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PREFACE

It is with great regret that we note the untimely death of David Marsden, the co-editor for the first two edi-
tions. We shall miss his wisdom, guidance and skills. He was largely responsible for the backbone of this work
with a personal emphasis on history taking, relevant neurological symptoms and the art of neurological
examination. This part of the text, mostly his work, remains. We dedicate this third edition to his memory.

We also are greatly saddened by the sudden death of Martin Wood, the author of the chapter on infectious
diseases in all three editions. He contributed to our understanding of the important role of infections affect-
ing the nervous system. He proved to be an editor’s dream, always producing his chapter excelling in content
and on time without the need for corrections. He will be greatly missed.

In this new edition fresh chapters on Neurogenetics (Professor Wood), Respiratory Intensive Care (Drs
Howard and Hirsch) and Pain (Dr Scadding) have been added. New chapter authors have provided sections on
Motor Neurone Disease and Spinal Muscular Atrophies (Dr Shaw), Movement Disorders (Professor Quinn),
Epilepsy and Sleep Disorders (Professor Sander and Dr Walker), Headache (Professor Goadsby), Raised
Intracranial Pressure (Mr Watkins), HIV Infections and AIDS (Dr Wilson), Demyelinating Diseases of the CNS
(Dr Kapoor), Cerebrovascular Disease (Professor Brown and Dr Losseff) and Psychiatry and Neurological
Disorders (Dr Fleminger). These authors have added a new perspective to these sections, revising and updat-
ing their contents. The previous chapters have also all been revised.

Over the last few years major progress has been made in our understanding of some of the more common
neurodegenerative disorders. At the molecular level, accumulation of various proteins has been identified, e.g.
tau found in the neurofibrillary tangles of Alzheimer’s disease, beta-amyloid found in the amyloid plaques of
Alzheimer’s disease, and alpha-synuclein found in the Lewy body in Parkinson’s disease and in dementia
associated with Lewy bodies. In some patients there are genetic defects linked with the familial forms of these
neurodegenerative diseases. In others there may be a link with some external toxin or oxidative stress.

Many of these concepts have been explored by the relevant chapter authors. New drugs have appeared to
treat infections, migraine, cluster headache, epilepsy, Parkinson’s disease and even dementia. These too have
been included, emphasizing the appearance of new treatments for some chronic neurological disorders.

The aim of this work is to help in the education of medical students, junior doctors, and those preparing
for the MRCP examination, in addition to physicians of all specialities. It is hoped that this aim is fulfilled and
we thank all our contributors.

We remain indebted to our patients who continue to provide the stimulus and challenge that keep our
interest in neurology.
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Students have always found clinical neurology dif-
ficult to understand. There are many reasons for
this, quite apart from the failings of their teachers.
Clinical diagnosis, at least the anatomical part of it,
is heavily dependent upon an adequate, if rudimen-
tary, knowledge of human neuroanatomy and neu-
rophysiology, which is often learnt by rote and then
forgotten by the time the student enters the neuro-
logical ward. Perhaps the greatest difficulty has been
that neurology is full of irrelevant facts. Like the
minutiae of gross anatomy, the neurological exam-
ination and a differential diagnosis can be drawn
out to such an extent that the original aim is forgot-
ten. The student becomes confused by a wealth of
irrelevant detail, and so fails to grasp the main point.

The problems of examination of sensory function
illustrate the point. Armed with pin, cotton wool and
tuning fork, the student approaches the patient to test
sensation, but where to start? Human nature being
what it is, many patients will try to help doctors by
attempting to perceive minor differences in intensity
of the pin or touch, and soon hapless students are
confronted with a mass of apparent abnormalities
that they cannot decipher. They see the experienced
neurologist delicately mapping, with complete
anatomical accuracy, an area of sensory loss, and
wonder how they did it. The answer is simple: expe-
rienced neurologists know what they are looking for
and have predicted what they will find on the basis of
previous information. Sensory examination is the
most difficult, so neurologists leave it until last when

they have obtained as much information as they can
concerning what they expect to find!

Herein lies the clue to success in mastering clinical
neurology. Students must learn to think on their feet
at every moment of history taking and examination,
building on a presumptive diagnosis as each new
piece of information is collected, and predicting the
outcome of the next series of questions or examina-
tions. Thus neurology employs a continuous process
of deductive logic to arrive at a final conclusion.

