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In neurology, anatomy is very important.  Neurologists have 
a compulsive preoccupation with the anatomy of disease not 
shared by most non-neurologists, including general practi-
tioners and internists. They are taught to ask not only what 
the disease process is but also where the abnormality is within 
the nervous system. The nervous system is made up of very 
different parts.  Can one imagine body parts as different as 
the brain, spinal cord, peripheral nerves and muscles? Each 
component of the nervous system is very distinct and made 
of diverse subunits with different appearances, functions 
and susceptibilities to various diseases. 

The brain is especially different from all other organs of 
the body. Most other internal organs are rather homoge-
neous. Parts of the lung, liver, pancreas, spleen and bone 
marrow all look alike and have identical functions.  In these 
organs, disease is determined by the amount of the organ 
rendered dysfunctional, not by the location or ‘anatomy’ of 
the illness. A lesion in one part of the brain results in a loss 
of speech while a lesion very nearby could cause paralysis, 
loss of sensation, ataxia or many other functional abnor-
malities. The clinical symptoms and signs depend heavily on 
where the disease process occurs in the brain and on other 
aspects such as the size and extent of the abnormality and 
its nature (tumor, infection, vascular occlusion, hemorrhage, 
traumatic lesion etc.)

In patients with strokes and brain ischemia, anatomy 
is especially important. In order to effectively plan diag-
nosis and management, physicians will need to know not 
only where the lesion is in the brain, but what, where, and 
how severe the abnormality is in the blood vessels that sup-
ply the affected portion of the brain. They will also want 
to know if there are any additional abnormalities in other 
vascular structures. Heart and aortic lesions could be a 
source of embolism to intracranial blocked arteries. Vascular 
occlusions in other vessels could affect the body’s ability to 
develop collateral blood flow to the affected region. Other 
arterial lesions could represent a threat for future strokes.

Stroke differs from many other neurological conditions 
in its timing. The term stroke indicates being suddenly 
‘stricken’. Doctors must act quickly to try to save brain tis-
sue as brain ischemia is a medical emergency. “Time is brain” 
has become a familiar adage. In order to manage stroke 
patients, physicians must be very familiar with the anatomy 
of the blood vessels that supply the brain and know the types 
of vascular abnormalities and their predilection for different 
vascular locations. They must also be familiar with the vari-
ous modalities that are able to provide images of the brain 
and the cervical and intracranial arteries and veins.

The good news is that advances in technology have now 
made it possible to image the brain and its vascular sup-
ply quickly and safely. Doctors can now rapidly determine 
the answers to the ‘what’ and ‘where’ questions if they are 
familiar with the anatomy, pathology and pathophysiology of 
brain ischemia and the technology available to show it. 

Anatomy is visual: that is why the authors have chosen an 
atlas format to teach the fundamentals of ischemic stroke. 
This atlas is written by two very experienced active clini-
cians who are involved with the care of stroke patients every 
day. They succinctly and clearly review the basic aspects of 
anatomy, pathology and physiology, while illustrating the 
text with well chosen figures. The figures include anatomi-
cal drawings, pathology specimens and many images from 
modern CT, MRI, echocardiography and angiography. They 
emphasize the case method of teaching, since each stroke 
patient is different and their management depends heavily 
on the specific details of their condition.

I heartily recommend this atlas for anyone who cares for 
stroke patients. I suggest first reading the entire atlas thor-
oughly and then keeping it handy for review of and reference 
to aspects relating to individual patient scenarios. The writ-
ing is clear and easily grasped and the images are superb.

Louis R. Caplan, MD
December 2008

Foreword



ix

The paradigm for the diagnosis and treatment of stroke has 
undergone a revolution. It began in the mid-1970s when 
the first CT scans clearly differentiated acute hemorrhage 
from ischemia and proved clinicians right and wrong about 
the anatomical location and size of a stroke, and continued 
in the mid-1980s with the increased sensitivity of MRI. 
Then, in the mid-1990s, thrombolytic therapy for stroke 
was shown to be effective, and it became imperative that the 
diagnosis was correct and that patients were evaluated and 
treated urgently. The passive wait-and-see attitude toward 
acute stroke care was no longer acceptable. Stroke became 
a Level I medical emergency on a par with acute coronary 
syndromes and trauma. Interventional neuroradiology also 
evolved during that decade, providing catheter-based alter-
natives to vascular neurosurgery for the treatment of intrac-
ranial aneurysms and vascular malformations.

The modern era of stroke clinical trials was ushered in 
by studies comparing thrombolytic agents with placebo 
for acute ischemic stroke, carotid endarterectomy versus 
medical therapy, and antithrombotic agents for secondary 
stroke prevention. More recently, the treatment of aneu-
rysms by neurosurgical clipping versus endovascular coil-
ing, and neurosurgery for intracerebral hemorrhage and 
the malignant middle cerebral artery stroke syndrome have 
been studied. Now, catheter-delivered agents and devices, 
novel thrombolytic agents, and neuroprotective strategies, 
such as hypothermia, promise even longer therapeutic 
time windows and better outcomes. Advanced CT and 
MR neuroimaging are directing better patient selection for 
specific treatments and may also extend the window for 
revascularization.

