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v

Medicine, including neurology, is an ever-changing field. As new research 
and clinical experience extends our knowledge, revisions of diagnostic 
procedures, treatment protocols, and drug therapy may become necessary. 
While the authors have made considerable efforts to describe generally 
accepted practices and to confirm the accuracy of the data, they are not 
responsible for errors or omissions or for any consequences from application 
of the information in this publication. To the fullest extent of the law,  
neither the authors nor the publisher assumes any liability for any damage 
and/or injury to persons or property arising from this book. The application 
of the information in this book remains the professional responsibility of 
the practitioner. In particular, the reader is urged to confirm the accuracy of  
the information relating to drug therapy by checking the most current product 
information provided by the drug manufacturer and by consulting other  
pharmaceutical literature to verify the recommended dose, the method and 
duration of administration, as well as possible contraindications and drug 
side effects. The treating physician is responsible for the decision on dosages 
and the best available treatment for each individual patient.

Disclaimer
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Foreword to the First Edition

The days of textbooks are numbered but not for this one. In the modern 
computer age, most of our knowledge is gained online and the need for 
weighty textbooks is over. Much of our learning comes from clinical 
experience and seeing our colleagues, senior and junior, at work.

During the early stages of a neurologists’ career, there is a tremendous 
need for a reasonably short book which enables the beginner to grasp the 
whole span of the subject, a book which will provide a framework on 
which to graft their growing bedside experience. This is that book. It takes 
its stance at the bedside, be that the outpatient clinic couch or the hospital 
bed. The winning combination of junior neurologist Daniel Kondziella  
and senior professor Gunhild Waldemar covers the spectrum from anatomy 
and physiology, through history and examination, to differential diagnosis, 
investigation, and treatment. Concise, clear, and written in impeccable 
English, each chapter could be consumed in an evening, leaving the reader 
with a sound basis for their clinical practice, further enquiry, and lifelong 
learning.

Each generation needs its own text to tackle the problems of the modern 
era. This text is modern and full of wisdom. I warmly recommend it to the 
neurologist in training and the more senior neurologist who wants to match 
their knowledge against an authoritative template.

London, UK, 2013 Richard Hughes M.D., F.R.C.P., F.Med.Sci.

ALGrawany
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Advances in neurology are occurring at an ever-increasing rate. Since the 
second edition of this book six years ago, extraordinary results have once 
again been achieved in all neurological subspecialties.

Advances in our understanding of neurological diseases due to modern 
neuroimaging, molecular neuroscience, and genetic testing, as well as 
stricter standards for the conduct of clinical trials, have translated into 
numerous new therapeutic options. Although many neurological diseases are 
still incurable, today there is virtually no disorder that cannot be treated.

Conversely, advances in fields outside of neurology, especially oncology, 
are creating unforeseen neurological complications that neurologists are 
increasingly called upon to attend to. Examples include neuromuscular 
disorders and autoimmune encephalitis induced by immune checkpoint 
inhibitors such as nivolumab in patients with melanoma and a variety 
of solid cancers and immune effector cell-associated neurotoxicity 
syndrome (ICANS) following CAR-T therapy for lymphoma. Similarly, 
new epidemiological trends are giving rise to neurological disorders once 
considered extremely rare such as subacute combined degeneration of the 
spinal cord leading to sensory ataxia in large numbers of young adults who 
abuse nitrous oxide.

Finally, COVID-19 has been a challenge not least for its many 
neurological complications in the ICU.

We have therefore carefully updated the text and included references 
to major revisions such as new classifications and treatment guidelines. In 
addition, we have added new graphic material and case stories that illustrate 
important concepts for the young neurologist’s daily clinical practice.

We would like to express our gratitude to our patients, our neurologist 
and non-neurologist colleagues, and our families.

Copenhagen, Denmark, 2023 Daniel Kondziella
Gunhild Waldemar

Preface to the Third Edition
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1

What to Expect from This Book 
(and What Not to)

Abstract

Neurologists take pride in their clinical bed-
side skills, perhaps even more so than other 
physicians. Good clinical mentorship is man-
datory in order to develop such skills; how-
ever, due to an ever-increasing need for more 
efficient working structures, the time and 
dedication that mentorship requires may not 
always be available. The authors have there-
fore written this book for neurology residents 
who are looking for a personal clinical men-
tor, guiding them through the entire patient 
encounter: from a comprehensive history and 
an efficient clinical examination to a thor-
ough differential diagnosis, ancillary investi-
gations, and finally treatment options.

Keywords

Clinical skills · Clinical neurology · 
Examination · Differential diagnosis · 
Mentorship · Neuroanatomy · Patient history · 
Treatment

Few things in medicine are as fascinating as 
watching an experienced neurologist perform 
a history and bedside examination to generate 
a differential diagnosis prior to any laboratory 
investigations. Good clinical skills are mandatory 
when it comes to placing the patient on the right 

diagnostic track and to interpreting laboratory 
results correctly. These skills are acquired through 
regular training, in-depth theoretical knowledge, 
and good mentorship. The neurology trainee is 
responsible for the first two aspects, while good 
clinical mentorship requires a dedicated consult-
ant who may not always be available.

Neither a traditional textbook nor a pocket 
manual, the aim of this book is to act as a 
clinical mentor and provide information other-
wise difficult to look up in the usual reference 
sources. It tries to answer the sort of questions 
neurology trainees typically would ask their 
consultants.

• How do I distinguish clinically between 
myasthenia gravis and Lambert-Eaton myas-
thenic syndrome?

• What is the differential diagnosis of a rapidly 
progressive dementia if the initial workup is 
negative?

• Which anatomical lesions can lead to 
Horner’s syndrome?

• Which neurophysiological features dis-
tinguish axonal from demyelinating 
polyneuropathy?

• How do I treat autonomic dysreflexia in a 
patient with chronic spinal injury?

To this end, the approach of the present book 
reflects the course of the neurological consul-
tation. The history, bedside examination, and 
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2 1 What to Expect from This Book (and What Not to)

classified into primary and secondary headache 
syndromes, the latter of which can be further 
divided into intracranial and extracranial disor-
ders and so on.

Second, this chapter provides a comprehen-
sive differential diagnosis of most of the disor-
ders encountered in neurological practice. Due 
to space limitations, the background information 
is limited, but the chances are minimal that a 
patient, even at tertiary care level, has a neuro-
logical diagnosis not covered by this chapter.

Chapter 5 provides a short overview of the 
main laboratory investigations performed in 
neurology with emphasis on the clinical aspects.

Chapter 6 offers a reference of medical, 
surgical, and other treatment options for most 
neurological conditions. Again, this chapter is 
written from a clinical mentor’s point of view. 
It suggests the medication and dosage that may 
be chosen for a given condition but assumes 
that the reader is familiar with the pharmacody-
namic and pharmacokinetic data, contraindica-
tions, and side effects. The main focus of this 
chapter is to guide the resident on call. Thus, the 

generation of a working diagnosis are discussed 
first, followed by a review of laboratory investi-
gations and medical treatment (Fig. 1.1).

Like any clinical mentor, this book demands 
an active effort and commitment from you. It 
is assumed that you have at least a superficial 
knowledge of neurology and that you will con-
sult a good reference source if needed.

Chapters 2  and  3 review the relevant neu-
roanatomy from a clinical point of view and 
provide the tools to obtain an efficient clinical 
history and bedside examination. These chapters 
can be read straightforwardly from the first to 
the last page.

Chapter 4 is somewhat more complicated and 
demands greater flexibility. The chapter’s aim is 
twofold.

First, using a specific clinical syndrome as 
its case, it intends to teach the reader how to 
approach differential diagnosis in a structured 
manner. This is the bird’s-eye view. Although 
there are hundreds of etiologies to a given pol-
yneuropathy, most can be diagnosed using a 
simple three-step approach. Headache can be 
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To learn how to generate an “anatomical hypothesis”

To learn how to ask for these features during the history 

To be able to interpret the results of ancillary investigations correctly 

To master the clinically relevant neuroanatomy

To understand the principles of the common ancillary investigations used in clinical neurology

To be able to generate a working diagnosis for (almost) every neurological complaint 

To learn how to approach the differential diagnosis of neurological disorders systematically 

To know the most common treatment options for neurological disorders

To be able to modify the bedside examination according to the history and the “anatomical hypothesis” 

To recognize features in the clinical history pointing towards a specific anatomical site

To be able to perform an efficient bedside examination

Chapter 2
Clinical history and neuroanatomy

Chapter 3
Neurological bedside examination

Chapter 4
Differential diagnosis

Chapter 5
Ancillary investigations

Chapter 6
Treatment of neurological disorders

Fig. 1.1  Summary of chapter learning objectives
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emphasis is on treatment of cerebrovascular dis-
orders and epilepsy. Neurorehabilitation, coun-
seling, and regular follow-up, which should be 
an integral part of neurological management, are 
not covered.

The authors are grateful for any comments 
and suggestions for improving future editions. 

Also, they hope that upon completion of your 
neurology training, you will know most of the 
content of this publication like the back of your 
hand.
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Clinical History 
and Neuroanatomy: “Where Is 
the Lesion?”

Abstract

The first step in the management of the neu-
rological patient is to localize the lesion. 
While taking the history, the neurologist gen-
erates an anatomical hypothesis, which subse-
quently can be confirmed or rejected during 
the bedside examination. Following this, a 
working diagnosis is established and ancillary 
tests are chosen accordingly. Although the 
anatomy of the nervous system is highly com-
plex, distinct anatomical entities have charac-
teristic features. For instance, the hallmark of 
a myopathy is symmetric proximal weakness 
without sensory disturbances. Fatigability 
together with proximal weakness, including 
bulbar and oculomotor features, is typical 
for a disorder of the neuromuscular junction. 
In contrast, diseases of peripheral nerves, the 
brachial and lumbosacral plexus, as well as 
nerve roots usually lead to both motor and 
sensory deficits. Further, injury to the spinal 
cord is associated with a triad of paraparesis, 
a sensory level of the trunk, and sphincter dis-
turbances. Brainstem processes often produce 
ipsilateral cranial nerve deficits and contralat-
eral sensorimotor signs. While damage of 
the cerebellar hemispheres causes ataxia and 
intention tremor of the ipsilateral extremity, 
lesions of the midline region mainly lead to 
gait ataxia and truncal instability. Movement 
disorders due to disease involving the basal 
ganglia can be divided into hypo- and 

hyperkinetic disorders. Lesions involving the 
subcortical white matter frequently induce 
visual field deficits, complete hemiplegia, 
and dense numbness. Impairment of higher 
cognitive function, incomplete hemiparesis 
(sparing the leg), and epileptic seizures are 
common signs of cortical disease. This chap-
ter reviews the relevant neuroanatomy from 
a clinical viewpoint and provides the reader 
with the tools to perform a competent clinical 
history.

Keywords

Basal ganglia · Brachial plexus · Lumbosacral 
plexus · Brainstem · Cerebellum · Cortex · 
Cranial nerves · Muscle · Nerve roots · 
Neuromuscular synapse · Peripheral nerves · 
Spinal cord · Subcortical white matter · 
Thalamus

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
D. Kondziella and G. Waldemar, Neurology at the Bedside,  
https://doi.org/10.1007/978-3-031-43335-1_2

2

The neurological history differs from the his-
tory in other medical specialties insofar as it 
is primarily anatomy based. When examining 
a new patient, the first question a neurologist 
attempts to answer is, “Where is the lesion?” 
The main principle is to use the history to gen-
erate an anatomical hypothesis and to use the 
bedside examination to confirm this hypothesis. 
Following this, other features of the history, 
such as epidemiological data and the speed of 
symptom development, are taken into account 
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(AD) and epilepsy are mainly disorders of cortical  
function. Importantly, each anatomical unit has 
a specific symptomatology that can be elicited 
during the history. The neurologist can therefore 
“examine” the patient from the muscle to the cor-
tex solely by performing a good neurological his-
tory. The essential anatomical and clinical features 
are summarized in the following pages and in 
Table 2.1.

Although it is of preeminent importance not 
to push the patient into reporting the symptoms 
that one is trying to elicit, the history must be 
meticulous and detailed. A useful clinical rule 
is that after finishing the history, one should 
have a clear and detailed idea of what has hap-
pened and be able to fully visualize the sequence 
of events. The focus should be on the principal 
symptoms and signs; the neurologist should not 
let minor findings and uncertain clinical data 
distract from the greater picture. (Admittedly, 
this is not easy without experience.) If the 
patient has many different and seemingly unre-
lated complaints, it is useful to ask what both-
ers him most and then concentrate on this 
complaint.

Taking a history is difficult in patients with a 
disorder that affects the level of consciousness, 
communication skills, and/or cognitive func-
tion, e.g., due to amnesia, aphasia, impaired 
judgment, lack of insight, and confabulation. A 
patient with AD, for instance, may not be able 
to explain his symptoms or the course of the dis-
ease; if he can, it might well be that not all of the 
information can be taken at face value. Likewise, 
the aphasic patient following a left middle cer-
ebral artery (MCA) occlusion may have difficul-
ties understanding the examiner’s questions, or 
she may well understand but be unable to for-
mulate an appropriate answer. Further, a patient 
with a frontal brain tumor may have become 
so apathetic and indifferent that he might not 
complain at all despite an obvious inability to 
perform basic activities of daily living. In con-
trast, a patient with locked-in syndrome due to 
a large pontine infarct following a basilar artery 
thrombosis is awake and may fully understand 
the examiner but has lost all efferent motor con-
trol except for a few eye movements. Similarly, 

in order to answer the next question, “What is 
the lesion?” Thereafter, the neurologist forms a 
differential diagnosis and a working diagnosis 
and then accordingly orders the most relevant 
laboratory tests. Strictly adhering to this schema 
allows for a safe and rapid diagnostic proce-
dure. Obviously, in many cases, the experienced 
neurologist uses a shortcut called instant pat-
tern recognition to reach a diagnosis. Yet, when 
confronted with a difficult diagnostic problem, 
nothing is more useful than to return to the bed-
side and take a more detailed history. Also, the 
history is more likely to lead to the correct diag-
nosis than the physical examination. Therefore, 
as a rule, more time should be devoted to the 
history compared to the bedside examination.

In order to obtain a neurological history, it is 
helpful to divide the complexity of the nervous 
system’s anatomy into small manageable enti-
ties (Fig. 2.1). From peripheral to central, these 
include:

• Muscle
• Neuromuscular synapse
• Peripheral nerves
• Brachial and lumbosacral plexus
• Nerve roots
• Spinal cord
• Cranial nerves (CNs)
• Brainstem
• Cerebellum
• Subcortical gray matter such as the thalamus 

and basal ganglia
• Subcortical white matter
• Cortex.

The subcortical white matter and the cortex can 
be further differentiated into:

• Frontal lobes
• Temporal lobes
• Parietal lobes
• Occipital lobes.

Many diseases can be classified according to 
which of these entities they affect. For instance, 
myasthenia gravis (MG) is a disease of the neu-
romuscular synapse, while Alzheimer’s disease 
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Fig. 2.1  Nervous system’s anatomy can be divided into small manageable entities. Each anatomical unit has a spe-
cific symptomatology that can be elicited during the history



8 2 Clinical History and Neuroanatomy: “Where Is the Lesion?”

patients with terminal amyotrophic lateral sclero-
sis (ALS) or fulminant Guillain-Barré syndrome 
(GBS) may be anarthric and unable to com-
municate verbally. In all these situations, prior 
to taking a formal history, it is the duty of the 
neurologist to evaluate the cognitive capabilities 

of the patient and to find appropriate means of 
communication, e.g., by establishing a reliable 
code for locked-in patients to indicate yes and 
no using blinking or vertical eye movements. 
Also, it is of utmost importance to ensure that 
all other sources, e.g., spouses, family, friends, 

Table 2.1  Summary of key anatomic features for history taking and bedside examination

Muscle: Proximal, symmetric weakness; no sensory symptoms
Neuromuscular junction: Fatigability; proximal, symmetric (or asymmetric) weakness; no sensory symptoms
Peripheral nerve: Sensory symptoms; distal, asymmetric weakness (except for symmetric polyneuropathy); normal 
or decreased muscle tone; hyporeflexia; eventually atrophy and fasciculations; motor and sensory deficits correlate to 
peripheral nerve distribution; sympathetic function (sweating) may be disturbed
Brachial plexus, lumbosacral plexus: Sensory symptoms; often distal greater than proximal weakness; normal or 
decreased muscle tone; hyporeflexia; eventually fasciculations and atrophy; motor and sensory deficits are neither 
consistent with a single peripheral nerve distribution nor with a specific dermatome/myotome; sympathetic function 
(sweating) may be disturbed, including Horner syndrome with a lower brachial plexus lesion; radiculopathic pain is 
common
Nerve root: Sensory symptoms; distal greater than proximal weakness; normal or decreased muscle tone; hypore-
flexia; possibly atrophy and occasionally fasciculations; motor and sensory deficits associated with specific der-
matome/myotome; radiculopathic pain; sympathetic function normal
Spinal cord

Complete or near-complete transection or myelitis: Triad of paraparesis (spastic below site of lesion), sensory level, 
and sphincter disturbances
Anterior cord syndrome: Dissociated sensory loss with preserved vibration and proprioception but impaired percep-
tion of pain and temperature; paraparesis
Dorsal cord syndrome: Impairment of vibration and proprioception
Brown-Séquard syndrome (=hemitransection): Ipsilateral paresis; ipsilateral loss of vibration and proprioception; 
contralateral loss of pain and temperature
Syringomyelia (most often enlargement of cervicothoracic central cord): Dissociated sensory loss with bilateral 
impaired perception of pain and temperature; later bilateral paresis due to injury to nucleus of second motor neuron
Brainstem and cranial nerves: The brainstem includes (a) mesencephalon, (b) pons, and (c) medulla oblongata and 
consists of (x) all long afferent and efferent tracts, (y) vegetative centers (e.g., respiration), and the ARAS (arousal) 
and (z) nuclei of CN III–XII (mesencephalon III–V, pons V–VIII, medulla oblongata V and IX–XII). Thus, brainstem 
reflexes can be used to locate the lesion on a vertical axis (e.g., pupillary reflex, in, CN II, out, III; corneal and eye-
lash reflexes, in, V, out, VII; vestibulo-cephalic reflex and VOR, in, VIII, out, III and VI; and gag reflex, in, IX, out, 
X). Lesions often lead to ipsilateral CN and contralateral long tract signs, e.g., ipsilateral, peripheral (!) facial palsy, 
and contralateral hemiparesis. (However, if lesions affect the site above the nucleus of the facial nerve, there may be 
a contralateral, central facial palsy.) Other typical brainstem symptoms are, e.g., dysphagia, diplopia, and dysarthria 
(but not dysphasia, which is a cortical phenomenon)
Cerebellum: Cerebellar hemispheric lesions lead to ipsilateral (!) cerebellar ataxia and intention tremor. Cerebellar 
midline lesions lead to gait and truncal ataxia (without severe ataxia of the extremities)
Subcortical gray matter: Consists of basal ganglia, thalamus, and hypothalamus; deficit of dopamine functions leads 
to parkinsonism (tremor, bradykinesia, rigidity, postural instability) and dopamine hyperfunction to, e.g., chorea
Subcortical white matter: Visual field deficits, dense numbness, complete hemiparesis, executive dysfunction, and 
decreased psychomotor speed

Cortex: Impairment of higher cognitive function, including amnesia, aphasia, apraxia, visuospatial deficits, and 
neglect; epileptic seizures; incomplete hemiparesis sparing the leg; frontal lobe (executive dysfunction, personality 
impairment, hemiparesis due to lesions of the supplemental motor area and primary motor cortex, nonfluent or motor 
dysphasia); temporal lobe (auditory hallucinations due to lesions of the primary auditory cortex, memory disturbance 
with damage to the hippocampal formation, rising epigastric sensation and automatisms with temporal lobe seizures, 
fluent or sensory dysphasia); parietal lobe (visuospatial disorientation, sensory hemisymptoms due to lesions of 
the sensory cortex); and occipital lobe (visual hallucinations and cortical blindness with damage to primary visual 
cortex)
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92.1 Muscle

nurses, ambulance personnel, and patient notes, 
are taken into account to establish a history that 
is as detailed and as accurate as possible.

2.1  Muscle

The hallmark of a generalized myopathy is proxi-
mal symmetric weakness without sensory symp-
toms. For assessment of proximal weakness of the 
lower extremities, ask the patient about difficulties 
rising from a chair, getting out of bed, climbing 
stairs, or leaving the car without using his arms to 
pull himself up. In order to rise from a sitting posi-
tion, a patient with severe weakness of the hips and 
thighs may have to flex his trunk at the hips, put his 
hands on his knees, and push his trunk upward by 
working his hands up his thighs. To discover upper 
extremity weakness, ask about problems work-
ing with the arms above the shoulder girdle. For 
instance, the patient may be unable to lift a child 
or a heavy bag, hang laundry on a clothesline, or 
wash his hair in the shower. Note that delicate hand 
movements usually do not present any difficulties, 
which is why writing, turning a key in the keyhole, 
or manipulating small buttons is not problematic. A 
patient with severe myopathy has a characteristic 
stance and gait pattern with marked lumbar lordo-
sis. Also, when standing, the patient places his feet 
wide apart to increase the base of support, while 
his gait is characterized by the pelvis tilting from 
side to side because of bilateral weakness of the 
gluteus medius muscles. Thus, the patient “strad-
dles as he stands and waddles as he walks.”1

Importantly, the neurologist needs to rule out 
sensory symptoms. A myopathy may be painful, 
but a clear complaint of sensory symptoms is 
not compatible with a myopathic syndrome.

Hereditary myopathies may lead to involve-
ment of cardiac muscle as well; thus, it is man-
datory to ask for signs of cardiomyopathy and 
cardiac arrhythmias.

Other signs of muscle disease include:

• Scapular winging, e.g., limb-girdle muscular 
dystrophy and facioscapulohumeral muscular 
dystrophy (FSH).

• Orofacial weakness, e.g., FSH and myotonic 
dystrophy.

• Ptosis, e.g., mitochondrial disease, oculo-
pharyngeal muscular dystrophy, and myo-
tonic dystrophy.

• Gowers’ sign. In order to rise from the 
ground, children with, e.g., Duchenne mus-
cular dystrophy (DMD), may have to assume 
a four-point position by fully extending the 
arms and legs and then working each hand 
alternately up the corresponding thigh.

• Muscle hypertrophy, e.g., the athletic appear-
ance in myotonia congenita.

• Pseudohypertrophy of muscles, e.g., enlarge-
ment of the calves due to replacement of 
muscle cells by fat tissue as seen in DMD.

• Muscle contractures. Boys with DMD, for 
instance, may have to walk on their toes 
because of contractures of the gastrocnemius 
muscles.

• Distal weakness, e.g., hand weakness in myo-
tonic dystrophy, weakness and atrophy of fin-
ger flexors and wrist flexors in inclusion body 
myositis (IBM), and weakness of the thumbs 
and index fingers in late-adult type 1 distal 
myopathy (Welander or the Swedish type of 
distal myopathies).

• Myotonia. A patient with myotonic dystrophy 
may complain of difficulties releasing his 
hand after a handshake. Patients with myo-
tonia congenita exhibit very stiff, awkward 
movements after resting. Movements become 
smoother after a few minutes, the so-called 
warm-up phenomenon.

• Pseudomyotonia. This is seen in paramyoto-
nia congenita of von Eulenburg. In contrast 
to myotonia, pseudomyotonia becomes worse 
with exercise. Typically, cold temperatures 
increase symptoms, e.g., patients may com-
plain about delayed eye opening and facial 
rigidity in the winter.

• Local atrophy, e.g., temporalis muscle atro-
phy in myotonic dystrophy; atrophy of finger 

1 Samual A. K. Wilson, 1878–1937; British neurologist 
and describer of hepatolenticular degeneration (Wilson’s 
disease).
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flexors, wrist flexors, and quadriceps muscles 
in IBM; and limb-girdle atrophy in limb-girdle 
muscular dystrophy and FSH.

• Progressive external ophthalmoplegia is 
encountered in mitochondrial disorders. 
Extramuscular manifestations of mitochon-
drial disorders include diabetes, hearing loss, 
a short stature, and dysfunction of the heart, 
kidneys, and liver.

• Exercise intolerance with or without subse-
quent rhabdomyolysis and myoglobinuria 
is seen in glycogen storage disorders such 
as McArdle disease and lipid storage disor-
ders such as CPT II deficiency (“Has your 
gym teacher in school been angry with you 
because he thought you were lazy?” “Does 
your urine look like cola after you have been 
exercising?”). Characteristically, in lipid stor-
age myopathy, myalgia occurs after exercise. 
In glycogen storage disorders, in contrast, 
myalgia tends to occur during exercise. 
After a few minutes of prolonged exercise, 
patients may experience a characteristic “sec-
ond wind,” and the pain may disappear due 
to metabolic adaptation of the muscles to 
enhance fat oxidation.

• Periodic weakness induced by hypo- or 
hyperkalemia, e.g., severe generalized but 
transitory weakness in potassium-related 
channelopathies.

• Skeletal deformities such as high palate, elon-
gated facial appearance, pes cavus, chest 
deformities, and hip luxations are seen with 
congenital myopathies, e.g., nemaline myo-
pathy, central core disease, and centronuclear 
myopathy. Patients with congenital myopathies 
usually present as “floppy babies” after birth, 
but the deficits often stabilize in later life, lead-
ing to relatively mild functional impairment. 
A history of severe myopathic weakness dur-
ing childhood, improving and stabilizing dur-
ing adolescence, and nasal speech because of a 
high palate are the main clues to the diagnosis 
of a congenital myopathy.

• Respiratory muscle weakness, e.g., Pompe’s 
disease, leading to dyspnea, but also to more 

unusual presentations such as confusion or 
headache because of hypercapnia.

It is important to remember, however, that 
despite the large amount of space reserved in 
neurological textbooks for rare muscle diseases, 
the commonly encountered myopathies in gen-
eral clinical practice are drug-induced myopa-
thies (e.g., steroids, statins) and inflammatory 
myopathies (e.g., polymyositis, dermatomy-
ositis), as well as myopathies associated with 
severe rhabdomyolysis (e.g., hypokalemic). 
These are all characterized by the signs men-
tioned at the beginning of this chapter: proximal, 
symmetric weakness without sensory symptoms.

2.2  Neuromuscular Junction

Similar to myopathies, a disorder of the neuro-
muscular junction is characterized by proximal 
weakness without sensory symptoms. However, 
the hallmark of neuromuscular junction disor-
ders such as MG is muscular fatigability. The 
symptoms therefore are of a waxing and wan-
ing nature. Symptoms may be better in the 
morning and worse in the evening; for instance, 
diplopia commonly increases during the after-
noon. Yet it is generally of little use to ask 
about greater fatigability in the evening—who 
would say no? Instead, what needs to be elic-
ited in the history is the following sequence: 
During a specific muscular activity, weakness 
develops. After a while weakness becomes so 
severe that the patient is forced to take a break, 
after which muscular strength normalizes. The 
activity is taken up again with normal or near-
normal power, but after a while decreasing 
strength makes another break necessary, and so 
on. Examples include patients with masticatory 
weakness who cannot eat a whole meal without 
having to stop several times and patients whose 
speech becomes progressively dysarthric during 
a conversation, forcing them to pause often to 
regain their voice.
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Weakness in most neuromuscular junction 
disorders is so proximal that it affects nuchal, 
facial, pharyngeal, and external ocular mus-
cles. Consequently, head drop,2 decreased 
facial expression, dysphagia, dysarthria, and 
ophthalmoplegia may develop. The smile of a 
myasthenic patient is highly characteristic. The 
face can be completely motionless except for 
half-raised corners of the mouth (it has been 
suggested that Leonardo’s Mona Lisa has a 
myasthenic facial expression). Facial weakness 
may send highly negative social signals to some-
one not familiar with the disease. Symptoms in 
MG are often somewhat more asymmetric than 
in a myopathy; e.g., ptosis and ophthalmoplegia 
can be much worse on one side than the other. 
Dyspnea is seen with affection of the respiratory 
muscles, and acute respiratory failure is the most 
dreaded complication. MG tends to affect young 
women or elderly men. In the latter, outcome is 
sometimes still rather poor.

A history of bulbar symptoms arising in sev-
eral individuals from the same household or who 
have shared a meal is highly suggestive of botu-
lism (see Case 2.1 and Chap. 4). Lambert-Eaton 
myasthenic syndrome (LEMS), in contrast, sel-
dom leads to bulbar symptoms. The usual pres-
entation of LEMS is with generalized proximal 
upper and lower limb weakness and signs of 
autonomic dysregulation such as a dry mouth. 
Therefore, LEMS patients often carry a bottle of 
water with them. If these symptoms occur in a 
smoker, a diagnosis of small cell lung cancer is 
highly likely.

Of note, neuromuscular symptoms and signs, 
including myasthenia, are also increasingly seen 
as complications to cancer treatment, in par-
ticular with immune checkpoint inhibitors like 
nivolumab or pembrolizumab (Case 2.2).

2.3  Peripheral Nerves, the Plexus, 
and Spinal Nerve Roots

In contrast to muscle or neuromuscular junction 
disorders, weakness is usually combined with 
sensory symptoms in diseases of the peripheral 
nerves, the plexus, and the nerve roots (Fig. 2.2). 
In addition, symptoms tend to be more asym-
metric (with the important exception of a sym-
metrical polyneuropathy) and more distal. Since 
the lower motor neuron (LMN) is affected, 
motor weakness is characterized by normal or 
decreased muscle tone, hyporeflexia, and even-
tually muscle atrophy and fasciculations.3

• The characteristic features of a mononeurop-
athy include sensory and muscular symptoms 
attributable to an individual peripheral nerve 
(e.g., carpal tunnel syndrome with compres-
sion of the median nerve at the wrist).

• The hallmark of a nerve root lesion is a 
combination of sensory and muscular symp-
toms derived from a specific dermatome and 
myotome (e.g., radiating pain in the L5 der-
matome and weakness of dorsiflexion of the 
great toe in a L5 root disk herniation).

• The hallmark of a plexus lesion is that it com-
prises sensory and muscular symptoms that 
do correspond neither to a dermatome nor a 
myotome nor to a lesion of a single nerve. 
Plexus lesions therefore tend to have a more 

3 From the primary motor cortex in the cerebrum to the 
great toe, there are only two motor neurons. Thus, in a 
six-foot-tall man, these upper and lower motor neu-
rons measure three feet each on average. “Corticospinal 
tract,” “pyramidal tract,” “first motor neuron,” and “cen-
tral motor neuron” are often used synonymously (but 
not 100% correctly) for “upper motor neuron” (UMN). 
Likewise, “second motor neuron,” “alpha motor neu-
ron,” and “peripheral motor neuron” are frequently used 
instead of “lower motor neuron” (LMN). The UMN cell 
bodies are found in the motor cortex. The LMN cell bod-
ies are situated in the ventral horns in the spinal cord 
and in the motor cranial nerve nuclei in the brainstem. 
Damage to the UMN is “supranuclear”; damage to the 
LMN “infranuclear.” UMN weakness is characterized 
by spasticity, hyperreflexia, Babinski sign, and a typical 
pattern of weakness distribution that will be discussed 
later. LMN weakness is associated with hyporeflexia, 
decreased muscle tone, atrophy, and fasciculations.

2 A patient with a recent history of head dropping has a 
high likelihood of having myasthenia gravis, but other 
differential diagnoses to keep in mind include amyo-
trophic lateral sclerosis (motor neuron disease), isolated 
neck extensor myopathy (including radiation-induced 
myopathy following neck radiation for malignancy), and 
multiple system atrophy (neurodegenerative disorder 
with atypical parkinsonism).
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a b

c d

Case 2.1  Botulism. A 16-year-old male developed 
diarrhea 2 days after ingestion of spoiled canned tofu, 
followed the next day by double vision, impaired swal-
lowing, and weakness in the arms and legs. Neurological 
examination revealed external ophthalmoplegia, bilateral 
facial palsy, (a, b; the patient tries to smile) anarthria, 
proximal tetraparesis, and absent tendon reflexes (c). 
Of note, loss of pupillary reflexes was seen not earlier 
than on the fifth day of admission. The patient was fully 
awake, and communication was possible by sign lan-
guage (thumbs up, thumbs down). The initial differential 

diagnosis included botulism and GBS. A lumbar punc-
ture revealed normal protein and cell count. Analysis 
for anti-GQ1b antibodies, suggestive of Miller-Fisher 
syndrome, was negative. Electromyography and nerve 
conduction studies, including repetitive nerve stimulation 
and single fiber studies, were reported twice as normal 
but later revealed a neuromuscular transmission defect. 
Following a positive mouse bioassay test for botulism 
toxin, a diagnosis of botulism was made. One year later, 
the patient had made a full recovery (d)
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complex symptomatology than peripheral 
nerve lesions. Also, plexus and peripheral nerve 
lesions may impair sympathetic function, such 
as sweating, in contrast to nerve root lesions.

While it is often difficult to differentiate 
between peripheral nerve, plexus, and root 
lesions by the history alone, there is a very 
characteristic feature of root lesions—and to 
a lesser extent of plexus lesions—that does not 
occur in peripheral nerve disorders. This feature 
is radiculopathic pain. A patient with radiculo-
pathic pain usually has a history of chronic neck 
or lumbar pain acutely exacerbated by severe, 
electric shock-like pain that radiates down the 
arm or leg. Described differently, a sharp sudden 
pain, often evoked by abrupt cervical or lumbar 
movements, shoots from the neck and shoulders 
into the hands or from the lumbar spine into the 
feet. Pain from a peripheral lesion, in contrast, 
is more distal and localized. Carpal tunnel syn-
drome may lead to pain in the entire arm, but the 

pain clearly does not originate from the neck. 
Thus, the simple question “Do you feel sharp, 
sudden pain coming from your neck and radiat-
ing down your arm?” differentiates a C6/7 radic-
ulopathy from carpal tunnel syndrome.

Some words of comfort: Although the anatomy 
of the peripheral nervous system (PNS) can be 
rather intimidating, the vast majority of clinically 
relevant features are due to lesions of only a few 
PNS structures. In the upper extremities, these 
include five nerve roots, the upper and the lower 
brachial plexus, and six peripheral nerves and in 
the lower extremities, three nerve roots and the 
cauda equina, the lumbosacral plexus, and eight 
peripheral nerves (Fig. 2.3). Knowing the signs 
and symptoms associated with lesions at these 
anatomical sites enables the categorization of the 
great majority of peripheral nerve disorders.4

Case 2.2  Immune checkpoint inhibitor-induced neuro-
muscular side effects. A 74-year-old man was diagnosed 
with metastatic renal cell carcinoma. Fourth-line mono-
therapy with nivolumab was initiated eleven years later 
because of progressive metastatic disease. Six weeks 
after administration of nivolumab, the patient devel-
oped dyspnea and muscle weakness, which fluctuated 
and worsened in the evenings. Examination revealed 
left-sided abducens nerve palsy and ptosis, dysphagia, 
proximal weakness, and normal sensation. EKG showed 
a left branch block. Creatine phosphokinase was normal 

(33 U/L; reference 40–280 U/L), and myoglobin slightly 
increased (92 μg/L; reference 24–77 μg/L). Tests for 
acetylcholine receptor antibody and muscle-specific 
kinase antibody were negative. However, an ice pack 
test was positive; that is, following application of an ice 
package on both eyes (left), ptosis was less pronounced 
in both eyes (upper right: before ice pack test; lower 
right: after). EMG revealed myopathic changes with 
reduced amplitudes of the motor unit potentials, while 
nerve conductance velocities and amplitudes were nor-
mal (adapted with permission from Johansen et al. 2019)

4 “Aids to the examination of the peripheral nervous sys-
tem” by O’Brien M. (Saunders Ltd. 5th ed.) is a tremen-
dously helpful pocket manual.
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2.3.1  Peripheral Nerves

As mentioned above, peripheral nerve lesions 
generally cause a sensory deficit that may or 
may not be accompanied by a motor deficit. 
This distinguishes them from primary lesions 
of the muscle or of the neuromuscular junc-
tion, which never cause a sensory deficit. Also, 
symptoms in peripheral nerve disorders tend to 
be distal, and they are usually asymmetric (with 
the important exception of distal symmetric pol-
yneuropathies). Since the lower motor neuron is 
affected, weakness is “flaccid”—thus, muscle 
tone is normal or decreased, and there is hypore-
flexia and eventually atrophy and fasciculations. 

The motor and sensory deficits follow the distri-
bution of the affected peripheral nerve.

Many peripheral nerve disorders have a 
typical history. Complaints involving walk-
ing on cushions, pins, and needles and burning 
sensations in the feet, particularly in a patient 
with alcoholism or diabetes mellitus, are typi-
cal of distal symmetric polyneuropathy. Only 
in severe cases are the hands affected, usually 
when hypesthesia and paresthesia in the lower 
extremities have reached half way up to the 
knees. (This represents the “length-dependent” 
pattern of axonal degeneration. Rarely, in espe-
cially severe cases of polyneuropathy, the trun-
cal nerves can be affected as well—this leads 
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to hypesthesia in the middle of the abdominal 
wall, where the most distal branches of the cuta-
neous nerves meet, an area that roughly cor-
responds to the rectus abdominis. In contrast 
to a sensory level associated with spinal cord 
lesions, sensation is intact in the back and the 
waist.) A painful neuropathy with prominent 
distal dysesthesias (burning feet syndrome) is 
seen with small fiber disease.5 A complaint 
about not being able to walk in the dark, in con-
trast, is characteristic for the sensory ataxia of 
large fiber disease.6 These patients cannot go 
to the bathroom at night without having to turn 
on the light. The gait unsteadiness is of the so-
called stamp and stick type; the patients may 
need a walking aid and stamp their feet on the 
ground in order to activate all the remaining pro-
prioceptive nerve fibers. Besides sensory ataxia, 
examination reveals a positive Romberg’s sign, 
hypo- or areflexia, distal weakness, and atrophy 
of the small muscles of the feet.

Symmetric polyneuropathy, distal wasting, 
pes cavus, clawed toes, and palpable peripheral 
nerves point toward hereditary polyneuropa-
thy (Case 2.3). This is usually due to Charcot-
Marie-Tooth (CMT) disease or a related disorder 
but is also seen in a few other conditions, e.g., 
Friedreich’s ataxia.

The most common cause of acute neuro-
muscular weakness in the developed world is 
GBS. In Europe and North America, the most 
common variant of GBS is acute inflammatory 
demyelinating polyneuropathy (AIDP). AIDP 
is essentially a polyradiculoneuropathy (which 
is why high protein, leaking from inflamed 
nerve roots, is found in the cerebrospinal fluid 
(CSF)). Patients usually present with progressive 
ascending weakness with areflexia affecting the 
limbs more or less symmetrically. Symptoms are 
maximally expressed after 2 weeks in 50% of 
patients and after 4 weeks in 90%. Hyperacute 
onset with quadriplegia within 48 h or less is not 
uncommon, and in these patients, reflexes may 
be initially preserved. Facial diplegia, respira-
tory failure, and autonomic dysfunction such as 
cardiac arrhythmias and labile blood pressure 
are frequent. Sensory symptoms and neuropathic 
pain are usual complaints but tend to be much 
less significant than motor paralysis. Red flags 
indicating that the diagnosis is wrong include 
persistent asymmetric weakness, early blad-
der and bowel paralysis, and a sensory level 

Case 2.3  Foot deformities in Charcot-Marie-Tooth 
disease. This young woman with a positive family his-
tory of CMT has the typical foot deformities seen with 
early childhood-onset hereditary neuropathies, leading 

to hammertoes and high arches because distal weakness 
affects the normal development of muscles and bones in 
the feet. Note the faint scars from reconstructive orthope-
dic surgery on the medial side of each foot

5 Pain and temperature are transmitted by thin type III 
sensory fibers and unmyelinated type IV fibers. Both 
fiber types have very small diameters (0.2–5 μm). In 
contrast, proprioception and vibration are transmitted by 
large-diameter myelinated type Ia, Ib, and II sensory fib-
ers (6–20 μm).
6 Ataxia due to lost proprioception is called sensory 
ataxia and must be distinguished from ataxia of cer-
ebellar and vestibular origin. Characteristically, and in 
contrast to cerebellar ataxia, visual information can com-
pensate for sensory ataxia.
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suggesting a spinal cord lesion. More than half 
of GBS patients have a history of gastrointesti-
nal (GI) and upper respiratory tract infection or 
vaccination 1–3 weeks prior to symptom onset. 
GBS variants are numerous. Among the more 
important are pharyngeal-cervical-brachial pare-
sis, oculopharyngeal weakness, pure sensory 
GBS, pure autonomic failure, ataxic GBS, and 
the Miller-Fisher syndrome. The last variant 
mentioned is associated with GQ1b antibod-
ies and consists of the triad of ophthalmoplegia, 
ataxia, and areflexia, although oligosymptomatic 
and overlapping syndromes exist. In contrast to 
AIDP, paralysis in the Miller-Fisher syndrome 
is usually descending. Axonal variants (acute 
motor axonal neuropathy (AMAN) and acute 
motor sensory axonal neuropathy (AMSAN)) 
represent only 3–5% of GBS cases in the 
Western world but are much more common in 
the Far East and South America. GBS mimics 
include diphtheric polyneuropathy (beware of a 
history of recent pharyngitis in patients without 
diphtheria vaccination) and porphyric polyneu-
ropathy (classically associated with abdominal 
pain, psychosis, and dark urine). Nerve conduc-
tion studies reveal demyelinating features in the 
former and axonal features in the latter.

More or less symmetric ascending senso-
rimotor paralysis with hypo- or areflexia that 
develops during a period of 8 weeks or more 
is typical of chronic inflammatory demyelinat-
ing polyneuropathy (CIDP). Differentiation 
between GBS and CIDP is important for prog-
nosis and treatment. While CIDP can be treated 
with steroids, GBS cannot. In contrast to GBS, 
multiple CN involvement, life-threatening dysp-
nea, and acute autonomic dysfunction are very 
rare with CIDP. The list of differential diagno-
ses for CIDP is long. Relapsing GBS, subacute 
GBS, alcoholism, nutritional deficiencies, para-
neoplastic conditions, heavy metal poisoning, 
and certain drugs such as amiodarone, cisplatin, 
isoniazid, and nitrofurantoin may all give rise to 
a similar clinical picture that develops within a 
few weeks or months.

Since the 2010s, antibodies targeting cell 
adhesion molecules of the node of Ranvier and 
paranode of myelinated peripheral nerves have 

been increasingly identified in patients with 
immune-mediated neuropathies. These neuropa-
thies are known as nodo-paranodopathies, or 
autoimmune nodopathies, and caused by nodal 
and paranodal antibodies (including anti-con-
tactin 1, anti-neurofascin 155, and anti-pan-neu-
rofascin antibodies). Crucially, these conditions 
may mimic the classic immune-mediated neu-
ropathies GBS and CIDP, but they may have 
additional clinical features such as a concurrent 
nephrotic syndrome. Autoimmune nodopathies 
commonly lead to a severe and symmetrical, 
motor-predominant and distal-predominant 
polyneuropathy, with a more rapidly progres-
sive disease compared to seronegative CIDP and 
poor response to conventional immunomodu-
latory therapies. Nodal/paranodal antibodies 
testing is key in the diagnosis of autoimmune 
nodopathies; and since testing is increasingly 
available and no clinical or paraclinical feature 
accurately predicts presence or absence of nodal 
and paranodal antibodies, testing should be 
done liberally in severely affected patients (e.g., 
those requiring intensive care admission or not 
responding to first-line treatment). Autoimmune 
nodopathies are best treated acutely with plas-
mapheresis (as opposed to IVIG) and more tar-
geted treatment, such as the B-cell-depleting 
rituximab, which significantly improves func-
tional outcomes.

Monoclonal gammopathies (IgM, IgA, and 
IgG) are found in 10% of patients with idi-
opathic neuropathy. Polyneuropathy associated 
with a monoclonal gammopathy may be the 
presenting features of a plasma cell dyscrasia 
or may be related to a monoclonal gammopathy 
of unknown significance (MGUS). In addition, 
IgM-MGUS polyneuropathies can be associated 
with autoantibody activity against peripheral 
nerve glycoproteins such as myelin-associated 
glycoprotein (MAG). MGUS polyneuropathies 
typically affect patients over the age of 50, men 
roughly twice as often as women. A minority of 
patients with polyneuropathy associated with a 
monoclonal gammopathy have significant motor 
involvement and are clinically indistinguish-
able from those with CIDP, while in the major-
ity of patients, the condition is chronic, mainly 
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sensory and only slowly progressive, distal, and 
symmetric.

Mononeuritis multiplex is a form of asym-
metric polyneuropathy in which several periph-
eral nerves are affected at the same time or 
subsequently. In full-blown mononeuritis mul-
tiplex, the patient complains of multiple motor 
and sensory symptoms in the extremities, 
which may often be rather painful. With time, 
mononeuritis multiplex may involve so many 
peripheral nerves that it simulates a periph-
eral polyneuropathy. The differential diagno-
sis includes metabolic (diabetes), immunologic 
(rheumatoid arthritis, sarcoidosis, systemic 
lupus erythematosus (SLE), amyloidosis), infec-
tious (HIV, leprosy, neuroborreliosis), malignant 
(leukemia, lymphoma), and vasculitic disorders 
(Churg-Strauss vasculitis, polyarteritis nodosa, 
Wegener granulomatosis). Vasculitic neuropa-
thies also occur without systemic manifesta-
tions; characteristically, they often include the 
sciatic nerve.

Multifocal motor neuropathy (MMN) is a 
predominantly distal, mainly upper limb, asym-
metrical pure motor neuropathy. The male–
female ratio is 2.5:1. A typical patient would be 
a middle-aged man with progressive (asymmet-
ric) weakness in his arms, but normal sensation 
and who is concerned about having amyotrophic 
lateral sclerosis (ALS). In contrast to ALS, pro-
found muscle atrophy is usually absent. Severe 
bilateral arm palsy in either MMN or ALS with 
preserved power in the legs occasionally leads 
to the “man-in-the-barrel syndrome,” where the 
arms hang uselessly at the patient’s side as if his 
trunk were trapped in a barrel. Another charac-
teristic clinical feature that may be observed 
in a patient with ALS is dissociated atrophy of 
intrinsic hand muscles, known as the ALS split 
hand. The split-hand phenomenon refers to 
preferential wasting of the thenar muscles with 
relative sparing of the hypothenar muscles. 
Although the exact mechanisms remain elusive, 
it is a highly specific diagnostic sign in early 
ALS (Case 2.4). The clinical presentation and 
differential diagnosis of ALS, a disorder affect-
ing the lower as well as the upper motor neuron 
(UMN), are discussed in Chap. 4.

In hereditary neuropathy with liability to 
pressure palsies (HNPP), motor symptoms 
typically predominate over sensory symptoms. 
Patients often complain that after trivial com-
pression of the extremities, the subsequent 
numbness and dysesthesia last from days to 
months rather than minutes. Also, there is a 
tendency that minor or moderate compres-
sion of peripheral nerves, such as may occur 
when carrying heavy weights during housework 
and other trivial activities, leads to episodes 
of focal palsies. Childbirth, for instance, can 
give rise to a palsy of the lumbosacral plexus. 
When weakness is secondary to limb compres-
sion during sleep, the weakness will typically 
be noticed when the patient wakes up in the 
morning. The attacks in HNPP are usually of 
sudden onset and painless. Typically affected 
nerves are those associated with a specific ana-
tomic vulnerability, e.g., in the arms, the radial 
(humerus), median (carpal tunnel), and ulnar 
(cubital tunnel) nerves, and in the legs, the per-
oneal nerve (compression at the fibular neck). 
But HNPP may also affect more uncommon 
nerves; e.g., it may lead to recurrent, some-
times bilateral, peripheral facial palsies, usu-
ally after the patient has rested his face on a 
hard surface. Mononeuropathies are initially 
followed by recovery, although patients with 
repeated episodes may have lasting neurologic 
abnormalities. A less common manifestation 
of HNPP is that of a more or less symmetric, 
slowly progressive polyneuropathy. With this 
subtype, high arches and hammertoes are com-
mon like in CMT disease. At symptom onset, 
HNPP patients are typically in their 20 s or 30 s 
but, occasionally, patients may become sympto-
matic earlier or later in life. HNPP is inherited 
in an autosomal dominant fashion, so there is 
often a positive family history, but spontane-
ous mutations are well described.7 Apart from 
entrapment neuropathy, electrophysiological 

7 Similar to CMT disease type 1A, HNPP is due to muta-
tion of the PMP22 gene. HNPP is caused by a deletion 
or nonsense mutation of the PMP22 gene in chromosome 
17p11.2, the same region that is duplicated in CMT 1A.
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examination typically shows a background 
demyelinating polyneuropathy, suggesting the 
correct diagnosis.

Sensory ganglionitis, also termed sensory 
neuronopathy, is due to inflammation of the 
sensory root ganglia. With the involvement of 
large-diameter ganglionic neurons, the main 
symptoms include a severe sensory ataxia of 
the arms and legs. With arms elevated and eyes 
closed, the patient may show typical pseudo-
athetoid movements of the fingers. (This is 

simply because the patient does not know the 
exact position of the fingers.) With affection of 
small-diameter neurons, symmetric or asym-
metric numbness, paresthesias, and burning 
pain occur and frequently involve the face or the 
trunk early in the development of sensory gan-
glionitis. (This is the so-called pseudo-syringo-
myelia distribution or the numb-chin syndrome, 
which is very characteristic for a sensory neu-
ronopathy.) There are four major forms of non-
infectious sensory ganglionitis:

a b

Case 2.4  Split-hand sign in amyotrophic lateral scle-
rosis. A 73-year-old female was referred for progres-
sive weakness, which had started 3 years earlier in 
her right hand. Subsequently, her right leg became 
involved, followed by her left extremities. Despite cervi-
cal and lumbar decompressive surgery, she had started 
using a walking stick and then a walking frame 2 years 
and 12 months, respectively, prior to admission. At 
the time of referral, she was confined to a wheel chair. 
Swallowing had become increasingly difficult during the 
previous 3 months. Examination revealed dysphagia, a 
pronounced jaw jerk, and marked atrophy and fascicula-
tions in all four extremities. Cognition and sensory func-
tions were intact. Of note, dissociated atrophy of intrinsic 

hand muscles was noted. The ALS split hand refers to 
preferential wasting of the thenar muscles (abductor 
pollicis brevis (a) and first dorsal interosseous muscles 
(b)), with relative preservation of the hypothenar mus-
cles (lateral abductor digiti minimi muscles). Both cor-
tical and peripheral mechanisms have been suggested, 
including an explanation based on phylogenetics: The 
opposable thumb in humans is a verly late achievement 
of evolution, and the motor neurons supplying the thenar 
muschles might thus have a different genetic make-up 
predisposing them to neurodegenerative injury. Although 
the origin of the split-hand sign remains poorly under-
stood, it is a useful diagnostic sign in early ALS with a 
high degree of specificity
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• Acute sensory neuronopathy syndrome (often 
postinfectious; young and old, women and 
men are equally affected; this is a sensory 
variant of GBS)

• Subacute paraneoplastic sensory neuronopa-
thy (e.g., occurring in middle-aged men with 
small cell lung cancer)

• Subacute sensory neuronopathy associated 
with Sjögren syndrome (usually affecting 
middle-aged women)

• Chronic ataxic neuropathy associated with 
paraproteinemia or polyclonal gammopathy 
with or without known autoantibodies (typi-
cally affecting the elderly, mostly men).

The most common infectious cause of sensory 
ganglionitis is herpes zoster due to reactivation 
of a dormant ganglionic varicella zoster virus 
(VZV), typically manifesting with an extremely 
painful rash in the affected dermatome.

Another sensory neuropathy is Wartenberg’s 
migrant sensory neuritis (WMSN), in which 
the site of the lesion is much more peripheral. 
WMSN is a harmless, rare disorder of unknown 
etiology. It involves multiple cutaneous nerves 
and has a highly characteristic history, which is 
the clue to the diagnosis. An ordinary movement 
of a limb (e.g., stretching in bed, turning a key, 
putting on socks) induces a sudden brief pain in 
the distribution of a cutaneous nerve followed 
by sensory loss in the distribution of this nerve. 
Sensory loss may persist for several weeks. A 
complaint of motor symptoms is not compat-
ible with this disorder. Different cutaneous 
nerves are affected at different times. WMSN 
may thus have a relapsing–remitting character, 
which is why it is a useful differential diagnosis 
to multiple sclerosis (MS). (See Case 3.13 for 
illustration.)

Another condition that deserves to be men-
tioned is the syndrome of painful legs and mov-
ing toes (PLMT). Although it remains poorly 
understood, PLMT is an easily recognized 
and distinct clinical entity. Patients complain 
about severe burning pain in the legs and more 
or less constant involuntary movements of the 
toes (occasionally also of the fingers). The 
movements are suggestive of both chorea and 

dystonia. The most frequent etiologies are cryp-
togenic and peripheral neuropathies, followed 
by trauma and radiculopathies. PLMT responds 
poorly to treatment, and quality of life can be 
severely compromised because of debilitating 
pain.

2.3.1.1  Mononeuropathies of the Upper 
Extremities

The most common causes of mononeuropathies 
in the upper extremities are nerve entrapment 
and trauma.

In the upper extremities, a lesion of the axil-
lary nerve (C5/C6) may lead to a weakness of 
shoulder abduction and sensory loss over the 
outer aspect of the upper arm.

Isolated lesions of the musculocutaneous 
nerve (C5/6) are usually secondary to a frac-
ture of the humerus. They lead to wasting of the 
biceps brachii muscle, the brachialis, and cora-
cobrachialis muscles and to weakness of flexion 
of the supinated forearm. Rupture of the biceps 
brachii muscle tendon may sometimes simulate 
wasting of the biceps brachii muscle, but differ-
entiation between these two conditions is usu-
ally possible with careful inspection.

Rucksack palsy is compression of the long 
thoracic nerve (C5–7) leading to a posterior 
shoulder or scapular burning type of pain and 
scapular winging due to weakness of the ser-
ratus anterior muscle. This is seen with sports 
injuries or in soldiers and backpackers car-
rying heavy weights on their backs for a pro-
longed period, hence the name rucksack palsy. 
Paralysis of the long thoracic nerve and the ser-
ratus anterior muscle is the most frequent neu-
ropathic cause of scapular winging, leading to 
medial winging of the scapula. Lateral winging, 
in contrast, is generated by trapezius and rhom-
boid muscle paralysis due to injury to the spinal 
accessory (CN XI) and dorsal scapular nerves 
(C4–6), respectively.

Paresis of the radial nerve (C5–8) is often 
encountered in patients who have consumed 
large amounts of alcohol and have slept with 
the back of their arms compressed by the back 
of a bench or a similar object. It is thus also 
known as Saturday night palsy and leads to a 
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drop hand, an inability to actively extend the fin-
gers, and numbness of the back of the hand and 
wrist. Another variety of this syndrome is called 
honeymoon palsy, which occurs in a patient 
whose bed partner has slept on the affected arm. 
Radial nerve is also seen with humeral fracture. 
Although exceedingly rare in the developed 
world nowadays, a classic cause of bilateral 
hand drop due to radial motor neuropathy is lead 
poisoning.8

Compression of the ulnar nerve (C8/T1) pro-
vokes a tingling sensation in the little finger, half 
of the ring finger, and the ulnar half of the hand 
and is usually due to entrapment or trauma at the 
elbow in the cubital tunnel (colloquially called 
the funny bone). Importantly, ulnar nerve injury 
does not lead to sensory symptoms above the 
wrist. (Sensory disturbances above the wrist on 
the ulnar aspect of the forearm therefore suggest 
a lesion of the lower brachial plexus or of the 
C8/T1 nerve roots.) With long-standing nerve 
compression, a claw hand may develop. The fact 
that a distal lesion at the wrist, despite affecting 
fewer muscles, leads to more pronounced claw-
ing than a proximal lesion is called the ulnar 
paradox.

Median nerve (C6–T1) entrapment as seen 
in carpal tunnel syndrome is the most common 
of all nerve entrapment syndromes. A typical 
patient may complain about pins and needles 
in the thumb, index, and ring finger and in the 
medial aspects of the palm, but in practice, the 
patient may state that the entire hand and even 
the arm are involved. The condition can be 
rather painful. Symptoms usually awaken the 
patient at night and disappear when the hand 
is shaken and massaged. Later, symptoms also 
occur during daytime; especially dorsiflexion 
of the hand, e.g., during bicycling, may aggra-
vate the symptoms. With long-standing median 
nerve entrapment, atrophy of the thenar muscle 

develops and the thumb drops back in the plane 
of the other digits, which leads to the so-called 
ape hand. Lightly tapping over the nerve at the 
wrist may elicit a typical sensation of tingling or 
pins and needles in the distribution of the nerve 
(Tinel’s sign). The so-called reverse Phalen’s 
test is a provocative examination maneuver 
during which the patient is asked to main-
tain full wrist and finger extension for 2 min, 
thereby increasing pressure in the carpal tunnel. 
Paresthesias in the distribution of the median 
nerve make carpal tunnel syndrome diagno-
sis likely. A variety of conditions predisposes 
to carpal tunnel syndrome, e.g., pregnancy, 
trauma, rheumatoid arthritis, acromegaly, and 
hypothyroidism.

2.3.1.2  Mononeuropathies of the Lower 
Extremities

Meralgia paresthetica is due to compression of 
the lateral cutaneous nerve of the thigh (L2/3) 
beneath the inguinal ligament and affects men 
more often than women. The patient com-
plains of numbness and burning pain over the 
anterolateral aspect of the thigh, but since the 
entrapped nerve is purely sensory, muscle power 
is normal. Examination reveals impaired or 
altered sensation in the same area, but there is 
no motor weakness or wasting and the knee jerk 
is preserved, distinguishing it from radiculopa-
thy. Sometimes symptoms are caused by tight 
trousers, and a history of recent weight gain or 
weight loss is common. Obesity and pregnancy 
may be contributing factors, and certain habit-
ual postures (e.g., sitting or prolonged stand-
ing for an obese person) may be particularly 
uncomfortable.

Injury to the femoral nerve (L2–4) leads to 
weakness of extension of the lower leg. In long-
standing cases, there are wasting of the quadri-
ceps muscle and failure of knee fixation. The 
patient may complain that the knee seems to 
give way and that climbing stairs is impossible. 
If the nerve is damaged proximal to the origin 
of the branches to the iliacus and psoas muscle, 
hip flexion is affected as well. In contrast to L3 
radiculopathy, thigh adduction (mediated by the 
obturator nerve) is spared. A sensory deficit can 

8 Lead poisoning also leads to microcytic anemia, 
abdominal pain, and gingival discoloration at the inter-
face of the teeth and gums. Exposure to lead may be due 
to lead paint found in older housings or glazed ceramic 
coffee mugs.
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be found on the anterior aspect of the thigh and 
the ventromedial aspect of the calf (supplied by 
the saphenous nerve). The most common cause 
of an isolated femoral neuropathy is diabetes 
mellitus. Femoral neuropathy is also seen with 
pelvic tumors, after surgery for hernia repair, 
appendectomies, hysterectomies, and similar 
operations in the pelvis. A hematoma in the ili-
opsoas muscle is a frequent cause of femoral 
neuropathy in patients with anticoagulation or 
hemophilia. These patients complain about acute 
pain in the groin and characteristically assume a 
posture of flexion and lateral rotation of the hip.

The obturator nerve (L2–4) may be damaged 
by the fetal head or forceps during prolonged 
delivery. Other common causes include pelvic 
tumors, fractures, and obturator hernia. Thigh 
adduction is affected, and sensory loss is found 
on the medial aspect of the distal thigh.

Lesions of the superior (L4–S1) and inferior 
(L5–S2) gluteal nerves, seen with misplaced 
intragluteal injections, direct trauma, or injury 
during childbirth, evoke a characteristic gait 
disturbance. When walking, the patient typi-
cally bends his trunk away from the affected 
side in order to compensate for mild weakness 
of the hip abductors. This phenomenon is called 
the Duchenne limp. With severe abductor pare-
sis, lateral bending of the trunk is insufficient 
to prevent pelvic tilt toward the normal side 
(Trendelenburg’s sign). If abductor paresis is 
bilateral, the patient has a typical waddling gait.

The sciatic nerve (L4–S3) is the largest 
peripheral nerve in the body. Prior to its division 
into the tibial and common peroneal nerve, the 
sciatic nerve supplies the skin and the muscles 
of the back of the thigh (e.g., the knee flexors). 
Its tibial and peroneal nerve branches inner-
vate all the muscles below the knee as well as 
the skin of the foot and the outer and dorsal 
aspects of the lower leg. Sciatic nerve lesions 
thus provoke a variety of combinations of tib-
ial and common peroneal nerve palsies. When 
the nerve is proximally injured, knee flexion 
may be impaired as well. Partial sciatic nerve 
lesions are more common than complete sciatic 
paralysis and tend to affect peroneal-innervated 
muscles more than tibial ones. Common causes 

of sciatic nerve damage include pelvic frac-
ture, hip dislocation, misplaced injections into 
the lower gluteal regions, pressure from a toi-
let seat during a period of alcohol intoxication 
(“toilet seat palsy”), sitting in the lotus position 
(“yoga paralysis”), and lying flat on a hard sur-
face for a prolonged time. The last cause men-
tioned is sometimes encountered in slender drug 
addicts or cachectic patients who are bedridden. 
Stab and gunshot wounds causing sciatic nerve 
lesions are fortunately rare.

The common peroneal nerve (L4–S2) 
emerges within the poplitea and turns around the 
fibular head—a common area of compression—
where it divides into the superficial and the 
deep peroneal nerves. A lesion of the superficial 
branch affects the peroneus muscles and thereby 
elevation of the lateral edge of the foot (ever-
sion). It also leads to sensory disturbances at the 
lateral aspect of the distal leg and the dorsum of 
the foot. Of note, elevation of the medial aspect 
of the foot (inversion) is spared, since this is 
mediated by the tibial nerve. Indeed, preserved 
inversion of the foot (together with preserved 
abduction of the hip) is the main clinical finding 
that distinguishes a peroneus lesion from a L5 
radiculopathy. The deep peroneal nerve medi-
ates dorsiflexion of the foot and toes and inner-
vates the skin in a small zone between digits I 
and II. Peroneal nerve damage leads to a drop 
foot and the typical steppage gait. The patient 
must flex the hip and lift the knee in order that 
the foot, which cannot be dorsiflexed, can clear 
the ground. Peroneal nerve impairment may 
arise spontaneously or follow prolonged pres-
sure at the fibular head due to, e.g., leg crossing, 
tight casts, activities in the kneeling position, 
and improper positioning during anesthesia. In 
patients with apparently spontaneous drop foot, 
a history of significant weight loss is not uncom-
mon. Shrinkage of the subcutaneous fat tissue, 
usually protecting the nerve, is probably a caus-
ative factor. Common traumatic causes of foot 
drop include fracture of the fibular head (e.g., 
due to a skiing accident) and knee dislocation.

The tibial nerve (L4–S3) mediates inversion 
of the foot, flexion of the toes, and sensation of 
the sole of the foot. Isolated tibial nerve damage 
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is uncommon because the tibial nerve is rather 
well protected in the poplitea. It may occur fol-
lowing hemorrhaging in the knee or after direct 
trauma, such as a knife stab. Baker cysts are a 
rare cause of peroneal or tibial nerve compres-
sion. Tarsal tunnel syndrome is due to com-
pression of the tibial nerve beneath the flexor 
retinaculum in the tarsal tunnel. It leads to pain 
and pins and needles in the foot and sometimes 
the leg. Another condition that provokes pain in 
the foot, mostly in the forefoot, is metatarsal-
gia. It may be primarily a problem of the joints 
and bones of the metatarsals, or it may be due 
to a neurinoma of the plantar nerve branches 
(Morton’s neuroma). Muscle power is preserved 
in tarsal tunnel syndrome and metatarsalgia.

The pudendal nerves (S2–4) innervate the 
external genitalia as well as the sphincter of the 
anus and bladder. Stretching of the nerves dur-
ing prolonged childbirth can result in inconti-
nence and perianal sensory disturbances. The 
latter is also sometimes encountered in bicy-
clists after prolonged rides on hard saddles. 
Dysfunction of the nerve is usually temporary 
in the latter conditions, whereas with pelvic 
surgery or a tumor, the pudendal nerves may be 
damaged permanently.

2.3.2  Brachial Plexus  
and Lumbosacral Plexus

As with peripheral nerve and nerve root lesions, 
motor weakness due to a plexus lesion is typi-
cally accompanied by sensory deficits, and 
symptoms are unilateral. Since it is the second 
motor neuron that is affected, there may be nor-
mal or decreased muscle tone, hyporeflexia, 
fasciculations, and atrophy. The hallmark of a 
plexus lesion is that motor and sensory deficits 
follow neither the distribution of a single periph-
eral nerve nor a specific dermatome/myotome. 
The patient with a lesion of the plexus may 
complain of strong pain in the shoulder or hip 
with or without radiation into the extremities. 
In contrast to a lesion of the nerve root, plexus 
pathology may impair sympathetic function. 
This is because the fibers from the sympathetic 

trunk join the sensory and motor fibers distally 
to the nerve roots. As a consequence, decreased 
sweating within a localized area may be seen 
with a plexus or peripheral nerve lesion, but not 
with nerve root compression.

Plexus lesions are rather rare; this is espe-
cially true for lesions of the lumbosacral plexus, 
which is well protected. The three most serious 
disorders resulting in painful plexopathies are 
due to trauma, malignancy, and radiation injury. 
The most common painful plexopathy, which 
has an excellent prognosis, is brachial neuritis.

For all practical purposes, lesions of the bra-
chial plexus (C5–T1) can be divided into upper 
and lower plexus syndromes. A lesion of the 
upper brachial plexus (C5–C7), or Erb palsy, 
can be encountered in infants after traumatic 
delivery. Upper brachial plexus palsies acquired 
in adult life are usually due to trauma, e.g., 
because of a motorcycle accident. They result 
in the loss of the lateral rotators of the shoulder, 
arm flexors, and hand extensor muscles. Thus, 
the patient’s arm hangs by his side and is rotated 
inward, and the dorsum of the slightly flexed 
hand faces forward, which is known as the char-
acteristic waiter’s tip position.

A lesion of the lower brachial plexus (C8–
T1) is sometimes called Klumpke paralysis. 
Sudden upward pulling of the elevated arm 
stretches the lower brachial plexus. Symptoms 
include paralysis of intrinsic hand muscles, 
which may lead to a claw hand and hypesthesia 
in the ulnar aspect of the forearm. Involvement 
of sympathetic fibers from the T1 nerve 
roots results in ptosis, miosis, and anhidrosis 
(Horner’s syndrome). Again, frequent causes in 
adults are motorcycle accidents and, in infants, 
complicated deliveries. However, malignancy 
is frequent as well, e.g., a smoker with shoul-
der pain, numbness in the lower arm, and ulnar 
weakness, and a unilateral Horner’s syndrome 
most likely has a tumor of the lung apex, termed 
Pancoast tumor (Case 2.5).

Plexus neuritis (also called Parsonage-
Turner syndrome, neuralgic amyotrophy, or 
brachial neuritis) manifests with severe sud-
den-onset shoulder pain, often awakening the 
patient during the night. Weakness, atrophy, 
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and fasciculations typically develop when 
the pain subsides after some hours or days. 
(Occasionally, weakness may also manifest 
right from the beginning.) Often the condition 
affects muscles served by the upper brachial 
plexus, and elevating the arm above the shoul-
der may become impossible. However, all arm 
and shoulder muscles may be affected in isola-
tion or in combination. A similar condition has 
been suggested as an explanation for sudden 
unilateral diaphragm weakness due to an iso-
lated palsy of the ipsilateral phrenic nerve. The 
prognosis of plexus neuritis is usually good. 
In most cases weakness resolves after a few 
months. Presumably of autoimmune origin and 
often occurring after an upper respiratory infec-
tion, the disorder has also been described after 
delivery, surgical operations, trauma, and many 
other conditions. In addition, there is an auto-
somal dominant form of recurrent plexus neu-
ritis called hereditary neuralgic amyotrophy. 

Sometimes, however, a similar presentation 
occurs in a condition called acute flaccid mye-
litis, typically seen in small children, which 
clinically cannot be distinguished from a plexus 
neuritis. Electrophysiology and neuroimaging 
then reveal that the site of the injury is proximal 
to the plexus, affecting nerve roots and spinal 
cord simultaneously (Case 2.6).

Lumbar and sciatic pains are some of the 
most frequently encountered syndromes in gen-
eral practice and are usually caused by degen-
erative spinal disease affecting lumbosacral 
nerve roots, such as discopathy or stenosis of 
the intervertebral foramen. However, when local 
signs of spinal disease are absent in spite of leg 
weakness, sensory loss, and reflex asymmetry, 
when sweating is disturbed, or when the patient 
has a history of negative radiological examina-
tion of the spine, peripheral plexopathy becomes 
more likely. In adults lumbosacral plexus (L1–
S4) pathology is probably more often than not 
due to a malignancy. Primary or metastatic vis-
ceral and extravisceral tumors lead the list, but 
mass lesions due to Hodgkin’s disease and other 
lymphoreticular and hematogenic disorders are 
also seen. Benign causes include, among oth-
ers, diabetic plexopathy, radiation plexopathy, 
and spontaneous or iatrogenic retroperitoneal 
hemorrhage. Since the lumbosacral plexus 
lies deeply in the retroperitoneal space, trauma 
must be severe to affect the plexus and therefore 
almost always leads to pelvic fracture as well.

2.3.3  Spinal Nerve Roots

The ventral and dorsal spinal nerve roots form 
31 pairs of spinal nerves (8 cervical, 12 thoracic, 
5 lumbar, 5 sacral, and 1 coccygeal). Lesions 
of nerve roots, usually due to disk herniation 
and degenerative spine disease, occasionally 
due to neuroma or schwannoma, typically pro-
voke radiculopathic pain and sensory and motor 
symptoms. Weakness tends to be more pro-
nounced distally than proximally. Muscle tone 
may be normal or slightly decreased. Physical 
examination reveals hyporeflexia or areflexia. 
Fasciculations are usually not a significant 

a

b

Case 2.5  Pancoast tumor. A 45-year-old female smoker 
complained of right-sided shoulder pain and numbness 
in the forearm that had lasted for 2 months. Examination 
revealed weakness of the ulnar muscles of the right hand 
and an ipsilateral Horner syndrome (a). The chest X-ray 
showed a right-sided tumor of the lung apex (b). Biopsy 
confirmed the diagnosis of a small cell carcinoma of the 
lung
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finding. The hallmark of a nerve root lesion is 
that the motor and sensory deficits are confined 
to a specific dermatome and myotome (Fig. 2.4).

Degenerative spine disease typically affects 
the spine where it is most mobile. Thus, lower 
lumbar (L4–S1) and lower cervical (C5–C8) 
nerve roots are most frequently damaged. 
Lesions of other nerve roots are rare. Most disk 
herniations affect the lower nerve root, e.g., a 
lateral L4/L5 disk protrusion typically leads to 
compression of the L5 nerve root, and a medial 
L4/L5 disk protrusion may compress the L5 

nerve root and also sacral nerve roots. In con-
trast, a far lateral disk herniation may occa-
sionally affect the upper nerve root, e.g., a very 
laterally protruded L5/S1 disk may lead to com-
pression of the L5 nerve root.

Lumbosacral disk herniation, which is the 
classic cause for sciatica, is more common 
than cervical disk herniation. A patient with 
lumbar nerve root compression typically com-
plains about chronic lumbar pain exacerbated 
by sudden radiculopathic pain radiating down 
into the foot. Heavy weight lifting or other 

Case 2.6  Acute flaccid myelitis. An 11-month-old girl 
developed right-sided flaccid arm weakness over 24 h, 
preceded by chills, fever, and transient pain in the shoul-
der joint. The remainder of the neurological exam was 
unremarkable. Electrophysiology was compatible with 
a C4–C6 radiculitis or a focal motoneuron lesion (as 
opposed to a brachial plexus lesion). CSF showed 120 
cells, normal protein. T2-weighted MRI revealed diffuse 

hyperintense signal in the edematous cervical spine, 
also involving the spinal gray matter (axial MRI, upper 
left), which explains the acute flaccidity. Faint contrast 
enhancement was seen in the right cervical nerve roots 
(not shown). Serological workup was positive for an 
upper respiratory tract virus, but negative for enterovirus. 
Acute flaccid myelitis is thus an important differential 
diagnosis to plexus neuritis
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strenuous exercise preceding symptom onset 
for a few hours or days may or may not be 
reported. Coughing, defecation, and other forms 
of Valsalva maneuver typically increase the 
pain. However, it should be noted that degenera-
tive spine disease as revealed by magnetic reso-
nance imaging (MRI) is very common and often 
asymptomatic.

With damage to the L5 nerve root, examina-
tion may reveal a positive Lasègue’s sign, a drop 
foot, paralysis of ankle dorsiflexion, and—in 
contrast to what is seen with a “simple” peroneal 
nerve lesion—impaired inversion of the foot and 
abduction of the thigh. With long-standing L5 
nerve root damage, atrophy of the small dorsal 
foot muscles may occur.

With S1 nerve root compression, sensory dis-
turbances occur in the lateral aspect of the leg 
and the foot. Plantar flexion may be impaired, 
and the Achilles reflex will be diminished.

L3/4 disk herniation with L4 nerve root com-
pression is somewhat less common and mani-
fests with sensory disturbances on the anterior 
aspect of the thigh and the medial aspect of the 
leg, weakness of knee extension, and a dimin-
ished patellar reflex.

Cauda equina syndrome is due to dam-
age to the lumbar and sacral nerve roots along 
their path within the spinal canal prior to their 
exit through the intervertebral foramina. The 
syndrome is often combined with conus med-
ullaris syndrome, which will be discussed later 
in this chapter. Involvement of sacral nerve 
roots (S1–S4) leads to saddle anesthesia and 
sensory disturbances in the lateral aspect of the 
legs and the feet, bowel and bladder sphincter 
disturbances with urinary retention, and fecal 
incontinence, as well as erectile dysfunction in 
males. If the lumbar roots are involved as well, 
there is paraparesis of the LMN type. Pain may 
or may not be present. A cauda equina syn-
drome may have traumatic, degenerative (e.g., 
spinal lumbar canal stenosis, median disk her-
niation, ankylosing spondylitis), vascular (e.g., 
epidural hematoma), metastatic (e.g., menin-
geal carcinomatosis, lymphoma), inflammatory, 
and infectious causes. A common infectious 
agent is herpes simplex virus (HSV) II, affecting 

the spinal nerve roots retrogradely (known as 
Elsberg syndrome). Women are at higher risk 
than men. The patient complains of sudden 
onset of urinary retention with or without saddle 
anesthesia. Power in the legs is usually normal. 
The patient is not necessarily aware of being 
infected with HSV II; indeed, cauda equina syn-
drome may manifest without visible genital her-
pes. Tactful questioning often reveals that the 
patient has a new sexual partner.

Analogous to lumbar spine disease, cervical 
spine pathology usually presents with chronic 
neck pain exacerbated with radiculopathic pain 
and paresthesias. Injury to the C5 nerve root 
leads to disturbed sensory function on the outer 
aspect of the shoulder and over the deltoid mus-
cle. Abduction of the shoulder is impaired, and 
the biceps reflex diminished.

C6 nerve root compression provokes radiat-
ing pain in the thumb and index finger and the 
radial aspect of the forearm. The biceps reflex 
will be lost or decreased, and there is weakness 
of arm flexion at the elbow.

Damage to the C7 nerve root impairs arm 
extension, affects the triceps reflex, and leads 
to pain and numbness in the second, third, 
and fourth finger and the dorsal aspect of the 
forearm.

Compression of the C8 nerve root also 
impairs arm extension at the elbow and dimin-
ishes the triceps reflex, but sensory symptoms 
will typically be confined to the fourth and fifth 
finger and the ulnar aspect of the forearm.

2.4  Spinal Cord

Spinal cord anatomy is rather complex 
(Fig. 2.4). Damage to the spinal cord there-
fore leads to many different but highly specific 
symptom constellations. The following is a sim-
plified and selective review of spinal cord anat-
omy that nevertheless provides all that is needed 
to understand the clinical syndromes associated 
with spinal cord lesions.

On a transversal section, the gray matter of 
the spinal cord has a butterfly appearance and 
is surrounded by white matter (Fig. 2.4). In the 
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middle of the butterfly is the central canal (a) 
that communicates with the brain’s ventricles. 
The hind wings of the butterfly correspond to 
the right and left ventral horns (b) in which the 
nuclei of the LMNs (c) reside. The axons from 
the UMNs are termed the corticospinal tract.9 
The corticospinal tract (d) descends in the lat-
eral aspect of the spinal cord. The axons of the 
UMNs synapse with the LMNs in the ventral 
horn. The axons of the LMNs (e) leave the gray 
matter and form the ventral nerve root (f).

The forewings of the butterfly form the right 
and left dorsal horns (g) that receive sensory 

information. However, the cell body of the 
peripheral sensory neuron is located in the dor-
sal spinal root ganglion (h). This nerve cell, 
the first sensory neuron in a chain of three, is 
a pseudounipolar cell. This means that it has 
one very short axon that, still within the spinal 
ganglion, divides into a distal process (actually 
the dendrite (i)) that conveys sensory informa-
tion from the periphery (skin, muscle, internal 
organs) and a proximal process (essentially, this 
is the axon (j)) that reaches the spinal cord via 
the dorsal nerve root. Distal to the sensory dor-
sal root ganglion, the dorsal root and the ventral 
root merge into the spinal nerve (k) that leaves 
the spine through the intervertebral foramen (l).

For all practical purposes, sensory informa-
tion can be divided into sensation mediated by:

• Posterior column pathways (vibration, pro-
prioception, and light touch)

9 As stated earlier, the cell bodies of the UMNs are found 
in the primary motor cortex in the frontal lobe, located 
on the anterior wall of the central sulcus. The major 
part of the corticospinal tract crosses the midline at the 
pyramidal decussation of the medulla oblongata.
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Fig. 2.4  Normal spinal cord anatomy. (a) Central canal, 
(b) ventral horn, (c) lower motor neuron nucleus, (d) cor-
ticospinal tract, (e) lower motor neuron axon, (f) ventral 
nerve root, (g) dorsal column, (h) sensory ganglion, (i) 
sensory dendrite (dorsal nerve root), (k) sensory axon, 
(l) spinal nerve, (m) intervertebral foramen, (n) posterior 

column, (o) synapse between first and second sensory 
neuron, (p) commissura alba (contralateral spinothalamic 
pathway not shown), (q) spinothalamic tract. Black, 
motor pathway; dark blue, spinothalamic pathway; light 
blue, posterior column pathway
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• Spinothalamic tracts (pain, temperature, and 
crude touch).

The posterior column pathway (or, more cor-
rectly, the posterior column-medial lemniscus 
pathway) mediates vibration, proprioception, 
and fine touch. Upon entering the spinal cord via 
the dorsal nerve root, fibers that convey vibra-
tion and proprioception travel upward through 
the ipsilateral posterior column (m).10 The spi-
nothalamic pathway that conveys temperature, 
pain, and crude touch, in contrast, crosses over 
to the contralateral side at the same level the 
fibers enter the spinal cord (or one or two seg-
ments higher). The axons from the first sensory 
neuron (of the spinothalamic pathway) synapse 
with second sensory neurons in the ipsilateral 
dorsal horn (n). Then, the axons of the second-
order neurons cross the midline just anterior to 
the central canal. Together with the contralat-
eral pain and temperature fibers, they form a 
white cross of myelinated nerve fibers within the 
gray matter. This white cross can be seen under 
the microscope and is called the commissura 
alba (o). Having crossed the midline, the fibers 
ascend in the anterior-lateral aspect of the spinal 
cord; this is the spinothalamic tract (p).11

In conclusion:

• The spinothalamic pathway mediates pain 
and temperature and decussates at the level of 
the spinal cord. This pathway ascends in the 
white matter region that lies anterior and lat-
erally to the butterfly.

• The posterior column-medial lemniscus path-
way conveys vibration and proprioception. It 

ascends ipsilateral to the entry of the dorsal 
root and crosses the midline at the brainstem 
level.

• The corticospinal tract decussates also at the 
brainstem level and descends laterally to the 
butterfly and synapses with the peripheral 
motor neuron in the frontal horn.

Sympathetic fibers leave the thoracolumbar 
spinal cord (T1–L2) via different routes compared 
to sensory and motor fibers. They also join the 
spinal nerves distally via the sympathetic trunk. 
This is why nerve root compression does not 
impair sweating, in contrast to what may be seen 
with a lesion of the plexus or a peripheral nerve.

Note that the anatomical site of a spinal cord 
lesion may differ from the clinical level found 
during bedside examination. This is due to cer-
tain features of the spinal vascular supply and 
the topography of the motor and sensory path-
ways. There are cases of paraparetic patients 
operated on for an asymptomatic cervical spi-
nal stenosis who later were found to suffer from 
thoracic meningioma. Complete neuroimaging 
of the spinal cord helps avoid such mistakes.

2.4.1  Complete or Near-Complete 
Transection of the Spinal Cord

Complete or near-complete transection of the 
spinal cord (Fig. 2.5), as seen with trauma, 
tumor, hemorrhage, vascular malformations, 
and infectious and autoimmune myelitis (e.g., 
neuromyelitis optica (NMO)), leads to the 
pathognomonic triad:

• Paraparesis (or tetraparesis)
• Sphincter disturbances
• Sensory disturbances below a “sensory level” 

on the trunk.

It is of utmost importance to identify this 
triad in both the history and bedside examina-
tion in every patient suspected of harboring 
a spinal cord lesion (Case 2.7). Transection 
of the spinal cord at the cervical level leads to 
tetraparesis and, if the C3–C5 level is involved, 

10 The axons that build up the posterior column pathway 
synapse in the medulla oblongata with second-order sen-
sory neurons, the cell bodies of which are found in the 
gracile nucleus and the cuneate nucleus. The axons of the 
second sensory neurons cross the midline at the level of 
the medulla and form the contralateral medial lemniscus 
pathway. They synapse in the thalamus with third-order 
neurons, the axons of which end in the parietal lobe’s 
postcentral gyrus, the primary sensory cortex.
11 Axons forming the spinothalamic tract synapse in 
the thalamus with third-order neurons which send their 
axons to the primary sensory cortex.
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diaphragm palsy and acute dyspnea (“C three, 
four, and five keep the diaphragm alive.”). 
Levels below T1 lead to paraparesis only. 
During the first phase of severe spinal injury 
following the traumatic event (“spinal shock”), 
muscle tone is lost, the weakness is flaccid, and 
there is hypo- or areflexia. (Note, however, that 
with incomplete spinal cord injury, hyperreflexia 
may be found immediately after the injury.) 
When the spinal shock resolves after days or 
weeks, weakness usually becomes spastic below 
the lesion because the corticospinal tract is dis-
rupted. Thus, UMN signs including increased 
muscle tone, spasticity, hyperreflexia, and exten-
sor plantar reflexes develop. There is one impor-
tant exception to this rule. At the very level of 
the spinal cord lesion, the ventral horn and thus 
the cell bodies of the LMNs are also damaged. 
Therefore, LMN signs such as flaccid weakness, 
decreased reflexes, atrophy, and fasciculations 
may develop at precisely this level. However, the 
clinical level of the spinal cord damage resulting 

in motor weakness is best established by assess-
ing the presence or absence of weakness in key 
muscles. In the upper extremities, these include:

• C5 elbow flexion
• C6 wrist extension
• C7 elbow extension
• C8 long finger flexion
• T1 finger abduction.

And in the lower extremities:

• L2 hip flexion
• L3 knee extension
• L4 ankle dorsiflexion
• L5 great toe extension
• S1 ankle plantar flexion.

With acute para- or tetraparesis, symptoms will 
usually be so obvious that a detailed history 
of motor function is not necessary. However, 
with subacute or slower development, the most 
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Fig. 2.5  Spinal cord transection. Traumatic and non-
traumatic spinal cord transections lead to a classical triad 
of paraparesis, a sensory level on the trunk and sphincter 

disturbances (black, motor pathway; dark blue, spinotha-
lamic pathway; light blue, posterior column pathway
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common complaints are stiffness of the legs, 
decreased walking distance, and dragging of one 
or both feet.

The patient is usually aware of a clear sen-
sory level, but in cases where sensory distur-
bances are less pronounced, he may only report 
a band-like sensation on the trunk. The site of 
the sensory level corresponds to the uppermost 
dermatome that is functionally affected by the 
injury. This usually (but not always) reflects the 
site of the anatomical lesion. A sensory level 
corresponds to:

• T4 dermatome if involving the breast nipples
• T10 dermatome if involving the umbilicus
• L1 dermatome if involving the inguinal 

ligaments.

As with muscles of the extremities, the 
sphincters tend to be paralyzed during the phase 
of spinal shock. In mild spinal cord injuries, 
bladder sphincter disturbance is usually more 
pronounced than anal sphincter dysfunction, 
resulting in urinary retention. Later, bladder 
sphincter and detrusor muscles become spas-
tic and urinary urgency may develop. Voluntary 
anal contraction must always be assessed in the 
patient with acute spinal cord injury, and its 
presence or absence should be documented in 
the charts. With severe spinal cord injuries, tem-
porary paralysis of the GI tract usually occurs. 
Sexual dysfunction, including erectile dysfunc-
tion, is another frequent symptom; all patients 
with spinal cord injury need empathetic guid-
ance and help with their sexuality.

With chronic spinal cord injury above TH6, 
painful stimuli in the body below the transec-
tion level may lead to acute massive vasocon-
striction of the mesenterical vessels and arterial 
hypertension. This is due to massive uninhibited 
sympathetic discharge. Characteristically, the 
patient is “cold and pale” below the lesion and 
“red and hot” above. This is called autonomic 
dysreflexia and represents a true medical emer-
gency. Since patients with chronic injury to the 
cervical or upper thoracic spinal cord usually 
have very low blood pressure, even blood pres-
sure readings with apparently normal values 
(e.g., 130/80 mmHg) may be associated with 
life-threatening hypertensive encephalopathy. 
Chapter 6 discusses the treatment of autonomic 
dysreflexia.

2.4.2  Brown-Séquard Syndrome

Hemitransection of the spinal cord is called 
Brown-Séquard syndrome and denotes a lesion 
affecting the right or left half of the spinal cord 
(Fig. 2.6). Classical hemitransection is usually 
only encountered after knife stabs or gunshots, 

Case 2.7  Compressive cervical medullopathy in Down 
syndrome. A 49-year-old male with Down syndrome 
and associated Alzheimer’s disease fell off the swing 
while playing on a playground. He was unable to get up 
from the ground as his legs gave way. The neurologist 
on call noticed hyperreflexia in all extremities, bilateral 
extensive toes, and urinary retention. The patient was 
unable to participate in a detailed sensory examination, 
but sensation for pain and temperature seemed decreased 
below the clavicles. Emergency MRI showed a cervical 
compressive medullopathy. The patient underwent emer-
gency spinal surgery. Compression of the cervical spinal 
cord due to atlantoaxial instability (or, as in this case, 
slightly below this level) is a well-known complication 
of trisomy 21 (as is progressive cognitive decline due to 
early onset Alzheimer pathology, which is caused by the 
triplication of the amyloid precursor protein gene (APP) 
located on chromosome 21)



312.4 Spinal Cord

but less complete hemitransection may be seen 
with, e.g., an epidural tumor or hemorrhage and 
lateral cord compression.

• Motor function will be lost below and ipsilat-
eral to the lesion; thus, a right-sided truncal 
hemitransection leads to paresis of the right 
leg. Again, below the lesion weakness is usu-
ally spastic, whereas at the level of the lesion, 
there will be LMN palsy.

• Since the ipsilateral dorsal column is 
affected, vibration and position sense are 
impaired in the ipsilateral leg.

• Pain and temperature sense will be affected 
in the contralateral side of the trunk and the 
leg due to damage of the spinothalamic tract 
crossing at the spinal level.

Rephrased, examination of the ipsilateral leg  
will reveal motor paresis and decreased sen-
sation for vibration and position sense but 
normal pain and temperature sensation: The 

contralateral leg, in contrast, will have intact 
motor function and normal sensation for vibra-
tion and proprioception but disturbed sensation 
for pain and temperature. This is termed disso-
ciated sensory loss. (Thus, spinothalamic tract  
sensation is affected, but dorsal column sensa-
tion is intact—and vice versa.) Dissociated sen-
sory loss is a highly characteristic sign of spinal 
cord pathology.

2.4.3  Anterior Cord Syndrome

Infarction of the anterior spinal artery is usually 
due to occlusion of the artery of Adamkiewicz 
or of one or several of the many smaller feed-
ing arteries and may occur spontaneously or 
secondary to, e.g., aortic dissection and thoracic 
surgery. It leads to the anterior cord syndrome 
(Fig. 2.7). Since the spinal anterior artery sup-
plies the ventral two-thirds of the spinal cord, 
there is dissociated sensory loss with preserved 
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Fig. 2.6  Brown-Séquard syndrome (spinal cord hemi-
transection). Spinal cord hemitransection is associated 
with injury to the ipsilateral motor pathway (black), the 

ipsilateral posterior column pathway (light blue), and the 
contralateral spinothalamic pathway (dark blue)
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vibration sense and proprioception but impaired 
perception of pain and temperature below the 
affected level. In addition, the patient has a para-
paresis with LMN signs at the level of the lesion 
and upper motor signs below it. Spinal infarcts 
can be difficult to distinguish from transverse 
myelitis: An ischemic etiology is more likely 
with acute/subacute onset of symptoms (< 24 h), 
in the elderly, and with cardiovascular risk fac-
tors. (Conversely, an inflammatory etiology is 
probable with symptom evolution > 24 h, in the 
young, and when cardiovascular risk factors are 
absent).

Compressive cervical myelopathy may occa-
sionally affect the anterior horns selectively and 
lead to bibrachial diplegia of the LMN type. 
This is another differential diagnosis of the man-
in-the-barrel syndrome. Mechanical compres-
sion of the spinal cord can be temporary and 
may be overlooked with MRI in neutral posi-
tion, e.g., cervical flexion myelopathy associated 

with an intradural cyst. Spinal cord compres-
sion during neck flexion is also well described 
in Hirayama disease (juvenile muscular atrophy 
of the distal upper extremity), a self-limiting, 
distal, brachial mono- or diplegia due to seg-
mental anterior horn cell lesion, typically affect-
ing young people, frequently of Asian origin. 
Sensory symptoms do not occur. The hallmark 
of this disease is anterior displacement of the 
cervical spinal cord against the vertebral bodies 
during neck flexion, visualized only on MRI in 
flexed position.

2.4.4  Dorsal Cord Syndrome

Dorsal cord syndrome (Fig. 2.8) is characterized 
by impairment of vibration and proprioception 
in the legs. Sensation of pain and temperature 
and motor function are preserved. The most 
characteristic sign of this syndrome is sensory 
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Fig. 2.7  Anterior cord syndrome. With damage to the 
anterior spinal cord, usually due to infarction of the ante-
rior spinal artery, the ventral two-thirds of the spinal cord 

will be damaged, leaving the vibration sense and proprio-
ception intact (black, motor pathway; dark blue, spinotha-
lamic pathway; light blue, posterior column pathway)
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ataxia. The patient may complain of being una-
ble to walk in the dark or to stand with eyes 
closed (Romberg’s sign). A manifestation of 
neurosyphilis, tabes dorsalis is a classic exam-
ple of tertiary syphilis. It is exceedingly rare in 
the developed world nowadays, although syphi-
lis itself is on the rise again.

Subacute combined degeneration due to 
vitamin B12 deficiency and copper deficiency 
myelopathy have a predilection for the dorsal 
columns as well but also affect the corticospinal 
tracts, thus leading to a combination of decreased 
sensation for vibration and position sense and 
spastic leg weakness. Another, increasingly com-
mon example of subacute combined degenera-
tion is abuse of nitrous oxide (colloquially known 
as “laughing gas”): Nitrous oxide is increasingly 
being used as a recreational drug because it is 
cheap, widely available from “whippit” canisters 
used in cream dispensers and can be legally pur-
chased (“legal high”). Prolonged use of nitrous 
oxide leads to disabling neurological deficits due 

to functional inactivation of vitamin B12. The 
diagnosis is based on the history of nitrous oxide 
abuse and increased levels of homocysteine and/
or methylmalonic acid. Patients require imme-
diate and prolonged treatment with parenteral 
vitamin B12. While recovery can be complete in 
mild cases, many patients remain significantly 
disabled owing to persistent sensory ataxia and 
leg weakness (Case 2.8).

Another example of dorsal cord dysfunction 
is the useless hand of Oppenheim, occasion-
ally encountered with MS. Whereas power and 
cutaneous sensation are preserved, loss of pro-
prioception induced by a plaque in the dorsal 
columns makes the hand more or less useless.

2.4.5  Syringomyelia

Syringomyelia indicates the presence of a 
fluid-filled cavity (syrinx) within the spinal 
cord (Fig. 2.9). This cavity can expand and 
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Fig. 2.8  Dorsal cord syndrome. Posterior column func-
tion is impaired, but spinothalamic and motor pathways 
usually stay intact (black, motor pathway; dark blue, 

spinothalamic pathway; light blue, posterior column 
pathway) (Color figure online)
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elongate over time, damaging the spinal cord. 
Syringomyelia in its classic presentation is due 
to enlargement of the central canal of the cervi-
cal and thoracic cord, also termed hydromyelia. 
Extracanalicular syrinxes, in contrast, are asso-
ciated with, e.g., cystic spinal tumors or may be 
seen following absorption of a spinal hemor-
rhage. The pathophysiology is not well under-
stood. Syringomyelia may arise spontaneously 
and is often an incidental finding on MRI of the 
spine. Secondary causes include spinal trauma, 

hemorrhage, tumor, and myelitis. Syringomyelia 
is also frequently encountered in patients with con-
genital hydrocephalus and the Arnold-Chiari syn-
drome. Symptomatic syringomyelia has a typical 
clinical presentation. For unknown reasons, when 
the central canal dilates, it affects the ventral horn 
first. The first structures to be damaged are the 
myelinated fibers of the spinothalamic pathways 
that cross immediately ventral to the central canal. 
This is the commissura alba referred to earlier 
(Fig. 2.4). Since syringomyelia normally affects 
the cervicothoracic spine, patients present with loss 
of pain and temperature perception in the hands. 
They often have a history of painless wounds and 
injuries to the hands. Only later does the syrinx 
involve the whole of the ventral horns and then 
LMN signs develop, including atrophy, fascicula-
tions, and deformities of both the hands and arms. 
Continuing enlargement of the syrinx may then 
damage the ventral horns of the thoracic spinal 
cord and lead to weakness and atrophy of the trun-
cal musculature and to scoliosis. Bulbar signs such 
as dysarthria, dysphagia, and tongue paresis can 
occur with extension of the syrinx into the medulla 
oblongata. This condition is called syringobulbia.

2.4.6  Central Cord Syndrome

Acute traumatic central cord syndrome is usu-
ally caused by severe hyperextension of the 
neck. It is often associated with hemorrhaging in 
the central part of the spinal cord, destroying the 
axons of the inner part of the corticospinal tract 
serving the arms. The outer part of the corti-
cospinal tract devoted to the motor control of the 
legs, however, is not severely damaged. Thus, 
examination reveals bilateral paresis of the arms 
with more or less preserved power in the legs. It 
follows that the central cord syndrome is another 
cause for the man-in-the-barrel syndrome. In 
addition to the distal, more than proximal, arm 
weakness, bladder dysfunction and patchy sen-
sory loss below the level of the lesion are seen. 
The prognosis is related to the degree of axonal 
damage, but long-term outcome is favorable in 
many patients.

Case 2.8  Nitrous oxide abuse. A 25-year-old male with 
a criminal record for minor offenses and drug abuse 
was admitted because of rapidly deteriorating gait and 
numbness in the lower extremities over seven days. 
Examination revealed severe sensory ataxia requiring the 
support of two persons to maintain an upright position. 
He confessed to regular abuse of nitrous oxide. Saggittal 
T2-weighted MRI showed myelitic changes in the poste-
rior aspect of the cervical and thoracic spine, confirming 
subacute combined degeneration, and electrophysiology 
revealed a mixed sensory axonal polyneuropathy. Despite 
immediate parenteral vitamin substitution, his gait 
remained severely compromised at 12-month follow-up
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2.4.7  Conus Medullaris Syndrome

Conus medullaris syndrome is due to a lesion in 
the lowermost part of the spinal cord (Case 2.9). 
It leads to sphincter impairment of the bladder 
and bowel, saddle anesthesia, and sexual dys-
function. With a pure conus medullaris syn-
drome, e.g., due to a MS plaque, a metastasis or 
an infectious or postinfectious process, power 
in the legs will be normal. In practice, however, 
it is often combined with a cauda equina syn-
drome, which was discussed earlier.

2.5  Brainstem

The brainstem, from cranial to caudal, can be 
divided into three parts:

• Mesencephalon (or midbrain)

• Pons
• Medulla oblongata.

The brainstem contains the following structures:

• All sensory pathways coming from the body 
(afferent pathways) and all motor and auto-
nomic pathways destined for the body (effer-
ent pathways)

• The nuclei of CN III–XII12

• Autonomic centers (e.g., respiration, 
circulation)

• The ARAS, mediating arousal
• The nuclei of the monoaminergic neurons 

(substantia nigra/dopamine, locus ceruleus/
norepinephrine, raphe nuclei/serotonin).

The CN nuclei are organized numerically from 
cranial to caudal (Fig. 2.10):
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Fig. 2.9  Syringomyelia. The anterior white commis-
sure (commissura alba) is a bundle of nerve fibers that 
cross the midline of the spinal cord just anterior to the 
central canal. This structure is typically damaged early in 

cases of syringomyelia, leading to characteristic bilateral 
impairment of pain and temperature sensation (black, 
motor pathway; dark blue, spinothalamic pathway; light 
blue, posterior column pathway) (Color figure online)

12 CN I and CN II do not possess nerve nuclei.
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• CN III and IV nuclei are found in the 
mesencephalon.

• The nuclei of CN V, VI, VII, and VIII are 
located in the pons.

• The medulla oblongata contains the CN 
nuclei of IX, X, XI, and XII.

Although somewhat simplified, this list 
serves all practical purposes. A notable excep-
tion is the trigeminal nerve (CN V). As stated 
above, its motor nucleus is in the pons, but the 
sensory trigeminal nerve nuclei reside within the 
entire brainstem (midbrain, pons, and medulla).

The vertical organization of the CN nuclei 
has clinical significance insofar as CN palsies, 
and loss of brainstem reflexes can be used to 

define the site of a lesion on a cranial-caudal and 
left–right axis.

• Cranial-caudal axis. Brainstem lesions with 
impairment of the pupillary reflex involve 
the mesencephalon (afferent, CN II; efferent, 
CN III). The corneal reflex is located in the 
pons (afferent, CN V; efferent, CN VII); the 
vestibulo-cephalic reflex and vestibulo-ocular 
reflex (VOR) involve both the pons and mes-
encephalon (afferent, CN VIII; efferent, CN 
III and VI); and the gag and cough reflexes 
are mediated by the medulla oblongata (affer-
ent, CN IX; efferent, CN X).

• Left–right axis. Brainstem lesions often lead 
to crossed deficits with ipsilateral CN deficits 

a b

c

Case 2.9  Conus medullaris metastasis. A 51-year-old 
woman had received surgery, chemotherapy, and radia-
tion for a non-small cell lung cancer (NSCLC). Two 
years later, she experienced slight urinary retention 
and perineal hypoesthesia. MRI revealed a contrast-
enhancing lesion in the conus medullaris (a, sagit-
tal T1-weighted; b, axial T1-weighted; both images 

following IV gadolinium). This process was hypermet-
abolic as shown by PET (c; note that high signal from 
the kidneys is a normal feature and due to tracer accu-
mulation in the urine). Lumbar puncture revealed a mild 
lymphocytic pleocytosis. As CSF microscopy revealed 
only reactive inflammatory cells, a biopsy was performed 
which confirmed that this was an NSCLC metastasis
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and contralateral long tract signs (Fig. 2.10). 
The latter is due to the fact that most brainstem 
lesions affect the corticospinal tract above 
its decussation in the medulla oblongata, 
and they affect the spinothalamic tract after 
it crosses the midline at the spinal cord level. 
Consequently, a patient with a right-sided pon-
tine hemorrhage may present with right-sided 
facial palsy (CN VII) and a left-sided hemipa-
resis and/or hemihypesthesia. The facial palsy 
in this case will be peripheral due to damage to 
the facial nerve nucleus that contains the cells 
of the second motor neurons.

There is an exception to the rule of brainstem 
damage leading to crossed cranial nerve and 
long tract deficits: Lesions affecting the cortico-
pontine tract fibers to the face above the nucleus 
of the facial nerve can induce a contralateral 
central facial palsy (Fig. 2.10).

Other typical brainstem symptoms are diplo-
pia, dysphagia, and dysarthria (Case 2.10).13 
Lesions involving the vestibular nuclei (CV 
VIII) or the cerebellar-pontine tracts may lead to 
acute vertigo.

In conclusion, as a rule of thumb, brainstem 
lesions lead to ipsilateral CN palsies and con-
tralateral sensory and motor signs in the extrem-
ities; CN palsy therefore localizes the lesion in 
the brainstem both on the cranial-caudal and 
left–right axes.

2.6  Cranial Nerves

2.6.1  Olfactory Nerve

The olfactory nerve (CN I) is not a part of the 
brainstem, but is discussed here for convenience. 
The olfactory bulb may be damaged by trauma, 

an olfactory glioma, or a frontal lobe meningi-
oma. Neurodegenerative disorders such as AD 
and Parkinson’s disease (PD) may affect olfac-
tion before cognitive and motor functions. Loss 
of olfaction, however, is much more frequently 
due to the common cold and local causes in the 
nasal cavity.

The patient will normally notice the loss 
of taste, but not necessarily the olfactory loss. 
Taste, although mediated by CN VII and IX, is 
very much a matter of olfaction. (This is why 
food may seem tasteless when eaten without 
breathing.) Thus, during the history, ask whether 
the patient can smell, e.g., coffee or perfume, or 
whether food no longer tastes as good as it used 
to do.

Whereas lesions of the primary olfactory cor-
tex in the temporal lobe may lead to epileptic 
olfactory hallucinations, olfactory bulb tumors 
can provoke nonepileptic sensations that usually 
involve rather unpleasant odors. The intimate 
connection between the piriform cortex, the 
amygdala, the entorhinal cortex, and the other 
limbic regions explains why olfaction instantly 
evokes memories and emotions. (For a complex, 
poetic, study of this subject, see Marcel Proust’s 
Remembrance of Things Past.)

2.6.2  Optic Nerve

Similar to the olfactory nerve, the optic nerve 
(CN II) is more an outpouching of the central 
nervous system (CNS) than a true CN and thus 
lacks a CN nucleus. Its myelin is produced by 
oligodendrocytes instead of Schwann cells, and 
it is surrounded by the dura, arachnoidea, and 
pia mater instead of the epi-, peri-, and endoneu-
rium. Complete loss of optic nerve function 
leads to blindness of the affected eye and may 
either develop acutely or chronically.

Occlusion of the ophthalmic artery due to an 
embolus from a carotid artery plaque is a com-
mon cause of acute monocular blindness. With 
the help of an ophthalmoscope, the examiner 
may sometimes notice a small cholesterol embo-
lus occluding one of the central retinal artery 
branches, leading to focal ischemic changes 

13 Please bear in mind that dysphagia, dysarthria, 
and diplopia are also often due to diseases of the 
muscle, neuromuscular junction, or cranial nerves. 
Non-neurological causes are common as well, e.g., dys-
phagia and dysarthria due to tonsillitis. Also note that 
distinguishing disturbed speech (dysarthria) from abnor-
mal language (dysphasia) is crucial. The latter is not a 
brainstem sign; it is a cortical phenomenon.
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Fig. 2.10  Brainstem. The brainstem consists of the 
midbrain, the pons, and the medulla oblongata. The CN 
nuclei are organized numerically from cranial to caudal 
(a). Although the motor nucleus of CN V is in the pons, 
the sensory CN V nuclei reside within the entire brain-
stem (not shown). Observe that CN I and CN II do not 
possess nuclei and are therefore not depicted here. A 

brainstem lesion typically leads to crossed deficits with 
ipsilateral CN impairment and contralateral long tract 
signs, e.g., a right peripheral facial palsy and a left hemi-
paresis (b). However, lesions affecting the corticopontine 
pathway to the face above the nucleus of CN VII occa-
sionally induce a contralateral central facial palsy (c)
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distally of the occlusion. More commonly, 
ischemic retinal infarction does not occur and 
visual function is restored after a few min-
utes. This condition is called amaurosis fugax. 
Although atherosclerosis of the internal carotid 

is by far the most common source of the embo-
lus, cardiac sources of retinal artery emboli are 
well described. Amaurosis fugax should there-
fore be dealt with similar to any other transient 
ischemic attack.
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Case 2.10  Brainstem glioma. A 26-year-old male with 
an unremarkable medical history had noticed subtle dif-
ficulties swallowing and slightly slurred speech for the 
previous 4 months. Recently, he had also noticed visual 
blurring and subsequently minor double vision during 
highway driving. (Slowly progressive diplopia is often 
first noticed during visual tasks at distance, e.g., driv-
ing, because small-angle misalignments become symp-
tomatic.) In addition, he had experienced mild sensory 
symptoms from his left hand for a few days. MR of the 
brain revealed a large cystic pontine tumor (FLAIR, 

a; T2, b) without contrast enhancement (T1-weighted 
with gadolinium, c). The discrepancy between the mas-
sive tumor infiltration of the brainstem and the relative 
paucity of clinical symptoms is typical for a brainstem 
glioma. Given the classic tumor presentation and the 
high periprocedural risk, a brainstem biopsy was not per-
formed. The patient was treated with radiation therapy 
and temozolomide. Two years later, he continued to be 
independent in his activities of daily living despite mod-
erate dysarthria, a left foot drop, and mild ataxia of gait
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Whereas amaurosis fugax leads to instant 
monocular blindness, the following conditions 
develop rather subacutely or chronically and 
may involve one or both optic nerves.

Patients with idiopathic intracranial hyper-
tension (sometimes called pseudotumor cer-
ebri) complain about headache and transient 
visual obscurations that may progress to blind-
ness. Ophthalmoscopy initially reveals loss 
of spontaneous venous pulsations (SVP) and 
later established papilledema. Irreversible loss 
of vision represents a significant threat, which 
is why “benign intracranial hypertension” is a 
somewhat unfortunate term. Visual symptoms 
and headache may or may not be accentuated 
by Valsalva-like maneuvers. The vast major-
ity of these patients are obese young females, 
and recent weight gain is often reported. The 
diagnosis of idiopathic intracranial hyperten-
sion requires exclusion of cerebral venous sinus 
thrombosis, intracranial structural pathology, 
and extracerebral venous outflow obstruction 
(e.g., paraganglioma with compression of the 
jugular veins).

Headache and transient visual obscurations 
are also common with secondarily increased 
intracranial hypertension due to, as stated previ-
ously, a cerebral tumor or cerebral venous sinus 
thrombosis. Again, ophthalmoscopic examina-
tion may reveal papilledema of varying degree. 
In contrast, if papilledema is absent and sponta-
neous pulsations of the central retinal veins are 
visible, intracranial pressure (ICP) is normal—at 
least at the time of examination.

Orthostatic hypotension commonly leads to 
transient visual obscurations in the absence of 
papilledema.

Although bilateral scotomata are much more 
common, unilateral blindness occasionally 
occurs during the aura of a migraine attack.

Anterior ischemic optic neuropathy (AION) 
may also present with acute or subacute visual 
loss of one or both eyes and is divided into arte-
ritic and non-arteritic AION. AION is much 
more common in people 50 years of age or 
older.

• Arteritic AION is almost always due to tem-
poral arteritis (or giant cell arteritis). A 
typical patient is an elderly patient who com-
plains about generalized muscle tenderness 
(polymyalgia rheumatica), pain in the tem-
ples or the jaw while chewing (jaw claudi-
cation), and tenderness with palpation of the 
temporal region. Visual disturbances are an 
urgent warning that irreversible loss of sight 
may soon occur. A prominent temporal artery 
may be seen upon inspection. As a rule, the 
erythrocyte sedimentation rate should be 
checked in every patient more than 50 years 
of age with new-onset headache of unknown 
origin. Beware that, occasionally, the erythro-
cyte sedimentation rate is normal and a tem-
poral biopsy negative (if an unaffected part of 
the artery has been removed). Only rarely is 
arteritic AION due to other types of vasculi-
tis, e.g., polyarteritis nodosa, SLE, or herpes 
zoster. Takayasu’s disease is a large-vessel 
inflammatory arteriopathy that predominantly 
affects young females and may lead to tran-
sitory neurological symptoms, including 
amaurosis fugax. The disease is also called 
“pulseless disease” because stenosis of the 
brachial arteries can lead to a decrease of 
pulse and blood pressure in the arms.

• Non-arteritic AION is probably the most 
common cause of sudden visual loss due to 
optic nerve damage in the elderly. There are 
two main risk factors for non-arteritic AION. 
The first is congenital small optic discs, 
which can be detected on ophthalmoscopic 
examination and which may compromise 
vascular supply of the optic nerve fibers; the 
second is related to general cardiovascular 
risk factors such as hypertension, smoking, 
and high cholesterol levels.

Very common, of course, is optic neuritis. In the 
young, this is the most frequent disorder associ-
ated with acute or subacute visual disturbance. 
Pain on movement of the affected eye is a com-
mon complaint with acute optic neuritis and 
may sometimes precede the visual impairment. 
Complete blindness is very rare and normally 
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only encountered in patients with severe and 
long-standing MS or NMOSD. Patients usu-
ally complain of blurred or foggy vision. 
Although the patient may not be aware of a loss 
or decrease in color vision in the affected eye, 
this can easily be documented on examination. 
Ask the patient to close the affected eye and to 
focus on a red object. (Red perception is usu-
ally lost first.) Then ask the patient to close the 
other (healthy) eye and focus on the object using 
the affected eye. In the case of optic neuritis, the 
patient will usually report ipsilateral decrease of 
color intensity and brightness. An ophthalmos-
copy may show papilledema with anterior, but 
not with retrobulbar, neuritis. In a patient with 
MS and lack of current visual complaints, optic 

atrophy and desaturation to red may suggest a 
former episode of optic neuritis. Some 50–70% 
of patients presenting with optic neuritis will 
eventually develop other evidence of MS.

Severe optic neuritis that simultaneously 
or subsequently involves both eyes combined 
with myelitis strongly suggests a diagno-
sis of Neuromyelitis optica spectrum disorder 
(NMOSD), previously called Devic’s disease 
(Case 2.11). This is a severe autoimmune neu-
roinflammatory disorder associated with aqua-
porin-4 antibodies that may leave the patient blind 
and paraplegic, if not treated with aggressive 
immunomodulatory therapy. Consult Chap. 4, the 
differential diagnosis of demyelinating diseases, 
for further information.

Case 2.11  Optic neuritis and Charles Bonnet syn-
drome. NMOSD is a rare inflammatory disease that most 
often affects the optic nerves and spinal cord, here of a 
76-year-old woman. She had suffered from several epi-
sodes of optic neuritis sequentially involving both eyes 
over the past two years. Aquaporin-4 antibodies were 
positive. Note the hyperintense signal of the right optic 
nerve on axial MRI FLAIR (left) and coronal contract 
enhanced T1-weighted MRI (right), compatible with a 
new bout of optic neuritis. At that time she had become 
functionally blind. Of note, she reported non-frighten-
ing, rather pleasant visual hallucinations of silent small 
men and children, which was consistent with visual 
deprivation hallucinations and Charles Bonnet syn-
drome. Charles Bonnet syndrome is a condition with 

characteristic hallucinations due to visual deprivation. 
This syndrome, probably underdiagnosed, occurs in the 
elderly with complete or near-complete blindness due to 
eye disease such as macular degeneration (or, less often, 
due to CNS-related visual disturbances). These patients 
typically have bizarre and complex, dreamlike hallucina-
tions of people and settings. The hallucinations are usu-
ally non-frightening and sometimes even pleasurable. 
The patients are usually aware of the fact that their expe-
riences are hallucinations only (so-called pseudohalluci-
nations). A similar phenomenon is occasionally encoun-
tered in elderly hearing-impaired people who develop 
auditive deprivation hallucinations, usually in the form of 
repetitive melodies
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Leber’s hereditary optic neuropathy (LHON) 
is a mitochondrial disease leading to degenera-
tion of retinal ganglion cells and their axons. It 
leads to an acute (!) or subacute loss of central 
vision and affects predominantly, but not exclu-
sively, young adult males. A diagnosis of LHON 
should be considered in every young patient 
with sudden visual loss and lack of obvious rea-
sons. Sudden onset of visual loss is usually one-
sided in the beginning, but after some weeks or 
months, the other eye is affected as well. Severe 
optic atrophy and permanent decrease of visual 
acuity will eventually result. Examination may 
reveal an afferent pupillary defect, papilledema 
in the acute stage, followed by optic atrophy in 
the chronic stage, decreased visual acuity, loss 
of color vision, and scotoma.

Toxic optic neuropathy may occur from expo-
sure to carbon monoxide, ethylene glycol, meth-
anol, and toluene or may result from an adverse 
drug reaction. Many drugs have been associated 
with optic nerve disease, e.g., amiodarone, eth-
ambutol, linezolid, and phosphodiesterase type 
5 (PDE-5) inhibitors (sildenafil, vardenafil, and 
tadalafil). However, whether or not PDE-5 inhib-
itors may induce visual loss due to non-arteritic 
AION is not established beyond doubt. Tobacco-
alcohol amblyopia is a toxic-nutritional optic 
neuropathy encountered in smokers with poor 
dietary habits and long-standing alcohol abuse. 
It may be reversible with the replacement of B 
vitamins and cessation of smoking.

Monocular loss developing over many 
months or years may occur with an optic nerve 
glioma (typically encountered in patients with 
neurofibromatosis type I) or a tumor compress-
ing the optic nerve, e.g., a sphenoid sinus men-
ingioma. With the latter process, the patient may 
exhibit the Foster-Kennedy syndrome. This syn-
drome is revealed by ophthalmoscopy showing 
ipsilateral optic nerve atrophy due to the tumor 
compressing the ipsilateral CN II and contralat-
eral papilledema due to increased ICP.

Obviously, the neurologist must remember 
that many primary ocular diseases lead to acute 
(e.g., glaucoma, retinal detachment) or chronic 
(e.g., cataract, retinitis pigmentosa) monocu-
lar or binocular blindness. Disturbances of the 

visual system located at or behind the optic chi-
asm will be discussed together with dysfunction 
of subcortical white matter pathways and the 
occipital cortex later in this chapter.

Visual snow syndrome is a chronic condition 
associated with the continuous perception of 
tiny flickering dots occurring in the entire visual 
field, resembling snow in the air or the static 
noise of an untuned TV. Additional features 
include palinopsia, photophobia, and blue-field 
entoptic phenomena, and the diagnosis requires 
exclusion of competing neurological and oph-
thalmological disorders. The term “visual snow 
syndrome” was coined in 2013. Operational cri-
teria were proposed in 2017 and 2018. Attempts 
at medical treatment have largely proven unsuc-
cessful. The prevalence of visual snow syn-
drome in the UK is 1.4%–3.3%. Visual snow 
syndrome is associated with tinnitus, mood 
impairment, and headache. Despite substantial 
attention on social media, visual snow syndrome 
is not a progressive disorder but rather a harm-
less physiological phenomenon, whose exist-
ence has gone undetected until a few years ago. 
Reassuring information should be given to those 
seeking medical attention for it.

2.6.3  Oculomotor Nerve, Trochlear 
Nerve, Abducens Nerve

2.6.3.1  Supranuclear, Infranuclear, 
and Nuclear Dysfunction 
of Eye Movements

For the sake of convenience, dysfunction of the 
oculomotor nerve (CN III), trochlear nerve (CN 
IV), and abducens nerve (CN VI) is reviewed 
here together with eye movement disturbances 
due to lesions of the brainstem and cerebrum. 
But first some words of comfort: Everyone who 
is not an experienced neuro-ophthalmologist 
finds that the anatomy of eye movements is 
difficult, and clinical assessment can be rather 
frustrating in the beginning. Therefore, most 
neurologists use an approach based on pat-
tern recognition and try to classify eye move-
ment disturbances into a few easily recognized 
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syndromes. All other cases are termed as unclas-
sifiable, and then an experienced neuro-oph-
thalmologist is consulted, if available. In many  
such cases, eye muscle paresis will not be due  
to defective nervous supply but rather due to  
disorders of the eye muscles themselves (e.g.,  
external ophthalmoplegia in mitochondrial dis-
orders), the neuromuscular junction (e.g., fluctu-
ating gaze palsies in MG), or the orbit and the  
eye itself (e.g., exophthalmos and diplopia in  
Graves’ disease).

The following eye movement disturbances 
due to impaired supranuclear, nuclear, or 
peripheral nervous supply should be recognized 
by the neurologist at the bedside:

• Lesions of the supranuclear pathways include 
contralateral and ipsilateral horizontal gaze 
palsies and supranuclear vertical gaze palsy 
(Parinaud’s syndrome).14

• Brainstem syndromes include nuclear CN 
palsies, internuclear ophthalmoplegia (INO), 
the one-and-a half syndrome, skew deviation, 
opsoclonus, and some forms of nystagmus (in 
addition to ipsilateral horizontal gaze palsy 
and the Parinaud’s syndrome).

• Lesions of the CNs include external, inter-
nal, and complete oculomotor nerve palsy,15 
trochlear nerve palsy, and abducens nerve 
palsy.

In severe cases, complete ophthalmoplegia 
may arise with lesions at the supranuclear and 
nuclear level (e.g., progressive supranuclear 
palsy (PSP), Wernicke’s encephalopathy) or 
with combined palsies of the oculomotor, troch-
lear, and abducens nerves (e.g., leptomeningeal 
carcinomatous infiltration, GBS, basal menin-
gitis due to, i.e., neuroborreliosis, TB) or with 
impairment of the external eye muscles (e.g., 
mitochondrial disorders, Graves’ disease). For 

the analysis of eye movements in comatose 
patients, see Chap. 3.

Supranuclear dysfunction of eye movements 
can be due to supratentorial and infratentorial 
lesions. A large ischemic or hemorrhagic stroke 
in one hemisphere leads to contralateral hori-
zontal gaze palsy. For example, a patient with 
a left hemispheric stroke cannot move his eyes 
across the midline and look to the right. In the 
early phase, the eyes typically deviate to the left. 
Thus, contralateral gaze palsy is associated with 
ipsilateral gaze deviation. (The patient looks 
toward the lesion.) With epilepsy, the opposite is 
often the case (ipsilateral gaze palsy). A patient 
with an epileptic seizure due to a left-sided 
lesion may have gaze deviation toward the right. 
(The patient looks away from the lesion.) The 
reason for this, somewhat simplified, is that the 
hemispheres exert tonic control of the eyes; the 
right hemisphere “pulls” the eyes to the left and 
the left hemisphere to the right. With a left-sided 
stroke, the tonic control of the left hemisphere 
is weakened, and consequently, the relatively 
larger tonic control from the right hemisphere 
induces deviation of the eyes to the left (toward 
the lesion). With an epileptic seizure, tonic con-
trol increases at the site of the epileptic focus; 
thus, a seizure focus in the left hemisphere will 
overpower the right hemisphere and “pull” the 
eyes toward the right (away from the lesion). 
Because of damage to the pontine gaze center, 
an infratentorial supranuclear stroke will lead 
to ipsilateral gaze palsy, and the eyes will devi-
ate toward the contralateral side (away from the 
lesion); thus, gaze palsies due to a brainstem 
stroke lead to the exact opposite of what is seen 
with supratentorial hemispheric stroke.

Supranuclear vertical gaze palsy is usually 
due to a lesion at the dorsal midbrain at the site 
of the superior colliculi of the tectum, the third 
ventricle, or the Sylvian aqueduct. Pineal gland 
tumors in the young and metastases and tha-
lamic hemorrhages in the elderly are common 
lesions, but any inflammatory or vascular upper 
brainstem process may be responsible. Thiamine 
deficiency due to alcohol abuse is another com-
mon cause. Obstructive hydrocephalus due 
to stenosis of the aqueduct, a pinealoma, or a 

14 “Supranuclear” means “above the cranial nerve 
nuclei,” in this case the nuclei of CN III, IV, and VI.
15 “External” and “internal” refer to the external eye 
muscles, respectively, the muscles of the iris. Thus, an 
external ophthalmoplegia leaves the pupillary function 
intact, whereas with an internal CN III paresis, there is 
mydriasis.
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third ventricle tumor may also lead to a supra-
nuclear vertical palsy; sustained downgaze is 
called the “setting sun sign.” The palsy is supra-
nuclear insofar as vertical gaze is possible with 
the (vertical) doll’s eye maneuver. Thus, both 
oculomotor nerves and their nuclei (which are 
part of the vestibulo-ocular reflex pathways) 
are intact. This is also true for PSP, a neurode-
generative disorder of the parkinsonian spec-
trum associated with mesencephalic atrophy 
(see below). Supranuclear vertical gaze palsy is 
often combined with eyelid retraction (Collier’s 
sign) and pupillary abnormalities (Parinaud’s 
syndrome).16

Internuclear ophthalmoplegia (INO) is due 
to a lesion of the medial longitudinal fascicu-
lus (MLF) in the brainstem. The MLF con-
nects the abducens nerve nucleus of one side 
with the oculomotor nucleus of the other side. 
This is important for conjugate lateral gaze. 
If the patient looks to the right, the right eye is 
abducted (CN VI on the right side) and the left 
eye adducted (CN III on the left side). This is 
accomplished with the help of the MLF. With a 
left-sided lesion of the MFL, adduction of the 
left eye will no longer be possible. Upon the 
attempt to look to the right, the left eye will be 
fixed in the midline, whereas a compensatory 
nystagmus is seen in the abducted right eye. 
However, the patient will have no problem look-
ing to the left. As a rule, INO in young patients 
is due to MS and in the elderly due to a vascular 
event in the brainstem. INO may also be seen as 
part of Wernicke’s encephalopathy. For all prac-
tical purposes, bilateral INO is pathognomonic 
for MS.

