspicions of a combined cerebellar and brainstem stroke (Brazis et al.,
2011; Edlow et al., 2008).
The brainstem
The brainstem shares its vascular supply with the cerebellum. The
brainstem contains sensory and motor pathways, CN III-XII, and the major
control centres of the body (Stranding, 2008). Given the spread of cranial
nerve distribution throughout the brainstem, stroke symptoms can vary
depending on the specific location of the lesion.
The midbrain
The midbrain houses the visual reflex centre for coordinated head and eye
movement in response to visual and auditory stimuli, and cranial nerves III
(oculomotor) and IV (trochlear). A midbrain stroke can result in extraocular
eye movement (EOM) disorders, diplopia, pupillary dilation, changes to the
level of consciousness (LOC) and sensorimotor alterations (Kandel, 2012;
Brazis et al., 2011; Stranding, 2008).
The pons
The pons houses cranial nerves V (trigeminal), VI (abducens), VII (facial) and
some of VIII (vestibulocochlear), as well as the apneustic and pneumotaxic
respiratory centres (Waxman, 2013; Kandel, 2012; Stranding, 2008). A
pontine stroke can cause changes to the respiratory pattern, a decreased
LOC, sensorimotor changes and EOM disorders. Diplopia can result from
a lack of visual fusion caused by damage to the extraocular muscles and
nerves, particularly CNs III and VI (Kandel, 2012).
The medulla oblongata
The medulla is continuous with the spinal cord. Voluntary motor fibres
decussate (cross over) in the pyramids of the medulla (Stranding,
2008). The medulla houses cranial nerves: VIII (vestibulocochlear), IX
(glossopharyngeal), X (vagus), XI (spinal accessory) and XII (hypoglossal).
It also contains the cardiac and vasomotor centers, as well as an additional
respiratory centre (Kandel, 2012; Stranding, 2008). Medullary stroke can
cause sensorimotor dysfunction, haemodynamic instability, altered LOC,
and speech and swallowing difficulties (Brazis et al., 2011).
The basilar artery (BA)
It is important to make special mention of the BA - it supplies the
cerebellum and the brainstem and gives off the PCAs, therefore occlusion
can produce significant variation in symptoms, including: sensorimotor
alterations, vertigo, ataxia, nystagmus, clumsiness, hiccups, shivering,
dysarthria, diplopia, cortical blindness, dysphagia, quadraparesis and
reduced LOC, including coma and lockedin syndrome (Edlow & Selim, 2011;
Schonewille et al., 2009). A BA stroke is the most frequently misdiagnosed
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of all ischaemic stroke presentations, often mistaken for a cerebral
stroke, peripheral ear disorder, an intracerebral haemorrhage, or primary
respiratory disorders (Brazis et al., 2011; Edlow & Selim, 2011).
Clinical localization rules that guide stroke differentiation:
1.

Patients with hemisensory or hemimotor loss that is extensive (face,
arm and leg) and all on the same side, will have a lesion within either
the cortex, subcortex or the upper brainstem

2.

Patients who present with bilateral symptoms, that is, cranial nerve
symptoms on the opposite side to sensorimotor changes in the
extremities, will have a lesion at the midpoint of the pons or lower

3.

Uncommon findings such as auditory loss, vertigo, extra-ocular
movement (EOM) disorders, hiccups and shivering are usually
associated with a brainstem stroke

4.

Any sudden loss of consciousness that is not caused by a haemorrhagic
stroke is suspicious for a brainstem (BA) stroke.

STROKE MANAGEMENT
The principles guiding acute stroke management aim to optimize
patient functional status and reduce disability and death, through rapid
identification and diagnosis of stroke, delivery of disability reducing
treatments, avoidance of complications, determination of stroke
pathogenic mechanism and risk factors, and provision of targeted,
individualized secondary prevention strategies. In acute ischaemic stoke,
the first priority after emergent diagnosis is arterial recanalization to
restore blood flow, whereas in haemorrhagic stroke, the first priority is to
prevent haemorrhagic expansion (Powers et al., 2018; Alexandrov, 2010b).
Hyperacute stroke management
Emergency stroke care varies internationally, but most countries offering
hyperacute stroke services will have some form of pre-hospital emergency
service to assess, stabilize and transport acute stroke patients to hospitals
to a stroke centre (Alexandrov, 2010b).
Pre-hospital stroke scales, such as the Los Angeles Pre-hospital Stroke Scale
(LAPSS), the Cincinnati Pre-hospital Stroke Scale (CPSS) and the Melbourne
Ambulance Stroke Scale (MASS) are often used to assist paramedic
diagnosis of stroke. Both MASS and LAPSS trained paramedics have been
proven to be highly accurate in diagnosing stroke, and by using pre-hospital
stroke protocols, they are instrumental in reducing door-to-treatment
times, and increasing the number of patients eligible for reperfusion
therapies in the Emergency Department (ED) (Bray et al., 2010; Lin et al.,
2012; Wojner-Alexandrov et al., 2005; Kothari et al., 1999).
Not all patients arrive via ambulance, so the triage nurse plays a vital role
in recognizing an acute stroke and activating the correct stroke protocols
(Wojner-Alexandrov et al., 2005; Fonarow, Smith, Saver, Reeves, Bhatt et
al., 2011; Patel, Rose et al., 2011). These will vary between facilities, but
most stroke centres accept the 3-4.5-hour time window for intravenous
alteplase (IV t-PA) treatment, while others may use extended hours to
incorporate intra-arterial (IA) procedures, including endovascular clot
retrieval (ECR) and/or clinical trial enrollment (Hacke et al., 2008; Fonarow,
Smith, Saver, Reeves Bhatt et al., 2011; del Zoppo et al., 2009). The
Emergency Severity Index (ESI) is a common triage prioritization system
used in EDs. Acute stroke patients should be allocated a category 2, i.e. they
“should not wait to be seen” by a medical provider; however, some stroke
patients with altered LOC or respiratory/haemodynamic compromise
may be an ESI category 1 meaning they are at “imminent risk for death”.
Regardless, stroke patients should be immediately assessed both clinically
and radiologically, and all relevant treatments commenced in a high acuity
area of the ED (Tanabe et al., 2005).
Hyperacute ischaemic stroke management
Thrombolysis treatment with IV t-PA is the gold standard treatment for
acute ischaemic stroke, but its use is limited by both time and patient