These scientific advances have led to palpable changes 
in the way clinicians are trained and care is organized. 
Hundreds of hospitals in the USA are becoming certified as 
Primary Stroke Centers by the Joint Commission. Individual 
states in the USA are evaluating systems for organizing pre-
hospital care. National organizations such as the American 
Stroke Association and the American Academy of Neurology 

are helping to promulgate quality measures and guidelines 
to improve and standardize the care of stroke patients. The 
US American Council on Graduate Medical Education has 
approved fellowship training in vascular neurology and inter-
ventional neurology, and the American Board of Psychiatry 
and Neurology offers vascular neurology subspecialty certifi-
cation. There has never been a more exciting time to become 
an expert in stroke treatment and management. With aging 
populations and treatment options expanding, the need for 
stroke specialists is growing rapidly.

Our intent in this atlas is to introduce clinicians, residents 
in training, and medical and nursing students to the scope 
of neurovascular disorders. In this volume (Ischemic 
Stroke) and the companion volume (Hemorrhagic Stroke) 
we provide a practical visual guide to the emerging field 
of vascular neurology: neuroimaging and neuropathology 
organized around the major clinical diagnostic groups. This 
first volume addresses the evaluation of ischemic stroke, its 
diverse pathophysiology, and its emerging treatments. The 
companion volume introduces the causes of intracerebral 
hemorrhage, including intracranial aneurysms and the 
various forms of vascular malformations. We are unaware of 
any reference that offers this broad overview, and we hope 
that our atlas is an exciting stimulus for fellow clinicians and 
clinicians-in-training to consider joining our field.

Although the management of stroke and neurovascular 
care is increasingly driven by evidence-based medicine and 
formal guidelines, clinicians benefit greatly from the direct 
experiences of caring for individual patients so we have 
emphasized case studies.

Enjoy this atlas! The opportunity for effective treatment 
and improved outcomes for our patients has never been 
greater.

Marilyn M. Rymer, MD
Isaac E. Silverman, MD

December 2008

Preface
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Chapter 1

Stroke Basics

Introduction

Stroke is the second leading cause of death worldwide and 
the leading cause of adult disability in many countries. It is 
imperative that all physicians understand the basics of stroke 
diagnosis and treatment for three reasons:

Stroke occurs as an acute event, and people will access 
the closest medical facility or physician’s office for help. 
Primary care and emergency medicine physicians need to 
be able to rapidly diagnose and treat patients with acute 
stroke symptoms.
Emerging treatments for stroke are time-dependent. 
The earlier the initiation of treatment, the better the 
outcome.
Once a stroke has occurred, the risk of a second stroke 
increases. It is essential that clinicians identify and treat 
the stroke mechanism and risk factors and institute medi-
cations (e.g., antithrombotic and blood pressure-lowering 
agents) when appropriate in order to prevent recurrence.

The goal of this atlas is to provide clinicians and students 
with a foundation in the clinical presentation, neuroimag-
ing, pathology, pathophysiology, and treatment of stroke 
syndromes and neurovascular disorders so that they can 
make an accurate diagnosis and initiate treatment and/or 
seek vascular neurology consultation when appropriate.

What is a stroke?

A stroke is caused by a disruption in the flow of blood to 
part of the brain either because of occlusion of a blood vessel 
in the case of acute ischemic stroke (AIS) or the rupture of a 
blood vessel causing bleeding in or around the brain: intra-
cerebral hemorrhage (ICH) or subarachnoid hemorrhage 

(SAH), respectively (1.1). When stroke symptoms resolve 
and do not cause permanent brain damage, they are called 
a transient ischemic attack (TIA). Although the historical 
definition of a TIA is neurological symptoms lasting less 
than 24 hours, the duration of most TIAs is between 5 and 
30 minutes, and can be considered a cerebral equivalent of 
cardiac angina.1 Some healthcare professionals and patients 
refer to TIAs as ‘mini-strokes,’ but a TIA is actually a warn-
ing that a stroke may occur very soon.

Stroke epidemiology

Stroke incidence and mortality are increasing along with 
modernization and advancing longevity. Worldwide, 15 mil-
lion people suffer a stroke each year. Five million of those die 
and 5 million are left permanently disabled.2 It is estimated 
that by 2020, stroke mortality will have almost doubled as a 
result of an aging population and the future effects of cur-
rent smoking patterns.3

Two-thirds of all stroke deaths and 60% of all strokes occur 
in low and middle income countries.4 As infectious diseases 
and malnutrition decline in developing countries, stroke 
incidence rises due to decreased physical activity, increased 
tobacco use, and dietary changes. By 2040 there will be a bil-
lion adults aged 65 years or older at risk for stroke in low and 
middle income countries. In addition to the aging population, 
the major stroke risk factors worldwide are hypertension and 
tobacco use. In most countries, up to 30% of adults suffer from 
hypertension.2 Men have a slightly higher incidence of stroke 
than women, but women have higher mortality rates. Black 
people have a higher stroke mortality rate than white people, 
and the mortality rate for Hispanic people falls between that 
of white and black people. There is a high incidence of hemor-
rhagic stroke in Asian people.3

1



2 Stroke basics

Strokes occur at any age, but are more common in the 
elderly. Stroke risk doubles with every decade beyond 
50 years of age, but 30% of strokes occur before the age of 
65 in the USA.