Knowing the anatomic substrate of the 
one-and-a-half syndrome does not lead to any 
clinical benefit, but since the neurologist will 
encounter the syndrome every now and again, 
being able to recognize it is a good idea. It is 
characterized by dysconjugate horizontal gaze 

palsy in one direction and an INO in the other. 
Consequently, one eye is completely fixed in 
the midline, whereas the other eye is turned out-
ward at baseline and fixed in the midline when 
looking in the opposite direction. The clinical 
relevance of the one-and-a-half syndrome is 
comparable to INO.

Skew deviation is a vertical misalignment of 
the eyes usually seen in the context of brainstem 
or cerebellar injury from stroke, MS, trauma, or 
tumors. It can be accompanied by torticollis and 
a tilt in the subjective visual vertical axis. Skew 
deviation may be subtle and compensated for by 
focused gaze. Compensated skew deviation can 
be detected during the bedside examination. The 
examiner may prevent compensation by cover-
ing one of the patient’s eyes (cover test), which 
makes supranuclear compensation impossible, 
and the covered eye will deviate vertically from 
its baseline position. The eye returns to base-
line when uncovered again. This vertical move-
ment reveals the compensated skew deviation. 
Admittedly, it takes some practice until this 
test provides reliable results, but it is important 
in the evaluation of the patient presenting with 
acute vertigo. Skew deviation in such a patient is 
strongly suggestive of a brainstem or cerebellar 
lesion, as discussed later. Of course, the cover 
test may also reveal latent strabismus that is not 
associated with an acute vascular pathology.

Vertical nystagmus (upbeat, downbeat) also 
suggests an upper brainstem or cerebellar lesion. 
Downbeat nystagmus is seen in bilateral distur-
bance of the cerebellar flocculus and in lesions 
at the craniocervical junction, such as in Arnold-
Chiari malformation. Also, cerebellar degenera-
tion and intoxications (such as with antiepileptic 
drugs and lithium) can produce downbeat nys-
tagmus. Upbeat nystagmus, when present in 
the primary position, is usually associated with 
focal brainstem lesions in the tegmental gray 
matter, e.g., due to multiple sclerosis, malig-
nancy, ischemic infarction, and cerebellar 
degeneration. In the young, vertical nystagmus 
is of course most likely due to MS, and in the 
elderly, it is usually due to a vascular or neoplas-
tic process. Yet the rule of the three Ws should 
not be forgotten: Vertical nystagmus may be 

16 Parinaud’s syndrome (also known as dorsal midbrain 
syndrome) includes supranuclear gaze palsy, pupillary 
dysfunction characterized by poor reaction to light (but 
normal to accommodation) and convergence-retraction 
nystagmus.
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seen with Wernicke’s encephalopathy, Wilson’s 
disease, and Whipple’s disease. See-saw nys-
tagmus (one eye rises and intorts, whereas the 
other falls and extorts, and the other way round) 
and convergence-retraction nystagmus (repeti-
tive adducting saccades, accompanied by retrac-
tion of the eyes into the orbit) are associated 
with diencephalic or mesencephalic lesions. In 
contrast, the so-called pendular nystagmus is 
usually congenital and more frequent in people 
with albinism. (Chap. 3 discusses horizontal 
nystagmus.)

Opsoclonus is characterized by completely 
chaotic, fast, multidirectional, and involuntary 
eye movements that puzzle everyone unfamil-
iar with this phenomenon. It is typically part of 
opsoclonus-myoclonus-ataxia syndrome and 
often of paraneoplastic origin. In adults, it is 
usually associated with lung, breast, and ovar-
ian cancer; in children, it can be secondary to a 
neuroblastoma. However, opsoclonus can also 
be due to a post- or parainfectious autoimmune 
process, where it has a much better prognosis.

Nuclear and peripheral dysfunctions of eye 
movements are related to impairment of CN III, 
CN IV, and CN VI due to damage to their nuclei 
in the brainstem or along the path of the nerves 
outside the brainstem. The patient with defec-
tive ocular motility due to a CN lesion usually 
complains of diplopia of recent onset. There are 
different algorithms for assessing diplopia, all 
of which are rather complicated, which is why 
you can also simply ask the patient whether 
the double images are strictly horizontal or 
somewhat vertically and diagonally displaced. 
Sometimes showing the patient a drawing com-
prised of four circles, two strictly horizontally 
and two diagonally displaced, is useful. Strictly 
horizontal double images are likely due to a 
defect of eye abduction (CN VI) or eye adduc-
tion (INO or CN III; however, with a lesion of 
CN III, there is usually a vertical component as 
well). Vertically displaced double images make 
a lesion of CN III or CN IV much more likely. 
The neurologist should then assess eye move-
ments using the techniques discussed in Chap. 3 
and analyze whether the findings are compatible 
with an INO or a lesion of one of the three CNs 

as discussed in the following. (Always be sure to 
rule out monocular diplopia: persisting diplopia 
when the patient closes the other eye is due to 
local eye disease and an aberration of the ocular 
media, e.g., due to a cataract.)

All external eye muscles are innervated by 
the oculomotor nerve (CN III), except the supe-
rior oblique muscle, which is innervated by the 
trochlear nerve (CN IV), and the lateral rectus 
muscle, which is innervated by the abducens 
nerve (CN VI). As a consequence, CN VI medi-
ates horizontal abduction of the eye and CN IV 
mediates depression and intorsion. If you find 
the precise movements mediated by CN IV dif-
ficult to remember, then recall that the superior 
oblique muscle allows us to look down and fix-
ate the tip of the nose.17 All other eye move-
ments are mediated by CN III. This nerve also 
innervates the levator palpebrae superioris mus-
cle that elevates and retracts the upper eyelid. 
In addition, CN III has parasympathetic fibers 
that serve the iris sphincter muscle, the action of 
which results in pupillary constriction (miosis).

In conclusion, a lesion of CN VI leads to a 
unilateral deficit of abduction, and damage to 
CN IV impairs downward and inward movement 
of the eye. Injury of CN III may result in com-
plete drooping of the eyelid (ptosis), pupillary 
dilatation (mydriasis), and displacement of the 
eye downward and outward. Thus, in a patient 
with CN III palsy, the affected eye is “down and 
out” due to the combined action of the preserved 
CN IV and CN VI.

Along their path outside the brainstem, CN 
III, IV, and VI may be damaged individually or 
in combination with:

• Trauma.
• Elevated ICP (leading to CN III or CN VI 

palsies, so-called false localizing signs).
• Skull base tumors and metastatic infiltration, 

including lymphoma.

17 CN IV is unique in that its axons cross the midline 
before emerging from the brainstem. Thus, a lesion 
of the trochlear nucleus affects the contralateral eye. 
Lesions of all other cranial nuclei (CN III, CN V, CN 
XII) affect the ipsilateral side.
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• Aneurysms of the arterial Circle of Willis.
• Cavernous sinus thrombosis.
• Carotid-cavernous fistula (which can be low 

flow or high flow, traumatic or spontaneous, 
and direct or indirect via internal carotid 
artery branches).

• Microvascular infarction as seen with diabe-
tes mellitus.

• Inflammatory diseases (e.g., GBS, vasculitis, 
SLE).

• Basilar meningitis due to infectious (e.g., 
tuberculosis, Lyme disease) and noninfec-
tious processes (e.g., sarcoidosis).

• Orbital processes. Lesions within the orbit 
that produce CN III, IV, and CN VI palsies 
typically lead to optic neuropathy and propto-
sis as well.

• Hyperthyroidism (Graves’ disease).
• Tolosa-Hunt syndrome, a rare and ill-defined 

inflammatory disorder of unknown origin 
that affects the cavernous sinus and supe-
rior orbital fissure, characterized by severe 
unilateral headache and ophthalmoplegia; 
a granulomatous disorder, it responds to 
corticosteroids and diagnosis is a matter of 
exclusion.

2.6.3.2  Oculomotor Nerve
As stated above, CN III palsies can be divided 
into internal, external, and complete oculomo-
tor nerve palsies. “External” and “internal” 
refer to the external eye muscles and the inter-
nal muscles of the iris, respectively. CN III pal-
sies can also be divided into those that spare 
the pupil and those that do not. The nerve fib-
ers supplying the pupil run superficially in the 
oculomotor nerve. This is why these fibers 
are damaged early by compression, e.g., due 
to cerebral aneurysms (arising from the inter-
nal carotid, posterior communicating, basilar, 
or SCA) or cerebral herniation due to elevated 
ICP. Thus, the first oculomotor sign that arises 
during brainstem herniation is anisocoria. A 
complete CN III only becomes visible later. In 
contrast, the nerve fibers supplying the external 
eye muscles run deeply within the oculomotor 
nerve. This is why they are easily affected by 
microvascular infarction as seen with diabetes 

mellitus, in which case the superficial fibers and 
pupil function tend to be spared. In other words:

• It is traditionally thought that CN III palsy 
is not caused by an aneurysm if pupillary 
function is preserved; however, this rule 
should only apply for complete (as opposed 
to incomplete) CN III palsies. Thus, in an 
elderly patient presenting with a sudden-
onset painless eye muscle palsy of the “down 
and out” type and sparing of the pupils, blood 
sugar levels should be checked. Thiamine 
deficiency because of alcohol abuse and giant 
cell arteritis are also common causes.

• In contrast, as a rule of thumb, a pupil that 
suddenly turns mydriatic and is not respond-
ing to light (with or without external eye 
muscle palsies, with or without pain) is a 
surgical problem until proven otherwise. 
If consciousness is normal, a non-ruptured 
aneurysm must be ruled out. If conscious-
ness decreases, cerebral herniation is an 
imminent threat, especially if other focal 
signs are present. When a surgical cause 
has been ruled out, the diagnosis is likely 
ophthalmological.18

Adie’s tonic pupil is a benign condition of pre-
sumed autoimmune etiology. Injury to the cili-
ary ganglion or short ciliary nerves results in 
denervation of the iris sphincter and ciliary 
muscle. The patient may notice difficulty read-
ing and complain about being easily blinded 
by light. Examination typically reveals light-
near dissociation; i.e., the affected pupil is 
large and reacts poorly or not at all to light but 
responds much better (although often delayed) 
to near stimulation. Subsequent involvement 
of the other pupil can occur in some patients. 
Although Adie’s tonic pupil occurs most com-
monly in adult women, it can develop at any age 
and may affect men as well. The combination of 
Adie’s pupil, loss of deep tendon reflexes, and 

18 However, it is not uncommon for neurologists to be 
asked to evaluate an alert patient after surgery or trauma 
with a large pupil; these patients often turn out to be 
friendly and unconcerned people without any other focal 
signs than habitual anisocoria.
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excessive (or sometimes decreased) sweating is 
termed Holmes-Adie syndrome. This condition is 
as mysterious as it is harmless.

Another rare syndrome is hippus, a promi-
nent, repetitive oscillation of the pupils. 
Although it can be a physiological variant 
of pupillary unrest in healthy people, hippus 
occurring after traumatic or anoxic-ischemic 
brain injury is associated with increased 30-day 
mortality.

2.6.3.3  Trochlear Nerve
Patients with CN IV palsy usually complain 
of binocular vertical diplopia and the tilting of 
objects (torsional diplopia). They may have dif-
ficulties descending stairs due to the inability to 
look down and inward. They often have a char-
acteristic compensatory head posture with the 
head tilted to one side and the chin tucked in 
(Bielschowsky’s sign). The compensatory head 
tilt is usually away from the side of the lesion. 
A patient with a chronic superior oblique palsy 
may possess old photographs that clearly show 
the head tilt. Diabetic microinfarction is not 
as common as with CN III and CN VI. Due to 
its long intracranial path, the trochlear nerve is 
rather susceptible to trauma. Trauma may even 
provoke bilateral CN IV palsies; less frequent 
causes include clivus tumors such as lymphoma 
and metastatic disease. Congenital fourth nerve 
palsy is characterized by a vertical misalignment 
of the eyes due to a weakness or paralysis of the 
superior oblique muscle, that is, is present at 
birth. This often goes undetected, and therefore, 
most people with congenital CN IV palsy have 
subtle facial asymmetry due to the bone deform-
ity that results from chronic head tilt.

Superior oblique myokymia is a rare ocu-
lar motility disorder with high-frequency, low-
amplitude monocular torsional tremor. Superior 
oblique myokymia is characterized by intermit-
tent oscillopsia (a visual disturbance in which 
objects in the visual field appear to oscillate) and 
diplopia, which can be particularly troublesome 
when reading. One hypothesis is that superior 
oblique myokymia may be due to neurovascular 
compression at the root exit zone of the troch-
lear nerve. Thus, the pathogenesis of superior 

oblique myokymia is analogous to hemifacial 
spasm and trigeminal neuralgia, which can arise 
with neurovascular compression of the facial 
and trigeminal nerve, respectively.

2.6.3.4  Abducens Nerve
Patients with CN VI palsies complain about 
binocular horizontal diplopia being worse in 
the gaze direction of the paretic lateral rectus 
muscle. If CN VI palsy develops slowly over 
time, diplopia typically will not be noticed until 
fusional capacity becomes inadequate. Failure 
of fusion and diplopia are then initially intermit-
tent, often influenced by factors such as alco-
hol and fatigue. In the beginning, blurring and 
diplopia usually occur when the patient looks 
at distant objects, e.g., while driving (for many 
people, the most frequent visual task performed 
at distance). It is important to note that CN VI 
palsy, especially if bilateral, can be a non-local-
izing sign of increased ICP. (Also decreased 
ICP as seen after a lumbar puncture may lead to 
CN VI palsies.)

Elderly patients with an isolated CN VI 
palsy and headache, scalp tenderness, jaw clau-
dication, or visual loss should be evaluated for 
temporal arteritis. Diabetic microinfarction 
and thiamine deficiency (as part of Wernicke’s 
encephalopathy) are also common causes of 
abducens nerve palsy.

Due to the close proximity of the CN VI 
nucleus to the facial nerve, a brainstem lesion 
affecting the CN VI nucleus will usually lead to 
additional peripheral facial palsy (see Case 2.12 
for illustration).

2.6.3.5  Horner’s Syndrome
Horner’s syndrome is a dysfunction of the sym-
pathetic nerve fibers in the upper quadrant of the 
ipsilateral half of the face, leading to the classic 
triad of miosis, ptosis, and anhidrosis. The sym-
pathetic innervation consists of a chain of three 
neurons:

• First-order neurons. Their cell bodies reside 
in the hypothalamus, and their axons synapse 
in the spinal cord with second-order neurons.
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• Second-order neurons. Their cell bodies 
are found in the lateral column of the thora-
columbar spinal cord (T1–L2), and their 
axons, the so-called preganglionic nerve fib-
ers, synapse with third-order neurons.

• Third-order neurons. Their cell bodies are 
in the sympathetic paravertebral trunk. The 
postganglionic nerve fibers that leave the 
superior cervical ganglion travel along the 
carotid artery. The sympathetic fibers leading 
to the face follow the external carotid artery, 
while other fibers follow the internal carotid 
artery and join CN III on the way into the 
orbit.

Lesions leading to Horner’s syndrome may 
therefore be of central or peripheral origin. 
Vertebral artery dissection, for instance, may 
evoke infarction of the lateral medulla oblon-
gata (Wallenberg syndrome) and damage to the 
first-order sympathetic neuronal axons, lead-
ing to ipsilateral Horner’s syndrome. A tumor 
of the upper lung apex or lower brachial plexus 
(Pancoast tumor) may damage the second-order 
neurons and provoke Horner’s syndrome as 
well. The third-order neurons may be injured 
by carotid artery dissection; if only the fib-
ers to the orbit are damaged (e.g., due to iso-
lated internal carotid artery dissection), it may 

a b

Case 2.12  Facial synkinesis after Bell’s palsy. This 
gentleman demonstrates facial synkinesis 2 years after 
left-sided peripheral facial palsy. Although his face 
appears normal at first sight (a), smiling leads to invol-
untary closure of the ipsilateral eye because of aberrant 
axonal sprouting during recovery from Bell’s palsy (b). 
Most cases of synkinesis are acquired following trau-
matic or inflammatory peripheral nerve injury, but con-
genital forms exist as well. For instance, the Marcus 

Gunn phenomenon is a congenital trigemino-oculomotor 
synkinesis associated with synkinetic movements of the 
upper lid while drinking or chewing. It is usually uni-
lateral and results from an aberrant connection between 
trigeminal nerve motor branches controlling mastica-
tory muscles and the superior division of the oculomotor 
nerve controlling the levator palpebrae superioris muscle 
(“jaw winking”)

ALGrawany
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lead to Horner’s syndrome without anhidrosis. 
Common non-lesional causes of Horner’s syn-
drome include cluster headache and migraine, as 
well as idiopathic Horner’s syndrome.

2.6.4  Trigeminal Nerve

The trigeminal nerve (CN V) mediates sensation 
in the face and has motor branches that mainly 
serve muscles of mastication. Facial sensation is 
mediated by the following branches:

• The ophthalmic nerve (V1) carries sensation 
from the forehead to the tip of the nose.

• The maxillary nerve (V2) from the tip of the 
nose to the upper lip.

• The mandibular nerve (V3) from the upper 
lip to the chin, including the mandibular 
region.19

A lesion of one of these sensory branches may 
therefore lead to hypesthesia in the correspond-
ing facial area. However, also note that lesions 
of the spinal trigeminal nucleus in the brain-
stem, representing pain and temperature sensa-
tion, lead to a different pattern of facial sensory 
disturbance.

• The part of the sensory trigeminal nucleus 
that lies in the upper cervical cord and the 
part of the lower medulla represents the 
scalp, ears, and chin.

• The part of the nucleus in the upper medulla 
represents the nose, cheeks, and lips.

• The most rostral part in the pons represents 
the mouth, teeth, and pharyngeal cavity.

Thus, a lesion of the lower brainstem may 
lead to sensory loss according to an onion 
skin-type distribution that is entirely different 
from the dermatome distribution of the periph-
eral branches of the fifth nerve. A patient with 

a brainstem transitory ischemic attack, for 
instance, may complain about paresthesias in an 
area that covers the entire mouth.

As far as the sensory function of CN V is 
concerned, simply asking the patient whether 
sensation in the face is normal is often suffi-
cient. Examination should be restricted to pin-
prick sensation. Detailed sensory examination 
in a suggestible patient often leads to unreliable 
and potentially confusing results.

The pain of trigeminal neuralgia is usu-
ally highly intense and involves the area served 
by V3 and less frequently by V2 and V3. The 
patient describes an electric shock-like sensa-
tion lasting from a few seconds to minutes. This 
may be followed by several hours of monoto-
nous background pain. The involved facial area 
is exquisitely tender. Light touch, chewing, teeth 
brushing, or even speaking may trigger a new 
attack of pain. Patients may be affected to such 
a degree that they refuse to speak or eat. Often, 
the patient will reveal a history of frustrating 
visits to the dentist that resulted in extraction of 
several teeth on the affected side. Compression 
of the trigeminal nerve root by the superior cer-
ebellar artery or another blood vessel is a fre-
quent cause for trigeminal neuralgia and can be 
treated surgically by vascular decompression. 
In the young, trigeminal neuralgia may also be 
caused by a demyelinating plaque in the brain-
stem due to MS. Hence, trigeminal neuralgia 
is classified into three subgroups: idiopathic 
trigeminal neuralgia (no vascular conflict, 
no other lesion), classical trigeminal neural-
gia (vascular conflict, see above), and second-
ary trigeminal neuralgia (e.g.,MS), based on 
imaging findings; brain MRI with trigeminal 
sequences is therefore essential in the diagnostic 
workup.

V1 and V2 are purely sensory nerves, 
whereas V3 has both sensory and motor func-
tions. The motor branch of V3 innervates pri-
marily muscles of mastication, e.g., the masseter 
muscle and the temporal muscle. These muscles 
have bilateral supranuclear innervation, which 
is why they are not affected by hemispheric 
brain lesions. In contrast, with nuclear brain-
stem lesions or lesions that damage the course of 

19 The mnemonic Standing Room Only may assist in 
remembering that V1 passes through the superior orbital 
fissure, V2 through the foramen rotundum, and V3 
through the foramen ovale.
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the trigeminal nerve outside the brainstem, e.g., 
skull base tumors or infectious processes, unilat-
eral atrophy of the masseter muscle may occur. 
Ask the patient to bite his teeth together and 
palpate the masseter muscle bulk, which will 
be atrophic. When the patient is asked to open 
his mouth, the jaw deviates to the paralyzed side 
because the healthy contralateral masseter mus-
cle pushes the jaw away from the healthy side.

A trigeminal schwannoma arises in the mid-
dle or posterior cranial fossa and typically leads 
to decreased sensation in one or more of the 
trigeminal dermatomes. The corneal reflex is 
usually weak or absent, which can be the very 
first sign recorded during the neurological exam-
ination. Pain may or may not be present. Mild 
weakness of the muscles of mastication is found 
in one-third of patients. Abnormal function of 
other CNs is noted in the majority of patients 
when the tumor reaches a critical mass. The 
CNs most commonly affected are CN VI, CN 
VIII, and CN VII, in descending frequency.

2.6.5  Facial Nerve

The purpose of the facial nerve (CN VII) is 
primarily to serve the muscles of facial expres-
sion. In addition, CN VII has different functions 
of less obvious importance, which neverthe-
less help the clinician in establishing the site of 
lesion in a facial palsy.

In assessing the patient with facial palsy, the 
first question to ask is whether or not the patient 
is able to wrinkle his forehead. This is because 
the approach to a central facial palsy is com-
pletely different from that to peripheral nerve 
palsy. Due to bilateral supranuclear innerva-
tion, eye blinking and forehead wrinkling are 
preserved with central facial palsy, and eye 
closure may be fairly weak but is always pos-
sible. Signe des cils (“sign of the eyelashes”) 
denotes that the eyelashes remain more visible 
on the affected side when attempting to close the 
eyes completely. Sometimes it may be difficult 
to decide whether or not there is a facial palsy 
due to habitual facial asymmetry. In this case, 
ask the patient to repeatedly show his teeth and 

purse his lips repeatedly. If one corner of the 
mouth lags behind, this is likely due to a facial 
nerve weakness. A similar sign, probably some-
what less reliable, is the fact that the nasolabial 
groove is less distinct on the paralyzed side.

A central facial palsy may be more pro-
nounced with voluntary or involuntary (i.e., 
emotional) facial activity. A facial palsy that is 
more evident when reading aloud from a book 
or when smiling on command (as compared to 
when laughing spontaneously) is usually due to 
a lesion of the main motor cortex. In the oppo-
site case, the lesion is subcortical or affects the 
caudal cingulate motor cortex, a medial brain 
region with inputs from the limbic system.

If the neurologist has established that a facial 
palsy is central, he should ask about symp-
toms compatible with a UMN lesion affecting 
the ipsilateral arm and leg and about cortical 
signs such as aphasia (in patients with right-
sided central facial palsy). However, if fore-
head wrinkling is impossible, if the patient 
cannot close the eye on the affected side, or if 
Bell’s phenomenon is visible, the facial palsy 
is peripheral. A normal protective reflex, Bell’s 
phenomenon denotes the upward movement of 
the eyes when attempting to close them. If eye 
closure is impossible, the sclera remains vis-
ible. This never occurs with central facial palsy. 
In less severe cases with preserved eye closure, 
a decrease in the frequency of spontaneous eye 
blinking on the affected side as compared to 
the normal side reveals that the facial palsy is 
peripheral. Difficulties can arise in cases of very 
early peripheral facial palsies when the forehead 
muscles and eye blinking are not yet affected. In 
these instances, it is important to look for CN 
VII abnormalities other than facial weakness, in 
particular loss of taste and hyperacusis. These 
signs also allow localizing the lesion along the 
path of the facial nerve, in accordance with the 
affected nerve branches. During its path through 
the facial canal, CN VII gives off three clinically 
relevant branches:

• First, the greater petrosal nerve provides 
parasympathetic innervation to the lacri-
mal gland. Impairment of the lacrimal gland 
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makes eye dryness because of defective eye 
closure even worse. Complaints about an 
ipsilateral dry eye thus point toward a periph-
eral palsy.

• Second, a nerve branch supplies the stape-
dius muscle responsible for stabilizing the 
tympanic membrane, thereby controlling 
the amplitude of sound waves that reach the 
inner ear. Loss of stapedius nerve function 
provokes ipsilateral hyperacusis (increased 
sensitivity to noise). Explicit questioning 
about this feature is necessary because the 
patient often fails to mention it spontane-
ously. Sometimes the patient simply is not 
aware of hyperacusis but reports increased 
sensitivity on the affected side when the 
examiner claps his hands together in front of 
the patient’s ears.

• Third, the chorda tympani consists of nerve 
fibers that leave the CN VII inside the facial 
canal, just before the facial nerve exits the 
skull via the stylomastoid foramen. The 
chorda tympani carries parasympathetic fib-
ers to the submandibular and sublingual 
gland and mediates taste on the first two-
thirds of the tongue. Consequently, a patient 
with a peripheral palsy often reports that taste 
is also affected and may complain of a metal-
lic taste.

Bell’s palsy, an idiopathic isolated periph-
eral CN VII dysfunction, is the most common 
type of peripheral facial palsy. Mild to moder-
ate pain behind the ear on the affected side is 
highly common with Bell’s palsy, often occur-
ring prior to the development of the palsy itself. 
Lack of awareness of this phenomenon may 
induce considerable concern in the patient and 
the responsible physician, which often results in 
unnecessary neuroimaging. Prognosis is usually 
good, but residual weakness is seen in 10–15% 
of patients; early steroid treatment can improve 
the outcome. An unusual long-term consequence 
of Bell’s palsy is Bogorad’s syndrome, or the 
crocodile tears syndrome. Upon recovery of 
facial weakness, aberrant regeneration of nerve 
fibers into the lacrimal glands causes the patient 
to shed tears while eating (gustatolacrimal 

reflex). This is one form of synkinesis following 
chronic CN VII injury; other examples are invol-
untary eye closure with pursing of the lips and 
forced platysma contraction with smiling (Case 
2.12).

Other diseases leading to peripheral facial 
palsy, often bilaterally, include:

• Infectious basilar meningitis due to tubercu-
losis (Case 2.13) and neuroborreliosis20

• Noninfectious basilar meningitis due to 
neurosarcoid, lymphoma, and meningeal 
carcinomatosis

• GBS.

Although there are only a few conditions that 
can lead to bilateral facial palsy, other basal 
CNs will of course also be involved in many 
instances.21

Ramsay Hunt syndrome is an eponymous 
term for herpes zoster oticus, an exquisitely 
painful condition characterized by acute unilat-
eral peripheral facial palsy and erythematous 
vesicular rash in the ear canal, tongue, and hard 
palate.

Malignant or infectious processes may also 
involve CN VII outside the skull base. The first 
CN VII branch after exit from the stylomastoid 
foramen is the posterior auricular nerve that 
controls movements of some of the scalp mus-
cles around the ear. If a patient with a periph-
eral facial palsy volunteers the information that 
he still can wiggle his ears (suggesting that the 
posterior auricular nerve is intact), the lesion 
affecting CN VII must be distal to the stylomas-
toid foramen. It should then be assumed that 
the patient has parotid cancer until proven oth-
erwise, particularly if the patient is an elderly 
smoker. Restated, patients with a peripheral 
facial palsy without hyperacusis or impair-
ment of taste should be asked whether they 

20 Lyme disease is a common cause of isolated (unilateral 
or bilateral) peripheral nerve palsy in children, whereas 
in adults, neuroborreliosis almost always leads to other 
symptoms as well.
21 Some myopathies (e.g., FSH) and myasthenia gravis 
also frequently lead to bilateral orofacial weakness.
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have noticed a lump inside their cheek, and the 
parotid gland should be palpated in order to 
search for a tumor.

Hemifacial spasm is a disorder that leads to 
varying degrees of unilateral facial twitching. 
Typically, the spasms originate around the eye 
of the afflicted side and gradually spread to the 
lower part of the face over the course of months. 
They can be rather painful and socially stigma-
tizing. In analogy to trigeminal neuralgia, hemi-
facial spasm usually is due to compression of 
the CN VII nerve root by an aberrant vessel. It 
appears to be much more frequent in the Asian 
population.

A mysterious syndrome of presumed granu-
lomatous etiology, Melkersson-Rosenthal syn-
drome, usually develops in children and young 
adults. Patients have a deeply fissured tongue 
(lingua plicata), episodic unilateral facial palsy 
(eventually affecting both sides), and swell-
ing of the face and lips. After recurrent attacks, 
with intervals absent of attacks ranging from 

days to years, swelling and facial palsy typically 
become permanent (Case 2.14).

Another rare cause of episodic peripheral 
facial palsy, occasionally bilateral, is HNPP (see 
above). Facial palsies typically develop when 
the patient has slept with his face resting on a 
hard surface but can also arise without obvious 
compression.

2.6.6  Vestibulocochlear Nerve

The CN VIII carries auditory information (coch-
lear nerve) and information about equilibrium 
(vestibular nerve) from the inner ear to the 
medulla oblongata, entering the cranial cavity 
via the internal acoustic meatus.

Damage to the cochlear nerve may lead to 
sudden or chronic progressive sensorineural 
deafness and tinnitus. Injury to the vestibular 
nerve may evoke acute vertigo, motion sickness, 
and vomiting, as well as horizontal or torsional 

a b c

Case 2.13  Tuberculosis of the CNS. A 19-year-old 
female of Northern African origin developed subacute 
onset of bilateral facial palsy, hearing loss, dysphagia, and 
spastic paraparesis. MRI revealed leptomeningeal contrast 
enhancement in the basal cisterns (a) as well as a contrast-
enhancing lesion in the posterior horn of the left lateral 
ventricle (b) and in the thoracic spine (c). CSF PCR iden-
tified Mycobacterium tuberculosis. The patient was diag-
nosed as having tuberculosis of the CNS, including basilar 

meningitis and supratentorial and spinal tuberculoma. The 
patient was treated with isoniazid, rifampicin, pyrazina-
mide, and ethambutol for 2 months followed by prolonged 
therapy with isoniazid and rifampicin. During the course 
of the disease, she also required a ventriculoperitoneal 
shunt (note slight dilatation of the temporal horns on axial 
MRI, a). Two years later, she had a good functional out-
come, despite lasting deficits, including bilateral facial 
weakness and a spastic gait ataxia
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(not vertical) nystagmus. Vestibular nystagmus 
of peripheral (labyrinthine) origin usually beats 
away from the side of the lesion and increases as 
the eyes turn in the direction of the quick phase. 
(In contrast, nystagmus associated with a brain-
stem or cerebellar pathology is most obvious 
when the patient fixates and follows a moving 
target. The direction of nystagmus changes with 
the direction of the gaze.)

It is mandatory to verify that the patient actu-
ally has vertigo and not dizziness or lighthead-
edness. Vertigo typically has a kinetic feature, 
which means that the patient experiences a false 
sensation of movement. The patient may feel 
that the world appears to be spinning around 
him, or he may feel as if something is pushing 
him to the left or right or pulling him downward 
or upward. Ask the patient to imagine being on 
a high-speed merry-go-round and what it feels 
like to step off the carousel when it suddenly 
stops. Then ask if this is the kind of vertigo the 
patient is experiencing.22

Benign paroxysmal positional vertigo 
(BPPV) is due to sudden and abnormal stimu-
lation of the posterior semicircular canal by 
otholithes. Occasionally, the patient reports 
that acute onset vertigo occurs in the morning 
in bed when turning from one side to the other. 
Keeping the head motionless improves the ver-
tigo. Movements of the head, often toward one 
side or the other, trigger another attack of sud-
den vertigo, typically with a delay of 1–2 s. The 
patient is nauseous, may vomit heavily, and feels 
like he is being pushed to the right or the left 
when walking. Sometimes walking is not possi-
ble at all. Gradual improvement usually occurs 
over several days. There are no auditory symp-
toms. Chapter 3 discusses the Epley and Dix-
Hallpike maneuvers.

Vestibular neuritis is a somewhat ambiguous 
term that is used for sudden vertigo and unilat-
eral vestibular dysfunction of unknown origin 
and without the clear association to head move-
ment that characterizes BPPV. Recurrent attacks 
of sudden vertigo may also be due to a peri-
lymph fistula (or labyrinthine fistula) and leak-
age of inner ear fluid into the air-filled middle 
ear.

Some disorders of CN VIII impair bal-
ance and hearing simultaneously and acutely. 
Ménière’s disease is characterized by sudden 
attacks of vertigo lasting minutes to hours pre-
ceded by tinnitus, aural fullness, and fluctuating 
hearing loss. With recurrent attacks, sensori-
neural deafness occurs. Trauma, infectious pro-
cesses (suppurative labyrinthitis, meningitis, and 
viral diseases, including mumps and measles), 
and ototoxic medications (aminoglycosides, 
chemotherapeutics, loop diuretics, salicylates) 
may lead to acute or subacute vertigo and hear-
ing loss. In addition, infarction of the anterior 
inferior cerebellar artery (AICA) can present 
with vertigo and ipsilateral deafness from laby-
rinthine artery ischemia.

Chronic damage of CN VIII may sometimes 
evolve without vertigo due to central compensa-
tion mechanisms. A vestibular schwannoma is 
a benign intracranial tumor of the myelin-form-
ing cells of the VN that leads to the so-called 

Case 2.14  Melkersson-Rosenthal syndrome. A 35-year-
old man had a history of recurrent hemifacial weakness of 
the lower motor neuron type, sequentially involving both 
sides. Although the facial palsies initially remitted, over 
the past 1–2 years he had suffered from sequelae with 
lasting facial weakness. Extensive ancillary investigations 
were negative. However, his deeply fissured tongue is the 
diagnostic clue to Melkersson-Rosenthal syndrome

22 In contrast to true vertigo, dizziness is often described 
as “a lightheaded feeling as if I was about to faint” or as 
“a spaced out feeling as if I wasn’t quite there.” The lat-
ter description usually points to a functional complaint, 
whereas the former may also suggest a vasovagal or 
orthostatic event.
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and sensation from the pharynx, middle ear, and 
back of the tongue. In addition, it receives sen-
sory fibers from the carotid bodies.24 CN IX sup-
plies parasympathetic fibers to the parotid gland 
and motor fibers to the stylopharyngeus muscle. 
The afferent limb of the gag reflex is mediated 
by CN IX, and the efferent limb by CN X.

Due to its close proximity with CN X, CN 
XI, and CN XII and due to the fact that most 
of its function is shared by other CNs, isolated 
glossopharyngeal nerve dysfunction is very 
rare. Glossopharyngeal neuralgia has more or 
less the same etiology and symptomatology as 
trigeminal neuralgia, with the obvious excep-
tion that with glossopharyngeal neuralgia the 
pain affects the back of the throat and tongue, 
the tonsils, and part of the ear. Acute pain is 
typically provoked by swallowing. Episodes of 
syncope may occur due to involvement of the 
carotid sinus reflex. Glossopharyngeal neuralgia 
is somewhat more common in middle-aged men. 
A differential diagnosis to glossopharyngeal 
neuralgia is Eagle syndrome, a rare condition 
where an elongated temporal styloid process is 
in conflict with the adjacent anatomical struc-
tures leading to unilateral neck pain and otalgia.

CN IX–XII may be affected by:

• Brainstem lesions
– Ischemic
– Hemorrhagic
– Neoplastic (e.g., brainstem glioma)
– Infectious (e.g., Whipple’s disease)
– Inflammatory (e.g., neurosarcoidosis, 

neuro-Behçet)
– Demyelinating (e.g., MS, central pontine 

myelinolysis).
• Carotid artery dissection (due to compression 

of the nerves and ischemia in the vasa ner-
vorum because of carotid artery wall hema-
toma; see Case 2.9)

• Trauma (e.g., surgical injury, basilar skull 
fracture)

24 The carotid bodies are small clusters of chemorecep-
tors at the carotid bifurcation and are sensitive to changes 
in the composition of the arterial blood, e.g., alterations 
of partial pressure of oxygen and carbon dioxide.

cerebellopontine syndrome.23 The earliest symp-
toms of vestibular schwannoma include ipsilat-
eral sensorineural deafness, gait disturbance, 
tinnitus, ear fullness, and vertigo with nausea 
and vomiting. Large tumors may affect other 
CNs as well, e.g., CN VII involvement leads to 
ipsilateral peripheral facial palsy, impairment of 
glandular secretions, and loss of taste sensation 
in the anterior two-thirds of the tongue, while 
CN V involvement leads to ipsilateral loss of 
sensation in the face (including, notably, early 
impairment of the corneal reflex) and atrophy of 
the masseter muscle. Nowadays, patients rarely 
present at an even later stage when compression 
of the glossopharyngeal and vagus nerves leads 
to loss of the gag reflex and dysphagia.

Typewriter tinnitus is an intermittent tinnitus 
with a staccato quality reminiscent of the noise 
from a typewriter or from popping popcorn. 
Like hemifacial spasm and trigeminal neuralgia, 
it may be secondary to vascular compression 
of the ipsilateral CN (in this case, the auditory 
nerve) and responds to carbamazepine.

Sudden sensorineural deafness with tinnitus 
is usually taken care of by an otolaryngologist, 
or ENT, specialist; however, sensorineural deaf-
ness with or without tinnitus may also occur due 
to chronic basilar meningitis (e.g., neurobor-
reliosis, neurosyphilis), chronic subarachnoidal 
bleeding (superficial CNS siderosis), and other 
neurological disorders, e.g., Refsum disease, 
mitochondrial disorders, and Susac’s syndrome.

The leading genetic cause of combined hear-
ing and vision loss (congenital deaf-blindness) is 
Usher syndrome, characterized by sensorineural 
hearing loss, progressive retinal degeneration, 
and vestibular dysfunction. It is genetically and 
clinically very heterogeneous.

2.6.7  Glossopharyngeal Nerve

The glossopharyngeal nerve (CN IX) mediates 
taste from the posterior one-third of the tongue 

23 Vestibular schwannoma is also known as “acoustic neuri-
noma.” However, this is a misnomer because, first, the ves-
tibular nerve tends to be affected prior to the cochlear nerve 
and, second, the tumor is a schwannoma, not a neurinoma.
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• Motor neuron disease (MND) (ALS)
• Extramedullary neoplasms (e.g., glomus jug-

ulare tumor, meningeal carcinomatosis)
• Syringobulbia
• Basilar meningitis of infectious (tuberculosis, 

neuroborreliosis, neurosyphilis) and nonin-
fectious origin (sarcoid, lymphoma, carcino-
matous meningitis).

2.6.8  Vagus Nerve

The vagus nerve (CN X) exits through the jugu-
lar foramen, runs parallel to the internal carotid 
artery and the internal jugular vein, and contin-
ues into the chest and abdomen, where it sup-
plies the parasympathetic innervation of most 
of the viscera, including the proximal half of the 
colon.

Parasympathetic discharge leads to decreased 
heart rate and blood pressure and increased GI 
motility and gland secretion, as well as bron-
choconstriction and bronchorrhea. Motor fib-
ers of CN X supply many of the muscles of the 
pharynx and larynx, including the vocal cords. 
Afferent nerve fibers carry sensory information 
from the viscera to the brain. In addition, CN 
X has sensory fibers that innervate the skin of 
the inner portion of the outer ear. This is why 
removal of ear wax with a cotton swab may pro-
voke coughing.

The patient with a lesion of the vagus nerve 
frequently complains of hoarseness, dyspha-
gia, and especially choking with fluid intake. 
On examination, the gag reflex is lost, the uvula 
deviates away from the side of lesion, and there 
is failure of ipsilateral palate elevation. This is 
the so-called curtain movement (or the rideau 
phenomenon). Autonomic function can be 
assessed at the bedside by asking for symptoms 
of orthostatic hypotension, measuring pulse 
and blood pressure in supine and upright posi-
tions, etc., but referral to a formal physiological 
assessment can be necessary (Chap. 5).

CN X can be damaged by all of the processes 
that may affect C IX and that have been listed 
above. In addition, thyroid surgery, local infec-
tions, and malignant infiltration may damage the 

CN X nerve branch supplying the larynx and the 
vocal cords (recurrent laryngeal nerve), caus-
ing a hoarse voice. The rare syndrome of supe-
rior laryngeal neuralgia causes shock-like pains 
radiating from the larynx to the ear, a condition 
similar to glossopharyngeal neuralgia.

In contrast to CN X lesions, bilateral supra-
nuclear lesions, as seen in pseudobulbar palsy 
(typically due to bihemispheric lacunar strokes), 
may lead to spastic dysphagia and dysarthria. 
Laryngeal spasms may occur with PD and other 
extrapyramidal disorders. Autonomic impair-
ment with orthostatic hypotension, obstipation, 
and sexual dysfunction is common in parkin-
sonian diseases as well. Rhythmic movement 
of the palate (palatal myoclonus) may occur 
with vascular, infectious, demyelinating, and 
traumatic brainstem lesions but can also arise 
without obvious structural pathology (essential 
palatal myoclonus).

2.6.9  Spinal Accessory Nerve

The spinal accessory nerve (CN XI) is a pure 
motor nerve that innervates the sternocleidomas-
toid muscle and the trapezius muscle. The trape-
zius muscle elevates the shoulder, whereas the 
sternocleidomastoid muscle tilts and rotates the 
head. Patients with CN XI palsy typically have 
a depression in the shoulder line with down-
ward and lateral displacement of the scapula and 
moderate scapula winging. Examination reveals 
muscle atrophy and sometimes fasciculations of 
the ipsilateral trapezius and sternocleidomastoid 
muscles, as well as weakness of head rotation 
and forward elevation of the shoulder.

Injury within the posterior cervical trian-
gle may produce CN XI palsy and occurs dur-
ing lymph node biopsy, radical neck dissection, 
and carotid endarterectomy (CEA). Hypertrophy 
of the sternocleidomastoid muscle may be seen 
with cervical dystonia and torticollis, whereas 
myotonic dystrophy and other primary muscle 
diseases lead to significant bilateral atrophy. 
The remaining differential diagnosis of a CN XI 
lesion is similar to the differential of other lower 
CNs.
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2.6.9.1  Hypoglossal Nerve
Also the hypoglossal nerve (CN XII) is a pure 
motor nerve. Upon leaving the hypoglossal 
canal, it supplies the muscles of the tongue. 
Damage of CN XII may occur with the same 
lesions that can affect CN IX, X, and XI (see 
above) and leads to weakness of the ipsilateral 
half of the tongue. When protruded, the tongue 
deviates toward the side of the lesion because 
the spared contralateral muscle fibers push 
the tip of tongue away from the healthy side. 
With bilateral atrophy, such as in MND, the 
tip of the tongue still points straight forward. 
Fasciculation and atrophy are best seen when 
the patient keeps his tongue relaxed and inside 
his mouth. A patient with bulbar ALS shows 
only limited tongue movements or none at all. 
The same is true with pseudobulbar palsy due to 
bilateral lesions of the corticobulbar tracts. Pure 
pseudobulbar palsy, as seen, for instance, with 
bilateral hemisphere infarction, is per definition 
a UMN lesion, which is why lower motor signs 
such as muscle atrophy and fasciculations are 
lacking. Patients with ALS, however, may have 
combined bulbar and pseudobulbar palsies.

Since the supranuclear innervation of the 
tongue is mainly unilateral, one-third of patients 
with acute hemispheric ischemic or hemorrhagic 
stroke may have tongue deviation toward the 
side of limb weakness. Some patients may also 
show tongue apraxia and be unable to protrude 
it on command. Thus, unilateral and bilateral 
supranuclear lesions may cause dysarthria and 
dysphagia due to tongue weakness and incoor-
dination. However, tongue deviation associated 
with an isolated hemispheric stroke is nearly 
always reversible.

Extrapyramidal disorders can be associated 
with bradykinetic or hyperkinetic movements of 
the mouth and the tongue. For instance, chore-
atic oral movements are seen with tardive dyski-
nesia due to neuroleptic treatment.

In young patients with sudden onset of neck 
pain and tongue deviation, it is mandatory not 
to overlook a dissection of the ipsilateral carotid 
artery (Case 2.15). Damage to lower cranial 
nerves such as the hypoglossal nerve may arise 
because of interruption of the nutrient vessels 
supplying the nerve.

2.7  Cerebellum

The cerebellum plays a major role in the inte-
gration of sensory information, coordination, 
and movement. It receives afferent information 
from the cerebral motor cortex, vestibular and 
inferior olivary nuclei, and spinal cord. It sends 
efferences to the thalamus, vestibular nuclei, 
formatio reticularis, and nucleus ruber, and this 
information is passed further on to the motor 

a

b

Case 2.15  Hypoglossal nerve palsy due to carotid 
artery dissection. A 36-year-old previously healthy 
woman complained of decreased tongue motility result-
ing in slightly slurred speech and difficulties swallowing. 
She had experienced an unusual and moderately severe 
neck pain for a few days prior to consultation. The pain 
had started suddenly during a roller coaster ride. On 
examination, tongue deviation to the right was noted 
compatible with ipsilateral hypoglossal nerve damage 
(a). MR showed a right-sided carotid artery wall hema-
toma, suggesting a right-sided carotid artery dissection, 
which was confirmed by CT angiography. A year later, 
tongue weakness had resolved (b)



572.8 Subcortical Gray Matter

cortex and the spinal cord. These feedback loops 
help to fine-tune motor activity. The anatomy of 
the cerebellum is much more complicated, but 
the signs and symptoms of cerebellar lesions are 
rather simple.

A hemispheric lesion of the cerebellum leads 
to ipsilateral cerebellar ataxia (including dysme-
tria and dysdiadochokinesia), intention tremor, 
and muscle hypotonia. (The last item is rarely 
clinically relevant.) All signs are ipsilateral to 
the lesion because the afferent information to the 
cerebellum comes from the contralateral side, 
and the efferent information leaving the cerebel-
lum is again destined for the contralateral cere-
bral hemisphere. Restated, information processed 
by the cerebellum crosses the midline twice, 
which is why a hemispheric cerebellar lesion 
affects the ipsilateral extremities (Case 2.16).

It is important to note that while lesions of 
the cerebellar hemispheres cause ipsilateral 
signs in the extremities, lesions of the midline 
region lead to ataxia affecting gait and trunk 
only. Alcohol abuse, for instance, mainly affects 
the cerebellar vermis, which is why examination 
often reveals relatively mild ataxia during the 
finger-nose and knee-heel tests despite obvious 
gait ataxia.

Nystagmus due to a cerebellar or brainstem 
lesion is usually permanent and direction chang-
ing and may occur in the horizontal and vertical 
plane, in contrast to vestibular nystagmus, which 
is almost never vertical or direction changing 
and typically habituates after a while. Usually 
vascular in origin, acute lesions of the cerebel-
lum are often combined with nausea, vomiting, 
and vertigo. The patient may complain of occip-
ital headache and neck pain. Cerebellar hemor-
rhage and ischemic infarction may lead to acute 
infratentorial herniation because of mass effect. 
Therefore, urgent neurosurgical consultation 
should be obtained. Less acute cerebellar injury 
can be due to demyelinating, neoplastic, infec-
tious, and neurodegenerative disorders. Chapter 
4 discusses these and the hereditary ataxias, 
while Chaps. 3  and  4 discuss how to distin-
guish cerebellar ataxia and tremor from sensory 
and vestibular ataxia, respectively, from parkin-
sonian and orthostatic tremor.

Traditionally, the cerebellum was considered 
to be exclusively involved in the coordination 
of voluntary movement, gait, posture, balance, 
and motor speech, but recent neuroanatomical, 
neuroimaging, and clinical studies provide evi-
dence of cerebellar contribution to linguistic and 
cognitive function. Evidence is accumulating 
that cerebellar disorders, both cerebellar degen-
eration and focal lesions, may lead to certain 
impairment of working memory and higher lan-
guage tasks.

2.8  Subcortical Gray Matter

The subcortical gray matter consists mainly of 
the basal ganglia, thalamus, and hypothalamus.

2.8.1  Basal Ganglia

The basal ganglia include the striatum (cau-
date nucleus and putamen), pallidum, substan-
tia nigra, and the subthalamic nucleus, but the 
definition varies somewhat from textbook to 
textbook. The anatomy of the basal ganglia and 
its connecting parts is particularly complicated. 
Fortunately, this is in contrast to the relative 
simplicity of its clinical signs, which is why 
no more anatomic considerations will be made 
here.

Movement disorders associated with disease 
processes affecting the basal ganglia can be 
divided into those that lead to hypodopaminer-
gia and parkinsonism and those causing hyper-
dopaminergia and hyperkinetic disorders.

PD should be carefully distinguished from 
parkinsonism as the first is a disease and the sec-
ond a syndrome that includes a large variety of 
neurodegenerative and other disorders.

The cardinal manifestations of PD are rest 
tremor, bradykinesia, rigidity, and postural 
instability. Of these, bradykinesia tends to 
have the greatest impact on the patient’s life. 
Motor PD almost always begins with unilateral 
manifestations. At later stages, both sides are 
involved more symmetrically, but symptoms still 
tend to affect one side in particular. PD with an 
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a

b

Case 2.16  Crossed cerebellar diaschisis. A 30-year-old 
previously healthy woman experienced an unusual pain 
in the neck and around the left eye following a yoga ses-
sion. The following day, she had a short episode of right-
sided facial weakness. She did not seek medical help. 
On day 3, however, she was admitted with aphasia and 
a right hemiparesis (NIHSS 18). Following IV throm-
bolysis, the left MCA (M1) was successfully reopened 
using stent retriever thrombectomy. MRI confirmed a 
partial left-sided MCA infarction (hyperintense signal 
on DWI (a, left) with corresponding hypointensity on 
ADC (a, right), consistent with cytotoxic edema). MR 
angiography also showed left-sided ICA dissection. Note 
the absence of the left ICA on time-of-flight sequences 
(b, left) and the carotid artery wall hematoma on fat-
suppressed T1-weighted imaging (b, right). The next 

day, the patient had a pronator drift on the right, a subtle 
right-sided central facial palsy, and minor word-finding 
difficulties (NIHSS 3). Interestingly, CT perfusion from 
the day of admission revealed hypoperfusion of the right 
cerebellar hemisphere (c). Crossed cerebellar diaschi-
sis can be detected in roughly one-third of patients with 
MCA infarctions but may also be seen with other pathol-
ogies affecting the contralateral cerebral hemisphere such 
as trauma or malignancy. It is believed to result from 
decreased input from the damaged cortex to the contralat-
eral cerebellum via the corticopontocerebellar pathways. 
Although it is not fully understood and does not have any 
direct clinical consequences, this phenomenon nicely 
illustrates the close relationship between the cerebral 
hemispheres and the contralateral cerebellar cortices with 
respect to sensory and motor information processing

ALGrawany
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isolated pill-rolling tremor of one hand as the 
initial symptom has a comparatively better prog-
nosis. A 4–6 Hz tremor sometimes also affects 
the jaw and the lower limbs. The parkinsonian 
gait is slow and shuffling with decreased arm 
swing and a stooped, forward-flexed posture. 
Extreme cases of forward flexion are termed 
camptocormia. The patient turns “en bloc” and 
may exhibit gait freezing (which may be over-
come by visual and auditory cueing) and fes-
tination (which is the inability to stop once 
the patient has started walking). Bradykinesia 
also manifests as impaired handwriting (let-
ters becoming smaller at the end of a sentence, 
called micrographia), a masklike face (due to 
hypomimia and pseudo-seborrhea), a monoto-
nous voice, and dysdiadochokinesia. The inabil-
ity to turn around in bed impairs sleep. Nuchal 
rigidity (particularly often seen with PSP and 
rather advanced Parkinson’s disease) may lead 
to the typical posture of a parkinsonian patient 
lying supine with the neck flexed and the head 

hanging in the air, several centimeters above the 
pillow. This sign is sometimes referred to as psy-
chic pillow, an unfortunate and outdated term in 
light of its organic nature. Dysphagia and drool-
ing occur at rather late stages of Parkinson’s 
disease. Neuropsychiatric symptoms with 
depression and cognitive defects affect a large 
part of Parkinson’s patients during the course of 
the disease. Of note, despite obvious gait distur-
bances, Parkinson’s patients remain able to walk 
until the very late stages of the disease. A use-
ful clinical rule is that a patient referred with a 
working diagnosis of PD who comes into the 
office in a wheelchair usually suffers from a 
different disease (wheelchair sign), typically 
belonging to one of the atypical parkinsonian 
syndromes which include progressive supranu-
clear palsy (PSP), corticobasal syndrome (CBS), 
multiple system atrophy (MSA), and others 
(see Chap. 4). Further, it is essential to bear in 
mind that Parkinson’s patients also suffer from 
nonmotor features such as hyposmia, rapid eye 

c

Case 2.16  (continued)
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movement-sleep behavior disorder, orthostatic 
hypotension, constipation, sexual dysfunction, or 
depression, which typically start up to 15 years 
before overt PD years prior to motor symptom 
onset and severely compromise activities of 
daily living and quality of life. Similarly, motor 
prodromal features are defined as subtle motor 
dysfunction prior to overt PD; these include 
changed handwriting: progressively smaller, 
cramped, sloping stature, dry eyes due to 
reduced blinking, lack of facial expression with 
a distracted, vacant, blank stare noticed by rela-
tives and friends, absence of arm swing reported 
by relatives and friends, frozen shoulder, lack of 
manual dexterity in repetitive tasks such as shav-
ing or playing a music instrument, and a feeling 
of imbalance (Simonet et al. 2021).

Hyperkinetic movements comprise cho-
rea (distal, brief, irregular), athetosis (distal, 
slow, writhing, and twisting), choreathethosis, 
hemiballism (proximal, large amplitude, violent 
movements of the left or right extremities), and 
dystonia (focal, segmental, or generalized and 
sustained muscle contractions causing abnormal 
postures, which sometimes may be alleviated by 
a sensory trick, called geste antagoniste). The 
patient may convert choreatic movements into 
semi-purposeful movements in order to hide his 
disorder. In cases of mild chorea, the patient can 
thus mislead the inexperienced observer, who 
may believe that the patient is simply nervous. 
Hemiballism-hemichorea is usually of sudden 
onset and often due to a stroke selectively involv-
ing the subthalamic nucleus (but occasionally 
other, including cortical, areas can be affected), 
but the differential diagnosis of other hyperki-
netic disorders and parkinsonism is extensive. 
Chapter 4 provides a further discussion.

2.8.2  Diencephalon

2.8.2.1  Hypothalamus

The thalamus and hypothalamus are part of the 
diencephalon. Lesions of the hypothalamus may 
lead to autonomic symptoms, e.g., hypo- and 
hyperthermia, hypo- and hyperphagia, hypo- and 

hypertension, brady- and tachycardia, decreased 
or excessive sweating, polydipsia, alterations 
of circadian rhythms, and various hormonal 
disturbances.25

Craniopharyngioma and hypothalamus 
hamartoma may lead to precocious puberty. 
Gelastic seizures are a classical presentation of 
hypothalamic hamartoma. Kleine-Levin syn-
drome, a very rare disorder affecting adolescent 
males, consists of striking episodes of hyper-
somnia only interrupted by short periods of 
semi-wakefulness with hyperphagia and behav-
ioral changes such as confusion, aggression, and 
hypersexuality. Between episodes, however, the 
patient’s behavior is rather normal. Although of 
unknown etiology, the site of pathophysiology 
clearly involves the diencephalon.

Narcolepsy consists of the classic tetrad of 
sleep paralysis, hallucinations on falling asleep 
or on awaking, imperative sleep attacks dur-
ing the daytime, and cataplexy, although not all 
patients have cataplexy. Patients with narcolepsy 
have a severely reduced number of hypocretin-
producing cells in the hypothalamus.

2.8.2.2  Thalamus
The thalamus can be conceptualized (somewhat 
oversimplied) as the sensory gating system of 
the brain; all sensory information, except for 
olfaction, is filtered by the thalamus. Relevant 
information is allowed to pass through to the 
cortex, where it may reach consciousness, 
depending on the salience of the stimulus. This 
is why, for example, someone reading a murder 
mystery becomes so absorbed in the story that 
they become completely unaware of their sur-
roundings and do not realize they are hungry 
until the story gets dull. Another example of this 
filter function is evident in exhausted parents 
who may sleep so deeply as to ignore the loud-
est noise but who awake the second their baby 
begins to cry. In addition, the thalamus con-
tributes to arousal and wakefulness, as well as 
motor and memory function.

25 The hypothalamus produces vasopressin, oxycon-
tin, and growth hormone-inhibiting hormone, as well as 
releases hormones for corticotropin, gonadotropin, thyro-
tropin, and growth hormone.
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For practical purposes, the thalamus can be 
divided into four areas, each of them having a 
specific function and a specific vascular supply 
derived from branches of the posterior cerebral 
artery (PCA):

• The anterior nuclei are supplied by the polar 
artery and are important for language and 
memory function.

• The medial nuclei are supplied by the para-
median artery, contributing to arousal and 
memory.

• The lateral nuclei are supplied by the thalam-
ogeniculate artery and regulate sensorimotor 
function.

• The posterior nuclei are supplied by the pos-
terior choroidal artery and are important for 
visual function.

It follows that injury to the thalamus can lead 
to a wide spectrum of deficits. Depending on 
which area is damaged, patients can present 
with fluctuating levels of arousal and diso-
rientation, dysphasia (left-sided lesions), or 
hemispatial neglect (right-sided lesions). Other 
symptoms and signs include disturbed learn-
ing and amnesia (anterior and medial nuclei), 
numbness (hemianesthesia) and a burning sensa-
tion in the contralateral half of the body known 
as thalamic pain (lateral nuclei), and visual 
field deficits (posterior nuclei). Further deficits 
associated with thalamic lesions that are well 
known but poorly understood include gaze pal-
sies and hyperkinetic movement disorders such 
as tremor, chorea, and dystonia. In addition, 
compression of the mesencephalic tectum is a 
frequent cause of acute supranuclear gaze palsy 
(Parinaud’s syndrome), often seen in the elderly 
following hemorrhage or a tumor (Case 2.17).

The most common cause of acute thalamic 
damage is vascular, usually affecting one hemi-
sphere at a time. However, bilateral thalamic 
damage is not infrequent and may occur with 
deep intracerebral venous thrombosis of the sinus 
rectus or bilateral infarction of the paramedian 
arteries, leading to amnesia and akinetic mutism.

The most frequent nonvascular cause of acute 
diencephalic damage is Wernicke’s encephalopa-
thy due to severe thiamine deficiency. Wernicke’s 

encephalopathy leads to ataxia, disturbance of 
consciousness, and oculomotor abnormalities, 
but bear in mind that the complete clinical triad 
may be found in as little as 10% of symptomatic 
patients. Cerebellar ataxia may range from mild 
incoordination of the extremities and minor prob-
lems of balance during tandem gait to severe 
truncal instability and the inability to stand or 
walk (astasia-abasia). Disturbed cognition and 
consciousness can range from minor confusion 

Case 2.17  Parinaud’s syndrome. A 50-year-old male 
complained of new-onset headache and blurred vision, 
which had started 2 months prior. On examination, there 
was subtle gait ataxia, as well as conjugate upgaze paral-
ysis, convergence-retraction nystagmus, and light-near 
dissociation. The latter findings were consistent with 
Parinaud’s syndrome, suggesting a structural lesion at 
the level of the midbrain. Indeed, MRI showed a con-
trast-enhancing tumor, leading to compression of the 
lamina of the mesencephalic tectum and the aqueduct. 
The patient was treated with surgical tumor removal and 
a ventriculoperitoneal shunt for obstructive hydrocepha-
lus. Histology revealed a hemangiopericytoma (WHO 
grade II; a soft tissue sarcoma originating in the pericytes 
of capillaries), for which he received stereotactic radia-
tion therapy. Three years later, he remained in clinical 
remission. According to a case series of 40 patients with 
Parinaud’s syndrome, the commonest presenting symp-
toms are diplopia (67.5%), followed by blurred vision 
(25%), visual field defects (12.5%), gait ataxia (7.5%), 
and manifest squint (7.5%) (Shields et al. 2016). The 
complete triad of vertical gaze palsy, convergence-retrac-
tion nystagmus, and light-near dissociation is present 
in only two-thirds of patients. Vertical gaze palsy is the 
commonest sign (100%), while convergence-retraction 
nystagmus (87.5%) and light-near dissociation (65.0%) 
are somewhat less common. The responsible midbrain 
pathology is typically cerebrovascular or a malignancy
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to coma and oculomotor impairment from slight 
nystagmus and saccadic pursuit to various ocu-
lomotor palsies, including complete ophthalmo-
plegia in extreme cases. The Wernicke-Korsakoff 
complex is usually seen in alcoholics but is also 
encountered in other patients with severe thia-
mine deficiency (e.g., hyperemesis gravidarum, 
anorexia). If thiamine deficiency is not rapidly 
reversed, Korsakoff’s syndrome may develop, typi-
cally associated with hemorrhages in the mam-
millary bodies, leading to permanent amnesia 
and confabulation. The latter is the (unconscious) 
attempt of the patient with severe amnesia to fill in 
the memory gaps with often bizarre stories that are 
obviously untrue (Case 2.18).

2.9  Subcortical White Matter

By taking a careful history, the neurologist can 
distinguish between subcortical white mat-
ter damage and cortical lesions by focusing on 
the absence or presence of visual field defects, 
cortical symptoms, and epileptic seizures and 

by elucidating the features of hemisensory and 
hemimotor symptoms.

Visual field defects strongly suggest subcorti-
cal white matter damage, simply because optic 
radiation involves such a huge part of the sub-
cortical white matter. An isolated lesion of the 
primary visual cortex is usually far too super-
ficial and small to lead to visual field defects 
(Fig. 2.11).

Hemiparesis and hemihypesthesia associated 
with subcortical lesions tend to involve the leg 
as much as the face and the arm. In contrast, 
cortical lesions usually spare the leg because the 
primary motor and sensory cortices represent-
ing the legs are localized on the medial aspects 
of the hemispheres near the falx, where they are 
well protected. The UMN fibers of the leg join 
the fibers of the face and arm subcortically in 
the corticospinal tract (semioval center, internal 
capsule, cerebral peduncle, brainstem), and here, 
a lesion is as likely to affect the leg as it is to 
affect the face and the arm. Restated, subcortical 
lesions lead to complete hemiparesis and hemi-
hypesthesia, whereas cortical lesions usually 

a b

Case 2.18  Wernicke’s encephalopathy. A 32-year-old 
male with alcoholism was admitted because of confu-
sion and gait ataxia. Neurological examination revealed 
a left CN VI palsy and a course gaze-changing nystag-
mus. The patient was treated immediately with IV thia-
mine for Wernicke’s encephalopathy. Sagittal and axial 

T1-weighted MRI showed contrast enhancement of 
the mammillary bodies (a, b; arrows), the crucial site 
of damage in the Wernicke-Korsakoff complex. A few 
days later, all neurological symptoms had vanished, but 
the patient was not yet motivated to begin treatment for 
alcoholism
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Fig. 2.11  Visual pathways. A visual field defect is a 
sign of white matter damage, and the configuration of the 
defect allows conclusions about the localization of the 

lesion. For instance, a left upper quadrantanopia suggests 
damage to Meyer’s loop in the right temporal lobe

Fig. 2.12  Cortical and subcortical lesions. Cortical 
lesions usually lead to weakness of the contralateral half 
of the face and the contralateral arm but tend to spare the 
leg because its motor and sensory areas are localized on 

the medial aspects of the hemispheres, where they are 
well protected (a). Subcortical lesions, in contrast, cause 
hemiparesis and hemihypesthesia that typically involve 
the leg as much as the face and the arm (b)
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leave the leg rather unaffected (Fig. 2.12).26 
Also, since so much of the cortex from the dom-
inant hemisphere is associated with language 
function (including reading and writing), a right-
sided hemiparesis without dysphasia or other 
language problems is usually due to a subcorti-
cal lesion.27

Dense numbness also suggests a subcorti-
cal instead of a cortical lesion. This is because 
the sensory modalities that are represented cor-
tically are rather sophisticated. A patient with 
an isolated lesion of the sensory cortex has dif-
ficulties with recognizing writing on the skin 
(graphesthesia) or may be unable to perceive the 
form of an object by using the sense of touch 
(stereognosis). But she will usually be able to 
recognize pain, vibration, touch, and position 
because these primary sensory modalities reach 
awareness already at the level of the thalamus 
and its cortical projections. It follows that dense 
numbness most likely is due to a subcortical 
lesion.

Bilateral and diffuse white matter dam-
age may evoke decreased psychomotor speed. 
Subcortical dementias (e.g., hydrocephalus, 
subcortical vascular dementia, long-standing 
MS) are associated with a striking decline of 
psychomotor speed, executive dysfunction, 
and a tendency to develop depressive symp-
toms, while higher cognitive functions are less 
impaired. In contrast, the archetypical cortical 
dementia of AD starts with cortical dysfunc-
tion such as amnesia, visuospatial problems, 
aphasia, acalculia, agnosia, and apraxia, and at 
least in the beginning, psychomotor speed will 
be preserved. To give a somewhat simplified 

example, following the question “What year is 
it?,” a patient with established AD may imme-
diately answer with a year long gone, whereas 
the hydrocephalic patient, after a long latency, 
provides an answer that differs just slightly from 
the present date.

Age-related unspecific white matter changes 
(also called leukoaraiosis) are often seen on 
brain MRI as small focal or large confluent 
hyperintense areas on T2-weighted images in 
older people. Age-related white matter changes 
may be associated with reduced psychomotor 
speed, executive dysfunction, depression, diffi-
culties in walking, and urinary incontinence but 
are also seen in neurologically intact patients. 
Extensive age-related white matter changes are 
associated with an increased risk of rapid func-
tional decline.

Adult hydrocephalus can be idiopathic (pri-
mary) or symptomatic (secondary to another 
disease), communicating, or obstructive (with 
respect to CSF fluid pathway patency), respec-
tively, and chronic or acute. Normal pressure 
hydrocephalus (NPH) is one of the few poten-
tially reversible dementias. NPH can be idi-
opathic or secondary to, e.g., trauma, meningitis, 
and intracranial hemorrhage. The classic triad of 
NPH consists of dementia, urgency incontinence, 
and frontal gait apraxia. The gait is slow, shuf-
fling, “magnetic,” and wide based; the feet are 
often rotated outward. Postural instability with 
retropulsion is common. Characteristically, when 
supine, the patient is often still able to cycle with 
the legs in the air; this is in striking contrast to 
the obvious gait disturbance (and probably 
because of the use of different motor programs). 
It has therefore been suggested that NPH patients 
have gait apraxia instead of gait ataxia. Urine 
incontinence is often quite a late symptom, but 
slight urgency is very common. Dementia is 
of the subcortical type and relatively mild; it is 
characterized by psychomotor retardation rather 
than cortical dysfunction, as explained earlier 
(Case 2.19). Notably, not all patients experience 
the classic triad; some are rather monosympto-
matic. See Case 4.40 for an example of a patient 
with an obstructive hydrocephalus.

27 Even in two-thirds of left-handed people, language 
function is localized in the left hemisphere. Thus, when 
informed that a patient has dysphasia and left-sided 
hemiparesis, the first question to ask is whether the 
patient is left-handed. Often it turns out that he is right-
handed, which makes dysphasia very unlikely. In most 
cases, dysarthria or confusion has then been mistaken for 
dysphasia.

26 An exception is falx meningioma compressing bilater-
ally the areas of the motor cortex that represent the lower 
extremities, thus leading to paraparesis. This is an impor-
tant, but rare, differential diagnosis to paraplegia of the 
UMN type.
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There is an important exception to the rule 
that white matter lesions do not produce cor-
tical symptoms, the so-called disconnection 
syndrome. White matter lesions that isolate a 
cortical region due to interruption of the asso-
ciation pathways that connect this region with 
others can produce symptoms identical or simi-
lar to those seen with damage of this particu-
lar cortical region. For example, disconnection 
of the arcuate fasciculus, a deep, white matter 
tract, disconnects the brain areas responsible for 
speech comprehension (Wernicke’s area) and 
speech production (Broca’s area). The result-
ing conduction aphasia is characterized by 
relatively preserved speech comprehension and 
production but poor speech repetition. Another 
example is alexia without agraphia due to a 
white matter lesion of the left occipital lobe, 
including the splenium of the corpus callosum. 
As a consequence, only the right visual cortex 
can process visual information but is unable to 
send this information to the left hemisphere, 

where the language areas reside. Such a patient, 
who usually has suffered from a left posterior 
artery stroke, is able to write but unable to read, 
including what he has just written. Although 
classic examples of a disconnection syndrome, 
both conduction aphasia and alexia without 
agraphia are relatively often overlooked in clini-
cal practice (Case 2.20).

2.10  Cortex

In contrast to subcortical damage, lesions 
involving the cortex induce impairment of 
higher cognitive function (e.g., amnesia, apha-
sia, apraxia, visuospatial deficits, agnosia, 
neglect, changes in behavior and/or personality, 
and psychiatric symptoms), incomplete hemipa-
resis, hemihypesthesia, and epileptic seizures.

Left-sided vascular cortical lesions often 
involve disturbance of speech and language 
processing. Nonfluent (motor) aphasia due to 

a b

Case 2.19  Normal pressure hydrocephalus. A 68-year-
old female with mild gait disturbances and urinary incon-
tinence, but apparently normal cognition, was diagnosed 
with NPH. An MRI showed ventriculomegaly and char-
acteristic disproportion between dilatation of the Sylvian 

fissure (a) and narrowing of the CSF space at the high 
convexity (b: “mismatch” sign). Following treatment 
with a ventriculoperitoneal shunt, she realized how unen-
thusiastic her husband was, got a divorce, and began 
traveling the world
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left MCA infarction or subdural hemorrhage is 
typically combined with right-sided hemiparesis 
that involves the arm and the face but spares the 
leg. (Broca’s area, found in the left inferior fron-
tal gyrus close to the motor area representing  
the face, is served by the upper MCA branch.) 
Thus, a history of temporary speech problems 
is much more likely due to a transient ischemic 
attack if the patient also reports transitory weak-
ness or numbness of the right half of the face 
and the right arm. Fluent (=sensory) aphasia, 
in contrast, is usually not associated with motor 
paresis since Wernicke’s area, residing in the 
posterior section of the left superior temporal 
gyrus, is served by the lower MCA branch and 
is not adjacent to the motor cortex. Transcortical 
aphasias are rare forms of disconnection 
syndromes due to a stroke that spares the 
connecting pathways between the motor and 
sensory language areas; patients typically 
have a nonfluent or fluent type of aphasia, but 
strikingly, their ability to repeat the spoken word 
remains intact. Even more rare is the situation in 
which a left-sided hemispheric stroke (or rarely, 
traumatic injury or migraine) affects prosody 
(rhythm, speech, and intonation), thus leading 
to the foreign accent syndrome. An accent 
that is vague but distinctly unusual replaces 
the patient’s natural accent, and the listener 

interprets the new accent as belonging to a 
foreign language and, hence, may conclude that 
the patient has turned psychotic, “He suddenly 
started speaking with a Russian accent!”.

Right-sided vascular cortical lesion may 
cause a left-sided hemiparesis, often in combi-
nation with neglect and visuospatial problems. 
The latter can affect perception of the patient’s  
body (the patient has difficulties with position-
ing his arms, trunk, and legs) or of the outer 
world (the patient has difficulties orienting him-
self in space).

2.10.1  Frontal Lobes

Lesions of the frontal lobes may lead to incom-
plete hemiparesis and nonfluent aphasia if the 
motor cortex and Broca’s area are involved. This  
and the phenomenon of paraparesis due to bilat-
eral compression of the medial motor cortex by  
a tumor have been discussed above. Frontal lobe  
lesions often lead to personality changes, lack of 
insight, altered behavior, and executive dysfunc-
tion. Even with large frontal tumors or infarction, 
there can be a complete lack of focal (lateralized) 
motor deficits during bedside examination (but 
with large space-occupying lesions, ophthal-
moscopy will typically reveal papilledema).

Case 2.20  Alexia without agraphia. A 65-year-old 
female with atrial fibrillation complained of visual dis-
turbances. Examination revealed a right-sided hemiano-
pia. In addition, although she was able to write, she was 

unable to read, including what she just had written. MR 
DWI was consistent with a left cerebral posterior artery 
stroke, the typical cause of alexia without agraphia
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Lesions of the orbital frontal cortex may lead 
to disinhibition, impulsivity, and confabula-
tion, as well as antisocial behavior, stereotypical  
behaviors, and overeating. Lesions of the dor-
solateral frontal cortex lead to cognitive deficits  
(poor word generation, reduced attention, work-
ing memory deficits, and poor organization and  
planning). Lesions of the medial frontal circuit  
are associated with altered energy, motivation,  
drive, and affect.

Frontal lobe lesions may lead either to a loss 
of or exaggeration of frontal inhibition. Thus, 
patients can become lethargic, apathetic, and 
even mutistic. Lack of empathy and concern for 
others are particularly distressing symptoms. 
Patients with apathy present with a lack of goal-
oriented behavior and are often disengaged and 
emotionally unresponsive. Sometimes their drive 
is decreased to such an extent that they do not 
complain about extremely painful stimuli, they 
do not care about their inability to control their 

bladders and bowels, and they do not take any 
initiative whatsoever.

Impersistence is the inability to sustain a 
movement or to stick to a task. When asked to 
lift their arms and hold them upraised, patients 
may lift their arms for a second or two but then 
inevitably lower them again despite understand-
ing what the examiner is requesting. The oppo-
site of impersistence is perseveration. Once 
in action the patient is unable to stop and may 
repeat the same sentence again and again or may 
engage in meaningless repetitive behavior for 
hours if not interrupted.

Loss of frontal inhibition, in contrast, may 
lead to reckless, impulsive, and socially inap-
propriate behavior. Some patients with fronto-
temporal dementia, for instance, show rather 
well-preserved memory but characteristic frontal 
disinhibition (Case 2.21). They may drive care-
lessly in traffic or masturbate in public. They 
often develop bizarre preferences for certain 

a b

Case  2.21  Behavioral variant frontotemporal demen-
tia (bvFTD) with disinhibition. A 37-year-old male was 
referred to the memory clinic from a psychiatric ward, 
where he had been admitted for behavioral symptoms. 
He had lost his job as a physician 1 year earlier due to 
inappropriate behavior and attention deficits. Symptoms 
had progressed, and at the time of referral, he was dis-
inhibited and showed hypersexual behavior, inappro-
priate social conduct, overeating, motor and verbal 

perseveration, and mental rigidity. He was unaware of  
his impairment. CSF analysis and EEG were normal.  
MRI demonstrated bilateral frontal cortical atrophy,  
most pronounced in the orbitofrontal region (a). FDG  
PET showed bifrontal hypometabolism (b). He was  
diagnosed with bvFTD (PET images courtesy of Ian  
Law, Department of Clinical Physiology and Nuclear  
Medicine, Rigshospitalet, Copenhagen)
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foods and may eat, e.g., seven or eight bananas  
at a time. The most famous example of  frontal  
disinhibition is probably the case of Phineas  
Gage, a 25-year-old railroad construction fore-
man who survived an accident in 1848 in which  
a large iron rod was driven through his frontal  
lobes. Gage became “fitful, irreverent, indulging  
at times in the grossest profanity […], manifest-
ing but little deference for his fellows, impa-
tient of restraint or advice when it conflicts with  
his desires, at times pertinaciously obstinate,  
yet capricious and vacillating, devising many  
plans of future operations, which are no sooner  
arranged than they are abandoned in turn for  
 others appearing more feasible. [He was] a child  
in his intellectual capacities, with the general  
passion of a strong man. […] Previous to his  
injury […] he possessed a well-balanced mind,  
and was […] a shrewd, smart businessman, very  
energetic and persistent in executing all his plans  
of operation. In this regard his mind was  
 radically changed, so decidedly that his friends  
and acquaintances said he was ‘no longer Gage’”  
(Harlow 1848).28

Another disorder that deserves mentioning 
here is Foix-Chavany-Marie syndrome (FCMS), 
an infrequent neurological condition due to bilat-
eral damage to the anterior frontoparietal oper-
culum. FCMS (or anterior opercular syndrome) 
affects the voluntary activity of orofacial, mastica-
tory, and pharyngeal muscles, while involuntary 
and emotional innervation usually remains intact. 
Although often caused by stroke, there is also a 
primarily neurodegenerative type.

Finally, large frontal lesions, particularly 
right-sided frontal lesions after traumatic brain 
injury or stroke, may lead to eye-opening 
apraxia. This term denotes impairment of 

voluntary eyelid elevation of supranuclear origin. 
(Strictly speaking, the term apraxia is a misnomer 
because it denotes an inability to perform a 
previously learned task; this differs from eye 
opening which is an innate phenomenon.) 
Eye-opening apraxia can be an idiopathic 
focal dystonia or occur with traumatic brain 
injuries, stroke, and neurodegenerative diseases. 
Transient eye-opening apraxia is seen in around 
5–6% of stroke patients with large hemispheric 
strokes. This phenomenon is not uncommon 
after mechanical thrombectomy for (right-sided) 
middle cerebral artery strokes (Nersesjan et al. 
2020). The patients’ inability to open the eyes 
must not be confused with decreased awareness: 
They are awake and able to follow other motor 
commands, e.g., they can raise the non-paretic 
hand after being told to do so. In this setting, 
eye-opening apraxia is typically temporary and 
resolves within 1–2 days.

2.10.2  Temporal Lobes

The temporal lobes include important struc-
tures such as the primary and associative audi-
tory cortex and the hippocampal formation. 
Consequently, the temporal lobes are involved 
with memory processing and speech compre-
hension. As stated above, the typical cortical 
dementia of AD starts with cortical dysfunction, 
primarily of the medial temporal lobes.

A lesion in Wernicke’s area causes fluent 
aphasia, as discussed earlier. Lesions involving 
the geniculocalcarine pathways (Meyer’s loop) 
result in contralateral upper visual field defects 
(colloquially referred to as “pie in the sky”). 
Hearing is bilaterally represented in the tempo-
ral lobes, which is why unilateral destruction 
of the auditory cortex does not cause deafness 
(Case 2.22).

Degeneration of left polar and inferolateral  
temporal structures leads to a striking syndrome  
called semantic dementia (SD), in which patients  
develop a fundamental loss of semantic memory.  
Semantic memory is defined as the component  
of long-term memory that contains the perma-
nent representation of our knowledge about  

28 Occasionally, personality changes can be hard to 
detect for those who have not known the patient prior to 
the neurological event. A man in his 70 s suffered from 
a right-sided frontal infarction, but on admission to the 
hospital, he had no focal deficits. Cheerful and with a 
pleasant manner, he soon became a favorite with the 
nurses. The real impact of the infarct did not become 
clear until a few days later when his wife came for a visit 
and was totally bewildered that this “miserable old man” 
had turned into such a lovely person.

ALGrawany
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things in the world, concepts, and facts, as well  
as words and their meaning (Case 2.23). A vari-
ant, with degeneration of the right (or bilateral)  
polar and inferolateral temporo-occipital struc-
tures, including the fusiform gyrus, is associated  
with prosopagnosia (loss of knowledge about  
faces). Chapter 4 provides more information on  
both conditions. Of note, prosopagnosia may  
also occur with bilateral PCA infarctions.

Temporal lobe epilepsy may be divided into  
mesial (medial) temporal lobe epilepsy and lat-
eral temporal lobe epilepsy. Mesial temporal  
lobe epilepsy arises in the medial aspect of the  
temporal lobe where the hippocampus, parahip-
pocampal gyrus, and amygdala are located. It is  
often due to hippocampal sclerosis. Simple or  
complex partial seizures, with or without sec-
ondary generalization, often occur for the first  

a

b c

Case 2.22  Pure word deafness due to bitemporal infarc-
tions. A young woman in her thirties with a history of 
intravenous drug addiction, mechanical mitral valve 
replacement following endocarditis (a), and poor compli-
ance to anticoagulation therapy was admitted with sud-
den onset of apparently bizarre cognitive symptoms—
although she was able to speak relatively fluently, she did 
not understand any spoken words. Instead, everything had 
to be written down (b “You have acquired a stroke which 
makes it difficult for you to understand what is being said. 
This will get better with time and rehabilitation”). The 
patient could follow written commands correctly and was 

able to speak and write but was unable to process spoken 
language. Hearing thresholds were normal. The remain-
der of the neurological examination was normal. MRI of 
the brain (c, axial DWI; coronal FLAIR) showed multiple 
infarctions, including both temporal lobes. Despite the 
neurologist’s optimism (“This will get better with time 
and rehabilitation”), her deficits remained unchanged on 
follow-up 6 months later. Pure word deafness with audi-
tory object agnosia may occur with bilateral lesions of 
the superior temporal sulcus but is exceedingly rare, since 
auditory processing of language is represented bilaterally 
(this is probably a form of evolutionary safety mechanism)
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time in early adolescence but may manifest at  
any age. A rising epigastric sensation is the most  
common aura symptom, fear the second most  
common. The patient may complain of visual  
phenomena such as micropsia and macropsia.  
Another classic feature is memory distortion.  
Déjà vu denotes the experience of peculiar famili-
arity with an unknown situation, whereas jamais  
vu refers to the illusion that something  familiar is  
strange or new. Hallucinations may also involve  
gustatory and olfactory qualities. The latter sei-
zures are sometimes called uncinate fits. When  
observing a patient with mesial temporal lobe  
seizures, one may notice a motionless stare and  
automatisms that can be oral (e.g., chewing, lip  
smacking), gestural, or more complex. Unilateral  

automatisms are usually ipsilateral to the side of 
seizure onset, while dystonic posturing is usu-
ally contralateral. Head deviation can be both 
ipsilateral and contralateral to the seizure focus.  
With seizure origin in the left hemisphere, the 
patient may have dysphasia ictally and postic-
tally. Dysphasia is probably seen most often 
with lateral temporal lobe epilepsy that arises in 
the neocortex on the outer surface of the tempo-
ral lobe.29 Also other signs of neocortical dis-
turbance, such as auditory hallucinations, are  
more common with lateral than medial temporal 
lobe epilepsy. Similar to processes of the frontal 
lobes, neoplasms of the temporal lobe often lead  
to personality change with psychomotor retarda-
tion or agitation, as well as cognitive disturbances  
(see below) and emotional disturbance, including  
depression.

Some other conditions affecting primarily the 
mesial temporal lobes deserve mentioning here.

Transient global amnesia (TGA) is a striking 
condition in which the patient experiences short-
term memory loss and anterograde amnesia 
for a few hours (rarely longer than 12 h and by 
definition less than 24 h). The patient appears 
bewildered and constantly asks the same 
questions over and over again (“Where are we, 
what are we doing here?”) despite being able to 
manage fairly complex tasks such as driving or 
household work (or even conducting a symphony 
orchestra). Its cause remains unknown but 
magnetic resonance (MR) diffusion-weighted 
sequences may reveal hyperintense signaling in 
the hippocampi and mesial temporal lobes during 
an attack in keeping with the “focal” deficit of 
impaired memory processing. TGA more or less 
exclusively affects people older than 50 years of 
age. It has a good prognosis, and the relapse rate 
is low. Importantly, patients can be reassured that 
there is no association with increased risk for 
cerebrovascular events (Case 2.24).

Case 2.23  Semantic dementia. A 65-year-old male was 
referred for slowly progressive memory loss with word-
finding difficulties. His wife reported that the earliest 
signs had begun more than 5 years earlier. His neuro-
logical examination was normal, except for the cognitive 
deficits. The MMSE score was 28/30. He demonstrated 
a fundamental loss of semantic memory, which affected 
naming, comprehension, and object recognition. He fre-
quently used substitute words and phrases and had dif-
ficulty reading irregular words. Episodic memory, visu-
ospatial functions, repetition, and psychomotor speed 
were normal. He also had mild behavioral symptoms. 
Coronal MRI showed a focal polar and inferolateral 
temporal lobe atrophy, which was most pronounced on 
the left side. FDG PET confirmed left anterior temporal 
and mesial frontal hypometabolism (not shown). He was 
diagnosed with semantic dementia

29 The neocortex, which represents the vast majority of 
the cerebral cortex, has six layers and is phylogeneti-
cally younger than the archicortex of the three-layered 
hippocampus.
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Temporary amnesia is occasionally a symp-
tom of focal seizure activity and is then classi-
fied as transient epileptic amnesia, which may  
mimic TGA, but the clue to the correct diagnosis  
is the brevity and frequency of amnesic attacks.  

Importantly and in contrast to TGA, transient  
epileptic amnesia carries a risk of persistent  
memory impairment, and patients might be  
mis diagnosed as having dementia.

Limbic encephalitis is an autoimmune state  
that can be of paraneoplastic or non-parane-
oplastic origin. Amnesia, personality change, 
anxiety, and epileptic seizures develop over days 
to weeks. If left untreated, limbic encephalitis 
may lead to chronic neuropsychiatric deficits 
and intractable epilepsy due to lasting damage 
of the mesial temporal lobes. Chapter 4 provides 
more information on both TGA and limbic 
encephalitis.

2.10.3  Parietal Lobes

The parietal lobes comprise the primary sensory 
cortex as well as the cortex regions associated 
with integration of visual, auditory, tactile, and 
proprioceptive information. Damage to the pari-
etal lobe leads to contralateral hemisensory defi-
cits and homonym hemianopsia (sometimes only 
inferior quadrantic homonym field defects, “pie 
on the floor”). With large lesions of the parietal 
lobe, a contralateral hemiparesis may occur due 
to compression of the adjacent motor cortex in 
the frontal lobe. Also, parietal lesions are often 
associated with striking neuropsychological 
symptoms, including visuospatial disturbances, 
apraxia, and neglect for the contralateral half of 
the body (e.g., the patient may deny ownership 
of the affected limb). Anosognosia is a form of 
neglect in which a patient denies the existence 
of an obvious disability or at least seems una-
ware of it.

Neglect is often somewhat more pronounced  
with lesions of the right parietal lobe. Thus, the  
typical patient with a large, right-sided MCA  
occlusion has left hemiparesis, left homonym  
hemianopsia, and horizontal gaze palsy to the  
left (resulting in gaze deviation to the right) and  
ignores everything that happens on his left side.  
When spoken to from the left side, he will search  
for the speaker by looking even further to the  
right. He ignores the left half of his body to such  
an extent that he may deny being the owner of its  

Case 2.24  Transient global amnesia. A 63-year-old 
male presented with sudden onset of memory loss after 
an uncomplicated minor medical procedure. He appeared 
confused and asked the same questions over and over 
again (“Where are we?”; “What are we going to do?”). 
On examination, there were no focal deficits. Of note, 
while recent memory was severely impaired, immedi-
ate memory (as tested by digit span), remote and proce-
dural memory, as well as personal identity were intact. 
The symptoms completely resolved within 24 h. MRI, 
performed 4 days later, showed a dot-shaped DWI lesion 
in the left hippocampus; this lesion had vanished on a 
second MRI 3 months later (not shown). TGA is charac-
terized by the presence of anterograde amnesia (as wit-
nessed by a reliable observer). By definition, there is no 
clouding of consciousness, no loss of personal identity, 
no other cognitive impairment than amnesia, no focal 
neurologic signs or epileptic seizures, no recent history 
of head trauma, and symptoms resolve within 12–24 h. 
TGA usually affects people over 50 years, and the prog-
nosis is excellent. Of note, MRI DWI shows punctate 
lesions in the hippocampus, either unilaterally (and then 
slightly more often on the left) or bilaterally, in up to 
80% of patients. These lesions can no longer be detected 
on MRI follow-up a few weeks later. Although their 
exact etiology remains unknown, they precisely localize 
the site of the functional pathology
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extremities. The clapping test is a useful test for  
neglect. When asked to clap, patients with hemi-
spatial neglect repeatedly perform one-handed 
motions, stopping abruptly at the midline of the  
visual hemispace, as if pantomiming slapping an  
invisible board. In contrast, hemiplegic patients  
without pronounced neglect are able to reach  
across and clap against their plegic hand. This is  
an easy, rapid, and unambiguous test for neglect,  
especially in the setting of acute stroke.

Parietal lobe lesions may also lead to gnostic  
deficits, including impairment of stereognosis, 
graphesthesia, two-point discrimination, and  
tactile localization. These deficits are rather 
subtle and therefore often overlooked during 
the neurological examination. Gerstmann’s  
syndrome is due to damage of the left angu-
lar and supramarginal gyri near the junction of 
the temporal and parietal lobes. It leads to the  
classic tetrad of agraphia, acalculia, left–right 
disorientation, and finger agnosia. It is very rare 

as an isolated syndrome, but it is not uncommon  
that some of its features coexist with more  
frequent parietal lobe deficits.

Another rarity, Balint’s syndrome, is caused 
by bilateral damage to the posterior parietal 
cortex, e.g., due to parietal-occipital watershed 
or embolic posterior circulation infarcts (Case 
2.25). Symptoms include:

• Incoordination of hand and eye movement, 
which is sometimes called optic ataxia. 
Patients have difficulties grasping for an 
object despite preserved vision.

• Environmental agnosia (inability to recognize 
familiar environments).

• Inability to voluntarily guide eye movements;  
thus, patients move their head instead of their  
eyes. This phenomenon is incorrectly called  
oculomotor apraxia (incorrectly because  
apraxia is the loss of the ability to carry out  

Case 2.25  Balint’s syndrome. A 22-year-old man with 
an unremarkable prior medical history was resuscitated 
following a cardiac arrest due to a previously unknown 
cardiomyopathy. He regained consciousness a few days 
later. On examination, he was able to count fingers and 
to describe isolated features in his visual fields such as 
the examiner’s eye color, but he was unable to identify 
more than one visual item at a time (simultagnosia). MRI 

showed bilateral parietal-occipital cortical ischemia (left, 
axial MR DWI; right, coronal FLAIR). Balint’s syn-
drome consists of the triad of optic ataxia, oculomotor 
apraxia, and simultagnosia, and it is classically associ-
ated with bilateral lesions of the border zone between the 
parietal and occipital lobes. This may either have a slow 
onset as in neurodegenerative diseases (see Case 5.5) or 
arise acutely due to global ischemia as in this case
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learned purposeful movements, and oculomo-
tor function is an innate function).

• Simultanagnosia. Patients are unable to ana-
lyze a complex picture; instead, they focus on 
just one object at a time.

Patients with progressive posterior neurodegen-
eration, posterior cortical atrophy, may exhibit 
symptoms of Gerstmann and Balint’s syndrome.

2.10.4  Occipital Lobes

The occipital lobes include the primary and 
associate visual cortex. Lesions of this region 
may therefore lead to either negative symptoms 
(cortical blindness) or positive symptoms (vis-
ual hallucinations).

Acute transitory blindness due to temporary 
disturbances of occipital cortex function can 
occur in young children after head trauma. 
Although it is a frightening experience for 
everyone, prognosis is excellent. Rarely, acute 
transitory blindness lasting a few seconds 
is a sign of a sudden decrease in posterior 
circulation perfusion due to atherosclerotic 
basilar artery insufficiency. It is then usually 

associated with transitory ischemic symptoms 
of the brainstem. Another cause of temporary 
cortical visual disturbances is posterior reversible 
encephalopathy syndrome (PRES; see Chap. 4 
and Case 4.14 for details).

Cortical blindness is due to bilateral damage 
of the occipital lobes secondary to hypoxia, 
vasospasm, or cardiac embolism. Cortical 
blindness is sometimes associated with Anton’s 
syndrome, arguably the most striking form 
of anosognosia. Patients with this syndrome 
behave as if they could see despite their obvious 
loss of sight, and confabulation is frequent 
(Case 2.26). Anosognosia is usually associated 
with concomitant dysfunction of the parietal 
lobe. Both the dominant and the nondominant 
hemisphere may be affected, although 
impairment of the latter is perhaps more common. 
The area of the parietal cortex that integrates 
visual with other sensory information is separated 
from inter- and intrahemispheric association 
pathways (disconnection syndrome, see above).

The opposite of Anton’s syndrome is  
blindsight, where patients also have cortical  
blindness but are fully aware of their loss of  
sight. Despite destruction of the occipital lobes  
and the fact that the patient explains he is only  

Case 2.26  Anton’s syndrome. A 53-year-old female 
presented with a 2-week history of night sweats and 
fever. On examination, a systolic cardiac murmur 
and subungual splinter hemorrhages were noted (a). 
Treatment for infective endocarditis was started, but 
2 days later the patient started behaving strangely. 
She noticed people only when they talked to her and 

she walked into the furniture. CT of the brain showed 
ischemic infarction in the territory of both posterior cer-
ebral arteries (b). Despite the fact that she obviously was 
blind, she did not complain and denied any visual distur-
bance. She had an excuse whenever confronted with her 
handicap and did not hesitate to describe details in her 
environment that obviously did not exist
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guessing, he has a significant ability to perceive  
and localize visual stimuli presented in a test  
situation. This is probably due to intact projec-
tions from the retina to cortical regions outside  
the primary visual cortex and to mesencephalic  
structures, where the visual stimuli do not reach  
consciousness.

Another striking feature of occipital lobe 
disease is palinopsia (“palin” is Greek for 
“again” while “opsis” is for “vision”) (Case 
2.27). Palinopsia is characterized by persistent 

or recurrent images despite removal of the 
stimulating object from the visual field and has 
been associated with lesions of the nondominant 
occipital lobe. Hallucinations derived from the 
primary visual cortex (Brodmann’s area 17) occur 
as flashes or light spots. Sensations from the visual 
association cortex manifest as more detailed 
objects (area 18) or complex scenic hallucinations 
(area 19). The differential diagnosis of palinopsia 
includes, among others, occipital lobe epilepsy, 
psychedelic drug abuse, tumors, basilar migraine, 
and visual deprivation hallucinations (Charles 
Bonnet syndrome, Case 2.11).

2.11  Cerebrovascular System

The cerebrovascular system is divided into the 
anterior and the posterior circulation (Fig. 2.13).

The anterior circulation consists of the left 
and right internal carotid arteries (ICA) that give 
rise to the anterior cerebral arteries (ACA) and 
middle cerebral arteries (MCA), as well as the 
ophthalmic and the anterior choroidal arteries. 
The anterior communicating artery (AComA) 
links the left with the right ACA.

The posterior circulation is made up of the 
two vertebral arteries that give rise to the pos-
terior inferior cerebellar arteries (PICA) before 
joining into the basilar artery. From the basilar 
artery arise the anterior inferior cerebellar arter-
ies (AICAs), pontine arteries, superior cerebellar 
arteries, and posterior cerebral arteries (PCAs).

The posterior and anterior circulations are 
connected via the posterior communicating 
arteries (PCommAs), which close the Circle 
of Willis. Clockwise, the Circle of Willis thus 
consists of the AComA, the left ACA, the left 
ICA, the left PCommA, the left PCA, the right 
PCA, the right PCommA, the right ICA, and 
the right ACA. Although the MCAs and basilar 
artery do not contribute to the formation of the 
Circle of Willis anatomically, they are often 
considered a part of it functionally.

It is important to note that many anatomical 
variations of the cerebrovascular system exist. 
For instance, it is not uncommon that one or 
both PCAs are supplied mainly by the anterior 

Case 2.27  Palinopsia. A previously healthy 64-year-old 
male experienced episodes of palinopsia several times a 
day. At one point, for example, after seeing a picture of 
a wasp in the morning newspaper, the brightly colored, 
cartoon-like image of the wasp appeared in his central 
vision and was projected on every object he looked at 
for the next 2 h. This occurred despite the fact that he 
had not looked at the newspaper again. He was aware 
that the wasp did not exist in reality. Palinopsia as well 
as episodes of derealization and visuospatial impairment 
were later preceded by a rising epigastric sensation. Five 
months after the onset of symptoms, the patient devel-
oped headache, vomiting, lethargy, and hemianopsia. 
A CT revealed a glioblastoma multiforme involving the 
right temporal-occipital lobe. Derealization, visuospatial 
impairment, and palinopsia were thus secondary due to 
partial seizures provoked by the developing glioblastoma 
multiforme in the occipitoparietal lobe. With the tumor 
invading the temporal lobe, features of temporal lobe 
epilepsy such as epigastric sensations occurred (Adapted 
with permission from Kondziella and Maetzel (2006))
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Fig. 2.13  Circle of Willis. The posterior and anterior 
circulations are connected via the posterior communicat-
ing arteries and form the Circle of Willis. This creates 

collaterals in the cerebral circulation, a “biological reas-
surance” against intracranial occlusions. Anatomic vari-
ants, however, are not uncommon
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and not the posterior circulation or that one of 
the vertebral arteries ends in the ipsilateral PICA 
and does not contribute to the basilar artery.

Although there are a few notable exceptions, 
most cerebrovascular events are of course of 
sudden onset—they happen like a stroke.

2.11.1  Anterior Circulation

Sudden occlusion of the internal carotid artery 
can lead to ischemia of territories belonging to 
the ACA and the MCA, as well as the ophthalmic 
and anterior choroidal arteries. Depending on the 
collateral blood flow through the Circle of Willis, 
ischemia is transient or permanent. Ischemia in 
the anterior circulation is usually of acute onset; 
a fluctuating, crescendo time course is much rarer 
compared to posterior circulation stroke.

The hallmark of ophthalmic artery ischemia 
is monocular blindness, as discussed earlier.

Occlusion of the anterior choroidal artery 
leads to contralateral hemiplegia, dense hemi-
hypesthesia, and homonym hemianopia due 
to damage to the posterior limb of the internal 
capsule and optic tract, a small but critical piece 
of neuroanatomy. Well-preserved language and 
cognition distinguishes this stroke syndrome 
from MCA infarction.

The MCA serves large parts of the medial 
aspect of the temporal, parietal, and frontal 
lobes, as well as the insula and most of the basal 
ganglia and internal capsule (via lenticulostriate 
branches). In the lateral sulcus (or Sylvian fissure), 
the MCA splits into two or three branches. As 
stated above, the upper branch serves Broca’s area 
and the motor cortex situated in the frontal lobe 
(leading to nonfluent aphasia and contralateral 
hemiparesis sparing the leg), whereas the lower 
branch supplies the temporal lobe and Wernicke’s 
area (leading to fluent aphasia). Eye-opening 
apraxia is sometimes encountered early after large 
hemispheric strokes (especially when MCA and 
ACA territories are involved simultaneously); this 
resolves usually within a few days.

The ACA supplies the medial parts of the  
frontal and most of the medial parts of the pari-
etal lobe, as well as the most of the corpus cal-
losum and the anterior portions of the basal  
ganglia and internal capsule. Occlusion of the  
ACA may therefore lead to sensorimotor deficits  
of the contralateral foot and leg and, to a lesser  
degree, of the upper extremity.30 Hemorrhage  

Case 2.28  Hippocampal ischemia due to posterior circula-
tion infarct. A 33-year-old man was treated with mechanical 
thrombectomy for a right-sided PCA occlusion. The DSA 
shows the missing P1 segment of the PCA before the throm-
bus is extracted and the complete filling of the artery after 

the extraction (left). MR DWI (right) reveals hyperintense 
signal of the right hippocampus compatible with ischemia, 
nicely illustrating that the blood supply to the hippocampus 
is dependent upon the posterior circulation (with some con-
tributions coming from the anterior choroidal artery)

30 An anatomical variant, both ACA may also arise from 
a single stem, and occlusion of this stem then causes 
bilateral infarction of the anterior and medial aspects 
of both hemispheres. As a result, patients may develop 
paraparesis, incontinence, and abulia.
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from an ACOM aneurysm can lead to sudden  
onset of paraplegia and urinary incontinence  
due to injury to the medial aspects of the frontal  
lobes. Another complication associated with an  
ACOM aneurysm may arise when the recurrent  
artery of Heubner (an ACA branch that arises  
distally from the ACOM, supplying part of the  
head of the caudate nucleus) is sacrificed dur-
ing surgery. This results in severe cognitive defi-
cits because of damage to connecting pathways  
between the caudate and the frontal lobe.

2.11.2  Posterior Circulation

Posterior circulation ischemia leads to focal 
deficits related to the brainstem, cerebellum, 
thalamus, occipital lobes, and/or the hippocampi 
(Case 2.28).

Vertebral artery dissection and/or PICA 
infarction may cause the Wallenberg syndrome, 
probably the only eponymous brainstem syn-
drome that is worth knowing because it is the 
most common. An infarction of the lateral 
medulla oblongata, it leads to:

• Dysphagia, hoarseness, and ipsilaterally 
diminished gag reflex (CN IX, CN X)

• Ipsilateral Horner’s syndrome (descending 
sympathetic fibers)

• Ipsilateral ataxia of the extremities (cerebel-
lar peduncle)

• Loss of pain and temperature sensation in 
the ipsilateral half of the face (spinal CN V 
nucleus)

• Loss of pain and temperature sensation in 
the contralateral half of the body (lateral spi-
nothalamic tract)

• Diplopia, nystagmus, and vertigo (vestibular 
nuclei)

• AICA infarction, as discussed earlier, may 
lead to sudden onset of vertigo and ipsilateral 
deafness (with or without tinnitus).

Thrombosis of the basilar artery often gives 
rise to early bilateral fluctuating brainstem and 
cerebellar signs (e.g., left and right fluctuating 

hemiparesis, CN deficits, dysarthria, vertigo, 
and ataxia), before brainstem infarction occurs. 
Indeed, in contrast to anterior circulation 
ischemia, basilar artery stenosis can lead to 
symptoms that come and go for many hours 
and days, and they can take a crescendo course 
when infarcts in the brainstem and cerebellum 
accumulate over time. Complete brainstem 
infarction leads to instant death. Preservation 
of the mesencephalon and the dorsal pons (and 
thus the ARAS, which is crucial for arousal) 
leads to the locked-in syndrome. In this tragic 
situation, patients are awake and usually 
well orientated but tetraplegic and unable 
to communicate except by using preserved 
oculomotor function.31

Occlusion of the distal portion of the basilar 
artery, usually embolic in origin, leads to the 
top-of-the-basilar syndrome (Cases 4.22 and 
4.23). Infarction of the upper brainstem and 
occipital hemispheric regions is characterized by 
dysfunction of oculomotor (external and inter-
nal ophthalmoplegia), behavioral (somnolence, 
dreamlike behavior), and sometimes visual (hal-
lucinations) systems. Characteristically, power 
in the extremities and face is well preserved. 
Also, an embolus splitting into two parts when 
reaching the basilar artery bifurcation may 
occlude both PCAs (Case 2.29).

The PCA supplies the upper brainstem and  
the inferomedial parts of the temporal lobe as  
well as the occipital lobes. Therefore, PCA  
occlusion produces a rather large variety of 
deficits compared to other intracranial arter-
ies. The cortical branches of the PCA supply  
the occipital lobes, the inferior temporal gyrus,  
and the uncus. Typical stroke syndromes fol-
lowing occlusion of these branches include  
homonymous hemianopia (often with macular,  
or central, sparing, which presumably occurs  
because of bilateral cortical representation of the  
macular region or because of collateral blood  
supply of the occipital pole by distal MCA  
branches), alexia without agraphia (see above),  

31 Conditions such GBS, ALS, or myasthenia gravis may 
occasionally be associated with afferent denervation that 
is severe enough to mimic the locked-in syndrome.



78 2 Clinical History and Neuroanatomy: “Where Is the Lesion?”

Case 2.29  Pediatric basilar artery thrombosis. A male 
patient presented with sudden onset of neck pain, dou-
ble vision, difficulties with articulation, and fluctuat-
ing impairment of consciousness. He reacted to loud 
commands only. On examination, gaze-changing verti-
cal nystagmus, dysarthria, and left Babinski sign were 
noticed. He was able to move his arms and legs nor-
mally. The clinical picture was consistent with a top-of-
the-basilar syndrome. CT of the brain showed a dense 
artery sign, thus suggesting a clot in the basilar artery 
(1a), which was confirmed by CT angiography (1b, 
1c). Intravenous thrombolysis with alteplase was initi-
ated, and the patient was immediately referred to the 
regional stroke center. On arrival, MR DWI revealed 
acute ischemic infarcts in the pons and the cerebellar 

hemisphere on the right (2). The occluded basilar artery 
was visualized by digital subtraction angiography (3a). 
Following clot removal using a stent retriever, the basi-
lar artery was fully recanalized 4 h after onset of symp-
toms (3b, 3c). MR angiogram the next day confirmed 
persistent basilar artery patency (3d). Neurological 
examination was unremarkable. At 3-month follow-up, 
the patient had made a complete recovery except for 
slight dysarthria during periods of physical exhaustion. 
The most unusual feature of this case is the fact that the 
patient was a previously healthy 11-year-old boy. An 
extensive cerebrovascular, cardiologic, and hematologic 
workup did not reveal the cause of the thrombosis, which 
is not uncommon in pediatric stroke (Adapted with per-
mission from Fink et al. (2013))

ALGrawany
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and visual agnosia and memory impairment.  
Bilateral damage of the occipital lobes leads  
to partial or complete cortical blindness and,  
if associated with denial of blindness and con-
fabulation, Anton’s syndrome. The central (e.g., 
thalamoperforating) branches serve large parts 
of the thalamus and, as explained earlier, may  
lead to severe numbness (and possibly thalamic  
pain) in the contralateral half of the body with or  
without neglect. Occasionally, infarction of the  
ventral nuclei and/or the subthalamic nucleus  
may produce hemiballism or hemichorea, and  

infarction of the central nuclei may impair 
consciousness.

Another rare anatomic variant, the artery of  
Percheron is a single arterial trunk arising from 
the posterior cerebral artery and supplying the 
thalamus and midbrain bilaterally. Occlusion of  
the artery of Percheron results in bilateral para-
median thalamus infarction (with or without  
midbrain involvement) and typically leads to  
disturbances of consciousness. However, most  
strokes associated with this infarct pattern are of  
embolic origin (Case 2.30).

Case 2.29  (continued)
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2.12  The Healthy Brain

Now that most of the relevant neuroanatomic 
features have been discussed, let us consider 
what happens in the normal brain during the 
acquisition of sensory data, the processing of 
information, and the resulting autonomic and 
motor responses. For the sake of discussion, 
let us assume that we are in conversation with 
someone who has just spoken.

What happens initially is that light reflected 
from the person in question falls onto my retina 
and sound waves traveling through the ear canal 
hit my tympanic membrane. The light activates 

retinal photoreceptors (rods and cones) that send 
signals via bipolar and horizontal cells to retinal 
ganglia cells, the axons of which make up the 
optic nerves. The tympanic membrane transmits 
sound from the air to the ossicles inside the mid-
dle ear; the sound waves are converted into fluid 
waves in the inner ear; and the hair cells of the 
organ of Corti transform the fluid waves into 
nerve signals that travel along the cochlear part 
of CN VIII into the brainstem.

All sensory input (except olfaction) is pro-
cessed in the thalamus, which filters away 
redundant signals. Important information passes 
through the thalamic filter and reaches the 

Case 2.31  Time–space synesthesia. A young female 
physician realized during her residency that she pos-
sessed an outstanding ability which she previously had 
considered normal: She had since childhood experienced 
units of time, including days, weeks, months, and years, 
as occupying specific locations in space relative to her 
own body. Thus, she felt the past was to her left, from 
around 2500 BC until the present day, while the future 
was to her right. She would experience the months of the 
year located on a circle around her. These time–space 
associations were very specific and experienced consist-
ently. Synesthesia is an unusual brain condition in which 
people experience merging of sensory modalities, so that 
activity in one modality automatically, involuntarily, and 
consistently elicits sensations in another. For instance, 
grapheme-color synesthesia is a phenomenon in which 

people may experience that numbers or letters have spe-
cific colors (e.g., three may be black, while four yellow). 
Others may experience that colors have specific tastes 
(e.g., black tastes bitter, while green tastes sweet; which 
is termed flavor-color synesthesia), and so on. Time–
space synesthesia involves the involuntary association 
of time events, such as months of the year, with specific 
spatial locations with two- or three-dimensional forms, 
such as circles and ellipses. The latter is typically expe-
rienced in relation to one’s own body. Although the exact 
mechanisms remain unknown, it has been suggested that 
synesthesia may be due to extraordinarily rich connec-
tivity between brain regions, e.g., time–space synesthe-
sia may arise with enhanced parietal-occipital network 
connectivity between regions responsible for temporal 
sequences and those supporting visuospatial images

Case 2.30  Top-of-the-basilar stroke. A 72-year-old 
male with hypertension and previous myocardial infarc-
tion was discovered lying on the floor of his home. On 
admission, he was found to be mute and with bilateral 
ptosis. Although he tried, eye opening on command was 
not possible (upper row). On passive eye opening, there 
were divergent eye axes and near-complete external 
supranuclear ophthalmoplegia. He was unable to swal-
low (note plaster on his nose to fixate gastrointestinal 
feeding tube), but power in his arms and legs was rela-
tively spared. MR DWI revealed bilateral infarctions in 

the thalamus and the midbrain, consistent with a top-of-
the-basilar stroke (middle and lower rows). Although this 
is sometimes associated with occlusion of the artery of 
Percheron (a rare variant of the posterior cerebral circu-
lation characterized by a solitary arterial trunk supply-
ing the paramedian thalami and the rostral midbrain on 
both sides), an embolus to the top of the basilar artery is 
a much more frequent cause. Indeed, as seen in this case, 
the DWI lesion in the left hemisphere (lower row, right) 
suggests that this patient’s stroke was due to an embolic 
source

◄
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relevant primary cortex area: the primary sensory 
cortex (gyrus postcentralis), the primary auditory 
cortex (superior temporal gyrus), or the primary 
visual cortex (in and around the calcarine fissure 
of the occipital lobe). Information is then passed 
onto the unimodal (secondary) association  
cortex immediately adjacent to the respective  
primary cortex. The unimodal association cor-
tex analyzes stimuli of the same sensory quality  
(e.g., recognition of spatial patterns and words).  
Information is passed further onto the polymodal  
(tertiary) association cortex of the frontal, pari-
etal, and temporal lobes. The prefrontal lobe is  
the most important one in this regard. In the pol-
ymodal association cortex, information from dif-
ferent sensory modalities converges on the same  
neuron; this is the anatomic basis for the fact that  
different sensory impressions can be perceived  
as one (Case 2.31). The information is then pro-
cessed on an even higher level in the supramodal  
association area in the prefrontal and temporal  
cortices and distributed in frontoparietal net-
works, which is where the information reaches  
awareness and where it can be integrated with  
previously learned material.

In the end, all information converges on 
limbic structures, the most important of which 
are the hippocampus and the amygdala which 
serve as an emotional filter. Emotionally 
important or otherwise salient information 
will have an impact on subsequent conscious 
brain activity; redundant data will be deleted. 
Emotionally important information will activate 
the hypothalamus-septal area. Electrical 
stimulation of this region has been shown to 
induce phylogenetically ancient behaviors 
such as aggression, flight response, and sexual 
arousal. The hypothalamus is connected with 
the brainstem via the fasciculus longitudinalis 
dorsalis. This is the “psychosomatic pathway” 
and the anatomic substrate for the control of 
sympathetic and parasympathetic responses by 
higher cerebral function. Impulses transmitted 
via this fasciculus activate parasympathetic 
dorsal vagus nuclei and sympathetic centers in 
the medulla oblongata. This results in peripheral 
vegetative responses, such as flushing of the 
face, sweating, and tachycardia.

Simultaneously, the supplementary motor 
area and the premotor cortex in the frontal lobes 
come into action as they are the parts of the 
brain that plan, select, and initiate motor actions 
as a reaction to the statement we just heard, 
modified by frontal lobe inhibititory input to 
ensure a socially appropriate response.
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Neurological Bedside 
Examination: “Can I Confirm My 
Anatomical Hypothesis?”

Abstract

After finishing the history, the neurologist 
should have a distinct anatomical hypothesis 
that can be confirmed (or rejected) during the 
bedside examination. Specifically, the neu-
rologist seeks to elicit the signs compatible 
with this hypothesis, to confirm the absence 
of signs irreconcilable with it, and to verify 
that the rest of the examination is normal. A 
standard bedside examination includes evalu-
ation of consciousness and cognition, cranial 
nerves, sensorimotor and cerebellar function, 
and gait and a general medical assessment. 
In cooperative patients, this can often be 
done in less than 5 min. In addition, tactful 
observation of the patient before, during, and 
after the consultation can reveal a wealth of 
information regarding neurological function. 
In this chapter, the reader will find in-depth 
information and practice tips concerning the 
examination of neurological patients, includ-
ing those with decreased consciousness, epi-
leptic seizures, and functional deficits.

Keywords

Bedside examination · Cerebellar function · 
Cognition · Consciousness · Cranial nerve 
examination · Gait · Mental function · 
Motor function · Sensory function · System 
overview

The neurological examination has three goals:

• To elicit the signs that confirm the anatomical 
hypothesis

• To verify the absence of neurological signs 
incompatible with the anatomical hypothesis

• To assess whether the remainder of the neu-
rological examination is normal based on a 
complete bedside examination

As the neurologist gains experience, much 
can be deduced from simply observing the 
patient during the consultation, and given 
that time is limited, choosing not to do a com-
plete bedside examination is often an option. 
Although often acceptable and sometimes inevi-
table, it is important to be aware of the fact that 
crucial information may easily be missed. For 
instance, if the CN examination in a patient pre-
senting with a symmetric proximal weakness is 
omitted, the ophthalmoplegia that is essential for 
the diagnosis of a mitochondrial disorder may 
be overlooked.

With some experience and unless detailed 
cognitive testing is necessary, a neurological 
bedside examination can be performed in less 
than 5 min. To avoid confusion, arranging the 
examination according to functional systems 
and assessing one functional system at a time 
are advisable (Table 3.1).

The following neurological examination may 
be regarded as routine at the bedside:
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atrophy, deep tendon reflexes, and plantar 
reflexes

• Sensory examination including assess-
ment of pain, temperature, vibration, and 
proprioception

• Assessment of consciousness, orientation, 
higher mental functions, behavior, and mood

• CN examination including ophthalmoscopy
• Motor examination including muscle power, 

tonus, inspection for possible muscular 

Table 3.1  Suggestions for a standard bedside examination in the cooperative patient

Cognitive examination: arousal, consciousness, attention; orientation to personal data, time, place, and situation; 
episodic memory, praxia, spontaneous language, comprehension, behavior, and mood
Cranial nerve examination

Ophthalmoscopy
Visual fields and acuity (CN II)
Direct and indirect pupillary reflexes (CN II, III)
Full range of eye movements and smooth pursuit (CN III, IV, VI)
Facial sensation (CN V)
Facial muscle power (CN VIII)
Palatal contraction (CN IX, X)
Head turning and shoulder lifting (CN XI)
Tongue power and diadochokinesia (CN XII)
Motor examination

Straight arm test
Formal power testing, including
Elevation and abduction of the arm at 90° (deltoid muscle)
Adduction in the same position (major pectoralis muscle)
Elbow flexion with forearm supinated (biceps muscle)
Elbow extension (triceps muscle)
Extension of the wrist (extensor carpi radialis longus muscle)
Pincer grip (flexor pollicis brevis, flexor digitorum superficialis, and opponens pollicis muscles)
Finger abduction and adduction (interossei muscles)
Hip flexion (iliopsoas muscle)
Knee extension (quadriceps femoris muscle)
Knee flexion (biceps femoris, semitendinosus, and semimembranosus muscles)
Dorsiflexion of foot (tibialis anterior muscle)
Plantar flexion of foot (gastrocnemius, soleus muscles)
Muscle tone in arms and legs
Reflex status, including
Brachialis (C5/C6)
Brachioradialis (C5–C7)
Finger flexor (C6/C7)
Triceps (C6–C8)
Adductor (L2/L3)
Patellar (L2–L4)
Achilles (S1/S2)
Plantar reflexes
Sensory examination: touch at hands and feet (pin prick only if patient has sensory complaints); vibration and pro-
prioception in the great toe
Cerebellum: finger-(nose)-finger test, knee–heel test; gait (including Romberg’s test)
Gait: normal speed, turning around, walking on toes and heels, walking on a line; classification of involuntary move-
ments, if present

System overview: auscultation of heart, carotids, lungs; pulse, blood pressure; temperature
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• Cerebellar function
• Gait
• System overview, e.g., vital parameters and 

auscultation of the heart, lungs, and carotid 
arteries.

Assessment of mental function, CN exami-
nation, and evaluation of power in the upper 
extremities are best performed with the patient 
sitting. Assessment of power in the legs, mus-
cle tone, and reflexes in the upper and lower 
extremities, sensory function, and cerebellar 
function (e.g., finger–nose, heel–knee test), as 
well as system overview, is most conveniently 
performed with a supine patient. At the end—or 
at the very beginning of the examination—gait is 
assessed, which provides an invaluable overview 
of total performance. (Indeed, informal observa-
tion of gait should start when the patient walks 
down the corridor to the neurologist’s office.)

It cannot be overemphasized that neurologi-
cal assessment of the patient is not restricted to 
the formal bedside examination. Before, dur-
ing, and after consultation, careful but discreet 
observation of the patient may reveal a wealth 
of information regarding neurological function. 
To name but a few examples, difficulties with 
finger movements of one hand while undress-
ing as well as outward rotation of the ipsilateral 
foot while walking into the office may disclose 
a mild hemiparesis; gait performance of the 
patient with a functional disorder tends to be 
much better outside the office than during the 
consultation; and a spontaneous smile during 
conversation may reveal a mild facial palsy. 
Also, when a patient is in bed, as typically hap-
pens during ward rounds, make every attempt 
to get him out of it. In a patient with a midline 
cerebellar lesion, for instance, muscle power and 
coordination in the extremities can be normal, 
and truncal instability and gait ataxia may only 
become apparent when the patient is out of bed.

The following section provides an overview 
of the formal neurological examination. Table 
3.1 highlights routine tests, but these and more 
comprehensive testing of each functional system 
are reviewed below in greater detail.

3.1  Cognitive and Mental 
Functions

Bedside examination of the patient with cog-
nitive or mental impairment is challenging, 
because the abilities used by the patient to con-
struct a history and description of symptoms 
are also the potentially defective abilities that 
are under scrutiny. Some patients may not have 
a clear understanding of the reason for attend-
ing the clinic. Memory impairment as well as 
anosognosia (unawareness of deficits), aphasia, 
and disturbed mood or behavior may lead to an 
inadequate or unreliable history when obtained 
from the patient alone. Therefore, also obtain-
ing a history from an informant is of the utmost 
importance. Whenever possible, the informant 
interview should be conducted in the patient’s 
absence. It is particularly helpful in getting an 
overview of the impact on activities of daily 
living of the presenting symptoms and in iden-
tifying psychotic and behavioral symptoms. 
Furthermore, discrepancies in the accounts from 
the patient and the informant help to assess the 
level of anosognosia.

3.1.1  The History as Part of the 
Cognitive Examination

Taking the history from the patient also forms 
an important part of the cognitive examination 
and serves to identify areas of particular inter-
est for further formal assessment. During the 
patient interview, the neurologist will get an 
impression of memory from the patient’s abil-
ity to recall events in the autobiographical and 
medical history and information about language 
from the patient’s spontaneous conversation and 
ability to comprehend. The examiner will also 
have the opportunity to get an impression of 
the patient’s insight, mood, behavior, and possi-
ble psychotic manifestations. Be sure to inquire 
into the patients’ understanding of the reason for 
the visit. During the interview, the patient with 
amnesia or dementia may turn his head back 
to the spouse or caregiver, as if he is silently 

3.1 Cognitive and Mental Functions
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looking for some cues directly to the question. 
This characteristic behavior is called the head-
turning sign. Many of the following symptoms 
are delicate—although important—issues and 
are best enquired about with the informant in 
the absence of the patient. Explain to the patient 
why you need to talk with the informant.

3.1.1.1  Cognitive Symptoms
The cognitive history should explore the differ-
ent cognitive domains:

• Memory:
– Are there problems with attention, 

slips, and poor concentration (working 
memory)?

– Is knowledge about facts and objects 
impaired and is there loss of memory for 
words or vocabulary (semantic memory)?

– Does the patient have impaired recall of 
specific events? Does she have difficulties 
remembering appointments and events, 
e.g., are there problems recalling details 
of a recent phone conversation, television 
program, or a birthday party last Sunday 
(episodic memory)?

• Language and speech:
– Expression: Are there any problems with 

naming, with word order, or with word 
endings?

– Comprehension: Does the patient have 
problems with understanding conversa-
tions or with “hearing” when many people 
are gathered in a group?

– Are there any problems with reading or 
writing?

• Executive functions:
– Is the patient easily distracted?
– Are there problems with organizing, shop-

ping, and other household activities or 
with using new appliances or electronic 
devices in the home?

– Are there problems with using a smart 
phone for calling or texting, or using apps, 
tablets or PC?

– Does the patient appear disorganized?
– Is the patient’s ability to plan and set goals 

impaired?

• Calculation:
– Does the patient show impaired handling 

of money, e.g., getting correct change in 
the supermarket and difficulties handling 
bills or bank accounts?

• Praxis:
– Is there disturbed planning of motor func-

tions, e.g., getting dressed and brushing 
teeth?

• Visuospatial/perceptual abilities:
– Does the patient have problems in finding 

his way around?
– Are there difficulties reaching out for 

objects? Is there a tendency to miss steps 
(suggesting biparietal pathology)?

– Does the patient have trouble recognizing 
faces (prosopagnosia, suggesting bilateral 
occipito-temporal pathology)?

3.1.1.2  Mental Functions
Brief assessment scales for depression (e.g., 
Geriatric Depression Scale, Cornell Scale 
for Depression in Dementia, or Hamilton 
Depression Scale) and for neuropsychiatric 
symptoms (e.g., Neuropsychiatric Inventory) 
are available for systematic enquiry of mental 
functions:

• Personality changes may arise insidiously 
many years prior to other impairments in 
patients with dementia. Disengagement, loss 
of empathy, apathy, agitation, and/or disinhi-
bition is characteristic for specific dementia 
disorders.

• Behavioral changes may be very disturbing 
and include aggression, agitation, stereotypi-
cal behavior, psychomotor restlessness, and 
wandering (Case 3.1).

• A person with Godot’s syndrome is anx-
ious and repeatedly asks questions about 
an upcoming event—a behavior which may 
result from decreased cognitive abilities and 
from the inability to apply remaining think-
ing capacities productively.