selection parameters (Wardlaw et al., 2012; Lees et al., 2010). IV t-PA is
approved by governmental drug regulation agencies for administration
at either 3 hours (United States, Canada, Croatia, and Moldova) or 4.5
hours (Europe [excluding above], Asia, South America, South Africa, Israel,
and Australia) from symptom onset or the time the patient was last seen
normal, although most providers give the medication out to 4.5 hours
regardless of governmental regulations (del Zoppo et al., 2009; Stroke
Foundation, 2017). Thrombolysis therapy is not without risk, however
contemporary rates for systemic bleeding and sICH are quite low (3-6%),
even when alteplase is used out to 4.5 hours from symptom onset; this is
especially true at Stroke Centres with high alteplase treatment volumes
(Wardlaw et al., 2012; Lees et al., 2010). Patient selection should include
careful review of neuroimaging to exclude haemorrhagic stroke or
structural lesions (tumors, AVMs, aneurysms), and the clinical exam should
reveal findings consistent with a neurovascular territory. Most advanced
centres do not wait for laboratory blood results before commencing
treatment, except in patients with specific histories that indicate potential
abnormalities (Wardlaw et al., 2012; Hacke et al., 2008; Lees et al., 2010;
Longstaff et al., 2010). International randomized placebo controlled trials
and phase IV effectiveness studies have consistently shown that patients
who receive treatment with alteplase have a 30% greater chance of having
minimal to no neurological disability by 3 months, with no increased risk
of death, making alteplase the most important first step in managing acute
ischaemic stroke (Hacke et al., 2008; Lees et al., 2010; National Institute of
Neurological Disorders and Stroke rt-PA stroke study group, 1995).
Almost two million neurons die each minute in a large vessel stroke, and
every 15-20 minute reduction in time to treatment gains the patient an
extra month of disability-free life and reduces the odds of mortality by 5%
(Fonarow, Smith, Saver, Reeves, Bhatt et al., 2011; Meretoja, Keshtkaran et
al., 2014; Saver, 2006). Traditionally, international recommendations have
called for IV t-PA to be administrated within 60 minutes of patient arrival
to hospital (Powers et al., 2018; Fonarow, Smith, Saver, Reeves, Hernandez
et al., 2011). However, the benefit of alteplase treatment is frontloaded,
with almost 3 times improved odds for minimal to no disability at 3
months when treatment is commenced within the first hour of stroke
onset; consequently many large volume centres now aim for a door-totreatment time of less than 30 minutes to maximise patient outcomes
(Wardlaw et al., 2012; Wahlgren et al., 2007; Lees et al., 2010; National
Institute of Neurological Disorders and Stroke rt-PA stroke study group,
1995). Strategies to improve door-to-treatment times include, the use of
highly educated and specialized acute stroke advanced practice nurses,
“Code Stroke” teams, and standing orders for many standard acute stroke
processes, including blood tests and NCCT scans (Meretoja et al., 2014;
Nolte et al., 2013; Ford et al., 2012; Meretoja et al., 2013; Jauch et al.,
2012).
Specific recommendations to achieve rapid IV t-PA commencement
include: immediate assessment in line with ESI triage Category 1-2, quickly
ascertaining the history; blood work drawn and sent to the lab; vital signs
and a 12-lead electrocardiogram obtained (Powers et al., 2018; Alberts
et al., 2005). The National Institute of Health Stroke Scale (NIHSS) is an
internationally used and validated stroke scale, which quantifies stroke
disability, ranking stroke symptoms with scores of 0 (no disability) to
42 (severe disability). The NIHSS is considered standard of care in most
countries for use by both stroke nurses and physicians, and it should not be
substituted for simpler scores such as the Glasgow Coma Scale (GCS) which
has no validity in ischaemic stroke (Nye et al., 2012; Kasner, 2006).
A NCCT scan should be commenced within 25 minutes of the patient's
arrival. A NCCT is highly sensitive to blood and can be completed rapidly,
making it the neuroimaging test of choice allowing the team to quickly rule
out haemorrhagic stroke (Powers et al., 2018; Kidwell et al., 2004). In the
hyperacute phase of ischaemic stroke, it is expected that the NCCT will
either be normal or have only very subtle early signs of infarction, such
as slight blurring of the grey-white matter boundaries, early loss of sulcal
effacement, or a hyperdense artery sign (Powers et al., 2018). Additional
CT modalities such as a CT angiogram (CTA) and CT perfusion (CTP) are not
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necessary to make an alteplase decision, but may be useful in the overall
determination of stroke mechanism. In particular, CTA will differentiate
large versus small artery occlusion which will determine the need for
advanced therapies, including ECR; and CTP may offer information that
makes the patient eligible for treatment beyond the standard alteplase 4.5
hour window (Obach et al., 2011; Campbell et al., 2013).
When NCCT is positive for haemorrhage, CTA can also provide useful
information, including diagnosing aneurysms or AVM’s, as well as
documenting ongoing bleeding (Morgenstern et al., 2010; Connolly et al.,
2012; Meretoja, Churilov et al., 2014). While MRI is more sensitive to early
ischaemic changes, it is usually impractical in the management of acute
ischaemic stroke due to both unavailability for emergency scanning and
longer scanning times (Powers et al., 2018; Stroke Foundation, 2017). All
brain scans must be rapidly interpreted; blood tests can be interpreted as
they become available, but without any history of anticoagulation, these
take on less importance when determining alteplase eligibility.
High volume stroke centres aiming for treatment times of less than 30
minutes cut out many of the above steps, or perform parallel tasks,
beginning with calling a “Code Stroke” immediately upon prehospital
notification, gathering the stroke team to the ED. The stroke team, rather
than the ED team perform the initial assessment and history taking.
Haemodynamically stable patients with no other immediate care needs are
taken “direct to CT”, the stroke team reads the patient’s CT scan in realtime
on the CT console and an immediate treatment decision is made. Alteplase
is drawn up in the CT control room and started while the patient is still on
the CT table, a CTA can then be obtained once the alteplase drip is running
(Meretoja et al., 2012; Ford et al., 2012; Jauch et al., 2012).
Stroke is a severely disabling disease; therefore, the decision to treat
with alteplase should not require a written informed consent, much like
emergency surgery following trauma or provision of reperfusion therapy
in an acute myocardial infarction. However it is important, when possible,
to explain the risks and benefits of alteplase treatment to the patient and/
or family and to document their assent to treatment. The alteplase dose is
weight-based, but unless the hospital bed or ED stretcher is equipped with
a scale, it is not practical to weigh the patient; instead, the patient or family
are asked to provide a weight estimate, or the stroke team will make a ‘best
guess’ of the patient’s weight. Interestingly, lack of measuring weight has
not been shown to decrease the safety of alteplase treatment (Messé et
al., 2004). Alteplase is administered at a dose of 0.9 mg/kg not to exceed a
total dose of 90 mg; 10% of the total dose is given as a bolus, followed by a
60-minute infusion of the remaining 90% of the total dose.
Uncontrolled HT is the most common factor associated with the
development of sICH following t-PA. Therefore it is vital that any deviations
to the specified BP parameters are acted upon quickly with intravenous
antihypertensive agents (Powers et al., 2018). However, it is important not
to lower the BP too far because reduced arterial flow through an occlusive
lesion may worsen the ischaemia (Powers et al., 2018; Ovbiagele et al.,
2011; Middleton et al., 2015). Many alteplase protocols advise against
using non-invasive oscillometric blood pressure (NIBP) cuffs after IV t-PA,
advocating instead for the use of manual sphygmomanometers, as there
is concern that the degree of mechanical compression caused by an NIBP
machine may cause bruising and haematoma development in the arm.
However, there are no studies that have documented actual soft tissue
injury/bruising occurring from NIBP in alteplase treated patients, so this
risk is likely unfounded. Because alteplase alters normal blood coagulation,
unnecessary invasive procedures (blood draws, nasoenteric tube or urinary
catheter insertion) should be avoided for the first 24 hours post alteplase
unless absolutely necessary.
Hyperglycaemia in the acute phase of a stroke has been shown to worsen
neurological outcomes, and should be promptly treated with insulin to
maintain near-normal blood glucose between 4.5-6.0 mmol/L (80-110 mg/
dL) (Powers et al., 2018; Stroke Foundation, 2017; Middleton et al., 2015;
Gray et al., 2004; Middleton et al., 2011). Hyperthermia is also associated
with poorer outcomes, due to increased metabolic demands on an already

taxed brain, and temperatures above 37.5°C (99.5°F) should be treated with
paracetamol (acetaminophen) per os if the patient has passed a swallow
screen, or per rectum/intravenously in the case of dysphagia (Powers et al.,
2018; Middleton et al., 2015; Middleton et al., 2011; Greer et al., 2008).
Acute stroke unit patients who had their temperatures and blood sugar
levels regularly checked and treated, and who were kept nil orally until safe
swallowing were documented, were found to have a 15.7% improvement
in 3-month death and dependency rates, demonstrating that good nursing
care can positively impact patient outcomes (Middleton et al., 2011).
Up to 22% of patients in the first 24-hours experience neurological
deterioration as a result of arterial re-occlusion (Alexandrov et al., 2004).
Therefore, patients should be carefully assessed using the NIHSS, and
an urgent NCCT scan should be performed on all patients who have a
neurological deterioration (Powers et al., 2018). Patients who develop
a sICH may need reversal of alteplase with cryoprecipitate, however
most patients developing sICH do not undergo reversal as the damage is
well advanced prior to when initiation would be possible. Patients who
experience a vascular re-occlusion may be eligible for ECR (Powers et al.,
2018). In patients with large arterial vessel occlusion (LVO), placing the
head of bed (HOB) at zero degrees has been shown to increase blood flow
by 20% to ischaemic regions of the brain to stabilize the patient while
other potent therapies (alteplase and/or ECR) are commenced (WojnerAlexandrov et al., 2005). The negative HeadPoST study investigated if
this practice resulted in improved functional outcomes at three months,
however the study randomized primarily small vessel (lacunar) strokes,
and the selection of a three-month outcome based on head positioning
alone was inappropriate (Anderson et al., 2017; Alexandrov et al., 2018).
The ZODIAC Stroke study is examining if zero degree positioning can
promote stability in hyperacute LVO patients – the only patients ever
shown to benefit – using a proximal clinical endpoint appropriate for a
head positioning rescue therapy (www.ZODIAC-Stroke.com).
Thrombectomy or ECR is highly effective in achieving minimal or no
disability at three months in patients with a demonstrated large vessel
occlusion, even up to 16-24 hours post stroke onset in selected patients, but
like alteplase, it has been proven to be most successful when commenced
as early as possible (Berkhemer et al., 2015; Goyal et al., 2015; Campbell et
al., 2015; Jovin et al., 2015; Saver et al., 2015; Nogueira et al., 2018; Albers
et al., 2018; Goyal et al., 2016). Unfortunately, this procedure is not widely
available, with few specialist centres offering this service worldwide.
Eligible patients should still be treated with IV t-PA, and initiation of ECR
must not be delayed by waiting to determine if alteplase treatment was
effective. A number of devices are approved for use throughout the
world, but only retrievable stents (stentrievers) have shown efficacy at
achieving a difference in functional outcome by three months (Goyal et
al., 2016). Similar to a coronary angiogram, a femoral artery approach
with light sedation is usually used, although some patients may require
intubation for their own safety during the procedure. Nursing care of the
patient having an ECR includes sedation and airway management, weaning
and extubation procedures if the patient was intubated, haemodynamic
monitoring, neurovascular observation of the distal extremity, and
observation for haematoma or bleeding at the femoral site, along with
care of intra-arterial sheaths that may be left in post-procedure. Similar to
all ischaemic stroke patients, ongoing neurological assessments must be
documented using the NIHSS (Alberts et al., 2005).
Hyperacute haemorrhagic stroke management
Like an ischaemic stroke, there are limited hyperacute stroke treatments
available for haemorrhagic stroke. Some patients may be appropriate
for surgery, but in most instances, treatment is medical management
of the symptoms and BP. Not all patients are suitable candidates for
neurosurgery; haematoma size (too large and the damage is too extensive,
too small and the risks of surgery outweigh the benefits), location
(superficial cortical regions), and the patient’s pre-morbid health are key
criteria. Unfortunately, in most cases, acute surgical management may be
lifesaving, but ultimately does not negate the level of permanent disability