Structure of the book

The emphasis in this book is to simplify clinical
neurology to manageable proportions. It is divided
into three sections:

» The patient’s complaints

» The doctor’s examination

e The individual neurological diseases and their
treatment.

This is what happens in real life. Patients tell the
doctor that they cannot walk, talk, see, hear, and
so on. The doctor forms an opinion as to where the
trouble lies (the anatomical diagnosis). Clinical exam-
ination confirms (or refutes) the hypothesis as to the
anatomical site of damage. The combination of the
tempo of the patient’s complaint and the site of
the lesion then provide the likely pathology (patho-
logical diagnosis). Based upon this clinical evaluation,
decisions as to further investigation will be made to
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confirm both anatomical and pathological diagnosis.
The final conclusion will dictate treatment.

In practice, the emphasis in clinical neurology is on
bedside evaluation of the patient’s complaints and
signs. The principles of anatomical and pathological
diagnosis will be discussed briefly later in this chapter.
Special investigations are often not required at all for
neurological diagnosis, and they can be misleading if
not interpreted in the light of the history and the clin-
ical examination. The principles of use of the major
investigative techniques employed in neurology will
also be discussed briefly in the ensuing chapters.

A standard joke about neurologists has been that
they are ‘brilliant at finding out where the trouble
is, but incapable of doing anything about it’! To
some extent, such comments reflect some envy, but
neurology remains one of the last bastions of clin-
ical bedside medicine, being so dependent on the
vagaries of the individual patient and the examiner’s
skill, rather than on inanimate figures on laboratory
reports, although the increasing use of magnetic res-
onance imaging (MRI) has greatly aided anatomical
diagnosis (Figure 2.1). In fact, there are few medical
disciplines that can claim to have cures for all their
major diseases, but many of the commonest neuro-
logical illnesses can be treated effectively. Thus
migraine, epilepsy, and Parkinson’s disease are all
amenable to drug therapy, while benign tumours of
the head and spine can be removed successfully.

Quite apart from whether treatment exists, the
doctor’s role is also to relieve suffering. This is par-
ticularly important in clinical neurology, for many of
its diseases produce severe physical disability. Part of
the neurological apprenticeship is to learn the com-
passion and sensitivity to help disabled individuals to
come to terms with, and surmount their problems.

Neurology thus provides a triple challenge. There
is the intellectual exercise of defining the problem,
the therapeutic challenge of treating it when treat-
ment is available, and the humane responsibility of
looking after those unfortunate enough to suffer
from neurological diseases.

EPIDEMIOLOGY

The epidemiological study determines how often
a disease occurs in the population, why it occurs
and why different populations may show variable

patterns. It can be readily appreciated that some neu-
rological disorders are inherited, for example muscu-
lar dystrophy, whereas others may be determined
by exposure to toxins, for example tri-ortho-cresyl
phosphate neuropathy, or follow an infectious out-
break, for example the rising incidence of acquired
immunodeficiency syndrome with its neurological
complications. An understanding of the frequency
with which different neurological disorders present
both to general practitioners and to hospital clinics is
a great help to the doctor concerned. Furthermore
some 20% of acute medical admissions to a general
district hospital arise as a result of neurological dis-
orders. Table 1.1 gives an indication of the prevalence
of some common neurological disorders and Table
1.2 an approximate annual incidence of some neuro-
logical conditions in England and Wales.

A number of surveys have provided figures for the
‘top 20’ and percentage of new patient consultations
with neurologists in out-patient clinics in the UK
(Table 1.3). It can be seen that headaches (including
migraine and tension-type) and blackouts (including
epilepsy) top the presenting symptom list, while at
the top of the diagnostic categories are cerebrovas-
cular disease, peripheral nerve disorders, multiple

Table 1.1 Prevalence of some neurological disorders in the
UK (adapted from Warlow C (1991) Handbook of Neurology.
Oxford: Blackwell Scientific Publications, with the permission
of the author and publishers)