• Depression is a common differential diag-
nosis to dementia, and depressive symptoms 
occur often in degenerative dementias. Mood 
disturbances should always be assessed and 
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Case 3.1  Alzheimer’s disease with atypical onset 
(behavioral symptoms). A 68-year-old male was referred 
for diagnostic evaluation of possible frontotempo-
ral dementia. Two years earlier, his wife had noticed 
gradual onset of personality change with inappropriate 
(and sometimes disinhibited) social behavior and word-
finding difficulties. His symptoms had been progress-
ing rapidly. The neurological and neuropsychological 
examination revealed a global aphasia with severely 
impaired comprehension, word finding, and writing, 

as well as impaired calculation and a mild apraxia. 
The MMSE score was 11/30. Axial and coronal MRI 
showed temporoparietal atrophy (more pronounced in 
the right hemisphere) (a, b). FDG PET demonstrated 
classical bitemporoparietal hypometabolism, which was 
also more pronounced on the right side (c, d). Amyloid 
PET (11C-PIB PET) was positive. The diagnosis was 
AD with atypical onset (PET images courtesy of Ian 
Law, Department of Clinical Physiology and Nuclear 
Medicine, Rigshospitalet, Copenhagen)

3.1 Cognitive and Mental Functions
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classified, e.g., anxiety, tiredness, pessimistic 
ruminations, and suicidal ideation (mania or 
euphoria is rarer).

• Hallucinations in cognitively impaired 
patients most often occur in the visual 
modality but may also affect auditory, gus-
tatory, olfactory, and tactile modalities. 
Hallucinations are a particular feature of 
dementia with Lewy bodies (DLB) but may 
also occur in patients with other dementias 
and delirium.

• Delusions are false beliefs, occurring often in 
patients with neurodegenerative dementias, 
and sometimes they are associated with misi-
dentifications. The most common delusions 
are:
– Abandonment: The belief that the car-

egiver plans to abandon the patient
– Theft: The belief that someone has stolen 

a misplaced object
– Infidelity of the spouse
– The delusion that one’s home is not one’s 

home
– Capgras’ phenomenon: The belief that 

the spouse or another relative has been 
replaced by an imposter who looks exactly 
like him/her

– Phantom boarder syndrome: The belief 
that someone uninvited is living in the 
patient’s house

– De Clerambault’s syndrome: The belief 
that someone is in love with the patient

– Misidentification of the patient’s own 
self (the picture sign): The belief that the 
person in the mirror is not the patient but 
some other person (self-prosopagnosia)

– Misidentification of events on television 
(the patient imagines these events are 
occurring in real three-dimensional space)

– Bizarre delusions may occur in semantic 
dementia (SD)

– Cotard’s syndrome: The belief that the 
patient is dead, or that parts of his body no 
longer exist.

Sleep pattern, eating pattern, and sexual 
behavior may be altered as a result of neurode-
generative disorders. For instance, preference 

to certain (sweet) foods or even pica-type syn-
dromes1 may be characteristic in frontotemporal 
dementia and can lead to overweight. Common 
sleep disturbances are REM sleep disorder, frag-
mented sleep, day–night reversal, nightmares, 
and nocturnal hallucinations. Changes in sexual 
behavior include increased or decreased libido.

Other neurological symptoms of particular 
interest in patients with cognitive impairment 
are gait difficulties (pointing to involvement of 
the extrapyramidal system or the cerebellum or 
to the presence of a hydrocephalus), visual diso-
rientation (suggesting impaired eye movements), 
parkinsonism, dysarthria, dysphagia, myo-
clonus, anosmia, autonomic failure, and motor 
weakness.

3.1.1.3  Onset and Progression
Was the onset sudden or insidious? Was there 
any event eliciting the onset of symptoms? Even 
when there was an acute event, carefully ask 
about any subtle symptoms prior to the event. 
Is the condition static (e.g., Korsakoff’s syn-
drome), or is there a gradual (neurodegenera-
tive) or stepwise (multiinfarct) progression? Are 
the symptoms progressing very rapidly (for rap-
idly progressive dementias, see Chap. 4)?

3.1.1.4  Past Medical History
Of particular interest is a history of seizures, 
stroke, encephalitis, traumatic brain injury, 
and depression. Drug history and establishing 
the level of alcohol intake are important ele-
ments of the history. Non-neurological condi-
tions such as malignancy, metabolic conditions, 
and infections may also be related to cognitive 
impairment.

3.1.1.5  Family History
Ask for family history of memory impairment, 
dementia, psychiatric illness, movement disor-
der, and ages and causes of death.

1 Pica is an abnormal appetite for substances not suitable 
as food, e.g., bricks, clay, soil, and laundry starch.
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3.1.1.6  Activities of Daily Living, Social 
Consequences, and Driving

Brief assessment scales are available for inform-
ant interview on activities of daily living. Ask 
the informant to describe the patient’s typical 
daily activities at home and at work, if relevant. 
Ask about the ability to use electronic appli-
ances, personal hygiene, handling finances, as 
well as shopping, cooking, and other household 
activities. Interview the caregiver about driving 
abilities and about accidents while driving.

Further examination is indicated if the his-
tory suggests mental changes or cognitive 
dysfunction.

3.1.2  Bedside Examination of Mental 
and Cognitive Functions

During the bedside examination of the mental 
functions, pay attention to the following:

• The appearance of the patient: The patient’s 
general appearance should be noted, includ-
ing dressing, grooming, makeup, body 
odor, overall behavior and attitude (hos-
tile, guarded, cooperative?), and psycho-
motor features (restlessness, psychomotor 
retardation?).

• Mood (level and stability) and affect: Is the 
patient depressed, anxious, or euphoric? Is 
the mood fluctuating/labile? Does the patient 
have an appropriate or blunt affect?

• Behavior: Is the patient’s behavior in the 
 consultation room appropriate or not (e.g., 
 agitated, disinhibited)?

Bedside examination of cognitive functions 
may seem complex, but it often reveals striking 
features in patients with cognitive impairment, 
and a global overview of cognitive functions with 
a few supplementary tests in specific cognitive 
domains can be performed in less than 20 min. 
Be aware that it may not be possible to assess 
certain specific cognitive domains due to impair-
ment in others. For example, patients with delir-
ium have severely impaired attention, which is 
why tests for episodic memory are meaningless.

Several brief screening instruments for global 
cognitive evaluation are available for the clini-
cian, including:

• The Mini-Mental State Examination 
(MMSE) is a good starting point (score range 
of 0–30). Sometimes there is a striking differ-
ence between the well-preserved facade and a 
low score on the MMSE. Occasionally, it is 
helpful to skip the history and start with an 
MMSE as doing an extensive auto-history is 
a waste of effort, for example, in a patient 
with a score of 10. Instead, much time can 
be saved if a relative or another informant 
is contacted right away. At the traditional 
cutoff of 23 points (used in population stud-
ies), the MMSE has high sensitivity for 
cognitive impairment but rather low speci-
ficity. Remember that a score of 25 may be 
perfectly normal for a low-educated worker, 
but 28 points in an academic may already be 
pathological. Low scores may also be seen 
in patients with depression. It is possible 
(and highly advisable) to learn the MMSE 
by heart. With practice, it is administered at 
the bedside in less than 10 min. Note, how-
ever, that the MMSE is heavily weighted 
toward verbal tasks and does not assess 
executive function. For instance, a patient 
with frontotemporal dementia (FTD), unable 
to behave in a socially appropriate manner, 
and a patient with a severe right hemisphere 
dysfunction may score 28/30. Also, well-edu-
cated patients with early-phase AD may have 
very high scores.

• The Brief Assessment of Impaired Cognition 
(BASIC) is a new brief case-finding tool, 
designed for use in primary care or mem-
ory clinics. It consists of four components:  
(a) patient directed questions, (b) Supermarket 
Fluency, (c) A Category Cued Memory Test, 
and (d) informant directed questions and has 
a score range of 0–25. In a memory clinic 
population BASIC with a cutoff of 19/20 had 
a higher classification accuracy than MMSE.

• The Montreal Cognitive Assessment (MoCA), 
with a score range of 0–30 and an opti-
mal cutoff of 24/25, is another easy-to-use 
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cognitive screening test designed to assist in 
the detection of mild cognitive impairment 
and Alzheimer’s disease; it is freely available 
online. The MoCA may be more sensitive than 
MMSE in detecting mild cognitive impairment 
and is increasingly used in clinical practice 
instead of the MMSE.

• The Rowland Universal Dementia 
Assessment (RUDAS), with a score range 
of 0–30 and an optimal cutoff of 24/25, is a 
brief cognitive screening instrument specifi-
cally designed to minimize the effect of cul-
ture, language, and education.

• Addenbrooke’s Cognitive Examination 
(ACE) may also be suited for the bedside 
examination and has a higher sensitivity (tra-
ditional cutoff is 83/100).

Note, that patients may have mild cogni-
tive impairment despite a normal score on brief 
cognitive tests. A full and detailed examination 
of cognitive function requires referral to a for-
mal neuropsychological examination (see Chap. 
5). However, the neurologist may be interested 
in quickly assessing specific cognitive domains 
in more detail, as outlined below, putting most 
emphasis on apparently impaired functions:

• Orientation and attention: Orientation to 
time and place, digit span forward and back-
ward (a normal person should be able to 
repeat at least six digits forward and a cou-
ple less backward), and subtracting backward 
(e.g., 100-7).

• Language (naming, comprehension, read-
ing, and writing): Characterize the patient’s 
spontaneous language (fluency, vocabu-
lary, syntax, grammar, and phonology). Ask 
the patient to repeat multisyllabic words 
(impaired in fluent aphasia). Ask the patient 
to name three objects (e.g., stethoscope, 
chalk, and toothbrush); then hide each of 
them in the consultation room in order to 
assess memory, as outlined below. Ask the 
patient to name objects on drawings. It is 
important to use objects of middle-range 
familiarity and not very familiar objects. 
Check verbal comprehension by asking the 

patient to define the meaning of words and 
concepts (e.g., retirement, artichoke). Let the 
patient read a text from a magazine or book 
and check pronunciation of orthographically 
irregular words (words not pronounced as 
spelled, e.g., island). Difficulty with read-
ing irregular words (surface dyslexia) is pro-
nounced in SD. Ask the patient to write a 
sentence.

• Memory:
– Episodic memory: Let the patient learn 

and recall (after 5–10 min of delay) a 
name and address; ask the patient to recall 
the name and location of the three hidden 
objects mentioned above. The patient with 
AD or amnesic syndrome will be able to 
learn and repeat an address or word list—
but will have difficulty recalling all items 
after a delay.

– Semantic memory: Ask the patient to 
name the three most recent prime minis-
ters or presidents and three major capital 
cities, to name objects, and to define the 
meaning of words.

• Visuoperceptual and visuospatial abilities:
– Bilateral posterior pathology may lead 

to difficulty describing a complex pic-
ture, and the patient may only be able to 
describe individual details (simultanagno-
sia). There are validated drawings avail-
able for this test, but a suitably complex 
picture in a magazine will also suffice.

– Visuospatial skills are tested by letting 
the patient draw a cube, overlapping pen-
tagons, or a clock face. The clock draw-
ing test checks neglect as well as general 
visuospatial skills and executive functions. 
Give the patient a sheet of paper and ask 
him or her to draw a circle on it. Instruct 
the patient to draw numbers in the circle 
to make it look like the face of a clock and 
then to draw the hands of the clock to read 
“20 min past 10.” The patient with neglect 
tends to ignore the objects on one side, 
usually the left. Tests of line bisection or 
letter cancelation serve similar purposes.

• Praxia: Apraxia is usually bilateral but may 
be unilateral or asymmetric in corticobasal 
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syndrome (CBS). Check for apraxia using 
verbal instructions (“Show me how to brush 
teeth, how to comb your hair.”); if this fails, 
use visual instructions (“You brush teeth like 
this—now can you imitate me?”). Also, the 
patient can be asked to imitate a few com-
plex hand movements. A patient with nor-
mal praxia should be able to follow these 
instructions completely. Minor deviations, 
e.g., using the finger as a virtual toothbrush 
instead of showing how to actually hold the 
toothbrush, may already be pathological. Oral 
(buccofacial) apraxia (e.g., difficulties licking 
the lips, blowing out matches) is common in 
nonfluent aphasia.

• Stereognosis: Ask the patient to close his eyes 
and to identify an object, e.g., a coin or a key, 
using tactile sensation of one hand only.

• Executive functions:
– In category fluency, the patient is asked 

to produce as many examples as possible 
in 1 min from a given category (e.g., ani-
mals) and in letter fluency, to generate as 
many words as possible starting with a 
given letter (e.g., “S”). Normal subjects 
can name more than 15 words for letter 
fluency and a few more on category flu-
ency. The tests are differentially impaired 
in frontal–subcortical dementias (the nor-
mal difference between category and word 
fluency is exaggerated) and AD and SD 
(worse on category fluency).

– Abstraction may be tested by asking the 
patient to explain the meaning of sayings 
like “too many cooks spoil the soup” or 
by asking the patient to explain differ-
ences and similarities, e.g., “How are a 
table and a chair similar?” or “What is the 
difference between a canal and a river?” 
Judgment may be tested by asking the 
patient to estimate the size of objects, e.g., 
“How tall is the Eiffel tower?” or “How 
many people fit into a London sightseeing 
bus?”

– Disinhibition may be revealed by the  
go/no-go test in which the patient with 
frontal pathology is unable to stop. Ask the 
patient to tap the desk once if the examiner 

does so, but if the examiner taps twice, 
the patient should not tap at all. Further, 
the so-called applause test is useful in a 
patient with suspicion of a neurodegen-
erative disorder. When asked to clap three, 
and only three, times as quickly as pos-
sible after seeing a demonstration by the 
examiner, prolonged clapping is suggestive 
of a neurodegenerative disease. Reports 
have suggested that the specificity of the 
applause sign is 100% in distinguishing 
parkinsonian patients from normal subjects 
with the highest sensitivity in patients with 
CBS and PSP, although the applause sign 
can also be seen in other neurodegenera-
tive disorders, including AD.

3.1.3  General Neurological 
Examination in the Cognitively 
Impaired Patient

The following aspects of the general neurologi-
cal examination require particular attention in 
the cognitively impaired patient:

• Primitive reflexes are those that are present 
in early life but suppressed during adolescent 
brain maturation. They commonly reemerge 
during advanced stages of dementia and are 
then called frontal release signs (e.g., snout, 
rooting, palmomental, and grasp reflexes). It 
is important to note, however, that some of 
them such as the palmomental reflex may be 
elicited in perfectly healthy individuals, and 
they all lack localizing value.

• Utilization behavior may be pronounced in 
FTD: The patient will begin to use any object 
placed in his hand, even if instructed not to. 
Give the patient several pairs of glasses, one 
at a time, and the patient will attempt to put 
them all on, one after the other. Imitation 
behavior may also be a striking feature in 
FTD, e.g., the patient will imitate the exam-
iner’s movements automatically.

• Speech: Dysarthria raises the suspicion of 
MND and parkinsonian syndromes/parkin-
sonism. Echolalia (repeating the examiner’s 
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words), palilalia (repeating sounds), and pali-
logia (repeated utterance of words) may be 
observed in patients with frontal pathology.

• Dysphagia suggests MND or atypical parkin-
sonian syndromes.

• Eye movements and the eyes themselves are 
important to examine (e.g., supranuclear palsy 
or slowing of saccades suggests PSP; Kayser–
Fleischer ring suggests Wilson’s disease).

• Motor function: Look for extrapyramidal fea-
tures suggesting Parkinson’s disease or other 
parkinsonian syndromes, weakness and fas-
ciculations (seen in FTD-MND), myoclonus 
(Huntington’s disease (HD), Creutzfeldt–
Jakob disease (CJD), CBS and advanced 
AD), chorea (HD), limb dystonia (CBS or 
Wilson’s disease), and asterixis (metabolic 
encephalopathy). The patient with the alien 
limb phenomenon, typically seen in CBS, 
complains that one arm is becoming increas-
ingly useless and performs movements and 
actions “on its own.”

• Gait: Gait ataxia may suggest cerebellar 
involvement (neurodegenerative disorders, 
alcohol-related cerebellar degeneration, 
MS, leukodystrophy, or CJD), a slow and 
unsteady ataxic gait may suggest NPH, and a 
shuffling gait with small steps suggests PD.

• Autonomic functions: Search for orthostatic 
hypotension, constipation, urinary retention, 
urgency incontinence, erectile dysfunction, 
and cold limbs, suggesting Dementia with 
Lewy Bodies (DLB) or multiple system atro-
phy (MSA).

3.2  Cranial Nerves

With practice, a complete CN examination in a 
cooperative patient can be assessed in less than 
90 s.

CN I is rarely tested; usually it is enough 
to simply ask if the patient can smell his part-
ner’s perfume or the coffee in the morning. 
Otherwise, the patient can be examined using a 
selection of odors, testing one nostril at a time. 
Remember that ammonia and other irritants acti-
vate trigeminal fibers, not CN I.

Examination of CN II may begin with an 
ophthalmoscopy.2 The presence of spontane-
ous venous pulsations (SVPs) as revealed by 
ophthalmoscopy is a useful finding in a patient 
with headache and should be documented in the 
charts. SVPs occur at the optic disc where the 
retinal veins leave the orbit (the retinal veins 
are the darker, broader vessels; the arteries are 
lighter and thinner). With some practice, SVPs 
can be detected in nine of ten people. Video 
demonstrations of SVP can be found on yout-
oube.com. Venous engorgement and the lack of 
spontaneous pulsations are the earliest signs of 
raised intracranial pressure. Full papilledema 
usually takes a few days to develop and leads to 
blurring of optic margins, elevation of the optic 
disc, hemorrhages from congested retinal veins, 
and nerve fiber damage (cotton wool spots) 
(Case 3.2). Thus, the presence of SVP suggests 
that ICP is normal, at least at the time of exami-
nation. Although SVPs do not fully exclude an 
intracranial cause for the patient’s headache, 
their presence nevertheless allows the conclu-
sion that headache is not due to raised ICP (e.g., 
as seen with sinus venous thrombosis, a cerebral 
tumor, or idiopathic intracranial hypertension). 
This is highly useful when evaluating a patient 
with headache.

Ophthalmoscopy may also reveal chronic 
optic neuropathy (small, pale, and atrophic optic 
disc), drusen (optic disc elevation due to muco-
proteins and mucopolysaccharides without other 
signs of papilledema—usually a normal variant 
without any pathological value), diabetic and 
hypertensive changes (retinal hemorrhages, 
cotton wool spots, and atherosclerotic vascu-
lar changes), and optic neuritis (although with 
retrobulbar neuritis, inspection can be normal). 
Occasionally, one may see retinitis pigmentosa, 

2 It is advisable to buy an ophthalmoscope and to 
use it routinely during the neurological examination. 
Ophthalmoscopy is undoubtedly the most difficult of all 
neurological bedside techniques. Considerable practice 
is needed to master this technique—it has been said that 
no other bedside examination is associated with as many 
lies as ophthalmoscopy.
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3.2 Cranial Nerves

Case 3.2  Idiopathic intracranial hypertension and spon-
taneous CSF fistula. A 29-year-old female was diag-
nosed with IIH based on a history of headache, obesity, 
papilledema (a), increased CSF opening pressure, and 
lack of a mass lesion or CVST on an MRI of her brain. 
Although the MRI initially was reported as normal, it 
showed signs of increased intracranial pressure, such 
as vertical kinking of the optic nerves and flattening of 
the posterior sclera (b). She was treated with diuret-
ics and acetazolamide, as well as given dietary advice. 
At a 2-year follow-up, her headaches had disappeared, 
and the fundus examination was normal. Treatment was 
discontinued. In the following years, she experienced 
continuous watery nasal discharge, consistent with CSF 

rhinorrhea, and two episodes of bacterial meningitis. CT 
and MRI revealed a left-sided nasal cavity meningocele 
(c, asterisk). Spontaneous CSF leaks have epidemiologi-
cal and clinical features very similar to IIH. In one case 
series of spontaneous CSF leaks, 85% of patients were 
obese, 77% were women, and the CSF lumbar open-
ing pressure increased following closure of CSF leaks. 
Increased ICP and constant pulsatile pressure lead to 
bone erosion. Spontaneous CSF leaks probably represent 
a variant of IIH, which is why after operative closure of 
a spontaneous CSF leak, patients must be carefully fol-
lowed for signs of increased ICP to prevent recurrence of 
the leak (Adapted with permission from Kurtzhals et al. 
(2011))
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cholesterol emboli and retinal infarction, retinal 
melanoma, and retinal toxoplasmosis.

If the history suggests loss of visual acuity, 
assess this using the classic Snellen chart. Optic 
correction (if needed) is important since the 
function of nervous tissue and not the lens appa-
ratus should be assessed. If a Snellen chart is not 
available, a simple test of visual acuity is to let 
the patient read a newspaper using one eye at a 
time. Is she able to read the small text or only 
the big letters in the headings? If neither, can he 
count fingers from 20 in. away?

Testing the visual field is part of a standard 
neurological examination. For finger perimetry, 
the examiner uses his visual fields as a refer-
ence. If the patient’s history does not suggest 
any visual field loss, asking the patient if she 
can see finger movements in each quadrant of 
the eyes is usually sufficient. Each eye should 
be assessed independently by covering the 
other eye. Another more sensitive examination 
technique is to slowly move a finger or another 
object from each corner of the periphery toward 
the center of the patient’s visual field and to ask 
when the patient can see the object. Visual atten-
tion, however, is best tested using double con-
frontation. Show the patient both hands and ask 
him to point at the hand where the fingers are 
moving. Also, move both hands simultaneously 
at some time during the examination to assess 
for possible extinction. With complete visual 
neglect, there is extinction of visual stimuli of 
one side at all times; with visual hemineglect 
there is extinction only with double confronta-
tion. Examination of visual fields and visual 
attention assesses not only CN II but the entire 
visual system and its cortical projections.

Color vision is normally only assessed when 
suspecting (chronic) optic atrophy, e.g., due to 
optic neuritis in MS. Since the color red is most 
significantly affected, the patient is shown a red 
object and asked to look at it first with one, then 
with the other eye. Is there desaturation of red 
with one of the eyes?

Optic atrophy leads also to an afferent pupil-
lary defect, which can be tested for by apply-
ing the swinging-flashlight test. If the optic and 
oculomotor nerves and their parasympathetic 

connection (Edinger–Westphal nucleus) are 
intact, both pupils constrict and stay miotic 
when moving a flashlight quickly from one eye 
to the other. This is because of the consensual 
light response. With unilateral optic dysfunc-
tion, however, both pupils will constrict as light 
falls into the healthy eye, but they will dilate as 
light falls into the affected eye. The direct and 
indirect (consensual) pupillary reflexes can also 
be tested in a well-lit room by first covering one 
eye and then the other. This is especially useful 
in small children, who often do not like the glare 
of a pocket lamp.

Accommodation can be tested by asking the 
patient to fixate on a point on the wall and then 
to fixate on the examiner’s finger moving into 
the visual field just in front of the patient’s nose. 
Accommodation leads to constriction of the 
pupils and convergence of the eyes.

In contrast to afferent pupillary defects, effer-
ent pupillary defects are due to CN III palsy, 
e.g., due to increased ICP, autoimmune mecha-
nisms (Adie pupil), or infections such as neu-
rosyphilis (Argyll–Robertson pupil). Drug 
intoxication is another cause, with atropine and 
sympathetic drugs leading to mydriasis and opi-
oids to miosis.

It is important to actively look for Horner’s 
syndrome, because it is easily missed otherwise. 
Horner’s syndrome consists of miosis, ptosis, 
and anhidrosis. See Chap. 2 for a discussion of 
the relevant neuroanatomy. Anhidrosis is loss of 
sweating in the upper quadrant of the ipsilateral 
half of the face. It is tested with the back of the 
hand or—even better—with a plastic card mov-
ing over the forehead. With anhidrosis, the skin 
is smooth and dry, and the plastic card will not 
stick to the skin as much as on the unaffected 
side. When physical activity provokes facial 
flushing, the affected skin area remains pale. 
However, anhidrosis can be lacking when the 
sympathetic fibers traveling along the external 
carotid artery are spared. Miosis and pupillary 
efferent dysfunction are most easily assessed 
in a semi-dark room as miosis is most visible 
because the contralateral pupil dilates. When the 
light is turned on, the healthy pupil will constrict 
as well. (In contrast, mydriasis is most visible 
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in a well-lit room.) Ptosis can be evaluated by 
comparing the border of the upper eyelids with 
the level of the pupils when the patient looks 
straight forward and upward.

Oculomotor function, mediated by CN III, 
IV, and VI, is assessed by evaluating gaze axis, 
range of eye movements, smooth pursuit, sac-
cades, and, if present, nystagmus. The exam-
iner moves a finger slowly to both sides and 
up and down in an H-like movement and asks 
the patient to follow it. The examiner’s finger 
should not be held too close to the patient’s 
eyes. Many patients will instinctively move 
their head slightly, which the examiner can 
avoid by fixating the patient’s head with the 
other hand. Oculomotor function is analyzed 
according to whether gaze is conjugated or 
divergent, whether pursuit is smooth or sac-
cadic, and whether the range of movements is 
full or restricted (Case 3.3). If nystagmus other 
than end-gaze nystagmus is present, determine 
whether it is conjugate or unilateral, unidirec-
tional or gaze changing, and horizontal or ver-
tical, whether it occurs after a latent phase of a 
few seconds or immediately, whether it is posi-
tional or independent, and whether it is transient 
or constant. (The first adjective of each pair is 
consistent with vestibular nystagmus; the sec-
ond suggests nystagmus of central origin.) For 
assessment of saccades, ask the patient to fixate 
on the examiner’s face. The examiner then holds 
up his hands and moves them suddenly and in a 
random manner. The patient has to look at the 
moving hand and then immediately at the exam-
iner again. Are eye saccades precise, or does the 
patient need to perform corrections due to either 
overshoot or hypometric saccades?

Skew deviation may be revealed by ask-
ing the patient to fixate on the examiner’s face, 
while the examiner covers one of the patient’s 
eyes with his hand. Skew deviation, as well as 
latent strabismus, is revealed by a corrective 
movement of the affected eye when the hand is 
removed (Chap. 2).

The VOR or oculovestibular reflex is a reflex 
eye movement that stabilizes the image on 
the retina during head movement by produc-
ing an immediate eye movement opposite to 

the movement of the head. Thereby, the image 
remains fixed in the center of the visual field. 
The head impulse test can be used for assess-
ment of the VOR. Again, ask the patient to fix-
ate on your face. Take the patient’s head in both 
hands and turn the head quickly 10–20° to one 
side. With vestibular failure, the eyes will follow 
the head movement for a fraction of a second 
until a compensatory saccade in the opposite 
direction allows the patient to fixate on you 
again. Take care not to miss this compensatory 
saccade as it is minute.3 With smooth pursuit, 
in contrast, VOR must be suppressed in order 
to allow a stable image on the retina. Ask the 
patient to extend both arms, to put his thumbs 
together, and to fixate them while you turn the 
patient en bloc. With correct VOR suppression, 
the gaze is fixed on the thumbs; with deficient 
VOR suppression (e.g., in a patient with MS), 
the patient’s gaze constantly lags behind, and 
compensatory saccades are necessary to catch 
up with the moving thumbs.

Oculomotor function is often impaired in 
neuromuscular junction disorders such as MG. 
For assessment of fatigability and ptosis, ask 
the patient to look upward for 60 s and look for 
occurrence of ptosis (Jolly’s test). When ptosis 
is subtle, it may be difficult to establish whether 
or not the Jolly’s test is positive. Ptosis is best 
detected when focusing on the decreasing gap 
between the upper eyelid and the upper border 
of the pupil. For other relevant bedside tests 
(tensilon test, ice-on-eyes test), consult the dif-
ferential diagnosis of neuromuscular junction 
disorders in Chap. 4.

Facial sensation, mediated by CN V, is 
assessed by touching both halves of the face 
gently. There is usually no need to test the dif-
ferent qualities of facial sensation. Most sensory 
disturbances are obvious. One exception is sen-
sory disturbance due to vestibular schwannoma, 

3 When testing for compensatory saccades, it is advis-
able to strictly focus on one eye at a time as the com-
pensatory saccades are much easier to observe this way. 
Alternatively, focusing on the patient’s nose permits the 
examiner to see the compensatory saccades in his own 
peripheral vision.

3.2 Cranial Nerves
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a

b

c

Case 3.3  Carotid-cavernous fistula. A 53-year-old pre-
viously healthy male presented with a 6-month history of 
watering of the right eye, double vision, and pulse-syn-
chronous tinnitus. Examination revealed ptosis, ciliary 
injection, and restricted movements of the right eye (a). 
MRI showed exophthalmos, orbital edema, and a dilated 
orbital vein on the right side (b). A digital subtraction 

angiography was consistent with a low-flow carotid-
cavernous fistula (asterisk) (c). The fistula was success-
fully embolized, and the symptoms disappeared (Digital 
subtraction angiography images courtesy of Markus 
Holtmannspötter, Department of Neuroradiology, 
Rigshospitalet, Copenhagen)
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which initially is subtle and may sometimes 
only manifest as impaired corneal sensation 
leading to a decreased corneal reflex. Also, it 
is crucial not to miss complaints of circumoral 
sensory symptoms as these may point toward a 
brainstem lesion, as discussed in Chap. 2. The 
skin area innervated by V3 ends at the lower 
mandible; thus, sensory disturbances includ-
ing areas below the mandible may suggest that 
these complaints are nonorganic in nature. Also, 
keep in mind that minor differences in pain and 
temperature sense between the right and left 
facial halves are often described by suggestible 
patients; again, such complaints are seldom due 
to an underlying organic disorder if the patient 
has not mentioned them spontaneously during 
history taking.

To test CN V motor function, have the patient 
bite his teeth together and palpate the masse-
ter muscle bulks; one-sided atrophy suggests 
chronic damage to the motor nucleus or the 

peripheral axons, e.g., secondary to an ipsilateral 
skull base tumor.

CN V motor fibers constitute the efferent 
pathway of the jaw jerk. A hyperactive jaw jerk 
points toward bilateral UMN lesions such as in 
pseudobulbar palsy.

Frontal headache may be due to congestion 
of nasal sinuses and may increase with percus-
sion of the bony area above the relevant sinus 
as well as with bending of the head forward. In 
the elderly, with new-onset headache and com-
plaints of generalized muscle ache, weight loss, 
and/or pains in the jaw while chewing (jaw clau-
dication), it is important to look for a prominent 
painful temporal artery suggestive of giant cell 
arteritis.

The most important question in a patient 
presenting with a facial palsy (CN VII) is, “Can 
you wrinkle your forehead?” This distinguishes 
central from peripheral facial palsy. In a patient 
with a subtle facial palsy, examine all three CN 

3.2 Cranial Nerves

Case 3.4  Pseudobulbar palsy. A man is his sixties suf-
fered a left-sided basal ganglia hemorrhage (CT, left) but 
made a good recovery. However, a year later, he suffered 
an ischemic lacunar stroke located in the posterior limb 
of the right capsula interna (MR DWI, right). Clinically, 

he had acute onset of (persistent) anarthria, aphagia and 
bifacial plegia, consistent with pseudobulbar palsy (see 
also Case 4.27). Of note, these symptoms were initially 
misdiagnosed as being caused by GBS

ALGrawany
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VII branches. Ask the patient to whistle, to show 
his teeth, and to repeat this maneuver rapidly, 
while you look for a slight palsy as revealed 
by one corner of the mouth lagging behind the 
other. Sometimes a mild facial palsy (whether 
central or peripheral in origin) is best detected 
during observation of spontaneous facial activ-
ity. An asymmetry of the nasolabial fissure may 
also occasionally reveal a facial palsy better 
than voluntary muscular activity. Facial reflexes 
are hyperactive with bilateral UMN impair-
ment, e.g., due to multiple vascular lacunes (as 
in pseudobulbar palsy, Case 3.4) and other neu-
rodegenerative disorders. One of these reflexes 
is the so-called snout reflex (a frontal release 
sign), which leads to pouting or pursing of the 
lips elicited by a slight and constant pressure 
on the philtrum (essentially a variation of the 
tactile rooting response). Another example of a 
frontal release sign is the palmomental reflex, 
which consists of a twitch of the chin muscle 
elicited by stroking the thenar eminence and 
the palm. However, although it is held dear by 
many neurologists, the palmomental reflex lacks 
sensitivity, specificity, and localizing value; and 
therefore is obsolete.

In a patient with a peripheral CN VII palsy 
(e.g., Bell’s palsy), ask about a loss of taste or 
an unusual metallic taste in the mouth. A use-
ful but uncomfortable examination is the salt 
test. Ask the patient to protrude his tongue, fix-
ate its tip with your hand (using gloves), and 
rub salt on the left and right side of the tongue. 
The patient with a peripheral CN VII palsy that 
also affects the chorda tympani will report loss 
of salt taste perception on the ipsilateral side of 
the tongue. Also test for hyperacusis by clapping 
your hands together in front of the patient’s ears. 
Consult Chap. 2 regarding localizing the lesion 
in peripheral facial palsy.

Lesions of the vestibular part of CN VIII may 
lead to vestibular ataxia and nystagmus, as dis-
cussed earlier. In vestibular damage, horizontal or 
torsional nystagmus occurs with a latency of a few 
seconds after position change and is habituating.

The Dix–Hallpike maneuver is used to 
diagnose the symptomatic side of the ves-
tibular lesion. Youtube.com provides excellent 

demonstrations of the Dix–Hallpike maneuver. 
Have the patient sit upright and stand behind 
him, holding his head with both hands. Then 
rotate the patient’s head approximately 45° to 
one side. Afterward, help the patient to lie on his 
back with his head hanging over the edge of the 
examination table at roughly a 30° angle. When 
the Dix–Hallpike maneuver is positive, rota-
tory nystagmus occurs after a latency of 2–10 s, 
and the fast phase is toward the affected ear. If 
no nystagmus occurs, the maneuver is repeated 
with the head rotated to the other side.

The Epley maneuver, also demonstrated on 
youtube.com, can be used to cure benign par-
oxysmal positional vertigo. The first steps are 
identical to the Dix–Hallpike maneuver, but the 
patient remains in the position that provokes 
nystagmus for 1–2 min, after which the patients 
rotates his head 90° to the other side, remaining 
in this position for another 1–2 min while main-
taining his head at a 30° angle. Then, have the 
patient roll over onto his side in the direction 
he is facing while keeping the head and neck 
in a fixed position relative to the body. Now 
the patient’s face should be pointing downward 
(toward the floor). Let the patient remain in this 
position for 1–2 min before slowly returning 
to an upright sitting position, where he should 
remain for up to 30 s. The entire procedure can 
be repeated once or twice.

The Unterberger stepping test can be useful 
in assessment of vestibular pathology. Ask the 
patient to walk in place for 60 s with his eyes 
closed. If the patient turns more than 45° to one 
side, this is pathological and suggests a labyrin-
thine lesion on that side. A similar test is the fin-
ger-pointing test, in which the patient lifts both 
arms up and down a few times, again with eyes 
closed, while trying to keep his fingers pointed 
in the same direction. Deviation suggests an 
ipsilateral vestibular lesion.

Sensorineural deafness (due to injury of the 
cochlear part of CN VIII) is usually obvious dur-
ing normal speech. If not, rub your index finger 
and thumb together in front of the patient’s ears 
to reveal slight hearing impairment. The Weber 
and Rinne tests allow distinguishing sensorineu-
ral from conductive hearing impairment. During 
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the Weber test, a vibrating tuning fork is placed 
in the middle of the patient’s head. If available, 
a 512 Hz tuning fork is preferable; otherwise, 
a common 256 Hz fork will do as well. With 
conductive hearing loss, the patient will hear 
the sound lateralized toward the affected ear, 
whereas the opposite is true with sensorineural 
hearing loss. Then, perform the Rinne test by 
placing the vibrating tuning fork on the patient’s 
mastoid. When the patient no longer hears the 
sound, hold the fork in front of the ipsilateral ear. 
Since air conduction is normally better than bone 
conduction, the patient should hear the sound 
again and at least twice as long as with bone con-
duction. For instance, with conductive hearing 
loss of the left ear, the Weber test will be later-
alized to the left, and, since bone conduction is 
better than air conduction in this case, the Rinne 
test will be negative on the left side. In contrast, 
with left sensorineural hearing loss, the Weber 
test will be lateralized to the right, while the 
Rinne test will remain positive (showing that air 
conduction is still better than bone conduction).

CN IX and CN X are assessed together. In 
most cases, simply asking the patient to stick out 
his tongue and say “aaah” and watching whether 
or not the soft palate and uvula are lifted sym-
metrically are sufficient. If the patient is able 
to clear his throat, this suggests preserved dia-
phragmatic function and sufficient closure of 
the epiglottis. Chapter 2 discusses the gag reflex 
and the curtain phenomenon due to ipsilateral 
uvula paresis. Dysphagia can be assessed at the 
bedside by having the patient (carefully) drink 
a glass of water. Dysarthria is usually obvious 
when taking the history but can be formally 
tested for by having the patient say “p-p-p” (CN 
VII), “t-t-t” (CN XII), and “k-k-k” (CN IX/X). 
The examiner may decide whether dysarthria is 
spastic (high-pitched sounds, e.g., due to supra-
nuclear pseudobulbar palsy), atactic (“eve-ry 
syl-la-ble-tends-to-be-pro-nounced-by-it-self,” 
encountered in cerebellar disease or MS), or of 
the LMN type (flabby and nasal speech, e.g., 
due to neuromuscular disorders such as ALS and 
MG), but classification is not always easy.

CN XI is tested by asking the patient to 
press his head against the examiner’s hand 
(sternocleidomastoid muscle function) and 

by providing resistance as the patient lifts his 
shoulders (trapezius muscle function).

Chronic injury to CN XII leads to tongue atro-
phy and fasciculations. The latter are best seen 
when the patient relaxes his tongue in his mouth. 
Also ask the patient to stick out his tongue in 
order to look for possible deviation (to the para-
lyzed side). Assess tongue power and mobility 
by having the patient move his tongue quickly 
from one side to the other. Dysdiadochokinesia 
of the tongue is occasionally seen in extrapyram-
idal diseases and may occur early in the course 
of PD disease. General tongue weakness due to 
pseudobulbar or bulbar palsy is revealed by slow 
side-to-side movements or the patient may not 
be able to move his tongue at all.

3.3  Motor Function

The examination of motor function includes:

• Formal power testing of defined muscle 
groups. Here the examiner systemically 
quantifies weakness by offering resistance to 
the patient’s movements

• Observation of spontaneous and unrestrained 
motor movements. This is usually more sen-
sitive for detection of slight central palsies.

For formal power testing of defined muscle 
groups, the examiner needs to stabilize the proxi-
mal and distal limbs of the joint in question to 
make sure to test well-defined muscle groups, e.g., 
when testing power of elbow flexion and exten-
sion, hold the upper arm with the left hand and 
the forearm with the right (if the examiner is right-
handed). Be sure to use the principle of leverage to 
your advantage. The more distally on the patient’s 
extremity force is applied, the better the chances 
to quantify power in even muscular patients. 
When testing for shoulder abduction, for example, 
press the forearm down instead of the upper arm.

Muscle power can be graded according to the 
British Medical Research Council (MRC) scale:

• MRC 0: Lack of any muscle contraction
• MRC 1: Visible muscle contraction without 

movement

3.3 Motor Function
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• MRC 2: Movement with elimination of 
gravity

• MRC 3: Movement against gravity
• MRC 4−: Movement against resistance, 25% 

of normal strength
• MRC 4: Movement against resistance, 50% 

of normal strength
• MRC 4+: Movement against resistance, 75% 

of normal strength
• MRC 5: Normal strength.

The MRC scale was established for quantifi-
cation of peripheral palsies secondary to military 
injuries, but it can also be used, albeit somewhat 
less reliably, for quantification of other neuro-
muscular and central palsies.

The abovementioned formal power test-
ing is often inferior to other techniques when 
it comes to detection of slight central palsies. 
Observation of asymmetries of unrestrained 
motor movements may reveal such palsies even 
in cases when formal power testing does not. 
Isotonic movements include hand and foot tap-
ping, playing the piano, screwing in light bulbs, 
alternating fast supination and pronation of 
the hands, and hopping on one foot. Unilateral 
decrease of fine motor movement suggests a 
central palsy. Examine each extremity indepen-
dently, because simultaneous examination tends 
to lead to synchronization, which may obscure 
asymmetric motor performance. Isometric tech-
niques include the straight arm test and the 
flexed leg test.4 To perform a straight arm test, 

ask the patient to close his eyes, lift both arms 
over his head, and extend the elbow and finger 
joints with the hands supinated. Finger flexion, 
pronation of the wrist, elbow flexion, or lower-
ing of the arm occurring on one side suggests 
a contralateral central lesion. Sometimes the 
patient may only complain that one arm feels 
heavier than the other, and if consistent with 
the history, this is the mildest sign of a central 
palsy. In contrast to the straight arm test, which 
is easily performed, the flexed leg test demands 
greater effort on the patient’s part and should 
therefore be reserved for cases in which the his-
tory suggests a mild central paresis of the lower 
extremity. The supine patient is asked to lift both 
legs by flexing 90° at the hips, the knees, and the 
ankles. Asymmetric weakness suggests a central 
palsy of the affected leg.

If MG or another neuromuscular junction 
syndrome is suspected, it is advisable to assess 
fatigability by counting the number of repeti-
tive movements (e.g., knee bending, neck flex-
ion) the patient is able to perform or by counting 
the seconds the patient is able to maintain cer-
tain postures (e.g., lifting his head off the pil-
low when lying in bed). These are also excellent 
ways to clinically monitor the effect of medical 
treatment. Furthermore, the Cogan lid twitch 
is a relatively specific sign for MG. It occurs 
due to transient improvement in eyelid strength 
after rest of the levator in downgaze, followed 
by droop in the primary position as the leva-
tor fatigues. Patients with ptosis and possible 
MG are asked to look straight ahead, down, 
and straight ahead again. The eyes are carefully 
assessed immediately after this movement for the 
presence of a brief upward twitch of the upper 
eyelid, indicating a positive test. Other bedside 
tests for MG include the tensilon and the ice-on-
eyes tests, which will be explained in Chap. 4.

After these general considerations, let us 
review the practical part of the motor examina-
tion. Ideally, the examination should begin with 
the patient undressed and sitting at the bedside 
in a well-lit room. If the history suggests LMN 
impairment, check for possible atrophy and fas-
ciculations. The latter may be very difficult to 
detect unless enough time is reserved to examine 

4 A patient with a complete spastic hemiparesis has the 
arm adducted and the elbow, wrist, and finger joints max-
imally flexed, whereas the joints of the leg (hip, knee, 
ankle, and phalangeal joints) are fully extended. This 
leads to the characteristic “short arm, long leg posturing” 
and is due to increased activity of the antigravity muscles 
that arise with central spasticity. (That the antigravity 
muscles remain strong is an evolutionary safety mecha-
nism to ensure continued upright posture.) The result is 
the typical gait disorder in which the hemiparetic patient 
has to circumduct the foot in order to clear it from the 
ground (Wernicke-Mann gait). A mild central palsy will 
therefore be best detected by testing the anti-antigravity 
muscles, or, in other words, by long arm, short leg pos-
turing (extension of the arm and flexion of the ipsilateral 
leg).
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each extremity carefully. Fasciculations can 
sometimes be elicited by slightly tapping the 
muscle. Then, proceed with a straight arm test 
to gain an immediate impression of power in the 
upper extremities.

Subsequently, formal power testing in the 
upper extremities should be performed. The 
following movements may be tested routinely 
(“UMN” denotes movements especially affected 
by UMN lesions; key myotomes shown in 
italics):

• Elevation and abduction of the upper arm at 
90° (UMN, C5/C6, axillary nerve, deltoid 
muscle)

• Adduction of the upper arm (C6/C7/C8, lat-
eral and medial pectoral nerves, major pecto-
ralis muscle)

• Outward rotation of the upper arm at the 
shoulder (C5/C6, suprascapular nerve, 
infraspinatus muscle)

• Elbow flexion with forearm supinated (C5/C6, 
musculocutaneous nerve, biceps muscle)

• Elbow extension (UMN, C6/C7/C8, radial 
nerve, triceps muscle)

• Extension of the wrist, radial side (UMN, C6, 
radial nerve, extensor carpi radialis longus 
muscle)

• Pincer grip (C8/T1, median nerve, flexor pol-
licis brevis and opponens pollicis muscles)

• Finger abduction and adduction (UMN, 
C8/T1, ulnar nerve, interossei muscles).

Note that radial palsy may falsely simulate 
additional ulnar palsy if not examined correctly. 
This is because finger abduction is impaired (for 
simple mechanical reasons) when the hand is 
flexed at the wrist. In order to properly assess 
ulnar nerve function in a patient with radial 
nerve palsy, the hands need to be examined 
with the wrist dorsiflexed. This is best achieved 
by asking the patient to stand up and put the 
affected, dorsiflexed hand on a table. Now 
abduction and adduction of the fingers can be 
examined. In a patient with isolated radial nerve 
palsy, power will be normal.

To proceed with formal power testing of the 
motor examination in the lower extremities, test 
the following movements with the patient in a 
supine position:

• Hip flexion (UMN, L1/L2/L3, femoral nerve, 
iliopsoas muscle)

• Hip extension (L5/S1/S2, inferior gluteal 
nerve, gluteus maximus muscle)

• Hip abduction (L4/L5/S1, superior gluteal 
nerve, gluteus medius and tensor fasciae latae 
muscles)

• Hip adduction (L2/L3/L4, obturator nerve, 
adductor muscles)

• Knee extension (L2/L3/L4, femoral nerve, 
quadriceps femoris muscle)

• Knee flexion (UMN, L5/S1/S2, sciatic nerve, 
hamstring muscles)

• Dorsiflexion of the foot (UMS, L4/L5, deep 
peroneal nerve, anterior tibial muscle)

• Dorsiflexion of the great toe (L5/S1, deep per-
oneal nerve, extensor hallucis longus muscles)

• Ankle inversion (L4/L5, tibial nerve, tibialis 
posterior muscle)

• Ankle eversion (L5/S1, superficial peroneal 
nerve, peroneus longus and brevis muscles)

• Plantar flexion of the foot (S1/S2, tibial 
nerve, gastrocnemius, soleus muscles)

• Plantar flexion of the toes (S1/S2, tibial 
nerve, flexor digitorum longus et brevis, 
flexor hallucis longus et brevis muscles).

An excellent test of proximal power in the 
lower extremities is to ask the patient to rise 
from a chair without the help of his arms or to 
perform knee bends. Also, if the patient can 
stand and walk on his toes and heels, power for 
dorsiflexion and plantar flexion over the ankles is 
normal. Assessment of muscle power in a patient 
with a functional disorder is discussed below.

If the history suggests a conus medullaris or 
cauda equina syndrome, tonus and power of the 
anal sphincter should be assessed (S2–S4, pudendal 
nerve, perineal muscles). For medicolegal reasons, 
having another person in the room when examining 
a patient of the opposite gender is advisable.

3.3 Motor Function
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Now muscle tone is assessed. In both the arms 
and legs, slight spasticity due to corticospinal 
tract dysfunction may lead to the catch phenom-
enon. When you take the patient’s hand, as with 
a normal handshake, and quickly supinate the 
forearm, you will feel the catch as instant but very 
slight resistance that vanishes immediately. To test 
for spasticity in the legs, lift the supine patient’s 
knee abruptly. In the spastic limb, the foot will 
be lifted from the ground as well. Alternatively, 
rotate the thigh back and forth and watch the 
foot—does the foot dangle or is it stiff? Clonus 
is another sign of spasticity and appears most 
commonly in the ankles. Quickly dorsiflex the 
patient’s foot and hold it in this position, at which 
point spasticity leads to a series of involuntary 
muscular contractions due to sudden stretching of 
disinhibited muscle spindles. If the contractions 
only stop when the limb is immobilized, this is 
true clonus; if they stop spontaneously, it is called 
subclonus. One or two contractions, however, can 
be normal in patients with physiologically lively 
reflexes, e.g., young females. In severely spastic 
patients, patellar clonus can sometimes be trig-
gered by quickly pushing the patellar downward, 
but this can be rather unpleasant for the patient 
and does not reveal any additional information, 
which is why this test is considered obsolete.

A mild form of increased muscle tone is 
paratonia. It indicates functional disconnec-
tion between the basal ganglia and higher cor-
tical centers. Paratonia is characterized by the 
patient’s inability to relax the extremities despite 
repeated requests from the examiner. The patient 
appears to actively resist when the limbs are 
passively stretched or flexed, although he may 
claim to be fully relaxed. Hence, the German 
term gegenhalten roughly translates as opposi-
tional resistance. Conscious relaxation requires 
concentration. Paratonia may appear if concen-
tration is difficult due to dementia, confusional 
states, frontal lobe pathology, leukoencephalop-
athy, or NPH.

Paratonia is not the same as rigidity, which 
is a sign of a basal ganglia disorder. Rigidity 
and the cogwheel phenomenon (a circular, jerk-
ing rigidity with superimposed tremor) are best 
tested for using slow passive movements over 

the wrist. Rigidity is enforced by emotional 
stress and cognitive tasks (e.g., when the patient 
has to count backward) and simultaneous move-
ments of the contralateral extremity (e.g., when 
the patient is asked to repeatedly raise and lower 
the opposite hand).

Another, rarer form of increased muscle tone 
is tetany, usually due to low calcium levels lead-
ing to muscle cell membrane instability and 
increased membrane depolarization. The most 
common cause of tetany is hyperventilation dur-
ing panic attacks, which may cause character-
istic posturing of the hands termed Trousseau 
sign (spasm of the muscles of the hand and 
forearm with flexion of the wrist and metacar-
pophalangeal joints, extension and adduction of 
the fingers). Chapter 4 discusses tetanus due to 
clostridium tetani.

Examination of the deep tendon reflexes is 
preferentially performed with the patient in 
a supine position. Testing reflexes requires a 
great deal of experience with examining healthy 
patients in order to develop a feeling for what is 
normal and what is not. The Queen Square and 
Trömner reflex hammers offer the best power 
and precision. Contrary to what many non-neu-
rologists believe, evaluation of reflexes often 
only confirms what the neurologist already 
knows; the experienced neurologist will rarely 
discover unexpected findings when testing 
reflexes. For instance, in a patient with a his-
tory suggestive of polyneuropathy, it is unusual 
to find that the reflexes are not hypoactive. In 
a patient with a myopathy, reflexes are normal 
or, with severe weakness, slightly hypoactive. 
A central hemiparesis, in contrast, is typically 
accompanied by ipsilateral hyperreflexia, but the 
neurologist is usually already well aware of the 
hemiparesis after having observed the patient 
enter the consultation room and having obtained 
a history.

Sometimes, however, the examination of 
deep tendon reflexes offers crucial informa-
tion. Examples include patients with subacute 
tetraparesis (areflexia would suggest GBS, 
hyperreflexia cervical myelopathy), with asym-
metric limb weakness, atrophy, and fascicu-
lations (hyperreflexia would indicate ALS), 



105

and with pes cavus deformity and gait ataxia 
(hyporeflexia combined with a Babinski sign 
might point toward a diagnosis of Friedreich’s 
ataxia).

Baseline reflex activity can vary considerably 
from patient to patient—old men with diabetes 
and alcoholism have sluggish reflexes, whereas 
young and female patients tend to have lively 
reflexes. If the patient has lively reflexes, adapt 
the blow of the hammer to elicit a slight reflex 
response only. Are there extended reflexogenic 
zones or crossed reflexes (e.g., crossed pecto-
ralis or adductor reflexes), thus suggesting true 
hyperreflexia? Enhanced physiological reflexes 
can occur, however, with an increase in volun-
tary muscle tone (which is why nervous peo-
ple tend to have lively reflexes), a phenomenon 
called facilitation. Facilitation is used to rein-
force difficult-to-elicit reflexes. Ask the patient 
either to bite his teeth together or to hook the 
flexed fingers of his two hands together and for-
cibly try to pull them apart, which is a distrac-
tion tactic known as the Jendrassik maneuver.

Testing the following monosynaptic reflexes 
is useful:

• Pectoralis (C5–C8, TH1)
• Brachialis (C5/C6)
• Brachioradialis (C5–C7)
• Finger flexor (C6/C7)
• Triceps (C6–C8)
• Adductor (L2/L3)
• Patellar (L2–L4)
• Achilles (S1/S2).

If a spinal cord lesion is suspected, look-
ing for weakness of the abdominal muscula-
ture is helpful. The Beevor sign is the upward 
movement of the navel when the patient is 
lying supine and bends his neck. (The normal 
response is that the navel is fixed in its position 
on the abdomen due to simultaneous contraction 
of the upper and lower abdominal muscles.) The 
Beevor sign is caused by weakness of the lower 
abdominal muscles and typically occurs with 
spinal cord injury between levels T6 and T10, 
but it is sometimes also encountered in patients 
with a generalized myopathy such as myotonic 

dystrophy. Abdominal reflexes, which are poly-
synaptic, may be tested by briefly and lightly 
striking the skin of each abdominal quadrant 
using a sharp device. Note that only unilateral 
loss of abdominal muscle contraction is a path-
ological sign, because abdominal reflexes are 
hard to elicit in many people.

Somewhat simplified, there are two schools 
of thought when it comes to testing the plantar 
responses and the Babinski sign. Some argue 
that this is a polysynaptic reflex, the afferent 
pathway of which is mediated via skin recep-
tors and the reason why only light pressure with 
a rather sharp object should be applied to elicit 
it. Others believe that considerable pressure and 
a blunt instrument are needed. As is so often the 
case, both points of view are right. The neces-
sary degree of pressure and sharpness is usually 
proportional to the degree of hyperkeratosis of 
the foot sole. Thus, the examiner should stroke 
the lateral side of the sole of the foot with a 
blunt or sharp device from the heel in a curve 
to the toes, with more or less force, but without 
causing pain or injury to the skin. The normal 
plantar response is flexor. The Babinski sign 
refers to extension (=dorsiflexion) of the great 
toe as well as abduction of the other toes. There 
are many eponymous techniques for eliciting 
a similar plantar response (e.g., Oppenheim, 
Gordon). Of these, the Chaddock maneuver is 
particularly useful because hyperkeratosis of 
the foot sole is not a problem, and contrary to 
the Babinski maneuver, the Chaddock maneuver 
does not produce a ticklish sensation. A short, 
light stroke with a sharp object on the lateral 
side of the foot just above the site of usual skin 
thickening is a very efficient way of eliciting the 
plantar response, in particular in patients who 
are ticklish. Consequently, apply the Chaddock 
maneuver if the Babinski maneuver is negative. 
With severe spasticity, elicitation of the plantar 
reflex may lead to simultaneous flexion of the 
hip and knee, as well as dorsiflexion of the foot 
and the big toe. This is the so-called triple flex-
ion response and should not be confused with 
voluntary withdrawal of the leg. Occasionally, 
in a patient with a structural myelopathy, e.g., 
due to a thoracic meningioma or cervical spinal 

3.3 Motor Function
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canal stenosis, the Babinski sign and foot clonus 
are more pronounced when sitting as compared 
to the supine position because of increased trac-
tion of the spinal cord.

As stated in Chap. 2, the patient with radicu-
lopathy usually complains of chronic neck or 
lumbar pain with exacerbation in the form of 
acute shooting pain radiating into the extremity. 
Patients with radiculopathic pain typically have 
paraspinal and neck muscle spasms as well as 
decreased spinal mobility. In patients with lower 
back pain, the straight leg test may be positive 
(Lasègue’s sign). This test has low specificity 
but high sensitivity, and a negative straight leg 
test makes a symptomatic lower lumbar disk 
herniation very unlikely. To diagnose cervical 
radiculopathy, the foraminal compression test 
of Spurling may be useful. For this test, ask the 
patient to extend his neck and rotate his head; 
then apply slight downward pressure on the 
head. The test is considered positive if pain radi-
ates into the arm ipsilateral to the side of head 
rotation. In comparison with the straight leg test, 
Spurling’s test has less sensitivity but higher 
specificity.

3.4  Sensory Function

The bedside examination of sensory function is 
entirely subjective; the patient can tell the exam-
iner whatever he feels like. Thus, as a general 
rule, the examiner is well advised not to spend 
too much time on the examination of the soma-
tosensory system. If the patient denies sensory 
disturbance in the history, only a few seconds 
should be reserved for the sensory examination; 
otherwise, there is risk for considerable confu-
sion, particularly if the patient is suggestible 
and the examiner inexperienced. However, if 
the patient complains of sensory disturbances, 
let him point out the area of disturbed sensation 
and focus on the anatomic hypothesis as sug-
gested by the history. As a result:

• Ask for left–right difference if the history 
suggests hemihypesthesia due to a hemi-
spheric lesion.

• Look for a truncal sensory level in a patient 
with a possible myelopathy.

• Evaluate any differences between distal ver-
sus proximal sensation in the arms and legs if 
a diagnosis of polyneuropathy is likely.

• Assess without delay the extremity in ques-
tion if finding hypesthesia associated with a 
specific dermatome or peripheral nerve distri-
bution is a possibility.

• Examine the perianal area in the event of 
conus or cauda equina syndrome.

According to convention, spinothalamic 
qualities (pain, temperature) are assessed first, 
followed by examination of the dorsal column 
qualities (vibration, proprioception).

For pain evaluation, use a sterile needle 
or break a wooden spatula into two pieces; for 
assessment of temperature, one side of a tuning 
fork can be heated using warm tap water and the 
other side cooled with cold tap water.

Vibration is best tested at the great toes. If 
vibration is normal there, testing at other sites of 
the body is usually unnecessary. Ask the patient 
to indicate when the vibration stops, which is 
important to make sure that the patient has truly 
understood that the examiner wants to assess 
vibration (and not, as many patients believe, just 
the touch of the fork). It also allows a more pre-
cise quantification of possible impairment of the 
vibration sense. If the patient is not able to per-
ceive vibration at the great toes, vibration is then 
tested at the ankles, tibias, knees, and hips. In 
order to test proprioception, move the patient’s 
great toe up or down in a random fashion (mak-
ing sure not to touch anything but the sides of 
the great toe) and ask the patient to close his 
eyes and indicate which direction the toe is 
moving. Again, if proprioception cannot be felt 
by the patient at the level of the great toes, the 
examiner should test it at the ankle and then at 
the knees. Note that for each trial the patient has 
a 50:50 chance of guessing right (up or down), 
which is why proprioception should be tested 
at both extremities a few times, in addition to a 
zero sample.

As previously discussed in Chap. 2, 
the patient with sensory ataxia has a gait 
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unsteadiness of the so-called stamp and stick 
type. Additional signs of large fiber involvement 
include absent or hypoactive reflexes and (in 
severe cases) pseudoathetoid finger movements, 
when the patient elevates the arms and closes the 
eyes. (The last sign mentioned is comparable to 
Romberg’s sign for the legs.)

If the patient is very suggestible or not able 
to cooperate in a detailed sensory examination, 
the best option is usually to ask the patient to 
close his eyes and simply say “Now!” or give a 
thumbs-up whenever he feels the fine touch of 
a few cotton wool strands (posterior column-
medial lemniscus pathway) or the prick of a 
needle (spinothalamic pathways). This is a rela-
tively “objective” sensory bedside examination.

For evaluation of stereognosis, see the discus-
sion of testing of higher cortical function earlier 
in this chapter.

3.5  Cerebellar Function

Midline cerebellar damage leads to truncal 
and gait ataxia, whereas ataxia of the extremi-
ties is secondary to lesions of the ipsilateral 
cerebellar hemisphere. The finger–nose test 
may reveal both intention tremor and cerebellar 
ataxia. The normal way of performing the fin-
ger–nose test, however, has disadvantages. The 
patient is usually asked to extend his arms and 
to point repeatedly to his nose tip with his left 
and right index fingers, but simply flexing the 
elbow joint means the index finger will more 
or less automatically find its way to the tip of 
the nose. This can be overcome by asking the 
patient to execute a large curve and to approach 
the nose tip from the front instead from the side. 
Alternatively, a finger–nose–finger test can be 
performed. Another disadvantage is that patients 
with severe cerebellar ataxia have been known 
to inflict eye injuries on themselves. The finger–
finger test (the patient points to the examiner’s 
finger) is much safer in this regard.

The equivalent of the finger–nose test in the 
lower extremities is the knee–heel test. Ask 
the patient to lift the leg in question high up 
into the air. Many instances of ataxia already 

become apparent when the patient is unable 
to precisely place the foot on the knee. The 
knee–heel test should be tested with open 
eyes first and then closed. As with Romberg’s 
test, sensory ataxia can be compensated for by 
vision, whereas this is not the case for cerebel-
lar ataxia. A variant of the knee–heel test is the 
great toe-finger test, which is analogous to the 
finger–finger test.

Other features of cerebellar injury include 
atactic dysarthria (arrhythmic pronunciation of 
every syllable; seen with demyelinating or neu-
rodegenerative diseases) and decreased muscle 
tone of the ipsilateral extremities.5 Occipital 
headache and neck pain can occur with sudden 
expansion of a cerebellar process, e.g., hemor-
rhage or ischemic stroke, and is an ominous sign 
of beginning brainstem herniation.

Differentiation of cerebellar from sen-
sory ataxia can be done using Romberg’s test. 
Sensory ataxia, usually due to impaired dorsal 
column function or large fiber polyneuropa-
thy, can be compensated for by visual fixation. 
Cerebellar ataxia, in contrast, is largely unaf-
fected by vision. The differential diagnosis of 
vestibular and cerebellar ataxia has been dis-
cussed above (see CN examination).

Cerebellar impairment is often associated 
with disturbed eye movements. A three-step 
oculomotor bedside examination can differenti-
ate acute cerebellar dysfunction due to stroke 
from benign vestibular impairment. When evalu-
ating a patient with vertigo and ataxia of sudden 
onset, look for:

• Skew deviation
• Gaze-changing nystagmus
• A lack of compensatory saccades during 

VOR testing using the head impulse test.

The presence of one or more of these findings 
is said to be even more sensitive for the diag-
nosis of posterior circulation stroke than early 

3.5 Cerebellar Function

5 Decreased muscle tone can be revealed by larger ampli-
tude of arm pendulating on passive shoulder shrug or the 
Stewart-Holmes test. However, this rarely offers addi-
tional significant information.
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diffusion-weighted MRI (DWI) (Case 3.5). The 
presence of completely normal eye movements, 
in contrast, including smooth pursuit and normal 
saccades, makes any form of cerebellar disorder 
unlikely.

3.6  Gait

Gait should be assessed informally when the 
patient enters the room and formally during the 
bedside examination. Allow for enough space 
when examining the gait; if the consultation 
room is too small, make the patient walk down 
the hallway. Let the patient go back and forth 
with normal speed and let him turn around. 
Then ask him to walk on his heal and toes (this 
is actually a test of distal motor function in the 
lower extremities) and to walk on a line, maybe 
even with his eyes closed (this serves the same 
purpose as Romberg’s test). Ataxia of any 
kind is excluded if the patient is able to walk 
backward on a line with his eyes closed. Even 
healthy young people need excellent balance to 
manage this; try it yourself.

Having observed the patient walk, the neu-
rologist must first decide whether the gait is 
normal or abnormal. Remember that the gait of 
an 80-year-old is very different from that of a 
20-year-old. If the gait is abnormal, is it a neu-
rological, an orthopedic, a vascular (intermittent 
claudication), or a psychological problem? If it 
is a neurological gait disorder, is it of central or 
peripheral origin?

Gait disorders of central origin include:

• Hydrocephalic (magnetic gait, outwardly 
rotated feet, retropulsion).

• Bizarre (as in paroxysmal dyskinesias, cho-
rea, dystonia, and functional disorders).

• Spastic hemiparetic (circumduction and 
“short arm, long leg” posturing with cerebral 
hemiparesis).

• Diplegic spastic (scissor gait of cerebral palsy).
• Cerebellar (broad based, staggering).
• Myelopathic (the patient may require bilat-

eral crutches for ambulation and drag the legs 
behind).

• Parkinsonian (bradykinetic, flexed posturing, 
shuffling gait, decrease of spontaneous arm 
pendulating, turning en bloc with the need for 
many additional steps, possibly gaze freez-
ing and festination). Interestingly, the simple 

a

b

Case 3.5  Vertebral artery dissection. A 23-year-old 
male consulted a chiropractor for chronic neck pain. 
During neck manipulation, he experienced a sud-
den worsening of the pain in the neck. Three days later 
he presented with complaints of vertigo and nausea. 
Examination revealed subtle ataxia and intention tremor 
of the left extremities as well as a course gaze-changing 
nystagmus and skew deviation. MR DWI showed hyper-
intense signal changes in the territory of the PICA and 
AICA on the left (a). Although an MR angiography of 
the intracranial vasculature was read as normal, CT angi-
ography including the neck vessels showed dissection 
of the left VA at the C1 level (asterisk) and fresh throm-
bus material attached to the vessel wall (arrow, b). The 
patient was managed with anticoagulation and recovered 
completely. A control CT angiography (not shown) fol-
lowing a 3-month course of warfarin revealed complete 
recanalization of the left VA and dissolution of the wall 
thrombus
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question “Are you still able to ride a bike?” 
has excellent discriminative power to differ-
entiate between atypical parkinsonism and 
Parkinson’s disease. Whereas patients with 
PD can maintain their ability to ride a bike for 
many years, those with atypical parkinsonism 
typically lose this skill very early. Moreover, 
tandem gait performance also has a good 
diagnostic ability to differentiate patients with 
atypical parkinsonism (poor) from those with 
Parkinson’s disease (good): While people 
with Parkinson’s disease typically can per-
form ten consecutive tandem steps without a 
single side step, patients with atypical parkin-
sonism are usually unable to do so.

• Camptocormia is encountered in parkinson-
ism and dystonia and occasionally in MND. 
It is characterized by a near-90° forward flex-
ion of the trunk. Typically, truncal forward 
bending disappears when the patient is lying 
down.6

In contrast, gait disorders of peripheral origin 
include:

• LMN type gait (unilateral—drop foot, e.g., 
due to peroneal palsy or L5 hernia; bilat-
eral—stepper gait, e.g., due to polyneuropa-
thy or the postpolio syndrome)

• Sensory atactic gait (stamping gait, clapping 
feet on ground with hyperextended knees).

3.7  System Overview

The first impression may reveal important diag-
nostic clues. General hygiene and care, for 
instance, may be deteriorating in a patient with 
beginning dementia. Hypomimia, monotonous 
voice, and mournful body language may point 
toward a major depression. Registration of the 
body mass index is crucial in patients prone to 

cerebrovascular and cardiovascular disease, 
as well as in young women with suspected idi-
opathic intracranial hypertension.

Formal medical evaluation is performed with 
special attention to the heart and the carotids. 
Findings such as atrial fibrillation and systolic 
murmur suggest cardiac embolism, and arterial 
hypertension is the most important modifiable 
risk factor for ischemic cerebral stroke and vas-
cular dementia. For auscultation of the carotids, 
let the patient breath in, then out; then let him 
stop breathing and listen for noises suspicious of 
an underlying stenosis. The examiner should hold 
his own breath at the same time in order not to 
exhaust the patient. If the patient complains about 
pulse-synchronous tinnitus (e.g., due to dural 
sinus fistula), then listen for sounds over the neck 
and the temples. As a rule, if the examiner can-
not hear a pulse-synchronous noise, there is little 
likelihood that angiography will reveal a fistula.

Gastrointestinal symptoms such as abdomi-
nal pain, weight loss, and diarrhea are seen with 
Whipple’s disease, celiac disease, and malab-
sorption syndromes leading to B12 or copper 
deficiency myelopathy.

With suspected meningitis (fever, head-
ache, confusion, and impairment of conscious-
ness), assess neck rigidity—is the patient able 
to flex his neck and put his chin on his chest? 
Remember that meningism can be lacking in the 
very young, the elderly, and the comatose. Other 
signs of meningism are involuntary lifting of the 
legs when the patient’s head is flexed forward 
(Brudzinski’s sign) and knee flexion during the 
straight leg test (Kernig’s sign).

Inspect the skin for stigmata of alcoholism 
(spider nevi, palmar erythema, caput medusa), 
diabetes (painless foot ulcers, necrobiosis lipoid-
ica, warm dry feet), atherosclerosis (painful foot 
ulcers, cold cyanotic pulseless feet), and intrave-
nous drug abuse. Various skin rashes are associ-
ated with acute infections, e.g., meningococcal 
sepsis. Basal cell carcinoma and other skin can-
cers of the face may lead to retrograde perineural 
cancer spread toward the cranial cavity. A but-
terfly rash in the face suggests SLE. Malignant 
melanoma is the third most common cause for 
intracranial metastases after lung and breast 

6 In very long-standing camptocormia, secondary hip and 
trunk contractures may prevent disappearance of trunk 
flexion in the supine position.

3.7 System Overview
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cancer. The classic erythema migrans often, but 
not always, occurs during the first 30 days after a 
tick bite and is sufficiently distinctive to allow a 
clinical diagnosis of Lyme disease in the absence 
of laboratory confirmation.

Hallmarks of neurocutaneous disorders include:

• Axillary freckling, café au lait spots, iris 
hamartoma, and cutaneous fibromata in neu-
rofibromatosis type I (Morbus Recklinghausen).

• Nasolabial angiofibroma, subungual fibroma, 
hypomelanic macules, and areas of thick 
leathery skin dimpled like an orange peel in 
tuberous sclerosis.

• Telangiectasias of the eyes and skin in 
ataxia–telangiectasia.

• Facial port-wine stains in Sturge–Weber syn-
drome (Case 3.6).

• Angiomatosis and café au lait spots in von 
Hippel–Lindau disease.

• Vascular anomalies that involve the skin as 
well as the brain and other internal organs 

include telangiectasias in Osler–Rendu dis-
ease and bluish, painless, rubbery venous 
anomalies in the blue rubber bleb nevus syn-
drome (BRBNS) (Case 3.7).

Lymphadenopathy and splenomegaly 
should be looked for if viral exposure (e.g., 
HIV or Epstein–Barr infection) is suspected. 
Splenomegaly may also indicate a metabolic 
disease, e.g., Niemann–Pick disease type C. 
The abdomen, breasts, rectum, and testes should 
also be examined for mass lesions if a systemic 
malignancy is suspected. Gynecomastia may 
signify the presence of pituitary adenoma or a 
diagnosis of Kennedy’s disease.

Several phenomena may point toward a 
rheumatologic disease, including facial rash 
such as in dermatomyositis and SLE, Raynaud’s 
phenomenon, finger ulcers, tobacco pouch 
mouth in scleroderma, and joint deformi-
ties such as in rheumatoid arthritis and pso-
riasis arthritis. (Beware of atlantooccipital 

a b

Case 3.6  Focal epilepsy due to Sturge–Weber syn-
drome. This 35-year-old female with a facial port-wine 
stain had suffered from focal epilepsy since childhood (a).  
Seizures typically start in the left extremities and may 

generalize. Unlike other patients with Sturge–Weber syn-
drome, there was no history of glaucoma or psychomotor 
retardation. CT of the brain showed ipsilateral gyral calci-
fications (b)
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subluxation in rheumatoid arthritis.) Vitiligo, 
alopecia, and signs of hypo- and hyperthyroid-
ism may reveal a general disposition for auto-
immune disorders.

Spinal congenital malformations, includ-
ing spina bifida occulta, dermal sinus, or a teth-
ered cord, may be revealed by abnormalities 
over the lumbar area, such as fistula and der-
mal sinus, tufts of hair, lipoma, birthmarks, and 
dimples in the skin. Foot deformities with high 
arch and hammer toes are often encountered in 
hereditary polyneuropathies such as CMT and in 
Friedreich’s ataxia.

Somatic stigmata of hereditary and nonhe-
reditary congenital diseases with cognitive dys-
function include:

• Oblique eye fissures with epicanthic skin 
folds on the inner corner of the eyes (previ-
ously known as mongoloid folds), flat nasal 
bridge, protruding tongue, small chin, sin-
gle palmar fold, short neck, and excessive 
joint laxity including atlantoaxial instability 
belong to the phenotype of Down syndrome.

• Large testes and a Marfan-like body shape, 
including an elongated face, a high palate, 

3.7 System Overview

1a 1b

1c

Case 3.7  Blue rubber bleb nevus syndrome. A 75-year-
old male presented with sudden onset of diplopia due 
to palsy of the right abducens nerve and a right-sided 
peripheral facial palsy (1a). During the last 10 years, 
he had developed a large number of small bluish, com-
pressible, rubbery, and painless nodules, primarily on his 
face and trunk (1a, b). Nodules were also found affect-
ing the oral mucosa. MR imaging of the brain 4 years 
earlier, ordered during the evaluation of a minor stroke, 
had revealed multiple vascular anomalies in both the cer-
ebrum and cerebellum. A skin biopsy from nodules of 
the chest had shown irregular dilated and congested vas-
cular spaces, consistent with a venous malformation (1c). 
A new MRI of the brain revealed a lesion in the dorsal 

pons at the level of the abducens nucleus and the facial 
colliculus (2a–c; the lesion, marked by an “X” in 2c, 
affects both the nucleus abducens and the facial nerve). 
A strongly hypointense signal on T2*-weighted MRI was 
consistent with venous blood and hemosiderin deposits 
(2b). Review of the first MRI revealed that this venous 
malformation had not been present before and thus had 
developed de novo (2d). Based on the histopathology and 
appearance of the bluish nodules on the skin, gastroin-
testinal mucosa, and brain, the patient was diagnosed as 
having BRBNS with isolated cranial neuropathy due to a 
pontine venous malformation (Adapted with permission 
from Kondziella et al. (2010))
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hyperextensible finger joints, and flat feet, 
are typical for fragile X syndrome, the most 
common genetic cognitive disorder in boys.

• Skin folds at the corner of the eyes and a 
short nose with a low nasal bridge are facial 
features of fetal alcohol syndrome; other 
facial stigmata include an indistinct philtrum, 

a thin upper lip, a small midface, and a short 
head circumference.

• Cataracts, temporalis muscle atrophy, ptosis 
occur in myotonic dystrophy.

• Repetitive wringing hand movements are 
typically seen with Rett syndrome, the most 
common genetic cognitive disorder in girls.

2a 2b

2c 2d

Corticospinal
tract

Facial nerve

Abducens
nerve

Facial nucleus

Abducens
nucleus

Facial
colliculus

Cerebellar
peduncles

4th ventricle

Case 3.7  (continued)
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Finally, it must be kept in mind that neurological 
damage itself can cause secondary damage to other 
organs, such as neurogenic stress cardiomyopathy 
and neurogenic pulmonary edema (Case 3.8).

3.7.1  Neuromuscular Respiratory 
Failure

In every patient with respiratory problems or with 
neuromuscular disorders associated with res-
piratory failure (e.g., GBS, ALS, MG), check the 
vital capacity. It is grave malpractice to believe 
that normal arterial blood gases in a patient with 
GBS indicate sufficient respiratory function. 
Hypoxia and hypercapnia only develop late in the 
course of respiratory muscle fatigue, and then the 
opportunity for early intubation has been missed. 
Therefore, the crucial physiological parameter 
to monitor is the vital capacity. As a rule, a vital 
capacity of < 1.5 L suggests imminent respiratory 
failure, and arrangements should be undertaken to 
guarantee ICU support, intubation, and ventilation. 
Another useful bedside test is to ask the patient to 
take a deep breath and count aloud as long as pos-
sible. Healthy young adults can count to at least 
until 60. If the patient cannot count further than 
30, this suggests severe respiratory impairment 

and roughly corresponds to a vital capacity of 
2 L. It is a particularly ominous sign when the 
vital capacity decreases markedly from one count 
to the next. Being able to count to 10–15 usually 
indicates imminent danger of respiratory collapse. 
Also keep in mind that the diaphragm is inner-
vated by C3–C57; thus, weakness of neck flexion 
and shoulder abduction in a patient with GBS is a 
red flag for threatening respiratory failure.

3.8  Examination of the Comatose 
Patient

Coma can be defined as a state of unrespon-
siveness and nonarousal in which the patient is 
aware neither of his surroundings nor of him-
self. Coma must be differentiated from:

• Locked-in syndrome
• Psychogenic nonarousal
• Other impairment of consciousness ranging 

from mild drowsiness to the minimal con-
scious and vegetative states (see Sect. 4.2).

3.8 Examination of the Comatose Patient

7 C3, 4, 5 keeps the diaphragm alive.

Case 3.8  Neurogenic pulmonary edema after acute 
brain injury. A 25-year-old man complained of a sudden 
headache. The pain subsided after thirty minutes. After 
the warning leak, the patient experienced an excruciat-
ing headache two hours later and lost consciousness. He 
was intubated in the field. On admission, CT showed a 

subarachnoid hemorrhage from a right middle cerebral 
artery aneurysm (left). Chest radiographs and CT of the 
chest (right) showed consolidation of the lung tissue, 
suggestive of aspiration pneumonia and incipient neuro-
genic pulmonary edema
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Prior to examination of the comatose patient, 
make sure that all vital functions are secured 
according to the ABC approach. Then start with 
an external inspection and look for trauma (e.g., 
revealed by retroauricular and periorbital sub-
cutaneous hemorrhages (Case 3.9)) and signs 
of intoxication (e.g., cherry-red skin coloration 
such as in carbon monoxide poisoning; mydria-
sis with sympathicomimetics, e.g., cocaine; or 
parasympatholytics, e.g., atropine; miosis with 
opioids) or drug abuse (e.g., injection sites). 
Perform a short medical system overview and 
note possible fever, neck stiffness, and skin rash 
(e.g., as in meningococcal meningitis), abnor-
malities of the breathing pattern (e.g., Kussmaul 
breathing in diabetic ketoacidosis and other met-
abolic derangements), hypertension and vomit-
ing (suggesting increased ICP), and so on. Do 
not forget to contact paramedics, family, friends, 
and other witnesses to ensure that crucial infor-
mation has not been overlooked; if necessary, 
ask for phone numbers and make a phone call. 
Then proceed with the neurological assessment.

The neurological examination in the coma-
tose patient has four objectives:

• To verify and quantify the level of 
unconsciousness

• To assess brainstem function
• To search for focal neurological deficits
• To search for neurological causes for coma.

3.8.1  Verification and Quantification 
of Unconsciousness

Unconsciousness should always be verified and 
graded. (Consult Chap. 2 for discussion of the 
locked-in syndrome; see below for assessment 
of psychogenic coma; see Sect. 4.2 for the mini-
mal conscious and vegetative states.) Several 
grading scales are available, but none comes 
even close to the Glasgow Coma Scale (GCS) in 
terms of popularity.

The GCS has three categories (eye open-
ing, verbal response, motor response; Table 
3.2). Always note the total GCS score as well 
as all three subscores in the charts. According 
to the GCS, brain injury is classified as severe 
(GCS ≤ 8), moderate (GCS 9–12), and minor 
(GCS ≥ 13). GSC ≤ 8 usually indicates impair-
ment of airway protection reflexes and the need 
for intubation. GCS was designed for trauma 
victims, and it is less well suited for grading and 
following coma of metabolic or ischemic ori-
gin. Besides, failure to assess the verbal score in 
intubated or aphasic patients and the inability to 
test brainstem reflexes are shortcomings of the 
GCS.

The Full Outline of UnResponsiveness 
(FOUR) has excellent inter-rater reliability 
and many advantages compared to the GCS. 
For example, the FOUR score provides greater 
neurological detail than the GSC, recognizes a 

a b

Case 3.9  Raccoon eyes and Battle’s sign. Following a 
traumatic brain injury, this young female developed peri-
orbital (a, raccoon eyes) and mastoid (b, Battle’s sign) 

ecchymosis, consistent with fractures of the anterior, 
respectively, posterior cranial fossa
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locked-in syndrome, and is superior to the GCS 
due to the availability of brainstem reflexes, 
breathing patterns, and the ability to recognize 
different stages of herniation. Moreover, the 
FOUR score has a greater predictive value than 
the GCS: While a GCS score of 3 at hospital 
admission does not say much about the ultimate 
clinical outcome (i.e., patients have a favorable 
outcome about as often as they have a poor out-
come), a FOUR score of ≤ 3 strongly suggests 
an unfavorable outcome, which is best predicted 
by a low “brainstem” subscore. Hence, neurolo-
gists should use the FOUR score more often 
(Table 3.2) (Case 3.10).

3.8.2  Assessment of Neurological 
Deficits, in Particular Signs 
of Brainstem Injury

For a review of brainstem function and anatomy, 
refer to Chap. 2. Brainstem reflexes can be used 
to define the site of lesion on a vertical axis:

• Pupillary reflex, in, CN II; out, CN III
• Corneal and eyelash reflexes, in, CN V; out, 

CN VII
• Vestibulo-cephalic reflex and VOR, in, CN 

VIII; out, CN III, CN VI
• Gag reflex in, CN IX; out, CN X.

Asymmetrical brainstem signs can be used to 
define the site of a lesion on a horizontal axis. 
Thus, nuclear signs are ipsilateral, long tract 
signs contralateral to the lesion. With metabolic 
derangements and intoxication, the reflexes and 
the size of the pupils are usually normal except 
with atropine, tricyclic antidepressants (TCAs), 
cocaine, and other sympathicomimetics (mydri-
asis) and opioids (miosis). Apart from pupillary 
reflexes, the shape and size of the pupils offer 
important information. With mesencephalic 
damage, the pupils tend to be mydriatic, and 
with pontine lesions miotic. Traumatic compres-
sion of CN III leads to a mydriatic unilateral 
pupil with irregular shape. For evaluation of eye 
axis deviation and spontaneous conjugate or dis-
conjugate eye movements, see Chap. 2.

The VOR stabilizes images on the retina dur-
ing head movement by producing an eye move-
ment in the direction opposite to the movement 
of the head. The reflex is driven by vestibular 
signals from the inner ear (vestibulocochlear 
nerve) and leads to activation of the contralat-
eral abducens nerve (lateral rectus muscle) and 
(via the MLF) the ipsilateral oculomotor nerve 
(medial rectus muscle). An intact VOR sug-
gests two things. First, the oculomotor CNs and 
central eye movement structures in the mesen-
cephalon and tegmental pons are intact. Second, 
there is loss of cortical suppression of VOR. 

3.8 Examination of the Comatose Patient

Table 3.2  Scales for grading unconsciousness

Glasgow Coma Scale (GCS)
Eye opening (4/4): spontaneous (4), to speech (3), to pain (2), none (1)
Best motor response (6/6): obeys commands (6), localizes pain (5), withdraws from painful stimuli (4), flexion pos-
turing with painful stimuli (3), extensor posturing with painful stimuli (2), none (1)
Best verbal response (5/5): orientated (5), confused speech (4), inappropriate words (3), incomprehensible sounds 
(2), none (1)
Full Outline of UnResponsiveness (FOUR)
Eye response (4/4): eyelids open or opened, tracking, or blinking to command (4), eyelids open but not tracking (3), 
eyelids closed but open to loud voice (2), eyelids closed but open to pain (1), eyelids remain closed with pain (0)
Motor response (4/4): thumbs-up, fist, or peace sign (4), localizing to pain (3), flexion response to pain (2), extension 
response to pain (1), no response to pain or generalized myoclonus status (0)
Brainstem reflexes (4/4): pupil and corneal reflexes present (4), one pupil wide and fixed (3), pupil or corneal reflexes 
absent (2), pupil and corneal reflexes absent (1), absent pupil, corneal, and cough reflex (0)

Respiration (4/4): not intubated, regular breathing pattern (4), not intubated, Cheyne–Stokes breathing pattern (3), 
not intubated, irregular breathing (2), breathes above ventilator rate (1), breathes at ventilator rate or apnea (0)
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a

b

Case 3.10  Cerebral fat embolism. A 72-year-old 
woman with a history of diabetes mellitus, hyperten-
sion, and a fracture of the left femur 6 years previ-
ously was scheduled for a total hip replacement. After 
the operation, she was awake and responsive, but 3 h 
later, she became obtunded. CT of the brain, including 
CT angiography, was unremarkable (a). However, her 
level of consciousness further declined, and she was 
transferred to the intensive care unit. On examination, 
she was comatose but had preserved pupillary and cor-
neal reflexes. Her FOUR score was 12 (eye response 1, 
motor response 3, brainstem reflexes 4, intubation 4). A 
few hours later, she developed respiratory failure, anu-
ria, and hypoxemia. Blood tests were compatible with 
disseminated intravascular coagulation. Petechial hem-
orrhages were noted on the skin of the face and abdo-
men. Her pupils became fixed and dilated. Sternal rub 
induced decerebrate posturing. The FOUR score was 5 
(eye response 0, motor response 2, brainstem reflexes 2, 
intubation 1). Repeated CT of the brain showed fulmi-
nant cerebral edema with loss of white and gray matter 

discrimination due to increased intracranial pressure; the 
resulting brain hypoattenuation and relative hyperintense 
signal related to engorgement of superficial venous struc-
tures were compatible with “pseudosubarachnoid hem-
orrhage,” suggesting imminent brain death (b). Autopsy 
confirmed cerebral fat embolism. This condition arises 
within a few hours (usually < 48 h) following fractures 
related to long bones or orthopedic surgery. Tiny fat 
bubbles accumulate in the arterioles which may lead to 
multiorgan failure and death, although the prognosis is 
better in less severe cases, especially in the young. MRI 
is more sensitive than CT and consistently shows multi-
ple small, scattered, nonconfluent intracerebral hyperin-
tensities on T2-weighted and DWI scans (“starfield pat-
tern”). Focal neurological deficits do typically not occur 
because major cerebral arteries are not occluded. Instead, 
the neurological course is characterized by subacute and 
progressive decline of consciousness (followed in fatal 
cases by a classical pattern of central brain herniation) 
because of widespread buildup of fat emboli in brain 
arterioles
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Spontaneously “rowing” eye movements indi-
cate loss of supranuclear conjugate eye control, 
but intact eye movement centers in the brain-
stem, a good prognostic sign. Thus, the coma 
is not due to structural mesencephalic damage 
but rather widespread cortical dysfunction, e.g., 
due to metabolic–toxic impairment of corti-
cal activity. The VOR is tested by rotating the 
head of the patient from one side to the other 
and observing for reflex eye movements in the 
opposite direction. Allow enough time (a few 
seconds) for the reflex eye movements to occur. 
Caloric testing of the VOR in the ICU is usually 
performed as part of a brain death diagnostic 
procedure.8

The best way to examine the gag reflex is to 
assess cough response to bronchial suctioning; 
simply moving the endotracheal tube to and fro 
is usually not a sufficient stimulus. Lack of the 
gag reflex, however, is rather common in ICU 
patients and, if isolated, is not necessarily asso-
ciated with a bad outcome.

The ciliospinal reflex produces mydriasis 
after painful stimuli, e.g., squeezing the side of 
the neck or inner parts of the arms or supraor-
bital or sternal pressure. (This is a rather redun-
dant examination technique.) Painful stimuli 
also lead to an increase of blood pressure and 
heart rate observable on the monitor.

The apnea test is a fairly advanced test only 
used during brain death evaluation; its main pur-
pose is to assess whether carbon dioxide (CO2) 
retention still elicits spontaneous ventilation (see 
below).

Several breathing patterns are associated with 
coma. Cheyne–Stokes respiration as an isolated 

phenomenon is not necessarily a grave sign. Yet, 
it is an ominous sign if breathing becomes more 
irregular (e.g., central neurogenic hypoventila-
tion, atactic breathing, apneustic breathing).

Abnormal posturing, spontaneously or after 
painful stimuli, occurs in patients with severe 
brain injury and during transtentorial cerebral 
herniation. Posturing with flexion of the arms 
and extension of the legs is compatible with the 
decorticate state, suggesting damage or func-
tional impairment at or above the level of the 
diencephalon (e.g., cerebral hemispheres, inter-
nal capsule, and thalamus). Patients in the decer-
ebrate state show posturing with extension of 
arms and legs, suggesting damage at or below 
the level of the midbrain (and thus, often a more 
advanced stage of brain herniation).

For assessment of hemiplegia, begin by 
observing possible asymmetry of spontaneous 
movements and postures. Restless but rather 
symmetric movements of the arms and legs 
suggest intact corticospinal tracts. If this is 
not the case, then proceed by applying painful 
stimuli distally at every extremity. Be sure not 
to injure the patient. Look for an asymmetric 
motor response; also look for an asymmetric 
facial response, e.g., facial winking with pain 
on one side but not the other suggests hemisen-
sory loss or a facial palsy. In addition, in acute 
hemiplegia, muscle tone is decreased. When 
lifting and releasing the plegic extremities, they 
will fall much more heavily than the non-plegic 
ones.

When epileptic seizures occur, rhythmic 
motor activity can occasionally be limited to 
the extremities controlled by the unaffected 
hemisphere. In these cases, the hemiplegia 
simply prevents epileptic motor manifesta-
tions on the paretic side. Beware of the fact 
that in long-standing status epilepticus visible 
seizure activity may be reduced to nystagmoid 
eye movements and flickering of the eyelids. 
Careful inspection is needed to detect these 
subtle signs of status epilepticus. The clinical 
implications of myoclonic status epilepticus 
following hypoxic–anoxic encephalopathy are 
explained below.

3.8 Examination of the Comatose Patient

8 When flushing the ear canal in a conscious patient, the 
fast phase of the nystagmus will be to the opposite side 
with cold water and to the same side with warm water. 
The acronym COWS (Cold Opposite, Warm Same) has 
been taught for generations as a mnemonic. However, 
as stated above, this denotes the fast phase of the nys-
tagmus, which is seen typically in conscious patients. In 
unconscious patients who lack supranuclear gaze control 
but who have an intact brainstem, there may only be gaze 
deviation in the other direction (CSWO (Cold Same, 
Warm Opposite)).
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3.8.3  Neurological Causes for Coma

Acute hemiparesis associated with coma suggests 
a cerebrovascular accident in the contralateral 
hemisphere.9 Alternating hemiparesis, vertigo, 
and brainstem signs (that sometimes may go on 
for days) are typical for a basilar artery occlu-
sion. For discussion of the top-of-the-basilar syn-
drome and other brainstem ischemic syndromes, 
see Chap. 2. Dissection of the ascending aorta 
may lead to sudden loss of consciousness and 
focal neurological signs (Case 3.11).

Decreased consciousness and a unilateral 
dilated pupil suggest a subarachnoidal hemorrhage 
or acute uncal brain herniation due to another 
cause of sudden increase of ICP (Case 3.12).

Fever and meningism suggest bacterial men-
ingitis. Beware that meningism can be lacking 
in the very young, in the very old, and in the 
deeply comatose.

A short history of headache, neck pain, and 
ataxia followed by decreased consciousness and 
brainstem signs is characteristic for acute brain-
stem compression from a cerebellar stroke.

Acute hydrocephalus is associated with dete-
riorating consciousness, headache, Cushing 
response (hypertension, bradycardia, and res-
piratory depression), small pupils, eye move-
ment disturbances (e.g., sustained downgaze, the 
sun-setting sign), increased tone in the legs, and 
bilateral Babinski signs.

Metabolic derangements and various forms 
of intoxication may also lead to decreased con-
sciousness combined with (usually reversible) 
focal neurological signs, e.g., bilateral Babinski 
sign in a comatose patient with hypoglycemia.

Consult Chap. 4 for an in-depth differential 
diagnosis of coma.

3.8.4  Coma and Other Disorders 
of Consciousness

Searching for consciousness in noncommuni-
cating brain-injured patients by clinical exami-
nation is essential, yet challenging. The origin 
of many clinical signs is not entirely clear, and 
their significance as to whether or not the patient 
is conscious is even less certain. In addition, 
consciousness may wax and wane within sec-
onds to hours and days to months (Fig. 3.1). 
Indeed, as many as 40% of patients with disor-
ders of consciousness (DoC) are misclassified 
as being in a vegetative state (VS). For patients 
with acute brain injury and their caregivers, this 
has significant ethical and practical implica-
tions, not least for prognostication, treatment 
decisions, resource allocation, and end-of-life 
considerations.

Case 3.11  Type A aortic dissection. A 65-year-old 
female with arterial hypertension, but otherwise in good 
general condition, suddenly collapsed. Pulseless electri-
cal activity was noted and resuscitation started. Twenty 
minutes later the patient was breathing and had a normal 
blood pressure. ECG showed sinus rhythm. Laboratory 
results including cardiac enzymes, blood glucose, and 
blood gases were noncontributory. The patient was 
unconscious and had gaze deviation to the right. On 
painful stimuli, she reacted with decerebrate posturing 
(GCS 5: eye 1, verbal 1, motor 3). There was bilateral 
Babinski sign. CT of the brain was normal, including CT 
angiography (limited to the intracranial circulation; CTA 
including the neck vessels and the aortic arch would 
have revealed the dissection). Four hours later the patient 
suffered cardiac arrest and died. Autopsy showed a tear 
originating in the ascending aorta, confirming a diagnosis 
of type A aortic dissection

9 Occasionally, hemiparesis and Babinski sign are ipsi-
lateral to the hemispherical lesion. This is the so-called 
Kernohan’s notch phenomenon and occurs when the 
mass lesion leads to lateral brain displacement pressing 
the opposite cerebral peduncle, and thus the opposite 
corticospinal tract, against the tentorium.
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The term DoC includes patients in coma,  
VS/unresponsive wakefulness syndrome (UWS), 
and MCS, as well as those who have emerged—
but not completely—from MCS (eMCS).

• Coma, as stated earlier, may be defined as a 
state of profound unawareness from which 
patients cannot be aroused. A normal sleep–
wake cycle is absent, and eyes are closed. 
Coma lasts usually only a few days or weeks 
following acute brain injury because patients 
either die or their brainstem function recov-
ers; thus, if patients survive long enough, 
they will wake up—with or without regaining 
awareness.

• In contrast to coma, VS/UWS is a condition 
of wakefulness without awareness. Although 
patients in this condition have alternating 
periods with eyes open and eyes closed, they 
exhibit only reflex behaviors and are there-
fore considered unaware of themselves and 
their surroundings. While patients are bladder 
and bowel incontinent, their autonomic hypo-
thalamic and brainstem function is preserved 
to such a degree that it permits survival (usu-
ally with medical or nursing assistance).

• In comparison, patients in MCS show une-
quivocal signs of nonreflex behaviors occur-
ring inconsistently, yet reproducibly, in 
response to environmental stimuli. Thus, 
they may show visual pursuit or prolonged 
fixation of objects or people; they may show 
emotional responses that are congruent with 
the situation (e.g., smiling or crying when 
being visited by a relative); they may reach 
out for, hold, or touch an object in a man-
ner which is adapted to its shape or size; and 
when being spoken to they may react to the 
linguistic content by making sounds or ges-
tures. By definition, although some may fol-
low commands to a certain degree, accurate 
communication is impossible. Patients may 
be classified into MCS plus (i.e., if they are 
able to obey commands) or minus (i.e., if 
they only localize pain, exhibit visual pur-
suit, or show appropriate emotional expres-
sions). When patients regain the ability 
to communicate, albeit rudimentarily and 
inconsistently, they are classified as eMCS 
(emerged from MCS). Of note, one of the 
earliest clinical signs that distinguishes the 
MCS from VS/UWS is the presence of eye 

Case 3.12  Subdural hemorrhage due to ruptured intrac-
ranial aneurysm. A 46-year-old male experienced a sud-
den excruciating headache before losing consciousness. 
On arrival of the ambulance, he was comatose and had 
bilaterally dilated pupils. Following intubation and IV 
administration of hypertonic saline, both pupils con-
stricted. However, in the emergency room, the right pupil 
was dilated again. CT of the brain (a) and CTA (b, c) 

showed extensive subarachnoidal hemorrhage due to a 
right-sided ICA aneurysm. As in this case, an aneurysm 
at the level below the division of the carotid artery into 
the MCA and ACA (the “carotid T”) may occasion-
ally lead to additional subdural hematoma because of 
bleeding through an arachnoid tear (CT images cour-
tesy of Vagn Eskesen, Department of Neurosurgery, 
Rigshospitalet, Copenhagen)

3.8 Examination of the Comatose Patient
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tracking occurring in direct response to a 
moving stimulus. It is important to be aware 
of the fact that autoreferential stimuli are the 
most salient (this is arguably true for people 
with normal consciousness as well); hence, 
when assessing patients for visual pursuit, 
it is important to use a mirror because MCS 
patients tend to track their own reflection 
best. Also, when evaluating patients with 
DoC, beware of confusing the grip reflex 
with a sign of voluntary action; thus, instead 
of asking the patient to “squeeze my fingers,” 
you may ask her to “open your fist.”

VS/UWS and MCS most likely exist on a 
spectrum rather than being categorically distinct. 

Traditionally, VS/UWS has been considered per-
manent 3 months after nontraumatic injuries and 
12 months following TBI, although late recov-
ery is increasingly recognized. Patients may 
evolve from VS/UWS into MCS (or better) and 
they may or may not relapse.

Importantly, some patients who appear with-
out any signs of consciousness during clinical 
examination are nevertheless able to willfully 
modulate their brain activity on command, as 
shown by fMRI and EEG studies, occasion-
ally even answering yes or no questions by 
performing mental imagery tasks. This condi-
tion is known as cognitive motor dissociation. 
Although this cannot yet be diagnosed outside 
highly specialized centers, data suggest that as 
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Fig. 3.1  3D model of consciousness in noncommuni-
cating patients, including those with a diagnosis of veg-
etative or minimal conscious states. The degree of con-
sciousness typically fluctuates with time (x-axis) both in 
the short term (seconds to hours) and long term (days to 
months). The correct evaluation of consciousness (y-axis) 

depends on the patient’s behavior (z-axis), which can be 
conceptualized as a product of arousal and motor out-
put. Clinical evaluation at the bedside is critically reliant 
on measurable motor activity and a sufficient degree of 
arousal. (Adapted with permission from Kondziella et al. 
2016)
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many as 15% of clinically unresponsive patients, 
both in chronic settings (rehab, nursing homes) 
and in the intensive care unit, are in a state of 
cognitive motor dissociation. Table 3.3 summa-
rizes the terminology of disorders of conscious-
ness and related conditions.

3.8.5  Prognostication of Neurological 
Outcome Following Cardiac 
Arrest

Neuroprognostication of cardiac arrest survivors 
requires a firm understanding of two aspects: 
first, the trajectories of consciousness recovery 
that may or may not be anticipated after cardiac 
arrest (Table 3.3), and second, the major compo-
nents of multimodal neuroprognostication and 
their clinical implications, i.e., clinical exam, 
neuroimaging, electroencephalography (EEG), 
evoked potentials, and blood biomarkers.

Postcardiac arrest patients typically regain 
consciousness following a trajectory from coma 
to VS/UWS, which then transitions to MCS. 
Finally, a fully conscious state emerges char-
acterized by two-way communication and/or 
functional use of objects, with or without neu-
ropsychological sequelae. The time of this tra-
jectory can range from a few hours to many days 
or even years. Late recovery, meaning that some 
patients who were initially thought to have poor 
prognoses eventually recover consciousness, 
is increasingly being recognized, highlighting 
the need for further refinements of prognostic 
methods.

The clinical examination represents the 
mainstay of neuroprognostication after car-
diac arrest: Assessment of wakefulness, ability 
to verbalize and follow commands, brainstem 
reflexes, response to pain, and motor responses. 
Important confounders that may interfere with 
correct interpretation of the clinical exam 
include sedation, muscle relaxants, hypothermia, 
hypoxemia/hypercapnia, profound hypotension, 
sepsis, and metabolic abnormalities including 
low blood sugar.

Brainstem reflexes and the motor response to 
pain are the most useful indicators of outcome. 
Seventy-two hours after cardiac arrest, bilateral 
absence of pupillary light reflexes and bilateral 
absence of corneal reflexes indicate a poor prog-
nosis (specificities 99% and 95%, respectively), 
although the sensitivity of these signs is low 
(20–30%). While absent motor responses and 
extensor motor responses are unreliable as prog-
nostic indicators, patients with localizing move-
ments within 72 h tend to have a good functional 
outcome (sensitivity 76%).

Postanoxic myoclonus and status myo-
clonus occur in up to 20% of patients after 
cardiac arrest and are cortical or subcortical in 
origin. They strongly indicate a poor progno-
sis, but not always: up to 10% of these patients 
can still have a favorable long-term outcome. 
Furthermore, action myoclonus developing 
a few days or weeks after the event, termed 
Lance–Adams syndrome, is compatible with 
good mental recovery.

The importance of the multimodality of neu-
roprognostication cannot be overemphasized: 
The clinical evaluation should always be supple-
mented by laboratory investigations.

• EEG: Unfavorable EEG patterns include 
burst suppression, status epilepticus, non-
reactive background activity, and electrical 
silence; favorable patterns include continu-
ous background, EEG reactivity, and improv-
ing EEG frequencies on repeated EEG. EEG 
can be performed 48 h to 72 h after cardiac 
arrest, but like neuroimaging, repeating the 
investigations helps to identify favorable and 
unfavorable trajectories. For example, pro-
gression of EEG over time from a discon-
tinuous pattern (with periods of background 
suppression) to a continuous pattern implies 
a favorable prognosis, as does reactivity (or 
change) in the quality of background activity 
to physical stimuli, such as pinching or hand 
clapping. In selected cases, aggressive and 
prolonged treatment of status epilepticus can 
result in strikingly positive outcomes.

3.8 Examination of the Comatose Patient
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• Neuroimaging: CT scans can identify signs 
of hypoxic–ischemic encephalopathy, which 
is a highly specific predictor of poor out-
come. Unfavorable patterns include thus loss 
of discrimination of white and gray matter on 
CT of the brain and widespread hyperintense 
signal change on MR DWI; lack of ischemic 
damage is favorable. CT of the brain at 
admission also helps to rule out a cerebral 
cause of cardiac arrest such as a subarachnoid 
hemorrhage, and repeating it after 2–3 days 

helps to identify the presence or absence of 
ensuing cerebral edema indicative of global 
anoxic brain injury.

• Evoked potentials (SSEPs): The so-called 
N20 potential, which is recorded in the con-
tralateral postcentral gyrus, is the most diag-
nostically useful SSEP. Bilateral absence of 
the cortical N20 potentials when performed 
more than 72 h after cardiac arrest nearly 
always predicts failure to recover con-
sciousness and poor long-term neurological 

Table 3.3  Disorders of consciousness and related conditions

Coma Coma is a state of depressed wakefulness and awareness from which the patient 
cannot be aroused, typically lasting from a few hours to 2–3 weeks (but almost 
never for longer periods because either arousal centers in the brainstem are 
intact and begin functioning again or, in the continued absence of brainstem 
function, death occurs). A normal sleep–wake cycle is lacking. On examinations, 
eye opening is absent (although exceptions have been reported, so called eyes-
open coma; Kondziella and Frontera 2021), there is no response to auditory, 
noxious, and tactile stimuli, verbalization, and no spontaneous or purposeful 
movements

Unresponsive wakefulness  
syndrome (UWS)

A state of wakefulness without awareness, also known as vegetative state (VS, 
although UWS is the preferred term to avoid negative connotations). While 
visual fixation, visual pursuit, command following, verbalization, and contextu-
ally adapted emotional reactions are absent, UWS patients have spontaneous eye 
opening, sleep–wake cycles, reflex behavior (best motor response is withdrawal 
to pain). UWS must be distinguished from “eyes-open coma” which is not 
uncommon after cardiac arrest but characterized by a more malignant trajectory 
ultimately leading to death

Minimally conscious state  
(MCS)

MCS patients show signs of nonreflex behaviors such as visual pursuit, localiza-
tion to noxious stimulus, and appropriate emotional responses including crying 
or smiling. These features occur not consistently, but reproducibly. MCS—
denotes patients with restricted behavioral responses such as localizing to pain, 
visual pursuit, or appropriate emotional expressions; in contrast, MCS + refers 
to patients with rudimentary language function who can obey commands at least 
occasionally. Importantly, levels of residual consciousness often fluctuate, and 
patients can improve from UWS to MCS and relapse again to UWS

Emerged from MCS (eMCS) Patients with MCS who reliably achieve two-way communication (which does 
not need be factually correct) and/or functional object use have transitioned to a 
new state designated eMCS

Cognitive motor dissociation 
(CMD)

CMD patients are consciously aware, but their motor responses are entirely 
uncoupled. CMD patients are behaviorally unresponsive, yet awareness is 
inferred from reproducible neural responses (EEG or fMRI activation pat-
terns) to specific tasks. Neural responses in CMD patients are identical to those 
recorded in healthy controls

Locked-in syndrome (LIS) LIS is not a disorder of consciousness but can be mistaken for one if the ability 
to follow commands and communicate is not elicited via meticulous physical 
examination. Conscious awareness is maintained, and the repertoire of motor 
responsiveness is severely diminished. In the classical presentation (e.g., ventral 
pontine lesions affecting bilateral corticospinal tracts), LIS patients are anarthric 
and tetraplegic but able to execute commands with vertical eye movements. 
However, LIS typically occurs with basilar artery thrombosis and rarely after 
cardiac arrest
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outcome. Median nerve SSEPs have strong 
specificity, with a false-positive rate near 
0%, but their sensitivity for predicting poor 
outcome may be closer to 50%. The primary 
use of SSEP testing is to identify patients 
who are facing a no-hope scenario. Even in 
patients after therapeutic hypothermia, the 
specificity is still very high, assuming that the 
examination has been performed after return 
to normothermia. However, presence of the 
N20 potentials does not by itself signify a 
good prognosis.

• Blood biomarkers, in particular neuron-spe-
cific enolase: NSE levels over 60.

While prognostic markers are subject to local 
availability, it is recommended to include neuro-
imaging and EEG as a minimum, preferentially 
supplemented by a blood-based biomarker like 
NSE and, in patients with an unreactive EEG 
background and absence of motor responses to 
pain, median nerve SSEP.

Due to the potential for a self-fulfilling 
prophecy in which patients are given up on pre-
maturely, one must never rely on hasty conclu-
sions based on a single predictor of outcome. 
Instead, a multimodal approach to neuropro-
gnostic testing, combined with a sufficiently 
long “wait-and-see” approach, is recommended 
to avoid missing patients who may have the 
opportunity for recovery. Guidelines recommend 
waiting at least 72 h after cardiac arrest before 
performing the first neurological examination 
off sedation; however, this may not be enough: 
In one tertiary care center study (n = 529), 395 
patients had a favorable outcome (as defined by 
Cerebral Performance Category 1–2), of which 
38 (9.6%) regained consciousness after 7 days 
(median 12 days) (Tsai et al. 2022).

Noncerebral factors that invariably influence 
neuroprognostication include age, prior medi-
cal comorbidities, cardiac status, acute intensive 
care-related complications including multiorgan 
failure, advance directives (if available), and 
family expectations.

Figure 3.2 summarizes key aspects of multi-
modal neuroprognostication after cardiac arrest.

3.8.6  Death by Neurological Criteria 
(“Brain Death”)

With the rise of intensive care medicine and 
transplantation medicine, brain death criteria 
(now often termed death by neurological cri-
teria) were defined in the early 1980s. Brain 
death is the irreversible loss of all brain and 
brainstem function. In adult organ donators, the 
most common causes of brain death are trauma 
and subarachnoidal hemorrhage. The time it 
takes for patients with hypoxic–ischemic brain 
injury or ischemic/hemorrhagic stroke to enter 
the stage of brain death is usually longer, and 
by then the body organs may no longer be in a 
sufficiently healthy condition to be suitable for 
donation. Therefore, neurosurgical patients tend 
to become more often organ donors than neu-
rologic patients, and most neurologists rarely 
perform a brain death protocol (Case 3.13). 
The precise regulations of how to perform brain 
death testing vary from country to country and 
sometimes even from hospital to hospital. The 
neurologist should therefore be familiar with 
the instructions at his workplace. The principles 
of brain death diagnostics are covered in the 
following10:

1. Confirm that the patient has a known struc-
tural and irreversible cause that fully explains 
brain death; e.g., following a traumatic brain 
injury, a CT shows fulminant transtentorial 
brain herniation.

2. Exclude medical conditions that may mimic 
brain death, including:

 (a)  Hypothermia. Body temperature should be 
at least above 32 °C (89.6 °F). Hypothermic 
patients after a drowning accident should be 
warmed to at least 35 °C (95 °F).

 (b)  Hypoglycemia and hyperglycemia. Blood 
glucose should be between 3.3 and 
22 mmol/L (60 and 400 mg/dL).

3.8 Examination of the Comatose Patient

10 Please observe that the diagnostic procedures in chil-
dren are significantly different due to the immaturity of 
the brain; these procedures will not be reviewed here.



124 3 Neurological Bedside Examination: “Can I Confirm My Anatomical Hypothesis?”

 (c)  Hypotension. Blood pressure should as a 
minimum be above 90/40 mmHg.

 (d)  Other metabolic disorders, e.g., electro-
lyte, acid–base, and endocrinological 
disturbances.

 (e) Drug intoxications.
 (f)  Anesthetic agents. Ensure that the 

patient has been taken off all sedatives, 
anesthetics, and neuromuscular block-
ing agents and that enough time has 

been allowed for these substances to be 
metabolized or secreted. The anesthetist 
usually knows when enough time has 
been passed.

3. Confirm unresponsiveness and absence of 
brainstem reflexes, including:

 (a) Absence of pupillary reflexes.
 (b)  Absence of corneal reflexes. (Be sure not 

to damage the cornea; it may be donated 
later. A drop of sterile saline can be used 

Fig. 3.2  Summary figure of multimodal neuroprog-
nostication after cardiac arrest. Prior to prognostication, 
confounders that may interfere with clinical exami-
nation must be excluded, including sedation, muscle 
relaxants, hypothermia, hypoxemia/hypercapnia, pro-
found hypotension, sepsis, and metabolic abnormalities 
including low blood sugar. Repeating neuroimaging, 

electroencephalography, and blood biomarkers and a suf-
ficiently long clinical observation period help to uncover 
favorable and unfavorable trajectories. Adapted with 
permission from Kondziella (2023). The figure was cre-
ated with biorender.com. NSE, neuron-specific enolase; 
SSEP, somatosensory-evoked potentials, TTM, targeted 
temperature management
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for assessment of the corneal reflexes 
instead of a cotton swab.)

 (c) Absence of gag reflex.
 (d)  Absence of vestibulo-ocular and oculoce-

phalic reflexes.
 (e)  Absence of motor response in the face 

or the extremities following facial (e.g., 
supraorbital pressure) and distal (e.g., 
pressure on the nail beds in all extremi-
ties) painful stimulation. Observe that 
flexor and extensor posturing are brain-
stem reflexes, and, if present, they are not 
consistent with brain death. In contrast, 
certain spontaneous limb movements 

(Lazarus movements), deep tendon 
reflexes, and the triple flexion response 
(see above, Sect. 3.3) are spinal reflexes, 
and their presence therefore does not 
exclude brain death.

 (f)  Absence of autonomic responses follow-
ing painful stimulation, e.g., absence of 
pupillary dilation and tachycardia.

 (g)  When a lack of the brainstem reflexes 
listed above has been confirmed, an 
apnea test is performed to demonstrate 
the inability of the brainstem to trigger 
spontaneous breathing in the presence of 
hypercapnia. Confirm that the patient has 

3.8 Examination of the Comatose Patient

a

b

c

Case 3.13  Dialysis disequilibrium syndrome. A 
32-year-old woman had received a kidney transplant 
because of renal failure and glomerulonephritis 6 years 
prior to presentation. Due to major depression, the 
patient had stopped taking all medication for 2 months 
prior, leading to acute uremia and failure of the renal 
transplant. Following onset of hemodialysis, the patient 
became comatose (GCS 3, FOUR 2 (e0, m0, brainstem 
1, respiration 1)). CT showed generalized cerebral edema 
and enlargement of the temporal horns of the lateral 
ventricles (a, also note the external ventricular drain). 
A diagnosis of PRES associated with the dialysis dis-
equilibrium syndrome was made. MRI DWI and ADC 
showed vital brain tissue except for a minor right-sided 
PCA stroke (b). In order to prevent further brain swell-
ing due to osmotic shift, intermittent hemodialysis was 

stopped, and continuous renal replacement therapy was 
started instead. Decompressive occipital craniotomy was 
contemplated but not performed. The same evening, ICP 
increased to > 70 cm H2O. CT showed worsening brain 
edema leading to incarceration (c). Dialysis disequilib-
rium syndrome is a rare but potentially serious compli-
cation of hemodialysis. Signs and symptoms vary from 
mild headache to coma and death. White matter lesions 
are thought to represent interstitial edema derived from 
osmotic shift, but the exact mechanisms remain poorly 
understood. Other neurological syndromes associ-
ated with hemodialysis include subdural hematoma, 
Wernicke’s encephalopathy, carpal tunnel syndrome, and 
dialysis dementia. Fortunately, the latter is rare nowadays 
due to the use of aluminum-free dialysate
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normal body temperature, sufficient blood 
pressure, and blood volume as well as a 
normal PaCO2 and PaO2. Prevent hypox-
emia by preoxygenating the patient with 
100% oxygen for 10 min while on the 
ventilator and by delivering oxygen at  
6 L/min through a catheter in the tracheal 
tube after disconnection from mechanical 
ventilation. When the patient is removed 
from the ventilator, observe for (the lack 
of) spontaneous respiratory movements 
for at least 10 min and then demonstrate 
hypercapnia by arterial blood gas meas-
urement. During the test, the PaCO2 
should reach > 8 kPa in order to be con-
sistent with brain death.

4. As a rule, confirmatory paraclinical investiga-
tions are only needed if the situation remains 
unclear, e.g., with severe facial trauma render-
ing brainstem reflex assessment impossible, 
but again—this depends on the local protocol 
and legislature. Testing is performed to dem-
onstrate either absence of cerebral blood flow 
or loss of electrical cerebral activity:
(a)  Absence of intracerebral circulation. Four-

vessel cerebral angiography, CT angiogra-
phy, transcranial Doppler sonography, and 
radionuclide cerebral blood flow (CBF) 
studies can be used. In some countries, 
cerebral angiography is mandatory to con-
firm nontraumatic brain death (Case 3.14).

(b)  Absence of electrical activity. Thirty 
minutes of silent EEG registration 
together with bilateral absence of N20/
P22 response on SSEP examination are 
consistent with brain death if the mini-
mum technical standards suggested by 
the American Clinical Neurophysiology 
Society are met.11

Figure 3.3 summarizes a brain death protocol 
example (from Denmark).

3.9  Examination of the Patient 
with an Acute Ischemic Stroke

The National Institutes of Health Stroke Scale 
(NIHSS) was created in the late 1980s (and 
updated in the 1990s) to detect treatment-related 
differences in clinical trials and to measure 
right- and left-sided cerebral hemispheric func-
tion. However, with the advent of acute treatment 
options for ischemic stroke (intravenous thrombol-
ysis, mechanical thrombectomy), the NIHSS has 
become the standard scale to evaluate and moni-
tor stroke patients in emergency settings because 
it is fast and valid, requires little practice, and has 
an acceptable inter-rater reliability. It is provided 
free of charge by the National Institutes of Health 
(ninds.nih.gov/doctors/NIH_Stroke_Scale.pdf), 
including online user certification. There are, how-
ever, a few pitfalls that should be recognized:

1. The NIHSS tends to underestimate patients 
with right hemispheric stroke. Of the 42 pos-
sible points on the NIHSS score, 7 points 
are related to language function (assessment 
of orientation, command following, and 
aphasia) but only 2 to neglect. Since the left 
hemisphere is the language-dominant hemi-
sphere in right-handed persons (≥90% of the 
population) and in 60% of left-handed per-
sons, the NIHSS measures the severity and 
size of strokes in the right hemisphere differ-
ently than strokes in the left hemisphere. For 
instance, an NIHSS score of 16–20 is associ-
ated with a median infarct volume of around 
50 mL for patients with a left hemisphere 
stroke and around 130 mL for patients with 
a right hemisphere stroke. Similarly, 6 h 
after symptom debut, the minimum baseline 
NIHSS score for fatal brain swelling in left 
hemisphere strokes is 20 as compared with a 
score of 15 for right hemisphere strokes.

2. The NIHSS is not designed for patients with 
posterior circulation stroke. In contrast to 
anterior circulation stroke, posterior circu-
lation stroke has a fluctuating course much 
more often. Patients with basilar artery 
thrombosis may have minor symptoms for 11 For discussion of SSEP and other evoked potentials, 

see Chap. 5.
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Case 3.14  Fatal cerebral edema due to inborn error 
of metabolism. Following a period of gastroenteritis, a 
15-year-old boy developed rapidly progressive, ascending 
tetraplegia with acute respiratory failure and severe lac-
tic acidosis over 2 days. He was admitted with a working 
diagnosis of GBS. However, MRI showed hyperintense 
signal changes with decreased diffusion centrally in the 
brainstem, mesencephalon (a, sagittal T2), basal nuclei 
including the thalami, mesial temporal lobes, and cer-
ebral cortex (b, axial DWI), as well as in the spinal cord 
(c, sagittal T2). His medical history was notable for slightly 
delayed motor milestones, a several weeks long period of 
severe encephalopathy and generalized weakness follow-
ing a gastrointestinal infection at the age of 4, as well as 
aversion for meat and other high-protein foods. Metabolic 
screening revealed diagnostic levels of increased leucine, 
isoleucine, and valine, consistent with the intermittent form 
of maple syrup urine disease (MSUD). Despite immedi-
ate treatment with low-protein diet (to reduce catabolic 
metabolism), dialysis (to decrease toxic branched-chain 
amino acid levels), and parenteral thiamine substitution, 
the patient developed fatal brain edema within a few hours 

(d, unenhanced CT). Clinical examination was consist-
ent with brain death, and digital subtraction angiography 
confirmed this by showing absent intracranial circulation 
(e). MSUD is an autosomal recessively inherited enzyme 
defect that leads to massive accumulation of leucine in the 
body. In the intermittent form of MSUD, patients may do 
well during most of their lives, but acute metabolic stress-
ors such as gastrointestinal infections put them at risk. 
Cerebral edema is a typical terminal manifestation. MSUD 
belongs to the so-called inborn errors of metabolism (IBM) 
which are caused by deficiencies in enzymes or other pro-
teins involved in cell metabolism. They can present at any 
age from infancy to late adulthood. Late-onset presenta-
tions are often triggered by seemingly unspecific factors 
such as benign fever episodes, surgery, or prolonged peri-
ods of exercise or fasting. IBM presenting acutely in adults 
or adolescents can roughly be divided into (i) intoxica-
tion syndromes such as hyperammonemias, hyperhomo-
cysteinemias, aminoacidopathies, and organic acidurias 
and (ii) disorders of energy metabolism such as fatty 
acid β-oxidation defects and cerebral glucose transporter 
(GLUT1) deficiency. MSUD belongs to the first category
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many hours, days, or even weeks, and despite 
a low NIHSS, they are in danger of suffering 
fulminant brainstem infarction.

3. Some items (e.g., ataxia, consciousness) have 
a low inter-rater reliability. Frequent issues 
of uncertainty include, for instance, how 
to assess the level of consciousness if the 
patient is intubated, how to rate orientation 
if the patient is aphasic, how to rate ataxia in 
a patient with a paretic limb, and how to rate 
dysarthria if the patient is aphasic. Fortunately, 
the original instructions by the National 
Institutes of Health offer guidance here:
(a) When assessing the level of conscious-

ness, “the investigator must choose a 
response if a full evaluation is prevented 

by such obstacles as an endotracheal tube, 
language barrier, orotracheal trauma/
bandages. A 3 is scored only if the patient 
makes no movement (other than reflex-
ive posturing) in response to noxious 
stimulation.”

(b) When rating the level of orientation, it is 
important to note that the “answer must be 
correct—there is no partial credit for being 
close. Aphasic and stuporous patients who 
do not comprehend the questions will 
score 2. Patients unable to speak because 
of endotracheal intubation, orotracheal 
trauma, severe dysarthria from any cause, 
language barrier, or any other problem 
not secondary to aphasia are given a 1. It 

Fig. 3.3  Example of a brain death protocol (Denmark). 
While brain death protocols vary widely, most fol-
low the outlined three-step approach, i.e., documenta-
tion that the prerequisites for a brain death protocol are 
fulfilled (red), clinical examination (yellow) and—if 

required—confirmation by ancillary testing (green). The 
present example is in accordance with the legislation in 
Denmark; thus, readers are advised to check with their own 
local or national protocols. Figure adapted with permission 
from Kondziella (2020), and created using biorender.com
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is important that only the initial answer be 
graded and that the examiner not ‘help’ the 
patient with verbal or non-verbal cues.”

(c) When examining for ataxia, one must 
remember that this “item is aimed at find-
ing evidence of a unilateral cerebellar 
lesion. Test with eyes open. In case of visual 
defect, ensure testing is done in intact visual 
field. The finger–nose–finger and heel–shin 
tests are performed on both sides, and ataxia 
is scored only if present out of proportion 
to weakness. Ataxia is absent in the patient 
who cannot understand or is paralyzed.”

(d) With respect to sensory function, “a score of 
2 […] should only be given, when a severe 
or total loss of sensation can be clearly 
demonstrated. […] Stuporous or aphasic 
patients will, therefore, probably score 0 
or 1. If the patient does not respond and is 
quadriplegic, score 2. Patients in coma […] 
are automatically given a two on this item.”

(e) In order to evaluate for dysarthria in a 
patient with aphasia, rate the “clarity 
of articulation of spontaneous speech.” 
The patient has a severe dysarthria and 
scores 2, if the speech is “so slurred as to 
be unintelligible in the absence of or out 
of proportion to any dysphasia, or [if the 
patient] is mute/anarthric.”

3.10  Examination of the Patient 
with an Epileptic Seizure

The patient presenting with an acute general-
ized epileptic seizure should be assessed imme-
diately according to the ABC approach. Secure 
the airway and give oxygen. If possible, place 
the patient in the lateral recovery position to pre-
vent him from harming himself. Do not attempt 
to put anything in the patient’s mouth. Most 
seizures are self-limiting. However, if convul-
sions continue for more than 5 min (or the pre-
cise onset of the seizure is unknown, e.g., if the 
patient is admitted to the emergency department 
while having seizures), the protocol for status 
epilepticus as outlined in Chap. 6 must be fol-
lowed. Ask for immediate anesthesiological 

assistance, if necessary. Do not leave the 
patient unattended after the seizure has stopped; 
decreased consciousness and postictal confusion 
may put the patient at risk.