Types of stroke

Ischemic stroke

Ischemic stroke, the most common type, is caused by an 

occlusion of an artery in the neck or in the brain, depriv-
ing a part of the brain of its nutrients, glucose and oxygen. 
The etiologies for AIS are diverse (1.2), and are reviewed in 
Chapter 2. The arterial occlusion is most often caused by a 
thrombus that has traveled to the brain (embolized) from 
a more proximal location in the body, such as the heart or 
from plaque in the wall of a proximal artery, such as the 
aorta or the internal carotid artery.5 Less often, the etiology 
is a local thrombus developing immediately at the site of 

1.1 Major stroke subtypes. (A) Acute ischemic stroke. Hypodense infarct on head CT scan, with extensive midline (left-to-right) shift. 

(B) Subacute ischemic stroke. Gross pathology, at 3–4 days, in the territory of the internal carotid artery (ICA). Note edema and altered 

gray–white matter differentiation in the distribution of the MCA and ACA territories (arrows). (C) Primary intracerebral hemorrhage. 

A hyperdense lesion on CT scan located in the left putamen is a typical location for hypertensive hemorrhage due to small vessel 

disease. (D) Intracerebral hemorrhage. Gross pathology of a frontoparietal intracerebral hemorrhage resulting in subfalcine and 

uncal herniation; mass effect likely caused deep midline, punctate lesions, known as Duret hemorrhages (arrows). (E) Subarachnoid 

hemorrhage. CT scan reveals hyperdense blood diffusely fi lling the subarachnoid spaces around the Circle of Willis and the Sylvian 

fi ssures, bilaterally, and the interhemispheric fi ssure. (F) Intracranial aneurysm: an illustration. (G) Aneurysm of the carotid artery. A 

large aneurysm of the cavernous portion of the ICA is measured on a three-dimensional rendering of the conventional angiogram. The 

distal branches of the ICA, the MCA (extending laterally, to the left), and the ACA (extending medially) are also shown at the top of this 

image. The right side of the image is labeled ‘R.’ Pathology courtesy of Robert Schmidt MD, PhD.

ArteryAneurysm

(A)

(C)

(E)

(F)

(G)

(B)

(D)
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occlusion in large intracranial arteries (middle cerebral or 
basilar) or in small penetrating vessels, referred to as small 
vessel disease. Ischemic strokes account for 80–85% of 
strokes in most parts of the world, except for Asia, where 
ICH is more common.

Hemorrhagic stroke

ICH is caused by the rupture of a blood vessel, with bleeding 
directly into brain parenchyma, the ventricles, and/or spaces 
around the brain (1.1C,D). The rupture can occur because 
of acquired disease of the small penetrating arteries most 

1.2 Common etiologies of acute ischemic stroke. Redrawn with permission from Albers et al.5
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4 Stroke basics

commonly related to long-standing hypertension (small 
vessel disease), degenerative disease of superficial arteries 
(amyloid angiopathy), or from structural abnormalities of 
larger intracranial arteries, such as arteriovenous malform-
ations. SAH occurs when an intracranial aneurysm ruptures 
and blood invades the spaces around the brain (1.1E–G). 
Aneurysms are balloon-shaped outpouchings of an artery 
where the vessel’s wall has weakened.

Stroke symptoms

A general review of clinical symptoms is provided to help 
interpret information in the chapters that follow. (See the 
reference list at the end of this Chapter for textbooks that 
provide more detail on clinical stroke syndromes.6–8) The hall-
mark of stroke is sudden onset of neurologic deficit. Individual 
stroke symptoms depend entirely on what anatomical area 
of the central nervous system (brain, spinal cord, or eye) is 
damaged. Usually, stroke presents as a syndrome, a collec-
tion of symptoms that help the examiner localize the region 
of the central nervous system that is acutely injured.

Headache1 . Sudden severe headache is often associated 
with ICH and SAH, but is uncommon in ischemic stroke. 
An exception is ischemic stroke caused by carotid or ver-
tebral artery dissection in which headache, facial, or neck 
pain are typical.9,10

Weakness2 . A sudden decrease in motor strength is 
the most common symptom of stroke.11 The National 
Institutes of Health Stroke Scale (NIHSS) grading for 
motor strength (0–4) is a good way to reliably document 
the degree of limb weakness (Table 1.1).12 Several terms 
are frequently used to describe stroke-related weakness 
(Table 1.2).