Disorder Cases Cases
per 100000 per GP
Migraine 2000 40
Stroke 800 16
Epilepsy 500 10
Parkinson’s disease 150* 3
Multiple sclerosis 100 2
Trigeminal neuralgia 100-150* 2
Primary tumour 46 1
Subarachnoid haemorrhage 50 1

Schizophrenia 10-50 1
Cerebral metastases 10 <1
Motor neurone disease 6 <1
Myasthenia gravis 5 <1
Polymyositis 5 <1
Friedreich’s ataxia 2 <1

*Increases with age.
GP general practitioner.
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sclerosis, spine and disc problems and Parkinson’s
disease. Psychological diagnoses are common and
may overlap with many neurological disorders. In
addition there are a large number of patients who
remain undiagnosed - just over one-quarter.
Modern advances in our understanding of genet-
ics have led to better recognition of some inherited
diseases. A list of more common single-gene neuro-
logical disorders is given in Table 1.4. Selected
inherited disorders can now be diagnosed by
laboratory testing (Table 1.5): furthermore the detec-
tion of carriers and the presymptomatic diagnosis
of some conditions may occasionally prove possi-
ble; for example, the dominant inherited disorder
Huntington’s disease has been shown by detection of
an expansion in the trinucleotide repeat sequences

Table 1.2 Approximate annual incidence of some common
neurological disorders in the UK (adapted from Warlow C
(1991) Handbook of Neurology. Oxford: Blackwell Scientific
Publications, with the permission of the author and
publishers)

Condition Cases

per 100 000
Dementia (<<age 70 years)* 1000
Head injuries requiring hospitalization ~ 200-300
Migraine 150-300
Stroke 200
Major depressive illness 80-200
Acute lumbar disc prolapse 150
Carpal tunnel syndrome 100
Epileptic seizures 50
TIAs 35
Bell's palsy 25
Essential tremor 25
Parkinson’s disease 20
Cerebral metastases 15
Subarachnoid haemorrhage 15
Bipolar depression 10-15
Primary cerebral tumours 15
Bacterial meningitis 5
Trigeminal neuralgia 5
Multiple sclerosis 5
Motor neurone disease 2-3
Guillain-Barré syndrome 2
Meningioma 1.0-2.5
Polymyositis 1
*>age 70 years the incidence rises to ¢. 50%.
TIA, transient ischaemic attack.

Table 1.3 Top twenty diagnoses in a sample of 6940
patients (reproduced with permission from Perkin GD and
the Journal of Neurology, Neurosurgery and Psychiatry 1989;
52: 448)

Diagnosis Proportion of
sample (%)
No diagnosis 26.5
Blackouts 12.5
Epilepsy 10.4
Vasovagal attacks 2.1
Headache 12.5
Tension headache 7.5
Migraine 5.0
Cerebrovascular disease 7.4
Entrapment neuropathy 4.4
Conversion hysteria 3.8
Anatomical 3.7
Multiple sclerosis 3.5
Hyperventilation 2.0
Parkinson’s disease 1.9
Post-traumatic syndrome 1.8
Dementia 1.5
Peripheral neuropathy 1.4
Depression 1.4
Non-neurological 1.3
Cervical radiculopathy/myelopathy 1.2
Lumbar spondylosis 1.0
Essential tremor 0.9

Table 1.4 Prevalence of single-gene neurological disorders
in South East Wales (reproduced with permission from
MacMillan JC, Harper PS and BMJ Publishing Group from
Clinical Genetics in Neurological Disease 1995)

Disorder Prevalence
per 100 000
Neurofibromatosis | 13.3
Hereditary motor and sensory 12.9
neuropathy I, Il, [l and V
Duchenne dystrophy* 9.6
Huntington’s disease 8.4
Myotonic dystrophy 7.1
Becker dystrophy* 5.0
Hereditary spastic paraplegia 3.4
Facioscapulohumeral dystrophy 2.9
Tuberous sclerosis 1.6
*males
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Table 1.5 Some inherited neurological conditions that can
now be identified using laboratory tests