3.10.1  Taking the History of a Patient 
with a Seizure

The neurologist assessing the patient present-
ing with a seizure or with a history of a recent 
seizure should attempt to answer three essential 
questions:

• Did the patient have a true epileptic seizure, 
or was it a nonepileptic event?

• If it was an epileptic seizure, was it an acute 
symptomatic (provoked) or an unprovoked 
(spontaneous) seizure?

• If it was an epileptic seizure, was it a primar-
ily generalized or a focal seizure (with or 
without secondary generalization)?

An accurate and detailed description of the 
course of the seizure (seizure semiology) is key 
to the diagnosis and classification of the epi-
lepsy syndrome. The presence or absence of the 
following features needs to be clarified:

• Motor symptoms (localized or generalized; 
symmetric or asymmetric; tonic, clonic, 
atonic, myoclonic)

• Sensory symptoms (olfactory, gustatory, 
auditory, visual, proprioceptive)

• Psychic symptoms (e.g., fear, depression, 
euphoria, déjà vu, jamais vu, twilight state)

• Autonomic symptoms (e.g., palpitations, dia-
phoresis, facial flushing)

• Automatisms (e.g., oroalimentary automa-
tism, stereotypical hand movements).

Importantly, sensory and psychic symptoms 
are called aura and can only be described by the 
patient himself. Often the patient is not aware 
that these symptoms represent an epileptic sei-
zure or are part of an epileptic seizure and there-
fore does not report them spontaneously, hence 
the need to actively enquire about them.

3.10 Examination of the Patient with an Epileptic Seizure

ALGrawany
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If the patient has amnesia for the seizure 
itself, it is useful to ask about the last memory 
before losing consciousness and the earliest 
memory upon regaining it. However, as impor-
tant as the account from the patient is, the 
information that a witness can provide is also 
essential. Therefore, a detailed description of the 
event from paramedics, relatives, and other wit-
nesses is crucial. If a witness is not present at the 
emergency department, the neurologist should 
ask for cell phone numbers and make phone calls 
as early after the event as possible. Important 
information may be missed if questioning of 
witnesses is postponed. A detailed history and 
description of the seizure event has to be estab-
lished before the patient is discharged because 
reports by the patient during a later follow-up 
visit in the outpatient clinic are usually less 
exact. The following questions should be posed:

• When did the seizure happen? What exactly 
did the patient do in the minutes preceding 
the seizure?

• What happened at the beginning of the sei-
zure? Was there an onset with focal symp-
toms, suggesting a focal lesion?

• Did the patient experience any discomfort, 
nausea, light-headedness, vertigo, chest pain, 
palpitations, or aura? Nonepileptic events must 
always be considered in the differential diag-
nosis. With simple fainting, for instance, the 
typical symptoms progress from dizziness, 
sweating, dimming of vision, possibly tinnitus, 
and leg weakness to loss of vision and con-
sciousness (blackouts) and physical collapse.

• What happened later during the seizure? Was 
there a spreading of convulsions? How long did 
the seizure last? Was consciousness impaired 
or lost? Did the patient hurt herself? Did the 
patient experience urinary or fecal incontinence, 
postictal confusion, and muscle pain? Did the 
patient bite his tongue, and if so, are the bite 
marks on the side of the tongue (suggesting a 
true epileptic seizure) or at its tip (suggesting a 
syncope or psychogenic nonepileptic seizure)?

If the patient does not have a prior diagnosis 
of epilepsy, it is important to establish whether 
the present seizure indeed was the first seizure or 

if the patient has had earlier events suggestive of 
epileptic seizures. Importantly, the patient may 
have had several focal seizures without impair-
ment of consciousness during the days or weeks 
preceding the first seizure with secondary gen-
eralization. Often the patient is not aware that 
these events have been due to epileptic activity 
and indeed are the key to establishing the diag-
nosis of epilepsy. Therefore, the neurologist 
must make every attempt to enquire about them:

• If the patient has had earlier epileptic events, 
when did they happen, how many times and 
in which situations?

• Are earlier events consistent with the semiol-
ogy of the present seizure, or does the patient 
have two or even more seizure types? Again, 
witnesses such as spouses, friends, parents, 
and colleagues should be questioned.

The neurologist should enquire for possible 
predispositions to epilepsy, including a positive 
family history, perinatal or postnatal brain inju-
ries, prolonged fever seizures during childhood, 
and abuse of alcohol or illicit drugs. Metabolic 
disturbances and intoxications are “accepted” 
as possible provoking factors, but importantly, 
sleep deprivation, hunger, and emotional stress 
are not. A detailed general medical history is 
important. Also, if the patient has an established 
diagnosis of epilepsy, it is crucial to know about 
the presence of antiepileptic therapy, possible 
drug interactions, and recent treatment modifi-
cations, as well as patient compliance. Of note, 
one should never make a diagnosis of “probable 
epilepsy” because the circumstances of the sei-
zure “were unclear”—this suggests that the his-
tory taken by the neurologist was inadequate.

3.10.2  The Examination 
and Management of a Patient 
with a Seizure

Following a seizure, the patient is assessed for 
signs of trauma, dental injuries, (lateral) tongue 
biting, drug or alcohol withdrawal (tachycardia, 
tremor, sweating), and infection (fever, nuchal 
rigidity), as well as impairment of consciousness 
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and orientation. The neurological examination 
may reveal a focal deficit (e.g., Todd’s pare-
sis), suggesting an underlying structural cause. 
Cardiological evaluation is necessary to rule out 
orthostatic hypotension, cardiac arrhythmias, 
congestive heart failure, and valvular pathology.

Routine laboratory investigations include 
electrocardiography, cardiac telemetry, blood 
tests (e.g., glucose, electrolytes, hematology, 
infectious parameters, and liver, kidney, and thy-
roid function tests), and neuroimaging (prefer-
ably MRI with epilepsy protocol). CSF analysis 
should be performed if the possibility of a suba-
rachnoidal hemorrhage, neuroinfection or an 
autoimmune encephalitis cannot be ruled out. All 
patients with suspicion of an epileptic seizure 
require evaluation by EEG at some point; early 
assessment following the seizure may increase 
the diagnostic yield (Chap. 5). Measurement of 
serum levels of antiepileptic drugs (AED) can be 
useful under certain circumstances (Chap. 5).

Patients with an alarming seizure frequency, 
new focal deficits, or prolonged impairment of 
consciousness should be admitted to the ward. 
Also patients with acute symptomatic epileptic 
seizures usually require in-hospital evaluation 
because of the underlying pathology. In addition, 
patients with possible cardiac arrhythmias require 
telemetry and timely cardiological follow-up. 
Driving is prohibited for all patients following an 
acute seizure, and this should be discussed with 
the patient prior to discharge and documented in 
the charts. The regulations of driving prohibition 
vary from country to country, and the clinician 
should be familiar with the national laws and rules.

The differential diagnosis and treatment of 
epilepsy and nonepileptic events are discussed 
in Chaps. 4  and  6, respectively.

3.11  Examination of the Patient 
with Functional/Nonorganic 
Deficits

The examination of the patient with functional 
deficits requires experience. Opportunities for 
gaining practice, however, are plenty. It has been 
suggested that one-third of all outpatients and 
10% of all inpatients presenting to a general 

neurological department have symptoms that are 
mainly or exclusively functional. Patients with a 
functional disorder often have some sort of psy-
chological condition or problem in their past or 
present history. Be careful when diagnosing func-
tionality in patients lacking such a history, espe-
cially in the elderly.12 However, a psychological 
condition can be difficult to detect; alexithymia 
may contribute to functional symptoms in patients 
who apparently lack any psychological problem.13

Even though all kinds of people regard-
less of socioeconomic background present with 
functional deficits, two types of behaviors are 
encountered particularly often:

• La belle indifference describes the patient 
who seems happy and unconcerned despite 
an apparently severe handicap. This patient 
smiles and involves the physician in a friendly 
chat even though he is unable to walk and has 
been bound to a wheelchair since yesterday. 
Such a patient tends to give a highly vague 
history, drifting away during conversation, 
forcing the examiner to constantly remind 
him to focus on the questions being posed. 
Complaints vary from one conversation to the 
next. A bewildering feature is that the most 
severe complaints are often referred to in 
passing or during the very end of the conver-
sion. (“Oh, of course, you must know that I 
can’t walk anymore, haven’t they told you?”)

• The other extreme is the highly concerned 
patient (who usually has fierce support from 
a relative), who is perseverating, completely 
fixed in her view of the situation, and stub-
bornly blocks any attempts by the exam-
iner to focus on positive issues. (“Hey doc, 
you see that I can’t walk, how can you tell 
me you’re certain this will improve?”) The 

3.11 Examination of the Patient with Functional/Nonorganic Deficits

12 Developing a functional disorder out of the blue in 
later life would be unusual. In the elderly without a his-
tory of a psychological condition of any kind, vague 
complaints about physical symptoms often mask a 
depressive disorder or a beginning dementia.
13 Alexithymia (Greek, “not being able to read emo-
tions”) is impaired processing of emotions at the cogni-
tive level; e.g., patients report physical signs of panic or 
anxiety, but they are not aware of any stressful feelings.
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patient usually shows an overtly hostile atti-
tude toward the healthcare system despite 
constantly consulting new physicians.

As with any other patient, the examination starts 
with the history. Take a social history but make 
sure to be entirely empathetic and tactful because 
making up for lost confidence is nearly impossi-
ble. Always search for positive findings, e.g., clues 
to a former or present psychological conflict, and 
inconsistency in the way the patient communicates 
his problems. Do not take all prior medical diag-
noses for granted. Ask about sleep disturbance, 
fatigue, chronic pain, and concentration difficul-
ties. However, not all patients suffer from these 
symptoms; exceptional patients with (overlooked) 
functional disorders are energetic enough to com-
pete in the Paralympics (David 2016).

Although the patients usually are eager to give 
the examiner detailed descriptions of their defi-
cits, it is often even more informative to find out 
what they actually still can do. How is it possible 
for a patient with complete paraplegia to go to the 
bathroom without any great difficulties despite 
lack of a wheelchair and personal assistance?

If the working diagnosis is one of a func-
tional disorder, the neurological examination 
serves three purposes:

1. To demonstrate the integrity of the nervous 
system and its function

2. To demonstrate, if possible, that symptoms 
are not compatible with the rules of anatomy 
and physiology

3. To demonstrate, if possible, that symptoms 
are accessible for suggestibility and vanish or 
improve with distraction.

Findings on the examination that are incom-
patible with nervous system anatomy and physi-
ology are, e.g., claims from the patient that 
numbness is projected precisely in the body 
midline despite the fact that the examiner pulls 
the skin a few centimeters over to the other body 
side. Further, it is incompatible with nervous 
system physiology when the examiner grasps 
the patient’s trembling hand in order to fixate the 
forearm, and the tremor immediately becomes 

worse and “jumps over” to the upper arm. (This 
is the so-called chasing the tremor phenom-
enon.) Distraction such as counting backward, 
in contrast, will usually make parkinsonian 
tremor worse, but tremor of nonorganic origin 
better. Also, functional tremor tends to change 
frequency when the patient is asked to make a 
rhythmical movement with the other limb. Both 
limbs will then synchronize. Balance prob-
lems often improve with distraction or when the 
patient believes that he is no longer under obser-
vation. For instance, a patient who is not able to 
perform Romberg’s test may stand perfectly still 
despite closed eyes if the neurologist asks him 
at the same time to decipher the numbers that he 
“writes” with his finger on the patient’s forehead.

Functional disorders can mimic even com-
plex dysfunctions such as oculomotor palsies, an 
example being convergent spasm that simulates 
uni- or bilateral CN VI palsy. Functional disor-
ders have a tendency to wax and wane. This is 
also true for nonorganic gait disorders. Always 
try to observe the patient before or after the 
consultation when he believes he is not being 
watched; it is amazing how often a gait disorder 
suddenly can disappear. Severe functional gait 
disorders may at times confine the patient to bed. 
Astasia–abasia denotes a condition in which the 
patient is unable to walk and stand despite nor-
mal bedside examination of power, sensation, 
and balance. Occasionally symptoms may van-
ish with magic words from the examiner. (“If 
I press on this point on your right shoulder you 
will be able to lift your arm again.”) The patient 
with functional paresis characteristically has nor-
mal muscle tone and normal reflexes. Often the 
examiner will find an inverted pyramidal pattern 
of weakness in the legs; i.e., the extensors will 
be weaker than the flexors. The patient will often 
say that plantar flexion of the foot (mediated by 
the tibial extensor muscles) is not possible during 
formal power testing at the bedside, but she will 
have no problem walking on her toes.

During formal testing of muscle power, many 
patients demonstrate the give-way phenomenon, 
which occurs when the examiner suddenly exerts 
force on the patient’s limb and the patient reacts 
intuitively with powerful resistance that, however, 
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immediately fades away. In addition, a limb that 
is left hanging in the air may hover for a second 
or so above the bed before collapsing. Another 
highly useful sign is Hoover’s sign, which can 
unveil functional palsy of the lower extremities.

The following is a variant of Hoover’s sign 
that is somewhat more reliable than the origi-
nal examination technique. Consider a patient 
with a functional paresis of the left leg who lies 
supine on the examination table. Stand before 
the patient and put both hands between the table 
and the patient’s feet. Ask the patient to press the 
weak (left) leg down on the examination table 
and against your right hand. The examiner will 
feel no muscle contraction and no effort of volun-
tary hip extension. Then ask the patient to lift his 
left leg against resistance provided by the exam-
iner’s right hand, which is now placed on top of 
the leg. This should usually evoke simultaneous 
involuntary hip extension of the contralateral 
right hip, but the examiner’s left hand between 
the examination table and the right foot will still 
not feel any pressure. (In contrast, forceful exten-
sion of the contralateral hip is felt in patients with 
true palsy of the left leg who attempt to lift the 
paralyzed limb.) However, when the patient is 
asked to lift the right leg against resistance, the 
examiner will suddenly feel that the patient unin-
tentionally presses the left leg down against the 
examination table. This is due to the fact that hip 
flexion always induces contralateral hip exten-
sion. Hoover’s sign is sometimes easier to elicit 
with the patient in the sitting position.

In a patient complaining of sensory distur-
bances, it may be helpful to assess vibration on 
the right and left side of the forehead. Since the 
tuning fork induces vibration of the whole of the 
frontal bone, there should be no lateralization of 
sensation; yet this is precisely what the suggest-
ible patient reports.

In psychogenic coma, the patient usually 
has his eyes closed and often actively resists the 
examiner’s attempt to open them. The exam-
iner should never apply truly painful stimuli in 
a patient with psychogenic coma (this will only 
destroy the neurologists further standing); it is 
sometimes amazing, however, how easily one 
can wake up “comatose” patients by rubbing 

their sternum repeatedly. Also, when the exam-
iner holds the hand of a patient in a psychogenic 
coma above or behind the patient’s head, the 
hand will most often not fall down according to 
the laws of gravity, but it will “miraculously” find 
its way back to the side of the body. In addition, a 
vibrating tuning fork, held at the ear of the patient 
sounds like a furious wasp, an unexpected stimu-
lus that often will provoke some kind of reaction. 
The ultimate test to diagnose psychogenic coma 
is to flush the ear canal with ice water: In truly 
comatose patients, this may produce tonic eye 
deviation (if the vestibulo-caloric reflex is intact), 
but with psychogenic coma this will also produce 
a compensatory coarse nystagmus in the oppo-
site direction, as well as a strong sense of nausea 
(which is why this test should only be used in the 
most extreme cases of psychogenic coma).

For PNES see Chap. 4.
Memory deficits are sometimes also func-

tional. Worries of developing dementia are very 
common. Prolonged retrograde memory loss 
with normal anterograde memory (fugue state), 
in contrast, is highly unusual and typically due 
to a functional disorder.

Importantly, many, if not most, patients will 
remember the neurologist not for what she said 
but for how it was said. Accept that the patient 
indeed has a handicap but encourage the patient 
to continue with their life in an unrestricted man-
ner. Focus on the integrity of the nervous system 
and the fact that no organic disorder prevents 
restoration of function. (“This is a software prob-
lem, not a hardware problem.”) A complete and 
thorough neurological bedside examination can 
be of striking therapeutic value in a patient with 
psychogenic symptoms. Also, the offer to see the 
patient again in 6 months’ time is often helpful. 
The path between overambitious diagnostic pro-
cedures on one side and therapeutic diagnostic 
procedures on the other is narrow. Any labora-
tory examination may consolidate the concerns 
of the patient that something is wrong, but then 
again, many patients will insist on having an 
MRI or other tests done, and they might not be 
able to relax without them taking place. If the 
neurologist is certain that the diagnosis is a func-
tional disorder, it is usually advisable to either 

3.11 Examination of the Patient with Functional/Nonorganic Deficits
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proceed immediately with the relevant laboratory 
procedures or to set a stop for them altogether. 
If one agrees to order a diagnostic procedure, it 
can be wise to make a deal with the patient that 
no other tests will be conducted. Bear in mind 
that with neuroimaging, unexpected (and often 
unpleasant) findings may occur in 10–15% of 
cases. For instance, an incidental pineal cyst or 
an unforeseen meningioma can require follow-up 
controls, and this can have devastating effects on 
quality of life and social functioning.

The single best prognostic factor regarding 
outcome of functional deficits is whether the 
handicap still remains after the consultation or 

discharge from the hospital. Thus, a patient with 
a functional gait disorder leaving the hospital in 
a wheelchair has a rather poor prognosis. If the 
patient has managed to regain a normal gait pat-
tern (usually with help from an empathetic phys-
iotherapist), the long-term outcome is good.

Once again, be humble in light of the fact 
that all neurologists do mistake organic dis-
orders for functional disorders at some time. 
The diagnosis of a functional disorder by an 
experienced neurologist has perhaps a 5–10% 
likelihood of being false. This of course is not 
necessarily the same as overlooking a dangerous 
disease (Case 3.15). There are many examples 

a b

Case 3.15  Wartenberg’s migrant sensory neuritis. A 
35-year-old female was referred for a second opinion 
because of transitory sensory symptoms. She had been 
evaluated at another institution for possible multiple 
sclerosis, but MRI of the brain, a lumbar puncture, and 
nerve conduction studies had been normal. Therefore, 
she had received a diagnosis of functional complaints, 
which she found very embarrassing. Six months earlier 
she had experienced intense pain in the right lower limb 
while walking. For 6 h, the pain occurred with each dor-
siflexion of the foot and vanished with plantar flexion 
(a). Following this, an area with decreased sensation 
remained for several months (b). During examination, 

hypesthesia was found within the distribution of the right 
superficial peroneal nerve as well as of the digital nerve 
to the medial border of the right first finger. The remain-
der of the neurological examination was normal. On 
follow-up, the patient reported several new episodes of 
intense but brief pain upon stretching of the extremities, 
followed by numbness in the respective areas that could 
last for up to several months (c). Repeated nerve con-
duction studies were normal except for decreased sen-
sory nerve action potentials of the right peroneal nerve. 
Because of the typical complaints and the characteristic 
evolution of the symptoms, the patient was diagnosed 
with WMSN
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of disorders that formerly were believed to be 
functional, classical examples being blepha-
rospasm and other focal dystonias, paroxysmal 
dyskinesias, the restless legs syndrome, and 
autoimmune disorders such as the stiff limb 
syndrome. Another typical example is orthos-
tatic tremor in middle-aged women; unsteadi-
ness while standing but not while walking is 
often believed to be functional in origin (see 
Chap. 4). Likewise, patients with Ehlers–Danlos 
syndrome may be diagnosed as having fibro-
myalgia. Other recent discoveries include the 
painful Na-channelopathies due to mutations in 
voltage-gated sodium channels (gain-of-function 
SCN9A mutations), resulting in erythromelalgia 
and paroxysmal extreme pain disorder. Even a 
patient with a clear functional deficit may suf-
fer at the same time from an organic disease, 
and an “organic core” may be hidden beneath 
nearly every functional symptom. Do not make 
a diagnosis of a functional disorder just because 
the patient has a known psychiatric condition. 
Most patients who exaggerate their symptoms 

do so because they are anxious that they will not 
be believed. Malingering and factitious disorders 
such as Munchhausen syndrome are rare.
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Differential Diagnosis: “What Is 
the Lesion?”

Abstract

Following the history and bedside examina-
tion, the anatomic localization of the lesion 
should have been identified, and the neurolo-
gist can proceed with a differential diagnosis. 
This is usually straightforward by taking into 
account information related to epidemiology, 
comorbidities, hereditary predispositions, 
and occupation, as well as the time course of 
the disorder. For instance, hyperacute onset 
of deficits is characteristic for cerebrovas-
cular disease, subacute onset for infectious 
and inflammatory disorders, and prolonged 
onset over weeks or months for malignancy. 
A chronic progressive course over years is 
indicative of neurodegenerative diseases. 
However, occasionally, a slowly progressing 
illness comes rather suddenly to the atten-
tion of the patient because the declining level 
of function has been exposed by an unusual 
activity or event. If important data are una-
vailable, early fixation on a single differential 
diagnosis should be avoided due to the risk 
of overlooking important details. This chap-
ter provides a simple yet comprehensive dif-
ferential diagnosis of most of the disorders 
encountered in neurological practice. Further, 
it makes extensive use of mind maps in order 
to enable the reader to approach and visualize 
the differential diagnosis of each neurological 
field in a structured and intuitive manner.

Keywords

Ataxia · Cognitive impairment · Coma · 
Dementia · Demyelinating diseases · 
Differential diagnosis · Encephalopathy · 
Epilepsy · Headache · Head injury · 
Infectious diseases · Malignancy · Motor 
neuron disease · Movement disorders · 
Myelopathy · Myopathy · Neuromuscular 
junction disorders · Peripheral nerve 
disorders · Sleep disorders · Stroke · 
Syncope · Vertigo

4.1  Introduction to Heuristic 
Neurological Reasoning

When the anatomic localization of a lesion has 
been identified, it is often straightforward to 
deduce its etiology using the available data on 
the time course, epidemiology, comorbidity, and 
genetic predispositions, including:

• Hyperacute and acute onset of deficits points 
toward a cerebrovascular cause.

• Subacute onset over hours or days is character-
istic for infectious and inflammatory disorders.

• Prolonged onset over several weeks or 
months may suggest malignancy.

• A chronic progressive course over many years 
is indicative of neurodegenerative diseases. A 
complete family history can be crucial.
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• Most diagnostic errors are made not because 
of limited medical knowledge but because of 
failure to acquire and correctly analyze basic 
clinical information. Definitive data from the 
history and clinical examination should not 
be diluted by unclear data. In other words, 
localization and diagnosis should be based on 
what is reasonably certain.

• When several typical features of a disease 
are lacking, it is likely that the diagnosis is 
wrong. Yet, rare manifestations of common 
diseases are more often encountered than 
common manifestations of rare diseases. 
(This is one of the most rephrased statements 
in clinical medicine but still remains true.)

• Overreliance on isolated ancillary investiga-
tions, in particular when these are interpreted 
outside of the clinical context, is another com-
mon source of diagnostic error (Case 4.1).

• Particularly in the field of stroke, it is there-
fore important to be aware of “mimics” and 
“chameleons” (Case 4.2).

• Familiarity with Occam’s razor, Hickam’s 
dictum, and Crabtree’s bludgeon is helpful 
for neurological differential diagnosis.1

– Occam’s razor (“entities must not be mul-
tiplied beyond necessity”). When evaluat-
ing a patient with multiple symptoms, a 
single diagnosis explaining all features 
should be sought rather than several unre-
lated diagnoses. For instance, in a young 
male with gait ataxia, dysarthria, sco-
liosis, diabetes, and deafness, a diagno-
sis of Friedreich’s ataxia would elegantly 
explain the combination of absent tendon 
reflexes in the lower extremities (suggest-
ing a peripheral lesion) and extensor plan-
tar responses (suggesting a central lesion).

• Relapsing-remitting deficits are seen with 
autoimmune and inflammatory diseases.

• Short-lived phenomena of acute onset with 
“positive” signs that leave no residual defi-
cits and that may reappear after hours, days, 
weeks, or even longer periods can be due to 
epilepsy, migraine, narcolepsy, and other par-
oxysmal disorders.

The setting in which the illness developed is 
often as important as the mode of onset and the 
clinical course. A good rule is to ask the patient 
precisely what she was doing the exact moment 
she noticed her symptoms for the first time. 
However, it is important to be aware of the fact 
that a slowly progressing illness occasionally 
comes rather suddenly to the attention of the 
patient because he has not noticed the declining 
level of function until it is exposed by an unusual 
activity or event. Such a “decompensation arti-
fact” (Oluf Andersen, Gothenburg, Sweden, per-
sonal communication) might occur, for instance, 
when a patient with mild cognitive impairment 
(MCI) due to AD develops a postsurgical delir-
ium or when a patient with a compressive mye-
lopathy due to a thoracic meningioma falls while 
running for the bus. In both instances, a careful 
history is crucial in order to avoid believing that 
symptom onset was sudden and to avoid attrib-
uting the cause to an external event. Also, some 
patients with a chronic, stable deficit present 
to the neurologist complaining of progressive 
impairment, but a careful history may reveal that 
they have simply begun to worry more.

The following rules help to avoid diagnostic 
confusion:

• To get an overview, differential diagnoses 
can be generated by retrieving them from dif-
ferent “boxes”: cerebrovascular, infectious, 
inflammatory, malignant, degenerative, struc-
tural, metabolic, etc.

• The differential diagnoses should then be 
ranked according to (a) pretest probabil-
ity, (b) severity, and (c) treatment options 
(“Which diagnosis is most likely?”; “Which 
diagnoses are particularly serious?”; “Which 
are treatable?”).

1 William Occam (1285–1348) was an English 
Franciscan friar, philosopher, and theologian; John 
Hickam (1914–1970) was departmental head of medicine 
at Indiana University (IN, US) and a pioneer of retinal 
fluorescein angiography; Crabtree was a fictitious fig-
ure created in the 1950s by a group of British scientists 
and based on Joseph Crabtree (1754–1854), a poet from 
Gloucestershire, England, UK.
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a b

c d

Case 4.1  Herpes simplex encephalitis misdiagnosed as 
stroke, stroke misdiagnosed as herpes simplex encephali-
tis. A 32-year-old female with an unremarkable previous 
medical history was found unconscious in her apartment 
and brought to the hospital. A CT showed a right-sided 
hypodensity which was interpreted as a right MCA stroke 
by the radiologist. MRI seemingly confirmed this notion as 
it showed a large area of hyperintense signal change related 
to the right temporal lobe (a, DWI). However, the neu-
rologist on-call correctly noted that the signal change also 
involved the right anterior lobe (b, FLAIR) and that the his-
tory of a young patient with no cardiovascular risk factors 
but with headache and influenza-like symptoms was highly 
suggestive of herpes simplex encephalitis. Treatment with 
IV acyclovir was started. A few days later, CSF PCR 
analysis turned out positive for HSV I. Next, a 82-year-
old woman with atrial fibrillation, diabetes mellitus, and 

a previous stroke resulting in right-sided hemianopia was 
admitted with acute onset of left hemiplegia and hemine-
glect. CT of the brain 2 h after ictus was read as normal 
except for a previous left occipital infarction. A week later, 
the patient developed a urinary tract infection and her level 
of consciousness decreased. An MRI was performed which 
showed a large area of DWI signal change involving the 
right temporal lobe (c), including some hemosiderin depos-
its revealed by gradient-echo sequences (d). When a lum-
bar puncture revealed more than 500 cells and 5 g protein, 
the patient was transferred with a working diagnosis of 
herpes simplex encephalitis to the department of infectious 
diseases. The neurology team reviewing the patient a few 
days later suggested that the inflammatory CSF changes 
were fully compatible with massive cerebral tissue damage 
due to brain infarction. Indeed, all blood and CSF cultures 
turned out to be negative
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– Hickam’s dictum (“a man can have as 
many diseases as he damn well pleases”). 
Frequently, patients do not respect 
Occam’s razor and have multiple diag-
noses. Hickam’s dictum becomes par-
ticularly relevant with increasing age of 
the patient. Thus, upgoing toes combined 
with loss of Achilles tendon reflexes in 
an elderly patient might very well be 
due to degenerative spine disease lead-
ing to a cervical compressive myelopathy 
and a diagnosis of diabetic polyneuropa-
thy. Hickam’s dictum, however, should 
be applied only infrequently in younger 
patients.

– Crabtree’s bludgeon (“no set of mutu-
ally inconsistent observations can exist 
for which some human intellect cannot 
conceive a coherent explanation, how-
ever complicated”). The clinical value 
of Crabtree’s bludgeon is that it cau-
tions against overelaborate explanations. 
Crabtree’s bludgeon is important in those 
relatively rare situations when patients 
have several well-established diagnoses 
that could explain various clinical fea-
tures, but they suffer from yet another 
condition, which might easily be over-
looked. For instance, in an elderly dia-
betic patient with a history of degenerative 

Case 4.2  Stroke chameleon. A 75-year-old man with 
hypertension was i.v. thrombolyzed for acute left-sided 
hemiparesis with gaze deviation toward the left. When 
the symptoms remitted and relapsed more than ten times 
and the first MR DWI (left) was read as unremarkable 
(in retrospect, the weak area of the infarct is neverthe-
less visible), the episodes were interpreted as epileptic 
seizures. CT angiography and CSF were normal. Despite 
administration of levetiracetam, phenytoin, and clon-
azepam, the episodes continued, until the hemiparesis 
eventually persisted. The second MR DWI showed a 
right-sided paramedian pontine lesion compatible with 

an established infarction and a stuttering lacune (right). 
Thus, this was not a stroke mimic, but a stroke chame-
leon. The term “stroke mimic” is an umbrella term 
denoting the etiology identified after clinical workup as 
the true cause of the patient’s acute focal deficits. For 
example, it is said that the three most common stroke 
mimics in the emergency room are migraine with aura, 
focal epilepsy with Todd’s paresis, and functional defi-
cits. Conversely, ischemic stroke can masquerade as an 
alternative condition before its true nature is identified 
such as in the present patient who was mistaken for hav-
ing epilepsy: a “stroke chameleon”
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spine disease, who develops subacute pro-
gressive extremity weakness, an elevated 
CSF protein level would not be a surpris-
ing finding. But the identification of con-
duction blocks and significantly reduced 
nerve conduction velocities on neuro-
physiological examination would be hard 
to explain unless the clinician considers a 
diagnosis of co-occurring CIDP.

• Prestige and hubris must be avoided in order 
to reason soberly.

• Finally, when all investigations have failed to 
identify the diagnosis, the tool most likely to 
help is a better history. In the case that not all 
necessary data are available, avoid early fixa-
tion on a single diagnosis; otherwise, impor-
tant details may be missed. Time will solve 
many mysteries.

Establishing a neurological differential diag-
nosis can be a most satisfying intellectual delight. 
There is arguably no other medical specialty with 
a more extensive differential diagnosis than neu-
rology. This also means that frustration is com-
mon in the new beginner. The purpose of the 
following pages is to provide a simple yet stra-
tegic overview of the most important areas in 
neurology. This chapter will enable the reader 
to break down the differential diagnosis of each 
neurological field into manageable entities.

4.2  The Differential Diagnosis 
of Coma

Wakefulness (or arousal) is mediated by struc-
tures in the brainstem, midbrain, and diencepha-
lon, notably the ascending reticular activating 
system (ARAS) and the rostral dorsolateral pon-
tine tegmentum. Consciousness (or awareness), 
in contrast, is an exclusive product of higher cer-
ebral activity and therefore depends on the cer-
ebral cortex and its connecting pathways in the 
subcortical white matter. As a rule, conscious-
ness will be preserved with lesions that only 
affect one hemisphere. It follows that coma can 
be due to:

• Structural damage of:
– The brainstem
– The cerebral cortex in both hemispheres

• Diffuse brain dysfunction of metabolic–toxic 
or hypoxic origin.

As stated earlier, coma may be defined as a 
state of nonarousal and unresponsiveness in 
which the patient is not aware of his surround-
ings and his own person. Thus, coma must be 
differentiated from:

• Locked-in syndrome (see Chap. 2)
• Psychogenic coma (see Chap. 3)
• Impairment of consciousness that does not 

fulfill the criteria of coma, including:
– Stupor. This is a vague term for patients 

who are arousable by vigorous and 
repeated stimulation only.

– Akinetic mutism. The patient is unrespon-
sive and apparently without any cognitive 
or spontaneous motor activity despite the 
fact that the eyes may be open and vocali-
zation present during short periods. Also, 
the patient with akinetic mutism may 
occasionally look at the examiner; how-
ever, there is no interaction. The sleep–
wake cycle is intact. Akinetic mutism may 
be due to large bifrontal lesions, hydro-
cephalus, and severe cortical damage.

– The vegetative state (VS/UWS). See 
Chap. 3.

– The minimal conscious state (MCS). See 
Chap. 3.

– Cognitive motor dissociation. Striking 
functional magnetic resonance imaging 
(fMRI) experiments have shown that many 
apparently vegetative patients indeed have 
some degree of preserved consciousness 
and higher cortical function. In a land-
mark study, Owen et al. provided audi-
tory cues to a young woman fulfilling the 
established criteria for a persistent vegeta-
tive state following a traumatic brain injury 
and studied her brain activity in response 
to these cues using fMRI. The cues were 
verbal instructions to imagine performing 
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one of three tasks: playing tennis, going 
through the rooms of a house, or simply 
relaxing. Compared to the “relaxed” state, 
fMRI showed instruction-dependent brain 
activation akin to that seen in healthy vol-
unteers following the same instructions. 
The authors concluded that the patient was 
consciously imagining playing tennis and 
exploring a house in much the same way 
control participants did (Owen et al. 2006). 
This and similar studies are likely to funda-
mentally change our perception of diagno-
sis and therapy of patients with chronically 
decreased consciousness. See also Chap. 3.

Coma is a frequent condition. In Western soci-
eties, 2 in 1000 people fall into a coma each 
year. When coma or another state of disordered 
consciousness has been confirmed, the etiol-
ogy needs to be defined (Fig. 4.1). In 2022, the 
five most common causes of coma in the UK 
and USA were stroke, medically induced coma, 
COVID-19, traumatic brain injury and cardiac 
arrest (Kondziella et al. 2022). The following 
list, although not complete, may help as guid-
ance. Impairment of consciousness and arousal 
may be due to.

4.2.1  Structural Causes of Coma

• Structural lesions
– Supratentorial

Infectious, e.g., abscess, HSV-1 encephali-
tis, and bacterial meningitis

Postinfectious, e.g., acute demyelinating 
encephalomyelitis (ADEM)

Traumatic, e.g., diffuse axonal injury 
(DAI) with closed head trauma, pen-
etrating skull trauma, and multiple 
contusions

Vascular, e.g., bilateral thalamic infarc-
tions, multiple cortical infarctions, 
malignant MCA infarction, intracranial 
hemorrhage, infectious or noninfectious 
vasculitis, pituitary apoplexy, anoxic–
ischemic encephalopathy, and cerebral 

venous sinus thrombosis (in particular 
thrombosis of the straight sinus and 
deep cerebral veins leading to bilateral 
thalamic venous congestion) (Case 4.3)

Tumors, primary or secondary CNS 
malignancies

Hydrocephalus, obstructive or 
communicating

– Infratentorial
Brainstem

– Hemorrhage
– Basilar artery thrombosis and other poste-

rior circulation strokes
– Central pontine myelinolysis
– Others

Cerebellum (cerebellar mass lesions 
affecting the brainstem)
– Tumors
– Hemorrhage
– Infarctions
– Abscesses

4.2.2  Nonstructural Causes of Coma

• Metabolic–toxic causes
– Electrolyte disturbances, e.g., hypona-

tremia (the reversion of which may lead to 
central pontine myelinolysis, if performed 
too quickly) and hypercalcemia

– Hypoglycemia and hyperglycemia
– Liver failure
– Renal failure
– Acid–base disorders
– Endocrinological disturbances, e.g., severe 

hypocortisolism (Addisonian crisis)
– Poisoning, e.g., illicit and prescription 

drugs, carbon monoxide, cyanide, and 
other gases

– Derangement of body temperature (hypo-
thermia, hyperthermia)

– Hypoxia
• Others

– Basilar migraine
– Status epilepticus, convulsive or 

nonconvulsive



1434.2 The Differential Diagnosis of Coma

O
th

er
s

In
fe

ct
io

us
 v

as
cu

lit
s

B
ac

te
ria

l m
en

in
gi

tis

H
er

pe
s 

en
ce

ph
al

iti
s

Tu
m

or
s

P
os

t-
in

fe
ct

io
us

, e
.g

. A
D

E
M

In
fr

at
en

to
ria

l

S
up

ra
te

nt
or

ia
l

Metabolic-toxic

Coma

Li
ve

r 
fa

ilu
re

M
al

ig
na

nt
 n

eu
ro

le
pt

ic
/s

er
ot

on
er

gi
c 

sy
nd

ro
m

e

E
nd

oc
rin

ol
og

ic
al

, e
.g

. c
or

tis
ol

 in
su

ffi
ci

en
cy

H
yp

o-
, h

yp
er

th
er

m
ia

H
yp

ox
ia

Structural

M
ed

ic
at

io
n

Ill
eg

al
 d

ru
gs

, a
lc

oh
ol

G
as

 p
oi

so
ni

ng
, e

.g
. c

ar
bo

n 
m

on
ox

id
e

Others

S
ta

tu
s 

ep
ile

pt
ic

us

B
as

ila
r 

m
ig

ra
in

e

P
sy

ch
og

en
ic

N
on

-c
on

vu
ls

iv
e

C
on

vu
ls

iv
e

E
le

ct
ro

ly
te

 d
is

tu
rb

an
ce

s

H
yp

er
-,

 h
yp

og
ly

ce
m

ia

A
ci

d-
ba

se
 d

is
or

de
rs

In
to

xi
ca

tio
ns

R
en

al
 fa

ilu
re

V
as

cu
la

r

Tr
au

m
at

ic

H
yd

ro
ce

ph
al

us

A
bs

ce
ss

In
fe

ct
io

us

M
et

as
ta

si
es

C
N

S
 ly

m
ph

om
a

P
rim

ar
y 

C
N

S
 tu

m
or

s

O
bs

tr
uc

tiv
e

C
om

m
un

ic
at

in
g

G
lo

ba
l i

sc
he

m
ia

In
tr

ac
ra

ni
al

 h
em

or
rh

ag
es

M
al

ig
na

nt
 M

C
A

 in
fa

rc
tio

ns

B
ih

em
is

ph
er

ic
 c

or
tic

al
 in

fa
rc

tio
ns

B
ila

te
ra

l t
ha

la
m

ic
 in

fa
rc

tio
ns

V
as

cu
lit

is

P
itu

ita
ry

 a
po

pl
ex

y

C
er

eb
ra

l v
en

ou
s 

si
nu

s 
th

ro
m

bo
si

s

D
iff

us
e 

ax
on

al
 in

ju
ry

B
ra

in
 c

on
tu

si
on

P
en

et
ra

tin
g 

sk
ul

l i
nj

ur
y

V
as

cu
lit

is

P
itu

ita
ry

 a
po

pl
ex

y

B
ra

in
st

em

C
er

eb
el

lu
m

 (
=

 m
as

s 
le

si
on

s 
co

np
re

ss
in

g 
th

e 
br

ai
ns

te
m

)

O
th

er
s

B
ra

in
st

em
 e

nc
ep

ha
lit

is

C
en

tr
al

 p
on

tin
e 

m
ye

lin
ol

ys
is

Is
ch

em
ic

 (
ba

si
la

r 
ar

te
ry

 th
ro

m
bo

si
s)

H
em

or
rh

ag
ic

Fig. 4.1  Differential diagnosis of coma



144 4 Differential Diagnosis: “What Is the Lesion?”

– Malignant neuroleptic and serotonergic 
syndrome

– Psychogenic coma

When Plum and Posner (Posner et al. 2019) 
listed the final diagnoses of 500 patients admitted 

to the emergency department due to “coma of 
unknown origin,”2 drug poisoning was by far the 
most common cause, followed by, in decreasing 

a b

c d

Case 4.3  Cerebral venous sinus thrombosis and hyper-
thyroidism. A 28-year-old female developed subacute 
onset of headache and visual disturbances, followed a 
few days later by focal epileptic seizures, abulia, tetrapa-
resis, and decreased consciousness. Sagittal T1-weighted 
MRI (a) and MR venography (b) showed thrombosis of 
the superior sagittal sinus and straight sinus. The etiol-
ogy of the CVST was unknown; apparently, the patient 
did not have any risk factors for a prothrombotic state. 
Despite immediate administration of IV heparin, her level 
of consciousness declined, and, therefore, she was treated 
with local infusion of 60 mg recombinant tissue plasmi-
nogen activator for 48 h; figure shows microcatheter in 

the straight sinus; (c). After the procedure, MR venog-
raphy showed that both the superior sagittal sinus and 
the straight sinus were open again (d). Only 3 days 
later, awake, orientated, and ambulatory, the patient had 
made a near-complete recovery. However, 10 days after 
admission, she developed tachycardia, flushing, sweat-
ing, and anxiety. Blood results confirmed a thyrotoxico-
sis and also showed a reactive thrombocytosis. The role 
of hyperthyroidism as the predisposing factor for CVST 
is well described in the medical literature, although still 
not widely acknowledged (Digital subtraction angiog-
raphy images courtesy of Aase Wagner, Department of 
Neuroradiology, Rigshospitalet, Copenhagen)

2 Thus, obvious cases of poisoning and trauma were not 
included in this series.
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frequency, anoxia/ischemia, intracerebral hema-
toma, brainstem infarction, subdural supratentorial 
hematoma, hepatic encephalopathy, encephalomy-
elitis and encephalitis, subarachnoid hemorrhage, 
and endocrinological disturbances, including dia-
betes, acid–base disorders, pontine hemorrhage, 
temperature deregulation, cerebral infarct, ure-
mic encephalopathy, supratentorial brain tumor, 
supratentorial brain abscess, cerebellar hemor-
rhage, and supratentorial epidural hematoma.

4.3  The Differential Diagnosis 
of Traumatic Brain Injury

Head injury leading to penetration of the skull is 
usually the domain of the neurosurgeon and will 
therefore not be considered here.

Closed head injury can manifest as or be 
associated with:

• Minor blows against the head without loss of 
consciousness, amnesia, or focal neurological 
signs.

• Skull fracture (with or without CSF fistula).
• Brain concussion. This is a closed head 

injury that leads to acute loss of conscious-
ness (usually <5 min) and/or amnesia but not 
to focal neurological deficits.

• Brain contusion. This can be defined as 
closed head injury with brain tissue damage 
(“brain bruise”) and can lead to impaired 
consciousness and/or focal deficits, depend-
ing on the site and the severity of the injury.

• Diffuse axonal injury (DAI)
• Cerebral traumatic edema/hyperemia
• Intracranial bleeding

– Epidural hemorrhage
– Subdural hemorrhage
– Subarachnoidal hemorrhage
– Intracerebral hemorrhage

• Vascular damage
– Dissection, typically involving the extrac-

ranial and/or (less commonly) intracranial 
parts of the carotid and vertebral arteries

– Traumatic pseudoaneurysm
– Dural arteriovenous (AV) fistula, e.g., 

carotid-cavernous sinus fistula

A lucid interval (“talk and die”) classically 
occurs with epidural hematoma but is also fre-
quently associated with other intracranial hem-
orrhages, e.g., in warfarin-treated patients with 
subdural or intracerebral hemorrhage. In con-
trast, DAI typically leads to continuing impair-
ment of consciousness even though the initial 
CT of the brain may have been interpreted as 
unremarkable. MRI sequences sensitive to 
hemosiderin (SWI, T2*) show traumatic micro-
bleeds due to DAI. Unexpected neurological 
deficits despite an initially normal CT of the 
brain may also occur with cerebral infarction 
due to cerebral vascular dissections.

4.3.1  Assessing the Need 
for Observation and Imaging 
in Closed Head Injury

The necessity for observation and imaging of 
the patient with closed head injury depends on 
the severity of the trauma and the presence or 
absence of risk factors. Loss of consciousness, 
length of (anterograde) amnesia, and the GCS 
are the best indices of the severity of the injury.

The following rules apply for adults 
(≥18 years) presenting within 24 h after a 
closed head injury (Undén et al. 2013):

• Minimal head trauma (no loss of conscious-
ness, GCS 15): A patient with a simple blow 
to the head without loss of consciousness, 
prolonged amnesia, or focal neurological 
deficits can be discharged without CT scan 
or observation; oral and written information 
must be provided. Friends or relatives should 
be present for subsequent observation.

• Mild head trauma, low risk (GCS 14 or GCS 
15 with either short-lasting loss of conscious-
ness or vomiting): These patients should 
be assessed by measuring serum levels of 
S100B. They can be discharged with writ-
ten and oral information, if S100B levels 
are <0.10 μg/L (assessed within 6 h after the 
injury) and there is no evidence of significant 
extracranial injuries. If S100B is ≥0.10 μg/L, 
a CT scan must be ordered (or, alternatively, 
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the patient is admitted for observation for at 
least 12 h). The patient can be discharged as 
outlined above, if CT is normal. Otherwise he 
or she is admitted for observation for ≥24 h, 
including neurosurgical consultation if appro-
priate. The CT scan should be repeated imme-
diately if the patient’s level of consciousness 
decreases (GCS decrease ≥2 points) and/or in 
case of deteriorating neurological deficits.

• Mild head trauma, moderate risk (GCS 14–15 
plus age ≥65 years and treatment with plate-
let inhibitors): These patients require a CT 
scan (or, alternatively, observation for at least 
12 h); they can be discharged home, if the CT 
of the brain is normal, or must be admitted to 
the ward as outlined above.

• Mild head trauma, high risk (GCS 14–15; 
and at least one of the following: treatment 
with anticoagulation or known coagulation 
disorder; clinical signs of skull fracture, e.g., 
crepitations, periorbital hematoma, liquor-
rhea, bleeding from the nose or ears, or mas-
toid ecchymosis; focal neurological deficits; 
seizures; presence of an intracranial shunt, 
e.g., ventriculoperitoneal): These patients 
need a CT scan and admission for observa-
tion as outlined above.

• Moderate head trauma (GCS 9–13): These 
patients need a CT scan and admission for 
observation as stated.

• Severe head trauma (GCS 3–8): These 
patients need a CT scan and must be trans-
ferred to a trauma center with neurosurgical 
expertise available 24/7.

Obviously, patients require also admission to 
the ward in case of significant comorbid medi-
cal illness or any other factors that the examiner 
believes are putting the patient at risk.

If a CT of the brain is performed, it should be 
evaluated for signs of:

• Epidural, subdural, subarachnoidal, intraven-
tricular, and parenchymal hemorrhage

• Brain tissue contusion
• Cerebral edema
• Effacement of perimesencephalic cisterns
• Midline shift and brain incarceration

• Skull fractures
• Pneumocephalus.

In case of intracranial hemorrhage, skull frac-
ture, and mass edema or other signs of increased 
ICP, a neurosurgeon should be contacted with-
out delay.

4.4  The Differential Diagnosis 
of Headache

The differential diagnosis of headache can be 
divided into:

• Primary headache syndromes
• Secondary headaches.

The two most common primary headache 
syndromes are migraine and tension-type head-
ache (Fig. 4.2). The annual sex-adjusted preva-
lence rate of the former has been estimated at 
38% and of the latter at 35%. In comparison, 
the figure for the third most common primary 
headache syndrome, cluster headache, is only 
0.15% (Steiner et al. 2014). Thus, the odds are 
very high that the patient with headache seeking 
medical advice either has migraine or tension-
type headache. However, co-occurring medica-
tion-overuse headache is also very common and 
should not be missed.

4.4.1  Primary Headache Syndromes

Primary headache syndromes include:

• Migraine. This is a throbbing headache with 
features such as nausea, vomiting, phono-
phobia, and photophobia. Headache epi-
sodes can be preceded by a prodrome (e.g., 
hunger, agitation, depression, or elevated 
mood for several hours or up to 3 days prior 
to a migraine headache) and/or aura (seen in 
roughly 30% of migraineurs, this is an epi-
sode of focal, transitory neurologic dysfunc-
tion in the preheadache phase of a migraine 
attack, usually developing gradually over 
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Fig. 4.2  Differential diagnosis of headache
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5–20 min and lasting less than 60). There 
are many migraine variants, e.g., abdominal 
migraine in children and cyclical or men-
strual migraine in young females. Migraine 
can lead to a number of complications (e.g., 
chronic migraine, medication-overuse head-
ache, status migrainosus, persistent aura 
with and without infarction, migraine trig-
gered seizures). The diagnostic criteria of the 
International Headache Society for migraine 
without aura include:
– At least five headache attacks last-

ing 4–72 h (untreated or unsuccessfully 
treated), which have at least two of the 
four following characteristics: unilat-
eral location, pulsating quality, moderate 
or severe intensity interfering with daily 
activities, and aggravation by walking on 
stairs or similar routine physical activity.

– During headache episodes at least one of 
the two following symptoms must occur: 
phonophobia and photophobia, and nausea 
and/or vomiting.

– The headache is not attributable to another 
disorder.

The diagnostic criteria of the International 
Headache Society for migraine with aura include 
at least two attacks with headache not attribut-
able to another disorder and accompanied by 
symptoms fulfilling at least three of the follow-
ing characteristics:

– One or more fully reversible aura symptoms 
indicating focal cerebral cortical and/or brain-
stem dysfunction. Symptoms can be positive 
(e.g., flickering lights, spots, or lines; pins 
and needles) and/or negative (e.g., loss of 
vision, numbness). Typical auras are homony-
mous visual disturbance, unilateral paresthe-
sias and/or numbness, unilateral weakness, 
aphasia, or unclassifiable speech difficulties.

– At least one aura symptom develops gradu-
ally over ≥5 min, or two or more symptoms 
occur in succession.

– The aura lasts less than 60 min (if more than 
one aura symptom is present, the accepted 
duration is proportionally increased).

– The aura is followed by headache with a free 
interval lasting less than 1 h.

– The headache may begin before or simultane-
ously with the aura.

Observe that the headache symptoms in 
migraine with aura do not need to meet the 
criteria necessary in migraine without aura; 
thus, headache episodes may lack migrain-
ous features. Headache usually follows the 
aura symptoms but, as stated above, may begin 
simultaneously or precede the aura. Less com-
monly, headache is completely absent.

Several screening tests have been developed 
for migraine. One of the most practical is “PIN 
the diagnosis of migraine” (Lipton and Bigal 
2007), which is said to have a 93% positive pre-
dictive value with two positive questions and 
98% positive predictive value with three positive 
questions out of the following:

– Photophobia: “Does light bother you a lot 
more than when you don’t have headaches?”

– Impairment: “Does the headache limit your 
ability to study, work, or do whatever you 
need to do for at least one day?”

– Nausea: “Do you feel nauseated or sick to 
your stomach?”

• Tension-type headache. Together with 
migraine, this is the most common primary 
headache syndrome. In contrast to migraine, 
it is featureless, which means that apart from 
a squeezing headache, there are no other sig-
nificant symptoms. Typically, physical activ-
ity does not worsen the pain. New-onset 
daily persistent headache, as suggested by its 
name, is de novo chronic headache that clini-
cally resembles tension headache. However, 
it is necessary to exclude secondary headache 
forms before this diagnosis can be made.

• Headache associated with abuse of painkill-
ers (medication-overuse headache). This 
is probably the third most common type of 
headache in the general practice. With time, 
excessive consumption of triptans, NSAID, 
and opioids (≥10 days/month) obscures the 
original headache type. The only acceptable 
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treatment is detoxification combined with 
correct treatment of the underlying headache 
syndrome and, if necessary, pain prophylaxis.

• Trigeminal autonomic cephalalgias (TAC). 
These headaches are characterized by auto-
nomic symptoms such as ipsilateral mio-
sis, ptosis, and nasal discharge that occur 
together with intense, usually periorbital 
pain. TAC include:
– Cluster headache (Horton’s headache). 

A typical patient is a middle-aged man 
(male-to-female ratio 5–10:1) waking in 
the early morning hours because of excep-
tionally severe, sharp, orbital, or periorbi-
tal pain with localized autonomic features. 
Attacks typically (but not always) occur 
in clusters lasting for a few weeks, usu-
ally with one to three headache episodes 
per day. The headache is always unilateral, 
usually reaches its peak within 15 min, 
and most episodes are relatively short, 
often between 30 and 45 min, although 
they may last for 3 h (or even longer). A 
useful rule is that the pain is so excruciat-
ing that a patient who sits or lies calmly 
during an attack is probably not having 
cluster headache (but exceptions from this 
rule do exist). Indeed, almost all sufferers 
complain that this is the worst pain they 
have ever experienced. Suicide was not 
uncommon in former times when treat-
ment was not available (hence the collo-
quial term “suicide headache”). In roughly 
90% of patients, onset of cluster headache 
is before the age of 50 years. The diagnos-
tic criteria of the International Headache 
Society include:
 1. Severe or very severe unilateral orbital, 

supraorbital, and/or temporal pain last-
ing 15–180 min if untreated.

2. Headache is accompanied by at least 
one of the following: ipsilateral con-
junctival injection and/or lacrimation, 
ipsilateral nasal congestion and/or rhi-
norrhea, ipsilateral eyelid edema, ipsi-
lateral forehead and facial sweating, 
ipsilateral miosis and/or ptosis, and a 
sense of restlessness or agitation.

3. Attacks have a frequency from one 
every other day to eight per day during 
most of the cluster period.

– Paroxysmal hemicrania.
– Short-lasting unilateral neuralgiform head-

ache attacks with conjunctival injection 
and tearing (SUNCT) and short-lasting 
unilateral neuralgiform headache with cra-
nial autonomic symptoms (SUNA).

• Other primary headache syndromes, e.g., 
hemicrania continua, primary cough head-
ache, primary exertional headache, primary 
headache associated with sexual activity, 
primary stabbing headache, primary thunder-
clap headache, and hypnic headache. Hypnic 
headache is also called alarm clock headache 
because it starts suddenly during the morning 
hours and wakes the patient. It is therefore 
an important differential diagnostic to cluster 
headache, yet hypnic headache is milder and 
bilateral and tends to occur later in life (mean 
age of onset is 62 years). Also, trigeminal 
autonomic symptoms and remission periods 
are lacking.

• When thunderclap headache associated with 
physical exertion and sexual activity occurs 
for the first time, subarachnoidal hemorrhage, 
arterial dissection, and arterial hypertension 
must be excluded.

• Indomethacin-responsive headaches. This cate-
gory overlaps with the last two. Indomethacin-
responsive headaches include hemicrania 
continua and paroxysmal hemicrania. If in 
doubt, performing an indomethacin test is 
always advisable; see Chap. 6.

4.4.2  Symptomatic Headaches

Secondary headache syndromes (Fig. 4.2) may 
be due to:

• Intracranial causes.
– Tumors.
– Hemorrhage.
– Obstructive hydrocephalus.
– Vascular disorders, including:

Cerebral venous sinus thrombosis.
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Vascular malformations.
CNS vasculitis.
Intracranial artery dissection.
Excessively high blood pressure, with or 

without posterior reversible encepha-
lopathy syndrome (PRES).

Reversible cerebral vasoconstriction syn-
drome (RCVS). Due to improved 
neuroimaging, RCVS has become a 
common vascular headache diagno-
sis. Thunderclap headaches with or 
without physical activity occur repeti-
tively during days or weeks. CT or MR 
angiograms reveal generalized cerebral 
vasospasm, and other causes such as 
primary CNS angiitis and systemic vas-
culitides are ruled out (e.g., CSF analy-
sis is normal). Usually this condition 
is self-limiting and the prognosis good 
(see Chap. 6 for treatment); although 
rarely, vasospasms can lead to ischemic 
and hemorrhagic infarctions, usually 
borderzone infarcts, as well as cortical 
subarachnoidal hemorrhage (Case 4.4). 
Fatal cases are uncommon but well 
described (Case 4.5).

– Idiopathic intracranial hypertension (pseu-
dotumor cerebri), usually encountered in 
obese young women.

– Hypoliquorrhea syndrome.
Spontaneous CSF fistula. Note that with 

long-standing hypoliquorrhea, the 
characteristic orthostatic feature of the 
headache (better in the supine position) 
may be replaced by constant headache 
that is independent of the position of 
the body (Case 4.6).

Postlumbar puncture headache. Risk 
factors include younger age, female 
sex, lean body shape, and a history of 
migraine. Using atraumatic spinal nee-
dles decreases the risk of postlumbar 
puncture headache. Although the evi-
dence is weak, performing the lumbar 
puncture in the lateral decubitus posi-
tion may also be associated with less 
frequent headaches. Normohydration is 
important, but hyperhydration and bed 

rest after the procedure can no longer 
be recommended. If invasive treatment 
of the headache is warranted, an epi-
dural blood patch may be helpful.

– Infectious processes (e.g., abscess, cereb-
ritis, meningitis, meningoencephalitis).

– Headache with neurological deficits and 
CSF lymphocytosis (HaNDL), also called 
pseudomigraine with pleocytosis. This 
condition is discussed in more detail with 
the differential diagnosis of transitory 
ischemic attack (TIA)/stroke.

• Extracranial causes.
– Trauma (e.g., postcommotio headache; 

typically, the severity of the pain is not 
proportional to the degree of the trauma)

– Vascular disorders (e.g., giant cell or 
temporal arteritis, extracranial artery 
dissection)

– Disorders involving the face, eyes, and oral 
cavity (e.g., acute glaucoma, dental pain, 
sinusitis, atypical facial pain, mandibular 
joint dysfunction). Atypical facial pain is a 
relatively common condition with a recog-
nizable clinical presentation; it most often 
occurs in middle-aged women following 
dental procedures. The pain is more or less 
constant, moderately intense, and described 
as deep, aching, or boring. Typically, mul-
tiple visits to the dentist and ENT special-
ist have been unrewarding, neuroimaging is 
normal, the pain has been resistant to various 
analgesics, and the patient feels very dis-
tressed. Treatment consists of antidepressants 
and counseling, including possibly behavio-
ral therapy, but is often unsatisfactory.

• Hypercapnia. This typically leads to general-
ized moderate to severe throbbing headaches 
in the morning. Hypercapnia is often associ-
ated with sleep apnea; thus, the sleep partner 
should be inquired about snoring, gasping, 
or choking sounds and whether breathing 
appears interrupted; daytime sleepiness is 
frequent. Also, it is important to take com-
plaints of headache in a patient with a pri-
mary myopathy such as Pompe’s disease or 
myotonic dystrophy very seriously. Such 
complaints may point to hypercapnia because 
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of respiratory muscle failure. Does the patient 
need continuous positive airway pressure 
(CPAP) at night?

• Metabolic–toxic causes, e.g., use of prescrip-
tion drugs (dipyridamole, many others), use 
or withdrawal of illicit drugs, dehydration, 

a b

c

Case 4.4  Reversible cerebral vasoconstriction syn-
drome (RCVS). A 60-year-old female presented with a 
5-day history of multiple episodes of thunderclap head-
ache. A CT of the brain showed a small cortical area 
with hyperintense signal change (arrow) (a), and gra-
dient-echo MRI (SWI) revealed hemosiderin deposits 

consistent with a gyral SAB (b). CTA revealed spasms 
of multiple cerebral vessels, including the ACA (arrows; 
c). CSF analysis was normal. The patient was  diagnosed 
with RCVS. Treatment with nimodipine was  initiated, 
the headaches vanished, and 3 months later on the  
follow-up angiography, spasms were no longer seen
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caffeine withdrawal, carbon monoxide poi-
soning, and other causes of hypoxia.

• CN neuralgias (e.g., CN V, CN IX, occipital 
neuralgia).

• Depressive and other psychiatric disorders.

Red flags suggesting that a headache is not 
due to a benign cause include focal neurological 
deficits, worst-ever headaches, new-onset head-
aches, new onset of unusual headache features, 
migrainous headache that is always unilateral 

and never occurs on the other side, systemic fea-
tures (meningism, weight loss, fever, diarrhea, 
skin rash), general malaise, and prior history of 
malignancy.

It is crucial not to miss the following con-
ditions associated with acute or subacute 
headache:

• Brain tumors, metastasis, and other mass 
lesions.

• Parenchymal hemorrhagic stroke.

Case 4.5  Reversible cerebral vasoconstriction syn-
drome (RCVS) with fatal outcome. A 58-year-old male 
with chronic obstructive pulmonary disease and alcoholic 
neuropathy was admitted with repeating thunderclap 
headaches over a period of 48 h. Neurological examina-
tion was normal. Noncontrast head CT and lumbar punc-
ture, including CSF analysis for xanthochromia, were 
unremarkable. CT angiography revealed widespread 
vasospasms in the anterior and posterior intracranial cir-
culation. A working diagnosis of RCVS was made, and 
treatment with 60 mg oral nimodipine six times daily 
was started. Over the next 2 days, episodes of confu-
sion, blurred vision, and speech problems occurred and 
subsequently, the patient became obtunded (GCS 9: e2, 
m5, v2; FOUR 12: e1, m3, b4, r4). The patient developed 

a right-sided hemiparesis with bilaterally extensive toes. 
A second CT angiography showed progressive vasos-
pasms (above). Treatment with epoprostenol 1 ng/kg/min  
in a central IV line was started 3 days after admission. 
However, there was no change in the clinical condi-
tion. MRI of the brain revealed widespread infarctions 
in both hemispheres (below). The patient died on day 7. 
The significance of this case is twofold. First, it shows 
that RCVS can be fatal despite the “R” in its name (“R” 
stands for “reversible”). Second, the posterior location 
of the infarctions is well in line with recent data indicat-
ing that RCVS and PRES are manifestations of similar 
underlying pathophysiologic mechanisms and that both 
conditions frequently coexist in a given patient (adapted 
with permission from Thydén et al. (2016))
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a b

c

Case 4.6  Spontaneous intracranial hypotension and spinal 
CSF leak. This 43-year-old male presented with a 6-month 
history of dull headache of moderate severity. The pain was 
consistent with an orthostatic headache, as it improved in 
the supine position, although the patient had noticed that 
lying flat did no longer alleviate symptoms to the same 
degree. His medical history was unremarkable, but he had 
suffered moderate back pain following a traffic accident 
2 years prior to admission. MRI of the brain showed find-
ings suggestive of intracranial hypotension (“brain sag-
ging”), including bihemispheric subdural effusions (a, T2 

weighted), pachymeningeal and pituitary gland contrast 
enhancement, a downward drooping splenium of the cor-
pus callosum, distortion of the upper brainstem structures, 
and cerebellar tonsillar herniation (b, T1 weighted, gado-
linium enhanced). An MRI of the spinal column revealed 
a fluid collection around the right pulmonary apex consist-
ent with a cervicothoracic spinal CSF leak (c). Two blood 
patches were ineffective. Following discussions with the 
spinal surgery team, it was decided to opt for a conserva-
tive approach. Amitriptyline was slowly titrated to 75 mg 
once daily at bedtime with excellent clinical response
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• Subarachnoidal hemorrhage, including warn-
ing leaks and growing aneurysms.

• Ischemic stroke, when leading to headache, is 
usually due to arterial dissection and/or pos-
terior circulation infarction.

• Cerebral sinus venous thrombosis.
• Posterior fossa processes, e.g., cerebellar 

hemorrhage and Arnold–Chiari malforma-
tion (downward displacement of the cerebel-
lar vermis and medulla through the foramen 
magnum).

• CSF outflow obstruction, which occasionally 
may be intermittent, e.g., due to a colloid cyst 
at the foramen of Monro.

• Pituitary apoplexy.
• Bacterial meningitis.
• Lymphomatous or carcinomatous meningitis.
• HSV type I encephalitis.
• Other meningoencephalitic syndromes.
• Giant cell arteritis (temporal arteritis).
• Acute glaucoma.
• Hypercapnia (see above).

Importantly, except for the first two, all of 
the conditions listed above may be associated 
with a CT that has been read as unremarkable 
(CT-negative headaches).

4.5  The Differential Diagnosis 
of Cognitive Impairment 
and Dementia

Dementia is usually defined as acquired cogni-
tive decline that involves memory and at least 
one other cognitive domain that is severe enough 
to affect social or occupational functioning. A 
diagnosis of dementia cannot be established in 
patients with disturbed consciousness. With the 
increased awareness of dementia in the popu-
lation and the advent of techniques for early 
diagnosis, patients with very mild subjective 
symptoms are often referred to the neurologist, 
and to wait for dementia criteria to be fulfilled 
is no longer appropriate. However, some patients 
presenting with mild cognitive complaints repre-
sent the “well and worried,” often young or mid-
dle-aged individuals complaining of unspecific 

episodes of memory slips that are described in 
a highly detailed manner. Characteristically, 
these episodes have not had any impact on per-
formance in professional or private life except 
for the fact that the patient feels rather embar-
rassed. These patients are usually very thank-
ful for clear reassurance that they do not fulfill 
the criteria of dementia or other any other cog-
nitive impairment and that there are no find-
ings suggesting an underlying cerebral disease. 
However, in some patients, a program with thor-
ough cognitive tests, ancillary examinations, and 
follow-up is the only way to make sure that sub-
tle symptoms do not represent the initial phase 
of a degenerative brain disorder.

When examining patients with cogni-
tive impairment, it is important to identify and 
treat psychiatric conditions, by differentiating 
between the three “Ds”:

• Depression3

• Delirium4

• Dementia

The differentiation may be challenging, and 
sometimes a treatment trial with antidepres-
sant therapy and follow-up are needed to sepa-
rate depression with cognitive symptoms from 

3 Depression is defined as a cluster of symptoms that may 
include depressed mood; anhedonia; changes in eating, 
appetite, or weight; hypersomnia or insomnia; psycho-
motor agitation or retardation; impaired self-esteem and 
self-confidence; ideas of guilt and unworthiness; bleak 
and pessimistic view of the future; tiredness; impaired 
concentration and memory; and sometimes thoughts 
of death. For a diagnosis of depression, at least two of 
the core symptoms (depressed mood, anhedonia, and 
reduced energy) must be present, plus two of the other 
symptoms mentioned above.
4 Delirium is defined as an acute or subacute condition 
with reversible and fluctuating decreased consciousness 
due to organic brain disease or metabolic-toxic impair-
ment. Common causes are polypharmacy, electrolyte 
derangements, hypo- and hyperthyroidism, kidney and 
liver failure, and hypo- and hyperthermia, as well as uri-
nary tract and other infections. Patients are disoriented in 
time and space, incoherent, and perseverative, with agita-
tion or apathy, and they may have visual hallucinations 
and asterixis.
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early phase AD or FTD with prominent affective 
symptoms. Delirium, more common in patients 
with dementia, is potentially fatal and should be 
identified and treated immediately. Clarify and 
treat the underlying cause (e.g., urinary tract 
infection), and treat the symptoms of delirium 
appropriately.

Only when the “mimics” of dementia—
depression and delirium—have been excluded, 
is it safe to diagnose the patient with dementia, 
but it is important to remember that dementia is 
a syndrome, not a diagnosis, which is why the 
underlying etiology must be defined (Fig. 4.3). 
Furthermore, patients with cognitive impairment 
not meeting the criteria for dementia often pre-
sent to the neurologist and should be examined 
as thoroughly as patients with dementia. MCI is 
defined as impairment in memory or in a single 
non-memory cognitive domain, which does not 
(yet) impair social functioning (Winblad et al. 
2004; Petersen et al. 1999). In fact, many of the 
systemic conditions that may cause cognitive 
impairment are most often associated with mild 
cognitive dysfunction rather than dementia. With 
the advent of biomarkers, it may be possible to 
establish a diagnosis of a neurodegenerative dis-
order, e.g., Alzheimer’s disease, in the predemen-
tia (MCI) stage. Of note, in their new edition of 
the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5), the American Psychiatric 
Association recently introduced the terms “major 
neurocognitive disorder” as alternatives to 
“dementia” and “MCI”.

4.5.1  Potentially Reversible 
Conditions

In the differential diagnosis of cognitive impair-
ment, pay particular attention to identifying 
potentially reversible conditions before consid-
ering a diagnosis of a (irreversible) neurodegen-
erative disorder, including:

• Drug or alcohol abuse.
• Side effects of drugs (most CNS active drugs 

may impair cognition, but other drugs, such 

as aspirin (high doses), may also give rise to 
cognitive symptoms).

• Partial complex seizures leading to episodic 
impairment of cognition in a patient with uni-
dentified epilepsy, including transient epilep-
tic amnesia.

• Chronic infections (e.g., Borrelia, 
neurosyphilis).

• Inflammatory brain diseases (autoim-
mune encephalitis, sarcoidosis, vasculitis, 
Hashimoto’s disease).

• NPH, characterized by a triad of gait ataxia, 
mental slowing, and urinary incontinence.

• Subdural hemorrhage in a patient with a 
(unrecognized) head trauma, a frontal menin-
gioma, or other space-occupying lesions may 
occasionally present with cognitive impair-
ment or personality change.

• Metabolic impairment, including hyper- and 
hypothyroidism, vitamin deficiencies (B12, B1, 
and B6), hyponatremia, hyperparathyroidism, 
hypercalcemia, Cushing disease, Addison dis-
ease, and chronic hepatic and renal failure.

• Chronic sleep apnea syndrome.

4.5.2  The Amnestic Syndrome

Because neurologists often see patients with 
amnesia, who do not meet criteria for demen-
tia, it is helpful to know the potential underly-
ing causes. When isolated amnesia is thought to 
be a precedent to AD, it is named amnestic MCI, 
MCI due to AD, or prodromal AD. Amnesia 
may also be seen early in the course of other 
neurodegenerative disorders. However, there are 
several other causes of amnesia (Fig. 4.3).

4.5.2.1  Transient

• Transient global amnesia (TGA)
• Epileptic amnesia, including so-called 

transient epileptic amnesia (Baker  et al. 
2021): The term transient epileptic amnesia 
describes a form of epilepsy, which is highly 
treatment-responsive condition but under-
recognized, causing predominantly amnestic 
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Fig. 4.3  Differential diagnosis of cognitive impairment and dementia
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seizures that can be confused with TGA. It is 
associated with accelerated long-term forget-
ting, disproportionate autobiographical amne-
sia and topographical amnesia.

• Wernicke’s encephalopathy
• Concussion of the brain
• Electroconvulsive therapy
• Alcohol and drugs

4.5.2.2  Chronic

• Traumatic brain injury
• Anoxic brain damage5

• Limbic encephalitis
• Herpes encephalitis
• AD (and other neurodegenerative disorders)
• Korsakoff’s syndrome
• Ruptured AComA aneurysm
• Infarcts, tumor, and hemorrhage

4.5.3  Dementia Disorders

The term dementia disorder usually refers to the 
chronic and progressive degenerative brain dis-
orders, where dementia is one of the main symp-
toms. Few other fields in neurology are presently 
undergoing such rapid changes in classification 
as cognitive neurology. New pathophysiologi-
cal insights change the way dementias are being 
understood and categorized. For instance, based 
on different abnormal protein aggregations 
found in the brain, neurodegenerative disorders 
associated with parkinsonism and dementia can 
be broadly classified into tauopathies (FTD, AD, 
PSP, CBD) and synucleinopathies (Parkinson’s 
disease, DLB, multiple system atrophy, neurode-
generation with brain iron accumulation (NBIA) 
type I). With the application of neuroimaging 
(MRI with assessment of total brain and hip-
pocampal volumes, FDG PET, DAT-SPECT, 
and amyloid PET) and CSF biomarkers for AD, 
it is possible to differentiate the most common 

neurodegenerative disorders and to establish an 
accurate diagnosis early in the course of the dis-
ease, even before dementia evolves. The most 
commonly used current clinical criteria for the 
neurodegenerative dementia disorders are listed 
in Table 4.1.

Chronic dementias may be further divided 
into:

• Primary cortical dementias
• Primary subcortical dementias
• Dementias that are both cortical and subcorti-

cal from the onset

Thus,

• Primary cortical dementias are those that, at 
least in the beginning, tend to affect either 
higher cognitive domains such as memory, 
language function, visuospatial orientation, 
praxis, gnosis (e.g., AD), and/or personal-
ity (e.g., FTD). As a rule of thumb, early in 
the course of the disease, there are little or no 
noncognitive neurological deficits. Primary 
cortical dementias include AD and FTD.

• Primary subcortical dementias, in contrast, 
tend to leave higher cortical functioning rel-
atively spared early in its course, but there 
is characteristic psychomotor retardation 
and often depressive symptoms. Moreover, 
patients with primary subcortical dementias 
tend to have more focal neurological deficits 
revealed during bedside examination. These 
dementias include, for instance, subcortical 
vascular dementia and NPH.

• However, most dementias have elements of 
both cortical and subcortical symptoms with 
a mixture of cognitive and noncognitive neu-
rological and psychiatric symptoms.

The most common dementia disorders are:

• Alzheimer’s disease. Its cognitive deficits 
are prominent, whereas personality is largely 
preserved until the late stages (McKhann 
et al. 2011; Dubois et al. 2021). Episodic 
memory impairment is very characteristic 
in the early phase, but atypical presentations 

5 The WHO published ICD 11 criteria in 2019, how-
ever these are not yet translated or implemented in all 
countries.
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with specific deficits in other nonmemory 
cognitive domains are also seen (Case 3.1). 
A diagnosis of Alzheimer’s disease may be 
supported by biological criteria according 
to the β amyloid deposition, pathologic tau, 
and neurodegeneration (A/T/N) framework 
(Jack et al. 2018). Familial autosomal domi-
nant AD is rare, as compared to sporadic AD, 
and is associated with mutations in the amy-
loid precursor (APP), presenilin (PSEN)-1 
or PSEN-2 genes. Posterior cortical atrophy 
is a variant of AD, with isolated disruption 
of visual processing but reasonable day-to-
day memory. Patients with posterior cortical 
atrophy may have partial Balint’s syndrome, 
simultanagnosia, visual inattention, topo-
graphical disorientation, impaired face and 
object recognition, or isolated deficits in writ-
ing, reading, and praxis (Crutch et al. 2013) 
(See Case 5.5).

• Limbic-predominant age-related TDP-
43 encephalopathy (LATE) is a recently 
described type of dementia that affects mem-
ory, thinking and social skills. Patients with 

LATE are often above 80 years of age and 
have a slower rate of clinical change than 
people with Alzheimer's disease (Nelson 
et al. 2019).

• Frontotemporal dementias. The categori-
zation of FTD syndromes and underlying 
pathologies is rather complex. Specific syn-
dromes are associated with the familial auto-
somal dominant FTDs: FTD with mutation in 
the MAPT, progranulin, chromosome 9 open 
reading frame 72 (C9ORF72), and CHMP2B 
(FTD-3) genes. Some of these patients 
develop FTD in combination with MND or 
PD. The general neurologist should be able 
to identify the most common syndromes 
because counseling and rehabilitation differ:
– Behavioral variant frontotemporal demen-

tia (bvFTD, sometimes still known as Pick 
dementia). It is characterized by striking 
personality and behavioral changes, exec-
utive dysfunction, impaired sympathy and 
empathy, perseverate, stereotypic or com-
pulsive behavior, apathy or disinhibition, 
and lack of insight but relatively intact 

Table 4.1  Clinical criteria for dementia disorders

Condition Criteria References
Dementia (as a syndrome) ICD 105 World Health Organization 

(2010)
Major neurocognitive disorder DSM-5 American Psychiatric 

Association (2013)
Mild cognitive impairment (MCI) Winblad criteria Petersen et al. (1999)
Mild cognitive impairment (MCI) Winblad criteria Winblad et al. (2004)
Minor neurocognitive disorder DSM-5 American Psychiatric 

Association (2013)
MCI due to Alzheimer’s disease (AD) NIA-AA workgroup Albert et al. (2011)
Alzheimer’s disease (prodromal) International Working Group Dubois et al. (2021)
Dementia due to AD NIA-AA workgroup McKhann et al. (2011)
Posterior cortical atrophy International Working Group Crutch et al. (2013)
Vascular dementia NINDS-AIREN Román et al. (1993)
Vascular cognitive impairment VASCOG Sachdev et al. (2014)
Prodromal dementia with Lewy bodies (DLB) DLB consortium McKeith et al. (2020)
Dementia with Lewy bodies (DLB) DLB consortium McKeith et al. (2017)
Behavioral variant FTD (bvFTD) International bvFTD consortium Rascovsky et al. (2011)
Semantic dementia (SD) International primary progressive 

aphasia working group
Gorno-Tempini et al. (2011)

Progressive nonfluent aphasia (PNFA) International primary progressive 
aphasia working group

Gorno-Tempini et al. (2011)



1594.5 The Differential Diagnosis of Cognitive Impairment and Dementia

memory early in the course of the disease 
(Cases 2.15 and 4.7) (Rascovsky et al. 
2011).

– Primary progressive aphasia is often used 
as a term for degenerative disorders with 
aphasia at onset, which comprise progres-
sive nonfluent aphasia (PNFA), semantic 
dementia (SD), and logopenic aphasia 
(Gorno-Tempini et al. 2011).

– Progressive nonfluent aphasia (PNFA). 
Personality and cognitive domains other 
than expressive language function are 
usually spared until late in its course. 
Characterized by effortful halting speech, 
phonological errors, and agrammatism, 
PNFA is often associated with impaired 
comprehension of complex sentences (but 
spared comprehension of words, object 
knowledge and repetition, and relatively 
intact insight) (Case 4.8).

– Semantic dementia (SD). This is a condi-
tion of primarily severe fluent aphasia 
with relatively intact episodic memory 
function. Characterized by impaired 
confrontation naming and single-word 
comprehension, often associated with 
impaired object knowledge and surface 
dyslexia but with spared repetition and 
speech production. Patients with SD may 
have bizarre delusions and hyper-religious 
thoughts. Recent studies indicate that their 
semantic deficits may improve with train-
ing (Case 2.22).

– Characterized by hesitant speech and anomia, 
logopenic aphasia is a language disorder 
which is sometimes seen in early phase AD.

• Vascular dementias. Cognitive disorders 
of vascular etiology are a heterogeneous 
group of disorders with diverse patholo-
gies (e.g., dementia following strategic 

a b

Case 4.7  Behavioral variant frontotemporal dementia 
(bvFTD). A 68-year-old female was referred to the mem-
ory clinic for evaluation of behavioral changes and func-
tional decline during the past 2 years. She had gradually 
withdrawn from social activities, had developed a prefer-
ence for candy, was apathetic, and lacked empathy. There 
were no focal deficits, but she had difficulties cooperating 
during the neurological examination. Neuropsychological 

testing revealed lack of insight, pronounced apathy, and 
impaired naming, abstraction, and executive functions, 
but no amnesia. CSF and EEG were normal. CT of the 
brain showed bilateral frontotemporal atrophy (a), and 
FDG PET revealed hypometabolism in the same area (b). 
She was diagnosed with bvFTD (PET images courtesy of 
Ian Law, Department of Clinical Physiology and Nuclear 
Medicine, Rigshospitalet, Copenhagen)
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infarctions, small vessel disease, and cer-
ebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopa-
thy (CADASIL)) and clinical manifestations 
(e.g., acute onset, a stepwise progression, or 
a gradual progression). For a diagnosis of 
vascular dementia to be made, there must be 
neuroradiological evidence of significant vas-
cular disease. The vascular lesions must be 
related in terms of localization to the extent 
and severity of cognitive impairment. For 
patients with strategic infarcts, the vascular 
lesions must be related to the onset of demen-
tia. Patients with cognitive impairment due to 
cerebrovascular disease have a characteristic 
clinical profile and may not always meet cri-
teria for dementia or major neurocognitive 
disorder (Sachdev et al. 2014).

• Note that many elderly patients with AD also 
have small subcortical vascular lesions (and 
these patients may be classified as having 
mixed AD dementia).

• Dementia with Lewy bodies (DLB) is char-
acterized by fluctuations of wakefulness and 
cognitive impairment, prominent visuospatial 
deficits (and less prominent memory impair-
ment) in the early phase of the disease, vivid 
visual hallucinations, REM sleep disorders, 
parkinsonism, and sensitivity for antipsy-
chotic drugs (which should be avoided or 
prescribed with minimal doses and short 
duration) (McKeith et al. 2017).

• Parkinson’s disease with dementia. Up to 
70% of patients with PD develop cognitive 
impairment with a similar profile to DLB 
during the course of their disease. The dis-
tinction between DLB and PD with demen-
tia is somewhat arbitrary. When cognitive 
impairment occurs at least 1 year prior to par-
kinsonism, the diagnosis is DLB; otherwise, 
it is classified as PD with dementia.

• The atypical parkinsonian disorders such as 
MSA, CBS, PSP, and DLB. CBS is character-
ized by a combination of frontal dysfunction 

a b

Case 4.8  Progressive nonfluent aphasia (PNFA). 
A 64-year-old male complained of increasing word-
finding and pronunciation difficulties over the previous 
2–3 years. He was still able to work as a carpenter. The 
MMSE score was 26/30. The neurological examination 
was unremarkable except for disturbed word fluency 
and naming, as well as mildly impaired psychomotor 
speed and executive functions. CSF analysis and EEG 

were normal. MRI demonstrated global cortical atrophy, 
which was most severe in the left frontal and anterior 
temporal lobe (a). FDG PET showed frontotemporal-
parietal hypometabolism, which was most pronounced 
on the left side (b). He was diagnosed with PNFA (PET 
images courtesy of Ian Law, Department of Clinical 
Physiology and Nuclear Medicine, Rigshospitalet, 
Copenhagen)
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(e.g., personality change, impaired reason-
ing), speech and language impairment, and 
asymmetric motor features with alien limb, 
myoclonus, limb apraxia, rigidity, and/or 
akinesia. PSP is associated with cognitive 
impairment in combination with frequent 
falls and (vertical) gaze palsy, often with 
axial rigidity, gait disorder, and retropulsion. 
For more information, see Sect. 4.14.

• Huntington’s disease (HD). This is an auto-
somal dominant trinucleotide repeat disorder 
with characteristic neuropsychiatric symp-
toms, dementia, and chorea leading inevita-
bly to death. HD may present with cognitive 
impairment, personality change, or psychiat-
ric symptoms years before chorea (Case 4.9).

Other causes of cognitive impairment or 
dementia (see also potentially reversible demen-
tias above):

• Chronic psychiatric diseases:
– Schizophrenia
– Bipolar disorder

• MS
• Heavy metal poisoning
• Mitochondrial encephalomyopathy with lac-

tic acidosis and stroke (MELAS)
• Myotonic dystrophy
• Lysosomal and peroxisomal storage diseases
• Wilson’s disease
• Chronic CNS infections:

– HIV dementia, associated with a low 
CD4 + T-cell count and long duration of 
immunosuppression

– CJD, the most common prion disease 
characterized by rapidly progressive 
dementia, ataxia, and myoclonus

– Progressive multifocal leukoencephalopa-
thy (PML), due to John Cunningham (JC) 
virus (Case 4.10)

a b

Case 4.9  Huntington’s disease. A 45-year-old female 
had been dismissed from her job because of inappro-
priate sexual behavior. Her family history was notice-
able insofar as her father had developed late life cho-
rea. Examination showed subtle choreiform movements 

of her hands and feet. Genetic testing revealed that the 
patient carried the gene mutation for HD with 47 CAG 
repeats on the expanded allele. CT of the brain showed 
marked bilateral caudate atrophy (a). An image of a nor-
mal brain is shown for comparison (b)
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– Whipple’s disease
– Subacute sclerosing panencephalitis (SSPE)

• Alcohol-related dementia
– Korsakoff’s syndrome and Wernicke’s 

encephalopathy. Acute thiamine deficiency 

that is not immediately reversed may lead 
to permanent anterograde and retrograde 
amnesia with confabulation (Korsakoff’s 
syndrome). Although other cognitive 

a b

c
d

Case 4.10  Progressive multifocal leukoencephalopathy 
(PML). A 61-year-old female presented with a 6-week 
history of progressive aphasia, right-sided hemiplegia, 
gait ataxia, and focal epileptic seizures. She was receiv-
ing immunosuppressive therapy for a kidney trans-
plantation undertaken 10 years earlier. MRI with axial 

T2-weighted sequences and coronal FLAIR showed 
confluating white matter signal changes in the left fron-
tal lobe (a, b). Cerebrospinal fluid PCR was positive for 
JC virus, and a diagnosis of PML was made. An MRI 
2 months later showed progressive white matter involve-
ment (c, d), and the patient died 4 months later
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domains remain relatively spared, this is a 
devastating condition.

– Decreased cognitive performance related to 
long-term alcohol abuse and brain atrophy 
on neuroimaging may be partially revers-
ible (but represents a controversial entity).

4.5.4  Rapidly Progressive Dementias

As stated above, cognitive impairment of acute 
or subacute onset must be differentiated from 
chronic dementias. Rapidly progressive demen-
tias may develop within a few months, weeks, 
or even days. Compared to chronic dementias, 
the spectrum of rapidly progressive dementias is 
quite different. Many of these disorders are fatal, 
but some are treatable, which is why it is of the 
utmost importance to evaluate patients present-
ing with fast cognitive decline without delay. 
Although far from being complete, the follow-
ing section is useful as a diagnostic guideline for 
the assessment of rapidly progressive dementias 
when the preliminary diagnostic procedures have 
been unrewarding. When initial diagnostic proce-
dures, including neuroimaging, CSF exam, rou-
tine blood tests, and medication review, have been 
without obvious explanation, the most common 
rapidly progressive dementia is CJD (Case 4.11).

Of 178 patients referred to a tertiary center in the 
USA with a working diagnosis of suspected prion 
disease or rapidly progressive dementias, 62% had 
CJD (75% sporadic CJD, 22% familial CJD, 3% 
vCJD or iatrogenic CJD) (Geschwind et al. 2008).

• Thirty-eight percent had a nonprion disease:
– Neurodegenerative disorders (in order of 

frequency: CBS, FTD, AD, DLB, PSP)
– Autoimmune disorders (antibody-mediated 

autoimmune encephalitis, including parane-
oplastic and nonparaneoplastic; MS; neuro-
sarcoidosis; steroid-sensitive encephalopathy 
with antithyroid autoantibodies, previously 
known as Hashimoto’s encephalopathy)

– Infectious causes (viral meningoencepha-
litis of unknown origin)

– Psychiatric diagnosis
– Malignancy (including primary cerebral 

lymphoma and antibody-negative paraneo-
plastic syndromes)

– Toxic–metabolic reasons (ethanol, 
methotrexate)

– Vascular findings (Case 4.12)
– Unclassified disorders

Obviously, this list is biased insofar as the 
referring institutions had excluded most of 
the malignant, infectious, vascular, and drug-
induced causes for rapidly progressive demen-
tias prior to referral. Diagnoses that are not 
reported by Geschwind et al. but by others who 
have performed similar studies at tertiary refer-
ral centers include:

• HIV dementia.
• PML (see Case 4.10).
• Neuronal ceroid lipofuscinosis.
• Neuroborreliosis.
• MELAS (see Case 4.29).
• In the young, Wilson’s disease and Niemann–

Pick’s disease should always be excluded.
• Elderly men with GI symptoms, weight loss, 

ataxia, and dementia may have Whipple’s 
disease.

• Valproate encephalopathy, which usually 
develops in the elderly after prolonged val-
proate use, is reversible upon discontinuation 
of valproate.

• Hereditary storage diseases may occasionally 
first manifest during adulthood.

It is mandatory not to miss the treatable mim-
ics of CJD. In particular, autoimmune encephali-
tis including certain forms of antibody-mediated 
limbic encephalitis can imitate CJD and respond 
within days to corticosteroids or plasma separa-
tion. A steroid trial seems reasonable in any very 
rapidly progressive dementia patient with the 
slightest diagnostic uncertainty.

Brain biopsy may be useful in rare and atypi-
cal cases of (rapidly) progressive dementia (see 
Chap. 5).
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4.6  The Differential Diagnosis 
of Encephalopathy

Encephalopathy is a state of global brain dys-
function with acute or subacute onset, and it 
has a variety of underlying etiologies (Fig. 4.4). 
Most of these were discussed previously or will 
be discussed in the following chapters in the 
sections on coma, dementia, epilepsy, infec-
tions, and malignancies. As a result, no further 
comments will be made here, apart from a short 
review of autoimmune encephalitis, posterior 

reversible encephalopathy syndrome (PRES) 
and immune effector cell-associated neurotoxic-
ity syndrome (ICANS).

Autoimmune encephalitis (AIE) is a group 
of inflammatory antibody-mediated CNS dis-
eases with neurological and psychiatric symp-
toms. Patients often have deficits compatible 
with affection of the limbic system (e.g., amne-
sia, confusion, and epileptic seizures), but the 
inflammatory process frequently involves extra-
limbic brain structures as well. Symptom onset 
is usually subacute, ranging from days to weeks. 

a

Case 4.11  Creutzfeldt–Jakob disease. A 59-year-old 
female complained of visual disturbances with altered 
color perception, stating, for example, that the sky was no 
longer blue but greenish. During the following 2 months, 
she developed progressive cognitive deficits, aphasia, and 
confusion. In addition, neurological examination revealed 
lead pipe rigidity in the limbs, dystonic posturing of the 
right arm, and gait ataxia. CSF analysis showed normal 
cell count and protein levels but highly increased total 
tau protein and CSF 14-3-3 protein levels. Serial EEG 
revealed increasing abnormalities and, finally, typical 
periodic triphasic sharp wave complexes (not shown). 
MRI of the brain included normal T1- and T2-weighted 
images, but there were bilateral hyperintense signal 
changes in the cortex and in the basal ganglia on DWI 
(a). Because of slightly increased thyroid antibodies lev-
els, the patient was treated with high-dose steroids for 
10 days but, as anticipated, subsequently became mutistic 

and developed generalized myoclonus. She died 1 month 
after admission. Autopsy confirmed the diagnosis of CJD. 
Isolated visual impairment at onset, including blurred 
vision, visual field restriction, metamorphopsia, corti-
cal blindness, and/or hallucinations, is seen in roughly 
20% of CJD patients and reflects neuronal loss and glio-
sis in the occipital lobes (Heidenhain variant) (adapted 
with permission from Kondziella et al. (2012)). Figures 
(b) and (c) show the serial EEG of another patient, also 
ultimately diagnosed with CJD. Six weeks after onset 
of depressive mood symptoms, confusion, and word-
finding difficulties, EEG showed regional slowing of 
background activity and sharp waves in the left temporal 
region (b). In the following 2 weeks, he became mutistic 
and bedridden, and EEG revealed generalized periodic 
discharge activity (c). He died 2 days later (EEG images 
courtesy of Hans Høgenhaven, Department of Clinical 
Neurophysiology, Rigshospitalet, Copenhagen)
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b

c

Case 4.11  (continued)
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A more insidious onset with depression or hal-
lucinations may lead to a misdiagnosis of psy-
chiatric illness. Previously, AIE was considered 
a very rare paraneoplastic condition associated 
with intracellular antibodies and a very poor 
prognosis (e.g., anti-Hu syndrome). However, 
during the last two decades, it has become 
evident that AIE is much more frequently 
associated with antibodies directed against syn-
aptic/cell membrane proteins and that, more 
often than not, an underlying malignancy is 
absent. The two most frequent conditions are 

AIE with antibodies against glutamate receptors 
of the N-methyl-d-aspartate (NMDA) type and 
AIE with antibodies against a protein associ-
ated with the voltage-dependent potassium chan-
nel (leucine-rich glioma-inactivated 1; LGI1). 
The former is typically seen in children and 
young adults, whereas the latter occurs more fre-
quently in the elderly. Of note, prognosis in AIE 
with synaptic surface protein antibodies can be 
good, if aggressive immunomodulatory treat-
ment is initiated early. Treatment (see Chap. 6)  
consists of high-dose steroids plus IVIG or 

Case 4.12  Cerebral arteriovenous dural fistula (AVDF) 
presenting as rapidly progressive dementia. A 75-year-
old man was admitted with a 6-month history of pro-
gressive cognitive decline and gate difficulties. While 
the clinical history including the rapid time course could 
have been compatible with CJD, workup revealed a 
treatable cause: Coronal MRI FLAIR (upper row, left), 

MR angiography (upper row, right), and CT angiogra-
phy (lower row) depict a cerebral dAVF, leading to pro-
nounced cerebral vascular stasis. Note the extracranial 
soft tissue component of the dAVF visible on MR angi-
ography. Following intraarterial embolization of the vas-
cular malformation, the patient had a substantial, albeit 
incomplete clinical recovery



1674.6 The Differential Diagnosis of Encephalopathy

Encephalopathy

In
fe

ct
io

ns

U
re

m
ic

R
en

al

O
th

er

F
un

ga
l

B
ac

te
ria

l

V
ira

l, 
e.

g.
 h

er
pe

s 
en

ce
ph

al
iti

s

N
ut

rit
io

na
l

M
et

ab
ol

ic

E
pi

le
ps

y

In
to

xi
ca

tio
ns

P
rio

n,
 e

.g
. C

D
J

C
on

ne
ct

iv
e 

tis
su

e
di

so
rd

er
s

P
sy

ch
ia

tr
ic

co
nd

iti
on

s

In
fla

m
m

at
or

y

N
eu

ro
de

ge
ne

ra
tiv

e
di

se
as

es

V
as

cu
la

r, 
in

cl
.

st
ro

ke
 m

im
ic

s

A
cu

te
 d

em
ye

lin
at

in
g 

en
ce

ph
al

om
ye

lti
s

E
nc

ep
ha

lit
is

C
N

S
 s

ed
at

iv
es

O
th

er

E
le

ct
ro

ly
te

 d
is

tu
rb

an
ce

s O
th

er

R
ec

re
at

io
na

l d
ru

gs

A
lc

oh
ol

A
bs

en
ce

 s
ta

tu
s 

ep
ile

pt
ic

us

C
on

vu
ls

iv
e 

st
at

us
 e

pi
le

pt
ic

us

P
os

tic
ta

l
P

os
tic

ta
l p

sy
ch

os
is

P
os

tic
ta

l c
on

fu
si

on

P
rim

ar
y 

C
N

S
 a

ng
iit

is

S
ys

te
m

ic
 lu

pu
s 

er
yt

he
m

at
os

us

N
eu

ro
-B

eh
çe

t

O
th

er

C
N

S
 m

al
ig

na
nc

ie
s

M
ed

ic
at

io
ns

C
A

D
A

S
IL

S
us

ac
 e

nc
ep

ha
lo

pa
th

y

S
tr

at
eg

ic
 c

er
eb

ra
l i

nf
ar

ct
io

ns

S
ub

co
rt

ic
al

 v
as

cu
la

r 
de

m
en

tia

M
E

LA
S

P
R

E
S

P
ar

an
eo

pl
as

tic

N
on

-p
ar

an
eo

pl
as

tic

P
rim

ar
y

S
ec

on
da

ry

N
on

-c
on

vu
ls

iv
e 

st
at

us
 e

pi
le

pt
ic

us

T
hi

am
in

e 
de

fic
ie

nc
y

B
12

 d
ef

ic
ie

nc
y

Fig. 4.4  Differential diagnosis of encephalopathy
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plasmapheresis, occasionally followed by treat-
ment escalation using rituximab or cyclophos-
phamide, and tumor removal where appropriate. 
However, chronic cognitive deficits are frequent.

Because early treatment is of the essence, it 
must be initiated on clinical grounds before anti-
body test results are available (typically after 
7–14 days, depending on local availability). A 
diagnosis of possible autoimmune encephalitis can 
be made, when all three of the following criteria 
have been met: (1) subacute onset (<3 months) 
of working memory deficits (short-term memory 
loss), altered mental status, or psychiatric symp-
toms; (2) at least one of the following: new focal 
CNS findings, seizures unexplained by a previ-
ously known seizure disorder, CSF pleocytosis 
(white blood cell count of >5 cells per mm3), and 
MRI features suggestive of encephalitis; and  
(3) reasonable exclusion of alternative causes (e.g., 
infectious causes like herpes simplex encephalitis).

• AIE associated with antibodies against neu-
ronal surface or synaptic antigens. As stated, 
these conditions are relatively common. They 
occur more often than not without malig-
nancy, although searching for an underlying 
neoplastic process is always mandatory.
– Leucine-rich glioma-inactivated 1 (LGI1). 

This is one of the two most frequent AIE. 
It is typically seen in middle-aged people 
and the elderly (>40 years). Men are twice 
as often affected as women. Less than 5% 
of cases are associated with malignancies. 
Characteristically, LGI1 encephalitis is 
associated with hyponatremia and facio-
brachial dystonic seizures, an epileptic 
syndrome preceding the onset of limbic 
encephalitis. Anti-LGI1 encephalitis is a 
classical limbic encephalitis, leading to 
mesial temporal lobe inflammation and 
related neurological symptoms, including 
amnesia, neuropsychiatric features, and 
epilepsy. Increased signal activity on MR 
T2-weighted and fluid-attenuated inver-
sion recovery (FLAIR) sequences may be 
seen in the temporal lobes corresponding 
to inflammatory infiltrates (although these 
imaging changes can be subtle or even 

missing in the early and late stages of the 
disease), and FDG PET of the brain typi-
cally shows focal hypermetabolism in one 
or both temporal lobes. EEG reveals focal 
slowing and/or epileptic activity involving 
the temporal lobes. CSF is usually slightly 
inflamed with pleocytosis, increased pro-
tein levels and/or oligoclonal bands, and 
IgG index, but can be normal (Case 4.13).

– N-Methyl-d-aspartate (NMDA) recep-
tor (NMDA receptor encephalitis). This is the 
other of the two most frequent AIE. It typi-
cally affects children and young adults who 
present with sudden neuropsychiatric fea-
tures, including insomnia, followed by sei-
zures, encephalopathy, and oral automatisms. 
A prodromal phase with fever and headache 
often occurs a few days to 2 weeks before 
manifestation of neurological symptoms. 
The majority of patients are female, and 
20–50% of cases are associated with ovar-
ian teratoma. NMDA receptor encephalitis 
often requires intensive care management 
because of autonomic failure including cen-
tral hypoventilation, catatonia/agitation, and 
cardiac arrhythmia. In contrast to other AIE, 
NMDA receptor encephalitis may be associ-
ated with a relatively high CSF cell count (up 
to 200 cells/mm3) and, in perhaps 20–30% 
of intensive care cases, a characteristic EEG 
pattern termed extreme delta brush (Case 
4.14). Cases of NMDA receptor encephali-
tis following herpes simplex encephalitis are 
increasingly recognized and tend to have a 
somewhat milder course (Case 4.15).

– Contactin-associated protein-like 2 
(CASPR2). Like anti-LGI1, this antibody 
belongs to the voltage-gated potassium 
channel (VGKC) complex: It is associ-
ated with Morvan’s syndrome, consisting 
of neuromyotonia, autonomic dysfunction, 
hallucinations, and severe insomnia.

– α-Amino-3-hydroxy-5-methyl-4-isoxazole 
propionic acid (AMPA) receptor.

– mGluR5, associated with Ophelia syn-
drome (a form of limbic encephalitis occur-
ring together with Hodgkin’s lymphoma).

– GABAa receptor and GABAb receptor.
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a

b c

Case 4.13  Limbic encephalitis with anti-LGI1 antibod-
ies (LGI1 encephalitis). A 69-year-old previously healthy 
male presented with a 2-week history of behavioral dis-
turbances, including anxiety, hypochondriac complaints, 
and motor hyperactivity. The neurological examination 
was unremarkable except for slight motor agitation. Over 
the next few days, the patient had several episodes of sud-
den onset of unresponsiveness and orofacial automatisms, 
including frequent jerks of the right side of the face and 
ipsilateral arm (faciobrachial dystonic seizures). The epi-
sodes lasted for a few seconds up to one minute. Routine 
blood tests showed hyponatremia. An EEG revealed epi-
leptic spike-and-wave activity bilaterally with predomi-
nance in the left prefrontal lead (a; asterisk). MR of the 

brain revealed slight hyperintense signal change on FLAIR 
sequences in the left mesial temporal lobe (b). FDG PET 
showed an area of increased metabolism in the same area 
(c). Analysis of CSF was notable for slightly increased 
protein (0.66 g/L) but was otherwise normal. A whole-
body PET CT did not reveal signs of systemic malignancy. 
When CSF analysis revealed anti-LGI1 antibodies, the 
patient was diagnosed as having limbic encephalitis asso-
ciated with anti-LGI1 antibodies. Treatment with high-
dose steroids, IVIG, and lamotrigine resulted in significant 
clinical improvement, although moderate neuropsychiatric 
disturbance and memory deficits remained (EEG image 
courtesy of Hans Høgenhaven, Department of Clinical 
Neurophysiology, Rigshospitalet, Copenhagen)
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– IgLON5, associated with a slowly pro-
gressive, neurodegenerative disorder in the 
elderly, with a wide range of phenotypes, 
including sleep behavior abnormalities, a 
PSP-like phenotype, a bulbar syndrome, 
and cognitive decline with or without cho-
rea. CSF is typically without signs of overt 
inflammatory changes.

– Glycine receptor and many others.

• AIE associated with intracellular paraneo-
plastic antibodies. These conditions are rare. 
The diagnosis of paraneoplastic AIE requires 
the demonstration of cancer within 5 years of 
the diagnostic neurological symptoms or the 
detection of well-characterized onconeuronal, 
intracellular antibodies, e.g.:
– Ri (breast, small cell lung cancer, (SCLC))
– Yo (breast, ovarian)

Case 4.14  N-Methyl-d-Aspartate receptor (NMDA) 
receptor encephalitis. A 26-year-old previously healthy 
woman had a 2-week history with progressive signs of 
disorientation, disorganized speech, altered behavior, and 
disturbances of sleep and memory. She was admitted to 
a psychiatric department where she stayed for a total of 
3 weeks. Upon admission, she presented with varying and 
fluctuating behavioral symptoms (screaming, aggression, 
inappropriate sexual behavior), formal thought disturbance 
(vague or incoherent speech), and delusions (e.g., paranoia 
and somatic delusions). She also had prominent perceptual 
disturbances (arms felt like clay, the consistency of food 
felt altered) and auditory hallucinations (rhythms), as well 
as fluctuating catatonic symptoms (e.g., staring, verbal 
stereotypies, bizarre movements and actions, waxy flex-
ibility, mutism, and stupor). She was treated with atypical 
(olanzapine) and typical (haloperidol) neuroleptics as well 
as benzodiazepines (oxazepam), with no or very limited 
response. She then received six electroconvulsive treat-
ments (ECT). Due to the lack of treatment response, devel-
opment of convulsive seizures, increasing catatonia, and 
autonomic dysfunction (central hypoventilation), she was 

transferred to the department of neurology with a work-
ing diagnosis of autoimmune encephalitis. EEG showed 
an encephalopathic pattern with excess of delta activity, 
including “brief ictal rhythmic discharges” (BIRD; but 
no “extreme delta brushes”). MR FLAIR revealed a cor-
tical parietal lesion on the right. Empirical treatment with 
high-dose steroids and plasmapheresis was initiated with 
excellent response, both with respect to the psychiatric and 
the neurological symptoms. Her lesion had vanished on 
follow-up MRI 2 weeks later. CSF analysis showed a mild 
lymphocytic pleocytosis (45 cells) and a strong IgG anti-
NMDA receptor antibody titer, confirming the diagnosis of 
NMDA receptor encephalitis. Screening for malignancy, 
including ovarian teratoma, was negative. The patient 
was put on maintenance prednisolone which was slowly 
tapered, while azathioprine was commenced as a steroid-
sparing agent. Three years later, when it was decided that 
withdrawal of immunosuppressive treatment was safe, she 
was fully independent in her activities of daily living. Yet 
she suffered from cognitive sequelae, including decreased 
levels of concentration and short-term memory deficits, 
which had forced her to abandon her job as a nurse
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– Hu (SCLC)
– Ma2 (testis)
– Amphiphysin (breast, lung)
– CV2 (SCLC, thymoma)

– Antibodies against glutamic acid decar-
boxylase (GAD), which is also an intra-
cellular protein, are only occasionally 
associated with a malignancy and a 

a b

Case 4.15  Postherpetic NMDA receptor encephalitis. 
A 44-year-old male, the owner of a large chain of stores 
with several hundred employees, developed headache and 
tiredness but did not seek medical advice. After 5 days, 
he appeared confused during a business meeting and his 
colleagues called an ambulance. On admission, he had a 
focal seizure, starting with a blank facial expression and 
lip smacking, evolving into twitching of the left corner 
of his mouth and finally leading to generalized tonic–
clonic convulsions. His body temperature was elevated. 
CT showed a right temporal hypodensity. CSF analy-
sis revealed a lymphocytic pleocytosis (500 cells, 0.91 g 
protein). Treatment with intravenous aciclovir was com-
menced immediately. Herpes simplex type 1 DNA was 
identified by polymerase chain reaction (PCR), thereby 
confirming the diagnosis of herpes simplex encephali-
tis. MRI showed severe inflammatory edema primarily 
involving the right temporal lobe; minor lesions were seen 
affecting the left insula, the left mesial temporal lobe, as 
well as the cingulate cortex (a; FLAIR). His condition 
improved during the next 4 weeks and he was discharged 
home, albeit with moderately severe amnestic dysfunc-
tion. Back at work, he felt unable to fulfill the require-
ments of his former position as CEO and started as a 
sales assistant in one of his own stores. Two weeks later, 

he experienced an episode of paranoid hallucinations and 
agitation, leading to admission to a psychiatric depart-
ment. Although his agitation quickly subsided, visual 
and auditory pseudohallucinations (i.e., he was able to 
recognize that these vivid sensory experiences were not 
real) persisted which were both pleasant and unpleasant. 
For instance, on one occasion, he saw his little son lying 
in bed next to him involving him in a friendly chat, while 
on another occasion, he saw black thick hair growing from 
the walls and the ceiling. The patient was fully awake 
and responsive; his MMSE was 26/30. There was no sus-
picion of subclinical seizure activity, and no paroxystic 
activity was noted during EEG. MRI showed moderately 
severe atrophy and hippocampal sclerosis, predominantly 
involving the right hemisphere (b). Lumbar puncture 
revealed six cells and normal protein; HSV DNA was 
negative. However, CSF IgG anti-NMDAr antibody titer 
was strongly positive. A diagnosis of postherpes NMDA 
receptor encephalitis was made. Following treatment with 
high-dose steroids and IVIG, pseudohallucinations ceased 
within a few days. The patient was put on oral predniso-
lone maintenance therapy. He was back to baseline with 
moderate cognitive deficits within 2 weeks, fully able to 
cope with his activities of daily living but unable to take 
responsibility for the management of his business (mRS 2)
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paraneoplastic encephalitis, and their path-
ogenic properties remain unclear. Of note, 
anti-GAD antibodies are seen with stiff 
person syndrome.

• Seronegative. In seronegative AIE, no anti-
bodies can be detected, but new antibod-
ies are described at a fast pace, and many 
of these patients will harbor antibodies that 
are yet to be isolated. As stated above, in all 
patients with AIE, including those who are 
seronegative, it is crucial to look for a sys-
temic malignancy. According to the Graus 
et al. AIE guidelines from 2016, antibody sta-
tus is not needed to consider limbic encepha-
litis as having a definite autoimmune origin 
because immune-mediated limbic encepha-
litis can occur without detectable autoanti-
bodies. A diagnosis of definite autoimmune 
limbic encephalitis can be made when all of 
the following four criteria have been met: 
(1) Subacute onset (<3 months) of work-
ing memory deficits, seizures, or psychiatric 
symptoms suggesting involvement of the lim-
bic system; (2) bilateral brain abnormalities 
on T2-weighted fluid-attenuated inversion 
recovery MRI highly restricted to the medial 
temporal lobes; (3) at least one of the follow-
ing: CSF pleocytosis (white blood cell count 
of >5 cells per mm3), EEG with epileptic or 
slow-wave activity involving the temporal 
lobes; and (4) reasonable exclusion of alter-
native causes.

• AIE is also increasingly encountered in cancer 
patients who are being treated with immune 
checkpoint inhibitors like nivolumab. (As pre-
viously stated, immune checkpoint inhibitors 
can also give rise to neurological side effects 
from the peripheral nervous system). Specific 
neuronal surface or intracellular antigens may 
or may not be present (Case 4.16).

PRES is characterized by subacute onset of 
seizures, headache, confusion, and visual dis-
turbances, sometimes even cortical blindness. 
Arterial hypertension plays a role in two-thirds 
of all patients, but other causative factors include 
pregnancy (preeclampsia/eclampsia), allogenic 
or solid organ transplantation, autoimmune 

disorders, cytotoxic medication, and sepsis. The 
posterior circulation has relatively poorer sym-
pathetic innervation than the anterior circula-
tion, probably because it is phylogenetically 
much older. Thus, harmful stimuli such as severe 
hypertension may lead to breakdown in cerebral 
autoregulation, predominantly in the parietal 
and occipital lobes (and infratentorially), which 
explains the clinical symptoms. The diagnosis is 
based on clinical presentation and T2-weighted or 
FLAIR MRI. The treatment includes blood pres-
sure treatment, withdrawal of offending agents, 
and treatment of sepsis and other causes and may 
require admission to the ICU. PRES is largely 
reversible, although infarcts and intracerebral 
hemorrhages (ICH) do occur. Of note, PRES 
can be associated with RCVS, and vice versa. 
Prognosis is mainly related to the underlying dis-
ease (Case 4.17).

ICANS. Chimeric antigen receptor (CAR)-
expressing T cells are increasingly used for pre-
viously refractory B-cell malignancies and are 
under development for a variety of other tumors. 
As CAR-T therapies become increasingly 
common, it is important to be aware of neuro-
logical complications (Tallantyre et al. 2021). 
Neurological toxicity, including from cytokine 
release syndrome, is a common complication 
and known as ICANS, occurring in up to 50% 
of CAR-T recipients. ICANS after CAR-T ther-
apy is graded from grade I (mild somnolence) 
to grade IV (life-threatening encephalopathy 
requiring mechanical intubation and ICU admis-
sion). Although usually self-limiting, ICANS 
can thus be fatal. Focal deficits such as aphasia 
can occur. Extensive workup to exclude other 
causes such as infections is required. Treatment 
is based on tocilizumab with or without high-
dose parenteral steroids, as well as supportive 
measures.

4.7  The Differential Diagnosis 
of Epilepsy

It is mandatory to clearly distinguish between 
the terms epilepsy, epileptic seizures, epi-
leptic syndromes, and status epilepticus. The 
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epilepsy community, under the framework of the 
International League Against Epilepsy (ILAE), 
is continually reviewing and revising definitions, 
according to the latest developments in the field. 
Admittedly, for the nonepileptologist, these rap-
idly changing definitions can appear confusing. 
However, it is important to understand that this 
is work in progress with the final vision of pro-
viding clinically practical classifications that 
reflect current pathophysiological knowledge 
and that are endorsed by the entire epilepsy 
community.

4.7.1  Practical Clinical Definition 
of Epilepsy

According to an official report published by the 
International League Against Epilepsy (ILAE) 

in 2014, epilepsy is “a disease of the brain 
defined by any of the following conditions:  
(1) At least two unprovoked (or reflex) seizures 
occurring >24 h apart; (2) one unprovoked (or 
reflex) seizure and a probability of further sei-
zures similar to the general recurrence risk 
(at least 60%) after two unprovoked seizures, 
occurring over the next 10 years; (3) diagnosis 
of an epilepsy syndrome.”

The report specifies further that “epilepsy is 
considered to be resolved for individuals who 
had an age-dependent epilepsy syndrome but are 
now past the applicable age or those who have 
remained seizure-free for the last 10 years, with 
no seizure medicines for the last 5 years” (Fisher 
et al. 2014).

The perhaps most significant clinical impli-
cation of this definition (as opposed to the tra-
ditional definition, which required a mandatory 

Case 4.16  Immune checkpoint inhibitor-induced auto-
immune encephalitis. A 51-year-old woman with meta-
static breast cancer was admitted with fever 10 days 
after the first infusion of atezolizumab. On day 15 she 
decreased rapidly in consciousness and developed apathy 
and confusion, did not follow commands, and her lan-
guage was reduced to yes/no answers. Her clinical sta-
tus deteriorated further with reduced consciousness and 
convulsive seizures. Laboratory investigations showed 
hyponatremia compatible with the syndrome of inap-
propriate antidiuretic hormone secretion, EEG showed 
diffuse theta activity, and lumbar puncture revealed 
increased protein levels (6 g/L) but normal cell count and 
was negative for onconeural and cell surface autoantibod-
ies. Brain MRI showed subtle fluid-attenuated inversion 

recovery–positive signal changes in the hippocampi 
bilaterally, consistent with limbic encephalitis (A). There 
were no cerebral metastases. The patient was treated with 
IV prednisone 1 g daily for 3 days and plasma exchange 
for 5 days, which had a positive effect on her conscious-
ness level. The patient was put on long-term oral azathio-
prine. On day 40, she was transferred to a rehabilitation 
unit, still having executive and memory difficulties. On 
MRI of the brain on day 110, the hippocampal changes 
had regressed, and there was no sign of brain metastasis 
on MRI and PET. At that stage, the patient had made a 
full neurologic recovery. She died 1.5 years later of her 
metastatic breast cancer, including metastatic involvement 
of the cerebral leptomeninges of the left hemisphere (B). 
Adapted with permission from Nersesjan et al. (2021a)
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a b

c d

Case 4.17  Posterior reversible encephalopathy syndrome 
(PRES). A 35-year-old female with SLE and chronic 
renal failure complained of severe headache and cloudy 
vision. Three hours later she became unconscious with 
eyes and head deviating to the left and upward, followed 
by generalized tonic–clonic convulsions, urinary inconti-
nence, and lateral tongue biting. Her blood pressure was 

243/134 mmHg. T2-weighted MRI showed hyperintense 
signal involving the occipital and parietal lobes bilaterally, 
consistent with severe vasogenic edema and a diagnosis 
of PRES (a, b). Following aggressive blood pressure con-
trol and symptomatic treatment, she made a full recovery 
within a few days. MRI 2 months later showed complete 
resolution of the white matter abnormalities (c, d)
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number of at least two unprovoked seizures) 
is the fact that epilepsy can be diagnosed (and 
treated!) in a patient presenting with a first-time 
focal seizure due to an acquired brain lesion.

4.7.2  Epileptic Seizures

An epileptic seizure is the clinical manifestation 
of abnormal and excessive hypersynchronous 
electrical discharge of a population of cortical 
neurons. The semiology of the epileptic seizure 
reflects the cortical representation and possible 
seizure spread to other brain regions, including 
the contralateral hemisphere. Depending on the 
involved cortical areas, an epileptic seizure leads 
to motor, sensory, autonomic, and/or psychic 
symptoms. Sensory and psychological symp-
toms can only be experienced and described by 
the patient and are called aura. It is important 
to understand that the aura represents epileptic 
cortical activity; its presence suggests a defined 
cortical lesion; thus, when occurring unpro-
voked and repeated, the patient is having partial 
(or focal) epilepsy. Although structural lesions 
account for <50% of all cases of epilepsy, this 
proportion is much higher in patients with par-
tial epilepsies and in those with a later onset, in 
particular those over the age of 60. As a result, 
the etiology is structural in most new-onset 
epilepsies.

Epileptic seizures must be distinguished 
from syncope, psychogenic nonepileptic attacks, 
and other causes of paroxysmal events (Fig. 
4.5). Epilepsy is suggested by unprovoked ste-
reotyped and repeated events occurring with (or 
without) aura, automatisms, convulsions, lateral 
tongue biting, posturing, incontinence, postictal 
confusion, and muscle soreness. It is manda-
tory to assess whether a generalized tonic-clonic 
seizure has a focal start or not; this is done by 
asking the patient and witnesses about a possible 
focal seizure onset and if there have been prior 
episodes consistent with partial seizures. The lat-
ter is particularly important because the patient 
may not volunteer this information, believing 
that these episodes are not related to the present 

event. Most epileptic seizures last no longer than 
2–3 min. If a patient describes intermittent spells 
of symptoms lasting for more than 30 min, it is 
unlikely that these are epileptic seizures.

In 1981, the ILAE put forward a classification 
scheme for seizures, and in 1989, it introduced a 
classification scheme for epilepsies and epileptic 
syndromes. Both classifications remain in com-
mon use. Yet, modern neuroimaging, genomic 
technologies, and molecular biology are pro-
viding new insight into the pathophysiology of 
seizures and epilepsies. As a result, the ILAE 
Commission on Classification and Terminology 
issued a revised classification in 2010 called 
ILAE Proposal for Revised Terminology for 
Organization of Seizures and Epilepsies, which 
is shown in Table 4.2, and another in 2017 called 
Operational classification of seizure types by the 
International League Against Epilepsy: position 
paper of the ILAE Commission for Classification 
and Terminology (Table 4.3).

Formal classification of epileptic seizures 
thus divides seizures into those with focal onset, 
those with generalized onset, and those with 
unknown onset. However, outside of academia, 
terms such as “focal to bilateral tonic-clonic” 
(rather than “secondary generalized”) have 
apparently had difficulty being incorporated 
into everyday clinical practice, perhaps because 
“focal to bilateral tonic-clonic” is something of 
a mouthful. That is why many general neurolo-
gists still communicate in terms based on the 
classifications from 1981 for seizures and from 
1989 for epilepsies and epileptic syndromes. 
According to these, seizures are categorized as 
generalized, focal, or unclassified based on clini-
cal grounds and EEG evaluation.

• Partial (focal, local) seizures
– Simple partial seizures (seizures without 

impairment of consciousness).
– Complex partial seizures (seizures with 

impairment of consciousness).
– Focal seizures may generalize secondar-

ily. This is usually the case when epileptic 
activity in one hemisphere spreads to the 
other hemisphere.
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Black-outs, seizures, drop attacks
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Fig. 4.5  Differential diagnosis of blackouts, seizures, and drop attacks
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Table 4.2  International league against epilepsy (ILAE) proposal for revised terminology for organization of seizures 
and epilepsies 2010

Classification of seizures
Generalized seizures
Tonic-clonic
Absence
Typical
Absences with special features (myoclonic absence, eyelid myoclonia)
Atypical
Clonic
Tonic
Atonic
Myoclonic (myoclonic, myoclonic-atonic, myoclonic-tonic)
Focal seizures
Focal seizures are characterized according to one or more features:
Aura, motor, autonomic, and altered or retained awareness/responsiveness
Focal seizures may evolve to bilateral convulsive seizures (previously termed “secondarily generalized”)
Unknown (insufficient evidence to classify as generalized, focal, or both)
Epileptic spasms
Others
Classification of seizure etiology
Genetic
Structural-metabolic
Unknown
Electroclinical syndromes and other epilepsies grouped by specificity of diagnosis
Electroclinical syndromes; they may be arranged by, for example, age of onset: benign neonatal seizures (neonatal 
period), Dravet syndrome (infancy), CAE (childhood), JME (adolescence-adulthood)
Distinctive constellations/surgical syndromes, e.g., mesial temporal lobe epilepsy with hippocampal sclerosis
Nonsyndromic epilepsies; they do not meet criteria for specific syndromes or constellations and are attributed to and 
organized by structural-metabolic causes, e.g., due to tumor, infections, and vascular malformations

Epilepsies of unknown cause

Table 4.3  Operational classification of seizure types by the International League Against Epilepsy: position paper of 
the ILAE Commission for Classification and Terminology 2017 (Fisher et al. 2017)

Focal onset Generalized onset Unknown onset
Aware versus impaired awareness Motor Motor
Motor onset (automatisms, atonic, clonic,  
epileptic spasms, hyperkinetic, myoclonic, 
tonic) vs. nonmotor onset (autonomic,  
behavior arrest, cognitive, emotional, sensory)

• Tonic-clonic
• Clonic
• Tonic
• Myoclonic
• Myotonic-tonic-clonic
• Myoclonic-atonic
• Atonic
• Epileptic spasms

• Tonic-clonic
• Epileptic spasms

Focal to bilateral tonic-clonic Nonmotor (absence) Nonmotor (behavior arrest)
• Typical
• Atypical
• Myoclonic
• Eyelid myoclonia

Unclassified (because of inadequate 
information or inability to place in 
other categories)
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• Generalized seizures
– Absence seizures
– Atypical absence seizures
– Tonic seizures
– Tonic-clonic seizures
– Clonic seizures
– Atonic seizures
– Secondary tonic-clonic generalized seizures

• Unclassifiable seizures, usually due to lack of 
clinical data

Most generalized convulsions starting in adult-
hood are secondarily generalized. Convulsions in 
sleep are mostly secondarily generalized, whereas 
convulsions following awakening are usually pri-
mary generalized.

Figure 4.5 provides a diagram of the differen-
tial diagnosis of epileptic seizures.

4.7.3  Epileptic Syndromes

After classifying seizures as described above, 
the neurologist attempts to define the epilepsy 
syndrome according to the 2010 ILAE report. 
This is done by analyzing the following:

• Site of seizure onset (focal, generalized, or 
unclassifiable)

• Presumed etiology
– Genetic: These disorders are “the direct 

result of a known or presumed genetic 
defect(s) in which seizures are the core 
symptom of the disorder, but the possibil-
ity that environmental factors contribute to 
expression of the disease is not excluded.”

– Structural-metabolic: In these condi-
tions, “there is a distinct other structural 
or metabolic condition or disease that has 
been demonstrated to be associated with a 
substantially increased risk of developing 
epilepsy in appropriately designed stud-
ies.” These disturbances can be acquired 
or genetic (e.g., tuberous sclerosis).

– Unknown cause.

Table 4.2 shows the classification of epileptic 
syndromes as suggested in the ILAE Proposal 

for Revised Terminology for Organization of 
Seizures and Epilepsies 2010.

There are dozens of epilepsy syndromes, too 
many to list them all here. Localization-related 
epilepsy syndromes in adults may be caused by, 
e.g., trauma, hippocampal sclerosis, brain tumors, 
cortical dysplasias, and vascular CNS malforma-
tions. Some of these syndromes include:

• Temporal lobe seizures. Can be very fre-
quent and may occur several times per day. 
Hippocampal sclerosis is the most common 
cause of adult epilepsy. Chapter 2 discusses 
the semiology of mesial and cortical/lateral 
temporal lobe epilepsy.