The degree of weakness usually depends on where in the 
motor system the lesion occurs. Peripheral cortical lesions 
may produce only focal weakness (paresis), most commonly 
involving the face and/or arm, or even the hand or individual 
fingers in isolation (1.3A,B). More proximal, subcortical or 
brainstem lesions usually cause a more uniform weakness of 
the face, arm, and leg on one side of the body (hemiparesis) 
due to the tight collection of motor tracts in those locations. 
Upper motor neuron lesions of the motor cortex may result in 
downstream atrophy of the motor pathways in the ipsilateral 
cerebral peduncle, called Wallerian degeneration (1.3C).

Table 1.1 NIH Stroke Scale (NIHSS) Score  

(www.ninds.nih.gov/doctors/NIH_stroke_scale)

Level of consciousness is tested by clinical 1 

observation, response to two questions and ability 

to follow two commands. 5 points

Best gaze assesses eye movements. 2 points2 

Visual fields. 3 points3 

Facial movements. 3 points4 

Hemiparesis and hemiplegia in upper and lower 5 

extremities

Each limb is graded individually (4 points for each 6 

limb)

0—patient can extend the arm (10 seconds) and 

leg (5 seconds) in the air without drifting downward. 

This indicates no weakness

1—patient can extend the extremity but there is 

downward drift; the limb does not fall to the table

2—patient can extend the extremity but the limb 

drops to the table

3—patient cannot extend the extremity against 

gravity, but there is volitional movement

4—patient cannot move the limb volitionally

The term paresis describes NIHSS grades 1, 2 and 3; 

and plegia describes NIHSS grade 4.

Ataxia is assessed in each limb (2 points)7 

Sensation is assessed on both sides of the body 8 

(2 points)

Language (presence of aphasia) is tested (3 points)9 

Dysarthria (2 points)10 

Extinction (formerly ‘neglect’) (2 points)11 

Table 1.2 Weakness associated with stroke

Monoparesis: weakness of one limb

Hemiparesis: weakness of both limbs on one side of 

the body

Monoplegia: paralysis of one limb

Hemiplegia: paralysis of both limbs on one side of 

the body

Paraparesis: weakness of both legs

Paraplegia: paralysis of both legs

Note: Paraparesis or paraplegia can result from ischemic or 

hemorrhagic stroke of the spinal cord, and rarely, bilateral 

anterior cerebral artery territory infarction.
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Most motor recovery from stroke occurs during the ini-
tial 1–3 months.13 Incremental gains, however, can be made 
over the subsequent 9 months or beyond, and may depend 
on the availability of continuing rehabilitation treatment. 
Evolving concepts in neuroplasticity may offer hope for 
improved function years after the initial insult. Frequently, 
patients with mild residuae are left with minimal lower facial 
paresis, limited dexterity in the hand (e.g., diminished fi ne 
fi nger movements) and/or leg (e.g., diminished rate of toe 
tap), and/or foot drop.

Ataxia3 . Limb ataxia can occur with or without weakness 
and is a discoordination of movement usually related to 
infarction in the cerebellar hemisphere (1.4).14 It is tested 
by evaluating rapid alternating movements and the fi nger-
to-nose test in the upper extremities and the heel-to-shin 
test in the lower extremities. A midline cerebellar lesion 
may only cause mild vestibular symptoms and gait ataxia 

without limb involvement. Long-term recovery from 
ataxia is usually excellent.
Sensory loss4 . Sudden loss of sensation usually occurs in 
association with weakness in the same distribution, but 
pure hemibody sensory strokes can occur, usually from 
occlusions of small vessels supplying the lateral thalamus, 
pons, or lenticulocapsular region deep in the brain.15–17 
The patient usually describes numbness and/or tingling 
paresthesias on one side of the face or the hemibody, a 
feeling often likened to ‘novocaine in the dentist’s offi ce’ 
or ‘having a limb fall asleep.’

Cortical lesions causing sensory defi cits are further 
dichotomized into those of the insular and opercular areas, 
affecting primary (primitive) sensation of pain or tempera-
ture with intact position sense, versus those involving the 
postcentral gyrus, resulting in cortical sensory loss affecting 
position sense, stereognosis, and graphesthesia (1.3B, 1.5).16 

1.3 Hemiparesis. (A) Peripheral MCA infarction on diffusion-weighted MRI sequence, involving precentral gyrus (primary motor cortex). 

(B) Illustration of motor and sensory strips in the brain cortex. (C) Chronic left MCA-territory stroke, resulting in a wide region of 

encephalomalacia on the FLAIR MRI sequence (left). Atrophy of the ipsilateral cerebral peduncle (arrow), demonstrates associated 

Wallerian degeneration (right).