Duchenne/Becker muscular dystrophy
Myotonic dystrophy
Huntington’s disease
Dentatorubropallidoluysian atrophy
X-linked spinobulbar muscular atrophy
(Kennedy’s disease)
Spinal muscular atrophy
(autosomal recessive, proximal)
Hereditary motor and sensory neuropathy or
Charcot-Marie-Tooth disease
(aided by conduction velocity values)
Hereditary neuropathy with liability to pressure palsy
Fragile X syndrome
DYT1 dystonia
Mitochondrial encephalomyopathies
Facioscapulohumeral dystrophy
Familial motor neurone disease
Friedreich’s ataxia
Spinocerebellar ataxia (SCA 1,2,3,6,7)

Screening services
Certain laboratories offer screening services:

o Limb girdle dystrophy — Newcastle

o Congenital muscular dystrophies -
Hammersmith Hospital

o Muscle channelopathies - The National Hospital

o Congenital myasthenic syndromes - Oxford.

in the deoxyribonucleic acid (DNA) of the affected
gene (chromosome 4). The disease can now be con-
firmed by blood tests and those who will develop the
disease can be diagnosed before they show clinical
signs. This imposes the need for provision of coun-
selling services for individuals and their families.

ANATOMICAL DIAGNOSIS

Anatomical diagnosis

The details of the patient’s complaints as the his-
tory unfolds will direct attention to the part or
parts of the nervous system involved. A few very
simple rules will help to focus attention on the
likely site of trouble.

Seizures

Seizures (fits), disturbances of intellect and mem-
ory, and certain disorders of speech all point to
disease of the cerebral cortex.

Seizures are the result of spontaneous discharges
in cerebral cortical neurones, and do not occur with
diseases of deep cerebral structures, the brainstem
or cerebellum, unless the cerebral cortex is also
involved. The faculties of intellectual prowess, rea-
soning and memory all depend upon the operations
of the cerebral cortex, and any decline in these
faculties points to damage in this zone of the
brain.

Disturbances of speech fall into three categories:

1 Dysphasia, in which the content of speech is
defective, although articulation and phonation
are intact;

2 Dysarthria, in which articulation of speech
is abnormal as a result of damage to the
neuromuscular mechanisms controlling the
muscles concerned with speech production;

3 Dysphonia, in which the larynx, the sound-box,
is damaged.

Dysphasia points to a disorder of the cerebral
cortex, particularly that of the dominant hemi-
sphere (see Figure 4.7).

Disturbances of vision are common neurolog-
ical problems. Loss of visual acuity points to dam-
age to the eye itself, or to the optic nerve. Lesions
behind the optic chiasm produce loss of vision in
the opposite half of the visual field (hemianopia),
but leave intact at least the ipsilateral half of
central macular vision, and this is sufficient to pro-
vide a normal visual acuity (Figure 1.1). Patients
with hemianopias complain of difficulty reading,
or of bumping into objects in the blind half-field.
Double vision (diplopia) occurs when the axes of
the two eyes are out of alignment, that is they
are not in parallel. This happens when one eyeball
is displaced by some mass in the orbit, or if the
ocular muscles are weak because of either primary
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muscle disease or damage to external ocular nerves
(Figure 1.2).

Vertigo (a true sense of imbalance) is an illusion
of movement and occurs with damage to the periph-
eral vestibular system, the vestibular nerve, or its
brainstem connections. A combination of vertigo
and diplopia suggests a lesion in the posterior fossa
or brainstem, particularly when associated with
bilateral motor or sensory disturbances.

Dysphagia and dysarthria are usually caused by
either primary muscle disease, faults at the neuro-
muscular junction, or bilateral involvement of the
neural mechanisms controlling the muscles of mas-
tication and speech.

Lateral geniculate body

Optic radiation
(lower field)

Calcarine
cortex

Optic nerve

) Optic radiation
Chiasm Optic tract

(upper field)

Figure 1.1 Medial sagittal view of the brain to show visual
pathways; these traverse the brain from front to back.

Superior oblique muscle

g Levator muscle of eyelid
Superior rectus muscle

Weakness may result from primary muscle dis-
ease or defective neuromuscular transmission,
damage to the peripheral motor nerves or anter-
ior horn cells in the spinal cord (lower motor
neurone lesion), or from damage to the cortico-
motorneurone pathways (Figure 1.3) responsible
for the cerebral control of movement (upper
motor neurone lesion).