• Frontal lobe seizures. Since the frontal lobes 
are large, the semiology of frontal lobe sei-
zures is varied. The so-called Jacksonian 
march of convulsion is the spreading of seizure 
activity along the primary motor cortex with 
characteristic sequence of motor phenomena in 
the arm and face. Occasionally, postictal tran-
sient focal weakness may occur (Todd’s phe-
nomenon). Supplementary motor area seizures 
are characteristically adverse seizures charac-
terized by head and eyes turning away from 
the seizure focus and jerking or elevation of 
the arm contralateral to the focus (fencing, the 
sign of four). Frontal lobe epileptic seizures 
associated with sleep tend to be short-lasting 
(<1 min), and postictal confusion is generally 
lacking. There is bizarre motor activity such 
as cycling, punching, running, and shouting 
(hypermotor seizures). Frontal lobe seizures 
are therefore often mislabeled as psychogenic. 
Speech arrest or dysphasia suggests focus in 
the dominant hemisphere; the opposite is true 
if speech is rather unaffected during ictus.

• Occipital seizures. Often provoke contralat-
eral visual (pseudo-) hallucinations and ipsi-
lateral eye deviation to the side of the focus 
(see Chap. 2).

Idiopathic generalized epilepsies include, 
among others:

• Juvenile myoclonic epilepsy (JME). This epi-
lepsy syndrome is associated with myoclonus 
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in the early morning hours, generalized 
tonic-clonic seizures on awakening, and (to 
a lesser degree) absences and photosensitiv-
ity. Seizures occur particularly often follow-
ing sleep deprivation and alcohol withdrawal. 
JME usually manifests in teenage years and, 
despite its name, is usually a lifelong disor-
der. Only one-third or less of all JME patients 
are seizure-free after 25 years and no longer 
need AED treatment.

• Juvenile absence epilepsy (JAE). There is 
clinical overlap with JME. Absences are 
characterized by sudden onset and offset of 
impaired consciousness, sometimes accom-
panied by eyelid myoclonus or automatisms, 
and brief duration (5–10 s). Absences may 
be mild or severe and may occur several 
hundred times per day. They can be distin-
guished from complex partial seizures by 
their short duration, lack of postictal confu-
sion, and their characteristic EEG pattern 
(sudden onset and termination of generalized 
3 Hz spike-and-wave activity). Also, a typi-
cal absence seizure can often be reproduced 
by 1 or 2 min of hyperventilation, whereas a 
complex partial seizure cannot. Occasionally, 
absence status epilepticus leads to a “twi-
light” state in which patients are amnestic 
and not interacting normally but may remain 
able to perform basic activities.

• Childhood absence epilepsy (CAE), also 
known as pyknolepsy, is differentiated from 
JAE mainly by the age of onset.

• Generalized tonic-clonic seizures on awakening, 
without absence or myoclonus, also belong to 
the so-called idiopathic generalized epilepsies.

Idiopathic focal epilepsies are predominantly 
encountered in children:

• Benign epilepsies of childhood, such as 
benign childhood epilepsy with centrotempo-
ral spikes, are usually self-limiting and do not 
always require treatment.

• Monogenic focal epilepsies. Although repre-
senting only a tiny proportion of all epileptic 
syndromes, more and more monogenic focal 
epilepsies are recognized, examples being 

autosomal dominant nocturnal frontal lobe 
epilepsy (NFLE) and epilepsy associated 
with glucose transporter type 1 (GLUT1) 
deficiency syndrome.

Symptomatic and cryptogenic generalized 
epilepsies are typically severe epilepsies with 
childhood onset and associated with intellectual 
disability, e.g.,:

• West syndrome
• Lennox–Gastaut syndrome
• Myoclonic astatic epilepsy

For differential diagnosis of myoclonic epi-
lepsies, please consult Sect. 4.15.2.

4.7.4  Status Epilepticus

Status epilepticus occurs because of failure 
of cellular mechanisms to terminate seizures. 
Ongoing seizure activity promotes drug resist-
ance, neuronal energy failure, and accumulation 
of reactive oxygen metabolites, subsequently 
leading to neuronal death. Convulsive status epi-
lepticus is associated with a high morbidity and 
mortality; the three most important prognostic 
factors are age, etiology, and seizure duration. 
Long-term consequences may include chronic 
epilepsy (because of enhanced epileptogenesis) 
and cognitive decline.

Traditionally, status epilepticus has been 
defined as a period of 30 min of continuous 
epileptic activity or repeated epileptic seizures 
without regaining of consciousness in between. 
Again, in 2015, the ILAE published revised cri-
teria. According to these, status epilepticus is

a condition resulting either from the failure of 
the mechanisms responsible for seizure termina-
tion or from the initiation of mechanisms, which 
lead to abnormally, prolonged seizures (after time 
point t1). It is a condition, which can have long-
term consequences (after time point t2), includ-
ing neuronal death, neuronal injury, and alteration 
of neuronal networks, depending on the type and 
duration of seizures. This definition is conceptual, 
with two operational dimensions: the first is the 
length of the seizure and the time point (t1) beyond 
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which the seizure should be regarded as ‘continu-
ous seizure activity.’ The second time point (t2) is 
the time of ongoing seizure activity after which 
there is a risk of long-term consequences. In the 
case of convulsive (tonic–clonic) SE, both time 
points (t1 at 5 min and t2 at 30 min) are based on 
animal experiments and clinical research (Trinka 
et al. 2015).

According to the 2015 ILAE criteria, status 
epilepticus encompasses four axes: symptoma-
tology, etiology, EEG, and age.

For all practical purposes, since most epilep-
tic seizures terminate within a few minutes, pro-
longed seizure activity exceeding 5 min should 
be regarded as status epilepticus and treated 
as such. Further, it is important to note that in 
many instances, status epilepticus is an acute 
symptomatic event occurring in patients without 
a previous diagnosis of epilepsy.

• A generalized tonic–clonic status epilepti-
cus is always life-threatening. Its recogni-
tion is usually easy, but difficulties can arise 
in patients with prolonged status epilepticus. 
These patients may no longer have general-
ized convulsions but may exhibit only subtle 
signs of seizure activity such as twitching of 
the eyelids or corners of the mouth, as well as 
impaired consciousness. However, so-called 
subtle status epilepticus has serious implica-
tions because it has been going on for a pro-
longed time. Also psychogenic (nonepileptic) 
convulsions may provide diagnostic difficul-
ties, but typically, there are no signs of car-
diorespiratory distress such as cyanosis or 
lactic acidosis, and EEG and serum levels 
of myoglobin and creatine kinase are nor-
mal. (The rise of serum prolactin peaks at 
20 min postictally and remains elevated for 
60 min following a single generalized tonic–
clonic seizure, but serum prolactin levels are 
typically not elevated in generalized tonic-
clonic status epilepticus and, therefore, can-
not be used to distinguish status epilepticus 
from prolonged psychogenic nonepileptic 
convulsions.)

• Nonconvulsive status epilepticus may fol-
low a generalized tonic–clonic seizure or 
may arise by itself; it can be nonconvulsive 

generalized or focal. In nonconvulsive gener-
alized status epilepticus, the patient typically 
has impaired consciousness or, if awake, 
exhibits bizarre behavior. In the intensive 
care unit, nonconvulsive status epilepticus is 
an important differential diagnosis in patients 
who remain in a coma for apparently unex-
plained reasons. If this is the case, an EEG 
is needed, preferably continuous EEG moni-
toring. In contrast, focal nonconvulsive sta-
tus epilepticus (sometimes termed epilepsia 
partialis continua) is a condition in which the 
patient is awake and alert but has continu-
ous focal motor seizures such as twitching 
in the face and the ipsilateral arm; it can be 
especially resistant to antiepileptic treatment 
and is always due to an underlying structural 
pathology, e.g., a brain tumor.

• Absence status epilepticus is a complication 
of absence epilepsy and affects children, only 
very occasionally adults.

All forms of status epilepticus are medical 
emergencies and require immediate antiepilep-
tic therapy (Chap. 6) as well as evaluation and 
treatment of the underlying cause.

4.8  The Differential Diagnosis 
of Nonepileptic Seizures, 
Blackouts, and Drop Attacks

As stated in the previous chapter, the primary 
aim of the neurologist evaluating a seizure is to 
distinguish epileptic seizures from nonepileptic 
events (Fig. 4.5), including:

• Syncope
• Psychogenic nonepileptic attacks
• Other causes (Case 4.18)

Generations of physicians have remembered 
the differential diagnosis of epileptic seizures, 
syncope, and psychogenic attacks by using the 
mnemonic “fits, faints, and funny turns.” As 
a rule, the likelihood of psychogenic attacks 
is higher in young patients, while syncope and 
TIA are common in the elderly. A good history, 
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preferentially from both the patient and wit-
nesses, as soon after the event as possible, is the 
best initial tool to settle the differential diagno-
sis. When evaluating a patient with a first-time 
seizure in the emergency room, it is advisable to 
ask for mobile phone numbers to call witnesses. 
Unprovoked events, aura, automatisms, convul-
sions, lateral tongue biting, posturing, inconti-
nence, and postictal confusion all point toward 
epilepsy. If the diagnosis is uncertain, ex juvan-
tibus prescription of AED is never a good idea 
as it exposes the patient to potentially dangerous 
and unnecessary medication. The chance is also 
very high that the problem will remain unsettled. 
Video-EEG monitoring, if available, is espe-
cially helpful in this situation.

Syncope is usually characterized by a spe-
cific history, as outlined below. In contrast 
to a generalized epileptic seizure, syncope is 

typically not associated with postictal confusion. 
Consequently, patients with syncope tend to 
wake up before the ambulance arrives, whereas 
following an epileptic seizure patients often 
regain full consciousness only in the ambulance 
or upon arrival at the hospital. Bear in mind that, 
due to temporary cerebral hypoxia, syncope can 
lead to short-lasting myoclonic paroxysms in 
the extremities (convulsive syncope) and blad-
der emptying. A convulsive syncope is release 
of brainstem activity from cortical influence in 
contrast to an electrocortical seizure, but this is 
easily misinterpreted by the layman as signs of 
an epileptic seizure. Also, a minor tongue bite 
at the tip of the tongue may occasionally occur 
with syncope but typically not lateral tongue 
biting. (The explanation for this is that with 
syncope, sudden loss of muscle tone leads to 
protrusion of the tongue, and when the patient 

a

b

Case 4.18  Moyamoya disease. Within a year, a 25-year-
old female experienced up to 100 spells of sensorimotor 
symptoms involving the left side of her body. These spells 
lasted only a few seconds. Sensory symptoms (“pins and 
needles”) were roughly three times as frequent as motor 
spells (“funny twitches”). In addition, she had roughly one 
episode per month during which she suddenly felt close to 
fainting, although she never did. Neurological examination 
was normal. MRI showed a few scattered lesions within 
the territory of the right MCA, consistent with small 
infarcts (a, coronal FLAIR to the left and in the middle, 
axial T2 to the right). MR angiography revealed bilateral 

proximal MCA stenosis (observe that this was even more 
pronounced on the asymptomatic left MCA). Digital 
subtraction angiography (DSA) revealed a fine network 
of small collateral vessels (b, left). The patient was diag-
nosed with Moyamoya disease (which is a cryptogenic 
condition and requires exclusion of secondary factors 
such as sickle cell anemia; see also Case 4.26, Moyamoya 
phenomenon associated with Fanconi’s anemia). She was 
referred for bilateral IC-EC bypass (b, right, DSA shows 
the bypass graft on the right). Following surgery, the fre-
quency of her symptoms decreased dramatically (roughly 
1–2 sensory spells per year)
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falls, the front teeth hit the tip of the tongue. 
In contrast, patients with a generalized tonic-
clonic seizure “chew” on their tongue leading to 
the typical injuries of the lateral aspects of the 
tongue.)

Syncope can be divided into:

• Vasovagal syncope. This diagnosis is nor-
mally suggested by the situation (e.g., bath-
room, public transport, and hot summer 
days), prodrome (sensation of blackout, 
pallor, tachycardia, sweating, and tremor), 
and short unconsciousness with or without 
random muscle twitching and occasionally 
urinary incontinence (both of which can be 
mistaken as signs of epileptic seizure), fol-
lowed by fast reorientation and a feeling of 
general exhaustion. Vasovagal syncope vari-
ants are cough and micturition syncope; the 
latter typically occurs in men who urinate at 
night while standing.

• Cardiac syncope comes suddenly and usually 
lacks a prodromal phase, although sometimes 
the patient may report cardiac palpitations, 
chest pain, and shortness of breath. Falls are 
not uncommon. Brief unconsciousness is fol-
lowed by rapid recovery as in other forms of 
syncope. Often arrhythmias and other abnormal 
ECG signs are present. Cardiac monitoring, 
including telemetry/Holter ECG and echocar-
diography, is mandatory. Syncope and near-
syncope due to the long QT syndrome tends to 
be misdiagnosed as epilepsy, often with fatal 
consequences for the patient—and his relatives 
who may suffer from the same condition.

• Orthostatic syncope. This is the typical syn-
cope associated with dizziness and blackout 
after sudden change from the supine to the 
upright position. It occurs especially often 
in the young and the elderly, in those with an 
alpha-synucleinopathy (M. Parkinson, MSA, 
and primary autonomic failure), and in those 
on beta-blockers.

• Carotid sinus syncope. Hypersensitivity of 
the carotid sinus leading to syncope typically 
occurs in the elderly. Shaving, wearing a tight 
collar, or turning the head can trigger a sud-
den syncope.

Psychogenic nonepileptic seizures (PNES) 
and other attacks of unresponsiveness due to 
psychological reasons can be very difficult to 
distinguish from true epileptic seizures, but 
much of what has been said about the patient 
with functional palsy and psychogenic coma 
(see Sect. 3.11) is also true for the patient with 
PNES. Patients with functional seizures often 
have a characteristic way of presenting their 
history; they may refer extensively to their “sei-
zures,” but when the examiner inquires about 
the nature of these phenomena, they try to avoid 
giving detailed descriptions.

• PNES, or dissociative convulsions, may 
account for about 20% of referrals to epilepsy 
clinics. Seizure duration longer than 5 min, 
gradual seizure onset with fluctuating course, 
closure of eyes and the mouth, resistance 
to passive eye opening, violent movements 
with trashing of the head from side to side, 
opisthotonus and pelvic thrusting, hyperven-
tilation, exclusive occurrence of witnessed 
seizures, and recall of the period of unrespon-
siveness are all common features in disso-
ciative seizures but are rare to exceptional in 
epileptic seizures.6

• Panic attacks are suggested by the circum-
stances (e.g., shops, crowds, and claus-
trophobic situations), slow buildup with 
increasing anxiety, breathlessness, tingling, 
blurred vision, long duration, and tearfulness.

Other, usually far less common causes of 
acute unresponsiveness and paroxysmal motor 
phenomena include:

6 Beware of the fact that coexistent epilepsy is found 
in up to 20% of those with dissociative seizures. Also, 
many bizarre motor features such as pelvic thrusting and 
bicycling, while commonly seen in PNES, may occur in 
frontal lobe seizures. Further, it must be borne in mind 
that panic and other emotions may be part of a temporal 
lobe seizure. In addition, resistance to passive eye open-
ing is frequently seen in patients with NMDAR encepha-
litis. Lastly, the “teddy bear sign” (referring to adults 
who bring stuffed toy animals to an epilepsy monitoring 
unit), often suggested to be associated with PNES, is not 
always reliable.
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• Hypoglycemia. This is usually encountered 
in patients with diabetes mellitus and tight 
glucose control. An unusual cause of hypo-
glycemic attacks is insulinoma, which often 
remains unrecognized for a long time, as the 
symptoms are being mistaken for epilepsy.

• Neurocardiogenic syncope due to primary 
autonomic insufficiency, acute inflamma-
tory demyelinating polyneuropathy, adrenal 
insufficiency, basilar migraine, cerebrovas-
cular insufficiency (dominant vertebral artery  
and/or basilar artery stenosis, vertebral artery 
compression, subclavian steal), CSF flow 
obstruction (including ventriculoperitoneal 
shunt malfunction), multiple system atrophy 
(MSA) (in particular, MSA with predomi-
nantly autonomic features), postganglionic 
insufficiency, and syringomyelia.

• Eclampsia.
• Parasomnias such as REM sleep behavior 

disorder and sleep walking.
• Other neuroendocrine tumors (besides insu-

linoma) with paroxystic systemic symptoms 
include pheochromocytoma and carcinoid 
(Case 4.19).

The following phenomena, sometimes con-
fused with epileptic seizures, occur by definition 
without loss of consciousness:

• Drop attacks. These may be due to verte-
brobasilar ischemia (either due to stenosis 
of the basilar/vertebral arteries or associated 
with a subclavian steal syndrome), posterior 
fossa lesions (including Arnold-Chiari mal-
formations), hydrocephalus, intraventricular 
tumors (classically, colloid cysts of the third 
ventricle), inner ear disorders (e.g., Ménière’s 
disease, migrainous vertigo), and intermittent 
cervical cord compression. Cryptogenic drop 
attacks are relatively frequent and mainly 
affect middle-aged women.7

• Cataplexy is triggered most often by laughter, 
although any emotional stimulus can induce it. 
Occasionally, cataplexy may also occur in sit-
uations devoid of any specific emotional con-
tent but associated with certain postures such 
as bending forward. Loss of muscular tone 
may be complete or discrete and unremark-
able to anyone other than the patient. A patient 
with narcolepsy may suffer from cataplexy 
several times a day or only once or twice dur-
ing a lifetime, and therefore, a careful history 
is crucial to detect the presence of mild cata-
plexy. The duration of hypotonia in cataplexy 
ranges from several seconds to a few min-
utes (rarely longer), followed by complete 
recovery. It is useful to check tendon reflexes 
when observing a possible cataplexy attack; 
reflexes are absent during an attack but present 
in between. Status cataplecticus (“limp man 
syndrome”) is excessive daytime sleepiness 
associated with frequent episodes of sudden 
buckling of the knees without falls. It is a very 
rare, but useful, differential diagnosis because 
it may be confused with a functional gait dis-
order. For practical purposes, cataplexy is 
pathognomic for narcolepsy, although symp-
tomatic cataplexy can be seen with neuromy-
elitis optica spectrum disorder and there have 
been case reports of cataplexy in Niemann–
Pick type C disease. (See also Sect. 4.10.)

• Some paroxysmal symptoms in the young are 
highly characteristic for MS; these include 
brief (seconds-minutes) and very frequent 
(50–100/day) paroxysms of dysarthria and/
or ataxia or unilateral dystonia responding 
to carbamazepine. The paroxysms are due to 
ephaptic transmission at sites of demyelina-
tion, often at the brainstem level.

• TGA, although frightening for the patient, is 
usually harmless, and there is no increased 
risk of developing stroke. When a reliable 
account from a witness is available, TGA is 
easy to diagnose (see Case 2.23).

• Transient ischemic symptoms, including, for 
instance, limb-shaking TIA (usually seen 
with high-grade contralateral ICA stenosis), 
the capsular warning syndrome (transient 
lacunar ischemia that typically precedes a 

7 In elderly patients with sudden falls and presumed drop 
attacks, however, the absence of a history of loss of con-
sciousness is unreliable. More often than not, syncope is 
the correct diagnosis.
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Case 4.19  Pheochromocytoma. A 30-year-old previously 
healthy woman in the 26th week of her first pregnancy was 
referred from her gynecologist because of new-onset epi-
sodic frontal throbbing headaches of moderate-to-severe 
intensity, accompanied by nausea, vomiting, and hyper-
ventilation. Episodes occurred up to five times daily and 
lasted from a few minutes to 1 h. On two occasions, the 
patient had noted a scintillating scotoma in her left visual 
field. She had no history of migraine. Since proteinuria and 
edema were absent, preeclampsia had been ruled out by 
her gynecologist prior to referral. Neurological examina-
tion, including fundoscopy, was unremarkable. The patient 
had no fever and blood pressure was 130/85 mmHg in both 
arms. MRI of the head including MR angiography and a 
lumbar puncture were normal. However, on day 3 after 
admission, the patient was observed during a severe head-
ache with marked tachycardia, sweating, pallor, tremor, 
and anxiety. Blood pressure was 220/110 mmHg, pulse 
rate 115 beats/min. A working diagnosis of pheochro-
mocytoma was made. Repeated 24 h urinary catechola-
mine testing revealed increased levels of norepinephrine, 

epinephrine, metanephrines, and vanillylmandelic acid. 
MRI of the abdomen showed a 6 × 6 cm solid right adre-
nal mass (a, b). Genetic testing for mutations in the RET, 
VHL, SDHB, and SDHD genes was negative. Using 
a multidisciplinary approach involving endocrinolo-
gists, anesthesiologists, surgeons, and neonatologists, it 
was decided to treat the patient with phenoxybenzamine 
(α-adrenoceptor antagonist) and await fetal maturity. 
Headaches vanished completely. In the 31st week of 
pregnancy, the patient underwent an uncomplicated cesar-
ean section combined with removal of the adrenal mass. 
Release of catecholamines from a pheochromocytoma 
is related to changes in blood flow or necrosis within the 
tumor and to any activity that mechanically compresses it. 
Thus, pregnancy may uncover a pheochromocytoma due to 
fetal movement, uterine growth, or delivery. Undiagnosed 
pheochromocytoma is associated with maternal and 
fetal mortality of up to 58% and 56%, respectively. With 
an established antenatal diagnosis, maternal mortality 
decreases to 2% and fetal mortality to 15% (adapted with 
permission from Kondziella et al. (2007a; b))
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capsular infarction) and paroxystic symptoms 
in Moyamoya disease (Case 4.18).

• Transient sensorimotor symptoms associated 
with cerebral amyloid angiopathy (“amyloid 
spells”) (Case 4.20).

4.9  The Differential Diagnosis 
of Vertigo and Dizziness

Although many patients use the terms vertigo 
and dizziness synonymously, the neurologist 
should carefully distinguish between vertigo 

on one hand and dizziness or light-headedness 
on the other. Vertigo is best defined as an illu-
sion of motion, the false sensation of move-
ment (Chap. 2), and it is either of central 
(brainstem, cerebellopontine angle, cerebel-
lum) or peripheral origin (inner ear, vestibular 
system) (Fig. 4.6). Dizziness or light-headed-
ness, in contrast, is far more unspecific, and 
the patient may use these terms to describe 
problems of gait and balance, an experience 
of presyncope, a feeling of being unwell, vis-
ual impairment, or even a state of depressed 
mood.

a b

Case 4.20  Amyloid spells: Jacksonian sensory march 
due to cerebral amyloid angiopathy (CAA). A 71-year-
old male with a history of hypertension and chronic 
obstructive lung disease had sudden onset of bizarre 
behavior and headache. CT of the brain revealed a 
right frontal lobar hematoma (a). The patient made an 
uneventful recovery. Four years later, he presented with 
complaints of sensory spells starting in the fingers of his 
left hand, progressing to the arm and finally spreading to 
the left side of his face within 10 min. He had had nine 
such episodes within the previous 8 days. Neurological 
examination was unremarkable except for slight spas-
ticity in both legs. In addition, despite a normal Mini-
Mental State Examination score (29/30), he showed the 
“head-turning sign,” that is, he frequently addressed his 

wife when being asked questions, suggestive of a mild 
cognitive deficit. CT of the brain showed a right postcen-
tral sulcal hemorrhage, compatible with his Jacksonian 
sensory marches (b). Apart from the previous lobar 
hemorrhage, T2-weighted magnetic resonance imag-
ing revealed multiple atraumatic convexal hemosiderin 
deposits, confluent white matter hyperintensities (c) and 
microbleeds (not shown). According to the Boston cri-
teria, the patient was diagnosed with probable cerebral 
amyloid angiopathy (“definitive” CAA requires a full 
postmortem examination). The pathophysiology of recur-
rent paresthesias or “amyloid spells” remains not fully 
understood, but cortical spreading depolarizations (as 
opposed to focal epileptic seizure activity) are a likely 
mechanism
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4.9.1  Vertigo of Central Origin

As described earlier (Chaps. 2 and 3):

• A patient with vertigo due to a brainstem 
lesion will almost always have other signs 
and symptoms of impaired CN and sensori-
motor pathway function.

• Likewise, a patient with vertigo due to a cere-
bellopontine lesion (e.g., a vestibular schwan-
noma) will typically have signs and symptoms 
referable to the cerebellum and/or the adja-
cent CNs (e.g., decreased corneal sensation, 
peripheral facial palsy, sensory hearing loss).

• However, a patient with a cerebellar lesion 
may occasionally exhibit monosymptomatic 
vertigo, and then, the key to the correct diag-
nosis is careful examination of the eye move-
ments as outlined in Chap. 3 (“three-step 
oculomotor bedside examination”).

• Monosymptomatic vertigo has also been 
described with certain supratentorial lesions, 
including the anterior insula and the parietal 
lobes, and it may reflect a focal seizure in 
patients with temporal lobe epilepsy.

• Vertigo may also occur with migraine, MS, and 
other neurological disorders, as well as due to 
medication side effects and intoxications.

• Rupture of an intracranial demoid cyst is 
another differential diagnosis of acute vertigo 
of central origin (Case 4.21).

4.9.2  Vertigo of Peripheral Origin

The hallmark of peripheral vertigo is the dis-
tinct sensation of relative motion with the 
visual world (Fig. 4.6). Peripheral vertigo 
typically comes in spells and usually lasts sec-
onds as benign positional vertigo, minutes as 
in Ménière’s disease, or hours as in vestibular 
neuritis. Frequent accompanying symptoms are 
hearing loss, tinnitus, and aural fullness. A diag-
nosis of benign positional vertigo, for instance, 
is very likely in patients with short vertigo 
brought on by a change of position such as roll-
ing over in bed. The onset is sudden, while the 
offset is usually less well defined.

The most common associated disorders 
include:

c

Case 4.20  (continued)
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a

b

Case 4.21  Ruptured intracranial dermoid cyst. A 
51-year-old male with a history of anxiety was admitted 
because of sudden onset of vertigo and headache. The 
ENT team had reviewed the patient and had not found evi-
dence of a peripheral vertigo. Neurological examination 
revealed saccadic pursuit, difficulties with finger-nose and 
heel-shin tests, and moderate gait ataxia. The attending 
neurologist ordered an MRI, suspecting an acute cerebro-
vascular event from the posterior circulation. However, 
MR angiography and DWI were normal. Instead, 
T1-weighted imaging revealed a midline cystic lesion 
at the level of the midbrain and scattered bright signal in 
several cerebellar sulci (a). Whereas the cystic lesion was 
enhancing with gadolinium contrast, the cerebellar lesions 
were spontaneously hyperintense. On CT, the latter lesions 
appeared very dark (−100 Hounsfield units), which was 
consistent with fat (b). The patient made an uneventful 

recovery. Intracranial dermoid cysts are benign congeni-
tal lesions of ectodermal origin and comprise less than 
1% of all intracranial tumors. They typically occur in the 
midline, often in the sellar/parasellar region, but may also 
be found in the posterior fossa. With the accumulation of 
epithelial desquamation and glandular secretion, they may 
gradually enlarge and suddenly rupture. Their material is 
spread around adjacent brain regions and appears as fat 
on MRI (spontaneous bright signal on T1) and CT (very 
dark signal). Most patients present with acute neurological 
complaints. Imaging reveals the ruptured cyst, but a previ-
ous scan showing the intact cyst is usually not available. 
The diagnosis is therefore based on the history, the typical 
neuroradiological appearance, and the exclusion of other 
conditions. Prognosis is excellent, although some patients 
may develop aseptic chemical meningitis due to inflam-
mation related to lipid contents circulating in the CSF
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Fig. 4.6  Differential diagnosis of vertigo
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• BPPV
• Vestibular neuritis
• Ménière’s disease
• Infections (labyrinthitis)
• Motion sickness
• Labyrinthine fistula
• Trauma
• Intoxications (e.g., alcohol, quinine, amino-

glycosides, NSAID)

Of note, vertigo of peripheral origin may give 
rise to persistent postural-perceptual dizzi-
ness (PPPD) which is a chronic condition and 
very common in general neurological practice. 
Earlier terms for this condition include “chronic 
subjective dizziness”, “phobic postural vertigo”, 
and “space-motion discomfort”. Psychological 
and behavioral responses are the most likely 
predictors of PPPD, rather than the severity 
of changes on vestibular testing after the acute 
vestibular event. Thus, PPPD is associated with 
anxiety, dependent personality traits, autonomic 
arousal, and heightened body awareness, but 
with empathic information many patients even-
tually learn to tolerate these symptoms.

4.9.3  Dizziness and Light-Headedness

The differential diagnoses of dizziness and light-
headedness are vast and include (Fig. 4.6):

• Postural hypotension, e.g., dehydration and 
autonomic dysfunction

• Cardiological disorders, e.g., congestive heart 
failure and arrhythmias

• Psychiatric disorders, e.g., depression and 
anxiety

• Trauma, e.g., concussion and whiplash
• Medication, e.g., antidepressants, AED, ami-

noglycosides and other antibiotics, antihy-
pertensive drugs, anxiolytics, sedating drugs, 
chemotherapeutic agents, diuretics, and sali-
cylic acids

• PPPD (see above)

4.10  The Differential Diagnosis 
of Sleep Disorders

Sleep disorders are best categorized into those 
that are common and those that are not.

• The most common sleep disturbances are 
due to poor sleep hygiene, simple worries, 
depression, anxiety, alcohol, medication side 
effects, shift work, jet lag, sleep apnea syn-
drome, chronic pain, restless legs syndrome, 
periodic leg movements in sleep, and chronic 
diseases of neurological (MS, parkinsonism), 
and non-neurological origin (e.g., anemia, 
congestive heart failure, hepatitis, diabetes, 
hypo- and hyperthyroidism).

• Somewhat less common are:
– REM sleep behavior disorder. Patients 

have vivid dreams, and during the stage 
of REM sleep, they may violently act out 
their dreams. Following a prolonged inter-
val that may last years or even decades, 
most patients with idiopathic REM sleep 
behavior disorder will eventually develop 
a neurodegenerative disorder, most com-
monly one of the synucleinopathies 
(Parkinson’s disease, DLB, and MSA). 
The prevalence of REM sleep behav-
ior disorder is approximately 0.5% but is 
much higher among patients with neuro-
degenerative disease or narcolepsy and 
among patients taking antidepressants.

– Epileptic seizures arising from sleep, e.g., 
nocturnal frontal lobe epilepsy (NFLE).

– Parasomnias (e.g., somnambulism, sleep 
automatism, and sleep terrors). Accurately 
diagnosing sleep-related events, and 
particularly distinguishing parasom-
nias from other sleep disorders such as 
NFLE, can be challenging. Important 
clues from the history pointing to a para-
somnia include the time of onset during 
the night (NREM parasomnias typically 
occur 1–2 h after falling asleep, whereas 
seizures tend to occur soon thereafter or 
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just before wakening in the morning), the 
number of events per night (only once or 
twice for parasomnias), and duration (sev-
eral minutes, whereas typically less than 
1 min for seizures). Patients (exception-
ally) reporting a clear recall of events are 
more likely to have NFLE, and while both 
groups of disorders frequently arise dur-
ing childhood, onset from mid-teens to 
age 50 years suggests NFLE. Even later 
onset raises the possibility of REM sleep 
behavior disorder. Lastly, whereas com-
plex motor phenomena can occur with 
both NFLE and parasomnias, prominent 
bipedal (“cycling”) automatisms strongly 
suggest NFLE. Using the Frontal Lobe 
Epilepsy and Parasomnias scale and 
admitting the patient to the epilepsy moni-
toring unit (if available) may help to clar-
ify the situation.

– Narcolepsy has a prevalence of approxi-
mately 0.025–0.05%. The symptoms of 
narcolepsy are due to instability of the 
transition of sleep and wake, as well as of 
REM sleep and non-REM sleep. The clas-
sic tetrad consists of excessive daytime 
sleepiness with imperative sleep attacks, 
cataplexy, sleep paralysis, and hallucina-
tions upon falling asleep or upon awaking. 
Cataplexy is triggered by sudden emotions 
and can be socially stigmatizing (e.g., jaw 
sagging and facial slackening with laugh-
ter). However, the degree of cataplexy 
ranges from frequent, complete loss of 
muscle tone leading to sudden collapse 
to very mild symptoms, hardly noticed by 
the patient and only occurring a few times 
in a lifetime. (See Sect. 4.8 for a detailed 
description of cataplexy.) Further, some 
patients with otherwise typical features 
of narcolepsy lack cataplexy entirely. 
Indeed, the complete tetrad of symptoms 
is present in only a minority of patients 
(ca. 15%). People with type 1 narcolepsy 
have low levels of hypocretin, also called 
orexin, and experience cataplexy. People 
with type 2 narcolepsy do not suffer from 

cataplexy and generally have normal lev-
els of hypocretin.
It is less well appreciated that narcolep-

tics may experience episodes of auto-
matic behavior and amnesia, lasting 
for seconds to hours, usually when 
the patient is alone and performing 
monotonous tasks such as driving. The 
patient gradually loses track of what 
is going on but continues to perform 
routine tasks automatically, until he is 
interrupted by a concerned observer. 
Characteristically, the patient has com-
plete amnesia for the attack.

In addition, narcolepsy can occasionally 
be associated with psychosis exceeding 
the usual hypnagogic hallucinations. 
This association can be threefold: a 
“psychotic form” of narcolepsy, narco-
lepsy and an unrelated psychiatric dis-
order, or narcolepsy and drug-induced 
psychosis (due to treatment with stim-
ulants such as amphetamines). The 
differential diagnosis is rather straight-
forward. If treatment of narcolepsy 
abolishes psychotic features, the diag-
nosis is a “psychotic form” of narco-
lepsy; if daytime sleepiness and other 
features of narcolepsy improve follow-
ing treatment but psychotic features 
remain, it is likely that the patient has 
both narcolepsy and an unrelated psy-
chiatric disorder; if psychosis occurs 
after initiation of amphetamine treat-
ment, it is likely a drug-induced psy-
chotic disorder (Case 4.22).

• Rarities include IgLON5 disease, Kleine–
Levin syndrome (male adolescents with 
periodic hypersomnia, hyperphagia, hypersex-
uality, aggression, and confusion; see Chap. 2), 
idiopathic hypersomnia (a diagnosis of exclu-
sion), fatal familial insomnia (a hereditary 
prion disease characterized by progressive loss 
of deep sleep, abnormal REM sleep, dysau-
tonomia, neuropsychological features, motor 
signs and finally, death), and African trypano-
somiasis (the classic sleeping sickness).
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4.11  The Differential Diagnosis 
of TIA and Stroke

Stroke is due to (Fig. 4.7):

• Ischemia in 80–85% of cases

• Intraparenchymal hemorrhage in 10–15%
• Subarachnoidal bleeding in 2–5%

The frequency of etiological causes of 
ischemic stroke varies somewhat according to 
different sources and population-based series, 
but roughly, ischemic stroke is due to:

• Cardiac embolism in 30% of cases.
• Large vessel disease in 25%.
• Small vessel disease in 20%.
• Unusual causes in 5%.
• The rest are of undetermined origin (20%).8

Intraparenchymal hemorrhage can occur with:

• Hypertensive bleeds
• Cerebral amyloid angiopathy
• Vascular malformations
• Coagulation disturbances
• Malignancy (usually hemorrhagic tumor 

necrosis)
• Other conditions

Subarachnoidal bleeding may be:

• Aneurysmal
• Nonaneurysmal

4.11.1  Ischemic Stroke: Clinical 
Presentation and Classification

Focal neurological symptoms consistent with 
the diagnosis of stroke include acute develop-
ment of:

• Motor signs (e.g., complete or incomplete 
hemiparesis).

• Sensory impairment (e.g., numbness in a 
complete or incomplete hemi-distribution), 
visual disturbances (monocular blindness, 
visual field defects, cortical blindness).

8 Most cases of cryptogenic ischemic stroke are probably 
due to undetected paroxysmal atrial fibrillation, hence 
the need for prolonged cardiac monitoring using telem-
etry/Holter ECG monitor.

Case 4.22  Narcolepsy. A 35-year-old female was 
referred by her psychiatrist with a working diagnosis 
of epilepsy with focal seizures with altered awareness. 
From the age of 15, she had experienced recurrent epi-
sodes of depression, anxiety, psychosis, and persecutory 
delusions. She also complained of visual, auditory, and 
tactile hallucinations, such as the perception of men and 
animals sitting on her chest, preventing her from breath-
ing freely, and pulling on her arms and legs. She was on 
aripiprazole (a second-generation atypical antipsychotic) 
and a benzodiazepine at bedtime. MR of the brain and 
EEG were normal. A more detailed history revealed that 
the hallucinations involving men and animals sitting on 
her chest occurred when the patient was falling asleep or 
during the morning upon awakening. In these situations, 
she was unable to move or talk. Strong emotions could 
lead to sudden loss of muscle tone. The patient also com-
plained of daytime sleepiness and of suddenly falling 
asleep in monotonous situations. Because of hypnagogic 
hallucinations, sleep paralysis, sleep attacks, and cata-
plexy, she was diagnosed as having narcolepsy. A mul-
tiple sleep latency test showed an overall sleep latency 
of less than 3 min and an average latency of REM sleep 
of 1 min in four out of four naps, corroborating the clini-
cal diagnosis. (Supplementary measurement of the CSF 
hypocretin level was not available at that time.) Despite 
treatment for narcolepsy, paranoid delusions and mood 
disturbances persisted, and consequently, the patient 
was diagnosed with both narcolepsy and a schizoaffec-
tive disorder. The patient’s hypnagogic hallucinations 
and sleep paralysis strikingly resemble The Nightmare 
by Johann Heinrich Füssli (Swiss painter, 1741–1825), 
on exhibition at the Detroit Institute of Arts (reproduced 
with permission from The Bridgeman Art Library Ltd.)



192 4 Differential Diagnosis: “What Is the Lesion?”

C
ar

di
ac

 e
m

bo
lis

m

S
m

al
l v

es
se

l d
is

ea
se

Hemorrhagic
(Intraparenchymal)

Stroke

Ischemic

A
rt

er
ia

l h
yp

er
te

ns
io

n

V
as

cu
la

r

Subarachnoidal
hemorrhage

C
oc

ai
ne

, o
th

er
 il

lic
it 

dr
ug

s

P
rim

ar
y 

br
ai

n 
tu

m
or

s,
 m

et
as

ta
si

es

H
em

at
ol

og
ic

al
 d

is
or

de
rs

H
er

ed
ita

ry

A
qu

ire
d

C
ry

pt
og

en
ic

R
ar

e 
ca

us
es

La
rg

e 
ve

ss
el

 d
is

ea
se

S
ub

cl
av

ia
n,

 v
er

te
br

al
 a

rt
er

ie
s

In
te

rn
al

 c
ar

ot
id

 a
rt

er
y,

 e
xt

ra
cr

an
ia

l p
or

tio
n

A
sc

en
di

ng
 a

or
ta

In
tr

ac
ra

ni
al

 a
th

er
os

cl
er

os
is

E
xt

ra
cr

an
ia

l a
th

er
os

cl
er

os
is

P
os

ts
ur

gi
ca

l/-
tr

au
m

at
ic

 fa
t e

m
bo

lis
m

M
ec

ha
ni

ca
l v

al
vu

la
r 

pr
ot

he
si

s

M
yx

om
a

M
itr

al
 s

te
no

si
s

Tr
an

sm
ur

al
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n

In
fe

ct
iv

e 
en

do
ca

rd
iti

s

D
ila

te
d 

ca
rd

io
m

yo
pa

th
y

C
ar

di
ac

 s
ur

ge
ry

C
A

D
A

S
IL

C
er

eb
ra

l a
m

yl
oi

d 
an

gi
op

at
hy

La
cu

na
r 

st
ro

ke
s,

 a
ss

oc
ia

te
d 

w
ith

 c
hr

on
ic

 h
yp

er
te

ns
io

n

Lo
w

 r
is

k 
co

nd
iti

on
s

H
ig

h 
ris

k 
co

nd
iti

on
s

M
itr

al
 v

al
ve

 p
ro

la
ps

S
ep

ta
l a

ne
ur

ys
m

B
io

lo
gi

ca
l v

al
vu

la
r 

pr
ot

he
si

s

P
at

en
t f

or
am

en
 o

va
le

H
em

at
ol

og
ic

 d
is

or
de

rs

G
en

et
ic

 c
au

se
s

S
us

ac
’s

 s
yn

dr
om

e

H
em

at
ol

og
ic

 d
is

or
de

rs

C
oc

ai
ne

, o
th

er
 il

lic
it 

dr
ug

s

V
as

cu
lit

is

E
xt

ra
-,

 in
tr

ac
ra

ni
al

 a
rt

er
y 

di
ss

ec
tio

n

H
yp

er
ho

m
oc

ys
te

in
em

ia

F
ab

ry
’s

 d
is

ea
se

M
E

LA
S

C
A

D
A

S
IL

N
on

-in
fe

ct
io

us

In
fe

ct
io

us

P
rim

ar
y 

C
N

S
 a

ng
iit

is

S
ys

te
m

ic

V
as

cu
la

r 
m

al
fo

rm
at

io
ns

O
th

er
 v

as
cu

lo
pa

th
ie

s

C
av

er
no

us
 h

em
an

gi
om

a

A
V

M

A
ne

ur
ys

m
s

E
pi

du
ra

l A
V

 fi
st

ul
a

M
oy

am
oy

a 
sy

nd
ro

m
e C
A

D
A

S
IL

V
as

cu
lit

is

R
C

V
S

C
er

eb
ra

l a
m

yl
oi

d 
an

gi
op

at
hy

In
tr

ac
ra

ni
al

 a
rt

er
y 

di
ss

ec
tio

n

C
er

eb
ra

l v
en

ou
s 

si
nu

s 
th

ro
m

bo
si

s

O
th

er
 c

au
se

s

Ia
tr

og
en

ic

N
on

-I
at

ro
ge

ni
c

A
ne

ur
ys

m
al

N
on

-a
ne

ur
ys

m
al

A
tr

ia
l f

ib
ril

la
tio

n

Fig. 4.7  Differential diagnosis of stroke
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• Loss of specific higher cognitive functions (flu-
ent, nonfluent aphasia, visuospatial neglect).

• Brainstem signs such as dysphagia, diplopia, 
dysarthria, vertigo, and ataxia usually suggest 
stroke when they occur acutely and together 
with long tract signs.

In contrast, light-headedness, syncope, confu-
sion, drop attacks, hearing impairment, tinnitus, 
and acute fatigue almost never indicate stroke, 
if occurring in isolation. As stated above (Chap. 
3), analysis of eye movements is crucial for the 
clinical differential diagnosis of otogenic vertigo 
vs. a cerebellar stroke.

When evaluating a patient with stroke at the 
bedside, it is advisable to classify the origin of 
the present deficits as belonging to the lacunar 
syndromes (LACS), the posterior circulation 
syndromes (POCS), the partial anterior circula-
tion syndromes (PACS), and the total anterior 
circulation syndromes (TACS). Classification of 
stroke syndromes according to the Oxfordshire 
Community Stroke Project is easy to memorize 
and has reasonable positive and negative predic-
tion when compared with brain imaging.

• LACS are characterized by the presence of 
motor and/or sensory signs that involve at 
least two out of three areas (face, arm, leg; 
the limbs should be completely involved). 
Importantly, higher cortical deficits and vis-
ual field defects are lacking. LACS include:
– Pure motor hemiparesis (pure motor stroke)
– Pure hemi-sensory deficit (pure sensory 

stroke)
– Sensorimotor hemiparesis (sensorimotor 

stroke)
– Ataxic hemiparesis (including the so-

called dysarthria-clumsy hand syndrome)

LACS may be associated with the capsular 
warning syndrome (“stuttering lacune”), i.e., clus-
ters of TCI due to a single vascular lesion of the 
internal capsule, usually preceding manifest stroke.

• POCS are suspected when the patient pre-
sents with impairment of one or more CNs, 
diplopia, dysphagia, dysarthria, cerebellar 
dysfunction, homonymous hemianopia, and 

cortical blindness. Motor and/or sensory defi-
cits may be unilateral or bilateral.

• PACS include one or more of the following: 
unilateral motor or sensory deficits, apha-
sia, or visuospatial neglect (which may or 
may not be combined with homonymous 
hemianopia). Motor or sensory deficits are 
sometimes less extensive than in LACS, e.g., 
restricted to the hand.

• TACS involve hemiplegia and homonymous 
hemianopia contralateral to the lesion and 
either aphasia or visuospatial neglect. There 
may or may not be a sensory deficit contralat-
eral to the lesion.

The patient with stroke or TIA is investigated in 
order to define the etiology of the event. As already 
stated, cerebral ischemia and TIA may be due to:

• Large vessel atherosclerosis:
– Extracranial, proximal aorta, vertebral and 

subclavian arteries, and ICA
– Intracranial, traditionally regarded as 

being somewhat more common in patients 
of African and Asian descent: ICA, MCA, 
ACA, PCA, vertebral arteries, basilar 
artery, and Circle of Willis

• Embolism from the heart:
– High risk: atrial fibrillation, mitral steno-

sis, acute myocardial infarction, intracar-
diac thrombus, myxoma, mechanical valve 
prosthesis, cardiac surgery, severe dilated 
cardiomyopathy, and infective endocarditis

– Low risk: patent foramen ovale, atrial sep-
tal aneurysm, mitral valve prolapse, and 
tissue valve prosthesis

• Intracranial small vessel occlusion:
– Small vessel disease of the deep perfora-

tors due to hypertension
– Others, e.g., cerebral autosomal dominant 

arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL) (Case 
4.23) and Susac’s syndrome (Case 4.24).9

9 Susac’s syndrome involves microangiopathy of the 
brain, retina, and cochlea; it usually affects young 
women (female/male ratio 3:1) and leads to encephalop-
athy, retinopathy, and hearing loss.
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• Other examples include:
– Extra- and intracranial artery dissection. 

Together with cardioembolism, this is the 
most common stroke etiology seen in young 
patients (20%). Intracranial artery dissec-
tion, which may become symptomatic 
hours to days after a mild head trauma, is 
much rarer than extracranial dissection, typ-
ically seen in children, and associated with 
risk of secondary subarachnoidal bleeding.

– Focal cerebral arteriopathy (FCA) is 
another common cause of arterial ischemic 
stroke in previously healthy children, often 
progressing over days to weeks, increasing 
the risk of recurrent stroke.

– Vasculitis, either as primary CNS angiitis or 
due to secondary causes such as infections, 
drugs, and systemic inflammatory disorders.

– Migrainous infarctions (rare).
– Venous infarctions due to sinus venous 

thrombosis or dural venous fistulas.
– Metabolic disorders such as MELAS, 

Fabry disease, and homocysteinuria.
– Hematologic disorders, including poly-

cythemia rubra vera, leukemia, and sickle 
cell disease.

– Various intracranial vascular 
malformations.

– Heat stroke, if severe, can lead to large 
bilateral cerebellar infarcts due to particu-
lar susceptibility of cerebellar Purkinje 
cells to heat, and subsequent brain hernia-
tion can be fatal.

See Sect. 4.11.4 for a detailed account of rare 
causes of ischemic stroke.

a b

Case 4.23  Cerebral autosomal dominant arteriopa-
thy with subcortical infarcts and leukoencephalopathy 
(CADASIL). A 44-year-old female presented with an 
acute episode of confusion, decreased consciousness, 
seizures, and elevated body temperature but spontane-
ously recovered within 7 days. Her former medical his-
tory included migraine-like headaches since her twen-
ties and repetitive stroke-like events in her late 30 s. Her 
mother had developed cognitive impairment in her 50 s. 

T2-weighted MRI showed confluating white matter sig-
nal changes (a, b). The presence of white matter hyper-
intensity in both anterior temporal poles (a) and external 
capsules (b) is highly specific for CADASIL. The diag-
nosis was confirmed by genetic testing showing a muta-
tion of the NOTCH 3 gene located on chromosome 19. 
The initial episode of acute encephalopathy was consist-
ent with “CADASIL coma,” an under-recognized feature 
of the disease
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a

b

Case 4.24  Susac’s syndrome. Characterized by the triad of 
perceptive hearing loss, branch retinal artery occlusions, and 
encephalopathy; Susac’s syndrome occurs mainly in young 
women (female-male ratio 3.5 : 1). In 80% of patients, the 
complete triad is initially lacking. This was also the case 
for a 28-year-old female with a 3-month history of visual 
disturbances, confusion, incontinence, and gait difficulties 
but normal hearing. Coronal and axial T2-weighted MRI 
showed characteristic multifocal lesions, predominantly 
of the white matter, and including the corpus callosum 
(a). Lesions of the corpus callosum are typically centrally 

located and appear circular (“snowballs”), while the lesions 
in MS involve the undersurface at the septal interface and 
have a fingerlike appearance (hence, the term Dawson fin-
gers). Ophthalmological evaluation, including fluorescence 
angiography, revealed visual field defects, retinal infarc-
tions, and branch retinal artery occlusion (here shown for 
the left eye, b; courtesy of Marianne Wegener, Department 
of Ophthalmology, Rigshospitalet, Copenhagen, Denmark). 
Following immunosuppressive treatment, the patient fully 
recovered except for lasting visual field defects (adapted 
with permission from Wegener et al. (2009))
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4.11.2  Space-Occupying Ischemic 
Stroke

Space-occupying focal brain edema because of 
ischemic stroke occurs in the anterior circulation 
(often referred to as “malignant” MCA infarction) 
and in the posterior circulation. The prognosis is 
poor without treatment; the mortality in malig-
nant MCA infarction approaches 80%. Twelve to 
72 h after stroke onset, patients with large MCA 
infarction may develop headache, decreased con-
sciousness, worsening pyramidal signs, and third 
nerve palsy because of cerebral herniation. Death 
occurs typically between 2 and 7 days after stroke 
onset. Clinical risk factors include younger age 
(because of lesser degree of cerebral atrophy and 
intracranial space reserve) and severe clinical def-
icits (NIHSS ≥20 with dominant and ≥15 with 
nondominant hemisphere stroke). Radiologic risk 
factors are large infarction (early hypodensity 
of > 50% MCA territory, additional involvement 
of ACA and PCA territory) and developing mass 
effect with anteroseptal shift of more than 5 mm 
and pineal shift of more than 3 mm. Patients with 
high likelihood of developing malignant MCA 
infarction should be admitted to a neurointensive 
care unit for observation; fatal brain herniation 
can develop within hours.

Space-occupying ischemic stroke in the cerebel-
lum is often fatal because of brainstem compression 
and acute obstructive hydrocephalus. Admission to 
a neurointensive care unit is mandatory. Ominous 
signs include progressive CN and pyramidal tract 
deficits, vomiting, hypertension, bradycardia, and 
especially a decreasing level of consciousness. 
Radiologic predictors for developing space-occu-
pying edema are hypodensity of two-thirds or more 
of the cerebellar hemisphere, compression and/or 
displacement of the fourth ventricle, brainstem, and 
basal cisterns, supratentorial hydrocephalus, and 
hemorrhagic infarct transformation.

4.11.3  Transitory Ischemic Attacks: 
Definitions and Risk Assessment

In contrast to stroke, TIA is traditionally defined 
as focal deficits of cerebrovascular origin that 

are reversible within 24 h, although in practice 
nearly all TIAs last less than 15–30 min. With 
the advent of DWI, it has become clear that 
many cerebrovascular events defined clinically 
as TIAs indeed are manifest cerebral infarctions. 
Therefore, a task force group of the American 
Heart Association/American Stroke Association 
suggested dropping the time criterion and 
adapting a “tissue-based definition of transient 
ischemic attack (TIA): a transient episode of 
neurological dysfunction caused by focal brain, 
spinal cord, or retinal ischemia, without acute 
infarction” (Easton et al. 2009). This makes 
sense because the pathophysiology behind TIA 
and ischemic cerebral infarction is identical. 
Therefore, every TIA should be diagnosed and 
treated according to the same principles that 
apply for ischemic stroke.

The risk of stroke following TIA is high, and 
it is highest immediately after the event. The fol-
lowing numbers show that stroke and TIA need 
immediate diagnostic and therapeutic attention. 
In a pooled analysis, the early risk of stroke was 
3.1% at 2 days, 5.2% at 7 days, 8.0% at 30 days, 
and 9.2% at 90 days (Giles and Rothwell 2007). 
Yet, when only studies with active outcome ascer-
tainment were considered, risk of stroke increased 
to 9.9%, 13.4%, and 17.3% at day 2, 30, and 90, 
respectively. Stroke risk has been lower in stud-
ies from specialist stroke services offering emer-
gency treatment and higher in population-based 
studies without urgent intervention. Emergent 
diagnostic evaluation and initiation of second-
ary prevention in TIA patients treated at special-
ist centers is associated with an impressive stroke 
risk reduction of 80% (Rothwell et al. 2007).

The ABCD2 score helps to assess the risk of 
a subsequent stroke in the days immediately fol-
lowing initial presentation with TIA. The score 
has a minimum score of 0 and a maximum score 
of 7. It is based on five components:

• Age (≥60 year = 1 point)
• Blood pressure (systolic ≥140 mmHg and/or 

diastolic ≥90 mmHg = 1 point)
• Clinical features (unilateral weakness =2 

points; speech disturbance without weak-
ness = 1 point)
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• Duration of symptoms in minutes (≥60 = 2 
points; 10–59 = 1 point)

• Diabetes (present = 1 point)

High-risk patients have an ABCD2 score 
of 6–7 (8.1% risk of stroke occurrence within 
2 days), moderate-risk patients of 4–5 (4.1%), 
and low-risk patients of 0–3 (1.0%).

4.11.4  Rare Causes of Ischemic Stroke 
and Transitory Ischemic Attacks

Although rare causes only account for a minor 
proportion of all ischemic strokes, they comprise 
a plethora of diagnoses, including cardioem-
bolic, inflammatory, and genetic disorders. The 
differential diagnosis is challenging but of par-
ticular importance because these disorders often 
affect young individuals (e.g., monogenetic dis-
orders such as COL4A1 mutations); they typi-
cally require sophisticated diagnostic methods 
(e.g., fluorescence angiography in Susac’s syn-
drome), and many of them are treatable (e.g., 
enzyme replacement for Fabry disease). Similar 
to the more common causes of ischemic stroke, 
rare ischemic stroke syndromes can be classified 
into cardioembolic, large and small vessel disor-
ders, and others.

• Rare causes of cardioembolic stroke
– Depending on the virulence of the causa-

tive agent, infective endocarditis may 
or may not be associated with systemic 
symptoms such as fever, malaise, and 
weight loss. Petechial rash, including sub-
ungual splinter hemorrhages are highly 
indicative but may easily be overlooked. 
The radiological hallmark is multiter-
ritorial cerebral infarctions due to septic 
emboli. The diagnosis requires echocar-
diography showing valvular vegetations 
and positive blood cultures. Of note, 
mycotic aneurysms may arise during the 
ensuing weeks and months due to inflam-
matory vessel wall changes secondary 
to septic material. In contrast to classical 
aneurysms that typically arise around the 

Circle of Willis, mycotic aneurysms are 
located in distal artery branches (Case 
4.25). Due to their high bleeding risk, end-
ovascular treatment by coiling might be 
considered.

– Myxoma is a myxoid tumor of primitive 
connective tissue. It is usually benign and 
the most common primary cardiac tumor 
in adults. Like infective endocarditis, it is 
associated with systemic symptoms such 
as low-grade fever, multiterritorial cer-
ebral infarctions, as well as mycotic aneu-
rysms (see Case 4.25). Echocardiography 
may also reveal even less common benign 
primary tumors such as papillary fibroe-
lastomas, fibromas, rhabdomyomas, tera-
tomas, and lipomas. Malignant primary 
tumors include sarcoma, lymphoma, and 
mesothelioma.

– Whereas infective endocarditis and myx-
oma have a high risk for embolization, 
low-risk sources of cardiac embolization 
include atrial septum defects such as a pat-
ent foramen ovale (PFO) and pulmonary 
AV fistulas. Stroke may occur due to para-
doxical cerebral emboli passing through a 
right-to-left shunt. In general, it is notori-
ously difficult to prove that a PFO (preva-
lent in roughly 20% of the population) is 
indeed causative. In addition to searching 
for a deep venous thrombosis, agitated 
saline may be injected intravenously in 
order to demonstrate passage of air bub-
bles through a cardiac right-to-left shunt 
by echocardiography. (It should be noted, 
however, that definite proof requires tran-
scranial Doppler revealing micro-embolic 
signals in the middle cerebral artery.)

• Rare causes of large vessel stroke
– Moyamoya disease is an idiopathic dis-

order leading to progressive stenosis 
of (usually both) the proximal internal 
carotid arteries and middle cerebral arter-
ies (Suzuki grade 1). Consequently, a fine 
collateral network of compensatory capil-
laries arises at the site of occlusion (“rete 
mirabile”) (Suzuki grades 2–5). Following 
injection of contrast medium during 
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a

b

c

Case 4.25  Mycotic aneurysms due to endocarditis 
and myxoma. A 64-year-old female presented suba-
cutely over 7 days with fever, confusion, and gait dis-
turbance. Examination revealed petechia, including 
subungual splinter hemorrhages, cerebellar ataxia of the 
left extremities (note the infarction in the left cerebellar 
hemisphere), and a cardiac murmur. MR DWI showed 
a typical embolic stroke pattern with multiple lesions 
both in the anterior and posterior circulations on both 
sides (a). On CT angiography, a mycotic aneurysm was 
noted in the left ACA territory (b). A 71-year-old female 
presented with a comparable history of subacute neuro-
logical deficits, low-grade fever, and a cardiac murmur, 
although her blood cultures were negative. MRI revealed 
a left-sided pontine ischemic stroke (c, right). The patient 

was diagnosed with myxoma following echocardiog-
raphy and was referred for immediate thoracic surgery 
to prevent further embolism. On follow-up, CT angiog-
raphy revealed mycotic aneurysms of distal branches 
within the left distal PCA and both MCA territories (c, 
left), and digital subtraction angiography documented 
additional aneurysms (d). Mycotic aneurysms can arise 
during the ensuing weeks and months due to inflamma-
tory vessel wall changes secondary to septic or tumor-
ous material. In contrast to classical saccular or “berry” 
aneurysms that typically occur at vessel bifurcations due 
to local vessel wall degeneration, mycotic aneurysms 
are located in distal artery branches as seen here in both 
cases. Due to their high bleeding risk, endovascular treat-
ment of aneurysms by coiling may be considered



1994.11 The Differential Diagnosis of TIA and Stroke

digital subtraction angiography, this net-
work appears and vanishes like a puff of 
smoke, hence the Japanese term moy-
amoya. When the internal carotid arteries 
become fully occluded, moyamoya collat-
eral vessels disappear again (Suzuki grade 
6) (See Case 4.18). More common in Asia, 
moyamoya disease is encountered in peo-
ple of many ethnic backgrounds, includ-
ing American and European. Moyamoya 
disease predominantly affects children 
around 5 years of age and adults in their 
mid-forties. Symptoms and signs of moy-
amoya can be attributed to changes in cer-
ebral blood flow resulting from stenosis of 
the internal carotid arteries, predisposing 
patients on one hand to ischemic strokes, 
TIA, headaches, and paroxysmal events 
with sensorimotor symptoms (which may 
be mistaken as epileptic seizures and can 
sometimes be induced by hyperventila-
tion), and intracranial hemorrhage on the 
other.

– Idiopathic moyamoya disease must be dif-
ferentiated from a secondary moyamoya 
syndrome associated with various condi-
tions, including Down syndrome, sickle 
cell anemia, neurofibromatosis type 1, 
intracranial atherosclerosis, and cranial 
radiation (Case 4.26). Direct and indirect 

revascularization techniques, including, 
but not limited to, extracranial-intracranial 
bypass techniques may halt secondary 
progression.

– Certain conditions such as Marfan syn-
drome, Ehlers–Danlos type 4, and fibro-
muscular dysplasia (FMD) predispose to 
neck vessel dissections. Diagnosis is typi-
cally not difficult and is based on recog-
nizing key features of the diseases, e.g., 
the typical long and slender body habitus 
of a Marfan patient or the angiographic 
string-and-pearls appearance of the carotid 
arteries with FMD. Diagnostic opportu-
nities are limited, but screening for and 
treatment of other organ involvement is 
mandatory (e.g., renal artery angiography 
and nephroprotection for FMD).

– Inflammatory conditions include post-
herpetic infarcts ipsilateral to a recent 
ophthalmic zoster and giant cell arteritis, 
both of which typically affect the elderly, 
whereas Takayasu arteritis predominantly 
occurs in young women. In the latter, the 
inflammation damages the aorta and its 
main branches leading to stenosis and, 
besides stroke, to ischemic symptoms such 
as arm or chest pain.

• Rare causes of small vessel stroke. Due 
to advances in genetic technologies with 

d

Case 4.25  (continued)
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next-generation sequencing (see Sect. 5.7.2), 
hereditary forms of small vessel disease due 
to monogenic disorders are increasingly rec-
ognized. Genetic counseling is essential for 
all patients with a monogenic stroke disorder 
and their relatives. Treatment is supportive, 
except for Fabry disease for which enzyme 
replacement is available.
– The best known and most frequent of 

these disorders is cerebral autosomal dom-
inant arteriopathy with subcortical infarcts 
and leukoencephalopathy (CADASIL) 
due to mutations of the NOTCH 3 gene, 
which encodes the NOTCH 3 protein that 

plays a key role in the function of vascu-
lar smooth muscle cells. Patients typi-
cally develop migraine headaches with 
prolonged aura during their twenties, fol-
lowed by stroke-like episodes during their 
forties and fifties, dementia of a subcor-
tical type 10 years later, and ultimately, 
premature death. So-called CADASIL 
coma, a subacute onset encephalopathy 
with decreased consciousness and con-
fusion that may last several days, is an 
under-recognized presentation (See Case 
4.23). Penetrance is high and there is usu-
ally a positive family history, although 

a b

c

Case 4.26  Moyamoya phenomenon due to Fanconi 
anemia. A 41-year-old male had a diagnosis of Fanconi’s 
anemia, a rare inherited bone marrow failure syndrome; 
possible complications include hemorrhages, infections 
(note herpes zoster rash in left dermatome T7, a), leuke-
mia, myelodysplastic syndromes, liver tumors, and other 
cancers (note the scar following excision of a malignant 
melanoma, a). He experienced sudden onset of right arm 
and facial weakness, which resolved within half an hour. 
MR FLAIR showed scattered lacunar infarctions in the 
left MCA territory (b). MR angiography revealed left 

distal ICA/proximal MCA stenosis (c). DSA confirmed 
the presence of a rete mirabile (not shown). Although the 
blood disorder typically seen with Moyamoya is sickle cell 
anemia, the association with Fanconi’s anemia has been 
described in a few case reports as well. Hence, the patient 
was diagnosed as having a Moyamoya phenomenon (as 
opposed to cryptogenic Moyamoya disease; see Case 
4.18). Following discussion of his situation, he opted for a 
conservative approach and was started on aspirin. He expe-
rienced one relapse when he forgot to take his medication 
for a few days but has been stable since (9 years follow-up)
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de novo mutations may occur. The clini-
cal history is highly characteristic and so 
is the MRI, showing subcortical infarcts 
and a diffuse leukoencephalopathy with 
anterior temporal lobe and external cap-
sules being predilection sites. Diagnosis 
is by genetic analysis or skin biopsy. The 
latter reveals granular osmiophilic depos-
its in vascular smooth muscle cells vessel 
as demonstrated by electron microscopy, 
although skin biopsy may have a subop-
timal sensitivity. Occasionally, a NOTCH 
3-negative CADASIL phenotype may be 
encountered.

– Cerebral autosomal recessive arteriopa-
thy with subcortical infarcts and leukoen-
cephalopathy (CARASIL) is an autosomal 
recessive variant due to mutations of the 
HTRA1 gene. Neuroimaging features 
are very similar to those of CADASIL. 
However, CARASIL is associated with 
a more aggressive deterioration with 
dementia occurring by 30–40 years of 
age, lumbago and alopecia may be seen 
as additional features, and a family history 
is often less obvious due to the recessive 
inheritance pattern.

– A history of repetitive ischemic and 
hemorrhagic strokes in a young patient 
with an MRI revealing leukodystrophic 
changes and hemispheric cysts and cavi-
ties is highly suggestive of mutation of the 
COL4A1 gene, which encodes the alpha-1 
subunit of collagen type IV (Case 4.27).

– Males with Fabry disease, an X-linked 
lysosomal storage disorder due to defi-
ciency of alpha-galactosidase A, often 
complain of episodes of burning pain in 
their hands and feet due to a small fiber 
neuropathy. Cutaneous angiokeratomas, 
corneal opacity, and progressive renal and 
cardiac failure may arise in addition to 
ischemic strokes. The latter may occur due 
to small vessel disease, embolism because 
of cardiac involvement, as well as large 
vessel disease which is associated with 
a predilection for posterior circulation 

infarcts and elongated and ectactic ver-
tebral and basilar arteries. In males the 
diagnosis can be made by demonstrat-
ing alpha-galactosidase A deficiency in 
plasma and leukocytes, whereas in hete-
rozygote females (who usually have a less 
severe phenotype due to residual enzyme 
activity) genetic testing for a mutation of 
the GLA gene is mandatory.

– Retinal vasculopathy with cerebral leu-
kodystrophy (RVCL), an autosomal 
dominant disorder due to mutation of the 
TREX1 gene, is characterized by vascular 
retinopathy, Raynaud’s phenomenon, and 
kidney and liver dysfunction.

– Among the nonhereditary microangiopa-
thies, Susac’s syndrome deserves special 
attention (see Case 4.24). The complete 
triad of visual field defects, sensory hear-
ing impairment, and encephalopathy may 
take several months to develop. The dis-
ease is more common in young adults, and 
women are somewhat more often affected 
than men. The diagnosis primarily relies 
on ophthalmologic evaluation demonstrat-
ing branch retinal artery occlusions by 
retinal fluorescence angiography. Sneddon 
syndrome is another nonhereditary 
microangiopathy, associated with livedo 
reticularis and (often, but not always) 
antiphospholipid antibodies.

• Other rare causes of ischemic stroke
– Screening for an underlying malignancy 

(e.g., upper gastrointestinal tract carci-
noma) should be considered in all mid-
dle-aged patients with a negative initial 
workup, in particular in those with mul-
tiple embolic strokes, including systemic 
infarcts, which is known as Trousseau’s 
phenomenon, a paraneoplastic hyperco-
agulable state (Case 4.28).

– A history of migraine with prolonged aura 
together with mitochondrial stigmata such 
as a short stature, sensory deafness, early 
cataracts, diabetes, and proximal weak-
ness due to a myopathy should prompt 
evaluation for mitochondrial myopathy, 
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encephalomyopathy, lactic acidosis, and 
stroke-like episodes (MELAS) (Case 
4.29).

– Inflammatory causes include systemic and 
primary CNS vasculitides.

– Air embolism may be associated with a his-
tory of Valsalva maneuver, sexual activity 

during pregnancy or postpartum, cesarean 
section, and iatrogenic catheter-based inter-
ventions. Fat embolism may occur follow-
ing major trauma or orthopedic surgery and 
causes decreasing consciousness, petechia, 
disseminated intravascular coagulation, 
shock, and multiorgan failure (see Case 

a

b

Case 4.27  Repetitive ischemic and hemorrhagic strokes 
due to COL4A1 mutation. Since the age of 20, this 
female had suffered repetitive focal neurological deficits. 
She was able to walk without a walking aid and attended 
university despite a mild spastic hemiparesis and slight 
difficulties with concentration and memory. Her fam-
ily history and genetic testing for CADASIL and Fabry 
disease were negative. At the age of 24, she complained 
of sudden onset of slurred speech and pins and needles 
in her face. Neurological examination revealed novel 
signs, including a right-sided facial weakness, dysar-
thria, and tongue deviation to the right. CT and MRI of 
the brain showed a hyperdense spot in the left corona 
radiata, a lacunar lesion at exactly the same location in 
the contralateral hemisphere, as well as a large occipital 

hypodensity (a). While the first lesion was compat-
ible with an acute hemorrhage and consistent with the 
new focal deficits, the last two lesions suggested previ-
ous infarctions. In addition, periventricular white matter 
disease (“leukoaraiosis”) was noted. Within a few days, 
dysarthria worsened and she developed dysphagia. MR 
T2-weighted (a) and gradient-echo (b) imaging revealed 
a hemorrhage in the right hemisphere (the dark spot just 
above the right lacunar stroke). Bilateral lesions affecting 
the corticobulbar tracts were consistent with the patient’s 
pseudobulbar palsy (see also Case 3.4). Repetitive hem-
orrhagic and ischemic strokes in a young person with 
white matter disease are highly suggestive of COL4A1 
or COL4A2 gene mutations, and indeed, genetic analysis 
confirmed a relevant mutation of the COL4A1 gene
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3.10). Amniotic fluid embolism may lead 
to an identical clinical picture and is seen in 
the third trimester of pregnancy.

– Blood disorders include acquired coagu-
lopathies (e.g., antiphospholipid antibody 
syndrome), hereditary coagulopathies 
(e.g., protein S and C deficiencies, factor 
V Leiden), and hemoglobinopathies (e.g., 
sickle cell anemia).

– Intravascular B-cell lymphoma has a pre-
dilection for the brain, leads to accumu-
lation of cerebral infarcts, and is usually 
rapidly fatal (within weeks).

– Traumatic brain injury may occasionally 
lead to stroke associated with intracranial 
vessel dissection (Case 4.30).

4.11.5  Ischemic Stroke Mimics

In the acute setting, the three most common 
stroke mimics are migraine with aura, focal epi-
lepsy, and functional (nonorganic) deficits. The 
differential diagnosis of TIA and ischemic stroke 
mimics includes:

• Focal epilepsy, e.g., postictal paralysis 
(Todd’s paresis).10

Case 4.28  Paraneoplastic stroke. A 49-year-old female 
was admitted because of subacute onset (hours) of 
unstable gate and short-lasting left-sided arm weakness. 
Her previous medical history was nonsignificant; of 
note, she did not have any modifiable cardiovascular risk 
factors. MR DWI showed scattered infarctions in the 
anterior and posterior circulation of both hemispheres, 
suggesting an embolic stroke pattern, mostly likely of 
cardiac origin (a). However, cardiac workup was unre-
markable, including telemetry and echocardiography. 
Blood tests showed slightly increased C-reactive protein 

and liver parameters. A whole-body PET/CT scan was 
ordered. This showed an upper gastrointestinal malig-
nancy, which had metastasized primarily to the liver (b). 
Biopsy revealed a gall bladder cancer. Paraneoplastic 
hypercoagulability is a well-recognized cause of stroke, 
in particular in association with lymphoma or malignan-
cies of the upper gastrointestinal tract such as gall blad-
der or pancreas. Paraneoplastic stroke should be high 
on the list of differential diagnoses in middle-aged per-
sons with an embolic stroke pattern and negative routine 
workup

10 However, limb shaking because of a lacunar TIA or 
hemodynamic carotid artery stenosis may be misdiag-
nosed as an epileptic seizure.
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• Migraine usually affects a much younger 
patient group, and there is often a family his-
tory. Aura symptoms are frequently “posi-
tive,” progressing over 5–20 min to maximum 
severity, often followed by headache, nausea, 
and vomiting. Bear in mind that migraine-like 

headaches occur in certain rare stroke  
types, e.g., migrainous infarction, CADASIL, 
MELAS, and Susac’s syndrome (Case 4.29).

• Functional (nonorganic) deficits. See Sect. 3.11.
• Headache with neurological deficits and 

CSF lymphocytosis (HaNDL), also termed 

a b c

d e f

Case 4.29  Mitochondrial Encephalomyopathy, Lactic 
Acidosis, and Stroke-like episodes (MELAS). An 
18-year-old woman with a slender stature, myopathic 
facial features, proximal more than distal weakness in 
the extremities, mildly decreased IQ, and a history of 
migraine headaches had been diagnosed with MELAS 
(mtDNA 3243A> G point mutation). Her mother had 
died from complications arising from the same condition 
at the age of 50 years. The patient presented with rela-
tively sudden onset (hours) of gait disturbance and con-
fusion. Examination also revealed a right-sided hemia-
nopia. MRI of the brain showed cortical posterior edema 
on the left (coronal FLAIR, a; axial T2 weighted, b). 
There were hyperintense signal changes on MR DWI in 

the same area, indicative of cytotoxic edema (c). Blood 
tests were unremarkable except for increased serum lac-
tate. Gait disturbances and confusion resolved within a 
few days. However, 12 months later, she suffered from 
a complex partial seizure with secondary generaliza-
tion. MRI now showed left parietal lobe atrophy (note 
the enlarged posterior horn of the left lateral ventricle; 
coronal FLAIR d; axial T2 weighted, e) and a new zone 
of FLAIR and DWI signal changes in the right occipital 
lobe (d, f). MELAS often leads to migraine with pro-
longed aura and stroke-like episodes. Strokes more often 
occur posteriorly but do not respect arterial territories 
(as shown here) because they are due to mitochondrial 
energy failure and not occlusive vessel disease
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pseudomigraine with pleocytosis. This is a 
rare and benign condition with migraine-
like headache attacks with transient neuro-
logical deficits and aseptic CSF pleocytosis, 
which affects primarily younger patients (15–
40 years of age) and more commonly males. 
These attacks may reoccur several times, but 
lasting deficits are not part of this syndrome. 
Obviously, it is a diagnosis of exclusion. 

Postinfectious autoimmune leptomenin-
geal vasculitis has been suggested to cause 
HaNDL, but this remains to be proven.

• Structural brain lesions, e.g., brain tumors, 
chronic subdural hemorrhage, and sinus 
venous thrombosis, can occasionally present 
with symptoms of acute onset.

• Hypoglycemia may lead to transient focal 
symptoms, and when associated with 

a

b

Case 4.30  Intracranial dissection following traumatic 
brain injury. An 18-year-old male presented with stroke 
in progression 5 days after a head trauma. He had been 
diagnosed with Tourette’s syndrome a few years ear-
lier. Unfortunately, his obsessive compulsive behav-
ior had captured the attention of a group of teenagers 
who beat him in the street. He was discharged from the 
emergency room on the day of the trauma with a diag-
nosis of mild concussion after a normal neurological 
exam and an unremarkable CT of the brain (not shown). 
However, a few days later, he experienced transient left-
sided weakness. On readmission (a), his NIHSS was 5. 
CT of the brain now showed a right-sided dense MCA 
sign, and CT angiography revealed tapering of the M1 
segment suggesting dissection of the right MCA. He 
was given IV thrombolysis. One hour later, MR DWI 
revealed mild ischemia of the right nucleus lentiformis, 
suggesting damage to the right lenticulostriate arteries 
arising from the distal M1 segment. Digital subtraction 

angiography (DSA) showed a tiny vessel wall defect 
located at the right M1 (this is difficult to depict in the 
present still image but better seen with dynamic visuali-
zation of the blood flow during DSA). The neurovascu-
lar team opted for conservative treatment with double 
antiplatelet inhibition and slight augmentation of blood 
pressure levels, because of the high periprocedural risks 
of intracranial stenting and the lack of evidence for any 
benefit. However, 3 h later (b, left), his arm and leg 
weakness worsened, and he developed left-sided hemi-
anopia as well as unilateral sensory and visual inatten-
tion (NIHSS 17). MR DWI confirmed a large left MCA 
infarction. Three months later (b, middle and right), 
the patient was able to walk unassisted despite spastic 
hemiparesis (NIHSS 6; mRS 2). Follow-up CT angiog-
raphy showed that the right MCA was still slimmer than 
on the contralateral side although to lesser degree than 
during the acute stage. A large parenchymal defect was 
seen on CT
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long-standing diabetes, vegetative symptoms 
such as hunger and sweating may be lacking.

• Otogenic vertigo is usually not difficult to 
differentiate from vertigo due to a brainstem 
infarction because in the latter, there are 
almost always signs and symptoms related 
to the CNs and sensorimotor pathways. 
However, vertigo due to a pure cerebellar 
stroke can sometimes be hard to distinguish 
from otogenic vertigo, and careful analysis  
of eye movements is mandatory. Consult 
Chap. 3 for the “three-step oculomotor  
bedside examination.”

• Mononeuropathies, HNPP, for instance, may 
lead to repeated episodes of weakness and 
sensory symptoms in the extremities.

• MS, e.g., brainstem plaques can sometimes 
lead to paroxysmal features, as outlined 
earlier.

• Transient global amnesia, if a reliable witness 
report is available, TGA should not be diffi-
cult to distinguish from acute aphasia.

• Fluctuating bulbar symptoms due to MG may 
occasionally be confused with stroke.

See also Case 4.2 for a discussion of stroke 
mimics versus stroke chameleons.

4.11.6  Hemorrhagic Stroke

It is not possible to distinguish between ischemic 
and hemorrhagic stroke by clinical means, which 
is why every patient with a suspicion of a cer-
ebrovascular event should be investigated using 
neuroimaging without delay. As a rule, though, 
acute severe arterial hypertension, confusion, a 
history of anticoagulation, nausea, vomiting, and 
headache are more often associated with hemor-
rhagic than with ischemic stroke.

Most cases of non-traumatic intracerebral 
hemorrhage are believed to be due to:

• Uncontrolled hypertension and small vessel 
disease of the deep perforators. These bleed-
ings typically occur with decreasing fre-
quency in the putamen, thalamus, cerebellum, 
pons, and caudate nucleus (“typical ICH”).

Less common causes of intracranial hemor-
rhage (“atypical ICH”) include:

• Vascular malformations (AVM, cavernous 
malformation, dural AV fistula, aneurysms, 
moyamoya syndrome)

• Cerebral amyloid angiopathy (Cases 4.20 and 
4.31). Owing to the frequent use of MRI in 
an aging society, this condition is an increas-
ingly common diagnosis. Of note, cerebral 
amyloid angiopathy has five different clinical 
phenotypes, which can occur in isolation or 
combined: It can present as (1) radiologically 
coincidental finding, (2) acute lobar intracra-
nial hemorrhage, (3) vascular leukoencepha-
lopathy with dementia, (4) rapid cognitive 
deterioration owing to inflammatory changes 
(“inflammatory cerebral angiopathy”) which 
responds to steroid treatment, and (5) short-
lasting transient neurological symptoms such 
as aphasia or sensory marches provoked 
by cortical spreading depolarizations due 
to hemosiderin deposition in cerebral sulci 
(“amyloid spells”). The Boston criteria ver-
sion 2.0 from 2022 have improved the accu-
racy of the clinical diagnosis of cerebral 
amyloid angiopathy (CAA). These criteria 
apply to patients ≥50 years presenting with 
intracerebral hemorrhage, transient focal 
neurological symptoms or cognitive impair-
ment (and in the absence of any deep hem-
orrhagic lesions on MRI and other causes 
of hemorrhagic lesions). Probable CAA is 
now defined as either (1) the presence of two 
strictly lobar hemorrhagic lesions (intrac-
erebral hemorrhage, microbleeds, or corti-
cal superficial siderosis), or (2) the presence 
of one strictly lobar hemorrhagic lesion plus 
at least one white matter characteristic (as 
defined below). Possible CAA is defined as 
either (1) one strictly lobar hemorrhagic 
lesion or (2) at least one white matter char-
acteristic. The core novelty of Boston criteria 
version 2.0 compared to previous versions 
(‘modified Boston criteria’ from 2010) is 
the inclusion of white matter characteristics 
(Charidimou et al. 2022): Severely enlarged 
perivascular spaces and/or white matter 
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hyperintensities in a specific, so-called mul-
tispot pattern on MRI. The multispot white 
matter hyperintensity pattern is defined ≥10 
small circular or ovoid hyperintense FLAIR 
lesions in the subcortical white matter of both 
hemispheres. Severe perivascular spaces are 
defined as ≥20 visible perivascular spaces in 
the centrum semiovale of one hemisphere on 
axial T2-weighted images. It should be noted 
that definitive CAA requires histological con-
firmation by autopsy, so it is only possible 
to diagnose probable CAA intravitam (with 
or without histological support from a brain 
biopsy showing amyloid deposition in small 
cerebral vessels).

• Other vasculopathies, e.g., CADASIL (Case 
4.23), vasculitis, infectious aneurysms, and 
intracranial artery dissection.

• Intracranial venous thrombosis

• Primary or secondary brain tumors
• Hemostatic disorders (anticoagulation, anti-

platelet therapy, congenital and acquired 
coagulation defects).

4.11.7  Subarachnoid Hemorrhage

Subarachnoid hemorrhage (SAH) may be due 
to rupture of an aneurysm or occur without an 
underlying aneurysm.

Aneurysms may present as follows:

• “Classical” saccular or berry aneurysms 
at the Circle of Willis. They are acquired 
lesions, responsible for roughly 80% of all 
non-traumatic SAH. Up to 2% of the general 
population has an unruptured intracranial sac-
cular aneurysm, and multiple aneurysms may 

a b

Case 4.31  Cerebral amyloid angiopathy. A 63-year-
old female with a history of well-treated hypertension 
complained of spells of word-finding difficulty in the 
previous 6 months and slight forgetfulness. Routine neu-
rological examination was normal, but neuropsychologi-
cal assessment was not performed. MRI with gradient-
echo sequences showed multiple microbleeds in both 
hemispheres (a). Moderate white matter hyperintense 

signal changes were evident on T2-weighted images (not 
shown). Three months later she was admitted with acute 
right-sided hemiplegia and decreased consciousness. CT 
of the brain showed an atypical lobar hemorrhage (as 
opposed to the “typical” deep hemispheric hemorrhages 
associated with uncontrolled arterial hypertension; b). 
Subsequent angiography revealed no vascular malforma-
tion, consistent with a diagnosis of probable CAA
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be found in 20–30% of these people. Women 
are three times more likely to have an aneu-
rysm as compared to men. The vast majority 
of aneurysms (80–90%) occur in the ante-
rior circulation. Apart from female sex, risk 
factors for intracranial saccular aneurysms 
include increasing age, cigarette smoking, 
hypertension, predisposing genetic conditions 
(autosomal dominant polycystic kidney syn-
drome, among others), and a family history 
with at least two first-degree relatives having 
an intracranial aneurysm. The risk of rup-
ture depends on the size of the aneurysm (the 
larger, the higher the risk, but also very small 
aneurysms below 3 mm in size can occasion-
ally bleed) and its location (posterior circu-
lation aneurysms are more likely to rupture 
than anterior circulation aneurysms).

• Vertebrobasilar dolichoectasia. These are 
fusiform aneurysms affecting the posterior 
circulation. They are associated with chronic 
hypertension and tend to increase with time 
in length and diameter. They may lead to 
sudden onset of brainstem deficits because 
of bleeding, ischemia (due to compromised 
microcirculation), and mass effect.

• Mycotic aneurysms associated with myxoma 
or endocarditis. In contrast to saccular aneu-
rysms at the Circle of Willis (see above), these 
aneurysms tend to affect distal artery branches. 
They develop due to vessel wall damage 
secondary to local inflammation caused by 
embolic material. The bleeding risk is high.

• Extracranial pseudoaneurysms following ICA 
dissection. These are relatively benign lesions, 
which can be managed conservatively.

The differential diagnosis of nonaneurysmal 
subarachnoidal bleeding includes “angiogram-
positive” and “angiogram-negative” subarach-
noidal bleeding.

• Angiogram-positive subarachnoidal bleeding 
(nonaneurysmal)
– Cerebral arteriovenous malformations 

(AVM)
– Intracranial dural arteriovenous fistulas

– Primary and secondary CNS vasculitis
– Intracranial artery dissections
– Cerebral venous thrombosis
– Reversible cerebral vasoconstriction syn-

drome (RCVS)
• Angiogram-negative subarachnoidal bleeding

– Cerebral amyloid angiopathy (CAA)
– Perimesencephalic bleeding from the per-

imesencephalic venous plexus (which has 
an excellent prognosis)

– Spinal bleeding sources
– Abuse of sympathomimetics and stimu-

lants such as cocaine and amphetamine
– Sickle cell disease
– Pituitary apoplexy
– Tumors
– Coagulation disorders

Of note, atraumatic, nonaneurysmal suba-
rachnoidal bleeding localized on the brain con-
vexities is typically due to CAA in the elderly 
(>60 years), whereas in younger patients it is 
often due to RCVS.

4.12  The Differential Diagnosis 
of Demyelinating Disorders

4.12.1  Multiple Sclerosis

The great majority of patients with a demyeli-
nating disease of the CNS will have MS. The 
incidence of multiple sclerosis is increasing 
worldwide. Although traditionally considered 
mostly a disease of white young and middle-
aged females, it has turned out that those of 
African ancestry in the US carry a higher risk of 
developing MS and often experience a particu-
larly aggressive disease course. The diagnosis of 
MS is complex and requires neurologic history 
and clinical and MRI examinations, often sup-
plemented by CSF studies and sometime evoked 
potential analysis.

According to the 2013 revisions of the 
International Advisory Committee on Clinical 
Trials of MS, the following MS phenotypes (i.e., 
disease courses) are distinguished:
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• Relapsing disease
– Clinically isolated syndrome (CIS). CIS is 

the first clinical presentation of a disease 
that is likely to manifest itself as MS in 
the future, but does not yet fulfill the cri-
teria of dissemination in time. It is now 
accepted as an element of the MS phe-
notype spectrum. In addition, the revised 
McDonald MS diagnostic criteria allow 
some patients with a single clinical epi-
sode to be diagnosed with MS based on 
the single scan criterion for dissemination 
in time and space (revised criteria from 
2010) or based on MRI showing dissemi-
nation in space and a CSF study showing 
dissemination in time as indicated by the 
presence of OCBs (revised criteria from 
2017), thereby reducing the number of 
cases categorized as CIS.

– Relapsing–remitting. This type is the most 
common phenotype (85% of all cases) and 
typically affects patients in their 20 s or 
30 s.

• Progressive disease
– Secondary progressive. In the majority of 

patients, MS becomes secondary progres-
sive after 10–15 years.

– Primary progressive. Roughly 10% of 
MS patients have primary progressive 
MS; usually these patients become symp-
tomatic in their 40 s and typically pre-
sent with increasing leg stiffness and gait 
ataxia.

Both relapsing and progressive disease may 
be active or inactive as determined by clinical 
relapses and/or MRI activity (contrast-enhanc-
ing lesions; new or unequivocally enlarging T2 
lesions assessed at least annually). The other 
important modifier besides activity is the pres-
ence or absence of disease progression (i.e., 
decline of neurological function, as assessed by 
at least annually clinical evaluation). Thus, per-
haps somewhat counterintuitively, also primary 
progressive MS can be active or inactive and 
with or without progression. (Inactive primary 
progressive MS without progression would be 
labeled as “stable disease.”)

The hallmark of relapsing-remitting MS is 
dissemination of neurological signs and symp-
toms in time and space. Clinically definite MS 
is defined as two or more attacks (time crite-
rion) with two or more objective clinical symp-
toms (space criterion). Attacks are defined as 
“patient-reported symptoms or objectively 
observed signs typical of an acute inflamma-
tory demyelinating event in the CNS, current or 
historical, with duration of at least 24 h, in the 
absence of fever or infection” (Polman et al. 
2011). The Uhthoff’s phenomenon is a com-
mon cause of pseudoattacks in patients with MS. 
This phenomenon is due to temporary slowing 
of nerve conduction within a chronic plaque due 
to increased body temperature (e.g., because of a 
urinary tract infection, physical exercise, or hot 
weather), leading to worsening or reoccurrence 
of neurological deficits. When body tempera-
ture normalizes, nerve conduction recovers and 
the symptoms end. However, while MS lesions 
cause focal neurologic deficits, concurrent prob-
lems with fatigue, cognition, and bladder control 
are common and often missed.

Roughly 10% of all MS patients have a rather 
benign natural disease course. Positive prognos-
tic factors include female gender, sensory symp-
toms at onset, low lesion load on T2-weighted 
MRI, full recovery after first attack, low 
attack frequency in the first 2 years, and long-
time interval between first and second attack. 
However, the severity and activity of the disease 
can change unpredictably, and therefore labels 
such as “benign” (and to a lesser degree “malig-
nant”) should be used very cautiously.

Now that treatment options have become 
available, it is important to diagnose patients 
early because treatment is associated with 
neuroprotection and better outcomes. The 
McDonald criteria have been established for 
this purpose. These criteria have been revised 
several times. Table 4.4 shows the McDonald 
criteria as revised in 2010 (Polman et al. 2011), 
and the amendments made in 2017 are explained 
below.

The McDonald criteria enable the evaluation 
of patients presenting with a first demyelinating 
attack (e.g., optic neuritis, transverse myelitis, 
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brainstem syndrome), including those with CIS. 
Instead of waiting for a second relapse to occur, 
an MRI may allow the clinician to document 
dissemination in space and time. Consequently, 
these patients can be diagnosed as having MS, 
and early treatment can be started.

If the patient’s presentation fulfills the 
McDonald criteria and no other diagnosis offers 
a better explanation, the diagnosis is MS (Case 
4.32). If the criteria are not completely met but 
suspicion is substantial, the diagnosis is possible 
MS. In addition, the McDonald criteria address 
the diagnosis of primary progressive MS.

Compared to the 2010 criteria, the McDonald 
criteria from 2017 include the following changes:

[…] in patients with a typical clinically isolated 
syndrome and clinical or MRI demonstration of dis-
semination in space, the presence of CSF-specific 
oligoclonal bands allows a diagnosis of multiple 
sclerosis; symptomatic lesions can be used to dem-
onstrate dissemination in space or time in patients 
with supratentorial, infratentorial, or spinal cord syn-
drome; and cortical lesions can be used to demon-
strate dissemination in space. (Thompson et al. 2018)

Restated, a patient with CIS can now be diag-
nosed as having MS if an MRI shows dissemina-
tion in space and CSF reveals dissemination in 

Table 4.4  2010 McDonald criteria

Clinical presentation Additional data needed
 ≥2 or more attacks; objective clinical evidence 
of ≥2 lesions

Not needed, if no better explanation than MS

 ≥2 or more attacks; objective clinical evidence  
of 1 lesion

Dissemination in space, demonstrated by:
 ≥1 T2 lesion in at least 2 of 4 MS-typical regions of the CNS 
(periventricular, juxtacortical, infratentorial, or spinal cord) or

Await further clinical attack implicating a different site
1 attack; objective clinical evidence of ≥2 lesions Dissemination in time, demonstrated by:

Simultaneous presence of asymptomatic gadolinium-enhancing 
and nonenhancing lesions at any time or

A new T2 and/or gadolinium-enhancing lesion(s) on follow-up  
MRI, irrespective of its timing with reference to a baseline scan or

Await a second clinical attack
1 attack; objective clinical evidence of 1 lesion  
(i.e., CIS)

Dissemination in time and space, demonstrated by:
Dissemination in space:
 ≥1 T2 lesion in at least 2 of 4 MS-typical regions of the CNS 
(periventricular, juxtacortical, infratentorial, or spinal cord) or

Await a second clinical attack implicating a different CNS site
Dissemination in time:
Simultaneous presence of asymptomatic gadolinium-enhancing 
and nonenhancing lesions at any time or

A new T2 and/or gadolinium-enhancing lesion(s) on follow-up  
MRI, irrespective of its timing with reference to a baseline scan or

Await a second clinical attack
Insidious neurological progression suggestive  
of MS (this is primary progressive MS)

One year of disease progression (retrospectively or prospec-
tively determined) and two of the following:
1. Evidence for dissemination in space in the brain based on ≥1 
T2 lesions in the MS-characteristic regions (periventricular, 
juxtacortical, or infratentorial)
2. Evidence for dissemination in space in the spinal cord based 
on ≥2 T2 lesions in the cord

3. Positive CSFa

Adapted from Polman et al. (2011)
MS multiple sclerosis, MRI magnetic resonance imaging, CSF cerebrospinal fluid
aPositive CSF findings include oligoclonal bands and increased IgG index
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a b

c d

e

Case 4.32  Multiple sclerosis. A 34-year-old female was 
diagnosed with the relapsing-remitting type of multiple 
sclerosis. Her MRI revealed classical periventricular, jux-
tacortical, and infratentorial lesions. Axial T2-weighted 
MR (a, b) and sagittal FLAIR (c) showed Dawson fingers, 

elongated periventricular white matter lesions arranged at 
right angles along medullary veins. Neuroimaging also 
revealed black holes (sagittal T1-weighted MRI; d) and 
a gadolinium-enhancing lesion (with a typical C-shaped 
appearance; axial contrast-enhanced T1-weighted MRI; e)
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time as indicated by oligoclonal bands. Moreover, 
also cortical lesions can be used to show dissemi-
nation in space.

At the time of writing (April 2023), yet 
another update of the McDonald criteria is 
underway. Two key MRI findings are expected 
to be added to this fourth revision of the 
McDonald criteria: On one hand, the so-called 
central vein sign and paramagnetic rim lesions 
(Sinnecker et al. 2019; Ng Kee Kwong et al. 
2021), and on the other hand, asymptomatic 
optic nerve lesions (Wattjes et al. 2021).

Of note, tumefactive MS behaves clinically 
and radiologically like a mass lesion and requires 
testing for aquaporin-4 (AQP4) and anti-MOG 
antibodies (see below). Furthermore, inciden-
tal imaging findings suggestive of inflammatory 
demyelination in the absence of clinical signs 
or symptoms are termed radiologically isolated 
syndrome (RIS). RIS is not considered an MS 
subtype; however, there is a significant risk of 
developing MS in the future. This risk increases 
with gadolinium-enhancing lesions, asymptomatic 
spinal cord lesions, and signs of CSF inflammation.

The deficits of patients with MS are com-
monly assessed using the Kurtzke Functional 
System (FS) (Table 4.5) and graded according 
to the Kurtzke Expanded Disability Status Scale 
(EDSS) (Table 4.6). The EDSS quantifies disabil-
ity in eight FSs (pyramidal, cerebellar, brainstem, 
sensory, bowel and bladder, visual, cerebral, and 
others) and allows the neurologist to assign a 
functional system score in each of these.

4.12.2  Other Forms of Demyelinating 
Disease and Related Conditions

Red flags, implying that the diagnosis is not 
MS, include the following clinical features: 
lack of eye findings involving the optic nerve 
or eye motility; the presence of prominent uvei-
tis or retinitis; localized disease; no remissions; 
repeated episodes in the same part of the CNS; 
atypical features such as altered consciousness, 
aphasia, connective tissue disease, extrapyrami-
dal symptoms, fevers, homonymous visual field 
defects, CN III palsy; lack of fatigue or heat 

sensitivity; absence of long tract findings; no 
sensory symptoms; no bladder symptoms; no 
constipation; progressive myelopathy without 
bladder involvement; peripheral neuropathy; and 
onset at age >60 years or very early age of onset.

Similarly the following ancillary investiga-
tion results suggest an MS diagnosis is incorrect: 
Very high sedimentation rate or c-reactive protein; 
normal CSF studies including absent oligoclonal 
bands; abnormal CSF studies with white cell 
count >50 cells/µl or protein >1 g/l; normal MRI 
of brain and spinal cord; or atypical MRI with 
small lesions (<3 mm), involvement of basal gan-
glia or internal capsule, diffuse confluent leukoen-
cephalopathy, bilateral mirror image lesions, or 
longitudinal cord lesions of >2 vertebral segments.

If the clinical symptoms and signs are compat-
ible with a demyelinating disease and it is not MS, 
the differential diagnosis is extensive (as outlined 
further below and shown in Fig. 4.8). There are 
nonetheless three rather common clinical scenarios:

• A history of extensive longitudinal myelitis 
(≥3 vertebral segments) is suspicious of neu-
romyelitis optica spectrum disease (NMOSD).

• Although high CSF cell counts are occasion-
ally seen with MS, a CSF pleocytosis exceed-
ing 30–50 cells should lead to examinations 
for infectious, malignant, and other autoim-
mune diseases.

• Hereditary conditions, such as one of the spi-
nocerebellar ataxias (SCA), should be sus-
pected if the MRI and CSF (cells, protein, IgG 
index, and oligoclonal bands) are normal despite 
severe ataxia and corticospinal tract signs.

The following is a far from complete list of 
differential diagnoses to MS:

• Autoimmune diseases (typically not 
postinfectious)
– Neuromyelitis optica spectrum disor-

der (NMOSD). The term “neuromyeli-
tis optica”, historically known as Devic 
disease, denotes a relapsing–remitting 
demyelinating disorder associated with 
pathogenic AQP4 autoantibodies and 
involving the spinal cord and the optic 
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Table 4.5  Kurtzke functional systems scores

Pyramidal functions

0—Normal
1—Abnormal signs without disability
2—Minimal disability
3—Mild to moderate paraparesis or hemiparesis (detectable weakness but most function sustained for short periods, 
fatigue a problem); severe monoparesis (almost no function)
4—Marked paraparesis or hemiparesis (function is difficult), moderate quadriparesis (function is decreased but can 
be sustained for short periods), or monoplegia
5—Paraplegia, hemiplegia, or marked quadriparesis
6—Quadriplegia
9—Unknown
Cerebellar functions

0—Normal
1—Abnormal signs without disability
2—Mild ataxia (tremor or clumsy movements easily seen, minor interference with function)
3—Moderate truncal or limb ataxia (tremor or clumsy movements interfere with function in all spheres)
4—Severe ataxia in all limbs (most function is very difficult)
5—Unable to perform coordinated movements due to ataxia
9—Unknown
Brainstem functions

0—Normal
1—Signs only
2—Moderate nystagmus or other mild disability
3—Severe nystagmus, marked extraocular weakness, or moderate disability of other cranial nerves
4—Marked dysarthria or other marked disability
5—Inability to swallow or speak
9—Unknown
Sensory function

0—Normal
1—Vibration or figure-writing decrease only in one or two limbs
2—Mild decrease in touch or pain or position sense and/or moderate decrease in vibration in one or two limbs or 
vibratory decrease alone in three or four limbs
3—Moderate decrease in touch or pain or position sense and/or essentially lost vibration in one or two limbs or mild 
decrease in touch or pain and/or moderate decrease in all proprioceptive tests in three or four limbs
4—Marked decrease in touch or pain or loss of proprioception, alone or combined, in one or two limbs, or moderate 
decrease in touch or pain and/or severe proprioceptive decrease in more than two limbs
5—Loss (essentially) of sensation in one or two limbs or moderate decrease in touch or pain and/or loss of proprio-
ception for most of the body below the head
6—Sensation essentially lost below the head
9—Unknown
Bowel and bladder function

0—Normal
1—Mild urinary hesitance, urgency, or retention
2—Moderate hesitance, urgency, retention of bowel or bladder, or rare urinary incontinence (intermittent self-cathe-
terization, manual compression to evacuate bladder, or finger evacuation of stool)
3—Frequent urinary incontinence
4—In need of almost constant catheterization (and constant use of measures to evacuate stool)
5—Loss of bladder function
6—Loss of bowel and bladder function
9—Unknown

(continued)
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Table 4.5  (continued)

Visual function

0—Normal
1—Scotoma with visual acuity (corrected) better than 20/30
2—Worse eye with scotoma with maximal visual acuity (corrected) of 20/30.20/59
3—Worse eye with large scotoma, or moderate decrease in fields, but with maximal visual acuity (corrected) of 
20/60.20/99
4—Worse eye with marked decrease of fields and maximal visual acuity (corrected) of 20/100.20/200; grade 3 plus 
maximal acuity of better eye of 20/60 or less
5—Worse eye with maximal visual acuity (corrected) less than 20/200; grade 4 plus maximal acuity of better eye of 
20/60 or less
6—Grade 5 plus maximal visual acuity of better eye of 20/60 or less
9—Unknown
Cerebral (or mental) functions

0—Normal
1—Mood alteration only (does not affect EDSS score)
2—Mild decrease in mentation
3—Moderate decrease in mentation
4—Marked decrease in mentation (chronic brain syndrome—moderate)
5—Dementia or chronic brain syndrome—severe or incompetent

9—Unknown

Table 4.6  Kurtzke expanded disability status scale (EDSS)

Adapted from Kurtzke (1983)
EDSS steps 1.0–4.5 refer to people with MS who are fully ambulatory. EDSS steps 5.0–9.5 are defined by the impairment to 
ambulation
FS functional system

0.0 Normal Neurological Exam

1.0 No disability, minimal signs in 1 FS

1.5 No disability, minimal signs in 2 of 7 FS

2.0 Minimal disability in 1 of 7 FS

2.5 Minimal disability in 2 FS

3.0 Moderate disability in 1 FS or mild disability in 3–4 FS, though fully ambulatory

3.5 Fully ambulatory but with moderate disability in 1 FS and mild disability in 1 or 2 FS, or moderate disability in  
2 FS, or mild disability in 5 FS

4.0 Fully ambulatory without aid, up and about 12 h a day despite relatively severe disability, able to walk without aid 
500 m

4.5 Fully ambulatory without aid, up and about much of day, able to work a full day, may otherwise have some limitations 
of full activity, or require minimal assistance. Relatively severe disability. Able to walk without aid 300 m

5.0 Ambulatory without aid for about 200 m; disability impairs full daily activities

5.5 Ambulatory for 100 m; disability precludes full daily activities

6.0 Intermittent or unilateral constant assistance (cane, crutch, or brace) required to walk 100 m with or without resting

6.5 Constant bilateral support (cane, crutch, or braces) required to walk 20 m without resting

7.0 Unable to walk beyond 5 m even with aid, essentially restricted to wheelchair; wheels self, transfers alone; active in 
wheelchair about 12 h a day

7.5 Unable to take more than a few steps; restricted to wheelchair; may need aid to transfer; wheels self, but may 
require motorized chair for full day’s activities

8.0 Essentially restricted to bed, chair, or wheelchair but may be out of bed much of day; retains self-care functions, 
generally effective use of arms

8.5 Essentially restricted to bed much of day, some effective use of arms, retains some self-care functions

9.0 Helpless bed patient; can communicate and eat

9.5 Unable to communicate effectively or eat/swallow

10.0 Death due to MS
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Fig. 4.8  Differential diagnosis of multiple sclerosis and other demyelinating diseases
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nerves. However, the terminology has been 
replaced by NMOSD to also include dis-
ease states that are restricted to a single 
bout of optic neuritis, longitudinal trans-
verse myelitis, brainstem inflammation, 
diencephalon involvement, or diffuse CNS 
inflammation. Area postrema syndrome 
refers to therapy-refractory hiccups and 
vomiting. Symptomatic narcolepsy is also 
well described. NMOSD can be devastat-
ing if left untreated, leading to permanent 
vision loss and paralysis. Myelitis is usu-
ally longitudinally extensive, expanding 
over three or more vertebral segments as 
revealed by MRI, and may lead to nerv-
ous tissue necrosis. Occasionally, myelitis 
is mild and reversible, but with involve-
ment of the cervical cord, respiratory fail-
ure may become life-threatening. NMOSD 
is more frequent in women. Pregnancy is 
an important consideration when treating 
women with NMOSD. Unlike multiple 
sclerosis, NMOSD often remains active 
during pregnancy and requires treatment. 
NMOSD is divided into 2 groups: AQP4 
antibody-positive NMOSD and AQP4 anti-
body-negative NMOSD. Of note, AQP4 
antibody titers can be negative in some 
periods during the course of the disease 
and positive at other times; thus, it is useful 
to send for new antibody titers if the clini-
cal suspicion of NMOSD is high (Case 
4.35). Table 4.7 shows diagnostic criteria.

– MOG antibodies were first described in 
children in association with an ADEM-
like presentation and a monophasic dis-
ease. However, it is now well-established 
that MOG antibodies can cause recur-
rent disease. In addition, MOG antibod-
ies are increasingly found in adult patients 
with CNS demyelinating syndromes. 
Collectively, these conditions have been 
termed myelin oligodendrocyte glycoprotein 
antibody-associated disease (MOGAD). 
MOGAD includes phenotypes that are quite 
diverse, encompassing ADEM, monophasic 
and recurrent optic neuritis, and transverse 
myelitis (often involving the conus) as well 

as demyelinating syndromes overlapping 
with anti-NMDA receptor encephalitis or 
NMODS; in addition, an encephalitis clini-
cal phenotype with cortical lesions and epi-
leptic seizures has been termed cerebral 
cortical encephalitis. The clinical presen-
tation of MOGAD is age-dependent, with 
ADEM in young children and an opti-
cospinal presentation in older children 
and adults. Thus, MOG antibody-positive 
children present with ADEM (50%), optic 
neuritis (25%), and myelitis and brainstem 
syndromes (25%), while adult MOGAD 
patients have optic neuritis (50%), myeli-
tis (30%), and ADEM, brainstem, cerebral, 
or multifocal symptoms (20%). The overall 
prognosis of MOGAD tends to be somewhat 
better than NMOSD (Banwell et al. 2023).

– Demyelination previously associated with 
SLE, antiphospholipid syndrome, and 
other autoimmune diseases is increasingly 
being recognized as being due to AQP4 or 
anti-MOG antibodies.

– Behçet disease (Case 4.36).
– Limbic and brainstem encephalitis.
– Neurosarcoidosis (Case 5.8).
– Optic neuritis, respectively transverse 

myelitis, not progressing to MS.
– Vasculitis, either as part of a systemic dis-

ease or isolated to the CNS.
– CNS Sjögren syndrome

• Autoimmune diseases (typically, but not 
always, postinfectious)
– ADEM (more often seen in children)
– Acute necrotizing hemorrhagic leukoen-

cephalitis (similar to ADEM, but more 
severe)

– GBS, including GBS variants
• Hereditary diseases

– Spinocerebellar ataxias
– Leukodystrophies, e.g., adrenomyeloneu-

ropathy in men (and female carriers of 
the X-linked ABCD1 mutation who, if not 
asymptomatic, typically develop a mild 
myelopathy in their forties)

– Cerebral autosomal dominant arteriopathy 
with subcortical infarcts and leukoenceph-
alopathy (CADASIL)
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– Friedreich’s ataxia
– Hereditary spastic paraparesis (HSP)
– HNPP
– LHON
– Mitochondrial disorders
– Neuronal intranuclear inclusion disease 

(NIID) is a slowly progressive, neurode-
generative disease that can affect the PNS 
and CNS that has been misdiagnosed as 
encephalitis or demyelinating disorders 
owing to frequent relapsing episodes of 
acute worsening with seizures and encepha-
lopathy and evidence of CNS inflammation 
(Liu et al. 2022). It appears to be a common 
leukodystrophy in Asian populations, but its 
frequency in other ethnicities is unknown. 
Patients with NIID may have impairments 
in balance, movement, and cognition, ulti-
mately leading to a triad of dementia, par-
kinsonism, and psychiatric symptoms. The 
features of NIID result from the presence 
of eosinophilic intranuclear inclusions in 
neurons and glial cells, and these inclusions 
can also be found in skin biopsies, which 
is diagnostic. MR DWI hyperintensity 
along the corticomedullary junction is very 
characteristic but DWI abnormalities can 
appear years after the onset of the predomi-
nant symptoms and disappear with disease 
progression. Pathogenic GGC expansions 
in the NOTCH2NLC gene were found to 
cause NIID.

• Infectious diseases
– HIV
– HTLV-1-associated myelopathy
– PML
– Viral meningoencephalitis, e.g., tick-borne 

encephalitis (TBE), HSV-1 (rarely HSV-2)
– Neuroborreliosis
– Neurobrucellosis
– Neurocysticercosis
– Neurosyphilis
– Tuberculosis
– Whipple’s disease
– Listeria monocytogenes (Case 4.33)

• Malignancies
– Primary CNS lymphoma, including intra-

vascular B-cell lymphoma

– Malignant meningitis (meningeal 
carcinomatosis)

– Other primary and secondary CNS 
neoplasms

• Others
– Arnold–Chiari malformation
– Superficial CNS siderosis
– Brainstem vascular malformations
– Vitamin B12 deficiency
– Copper deficiency myelopathy
– Small vessel disease and other cerebrovas-

cular disease
– Spinal arteriovenous (AV) dural fistula and 

other spinal vascular malformations
– Susac’s syndrome (Case 4.24)
– Toxic demyelination, e.g., due to her-

oin inhalation (“chasing the dragon”), 
cocaine leukoencephalopathy (Case 
4.34), carbon monoxide (CO)-induced 
leukoencephalopathy

– Various mononeuropathies and 
polyneuropathies

– Wartenberg’s migrant sensory neuritis
– Wilson’s disease
– PRES

4.13  The Differential Diagnosis 
of Infectious Diseases

Infective agents may reach the CNS by several 
mechanisms, the first three of the following five 
being common (Fig. 4.9):

• Direct inoculation into the brain tissue (e.g., 
brain surgery, trauma).

• Per continuitatem (e.g., brain abscess second-
ary to a middle ear infection).

• Hematogenic spread (e.g., due to endocarditis).11

11 Brain abscess is most commonly due to hematogenous 
spread. Less frequently, it occurs as a complication of 
sinusitis, otitis, mastoiditis, or penetrating trauma. Brain 
abscess may be caused by a single agent but can also be 
polymicrobial. Headache, fever, and focal neurologic 
signs are the classic triad of a brain abscess. However, 
most patients do not present with the complete triad, and 
the presentation is typically that of an intracerebral mass 
lesion with subacute onset. Intraventricular rupture of the 
abscess leads to ventriculitis and rapid deterioration.
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• Some viruses are neuroinvasive and reach 
neuronal cell bodies retrogradely via axons 
(e.g., rabies, HSV). Some bacteria like 
Listeria monocytogenes may also infiltrate 
the CNS via intra-axonal transport (in addi-
tion to hematogenic spread).

• Transmissible spongiform encephalopathies, 
or prion diseases, are exceptional in many 
ways. They are due to infectious proteins 
(prions) and can occur sporadically or may be 
familial or acquired (e.g., direct inoculation, 
orally).

The growing number of patients with immu-
nosuppression because of cancer treatment, 

organ transplantation, HIV, or drug abuse con-
tributes to the rising incidence of opportunistic 
infections. In addition, exotic infectious diseases 
are encountered with increasing frequency in 
Western societies due to immigration and inter-
continental travel. The vast majority of condi-
tions with infectious (and noninfectious) CSF 
inflammation managed by neurologists are 
associated with a lymphocytic CSF pleocytosis 
(as opposed to a neutrophil CSF pleocytosis, 
seen in bacterial meningitis and usually man-
aged by infectious disease specialists). The list 
of human pathogens is huge, and many patho-
gens can affect the nervous system in many dif-
ferent ways. The most practical approach to the 

a b

Case 4.33  Neuromyelitis optica spectrum disorder 
(NMOSD). A 35-year-old female had painful vision 
loss of the right eye. She recovered following treat-
ment with IV methylprednisolone. Four months later, 
the patient had an episode of tingling in both legs and 
slight urinary hesitancy but did not seek medical care. 
Two months later, the patient developed a spastic tetra-
plegia over the course of 5 days. T2-weighted MRI of 
the spinal cord showed an extensive longitudinally 
central lesion (a, b). MRI of the brain was normal. Of 

note, CSF analysis showed a polymorphonuclear pleo-
cytosis (50 cells) and no oligoclonal bands. Although 
the first analysis for antibodies against aquaporin-4 
antigen came out negative, the second analysis a few 
weeks later was positive. The patient was diagnosed 
with NMO. She regained the ability to walk following 
treatment with plasmapheresis and high-dose methyl-
prednisolone, although slight spasticity remained. She 
was subsequently put on long-term immunomodulatory 
treatment to prevent further relapses
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a

b

Case 4.34  Neuro-Behçet. A 59-year-old male from 
Morocco had been diagnosed with Behçet disease more 
than 30 years prior when he suffered from urogenital 
ulcers, uveitis, arthralgia, and skin changes (erythema 
nodosum). He had been hospitalized several times because 
of neurological deficits. On admission, examination 
showed cerebellar ataxia, diplopia because of right-sided 
abducens nerve palsy, a left-sided hemiparesis, and bulbar 
deficits including dysarthria and dysphagia. He had diffi-
culty controlling tears and laughter. MRI revealed a con-
trast-enhancing lesion in the lower pons (a, T1 weighted 
following gadolinium). Following high-dose steroids and 
azathioprine, his condition improved. At follow-up a few 
months later, he was ambulatory with a walking cane, had 
safe swallowing, and emotional incontinence had com-
pletely resolved. Double vision was treated with eye mus-
cle surgery. MRI contrast enhancement was no longer evi-
dent, but there was a small lacunar lesion compatible with 

neuronal loss due to infarction (b, left, axial T1 weighted 
with gadolinium; b, right, coronal FLAIR). Neuro-Behçet 
often has a relapsing-remitting course, although it typi-
cally becomes progressive without aggressive immunosup-
pression, much resembling the clinical course of MS. The 
most common manifestation of Neuro-Behçet is parenchy-
mal involvement of the brainstem; the second most com-
mon is non-parenchymal Neuro-Behçet with involvement 
of large venous dural sinuses leading to isolated cerebral 
venous sinus thrombosis and intracranial hypertension. It 
is more common along the Silk Route, especially within 
the Mediterranean region and the Middle East. Virtually 
all patients with Neuro-Behçet also have systemic evi-
dence of the disease, most commonly recurrent aphthous 
ulcers in the mouth. Onset is most frequent during the third 
or fourth decade of life. Behçet disease affects males and 
females equally, although the disease tends to be more 
severe in males
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Fig. 4.9  Differential diagnosis of infectious diseases



2214.13 The Differential Diagnosis of Infectious Diseases

differential diagnosis of neuroinfectious diseases 
is therefore to list them according to the respon-
sible microorganisms (e.g., viruses, bacteria, 
fungi, parasites) and to associate each of them 
with one or two characteristic features.

4.13.1  Viral Infections

• Virus, including:
– Retrovirus

HIV can infect nearly every part of the nerv-
ous system, from the muscle cell to cor-
tical neurons. Neurological symptoms 
in HIV patients may be due to the virus 
itself, seroconversion (self-limiting asep-
tic meningitis), opportunistic infections, 
the side effects of antiviral therapy, and 
the immune reconstitution inflammatory 
syndrome (IRIS), a paradoxical reaction 
to HIV infection associated with recon-
stitution of the immune system follow-
ing the start of highly active antiviral 
therapy (HAART). However, since the 
advent of HAART, the incidence of neu-
rological disorders due to HIV has dra-
matically decreased, and they are almost 
always seen in HIV patients with low 
CD4+ counts (Case 4.37).

Human T-lymphotropic virus type 1 
(HTLV-1) is common in tropical 
regions, including Africa and the 
Caribbean, and leads to a chronic pro-
gressive myelopathy, hence the name 
tropical spastic paraparesis.

– Herpes virus
HSV-1 leads to classic herpes simplex 

encephalitis, the most common identi-
fied cause of nonepidemic encephali-
tis in adults in the Western world. The 
incidence is about 6.4 cases per mil-
lion adults per year in the USA. Onset 
is usually within 1–5 days. Unspecific 
prodromal symptoms are followed by 
fever, confusion, headache, personal-
ity changes, altered consciousness, and 
focal neurological deficits related to the 
temporal lobes such as focal and sec-
ondarily generalized seizures, aphasia, 
and hemiparesis. Unfortunately, it is not 
uncommon that aphasic and hemiparetic 
patients presenting to the emergency 
room are misdiagnosed as suffering 
from ischemic stroke when the initial 
CT scan shows temporal lobe hypoden-
sity (see Case 4.1). In the immuno-
compromised patient, herpes simplex 
encephalitis can take an atypical course 

Table 4.7  NMOSD patients with AQP4 antibodies need 1 core clinical characteristic and no better explanation for 
their presentation (Jarius et al. 2021)

• Optic neuritis
• Acute transverse myelitis
• Area postrema syndrome (nausea, vomiting, hiccups)
• Other brain stem syndrome
• Acute diencephalic syndrome with MRI lesion(s)
• Symptomatic cerebral syndrome with MRI lesion(s)
Patients with NMOSD an no AQP4 antibodies need ≥2 of the core clinical characteristics and no better explanation 
for their presentation, in addition to all of:

• Either optic neuritis, longitudinally extensive transverse myelitis, or area postrema syndrome
• Dissemination in space
• Clinical presentation with corresponding findings on MRI:
       1.  Optic neuritis with normal or nonspecific white matter lesions or T2 hyperintense lesion involving the optic 

nerve or T1 gadolinium positive lesion extending for greater than half the length of the optic nerve or involv-
ing the optic chiasm

       2.  Transverse myelitis should involve a spinal cord lesion that extends up to or over 3 contiguous vertebral 
segments

       3. Area postrema syndrome: MRI findings in the dorsal medulla
       4. Acute brain stem syndrome: peri-ependymal MRI lesions
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with less prodromal symptoms and 
focal deficits, as well as more exten-
sive cerebral involvement on MRI and 
occasionally a lack of CSF pleocytosis 
due to the host’s ineffective immune 
response. Without immediate antiviral 
therapy, herpes simplex encephalitis is 
devastating and usually fatal (untreated 
mortality rate of 70%), and therefore, it 
is essential not to wait for results from 

CSF analysis but to start aciclovir treat-
ment right away. It is important to note 
that although polymerase chain reac-
tion (PCR) amplification assays for 
the detection of HSV DNA in the CSF 
have high sensitivity and specificity in 
the first few days, false-negative results 
occur thereafter. Similarly, intrathe-
cal synthesis of HSV-specific antibod-
ies occurs in almost all patients but not 

a

b

Case 4.35  Rhombencephalitis due to Listeria mono-
cytogenes. Listeria monocytogenes is associated with 
rhombencephalitis, but the exact mechanisms by which 
the pathogen invades the brainstem remain poorly under-
stood. A 42-year-old female was admitted with serologi-
cally proven Listeria monocytogenes septicemia. Prior 
to any other neurological symptoms, she complained of 
hypoesthesia and a tingling sensation in the ipsilateral half 
of the face, consistent with sensory trigeminal nerve dys-
function on that side. T2-weighted and contrast-enhanced 
T1-weighted MRI revealed a cerebellopontine abscess, 

including involvement of the trigeminal nerve root, as 
well as selective contrast enhancement of the sensory 
trigeminal tract in the pons and medulla oblongata (a, b). 
This is in line with earlier data from animal experiments, 
showing that Listeria monocytogenes is capable of retro-
grade intra-axonal migration along cranial nerves and may 
induce rhombencephalitis in rodents after inoculation of 
bacteria into the facial musculature. Thus, in a subset of 
patients with rhombencephalitis, Listeria monocytogenes 
enters the cerebellopontine angle via the trigeminal nerve, 
invading the brainstem along the sensory trigeminal nuclei
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usually until 3–10 days after the onset 
of symptoms, and therefore, false-neg-
ative results are possible in the begin-
ning. It follows that it is mandatory to 
order both CSF PCR and antibody titer 
analyses.

HSV-2 is associated with mild relapsing-
remitting meningitis (Mollaret’s men-
ingitis) and may lead to acute bladder 
palsy and sensory disturbances in 
the legs due to infection of the cauda 
equina and conus medullaris (Elsberg 

syndrome), as outlined in Chap. 2. 
Herpes simplex encephalitis, in con-
trast, is only rarely caused by HSV-2.

VZV leads typically to chicken pox in 
children and to shingles in adults after 
reactivation of the dormant virus in the 
sensory ganglia. VZV may also lead 
to myelitis and encephalitis, and in a 
patient with a peripheral facial nerve 
palsy and unusual pain, check for the 
typical erythematous rash in the ear 
canal, the tongue, and/or hard palate 

Case 4.36  Toxic leukoencephalopathy due to cocaine. 
A 21-year-old man had recurrent episodes of depres-
sion. He was found breathing, but deeply comatose in a 
hotel room with injection marks in the left cubital vein. 
A syringe and a farewell letter were beside him, and 14 
empty packages with tracks of white powder, later iden-
tified as cocaine, were found close by. On admission, he 
was unresponsive and intubated with intact brainstem 
reflexes. There was bilateral hyperreflexia and moder-
ately increased muscle tone, but normal plantar reflexes. 
Urine toxicology screening was positive for cocaine. 
MRI of the brain on day 21 showed diffuse symmetrical 
WM changes in the cerebrum with hyperintense signal 
on the T2-weighted images and preservation of U-fibers 
(a, b). Brainstem and cerebellum appeared normal. No 

contrast enhancement was observed. Magnetic reso-
nance angiography was unremarkable. Twenty-four days 
after admission, the patient died of pneumonia without 
having regained consciousness. Autopsy revealed severe 
leukoencephalopathy with pronounced demyelination, 
lipid-loaded macrophages, and liquefying of the cen-
tral cerebral WM. Toxic leukoencephalopathy has been 
described with intravenous and inhalative consumption 
of cocaine, heroin, and other drugs of misuse. Whereas 
the clinical picture varies, the radiological and his-
tological findings are quite characteristic. Typically, 
T2-weighted MRI shows diffuse bihemispheric WM 
lesions, often with preservation of U-fibers such as in 
this case (Adapted with permission from Kondziella 
et al. (2007a; b))
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Case 4.37  HIV encephalitis. A 37-year-old HIV-
positive woman stopped antiviral medication against 
advice from her physician, because she considered her-
self to be cured after intake of traditional herbal medi-
cine. Four months later, she developed headache and 
bizarre behavior. There were no focal neurological 
deficits. MRI showed a pronounced leukoencephalopa-
thy with sparing of U-fibers (axial T2 weighted, upper 
row and lower row, left) and no contrast enhance-
ment (lower row, right). Lumbar puncture revealed a 

lymphocytic CSF pleocytosis (110 cells, 0.9 g protein). 
Tests for relevant opportunistic infections and sexually 
transmitted diseases other than HIV were negative. CSF 
flow cytometry and microscopy did not show evidence of 
lymphoma. However, her HIV viral copy load was much 
higher in CSF (1100 copies/ml) than in the blood (<50 
copies/ml), indicating HIV escape syndrome. When ret-
roviral medication was reestablished, both her clinical 
condition and leukoencephalopathy on MRI improved, 
confirming the diagnosis of HIV encephalitis
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(herpes zoster oticus; Ramsay Hunt 
syndrome type II). Occasionally, VZV 
infections can occur without a rash 
(zoster sine herpete). Further, facial 
zoster in the elderly may lead to ipsilat-
eral stroke a few days to weeks follow-
ing the first signs of the painful rash.

Epstein–Barr virus causes infectious mon-
onucleosis and has been implicated  
in several diseases such Hodgkin’s 
lymphoma, nasopharyngeal carcinoma, 
and, importantly, MS.