}
14

Acute and Critical Stroke Care

(Morgenstern et al., 2010; Mendelow et al., 2013).
In the case of aSAH, endovascular occlusion of aneurysms or AVM’s
by coil or liquid embolic agent, or surgical clipping may be indicated to
reduce the initial size of the structural lesion, permanently occlude it, and
prevent re-bleeding (Bederson et al., 2009). If SAH is clinically likely, yet
is not apparent on NCCT, it may be necessary for the patient to undergo
a lumbar puncture to assess for blood in the CSF and confirm the clinical
diagnosis (Bederson et al., 2009). Close monitoring for signs of ongoing
bleeding, development of hydrocephalus and raised ICP are essential for
best patient outcomes in a haemorrhagic stroke. Aggressive BP reduction
has been proposed as a method to limit haematoma growth, especially
in hypertension-induced IPH’s, although a phase III clinical trial showed
no difference in 3 month outcomes (INTERACT-2); another phase III trial
(ATACH-2) was stopped early due to futility (Anderson et al., 2013; Qureshi
et al., 2012). Despite this, most stroke specialists agree that some degree
of BP control is warranted. Specific BP aims will be determined by local
protocols, as will drugs of choice, but intravenous agents that allow good
control without causing hypotension or rebound HT are recommended
(Alexandrov, 2010b). Coagulation status must be determined quickly, and
any coagulopathy reversed (Hemphill et al., 2015; Flibotte et al., 2004). In
particular, warfarin related coagulopathies are associated with significant
haematoma expansion and should be urgently treated with vitamin K
and cryoprecipitate or prothrombin complex concentrate (Hemphill
et al., 2015); fresh frozen plasma is usually discouraged or used as last
resort, because of the large volume that would be necessary to reverse
coagulopathies. Factor VIIa has also been used, but is expensive, often has
limited availability, and has not been shown to improve 3-month outcomes
(Hemphill et al., 2015; Mayer et al., 2005). Current trials are looking at
other agents that can be used to reverse coagulopathies that may be
less expensive and easier to administer, with possibly better outcomes
(Meretoje, Churilov et al., 2014).
Hydrocephalus can develop if the ventricles or the arachnoid villa become
obstructed, especially as a result of a SAH; this may necessitate the use of a
ventricular drain to prevent a dangerous rise in ICP (Hemphill et al., 2015).
Like any pressure line, a ventricular drain/ICP monitoring system should be
leveled and zeroed appropriately, in this instance, to the foramen of Monro
(Alexandrov, 2010b). Nursing care should include maintaining the patient
with the HOB elevated to 30°, aiding venous drainage through proper
head positioning and reducing stress including noise and workload. Close
observation of the pressure line/drain and monitoring of neurological
condition are crucial as catheter blockages are not uncommon and can
result in a sudden clinical deterioration (Alexandrov, 2010b). While initially
designed to be used for ischaemic stroke, the NIHSS is a useful tool in
haemorrhagic stroke patients with focal deficits, providing significantly
greater information on the patient’s clinical status than the GCS which only
assesses consciousness (Nye et al., 2012).

3.

What medications, if any are likely to order at this stage, why?

Mobile stroke units (MSU)
A recent introduction to acute stroke management has been the MSU
(see Figures 7, 8). The first MSU was launched in Homburg, Germany in
2008, and since then more than 20 MSUs have been activated worldwide.
While the exact design and operations differs between vehicles, a MSU is
a specialised ambulance that contains an on-board CT-scanner and carries
acute stroke personnel in addition to ambulance paramedics (Audebert
et al., 2017). The MSU is able to assess, diagnose and treat acute stroke
patients in the pre-hospital setting. While studies in this area are ongoing,
preliminary data has shown significant reductions in treatment times and
increased numbers of eligible patients treated, including within the first
60-mins of stroke onset (the “Golden Hour”), as well as improved access
to comprehensive stroke centres for patients requiring neurosurgery or
ECR, which reduces the need for inter-hospital transfers. It is hoped that by
treating patients earlier, MSUs will help reduce death and disability rates
for stroke patients, especially as they are much more likely to treat patients
within the Golden Hour than hospitals are when patients are transported
routinely (Tsivgoulis et al., 2018; Walter et al., 2012;Hussain et al., 2018;
Gyrd-Hansen et al., 2015).

Figure 7: University of Tennessee Memphis Mobile Stroke Unit equipped with 16-slice
Siemens Somatom Scope® scanner and head/neck CTA autoinjection system; with
permission from University of Tennessee Health Science Center at Memphis, Mobile
Stroke Unit

In cases of a massive haemorrhagic stroke where the prognosis is
incredibly poor, it may be more appropriate that the patient is considered
for a palliative approach rather than be subjected to lengthy and ultimately
futile medical investigations and treatments. The patients’ wishes (if
known) should be taken into account, this needs to be sensitively discussed
with the patients’ family, ideally in conjunction with a palliative care team
(Alexandrov, 2010b).
Case study 2 Part A
John is a 65 yo recently retired policeman. He has been bought to the ED
by paramedics with his wife present. John is unconscious, BP 195/100, HR
62, T 37.5, RR 20 and labored. John’s wife noted that he went to bed after
dinner having complained of a headache, when she checked on him 2 hours
later he could not be roused and had vomited.
1.

As John's nurse, what are the immediate care priorities in this hyper
acute phase?

2.

What diagnostic tests might you need to prepare for to receive a rapid
and accurate diagnosis of John’s condition?

Figure 8: Melbourne Mobile Stroke Unit equipped with an 8-slice Samsung Ceretom®
scanner; with permission from The Melbourne Brain Centre at The Royal Melbourne
Hospital, Mobile Stroke Unit

Ongoing acute stroke management
Once the hyperacute phase of stroke management is organized and
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underway, the focus shifts to the ongoing care required for the remaining
duration of the patient’s hospital stay. Similar to a coronary care or
intensive care unit, an acute stroke unit (ASU) is a geographically discreet
area or ward, staffed by a multidisciplinary team of stroke experts who
work together for the benefit of the patient. Patients treated in an ASU are
more likely to be alive and independent 12-months post stoke compared to
patients treated in a standard medical ward. This benefit has been shown
across all stroke types and is irrespective of any hyperacute treatment the
patient may have received; it is therefore vital that all stroke patients are
admitted to an ASU as early as possible (Garraway et al., 1980; Strand et
al., 1985; Jorgensen et al., 1995; Indredavik et al., 1991; Langhorne et al.,
2013).
Most of the care initiated in the ED will continue in the acute stroke unit
(ASU), including BP, glucose and temperature management. New priorities
will also be set for both ischaemic and haemorrhagic stroke, including
prevention of complications, discharge planning, determination of
aetiologic mechanism, commencement of secondary prevention targeting
the aetiology, and education, all in an attempt to reduce the likelihood of a
further stroke (Alexandrov, 2010b).
To determine aetiology, the patient will undergo numerous investigations.
Large vessel imaging (if not already performed in the hyperacute care
phase), will be needed to look for stenoses of the major extra- and
intracranial arteries in ischaemic stroke, particularly the ICAs, which may
require surgical intervention to remove plaque by carotid endartectomy
(Chaturvedi et al., 2005). In the case of IPH, vascular imaging is also
important to determine mechanism and ongoing bleeding. In both
ischaemic and haemorrhagic stroke, MRI is often used to measure the final
outcome of stroke interventions and aid in determining stroke location and
mechanism (Wintermark et al., 2013). To detect AF, cardiac monitoring is
usually used for at least the first 24 hours, and ongoing monitoring may be
ordered as an outpatient if AF is suspected but has not been seen during
the in-patient stay (Sposato et al., 2012). An echocardiogram (transthoracic
and/or transoesophogeal) may be ordered to look for underlying cardiac
and valvular disease, including a previously undetected right-left shunt
associated with atrial septal defect or patent foramen ovale; this is also
important in IPH patients because underlying poorly controlled HT may
have caused ventriculomegaly and left ventricular remodeling. In ischaemic
stroke patients with no other clear cause of stroke, additional blood work
may be ordered to detect hypercoaguable conditions (de Bruijn et al.,
2006), and in a small number of cases, the cause may never be found.
Patients need to have regular, serial neurological assessments performed
to detect changes in their clinical condition. Deterioration can be the result
of a variety of causes, including haematoma expansion in haemorrhagic
stroke, haemorrhagic transformation of an ischaemic stroke, vascular
reocclusion, and most commonly evolution of the existing infarction (7).
In aSAH, deterioration can also be the result of vasospasm which usually
peaks between days 5-7 post rupture, and may produce delayed ischaemic
injury causing a secondary ischaemic stroke (Connolly et al., 2012).
Vasopspasm is best detected using non-invasive transcranial Doppler (TCD)
monitoring. Repeat brain scans should be urgently ordered if deterioration
occurs (Powers et al., 2018; Connolly et al., 2012).
BP control continues in the ASU but BP aims may need to be adjusted to
maintain flow through existing extracranial or intracranial stenoses, or
through spastic arterial segments in aSAH. Intravenous agents initiated
while the patient was nil per os can be changed to oral agents as
appropriate, or administered via enteral tubes in patients with dysphagia.
It is often necessary to combine multiple antihypertensive agents to
achieve adequate control, and each agent should be added slowly and
adjusted to effect. Consideration should be given to the mechanism of
drug action, taking into account concurrent renal and cardiac disease, and
even race, as studies indicate that certain types of antihypertensives may
be more effective in different races (e.g. calcium channel blockers may be
more effective than ACE-inhibitors in hypertensive black patients due to
lower rates of renin-induced HT) (Powers et al., 2018; Alexandrov, 2010b;
Davis et al., 2002).