Such weakness may affect all four limbs (quadri-
plegia), the arm and leg on one side (hemiplegia), or
both legs sparing the arms (paraplegia). A quadriple-
gia in an alert patient who can talk is usually a result
of either primary muscle disease, a generalized peri-
pheral neuropathy, or a high cervical cord lesion.
Hemiplegia suggests damage to the opposite cerebral
hemisphere, particularly if the face is involved. Para-
plegia is most often the result of spinal cord damage,
particularly when there is also disturbance of sphinc-
ter control. Isolated weakness of one limb (monople-
gia) is frequently caused by damage to its motor
nerves, although sometimes a monoplegia may arise
from lesions in the cerebral cortex.

The pattern of sensory symptoms usually fol-
lows that of motor disturbance. Thus, a distal sensory
loss in all four limbs suggests peripheral nerve dis-
ease. Sensory disturbance in a hemiplegic distribution
suggests damage to the opposite cerebral hemisphere,
particularly of the capsular sensory pathways, in
which case the face is often involved. Hemiplegic

k Medial rectus muscle
%\ Cavernous sinus

Internal carotid

Inferi t ( Sphenoid
nferior rectus bone
muscle ]
Superior

Lateral rectus muscle

Inferior oblique muscle

orbital fissure

Annulus tendineus (opened)

Figure 1.2 Course of the ocular motor

Clivus nerves from the brainstem to the orbit

(reproduced with permission from P Duus
Topical Diagnosis in Neurology, Stuttgart:
Georg Thieme Verlag).
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Anterior central
convolution

Tail of
caudate
nucleus

Lenticular nucleus

Internal capsule
Head of caudate nucleus

Corticomesencephalic tract
Corticonuclear tract
Corticospinal tract
(pyramidal)

Pyramid
Pyramidal decussation

Anterior corticospinal
tract (direct)

Corticopontine tract

Cerebral peduncle

Pons

Medulla oblongata
Xl

[ Q- Lateral corticospinal

tract (crossed)

_— Motor

endplate

Figure 1.3 Course of corticospinal, pyramidal tract (reproduced with permission from P Duus Topical Diagnosis in Neurology,

Stuttgart: Georg Thieme Verlag).

sensory disturbance on one side of the body with
involvement of the face on the opposite side suggests
damage in the brainstem (Figures 1.4, 1.5, 1.6). If the
cranial nerves are not involved, sensory disturbances
on one side of the body, with motor disturbances on
the opposite side of the body, suggest damage to the
spinal cord (Figures 1.3, 1.5). Sensory disturbance in
both legs extending onto the trunk also points to a
lesion of the spinal cord. Sensory loss affecting parts
of one limb only is most often caused by a local
peripheral nerve or root lesion.

These simple rules for interpretation of symptoms
usually give the first clue to the likely anatomical
site of damage responsible for the patient’s
complaints. Of course they are not infallible and
many exceptions to such generalizations will be
encountered in practice. However, they provide
the easiest means of the first faltering steps in
analysis of the anatomical site of the patient’s
lesion. The next stage is the physical examination.
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Sensory

Nucleus of mesencephalic
tract of trigeminal nerve v

Principal sensory nucleus
of trigeminal nerve

&=

Nuclei of
vestibular nerve

Nucleus of
cochlear nerve

Xl

Nucleus of solitary tract

Nucleus and spinal tract
of trigeminal nerve

Motor
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Figure 1.4 Cranial nerve nuclei viewed from behind. Sensory nuclei are on the left and motor nuclei are on the right
(reproduced with permission from P Duus Topical Diagnosis in Neurology, Stuttgart: Georg Thieme Verlag).

Neurological examination will be dictated by the
patient’s history, which helps to determine that aspect
of the nervous system requiring most detailed atten-
tion. The methods employed will be described fully
later in this book, but some simple principles will be
stated here.

When students approach a neurological patient
for the first time, armed with a standard textbook of
neurological examination, they may well find that it
takes them up to 2 hours to complete the necessary
bedside tests! When they see experienced neurolo-
gists completing the same task in less than 10 minutes
they may think that they face an impossible appren-
ticeship. It cannot be stated too frequently that the
secret of the art is to know what one is looking for.