Motor cortex Sensory cortex

Auditory cortex Visual cortex

(B)

(A)

(C)
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Primary sensation is generally tested with a painful stimulus 
such as a pin-point or a stimulus of light touch, while corti-
cal sensation may be assessed by testing position sense and 
by having a patient try to identify a number written upon the 
hand or an object placed into the hand. Inability to interpret 
the number written on the hand is agraphesthesia and an 
inability to identify an object such as a key in the hand is 
astereognosis.

Focal paresthesias, predominantly involving the perioral 
or finger areas (areas with strong representation within the 
homunculus), usually result from small distal emboli, to the 
postcentral gyrus (1.5).16 Rarely, primitive sensory impair-
ments evolve into dysesthesias, known as the central post-
stroke pain syndrome.16,18

Visual symptoms5 :
Amaurosis fugax, which is a term that describes tran-
sient blindness in one eye generally lasting 2–10 minutes, 
is a symptom of a retinal TIA often caused by an embolus 
from the ipsilateral carotid artery.19,20 Permanent loss of 
vision in one eye frequently occurs when the central retinal 
artery is occluded, but this pattern of visual loss is gener-
ally not associated with other stroke symptoms (1.6).

1.6 Monocular visual loss. A normal retina of the right eye is 

shown (A), contrasted with pallor and decreased vascularity 

due to acute central retinal artery occlusion (B). The diffuse 

whitening of the ischemic retina leaves only a ‘cherry red spot’ 

in the foveal center (arrow). (The small circular yellow spots are 

scars from past treatment of this retina with a laser.)

1.4 Ataxia. diffusion-weighted MRI sequences show (left) an 

acute infarct of the left cerebellar hemisphere, in the territory 

of the SCA, and (right) an infarct in the territory of the medial 

PICA.

1.5 Cortical sensory loss. Cortical embolic stroke, involving 

the postcentral gyrus, caused a loss of cortical sensation. The 

emboli originated from atherosclerotic disease of the left ICA.

(A)

(B)
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Hemifield visual loss is loss of vision to one side involv-
ing both eyes.21 It can be complete (hemianopia) or partial 
(quandrantanopia). It is detected by confrontational visual 
field testing in which the patient focuses on the examiner’s 
nose and responds to stimuli in the fields of peripheral 
vision; it may be confirmed by computerized perimetry 
testing. Many patients with hemianopia are unaware of this 
symptom until demonstrated to them during their neuro-
logic examination. Common presenting complaints are 
bumping into objects consistently on one side or, if driving, 
side-swiping a car present in the deficient visual hemifield. 
A stroke in the left hemisphere affecting the visual pathway 
will cause a right visual field defect, and vice versa. The 
further back the lesion is located in the visual pathway, the 
more homonymous (congruent) the defect in the two eyes 
(1.7). The chief practical results of a hemianopic visual 
field loss are that it usually precludes the ability to safely 
operate a motor vehicle and can make reading difficult. 
Spontaneous improvement of hemianopia typically occurs 
over the first 3 months post-stroke.22

Cortical blindness is a rare clinical condition that results 
from infarction in both occipital lobes. The patient is blind 
but may describe visual phenomena. Anton’s syndrome is 
the syndrome of cortical blindness in which patients deny 
their dense visual loss.6

Diplopia (binocular double vision) may result from 
strokes in the posterior circulation because vertical and 
pontine gaze centers are located in the dorsal midbrain 
and pons, respectively (1.8).6,23 The double images can 

be horizontal, vertical, or oblique. Rarely, with brainstem 
stroke, the visual world may appear tilted.6 When one eye 
is closed, there is no diplopia.
Forced gaze to one side and gaze preference are important 
clinical findings in acute stroke.6 Forced gaze means that 
both of the patient’s eyes are deviated to one side and do 
not move from that position, a common early symptom in 
pontine strokes involving the horizontal gaze center. Gaze 
preference means that the patient’s eyes are preferentially 
deviated in one direction but can be brought back to the 
midline or ‘dolled’ over to the contralateral side when 
the examiner moves the patient’s head in the direction of  
the deviated eyes. These findings are consistent with a severe 
anterior circulation stroke involving the frontal eye fields  
on the same side as the gaze preference. For example, if 
the eyes are deviated to the right, one would expect a large  
stroke in the frontal region of the right hemisphere. The 
patient is said to be ‘looking to the side of the stroke’ (1.9).

Visuospatial neglect6 . Patients with infarction in the 
right (non-dominant) hemisphere are often unaware 
of the left side of the body or the left side of the space 
around them (1.10).6,24 They do not recognize that  
the limbs on the left side are paralyzed or weak and are 

1.7 Hemifield visual loss. An acute infarct in the territory of the 

right PCA (arrowheads) on head CT scan (A) caused a left 

homonymous hemianopia. Other lesions, shown on a higher 

cut of this scan (B) in the right external capsule and the left 

posterior temporal lobe help explain this patient’s vascular 

dementia.