Regardless of whether the patient is having an ischaemic or haemorrhagic
stroke, blood sugar levels should continue to be carefully monitored and
managed in the ASU, ideally maintaining normoglycaemia (between
4.5-6.0mmol/L or 80-100mg/dL), but certainly less than 10mmol/L
(180mg/dL). Agents selected should be determined by the degree of
glycemic control needed, with patients that present with extremely poor
control considered for insulin management (Powers et al., 2018; Hemphill
et al., 2015; Middleton et al., 2011). It is essential to continue to closely
monitor temperature, as hyperthermia is associated with poor neurological
outcomes post stroke, additionally a temperature may also herald an
infectious process, such as an aspiration pneumonia, which can worsen
mortality rates (Powers et al., 2018; Middleton et al., 2015; Middleton et
al., 2011). To reduce the risk of aspiration, the patient should be kept nil per
os until they have been properly assessed and cleared for oral intake with
either an evidence-based dysphagia screening tool, or formal evaluation
by the speech-language pathology team (Middleton et al., 2011; Martino
et al., 2005). It is important that these assessments are conducted as
early as possible in the patient’s hospital stay, as even 24 hours without
nutrition may negatively impact recovery, especially in elderly patients
with premorbid malnutrition (Alexandrov, 2010b). Be aware that patients
may have already aspirated prior to arrival at hospital, particularly those
who were found collapsed as a result of their stroke. Saliva aspiration is
possible, even in patients who are nil per os, therefore exquisite pulmonary
assessment and care are high priority. Patients should be maintained sidelying and deep breathing and coughing exercises should be encouraged to
reduce the risk of chest infection, and nursing assessments should include
monitoring for changes to respiratory function, such as respiratory rate,
pattern of respirations, breath sounds and gas exchange, as well as pulse
oximetry values (Alexandrov, 2010b).
Sleep apnea is associated with stroke in 30-70% of cases but it is unclear
if the aetiology is from a central or obstructive cause, or a combination
of both (Martínez-García et al., 2005). Patients with suspected sleep
apnea should have sleep studies performed so appropriate therapy can
be instituted. Sleep apnea can have a significant impact on the ischaemic
brain following stroke. Under normal physiological conditions, an apneic
period will raise the level of carbon dioxide (CO2) in the brain, resulting in
arterial vasodilation in healthy brain regions, however in ischaemic regions,
arteries are already passively maximally dilated (Bernhardt et al., 2007).
Termed “Reversed Robin Hood Syndrome (RRHS)”, vasodilation in healthy
regions of the brain ultimately “steals” blood flow away from the already
maximally dilated ischaemic brain thus worsening ischaemia in the area
affected by stroke (Alexandrov et al., 2007). Treatment of the sleep apnea
with non-invasive modes of ventilation, such as continuous positive airway
ventilation (CPAP) or bi-level positive airway pressure (BiPAP) reduces
arterial steal maintaining consistent arterial flow rates though the brain
(Martínez-García et al., 2005).
Protocols for patient care after IV t-PA often call for bed rest for the first
12-24 hours to reduce the risk of a major bleed in the event of a fall,
and early aggressive mobilization may place patients at risk for worse 3
month outcomes (Kumar et al., 2010). However, once ischaemic and
haemorrhagic stroke patients are haemodynamically stable without
fluctuating stroke symptoms, progressive mobilization and assessment
of physical capabilities by physiotherapists and occupational therapists is
essential to minimize complications, such as venous thromboembolism
(VTE) development, physical deconditioning, and skin breakdown (Powers
et al., 2018; Stroke Foundation, 2017). Even while the patient is in bed,
passive range of motion exercises with each positional change can help,
and some hospital beds have the capability of placing the patient into a
chair-like seated position that can also be beneficial. The development
of pressure sores should not occur with good nursing care practices, and
their occurrence can significantly impact upon hospital length of stay,
health economics, patient comfort and stroke morbidity (Kumar et al.,
2010). Vigilant mouth care can prevent complications such as oral candida
colonization and the development of candida pneumonia in aspirating
patients, a serious complication that will significantly impact length of stay
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and patient mortality and morbidity rates (Kumar et al., 2010).
The prevention of VTE is complicated, as the use of anticoagulants carries
the best evidence, but use in the initial period may cause haemorrhagic
expansion in a patient with an IPH (Kumar et al., 2010). To date, there are
no large trials that have fully vetted the safety of anticoagulation use in
haemorrhagic stroke, but most experts agree that once the haemorrhage
has stabilized, use of anticoagulation is probably safe; therefore, most
Stroke Centres start anticoagulation after 36-48 hours (Hemphill et al.,
2015). In ischaemic stroke, anticoagulation for VTE prophylaxis is considered
standard of care, and has not been shown to increase the risk of significant
haemorrhagic transformation (Adams et al., 2007; Kumar et al., , 2010;
CLOTS Trial Collaboration, 2013). Research has found the use of graduated
compression stockings to be ineffective at preventing VTE in patients
suffering from stroke, and there is concern that below-knee stockings may
increase VTE risk, and if improperly sized cause limb ischaemia (CLOTS Trial
Collaboration, 2013). Sequential compression devices have been shown to
reduce VTE risk, but may cause skin breakdown if improperly applied and
managed, so good nursing care is important to successful, safe use (Adams
et al., 2007; CLOTS Trial Collaboration, 2013).
The routine use of indwelling catheters to manage urinary incontinence
post stroke is not encouraged and bladder training as part of continence
programs should begin early in hospitalization (Alexandrov, 2010b). In
the event that a patient develops urinary retention, a temporary “in-out”
catheter should be used, where the catheter is inserted long enough to
empty the bladder and then removed (Stroke Foundation, 2017). Because
catheter insertion is an invasive procedure, it should be avoided within the
first 24 hours following alteplase administration due to increased bleeding
risk. A catheter may be required in patients needing close monitoring
of their fluid balance status, such as patients with congestive cardiac or
renal failure, or those requiring significant fluid resuscitation (Alexandrov,
2010b).
Smoking is a major risk factor for stroke and all patients who smoke should
be counseled about smoking associated risks, and the benefits of quitting
during their acute stay (Adams et al., 2007; Stroke Foundation, 2017).
This can be reinforced along the recovery journey, especially if they are
transitioned to a rehabilitation facility. To increase the likelihood that the
patient will quit permanently, the patient’s family and significant others
should be involved in counseling sessions, so that they may act as support
in times of need. While the patient is in hospital, nicotine replacement
products should be offered as part of a smoking cessation plan (Alexandrov,
2010b).
Nurses play a vital role in providing stroke education to the patient and
their family. In the initial phases of hospitalization, the patient and their
family may not retain much information, requiring it to be repeated more
than once. Topics that will need to be covered include:
•

the stroke process (ischaemic and/or haemorrhagic)

•

stroke symptoms and warning signs

•

stroke treatments

•

prevention of complications

•

hospital discharge planning

•

stroke recovery, including the rehabilitation process

•

personal risk factors and modification strategies

•

when and how to call for an ambulance (Adams et al., 2007;
Alexandrov, 2010b; Stroke Foundation, 2017).