In fact, neurologists divide the clinical examin-
ation conceptually into two halves. The first is a
detailed evaluation of those parts of the nervous

system to which attention has been drawn in the
course of taking the patient’s history. The second is
a general screen of other sections of the nervous
system which, by history, do not seem likely to be
involved, but which have to be examined in every
patient to ensure that nothing is missed.

To facilitate this method, neurological trainees
perfect a routine of clinical examination sufficient
to act as a simple screen of the nervous system, onto
which they graft the extra detailed investigation of
those sections to which their attention has been
pointed. The routine screening examination, which
can be undertaken very briefly in a matter of min-
utes, is learnt by repetition of the same sequence
over and over again until it becomes second nature.
For convenience, most start with a brief assessment of
the mental faculties of the patient in the course of the
interview, then move to the cranial nerves starting at
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Figure 1.5 Ascending sensory pathways.

the top and working downwards. They then assess
motor function of the limbs, including stance and
gait, which is much easier to examine and usually is
much more informative than the sensory examina-
tion, which they leave to the last. The details of this
routine examination are discussed in Chapter 4.

One of the first problems that neurological
beginners encounter is the ease with which apparent
abnormalities are detected on careful examination.
Frequently it is difficult to decide on the signifi-
cance of minor degrees of apparent weakness, fleet-
ing and inconsistent sensory signs, slight asymmetry
of the tendon reflexes, slightly less facility of repeti-
tive movements of the left hand in a right-handed
patient, or a few jerks of the eyes on extreme lateral
gaze. To build a neurological diagnosis on minor
deficits such as these is courting disaster.

It is a useful exercise to classify each abnormality
discovered as a ‘hard’ or ‘soft’ sign. ‘Hard’ signs
are unequivocally abnormal - an absent ankle jerk
even on reinforcement, a clear-cut extensor plantar
response, definite wasting of the small muscles of the
hand, or absent vibration sense. Any final anatomi-
cal diagnosis must provide an explanation of such
‘hard’ signs. ‘Soft’ signs, on the other hand, such as
those described above, are unreliable and best
ignored when initially formulating a diagnosis. Base
your conclusions on the ‘hard’ signs, and then see
if any of the ‘soft’ signs that you have discovered
may put the diagnosis into doubt. If so, go back and
repeat that section of the examination and make up
your mind again whether or not the ‘soft’ sign is real.
Students will find that neurology becomes increas-
ingly easy the more confident they become in dis-
carding unwanted ‘soft’ signs, as they become more
experienced in determining the range of normal. This
they will only achieve by constant repeated routine
examination of the normal human nervous system.

The interpretation of physical signs found upon
clinical examination of a neurological patient
depends heavily upon a practical knowledge of
neuroanatomy.

This is not the place to dwell upon this aspect of
neuroscience, but it is worth emphasizing which
parts of neuroanatomy are of greatest value to the
clinical neurologist.

The visual system spans the whole of the head
from the front to back, so commonly is involved by
intracranial lesions (Figure 1.1). The mechanisms
controlling eye movements range from the cortex
through the brainstem and external ocular nerves
to the eye muscles themselves. Consequently, ocular
motor function is frequently damaged by intracranial
lesions. A careful anatomical knowledge of the visual
and ocular motor pathways is essential to the trainee
neurologist. So, too, is an understanding of the indi-
vidual cranial nerves in the brainstem, their course
through the basal cisterns and exits through their
appointed foramina in the skull (Figure 1.6), and their
distribution to their extracranial target organs.

In as far as the motor system is concerned, it is
essential to be able to distinguish between the char-
acteristics of primary muscle disease, a lower motor
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cranial nerves (n.) (reproduced with permission from P Duus Topical Diagnosis in Neurology, Stuttgart: Georg Thieme Verlag).

neurone lesion and an upper motor neurone lesion.
Likewise, it is important to be able to detect the
characteristic pattern of weakness in a patient with
a hemiplegia, and to be able to distinguish this from
the pattern of weakness that occurs with lesions
affecting individual nerve roots or peripheral nerves.
In the case of sensory findings, it is crucial to be
able to recognize the pattern of sensory loss associ-
ated with damage to the spinal cord, or to individ-
ual nerve roots and peripheral nerves. The student
should be thoroughly familiar with a cross-section
of the spinal cord (Figure 1.7) in order to be able to
interpret the motor and sensory consequences of
spinal cord damage. Likewise, they should know the
segmental distribution of motor and sensory roots,
and the characteristic motor and sensory conse-
quences of damage to individual large peripheral
nerves (see Figure 4.19).