Cytomegalovirus usually leads to a mild 
aseptic meningitis but may have a 
much more aggressive course in the 
immunocompromised.

– Enterovirus
Enteroviruses are the most com-

mon agents associated with aseptic 
meningitis.

Poliovirus leads to poliomyelitis (and 
decades later, the postpolio syndrome 
may arise). Other enteroviruses such as 
Coxsackie and ECHO virus also have a 
predilection for the anterior horns cells 
and may lead to a similar form of acute 
anterior poliomyelitis. Poliomyelitis-
like acute flaccid myelitis is associated 
with enterovirus D68 and has caused 
epidemics globally over the past dec-
ade. Although acute flaccid myelitis 
can occur with several viruses (includ-
ing arbovirus, see below), D68-induced 
acute flaccid myelitis occurs primarily 
in children. Following a febrile, respir-
atory prodrome, patients present with 
acute onset, usually asymmetric, are-
flexic flaccid limb weakness with some 
predilection for the upper extremities. 
Respiratory muscle compromise is seen 
in approx. 30% of cases.

– Arbovirus (= arthropod-borne viruses)
TBE is on the rise in Europe given climate 

change. In most cases, the symptoms 
of TBE develop in two distinct stages. 
Roughly 25% of people develop flu-
like symptoms 2–28 days after a tick 
bite. Most patients make a full recovery 

within a week. The second stage, charac-
terized by meningoencephalitis, occurs a 
few days to weeks later, and when com-
bined with acute flaccid myelitis, the 
prognosis is poor, at least in the elderly.

Aggressive arboviruses are found in the 
Americas (e.g., East/West/Venezuelan 
equine encephalitis, West Nile enceph-
alitis, St. Louis encephalitis, tick-borne 
paralysis), Asia (Japanese encephalitis), 
and Africa (dengue fever, which has 
spread to other tropical regions around 
the globe).

– Lyssavirus
Rabies virus. Invariably fatal, rabies 

accounts for over 50,000 deaths annu-
ally according to the WHO, mostly 
in Africa and Asia. Bats are the most 
common vector in North America and 
dogs the most important vector glob-
ally. Depending on the distance the 
virus must travel to reach the CNS, 
the incubation period is usually a few 
months, following which the patient 
develops malaise, fever, and headache, 
then motor agitation, decreased con-
sciousness, and the classic symptom of 
hydrophobia, which is due to reflexive 
spasms of the respiratory and pharyn-
geal muscles when attempting to swal-
low liquids—later, even the sound of 
running waters triggers these spasms. 
Finally, the patient becomes lethargic 
and eventually comatose. Death is due 
to respiratory insufficiency.

– Slow virus infections are not a family 
for themselves, but their distinct clinical 
course makes it practical for the neurolo-
gist to group them together:
Subacute sclerosing panencephalitis 

(SSPE) due to the measles virus usually 
affects children.

Rubella virus may lead to a disease similar 
to SSPE.

JC virus is a polyomavirus and the main 
agent behind PML. PML is usually 
seen in immunocompromised patients 
such as those with HIV, chemotherapy, 
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organ transplantation or a history of 
sarcoidosis. It can be the initial AIDS-
defining illness in up to 25% of patients. 
Of practical concern for MS patients 
is the possibility of developing PML 
with natalizumab treatment. JC virus 
affects oligodendrocytes and leads to 
large areas of multifocal demyelina-
tion. Although PML occasionally starts 
rather acutely, in the majority of cases, 
it evolves over days to months. The 
velocity of neurologic decline usually 
accelerates during the disease. Apart 
from hemiparesis and other focal signs, 
cognitive functions may be affected 
as well, e.g., PML may lead to dys-
phasia, cortical blindness, and altera-
tions of personality. Seizures have been 
reported in up to 20% of cases. MRI 
shows characteristic conflating white 
matter involvement (“spilled milk” on 
FLAIR and T2-weighted MRI) with 
cortical sparing (Case 4.10). The CSF 
cell count is usually normal (or only 
slightly increased). Cerebral involve-
ment is more frequent than brainstem 
involvement. Contrast enhancement 
is only very rarely seen, but in AIDS 
patients this is a favorable prognostic 
sign. The diagnosis of PML is based on 
the history, the typical neuroradiologi-
cal appearance, and the finding of JC 
virus DNA in the CSF using PCR. Brain 
biopsy is rarely needed. If left untreated, 
PML leads to severe disability and 
finally death. The prognosis is poorer 
with a severe degree of immunosup-
pression, a high viral load, and involve-
ment of critical locations (such as the 
brainstem). However, one needs to be 
aware that antiretroviral therapy in HIV 
patients or discontinuing natalizumab 
in patients with multiple sclerosis may 
lead to the development of IRIS, pre-
senting with a paradoxical worsening of 
neurological deficits and possibly death.

Granular cerebellar neuronopathy is 
another, under-appreciated phenotype 
whereby JCV inhabits neurons in the 
granular layer of the cerebellum caus-
ing neuronal loss, gliosis and a clinical 
cerebellar syndrome.

– Coronavirus disease 2019 (COVID-19). 
Central and peripheral complications 
are common in hospitalized COVID-19 
patients (as opposed to uncomplicated 
COVID-19 without hospitalization), par-
ticularly in the ICU, and often attributable 
to critical illness. When COVID-19 is the 
primary cause for neurological disease, no 
signs of viral neurotropism are typically 
detected, but laboratory changes suggest 
autoimmune-mediated mechanisms. In one 
hospital-based cohort study, of 61 consec-
utively admitted COVID-19 patients, 35 
(57%) required ICU admission. The most 
common CNS complication was encepha-
lopathy (n = 19, 31.1%), which was severe 
in 13 patients (GCS ≤12), including 8 with 
akinetic mutism. Other CNS complica-
tions included ischemic stroke, a biopsy-
proven acute necrotizing encephalitis 
(Case 4.38), and transverse myelitis. The 
most common PNS complication was crit-
ical illness polyneuromyopathy (13.1%), 
with prolonged ICU stay as independent 
predictor (OR = 1.14). Treatment-related 
PNS complications included meralgia par-
esthetica. Of 41 complications in total, 3 
were para/postinfectious, 34 were second-
ary to critical illness or other causes, and 
4 remained unresolved (Nersesjan et al. 
2021a). At 6-month follow-up after hos-
pitalization, cognitive status in COVID-19 
survivors is minimally worse compared to 
matched survivors hospitalized for non-
COVID-19 causes, but the overall burden 
of neuropsychiatric and neurologic signs 
and symptoms after COVID-19 requiring 
hospitalization is no different than what is 
seen after equally severe non-COVID dis-
ease (Nersesjan et al. 2022).
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4.13.2  Bacterial Infections

• Bacteria
– Gram-positive bacteria and bacilli

Staphylococcus usually leads to acute bacte-
rial meningitis and/or cerebritis with sub-
sequent abscess formation (Case 4.39).

Streptococcus pneumoniae also leads to 
acute bacterial meningitis.

Streptococcus viridans is often encoun-
tered with low-virulent infective endo-
carditis and foreign body infections.

Corynebacterium diphtheriae produces a 
toxin that causes diphtheria. Bilateral 
lower CN palsies including facial diple-
gia are typical, mimicking Guillain–
Barré syndrome, as are sore throat, 
swollen neck, and pseudomembranes 
on the tonsils.

Clostridium tetani produces tetanospas-
min, which is responsible for tetanus 
and usually acquired because of wound 
infections under poor sanitary con-
ditions. Tetanus is rare in developed 
countries but common worldwide, 
probably killing half a million adults 
every year. The toxin is produced in the 
wound, binds to peripheral motor nerve 
terminals, and enters the spinal cord or 
brainstem via retrograde axonal trans-
port. Depending on the site of spore 
inoculation, the incubation period var-
ies from a few days to several weeks. 
In the generalized form, excessive 
excitation of spinal and bulbar motor 
neurons leads to sustained rigidity of 
the masseter muscles (trismus), the 
face (risus sardonicus), and the back 

Case 4.38  COVID-19-associated necrotizing encepha-
litis. A 52-year-old woman was admitted with convul-
sive seizures and reduced consciousness 19 days after 
symptom onset of COVID-19 with dry cough, fever, 
a sore throat, headache, and myalgias. Twenty-four 
hours after admission, owing to a sudden decrease in 
consciousness and progressive hypoxemic respiratory 
failure, the patient was intubated and transferred to the 
ICU. Chest X-ray revealed a complete white-out of the 
left lung. Electroencephalography revealed general-
ized slowing, with no epileptiform activity. MRI of the 
brain with axial T2W (A1) and FLAIR (A2) sequences 
demonstrated bilateral hyperintense lesions in the right 
basal ganglia and left thalamus. Axial SWI images (A3) 
demonstrated hemorrhage, seen as hypointense signal 
intensity in the right basal ganglia lesion and ventricle 

system. Microbleeds were seen in the left thalamic 
lesion (A3) and ring enhancement on the post contrast 
T1W images (A4). CSF showed no cells or organisms. 
Extensive microbiological workup was negative other 
than for COVID-19. Biopsy specimens from both right 
and left cerebral hemispheres showed thrombotic occlu-
sion of small vessels by fibrin thrombi (A6, Masson tri-
chrome staining). Higher magnification showing prolifer-
ating capillaries, hemosiderin in macrophages and gliosis 
(hematoxylin and eosin stain), (A7). Asterix: thrombus. 
A diagnosis of COVID-19-associated acute necrotizing 
encephalitis was made, based on clinical signs, MRI, 
brain pathology findings and high titers of SARS-CoV-2 
IgG and exclusion of other causes following exten-
sive diagnostic workup. Adapted with permission from 
Nersesjan et al. (2021b)
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a b

c

Case 4.39  Diffusion-weighted MRI in the assess-
ment of brain abscesses. A 67-year-old male received 
chemotherapy for a plasmacytoma. The patient com-
plained of an increasingly severe headache over the pre-
vious 7 days. He had fever and a left-sided hemiparesis. 
Contrast-enhanced T1-weighted MRI (a) showed a lesion 

in the right MCA territory, including perilesional edema 
and a ring-like contrast-enhancing periphery. MR DWI 
(b) showed hyperintense and ADC sequences (c) hypoin-
tense signal within the lesion, the characteristic MRI 
appearance of a cerebral abscess
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(opisthotonus), as well as spasms of 
the laryngopharynx (e.g., triggered by 
simply looking at water and food). This 
form is always fatal without intensive 
medical care. The local form of tetanus 
leads to muscle stiffness near the site of 
the injury and has a better prognosis; 
it is typically seen in the elderly with 
inadequate tetanus prophylaxis.

Clostridium botulinum produces the most 
poisonous toxin of all and causes botu-
lism which can be food-borne (canned 
food), neonatal (acquired during deliv-
ery under poor sanitary conditions), or 
associated with wounds (e.g., skin pop-
ping, the subcutaneous application of 
heroin by drug addicts). (See Case 2.1.)

Listeria monocytogenes is a significant 
cause of meningitis and meningoen-
cephalitis, in particular rhombencepha-
litis, in neonates, pregnant women, the 
immunocompromised, and the elderly. 
Ingestion of soft cheese and unpasteur-
ized milk products is a typical cause, 
but Listeria has also been isolated from 
raw meat, vegetables, and seafood. 
CNS listeriosis preferentially involves 
the brainstem and the meninges. The 
case fatality rate exceeds that of salmo-
nella infections (see Case 4.33).

Tropheryma whippelii is usually classi-
fied as a gram-positive Actinobacteria, 
although it may be gram-negative as 
well. It causes Whipple’s disease, pre-
dominantly seen in middle-aged and 
elderly men with weight loss, progres-
sive dementia, ataxia, and oculomo-
tor disturbances. Oculomasticatory 
myorhythmia is pathognomonic for 
Whipple’s disease. Tropheryma whip-
pelii is notoriously difficult to detect. 
Jejunum biopsy and CSF examination 
may be negative despite combined PCR 
analysis and microscopic evaluation, 
and often the last resort is brain biopsy.

– Gram-negative bacteria and bacilli
Neisseria meningococcus (together with 

Streptococcus pneumoniae) leads the 

list of community-acquired bacterial 
meningitis.

Haemophilus influenzae, previously the 
leading cause of bacterial meningitis 
in children under 5 years of age, is no 
longer common thanks to widespread 
vaccination.

Escherichia coli causes postsurgical infec-
tions and neonatal meningitis, usually 
associated with poor hygienic conditions.

Pseudomonas aeruginosa is a common 
hospital-acquired infection because 
it thrives in wet surroundings and 
on most surfaces, including medical 
equipment and catheters. Pseudomonas 
aeruginosa is the classic cause of otitis 
externa malignant (also called necrotiz-
ing external otitis). This life-threaten-
ing skull base infection is characterized 
by the following triad: (A) an elderly 
diabetic or otherwise immunocompro-
mised patient presenting with (B) per-
sistent headache, otalgia, and auditory 
discharge, usually after water irrigation 
for cerumen impaction, (C) compli-
cated by multiple CN palsies. Due to its 
close proximity to the external acoustic 
meatus and the stylomastoid foramen, 
the facial nerve is the CN primarily 
involved (Case 4.40).

Brucella spp. is usually associated with 
unsterilized milk or meat from infected 
cattle; it may therefore lead to brucel-
losis (Malta fever) in, e.g., veterinarians 
and farmers. Neurobrucellosis is a dif-
ferential diagnosis to Whipple’s disease.

– Mycobacteria
Mycobacterium tuberculosis may cause 

meningovascular inflammation leading 
to ischemic infarction, basal meningitis 
with affection of multiple lower CNs, 
brain tuberculoma that behaves like a 
mass lesion, obstructive and commu-
nicating hydrocephalus, spondylitis, 
spinal abscess, and transverse myelitis 
(see Case 2.12).

Mycobacterium leprae and 
Mycobacterium lepromatosis give rise 
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to leprosy, a granulomatous disease of 
the peripheral nerves, the upper res-
piratory tract, and the skin. Lesions of 
the latter are characterized by hypopig-
mented anesthetic areas.

– Spirochetes (in fact, also gram-negative 
bacteria)
Borrelia burgdorferi is the agent in Lyme 

disease, the most common tick-borne 
disease in the Northern Hemisphere. 
Tick bites are acquired during outdoor 
activities in the warmer months of the 
year, which is why most patients present 
from June to November. Early localized 
infection leads to the characteristic cir-
cular, outwardly expanding rash called 
erythema chronicum migrans, but not 

all patients notice such a rash or hav-
ing been bitten by a tick. Patients with 
neurological signs typically come to 
medical attention during early (second 
stage) neuroborreliosis. The most com-
mon manifestation is a painful lympho-
cytic meningoradiculitis (Bannwarth’s 
syndrome), which either presents as 
an isolated radicular pain syndrome 
or together with muscle weakness. 
Characteristically, the patient com-
plains about radiculopathic pain with 
attacks during the night, which clearly 
distinguishes it from radiculopathic 
pain due to degenerative spine disease. 
Peripheral facial palsy, often bilateral in 
adults, is another common syndrome. 

a b

Case 4.40  Cranial neuropathy due to malignant exter-
nal otitis. A 68-year-old male with poorly regulated dia-
betes mellitus consulted an otolaryngologist because of 
left ear deafness. After irrigation for cerumen impac-
tion, hearing returned to normal. A week later he devel-
oped constant left-sided headache and painful drain-
age of a yellowish smelly fluid from the left ear. One 
month later, the patient noticed hypesthesia on the left 
side of his face. Two months later, he developed slurred 
speech and hoarseness. The month after he had dif-
ficulties with swallowing. Neurological examination 

revealed impairment of the left CN V, VIII, IX, X, and 
XII. T1-weighted MRI with gadolinium contrast showed 
the inner (1), middle (2), and external ear (3) as well as 
a subtemporal infectious process (a; black arrow), which 
extended caudally, causing massive soft tissue inflam-
mation and bone erosion of the occipital condyle and 
mastoid (b; black arrow). Culture from a mastoid biopsy 
revealed Pseudomonas aeruginosa. The patient received 
8 weeks of ciprofloxacin treatment and made an unevent-
ful recovery [adapted with permission from Kondziella 
and Skagervik (2007)]
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Involvement of the CNS, such as mye-
litis, is rare in early neuroborreliosis. If 
left untreated, 5–10% of patients suffer 
a chronic course of the disease, includ-
ing chronic lymphocytic meningitis or 
encephalomyelitis. Monosymptomatic 
chronic headache due to pachymenin-
gitis is another manifestation. Chronic 
Lyme disease is typically accompanied 
by vegetative signs, including general 
fatigue and malaise as well as unin-
tended weight loss. Late disseminated 
infection may lead to cognitive symp-
toms, including dementia. CSF find-
ings include high protein, lymphocytic 
pleocytosis, and Borrelia burgdorferi-
specific intrathecal antibody synthesis, 
but despite obvious CSF inflammation, 
meningeal signs are rare. The diagnosis 
of neuroborreliosis is based on the typi-
cal clinical presentation, CSF inflamma-
tory changes, and B. burgdorferi-specific 
intrathecal antibody production.

Treponema pallidum leads to neurosyphi-
lis. In the early stages, there is either 
asymptomatic meningitis or symptomatic 
meningovascular inflammation that may 
cause cerebral infarction. The late forms 
of neurosyphilis include tabes dorsalis 
with severe sensory ataxia due to destruc-
tion of the posterior columns12 and 
dementia, traditionally known as general 
paresis. Another syndrome of tertiary 
syphilis is the Argyll Robertson phenom-
enon that denotes pupillary dysfunction 
with light-near dissociation. (This pupil-
lary dysfunction has been memorized by 
generations of students using the mne-
monic “a prostitute accommodates but 
does not react.” However, Adie’s tonic 
pupil is nowadays a more common cause 
for pupillary dysfunction with light-near 
dissociation.) Although neurosyphilis 

is rare nowadays, it is again on the rise. 
Since syphilis is treatable, it is manda-
tory to order a Venereal Disease Research 
Laboratory (VDRL) test in patients with 
a chronic CSF lymphocytosis.

4.13.3  Infections Due to Parasites, 
Fungi, and Prions

• Parasites
– Neurocysticercosis is not only the most 

common parasitic infestation of the CNS, 
but it is also thought to be the most fre-
quent causes of epilepsy worldwide. It 
is caused by ingestion of eggs or larvae 
from Taenia solium in undercooked pork 
or from contaminated food or water. Brain 
cysticerci, usually multiple, develop in the 
brain after an incubation period of several 
months to years. Other manifestations than 
epilepsy include obstructive hydrocephalus 
and focal neurological deficits (Case 4.41).

– Toxoplasma gondii is a parasitic protozoan 
for which the cat is the definite host. It is 
usually asymptomatic, but toxoplasma 
may be reactivated with immunosuppres-
sion. Toxoplasmosis is the most com-
mon opportunistic infection in patients 
with HIV. De novo infection in pregnancy 
may have catastrophic consequences for 
mother and fetus. Toxoplasmosis leads to 
various focal deficits, seizures, encepha-
lopathy, and retinopathy.

– Cerebral malaria due to Plasmodium fal-
ciparum should be suspected in every 
traveler returning from endemic countries 
and presenting with neurological symp-
toms of unknown origin. Although cer-
ebral malaria is often fatal and the course 
severe, outcome can be good with imme-
diate treatment (Case 4.42).

– Schistosomiasis (or bilharziosis) is infec-
tion with flukes (small parasitic worms) 
after contact with water from rivers and 
lakes contaminated by freshwater snails. 
Schistosoma (S.) mansoni and S. hae-
matobium characteristically lead to 

12 Moritz Romberg (1795–1873, German neurologist) 
invented the eponymous test for the screening of sen-
sory ataxia in large numbers of recruits to detect those 
unsuited for the army because of tabes dorsalis.



232 4 Differential Diagnosis: “What Is the Lesion?”

granulomatous disease of the spinal cord 
with flaccid paraplegia and bladder palsy, whereas  
S. japonicum may evoke granulomatous 
disease of the brain.

– Ingested larvae from Trichinella can cause 
symptomatic or asymptomatic trichinosis. 
Affection of the CNS is rare but usually 
fatal.

– Echinococcus granulosus and Echinococcus 
multilocularis, for which dogs, respec-
tively, foxes, are the definite hosts, may 
lead to hydatid cysts in the human brain and 
increased ICP, focal deficits, and seizures.

– African trypanosomiasis produces the 
classic sleeping sickness with character-
istic lymphadenopathy at the back of the 
neck (Winterbottom’s sign), followed later 

by confusion, sleep cycle disturbance, and, 
if left untreated, coma and death.

– Cerebral amebiasis is a rare form of inva-
sive amebiasis with usually fatal outcome. 
Amebiasis is generally a disease of gas-
trointestinal tract which rarely spreads 
to other organs, especially the brain. 
However, Naegleria fowleri, also known 
as the “brain-eating ameba,” occurs natu-
rally in freshwater bodies, such as lakes, 
rivers, and hot springs. Swimming in these 
waters very occasionally leads to cerebral 
amebiasis when the pathogen enters the 
brain via the nose: Victims develop head-
aches, vomiting, and numbness, followed 
by coma and death within days. The mor-
tality rate approaches 100%.

a b

Case 4.41  Neurocysticercosis. A 23-year-old male 
exchange student from rural Latin America presented 
with headache and focal seizures evolving to bilateral 
convulsive seizures. His general physical and neuro-
logic exam was normal. A CT and T1-weighted con-
trast-enhanced MRI demonstrated multiple cysticerci, 
consistent with a diagnosis of neurocysticercosis (a, b). 

A lumbar puncture revealed slightly elevated opening 
pressure and mild CSF pleocytosis. A serum cysticerco-
sis enzyme-linked immunoelectrotransfer blot assay was 
positive. The patient was treated with albendazole and 
corticosteroids for 2 weeks as well as antiepileptic drugs. 
Two years later, neuroimaging showed a declining num-
ber of calcified cysts, and his epilepsy was well controlled
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a

b

Case 4.42  Cerebral malaria. A 31-year-old male sailor 
was found unresponsive in his cabin. On admission to the 
emergency room, he had a fever (40.4 °C). The patient 
was awake, but not responding; there was occasional 
eye contact, but he did not talk or follow any commands. 
There was meningism, generalized hypertonia, and inter-
mittent opisthotonus; tendon reflexes were brisk and plan-
tar responses extensor. Following the bedside examination, 
he developed a generalized tonic-clonic seizure without 
evident focal onset. According to witnesses, 6 h prior to 
admission, the patient had complained of feeling unwell 
but had appeared otherwise normal. He had been treated 
with antibiotics for an unspecified infection 14 days ear-
lier. During the last 3 months, his crew had traveled to 

various ports in Eastern and Western Africa. A CT of 
the brain was normal (a). A lumbar puncture revealed a 
slightly increased opening pressure (28 cm H2O) but nor-
mal cells and protein. Screening for illicit drugs was nega-
tive. Routine blood tests, including arterial gases, showed 
slight microcytic anemia and metabolic acidosis and sig-
nificantly increased C-reactive protein and leukocytosis. 
Examination of a thick blood film under light microscopy 
revealed macrogametocytes of the parasite Plasmodium 
falciparum (b). Artemisinin-based combination therapy 
for cerebral malaria was initiated. The patient regained 
consciousness 2 days later. On follow-up 3 months later, 
he was back at work but complained of slight cognitive 
sequelae regarding concentration and short-term memory



234 4 Differential Diagnosis: “What Is the Lesion?”

• Fungi
– Cryptococcosis due to Cryptococcus 

neoformans is a defining opportunistic 
infection for AIDS and the most frequent 
fungal meningitis in these patients.

– CNS infection with other fungi such as 
candida and aspergillus is unusual and 
only seen in the immunocompromised.

• Prion diseases (known as transmissible 
spongiform encephalopathies) include:
– Creutzfeldt–Jakob disease (CJD) may 

be sporadic, familial, or iatrogenic. It 
is a common cause of rapidly progres-
sive dementia. Ataxia, myoclonus, and 
enhanced startle as well as various focal 
deficits are commonly seen. Death is inev-
itable and usually occurs within 6 months. 
For further information, see Sect. 4.4.

– The new variant form of Creutzfeldt–
Jakob disease (vCJD; first described in 
1996) typically leads to prominent neu-
ropsychiatric symptoms. It affects people 
at a much earlier age (median age 28) than 
classic CJD and has a somewhat more 
protracted cause (12–18 months). Most 
cases of vCJD are from the UK.

– Kuru is another classic prion disease, now 
history. It occurred in Papua New Guinea 
and was transmitted among members of 
the Fore tribe because of cannibalistic 
funeral practices.

– Gerstmann–Sträussler–Scheinker disease, 
one of the familial prion diseases.

– Fatal familial insomnia, another familial 
prion disease.

4.14  The Differential Diagnosis 
of Malignancy, Including 
Paraneoplastic Conditions

Malignancy may affect the nervous system in 
several ways (Fig. 4.10):

• Primary CNS tumors and secondary malig-
nancies (metastasis)

• Paraneoplastic syndromes
• Side effects of cancer treatment

– Radiotherapy, e.g., radiation plexopathy 
and leukoencephalopathy

– Chemotherapy, e.g., peripheral neuropathy 
and toxic leukoencephalopathy

– Surgery, e.g., focal neurological deficits 
following neurosurgery

4.14.1  Primary Tumors of the CNS 
and PNS and Secondary 
Malignancies

Primary brain tumors may be histologically 
benign or malignant. However, due to their mass 
effect causing brain tissue shifts, even histologi-
cally benign tumors can be fatal. The common 
primary brain tumors are listed here according 
to their cellular origin.

• Glial cells
– Astrocytes, astrocytoma grades I–IV. 

Astrocytomas grades I and II may be cur-
able (e.g., pilocytic astrocytoma in chil-
dren). Grade III tumors progress after 
several years into astrocytoma grade IV. 
The latter is identical with glioblastoma 
multiforme, which may arise de novo or, 
as stated, from a low-grade astrocytoma. 
Astrocytomas are the most common pri-
mary malignant brain tumors. Of note, 
brainstem glioma in adults has a rather 
unique presentation (see Case 2.10). In 
contrast to supratentorial gliomas (and 
brainstem gliomas in children), the course 
of glioma in the brainstem tends to be pro-
longed. When these patients present to the 
neurologist, they usually have surprisingly 
few clinical symptoms despite extensive 
tumor infiltration as seen on MRI. Another 
malignant condition that may have a rather 
unusual presentation is gliomatosis cerebri 
(Case 4.43).

– Oligodendrocytes, oligodendroglioma. 
These usually have a somewhat better 
prognosis than astrocytoma but tend to 
become increasingly more malignant as 
well. CT of the brain typically shows a 
calcified process.
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Fig. 4.10  Differential diagnosis of malignancy and paraneoplastic disorders
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– Ependyma, ependymoma. The common location 
of intracranial ependymoma is the fourth ventri-
cle. In adults, it also occurs at spinal locations.

• Neurons. Limited neurogenesis in the adult 
human brain is restricted to certain areas such 
as the hippocampus and the subventricular 
zone. Thus, since neurons do not proliferate, 
there are no neuronal tumors other than those 
that derive from neuronal stem cell precursors. 
These are the primitive neuroectodermal tumors 
(PNET), the most common being medulloblas-
toma. The tumors have a strong tendency to 
metastasize within the CNS (e.g., spinal drop 
metastases). Neuroblastoma is another tumor 
that derives from the neural crest; it is a neu-
roendocrinal tumor and one of the most com-
mon extracranial solid cancers in childhood.

• Arachnoidal cells, meningioma. This is the 
most common benign tumor of the CNS; 
more malignant and much rarer varieties 
include atypical (grade II) and anaplastic 
(grade III) meningiomas.

• Schwann cells, schwannoma, and neurofi-
broma. Schwann cells are for the PNS what 
oligodendrocytes are for the CNS; they pro-
duce myelin. Schwannoma may be associated 

with any cranial (CN III–CN XII) or spinal 
nerve, but vestibular schwannoma is most 
common. (These tumors are often but incor-
rectly called acoustic neurinoma.) Bilateral 
vestibular schwannoma is pathognomonic 
for neurofibromatosis type II. Neurofibromas 
arise also from Schwann cells, but in con-
trast to schwannomas, they incorporate other 
types of cells and structural elements as well. 
Plexiform neurofibromas, which may some-
times undergo malignant transformation, are 
the hallmark of neurofibromatosis type I.

• Pineal gland. Pineal gland tumors include, 
e.g., pinealomas, pineoblastomas, pineal 
cysts, and astrocytomas. Also germ cell 
tumors (either germinomatous or nongermi-
nomatous) frequently arise in proximity of 
the pineal gland. All these tumors may pre-
sent with acute or subacute hydrocephalus, 
gait disturbances, and midbrain signs such as 
the Parinaud’s syndrome (see Chap. 2).

• Pituitary gland, pituitary adenoma, and 
craniopharyngioma
– Pituitary adenomas account for approxi-

mately 10% of all intracranial neoplasms. 
They may manifest with bitemporal 

Case 4.43  Gliomatosis cerebri. A 45-year-old female 
was referred with a working diagnosis of limbic 
encephalitis because of a history of short-term memory 
deficits and temporal lobe epilepsy as well as an MRI 
showing bilateral edematous mesial temporal lobes. 
However, upon admission, the patient stated that her 
symptoms had started gradually more than 3 years 
ago with only slight progression. The time course was 
rather unusual for autoimmune limbic encephalitis. In 
addition, on FLAIR (a, b) and T2-weighted MRI (c), 

signal changes were relatively widespread, involving the  
entire hippocampal formation and the posterior  
thalamus on both sides, and follow-up MRI 3 months 
later showed unchanged abnormalities. There was 
no contrast enhancement after gadolinium injection.  
Extensive diagnostic procedures for autoimmune limbic 
encephalitis, systemic malignancy, and infectious agents  
were negative. Following a brain biopsy, the patient was  
diagnosed with a low-grade astrocytoma (gliomatosis  
cerebri, WHO grade II)
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hemianopia and hormonal disturbances 
(e.g., Cushing syndrome, acromeg-
aly, galactorrhea, sexual dysfunction). 
Pituitary apoplexy may lead to sud-
den headache, diplopia (due to CN III 
compression), and coma. Postpartum 
pituitary necrosis due to infarction of or 
hemorrhage into a pituitary adenoma dur-
ing delivery is called Sheehan syndrome.

– Another tumor of the parasellar region, 
craniopharyngioma tends to reoccur 
after surgery despite being histologically 
benign. Craniopharyngiomas present with 
visual field defects and diencephalic dis-
turbances and may lead to obstructive 
hydrocephalus (Case 4.44).

• Primary CNS lymphoma. This non- 
Hodgkin’s lymphoma is confined to the 
CNS. The etiology of cerebral lymphoma in 
the immunocompetent patient is unknown. 

In immunosuppressed patients, particularly 
those with AIDS or transplant recipients, 
Epstein–Barr virus seems to play an etiologic 
role. In recent decades, the frequency of pri-
mary CNS lymphoma has been increasing 
in both immunocompetent and immunosup-
pressed patients. Following corticosteroid 
therapy, CNS lymphomas typically decrease 
in size or may even disappear on brain imag-
ing (only to recur after some time; this is the 
ghost tumor phenomenon), which is why 
imaging and brain biopsy of presumed lym-
phomatous tumors are best performed before 
steroids are given (Case 4.45). Intravascular 
large B-cell lymphoma is a rare, clinically 
aggressive lymphoma subtype character-
ized by an almost exclusive growth of large 
cells within the lumen of cerebral blood ves-
sels. The reason for this unusual localiza-
tion is that their genetic makeup prevents the 

ba

Case 4.44  Craniopharyngioma and obstructive hydro-
cephalus. A 53-year-old female with an unremarkable 
medical history was brought to the neurologist by her 
husband. He complained that his wife had difficul-
ties with balance and gait; she was constantly tired and 
fell asleep several times during the day. In addition, she 
was slow-cerebrated and had memory difficulties, and 
she had become incontinent for urine. Symptoms had 
started 3 months prior and were progressive. Although 
the patient confirmed the history, she seemed uncon-
cerned. Examination revealed bilateral extensor plantar 

reflexes, increased muscle tone in the legs, as well as 
cognitive deficits and a broad-based shuffling gate. The 
clinical history (gait ataxia, urine incontinence, and cog-
nitive decline) was consistent with a hydrocephalus, most 
likely obstructive because of the recent onset. Contrast-
enhanced CT (axial, a) and MRI (sagittal, b) showed an 
enhancing well-demarcated tumor obstructing the third 
ventricle and leading to ventricular dilatation. Following 
resection of the tumor, the patient’s condition was nor-
malized except for mild urinary urge. Histology revealed 
a papillary craniopharyngioma (WHO grade 1)
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lymphoma cells from crossing the blood–
brain barrier to invade the brain parenchyma. 
Clinically, it presents fever and skin lesions, 
followed by accumulating brain lesions with 
focal deficits, leading to death within a few 
weeks to months if untreated.

Secondary malignancies may affect the nerv-
ous system as follows:

• Single or multiple metastases. Brain metas-
tases are much more common than primary 
brain tumors. Data on the ratio of primary vs. 
secondary brain tumors are very inconsistent in 
the literature, though. This is due to the fact that 
some authors refer to neurosurgical data, while 
others refer to autopsy studies. Obviously, brain 
metastases are more common in the latter.
– Lung cancer, breast cancer, and malig-

nant melanoma (in this order) are the most 
common primaries and account for two-
thirds of all brain metastases.

– All neoplasms, including leukemia and 
systemic lymphoma, are theoretically 
capable of metastasizing to the brain.

– In 10% of cases, the primary cancer 
remains unknown despite extensive inves-
tigations. At autopsy, the most commonly 
found primary tumor is lung cancer.

– Metastases may also affect the spinal cord, 
plexus, and peripheral nerves. For plexus 
infiltration of lung cancer, the so-called 
Pancoast tumor, see Case 2.5.

• Meningeal carcinomatosis. This is the spread 
of malignant cells into the leptomeninges. 
Frequent symptoms include multiple and suc-
cessive CN palsies, weakness in the extremi-
ties because of polyradiculopathy, back pain, 
headache, and mental changes. The most 
common causes are, in decreasing frequency, 
breast cancer, leukemia, systemic lymphoma, 
lung cancer, CNS tumors (e.g., medullo-
blastoma, glioblastoma), and malignant 
melanoma. The median survival is 6 months 
despite aggressive treatment.

• Retrograde perineural spreading of cutaneous 
(e.g., squamous cell carcinoma, basalioma) 
or mucosal (e.g., nasopharyngeal cancer) 
tumors. These tumors are a much rarer cause 
of secondary malignancy affecting the nerv-
ous system. The typical history is of a (ini-
tially successfully) treated cancer in the skin 
of the face or the nasopharynx, until pain 
and numbness evolve many years later in the 
ipsilateral half of the face due to the spread 
of tumor cells into the trigeminal nerve, fol-
lowed after weeks or months of ipsilateral 
abducens, oculomotor, facial, and other CN 

Case 4.45  Primary CNS lymphoma. A 65-year-old 
male presented with a focal seizure starting in the left 
half of his face and evolving into bilateral convulsions. 
He had a 2-month history of short episodes of twitch-
ing of the left corner of the mouth as well as gait ataxia 
and dysarthria. Examination further revealed saccadic 

pursuit, hyperreflexia in all extremities, and bilateral 
extensive plantar reflexes. T1-weighted MRI showed 
contrast-enhancing lesions in the brainstem (a), the 
corpus callosum (b), and the right frontal lobe (c). 
Following a brain biopsy, the patient was diagnosed as 
having a primary CNS lymphoma
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palsies. Typically, the diagnosis is delayed 
because many physicians are unfamiliar with 
the disease, and without thin-sliced con-
trast-enhanced MRI sequences, the perineu-
ronal tumor infiltration is easily overlooked. 
Invasion of the brainstem will eventually lead 
to bulbar and sensorimotor symptoms and, 
ultimately, death.

4.14.2  Paraneoplastic Conditions

Paraneoplastic neurological syndromes result 
from damage to organs or tissues remote from 
the site of the primary malignancy or metasta-
ses. The pathogenesis is immune-mediated and 
due to cross-reaction against antigens shared 
by the tumor and cells in the CNS or PNS. 
Paraneoplastic neurological diseases are often 
related to intracellular antineuronal antibod-
ies (as compared to synaptic/surface antigens, 
which are more commonly detected in nonpara-
neoplastic conditions). Various cancers are asso-
ciated with paraneoplastic syndromes, the most 
common being SCLC, cancer of the breasts, tes-
ticles, and ovaries, and teratoma. The number of 
known antibodies is increasing steadily. It is no 
longer useful to learn them all by heart. Instead, 
it is advisable to know the most significant 
paraneoplastic syndromes and a few associated 
antibodies and to consult up-to-date literature 
in case of doubt. Listed from central to periph-
eral, the following syndromes are often (but not 
always) paraneoplastic conditions:

• Limbic encephalitis (e.g., SCLC, breast,  
ovaries, testicles, teratoma; anti-Yo, anti-Hu, 
anti-VGKC, anti-NMDA receptors, and many 
more; see Sect. 4.5).

• Multifocal encephalomyelitis (SCLC, various 
others; anti-Ri, anti-Hu, anti-amphiphysin).

• Opsoclonus-myoclonus (lung, breast, testi-
cles, others; anti-Yo, anti-Ri, anti-Hu, anti-
amphiphysin; see Chap. 2).

• Brainstem encephalitis (testicles, lung, oth-
ers; anti-Ma1, anti-Ma2) (Case 4.46).

• Subacute cerebellar degeneration (e.g., 
SCLC, breast, ovaries, testicles, teratoma, 

Hodgkin’s lymphoma; anti-Yo, anti-Ri, anti-
Hu, anti-amphiphysin, anti-VGKC).

• Stiff person syndrome (breast, lung, others; 
anti-amphiphysin, anti-GAD).

• Sensory neuronopathy (SCLC, plasma cell 
dyscrasias, others; anti-Hu, anti-amphi-
physin, anti-CV2). Subacute sensory neu-
ronopathy and neuropathies with anti-Hu or 
anti-CV2 antibodies, leading to severe sen-
sory ataxia and pseudoathetosis, are definite 
paraneoplastic disorders. Possible paraneo-
plastic neuropathies are heterogeneous.

• Neuromyotonia (also termed Isaac’s syn-
drome; thymoma, SCLC; anti-VGKC).

• LEMS (SCLC; voltage-gated calcium chan-
nel antibodies (anti-VGCC)).

• MG (thymoma; anti-acetylcholine receptor 
(AChR), anti-MuSK).

• Dermatomyositis and polymyositis (ovaries, 
GI, breast, lung). Dermatomyositis is more 
often paraneoplastic than polymyositis.

4.15  The Differential Diagnosis 
of Movement Disorders

Movement disorders can be divided into:

• Hypokinetic-rigid disorders, commonly 
referred to as parkinsonism

• Hyperkinetic disorders, often associated with 
normal or decreased muscle tone (chorea, 
choreoathetosis, hemiballism, myoclonus, 
tics), but not always (dystonia)

4.15.1  Hypokinetic Movement 
Disorders (Parkinsonism)

Parkinsonism is defined as bradykinesia in com-
bination with at least one of the following signs: 
muscular rigidity, a pill-rolling rest tremor, and 
postural instability. Parkinsonism can be due to 
(Fig. 4.11):

• PD. See Chap. 2 (basal ganglia) for the dis-
cussion of the clinical features of Parkinson’s 
disease. PD is most often idiopathic. It is 
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rarely familial, dominant (PARK1, PARK4, 
PARK8), or recessive (PARK2, PARK6, 
PARK7). The diagnosis of PD is best 
achieved using this three-step approach:
– First, it is necessary to verify that the 

patient has parkinsonism (i.e., bradyki-
nesia, with at least one of the following: 
muscular rigidity, 4–6 Hz rest tremor, pos-
tural instability).

– Second, it must be confirmed that the 
patient does not meet exclusion crite-
ria, suggesting atypical parkinsonism 
(Babinski sign, early and severe auto-
nomic dysfunction, early and severe 
dementia, oculogyric crises, supranu-
clear gaze palsy, strictly unilateral symp-
toms after 3 years, cerebellar signs) or 
symptomatic parkinsonism (history of 

a b

Case 4.46  Anti-Ma2-associated paraneoplastic brain-
stem encephalitis. A 56-year-old woman, previously 
healthy, developed double vision. A few days later, 
she noticed weakness in her legs and arms and slurred 
speech. Her relatives stated that she appeared slightly 
confused. Within 6 weeks, she was admitted to the 
intensive care unit because of tetraplegia and shortness 
of breath requiring artificial respiratory support and 
a tracheostomy. Horizontal eye movements were pre-
served, but there was complete vertical gaze palsy. She 
was awake and generally drowsy although she could 
communicate using preserved horizontal eye move-
ments and neck flexion. Despite her fulminant brainstem 
syndrome, the only abnormality on MRI was a midline 
FLAIR hyperintensity at the level of the mesencephalon 
(a, left; but no contrast enhancement; this was confirmed 
by a second MRI a few weeks later), and lumbar punc-
ture revealed a very minor lymphocytic CSF pleocytosis 

(9 cells, normal protein). However, whole-body PET/
CT showed a suspicious neck lymphadenopathy on the 
right side (a, right). Histology revealed adenocarcinoma; 
despite extensive diagnostic procedures, the primary 
malignancy was not found. When CSF analysis revealed 
a strongly positive IgG anti-Ma2 antibody titer, she was 
diagnosed as having anti-Ma2-associated paraneoplas-
tic brainstem encephalitis. Despite treatment with IV 
steroids, plasma exchange, and chemotherapy, she died 
3 months after onset of double vision. Autopsy con-
firmed inflammatory changes in the brainstem, thalamus, 
and basal ganglia, confirming the clinical diagnosis. 
Anti-Ma2-associated encephalitis is a rare paraneoplas-
tic neurological syndrome that gives rise to a typical 
clinical picture of progressive diencephalic and brain-
stem dysfunction. Although MRI and CSF abnormalities 
can be very subtle, as shown here, the prognosis is usu-
ally poor
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Parkinsonism
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Fig. 4.11  Differential diagnosis of parkinsonism
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repeated strokes with stepwise progres-
sion, repeated head trauma, encephalitis, 
neuroleptic treatment at onset, presence of 
tumor, or hydrocephalus).

– Third, look for supportive prospective 
positive criteria for Parkinson’s disease, 
including unilateral onset, symptom pro-
gression, persistent asymmetry, excellent 
levodopa response, levodopa response 
of more than 5 years, severe levodopa-
induced chorea, and prolonged clinical 
course of ≥10 years.

• Atypical parkinsonism (sporadic). At least 
in the beginning, atypical parkinsonism is 
often misdiagnosed as PD. Red flags that 
parkinsonism is not due to PD include, e.g., 
poor levodopa response, symmetrical symp-
toms at onset, strictly unilateral symptoms 
after 3 years, wheelchair dependency, severe 
and early autonomic failure (e.g., orthostatic 
hypotension, erectile dysfunction, urinary 
incontinence, diarrhea at night), oculomotor 
palsies, unprovoked falls, early cognitive def-
icits, cerebellar signs, and the Babinski sign. 
Also, a history of antipsychotic drug treat-
ment, repeated head trauma or stroke, definite 
infectious encephalitis, and familiar disposi-
tion with more than one affected relative sug-
gest another disorder than PD.
– PSP is characterized by parkinsonism 

associated with supranuclear ophthalmo-
plegia, usually starting with slowing of 
vertical gaze saccades (only downgaze 
impairment is specific). The patient devel-
ops a characteristic starring gaze with 
square wave jerks and a striking lack of 
spontaneous blinking. Early and frequent 
unprovoked falls due to postural instabil-
ity are another diagnostic clue. Also, neck 
dystonia (sometimes with classic postero-
flexion), axial rigidity, pseudobulbar palsy 
(e.g., increased facial reflexes, spastic dys-
arthria, dysphagia), as well as behavioral 
impairment of the frontotemporal type 
(e.g., motor recklessness, frontal disinhi-
bition, dementia) are typical signs (Case 
4.47). The Movement Disorder Society 
criteria for PSP define four functional 

domains (ocular motor dysfunction, pos-
tural instability, akinesia, and cognitive 
dysfunction) as clinical predictors of PSP. 
Within each of these domains, they pro-
pose three clinical features that reflect dif-
ferent levels of diagnostic certainty, i.e., 
probable PSP, possible PSP, and sugges-
tive of PSP (Höglinger et al. 2017).

– MSA. The hallmark of MSA is parkin-
sonism with early and severe autonomic 
dysfunction, including orthostatic hypo-
tension, urinary retention and/or urgency 

Case 4.47  Multisystem atrophy. A 63-year-old female 
had a 10-year history of unusually vivid dreams, includ-
ing dream enactment behavior, consistent with a diag-
nosis of REM sleep behavior disorder. Five years later 
she developed autonomic symptoms, including urinary 
urgency, orthostatic hypotension, and diarrhea. About 
4 years ago, she developed gait difficulties and dysar-
thria. Soon thereafter, she could no longer walk and 
needed a wheel chair (“wheel chair sign”). She devel-
oped neck dystonia of the antecollis type, left upper 
extremity rigidity, and rest tremor, as well as inspiratory 
stridor and severe dysphonia. Treatment with l-dopa 
had no effect. Her MRI showed atrophy of the medulla, 
pons, cerebellum, and middle cerebellar peduncles with 
a cross-shaped T2 signal hyperintensity within the pons 
(“hot cross bun sign”). She was diagnosed with MSA-p 
as the parkinsonian features were most prominent
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incontinence, erectile dysfunction, coldness 
and grayish discoloration of the hands, and 
Raynaud’s phenomenon. Inspiratory stri-
dor (initially nocturnal, later throughout 
the day), severe dysphonia, and dysarthria 
are also characteristic features. Indeed, in 
advanced cases, inspiratory stridor may 
allow for instant diagnosis. Apnea periods 
may occur often, but not exclusively, dur-
ing sleep. (Rarely, the disease may even 
start with respiratory insufficiency as the 
predominant symptom.) Early postural 
instability is common. Neck dystonia, if 
present, is usually of the antecollis type. 
Camptocormia (forward flexion of the 
trunk) and the Pisa syndrome (lateroflexion 
of the trunk) may also occur. Myoclonic 
jerks of the fingers can be seen. In con-
trast to PSP, overt dementia is not a typical 
feature in MSA patients, but dysexecutive 
behavioral symptoms and psychomotor 
slowing may occur. MSA leads to death 
within 5–10 years. REM sleep behavior 
disorder is common and can precede the 
onset of other symptoms by several years. 
The Movement Disorder Society MSA cri-
teria divide MSA into two entities, accord-
ing to the most prominent accompanying 
features (Wenning et al. 2022):
MSA with predominantly cerebellar features 

(MSA-c, olivopontocerebellar atrophy)
MSA with predominantly parkinsonian 

features (MSA-p, striatonigral degen-
eration) (Case 4.48)

– CBS. This is a rare form of FTD that, in 
contrast to PSP and MSA, is associated 
with strikingly asymmetric motor fea-
tures, as well as language impairment. The 
most characteristic complaint is of one 
arm becoming increasingly useless (alien 
limb phenomenon), whereas the other arm 
appears completely normal. Examination 
reveals asymmetric rigidity, akinesia, and 
dystonia, as well as cognitive deficits, 
mainly consisting of unilateral/asymmet-
ric apraxia, astereognosis, and impaired 
graphesthesia, in addition to aphasia. 

Myoclonus may also be seen. Although 
gait apraxia can occur, balance is typically 
preserved. However, corticobasal degener-
ation (as opposed to CBS, the syndrome) 
is a neuropathological diagnosis; similar 
clinical features (i.e., CDS) can also occur 
with PSP and other neurodegenerative 
diseases.

– DLB. This has been discussed in Sect. 4.4.
• Hereditary disorders with parkinsonism 

(other than familial PD):
– Dominant

HD. Juvenile onset of an akinetic-rigid 
syndrome with fast progression is sug-
gestive of the so-called Westphal vari-
ant of HD.

HD-like disorders syndromes are a family 
of inherited neurodegenerative diseases 

Case 4.48  Progressive supranuclear palsy. A 63-year-
old female complained of double vision and several epi-
sodes of unexpected falling. A detailed history revealed 
that she also had abnormally vivid night dreams, con-
sistent with a diagnosis of REM sleep behavior disorder. 
Examination revealed abnormal oculomotor function, 
including square wave jerks, hypometric saccades with 
slowing, particularly in the downward direction, a star-
ing facial expression, axial rigidity, a wide-based gait 
ataxia, and retropulsation. During the following 4 years, 
her speech turned nonfluent, and she developed severe 
dysphagia, bradykinesia, and urinary incontinence, 
as well as disturbances of cognition and personality. 
T1-weighted sagittal MRI showed marked atrophy of the 
mesencephalon (“hummingbird sign”), corroborating the 
clinical diagnosis of PSP
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that closely resemble HD because they 
produce a combination of chorea, cog-
nitive decline or dementia and behav-
ioral or psychiatric problems; they may 
or may not be dominantly inherited.

Dopa-responsive dystonia (hereditary pro-
gressive dystonia with diurnal fluctuation, 
also known as Segawa disease or DYT5 
dystonia; dominantly inherited with 
incomplete penetrance). These are usually 
young patients with asymmetric and fluc-
tuating dystonia of the lower limbs (and 
less often true parkinsonism) that tends to 
be worse in the afternoon and evening. As 
the name suggests, patients respond very 
well to low doses of levodopa.

Spinocerebellar ataxia type 2 (SCA2).
Spinocerebellar ataxia type 3 (SCA3).
FTD with parkinsonism related to chro-

mosome 17 (FTDP 17).
Rapid onset dystonia-parkinsonism 

(DYT12).
– Recessive

Wilson’s disease (hepatolenticular degen-
eration). In this disease copper accumu-
lates particularly in the brain and liver. 
Characteristic features of Wilson’s dis-
ease include neuropsychiatric features, 
parkinsonism and other extrapyrami-
dal movement disorders, liver failure, 
as well as the Kayser–Fleischer cor-
nea ring (the detection of which may 
require slit-lamp examination). All 
patients below 50 years of age with a 
movement disorder of unknown origin 
should be screened for Wilson’s disease 
by checking S-ceruloplasmin and uri-
nary copper secretion.

Pantothenate kinase-associated neurode-
generation, also termed NBIA, is for-
merly known as Hallervorden–Spatz 
syndrome.13

– Uncertain
Parkinson-dementia-ALS complex of 

Guam
• Secondary parkinsonism:

– Drug-induced parkinsonism
Parkinsonism associated with antipsy-

chotic treatment. This is usually due 
to first-generation antipsychotics, 
including phenothiazines and buty-
rophenones, and usually presents 
with marked akinesia and rigidity but 
relatively little tremor. Orofacial dys-
kinesias may develop with chronic 
treatment.

Neuroleptic malignant syndrome is due to 
acutely decreased dopaminergic activ-
ity in the brain because of neuroleptic 
treatment, leading within days to weeks 
to severe rigidity, fever, decreased con-
sciousness, autonomic dysfunction with 
labile blood pressure, and tachycardia 
as well as increased creatine kinase lev-
els. If untreated, neuroleptic malignant 
syndrome is often fatal due to rhabdo-
myolysis and secondary renal and mul-
tiorgan failure.

Neuroleptic malignant-like syndrome is 
seen in Parkinson patients with sudden 
withdrawal of dopaminergic medica-
tion. The symptoms, treatment, and 
potentially fatal outcome are similar to 
true neuroleptic malignant syndrome.

A few other drugs have been associated 
with parkinsonism, e.g., amiodarone 
and metoclopramide.

– Parkinsonism associated with toxins
MPTP-induced parkinsonism. In the 

1970s, MPTP was abused by a group 
of young people in California; MPTP is 
now the most common animal model of 
PD.

CO poisoning. CO, alone or in combina-
tion with smoke intoxication, is one of 
the major causes of poisoning injury 
and death worldwide. CO intoxica-
tion is often overlooked because CO 
is an odorless gas and induces vari-
ous nonspecific symptoms (headache, 
fatigue, nausea, and concentration 

13 In the Third Reich, German pathologists Julius 
Hallervorden (1882–1965) and Hugo Spatz (1888–1969) 
collaborated with the Nazi regime and collected the 
brains of several hundred NS-euthanasia victims. Based 
on the material from “euthanized” patients, Hallervorden 
published 12 papers after World War II (several of which 
are listed in MEDLINE) (Kondziella 2009).
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difficulties). The brain and heart are 
particularly vulnerable to CO, and 
consequently, high-dose exposure 
may lead to myocardial ischemia, 
cardiac arrhythmia, and to neurologi-
cal disturbances, including coma, sei-
zures, and focal neurological signs. 
Carboxyhemoglobin (COHb) levels at 
the time of arrival in the emergency 
department can be normal again—
therefore, a high level of suspicion is 
necessary. Two distinct clinical syn-
dromes may occur after acute CO 
poisoning: a condition of chronic, per-
sistent neurological deficits and the 
interval form of CO poisoning. The 
latter may occur in 15–40% of survi-
vors following acute CO poisoning. In 
patients with the interval form of CO 
poisoning, neurological impairment 
occurs, for poorly understood reasons, 
days to weeks after a lucid period. 
In both syndromes, deficits usually 
include motor and neuropsychiatric 
symptoms; the patients can be totally 
mute, unresponsive, and bedridden 
with parkinsonian features. MRI typi-
cally shows pallidum infarcts, and 
cortical and white matter may be 
affected as well. Following hyperbaric 
oxygen therapy long-term outcome is 
sometimes surprisingly good despite 
severe initial neurological deficits 
(Case 4.49).

Manganese poisoning.
Other toxins, e.g., methanol, carbon 

disulfide, thallium, pesticides, and 
herbicides.

– Posttraumatic parkinsonism
Rarely seen after an isolated trauma that 

per definition must lead to a demonstra-
ble, persistent structural brain injury.

Pugilistic parkinsonism, now referred to 
as chronic traumatic encephalopathy 
(CTE), results from the cumulative 
effects of numerous concussions to 
which boxers are subject, Muhammad 
Ali being the most prominent example. 

American football and other con-
tact sports are also risk factors. It is 
often associated with dementia (a.k.a. 
dementia pugilistica or punch-drunk 
syndrome).

– Postencephalitic parkinsonism. The best 
example is encephalitis lethargica, which 
occurred in the 1920s (von Economo 
encephalitis); cases of the non-Economo 
type (e.g., after Japanese encephalitis, 
poststreptococcal) may appear months or 
years following infectious encephalitis. An 
autoimmune reaction with antineuronal 
antibodies (e.g., anti-basal ganglia anti-
bodies) is now believed to be the cause. 
Parkinsonism may also occur with ongo-
ing CNS infection such as CJD. However, 
CJD should not be difficult to diagnose 
due to severe and rapidly progressive 
ataxia, myoclonus, and dementia.

– Vascular parkinsonism used to be a com-
mon but probably often incorrect diag-
nosis. The disorder has numerous other 
names, including arteriosclerotic parkin-
sonism, lower-body parkinsonism, senile 
gait, and vascular pseudoparkinsonism. 
Elderly patients present with a primary 
gait difficulty that includes parkinsonian 
features such as festination and altered 
postural reflexes. In addition, other fea-
tures such as apraxia or cerebellar symp-
toms, including a wide-based ataxic gait, 
may occur. (This is rather different from 
the shuffling gait seen in PD.) Of note, 
tremor is often lacking and the upper 
extremities can be normal (hence the term 
lower-body parkinsonism). Vascular par-
kinsonism is usually a chronic, stepwise 
progressing condition. On MRI and CT, 
white matter abnormalities are typically 
seen. This is consistent with the percep-
tion that vascular parkinsonism is more a 
disorder of white matter than of the basal 
ganglia. However, the basis of this gait 
abnormality is not entirely clear.

– The gait disturbance of vascular parkin-
sonism must be distinguished from the 
gait apraxia of NPH.
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Case 4.49  Carbon monoxide poisoning (interval form). 
A 40-year-old female with depression was found uncon-
scious but breathing in a garage in her car with the engine 
running. The blood COHb level was 25%. Five sessions 
of hyperbaric oxygen therapy were administered. The 
patient regained consciousness 2 days after admission. A 
week later she was discharged without neurological defi-
cits. However, after 3 weeks, she developed odd behav-
ior, followed 2 days later by akinetic mutism, general-
ized muscular rigidity, and double incontinence. Coronal 

FLAIR and an axial T2-weighted MR of the brain 
showed widespread white matter signal change (upper 
and middle rows). The patient was diagnosed with the 
interval form of CO poisoning. Another cycle of hyper-
baric oxygen therapy was initiated. Four months later, the 
patient complained of moderate difficulties with memory 
and concentration but was independent in her daily activ-
ities (mRS 2). MRI revealed normalization of white mat-
ter signal changes but also subtle enlargement of the cer-
ebral sulci, suggesting mild cerebral atrophy (lower row)
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4.15.2  Hyperkinetic Movement 
Disorders

As stated above, hyperkinetic disorders include 
chorea, choreoathetosis, hemiballism, myo-
clonus, tics (all associated with normal or 
decreased muscle tone), and dystonia (associ-
ated with increased muscle tone) (Fig. 4.12).

The differential diagnosis of chorea and 
choreoathetosis include:

• Genetic disorders
– HD. This autosomal dominant disease is 

associated with mutation of the Huntingtin 
gene on chromosome 4, which leads to 
neuropsychiatric symptoms and chorea 
and, ultimately, death. HD is a cytosine, 
adenine, guanine (CAG) triplet repeat 
disorder, and therefore, anticipation may 
occur.14

– HD-like disorders.
– Benign hereditary chorea.
– Neuroacanthocytosis. Acanthocytosis 

denotes spiked red blood cells and is asso-
ciated with several inherited neurological 
disorders. Neuroacanthocytosis refers to 
autosomal recessive chorea-acanthocyto-
sis and X-linked McLeod syndrome, but 
other movement disorders are associated 
with erythrocyte acanthocytosis as well, 
e.g., HD-like 2 disorder and pantothen-
ate kinase-associated neurodegeneration 
(NBIA, formerly known as Hallervorden–
Spatz disease). Phenomenologically, there 
is significant overlap between these syn-
dromes. Genetic testing is available.

– Dentatorubral–pallidolysian atrophy 
(DRPLA). This is another autosomal dom-
inant CAG repeat disorder with spinocer-
ebellar degeneration and is characterized 
by juvenile onset (<20 years), early adult 

onset (20–40 years), or late adult onset 
(>40 years) of ataxia, choreoathetosis, 
dementia, seizures, and myoclonus.

– Wilson’s disease (See above.)
• Drug-induced chorea

– Neuroleptics
– Oral contraceptives
– Phenytoin
– Excessive l-dopa and dopamine agonists
– Cocaine, amphetamine, and other central 

stimulants
– Levothyroxine

• Postinfectious chorea
– Sydenham chorea, also called chorea 

minor and usually seen in children after 
streptococcal infections, is rare nowadays.

• Chorea secondary to systemic disease
– Thyrotoxicosis. This may be spontaneous, 

iatrogenic, or due to abuse of levothyrox-
ine (in order to lose weight).

– Antiphospholipid antibody syndrome/
lupus erythematosus.

– Polycythemia vera.
– Paraneoplastic disease.
– HIV/AIDS.
– Hyperglycemia. Nonketotic, hyperglycemic 

chorea-ballism is a not-fully understood dis-
order of sudden onset, typically occurring in 
elderly patients with poorly controlled diabe-
tes. The movement disorder disappears with 
insulin therapy and symptomatic treatment 
with neuroleptics. It has been suggested that 
a reversible ischemic-hyperglycemic injury 
to the basal ganglia is responsible for this 
rare but striking phenomenon.

• Chorea in pregnancy
– Chorea gravidarum usually resolves by 

itself after delivery.
• Structural brain lesions such as stroke, brain 

tumors, and vascular malformations may 
occasionally lead to hemichorea.

Hemiballism usually occurs in the elderly and 
is of acute onset, usually due to infarction of the 
contralateral subthalamic nucleus.

Akathisia denotes an inner restlessness and 
the inability of the patient to sit still. It is asso-
ciated with neuroleptic drug treatment, seldom 

14 Anticipation is a phenomenon characterized by 
increasingly severe symptoms and earlier outbreak in 
the subsequent generation due to accumulation of CAG 
repeats. In Huntington’s disease, this is mainly the case if 
the disease is transmitted by the father.
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Dystonia

Hyperkinetic movement disorders—part 1

Chorea, choreoathetosis
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Fig. 4.12  (a) Differential diagnosis of hyperkinetic movement disorders I. (b) Differential diagnosis of hyperkinetic 
movement disorders II



2494.15 The Differential Diagnosis of Movement Disorders

Hyperkinetic movement disorders—part 2

Myoclonus
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with SSRI use or withdrawal, and it may occa-
sionally be seen in PD.

Dystonia is focal, segmental, multifocal, 
hemidystonia, or generalized. It can further be 
divided according to etiology (primary vs sec-
ondary), age at onset (congenital, early or late 
childhood, teenage years, early or late adult-
hood), course of the disease (progressive or 
nonprogressive), concomitant medical or neuro-
logical disorders (present or absent), and whether 
it is constant, periodic, action-induced and/or 
task specific. The differential diagnosis includes:

• Hereditary and degenerative diseases with 
dystonia
– HD.
– Wilson’s disease.
– Dystonia musculorum deformans.
– Juvenile dopa-responsive dystonia 

(Segawa disease). Classic l-dopa-respon-
sive dystonia is characterized by the triad 
of dystonia, diurnal fluctuation of signs, 
and dramatic response to low-dose l-dopa 
therapy. There are cases of children incor-
rectly diagnosed with cerebral palsy who 
responded dramatically to l-dopa. Thus, a 
clinical trial with l-dopa (e.g., 200 mg tid 
for 2 months) is mandatory, if in doubt.

– Dystonia associated with PD.
– PSP.
– More than 30 DYT mutations have been 

described so far (e.g., early-onset tor-
sion dystonia (DYT1)), and more muta-
tions are constantly added. See the Online 
Mendelian Inheritance in Man database 
for recent updates (http://omim.org/).

– Various metabolic diseases, e.g., lysoso-
mal storage diseases.

– Many other rare syndromes, e.g., idi-
opathic basal ganglia calcifications, which 
may occur as a sporadic disease or may be 
inherited as an autosomal dominant disor-
der (Fahr disease).

• Drug-induced dystonia
– Neuroleptics
– Excessive l-dopa and dopamine agonists

• Symptomatic (secondary) dystonia
– Cerebral hypoxia in neonates (Vogt–Vogt 

syndrome).
– Kernicterus.
– Acquired hepatocerebral degeneration.
– Basal ganglia calcification due to hypo−/

hyperparathyroidism and pseudohypopar-
athyroidism. When neuroimaging shows 
bilateral subcortical calcifications in the 
brain, serum calcium and parathormone 
levels should be checked.

– Idiopathic basal ganglia calcification (spo-
radic variant); however, nonsymptomatic 
basal ganglia calcification as a benign, 
incidental radiological finding is much 
more common.

– Carbon monoxide poisoning.
– Methanol poisoning.
– MS (occasionally).
– HIV/AIDS.

• Idiopathic focal dystonias
– Writer’s cramp, musician’s cramp, and 

other occupational dystonias
– Blepharospasm and Meige syndrome
– Torticollis
– Hemifacial spasm
– Oromandibular dystonia
– Spasmodic dysphonia

Myoclonus is sudden and brief shock-like 
involuntary movements due to muscular contrac-
tion (positive myoclonus) or inhibition (negative 
myoclonus, e.g., asterixis seen in liver and kid-
ney failure). Like dystonia, it can be focal, mul-
tifocal, segmental, and generalized. Myoclonus 
has multiple causes and may arise from several 
sites in the nervous system.

The anatomic origin of myoclonus can be:

• Cortical (e.g., myoclonus associated 
with AD, CJD, and epilepsy; postanoxic 
myoclonus)

• Subcortical (basal ganglia, brainstem)
• Spinal (e.g., associated with transverse mye-

litis, spinal cord tumors)
• Peripheral (e.g., hemifacial spasms)

http://omim.org/
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The etiology of myoclonus may be:

• Physiologic
– Myoclonic jerks when falling asleep
– Hiccups

• Essential
– Autosomal dominant; may be combined 

with dystonia (DYT11)
– Hereditary exaggerated startle syndrome
– Sporadic

• Epileptic
– Progressive myoclonic epilepsies. Most of 

these are untreatable and ultimately fatal 
syndromes.
Lafora body disease
Ceroid lipofuscinosis (Batten disease, 

Kufs disease)
Unverricht–Lundborg disease
GM2 gangliosidosis (Tay–Sachs disease; 

includes dementia and blindness; usu-
ally affects Ashkenazi Jews)

Mitochondrial disease (myoclonic epi-
lepsy with ragged red fibers (MERRF))

– Other epilepsies with myoclonus
Primary generalized

– JME
– JAE with myoclonus
– Photosensitive epileptic myoclonus

Focal epilepsies
– Epilepsia partialis continua

Infantile spasms
Lennox–Gastaut syndrome

• Symptomatic
– Neurodegenerative disorders

AD
DLB
FTD
Wilson’s disease
Huntington’s disease
NBIA (formerly known as Hallervorden–

Spatz disease)
Multiple system atrophy
CBS
DRPLA

– Infectious
CJD

SSPE
HIV
Whipple’s disease (e.g., oculomasticatory 

myorhythmia)
Other infections with cortical or subcorti-

cal irritation
– Metabolic–toxic–hypoxic

Thyroid disease.
Liver failure.
Renal failure.
Electrolyte disturbances.
Hyperglycemia.
Posthypoxic. Coma with generalized myo-

clonus after hypoxic–ischemic brain 
injury, such as after cardiac arrest, sug-
gests a very poor prognosis. (In contrast, 
action myoclonus developing a few days 
or weeks after the event, termed Lance-
Adams syndrome, may still be associ-
ated with favorable cognitive recovery.)

Drug-induced. Many CNS drugs may 
potentially induce myoclonus, e.g., 
selective serotonin reuptake inhibitors 
(SSRIs), anti-parkinson medications, 
neuroleptics, lithium, AED, and benzo-
diazepines. Also, antibiotics such as qui-
nolones and anesthetic agents, including 
propofol, can provoke myoclonus.

Serotonergic syndrome. SSRI alone or in 
combination with other antidepressants 
and serotonergic medication (e.g., tram-
adol) can lead to serotonergic syndrome. 
This is due to excessive serotonergic 
activity and is characterized by men-
tal changes (confusion, agitation, and 
decreased consciousness), myoclonus, 
tremor, and autonomic dysfunction 
(fever, tachycardia, diarrhea, sweating, 
shivering). In contrast to neuroleptic 
malignant syndrome, it develops very 
rapidly within hours to days and rigidity 
is less common. Rhabdomyolysis, meta-
bolic acidosis, and secondary organ fail-
ure, however, occur in both syndromes 
and can be potentially fatal. Mild sero-
tonergic syndrome is usually quickly 
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reversible when the offending medica-
tion is discontinued.

– Autoimmune, nonparaneoplastic
Postinfectious opsoclonus–myoclonus–

ataxia syndrome (see Sect. 4.13)
Steroid-responsive encephalopathy with 

thyroid antibodies (a.k.a. Hashimoto’s 
encephalitis)

– Autoimmune, paraneoplastic
Opsoclonus–myoclonus–ataxia syndrome 

(see Sect. 4.13)
Brainstem encephalitis

– Structural
Trauma
Stroke
Vascular malformations

Tremor includes:
• Physiologic tremor usually has a postural 

component, e.g., the amplitude increases 
when the arms are elevated and stretched out. 
This type of tremor can become more pro-
nounced with:
– Alcohol withdrawal
– Hyperthyroidism
– Hypoglycemia
– Various medications, e.g., valproate, anti-

depressants, sympathomimetics, and 
lithium

– Caffeine, nicotine, and illicit drugs
– Fever
– Anxiety

• Essential tremor is often autosomal dominant; 
there are no other neurological deficits, and 
the tremor characteristically diminishes with 
slight amounts of alcohol. The tremor has a 
resting and postural component. The hands 
are most often involved but head, tongue, legs, 
and trunk may also be affected. Head tremor 
is of the yes-yes or no-no type. Essential 
tremor can also involve the vocal cords, lead-
ing to voice tremor. The precise etiology is 
unknown. About 50% of the cases of essential 
tremor are believed to be caused by a genetic 
risk factor (termed familial tremor). Although 
essential tremor can start at any age, it is most 
common in people between ages 40 and 50, 
although familial forms of essential tremor 
often appear early in life. The classification 

of essential tremor is under debate because 
it is now recognized that there may be a pro-
gressive disease course. Significant overlap 
in clinical and pathological features of essen-
tial tremor with other disorders of cerebellar 
degeneration and an increased risk of devel-
oping other degenerative diseases imply that 
essential tremor could be degenerative.

• Parkinsonian. This is the typical asymmetric 
4–6 Hz rest tremor (pill-rolling tremor) that 
occurs in PD.

• Cerebellar tremor:
– Intention tremor, the classic cerebellar 

tremor, is absent in rest and occurs with 
purposeful movements. The amplitude 
increases at the end of the movement, e.g., 
when the finger reaches the target.

– Holmes’ tremor (rubral tremor) occurs 
with lesions of the brainstem, cerebel-
lum, and thalamus leading to interruption 
of the cerebellorubrothalamic pathway. 
It is a tremor of low frequency, usually 
below 4.5 Hz. Holmes’ tremor is a tripar-
tite tremor; thus, it has rest, intention, and 
postural components. Ataxia, ophthalmo-
plegia, and bradykinesia are associated 
features.

• Dystonic tremor. This type of tremor affects 
a body part that also displays clear dystonic 
features, e.g., tremulous torticollis. (Some 
authorities argue that this definition is too 
narrow.) Dystonic tremor in a limb may 
develop prior to overt dystonia.

• Orthostatic tremor. A typical patient with 
orthostatic tremor is a middle-aged woman 
who reports unsteadiness while standing, 
which is relieved by walking and sitting. This 
unusual complaint (balance problems while 
standing, but not while walking) is often mis-
diagnosed as hysterical, especially so because 
formal neurological examination tends to 
be normal. EMG reveals a high-frequency 
tremor of 12–16 Hz in the thighs. (The 
tremor is too high in frequency to be seen, 
but it can be felt. Listening with the stetho-
scope over the skin of the thighs occasionally 
reveals a sound that resembles the noise of a 
helicopter.)
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• Neuropathic tremor. Chronic demyelinat-
ing and paraproteinemic polyneuropathies, 
particularly CIDP or those associated with 
IgM antibodies to MAG (anti-MAG antibod-
ies), can cause a disabling postural and action 
tremor that, if severe, may occur in the rest-
ing position as well. The degree of the tremor 
is not necessarily correlated with the degree 
of the neuropathy.

• Palatal tremor (earlier termed palatal myo-
clonus) is a rhythmic contraction of the soft 
palate (1–2 Hz). It may be essential or sec-
ondary due to brainstem or cerebellar disease. 
The palatal contractions impart a repetitive 
audible click that usually ceases during sleep 
if the tremor is essential, but not if it is symp-
tomatic. Symptomatic palatal tremor is due to 
a lesion that disrupts the connections between 
the red nucleus and inferior olivary nucleus 
in the brainstem and the dentate nucleus in 
the cerebellum. Symptomatic palatal tremor 
may occur with Wilson’s disease, brain-
stem stroke, tumor, or inflammation. Also, 
Whipple’s disease may produce a similar 
phenomenon, and in addition it often involves 
oculomasticatory myorhythmia, which is 
pathognomonic for this disease.

• Psychogenic tremor has been discussed pre-
viously together with the examination of the 
functional patient in Chap. 3.

Tics can be defined as unintentional, sudden, 
fast, nonrhythmic, and stereotyped movements 
or sounds with a pathognomonic premonitory 
urge, which steadily increases if the tics are vol-
untarily suppressed, until the patient no longer 
can hold them back. They may occur as:

• A normal temporary phenomenon, especially 
in children

• Primary tic disorder
• Part of other disorders, including:

– Tourette’s syndrome
– Obsessive compulsive disorder (OCD)
– Attention deficit hyperactivity disorder 

(ADHD)
– Anxiety and depression

4.16  The Differential Diagnosis 
of Ataxia

The origin of ataxia can be (Fig. 4.13):

• Cerebellar
• Sensory
• Vestibular

How to differentiate clinically between these 
three types of ataxia has been covered earlier. 
Please refer to Chaps. 2  and  3 and the relevant 
parts on cerebellar, oculomotor, vestibular, and 
dorsal column function.

The differential diagnosis of cerebellar 
ataxia includes:

• Acquired diseases
– Structural lesions

Cerebellar mass lesions of vascular, infec-
tious, inflammatory, and malignant 
etiology

– Nonstructural
Toxic substances (e.g., alcohol, recrea-

tional drugs, heavy metals).
Various medications (e.g., valproate and 

other AEDs, chemotherapeutics, lith-
ium, metronidazole).

MS and other demyelinating diseases.
Viral, bacterial, and prion infections.
Postinfectious viral cerebellitis (usually 

seen in children and young adults).
Miller–Fisher syndrome (variant of GBS).
Subacute cerebellar degeneration 

(paraneoplastic).
Superficial CNS siderosis. This is due to 

chronic subarachnoidal hemorrhage 
leading to hemosiderin deposits in the 
subpial layers of the brain and spinal 
cord many years or even decades after 
CNS trauma, neurosurgery, and other 
injury, but in roughly 30% of patients, 
no cause is identified. Superficial CNS 
siderosis presents with a characteristic 
triad of sensorineural deafness, cer-
ebral ataxia, and various sensorimotor 
deficits. Identification of the bleeding 
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source and stopping it are the only 
definitive therapy and may halt oth-
erwise relentless progression, which, 
however, is only rarely possible. In 
patients with this disorder who do not 
have a history of trauma or surgery, 
the most common bleeding source is 
spinal, most often dural ectasias. High-
quality MRI of the brain and spine is 
mandatory (Case 4.50).

Chronic lymphocytic inflammation with 
pontine perivascular enhancement 
responsive to steroids (CLIPPERS) is 
a CNS inflammatory disease respon-
sive to immunosuppressive therapy. 
Subacute onset over weeks of diplopia, 
nystagmus, and ataxia is typical. MRI 
shows a typical picture with patchy spot-
like gadolinium enhancement in a salt-
and-pepper-like appearance in the pons, 

midbrain, and cerebellum. The thala-
mus, white cerebral matter, and the spine 
may be involved as well but usually to a 
lesser degree. Brain biopsies show dif-
fuse perivascular infiltration by small 
mature lymphocytes. Of note, other 
inflammatory diseases such as sarcoido-
sis, neuroinfections, and CNS lymphoma 
have to be excluded. Relevant antibody 
testing includes anti-GFAP, anti-MOG, 
and anti-Gq1b IgG. Early treatment with 
steroids leads to rapid clinical improve-
ment and marked resolution of MRI 
lesions. If treatment is delayed, however, 
subsequent development of generalized 
cerebral and cerebellar atrophy may be 
associated with long-term neurological 
deficits (Case 4.51).

Heat stroke, if severe, may lead to bilateral 
cerebellar infarcts.

N
eu

ro
ac

an
th

oc
yt

os
is

S
up

er
fic

ia
l C

N
S

 s
id

er
os

is

H
un

tin
gt

on
’s

 d
is

ea
se

W
ils

on
’s

 d
is

ea
se

A
ut

os
om

al
 r

ec
es

si
ve

Sensory Ataxia

Cerebellar

Vestibular

A
ta

xi
a 

te
la

ng
ie

ct
as

ia

A
ut

os
om

al
 d

om
in

an
t

M
S

A
-c

D
ev

el
op

m
en

ta
l s

tr
uc

tu
ra

l d
is

or
de

rs

S
tr

uc
tu

ra
l

H
er

ed
ita

ry
 a

ta
xi

as

A
qu

ire
d

D
an

dy
 W

al
ke

r 
sy

nd
ro

m
e

A
rn

ol
d 

C
hi

ar
i m

al
fo

rm
at

io
ns

N
eu

ro
de

ge
ne

ra
tiv

e

O
th

er
 a

ut
oi

m
m

un
e

M
ed

ic
at

io
n-

in
du

ce
d

C
er

eb
el

la
r 

hy
po

pl
as

ia

Ly
so

so
m

al
 s

to
ra

ge
 d

is
ea

se
s

M
et

ab
ol

ic
 le

uk
od

ys
tr

op
hi

es

W
ils

on
’s

 d
is

ea
se

R
ef

su
m

’s
 d

is
ea

se

N
eu

ro
na

l c
er

oi
d 

lip
of

us
ci

no
si

s

M
ito

ch
on

dr
ia

l d
is

or
de

rs

In
fe

ct
io

ns

N
eo

pl
as

tic

In
fla

m
m

at
or

y

V
as

cu
la

r

In
fe

ct
io

us

M
ul

tip
le

 s
cl

er
os

is

In
bo

rn
 e

rr
or

s 
of

 m
et

ab
ol

is
m

C
er

eb
ro

te
nd

in
ou

s 
xa

nt
ho

m
at

os
is

A
be

ta
lip

op
ro

te
in

em
ia

G
au

ch
er

’s
 d

is
ea

se

F
ab

ry
’s

 d
is

ea
se

N
ie

m
an

 P
ic

k 
di

se
as

e 
ty

pe
 C

M
et

ac
hr

om
at

ic
 le

uk
od

ys
tr

op
hy

A
dr

en
ol

eu
ko

dy
st

ro
ph

y

K
ra

bb
e’

s 
di

se
as

e

D
LP

R
A

S
pi

no
ce

re
be

lla
r 

at
ax

ia
s

E
pi

so
di

c 
at

ax
ia

s

F
rie

dr
ei

ch
 a

ta
xi

a

N
on

-s
tr

uc
tu

ra
l

N
eu

ro
sa

rc
oi

do
si

s

M
ill

er
 F

is
he

r 
sy

nd
ro

m
e

P
ar

an
eo

pl
as

tic

P
os

t-
in

fe
ct

io
us

 c
er

eb
el

lit
is

C
LI

P
P

E
R

S

V
ira

l c
er

eb
el

lit
is

C
JD

, o
th

er
 p

rio
n 

di
se

as
es

B
ac

te
ria

l a
bs

ce
ss

C
he

m
ot

he
ra

pe
ut

ic
s

A
nt

ie
pi

le
pt

ic
 d

ru
gs

Li
th

iu
m

To
xi

c
R

ec
re

at
io

na
l d

ru
gs

A
lc

oh
ol

H
ea

vy
 m

et
al

s

C
hr

on
ic

 a
lc

oh
ol

 a
bu

se

In
to

xi
ca

tio
n

W
en

ic
ke

 e
nc

ep
ha

lo
pa

th
y

Fig. 4.13  Differential diagnosis of ataxia
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a b

c d

Case 4.50  Superficial CNS siderosis. A 35-year-old 
male presented with a 5-year history of slowly progressive 
gait ataxia, bilateral sensory hearing loss, spastic paresis 
of both legs, dysarthria, and urge incontinence. He had 
been treated surgically for a medulloblastoma more than 
20 years previously. MRI of the brain showed excessive 
leptomeningeal hemosiderin deposits around the midbrain 
(a), in the basal cerebral sulci, around CN VIII (b), and 

the cerebellum (c). CSF showed xanthochromia, which 
did not clear with successive tubes. Spectrophotometric 
measurement revealed bilirubin, consistent with chronic 
subarachnoidal bleeding (d). Superficial CNS sidero-
sis was diagnosed. Although the chronic subarachnoidal 
bleeding most likely was associated with the previous 
neurosurgical procedure, no bleeding source was found 
that could have been subject to surgical repair
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a

Case 4.51  Chronic Lymphocytic Inflammation with 
Pontine Perivascular Enhancement Responsive to 
Steroids (CLIPPERS). A 58-year-old woman had a 
4-week history of subacute gait ataxia, dysarthria, and 
paresthesia of the face, hands, and feet. She recovered but 
had four relapses during the follow-up period from 2007 
to 2013. Coronal gadolinium-enhancing T1-weighted 
MRI showed typical spotlike, enhancing perivascular 
lesions in the pons (a, upper row, left) and the medulla 
(a, upper row, right). Serial MRI showed progressive 
cortical cerebral and cerebellar atrophy (a, middle row, 
2007; lower row, 2013; T2 weighted). On tissue biopsy 
from the cerebellum accumulation of CD3+ T cells and 
CD68+ , microglia/macrophages was noted (b, 50×). 
Repeated CSF analysis showed mild lymphocytosis but 
no oligoclonal bands. In 2013, the patient was severely 

dysarthric, moderately cognitively impaired, wheel-chair 
bound, and had mild involuntary movements of tongue 
and hands consistent with chorea (modified ranking scale 
4). CLIPPERS is an inflammatory CNS disorder charac-
terized by (1) subacute onset of cerebellar and brainstem 
symptoms, (2) peripontine contrast-enhancing perivascu-
lar lesions with a “salt-and-pepper” appearance on MRI, 
and (3) angiocentric, predominantly T-lymphocytic infil-
tration as revealed by brain biopsy. Inflammatory dis-
eases including neuroinfections, CNS lymphoma, and 
neurosarcoidosis must be excluded. Potentially severe 
neurological deficits and progressive parenchymal atro-
phy (as seen here on follow-up MRI) may suggest neu-
rodegenerative features, which emphasizes the need for 
early immunomodulatory treatment (adapted with per-
mission from Kerrn-Jespersen et al. (2014))
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Neurodegenerative disorders (e.g., MSA-
c, Huntington’s disease, Wilson’s dis-
ease, neuroacanthocytosis).

• Developmental structural diseases of the pos-
terior cranial fossa
– Dandy–Walker syndrome
– Arnold–Chiari malformations
– Cerebellar hypoplasia syndromes

• Hereditary ataxias. These are dominant or 
recessive hereditary diseases with ataxia 

being the dominant feature. (Various other 
hereditary diseases with inborn errors of 
metabolism may lead to ataxia; that, however, 
is not necessarily the dominant symptom; see 
below.)
– Autosomal dominant, e.g.,:

SCA. Currently around 30 different forms 
of SCA have been identified, and prob-
ably many more will be discovered in 
the future. Some of the more common 

b

Case 4.51  (continued)
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ones include SCA-1 (neuropathy, 
pyramidal signs), SCA-2 (dementia, 
neuropathy, slow saccades), SCA-3 
(amyotrophy, neuropathy, parkinson-
ism, pyramidal signs), SCA-6 (pure 
cerebellar ataxia), and SCA-7 (blind-
ness due to pigmentary retinopathy, 
deafness).

DRPLA (chorea, dementia, myoclonus, 
seizures).

Episodic ataxia 1–7.
– Autosomal recessive, e.g.:

Friedreich’s ataxia is the most common 
autosomal recessive ataxia. It is char-
acterized by cerebellar ataxia, corti-
cospinal tract signs, and dorsal column 
dysfunction (leading to deep areflexia 
combined with Babinski sign). Many 
patients develop pes cavus, dysarthria, 
and cardiomyopathy. Friedreich’s ataxia 
is very likely when symptoms have 
been present for less than 5 years, and:
– Onset of symptoms occurs before 

25 years of age.
– Progressive ataxia affects all limbs 

and gait.
– Knee and ankle tendon reflexes are 

absent.
– Babinski sign is present.
– Motor nerve conduction velocity 

is greater than 40 m/s in the upper 
extremity with small or absent sen-
sory responses.

Ataxia–telangiectasia and other disorders of 
DNA repair. In ataxia–telangiectasia, slowly 
progressive cerebellar ataxia is associated 
with characteristic telangiectasia of the skin 
and conjunctiva, choreoathetosis, suscep-
tibility to sinopulmonary infections, and 
increased incidence of lymphoreticular and 
other malignancies.

Cerebellar ataxia, neuropathy and vestibular 
areflexia syndrome (CANVAS) typically 
presents in middle or late life (mean age of 
onset is 60 years), with a combination of 
ataxia, sensory neuro(no)pathy and vestibular 

disease, with patients presenting because 
of progressive imbalance, oscillopsia, sen-
sory disturbance and, notably, a dry cough. 
Examination reveals a sensory neuropathy or 
neuronopathy, cerebellar ataxia (which can 
be mild) and bilaterally impaired vestibulo-
ocular reflex. The underlying genetic basis is 
of biallelic AAGGG expansions in the second 
intron of replication factor complex subunit 
1 (RFC1). CANVAS is increasingly thought 
of as a common cause of recessive ataxia. 
Clinical suspicion is key to ordering genetic 
testing, based on the combination of slowly 
progressive ataxia in a middle-aged individ-
ual, including elements of sensory, vestibular, 
and cerebellar ataxia, combined with com-
plaints of a chronic cough.

– X-linked, e.g., fragile X-associated ataxia/
tremor syndrome (FXATS) (see Sect. 5.7)

• Various inborn errors of metabolism lead to 
ataxia as one of many different symptoms. 
These disorders are too many and too rare to 
name but a few:
– Abetalipoproteinemia (mental retarda-

tion, neuropathy, retinitis pigmentosa, 
steatorrhea).

– Cerebrotendinous xanthomatosis (athero-
sclerosis, cataracts, dementia, xanthomas). 
This autosomal recessively inherited dis-
order leads to deposition of cholestanol in 
the brain and other tissues. It is typically 
characterized by progressive cerebellar 
ataxia developing in the second or third 
decade of life and tendinous or tuber-
ous xanthomas, e.g., xanthomas of the 
Achilles tendons are very characteristic. 
Also, bilateral cataracts during childhood 
or adolescence and chronic diarrhea in 
infancy are strong clues to the diagnosis. 
Various other features such as premature 
atherosclerosis and learning disabilities 
may occur. Although very rare, it is easily 
diagnosed using plasma cholestenol, and it 
should not be overlooked because it is one 
of the few inborn errors of metabolism 
that are amenable to specific treatment.
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– Neuronal ceroid lipofuscinosis (blindness, 
myoclonic seizures, psychomotor retarda-
tion). There are several subtypes, which 
are grouped according to age at onset 
(e.g., Batten disease in juveniles, Kufs dis-
ease in adults).

– Refsum disease leads to a characteris-
tic triad of polyneuropathy, deafness, 
and visual deficits (retinitis pigmentosa 
with night blindness, visual field deficits, 
hypersensitivity to light, and cataracts). 
Other important symptoms include skel-
etal dysplasia, skin changes such as ich-
thyosis, as well as cardiac arrhythmias. 
Refsum disease is equivalent to HSM III.

– Wilson’s disease (movement disorder, 
bulbar dysfunction, hepatic disease, 
Kayser–Fleischer rings, neuropsychiatric 
symptoms).

– Various leukodystrophies, including:
Adrenoleukodystrophy (faulty peroxiso-

mal fatty acid beta oxidation results in 
the accumulation of very-long-chain 
fatty acids in body tissues; Addison dis-
ease, CNS leukodystrophy, myelopa-
thy) (Case 4.52)

Krabbe disease (globoid cell leukodys-
trophy associated with dysfunctional 

metabolism of sphingolipids; late-
onset form with blindness, neuropathy, 
spasticity)

Metachromatic leukodystrophy (caused 
by a deficiency of the enzyme arylsul-
fatase A; peripheral neuropathy, spas-
ticity, visual impairment)

– Various lysosomal storage diseases, such 
as:
Fabry disease (angiokeratoma, cardio-

myopathy, small vessel strokes and 
large vessel strokes often associated 
with vertebrobasilar dolichoectasia in 
the posterior circulation, painful crises, 
renal failure)

Gaucher type 3 (gaze palsy, myoclonus, 
seizures)

Niemann–Pick type C (brainstem symp-
toms, dementia, hepatosplenomegaly, 
psychosis, spasticity, supranuclear 
palsy)

– Mitochondrial disorders
Kearns–Sayre syndrome (KSS), (external 

ophthalmoplegia, retinopathy)
MELAS
MERRF
Neuropathy, ataxia, and retinitis pigmen-

tosa (NARP)

Case 4.52  Adult-onset adrenoleukodystrophy. A 47-year-
old male was admitted with a 4-year history of increas-
ingly spastic tetraparesis, dysarthria, and dysphagia. Plasma 
levels of very-long-chain fatty acids were elevated, and 
genetic testing for mutations of the ABCD1 gene (which 
encodes for a peroxisomal membrane transporter pro-
tein) on the X chromosome confirmed the diagnosis of 

adult-onset adrenoleukodystrophy. MR FLAIR revealed 
signal change associated with the corticospinal tracts (a, b), 
and T2-weighted MRI showed hyperintense signal change 
related to the poles of the frontal and occipital horns (c). The 
patient had two sisters who were female carriers: one was 
asymptomatic, and the other had a mild myelopathy (which 
had been incorrectly diagnosed as primary progressive MS)
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4.17  The Differential Diagnosis 
of Gait Disorders

The differential diagnosis of gait disorders has 
been discussed in Sect. 3.6 (“Gait”). Consider 
also the sections on the differential diagnoses of 
ataxia, movement disorders, myelopathy, motor 
neuron disease, peripheral neuropathy, and myo-
pathy in the present chapter. Gait disturbances 
may have orthopedic, vascular (intermittent 
claudication), psychological, or neurological 
causes, and in case of the latter, one can distin-
guish between gait ataxia of central and periph-
eral origin (Fig. 4.14).

4.18  The Differential Diagnosis 
of Cranial Nerve Deficits

CN deficits may be divided into:

• Deficits of isolated CNs. Chapter 2 discusses 
the differential diagnosis of isolated CN palsies.

• Deficits of multiple CNs without corticospinal and 
spinothalamic tract signs suggest that the lesion is 
near the skull base but outside of the brainstem. 
Differential diagnoses include, among others:
– Basilar meningitis/basilar meningeal 

inflammation as seen with tuberculosis, 
Lyme disease, and neurosarcoidosis.
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Fig. 4.14  Differential diagnosis of gait disturbance
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– Meningeal carcinomatosis and 
lymphomatosis.

– GBS and its variants.
– Retrograde perineural spreading of skin 

and nasopharynx cancers has a protracted 
course and has been discussed together with 
the differential diagnosis of malignancy.

– Malignant external otitis due to 
Pseudomonas aeruginosa (see Case 4.40).

– Bear in mind that diphtheria, botulism, and 
MG, although neuromuscular junction dis-
eases, may also lead to acute onset of bilat-
eral facial weakness and oculomotor paresis.

• Deficits of multiple CNs with corticospinal and 
spinothalamic tract signs point toward a lesion 
that affects the brainstem. The differential diag-
noses include the usual kinds of vascular, inflam-
matory, infectious, and malignant diseases.

4.19  The Differential Diagnosis 
of Myelopathy

Myelopathy may occur with lesions that are 
(Fig. 4.15):

• Extradural
– Trauma.
– Malignancy, e.g., spinal metastases.
– Degenerative, e.g., spondylosis, spon-

dylolisthesis, disk herniation. Myelopathy 
due to cervical canal stenosis is probably 
the most frequently observed myelopathy 
in general practice. (An important differ-
ential diagnosis to cervical spondylosis is 
ALS; see below. It is not uncommon that 
ALS patients are operated on for asympto-
matic cervical degenerative disease before 
they receive the correct diagnosis.)

– Infectious, e.g., spinal osteomyelitis and 
epidural abscess (Case 4.53).

– Congenital spinal malformations, ranging 
from spina bifida occulta (typically diag-
nosed accidentally in patients with back 
pain examined by MRI of the lumbar spine) 
to meningomyelocele (resulting in congeni-
tal paraplegia and sphincter dysfunction).

• Intradural–extramedullar
– Tumors, e.g., meningioma, schwannoma 

(rarely neurofibroma) of spinal nerve 
roots, and meningeal carcinomatosis.

– Arachnoiditis, infectious or aseptic (e.g., 
following spinal subarachnoidal bleed-
ing, CT myelography, and spinal radiation 
therapy).

– Spinal dural AV fistula. The typical patient 
is an elderly man with stepwise progres-
sive gait ataxia, resulting after a few 
months in the inability to walk and stand 
upright. Sagittal T2-weighted MRI of the 
spine reveals enlarged and tortuous veins 
on the dorsal aspect of the spinal cord 
(Case 4.54).

• Intramedullar
– Primary malignancies, e.g., astrocytoma 

and ependymoma.
– Secondary malignancies, e.g., lung, breast, 

and prostate cancer. Intramedullar metas-
tases are much rarer than spinal bone 
metastases (see Case 2.9).

– Spinal cord syrinx, enlargement of the 
central canal (syringomyelia), or cysts sec-
ondary to trauma, tumors, and infections.

– Transverse noninfectious myelitis.
Idiopathic.
MS.
NMOSD.
MOGAD.
Other autoimmune disorders, such as sys-

temic lupus erythematosus, have been 
associated with myelitis, but most of 
these cases are probably caused by 
NMO or anti-MOG antibodies.

– Infectious.
HTLV-1-associated myelopathy (tropical 

spastic paraparesis).
Poliovirus and other Enteroviruses.
HIV.
Schistosomiasis.
Bacterial abscess (usually per continui-

tatem from extramedullar abscess).
Tertiary syphilis (tabes dorsalis).

– Metabolic.
Vitamin B12 deficiency.
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Nitrous oxide abuse (see Case 2.6).
Copper deficiency myelopathy (or mye-

loneuropathy) leads to dysfunction of 
the dorsal columns (impairment of pro-
prioception and vibration) as well as 
corticospinal tracts. It is usually due to 
a GI malabsorption (e.g., after gastric 
surgery) or excessive intake of zinc sup-
plements. Clinically, it is indistinguish-
able from myelopathy due to vitamin 
B12 deficiency. Anemia and neutropenia 
may or may not be seen. An important 
differential diagnosis to B12 deficiency 
myelopathy, copper deficiency can be 
screened for by checking serum copper 

and ceruloplasmin levels and urinary 
copper excretion, which all are reduced.

Vitamin E deficiency due to malabsorp-
tion syndromes or rare disorders of fat 
metabolism.

– Vascular malformations.
AVM.
Cavernous hemangioma.

– Spinal cord infarction (typically because 
of occlusion of the anterior spinal artery, 
leading to the anterior cord syndrome). 
(See Sect. 2.4.3.)
Aortic dissection. Aortic imaging (CT 

or MRI) should be mandatory in any 
patient presenting with a suspicion of 
spinal cord infarction. Of note, the area 
of the aortic wall dissection can be very 
small and may be overlooked, if the 
images are not carefully reviewed.

Thrombotic/embolic.
Fibrocartilaginous embolism. Spinal 

cord infarction due to embolization 
of nucleus pulposus material into the 
vascular circulation is a serious and 
underdiagnosed cause of spinal cord 
infarction. Fibrocartilaginous mate-
rial may prolapse under pressure into 
the cancellous bone of the vertebral 
body, thereby causing retrograde arte-
rial embolization to several segments 
of the spinal cord, usually in the terri-
tory of the anterior spinal artery. This 
condition should be considered particu-
larly in younger patients without car-
diovascular risk factors who develop a 
subacute onset of paraplegia, a sensory 
level and sphincter disturbances fol-
lowing minor or moderate trauma asso-
ciated with traffic or sport accidents, 
somersaults, handstands, Valsalva-like 
maneuvers, and so on. There is typi-
cally a very intense back or neck pain 
directly associated with the trauma, fol-
lowed by progressive onset of a mye-
lopathy (≤24 h). Particular attention 
should be paid to signs of disk protru-
sion and Schmorl’s nodes at the level of 
the spinal cord ischemia on MRI. This 

Case 4.53  Spinal epidural abscess. A 76-year-old 
female had surgical excision of a soft tissue abscess 
in the left leg. Ten days later she complained of fever 
and upper back pain. During the following 2 days, she 
became tetraplegic and developed urinary and fecal 
incontinence. Examination also revealed bilateral 
extensor plantar responses and a truncal sensory level. 
Contrast-enhanced MRI of the spinal cord showed a mul-
tilobulated cervicothoracic epidural spinal abscess
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condition is often misdiagnosed as an 
acute transverse myelitis. In contrast 
to thrombotic spinal cord ischemia, 
which sometimes is associated with 
substantial recovery, prognosis tends 
to be poor, and most patients remain 
paraplegic. Fatal cases due to fibro-
cartilaginous embolism at the cervical 

level with subsequent cervical cord and 
brainstem infarctions are exceedingly 
rare but well described.

– Congenital, e.g.:
Tethered cord syndrome.
Arnold–Chiari malformations.
Cerebral palsy.

– Hereditary diseases.

a b

Case 4.54  Spinal arteriovenous dural fistula. A 56-year-
old male developed stepwise progressive weakness in his 
legs and urinary retention during a 6-month period. Two 
weeks prior to admission, he experienced rapid deteriora-
tion and was no longer able to walk. On examination, there 
was normal power in the arms but spastic motor weak-
ness in the legs, decreased sensation in the trunk and legs, 

and anal sphincter dysfunction. MR showed characteristic 
spinal cord edema and perimedullary dilated veins (a, b). 
Spinal angiography (not shown) confirmed the diagnosis 
of spinal AV dural fistula. Following repeated neuroint-
erventional procedures with superselective embolization 
with a liquid embolic agent, the patient regained the ability 
to walk, although slight spasticity in the legs remained
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Adrenoleukomyeloneuropathy, late-onset 
form of adrenoleukodystrophy, pre-
senting with progressive myelopathy ± 
neuropathy in males; female carriers of 
the X-linked ABCD1 mutation some-
times develop a mild myelopathy in 
their fifth decade. (See Case 4.52.)

Other leukodystrophies of adult onset.
HSP, may be dominantly and recessively 

inherited; strictly myelopathic (pure 
forms of HSP) or in combination with 
other neurological deficits (complicated 
forms of HSP).

Spinocerebellar ataxias (SCA).

An important but rare differential diagnosis 
of spastic paraparesis (with or without incon-
tinence) is bilateral injury to the corticospinal 
tract within the frontal lobes, usually seen with 
a large falx meningioma (chronic) or rupture of 
ACOM aneurysm (acute).15

4.20  The Differential Diagnosis 
of Motor Neuron Disease

ALS is the most common (and dreaded) MND, 
so it is crucial to rule out ALS mimics such as 
cervical spondylosis or one of the other MNDs 
(Fig. 4.16).

4.20.1  Amyotrophic Lateral Sclerosis

Although it has become evident that ALS is a neu-
rodegenerative process affecting many parts of 
the nervous system, the clinical hallmark of ALS 
is signs and symptoms referable to damage of the 
first and second motor neurons in different body 
regions. Importantly, sensory and autonomic (e.g., 
bladder) functions remain intact. Also, extraocu-
lar muscles are preserved. At first sight, cogni-
tive function often seems undisturbed as well, 
although formal neuropsychological evaluation 
will reveal slight deficits in roughly every second 
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Fig. 4.16  Differential diagnosis of motor neuron disease

15 With acute rupture of an AComA aneurysm, the para-
paresis will be flaccid; only later does spasticity develop.
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patient, and a significant number of patients (15%) 
will fulfill the diagnostic criteria of FTD. Median 
survival in ALS patients is roughly 3 years. Ten 
percent may survive as much as 10 years and 
longer, and about as many have rapid progression 
with death arriving within a few months.

The Gold Coast criteria for ALS require all 
of 1–3 (Hannaford et al. 2021):

1. Progressive motor impairment documented 
by history or repeated clinical assessment, 
preceded by normal motor function,

2. Presence of upper and lower motor neuron 
dysfunction in at least one body region, with:
a. upper and lower motor neuron dysfunction 

noted in the same body region if only one 
region is involved, or

b. lower motor neuron dysfunction in at least 
two body regions,

3. Investigations excluding other disease processes.

The criteria further specify the following:

• Upper motor neuron dysfunction implies at 
least one of the following:
– Increased deep tendon reflexes, includ-

ing the presence of a reflex in a clinically 
weak and wasted muscle, or spread to 
adjacent muscles.

– Presence of pathological reflexes, includ-
ing Hoffman sign, Babinski sign, crossed 
adductor reflex, or snout reflex.

– Increase in velocity-dependent tone 
(spasticity).

– Slowed, poorly coordinated voluntary 
movement, not attributable to weakness of 
lower motor neuron origin or Parkinsonian 
features.

• Lower motor neuron dysfunction in a given 
muscle requires either:
– Clinical examination evidence of muscle 

weakness and muscle wasting, or
– EMG abnormalities which must include 

both:
Evidence of chronic neurogenic change, 

defined by large motor unit potentials 
of increased duration and/or increased 
amplitude (with polyphasia), and motor 

unit instability regarded as supportive 
but not obligatory evidence, and

Evidence of ongoing denervation, includ-
ing fibrillation potentials or positive 
sharp waves, or fasciculation potentials.

• Body regions are defined as bulbar, cervical, 
thoracic and lumbosacral. To be classified 
as an involved region with respect to lower 
motor neuron involvement, there must be 
abnormalities in two limb muscles innervated 
by different roots and nerves, or one bulbar 
muscle, or one thoracic muscle, either by 
clinical examination or by EMG.

• Appropriate investigations depend on the 
clinical presentation and may include nerve 
conduction studies (NCS) and needle EMG, 
MRI or other imaging, CSF and blood stud-
ies, or other clinically indicated tests.

The so-called revised El Escorial criteria (which 
predate the Gold Coast criteria) are based on 
electrophysiology and listed in Chap. 5.

Variants of ALS include:

• Progressive bulbar palsy. This starts with 
prominent bulbar symptoms such as tongue 
atrophy, dysarthria, and dysphagia, whereas 
power in the extremities is relatively unaf-
fected. These patients develop early weight 
loss, aspiration pneumonia, and anarthria. 
Median survival is usually very short. Women 
are affected more frequently than men.

• Primary lateral sclerosis. In these patients, 
damage is relatively restricted to the UMN, 
and progression tends to be rather slow.

• Progressive muscular atrophy is a poorly 
defined variant involving predominantly the 
second motor neurons.

• Flail arm variant. Flail arm syndrome occurs 
in up to 10% of patients and is characterized 
by relatively symmetrical proximal and dis-
tal bibrachial wasting with positive Babinski 
sign. Survival is somewhat longer than with 
classic ALS. Drop head can be another typi-
cal presentation with ALS.

• Mills hemiplegic variant. This ALS variant is a 
well-recognized but rare entity presenting with 
upper motor and LMN signs isolated to one side.
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• Familial ALS is clinically indistinguish-
able from sporadic disease in individual cases. 
Between 5 and 10% of patients attending MND 
clinics have a history of a first-degree rela-
tive with MND. Median age of onset is about 
3 years earlier than sporadic ALS. Several 
autosomal dominantly inherited adult-onset 
ALS genes have been reported so far, e.g., the 
C9ORF72 gene (see below) and the copper–
zinc superoxide dismutase (SOD1) gene on 
chromosome 21q22.1. Some authorities argue 
that the clear distinction between familial and 
sporadic ALS is artificial and unjustified.

• As stated above, ALS can be associated with 
progressive dementia, which is usually of 
the frontotemporal type and which has been 
termed the FTD-ALS syndrome. The rela-
tion between FTD and ALS has been under-
pinned by the finding that a hexanucleotide 
repeat expansion in a noncoding region of the 
C9ORF72 gene causes both familial and spo-
radic forms of these two diseases.

4.20.2  Other Motor Neuron Diseases

The differential diagnosis of ALS is of utmost 
importance. Diagnostic red flags include:

• Lack of progression.
• Major fluctuations in function.
• Symptoms and signs confined to one part of 

the body.
• Limb weakness without wasting.
• Unusual and prominent sensory symptoms.
• Dysphagia preceding dysarthria (suggesting 

IBM).
• Significant bladder or bowel involvement.
• Fasciculations without weakness. The crucial 

features that differentiate benign fascicula-
tions from those occurring in MND are lack 
of muscle atrophy and weakness, as well as 
repetitive switching of one muscle fiber at 
a time (as compared to widespread switch-
ing with MND involving several parts of the 
body simultaneously).

Careful consideration of the following enti-
ties ensures very high diagnostic accuracy.

• Lesions at the level of the foramen magnum 
and cervical spine:
– One of the most common cause of mis-

diagnosis is degenerative cervical spine 
disease. Spondylotic myelopathy and 
radiculopathy may lead to LMN signs in 
the upper limbs and to UMN signs in the 
lower limbs. Many patients with ALS have 
been operated on for asymptomatic cervi-
cal canal stenosis. Importantly, with cervi-
cal spinal stenosis, bulbar symptoms are 
missing and the jaw jerk is normal.

– Tumors and other mass lesions at the fora-
men magnum and in the posterior fossa.

– Arnold–Chiari malformation. If severe, 
downward displacement of the cerebellar 
vermis and medulla through the foramen 
magnum may lead to progressive bulbar 
symptoms and neck pain. Similar to what is 
seen with other posterior fossa lesions, ver-
tigo, ataxia, and long tract signs may occur.

– Cervical flexion myelopathy. In a patient 
with brachial diplegia and electrophysi-
ological signs of anterior horn cell disease, 
cervical MRI is mandatory to rule out a 
cervical myelopathy. Occasionally, spinal 
cord compression can be temporary and 
may be overlooked with MRI in neutral 
position. It is essential to order MRI of the 
spine during neck flexion in patients with 
the man-in-the-barrel syndrome in whom 
a standard MRI shows no compressive 
myelopathy but a cervical process (e.g., 
an intradural or arachnoid cyst). Otherwise 
the opportunity for early diagnosis and 
surgical intervention might be missed 
(Case 4.55).

– Hirayama disease (juvenile muscular atro-
phy of the distal upper extremity). This 
disorder is also associated with intermit-
tent spinal cord compression during neck 
flexion. This is a self-limiting, distal, bra-
chial mono- or diplegia due to segmental 
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1a 1b

Case 4.55  Cervical flexion myelopathy. A 44-year-old 
male presented with a 7-year history of slowly progres-
sive weakness of shoulder and proximal arm muscles. 
Nerve conduction studies and electromyography had 
indicated a segmental motor neuron disorder. Standard 
MRI of the spine had shown an intradural arachnoid 
cyst dorsal to the spinal cord (C5/Th2) without medul-
lary compression. A diagnosis of the flail arm variant 
of ALS had been made. Due to lack of clinical progres-
sion during the last 3 years, the patient was referred for 
a second opinion. On examination, symmetric atrophy, 
severe paresis, and fasciculations of upper limb-girdle 
muscles were noted (1a, b). Biceps and brachioradialis 
reflexes were missing bilaterally. There were no signs of 
pyramidal tract or bulbar muscular dysfunction. Sensory 
examination was normal. MRI of the spinal cord in 

neutral position and during neck extension showed no 
compression of the spinal cord (2a, b). During neck 
flexion, however, the spinal cord was pressed against 
the posterior wall of the vertebral column because of an 
intradural cyst, leading to significant medullary deforma-
tion (2c). No intramedullar signal changes were seen, 
but the spinal cord was slightly atrophic at the level of 
the intradural cyst. Motor evoked potentials from upper 
and lower extremities were normal. It was concluded that 
intermittent medullary compression by the intradural cyst 
during neck flexion was causing chronic anterior horn 
cell damage. The patient was told that he did not have 
ALS but cervical flexion myelopathy associated with 
an intradural cyst. Since the benefit-to-risk ratio in this 
chronic, nonprogressing condition was considered to be 
low, surgical excision of the cyst was not performed
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anterior horn cell lesion, affecting young 
people. The typical teenage onset corre-
sponds with juvenile growth spurt. Males 
are more frequently affected, and many 
of them participate in competitive sports 
or regular strenuous physical activity. 
Sensory symptoms are absent. Hirayama 
disease usually presents with unilateral 
weakness and severe atrophy of the intrin-
sic hand muscles. Atrophy and weakness 
spread to the forearm flexors and exten-
sors before reaching a plateau 1–2 years 
after symptom onset. The hallmark of 
this disease is anterior displacement of 
the cervical spinal cord against the verte-
bral bodies during neck flexion. MRI of 
the cervical spine may show compression 
of the cervical spinal cord by anterior dis-
placement of the dura (only!) during neck 
flexion. Intermittent medullary compres-
sion is believed to induce chronic micro-
vascular ischemia of the anterior horn 
cells, and disproportionate growth of the 
vertebral column and the dural sac may 
be the underlying structural cause of this 
phenomenon.

• MNDs that may simulate ALS include:
– MMN typically affects arms more than 

legs and men more often than woman. As 
the name suggests, there are no sensory 
symptoms. Characteristically, there is little 
or no atrophy of the muscles despite con-
siderable weakness. Careful electrophysi-
ological examination will usually show 
multifocal motor conduction blocks at 
sites distinct from common entrapment or 
compression syndromes. More than half 
of all MMN patients have increased titers 
of IgM anti-GM1 gangliosides antibod-
ies. First-line treatment is with intravenous 
immunoglobulin (IVIG), and many, if not 
all patients, have a favorable response.

– Bulbospinal neuronopathy (Kennedy’s 
disease) is a CAG trinucleotide repeat dis-
order with dysfunction of the androgen 
receptor gene. This disease is inherited in 
an X-linked fashion and thus affects men 
only. Typical symptoms are gynecomastia, 

infertility, and LMN symptoms with 
prominent fasciculations in the face, espe-
cially in the mentalis muscle. Prognosis is 
much better than with ALS, since the dis-
ease evolves slowly over many years.

– Benign monomelic atrophy usually affects 
young people. Juvenile distal atrophy of 
the upper limb (Hirayama disease), as dis-
cussed above, belongs to this entity.

– Spinal muscular atrophy (SMA). The cur-
rent classification of SMAs is based on 
age of onset and rate of progression: SMA 
I (acute infantile, Werdnig–Hoffmann 
disease), SMA II (intermediate, chronic 
infantile, arrested), SMA III (chronic juve-
nile, Kugelberg–Welander disease), and 
SMA IV (adult onset). The last one should 
be considered as a differential diagnosis to 
ALS. Inheritance of SMA IV can be heter-
ogeneous and can be mistaken for familial 
ALS. SMA IV most commonly presents 
with symmetric, proximal muscle weak-
ness and atrophy and has a slow disease 
progression. Serum creatine kinase (CK) 
activity may be slightly elevated.

– Poliomyelitis and postpolio syndrome. 
Poliomyelitis due to poliovirus is almost 
eradicated (worldwide, the wild poliovirus 
is endemic in only two countries: Pakistan 
and Afghanistan). Postpolio syndrome, 
however, is not unusual. Progressive mus-
cular weakness and muscular pain in the 
affected limbs appear several decades after 
recovery from the original paralytic attack. 
A polio- and postpolio-like disorder may 
also occur with nonpoliovirus, e.g., ECHO 
virus and Coxsackie virus.

• IBM is one of the most common inflamma-
tory myopathies and is characterized by a 
very distinctive pattern of atrophy of the 
extremities (finger flexors and quadriceps 
muscles) and dysphagia. This is one of the 
more frequent ALS mimics. There is some-
times a “neurogenic” pattern on EMG, which 
may cause diagnostic uncertainty. A muscle 
biopsy will usually resolve the problem.

• As stated previously, ALS is a frequent diag-
nosis in a patient with a recent history of 
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head dropping but other differential diag-
noses comprise MG, isolated neck extensor 
myopathy (including radiation-induced myo-
pathy), and MSA.

• Atypical parkinsonism, pseudobulbar paraly-
sis due to bilateral damage of corticopontine 
tracts as seen with multiple lacunar strokes, 
hereditary spastic paraplegia, subacute com-
bined degeneration of the spinal cord due to 
vitamin B12 or copper deficiency, MG, and 
myotonic dystrophy are usually easy to dis-
tinguish from ALS, but not always.

4.21  The Differential Diagnosis 
of Peripheral Nerve Disorders

The differential diagnosis of peripheral monon-
europathies, plexus lesions, and spinal radicu-
lopathies (including the cauda equina syndrome) 
as well as GBS and its variants has been dis-
cussed in Sect. 2.3. Here, a three-step approach 
to the differential diagnosis of polyneuropathy is 
presented.

In general, polyneuropathies are either pre-
dominantly axonal or demyelinating. The most 
common axonal polyneuropathies are due to 
diabetes and alcohol. Pharmaceutical drugs and 
chronic renal failure are also frequent causes of 
axonal polyneuropathies. Demyelinating poly-
neuropathies are much less frequent. They can 
be acute or chronic, and they may be hereditary, 
autoimmune-mediated, or occur in association 
with a monoclonal gammopathy. Importantly, 
most acquired demyelinating polyneuropathies 
(such as GBS, CIDP, and MMN) can be treated 
by IVIG and other forms of immunomodulatory 
therapy. Compared to acquired demyelinating 
polyneuropathies, hereditary demyelinating neu-
ropathies (including the various forms of CMT 
disease) usually have different clinical (e.g., foot 
deformities) and neurophysiological characteris-
tics (nonfocal, generalized demyelination).

The following algorithm allows system-
atic, stepwise evaluation of polyneuropa-
thies. Preferably, every patient is investigated 
with blood test screening for the most com-
mon causes of polyneuropathy. If the routine 

investigation is negative, a targeted approach 
based on clinical and neurophysiological exami-
nation is recommended. Algorithms similar to 
the following one have been shown to reduce 
the number and cost of investigations for each 
patient without loss of diagnostic reliability.

4.21.1  Algorithm for Evaluation 
of Polyneuropathies

Polyneuropathies may be evaluated using the 
following approach (Fig. 4.17):

• The first consultation is usually at primary 
care level. The history and examination 
should focus on whether an association can 
be established between the polyneuropathy 
and:

• Diabetes mellitus
• Alcohol
• A positive family history
• Neurotoxic medication
• Renal failure

If this is the case, more extensive investiga-
tion is usually only indicated if symptoms and 
signs are atypical or unexpectedly severe or 
if the course of the disease suggests another 
etiology.

The following blood tests are useful at this 
stage: fasting blood glucose, glycated hemo-
globin (HbA1c), full blood count, liver function 
tests (perhaps combined with carbohydrate-
deficient transferrin (CDT)), renal function tests 
(creatinine, blood urea nitrogen), C-reactive 
protein (CRP), erythrocyte sedimentation rate, 
serum protein electrophoresis, vitamin B12, 
folate, and thyroid function tests.

If fasting blood sugar or HbA1c levels are 
borderline, impaired glucose tolerance may 
be checked for by performing an oral glucose 
tolerance test. If there is a positive family his-
tory of polyneuropathy, genetic testing as sug-
gested below can be considered. Despite careful 
testing, the cause of chronic polyneuropathy 
remains unknown in roughly 25% of cases. In an 
elderly patient with mild and stationary, mainly 
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sensory symptoms, it is therefore reasonable to 
waive further investigation.
• If the diagnostic process is to be contin-

ued, the next step is to refer the patient 
for nerve conduction studies (NCS). 
Neurophysiological evaluation is performed 
in order to answer the question: Is this a 
demyelinating or axonal neuropathy? The 
neurophysiological results and the clinical 
presentation are evaluated. The relevant clini-
cal features include symptom manifestation 
and distribution (e.g., primarily sensory ver-
sus primarily motor symptoms; symmetrical 
versus asymmetrical), time course, risk fac-
tors, coexisting medical diagnosis, and the 
family history.

Based on the clinical and neurophysiolog-
ical data, a working diagnosis is established 
in order to guide specific testing.
– Exclusively or mainly demyelinating 

neuropathies
Proximal and distal, symmetrical sensori-

motor PNP
– AIDP, classic GBS with rapid onset, CN 

defects, autonomic disturbances, and ele-
vated CSF protein16

– CIDP, e.g., elevated CSF protein

Asymmetric PNP

– MMN; deficits are restricted to motor symp-
toms (no sensory symptoms!); there is rela-
tive lack of atrophy despite severe weakness, 
usually affecting the upper extremities first; 
IgM anti-GM1 antibodies are positive in 
up to 80%; CSF protein is normal or mildly 
elevated.

– Multifocal acquired demyelinating sensory 
and motor neuropathy (MADSAM) or Lewis–
Sumner syndrome is an asymmetric neu-
ropathy initially affecting upper extremities 
with predominantly sensory or sensorimotor 

symptoms. Like other demyelinating neuropa-
thies, it responds to treatment with IVIG.

Distal sensorimotor symptoms

– Distal acquired demyelinating symmet-
ric (DADS) polyneuropathy, paraprotein-
associated demyelinating neuropathy, 
M-component, and anti-MAG

Chronically progressing distal symptoms, 
positive family history, and possible 
foot deformities

– CMT (CMT1, CMT4, CMT1x) (genetic 
testing: PMP22, MPZ, connexin). CMT1 is 
dominantly inherited demyelinating, CMT 
4 recessively inherited demyelinating, and 
CMT1x X-linked dominant demyelinating. 
(CMT2 is dominantly inherited axonal.)

Recurrent pressure palsies and positive 
family history

– Hereditary neuropathy with liability to pressure 
palsies (HNPP; genetic testing: PMP22 gene)

Slowly progressive, distal, symmetric, 
mainly sensory, and age > 50 years

– Neuropathies associated with monoclonal 
gammopathies (due to either plasma cell 
dyscrasia or monoclonal gammopathy of 
unknown significance/MGUS) are associ-
ated with elevated CSF protein and EMG 
findings that may be mixed axonal demyeli-
nating. Neuropathies with additional anti-
bodies against MAG (anti-MAG) can be 
distinguished from CIDP using NCS showing 
disproportionate prolongation of distal motor 
latencies.

Although drug-induced polyneuropathies 
are almost always of the axonal type, 
polyneuropathy due to medication with 
amiodarone has demyelinating features.

– Exclusively or mainly axonal neuropathies
Severe sensory neuronopathy (leading to 

pronounced posterior column dysfunc-
tion and sensory ataxia)

– Paraneoplastic (onconeuronal antibodies, 
lumbar puncture, screening for SCLC, 
and other malignancies using whole-body 
PET/CT)

– Toxic substances

16 Important variant forms of GBS include pharyngeal-
cervical-brachial paresis, oculopharyngeal weakness, 
pure sensory GBS, pure autonomic failure, ataxic GBS, 
and the Miller-Fisher syndrome.
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Drugs (e.g., cisplatin, chloroquine, dapsone, 
disulfiram, doxorubicin, ethambutol, gold, 
isoniazid, metronidazole, nitrofurantoin, 
nitrous oxide, nucleoside analogue reverse 
transcriptase inhibitors, phenytoin, pyridox-
ine, thalidomide, vincristine)

Heavy metals and industrial and environmen-
tal toxins (e.g., acrylamide, arsenic, carbon 
disulfide, lead, mercury, organic solvents, 
organophosphates, thallium)

Sjögren’s syndrome and other collagenoses 
(antinuclear antibody (ANA)/antineutrophil 
cytoplasmic antibodies (ANCA), other autoan-
tibodies; Schirmer test; oral mucosa biopsy)

Vitamin B6 deficiency or intoxication
Acute nutritional neuropathies are an important 

differential diagnosis to Guillain–Barré syn-
drome and other inflammatory polyradicu-
loneuropathies in low- and middle-income 
countries. However, acute nutritional neu-
ropathies requiring hospitalization are likely 
underreported in high-income countries as 
well. Patients always have systemic stigmata 
of malnutrition such as an atrophic glossitis, 
and they always have identifiable risk factors 
that explain why they have been unable to 
maintain a healthy diet, including psychiatric 
comorbidity, systemic diseases, pregnancy 
(leading to hyperemesis and anorexia), and 
gastric bypass surgery.

• Asymmetric polyneuropathy
– Diabetes mellitus
– Vasculitis/collagenoses (antibodies, suralis 

biopsy)
– Neuroborreliosis (CSF)
– Sarcoidosis (CT thorax, serum angio-

tensin-converting enzyme, lymph node 
biopsy)

– Malignancy with infiltration of periph-
eral nerves (nerve biopsy, malignancy 
screening)

– Leprosy (skin biopsy)
– Porphyria (urine porphyrias)

• Mainly motor symptoms and subacute
– Axonal GBS variants (AMAN, AMSAN).

– Vasculitis.
– Diabetes mellitus.
– Porphyria (urine estimation of porpho-

bilinogen; if necessary, further biochemi-
cal analysis of blood, urine, and stool).

– Critical illness polyneuropathy/myopa-
thy (CIPM). This condition occurs in 
ICU patients with sepsis (or the systemic 
inflammatory response syndrome) and 
multiple organ failure. CIPM is a com-
mon neurological cause for delayed wean-
ing from the ventilator. Of note, depressed 
tendon reflexes are not encountered in 
all of these patients. An important dif-
ferential diagnosis to CIPM is prolonged 
neuromuscular blockade seen in patients 
with abnormal renal function who have 
been treated with nondepolarizing agents. 
CIPM requires prolonged and intensive 
neurorehabilitation, and patients may need 
1–2 years to fully recover.

• Mainly motor symptoms, subacute progres-
sive, positive family history
– CMT disease type 2 (genetic testing, but 

false negatives possible)
• Mainly sensory symptoms

– Sjögren syndrome (Sjögren syndrome 
type A and type B antibodies (SSA/
SSB), lip biopsy, Schirmer test) and other 
collagenoses

– Sarcoidosis (CT thorax, lymph node biopsy)
– Amyloidosis due to plasma cell dyscrasia/

myeloma (fat tissue biopsy, bone marrow 
biopsy)

– Vitamin B6 deficiency and intoxication
– Celiac disease (anti-transglutaminase anti-

bodies; duodenal biopsy)
– Crohn’s disease (colonoscopy)
– Ulcerative colitis (colonoscopy)
– Chronic obstructive lung disease (spirometry)

• Prominent involvement of small fibers, severe 
autonomic dysfunction, and autosomal domi-
nant family history
– Transthyretin familial amyloid polyneu-

ropathies (TTR-FAPs) usually mani-
fest in the second to fourth decade with a 
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length-dependent axonal neuropathy with 
prominent small fiber involvement (pain, 
sensory deficits) and dysautonomic features 
(e.g., postural hypotension, erectile dys-
function, diarrhea, weight loss), typically 
evolving to multiorgan systemic failure and 
death within 10 years. Diagnosis in patients 
who present as nonfamilial cases is often 
delayed.