1.8 Oculomotor impairment. Acute infarct of the right cerebellar 

hemisphere, with mass effect on the brainstem resulting in 

diploplia (T2-weighted MRI sequence).

(A) (B)



8 Stroke basics

often unable to identify their left body parts; the patient 
may deny ownership of a paretic limb. Most commonly 
due to right parietal infarction, this inability to recognize 
a deficit is called anosagnosia. In a milder form, when 
presented with visual or sensory stimuli to both sides of 
the body at the same time (bilateral simultaneous stimuli), 
patients may ‘extinguish’ (not perceive) the stimulus on 
the left. Hemineglect is a predictor for poor rehabilitation 
and functional outcomes post-stroke.25,26

Language and speech production7 :
Dysarthria is slurring or mispronunciation of normal 
speech. The words and sentences are correct, but the patient 
may be difficult to understand. Dysarthria can be heard in 
patients with facial or tongue weakness and also occurs in 
strokes involving the cerebellum and brainstem. Patients 
often state that they are ‘speaking like they were drunk.’
Aphasia is difficulty with language processing: produc-
tion and/or comprehension of speech. The stroke respon-
sible occurs in the dominant (usually left) hemisphere.

Broca’s aphasia –  (expressive and non-fluent) is a condi-
tion in which the patient has difficulty with naming 
and has very halted, frustrated, effortful speech. There 
is no difficulty understanding spoken language. The 
patient may state: ‘I knew what I wanted to say, but just 
couldn’t find the words.’ Broca’s area is an anatomi-
cal site at the base of the motor strip in the dominant 
hemisphere (1.3B, 1.11A,B). This type of aphasia is 
often associated with contralateral limb (arm > leg) 
and facial weakness.

Wernicke’s aphasia –  (receptive and fluent) is a con-
dition in which the patient cannot understand spoken 
language, but talks ‘fluently’ in long sentences often 
devoid of nouns and most meaning. Wernicke’s area is 
an anatomical site near the angular gyrus in the dom-
inant hemisphere (1.3B, 1.11C). Wernicke’s aphasia 
may exist without motor impairment, and thus, the 
patient may be misdiagnosed as being simply ‘con-
fused,’ or ‘intoxicated.’
Global aphasia –  is the condition where the patient has 
both expressive and receptive deficits. Patients are fre-
quently mute, and must rely upon visual mimicry to 
follow along with a neurologic exam.

Aphasia resulting from stroke will frequently evolve and 
usually improve, such that its basic characteristics fluc-
tuate. Patients often will describe that their fluency will 
seem to break down when they are tired at the end of a 
long day. Subtle improvements in language-related defi-
cits may occur even months to years following a stroke.

1.9 Gaze deviation. A patient with right gaze deviation (A). Note 

the far right position of the lenses of the eyes (arrowheads) 

on a lower cut of the CT scan. The responsible lesion, a large 

right frontoparietal intracerebral hemorrhage (B), impaired the 

patient’s ability to drive the eyes to the left, a function of the right 

frontal eye fields.

1.10 Hemineglect. Head CT scan demonstrates a subacute 

right hemispheric stroke that caused left body hemineglect. The 

evolving right hemispheric edema causes mass effect on the 

adjacent right lateral ventricle, while a chronic, left MCA infarct 

caused atrophy and associated ex-vacuo enlargement of the left 

lateral ventricle.

(A) (B)
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Cognitive and behavioral deficits8 . Although aphasia 
and neglect are the most common higher cognitive defi-
cits related to stroke, a wider range of neurobehavioral 
deficits include apraxia, memory loss and dementia, 
fatigue, depression, and other psychiatric disorders (e.g., 
emotional incontinence, anger, anxiety) can occur.6,27 
Given the advancing age of the general population, strong 
interest has arisen in the field of cognitive/neurobehav-
ioral deficits associated with stroke. Large-scale clinical 
trials have begun to investigate vascular dementia result-
ing from multiple ischemic infarctions (e.g., 1.7) and 
post-stroke depression.28,29

Stroke outcomes

An excellent predictor of stroke outcomes is stroke severity at 
presentation. A measure of stroke-related neurologic deficits, 
the National Institutes of Health Stroke Scale (NIHSS) score 
has been extensively studied in clinical trials and has been 
shown to be a very useful predictor of 3-month outcomes. 
NIHSS scores from 0 to 10 (mild deficits); 11 to 20 (mod-
erate); and >20 (severe) have decreasing potential for good 
outcomes (Table 1.3).30 The NIHSS is an excellent way for 
clinicians to communicate the severity of a stroke. Physicians 
and nurses caring for patients with strokes can be certified in 
the use of the NIHSS by the American Stroke Association or 
the National Stroke Association on their respective websites. 
Training materials can be obtained from the National Institutes 
of Neurologic Disease and Stroke (NINDS) website. The 
NIHSS score is heavily weighted toward anterior-circulation 
strokes, such that aphasia and hemiparesis often account for 
most of the points accumulated by any individual patient. 
Posterior circulation strokes frequently include neurologic 

signs such as nystagmus, dysmetria, gait imbalance, or dys-
arthria, which do not contribute significantly to the NIHSS 
score, such that the score may underestimate the severity of a 
posterior circulation lesion.31 In addition, a left middle cere-
bral artery stroke will have a higher NIHSS than an equally 
severe right middle cerebral artery stroke because of the scor-
ing for language impairment. In practice, it is relatively simple 
to indicate to patients and their families how severe the deficit 
appears to be based solely upon the neurologic examination 
and NIHSS score. The potential for good outcomes is poor in 
moderate to severe strokes if left untreated.