These are the minimum fundamentals of neu-
roanatomy required for neurological practice. With-
out them students will be lost trying to interpret the
results of their examinations. A short period spent
refreshing the memory on these basic items prior to
neurological training will be time well spent. It will
allow the student to enjoy that period of neurologi-
cal apprenticeship in learning about neurological
disease, rather than being held back through ignor-
ance of the essential first steps that must be mastered
before any sensible discussion about neurological
illness can be entertained.

From this brief introduction, it will be seen that the
first stage of neurological diagnosis, the anatomical
site of the lesion, is deduced initially from the history,
which points towards the likely parts of the nervous
system to examine in detail, and from the neurolog-
ical examination itself, which confirms and elaborates,



10 Introduction

Sensory tracts

Fasciculus cuneatus

Substantia gelatinosa

Posterior spinocerebellar tract

Lateral spinothalamic tract

Anterior spinocerebellar tract

Anterior spinothalamic tract

Figure 1.7 Cross-section of the spinal cord.

or refutes, the initial impression gained after hearing
the patient’s symptoms.

At the end of history taking and clinical examin-
ation, neurologists should, with confidence, be
able to state what portions of the nervous system
are affected. They can then pass to the second
stage of defining the likely pathological cause.

PATHOLOGICAL DIAGNOSIS

The site of damage to the nervous system will
obviously give some clue as to the possible
pathological cause.

An example of pathological diagnosis is: evi-
dence of a lesion affecting the optic chiasm, indi-
cated by the presence of a bitemporal hemianopia,
suggests the possibility of a pituitary tumour.

However, the time-course of the illness gives the
greatest clue to the likely pathology responsible.

Neurologists take great care to establish during
history taking whether the onset of symptoms was
sudden or gradual, and whether the subsequent
course has been one of recovery, persistence with
stable deficit, or progression of disability. Attention

Gracilis

Lateral corticospinal tract

Motor tracts

Anterior corticospinal tract

to these simple points provides the best guide to the
likely pathology.

History

e An illness of sudden, abrupt onset followed by
subsequent gradual recovery is likely to be a
result of vascular disease

e An illness of gradual onset but relentless pro-
gression is likely to be caused by a tumour or
degenerative condition

e An illness characterized by episodes of neuro-
logical deficit lasting days or weeks, followed
by subsequent partial or complete recovery, is
suggestive of multiple sclerosis

e An illness consisting of brief episodes of neuro-
logical disability lasting minutes or hours is
typical of transient ischaemic attacks, migraine,
or epilepsy.

Other factors that will help to define the likely
pathological cause of a neurological illness are the
age and sex of the patient. Thus, the sudden onset of
a focal cerebral deficit lasting half an hour or so in
an otherwise healthy 20-year-old woman taking the
oral contraceptive pill is almost certainly migraine.
A similar cerebral deficit of acute onset lasting an
hour or so in a 65-year-old diabetic man who is a
heavy smoker, suggests the presence of primary
cerebrovascular disease as the cause.

In general, attention to these three main categories
of information, the site of the lesion, its mode of



Electrodiagnostic tests 11

onset and subsequent course, and the age and sex of
the patient, will point to the likely cause of the illness.

An important rule of thumb that is worth empha-
sizing at this point is that any neurological illness
that is progressive must be considered to be the
result of a tumour until proven otherwise. One major
task of neurology is to detect those benign tumours
that can compress the brain, cranial nerves, or spinal
cord to cause progressive neurological deficit, which
can be halted or reversed by appropriate neurosurgi-
cal treatment. Thus progressive blindness not caused
by local eye disease, progressive unilateral deafness,
a progressive hemiparesis, or a progressive spastic
paraparesis all warrant full investigation to exclude
a treatable tumour or other compressive lesion as the
cause.