Patients with an ischaemic stroke may require additional management
strategies to improve their outcomes and reduce their future stroke
risks. In the event of a large MCA or cerebellar stroke, malignant cerebral
oedema can develop which may significantly increase ICP, causing tissue
compression, herniation, coma and subsequently death. As the brain
atrophies with age creating space within the cranial vault, older patients
with significant atrophy at baseline are at lower risk for development of
malignant oedema, however, in young patients even small amounts of

oedema can be life threatening. Craniectomy procedures remove a large
section of the skull and prevent brain compression, allowing the infarcted
brain to swell outside the boundaries of the skull (Vahedi et al., 2007;
Jüttler et al., 2007). Craniectomy is considered a lifesaving procedure, but
does not reduce disability levels (Vahedi et al., , 2007). The removed skull
segment is stored in a bone bank or sewn into a pouch that is created
inside the abdomen, and the patient is placed on helmet precautions.
Approximately three months after stroke, the bone segment is replaced. In
craniectomy for cerebellar stroke, the skull segment is not replaced postoperatively (Alexandrov, 2010b).
In ischaemic stroke, prophylactic secondary prevention is generally a
triple therapy of an antiplatelet, (or anticoagulant in the setting of AF),
antihypertensive agents, and a statin (Adams et al., 2007; Adams et
al., 2008). Options for antiplatelet agents include aspirin, clopidogrel
or aspirin-extended release dipyridamole (Adams et al., 2008; Bhatt
et al., 2006; The ESPIRIT Study Group, 2006). When prescribing an
antiplatelet agent, clinicians should consider whether the patient is antiplatelet “naive” or if there has been an antiplatelet failure, that is, the
stroke occurred while the patient was already on an antiplatelet. Other
considerations include if the patient has a history of migraines, cardiac
disease or a cardiac stent. Concomitant medications, including drugs
like COX-2 selective non-steroidal anti-inflammatories and protein pump
inhibitors should also be taken into account, due to potential interactions
or risk of gastrointestinal bleeding (Alexandrov, 2010b). The use of dual
antiplatelet agents (aspirin and clopridogrel) has been shown to reduce
major ischaemic events, including subsequent stroke and myocardial
infarction, at 90-days post stroke, but at the risk of increased bleeding and
therefore should be considered on an individual-patient basis (Johnston et
al., 2018). It is well established that anticoagulation is beneficial for stroke
prevention in patients with AF (Mant et al., 2007; Aguilar et al., 2009). In an
attempt to objectively gauge the risk of stroke, scores such as the CHADS2
or CHA2DS2-VASc may be used (Olesen et al., 2012; Olesen et al., 2011).
Until recently, warfarin was the only long-term oral anticoagulant available
for use, but with the recent release of direct oral anticoagulants (DOACs)
onto the market, patients now have more options. Benefits of DOACs are
a static dose regime that may improve patient compliance, and no need
for regular blood testing. Currently, only one DOAC agent, Dabigatran,
has a direct reversal agent available and due to their half-lives, DOACs are
generally considered an exclusion criteria for thrombolytic therapy if taken
within 12-24 hours of stroke onset, unless clotting tests can show subtherapeutic levels. Each DOAC has a different safety profile which needs to
be carefully considered before prescribing (Connolly et al., 2009; Granger
et al., 2011; Patel,Mahaffey et al., 2011). Both ischaemic and haemorrhagic
stroke patients benefit from BP control. Over the course of a hospital
admission BP should be progressively lowered generally using at least two,
if not more, antihypertensive agents. Patients should be followed-up after
discharge to ensure they achieve their BP control targets (Powers et al.,
2018). Aggressive early blood pressure reduction is not recommended
and may place patients at risk for deterioration (Qureshi et al., 2009).
Regardless of cholesterol levels, high dose statins have been found to
reduce the risk of stroke, TIA and cardiovascular events (Wintermark et al.,
2013; Amarenco et al., 2007; Flint et al., 2012; Haussen et al., 2012).
Patients who present with a SAH commonly develop vasospasm, which
can restrict arterial flow to the point of causing a secondary ischaemic
stroke. Treatment has traditionally included use of “triple H” therapy (HT,
hypervolaemia and haemodilution), however very little evidence supports
hypervolaemia and haemodilution, and only small studies have shown HT to
be efficacious (Zwienenberg-Lee et al., 2008). Other vasospasm treatments
include IA angioplasty and IA calcium channel blocker administration with
verapamil or nicardipine, although three-month outcome data showing
efficacy are lacking to support these practices (Barth et al., 2007). An
external ventricular drain (EVD) may be inserted for CSF diversion and
intracranial monitoring in patients with high Hunt and Hess grade aSAH.
EVD CSF drainage should be carefully monitored. It is imperative that the
EVD system be maintained as a closed sterile system to prevent infection
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and minimize development of ventriculitis. Once CSF drainage has
become stable, the system can be clamped and the patient monitored for
increased ICP; when ICP is found to be stable, the patient can have the
EVD removed. However, at times some patients with EVD need to progress
to long-term shunt placement. Nimodipine is considered standard of care
to increase brain tissue thresholds/tolerance of ischaemia developing
from vasospasm, but the drug does nothing to reduce vasospasm itself.
Following aSAH, myocardial stunning can occur, but is often time limited
and fully reversible; however, when it occurs, it can significantly challenge
the ability to perfuse through spastic arterial segments due to concurrent
vasospasm (Lee et al., 2006). Use of inotropic therapies while paying close
attention to myocardial oxygen demand/consumption can enhance heart
function, but requires cautious management to prevent heart failure
(Alexandrov, 2010b).
Case Study 2 Part B
John returns from the endovascular suite having undergone coiling of a
ruptured aneurysm. He has a puncture wound in the right groin where
femoral arterial access was obtained. He is intubated, ventilated and is
slowly regaining consciousness. A EVD with ICP monitoring is in place as
well as a central line and peripheral IV. His vital signs are BP 140/70, HR 80,
T 38.2, ICP = 12 mmHg.
1.

Develop a care plan for John’s initial first day in ICU coil embolization.

2.

Describe when John’s risk for vasospasm will be maximal, and how he
will be monitored for this complication.

3.

What advice and information will you provide to John’s wife on
admission to ICU?

Case Study 1 Part C
Julie has received an emergency endovascular clot removal.
1.

Develop a care plan for Julie to ensure an event-free recovery.

2.

What education and advice will you provide to Julie and her daughter
on discharge?

CONCLUSION
In summary, stroke is a global medical emergency and prompt recognition
and aggressive treatment at specialist stroke centres is essential to reducing
neurological disability and mortality rates. In the case of ischaemic stroke,
practitioners must adopt a philosophy of “finding reasons to treat” with
intravenous alteplase whenever possible, because it remains the only
widely available medicinal therapy proven to reduce disability at no
increased risk of death. Intra-arterial therapies are now shown to improve
3-month outcome in large artery ischemic stroke, but this technology is
not available at most centres throughout the world, making alteplase
treatment even more important. Unfortunately, haemorrhagic stroke
remains a troubling disease with few treatment options, carrying high
rates of disability and death. The ED, neuroimaging departments, and
stroke team play a vital role in hyperacute stroke care, as earlier treatment
significantly improves patient outcome and the likelihood of returning
to premorbid levels of functioning. Once in the stroke unit, the nursing,
medical and multidisciplinary teams are the first line of defense against
neurological deterioration and stroke associated complications. Stroke
care in the 21st century is truly a team effort and the future is primed for
more innovative stroke research, including world class nursing research to
further reduce the burden of this crippling disease.

REFERENCES
Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al.
(1993). Classification of subtype of acute ischemic stroke. Definitions for
use in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke 24(1): 35-41.

Adams HP, del Zoppo G, Alberts MJ, Bhatt DL, Brass L, Furlan A, et al. (2007).
Guidelines for the early management of adults with ischemic stroke.
Circulation 115(20): e478e534.
Adams RJ, Albers G, Alberts MJ, Benavente O, Furie K, Goldstein LB, et al.
(2008). Update to the AHA/ASA Recommendations for the prevention of
stroke in patients with stroke and transient ischemic attack. Stroke 39(5):
1647-52.
Aguilar M, Hart R (2009). Oral anticoagulants for preventing stroke in
patients with nonvalvular atrial fibrillation and no previous history of
stroke or transient ischemic attacks. The Cochrane Review. 2009.
Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et
al. (2018). Thrombectomy for stroke at 6 to 16 hours with selection by
perfusion imaging. New England Journal of Medicine 378(8): 708-18.
Alberts MJ, Latchaw RE, Selman WR, Shephard T, Hadley MN, Brass LM,
et al. (2005). Recommendations for Comprehensive Stroke Centers: A
Consensus Statement From the Brain Attack Coalition. Stroke 36(7): 1597616.
Alexandrov AW (2010a). What is a Stroke? In: Williams J, Perry L, Watkins C,
editors. Acute Stroke Nursing. Oxford: Blackwell Publishing; 2010.
Alexandrov AW (2010b). Acute stroke nursing management. In: Williams
J, Perry L, Watkins C, editors. Acute stroke nursing: Wiley online library;
2010.
Alexandrov AV, Molina CA, Grotta JC, Garami Z, Ford SR, Alvarez-Sabin J, et
al. (2004). Ultrasound-enhanced systemic thrombolysis for acute ischemic
stroke. New England Journal of Medicine 351(21): 2170-8.
Alexandrov AV, Sharma VK, Lao AY, Tsivgoulis G, Malkoff MD, Alexandrov AW
(2007). Reversed Robin Hood Syndrome in acute ischemic stroke patients.
Stroke 38(11): 3045-8.
Alexandrov AV (2011). Cerebrovascular ultraound in stroke prevention and
treatment. 2nd ed. New York: Blackwell-Futura.
Alexandrov AW, Tsivgoulis G, Hill MD, Liebeskind DS, Schellinger P, Ovbiagele
B, et al. (2018). HeadPoST: rightly positioned, or flat out wrong?
Neurology 90(19): 885-9.
Amarenco P, Goldstein LB, Szarek M, Sillesen H, Rudolph AE, Callahan A, et
al. (2007). Effects of intense low-density lipoprotein cholesterol reduction
in patients with stroke or transient ischemic attack: The Stroke Prevention
by Aggressive Reduction in Cholesterol Levels (SPARCL) Trial. Stroke
38(12): 3198-204.
Anderson CS, Arima H, Lavados P, Billot L, Hackett ML, Olavarría VV, et al.
(2017). Cluster-randomized, crossover trial of head positioning in acute
stroke. New England Journal of Medicine 376(25): 2437-47.
Anderson CS, Heeley E, Huang Y, Wang J, Stapf C, Delcourt C, et al. (2013).
Rapid blood pressure lowering in patients with acute intracerebral
hemorrhage. New England Journal of Medicine 368(25): 2355-65.
Arboix A, Alioc J (2010). Cardioembolic stroke: clinical features, specific
cardiac disorders and prognosis. Current Cardiology Reviews 6(3): 150-61.
Audebert H, Fassbender K, Hussain MS, Ebinger M, Turc G, Uchino K, et
al. (2017). The PRE-hospital Stroke Treatment Organization (PRESTO).
International Journal of Stroke 12(9): 932-40.
Barth M, Capelle H-H, Weidauer S, Weiss C, Münch E, Thomé C, et al. (2007).
Effect of nicardipine prolonged-release implants on cerebral vasospasm
and clinical outcome after severe aneurysmal subarachnoid hemorrhage:
a prospective, randomized, double-blind Phase IIa study. Stroke 38(2):
330-6.
Bederson JB, Connolly ES, Batjer HH, Dacey RG, Dion JE, Diringer MN, et
al. (2009). Guidelines for the management of aneurysmal subarachnoid
hemorrhage. a statement for healthcare professionals from a special
writing group of the Stroke Council, American Heart Association. Stroke
40(3): 994-1025.
Berkhemer OA, Fransen PSS, Beumer D, van den Berg LA, Lingsma HF, Yoo
AJ, et al. (2015). A randomized trial of intraarterial treatment for acute
ischemic stroke. New England Journal of Medicine 372(1): 11-20.