• NCS are normal with small fiber polyneu-
ropathy. A history of prominent pain and 
dysesthesias in the distal extremities in com-
bination with normal tendon reflexes and 
posterior column function during bedside 
examination suggests a small fiber polyneu-
ropathy. Thermoregulatory sweat testings 
may be abnormal, and a skin biopsy may 
show a decreased amount of small nerve fib-
ers. Of note, the discovery of gain of function 
SCN9A mutations related to sodium channels 
has been crucial to understand the mecha-
nisms of painful conditions such as paroxys-
mal extreme pain disorder, which often were 
labeled as functional disorders due to the lack 
of objective clinical findings.

If in doubt, seek advice from a neuromus-
cular specialist colleague. Rare diagnoses are 
numerous but rare indeed, e.g., Refsum disease, 
Fabry disease, or POEMS (polyneuropathy, 
organomegaly, endocrinopathy, M protein, and 
skin changes). The most often neglected cause 
of a peripheral neuropathy is genetic.

4.22  The Differential Diagnosis 
of Neuromuscular Junction 
Disorders

The differential diagnosis of neuromuscular 
junction disorders is easy at first sight—either it 
is MG or it is not (Fig. 4.18).

4.22.1  Myasthenia Gravis

The clinical features of ocular and generalized 
MG have been discussed in Chap. 2. Patients 

with generalized MG are usually acetylcholine 
receptor positive (>90%), but those with isolated 
ocular MG are often seronegative. A few patients 
have muscle-specific kinase (MuSK) antibodies 
(0–3%). When performing a tensilon test, use a 
syringe with tensilon and at least one or two with 
saline in order to “blind” the patient. Choose 
muscles and activities that can easily be tested 
and quantified, e.g., the time the patient can look 
up before ptosis occurs (Jolly’s test) or lift the 
head from the bed or the number of squats he 
can perform.17 In case the patient has ptosis, ice-
on-eyes is another useful bedside test.18

The differential diagnosis of myasthenic cri-
sis (in patients with known and well-treated 
MG) includes:

• Exacerbation of myasthenic symptoms due to 
systemic infections

• Exacerbation of myasthenic symptoms due to 
certain medications
– ASM (e.g., phenytoin)
– Antibiotics (e.g., aminoglycosides, sulfon-

amide, tetracyclines)
– Sedatives (e.g., barbiturates, 

benzodiazepines)
– Others (e.g., opioids, neuroleptics)

• Cholinergic crisis (rarely seen with 
Mestinon® dosage ≤800 mg/day)

17 To perform a tensilon test, start with 1 mL normal 
saline IV (placebo), and then use edrophonium IV 
(10 mg/mL; give 0.2 mL, if no adverse reactions give 
another 0.8 mL). Atropine 0.5 mg IV (antidote) must be 
available at the bedside. The tensilon test is used to:

• Verify the diagnosis of MG
•  Evaluate treatment (increase of pyridostigmine dos-

age possible?), performed 2 h after last pyridostig-
mine dose

•  Differentiate between myasthenic and cholinergic 
crisis (rarely necessary)

18 To perform the ice-on-eyes test, fill a rubber glove with 
crushed ice, and place it over the patient’s eyes for 2 min 
or less. If this is too cold, put a paper towel between the 
eyes and the glove. Coldness increases synaptic trans-
mission and ameliorates the ptosis. This test is believed 
to have even higher specificity and sensitivity than the 
tensilon test and is not associated with cardiovascular 
complications but can only be performed in patients with 
ptosis.



2754.22 The Differential Diagnosis of Neuromuscular Junction Disorders

• Disorders unrelated to MG, e.g., acute car-
diopulmonary disease (including pulmonary 
embolism), pneumonia, brainstem stroke, cer-
vical myelitis, and organophosphate poisoning.

4.22.2  Other Neuromuscular Junction 
Disorders

Neuromuscular junction disorders other than 
MG include (Fig. 4.18):

• LEMS is caused by antibodies to the presyn-
aptic VGCC leading to decreased release of 
acetylcholine. The majority of patients with 
paraneoplastic LEMS have a small cell carci-
noma of the lung. An underlying malignance is 
ultimately found in roughly 50% of all LEMS 
cases (but it may take up to two to four years 
before the malignancy will have “declared 
itself”). Weakness in the upper and lower 
limbs is proximal and symmetrical. In contrast 
to myasthenia, bulbar and oculomotor symp-
toms are usually missing. Thirst, however, is a 
frequent complaint probably due to cross-reac-
tion of antibodies with salivary glands. (Many 
LEMS patients carry a bottle of water with 
them wherever they go, a useful clinical sign.)

• Botulism due to Clostridium botulinum toxin 
often affects families or other groups that 
have shared contaminated food. Intravenous 
or subcutaneous abuse (“skin popping”) of 
heroin using contaminated syringes is another 
cause. Botulism may also occur in neonates 
following delivery under bad sanitary condi-
tions. Bulbar symptoms (diplopia, ophthalmo-
plegia, dysarthria, dysphonia, dysphagia, and 
facial weakness) and pupillary dysfunction 
(loss of accommodation with blurred vision, 
fixed mydriasis) are common. Paralysis of 
the extremities develops over 1–3 days. Deep 
tendon reflexes are hypoactive or absent. Due 
to weakness of respiratory muscles, mechani-
cal ventilation is usually necessary. Smooth 
muscle paralysis typically involves constipa-
tion, paralytic ileus, and urinary retention. 
Botulism is occasionally iatrogenic following 
Botox injections, e.g., for spasticity and dys-
tonia, but weakness is then typically confined 
to adjacent sites due to local toxin spread. 
Botulinum toxin is said to be the most toxic 
of all natural toxins (Case 2.1).

• Other toxins of the neuromuscular syn-
apse include muscle relaxants such as suc-
cinylcholine, curare (the traditional South 
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American arrow poison), tetrodotoxin (found 
in exotic fishes), and snake poisons.

• Congenital myasthenic syndromes (e.g., AChR 
deficiency, Rapsyn deficiency, Dok-7 synap-
topathy), usually present at birth or in child-
hood, but adult-onset cases are well described.

• Neuromyotonia (Isaacs’ syndrome) and 
cramp-fasciculation syndrome are the two 
main disorders of acquired peripheral nerve 
hyperexcitability. Acquired neuromyotonia is 
a condition associated with muscle hyperac-
tivity, resulting in muscle stiffness, cramps, 
myokymia, pseudomyotonia, and weakness. 
It may be associated with thymoma or auto-
immune disorders. The diagnosis requires the 
presence of antibodies to the VGKC of the 
presynaptic nerve terminal.

• Myasthenia and other neuromuscular symp-
toms and signs are increasingly seen as 
complications of immunomodulatory cancer 
treatment with immune checkpoint inhibi-
tors (Johansen et al. 2019) such as pembroli-
zumab and nivolumab Case 2.2).

4.23  The Differential Diagnosis 
of Myopathy

General neurologists are likely to encounter the 
following myopathies at least a few times during 
their career:

• Myotonic dystrophy
• Drug-induced myopathies
• IBM
• Polymyositis and dermatomyositis
• Myopathy associated with thyroid 

dysfunction
• Limb-girdle muscular dystrophies
• FSH
• Mitochondrial disorders
• CIPM

All other myopathies are usually only seen 
in dedicated neuromuscular outpatient clinics 
or occasionally during grand rounds at tertiary 
level institutions.

Important hints from the history include:

• Age of clinical onset, e.g., DMD presents 
before the age of 6 and IBM in middle life.

• Family history (autosomal, X-linked, or mito-
chondrial (maternal) inheritance), including 
history of nonmuscular symptoms in family 
members, e.g., early-onset cataract and diabe-
tes associated with myotonic dystrophy.

• Pulmonary (respiratory failure, e.g., Pompe’s 
disease) and cardiac complications (cardio-
myopathy, arrhythmias).

• Severe orofacial weakness, e.g., FSH.
• Limb-girdle muscle atrophy, e.g., limb-girdle 

muscular dystrophies and FSH.
• Medication. Drugs that have been associated 

with myopathy include alcohol, amiodarone, 
chloroquine, cimetidine, colchicine, corti-
costeroids, cyclosporine, d-penicillamine, 
glycyrrhizin (licorice), isoniazid, lithium, 
nifedipine, propofol, quetiapine, salbutamol, 
statins, vincristine, and zidovudine.

• Myopathies can be divided into acquired and 
genetic myopathies (Fig. 4.19).

4.23.1  Acquired Myopathies

• Idiopathic inflammatory myopathies.
– IBM, as discussed in Sect. 4.19
– Polymyositis
– Dermatomyositis (usually paraneoplastic)

• Drug-induced myopathies. For a list of 
offending drugs, see above. Statin- and cor-
ticosteroid-induced myopathies are the most 
common drug-induced myopathies in clinical 
practice. The combination of cholesterol-low-
ering agents and steroids may lead to a par-
ticularly severe myopathy.

• CIPM. As explained earlier (Sect. 4.20), 
CIPM is a common neurological cause for 
delayed weaning from the ventilator in ICU 
patients with sepsis and multiple organ fail-
ure. While serum creatine kinase levels can 
be normal, myoglobin levels are typically 
markedly elevated.

• Infectious myositis.
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4.23.2  Genetic Myopathies

See also Sect. 2.1.

• Muscular dystrophies
– Myotonic dystrophy type 1
– Myotonic dystrophy type 2 (proximal 

myotonic myopathy (PROMM))
– DMD
– Becker muscular dystrophies
– Limb-girdle muscular dystrophies, autoso-

mal dominant (LGMD1 family) and auto-
somal recessive (LGMD2 family)

– FSH
– Emery–Dreifuss muscular dystrophy
– Oculopharyngeal muscular dystrophy
– Distal myopathies/dystrophies, e.g., 

Finnish, Japanese, Swedish type 
(Welander)

• Metabolic myopathies
– Mitochondrial. The following mitochon-

drial diseases have distinct clinical features 
in addition to the “typical” mitochondrial 
stigmata such as diabetes, sensory hearing 
loss, short stature, ophthalmoplegia, ptosis, 
and a generalized myopathy.
Chronic progressive external ophthalmo-

plegia (CPEO)
Kearns–Sayre syndrome (KSS)
MELAS
Myoclonic epilepsy with ragged red fibers 

(MERRF; cervical lipomas are a char-
acteristic feature)

Neurogenic weakness, ataxia, and retinitis 
pigmentosa (NARP)

Leber’s hereditary optic neuropathy 
(LHON)

Leigh’s syndrome
Mitochondrial neurogastrointestinal 

encephalopathy (MNGIE). GI dysmo-
bility leads to characteristic episodes 
of gastroparesis, nausea, and vomiting, 
associated with lactic acidosis. Albeit 
rare, it is a differential diagnosis to 
the cyclic vomiting syndrome. Most 
patients die in a severely cachectic 
state.

– Disorders of lipid metabolism. Progressive 
lipid storage myopathy is associated 
with episodic exercise-induced myalgia, 
myoglobinuria, and weakness. Myalgia 
typically occurs after exercise. Carnitine 
palmitoyltransferase II deficiency (CPT II) 
is a condition that prevents the body from 
using certain fats for energy, particularly 
during periods of fasting. It is the most 
frequent hereditary disorder of fatty acid 
metabolism affecting muscle and the most 
frequent cause of hereditary myoglobinu-
ria. In adults, CPT II typically manifests 
with episodes of rhabdomyolysis after 
prolonged exercise and fasting leading to 
myoglobinuria and myalgia. High intake 
of carbohydrate before exercise prevents 
episodes of rhabdomyolysis.

– Disorders of carbohydrate metabolism. 
Acid maltase deficiency (Pompe’s dis-
ease, lysosomal glycogen storage dis-
ease type II) and myophosphorylase 
deficiency (McArdle disease, glycogen 
storage disease type V). In glycogen stor-
age disorders, myalgia tends to occur dur-
ing exercise. Although the phenotype of 
Pompe’s disease is very variable, ranging 
from severe infantile to adult-onset forms, 
late-onset individuals usually present with 
pronounced axial and limb-girdle muscle 
weakness and/or respiratory insufficiency.

• Channelopathies of the skeletal muscle
– Myotonia congenita
– Paramyotonia congenita of von Eulenburg
– Potassium-aggravated myotonias
– Periodic paralyses, e.g., hyperkalemic 

periodic paralysis, hypokalemic periodic 
paralysis, central core disease, and malig-
nant hyperthermia

• Congenital myopathies are typically asso-
ciated with severe generalized weakness at 
birth (floppy baby syndrome) and skeletal 
deformities (high palate, chest deformities, 
hip luxation), but muscular power typically 
improves and stabilizes during adolescence 
causing relatively little disability during 
adulthood. Creatine kinase levels are normal 
or slightly elevated, and cognitive function is 
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usually intact. Traditionally, congenital myo-
pathies have been classified according to the 
histological evaluation of a muscle biopsy 
(e.g., nemaline myopathy, central core dis-
ease, centronuclear myopathy). However, 
genetic testing has made the diagnosis of 
congenital myopathies more precise and clas-
sification more complex.
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Ancillary Investigations

Abstract

The neurologist has a continuously expanding  
arsenal of ancillary investigations at hand.  
Good clinical skills are mandatory to put the 
patient on the right diagnostic track and to 
ensure correct interpretations of the results. 
Every investigation ordered should serve a 
specific purpose and help to answer a well-
considered and well-formulated question. 
Close cooperation and, preferentially, personal 
communication with appropriate colleagues 
such as radiologists, neurophysiologists, and 
geneticists are mandatory. Given the book’s 
focus on bedside skills, the following over-
view of neuroimaging, neurophysiology, ultra-
sound techniques, laboratory evaluations of 
blood and cerebrospinal fluid, genetic testing,  
and neuropsychological evaluation is short 
but covers many elementary technical and 
clinical facts relevant to the general neurolo-
gist. Clinical neurophysiology is discussed in 
somewhat greater detail, since it is the domain 
of the neurologist in many countries.

Keywords
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5.1  Neuroimaging

No other investigation has a greater impact on  
clinical neurology than neuroimaging. The advent 
of MR angiography, MR diffusion-weighted 
imaging, and MR gradient-echo sequences, 
for instance, has made formerly unknown or 
exceptionally rare conditions commonplace, 
e.g., RCVS, PRES, superficial CNS siderosis, 
CLIPPERS, and mild encephalopathy with a 
reversible splenial lesion (MERS) (Case 5.1). A 
thorough review of the available neuroimaging 
modalities is not possible here, but gathering ade-
quate knowledge in this field is highly advisable. 
This is best achieved on a day-to-day basis in close 
cooperation with the neuroradiologist. Accurate 
referrals based on decent clinical observations and 
with a clearly stated question are mandatory to 
choosing the right neuroimaging modality and to  
interpreting the imaging data correctly. Moreover, 
scans should be looked at jointly with the neuro-
radiologist instead of relying on a written report. 
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while the patient table moves forward at a con-
stant speed.

Compared to MR imaging, CT is more 
available, cheaper, and less time-consuming. 
Disadvantages include the lower resolution and 
the use of X-rays. One CT brain scan exposes 
the patient to a radiation of 1.5 mSv. The equiv-
alent figures for chest X-ray and the annual  
average background exposure in Western 
Europe are 0.1 and 1–3 mSv, respectively 
(Case 5.4). Contrast medium can cause renal 
failure. Hydration therapy is important to pre-
vent contrast-induced nephropathy. A creati-
nine level above 1.4 mg/dL puts the patient at 
risk. If contrast imaging is indispensable, four 
doses of 600 mg N-acetylcysteine (two the day  

Attending the daily radiology conference (if avail-
able) should be mandatory. However, unexpected  
findings on MRI (and CT) are not uncommon, and 
therefore, examinations should not just be ordered 
“for the benefit of doubt” but should always serve  
a well-defined purpose (Cases 5.2 and 5.3).

5.1.1  Computer Tomography (CT)

CTs digitally reformat a large series of cross-
sectional, two-dimensional X-ray images to 
allow visualization within a few minutes of the 
body anatomy, usually in axial sections. The  
spiral CT technique uses multiple roentgen-ray 
tubes that continually rotate in one direction, 

a b

Case 5.1  Mild encephalopathy with a reversible splenial 
lesion (MERS). A 23-year-old male presented with suba-
cute onset of headache, confusion, fever, and decreased 
consciousness. MRI showed a singular lesion in the 
splenium of the corpus callosum (a, ADC). CSF analy-
sis was notable for a lymphocytic pleocytosis. His previ-
ous medical history was unremarkable, and he did not 
take any medication. Screening for infectious agents was 
positive for influenza A (PCR in nasopharyngeal swab). 
The patient made an uneventful recovery, and follow-up 
MRI a few weeks later was normal (b). Mild encephalitis/

encephalopathy with a reversible splenial lesion (MERS,  
also known as “reversible splenial lesion syndrome”) is  
a clinico-radiological syndrome characterized by a tran-
sient mild encephalopathy and a singular, reversible lesion  
in the midline of the splenium of the corpus callosum on  
MRI. Occasionally, reversible lesions may also be seen  
outside of the splenium. MERS has been described in  
a variety of conditions, including neuroinfections (e.g.,  
influenza, herpesviridae, and mycoplasma), antiepilep-
tic drug withdrawal, hyponatremia, high-altitude cerebral  
edema, and cesarean section



285

of procedure, two the next day) and intravenous 
fluids can prevent renal damage. Normal saline  
with bicarbonate, 154 mEq/L (1 h before and 6 h 
after the procedure at a rate of 3 mL/kg/h), is an 
alternative.

The Hounsfield scale, named after one of  
the inventers of CT, is a quantitative scale of 
tissue density. It ranges from −1000 to +1000 
Hounsfield units (HU). Roughly, air has −1000  
HU, fat −100, water 0, CSF 10, white matter 30, 
gray matter 40, muscle 40, blood 100, contrast 
medium 130, and bone ≥ 600. The more HU, 
the brighter the object; thus, on CT, air appears  
darker than fat and CSF, and gray matter appears 
lighter than white matter.

CT offers generally excellent imaging but  
is poor at demonstrating lesions that are small 
(<1 cm), that have a similar attenuation to that  
of the brain (e.g., MS plaques) or of the bone 
(particular if lesions are close to the skull base), 
and that are situated within the posterior fossa or  
spinal canal.

Although digital subtraction angiography  
is still the gold standard for imaging of the 

cerebral vasculature, CT angiography is the first 
choice for most diagnostic procedures, since it is 
more widely available, faster, and noninvasive. 
In patients with ischemic cerebral infarction, it 
is important to order a computed tomography 
angiography (CTA) that includes the neck ves-
sel and the aortic arch; otherwise, proximal sten-
oses and dissections of the carotid and vertebral 
arteries might be missed. CT venography can  
be used to evaluate for cerebral venous sinus 
thrombosis, but false-negative results may occur 
because of contrast enhancement of the throm-
botic material falsely suggesting intact passage. 
MRI venography appears to be superior in this  
regard.

CT perfusion imaging is used to study  
CBF in acute ischemic stroke, vasospasm sec-
ondary to subarachnoidal hemorrhage, and brain 
trauma. In patients with suspected acute stroke, 
the site of vascular occlusion, infarct core, sal-
vageable brain tissue, and collateral circulation 
can be assessed by a combination of noncon-
trast CT, CT perfusion, and CT angiography. CT  
perfusion may help in decision making for acute 

a b

Case 5.2  Clinically silent middle cerebral artery occlu 
sion. A 24-year-old male medical student volunteered to 
participate in the control group of a medical study and 
was examined by MRI. His previous medical history was 
unremarkable, and he was a nonsmoker. Unexpectedly, T2-
weighted MRI showed a periventricular lacunar infarction 

(a), and MR angiography revealed a left-sided MCA  
occlusion and compensatory collateral vessels (b, moy-
amoya phenomenon). Extensive cerebrovascular follow-up  
was unremarkable. Following an in-depth discussion with  
the patient, he opted for prophylactic antithrombotic treat-
ment with clopidogrel

5.1 Neuroimaging
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revascularization when there is no certain time  
of symptom debut. CT perfusion protocols are  
difficult to standardize, however.

5.1.2  Positron Emission Tomography 
(PET)

PET measures emissions from radioactively  
labeled metabolically active chemicals that 
have been injected intravenously. The most  
commonly used PET tracer is fludeoxyglucose 
(18F-FDG), a labeled form of glucose. FDG-
PET, combined with CT of the brain, is useful 
in assessing metabolic activity (hyper- versus 
hypometabolic) of various acquired brain dis-
eases (e.g., brain tumors, CNS lymphoma,  
autoimmune limbic encephalitis), including 
neurodegenerative disorders (e.g., AD, FTD).  
Imaging of brain beta-amyloid with 11C-PIB 

PET (or with 18F labeled tracers) may be used 
to increase the certainty of a diagnosis of AD in  
unclear cases (Case 5.5). PET PE2I is helpful in 
the diagnosis of Parkinsonism. A vast range of  
other PET tracers is available.

5.1.3  Single Photon Emission 
Computed Tomography (SPECT)

SPECT is a nuclear medicine tomographic imag-
ing technique using gamma rays. The most com-
monly used tracer is 99mTc-labeled HMPAO  
for studying regional CBF. Interictal and ictal 
SPECT may demonstrate CBF increase within 
epileptogenic foci and is used in the workup 
for epilepsy surgery. Like 18F-FDG-PET, 
99mTc-HMPAO SPECT can help differentiating 
between AD and other dementias. For instance,  
AD is most often associated with temporoparietal 

a b

Case 5.3  Idiopathic hypertrophic pachymeningitis. A 
58-year-old female consulted a neurologist for transient 
sensory symptoms, which was felt to be unspecific. The 
neurological examination was normal. An MRI of the 
brain was ordered “for the benefit of doubt.” T1-weighted 
contrast-enhanced sequences showed thickened and 
enhancing dura mater, which was considered an inci-
dental finding (a, b). A lumbar puncture revealed normal 
CSF opening pressure (16 cm H2O), a mild lympho-
cytic pleocytosis (10 cells/mm3), and slightly increased 

protein (0.67 g/L). After extensive workup for possible  
autoimmune, infectious, and neoplastic disorders, as well  
as sarcoidosis, a diagnosis of idiopathic hypertrophic  
pachymeningitis was made. Follow-up MRI 1 year later  
showed unchanged dural inflammation. IgG4-related dis-
ease (which in the CNS frequently manifests as hyper-
trophic pachymeningitis) was considered, but a menin-
geal biopsy was not performed. IgG4 serum levels were  
 normal. The patient had no symptoms and refused fur-
ther investigations
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hypometabolism (hypoperfusion), and bvFTD 
is associated with symmetric bilateral frontal  
hypometabolism (hypoperfusion). SPECT scan-
ning using ioflupane (123I FP-CIT), a presynap-
tic dopamine transporter marker, also known as 
dopamine transporter scanning (DAT scan), can  
help distinguish between essential tremor (nor-
mal DAT scan) and Parkinson’s disease (reduced 
binding in striatum) (Case 5.6). A DAT scan may 
also help differentiate between DLB (reduced  
binding) and AD (normal). However, it cannot be 
used to distinguish between Parkinson’s disease  
and atypical Parkinsonism (e.g., MSA and PSP/
CBS).

5.1.4  Magnetic Resonance Imaging 
(MRI)

Unlike CT, MRI does not require ionizing 
radiation but uses a powerful magnetic field  
to align hydrogen atoms in the water of body 
tissues. Radio frequency fields are applied in 
order to systematically alter the alignment of  
the magnetization, causing the protons to pro-
duce a rotating magnetic field that is detected by  
the scanner. The signal can be manipulated by 
additional magnetic fields in order to gather the  
information to construct an image.

MRI is usually superior to CT for all clinical  
questions, with the possible exception for bony 
pathology. However, MRI is less available, more 
expensive, and more time-consuming. (Although 
not of the highest quality, a single-shot, fast  
spin-echo sequence in an uncooperative unsta-
ble patient is usually free of artifacts and takes  
less than a minute for the entire brain.) Potential 
contraindications for MRI include claustropho-
bia, magnetic implants, and foreign bodies such  
as cardiac pacemakers, insulin pumps, and elec-
trodes for deep brain stimulation (DBS). Many 
devices are compatible with MRI but need to be  
readjusted after the procedure. If foreign bod-
ies are suspected, e.g., eye splinters in a metal-
worker, perform a plain skull X-ray prior to MRI.  
Pregnancy is not a contraindication per se, but be  
restrictive with gadolinium contrast.

The following MRI sequences and techniques  
are clinically important:

• In T1-weighted MRI (with and without  
gadolinium contrast), gray matter appears 
dark, white matter bright, and CSF very dark.  
T1-weighted scans use a gradient-echo 
sequence with short TE (echo delay time) and 
short TR (repetition time). Together with T2-
weighted MRI, this is the most commonly  
used sequence. T1-weighted images reflect 
anatomy well, whereas pathology is usu-
ally better seen on T2-weighted imaging. 

Case 5.4  Radiation toxicity. A 28-year-old female with  
CVST was treated with repeated endovascular interven-
tions for extensive thrombosis of the deep central veins  
and declining consciousness despite IV heparin. The  
patient made a full neurological recovery. However,  
because of radiation toxicity associated with frequent  
CT-based neuroimaging and digital subtraction angiogra-
phies, she suffered from temporary hair loss

5.1 Neuroimaging
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Gadolinium contrast medium is used to  
enhance T1-weighted images. Gadolinium 
enhancement of parenchymal lesions  
indicates blood–brain barrier damage, e.g.,  
due to inflammation or malignancy.1

• With T2-weighted MRI, gray matter is bright,  
white matter dark, and CSF very bright.  
T2-weighted scans use a spin-echo sequence, 
with long TE and long TR. These sequences are 
more or less unaffected by inhomogeneities  
in the magnetic field. T2-weighted imag-
ing is sensitive to water and is therefore 
particularly well suited to detect edema.  
Leukoencephalopathy, demyelination, and  
edema appear as hyperintense signals.

• FLAIR suppresses CSF effects on the  
image, so as to better reveal hyperintense 

lesions. Thus, FLAIR is similar to T2, but the 
CSF appears very dark, which is useful for  
identifying white matter lesions, e.g., subcor-
tical ischemic infarcts, MS plaques, and vaso-
genic edemas.

• Gradient-echo sequences such as T2*-
weighted MRI (pronounced “T2 star”) and 
susceptibility-weighted imaging (SWI) are  
well suited to show hemosiderin deposits 
from old hemorrhages and vascular mal-
formations that appear very dark on these  
images. Hemosiderin deposits are associated 
with blood from cerebral amyloid angiopathy,  
venous malformations, cavernomas, superficial  
CNS siderosis, hypertensive intracranial hem-
orrhages, and other cerebral vasculopathy.

• DWI assesses the diffusion of water  
molecules in biological tissues. Cytotoxic 
edema due to acute ischemia is easily seen as 
a bright signal. It remains visible during the  
first 10 days after infarction. DWI has revo-
lutionized imaging in acute stroke since the  

Case 5.5  Alzheimer’s disease with atypical onset (pos-
terior cortical atrophy). A 72-year-old retired primary 
school teacher, living alone without assistance, was 
referred for subjective word-finding difficulties with 
particular difficulties in retrieving names of places, per-
sons, and concepts. Symptoms had been progressing over 
1–2 years. There was no significant functional impair-
ment and reasonable day-to-day memory. Her family 
confirmed that her performance in activities of daily 
living was normal. Neurological examination was unre-
markable except for cognitive impairment. The MMSE 
score was 30/30. Neuropsychological examination 
revealed pronounced anomia, visuo-constructional defi-
cits, simultanagnosia, optic ataxia, and mild impairment 

of word fluency, writing, and calculation (partial Balint’s  
syndrome). Episodic and semantic memory, comprehen-
sion, judgment, abstraction, and insight were all unre-
markable. MRI revealed pronounced bilateral superior  
temporoparietal atrophy (a, b) and FDG-PET bilateral  
posterior temporoparietal hypometabolism (c). Amyloid  
PET (11C-PIB PET) was positive (not shown). Although  
the patient did not meet the formal criteria for demen-
tia due to intact memory, she did meet criteria for AD  
dementia with atypical onset (posterior cortical atro-
phy). She was started on a cholinesterase inhibitor (PET  
images courtesy of Ian Law, Department of Clinical  
Physiology and Nuclear Medicine, Rigshospitalet,  
Copenhagen)

1 Following a lumbar puncture, diffuse meningeal con-
trast enhancement in the lower spine may be seen for  
days or weeks, and, although not pathological, this may  
lead to diagnostic confusion.
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hyperintense signal change is more or less 
identical with the infarction core. It thereby  
helps to identify the patients who will likely  
benefit from intravenous thrombolysis 
(IVT) and/or mechanical revascularization  
and those who do not. Also, other cytotoxic 
edema appears as bright, e.g., cortical and  
basal ganglia hyperintense signal in CJD, cer-
ebral abscesses, inflammatory lesions with  
infections, and autoimmune processes (e.g.,  
MS, limbic encephalitis).

• Apparent diffusion coefficient (ADC) imag-
ing is used to differentiate T2-shine-through  
effects and other artifacts from real ischemic 
lesions and therefore complements DWI. ADC  
mapping can also distinguish old strokes from 
new ones as well as vasogenic from cytotoxic  
edema. The combination of MR DWI and  
ADC sequences may allow differentiating cer-
ebral abscesses (black on ADC) from brain  
tumors (see Case 4.35 for illustration).

• Perfusion MRI involves administration of a  
tracer into the cerebral circulation, thereby  
facilitating monitoring of CBF. In acute 
stroke, the difference (mismatch) between 
the larger perfusion deficit and the smaller  
area of diffusion abnormality represents the 
ischemic penumbra. This is the potentially  
salvageable brain tissue. Perfusion/diffusion 
MRI already plays a major role in optimizing  
therapy of acute ischemic stroke.

• Short tau inversion recovery (STIR) images  
are T1-weighted images following fat sup-
pression. This is helpful in assessment of  
coronal orbital images or when visualizing  
cystic lesions or the course of larger peripheral 
nerves.

• Diffusion tensor imaging (DTI) allows  
mapping of fiber directions to assess the  
connectivity of different regions in the brain  
(called tractography) or to examine areas of 
neural degeneration and demyelination.

Case 5.6  Dopamine transporter (DAT) imaging in 
Parkinson’s disease. DAT scan of a healthy volunteer 
(left) and a patient with Parkinson’s disease (right) is 
depicted here. The patient was a 50-year-old man with 
a 3-year history of bradykinesia, rigidity, and a pill-
rolling tremor worse on the right side. DAT scanning 

(following intravenous application of tracer [123I]-PE2I)  
showed asymmetry and reduced uptake in the stria-
tum. L-dopa treatment was started with good clini-
cal response (SPECT images courtesy of Gerda Krog  
Thomsen, Neurobiology Research Unit, Rigshospitalet,  
Copenhagen, Denmark)

5.1 Neuroimaging
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• Although not quite as good as conventional  
angiography, MR angiography and venography 
are commonly used to demonstrate the cerebral 
vasculature. The advantages compared to con-
ventional angiography are noninvasiveness and  
that it can be performed in one session together 
with acquisition of the other MR images. MR  
angiography can be performed with contrast  
enhancement or without (so-called time-of-
flight (TOF) sequences).

• Functional MRI (fMRI) has revolutionized  
cortical mapping and neuropsychological 
studies. It demonstrates cortical activity by 
increase of blood flow in the relevant cerebral  
areas. Clinical applications include mapping 
of cortical functions prior to surgical removal  
of epileptic foci or tumors.

• MR spectroscopy is not structural imaging;  
rather, it is noninvasive spectral analysis 
of metabolites. Biochemical information is  
obtained from tissue in a so-called volume of 
interest, usually the cortex, white matter, or  
a brain lesion. Proton (or 1H) magnetic reso-
nance spectroscopy (MRS) can be used for  
prognostic purposes in, e.g., hypoxic brain 
damage and carbon monoxide poisoning. 
Increased levels of choline indicate damage  
of white matter, decreased N-acetyl aspartate 
levels suggest gray matter impairment, and  
lactate peaks reflect anaerobic metabolism.

5.2  Electroencephalography (EEG)

EEG reflects accumulated electrical activity  
caused by postsynaptic potentials of cortical 
neurons. It is cheap and noninvasive and, so far, 
remains the only routine method that offers real-
time registration of neuronal activity. EEG is indi-
cated for the study of epilepsy, sleep disorders, 
various encephalopathies (metabolic, infectious,  
ischemic, and traumatic), coma, and few rare dis-
eases that can present with a pathognomonic EEG 
pattern (e.g., CJD, SSPE). In the drowsy patient, 
EEG helps to distinguish nonconvulsive status  
epilepticus from metabolic encephalopathy and 
psychogenic coma (catatonia). During surgical 
operations, EEG can be applied to monitor the 

depth of anesthesia, and it may serve as an indi-
rect indicator of cerebral perfusion in CEA. EEG  
is also useful to distinguish coma of primary corti-
cal dysfunction from coma due to disturbed brain-
stem regulation of cortical activity. Further, EEG 
is sometimes used to document electrical silence  
in the setting of brain death.

As stated above, EEG is critical in the diag-
nosis and monitoring of patients with epi-
lepsy. Although a single, interictal EEG is  
abnormal in only 30–40% of patients with  
epilepsy, repeating the EEG once or twice 
increases the sensitivity to 60–80%. (Note that 
2–4% of adults in the general population have  
epileptiform activity on EEG without having 
epilepsy.) EEG helps to classify seizure types, 
and this classification is essential for the choice  
of antiepileptic treatment. Video-EEG monitor-
ing is very helpful to differentiate epilepsy from 
PNES and other events, and it is crucial in the 
assessment of the epilepsy surgery candidate. 
In the latter, subdural, sphenoid, or intracortical  
electrodes increase the diagnostic yield, as com-
pared to scalp EEG. In addition, EEG can assist 
in decision making about treatment options in 
patients who have well-documented epileptic  
seizures. For instance, as stated above, in neuro-
intensive care, the EEG can document “burst sup-
pression” in the sedated patient with refractory 
status epilepticus, and it can be helpful in diag-
nosing NMDA receptor encephalitis by revealing 
“extreme delta brushes.” In the outpatient clinic,  
it may assist in the decision to stop antiepileptic 
treatment in patients who have been seizure-free  
for a prolonged period.

Scalp EEG reveals electrical activity from  
cortical areas close to the skull bone, and for 
epileptic activity to be registered, it must arise 
from areas of 3–5 cm2 or larger. Thus, EEG sel-
dom reveals epileptic activity during focal motor  
status (too small an area), postapoplectic epi-
lepsy (too much cortical damage), and epilep-
tic activity in the legs (because the leg area of 
the motor homunculus lies in the medial motor 
strip deep between the hemispheres). EEG can  
be affected by patient-related artifacts such as  
skin humidity, eye movements, and activities of 
the muscles of the head, the extremities, or the  
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heart (the R wave from the QRS complex may 
be misdiagnosed as an epileptic spike, espe-
cially in the temporal leads), as well as technical  
disturbances.

The background activity decreases somewhat  
in the elderly, whereas benzodiazepines and 
barbiturates increase the frequency of the back-
ground activity. Drowsiness and sleep have char-
acteristic patterns and must be distinguished  
from slowing of the EEG background seen with 
various encephalopathies. The EEG of the infant  
and child is very different from the adult EEG as 
the background activity of adults is usually fully  
established by the middle of the second decade. 
Gender differences of the EEG pattern have not  
been described.

EEG is analyzed by assessing the background  
activity and normal or pathological potentials 
(see below). Background activity is classified  
as slow (delta and theta activity), normal (alpha  
activity), or fast (beta activity).

• A continuous EEG curve is a curve without  
periods of suppression. The term suppres-
sion is used for background activity with 
amplitude < 10 μV and is seen, for example, 
with deep sedation or anoxic brain injury  
after prolonged cardiac arrest. The higher the 
degree of suppression, the worse the progno-
sis given that the patient is not sedated at the  
time of EEG recording.

• Delta activity has a frequency of < 4 Hz.  
It may occur focally with subcortical lesions 
and in general distribution with diffuse  
lesions, metabolic encephalopathy, hydro-
cephalus, or deep midline lesions. Delta  
activity in the adult EEG during wakefulness  
is always pathological.

• Theta is the frequency range from 4 Hz  
to < 8 Hz. Theta is seen as a normal fea-
ture in young children and during drowsi-
ness in older children and adults. It can  
also occur during meditation in peo-
ple who have been practicing for many  
years. Excess theta for age represents  
abnormal activity, and it may occur as a  
focal disturbance due to subcortical (e.g., 
tumors, infarction) and epicortical lesions  

(e.g., subdural hemorrhages or hygromas). 
Generalized pathological theta activity is 
encountered in diffuse brain injury, metabolic  
encephalopathies, deep midline lesions, and 
hydrocephalus.

• Alpha frequency ranges from 8 to 13 Hz. It 
is best seen in the occipital leads at rest; this 
is the so-called postcentral dominant rythm. 
Occasionally, alpha is somewhat higher in 
amplitude on the dominant side. Alpha activ-
ity is elicited by closing the eyes and by  
relaxation, and it is blocked by eye opening or 
mental exertion. (In addition to the occipital 
alpha rhythm, there is another normal alpha  
rhythm: the mu rhythm. This is alpha range 
activity over the sensorimotor cortex that 
vanishes with movement of the contralateral 
arm.) Alpha activity is rarely abnormal. In the  
comatose patient, for instance, “alpha coma” 
refers to diffuse alpha activity that does not 
have the normal predilection for the occipi-
tal leads and that is not responsive to external  
stimuli. Alpha coma is associated with a poor 
prognosis. Diffuse abnormal alpha activity 
can also be seen in, e.g., pontine gliomas.

• Beta is the frequency range above 13 Hz.  
Beta activity is usually seen bilaterally in 
symmetrical distribution and is most evident 
in the frontal leads. It is the dominant rhythm  
in people who are alert and with eyes open. 
During sleep, intermittent beta frequencies 
can be seen in a distinct spindle format and 
are an expression of normal sleep pattern  
(sleep spindles). Increased beta activity can 
be induced by illicit drugs and various medi-
cations, especially benzodiazepines. Beta  
may be absent or reduced in areas of cortical 
damage.

There are several types of pathological activity:

• Pathological background activity, e.g.,  
generalized theta and delta activity due 
to metabolic encephalopathies or neu-
rodegenerative diseases, and burst-sup-
pression patterns. The burst-suppression  
pattern is a well-described discontinuous 
EEG pattern characterized by periods of full  

5.2 Electroencephalography (EEG)
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suppression followed by brief periods of typi-
cally high-amplitude inhomogeneous bursts. 
Burst suppression can be seen with deep 
sedation (intended for uncontrollable status  
epilepticus) or widespread anoxic brain dam-
age typically after cardiac arrest.

• Locally decreased frequency, e.g., localized 
theta and delta activity due to a focal brain  
process such as a tumor or hemorrhage.

• Epileptiform activity, typically spikes and  
sharp waves. Spikes last for 20–70 ms and 
sharp waves typically for 70–200 ms. Note 
that epileptiform activity can be absent in the 
EEG of patients who have epilepsy and that it  
occasionally can be present in people who do 
not have epilepsy. Paroxysmal activity is only 
classified as epileptiform if it clearly stands 
out from the background activity and is not 
an EEG mimic. EEG mimics include, e.g.,  
vertex waves during stage II sleep, benign 
epileptiform transients of sleep, wicket  
spikes, and 14- and 6-Hz positive bursts.

• Epileptic seizure activity is always path-
ological (in contrast to epileptiform  
activity, as stated above):

– Generalized ictal patterns:

• The evolving discharge of a generalized  
tonic–clonic seizure is typically charac-
terized by the rapid (>10 Hz) repetition 
of generalized spikes and polyspikes. 
The spikes usually increase in amplitude 
and decrease in frequency during the  
first 10 to 20 s of a generalized tonic–
clonic seizure, corresponding to the 
tonic phase of the seizure. Subsequently, 
bursts of generalized high-amplitude  
spike and slow-wave or polyspike dis-
charges occur and are associated with 
clonic jerks. As the clonic jerks fade  
away toward the end of the seizure, a  
gradual tapering of the burst frequency 
is normally noted. The background  
activity is suppressed postictally, fol-
lowed by widespread delta frequency  
slowing.

• The classic EEG during absence  
seizures is associated with generalized 

3 Hz spike and slow-wave dis-
charges that start and finish abruptly.  
Discharges may occur up to several 
hundreds of times a day and last only a 
few seconds. The patient usually stares  
unresponsively during these attacks 
and minor automatisms may occur, but  
electrographic seizure activity also can  
occur with preserved consciousness.

• Polyspikes and polyspike and wave 
discharges (4–5 Hz) are the cardinal  
feature of myoclonic seizures, e.g.,  
occurring in JME, although they are  
occasionally seen in other generalized 
seizure types as well.

• Slow spike and wave discharges 
(2–3 Hz) are often observed in atypical  
absence seizures and may occur as part 
of the Lennox–Gastaut syndrome.

– Focal ictal patterns are manifold. As a 
rule, it is the rhythmicity and evolution of  
an EEG pattern that suggests that a focal 
pattern is ictal in nature:
• A focal epileptic seizure with sec-

ondary tonic–clonic generalization 
is seen on the EEG as a progressive  
seizure pattern, characterized by 
decreasing frequency and increas-
ing amplitude, starting in one lead, 
and subsequently spreading to other  
leads. An isolated seizure usually lasts 
between 50 and 120 s (although frontal  
epileptic seizures, for instance, are typ-
ically much shorter).

• Lateralized periodic discharges (LPDs), 
bilateral periodic discharges that are  
asynchronous (BiPDs), and general-
ized periodic discharges (GPDs) may 
be seen in focal structural brain lesions 
such as stroke, tumor, or infectious  
encephalitis (e.g., temporal LPDs in 
herpes simplex encephalitis), as well 
as in anoxic brain injury. LPDs and 
GPDs were previously known as “peri-
odic lateralized epileptiform discharges 
(PLEDs)” and “generalized lateral-
ized epileptiform discharges,” respec-
tively, but this has been revised by the  
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American Clinical Neurophysiology 
Society Critical Care Monitoring 
Committee in order to eliminate terms 
with clinical connotations (e.g., “epi-
leptiform” suggests a propensity to 
seizures). In patients with decreased  
consciousness, however, periodic dis-
charges with a dynamic character may 
indeed suggest nonconvulsive status 
epilepticus.

• Various EEG patterns may be seen in coma, 
e.g., nonconvulsive status epilepticus,  
generalized burst suppression, focal slow-
ing suggesting a structural cause, alpha coma 
(less commonly beta, theta, or delta coma), 
and spindle coma with features that resem-
ble those of normal sleep. In addition, the 
presence of cortical reactivity (change of the 
background pattern) in response to external  
stimuli, such as eye opening, pain stimulation 
and verbal commands, is assessed. Presence of 
reactivity is typically a good prognostic sign 
in comatose patients. Of note, recent technical 
advances have made continuous EEG (cEEG) 

monitoring feasible for an increasing number 
of surgical and nonsurgical patients in both 
general and neurointensive care departments. 
Quantitative EEG (qEEG) software programs 
allow the many hours of raw EEG data to be 
condensed into a few screenshots which can 
be assessed instantly (Case 5.7). For instance, 
cEEG may assist in managing ICU patients 
with status epilepticus by showing a burst-
suppression pattern following sedation with  
propofol or barbiturates and by verifying that 
epileptic activity has ceased before a wake-up 
call is performed. In addition, cEEG monitor-
ing following SAH can be used to detect an 
increased number of subclinical seizures, and 
it may predict delayed cerebral ischemia many  
hours in advance.

Finally, let us consider the most important 
electrophysiological principles of sleep. Sleep  
is either associated with rapid eye movements 
(REM sleep) or not (non-REM sleep). Non-
REM sleep used to be divided into four stages,  
but following a revision by the American 

Case 5.7  cEEG monitoring for nonconvulsive status 
epilepticus. A 50-year-old male with hepatic encepha-
lopathy and unresponsiveness was monitored using cEEG. 
The qEEG (upper row) shows 8 h of raw EEG, reveal-
ing repeated electrographic seizures, consistent with 

nonconvulsive status epilepticus (NSCE) that respond to  
propofol and increasing dosages of fosphenytoin, but sei-
zures return on accidental propofol tapering. Courtesy of  
Drs. Anette Sidaros and Martin Fabricius, Rigshospitalet,  
Copenhagen

5.2 Electroencephalography (EEG)
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Academy of Sleep Medicine in 2007, only three  
stages remain (N1–N3):

• Stage N1 refers to the transition from 
alpha waves to theta waves. This stage 
is sometimes referred to as somnolence  
or drowsy sleep, in which muscle tone and 
conscious awareness of the external environ-
ment are decreasing. Myoclonic jerks often 
occur in this stage. Hypnagogic hallucina-
tions can be due to narcolepsy but may also  
occur in healthy individuals.

• Stage N2 is characterized by sleep spindles, 
usually ranging from 11 to 14 Hz, and so-called 
K-complexes. Muscular activity decreases,  
and conscious awareness of the external envi-
ronment is lost. This stage corresponds to 
roughly 50% of total sleep in adults.

• Stage N3 (deep or slow-wave sleep) is char-
acterized by the presence of at least 20% 
delta waves ranging from 0.5 to 2 Hz with a  
peak-to-peak amplitude of > 75 μV. Night 
terrors, bed wetting, sleepwalking, and other  
parasomnias typically occur in stage N3.

• REM sleep accounts for 20–25% of total 
sleep time in most adults. Most dreaming 
that can be recalled after awakening occurs 
during REM sleep. Loss of muscle tone pre-
vents people from physically acting out their 
dreams. The EEG is characterized by the  
background rhythm returning to what seems to 
be a drowsy state, with low-voltage theta and 
alpha frequency activity. Characteristically, the 
EEG reveals large amplitude eye movement 
artifacts. During routine EEG, REM sleep is  
rarely encountered, but if it occurs very rap-
idly (≤10 min) after onset of drowsiness, the  
patient may have narcolepsy.

See Sect. 5.4.3 for polysomnography and other  
studies of sleep.

5.3  Electromyography (EMG) 
and Nerve Conduction Studies 
(NCS)

A general discussion of EMG and NCS is pre-
sented here, followed by a short overview  
of electrodiagnostic findings in selected neuro-
muscular disorders.

EMG and NCS are used:

• To localize lesions within the PNS: Is the 
lesion at the level of the spinal nerve root,  
plexus, peripheral nerve, neuromuscular junc-
tion, or muscle?

• For further differential diagnosis: Is it an  
axonal or a demyelinating neuropathy, a 
presynaptic or postsynaptic neuromuscular  
junction dysfunction, or an inflammatory or 
noninflammatory myopathic disorder?

• For assessing the severity of the disease, 
for monitoring therapeutic response, and 
for prognosis: For instance, is there sign of  
reinnervation after peripheral nerve trauma, is 
the lesion purely demyelinating, or are there  
secondary axonal features as well?

EMG and NCS may be regarded as exten-
sions of the neurological bedside exami-
nation and must always be interpreted in 
light of the clinical data. When asking for  
a neurophysiological exam, make sure your 
questions are specific and precise; otherwise, 
you risk ending up with results that are difficult  
to interpret or even misleading.

5.3.1  EMG

EMG can distinguish neuropathic from myopathic 
weakness. In addition, it can differentiate between 
spinal root, plexus, and peripheral nerve disease  
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by demonstrating the pattern of (clinical and sub-
clinical) muscle involvement. EMG activity is  
recorded and evaluated during:

• Needle insertion.
– Normal insertional activity in relaxed 

muscle is immediately followed by  
electrical silence.

– Pathological insertional activity.
• Increased and prolonged insertional 

activity (≥300–400 ms) may indicate 
membrane instability (usually due  
to neurogenic damage) but is often 
nonspecific.

• Decreased insertional activity may be seen, 
e.g., with muscle necrosis or replacement  
of muscle by connective tissue.

• Needle insertion may lead to myo-
tonic or pseudomyotonic discharges. 
Myotonia refers to delayed muscle 
relaxation after contraction or nee-
dle insertion. Due to the waxing and  
waning amplitude of the motor units, 
it can be heard over the loudspeaker as 
the classic “dive bomber” noise. (Much  
of EMG pathology was described in the 
years following World War II.)

• Muscle relaxation.
– Relaxed healthy muscle is electrically 

silent. Fasciculations are benign if weak-
ness is absent. End-plate noise and 
spikes appear if the needle is close to the  
muscle end plate; these are normal and 
must not be confused with fibrillations.

– Pathological spontaneous activity is a sign 
of muscle denervation and includes, e.g.,  
fibrillations, fasciculations, and positive 
sharp waves.
• Fibrillations are involuntary con-

tractions of single muscle fibers and  
invisible to the naked eye.

• Positive sharp waves are due to spon-
taneous discharges from groups of  
denervated muscle fibers.

• Myotonic discharges are also spontane-
ous potentials generated by single muscle  
fibers.

• Complex repetitive discharges represent 
the depolarization of a group of muscle  
fibers rather than a single fiber.

• Fasciculations. These represent involun-
tary firing of a single motor unit and all 
its muscle fibers; they are usually vis-
ible through the skin (without too much  
subcutaneous fat). Fasciculations are path-
ological if associated with weakness and  
atrophy.

• Similar to fasciculations, myokymic 
and neuromyotonic discharges are  
spontaneous potentials generated by 
motor neurons.

• Slight voluntary muscle contraction is used to  
analyze motor unit potentials (MUPs).
– Neurogenic disorders are associated 

with MUPs of long duration and large 
amplitude. This is due to reinnervation  
of denervated muscle fibers leading to 
an increased number of fibers per motor  
unit. Neurogenic MUPs tend to be  
polyphasic.

– Myopathic MUPs are normally of short 
duration and small amplitude due to  
loss of muscle fibers. They are usually 
polyphasic as well.

• Maximal voluntary muscle contraction is 
examined in order to evaluate the so-called  
recruitment pattern.
– Neurogenic disorders show a dropout of 

motor units, which is seen on the EMG 
monitor as a picket fence appearance  
instead of a full interference pattern.

– Myogenic disorders are associated with 
pathologically early recruitment of MUPs 
leading to a full interference pattern of  
low-amplitude potentials with minimal 
activation.

Single fiber EMG is a special examination 
technique used to demonstrate the phenom-
enon of increased “jitter,” the difference in 
transmission of two individual muscle fibers  
belonging to the same motor unit. This can be  
helpful in making a diagnosis of MG and is dis-
cussed below in more detail.

5.3 Electromyography (EMG) and Nerve Conduction Studies (NCS)
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5.3.2  NCS

In NCS, the following electrophysiological  
measurements are essential:

• Motor conduction velocity (MCV). Motor 
NCS are performed by electrical stimula-
tion of a peripheral nerve and recording  
from a muscle supplied by this nerve. MCV 
is assessed by stimulating the motor nerve 
at two or more different sites. Following 
this, MCV can be calculated by dividing 
the distance between the different stimulat-
ing electrodes with the differences in laten-
cies. As a rule of thumb, normal MCV in the  
arms is ≥ 50 m/s and in the legs ≥ 40 m/s. 
MCV in demyelinating polyneuropathies 
is significantly decreased (>25% of nor-
mal), whereas in axonal polyneuropathies, 
MCV tends to be much less affected. This 
is because axonal polyneuropathies usually  
are associated with a large enough number 
of functioning axons to ensure a relatively 
high conduction velocity. In demyelinating 
neuropathies, in contrast, the myelin dam-
age severely decreases the speed at which 
impulses propagate along the myelinated 
axon. Slowing of motor nerve conduction in 
the upper extremities to below 40 m/s and in  
the lower limbs to below 30 m/s cannot be 
explained by loss of fastest conducting fib-
ers alone; thus, this is a neurophysiological  
sign of demyelination. In long-standing neu-
ropathies, both secondary demyelinating and 
axonal changes may occur, which can obscure 
the electrophysiological picture.

• Distal motor latency is the time it takes for 
the electrical impulse to travel from the  
site of stimulation to the recording site (the 
muscle) and is measured in milliseconds.

• Compound muscle action potentials (CMAP 
or simply MAPs) are the muscle contrac-
tion resulting from stimulation of a motor 

nerve. The amplitude varies with the mus-
cles studied but usually is ≥ 6 mV in the hand 
and ≥ 1 mV in the foot. The CMAP is called  
“compound” because both the muscle fibers 
and the motor nerve contribute to it; this is 
also why the amplitude is much larger than 
for sensory nerve action potentials (SNAPs)  
(see below). In axonal neuropathies, reduced 
CMAPs are due to loss of functioning motor 
axons in a given nerve.

• Sensory conduction velocity is compara-
ble to MCV in the arms, but slightly slower  
in the legs (35 m/s). Sensory nerve con-
duction studies may be performed either  
antidromically or orthodromically. The for-
mer is generally preferred for technical 
reasons.

• SNAPs depend on the size of the nerve but 
are small (10–100 μV) compared to CMAP  
amplitudes. SNAPs reflect the simultaneous 
depolarization of all cutaneous sensory axons 
in a given nerve.

• Late responses. The F response and the H 
reflex are the two most commonly assessed  
late responses; they are “late” because they 
lag behind the CMAPs:
– F waves. (“F” stands for foot because F 

waves were first recorded from intrin-
sic foot muscles). When stimulating a 
motor nerve, depolarization travels dis-
tally where it is recorded as part of the  
CMAP—and proximally to the anterior 
horn cells. Retrograde depolarization of 
some of these cells generates a new axon 
potential that travels down the axon to the 
innervated muscle, where it is recorded as 
the F wave. F waves therefore allow evalu-
ation of the proximal part of the motor  
axon. This is useful, for instance, in the 
assessment of proximal motor conduc-
tion failure as seen with GBS. (Normal 
CMAPs and absent F waves are highly 
suggestive of proximal demyelination and  
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may be seen early in the course of the 
disorder.)

– H reflex. (“H” stands for Johann Hoffmann, 
German Neurologist, 1857–1919). The H 
reflex is the neurophysiological equiva-
lent of the Achilles reflex, being a meas-
ure of the integrity of the S1 spinal stretch  
reflex. The tibial nerve is stimulated in 
the popliteal fossa, and the response is 
recorded from the soleus or gastrocne-
mius medius muscles. In the diagnosis 
of S1 radiculopathies, there is a greater 
than 1.5 ms difference from side to side.  
However, the clinical relevance of the  
H reflex is limited.

– A waves are late responses only encoun-
tered in pathological conditions. They are 
rather nonspecific and may occur in any  
neuropathic process but are often seen with 
polyneuropathies and radiculopathies.

5.3.3  Electrodiagnostic Findings 
in Selected Neuromuscular 
Disorders

5.3.3.1  Spinal Radiculopathy
NCS and EMG can help to differentiate symp-
tomatic radiculopathies from incidental spinal 
degeneration commonly found on MRI and 
CT of the spine. In radiculopathy, e.g., due  
to spinal disk herniation, the lesion is 
proximal to the dorsal root ganglion. This 
leaves the sensory nerve between the dor-
sal root ganglion and the innervated struc-
ture intact. Consequently, in pure nerve 
root lesions, SNAPs are normal, even when 
severe dermatomal sensory loss is present.  
In addition, nerve root compression may result 
in electrophysiological findings of motor axonal 
loss or focal demyelination. With lack of severe 
or multisegmental motor nerve root injury, how-
ever, motor nerve conduction studies, including  
F waves, are often normal.

The most sensitive electrophysiological sign 
of radiculopathy is when axonal denervation and 
reinnervation on needle EMG follow a myotomal  

pattern.2 (Of course, the myotomal pattern may 
be complete or incomplete.) EMG is there-
fore well suited for differentiating cervical and  
lumbar root disease from lesions of the plexus or 
peripheral nerves. Most cervical radiculopathies 
occur above the C8–T1 myotomal level, which 
is the level commonly tested with routine NCS; 
thus, a radiculopathy at C8 or above will not 
reveal any abnormalities on routine NCS of the 
upper extremities. Abnormal spontaneous EMG 
activity such as fibrillations and positive sharp 
waves develops with a latency of 3–5 weeks fol-
lowing axonal injury. Reinnervation, which is  
marked by the development of long-duration 
MUP and a decrease in abnormal spontaneous 
activity, begins after approximately 12–16 weeks. 
Evaluation of paraspinal muscles is also impor-
tant in distinguishing radiculopathy from plex-
opathy. This is because the dorsal branch of the  
spinal nerve, which innervates the paraspinal 
muscles, leaves the spinal nerve root proximal 
to the plexus. Thus, a plexus lesion is too distal 
to affect this nerve branch. An abnormal EMG 
sparing the paraspinal muscles, for instance, 
may point toward a lesion in the brachial plexus 
or the peripheral nerves, whereas with cervical 
radiculopathy, the first signs of acute denervation 
are usually detected in the paraspinal muscles  
(approximately 7–10 days following the injury).

5.3.3.2  Plexus Lesions
Conventional electrodiagnostic studies can 
be insufficient for the evaluation of brachial 
plexus lesions. To improve the diagnostic yield, 
assessment should include the contralateral 
extremity, NCS of uncommonly studied nerves 
(e.g., medial and lateral antebrachial cutane-
ous nerves), and extensive needle EMG (in  

2 For instance, a C8 nerve root lesion may lead to EMG  
abnormalities in the latissimus dorsi (thoracodorsal  
nerve), triceps, extensor digitorum communis, extensor  
indicis proprius (radial nerve), abductor pollicis brevis  
(median nerve), flexor carpi ulnaris, and flexor digitorum  
profundus muscles of the fourth and fifth digits (ulnar  
nerve), as well as in the small hand muscles (ulnar and  
median nerve). In contrast, an ulnar nerve lesion will  
leave the latissimus dorsi, triceps, extensor digitorum  
communis, extensor indicis proprius, and abductor polli-
cis brevis muscles intact.

5.3 Electromyography (EMG) and Nerve Conduction Studies (NCS)
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order to document that the muscles involved 
do not follow a myotomal pattern or a periph-
eral nerve lesion). Motor nerve root stimula-
tion and SSEP (see below) can sometimes  
demonstrate involvement of more proximal  
structures as well. EMG shows denervation 
in the appropriate muscles. Abnormal sensory 
potentials and a normal paraspinal muscle EMG 
are characteristic for brachial plexus lesions, 
which is precisely the opposite of what is nor-
mally found in spinal nerve root injury (see 
above). In plexus neuritis, there is predominant 
axonal involvement, as reflected by decreased  
amplitude of SNAPs and CMAPs. Although 
prognosis for plexus neuritis is generally good,  
persistent deficits do occur.

5.3.3.3  Axonal Polyneuropathy
Axonal neuropathies often leave the MCV rather 
well preserved. In contrast, CMAP amplitudes 
at both proximal and distal sites of stimulation 
are significantly reduced in axonal large fiber 
polyneuropathies. CMAP is a function of the 
motor axons of the stimulated nerve as well as  
of the innervated muscle from which the sig-
nal is registered. Thus, CMAP reduction reflects 
axonal loss, and the amount of the amplitude 
reduction from the normal or premorbid value 
is proportional to the amount of axonal loss. 
When all or most of the fastest conducting 
nerve fibers are affected, conduction velocity is 
slightly reduced but never to the extent of what 
is seen in demyelinating neuropathies (e.g., typi-
cally not more than 25% of the normal value). 
SNAPs are usually lower than normal in ampli-
tude. The EMG shows denervation abnormali-
ties early in axonal neuropathies but only late in 
demyelinating neuropathies (secondary axonal 
degeneration). Importantly, with small fiber 
polyneuropathy, neurophysiological findings 
are normal or uncharacteristic. Small fiber poly-
neuropathy is suggested clinically by a history 
of prominent pain and dysesthesias in the distal  
extremities, and normal tendon reflexes and pos-
terior column function. Thermoregulatory sweat 
testing may be abnormal, and a skin biopsy may 
show a decreased small nerve fiber density.

5.3.3.4  Demyelinating Polyneuropathy
Nerve conduction studies in demyelinating 
neuropathies show moderate to severe slowing 
of motor conduction. As stated earlier, motor 
nerve conduction slowing in the upper extremi-
ties below 40 m/s and in the lower limbs below 
30 m/s is an unequivocal sign of demyelination. 
CMAPs remain relatively preserved. Other signs 
of demyelinating neuropathy include abnormal 
temporal dispersion of the CMAP, prolonged 
distal latencies, delayed or absent F waves (sug-
gesting demyelination of proximal nerve seg-
ments), and, importantly, conduction block. The 
latter is associated with a focal lesion of myelin. 
A conduction block is characterized by reduced 
proximal motor amplitude as compared to dis-
tal motor amplitude. In practice, a reduction of 
amplitude of ≥ 10% or an increased duration 
of ≥ 15%, when occurring over short distances, 
is suggestive of conduction block. A block 
occurs in demyelinating neuropathies of various 
causes as well as with focal trauma or entrap-
ment. However, conduction block and temporal 
dispersion are characteristic of acquired demy-
elinating polyneuropathy, and they are typically 
not seen in inherited neuropathies. Compared 
with acquired neuropathies, inherited demyeli-
nating neuropathies such as CMT disease type 1 
are usually characterized by diffuse and uniform  
conduction slowing. In other words, uniform 
slowing suggests that all myelinated fibers are 
affected in their entire length, in contrast to con-
duction blocks that occur due to patchy demyeli-
nation of distinct nerve segments.

Common acquired demyelinating polyneu-
ropathies include GBS, chronic demyelinating 
inflammatory polyradiculoneuropathy (CIDP),  
MMN with conduction block, and polyneuropa-
thy associated with anti-MAG IgM antibodies.

5.3.3.5  GBS
In Acute Inflammatory Demyelinating 
Polyradiculoneuropathy (AIDP), NCS reveal 
predominant demyelinating features such as 
severe slowing of proximal and distal motor 
conduction velocities, multifocal conduc-
tion block, and prolonged distal and F wave 
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latencies. Slowing of motor nerve conduction 
and other signs of demyelination begin 3–7 days  
after symptom onset, and F wave slowing may 
be the earliest sign. In early GBS, EMG simply 
shows a reduction in motor unit firing, depend-
ing on the degree of paresis. After 14–21 days, 
spontaneous denervation activity may indicate 
secondary axonal loss. EMG is also useful for 
prognostic purposes since the degree of denerva-
tion is related to functional outcome and time to  
recovery. NCS revealing primarily axonal fea-
tures in a GBS patients indicate a diagnosis of 
AMSAN.

5.3.3.6  CIDP
The electrophysiological findings for CIDP must  
meet three of the following four criteria:

• Reduced nerve conduction velocity in at least  
two nerves

• Partial conduction block in at least one nerve
• Prolonged distal latencies in at least two  

nerves
• Absent or prolonged F waves in at least two  

nerves.

However, from a clinical point of view, CIDP 
is very likely when a patient has a chronic 
nongenetic polyneuropathy, which is progres-
sive for at least 8 weeks and characterized by  
weakness in all four limbs, including proximal 
weakness in at least one limb, and by lack of a 
serum paraprotein.

5.3.3.7  Multifocal Motor Neuropathy 
(MMN) with Conduction Block

As the name suggests, NCS show motor conduc-
tion blocks at multiple sites that are not the usual 
sites of peripheral nerve entrapment (e.g., the wrist 
or the elbow). Other features of demyelination  
include prolonged F waves, slowed conduction 
velocities, and temporal dispersion of waveforms.

5.3.3.8  Polyneuropathy Associated 
with Anti-MAG IgM Antibodies

In the majority of patients with a polyneuropathy 
due to anti-myelin-associated glycoprotein (anti-
MAG) antibodies, NCS show demyelinating 

features, although most will have signs of 
axonal degeneration as well. A characteristic 
electrophysiological pattern is disproportionate  
prolongation of distal motor latencies, indicat-
ing a length-dependent, distal demyelinating 
process. The so-called terminal latency index is 
useful to distinguish anti-MAG neuropathy from  
other acquired demyelinating neuropathies.

5.3.3.9  MND (ALS)
The revised El Escorial criteria for ALS require 
that the needle EMG examination shows active 
and chronic denervation in at least two out of 
four in the following regions: brainstem, cer-
vical, thoracic, and lumbosacral regions.3 
However, it is not uncommon that a patient has 
clinically obvious ALS and does not (yet) meet 
the El Escorial criteria. Therefore, in 2019, a  
group of international neurologists met in Gold 
Coast, Australia, to simplify the diagnostic pro-
cess for ALS. The Gold Cost criteria are funda-
mentally clinical, and the initial experience has  
been positive (see Chap. 4).

5.3.3.10  MG
Two major electrodiagnostic tests are avail-
able to evaluate the neuromuscular junction. 
Repetitive nerve stimulation involves repeated 
supramaximal stimulation of a peripheral 
nerve usually at a slow frequency of 2 or 3 Hz 
while recording the CMAPs from the appropri-
ate muscle. Trains of 10 CMAPS are recorded. 
The first CMAP is compared to one of the later  
CMAPs to assess for decrease (decrement) or 
increase (increment) in size within each train. 
Myasthenic patients typically demonstrate dec-
rements of more than 10–15%.

The second, more sophisticated test of neu-
romuscular junction function is single fiber 
EMG. A special EMG needle allows recording 
of single muscle fiber discharges. The variabil-
ity in the time required for signal transmission 
across an individual neuromuscular junction 

3 Needle examination of the sternocleidomastoid muscles  
carries a sensitivity similar to examination of the tongue  
in patients with bulbar symptoms and may be better tol-
erated by the patient.

5.3 Electromyography (EMG) and Nerve Conduction Studies (NCS)
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can be measured by assessing the firing inter-
val of single muscle fibers. This is known 
as jitter, which is considerably increased in  
MG and associated with intermittent block-
ing of neuromuscular transmission. Single fiber 
EMG is more sensitive than repetitive nerve 
stimulation in cases of mild generalized, ocu-
lar, or seronegative MG. Since jitter can also be  
increased in other neuromuscular diseases, the 
specificity of this technique is limited, however.

It should be noted that confirmation by 
electrophysiology is not necessary in patients  
with a typical clinical presentation of MG and a 
positive AChR antibody titer. Assessment with 
repetitive nerve stimulation and single fiber  
EMG can be reserved for patients with unusual 
phenotypes or lack of specific antibodies.

5.3.3.11  Lambert–Eaton Myasthenic 
Syndrome (LEMS)

Repetitive nerve stimulation (at much higher 
frequencies than what is used for evaluation of 
suspected MG) leads to an increment of greater 
than 100% in CMAPs. The incremental response 
in LEMS reflects postexercise facilitation.  
(At the bedside, a similar phenomenon can be 
observed during testing of the tendon reflexes;  
the reflexes become more active with each blow 
of the reflex hammer.) Electrophysiological tests  
cannot distinguish between paraneoplastic and 
nonparaneoplastic LEMS.

5.3.3.12  Inflammatory Myositis 
(Polymyositis, IBM)

EMG is more important to excluding neurogenic 
conditions than to confirming the diagnosis of 
inclusion-body myositis. (Muscle biopsy is the 
gold standard.) Inclusion-body myositis may be 
misdiagnosed as ALS because of normal sensa-
tion and asymmetric muscle weakness with atro-
phy. However, the pattern of muscle atrophy and 
weakness is very characteristic and involves the 
finger flexors in the upper and the quadriceps 
muscles in the lower extremities; dysphagia is 
also common and typically precedes dysarthria.  
(In addition, in contrast to ALS, upper motor 
neuron signs are lacking for obvious reasons.) 

The presence of myopathic potentials, especially 
if found in distal muscles such as the finger flex-
ors, is suggestive of IBM. Although MUPs are 
usually myopathic, characterized by brief dura-
tion and small amplitude, neurogenic MUPs of 
long duration and increased amplitude are inter-
spersed with myopathic MUPs in some patients. 
This pattern is also seen in patients with long-
standing polymyositis. The inflammation may 
also cause (pseudo-)denervation of the affected 
muscle cells, thus leading to neuropathic MUPs. 
Increased spontaneous activity, characterized by 
positive sharp waves and fibrillation potentials, 
is present in both patients with IBM and poly-
myositis. Nerve conduction studies are normal. 
Reduction of spontaneous activity during serial  
EMG studies is considered a marker of treatment 
response in polymyositis.

5.3.3.13  Noninflammatory Myopathies
EMG findings in noninflammatory myopathies 
are variable. Fibrillations, positive sharp waves, 
and myotonic discharges are often encoun-
tered, although insertional activity can be nor-
mal and abnormal spontaneous activity absent. 
Myopathic motor units are recorded with vol-
untary contraction, especially with marked 
weakness.

5.4  Other 
Neuroelectrophysiological 
Investigations

5.4.1  Evoked Potentials

Evoked potentials are electrical potentials 
recorded from the CNS following the presentation 
of a stimulus. This is in contrast to spontaneous 
potentials as detected by EEG. In other words,  
evoked potentials record the time for a visual, 
auditory, or sensory stimulus to reach the cer-
ebral cortex or, in case of motor evoked potentials 
(MEP), the time from stimulation of the motor 
pathways to a peripheral motor response.

Four kinds of evoked potentials are used  
routinely in clinical neurology:
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• Visual evoked potentials (VEP) are 
caused by stimulation of a subject’s vis-
ual field using a repetitive pattern stimu-
lus such as a flickering checkerboard on 
a video screen. Of primary interest is the 
latency of a positive wave, the so-called 
P100, recorded at an occipital EEG elec-
trode. VEP are mainly used to confirm  
previous optic neuritis in patients suspected 
of having MS. Ninety percent of patients 
with a history of definite optic neuritis have 
a unilaterally delayed P100. VEP can also be 
used for legal purposes in feigned blindness.

• Brainstem auditory evoked potentials (BAEP) 
can be used to trace the signal generated by 
a sound, from the cochlear nerve (wave I), 
through the cochlear nuclei (wave II), the 
superior olivary complex (wave III), the lat-
eral lemniscus (wave IV), and inferior col-
liculus (wave V), to the medial geniculate  
nucleus (wave VI) and to the primary audi-
tory cortex (wave VII). BAEP are use-
ful to evaluate the integrity of the auditory 
pathways, especially in neonates and other 
patients who cannot cooperate with standard 
audiological testing. BAEP is also used to 
monitor brainstem function during posterior  
fossa surgery, thereby helping the surgeon to 
avoid damage to the nervous tissue.

• Somatosensory evoked potentials (SSEP) are 
recorded from the somatosensory cortex after 
electrical stimulation of peripheral nerves, 
most commonly the posterior tibial, median, 
and ulnar nerves. SSEP are useful in order 
to verify the organic nature of sensory com-
plaints and to assess whether these have a 
central or peripheral origin. Similar to BAEP, 
SSEP can be used in neuromonitoring to help 
assess the function of the spinal cord dur-
ing surgery. Increased latencies or decreased 
amplitudes of the SSEP are indicators of  
neurological dysfunction. The so-called N20 
refers to a negative peak at 20 ms recorded 
from the cortex when the median nerve is 
stimulated. Bilateral absence of the N20 in 
comatose patients following cardiac arrest is  
consistent with a dismal prognosis.

• Transcranial magnetic stimulation involves 
stimulating the motor cortex or the spinal 
cord by applying a strong magnetic pulse and 
recording motor evoked potentials (MEP) 
in the activated muscles. This technique is 
used to examine the integrity of the motor 
pathways. Central motor conduction is the 
difference in MEP latencies with stimula-
tion of the motor cortex and the spinal cord. 
A long central motor conduction implies  
dysfunction of the first motor neuron. 
This piece of information is important, for 
instance, in a patient who initially presents  
with widespread but isolated LMN dysfunc-
tion. It may suggest a diagnosis of ALS, if  
clinical UMN signs are still lacking.

5.4.2  Evaluation of the Autonomic 
Nervous System

Several tests are available that examine the func-
tion of the sympathetic and the parasympathetic 
systems, including Valsalva maneuver testing, heart 
rate recording, RR interval evaluation, tilt-table 
testing, microneurography, and thermoregulatory 
sweat testing. Detection of autonomic dysfunction  
is important in orthostatic hypotension, auto-
nomic neuropathies, multiple system atrophy, 
and other parkinsonian syndromes, to name just 
a few examples. A skin biopsy can be useful in 
patients with symptoms suggestive of small fiber  
polyneuropathy.

5.4.3  Polysomnography and Other 
Studies of Sleep

Polysomnography is performed in a variety 
of sleep disorders, including obstructive sleep 
apnea, REM sleep behavior disorders, and 
periodic movements in sleep. It includes a lim-
ited EEG to measure sleep stages; assessment  
of respiratory parameters including oxygenation, 
chest excursion, and limb movements; a limited 
EMG (to assess muscle tone in REM and non- 
REM sleep stages); and an electrocardiogram.

5.4 Other Neuroelectrophysiological Investigations
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The multiple sleep latency test (MLST) and 
maintenance of wakefulness tests are helpful in 
the evaluation of narcolepsy and other hypersom-
nias. MLST consists of four or five 20-min nap 
opportunities scheduled about 2 h apart. The test 
is often performed following an overnight poly-
somnography. Three or more sleep-onset REM  
periods combined with a mean sleep latency of less 
than 5 min is a finding that has high specificity and 
positive predictive value for narcolepsy. Nowadays, 
a clinical diagnosis of narcolepsy with cataplexy  
can also be confirmed by low CSF levels of hypo-
cretin (also known as orexin).

5.5  Ultrasound of the Cerebral 
Vessels and the Heart

Extracranial and intracranial vessels can be 
examined noninvasively using ultrasound tech-
niques, called Doppler ultrasonography and  
duplex ultrasonography. Doppler ultrasonography 
is based on a phenomenon described in 1843, by 
Christian Doppler, an Austrian mathematician and  
physicist.

The registered ultrasound frequency increases 
if the source (the erythrocytes reflecting the ultra-
sound waves) is moving toward the detector and 
decreases if the source is moving away from the 
detector. The Doppler signal can be converted 
to an audio signal or presented visually as a fre-
quency–time spectrum. The most relevant param-
eter for the detection of arterial stenosis is the 
maximal CBF velocity during systole and dias-
tole. If the flow volume is constant, the speed of 
flow across a stenosis increases as the inverse 
square of the vascular diameter. Thus, the higher 
the grade of the stenosis, the greater is the flow 
velocity. The so-called B image (“B” stands for  
brightness) yields morphological information, 
thereby enabling the ultrasonographer to differ-
entiate echo-dense tissues and to detect calcified  
atherosclerotic plaques. Duplex ultrasonogra-
phy is the combination of B image with Doppler 
sonography, which offers both morphological and 
hemodynamic information. Color duplex ultra-
sonography involves the color-coded representa-
tion of flow velocity and direction superimposed 

on the B image. The color blue is used to repre-
sent blood moving away from the detector; red 
denotes blood moving toward the detector. The 
brighter the color, the greater the speed of flow.

The most common applications of Doppler  
and duplex ultrasound in neurology are:

• To look for moderate and high-grade stenosis 
of the ipsilateral carotid artery in anterior cir-
culation cerebral infarction. Carotid stenosis 
is usually defined as moderate if the vessel 
lumen is decreased by 30–70% and as high  
grade if decreased by ≥ 70%. Every patient 
with an anterior circulation infarction who  
is potentially eligible for CEA should be 
screened for high-grade stenosis of the relevant 
carotid artery as soon as possible by Doppler 
sonography (or CT/MR angiography).4 In  
principle, the sooner CEA is performed, the 
greater the likelihood to prevent a new stroke.

• Repeated intracranial ultrasound exami-
nations can be used to detect and monitor 
vasospasms of intracranial vessels follow-
ing subarachnoidal hemorrhage, even though 
the sensitivity of this approach is low.  
The ACA, MCA, and PCA can be evalu-
ated through the temporal bone window; the 
intracranial segment of the vertebral artery 
and the basilar artery through the foramen 
magnum; and the ophthalmic artery through  
the orbital window.

Ultrasound of the heart can be performed as 
transthoracic echocardiography (TTE) and  
transesophageal echocardiography (TEE). 
Although the latter is minimally invasive,  
it is the preferred method to assess for possible 
emboli in the heart and aortic arch. Cardiac con-
ditions with high risk of cerebral embolization 
include:

4 In contrast to Doppler sonography, CT/MR angiography 
is more time-consuming but allows complete imaging 
of the intracranial and neck vessels, including the aortic 
arch, which is why CT/MR angiography can also detect 
stenoses distally and proximally from the carotid artery 
bifurcation.
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• Atrial fibrillation
• Mitral stenosis
• Left ventricular thrombus
• Infectious endocarditis
• Dilated cardiomyopathy
• Atrial myxoma
• Prosthetic heart valves
• Acute myocardial infarction
• Aneurysms of the atrial septum.

The intravenous administration of ultrasono-
graphic contrast medium is used to detect right–left  
shunts, such as a patent foramen ovale. The latter, 
especially when combined with a pseudoaneurysm 
of the atrial wall, may be a source for paradoxical 
emboli. (The embolus is paradoxical because it  
originates from the venous system and reaches the 
brain directly, bypassing the lungs).

5.6  Lumbar Puncture

Blood (150 mL), brain tissue (1400 mL), and 
CSF (150 mL) constitute the three components 
of the intracranial cavity. CSF is produced with  
a rate of 20 mL/h (=480 mL/24 h), which means 
that the CSF volume is replaced roughly three 
times per day.

Normal CSF is clear, colorless, and ster-
ile. Normal values are as follows: protein 
0.20–0.4 g/L (albumin < 270 mg/L at age  
30; < 360 mg/L at age 65), glucose 50–75% of  
blood glucose, lactate 1.2–2.1 mmol/L, and cell 
count < 5/mm3 (mononuclear lymphocytes).

Physiological CSF pressure is 6–20-cm H2O. 
When measuring CSF pressure during a spinal 
tap, make sure the patient is extending the legs as 
much as needed in order to decrease abdominal 
pressure and avoid compression of the jugular  
veins; otherwise, CSF pressure will be falsely 
increased. If there is free CSF flow through the 
ventricles and the subarachnoidal space and the  
patient is in the recumbent position, lumbar CSF 
pressure roughly reflects ICP.

Bloody CSF due to a traumatic tap clears in 
later tubes. The ratio of leukocytes/erythrocytes is 
the same as in the peripheral blood: 1/1000. (Thus, 
for every 1000 erythrocytes, one more leukocyte  

may be present. In contrast, a significantly  
increased ratio suggests CSF pleocytosis.)

The albumin quote (CSF-albumin (mg/L)/S-
albumin (g/L); normal ≤ 7–10) is a sensitive 
parameter for the integrity of the blood–brain  
barrier and varies with the patient’s age and the 
laboratory.

The neurologist only rarely encounters 
patients with a polymorph CSF pleocytosis, 
since this is usually secondary to acute bac-
terial meningitis and thus the domain of the  
infectious disease specialist. Most neurologi-
cal patients with a CSF inflammation will have 
a lymphocytic CSF pleocytosis. Noninfectious 
causes of a lymphocytic CSF pleocytosis 
include autoimmune inflammatory (e.g., MS, 
autoimmune encephalitis) and malignant con-
ditions (e.g., meningeal carcinomatosis, CNS  
lymphoma). Infectious causes may be viral 
(e.g., enterovirus, herpes simplex I and II, HIV), 
bacterial (tuberculosis, neuroborreliosis, neu-
rosyphilis, leptospirosis, listeriosis), fungal  
(cryptococcosis), and parasitic (toxoplasmosis).

• Bacterial meningitis is associated 
with increased ICP, polymorph pleo-
cytosis (typically ≫ 1000 cells/mm3; 
polymorphs > 80%; but mononuclear pre-
dominance can be seen early in the dis-
ease), decreased glucose (<40% of blood 
glucose), increased protein (0.9–5 g/L),  
and increased lactate (>3 mmol/L). In men-
ingitis due to Listeria and tuberculosis, poly-
morphs make up less than 50% of the white 
cell count. At very early stages, CSF abnor-
malities may be rather mild; if this is the 
case, another lumbar puncture is mandatory.  
As with other infective agents (virus, fungi), 
identification of the responsible pathogen is  
possible with direct microscopy, PCR, anti-
body analysis, or culture.

• Spirochetes diseases (neuroborreliosis, 
neurosyphilis) are characterized by CSF  
lymphocytosis and mild to moderate protein 
increase.

• In viral meningitis, there is normal or 
increased ICP, pleocytosis with mono-
nuclear excess (5–1000 cells/mm3; 

5.6 Lumbar Puncture
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polymorphs < 50%; polymorph predominance 
possible in the first 48 h), normal glucose,  
and slightly increased protein (>0.4–0.9 g/L).  
At very early stages, CSF findings may be 
rather mild; consider a new lumbar puncture.

• Typical findings in fungal meningitis include 
normal or increased ICP, pleocytosis with  
20–500 cells/mm3 (polymorphs < 50%), slight 
decrease of glucose (<75% of blood glucose), 
and increased protein (>0.4–5 g/L).

• Slow virus infections (e.g., JC virus leading 
to PML) and prion diseases (e.g., CJD) are  
typically associated with a normal CSF cell 
count and protein. CSF findings in CJD 
include a high total tau/phosphorylated tau 
protein ratio and increased 14–3-3 protein 
levels (although the latter have a low speci-
ficity and sensitivity). An important innova-
tion is the application of protein amplification  
techniques, which include the real-time quak-
ing-induced conversion (RT-QuIC) assay. In 
CJD patients, RT-QuIC is the single best per-
forming assay, with a sensitivity of 93% and  
100% specificity.

• If meningeal carcinomatosis or lympho-
matosis are suspected, a large amount 
of CSF (2–10 mL) should be sent for  
cytology and flow cytometry; if negative, the 
tap should be repeated.

• GBS is associated with so-called albumi-
nocytological dissociation. Increased pro-
tein (up to several g/L) occurs without 
pleocytosis or together with a minor increase 
of the cell count. High cell counts (≥50  
cells/mm3) should stimulate a search for 
an alternative diagnosis. During the first 
week of GBS, protein levels can be normal. 
If this is the case, another spinal tap should  
be performed during the second week in 
order to confirm the increase of protein  
content, consistent with an inflammatory 
polyradiculopathy.

• The great majority of patients with MS have 
increased IgG index and oligoclonal bands, 
which are signs of intrathecal immunoglobulin  
production. A mild pleocytosis is frequent, but 
more than 50 cells are considered a red flag.

• Neurodegenerative diseases are associated 
with markers of brain tissue damage and 
accumulation of pathological substrates. 
AD is associated with increased tau protein  
(both total tau and phosphorylated tau pro-
tein) and low beta-amyloid.5 Assessment of 
CSF biomarkers for AD is recommended in 
patients with cognitive impairment and diag-
nostic uncertainty (Simonsen et al. 2017; 
Herukka et al. 2017). Increased neurofila-
ment (NFL) light protein is a useful diagnos-
tic clue in ALS and atypical parkinsonism (in 
contrast, PD is associated with normal NFL 
levels).6 However, all of these biomarkers can 
now also be measured in plasma using highly  
sensitive assays; this will fundamentally 
change the detection of neurodegenerative 
diseases in the clinic in the near future.

• Autoimmune encephalitis is associated with 
mild inflammatory CSF changes. An impor-
tant exception is NMDA receptor encepha-
litis which frequently leads to a high CSF 
cell count, e.g., > 200 cells/mm3. As a rule of 
thumb, onconeural antibodies (e.g., anti-Ri,  
anti-Yo, anti-Ma2) occur in paraneoplastic 
conditions and bind to intracellular antigens, 
whereas surface antibodies (e.g., anti-NMDA 
receptor, anti-LGI1) bind to synaptic recep-
tors and are only infrequently associated with 
malignancy (except for ovarial teratoma in 
women with NMDA receptor encephalitis). 
When autoimmune encephalitis is suspected,  
antibodies titers should always be measured in 
both plasma and CSF.

For postlumbar puncture headache, see Chap. 3.

5 Tau proteins are abundant in the CNS and essential for sta-
bilizations of microtubules in neurons. High total tau levels  
can be used as a marker of cortical axonal degeneration.  
Phosphorylation of tau is believed to be specific for AD and  
related tauopathies. Beta-amyloid is the main constituent  
of amyloid plaques in the brains of patients with AD. Since  
amyloid accumulates within the neurons and cerebral vessel,  
its amount in CSF is decreased in AD.
6 Similar to tau protein, NFL light protein is an important 
component of neuronal axons. The CSF level of NFL  
light protein increases in disorders with neuronal damage  
and axonal degeneration and correlates with the amount 
of damage.
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5.7  Neurogenetics

5.7.1  Basic Neurogenetics

The human genome comprises roughly 21,000 
protein-coding genes encoded in the nuclear 
DNA. Of note, mitochondria have their own DNA.  
Hereditary neurological diseases are numerous, 
and the list of associated gene mutations is con-
stantly increasing. There are excellent online 
databases available that provide comprehensive 
and up-to-date information of the human genetic 
disorders, e.g., Online Mendelian Inheritance in 
Man (OMIM). It is important to note that many 
features may obscure the inheritance pattern in a  
given pedigree; these include genetic mechanisms 
such as decreased penetrance, de novo mutations, 
anticipation, and variable expression, as well as 
mechanisms unrelated to genetics (e.g., the lack 
of a reliable family history in a patient who was 
adopted as a child or whose biological father is dif-
ferent from the assumed).

The following section discusses inherit-
ance patterns in (i) nuclear gene disorders, (ii)  
mitochondrial disorders, and (iii) chromosomal 
syndromes.

Nuclear gene disorders are inherited  
according to Mendelian patterns:

• Autosomal dominant disorders affect both 
males and females and are typically inher-
ited in a vertical fashion, i.e., they affect 
successive generations. The hallmark is 
male-to-male inheritance (thereby exclud-
ing X-linked transmission). Patients  
with an autosomal dominant condition are 
heterozygous. Therefore, their children have 
a 50% risk of inheriting the disease.

• In contrast, autosomal recessive disorders 
are typically transmitted in a horizontal fash-
ion, i.e., they affect the children of clinically 
unaffected carrier patients. Consanguineous 
marriages increase the risk for autosomal  
recessive disease in the offspring. Males and 
females are equally likely to be affected. 
The risk for each child of carrier parents  

to receive both mutant alleles and become 
affected is 25%.

• The inheritance pattern for X-linked disorders 
is vertical, affecting multiple generations, 
but there is no male-to-male transmission 
(in contrast to autosomal dominant disease). 
X-linked disorders can have dominant or  
recessive inheritance patterns. If heterozygous 
females are consistently affected (a prime 
example being Rett syndrome), the pattern is 
X-linked dominant. If heterozygous females 
are unaffected or affected to a much slighter 
degree than males, the condition is X-linked 
recessive. Examples for the latter include 
Fabry disease and adrenoleukodystrophy: 
Whereas males tend to be severely affected 
early in life, females show no or only mild 
symptoms during adulthood. The risk for each 
child to inherit the mutation from a heterozy-
gous mother is 50%. The risk for a daughter 
to inherit the mutation from an affected father  
is 100%; in contrast, the risk for a son is zero 
(because he receives the X chromosome from 
his unaffected mother).

Some hereditary neurodegenerative disorders 
are characterized by expansions of unstable 
nucleotide repeat sequences beyond their normal 
size, the so-called DNA repeat disorders. The 
repeating unit within the affected gene consists 
of three or more nucleotides. (Abnormal trinu-
cleotide repeats are most common, e.g., CAG 
in HD, GAA in Friedreich’s ataxia, and CAG in 
DRPLA.) Unstable DNA repeat disorders can be 
inherited in a dominant (e.g., HD, myotonic dys-
trophy type 1 and type 2), recessive (Friedreich’s 
ataxia), or X-linked fashion (Kennedy’s disease, 
fragile X syndrome). In many of these disorders, 
repeat size can increase with subsequent gen-
erations and may be associated with earlier and 
more severe manifestation of the disease, a phe-
nomenon called anticipation. People are termed 
premutation carriers, if they have alleles with  
abnormal repeat numbers that are too low to 
cause the disease but that are unstable and may 
expand into the disease-causing range in the 
following generations. Importantly, however, 

5.7 Neurogenetics
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some premutation carriers may nevertheless 
develop symptoms later in life, e.g., premutations 
related to the fragile X gene may lead to fragile 
X-associated tremor/ataxia syndrome (FXTAS).  
A typical patient with FXTAS would be a male 
above the age of 50 years with a history of cog-
nitive deficits, intention tremor, gait ataxia, and 
a characteristic leukoencephalopathy on MRI 
(including the middle cerebellar peduncles) with 
a premutation repeat size in the order of < 200 
CGG repeats. This is quite different from the full-
mutation disease-causing range of > 200 repeats, 
leading to the classic fragile X syndrome, the 
most common inherited cause of intellectual dis-
ability and autism in boys, characterized by an  
elongated face, autistic behavior, and postpubertal 
macro-orchidism. Our FXTAS patient may thus 
have a grandson with > 200 CGG repeats and a 
diagnosis of fragile X syndrome.

DNA repeat disorders include:

– Myotonic dystrophy type 1 (CTG; dystrophia  
myotonica-protein kinase gene (DMPK))

– Myotonic dystrophy type 2 (CCTG; CCHC-
type zinc finger nucleic acid-binding protein  
gene (CNBP))

– HD (CAG; huntingtin gene (HTT))
– Friedreich’s ataxia (GAA; frataxin gene 

(FXN))
– Kennedy’s disease/X-linked spinobulbar 

muscular atrophy (CAG; androgen receptor  
gene (AR))

– Fragile X syndrome (CGG; fragile X mental  
retardation gene 1 (FMR1))

– Spinocerebellar ataxias (e.g., ataxin 1 gene in  
spinocerebellar ataxia type 1 (SCA1))

– DRLPA (CAG; atrophin-1 protein (ATN1))
– Subtypes of ALS, FTD, or ALS/FTD  

(GGGGCC; C9orf72-gene (C9orf72)).

Another important concept in Mendelian 
disorders (and chromosal abnormalities) 
is genomic imprinting. This process leads  
to silencing of the expression of a gene by alter-
ations in chromatin. As a consequence, only  
the maternal or paternal copy of the gene is 
expressed.

Mitochondrial disorders differ from nuclear 
gene disorders because the mitochondrial DNA 
has unique characteristics. Since all mito-
chondria in the zygote are derived from the 
ovum, mitochondrial disorders are transmit-
ted by the mother. Besides maternal inherit-
ance, several features determine the degree of  
symptoms and the range of organ involvement, 
e.g., homoplasmy (which refers to the presence 
of all wild-type or all mutant mitochondrial 
DNA in a given person), as well as heteroplasmy 
and mitotic segregation (both can alter the 
amount of mutant mitochondrial DNA, thereby 
leading to threshold effects). Chapter 4 discusses 
the common mitochondrial disorders.

Chromosomal syndromes are neurodevelop-
mental disorders due to structural, functional, 
or numerical abnormalities of chromosomes. 
Many of these disorders belong to the domain 
of pediatricians and are rarely encountered 
by the general neurologist (with the notable 
exception of Down syndrome). For instance, 
numerary chromosomal abnormalities include 
Down syndrome (resulting from three copies  
of the chromosome 21 or chromosomal rear-
rangements) and Klinefelter syndrome (47, 
XXY karyotype); microdeletion syndromes 
comprise DiGeorge syndrome (chromosome 
22q11.2) and Williams syndrome (chromo-
some 7q11.23); genomic imprinting disorders 
encompass Prader–Willi syndrome (due to loss 
of the normally expressed paternal copy of the  
imprinted 15.q11.2 chromosome) and Angelman 
syndrome (due to loss of the maternal copy of 
the same chromosome region).

5.7.2  Genetic Testing

Accurate genetic diagnosis improves health out-
come, even if the underlying disorder is not cur-
able. Results may lead to initiation or change  
of disease modifying and/or symptomatic treat-
ment. In addition, a genetic diagnosis has impli-
cations for reproductive counseling and family 
planning, and it may lead to identification of 
systemic involvement and comorbidities which 
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need close surveillance (e.g., the possibility of a 
cardiomyopathy and cardiac conduction defects 
in a patient with myotonic dystrophy). Finally, an 
accurate genetic diagnosis helps with prognosti-
cation and may facilitate participation in clinical 
trials. However, a genetic diagnosis in late onset 
neurological conditions without cure is also asso-
ciated with challenging ethical concerns.

Genetic testing may be done with the aim to 
establish or confirm a diagnosis in a patient with 
neurological symptoms (diagnostic testing) or in 
healthy family members of patients with a known 
familial disorder (presymptomatic testing). In 
both cases, genetic testing should be preceded by 
genetic counseling and informed consent.

Careful guidance and information provided 
to the patient is of utmost importance in order 
to enable the patient to understand the impact 
of genetic testing on their life, including 
on the lives of the entire family. As a rule, 
presymptomatic genetic testing should not be 
performed in individuals below 18 years of age 
or unable to give informed consent.

The following methods for genetic diagnostic 
testing are currently available:

• Single-gene sequencing (Sanger sequenc-
ing). This form of genetic testing is becoming 
increasingly rare in the clinical setting. The cli-
nician orders testing according to a single dif-
ferential diagnosis based on the clinical history 
and examination, e.g., testing for a NOTCH 
3 mutation in a young stroke patient with 
migraine-like headache and a family history of 
early-onset dementia, suggesting CADASIL.

• Multigene sequencing (panel testing, typi-
cally by next generation sequencing (NGS)). 
Genetic panels of variable sizes are avail-
able for testing multiple genes. This is usually  
performed when the clinical phenotype may 
be due to several different mutations, e.g., a 
patient with a CMT phenotype or ataxia may  
be evaluated simultaneously for mutations in 
numerous genes.

• Chromosomal microarray analysis. This is 
an array-based form of comparative genomic 

hybridization (CGH array), enabling detec-
tion of clinically significant structural 
changes such as deletions or duplications  
in the genome (copy number variations). 
It may be particularly helpful in patients 
with unexplained developmental anomalies, 
including intellectual deficits. However, chro-
mosomal microarray analysis cannot detect  
sequence variations.

• Multiplex ligation-dependent probe amplifica-
tion (MLPA) is used to detect smaller deletions 
such as exon deletions/duplications.

• Clinical exome and genome sequencing. 
Clinical neurogenetics is changing dramati-
cally due to the introduction of clinical exome 
and genome sequencing. These are revolution-
ary tools that allow sequencing of all coding 
(whole exome) and also all non-coding (whole 
genome) regions of the human genome. These 
advances have driven genetic discovery in var-
ious neurological disorders and of the molecu-
lar mechanisms behind them. Contrary to the  
aforementioned methods, these molecular 
diagnostic methods are based on massive par-
allel analyzing strategies enabling rapid-scale 
sequencing of DNA at very much reduced 
costs. Indeed, the entire exome (i.e., the 
roughly 2% of the human genome represent-
ing the protein-coding regions) and the entire 
genome can now be sequenced, thereby sig-
nificantly improving the diagnosis rate for sus-
pected neurogenetic disorders. Clinical exome 
and genome sequencing are particularly inter-
esting in clinically heterogeneous phenotypes  
in both adults and children. However, prior to 
testing, expert evaluation with detailed clinical 
and family histories, as well as comprehensive 
neurological examination, including reason-
able exclusion of common nongenetic differ-
ential diagnoses, is crucial to avoid diagnostic 
confusion because benign variants and poly-
morphisms, as well as incidental or secondary  
findings, are common. Exome and genome 
sequencing may have serious ethical implica-
tions, e.g., when incidentally finding a predis-
position to cancer.

5.7 Neurogenetics
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5.8  Other Tests

5.8.1  Blood and Urine Chemistry

The usual blood tests ordered for general medi-
cal conditions also provide important informa-
tion in neurology. In addition, there are various 
other blood tests that are essential in specific  
neurological diseases, too many to include them 
all here. A few examples include serum copper 
and ceruloplasmin (as well as urinary copper  
levels) in Wilson’s disease and copper deficiency 
myeloneuropathy, long-chain fatty acids in adre-
noleukodystrophy, arylsulfatase A in metachro-
matic leukodystrophy, phytanic acid in Refsum  
disease, urinary and blood porphyrins in the por-
phyrias, and enzyme activity rates in hereditary 
metabolic diseases.

Autoantibodies relevant to clinical neurology 
are being detected at a breathtaking rate; some  
of the well known include:

• Anti-AChR and anti-MuSk in MG
• Anti-VGCC in LEMS
• Anti-GQ1b in Miller–Fisher syndrome
• Anti-endomysial and anti-gliadin encountered 

in neurological manifestations of celiac disease
• Anti-Ri, anti-Yo, anti-Hi, anti-Ma2, anti-

amphiphysin, and various other onconeural  
antibodies occurring in paraneoplastic condi-
tions (see Chap. 4)

• Anti-GAD65, anti-amphiphysin, anti-
dipeptidyl-peptidase-like protein-6 (DPPX),  
anti-GABAa, anti-glycine receptor, and anti-
glycine transporter 2 in stiff person syndrome

• Anti-aquaporin 4 in NMO spectrum disorders
• Anti-MOG in MOGAD, including ADEM, 

relapsing and bilateral optic neuritis, and  
transverse myelitis

• Anti-NMDA receptor, anti-LGI1, anti-
CASPR2, anti-AMPA receptor, anti-GABAb 
receptor, and many other antibodies in autoim-
mune encephalitis (as discussed in Chap. 4)

• Thyroid antibodies (anti-thyroglobulin, anti-
TPO) in steroid-responsive encephalopathy  
associated with autoimmune thyroiditis 
(Hashimoto encephalopathy).

Moreover, importantly, blood-based biomark-
ers of neurodegenerative diseases are increas-
ingly available for research and in the clinic. 
Currently, robust assays of blood markers  
are available for the detection of amyloid and  
tau pathologies specific to Alzheimer’s disease, 
as well as non-specific blood markers of neu-
ronal (neurofilament light protein) and glial 
degeneration (glial fibrillary acidic protein), 
which measure key pathophysiological pro-
cesses in several neurodegenerative diseases, 
neuroinflammatory disorders, and various trau-
matic injuries. In the near future, these mark-
ers will be used for screening, diagnosis, and 
disease monitoring. In particular, plasma-based  
neurofilament light protein, a nonspecific but 
highly sensitive axonal injury marker, may soon 
become to the neurologist what c-reactive pro-
tein is to the general practitioner.

5.8.2  Tissue Biopsies

Whenever reasonable and safe, a biopsy can 
be obtained from the CNS and PNS and from 
nonnervous tissues (e.g., mediastinal lymph 
node biopsy in sarcoidosis, subcutaneous fat 
biopsy in amyloidosis) (Case 5.8). This adds 
the certainty of histopathology to the clinical  
study, and often a brain biopsy is the only way 
to establish the diagnosis (e.g., CNS lymphoma, 
high-grade astrocytoma) and guide therapy (e.g., 
radiation, chemotherapy). The threshold to per-
form a CNS biopsy varies considerably from  
hospital to hospital and from physician to physi-
cian, but in experienced hands, the complication  
rate is low (≈1% severe bleeding rate in stereo-
tactic brain biopsy).

Brain biopsy may also be useful in rare and 
atypical cases of (rapidly) progressive dementia  
when a treatable condition cannot be excluded by 
other means. In a series of 90 biopsies performed 
in a tertiary referral center in London, UK, 57% 
were diagnostic (AD (18%), CJD (12%), and 
inflammatory disorders (9%)). Other diagnoses  
in individual patients included Pick’s disease, 
CBD and other tauopathies, DLB, MS, Whipple’s 
disease, PML, CADASIL, vasculopathies, and 
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paraneoplastic encephalopathy. A raised CSF cell  
count was the only robust predictor of a poten-
tially treatable (inflammatory) process at biopsy  
(Warren et al. 2005).

5.8.3  Formal Neuropsychological 
Examination

Patients in whom the bedside examination of 
cognitive functions is not sufficient may be 
referred to a formal neuropsychological exami-
nation. The role of the neuropsychologist is  
to examine and quantify the degree of cogni-
tive impairment in each of several cognitive 
domains and to interpret the cognitive profile of 
the patient in relation to the (estimated) previ-
ous level of intellectual function. A formal neu-
ropsychological examination may be useful for 
planning rehabilitation as well as for diagnostic 
decisions. Whenever ordering a neuropsychologi-
cal test, make sure to ask a specific question. The  
importance of the cultural and educational back-
ground of the patient for interpretation of the test 
results cannot be overemphasized. Thus, the neu-
ropsychological assessment usually starts with an 
estimation of the premorbid intelligence based 
on information on educational attainment and a 
test, such as the National Adult Reading Test. The 
neuropsychologist will then examine the current 
intelligence and a range of domain-specific tests 
in order to map the pattern of cognitive deficits. 
For each test, the neuropsychologist will com-
pare with well-validated age-related national 
norms. For patients with severe cognitive impair-
ment and those with current and ongoing drug or  
alcohol abuse, there is no (or little) added value 
of a formal neuropsychological examination. As 
is true for the clinical neurological examination 

performed by a neurologist, the experience  
and competence of the neuropsychologist and 
the cooperation of the patient influence the test 
results.
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Treatment of Neurological 
Disorders

Abstract

Advances in our understanding of neuro-
logical disease due to modern neuroimaging, 
molecular neuroscience, and genetic testing, 
as well as more rigorous standards for the 
conduction of clinical trials, have translated 
into striking therapeutic options. Apart from 
an ever-increasing drug arsenal, these include 
a variety of surgical therapies (e.g., deep 
brain stimulation for Parkinson’s disease, epi-
lepsy surgery, and hemicraniectomy for mid-
dle cerebral artery stroke). Moreover, there 
is intravenous thrombolysis and mechani-
cal thrombectomy for ischemic stroke and a 
rapidly expanding variety of immunomodu-
latory biological agents. In addition, genetic 
therapies based on antisense oligonucleo-
tides and RNA interference are already hav-
ing an impact on inherited diseases such as 
spinal muscular atrophy. Although many 
neurological diseases remain incurable, 
nowadays practically no disorder is untreat-
able. This chapter provides an overview of 
available medical and selected nonmedical 
treatment options in neurological diseases. 
Due to space limitations, the information is 
restricted to indications and, where feasible, 
suggestions for drug dosages. The treatment 

of cerebrovascular disorders and epilepsy, 
however, is covered in greater detail since 
it usually constitutes the largest and most 
urgent part of the workload for neurology 
residents on call. Many neurological disor-
ders may have implications for driving and 
medicolegal issues. Specific rehabilitation 
programs may improve motor or cognitive 
functions significantly and are important for 
improving quality of life and for preventing 
functional decline. Counseling and regular 
follow-up should be an integral part of neu-
rological management. Although not covered 
by this book, the neurologist should therefore 
be aware of local regulations and programs 
for medicolegal issues, neurorehabilitation, 
counseling, as well as primary prevention of 
neurological disorders and palliative end-of-
life care.
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– Mannitol (20%); IV bolus 1 g/kg as 
needed or 0.5 g/kg every 4–6 h

• Ventriculostomy
• ICP monitoring devices (ventricular catheter, 

intraparenchymal probe, epidural transducer)
• Pharmacological coma (pentobarbital, thio-

pental, phenobarbital, propofol)
• Corticosteroids with tumors (e.g., dexametha-

sone 4–10 mg IV every 6 h, oral prednisolone 
1 mg/kg once daily)

• Surgical decompression (hemicraniectomy 
with malignant MCA infarction, poste-
rior fossa decompression with cerebellar 
infarction)

• Hypothermia after cardiac arrest

Idiopathic intracranial hypertension

• Acetazolamide 500–1000 mg × 2–4 p.o.
• Furosemide 40–160 mg/day
• Methylprednisolone (second choice due to 

negative impact on body weight)
• Dietary advice
• Serial lumbar punctures
• Ventriculoperitoneal shunt (or rarely, optic 

nerve sheath fenestration), in case of immi-
nent visual impairment

Idiopathic and symptomatic intracranial hypo-
tension (idiopathic or after lumbar puncture)

• Bed rest, fluids, and paracetamol.
• Blood patch.
• Caffeine 500 mg IV may be repeated once.
• Surgery if CSF leakage detected and 

operable.

Metabolic encephalopathies

• Hepatic encephalopathy
– Low-protein diet
– Bowel enemas
– Lactulose 30–50 mL three times daily
– Neomycin (up to) 1 g every 6 h (or 

metronidazole)
– Treat dehydration and electrolyte 

abnormalities
– Stop sedative and other CNS medications

In this chapter on treatment of neurological dis-
eases, every effort has been made to ensure the 
accuracy of the information, but medicine is an 
ever-changing science, and therefore neither the 
authors nor the publisher can take any respon-
sibility for possible mistakes and their conse-
quences that may arise from the information in 
this chapter. For data on pharmacokinetics, phar-
macodynamics, contraindications, precautions, 
and side effects, you are strongly urged to con-
sult the usual references. Importantly, keep in 
mind that the treatment suggestions are, indeed, 
suggestions only. Despite the rise of evidence-
based medicine, therapeutic decisions includ-
ing the choice of drugs and dosages vary widely 
from country to country, from hospital to hospi-
tal, and from physician to physician. Checking 
with the national standard drug references, local 
protocols, and colleagues is always strongly 
recommended.

6.1  Coma and Acute 
Encephalopathies

High ICP, general measures.

• Elevation of the head to 30°, avoid lateral 
neck bending

• Maintenance of:
– Normovolemia or mild hypervolemia
– Adequate cerebral perfusion pressure 

(CPP) (e.g., >60 mmHg)1

– Adequate oxygenation
– Normothermia (e.g., acetaminophen 

1000 mg every 6 h, surface cooling)
– Normoglycemia
– Adequate nutrition and pain management

High ICP, specific measures.

• Controlled hyperventilation
• Intravenous osmotherapy

– Hypertonic saline (3–10%) IV 1–2 mL/kg 
at 20 mL/min

1 CPP equals MAP minus ICP.
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– Transjugular intrahepatic portosystemic 
shunt

• Uremic encephalopathy
– Dialysis
– Kidney transplantation

• Electrolyte disturbances
– Acute hyponatremia: water restriction and 

saline IV (correction rate not to exceed 
10 mM/24 h and 20 mM/48 h, monitor 
electrolytes every 2 h).

– Central pontine myelinolysis: 1000 mL 
glucose 5% can decrease sodium plasma 
levels by 5 mmol/L and, only if given 
acutely, may sometimes reverse symp-
toms, when iatrogenic correction of 
hyponatremia has been too fast.

• Wernicke’s encephalopathy
– Thiamine 400 mg IV × 3 daily for 3 days 

and vitamin B combinations IM for 
3 days, followed by p.o. substitution

• Hypoglycemic coma
– 50% dextrose 50 mL IV (in malnourished 

patients 100 mg thiamine IV prior to 
glucose)

– Glucagon 1 mg SC

Inflammatory encephalopathies (e.g., autoim-
mune encephalitis, ADEM)

• Methylprednisolone 1 g/day for 3–5 days IV, 
then oral prednisolone taper

• IVIG 0.4 g/day for 5 days
• Plasma exchange (e.g., five to seven times in 

total, administered every other day)
• Treat underlying tumor, if present

Intoxication

• Carbon monoxide: hyperbaric oxygen
• Cyanide: hyperbaric oxygen, hydroxocobalamin
• Organophosphate: atropine, pralidoxime
• Heavy metals: dimercaprol, penicillamine
• Opioids: naloxone 0.2–0.8 mg IV as needed 

(beware of short half-life and opioid rebound)
• Benzodiazepines: flumazenil 0.2 mg IV 

as needed (beware of decreased seizure 
threshold)

Drug-induced encephalopathies

• Neuroleptic malignant syndrome
– Withdraw neuroleptics, admit to ICU
– Bromocriptine 2.5 mg p.o. test dose, 

increase to × 2–4 for 48 h
– Dantrolene 25 mg p.o. or IV several times 

daily
– Apomorphine SC with pretreatment with 

rectal domperidone may be an alternative
– Electroconvulsive therapy

• Neuroleptic malignant-like syndrome (acute 
withdrawal of dopaminergic or GABAergic 
medication)
– Reinstitution of dopaminergic (e.g., 

l-dopa) or GABAergic (e.g., baclofen) 
medication

– Treatment in analogy to neuroleptic malig-
nant syndrome

• Serotonergic syndrome
– Withdraw offending drugs, admit to ICU
– Cyproheptadine (serotonin antagonist) 

8 mg p.o., repeat after 2 h, if effective up 
to 8 mg every 6 h daily

– Benzodiazepines

Minimal conscious state following traumatic 
or anoxic-ischemic brain injury (arousal and 
alertness may improve following amantadine 
treatment)

• Amantadine 50 mg twice daily, increase to 
100 mg twice daily after 3–7 days.

• If necessary, the dose can be increased to 
200 mg twice daily.

“Coma Cocktail”
The concept of the “coma cocktail” is obsolete 
because, for example, the widespread use of glu-
cometers makes indiscriminate use of iv glucose 
obsolete, but the term is still useful for remem-
bering some important medications that may 
reverse certain conditions associated with coma.

• Thiamine 400 mg IV and vitamin B com-
binations IM (for possible Wernicke’s 
encephalopathy).

6.1 Coma and Acute Encephalopathies
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• Dextrose 50% solution, 50 mL intravenously 
(IV) (for possible hypoglycemia, but do not 
administer glucose to a patient with suspicion 
of alcohol abuse without prior parenteral thi-
amine administration).

• Naloxone 0.4–2 mg IV may be repeated or 
given as continuous infusion, e.g., 0.8 mg/
kg/h (for possible opiate intoxication, beware 
of withdrawal delirium and opiate rebound).

• Flumazenil 0.3 mg IV may be repeated 
(max 2–5 mg for possible benzodiazepine 
intoxication).

6.2  Headache

Migraine treatment can be divided into abortive 
and preventive therapy.

Abortive migraine treatment (mild pain during 
attack)

• Paracetamol
• Nonsteroidal anti-inflammatory drugs 

(NSAID) (e.g., naproxen sodium 750 mg, not 
exceeding 1250 mg/24 h)

Abortive migraine treatment (moderate pain dur-
ing attack)

• Triptans during early and mild pain follow-
ing the aura (contraindicated in complicated 
migraine, heart disease, stroke, uncontrolled 
hypertension, and/or severe liver disease). 
There are various triptans, including almo-
triptan, eletriptan, frovatriptan, naratriptan, 
rizatriptan, sumatriptan, and zolmitriptan; 
they can be administered as:
– Nasal spray, e.g., zolmitriptan 2.5 mg or 

5 mg; for second dose, wait 2 h, max. 
10 mg/24 h

– Soluble tablets, e.g., zolmitriptan 2.5 mg 
or 5 mg; for second dose, wait 2 h, max. 
10 mg/24 h

– Tablets, e.g., zolmitriptan (see zolmi-
triptan tablets); sumatriptan 50 or 100 mg, 
max. 200–300 mg/24 h; and almotriptan 

12.5 mg, max. 25 mg/24 h. Injection, 
sumatriptan 6 mg SC; for second dose 
wait 1 h, max. 12 mg/24 h

• Dihydroergotamine 1 mg/mL SC is nowa-
days rarely used as an alternative and is con-
traindicated in patients with ischemic cardiac 
disease (metoclopramide 10 mg IM should 
be given prior to dihydroergotamine to avoid 
nausea and vomiting).

Nausea

• Orally: prochlorperazine 5–10 mg ×3–4 
daily; metoclopramide 10–20 mg ×3 daily

• Suppository: metoclopramide 20 mg ×3 daily
• Intravenously and intramuscularly: metoclo-

pramide 10 mg ×1–3 daily

Status migrainosus
The principles of treatment for status migraino-
sus include fluid and electrolyte replacement; drug 
detoxification; intravenous pharmacotherapy to 
control pain, e.g., dihydroergotamine (in-hospital 
treatment); treatment of nausea and vomiting; and 
concurrent implementation of migraine prophylaxis.

• Neuroleptics IV or IM, e.g., chlorpromazine 
5–50 mg, haloperidol 5–10 mg, and prochlor-
perazine 5–10 mg

• Dihydroergotamine (0.5–1.0 mg IV, can be 
repeated after 8 hours)

Abortive migraine treatment in pregnancy

• Pregnancy: paracetamol and caffeine 
(<300 mg, after first trimester)

Preventive migraine treatment
Besides the well-established preventive options, 
since 2018 monoclonal antibodies have become 
available that target calcitonin gene-related 
peptide (CGRP) (Table 6.1). The rationale for 
their use is based on the role of CGRP in the 
pathogenesis of migraine. Three of the four 
monoclonal antibodies (eptinezumab, freman-
ezumab, and galcanezumab) target CGRP itself, 
whereas the fourth, erenumab, targets the CGRP 
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receptor. Erenumab and galcanezumab were 
approved in 2018, and eptinezumab and fre-
manezumab in 2020. According to the European 
Headache Federation, “in individuals with 
migraine who require preventive treatment, 
we suggest monoclonal antibodies targeting 
the CGRP pathway to be included as a frst line 
treatment option” (Sacco et al. 2022).

• Beta-blockers, metoprolol 100 mg once or 
twice daily or 200 mg once daily, and pro-
pranolol 20–80 mg once or twice daily

• Angiotensin II receptor blockers: candesartan 
8–16 (24) mg once daily

• Angiotensin-converting enzyme inhibitors: 
lisinopril 10–20 mg once daily

• See Table 6.1 for monoclonal antibodies tar-
geting CGRP.

• Antiepileptics: topiramate 25 mg once daily 
(up to 50 mg twice daily), valproate 300–
600 mg ×2–3 daily

• Calcium channel blockers: verapamil 120–
180 mg twice daily, flunarizine 5–10 mg once 
daily

• TCA: amitriptyline 10–75 mg once daily
• Onabotulinum toxin A (for chronic migraine, 

defined as headaches occurring on 15 or more 
days each month, at least half of which have 
migrainous features)

Medication-overuse headache

• Headache diary, drug withdrawal, and patient 
education; headaches may get worse for 
1–4 weeks during drug withdrawal.

• Transitional strategies for relief of with-
drawal symptoms: promethazine 25 mg or 
levomepromazine 12.5–25 mg up to three 

times daily, in combination with antiemetics 
(e.g., domperidone 10 mg, metoclopramide 
10 mg, or ondansetron suppositories 16 mg); 
alternatives include prednisolone 100 mg/day 
for 5 days and naproxen 750 mg once daily.

• Non-pharmacological measures (i.e., regu-
lation of lifestyle, including regular meals, 
sleep and exercise, cessation of smoking 
and excessive alcohol consumption, lim-
ited caffeine consumption, and relaxation 
techniques).

• Comorbid depression and anxiety must be 
treated.

• Start preventive treatment, if needed.
• Close follow-up for 8–12 weeks.
• Most patients with medication-overuse head-

ache can be managed on an outpatient basis, 
but those with significant psychological con-
ditions, abuse of opioids or barbiturates, or 
earlier treatment failures may benefit from 
hospital admission and a multidisciplinary 
approach, including physiotherapy and psy-
chological treatment.

Tension headache, acute treatment (medication 
should not be taken more than 2–3 times/week 
in order to avoid medication-overuse headache)

• Physical exercise
• Aspirin 500–1000 mg
• Paracetamol 1000 mg
• Ibuprofen 200–400 mg

Tension headache, chronic treatment

• Physical exercise
• Amitriptyline 25–75 mg/day (or imipramine 

25–75 mg, less sedating) plus paracetamol

Table 6.1  Suggested dosages for monoclonal antibodies for migraine prevention

Eptinezumab Single intravenous dose of 100 mg or 300 mg given once in 3 months
Erenumab 70 and 140 mg subcutaneously once a month by an autoinjector with no need for a loading 

dose
Fremanezumab Starting dose of 675 mg subcutaneously followed by 225 mg every 4 weeks
Galcanezumab 120 mg subcutaneously every 4 weeks following a loading dose of 240 mg subcutaneously

6.2 Headache
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Cluster headache, acute treatment

• Inhalation of pure oxygen (e.g., 7–10 L/min 
for 10–15 min)

• Sumatriptan 6 mg SC, 20 mg intranasal, zol-
mitriptan 5 mg intranasal

Cluster headache, transitional treatment

• Prednisolone 60 mg/day p.o. for 3–5 days, 
taper by 10 mg every 3 days

• Ergotamine 1–2 mg, p.o. or as a suppository 
once or twice daily

• Methylprednisolone (120 mg) with lidocaine 
injected into the greater occipital nerve ipsi-
lateral to the site of attack

• Avoidance of triggering factors, e.g., alcohol, 
daytime naps, and nitroglycerin

Cluster headache, maintenance treatment

• Verapamil (sustained release), start dose 
120 mg twice daily, may be increased by 
120 mg/week to 480 mg/day (or more).

• Lithium 600–900 mg (requires monitoring of 
serum levels, usually 0.4–0.8 mEq/L).

• Verapamil and lithium (300–600 mg daily) 
may be combined.

• Methysergide, corticosteroids, topiramate, 
and melatonin can be tried alternatively.

• Surgery (trigeminal nerve, autonomic path-
ways, hypothalamic DBS).

Paroxysmal hemicrania and hemicrania 
continua

• Indotest (indomethacin 25 mg ×3 daily for 
3 days; if necessary, 50 mg ×3 daily for 
another 3 days).

• Maintenance up to 300 mg/day (often indefi-
nite, but long-term remission possible) and 
25–50 mg ×4 daily is usually effective.

• If indomethacin is not tolerated, preventive 
therapy as for cluster headache can be tried.

SUNCT

• Does not respond to indomethacin
• First choice: lamotrigine 100–200 mg/day
• Second choice: carbamazepine, topiramate, 

and gabapentin

Stabbing headache

• Does not usually require treatment but 
responds to indomethacin

Hypnic headache
Acute treatment: aspirin
Preventive treatment

• Lithium 300–600 mg/day at bedtime
• Indomethacin (25–75 mg at bedtime), flunar-

izine, caffeine (200 mg at bedtime)
• Verapamil (as for cluster headache)

Primary thunderclap headaches

• Cough headache: indomethacin 25–
50 mg ×2–3 daily.

• Headache associated with physical exertion/
sexual activity (if acute, make sure to rule 
out subarachnoidal warning leak; if chronic, 
make sure to rule out arterial hypertension).

• NSAIDs, e.g., indomethacin 25–75 mg 
0.5–1 h prior to activity.

• Beta-blockers, e.g., propranolol 20–40 mg 0.5–1 
h prior to activity or daily for a 3-month period.

• With orgasmic headache, a change of sex 
position is often helpful.

Giant cell arteritis
High-dose intravenous methylprednisolone in 
case of blindness, otherwise 60 mg/day p.o.; 
reduce to 20 mg over about 2 months, and there-
after reduce cautiously to 10 mg; mean treat-
ment time 1.5–2 years; polymyalgia rheumatica 
without temporal arteritis can be treated with 
5–10 mg/day.
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Trigeminal neuralgia, related conditions, and 
atypical facial pain

See Sect. 6.11.

6.3  Cognitive Impairment 
and Dementia

For evidence-based reviews, see Frederiksen 
and Waldemar (2021); Mühlbauer et al. (2021); 
Schmidt et al. (2015).

AD, DLB, and PD with dementia, sympto-
matic treatment with a modest effect on cogni-
tive functions, activities of daily living, and 
behavioral symptoms.2

• Cholinesterase inhibitors (for mild to mod-
erate AD, mixed AD, DLB, and PD with 
dementia)
– Donepezil, tablets; starting dose 5 mg 

once daily, increase to 10 mg once daily 
after 4–6 weeks

– Rivastigmine
Capsules: 1.5 mg twice daily, may be 

increased to 6 mg twice daily (by 3 
mg/2–4 weeks)

Patch: 4.6 mg/24 h, after 4 weeks increase 
to 9.5/24 h

– Galantamine, capsules, 8 mg once daily, 
may be increased to 24 mg once daily 
(stepwise by 8 mg/4–6 weeks)

• Glutamate (NMDA) antagonist (for moderate 
to severe AD): memantine, tablets, 5 mg once 
daily, increase to 20 mg once daily (stepwise 
by 5 mg/week)

• A combination of a cholinesterase inhibi-
tor plus memantine may be given in patients 
with moderate to severe AD.

AD and other dementias, for severe behav-
ioral disturbances and/or psychotic symp-
toms, where physical causes (e.g., infections) 
have been excluded or treated and where 

non-pharmacological interventions were not 
sufficient:

• If indicated and not already initiated: cho-
linesterase inhibitor and/or glutamate 
(NMDA) antagonist (as shown above).

• Atypical antipsychotics:
– Risperidone 0.25 mg–0.5 mg p.o. once 

daily (before bedtime) may be increased 
to 1 mg p.o. once daily.

– Olanzapine 2.5 mg p.o. once daily may be 
increased stepwise by 2.5 mg to 5 (−10) 
mg p.o. once daily.

– Quetiapine 25 mg once daily may be 
increased stepwise by 25 mg, up to 
50 mg × 2.

• For patients with parkinsonian dementias: 
clozapine, start with 6.75 mg p.o. once daily, 
titrate by 6.75 mg every other day to 25 mg 
p.o. once daily.

There is limited evidence for the efficacy of 
antipsychotics in patients with dementia, who 
are vulnerable to side effects. When prescrib-
ing antipsychotic treatments, always plan for a 
time-limited, short treatment period with regular 
review of treatment effect and side effects.

AD and other dementias, for depression, 
anxiety, stereotypical behavior, and sleep 
disturbance

• For depression in dementia, there is uncertain 
evidence for the efficacy of antidepressive 
treatment. A treatment trial of a SSRI, e.g., ser-
traline 50(−100) mg p.o. once daily (start with 
25 mg), citalopram 10–20 mg p.o. once daily 
(start with 10 mg), or escitalopram 5–10 mg 
once daily (start with 5 mg) may be tried in 
patients with moderate to severe depression.

• Alternatively, try venlafaxine 37.5 mg p.o. 
once daily (may be increased to 75 mg once 
daily) or mirtazapine 15 mg p.o. once daily 
(may be increased to 30 mg p.o. once daily).

• Anxiety: appropriate care, calm envi-
ronments, and non-pharmacological 
interventions should be initiated as a first pri-
ority. Treatment with benzodiazepines should 

2 Minor variations across countries exist regarding 
approved indications (concerning the severity and range 
of specific dementia syndromes).

6.3 Cognitive Impairment and Dementia
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generally be avoided but may be necessary in 
cases of severe anxiety for a very short period 
of time; oxazepam 7.5 mg p.o. once daily, 
may be increased to 15 mg p.o. ×2–3 daily.

• Stereotypical behavior in FTD: uncertain evi-
dence, a SSRI may be tried (see above).