Other common types of outcomes scales measure differ-
ent dimensions of recovery and disability after acute stroke.31 
Some were developed specifically for stroke patients, while 
others look at disability and recovery following any type of 
acute brain injury:

1.11 Aphasia. A diffusion-weighted MRI 

sequence (A) and apparent diffusion coefficient 

map (B) of a left MCA lesion, involving an 

anterior branch and affecting predominantly the 

insular cortex clinically expressed as Broca’s 

(non-fluent, expressive) aphasia. A second 

acute left MCA infarct, apparent diffusion 

coefficient map (C) clinically associated with 

Wernicke’s (fluent, receptive) aphasia.

Table 1.3 Admission NIHSS Score predicts short-

term outcomes from acute ischemic stroke*

PROACT-II. Percentage of patients with minimal or no 

deficits (Modified Rankin Scale, 0–1), at 90 days post-

stroke:

NIHSS 4–10: 63%

NIHSS 11–20: 24%

NIHSS 21–30: 7%

Adapted from Furlan et al.37

TOAST

NIHSS 6: 80% Excellent or good outcome

NIHSS 16: >85% Severe disability or death

Adapted from Adams et al.30

*Data derived from control groups’ outcomes in two clinical 

trials, PROACT-II and TOAST.

(A) (B) (C)
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Barthel Index (BI) assesses activities of self-care and 
mobility.
Modified Rankin Scale (mRS) assesses functional 
independence.
Glasgow Outcome Scale (GOS) assesses general level of 
disability and recovery following acute brain injury.
PHQ-932 assesses depression.
Stroke-specific Quality of Life scale33 assesses quality of 
life.

The National Institute of Neurological Disorders and 
Stroke Recombinant Tissue Plasminogen Activator (NINDS 
rt-PA) Stroke Trial combined the NIHSS, mRS, BI, and 
GOS into a single global outcomes measure.34 Most acute 
stroke clinical trials use the mRS at 90 days as a primary 
outcome measure.

Diagnosis of stroke

The diagnosis of stroke is made by taking a careful history, 
performing a neurologic examination, and confirming the 
clinical diagnosis with an appropriate neuroimaging study. 
Seizures, hypoglycemia, trauma, and migraine are the most 
common mimics of the focal neurologic deficits in acute 
stroke. Brain tumors occasionally present with sudden onset 
of symptoms due to an associated hemorrhage into the 
tumor. Global symptoms of stroke such as altered level of 
conscious can be mimicked by metabolic encephalopathy. 
In most cases, the clinical diagnosis of stroke is not diffi-
cult. However, patients with global encephalopathy due to 
diagnoses such as venous sinus thrombosis, vasculitis, or 
multifocal emboli are more challenging; these cases are usu-
ally diagnosed by neuroimaging.

Neuroimaging

The evolution of modern neuroimaging has revolutionized 
the diagnosis and management of stroke. The modalities 
currently used are listed here and will be shown throughout 
the text.

Non-enhanced head computed tomography (CT) scans 
are the most commonly available neuroimaging studies 
for acute stroke. This modality is excellent in detect-
ing ICH and SAH (1.1C,E, 1.9B), but is insensitive to 
small areas of infarction, especially in the posterior fossa 
(1.12). In most cases of early infarction (e.g., 1–4 hours 
after onset), the CT scan is normal. Subsequent scans 
over the next few hours begin to demonstrate an evolving 
infarct (1.13).
Well-delineated hypodensity on CT indicates infarcted 
tissue (1.13C).

1.12 Paramedian pontine stroke. (A) Non-contrast head CT scan 

shows a faint hypodensity in mid-pons. The hypodense lesion in 

the left occipital pole (arrow) is likely a small, old PCA stroke. (B) 

The diffusion-weighted MRI study readily delineates the acute 

stroke as an area of restricted diffusion in the left medial pons.

1.13 Serial neuroimaging, infarct 

in evolution. A right MCA-territory 

AIS on head CT scans. (A) Note 

blurring of sulcal spaces, and 

early hypodensity, at 6 hours. (B) 

The hypodense lesion becomes 

better delineated, at 24 hours. (C) 

The lesion demarcated as a wide 

hypodensity, with mass effect along 

the midline, at 40 hours.