}
18

Acute and Critical Stroke Care

Bernhardt J, Langhorne P, Lindley RI, Thrift AG, Ellery F, Collier J, et al. (2015).
Efficacy and safety of very early mobilisation within 24 h of stroke onset
(AVERT): a randomised controlled trial. The Lancet 386(9988): 46-55.
Bhatt DL, Fox KAA, Hacke W, Berger PB, Black HR, Boden WE, et al. (2006).
Clopidogrel and aspirin versus aspirin alone for the prevention of
atherothrombotic events. New England Journal of Medicine 354(16):
1706-17.
Bray JE, Coughlan K, Barger B, Bladin C (2010). Paramedic diagnosis of stroke:
examining long-term use of the Melbourne Ambulance Stroke Screen
(MASS) in the field. Stroke 41(7): 1363-6.
Brazis PW, Masdeu JC, Biller J (2011). Localization in clinical neurology. 6th
ed. Philadelphia: Lippincott Willams and Wilkins.
Cahill WJ, Calvert JH, Zhang JH (2006). Mechanisms of early brain injury after
subarachnoid hemorrhage. Journal of Cerebral Blood Flow & Metabolism
26(11): 1341-53.
Campbell BCV, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al.
(2015). Endovascular Therapy for ischemic stroke with perfusion-imaging
selection. New England Journal of Medicine 372(11): 1009-18.
Campbell BCV, Weir L, Desmond PM, Tu HTH, Hand PJ, Yan B, et al. (2013).CT
perfusion improves diagnostic accuracy and confidence in acute ischaemic
stroke. Journal of Neurology, Neurosurgery & Psychiatry 84(6): 613-8.
Caplan LR (2007). Transient ischemic attack with abnormal diffusionweighted imaging results: What's in a name? Archives of Neurology 64(8):
1080-2.
Chaturvedi S, Bruno A, Feasby T, Holloway R, Benavente O, Cohen SN, et al.
(2005). Carotid endarterectomy - an evidence-based review. Report of the
Therapeutics and Technology Assessment Subcommittee of the American
Academy of Neurology. Neurology 65(6): 794-801.
Choi JH, Mohr JP (2005). Brain arteriovenous malformations in adults. The
Lancet Neurology 4(5): 299-308.
CLOTS Trial Collaboration (2013). Effectiveness of intermittent pneumatic
compression in reduction of risk of deep vein thrombosis in patients who
have had a stroke (CLOTS 3): a multicentre randomised controlled trial.
The Lancet 382(9891): 516-24.
Connolly ES, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J, Higashida
RT, et al. (2012). Guidelines for the management of aneurysmal
subarachnoid hemorrhage. A guideline for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke
43(6): 1711-37.
Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al.
(2009). Dabigatran versus warfarin in patients with atrial fibrillation. New
England Journal of Medicine 361(12): 1139-51.
Czosnyka M, Smielewski P, Piechnik S, Schmidt E, Seeley H, Al-Rawi P, et
al. (2000). Continuous assessment of cerebral autoregulation - clinical
verificatino of the method of head injured patients. In: Mendelow AD,
Baethmann A, Czernicki Z, Hoff JT, Ito U, James HE, et al., editors. Brain
Edema XI Acta Neurochirurgica Supplements. 76. Vienna: Springer; 2000.
pp. 483-4.
Davis B, Cutler JA, Gordon D (2002). Major outcomes in high risk
hypertensive patients randomised to angiotensin-converting enzyme
inhibitor or calcium channel blocker vs diuretic: The Antihypertensive and
Lipid Lowering treatment to prevent Heart Attack Trial (ALLHAT). JAMA
288(3): 2981-97.
de Bruijn SFTM, Agema WRP, Lammers GJ, van der Wall EE, Wolterbeek R,
Holman ER, et al. (2006). Transesophageal echocardiography is superior
to transthoracic echocardiography in management of patients of any age
with transient ischemic attack or stroke. Stroke 37(10): 2531-4.
del Zoppo GJ, Saver JL, Jauch EC, Adams HP (2009). Expansion of the time
window for treatment of acute ischemic stroke with intravenous tissue
plasminogen activator: a science advisory from the American Heart
Association/American Stroke Association. Stroke 40(8): 2945-8.
Easton JD, Saver JL, Albers GW, Alberts MJ, Chaturvedi S, Feldmann E,
et al. (2009). Definition and Evaluation of transient ischemic attack: a

scientific statement for healthcare professionals from the American
Heart Association/American Stroke Association Stroke Council; Council
on Cardiovascular Surgery and Anesthesia; Council on Cardiovascular
Radiology and Intervention; Council on Cardiovascular Nursing; and the
Interdisciplinary Council on Peripheral Vascular Disease: The American
Academy of Neurology affirms the value of this statement as an
educational tool for neurologists. Stroke 40(6): 2276-93.
Edlow JA, Newman-Toker DE, Savitz SI (2008). Diagnosis and initial
management of cerebellar infarction. The Lancet Neurology 7(10): 951-64.
Edlow JA, Selim MH (2011). Atypical presentations of acute cerebrovascular
syndromes. The Lancet Neurology 10(6): 550-60.
Elliott J, Smith M (2010). The acute management of intracerebral
hemorrhage: a clinical review. Anesthesia & Analgesia 110(5): 1419-27.
ESPIRIT Study Group (2006). Aspirin plus dipyridamole versus aspirin alone
after cerebral ischaemia of arterial origin (ESPRIT): randomised controlled
trial. The Lancet 367(9523): 1665-73.
Flibotte JJ, Hagan N, O’Donnell J, Greenberg SM, Rosand J (2004). Warfarin,
hematoma expansion, and outcome of intracerebral hemorrhage.
Neurology 63(6): 1059-64.
Flint AC, Kamel H, Navi BB, Rao VA, Faigeles BS, Conell C, et al. (2012).Statin
Use During ischemic stroke hospitalization is strongly associated with
improved poststroke survival. Stroke 43(1): 147-54.
Fonarow GC, Smith EE, Saver JL, Reeves MJ, Bhatt DL, Grau-Sepulveda MV,
et al. (2011). Timeliness of Tissue-type plasminogen activator therapy
in acute ischemic stroke. Patient characteristics, hospital factors, and
outcomes associated with door-to-needle times within 60 minutes.
Circulation 123(7): 750-8.
Fonarow GC, Smith EE, Saver JL, Reeves MJ, Hernandez AF, Peterson ED, et
al. (2011). Improving door-to-needle times in acute ischemic stroke: the
design and rationale for the American Heart Association/American Stroke
Association's Target: Stroke Initiative. Stroke 42(10): 2983-9.
Ford AL, Williams JA, Spencer M, McCammon C, Khoury N, Sampson
TR, et al. (2012). Reducing door-to-needle times using Toyota’s lean
manufacturing principles and value stream analysis. Stroke 43(12): 33958.
Garraway WM, Akhtar AJ, Prescott RJ, Hockey L (1980). Management of
acute stroke in the elderly: preliminary results of a controlled trial. British
Medical Journal 280(6220): 1040-3.
Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al.
(2015). Randomized assessment of rapid endovascular treatment of
ischemic stroke. New England Journal of Medicine 372(11): 1019-30.
Goyal M, Menon BK, van Zwam WH, Dippel DWJ, Mitchell PJ, Demchuk AM,
et al. (2016). Endovascular thrombectomy after large-vessel ischaemic
stroke: a meta-analysis of individual patient data from five randomised
trials. The Lancet 387(10029): 1723-31.
Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna M, et
al. (2011). Apixaban versus warfarin in patients with atrial fibrillation. New
England Journal of Medicine 365(11): 981-92.
Gray CS, Hildreth AJ, Alberti GKMM, O’Connell JE (2004). Poststroke
hyperglycemia: natural history and immediate management. Stroke 35(1):
122-6.
Greer DM, Funk SE, Reaven NL, Ouzounelli M, Uman GC (2008). Impact
of Fever on outcome in patients with stroke and neurologic injury: a
comprehensive meta-analysis. Stroke 39(11): 3029-35.
Gyrd-Hansen D, Olsen KR, Bollweg K, Kronborg C, Ebinger M, Audebert HJ
(2015). Costeffectiveness estimate of prehospital thrombolysis: results of
the PHANTOM-S Study. Neurology 84(11): 1090-7.
Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D, et al.
(2008). Thrombolysis with Alteplase 3 to 4.5 hours after acute ischemic
stroke. New England Journal of Medicine 359(13): 1317-29.
Haussen DC, Henninger N, Kumar S, Selim M (2012). Statin use and
microbleeds in patients with spontaneous intracerebral hemorrhage.
Stroke 43(10): 2677-81.