• Sleep disturbance and REM sleep behavior 
disorder: See Sect. 6.5 and treat for a short 
time period if necessary.

• When possible, avoid psychopharmacological 
polypharmacia in patients with dementia.

Normal pressure hydrocephalus

• Ventriculoperitoneal shunt, as guided by lum-
bar perfusion test and/or tap test results

Vascular dementia

• Aggressive control of vascular risk factors 
(see Sect. 6.6).

• Cholinesterase inhibitors may be tried in the 
event of combined AD and vascular lesions.

Dementia associated with PD/DLB

• l-dopa and dopaminergic agonists can be 
tried to improve motor symptoms but may 
increase hallucinations and confusion.

• Cholinesterase inhibitors may be tried (for 
dosing see above).

Wernicke’s encephalopathy, and Korsakoff’s 
syndrome.

See Sect. 6.1.
Inflammatory encephalopathies (e.g., parane-

oplastic and non-paraneoplastic limbic encepha-
litis, Hashimoto encephalitis).

See Sect. 6.1.

6.4  Epilepsy

6.4.1  General Aspects

All anti-seizure medications (ASM; previously 
called antiepileptic drugs, AED) can prevent 

seizures but have no disease-modifying or 
antiepileptogenic effects. The choice of therapy 
should be based on efficacy, tolerability, and 
effectiveness, as well as other pharmacologic 
considerations, the clinical expertise of the treat-
ing physicians, and patient preferences. After the 
failure of a first ASM, options include alterna-
tive monotherapy (e.g., with failure because of 
adverse effects) or a dual therapy (e.g., with fail-
ure because of inadequate seizure control). See 
Brigo and Marson (2022), Abou-Khalil (2022) 
for comprehensive overviews. Referral to a ter-
tiary epilepsy clinic for evaluation of epilepsy 
surgery should be considered when two proper 
ASM trials have failed.

ASM that can be used as initial monotherapy 
(in alphabetical order, “*” denotes level A evi-
dence as suggested by the 2013 “Updated ILAE 
Evidence Review for Initial Monotherapy”):

• Adults with partial-onset seizures: carba-
mazepine*, gabapentin, lamotrigine, lev-
etiracetam*, oxcarbazepine, phenobarbital, 
phenytoin*, topiramate, valproate, and 
zonisamide*

• Children with partial-onset seizures: car-
bamazepine, clobazam, clonazepam, 
lamotrigine, oxcarbazepine*, phenobarbi-
tal, phenytoin, topiramate, valproate, and 
zonisamide

• Adults with generalized onset tonic-clonic 
seizures: carbamazepine, gabapentin, lamo-
trigine, levetiracetam, oxcarbazepine, pheno-
barbital, phenytoin, topiramate, and valproate

• Children with generalized onset tonic-
clonic seizures: carbamazepine, phenobar-
bital, phenytoin, topiramate, valproate, and 
oxcarbazepine

• Children with absence seizures: ethosux-
imide*, lamotrigine, and valproate*

• JME: clonazepam, lamotrigine (may occa-
sionally worsen myoclonus), levetiracetam, 
phenobarbital, piracetam, topiramate, and 
valproate

• Infantile spasms: adrenocorticotropic hor-
mone (ACTH), pyridoxine, valproate, and 
vigabatrin
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• Benign partial epilepsy syndromes in child-
hood (e.g., benign partial epilepsy of child-
hood with centrotemporal spikes (BECTS)): 
if necessary, valproate and carbamazepine

New ASM approved for the use as adjunctive 
treatment of partial-onset seizures

• Eslicarbazepine, lacosamide, retigabine, 
zonisamide, brivaracetam, and rufinamide 
(Lennox-Gastaut syndrome)

New ASM approved by the US Food and Drug 
Administration and expanded indications of 
previously approved medications, since 2020 
(Abou-Khalil 2022)

• Cenobamate, fenfluramine (new FDA 
approval)

• Lamotrigine, oxcarbazepine, levetiracetam, 
topiramate, zonisamide (comparative trials 
have demonstrated efficacy equal to and tol-
erability at least equal to or better than older 
ASM as first-line therapy for focal epilepsy)

Alcohol withdrawal period
Many different regimens have been proposed 
for the treatment and prevention of alcohol 
withdrawal seizures, including carbamaz-
epine (200 mg three times daily for 5 days), 
clomethiazole (300 mg as needed), and phe-
nobarbital (100 mg as needed). However, a 
task force group of the European Federation 
of Neurological Societies concluded in their 
guidelines on the diagnosis and management of 
alcohol-related seizures that “benzodiazepines 
are efficacious and safe for primary and second-
ary seizure prevention; diazepam or, if avail-
able, lorazepam, is recommended. The efficacy 
of other drugs is insufficiently documented […] 
Benzodiazepines should be chosen for the treat-
ment and prevention of recurrent alcohol with-
drawal seizures.”

Uremic seizures

• Phenobarbital, phenytoin, and valproate

Postanoxic myoclonus

• Clonazepam, e.g., 2–3 mg IV or p.o. ×3 daily 
(however, if the patient is in coma following 
cardiac arrest and has myoclonic status epi-
lepticus, the prognosis is usually poor)

Eclampsia

• Magnesium sulfate 4 g IV and 10 mg IM, 
then 5 mg every 4 h as required

Contraception, pregnancy

• Decreased effects of oral contraceptive pill 
with hepatic enzyme inducers (e.g., barbitu-
rates, carbamazepine, oxcarbazepine, pheny-
toin, primidone).

• Some data indicate that topiramate and 
lamotrigine may also decrease contracep-
tive efficacy to a certain degree via different 
mechanisms.

• Injectable contraceptives have usually no 
interactions with ASM.

• Rescue contraception: First dose of the usual 
rescue pill should be doubled and a second 
single dose given 12 h later.

• Folic acid (5 mg/day) should be provided to 
all women of childbearing age to decrease the 
risk of neural tube defects.

• Aim for monotherapy!
• Generally, valproate is not recommended for 

fertile women due to its teratogenic effects 
and evidence that valproate during preg-
nancy can result in learning disabilities and 
decreased intelligence of the child.

• Contraceptive pills and pregnancy decrease 
serum levels of lamotrigine. Monitoring 
serum lamotrigine levels before, during, and 
after pregnancy (and adjusting the dosage) or 
initiation of contraception is recommended.

Breast-feeding
Only ethosuximide, lamotrigine, levetiracetam, 
and phenobarbital are significantly released into 
breast milk; barbiturates and lamotrigine may 
lead to sedation of the infant.

6.4 Epilepsy
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Drug monitoring
As a rule, the steady state is reached after four to 
five half-lives following initiation or change of 
antiepileptic drug therapy. Monitoring of serum 
levels can be useful in patients with signs of tox-
icity or lack of treatment response and if non-
compliance is suspected.

• Carbamazepine (target level 20–40 μmol/L)
• Ethosuximide (300–700 μmol/L)
• Lamotrigine (10–60 μmol/L)
• Levetiracetam (35–120 μmol/L)
• Phenobarbital (60–120 μmol/L)
• Phenytoin (40–80 μmol/L or higher in case 

of status epilepticus)
• Valproate (300–700 μmol/L)

Pharmacokinetic drug interactions

• Relevant drug interactions with another 
antiepileptic drug: carbamazepine, ethosux-
imide, lamotrigine, oxcarbazepine, pheny-
toin, phenobarbital, topiramate, valproate, 
and zonisamide

• Interactions with non-ASM: antibiotics, anti-
depressives, antifungal drugs, antihyperten-
sive drugs, antipsychotics, cardiovascular 
drugs, theophylline, and warfarin

• No clinically relevant drug interactions: 
gabapentin, levetiracetam, and pregabalin

6.4.2  Status Epilepticus

• Lorazepam 4 mg IV (may be repeated once), 
diazepam 5–10 mg IV (may be repeated), and 
clonazepam 1–3 mg IV (may be repeated).3

• Fosphenytoin 15–20 mg PE/kg (not exceed-
ing 100 mg PE/min); check serum phenytoin 
level after 2 h and, if necessary, give more 
(target level 80–100 μmol/L, do not forget to 
prescribe maintenance therapy); alternatively, 

valproate 1000–2000 mg IV, levetiracetam 
2000 mg IV, or lacosamide 200–400 mg IV.

• General anesthesia (propofol, midazolam, 
thiopental); aim for burst suppression on 
EEG monitoring; when seizures have been 
controlled for 12–24 h, withdraw seda-
tion slowly (over 12 h); if seizures reoc-
cur, another cycle of 12 h general anesthesia 
should be provided; and so on. Beware of the 
propofol infusion syndrome.4

6.4.3  Anti-Seizure Medications (ASM)

The following ASM are listed in alphabetical 
order:

Carbamazepine

• Start with 100 mg twice daily, then 200 mg 
twice daily; if necessary, increase with 
200 mg/week until seizure control (target 
200–400 mg twice daily, max. 800–1200 mg 
twice daily)

• Emergency loading 300–400 mg twice daily

Carbamazepine extended release
The extended-release formulation is preferred 
for long-term treatment because of more sta-
ble serum levels, thereby avoiding “high peak” 
concentrations.
• Initially 100 mg twice daily, then 200 mg 

twice daily, then increase with 200 mg/week 
until seizure control (target 400–600 mg 
twice daily)

Clonazepam

• Start with 0.5 mg at night, increase by 
1–2 mg/week, maintenance 0.5–6 mg/day 
(occasionally, up to 8 mg daily), divided into 
two to three doses/day

3 For subjects in status epilepticus, intramuscular mida-
zolam is at least as safe and effective as intravenous 
lorazepam for prehospital seizures (Silbergleit et al. 
2012).

4 Propofol infusion syndrome is a rare, but potentially 
fatal, complication of prolonged administration (≥48 h) 
of high doses of propofol (≥4 mg/kg/h). It leads to meta-
bolic acidosis, hypertriglyceridemia, rhabdomyolysis, 
cardiac arrhythmias, and multiorgan failure.
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Gabapentin
Gabapentin is the only ASM that should be 
given three times a day because of the short 
half-life:

• First day 300 mg once daily, second day 
twice daily, and third day three times daily

• Increase by 300 mg/day until seizure control 
(target dose 900–1200 mg, max. 3600 mg)

Lamotrigine
Monotherapy:

• 25 mg once daily during first 2 weeks, fol-
lowed by 50 mg once daily during the next 
2 weeks

• Then increase with 50 mg every week or 
every second week until seizure control (tar-
get 50–100 mg twice daily, max. 500 mg/day)

In combination with valproate:
Valproate prolongs lamotrigine clearance by 
roughly 100%:

• 25 mg once daily every other day (!) for 
2 weeks, followed by 25 mg once daily for 
next 2 weeks.

• Then increase with 25 mg every week or 
every second week until seizure control (target 
50–100 mg twice daily, max. 500 mg/day).

In combination with carbamazepine, phenytoin, 
phenobarbital, primidone, or other inducing 
drugs:

• 50 mg once daily for 2 weeks, followed by 
50 mg twice daily for next 2 weeks

• Then increase with 100 mg every or every 
second week until seizure control (target 
100–200 mg twice daily, max. 500 mg/day)

Levetiracetam
Monotherapy:

• 250 mg twice daily for 1–2 weeks, then 500–
750 mg twice daily (target dose in outpatient 
settings; if required, faster titration is usually 
well tolerated)

• If necessary, increase with 500 mg every few 
days until seizure control (max. 3000 mg/day)

In combination with other ASM:

• 500 mg twice daily (target level)
• If necessary, increase with 1000 mg every 

few days until seizure control (max. 
3000 mg/day)

Oxcarbazepine

• 300 mg twice daily (target dose 
600–1200 mg/day)

• If necessary, increase with 600 mg every 
week until seizure control (max. 2400 mg/
day)

Pregabalin

• 75 mg twice daily for 1 week
• If necessary, increase to 150 mg twice daily
• If necessary, increase to 300 mg twice daily 

after another week (target dose 150–600 mg/
day)

Topiramate
Monotherapy:

• 25 mg once daily in the evening for 1 week
• Then 25 mg twice daily, increase with 25 mg 

every week
• Target dose 50 mg twice daily (max. 500 mg/

day)

In combination with other ASM:

• 50 mg once daily (evening) for 1 week
• Then 50 mg twice daily, increase with 50 mg 

every or every other week
• Target dose 100 mg–200 mg twice daily 

(max. 1000 mg/day)

Valproate

• Start with 300 mg twice daily
• Fast increase possible, maintenance 

600–3000 mg/day

6.4 Epilepsy
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Valproate extended release
Extended-release formulation is preferred for 
long-term treatment because of more stable 
serum levels:

• Initially 600 mg/day–1500 mg/day, e.g., 
300 mg twice daily or 500 mg twice daily

• Fast increase possible, maintenance 
1200–3000 mg/day

Rational polytherapy
Rational polytherapy is the combined use of 
two or more ASM with favorable pharmacoki-
netic interactions and/or different mechanisms, 
e.g., a sodium channel blocker and a drug with 
GABAergic properties.

• Valproate with lamotrigine for partial-onset 
and generalized seizures.

• Valproate with ethosuximide for absence 
seizures.

• Lamotrigine with topiramate for a range of 
seizure types.

• Levetiracetam, which has a unique mecha-
nism and no known drug interactions, can 
theoretically be combined with any ASM.

6.4.4  Epilepsy and Mood Disorders

Depression and related depressive disorders are 
highly prevalent in patients with epilepsy. The 
lifetime incidence of depression among patients 
with chronic epilepsy is 30%, and its prevalence 
in patients admitted to a tertiary epilepsy center 
may be as high as 50%. Yet depression in these 
patients remains underdiagnosed and under-
treated. This is particularly worrisome as depres-
sion is associated with poor seizure control, and 
the risk of suicide in patients with epilepsy is 
greatly increased. Reluctance to treat depression 
results from the traditional belief that antide-
pressants decrease seizure threshold. However, 
there is growing evidence that many antidepres-
sants have anticonvulsant effects instead and 
that modern antidepressants may indeed reduce 

seizure frequency in patients with pharmacore-
sistant epilepsy. When adhering to the usual 
precautions, treatment with selective reuptake 
inhibitors of serotonin (SSRI, e.g., citalopram 
20 mg once daily, escitalopram 10 mg once 
daily, sertralin 50 mg once daily) in patients 
with epilepsy and depression is safe and should 
not be withheld.

6.4.5  Options for Patients 
with Medically Refractory 
Seizures

Despite the continuous introduction of new 
ASM, approximately one-third of patients with 
epilepsy do not become seizure-free. Options for 
these patients include:

• Epilepsy surgery
• Thermal ablation called laser interstitial ther-

mal therapy (LITT)
• Vagus nerve stimulation
• Ketogenic diet
• Deep brain stimulation (DBS)

6.4.5.1  Epilepsy Surgery and LITT
Resection of epileptogenic tissue can have a tre-
mendous effect both in regard to seizure control 
and quality of life. As a rule, a patient should be 
referred to a tertiary epilepsy clinic if two proper 
ASM trials have failed. The following criteria 
have to be fulfilled prior to epilepsy surgery:

• The diagnosis of epilepsy is verified.
• A focal epileptogenic area is identified (by 

using MRI, video-EEG monitoring, and per-
haps invasive EEG recording, ictal and inter-
ictal SPECT, magnetoencephalography, and 
neuropsychological testing).

• It is reasonably certain that resection of the 
epileptogenic area will not lead to unaccepta-
ble neurological deficits.

Temporal lobe resection is the most commonly 
performed epilepsy surgery and is generally 
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associated with the best results. However, if 
seizure control cannot be obtained by medical 
treatment, resection of epileptogenic areas out-
side the temporal lobe can lead to satisfactory 
seizure control as well. Occasionally, callosot-
omy or hemispherectomy may be necessary. Of 
note, LITT is increasingly replacing open epi-
lepsy surgery in select cases, oftentimes patients 
with mesial temporal sclerosis. LITT delivers 
a set amount of laser energy to a specific brain 
region. MRI is used during the procedure to 
monitor the heat, so it targets the correct area 
of the brain to be ablated. The seizure focus is 
destroyed with pinpoint accuracy.

6.4.5.2  Vagus Nerve Stimulation
Vagus nerve stimulation is another option for 
some patients with refractory epilepsy, espe-
cially those who are not suitable for epilepsy 
surgery or who have had insufficient benefit 
from surgery. Vagus nerve stimulation reduces 
seizure frequency with ≥50% in one-third of 
patients. It has few side effects and may have 
antidepressive properties.

6.4.5.3  Ketogenic Diet
Several studies have shown beneficial effects of 
the ketogenic diet in patients with pharmacore-
sistant epilepsy, especially in children. In one 
study on ketogenic diet for treatment of child-
hood epilepsy, after 3 months of ketogenic diet, 
the mean percentage of baseline seizures had 
decreased by 75% in the diet group compared 
to the controls (Neal et al. 2008). Energy from 
a ketogenic diet is largely derived from fat. The 
composition is traditionally 80% fat and 20% 
proteins and carbohydrates, but some studies 
have shown similar success with the modified 
Atkins diet.

6.4.5.4  Deep Brain Stimulation (DBS)
DBS is not widely used for the treatment of 
epilepsy, although some data suggest that, e.g., 
bilateral stimulation of the anterior nucleus of 
the thalamus may have beneficial effects for 
patients with partial seizures with or without 
secondary generalization.

6.5  Sleep Disorders

Obstructive sleep apnea

• Lifestyle adjustments, weight loss
• Continuous positive airway pressure treat-

ment at night
• Modafinil during daytime for excessive 

sleepiness

Narcolepsy

• Lifestyle adjustments (e.g., short naps during 
daytime, avoidance of heavy meals)

• Modafinil
– Start with 100 mg twice daily (morning 

and lunchtime).
– Increase to 200 mg twice daily if 

necessary.
• Dexamphetamine

– 5–10 mg × 3 daily (duration of action 
roughly 2 h).

– Increase up to 15–20 mg × 3 daily if 
necessary.

• Methylphenidate
– Start with 5–10 mg once daily.
– Increase by 10 mg/week, two or three 

doses per day, max. 60 mg/day.
– Switch to extended-release form (same 

daily dose, once daily, e.g., methylpheni-
date 10 mg twice daily = methylphenidate 
extended release 20 mg once daily).

• Selegiline (5–10 mg twice daily, morning and 
lunchtime)

• Gamma-hydroxybutyrate liquid preparation, 
e.g., taken before bed and second dose 4 h 
after initial sleep (4.5–9 g per night)

Cataplexy

• Fluoxetine 20–60 mg once daily
• Clomipramine 25–50 mg once daily, increase 

to 50 mg twice daily if necessary during first 
week

• Venlafaxine 75 mg once daily, increase by 
75 mg/week if necessary, max. 300 mg/day

• Gamma-hydroxybutyrate (see above)

6.5 Sleep Disorders
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Poor sleep

• Good sleep hygiene is crucial. Avoid heavy 
meals, alcohol, coffee, and other stimulat-
ing beverages before bedtimes as well as a 
large fluid intake during evening hours; a 
regular daily schedule is important; no sleep-
ing in on weekends and daytime naps should 
be avoided; optimization of bedroom tem-
perature, air quality, darkness, and sound; no 
reading or watching television in bed; a short 
walk and other forms of light (in contrast 
to exhaustive) exercise in the evening can 
be beneficial; consider psychotherapeutical 
measures, e.g., writing a diary before going 
to bed, and if unable to sleep, leave the bed-
room but avoid stimulating activities and try 
again after a while.

• Zopiclone 3.75 mg once at bedtime (may be 
increased to 7.5 mg).

• Melatonin 2 mg 1–2 h before sleep.

Jet lag, delayed sleep phase syndrome, night 
shift, and others

• Melatonin
• Light therapy
• Caffeine
• Modafinil

REM sleep behavior disorder

• Clonazepam 0.25–1 mg at bedtime
• Melatonin 2 mg once before sleep, may be 

increased to 6 mg
• Anecdotal success with levodopa, carbamaz-

epine, and gabapentin

6.6  Cerebrovascular Disorders

Patients with acute stroke and TIA must be eval-
uated immediately and preferentially treated in 
dedicated stroke units. One out of 12 patients is 
saved from death or disability simply by being 
cared for in a stroke unit as compared to a gen-
eral medical ward or mobile stroke teams. This 
effect is irrespective of age, gender, and stroke 

severity. (In comparison, the simple administra-
tion of aspirin within 48 h after stroke prevents 
death or disability in just 1 out of 100 patients.) 
Perhaps even more impressive is the fact that 
emergent diagnostic evaluation and initiation 
of secondary prevention in TIA patients at spe-
cialist stroke centers is associated with an 80% 
risk reduction for a new cerebral ischemic event. 
Also, dedicated stroke centers allow for early 
initiation of multidisciplinary rehabilitation.

6.6.1  Intravenous Thrombolysis (IVT)

IVT, using alteplase (a recombinant tissue plas-
minogen activator, rt.-PA), was the first treat-
ment with documented effect in acute ischemic 
stroke when it was approved in the USA in 
1996. For every eight patients, IVT increases the 
number of stroke survivors who are neurologi-
cally intact after 3 months from two to three. Of 
course, also patients without complete resolution 
of neurological deficits can benefit from IVT. 
The number needed to treat for significant neu-
rological improvement is 3.6 for patients treated 
within 90 min, 4.3 for treatment within 91 and 
180 min, and 5.9 for treatment within 181 and 
270 min. The number needed to harm (i.e., to 
induce a significant intracranial and/or extracra-
nial hemorrhage) is 65, 38, and 30 for the cor-
responding time intervals. This translates into a 
net benefit of IVT of 1 in 3.8 patients, if treat-
ment can be initiated within 90 min, 4.9 between 
91 and 180 min, and 7.4 between 181 and 
270 min (Lansberg et al. 2009). Thus, the earlier 
IVT is initiated, the more effective and safer it 
is. However, based on recent advances in neu-
roimaging (e.g., Campbell et al. 2019), off-label 
use of IVT, including extension of therapeutic 
time windows and expansion of indications, is 
increasingly incorporated into the daily practice 
of many stroke centers.

Indications and inclusion criteria for IVT 
comprise the following:

• Clinical suspiscion of an ischemic cerebral 
infarction, if treatment can be initiated within 
the time window of 4.5 h from symptom 
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onset (IVT given after 3 h is off-label in the 
USA).

• For patients with acute ischemic stroke on 
awakening from sleep (“wake-up stroke”), 
who were last seen well more than 4.5 h ear-
lier, who have MRI DWI-FLAIR mismatch, 
and for whom mechanical thrombectomy is 
either not indicated or not planned.

• Relative: For patients with ischemic stroke of 
4.5–9 h duration (known onset time) and with 
a CT or MRI core/perfusion mismatch and 
for whom mechanical thrombectomy is either 
not indicated or not planned (Berge et al. 
2021).

• Neurological deficits as measured by the 
NIHSS ≤25. Higher NIHSS values indicate 
a larger volume of ischemic tissue with pos-
sibly reduced effect of IVT and higher risk 
of secondary hemorrhage. IVT can also be 
given for subtle neurological deficits if there 
is risk for significant handicap (e.g., a patient 
with isolated dysphasia only has an NIHSS 
score of ≤3).

• CT of the brain has excluded intracranial 
hemorrhage and extensive infarction (≥1/3 of 
MCA territory, ≥1/2 of ACA territory).

• Age ≥18 years. IVT can be administered with 
or without reduced dosage in adolescents and 
children but is then off-label.

• The patient is in a reasonably good premor-
bid condition.

Contraindications (absolute or relative) to IVT 
include:

• Inclusion criteria are not fulfilled, e.g., CT 
of the brain shows intracranial hemorrhage 
or an established infarction of >1/3 of MCA 
territory, or the patient is outside the time 
window.

• Large stroke volume with stroke-related 
impairment of consciousness.

• Uncontrolled arterial hypertension (sys-
tolic ≥185 mmHg, diastolic ≥110 mmHg).

• Increased bleeding risk. The beneficial effects 
of IVT must be weighed against the risks for 
an intracranial or systemic hemorrhage in 
patients prone to bleeding.

– Intracranial bleeding risk, e.g.:
Previous (non-lacunar) stroke or serious 

head injury ≤3 months
History of intracerebral hemorrhage 

or vascular malformation (if bleed-
ing source has not been identified and 
eliminated)

Symptoms suggestive of subarachnoidal 
hemorrhage

Diabetes mellitus and a history of prior 
stroke

– Increased systemic bleeding risk, e.g.:
Warfarin treatment with an international 

normalized ratio (INR) >1.7 is an abso-
lute contraindication. However, the 
INR level should be assessed before 
the decision is made to withhold IVT. 
Many patients on warfarin present with 
an acute ischemic stroke because they 
are below the therapeutic INR interval 
(usually INR 2–3) and then they might 
be IVT candidates nevertheless.

Direct oral anticoagulants (DOAC). 
DOAC treatment including rivaroxa-
ban, apixaban, and edoxaban taken 
within a 48 hours’ time window is a 
contraindication, unless acute serum 
levels prove that the medication was 
not taken. However, for patients on 
dabigatran who are not thrombectomy 
candidates, IVT preceded by intrave-
nous idarucizumab (used to neutralize 
the effects of dabigatran, without wait-
ing for plasma levels) is safe.

Platelets ≤100,000/mm3 (relative, depend-
ing on the degree of thrombocytopenia).

Hereditary coagulopathies (relative, 
depending on the kind and degree of 
the coagulation disorder).

Major surgery, trauma (e.g., due to a fall at 
stroke onset), or delivery ≤14 days.

Gastrointestinal or urinary tract bleeding 
≤21 days (if bleeding source has not 
been eliminated).

Active pancreatitis, active GI ulcer.
Symptoms suggestive of endocarditis or 

aortic dissection (but not carotid or ver-
tebral artery dissection).

6.6 Cerebrovascular Disorders



328 6 Treatment of Neurological Disorders

Arterial puncture at noncompressible sites 
≤7 days (relative).

Aortic dissection.
• Terminal malignancy or other critical illness 

(e.g., infective endocarditis).
• Poor premorbid function (modified Rankin 

Scale ≥3).
• Stroke mimics. Obvious stroke mimics 

should not be treated with IVT. However, 
the diagnosis of a stroke mimic as com-
pared to an ischemic cerebrovascular event 
can be challenging in the emergency room, 
and therefore, it is important to be aware 
of a report in which 69 out of 512 (14%) 
patients were ultimately diagnosed as hav-
ing a stroke mimic (the most common being 
epileptic seizures, migraine headaches, and 
functional disorders), yet intracranial hemor-
rhage or other significant side effects did not 
occur in any of these patients (Chernyshev 
et al. 2010). Thus, when contraindications are 
ruled out, it is better to give IVT than to with-
hold it.

Pregnancy is not a contraindication when all 
inclusion criteria and none of the exclusion crite-
ria are met. Alteplase does not cross the placenta.

If systolic blood pressure is ≥185 mmHg 
or diastolic blood pressure is ≥110 mmHg, 
labetalol may be administered (e.g., 
5–20 mg ×1–2). Do not give IVT if blood pres-
sure values remain above the upper limits.

Alteplase is given intravenously (0.9 mg/kg); 
the maximal dosage is 90 mg. Ten percent is 
given as a bolus, the rest as a continuous infu-
sion over 60 min. (Tenecteplase 0,25 mg/kg i.v., 
given as a single bolus, is an alternative; the 
maximal dosage is 25 mg). Immediately prior 
to bolus injection, confirm that the patient still 
has significant neurological deficits. Evaluate 
neurological deficits using the NIHSS at initial 
assessment and 2 and 24 h following IVT (Chap. 
3). Neurological performance and vital param-
eters must be carefully monitored at least during 
the initial 24 h. Insertion of a nasogastric tube, 
urinary catheter, intra-arterial lines, and similar 

procedures should be performed prior to IVT, if 
necessary, and avoided for at least 3 h after IVT.

Up to 5% of patients develop an anaphylac-
tic reaction, including angioedema. Patients on 
ACE inhibitor therapy are at higher risk. They 
should be treated with i.v. clemastine 2 mg and 
i.v. methylprednisolone 40 mg and observed in 
case they require intubation.

The main predictors of a clinically significant 
intracranial hemorrhage following IVT are old 
age, severe neurological deficits, arterial hyper-
tension, hyperglycemia, early signal changes on 
CT of the brain, a large infarct volume, and a 
high degree of small vessel disease (as assessed 
by cerebral atrophy and periventricular leu-
koaraiosis on CT or white matter signal change 
on T2-weighted MRI). Symptomatic ICH usu-
ally occurs within 24 h after thrombolysis. 
Intracranial hemorrhage after 36 h is considered 
unrelated to IVT. In the initial National Institute 
of Neurological Disorders and Stroke (NINDS) 
trial, alteplase treatment was associated with 
a rate of symptomatic intracranial bleeding of 
6.4% compared with 0.6% in the placebo group. 
The mortality rate in cases of symptomatic ICH 
was roughly 50%, but the global mortality rate 
was nevertheless lower in the rt.-PA group than 
in the placebo group (The National Institute of 
Neurological Disorders and Stroke rt.-PA Stroke 
Study Group 1995). In case of severe headache, 
vomiting, hypertension, and worsening of neuro-
logical deficits occurring during IVT, alteplase 
infusion should be stopped and a CT of the brain 
performed immediately.

If CT reveals hemorrhage, one possible 
approach is to administer 1 g i.v. of the antifi-
brinolytic agent tranexamic acid (repeated after 
8 h), immediately followed by administration 
of fibrinogen concentrate 2 g or cryoprecipitate 
10 mg/kg over 10–30 min. Neurosurgical evalu-
ation is necessary.

If CT of the brain 24 h following IVT 
has excluded a hemorrhage transformation 
or primary intracranial bleeding, antiplatelet 
therapy should be initiated. Unless there are 
contraindications, patients with both chronic 
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and paroxysmal atrial fibrillation should be 
on an anticoagulant (DOAC or warfarin), but 
when to initiate treatment depends on the vol-
ume of infarcted brain tissue and the presence 
of absence of intracranial hemorrhage. There are 
no established time criteria, but a patient with a 
TIA or minor cerebral infarction (as assessed by 
neuroimaging, e.g., MR DWI) can be started on 
full anticoagulation with minimal delay.

Deep vein thrombosis prophylaxis with sub-
cutaneous low-molecular heparin is usually safe 
24 h after IVT, even in the presence of intrac-
ranial hemorrhage. Of note, intermittent pneu-
matic compression is an effective method of 
reducing the risk of deep vein thrombosis, pos-
sibly improving survival in patients who are 
immobile after stroke.

As to the limitations, IVT only has a modest 
effect in proximal cerebral vessel occlusions. In 
acute MCA stroke, for instance, IVT has nearly 
no potential to recanalize occluded vessels if 
thrombus length exceeds 8 mm (Riedel et al. 
2011). Even if recanalization is achieved, there 
remains a high risk of reocclusion. The patient 
group for which immediate recanalization would 
be the best option is therefore also least likely to 
benefit from IVT alone. In addition, patients with 
stroke because of cholesterol and calcified emboli 
or atherosclerotic stenosis may respond poorly to 
IVT. All these patients may benefit of EVT.

6.6.2  Endovascular Therapy (EVT) 
for Acute Ischemic Stroke

EVT is indicated in ischemic stroke due to 
proximal occlusions of large cerebral ves-
sels. Recanalization is achieved more fre-
quently, more rapidly, and more reliably due to 
direct thrombolytic drug delivery into the clot, 
mechanical clot retrieval, and/or angioplasty. 
In 2015, results of five randomized trials (MR 
CLEAN, EXTEND-1A, ESCAPE, SWIFT 
PRIME, and REVASCAT), involving nearly 
1300 patients, convincingly demonstrated the 
clinical effectiveness of EVT. In each of these 
trials, functional independence at 90 days fol-
lowing stroke (mRS 0–2) occurred significantly 

more often in the EVT groups as compared to 
iv thrombolysis alone. Improved neuroimag-
ing-based patient selection and new-genera-
tion “stent retrievers” and “aspiration devices” 
are generally credited for these benefits (Case 
6.1). Overall, 15–20% of all presenting stroke 
patients are thought to be eligible for EVT, but 
due to rapidly expanding indications, this pro-
portion is likely to increase in the future.

EVT options include:

• Mechanical clot removal (thrombectomy, 
e.g., suction devices which are usually the 
first attempted option, or self-expandable, 
retrievable stents—so-called stent retrievers)

• Endovascular angioplasty (balloon dilatation 
and permanent stenting)

• Intra-arterial (i.a.) thrombolysis (only used as 
add-on)

The combination of these options is termed 
multimodal reperfusion therapy. Mechanical 
thrombectomy using suction devices and stent 
retrievers is currently the method of choice.

Indications and contraindications for EVT 
in acute ischemic stroke are listed in Table 6.2. 
EVT is typically performed in general anes-
thesia because it is technically less challenging 
than conscious sedation. Periprocedural com-
plications are rare and include direct vascu-
lar trauma because of dissection, perforation, 
or spasm of vessels as well as embolization of 
thrombi into previously unaffected, usually more 
distal vessels. EVT is available only at special-
ized centers, and a 24 h service requires a suf-
ficient number of interventionists, anesthetists, 
and stroke neurologists. Transport from periph-
eral hospitals and preparation of the patient in 
the angiography suite may delay treatment, but 
these effects can be partly overcome by initiat-
ing IVT prior to referral (“bridging” or “drip-
and-ship” approach).

Predictors of unfavorable outcome follow-
ing EVT include old age, arterial hypertension, 
high baseline NIHSS score, large infarct volume 
(>70 cm3), a history of previous stroke, long 
procedure duration, absence of collateral vessels 

6.6 Cerebrovascular Disorders
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a b

c

Case 6.1  Thrombectomy for middle cerebral artery 
occlusion. A 55-year-old male presented with sud-
den onset of left hemiplegia, hemianopia, gaze pare-
sis, and neglect (NIHSS 19). CT of the brain revealed a 
dense MCA artery sign on the right (a). IVT was started 
2.5 h after onset, and the patient was referred for EVT. 
Complete occlusion of the right M1 MCA was seen on 
the cerebral angiography (b). Thrombus material was 

extracted using a stent retriever (Eric 6 × 44 microven-
tion) (c). Final angiogram 4.5 h after symptom onset 
showed full recanalization of the MCA (TICI 3; d). 
Although a subcortical right hemisphere infarct was 
noticed on the CT the next day (e), the NIHSS score 
had decreased to four. Subsequently, the patient returned 
to work, and at the 3-month follow-up, only subtle left-
sided weakness remained (NIHSS 2, mRS 1)
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on CT angiogram, and ICA occlusion. The most 
important variable predicting good outcome is 
successful and early recanalization.

6.6.3  Symptomatic Treatment 
of Ischemic Stroke

• In TIA and acute stroke patients who have 
not been treated by IVT or EVT, bolus aspi-
rin 300 mg possibly supplemented with 
Clopidogrel 300 mg should be given as soon 
as possible and no later than 4 h after CT/
MR, followed by daily preventive antiplatelet 
treatment. Double-platelet inhibition can be 
given for a short time (up to 3 weeks), as out-
lined below. Further antithrombotic/antico-
agulative treatment is then targeted after the 
stroke/TIA etiology has been determined.

• Blood sugar levels should be kept within nor-
mal levels.

• Hyperthermia is detrimental, and if body 
temperature exceeds 37.5 °C, paracetamol 
1000 mg every 6 h should be prescribed.

• The management of high blood pressure in 
acute ischemic stroke remains unclear (Bath 
et al. 2022). Unlike for intracerebral hemor-
rhage, no larger trials in ischemic stroke have 
been positive, and several have been nega-
tive. For example, the SCAST study (Sandset 
et al. 2012) showed that acute blood pressure 
lowering in the first days is not associated 
with better outcome in patients with estab-
lished ischemic stroke, Still, most patients 
will need antihypertensive drug treatment 
later (see below). After EVT, blood pressure 
must be kept <185/110 mmHg for 24 h after 
the procedure, but for successful reperfu-
sion, systolic blood pressure <160 mmHg is 
recommended.

• Screening for dysphagia is mandatory to 
decrease the rate of aspiration pneumonia; 

d e

Case 6.1  (continued)
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a nasogastric tube should be inserted if the 
swallowing is judged to be unsafe.

• Early mobilization is important to decrease 
the risk for deep venous thrombosis and aspi-
ration pneumonia, and physiotherapy and 
occupational therapy are part of neurorehabil-
itation that should begin as soon as possible.

• As stated above, intermittent pneumatic com-
pression reduces the risk of deep vein throm-
bosis and may improve survival in immobile 
stroke patients. Low-molecular heparin for 
prophylaxis of deep vein thrombosis should 
be prescribed if the patient is not fully mobi-
lized. Thigh-length graduated compression 
stockings are ineffective.

• All stroke patients should be informed about 
the risk of poststroke depression. Depression 
affects at least one-third of all patients with 
stroke, has detrimental effects on neuroreha-
bilitation, and should be treated immediately. 

In addition to their antidepressive effects, 
antidepressants such as SSRI, e.g., citalopram 
20–40 mg once daily, have been shown to 
improve motor recovery in a small study, and 
they may prolong survival, even though these 
effects are very modest.

6.6.4  Surgical Decompression 
for Space-Occupying Ischemic 
Stroke

Decompressive hemicraniectomy is the removal 
of a large part of the skull and incision of the 
restrictive dura over the ipsilateral hemisphere 
to relieve ICP and brain tissue shifts (Case 6.2). 
A meta-analysis of DECIMAL (decompressive 
craniectomy in malignant middle cerebral artery 
infarction) (Vahedi et al. 2007a), DESTINY 
(decompressive surgery for the treatment of 

Table 6.2  Indications and contraindications for EVT in acute ischemic stroke

aIn posterior circulation stroke, the time window is beyond 24 h because of the often more protracted and fluctuating 
course of posterior compared to anterior circulation ischemia and the grave prognosis (90–95% mortality) without 
successful BA recanalization
bPatients with more distal vessel occlusions (e.g., M2 MCA) are also considered for EVT if the remainder of the crite-
ria is fulfilled
cThe time window for anterior circulation stroke was traditionally 6 h but has been extended to 24 h and may even be 
longer in case of corresponding perfusion-diffusion mismatch on MRI, and good collateral pial circulation
dOf note, increased bleeding tendency (e.g., postoperative state, thrombocytopenia, international normalized 
ratio >1.7) is not necessarily a contraindication
eHowever, in 2023, two independent studies indicated that EVT is also beneficial in patients with larger strokes (if 
neuroimaging indicates a infarct core-penumbra mismatch (Sarraj et al. 2023; Huo et al. 2023)

Anterior circulation Posterior circulation
Indications Significant neurological deficits (NIHSS ≥6, but lower with, 

e.g., isolated nonfluent aphasia)
Significant neurological 
deficits or risk of develop-
ing such deficitsa

Occlusion or stenosis of proximal large intracranial vesselsb BA occlusion or stenosis
Presenting within the time windowc

If IVT is contraindicated, did not have effect, or is likely not 
to have effect

Contraindicationsd Established infarction of more than 1/3 of MCA territory on 
CT of the braine

BA thrombosis with coma 
(Glasgow Coma Scale <9) 
and widespread manifest 
brainstem infarction on 
MR DWI or CT

Lack of relevant large-vessel occlusion on CT or MR 
angiogram

Other contraindications as 
for anterior circulation

Uncontrolled hypertension (>185/110 mmHg)
Compromised cardiorespiratory function and other significant 
medical disease interfering with EVT or general anesthesia
Poor premorbid function (modified Rankin Scale ≥3)
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malignant infarction of the middle cerebral 
artery) (Jüttler et al. 2007), and HAMLET 
(hemicraniectomy after middle cerebral artery 
infarction with life-threatening edema trial) 
(Hofmeijer et al. 2009) showed that patients 
below the age of 60 years randomized within 
48 h of stroke onset to surgical decompres-
sion had a significantly better outcome in terms 
of survival (78% vs. 29%, pooled absolute risk 
reduction 50% [33–67%]) as well as functional 
status (mRS ≤3, 43% vs. 21%, risk reduction 
23% [5–41%]). Numbers needed to treat were 
2 for overall survival and 4 for survival with 
mRS ≤3 (moderate disability with an ability to 
walk unassisted or better) (Vahedi et al. 2007b). 
The side of the lesion did not represent an inde-
pendent prognostic factor for the resulting 
functional handicap. Quality of life following 
decompressive craniectomy appears to be good; 
in one study, 83% of hemicraniectomy patients 
reported that their life was satisfying or rather 
satisfying (Skoglund et al. 2008).

• Three randomized controlled trials 
(DESTINY, DECIMAL, and HAMLET) 

showed that hemicraniectomy for malig-
nant MCA infarction increases survival 
and improves outcome in patients younger 
than 60 years and if surgery is performed 
within 48 h of stroke onset. (Yet clinical 
deterioration due to midline shift and cer-
ebral edema often develops after that period.) 
DESTINY II revealed that early hemicraniec-
tomy in patients older than 60 years of age 
with malignant MCA infarcts also leads to 
increased survival rates, but functional out-
come is less convincing with the majority of 
survivors having severe neurological sequelae 
(Jüttler et al. 2014a, b). Obviously, the deci-
sion to perform decompressive surgery must 
be made on an individual basis.

• The bone defect should be replaced as soon 
as the brain tissue is back within the skull 
circumference to avoid hydrocephalus and/or 
paradoxical herniation, the so-called sinking 
skin flap syndrome. This syndrome affects 
one-fourth of patients 3–5 months after 
hemicraniectomy for malignant MCA infarc-
tion and occurs when atmospheric pressure 
exceeds ICP.

Case 6.2  Hemicraniectomy for malignant middle 
cerebral artery infarction. A 47-year-old male under-
went acute percutaneous coronary intervention for 
myocardial infarction when he suddenly developed 
right-sided hemiparesis and aphasia (NIHSS 21). CT 
of the brain revealed an embolic occlusion of the left 
ICA and M1 MCA and lack of early ischemic signs 
(not shown). Despite mechanical thrombectomy 3.5 h 
after stroke onset, CT following the procedure showed 
early hypodense signal change in the MCA territory 

(a, also note head turning to the side of the lesion). 
Thirty-six hours after stroke onset, decline of con-
sciousness developed, and the CT showed mass effect 
and obliteration of the left lateral ventricle (b). An 
emergency hemicraniectomy was performed resulting 
in resolution of midline shift (c). The bone defect was 
closed 2 months later using a titanium mesh. At 1-year 
follow-up, the patient remained severely dysphasic with 
a right-sided hemiparesis but was able to walk using a 
cane (mRS 3)

6.6 Cerebrovascular Disorders
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• Although no randomized controlled trials 
have investigated decompressive craniec-
tomy in cerebellar infarction, clinical experi-
ence clearly indicates a benefit. In general, 
cerebellar hemispherectomy is not associated 
with significantly reduced neurological func-
tion in the long term. In case of concomitant 
hydrocephalus, external ventricular drainage 
may be necessary in addition to craniectomy. 
The level of consciousness prior to operation 
is the most powerful predictor of outcome. 
Importantly, good outcome can also be seen in 
patients older than 60 years of age (Case 6.3).

6.6.5  Secondary Prevention 
of Ischemic Stroke

• Antithrombotic treatment with platelet 
inhibitors:
– Aspirin 75–325 mg once daily.
– Aspirin plus dipyridamole (one tablet once 

daily for 1 week, thereafter twice daily).
– Clopidogrel 75 mg once daily.
– Aspirin and dipyridamole (in combina-

tion) and clopidogrel are both better than 
aspirin alone. Aspirin and clopidogrel 
in combination, however, are associated 
with a higher bleeding rate in the long 
run, which is why, in general, these drugs 
should not be given in combination for 
prolonged periods. However, es stated pre-
viously, combining aspirin and clopidogrel 
is an option in the early phase after stroke. 
For example, findings from the CHANCE 
trial suggested that among patients with 
minor stroke or TIA, a short treatment 
course of clopidogrel and aspirin in com-
bination is superior to aspirin alone for 
reducing the risk of a new ischemic event 
(without increasing the risk of hemor-
rhage), if treatment can be initiated within 
the first 24 h. In this trial, aspirin was 
added to clopidogrel during the 21 days 
following the onset of ischemic symp-
toms in order to increase the antithrom-
botic effect in the period of the highest 

risk for another ischemic event, and then 
aspirin was stopped in order to avoid the 
cumulative risk for hemorrhage (Wang 
et al. 2013). Also patients with sympto-
matic stenosis of a large intracranial artery 
(and those treated with extracranial carotid 
artery stents) may benefit from a 3-month 
course of dual-platelet inhibition.

• Anticoagulation in patients with non-valvu-
lar atrial fibrillation. The CHA2DS2-VASc 
score is generally recommended as a risk 
assessment score for cardioembolic events 
in patients with atrial fibrillation. However, 
in clinical practice, the consequences of the 
CHA2DS2-VASC score are simple. Patients 
with atrial fibrillation and one additional 
risk factor (congestive heart failure/left ven-
tricular dysfunction, hypertension, age ≥65, 
diabetes mellitus, history of stroke/TIA/
thromboembolic event, vascular disease, 
female sex), and thus almost every patient, 
should receive anticoagulation unless the risk 
of bleeding is believed to outweigh the ben-
efits. The HAS-BLED score (hypertension, 
abnormal renal/liver function, stroke, bleed-
ing history or predisposition, labile INR, 
elderly, drugs/alcohol concomitantly) can be 
used to estimate the bleeding risk with anti-
coagulation in patients with atrial fibrillation.
– DOAC (also termed non-vitamin K oral 

anticoagulants, NOAC):
Dabigatran 110 or 150 mg twice daily
Apixaban 2.5 mg or 5 mg twice daily
Rivaroxaban 20 mg (or 15 mg) once daily
Edoxaban 60 mg once daily

– Warfarin (usually aim for an INR between 
2 and 3).

– Left atrial appendage occlusion 
(Watchman device, Amplatzer Cardiac 
Plug, and Coherex WaveCrest), using an 
endovascular approach, should be con-
sidered in patients with atrial fibrillation 
and high risk of (re-)bleeding, e.g., when 
CHA2DS2-VASC ≥3 and HAS-BLED ≥3.

• Anticoagulation in patients with cardiogenic 
embolism other than non-valvular atrial 
fibrillation:
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Case 6.3  Surgical decompression for space-occupying 
cerebellar stroke. A 62-year-old male with a history of atrial 
fibrillation developed acute onset of headache, vertigo, and 
gait ataxia. A CT 6 h later showed an ischemic infarct of the 
right cerebellar hemisphere (a). Two days later, he became 
confused and began to vomit; shortly thereafter, his level of 
consciousness decreased. A CT revealed obliteration of the 

basal cisterns and obstructive hydrocephalus (b). Immediate 
cerebellar decompression (c) and ventriculostomy (d) were 
performed. A CT a week later showed decreasing ventricu-
lomegaly and cerebellar edema (e). On follow-up 3 months 
later, moderate right-sided ataxia of the extremities was 
noticed, but the patient remained mostly independent in his 
activities of daily living (mRS 2)

6.6 Cerebrovascular Disorders
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– Warfarin
– Cardiosurgery, e.g., heart valve replace-

ment with severe endocarditis
• Symptomatic extracranial carotid artery 

stenosis:
– CEA should be performed early (within 

5–14 days) in patients with TIA or a non-
devastating hemispheric stroke and an 
ipsilateral symptomatic carotid artery ste-
nosis exceeding 50–70%.

– Carotid artery stenting is an alternative 
in patients who are not candidates for 
CEA, e.g., due to severe cardiovascular 
comorbidity.

• Symptomatic intracranial artery stenosis:
– Elective intracranial stenting is associated 

with higher morbidity than best medi-
cal management and should only be con-
sidered in those patients who continue to 
experience symptomatic ischemic events 
despite maximal conservative treatment.

– Similarly, intracranial-extracranial (IC-
EC) bypass for intracranial stenosis failed 
to be better than medical treatment alone 
in another trial (COSS, Powers et al. 
2011), although it may still be a valuable 
option in carefully selected patients.

• Blood pressure treatment. Aim 
for <130/80 mmHg (<145 mmHg systolic 
blood pressure in patients over 80 years):
– Angiotensin-converting enzyme inhibi-

tors (e.g., enalapril 5–20 mg once daily), 
angiotensin-II antagonist (e.g., candesar-
tan 8 mg once daily), or diuretics (e.g., 
bendroflumethiazide 2.5–5 mg once daily)

– Potassium-sparing diuretics (e.g., spirono-
lactone 50–100 mg once daily)

– Beta-blockers (e.g., metoprolol retard 
preparation 50–100 mg once daily)

– Calcium antagonists (e.g., felodipine 
5–10 mg once daily)

• Rigorous treatment of diabetes mellitus.
• Cholesterol-lowering drugs, e.g., simvasta-

tin 20–40 mg once at bedtime, atorvastatin 
40–80 mg once daily. The treatment goal 
is LDL cholesterol less than 1.8 mmol/l 
and/or a 50% reduction. The benefit of 
cholesterol-lowering treatment is probably 

greatest in patients with large-vessel disease. 
Cholesterol-lowering treatment is not indi-
cated for isolated cardiac embolism, unless 
there is concomitant atherothrombotic dis-
ease including, concurrent evidence of cer-
ebral large or small vessel disease, ischemic 
heart disease or peripheral arterial disease.

• Lifestyle measures, e.g.:
– Smoking cessation
– Physical exercise
– Weight loss
– Healthy diet (Mediterranean diet)
– Moderate alcohol consumption

6.6.6  Arterial Dissection

The choice is between anticoagulation (with 
heparin and warfarin) and antithrombotic treat-
ment (e.g., aspirin, clopidogrel, or both in com-
bination), and local treatment traditions vary 
widely. At the time of writing, there are no data 
indicating that one approach is superior to the 
other. As a rule of thumb, anticoagulation is 
often given if embolic episodes occur despite 
ongoing antithrombotic treatment, but in uncom-
plicated cases and with intracranial dissections, 
antithrombotic treatment is often prescribed 
because of the relatively lower incidence of 
hemorrhage compared to anticoagulation. In the 
case of uncomplicated carotid or vertebral artery 
dissection, one option is to start treatment with 
clopidogrel 75 mg and aspirin 75 mg daily for 
1–3 months, and then continue with antiplate-
let monotherapy. When CT angiography after 
6 months shows that the vessel has healed, the 
treatment can be stopped.

6.6.7  Cerebral Venous Sinus 
Thrombosis

• Full anticoagulation is started preferably 
using high-dose subcutaneous low-molecu-
lar heparin (e.g., tinzaparin 100 IE/kg body 
weight twice daily or 175 IE/kg once daily), 
which is more convenient than intravenous 
unfractionated heparin. When clinically 
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stable, the patient is switched to one of the 
DOAC or warfarin. Importantly, cortical 
bleedings due to venous hemorrhagic infarc-
tions are usually not a contraindication for 
anticoagulation; on the contrary, they stress 
the fact that aggressive anticoagulation is 
necessary for recanalization of the venous 
sinus and for lowering venous pressure. 
The time of anticoagulation depends on the 
underlying cause, e.g., 3 months in uncom-
plicated cases without known coagulopathy, 
6 months with a coagulopathy with moder-
ate risk for re-thrombosis, and lifelong with 
hereditary high-risk coagulopathies.

• Hemicraniectomy can be lifesaving in 
patients with severe intracranial sinus venous 
thrombosis and threatening brain herniation 
(Case 6.4).

• Endovascular procedures (local continuous 
infusion of rt.-PA, e.g., alteplase 1 mg/h for 
48–72 h, mechanical thrombectomy, stenting) 
can be considered when clinical deteriora-
tion (declining consciousness, worsening of 
neurological deficits, persistent epileptic sei-
zures) occurs despite systemic heparinization.

• Underlying infectious processes, epileptic 
seizures, raised ICP, etc., should be treated 
according to the usual protocols.

6.6.8  Spontaneous Intracranial 
Hemorrhage and Bleedings 
Associated with Vascular 
Malformations

• For ICH patients with systolic blood pres-
sures between 150 and 220 mmHg who lack 
contraindications, decreasing systolic blood 
pressure to <140 mmHg (and >110 mmHg) 
is safe and can improve clinical outcome 
(Sandset et al. 2021). This can be achieved 
by, e.g., i.v. labetalol 10–20 mg repeated 
every 10 min (maximal 200 mg). A long-term 
blood pressure <130/80 mmHg is advisable 
for prevention of recurrent ICH.

• Coagulation factor deficiency and throm-
bocytopenia, if severe, should be treated 
with appropriate factor replacement therapy 

and platelets. Tranexamic acid has not been 
shown to improve outcomes.

• Warfarin-associated hemorrhage should be 
treated with prothrombin complex concen-
trate. Treatment should be supervised by a 
physician experienced in the treatment of 
coagulation disorders and the dosage tailored 
according to the severity of the hemorrhage, 
the INR, and the patient’s clinical condition.

• Idarucizumab, 1 × 5 g iv is given as an 
antidote for dabigatran-induced hemor-
rhages. Other DOAC-associated bleedings 
can be treated with prothrombin complex 
concentrate.

• Prophylaxis of deep venous thrombosis using 
intermittent pneumatic compression, starting 
the day of hospital admission; subcutaneous 
low-molecular heparin in low dosage is usu-
ally considered safe.

• Prevent pain and constipation; treat cardiac 
arrhythmias and hyponatremia (usually due 
to the syndrome of inadequate antidiuretic 
hormone secretion (SIADH).

• The surgical trials in intracerebral hemor-
rhage (STICH and STICH II trials) suggest 
that surgical hematoma evacuation can be 
useful in patients with superficial hemorrhage 
and clinical deterioration (Mendelow et al. 
2005).

• Extraventricular drainage is used to moni-
tor and treat increased ICP. Moreover, it can 
divert intraventricular blood and thereby 
decrease complication rates, e.g., the devel-
opment of hydrocephalus. Intraventricular 
thrombolysis with alteplase given via the 
ventricular catheter improves blood clot 
removal but is not associated with better 
outcome.

• AVMs can be treated by endovascular embo-
lization, surgical removal, and/or stereotac-
tic radiation. While intervention for ruptured 
cerebral AVMs is usually necessary, the man-
agement of unruptured AVMs remains con-
troversial. A randomized trial of unruptured 
brain arteriovenous malformations (ARUBA) 
suggested that medical management alone 
was better than intervention (either surgical 
and/or radiosurgical). After mean follow-up 

6.6 Cerebrovascular Disorders



338 6 Treatment of Neurological Disorders

of 50 months, ARUBA showed that medi-
cal management alone remained superior 
to interventional therapy for the prevention 
of death or symptomatic stroke in patients 
with an unruptured brain arteriovenous mal-
formation (Mohr et al. 2020). However, 
this conclusion has been controversial. The 

treatment approach (conservative vs. inter-
vention) should hence be tailored to the 
individual patient’s needs and discussed in 
a multidisciplinary forum, including vas-
cular neurologists, neurosurgeons, and 
neurointerventionalists.

Case 6.4  Hemicraniectomy for cerebral sinus venous 
thrombosis. A 50-year-old female without any car-
diovascular risk factors other than the contraceptive pill 
presented with a focal seizure and headache. MR of the 
brain revealed venous thrombosis of the superior sagit-
tal sinus and two bridging veins (not shown). Spinal fluid 
analysis, thyroid examination, and screening for throm-
bophilia were unremarkable. She was put on anticoagu-
lants and antiepileptic treatment. However, 2 days later, 

her level of consciousness suddenly deteriorated because 
of a large parietal venous hemorrhagic infarction, lead-
ing to imminent risk of brain herniation. An emergency 
hemicraniectomy was performed (a). The patient made 
an excellent recovery; on follow-up 6 months later, she 
stated that she had started to ride her horse again despite 
a mild residual right-sided hemiparesis (NIHSS 5, 
mRS 2) (b). Following closure of the bone defect, MRI 
showed a relatively moderate tissue damage (c)
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• Cavernous hemangioma might be surgically 
removed. The presence of multiple caver-
noma may be due to mutations of certain 
genes associated with hereditary familial cav-
ernomas (CCM1–3), and genetic testing can 
be considered.

• Treatment options for subarachnoidal hemor-
rhage due to aneurismal bleeding (usually a 
domain of the neurosurgeon) include:
– Securing of the ruptured aneurysm. The 

aneurysm can be treated by either surgi-
cal clipping or endovascular treatment 
(with coils or stents); this depends on the 
anatomic features of the aneurysm and the 
local expertise, but endovascular treatment 
is increasingly preferred.

– Nimodipine IV (0.5–1 mg first hour, 1 mg 
second hour, thereafter 2 mg/h (if hypo-
tensive 1 mg) for 10–14 days, followed by 
60 mg p.o. every 4 h for 7 days, is given to 
prevent vasospasms.

– The classical triple-H therapy (hyper-
tension, hyperdilution, hypervolemia) 
is obsolete. Moderate hypertension has 
been found to be helpful in reversing arte-
rial vasospasm, but not hypervolemia or 
hemodilution.

6.6.9  Unruptured Intracranial 
Aneurysms

When deciding to treat or not to treat an inciden-
tal (i.e., unruptured) intracranial aneurysm, the 
following needs to be considered:

• Patient-related factors: age, comorbidities, 
life expectancy, ethnicity, and level of anxiety

• Aneurysm-related factors: estimated likeli-
hood of rupture, size, location, morphology, 
and multiplicity

• Treatment-related factors: risk of complica-
tions related to surgical clipping or endovas-
cular coiling

The unruptured intracranial aneurysm treatment 
score is helpful when counseling a patient with 
an unruptured aneurysm (Etninan et al. 2015).

6.7  Multiple Sclerosis and Other 
Neuroinflammatory Disorders

Immunomodulatory treatment options for MS 
are coming to the market at an ever-increasing 
speed. Since the advent of interferon-β prepa-
rations in the early 1990s, over 25 products 
(including generics) have been approved for the 
treatment of relapsing-remitting MS (Table 6.3). 
The most important developments are the intro-
duction of oral medication (teriflunomide, dime-
thyl fumarate, and fingolimod), respectively, 
highly efficacious escalation therapies based 
on monoclonal antibodies (e.g., natalizumab, 
alemtuzumab, and ocrelizumab). Treatments 
for relapsing-remitting MS may be divided into 
those considered more safe (the “old injecta-
bles” interferon-β 1a/1b and glatiramer acetate, 
as well as the oral drugs teriflunomide and dime-
thyl fumarate; previously called first-line thera-
pies) and those that are considered more risky, 
albeit also more efficacious (the monoclonal 
antibodies, and fingolimod; previously called 
second-line therapies).

Of concern is the possibility of JC-virus 
reactivation leading to PML, most frequently 

Table 6.3  Disease-modifying therapy options for MS

Injectables Orals Monoclonals
Interferon betas (IFNβs) Sphingosine-1P-receptor (S1P-R) modulators 

(Fingolimod, Siponimod, Ozanimod, Ponesimod)
Natalizumab

Glatiramer acetate Fumarates (dimethyl fumarate, monomethyl fumarate) Alemtuzumab
Teriflunomide Anti-CD20s 

(Ocrelizumab, 
Ofatumumab, 
Ublituximab)

Cladibrine

6.7 Multiple Sclerosis and Other Neuroinflammatory Disorders
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observed with natalizumab. Risk stratification 
is necessary and based on JC-virus antibody 
titers, length of therapy, as well as the presence 
or absence of previous immunosuppression. 
The most important adverse effect associated 
with alemtuzumab is secondary autoimmun-
ity with a delayed onset (e.g., thyroid disorders 
and immune thrombocytopenia), whereas fin-
golimod requires, among other precautions, 
cardiac monitoring for possible grade 2 atrio-
ventricular conduction block. Mitoxantrone 
is no longer recommended for routine use in 
patients with relapsing-remitting MS due to 
its serious adverse effects (mainly related to 
cardiotoxicity).

The impressive drug arsenal, as well as the 
potential for severe adverse advents, requires 
that MS patients are treated by neurologists 
experienced in the disease and its therapies. As 
a rule, patients are offered treatment based on a 
benefit-risk approach, taking into account their 
disease profile (aggressive or mild) and prefer-
ences with respect to side effects (e.g., need 
for contraception with potentially teratogenic 
drugs). Patients with relatively milder disease 
activity might be offered first-line therapies, 
while patients with a more aggressive course (or 
those who failed to respond adequately to first-
line therapies) may choose from second-line 
therapies as the initial treatment.

With better understanding of the risks and 
benefits, however, the goal of MS treatment has 
become much more ambitious: The aim now 
is to achieve no evidence of disease activity 
(NEDA). Initially, NEDA monitoring was based 
solely on showing no evidence of (1) relapse, (2) 
disability progression, or (3) new or enlarging 
MRI lesions measured over the first 1–2 years 
on therapy (NEDA-3). More recent refinements 
include additional (prevention of) brain atrophy 
and (preservation of) cognitive function (NEDA-
4). This in turn has changed attitudes and strate-
gies in management of MS patients dramatically 
(Rotstein et al. 2022). In the future, we are very 
likely to see many more novel drugs with even 
better efficacy and safety profiles.

MS relapse with significant neurological 
deficit (including optic neuritis and transverse 
myelitis): methylprednisolone IV 1 g/day for 
3–5 days, possibly with oral taper.

Disease-modifying drugs for relapsing-remit-
ting MS

• Patients with less than average disease activ-
ity (Note: Use of injectable disease-modi-
fying therapies to treat multiple sclerosis is 
decreasing but remains an option in preg-
nancy given the beneficial safety profile; no 
pregnancy washout is required.)
– Interferon-β 1a, 30 μg IM once per week
– Interferon-β 1a, 22 μg or 44 μg SC ×3 

weekly
– Pegylated IFN-β 1a, 125 μg SC once 

every 2 weeks
– Interferon-β 1b, 250 μg SC every 48 h
– Glatiramer acetate 20 μg SC once daily
– Teriflunomide 14 mg p.o. once daily
– Dimethyl fumarate 120 mg p.o. twice 

daily for 7 days, thereafter 240 mg twice 
daily

• Patients with average or higher MS diseae 
activity and those without adequate response 
to first-line therapies
– Natalizumab 300 mg IV every 4 weeks
– Alemtuzumab 12 mg IV once daily for 

5 days, followed 12 months later by 12 mg 
IV once daily for 3 days

– Ocrelizumab 600 mg intravenous every 
6 months

– Ofatumumab 20 mg subcutaneous 
monthly

– Fingolimod 0.5 mg p.o. once daily
– Cladibrine 3.5 mg/kg (8 to 10 treatment 

days in year 1, months 1 and 2; 8 to 10 
treatment days in year 2, months 1 and 2)

– Ublituximab 450 mg intravenous every 
6 months

• Off-line therapies
– Rituximab
– Autologous hematopoietic stem cell 

transplantation



341

Other off-line treatments, including regimes 
occasionally used for secondary progressive MS

• Long-term IV steroids, e.g., 1 g/month, or 
with overlying relapse

• Oral chemotherapeutics
– Azathioprine, increase weekly by 

25 mg × 2 to 2.5 mg/kg/day
– Cyclophosphamide 1–2 mg/kg p.o. daily
– Methotrexate 7.5–20 mg p.o. once a week

• Cyclophosphamide 800 mg/m2 monthly 
bolus infusion

Symptomatic treatment for chronic MS

• Incontinence with urgency and frequent but 
incomplete emptying
– Anticholinergics (after post-void bladder 

assessment using ultrasound), e.g., toltero-
dine 2 mg once or twice daily, tolterodine 
retard 4 mg once daily, and oxybutynin 
2.5–15 mg/day

– Desmopressin, p.o. 60–240 μg once daily 
at night or prior to social activity

– Desmopressin, nasal spray 10–40 μg once 
daily at night or once daily daytime prior 
to social activity

– Botulinum toxin injection into detrusor 
muscle

– Prophylactic antiseptic: nitrofurantoin 
50–100 mg at night

– Self-catheterization
• Erectile dysfunction

– Sildenafil, 25–100 mg once daily (1 h 
prior activity)

– Tadalafil, 10–20 mg (at least 0.5 h prior 
activity)

– Vardenafil, 5–10 mg (0.25–1 h prior 
activity)

• Fatigue
– Amantadine 100 mg × 2–3 daily
– Modafinil, start with 100 mg × 2 daily 

(morning and lunchtime), increase to 
200 mg × 2 daily, if necessary

– Methylphenidate 5–20 mg/day
• Gait difficulties: Fampridine 10 mg twice 

daily
• Spasticity

– Baclofen p.o., e.g., 20–100 mg/day 
(increase slowly)

– Tizanidine, start with 2 mg at night, 
increase slowly to 16–20 mg/day

– Baclofen, intrathecally via a pump system 
with a programmable reservoir

– Botulinum toxin IM, in selected muscles
– Physiotherapy

Episodes of acute deficits due to other inflamma-
tory CNS disorders (e.g., MOGAD, NMOSD, 
Behçet disease, CNS vasculitis)

• Methylprednisolone IV 1 g/day for 3–5 days, 
with or without oral taper

• Plasmapheresis (e.g., ×5–7; administered 
every other day)

• IVIG 0.4 mg/kg for 5 days
• Cytotoxic chemotherapy, p.o./IV
• Eculizumab is the first complement inhibi-

tor approved in the USA and the EU for the 
treatment of adults with aquaporin-4 (AQP4) 
antibody-positive NMOSD. (Another neuro-
logical indication for eculizumab is MG.)

Autoimmune encephalitis, paraneoplastic, and 
non-paraneoplastic.

• Methylprednisolone 1 g/day for 3 days IV, 
then oral prednisolone taper

• IVIG 0.4 g/day for 5 days
• Plasma exchange (e.g., ×5–7; administered 

every other day)
• Treat underlying tumor, if present
• Second-line treatment (for NMDA receptor 

encephalitis): rituximab, cyclophosphamide; 
bortezomib (third-line)

Treatment options in Susac’s syndrome
There have been no randomized controlled trials 
or prospective treatment studies in Susac’s syn-
drome. The following is a simplified modifica-
tion of a 2020 treatment guideline (Rennebohm 
et al. 2020):

• Mild Susac’s syndrome: peroral predniso-
lone 1 mg/kg plus IVIG 2 g/kg over 3–5 days 
(repeated every 4 weeks the first 6 months) 

6.7 Multiple Sclerosis and Other Neuroinflammatory Disorders
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plus MMF 1000 mg twice daily (alterna-
tively, azathioprine 2–3 mg/kg once daily or 
methotrexate 7.5–20 mg p.o. once a week).

• Moderate to severe Susac’s syndrome: iv fol-
lowed by peroral prednisolone plus IVIG 
plus MMF (alternatively, azathioprine or 
methotrexate) plus rituximab.

• In refractory cases, cyclophosphamide or inf-
liximab may be given.

Adverse effects of steroids, short term

• High blood sugar: initiate insulin therapy.
• Psychosis, mania, depression, and insomnia: 

stop steroids and seek psychiatric expertise.

Adverse effects of steroids, long term

• Diabetes mellitus: insulin therapy.
• Arterial hypertension: antihypertensive 

agents.
• Ventricular ulcers: proton-pump inhibitors.
• Osteoporosis: patients on steroid therapy 

should receive calcium and vitamin D sup-
plements (with or without bisphosphonates, 
whether or not the patient has manifest 
osteoporosis).

• Avascular bone necrosis (femoral head).
• Achilles tendon rupture.
• Cataracts: regular ophthalmological 

evaluation.
• Increased risk of infections and poor wound 

healing.
• Beware of adrenal insufficiency with acute 

stress (surgery, infections) and steroid 
withdrawal.

6.8  Infectious Diseases

Adult bacterial meningitis, empirical intrave-
nous drug therapy
Streptococcus pneumoniae is the most common 
causative agent of community-acquired bacterial 
meningitis worldwide; and Neisseria meningi-
tis is the second most common. When bacterial 
meningitis is suspected, empiric antimicrobial 
therapy and dexamethasone should be initiated 

immediately after two sets of blood cultures 
and prior to lumbar puncture for CSF analysis. 
Despite significantly decreased morbidity and 
mortality with antimicrobial therapy, sequelae 
like deafness, ischemic stroke, epilepsy, and 
cognitive impairment are common. Vaccinations 
are available for Streptococcus pneumoniae and 
Neisseria meningitis.

According to the European Society of 
Clinical Microbiology and Infectious Diseases 
guidelines on the management of community-
acquired bacterial meningitis:

The choice of empiric antibiotic treatment is con-
ditional on the age of the patient and the regional 
rate of decreased susceptibility to penicillin and 
third-generation cephalosporins of S. pneumo-
niae. […]. When there is a risk of decreased 
susceptibility of S. pneumoniae, empiric treat-
ment should include vancomycin or rifampicin. 
However, some experts advise the use of ceftri-
axone or cefotaxime as empiric treatment instead 
of vancomycin or rifampicin when true resistance 
to third-generation cephalosporin […] is not to be 
expected. When risk factors for an infection with 
L. monocytogenes are present in adults under the 
age of 50 years (e.g., diabetes, use of immunosup-
pressive drugs, cancer) or in adults over the age 
of 50 years, empiric antibiotic treatment should 
include amoxicillin or ampicillin to cover for L. 
monocytogenes. (van de Beek et al. 2016)

However, it is mandatory to check with local 
protocols which may deviate significantly. 
Possible dosing options for adults are as follows:

• Cefotaxime—2 g IV every 4–8 h
• Ceftriaxone—2 g IV every 12 h
• Vancomycin—750–1000 mg IV every 12 h or 

10–15 mg/kg IV every 12 h
• Ampicillin/Amoxicillin 2 g IV every 4 h if 

Listeria is suspected
• Meropenem 2 g IV every 8 h
• Benzylpenicillin 250,000 U/kg/day (equiva-

lent to 2.4 g every 4 h)
• Steroid therapy: dexamethasone, 0.15 mg/kg 

every 6 h for 2–4 days

Shunt-associated meningitis

• Intrathecal antibiotics (e.g., vancomycin 
5–20 mg daily) can be given to patients with 
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nosocomial meningitis (e.g., ventricular 
shunt-associated meningitis) that does not 
respond to IV antibiotics.

Mollaret’s meningitis

• Aciclovir if HSV2, indomethacin

Amoebic meningitis

• Amphotericin B IV for 2–4 weeks

Tuberculous meningitis

• Isoniazid (+ pyridoxine 10–20 mg once 
daily) plus rifampicin plus pyrazinamide 
plus ethambutol (or streptomycin) plus 
dexamethasone

Cryptococcal meningitis

• Amphotericin, flucytosine, and fluconazole

Brain abscess

• According to likely focus but include cefo-
taxime and metronidazole; if traumatic 
abscess, add vancomycin. Most cerebral 
abscesses require neurosurgical intervention.

Syphilis

• Penicillin G 2–4 mU IV × 6 for 14 days (if 
the patient is allergic to penicillin, doxycy-
cline 200 mg every 6 h p.o. for 28 days may 
be prescribed).

Viral encephalitis due to HSV-1

• Aciclovir 10 mg/kg IV every 6 h for 
14–21 days

Herpes zoster

• Valaciclovir 1 g ×3 daily for 7 days or aciclo-
vir IV

PML due to HIV

• HAART, cidofovir 5 mg/kg IV once weekly; 
mirtazapine

Cerebral malaria

• Artesunate, quinine, and quinidine

Schistosomiasis and cysticercosis.

• Praziquantel

Toxoplasmosis

• Sulfadiazine plus pyrimethamine, trimetho-
prim–sulfamethoxazole, and pyrimethamine 
plus azithromycin

Borrelia burgdorferi

• Doxycycline 100–200 mg p.o. twice daily for 
14–21 days

• Penicillin 1000 mg ×3 daily 7–10 days
• Benzylpenicillin 2.4 g IV every 6 h for 

10 days
• Ceftriaxone 2 g/day IV

Diphtheria

• Benzylpenicillin 2.4 g IV ×4 daily for 
10 days

• Erythromycin 50 mg/kg/day IV for 
10–14 days

• Diphtheria antitoxin IV or IM

6.9  Parkinson’s Disease

Initial Monotherapy.
Dopamine replacement therapy should be 
started when symptoms are severe enough to 
affect activities of daily living, walking, and/or 
employment. Motor symptoms with less func-
tional impairment may be treated initially with 
dopamine agonists or monoamine B (MAO-B) 

6.9 Parkinson’s Disease
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inhibitors only. Although controversial, ini-
tial monotherapy using dopamine agonists may 
delay complications of levodopa therapy in 
younger patients (i.e., motor fluctuations and 
dyskinesias).

• Young age: dopamine agonist or MAO-B 
inhibitors can be considered (the latter only 
if symptoms are mild); however, if fast effect 
is needed, start with levodopa for 4–6 weeks 
and then add a dopamine agonist and 
decrease levodopa as much as possible.

• Medium age: dopamine agonist or levodopa.
• Old age: levodopa.

Levodopa

• Benserazide/levodopa 12.5/50 mg, 25/100 mg; 
carbidopa/levodopa 10/100 mg, 12.5/50 mg, 
25/100 mg.

• Start with 50–100 mg levodopa once or twice 
daily; increase by 50–100 mg every 3 days.

• Maintenance: 300–600 mg daily, divided by 
3–4 doses (or more in patients with “wearing 
off” fluctuations).

• If daily dose exceeds 600 mg, a dopamine 
agonist should be added.

• Depot preparations can be given once a night 
to prevent nocturnal immobility; quick-
release preparations can be given during day-
time if required.

Dopamine agonists (non-ergot)

• Pramipexole: 0.088 mg ×3 daily during first 
week, 0.18 mg ×3 daily during second week, 
and 0.36 mg ×3 daily during third week; 
thereafter, increase by 0.54 mg weekly as 
needed to max. 3.3 mg daily.

• Ropinirole: 0.25 mg × 3 daily during first 
week; thereafter, increase by 0.25 mg three 
times daily per week; maintenance dose 
3–16 mg (or more) daily.

• Ropinirole, sustained release form: 2 mg 
once daily during first week, increase by 
2 mg/week, maintenance 6–24 mg once daily.

• Rotigotine (transdermal patch): 2 mg/24 h, 
increase by 2 mg/week, maintenance 
6–16 mg daily.

• Apomorphine, SC injection as rescue medi-
cation (pretreatment with domperidone for 
3 days is necessary to prevent vomiting and 
hypotension). Requires careful titration, 
maintenance 2–7 mg ×1–10 times daily, max. 
100 mg/day; with more than six injections/
day, continuous subcutaneous infusion of 
apomorphine by a pump system is preferable.

MAO-B inhibitors
MAO-B inhibitors may be given initially as 
monotherapy in patients with mild symptoms or 
to increase “on time” in fluctuating patients

• Rasagiline 1 mg once daily
• Selegiline 5–10 mg once daily

Catechol-O-methyltransferase (COMT) inhibitors
Increases CNS delivery of levodopa by retarding 
its degradation; thus, it is always given in com-
bination with levodopa.

• Entacapone: 200 mg together with every dose 
of levodopa

Amantadine
Although not a first choice, this glutamate recep-
tor antagonist can be beneficial in patients with 
tremor, particularly in early disease, and in more 
advanced disease, it may reduce dyskinesia.

• 100 mg once daily, increase by 100 mg every 
3 days, max. 400 mg/day

Treatment options with advanced PD
In patients with severe motor fluctuations and 
dyskinesia, a variety of advanced treatment 
options exist.

• DBS (requires some response to levodopa 
therapy)
– Nucleus subthalamicus
– Globus pallidus, pars interna
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• Jejunal infusion of levodopa and carbidopa, 
dispersed as a viscous gel, using a patient-
operated portable pump (Duodopa therapy)

• Amantadine continuous subcutaneous infu-
sion using a patient-operated portable pump

Treatment of nonmotor symptoms

• Psychosis: optimize medication list. 
Quetiapine, olanzapine, or clozapine may be 
used in low doses for a short period of time 
(see Sect. 6.3).

• Dementia: acetylcholinesterase inhibitors 
(donepezil, galantamine, rivastigmine; see 
Sect. 6.3).

• Drooling:
– Botulinum toxin injection into parotid 

gland
– Sublingual atropine, 1 drop × 2 of 1.0% 

ophthalmic solution
– Scopolamine, transdermal (patch)

• Nausea: domperidone 10–20 mg × 1–3 daily.
• Hypotension: optimize medication list, e.g., 

discontinue antihypertensive drugs and 
MAO-B inhibitors.
– Fludrocortisone 0.1 mg once or twice 

daily (up to 1 mg/day), taken in the morn-
ing or at bedtime

– Dihydroergotamine 2.5 mg or 5 mg twice 
daily

– Midodrine 2.5–5 mg three times daily

6.10  Non-parkinsonian Movement 
Disorders

Dystonia
Acute Dystonic Reactions

• Biperiden 2.5–5 mg IV or IM, followed by 
biperiden p.o., 2 mg ×1–4 for 7 days

Dopa-responsive dystonia (hereditary progres-
sive dystonia with diurnal fluctuation, also 
known as Segawa disease or DYT5 dystonia):

• Low doses of levodopa

Tardive dystonia and dyskinesia

• Withdraw offending drug, if necessary switch 
to atypical antipsychotics

• Botulinum injections
• Tetrabenazine

Adult-onset focal dystonia

• Botulinum toxin

Idiopathic generalized dystonia

• In young patients, a diagnostic trial of levo-
dopa (400–600 mg) is needed to exclude 
dopa-responsive dystonia (see above).

• Medical treatment, often in combina-
tion: anticholinergics (e.g., trihexypheni-
dyl 2 mg ×1 a day, increase stepwise up to 
20 mg/day), tetrabenazine, baclofen, clonaz-
epam, and dopamine antagonist.

• DBS (globus pallidus, bilateral).

Chorea and hemiballismus

• Chorea and ballismus: tetrabenazine (slowly 
titrated with 6.25 mg every 4–7 days up to 
70 mg three times daily).

• Carbamazepine and valproate as second-line 
therapy (first line in Sydenham chorea).

• Benzodiazepine and/or atypical antipsy-
chotics may reduce anxiety and behavioral 
symptoms.

HD

• Chorea: tetrabenazine, sulpiride 100–200 mg 
twice daily, or olanzapine

Wilson’s disease

• Low-copper diet (<1 mg/day)
• Penicillamine 1–2 g/day, in 2–4 divided doses
• Trientine 1.2–2.4 g/day, in 2–4 divided doses
• Zinc acetate 50 mg three times daily
• Tetrathiomolybdate
• Ultimately, liver transplantation

6.10 Non-parkinsonian Movement Disorders
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Myoclonus

• Cortical myoclonus: piracetam, valproate, 
primidone, and clonazepam

• Subcortical myoclonus: clonazepam
• Hiccups: valproate, baclofen, gabapentin, and 

chlorpromazine, vagus nerve stimulation

Essential tremor

• First-line agents
– Beta-blockers

Propranolol 10 mg twice daily initially, 
maintenance 60–120 mg twice daily

– Primidone: starting dose 25 mg at night, 
usual maintenance dose 50 mg at night or 
twice daily; if necessary, titration up to 
250 mg and above is possible

• Second-line agents
– Antiepileptics

Gabapentin 300–600 mg two or three 
times daily

Topiramate 25–200 mg twice daily
– Benzodiazepines (clonazepam)
– Mirtazapine

• Nonmedical treatment options
– DBS (thalamic, ventral intermediate 

nucleus; bilateral)
– Stereotactic thalamotomy
– Botulinum toxin
– Wrist weights

Dystonic tremor

• Botulinum toxin.
• Anticholinergics, primidone, and gabapentin 

occasionally are helpful.

Primary orthostatic tremor

• Clonazepam
• Primidone and gabapentin

Tics

• Dopamine antagonists, including atypical 
and typical antipsychotics (e.g., aripiprazole, 
pimozide, risperidone, tetrabenazine, per-
golide, haloperidol)

• Botulinum toxin (rarely)
• Cognitive behavioral therapy and other psy-

chotherapeutic programs

Restless legs

• Check for and treat possible causes, e.g., neu-
ropathy, iron deficiency, and renal failure.

• Strong evidence supports use of pramipexole 
(0.18–0.54 mg bedtime), rotigotine, cabergo-
line, and gabapentin.

• Moderate evidence exists for ropinirole 
(0.25–4 mg bedtime), pregabalin, and IV fer-
ric carboxymaltose.

• There is only low evidence for levodopa (50–
200 mg bedtime; cave: augmentation).

• In patients on hemodialysis with secondary 
RLS, vitamins C and E supplementation can 
be subscribed together with ropinirole.

6.11  Cranial Neuropathies 
and Related Conditions

Giant cell arteritis

• With visual symptoms: 1000 mg methyl-
prednisolone IV for 3 days; thereafter, 1 mg/
kg body weight/day (e.g., 60–100 mg daily) 
prednisolone p.o. until symptom relief.

• Without visual symptoms: 60–100 mg/day 
prednisolone p.o. for 2 weeks after complete 
recovery.

• Reduce prednisolone cautiously, e.g., by 
5 mg every 2 weeks up to 20 mg/day, thereaf-
ter 2.5 mg every 2 weeks until 10 mg/day and 
1.25 mg every 4 weeks.
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• Upon relapse, increase again to least effective 
dose (2 years of treatment usually necessary).

• Prophylaxis for osteoporosis is mandatory 
(see above).

Tolosa-Hunt disease

• Prednisolone 60–100 mg once daily.
• Low-dose radiation therapy of the affected 

sinus cavernosus may be an alternative.

Nutritional/toxic optic neuropathy

• Remove toxins
• Hydroxocobalamin 1 mg IM per week, oral 

vitamin B, and folate

Superior oblique myokymia: carbamazepine 
(dosage as for trigeminal neuralgia)

Trigeminal and glossopharyngeal neuralgia

• Carbamazepine (600–2000 mg daily)
• Second line: gabapentin (2400–3600 mg/

day), valproate (1500–2000 mg/day), phe-
nytoin (300–400 mg/day), topiramate (100–
200 mg/day), baclofen (20–100 mg/day), and 
clonazepam (6–8 mg/day).

• Phenytoin/fosphenytoin IV (dosage as for 
status epilepticus) is very effective as rescue 
medication.

• Botulinum toxin (trigeminal neuralgia).
• Surgical: microvascular decompression or 

destructive procedures (balloon compression, 
glycerol injection into trigeminal cistern, 
radio frequency ablation of trigeminal gan-
glion, stereotactic gamma knife surgery).

Atypical facial pain

• Antidepressants, baclofen; behavioral therapy

Bell’s palsy

• 50 mg prednisolone once daily for 7–10 days 
(but only if treatment can be initiated within 
the first 72 h)

• Artificial tears: 1–2 drops in each eye ×3 
daily or more

• Eye protection at night

• In case of suspected Borrelia infection and CSF 
pleocytosis: doxycycline 200 mg once daily for 
2 weeks or 400 mg once daily for 10 days

Hemifacial spasm

• Botulinum toxin
• Carbamazepine (dosage as for trigeminal 

neuralgia)
• Posterior fossa microvascular decompression

Facial myokymia

• Botulinum toxin

Gustatory sweating

• Botulinum toxin

Ramsay Hunt syndrome (reactivation syndrome 
of herpes zoster in the geniculate ganglion)

• Aciclovir 800 mg ×5 for 1 week
• Prednisolone 40–60 mg once daily for 1 week
• Symptomatic vertigo treatment

Benign paroxysmal positional vertigo

• Epley maneuver (see Chapt. 3)

Acute vertigo, other
The following medication should be given only 
during a short period in order not to interfere 
with central compensation mechanisms.

• Dopamine antagonists (prochlorperazine, 
metoclopramide, domperidone)

• Meclizine 25 mg once or twice daily
• Benzodiazepines (e.g., diazepam 2 mg two to 

three times daily)

Typewriter tinnitus

• Carbamazepine (dosage as for trigeminal 
neuralgia)

Spasmodic dysphonia

• Botulinum toxin

6.11 Cranial Neuropathies and Related Conditions
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6.12  Autonomic Dysreflexia 
with Spinal Cord Injury

In spinal cord injury above TH6, painful or other 
stimuli below the transection level may lead to 
acute massive vasoconstriction including the 
mesenteric vessels and arterial hypertension. 
(The patient is “cold and pale” below the lesion 
and “red and hot” above). Since patients with 
chronic injury to the cervical or upper thoracic 
spinal cord usually have very low blood pres-
sure, even blood pressure readings with appar-
ently normal values (e.g., 130/80 mmHg) may 
be associated with life-threatening hypertensive 
encephalopathy:

• Let the patient sit upright.
• Remove tight clothing.
• Monitor blood pressure every 2–5 min.
• Perform intermittent catheterization or check 

indwelling catheter for obstruction. Bladder 
distension is the most common cause of auto-
nomic dysreflexia.

• If blood pressure remains ≥ 150 mmHg, give, 
e.g., glyceryl nitrate sublingual 2.5–5 mg 
(can be spit out by the patient in case of 
hypotension) or nifedipine 10 mg (bite and 
swallow).

• If symptoms persist, disimpact bowel (bowel 
distension is the second most common cause 
of autonomic dysreflexia) and search for 
other stimuli normally associated with pain, 
e.g., decubital wounds.

6.13  Neuromuscular Disorders

6.13.1  Motor Neuron Diseases 
and Peripheral 
Neuropathies

6.13.1.1  Amyotrophic Lateral 
Sclerosis

• Sodium channel blocker: riluzole 50 mg 
twice daily, prolongs survival by 2 months on 
average

• Two other options have been approved by 
the FDA (but not by the European Medicines 
Agency) since 2020: Edaravone and sodium 
phenylbutyrate–taurursodiol

• Salivation and drooling
– Atropine 0.25–0.75 mg oral
– Amitriptyline 10–25 mg
– Hyoscine patches 1 mg/72 h
– Botulinum toxin

• Tenacious secretions: acetylcysteine 200 mg 
two or three times daily, fluids p.o.

• Pain, spasticity, and cramps
– Levetiracetam
– Baclofen
– Morphine

• Nutrition: percutaneous
– endoscopic gastrostomy

• Emotional incontinence and depression
– SSRI (citalopram 20–40 mg once daily)
– Tricyclic antidepressant (amitriptyline 

25–100 mg at night)
• Dyspnea

– Home ventilation, CPAP, cough assistant
– Morphine 2.5–5 mg every 6 h

• Anxiety
– Benzodiazepines (lorazepam, diazepam, 

oxazepam)
– Counseling

6.13.1.2  Peripheral Nerve Disorders

• Corticosteroids (for vasculitic neuropathy 
and CIDP, but not GBS): start oral predni-
solone 1 mg/kg/day for 2–5 weeks depend-
ing on treatment response and then decrease 
slowly over many weeks; maintenance dos-
age as low as possible.

• Azathioprine: start with 2.5 mg/kg/day until 
clinical benefit, then maintenance with, e.g., 
1 mg/kg/day.

• Cyclophosphamide: 2 mg/kg p.o. daily for 
3 months.

• Plasma exchange: 5- or 7-day courses, 50 mL 
plasma/kg exchanged every other day; low-
dose heparin.

• IVIG: 0.4 g/kg once daily for 5 days; prior 
to IVIG treatment, order serum electropho-
resis and exclude IgA deficiency to avoid 
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anaphylactic reactions. Most authorities sug-
gest that in patients with GBS, IVIG treat-
ment is initiated when symptoms are severe 
enough as to affect gait.

6.13.1.3  Peripheral Neuropathic Pain

• ASM
– Gabapentin 900–3600 mg
– Pregabalin 75–600 mg
– Carbamazepine 200–600 mg
– Lamotrigine 300–400 mg

• Antidepressants
– Nortriptyline, start with 10 mg three times 

daily; if necessary, increase by 10 mg every 
2–3 days to 25–50 mg three times daily

– Amitriptyline 25–100 mg (perhaps less 
efficient than nortriptyline and imipramine)

– Imipramine (20–)100–200 mg/day, e.g., 
start with 10–25 mg once or twice daily, 
increasing by 25 mg every second day

– Duloxetine 20–120 mg
– Venlafaxine 150–220 mg
– Paroxetine 40 mg
– Citalopram 40 mg

• Opioids should be used cautiously in chronic 
pain. As a rule, mild analgesics should be 
tried prior to opiods and short-lasting opiods 
prior to patches.
– Tramadol 50–400 mg
– Oxycodone 40–60 mg

• Capsaicin patch (8%), locally
• Acute neuropathic pain: regional nerve 

blockade (local injections of anesthetic 
agents, e.g., lidocaine)

• Surgical, e.g., dorsal root entry zone lesioning

6.13.1.4  Central Neuropathic Pain
For the sake of convenience, central neuropathic 
pain is discussed here together with the more 
common peripheral neuropathic pain.

• Spinal cord injury pain: lidocaine IV, alfenta-
nil IV, propofol IV, morphine plus clonidine 
intrathecally, and baclofen intrathecally

• MS: carbamazepine, phenytoin, valproate 
(paroxysms), and TCA (non-paroxysmal 
pain)

• Central poststroke pain: amitriptyline and 
lamotrigine

• Transepidermal nerve stimulation (TENS)
• Spinal cord stimulation
• DBS
• Surface stimulation of motor cortex

6.13.2  Neuromuscular Junction 
Disorders and Myopathies

6.13.2.1  Myasthenia Gravis (MG)
MG, tensilon test

See Chap. 3.
MG, symptomatic treatment

• Anticholinesterase therapy
– Pyridostigmine: start with 30–60 mg 

every 6 h and gradually titrate as neces-
sary to 60–120 mg every 4–6 h; 180 mg 
timed-release pyridostigmine can be 
given at night in case of severe weak-
ness upon awakening. With appropriate 
immunomodulatory therapy (see below), 
patients rarely need more than 120 mg 
pyridostigmine ×5/day.

– Neostigmine IV or SC: If a patient is 
transferred from oral Mestinon to intra-
venous neostigmine (e.g., because of a 
surgical procedure), it is important to 
remember that the dosage difference 
is roughly 30:1 (thus, 30 mg Mestinon 
p.o. = 1 mg neostigmine IV).

• Anticholinergics (given for muscarinergic 
side effects): atropine

• Potassium substitution (aim for high-nor-
mal or slightly elevated potassium plasma 
levels).
– Potassium
– Spironolactone 50–100 mg once daily

6.13 Neuromuscular Disorders



350 6 Treatment of Neurological Disorders

MG, immunosuppressive treatment

• Prednisolone
– Depending on the severity of the symp-

toms, one may either choose a “start low, 
go slow” approach (e.g., 10–25 mg once 
daily) or a high-dose regimen (e.g., 1 mg/
kg or 60–100 mg once daily, but beware 
of temporary worsening weakness; often 
combined with IVIG or plasma exchange). 
Patients should soon be started on azathio-
prine or another steroid-sparing therapy, in 
order to decrease maintenance predniso-
lone as much as possible.

• Azathioprine
– Start with 50 mg once or 25 mg twice 

daily
– Increase by 25 mg/day until 2.5 mg/kg/

day
• Thymectomy: Thymectomy is performed in 

every patient with a suspicion of thymoma 
on CT of the chest but also MG patients with-
out thymoma can benefit, especially young 
women with severe generalized symptoms 
and who are acetylcholine receptor antibody 
positive

• IVIG 0.4 g/day for 5 days (effective for up to 
2 months)

• Plasma exchange (effective for up to 
2 months; if given prior to steroids, it may 
prevent temporary decline and, thus, possibly 
need for respirator treatment)

• Others: mycophenolate, cyclophosphamide, 
cyclosporine, etanercept, and rituximab

• Monoclonal antibody treatment: The human-
ized monoclonal antibody eculizumab is a 
complement inhibitor indicated for use in 
AChR-positive adults with generalized MG. 
(Another neurological indication for eculi-
zumab is NMOSD). The recommended dos-
age of eculizumab is 900 mg every week for 
4 weeks (initial phase) followed by 1200 mg 
for week 5 and 1200 mg every 2 weeks there-
after (maintenance).

• Efgartigimod (ARGX-113): Human IgG1 
antibody Fc fragment that reduces pathogenic 
IgG autoantibody levels in generalized MG.

6.13.2.2  Lambert-Eaton Myasthenic 
Syndrome (LEMS)

• 3,4-Diaminopyridine (DAP) 4–12 mg × 3–4 
daily (max. 100 mg)

• Pyridostigmine
• Prednisolone 30–60 mg
• Azathioprine 2.5 mg/kg
• IVIG 0.4 g/day for 5 days (often less effec-

tive than in MG)
• Plasma exchange (often less effective than in 

MG)
• Removal of underlying tumor (usually a 

SCLC), if present

6.13.2.3  Neuromyotonia (Isaacs 
Syndrome)

Carbamazepine, lamotrigine, phenytoin, val-
proate, and gabapentin; immunomodulatory 
treatment.

6.13.2.4  Muscle Cramps
Muscle stretching exercises; medical treatment 
is only rarely needed (quinine, carbamazepine, 
lamotrigine, and gabapentin).

6.13.2.5  Myopathies

• Duchenne muscular dystrophy: predniso-
lone, cardiac drugs (angiotensin-converting 
enzyme inhibitors, beta-blockers, diuretics, 
digoxin, anticoagulants)

• Myotonic dystrophy: modafinil for excessive 
daytime sleepiness, mexiletine for myotonia

• Hyperkalemic and normokalemic periodic 
paralysis: salbutamol inhaler (attacks), low-
potassium diet, thiazide diuretics, acetazola-
mide, and lamotrigine

• Hypokalemic periodic paralysis: oral 
potassium (avoid intravenous potassium); 
low-carbohydrate, low-sodium diet; and 
acetazolamide.

• Myotonia congenita: mexiletine (start with 
50 mg once daily, increase up 200 mg ×2–4 
daily)

• Myotonia: quinine (kinin 100, 250 mg), 300–
600 mg ×2–3 daily
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• Malignant hyperthermia: dantrolene 2.5  
mg/kg IV, repeat up to total dose of 10 mg/kg

• Acute myositis: prednisolone (titrate 
according to clinical response and plasma 
creatine kinase levels), azathioprine, metho-
trexate, cyclosporine A, and mycophenolate; 
if severe: plasmapheresis and IVIG.
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Angelman syndrome, 306
Anterior cerebral artery (ACA), 74, 76, 77, 119, 151, 

193, 196, 198, 302, 327
Anterior choroidal artery, 76
Anterior communicating artery (AComA), 74, 157, 265
Anterior cord syndrome, 8, 32
Anterior inferior cerebellar artery (AICA), 53, 74, 77, 
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Anterior ischemic optic neuropathy (AION), 40, 42
Anterior spinal artery, 31, 32, 263
Antiphospholipid antibody syndrome, 203, 247
Anti-seizure medications (ASM), 274, 320–324, 349
Anton’s syndrome, 73, 79
Applause test, 93
Aquaporin-4 antibodies, 41
ARAS. See Ascending reticular activating system 

(ARAS)
Argyll Robertson phenomenon, 231
Arnold-Chiari malformations, 44, 154, 183, 217, 257, 

264, 267
Arteriovenous dural fistula (AVDF), cerebral, 166
Arteriovenous dural fistula (AVDF), spinal, 264
Arteriovenous malformations (AVM), 206, 208, 263, 

337, 338
Artery of Adamkiewicz, 31
Artery of Percheron, 79, 81
Ascending reticular activating system (ARAS), 8, 35, 

77, 141
Astasia abasia, 61, 132
Astrocytoma, 234, 236, 261, 308
Ataxia-telangiectasia, 110, 258
Ataxic hemiparesis, 193
Attention deficit hyperactivity disorder (ADHD), 253
Aura, 40, 70, 129, 130, 140, 146, 148, 175, 181, 200, 

204, 316
epileptic, 129
with migrains, 40, 147

Autoimmune encephalitis (AIE), 131, 155, 163, 164, 
168, 170, 173, 303, 304, 308, 315, 341

Autoimmune nodopathis. See Nodo-paranodopathies
Autonomic dysreflexia, 1, 30, 348
Autonomic failure, 17, 90, 168, 182, 242, 272
AVM. See Arteriovenous malformations (AVM)
Axillary nerve, 20, 103

A
ABCD2 score, 196, 197
Abducens nerve, 13, 42–45, 47, 111, 115, 219
Absence status epilepticus, 179, 180
ACA. See Anterior cerebral artery (ACA)
AComA. See Anterior communicating artery (AComA)
Acute demyelinating encephalomyelitis (ADEM), 142, 

216, 308, 315
Acute flaccid myelitis, 24, 25, 225
Acute inflammatory demyelinating polyneuropathy 

(AIDP), 16, 17, 183, 272, 298
Acute motor axonal neuropathy (AMAN), 17, 273
Acute motor sensory axonal neuropathy (AMSAN), 17, 

273, 299
Acute necrotizing hemorrhagic leukoencephalitis, 216
AD. See Alzheimer’s disease (AD)
Addisonian crisis, 142
Adie’s tonic pupil, 46, 231
Adrenoleukodystrophy, 259, 265, 305, 308
Adult-onset adrenoleukodystrophy, 259
Afferent pupillary defect, 42, 96
African trypanosomiasis, 190, 232
AICA. See Anterior inferior cerebellar artery (AICA)
AIDP. See Acute inflammatory demyelinating polyneu-

ropathy (AIDP)
AION. See Anterior ischemic optic neuropathy (AION)
Akathisia, 247
Akinetic mutism, 61, 141, 226, 246
Alexithymia, 131
ALS. See Amyotrophic lateral sclerosis (ALS)
ALS split hand. See Amyotrophic lateral sclerosis (ALS), 

split hand
Alzheimer’s disease (AD), 30, 89, 92, 155, 157, 158, 288
Amaurosis fugax, 39, 40
Amebiasis, cerebral, 232
Amnesia, 6, 8, 61, 62, 64, 65, 70, 71, 87, 130, 145, 155, 

157, 159, 162, 164, 168, 190, 206
Amyotrophic lateral sclerosis (ALS), 8, 11, 18, 19, 

55, 56, 101, 104, 113, 244, 261, 265–270, 
299–301, 304, 306, 348

Amyotrophic lateral sclerosis (ALS), Gold Coast criteria, 
266

Amyotrophic lateral sclerosis (ALS), split hand, 18, 19
Aneurysm, 46, 207, 303, 339
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Cataplexy, 60, 183, 190, 191, 302, 325
Cauda equina syndrome, 26, 35, 103, 106, 270
Cavernous sinus thrombosis, 46
Cbd. See Corticobasal degeneration (CBD)
Central cord syndrome, 34
Central pontine myelinolysis, 54, 142, 315
Cerebellar ataxia, 8, 57, 61, 107, 198, 216, 219, 244, 

253, 258, 265, 306
Cerebellar ataxia, neuropathy and vestibular areflexia 

syndrome (CANVAS), 258
Cerebral amyloid angiopathy (CAA), 185, 191, 206–208, 

288
Cerebral autosomal dominant arteriopathy with sub-

cortical infarcts and leukoencephalopathy 
(CADASIL), 159, 193, 194, 200–202, 204, 
207, 216, 307, 308

Cerebral autosomal recessive arteriopathy with sub-
cortical infarcts and leukoencephalopathy 
(CARASIL), 201

Cerebral malaria, 231, 233, 343
Cerebral venous sinus thrombosis, 40, 142, 144, 149, 

219, 285, 336
Cerebrotendinous xanthomatosis, 258
Cervical flexion myelopathy, 32, 267, 268
CHA 2 DS 2 -VASC score, 334
Chaddock maneuver, 105
Chameleon. See Stroke chameleon
Charcot-Marie-Tooth (CMT) disease, 16
Charles Bonnet syndrome, 41, 74
Chorea, 8, 20, 60, 61, 94, 108, 161, 170, 239, 242, 244, 

247, 256, 258, 345
Choreathethosis, 60
Chronic lymphocytic inflammation with pontine perivas-

cular enhancement responsive to steroids 
(CLIPPERS), 256, 283

Chronic progressive external ophthalmoplegia (CPEO), 278
Chronic sleep apnea syndrome, 155
Chronic traumatic encephalopathy (CTE), 245
Circle of Willis, 46, 74–76, 193, 197, 207, 208
Cjd. See Creutzfeldt-Jakob disease (CJD)
Clinical exome sequencing (CES), 307
Clinically isolated syndrome (CIS), 209, 210
CLIPPERS. See Chronic lymphocytic inflammation with 

pontine perivascular enhancement responsive 
to steroids (CLIPPERS)

Cluster headache, 49, 146, 149, 318
CMT disease. See Charcot-Marie-Tooth (CMT) disease
Cogan lid twitch, 102
COL4A1 mutation, 197, 202
Collier’s sign, 44
Compression test of Spurling, 106
Compressive cervical myelopathy, 32
Congenital myopathies, 10, 278, 279
Conus medullaris syndrome, 26, 35
Copper deficiency myelopathy, 33, 109, 217, 263
Coronavirus disease 2019. See COVID-19
Cortical blindness, 8, 73, 79, 164, 172, 191, 193, 226
Corticobasal degeneration (CBD), 243, 308
Corticospinal tract, 11, 27–29, 33, 34, 37, 62, 104, 117, 

118, 122, 212, 258, 259, 263, 265

B
Babinski sign, 11, 118
Bacterial meningitis, 95, 118, 142, 154, 218, 227, 229, 

303, 342
Balint’s syndrome, 72, 73, 158, 288
Bannwarth’s syndrome, 230
Basal ganglia calcification due to hypoparathyroidism, 

250
Basilar artery thrombosis, 6, 78, 122, 126, 142
Basilar meningitis, 46, 51, 52, 54, 55, 260
Batten disease, 251, 259
B cell lymphoma, intravascular, 217
Beevor sign, 105
Behavioral variant front-temporal dementia (BvFTD), 

67, 158, 159, 286
Behçet disease, 216, 219, 341
Bell’s palsy, 48, 51, 100, 347
Bell’s phenomenon, 50
Benign paroxysmal positional vertigo (BPPV), 53, 100, 

347
Benign partial epilepsy of childhood with centrotemporal 

spikes (BECTS), 321
Bielschowsky’s sign, 47
Blepharospasm, 135, 250
Blue rubber bleb nevus syndrome (BRBNS), 110, 111
Bogorad’s syndrome, 51
Botulism, 11, 12, 229, 261, 275
Brachial neuritis, 23
Brachial plexus, 8, 13, 21, 23–25, 48, 297, 298
Bradykinesia, 8, 57, 59, 239, 240, 243, 252, 289
Brain concussion, 145
Brain contusion, 145
Brainstem auditory evoked potentials, 301
BRBNS. See Blue rubber bleb nevus syndrome 

(BRBNS)
Brown-Séquard syndrome, 8, 30, 31
Brudzinski’s sign, 109
Bulbospinal neuronopathy, 269
Burst-suppression, 291
BvFTD. See Behavioral variant front-temporal dementia 

(BvFTD)

C
CADASIL. See Cerebral autosomal dominant arterio-

pathy with subcortical infarcts and leukoen-
cephalopathy (CADASIL)

Café au lait spots, 110
Calcitonin gene-related peptide (CGRP), 316, 317
Camptocormia, 59, 109, 243
CANVAS. See Cerebellar ataxia, neuropathy and ves-

tibular areflexia syndrome
Capgras’ phenomenon, 90
Carbon monoxide poisoning, 114, 152, 246, 250, 290
Cardiac syncope, 182
Carnitine palmitoyltransferase II deficiency (CPT II), 

10, 278
Carotid-cavernous fistula, 46, 98
Carotid sinus syncope, 182
Carpal tunnel syndrome, 11, 13, 21, 125
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Ehlers-Danlos syndrome, 135
Elsberg syndrome, 26, 223
Encephalitis, autoimmune, 131, 236, 286, 303, 304, 308, 

315, 341
Endocarditis, infectious, 303
Ependyma, 236
Epidural hemorrhage, 145
Epilepsy, 3, 6, 43, 69–71, 74, 110, 129–131, 140, 155, 

164, 168, 172, 173, 175, 177–180, 182, 183, 
189, 190, 203, 231, 232, 250, 278, 290, 292, 
313, 320, 321, 324, 325, 342

Epilepsy surgery, 286, 290, 313, 320, 324, 325
Epiletic amnesia. See Transient epiletic amnesia
Epley maneuver, 100, 347
Erythromelalgia, 135
Essential tremor, 252, 287, 346
Exome, 307
Eyes-open coma, 122
Eye-opening apraxia, 68

F
Fabry disease, 194, 197, 200–202, 259, 274, 305
Facial nerve, 8, 37, 47, 50, 51, 223, 229
Facial pain, atypical, 150, 319, 347
Facioscapulohumeral muscular dystrophy (FSH), 9, 10, 

276, 278
Fahr disease, 250
Fatal familial insomnia, 190, 234
Femoral nerve, 21, 103
Fetal alcohol syndrome, 112
Fibrocartilaginous embolism. See Spinal cord infarction, 

fibrocartilaginous embolism
Fibromuscular dysplasia (FMD), 199
Fibromyalgia, 135
Finger-finger test, 107
Finger-nose test, 107
Flail arm variant, 266, 268
Foix-Chavany-Marie syndrome (FCMS), 68
Foreign accent syndrome, 66
Foster-Kennedy syndrome, 42
FOUR. See Full Outline of UnResponsiveness (FOUR)
Fragile X-associated tremor/ataxia syndrome (FXTAS), 
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Fragile X syndrome, 112, 305, 306
Friedreich’s ataxia, 16, 105, 111, 138, 217, 258,  

305, 306
Fronto-temporal dementia (FTD), 91, 93, 94, 155, 157–

159, 163, 244, 251, 266, 267, 286, 306, 320
FSH. See Facioscapulohumeral muscular dystrophy 

(FSH)
FTD. See Fronto-temporal dementia (FTD)
Full Outline of UnResponsiveness (FOUR), 114–116, 

125, 152

G
Gaze palsy, 43, 44, 61, 71, 161, 240, 259
GBS. See Guillain-Barré syndrome (GBS)
GCS. See Glasgow Coma Scale (GCS)

Cover test, 44
COVID-19, 142, 226, 227
CPEO. See Chronic progressive external ophthalmople-

gia (CPEO)
Cranial nerves (CNS) listeriosis, 6, 37, 41, 43, 45, 50–52, 

54, 115, 142, 150, 161, 164, 168, 178, 186, 
193, 194, 202, 206, 208–210, 216–218, 226, 
229, 230, 232, 234, 236–238, 245, 253–256, 
259, 260, 286, 288, 300, 303, 308, 341, 344

Craniopharyngioma, 60, 236, 237
Creutzfeldt-Jakob disease (CJD), 94, 161, 163, 164, 234, 

245, 251, 304
Critical illness neuropathy, 226, 273
Crocodile tears syndrome, 51

D
DAI. See Diffuse axonal injury (DAI)
Dandy-Walker syndrome, 257
De Clerambault’s syndrome, 90
Decompensation artifact, 138
Delirium, 90, 91, 138, 154, 155, 316
Dementia, 1, 64, 67, 68, 70, 71, 87–90, 92, 93, 104, 109, 

133, 154, 155, 157–164, 200, 201, 206, 214, 
217, 231, 234, 242, 244, 245, 251, 258, 267, 
286, 288, 307, 319, 320, 345

Dementia with Lewy bodies (DLB), 90, 94, 157, 158, 
160, 189, 243, 251, 287, 308, 319

Dentatorubral-pallidolysian atrophy, 247
Depression, 45, 55, 59, 60, 64, 70, 88, 90, 91, 109, 118, 

125, 129, 146, 154, 155, 166, 189, 191, 223, 
246, 253, 317, 319, 324, 332, 342, 348

Dermatomyositis, 10, 110, 239, 276
Devic’s disease, 41
Diffuse axonal injury (DAI), 142, 145
DiGeorge syndrome, 306
Diphtheria, 17, 227, 261, 343
Direct oral anticoagulants (DOAC), 327, 329, 334, 337
Disconnection syndrome, 65, 66, 73
Dissection, arterial, 336
Dix Hallpike maneuver, 53, 100
DLB. See Dementia with Lewy bodies (DLB)
DMD. See Duchenne muscular dystrophy (DMD)
Doll’s eye maneuver, 44
Dopa responsive dystonia. See Segawa disease
Dorsal cord syndrome, 8, 32, 33
Down syndrome, 30, 111, 199, 306
Drop attacks, 176, 180, 183, 193
Duchenne muscular dystrophy (DMD), 9, 276, 278, 350
Dystonia, 20, 55, 60, 61, 68, 94, 108, 109, 135, 183, 239, 

242–244, 247, 250–252, 275, 345
DYT5 dystonia, 244, 345
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Eagle syndrome, 54
Eclampsia, 172, 183, 321
EDSS. See Kurtzke Expanded Disability Status Scale 

(EDSS)
Efferent pupillary defect, 96
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Hodgkin’s disease, 24
Holmes-Adie syndrome, 47
Holmes’ tremor, 252
Hoover’s sign, 133
Horner’s syndrome, 1, 23, 47–49, 77, 96
Horton’s headache, 149
HSV. See Herpes simplex virus (HSV)
Human T-lymphotropic virus type 1 (HTLV-1), 217, 221, 
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Huntington’s disease (HD), 94, 161
Hydrocephalus, 34, 43, 61, 64, 65, 90, 118, 141, 142, 

149, 183, 196, 229, 231, 236, 237, 242, 291, 
320, 333–335, 337

Hypercalcemia, 142, 155
Hyperglycemia, 123, 142, 247, 251, 328
Hyperthyroidism, 46, 111, 144, 189, 252
Hypoglossal nerve (CN XII), 56
Hypoglycemia, 118, 123, 142, 183, 205, 252, 316
Hyponatremia, 142, 155, 168, 169, 173, 284, 315, 337
Hypothalamus hamartoma, 60
Hypothermia, 121, 123, 124, 142, 314
Hypoxic-ischemic brain injury, 123, 251

I
IBM. See Inclusion body myositis (IBM)
ICA. See Internal carotid artery (ICA)
ICH. See Intercerebral hemorrhage (ICH)
ICP. See Intracranial pressure (ICP)
Idiopathic hypersomnia, 190
Idiopathic intracranial hypertension, 40, 94, 95, 109, 

150, 314
IgLON5, 170, 190
Immune checkpoint inhibitor, 11, 13, 172, 173, 276
Immune effector cell-associated neurotoxicity syndrome 

(ICANS), 164, 172
Immune reconstitution inflammatory syndrome (IRIS), 

221, 226
Inclusion body myositis (IBM), 10, 127, 267, 269, 276, 

300
Indomethacin-responsive headaches, 149
INO. See Internuclear ophthalmoplegia (INO)
Intention tremor, 5, 8, 57, 107, 108, 252, 306
Internal carotid artery (ICA), 58, 74, 119, 183, 193, 200, 

331
Internuclear ophthalmoplegia (INO), 43–45
Intracerebral hemorrhage (ICH), 145, 172, 206, 328, 337
Intracranial pressure (ICP), 40, 42, 45–47, 94, 95, 114, 

118, 146, 232, 303, 304, 314, 332, 333, 337
IRIS. See Immune reconstitution inflammatory syndrome 

(IRIS)
Isaac’s syndrome, 239
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Juvenile absence epilepsy (JAE), 179, 251
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32, 267
Juvenile myoclonic epilepsy (JME), 177–179, 251, 292, 

320

Gegenhalten, 104
Genome, 305, 307
Gerstmann-Sträussler-Scheinker disease, 234
Gerstmann’s syndrome, 72
Giant cell arteritis, 40, 46, 99, 154, 199, 318, 346
Glasgow Coma Scale (GCS), 114, 115, 118, 125, 145, 

146, 152, 226
Glaucoma, 42, 110, 150, 154
Glioblastoma, 74, 234, 238
Gliomatosis cerebri, 234, 236
Glossopharyngeal nerve, 54
Glossopharyngeal neuralgia, 54, 55, 347
Gluteal nerves, 22
Glycogen storage disorders, 10, 278
Godot’s syndrome, 88
Gowers’ sign, 9
Graves’ disease, 43, 46
Great toe-finger test, 107
Guillain-Barré syndrome (GBS), 8, 16, 17, 43, 46, 51, 

99, 104, 113, 127, 216, 253, 270, 272, 296, 
298, 299, 304, 348

Guillain-Barré syndrome (GBS), mimics, 17

H
HaNDL. See Headache with neurological deficits and 

CSF lymphocytosis (HaNDL)
HAS-BLED score, 334
Hashimoto encephalopathy, 308
Hashimoto’s disease, 155
HD. See Huntington’s disease (HD)
Headache, 2, 10, 40, 46, 47, 49, 57, 61, 74, 94, 95, 99, 

109, 113, 118, 119, 125, 139, 144, 146–154, 
168, 172, 184, 185, 196, 204, 205, 217, 224, 
225, 228, 229, 231, 232, 237, 238, 244, 284, 
304, 307, 317, 318, 328, 335

Headache with neurological deficits and CSF lymphocy-
tosis (HaNDL), 150, 204

Head turning sign, 86, 333
Heavy metal poisoning, 17, 161
Hemiballism, 60, 79, 239, 247
Hemicrania continua, 149, 318
Hemicraniectomy, 313, 314, 332, 333, 337, 338
Hemifacial spasm, 47, 52, 54, 250, 347
Hepatic encephalopathy, 145, 293, 314
Hereditary neuralgic amyotrophy, 24
Hereditary neuropathy with liability to pressure palsies 

(HNPP), 18, 52, 206, 217, 272
Hereditary spastic paraparesis (HSP), 217, 265
Herpes encephalitis, 157
Herpes simplex encephalitis, 139, 168, 171, 221, 223, 

292
Herpes simplex virus (HSV), 26, 139
Herpes simplex virus (HSV-1) encephalitis, 221
Herpes zoster, 20, 40, 51, 200, 223, 343, 347
Heubner artery. See Recurrent artery of Heubner
Hippus, 47
Hirayama disease, 32, 267, 269
HNPP. See Hereditary neuropathy with liability to pres-

sure palsies (HNPP)



357Index

Malignant neuroleptic syndrome, 144
Man in the barrel syndrome, 18, 32, 34, 267
Marfan syndrome, 199
MCA. See Middle cerebral artery (MCA)
McArdle disease, 10, 278
McDonald criteria, 209, 210, 212
MCI. See Mild cognitive impairment (MCI)
Median nerve, 11, 21, 103, 123, 297, 301
Meige syndrome, 250
Melkersson-Rosenthal syndrome, 52, 53
Ménière’s disease, 53, 183, 186, 189
Meningeal carcinomatosis, 26, 51, 55, 217, 238, 261, 

303, 304
Meningioma, 28, 37, 42, 105, 134, 138, 155, 236, 261, 265
Meningism, 109, 118, 152, 233
MEP. See Motor evoked potential (MEP)
MERRF. See Myoclonic epilepsy with ragged red fibers 

(MERRF)
MERS. See Mild encephalitis/encephalopathy with a 

reversible splenial lesion (MERS)
Metachromatic leukodystrophy, 259, 308
MG. See Myasthenia gravis (MG)
Middle cerebral artery (MCA), 6, 58, 66, 71, 74, 76, 77, 

139, 142, 181, 193, 196, 198, 200, 205, 278, 
302, 327, 329, 330, 332, 333

Migraine, 40, 49, 66, 74, 138, 140, 142, 146, 148, 150, 
183, 184, 186, 194, 200, 201, 203–205, 307, 
316, 317, 328

Mild cognitive impairment (MCI), 92, 138, 155, 158
Mild encephalitis/encephalopathy with a reversible sple-

nial lesion (MERS), 283, 284
Miller-Fisher syndrome, 12, 17, 253, 272, 308
Mills hemiplegic variant, 266
Mimic. See Stroke mimic
Minimal conscious state (MCS), 119–122, 141, 315
Mini Mental State Examination (MMSE), 70, 89, 91, 92, 

160, 171, 288
Mitochochondrial neurogastrointestinal encephalopathy 

(MNGIE), 278
Mitochondrial encephalomyopathy with lactic acidosis 

and stroke (MELAS), 161
MLST. See Multiple sleep latency test (MLST)
MMN. See Multifocal motor neuropathy (MMN)
MND. See Motor neuron disease (MND)
MNGIE. See Mitochochondrial neurogastrointestinal 

encephalopathy (MNGIE)
Mollaret’s meningitis, 223, 343
Monoclonal gammopathy of unknown significance 

(MGUS) polyneuropathies, 17, 272
Mononeuritis multiplex, 18
Morbus Recklinghausen, 110
Morvan’s syndrome, 168
Motor evoked potential (MEP), 268, 300, 301
Motor neuron disease (MND), 55, 56, 93, 94, 109, 158, 

260, 265, 267, 269, 299, 348
Moyamoya, 181, 185, 197, 199, 200, 206, 285
MSA. See Multisystem atrophy (MSA)
Multifocal acquired demyelinating sensory and neuropa-

thy (MADSAM), 272
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Kayser-Fleischer ring, 94, 259
Kearns-Sayre syndrome (KSS), 259, 278
Kennedy’s disease, 110, 269, 305, 306
Kernig’s sign, 109
Kleine-Levin syndrome, 60, 190
Knee-heel test, 57, 86, 107
Korsakoff’s syndrome, 62, 90, 157, 162, 320
Krabbe disease, 259
Kufs disease, 251, 259
Kugelberg-Welander disease, 269
Kurtzke Expanded Disability Status Scale (EDSS), 212, 

214
Kurtzke Functional System (FS), 212, 214
Kuru, 234
Kussmaul breathing, 114

L
La belle indifference, 131
Labyrinthine fistula, 53, 189
Lacunar syndromes (LACS), 193
Lafora body disease, 251
Lambert-Eaton myasthenic syndrome (LEMS), 11, 239, 

275, 300, 350
Lasègue’s sign, 26, 106
Laser interstitial thermal therapy (LITT), 324, 325
LATE. See Limbic-predominant age-related TDP-43 

encephalopathy
Lateral cutaneous nerve of the thigh, 21
Laughing gas. See Nitrous oxide, abuse of
L-dopa responsive dystonia. See Segawa disease
Lead poisoning, 21
Leber’s hereditary optic neuropathy, 42, 217, 278
LEMS. See Lambert-Eaton myasthenic syndrome 

(LEMS)
Lennox-Gastaut syndrome, 179, 251, 292, 321
Leprosy, 18, 230, 273
Leptomeningeal carcinomatous infiltration, 43
Lewis-Sumner syndrome, 272
LGI1 encephalitis, 168, 169
Limb-girdle muscular dystrophy, 9, 10
Limbic encephalitis, 71, 157, 163, 168, 169, 172, 173, 

236, 239, 286, 289, 320
Limbic-predominant age-related TDP-43 encephalopathy 

(LATE), 158
Lipid storage disorders, 10
Liquorrhea, 146
Locked-in syndrome, 6, 77, 113, 114, 122, 141
Long thoracic nerve, 20
Lumbosacral plexus, 5, 6, 8, 13, 18, 23, 24
Lyme disease, 46, 51, 110, 230, 231, 260

M
MADSAM. See Multifocal acquired demyelinating 

sensory and neuropathy (MADSAM)
Malignant external otitis, 261
Malignant MCA infarction, 142, 196, 314, 333



358 Index

Neuromyotonia, 168, 239, 276, 350
Neuronal ceroid lipofuscinosis, 163, 259
Neuronal intranuclear inclusion disease (NIID), 217
Neuropathy, ataxia, and retinitis pigmentosa (NARP), 

259, 278
Neurosarcoidosis, 54, 163, 216, 256, 260, 310
Neurosyphilis, 33, 54, 55, 96, 155, 217, 231, 303
Next-generation sequencing (NGS), 307
Niemann-Pick disease type C, 110
NIHSS. See National Institutes of Health Stroke Scale 

(NIHSS)
Nitrous oxide, abuse of, 33, 34
Nivolumab, 11, 13, 172, 276
NMDA receptor encephalitis, 168, 170, 171, 216, 290, 

304, 341
NMO. See Neuromyelitis optica (NMO)
Nocturnal frontal lobe epilepsy (NFLE), 179, 189, 190
Nodo-paranodopathies, 17
Non-convulsive status epilepticus (NCSE), 293
Normal pressure hydrocephalus (NPH), 64, 65, 94, 104, 

155, 157, 245, 320
Nutritional neuropathies, acute, 273
Nystagmus, 43–45, 53, 57, 61, 62, 77, 78, 97, 100, 107, 

108, 117, 133, 213, 254
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Obsessive compulsive disorder (OCD), 253
Obturator nerve, 21, 22, 103
Occipital neuralgia, 152
Oculomasticatory myorhythmia, 229, 251, 253
Oculomotor nerve, 42–46, 48, 96, 115
Olfactory hallucinations, 37
Olfactory nerve, 37
Oligodendroglioma, 234
Onconeuronal antibodies, 272
One-and-a-half syndrome, 44
Ophelia’s syndrome, 168
Ophthalmic artery, 37, 76, 302
Ophthalmoscopy, 40–42, 66, 86, 94
Opsoclonus, 43, 45, 239, 252
Opsoclonus-myoclonus, 45, 239, 252
Optic nerve, 37, 40–42, 81, 95, 212, 221, 314
Optic nerve glioma, 42
Optic neuritis, 40, 41, 94, 96, 209, 216, 221, 301, 308, 

340
Orthostatic

hypotension, 40, 55, 60, 94, 131, 242, 301
syncope, 182
tremor, 57, 135, 252, 346

Osler-Rendu disease, 110

P
Pachymeningitis, 231, 286
PACS. See Partial anterior circulation syndromes (PACS)
Painful legs and moving toes (PLMT), 20
Palatal tremor, 253
Palinopsia, 42, 74
Pancoast tumor, 23, 24, 48, 238

Multifocal motor neuropathy (MMN), 18, 269, 270, 272, 
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Multisystem atrophy (MSA), 59, 94, 160, 182, 183, 189, 

242, 243, 270, 287
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Myasthenia gravis (MG), 1, 6, 11, 51, 77, 274, 349
Myelin oligodendrocyte glycoprotein antibody disease 
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acute flaccid myelitis, 24, 25, 225
Myoclonic epilepsy with ragged red fibers (MERRF), 

251, 259, 278
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234, 239, 243, 245, 247, 250–253, 258, 259, 
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Myotonic dystrophy, 9, 55, 105, 112, 150, 161, 270, 276, 
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Narcolepsy, 60, 138, 183, 189–191, 216, 294, 302, 325
NARP. See Neuropathy, ataxia, and retinitis pigmentosa 

(NARP)
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