(A) (B)

(A) (B) (C)
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CT angiography using iodinated contrast dye can be used 
in the acute setting to diagnose large vessel extracranial 
and intracranial occlusions, and provides outstanding 
resolution for assessing the morphology of intracranial 
aneurysms and their position relative to the skull base.
CT perfusion studies can delineate a region of 
decreased cerebral blood flow, and may be combined 

with other imaging modalities to identify hypoperfused 
‘tissue-at-risk’ for infarction. If the area of decreased 
cerebral blood flow ‘matches’ the area of very low 
cerebral blood volume then that area will typically go 
on to infarct (1.14). If the area of decreased cerebral 
blood volume is quite small compared with the area of 
decreased cerebral blood flow (mismatch), reperfusion 

1.14 Perfusion CT imaging. (A) Cerebral blood flow map: hypoperfusion in a wide left-

MCA distribution. (B) Mean transit time map: the region of slow mean transit time mirrors 

that of the cerebral blood flow map. (C) Cerebral blood volume map: no significant region 

of low volume is observed, suggesting that this ischemic tissue has not as yet infarcted. 

This cerebral blood flow/cerebral blood volume mismatch is consistent with an ischemic 

penumbra that might benefit from reperfusion therapy.35

1.15 Perfusion–diffusion mismatch. This 52-year-old patient with a history of hypertension and tobacco use presented with acute-

onset left hemiplegia, and a head CT scan (not shown) with a hyperdense middle cerebral artery sign, consistent with a proximal 

MCA occlusion. The perfusion-weighted MRI scan, here a map of mean transit time (A,B), shows deficient blood flow throughout the 

right MCA territory as a red region, but the diffusion-weighted MRI sequence (C,D) shows a smaller area of patchy infarction. This 

perfusion–diffusion mismatch directed reperfusion therapy, and the good outcome was confirmed with a follow-up CT scan 1 day later 

demonstrating only a small, predominantly subcortical infarct as a hypodense lesion (arrowheads) (E).

(A)

(A) (C)

(B) (D) (E)

(B) (C)
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treatment may prevent infarction. The mean transit 
time also has predictive value.35

Magnetic resonance imaging (MRI) is not as readily 
available for acute stroke diagnosis in many hospitals. 
The diffusion-weighted image sequence is sensitive to 
ischemia within minutes of the onset of symptoms (1.4, 
1.15). This technique is helpful when the diagnosis is 
in question and is excellent for identifying very small 
strokes causing minimal neurologic deficits. A ‘dark’ or 
hypointense lesion on the apparent diffusion coefficient 
map confirms that a diffusion-weighted magnetic 
resonance imaging lesion is due to infarction (1.11).

1.16 Magnetic resonance angiography, intracranial study. 

Proximal occlusion of the left middle cerebral artery, the M1 

segment, on coronal (A) and transaxial (B) views (arrow). No 

distal, left hemispheric blood flow is observed.

1.17 Conventional angiography, anterior circulation. (A) An 

injection of the left common carotid artery, lateral projection 

(left), shows the carotid bifurcation, with a tortuous, redundant 

cervical ICA and a distal ICA aneurysm, the same lesion shown 

in 1.1G. An ICA injection, lateral view (right), again shows 

this aneurysm (arrow), as well as flow into the three major 

intracranial arteries of the cerebral hemisphere, the PCA, MCA, 

and ACA. (B) An anteroposterior injection of the previous image 

(A, right) shows clearly the branching of the distal ICA into the 

ACA toward the midline and the MCA laterally; as well as a 

different view of the aneurysm (arrow). (C) Injection of the right 

ICA, anteroposterior projection, of a different patient shows 

an acute occlusion of the superior M2 (second-order MCA) 

branch (arrowhead), just distal to the prominent (hyperemic) 

lenticulostriate system.

(A)

(A)

(B)

(C)
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When there is a small area of abnormality in the diffusion-
weighted image sequence and a large area of abnormality 
in the perfusion-weighted sequence, there is a so-called 
‘perfusion/diffusion mismatch’ (1.15),36 which is akin to 
the cerebral blood flow/cerebral blood volume findings of 
perfusion CT imaging. A mismatch indicates an oppor-
tunity to salvage tissue that is underperfused but not yet 
showing a diffusion deficit indicating cellular injury. This 
kind of physiologic analysis may be the best way to pre-
dict which cases could tolerate a longer time window for 
intravenous reperfusion therapy and/or those who should 
go on to neurointervention.
Magnetic resonance angiography is useful in screening 
for extracranial and intracranial large vessel occlusions 
or stenoses (1.16). In general, magnetic resonance 
angiography tends to overestimate the degree of stenosis, 
but gadolinium, a contrast agent, improves the quality of 
this technique.
Digital subtraction angiography, also called conventional 
cerebral angiography (1.17, 1.18), is the gold standard 
for visualization of extracranial and intracranial vessels, 
but has the disadvantage of being invasive and requiring 

specialized equipment, technicians, and interventional 
neuroradiologists.
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