}
19

Acute and Critical Stroke Care

Hemphill JC, Greenberg SM, Anderson CS, Becker K, Bendok BR, Cushman M,
et al. (2015). Guidelines for the management of spontaneous intracerebral
hemorrhage. a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke 46(7): 2032-60.
Hussain MS, Uchino K, Russman A (2018). Evidence for the increased use of
mobile stroke units. Endovascular Today 17(2): 65-7.
Indredavik B, Bakke F, Solberg R, Rokseth R, Haaheim LL, Holme I (1991).
Benefit of a stroke unit: a randomised controlled trial. Stroke 22(8): 102631.
Jauch EC, Holmstedt C, Nolte J (2012). Techniques for improving efficiency
in the emergency department for patients with acute ischemic stroke.
Annals of the New York Academy of Sciences 1268(1): 57-62.
Johnston SC, Easton JD, Farrant M, Barsan W, Conwit RA, Elm JJ, et al. (2018).
Clopidogrel and aspirin in acute ischemic stroke and high-risk TIA. New
England Journal of Medicine 379(3): 215-25.
Jorgensen HS, Nakayama H, Raaschou HO, Larsen K, Hubbe P, Olsen TS
(1995). The effect of a stroke unit: reduction in mortality, discharge rate to
nursing home, length of hospital stay, and cost. A community-based study.
Stroke 26(7): 1178-82.
Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al.
(2015). Thrombectomy within 8 hours after symptom onset in ischemic
stroke. New England Journal of Medicine 372(24): 2296-306.
Jüttler E, Schwab S, Schmiedek P, Unterberg A, Hennerici M, Woitzik J, et al.
(2007). Decompressive Surgery for the Treatment of Malignant Infarction
of the Middle Cerebral Artery (DESTINY): a randomized, controlled trial.
Stroke 38(9): 2518-25.
Kandel ER (2012). Principles of neural science. 5th ed. New York: McGrawHill.
Kasner SE (2006). Clinical interpretation and use of stroke scales. The Lancet
Neurology 5(7): 603-12.
Kidwell CS, Chalela JA, Saver JL, et al. (2004). Comparison of MRI and CT for
detection of acute intracerebral hemorrhage. JAMA 292(15): 1823-30.
Kidwell CS, Wintermark M (2008). Imaging of intracranial haemorrhage. The
Lancet Neurology 7(3): 256-67.
Kleindorfer DO, Miller R, Moomaw CJ, Alwell K, Broderick JP, Khoury J, et al.
(2007). Designing a message for public education regarding stroke: does
FAST capture enough stroke? Stroke 38(10): 2864-8.
Kothari RU, Pancioli A, Liu T, Brott T, Broderick J (1999). Cincinnati
Prehospital Stroke Scale: reproducibility and validity. Annals of Emergency
Medicine 33(4): 373-8.
Kumar S, Selim MH, Caplan LR (2010). Medical complications after stroke.
The Lancet Neurology 9(1): 105-18.
Langhorne P, Fearon P, Ronning OM, Kaste. M., Palomaki H, Vemmos K, et al.
(2013). Stroke unit care benefits patients with intracerebral hemorrhage:
systematic review and metaanalysis. Stroke 44(11): 3044-9.
Lee VH, Oh JK, Mulvagh SL, Wijdicks EFM (2006). Mechanisms in neurogenic
stress cardiomyopathy after aneurysmal subarachnoid hemorrhage.
Neurocritical Care 5(3): 243-9.
Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC, et al. (2010).
Time to treatment with intravenous alteplase and outcome in stroke: an
updated pooled analysis of ECASS, ATLANTIS, NINDS, and EPITHET trials.
The Lancet 375(9727): 1695-703.
Lin CB, Peterson ED, Smith EE, Saver JL, Liang L, Xian Y, et al. (2012).
Emergency medical service hospital prenotification is associated with
improved evaluation and treatment of acute ischemic stroke. Circulation:
Cardiovascular Quality and Outcomes 5(4): 514-2.
Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone G, et al.
(2010). Heart disease and stroke statistics—2010 update. A report from
the American Heart Association. Circulation 121(7): 948-54.
Longstaff C, Thelwell C, Williams SC, Silva MMCG, Szabó L, Kolev K (2010).
The interplay between tissue plasminogen activator domains and fibrin
structures in the regulation of fibrinolysis: kinetic and microscopic studies.

Blood 117(2): 661-8.
Mant J, Hobbs FDR, Fletcher K, Roalfe A, Fitzmaurice D, Lip GYH, et al. (2007).
Warfarin versus aspirin for stroke prevention in an elderly community
population with atrial fibrillation (the Birmingham Atrial Fibrillation
Treatment of the Aged Study, BAFTA): a randomised controlled trial. The
Lancet 370(9586): 493-503.
Martínez-García MÁ, Galiano-Blancart R, Román-Sánchez P, Soler-Cataluña
J-J, Cabero-Salt L, Salcedo-Maiques E (2005). Continuous positive airway
pressure treatment in sleep apnea prevents new vascular events after
ischemic stroke. Chest 128(4): 2123-9.
Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasell R
(2005). Dysphagia after stroke: incidence, diagnosis, and pulmonary
complications. Stroke 36(12): 2756-63.
Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN, Skolnick
BE, et al. (2005). Recombinant activated factor VII for acute intracerebral
hemorrhage. New England Journal of Medicine 352(8): 777-85.
Mendelow AD, Gregson BA, Rowan EN, Murray GD, Gholkar A, Mitchell PM
(2013). Early surgery versus initial conservative treatment in patients with
spontaneous supratentorial lobar intracerebral haematomas (STICH II): a
randomised trial. The Lancet 382(9890): 397408.
Meretoja A, Churilov L, Campbell BCV, Aviv RI, Yassi N, Barras C, et al.
(2014). The Spot Sign and Tranexamic Acid on Preventing ICH Growth –
AUStralasia Trial (STOP-AUST): protocol of a Phase II randomized, placebocontrolled, double-blind, multicenter trial. International Journal of Stroke
9(4): 519-24.
Meretoja A, Keshtkaran M, Saver JL, Tatlisumak T, Parsons MW, Kaste M, et
al. (2014). Stroke thrombolysis: save a minute, save a day. Stroke 45(4):
1053-8.
Meretoja A, Strbian D, Mustanoja S, Tatlisumak T, Lindsberg PJ, Kaste M
(2012). Reducing in-hospital delay to 20 minutes in stroke thrombolysis.
Neurology 79(4): 306-13.
Meretoja A, Weir L, Ugalde M, Yassi N, Yan B, Hand P, et al. (2013). Helsinki
model cut stroke thrombolysis delays to 25 minutes in Melbourne in only
4 months. Neurology 81(12): 1071-6.
Messé SR, Tanne D, Demchuk AM, Cucchiara BL, Levine SR, Kasner SE. Dosing
errors may impact the risk of rt-PA for stroke: the multicenter rt-PA acute
stroke survey11See appendix for the study group participants. Journal of
Stroke and Cerebrovascular Diseases. 2004;13(1): 35-40.
74. Middleton S, McElduff P, Ward J, Grimshaw JM, Dale S, D'Este C, et
al. (2011). Implementation of evidence-based treatment protocols to
manage fever, hyperglycaemia, and swallowing dysfunction in acute stroke
(QASC): a cluster randomised controlled trial. The Lancet 378(9804): 1699706.
Middleton S, Grimley R, Alexandrov AW (2015). Triage, treatment, and
transfer: evidence-based clinical practice recommendations and models
of nursing care for the first 72 hours of admission to hospital for acute
stroke. Stroke 46(2): e18-e25.
Morgenstern LB, Hemphill JC, Anderson C, Becker K, Broderick JP, Connolly
ES, et al. (2010). Guidelines for the management of spontaneous
intracerebral hemorrhage. A Guideline for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke
41(9): 2108-29.
Murtagh B, Smalling RW (2006). Cardioembolic stroke. Current
Atherosclerosis Reports 8(4): 310-6.
National Institute of Neurological Disorders and Stroke rt-PA stroke study
group (1995). Tissue plasminogen activator for acute ischemic stroke. New
England Journal of Medicine 333(24): 1581-7.
National Stroke Foundation (2014). Top 10 facts about stroke. Melbourne:
National Stroke Foundation.
Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et
al. (2018). Thrombectomy 6 to 24 hours after stroke with a mismatch
between deficit and infarct. New England Journal of Medicine 378(1):
11-21.

}
20

Acute and Critical Stroke Care

Nolte CH, Malzahn U, Kühnle Y, Ploner CJ, Müller-Nordhorn J, Möckel M
(2013). Improvement of door-to-imaging time in acute stroke patients
by implementation of an all-points alarm. Journal of Stroke and
Cerebrovascular Diseases 22(2): 149-53.
Nye BR, Hyde CE, Tsivgoulis G, Albright KC, Alexandrov AV, Alexandrov AW
(2012). Slim Stroke scales for assessing patients with acute stroke: ease of
use or loss of valuable assessment data? American Journal of Critical Care
21(6): 442-8.
Obach V, Oleaga L, Urra X, Macho J, Amaro S, Capurro S, et al. (2011).
Multimodal CTAssisted thrombolysis in patients with acute stroke: a
cohort study. Stroke 42(4): 1129-31.
Olesen JB, Lip GYH, Hansen ML, Hansen PR, Tolstrup JS, Lindhardsen J, et al.
(2011). Validation of risk stratification schemes for predicting stroke and
thromboembolism in patients with atrial fibrillation: nationwide cohort
study. BMJ 342: d124.
Olesen JB, Torp-Pedersen C, Hansen M, Lip G (2012). The value of the
CHA2DS2-VASc score for refining stroke risk stratification in patietns with
atrial fibrilliation with a CHADS2 score 0-1: A nationwide cohort study.
Thrombosis and Hemostasis 107(6): 1172-9.
Ovbiagele B, Diener H, Yusuf S, et al. (2011). Level of systolic blood pressure
within the normal range and risk of recurrent stroke. JAMA 306(19): 213744.
Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al. (2011).
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. New England
Journal of Medicine 365(10): 883-91.
Patel MD, Rose KM, O'Brien EC, Rosamond WD (2011). Prehospital
notification by emergency medical services reduces delays in stroke
evaluation: findings from the North Carolina Stroke Care Collaborative.
Stroke 42(8): 2263-8.
Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker
K, et al. (2018). 2018 guidelines for the early management of patients
with acute ischemic stroke: a guideline for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke
49(3): e46-e110.
Qureshi AI, Mendelow AD, Hanley DF (2009). Intracerebral haemorrhage.
The Lancet 373(9675): 1632-44.
Qureshi AI, Palesch YY, ATACH II Investigators (2012). Expansion of
recruitment time window in antihypertensive treatment of acute cerebral
hemorrhage (ATACH) II trial. Journal of Vascular and Interventional
Neurology 5(supp.): 6-9.
Rovira A, Grivé E, Rovira A, Alvarez-Sabin J (2005). Distribution territories
and causative mechanisms of ischemic stroke. European Radiology 15(3):
416-26.
Saver JL (2006). Time is brain - quantified. Stroke 37(1): 263-6.
5. Saver JL (2008). Proposal for a universal definition of cerebral infarction.
Stroke 39(11): 3110-5.
Saver JL, Goyal M, Bonafe A, Diener H-C, Levy EI, Pereira VM, et al. (2015).
Stent retriever thrombectomy after intravenous t-PA vs. t-PA alone in
stroke. New England Journal of Medicine. 372(24): 2285-95.
Schonewille WJ, Wijman CAC, Michel P, Rueckert CM, Weimar C, Mattle HP,
et al. (2009). Treatment and outcomes of acute basilar artery occlusion in
the Basilar Artery International Cooperation Study (BASICS): a prospective
registry study. The Lancet Neurology 8(8): 724-30.
Smith SC (2011). Reducing the global burden of ischemic heart disease and
stroke. a challenge for the cardiovascular community and the United
Nations. Circulation 124(3): 278-9.
Snell RS. (2010). Clinical neuroanatomy. 7th ed. Baltimore: Lippincott,
Williams & Wilkins.
Sposato LA, Klein FR, Jáuregui A, Ferrúa M, Klin P, Zamora R, et al. (2012).
Newly diagnosed atrial fibrillation after acute ischemic stroke and
transient ischemic attack: importance of immediate and prolonged
continuous cardiac monitoring. Journal of Stroke and Cerebrovascular
Diseases 21(3): 210-6.

21

Strand T, Asplund K, Eriksson S, Hagg E, Lithner F, Wester PO. (1985). A
non-invasive stroke unit reduces functional disability and the need for
long-term hospitalization. Stroke 16(1): 29-34.
Stranding S (2008). The anatomical basis for clinical practice. 40th ed.
London: Elseiver Churchill Livingstone.
Stroke Foundation (2017). Clincial guidelines for stroke management.
Melbourne: Stroke Foundation.
Tanabe P, Travers D, Gilboy N, Rosenau A, Sierzega G, Rupp V, et al. (2005).
Refining emergency severity index triage criteria. Academic Emergency
Medicine 12(6): 497501.
Thomalla G, Sobesky J, Köhrmann M, Fiebach JB, Fiehler J, Zaro Weber O, et
al. (2007). Two tales: hemorrhagic transformation but not parenchymal
hemorrhage after thrombolysis is related to severity and duration of
ischemia: MRI study of acute stroke patients treated with intravenous
tissue plasminogen activator within 6 hours. Stroke 38(2): 313-8.
Tsivgoulis G, Geisler F, Katsanos AH, Korv J, Kunz A, Mikulik R, et al. (2018).
Ultraearly intravenous thrombolysis for acute ischemic stroke in mobile
stroke unit and hospital settings. Stroke 49(8): 1996-1999.
Uchino K, Massaro L, Hammer MD (2010). Transient ischemic attack after
tissue plasminogen activator: aborted stroke or unnecessary stroke
therapy? Cerebrovascular Diseases 29(1): 57-61.
Vahedi K, Hofmeijer J, Juettler E, Vicaut E, George B, Algra A, et al. (2007).
Early decompressive surgery in malignant infarction of the middle cerebral
artery: a pooled analysis of three randomised controlled trials. The Lancet
Neurology 6(3): 215-22.
Wahlgren N, Ahmed N, Dávalos A, Ford GA, Grond M, Hacke W, et al.
(2007). Thrombolysis with alteplase for acute ischaemic stroke in the Safe
Implementation of Thrombolysis in Stroke-Monitoring Study (SITS-MOST):
an observational study. The Lancet 369(9558): 275-82.
Walter S, Kostopoulos P, Haass A, Keller I, Lesmeister M, Schlechtriemen T,
et al. (2012). Diagnosis and treatment of patients with stroke in a mobile
stroke unit versus in hospital: a randomised controlled trial. The Lancet
Neurology 11(5): 397-404.
Wardlaw JM (2005). What causes lacunar stroke? Journal of Neurology,
Neurosurgery and Psychiatry 76(5): 617-9.
Wardlaw JM, Murray V, Berge E, del Zoppo G, Sandercock P, Lindley RL, et
al. (2012). Recombinant tissue plasminogen activator for acute ischaemic
stroke: an updated systematic review and meta-analysis. The Lancet
379(9834): 2364-72.
Waxman SG (2013). Correlative neuroanatomy. 27th ed. New York: Lange.
Wintermark M, Albers GW, Broderick JP, Demchuk AM, Fiebach JB, Fiehler
J, et al. (2013). Acute stroke imaging research roadmap II. Stroke 44(9):
2628-39.
Wojner AW (1998). Neurovascular disorders. In: Dunbar S, Vittelo-Ciccui JA,
Brooks-Brun A, Molter N, editors. AACN clinical reference guide to critical
care nursing. 4th ed. St Louis: Mosby Yearbook; pp. 733-66.
Wojner-Alexandrov AW, Alexandrov AV, Rodriguez D, Persse D, Grotta
JC. (2005). Houston Paramedic and Emergency Stroke Treatment and
Outcomes Study (HoPSTO). Stroke 36(7): 1512-8.
World Health Organization (2015). Stroke, cerebrovascular accident 2015.
Available from: http: //www.who.int/topics/cerebrovascular_accident/
en/.
Zhang X, Kedar S, Lynn MJ, Newman NJ, Biousse V (2006). Homonymous
hemianopia in stroke. Journal of Neuro-Ophthalmology 26(3): 180-3.
Zwienenberg-Lee M, Hartman J, Rudisill N, Madden LK, Smith K, Eskridge
J, et al. (2008). Effect of prophylactic transluminal balloon angioplasty
on cerebral vasospasm and outcome in patients with Fisher grade III
subarachnoid hemorrhage: results of a phase ii multicenter, randomized,
clinical trial. Stroke 39(6): 1759-65.