SPECIAL INVESTIGATIONS

From the information obtained by the patient’s his-
tory and examination, the neurologist will formu-
late a provisional anatomical and pathological
diagnosis. With common neurological diseases no
further investigation is required; for example,
migraine is diagnosed solely on the basis of the his-
tory and the absence of any abnormal neurological
signs on examination. Other patients, however,
require special investigation to confirm, refute, or
refine the provisional clinical diagnosis. The princi-
ples of special neurological tests will now be
described, but detailed findings will be mentioned
in connection with specific diseases to be described
later. It is worth emphasizing at this point that
neurological tests require careful evaluation in the
light of the individual clinical problem. Erroneous
conclusions from neuroimaging or electrophysio-
logical investigation may arise if tests are inter-
preted in the absence of clinical information.
Unlike many branches of medicine, it is often dif-
ficult or sometimes impossible to obtain appropriate
biopsy material to establish the diagnosis in many
neurological patients. Biopsy of muscle or a periph-
eral sensory nerve is used routinely, but for obvious
reasons the brain and spinal cord are relatively inac-
cessible. The special techniques that have been
devised for examining these structures, which include
those of neuroimaging, clinical neurophysiology, and

examination of the cerebrospinal fluid (CSF), neces-
sarily give indirect information.

ELECTRODIAGNOSTIC TESTS

Electroencephalography

The discovery that the electrical activity of the brain
could be recorded through the skull using surface
electrodes applied to the scalp was remarkable. The
technique of electroencephalography (EEG) has
now been refined into a routine method of examin-
ing brain function. Approximately 40 electrodes are
secured to the scalp at standard positions, and the
small electrical signals obtained between pairs of
electrodes linked in standard arrays are amplified
and displayed. Conventionally eight or sixteen
channels are recorded. The individual signals are
only a few microvolts in amplitude, so artefacts
introduced by extraneous interference, eye move-
ments, muscle contraction, or whole body move-
ment must be scrupulously avoided or rejected.

EEG

The normal EEG is characterized by the presence
of rhythmic alpha activity (at a frequency
around 10Hz) evident more in posterior chan-
nels and with the eyes shut. Abnormalities of
EEG consist either of generalized changes in fre-
quency of electrical activity, or focal abnormali-
ties affecting specific regions.

The background EEG activity may be generally
slowed into the theta (5-7 Hz) or delta (2-4 Hz) ranges
by diffuse cerebral disease, such as that caused by
inflammatory or metabolic encephalopathies, for
example, drug intoxication or liver failure. Local
areas of cerebral abnormality resulting from infarc-
tion, trauma or tumour, may be indicated by a focal
area of slowing of EEG activity. However, it is worth
remembering that the EEG cannot explore all areas of
the brain so a normal EEG by no means excludes
cerebral damage. The surface EEG reflects the elec-
trical activity of the underlying cerebral cortex so
that extensive lesions of the deeper structures, such
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as thalamus and basal ganglia, and of the posterior
fossa regions may not cause any EEG abnormality.
Even lesions of the temporal lobes may not be evi-
dent in the surface EEG; these structures are on the
undersurface of the brain. Special techniques such as
placement of electrodes in the nasopharynx or via
sphenoidal needles inserted in front of the ears, or
needles through the foramina ovale, may be required
to detect temporal lobe abnormalities.

Another problem in interpreting the presence of
an abnormality of brain function indicated by the
EEG, is that it does not suggest the pathological
cause. In general, neuroradiological studies, espe-
cially computerized tomography (CT) and, better
still, MRI scanning, are more appropriate for
patients suspected of having focal lesions of the
brain, for they will give further information on the
probable cause. In contrast, CT and MRI scanning
and other neuroradiological techniques may reveal
no abnormalities in patients with severe metabolic
or inflammatory brain disease, which produce pro-
found changes in EEG activity.

The EEG finds its greatest use in the investiga-
tion of patients with epilepsy, in whom it can
detect a wide range of abnormalities, including
frank seizure discharges.

An EEG of an epileptic patient may consist of
either focal spike or sharp wave discharges (Figure
1.8) arising in relation to an irritative lesion affecting

Figure 1.8 Electroencephalogram
of a boy with a benign focal
epilepsy. Focal spike discharges
are seen in the right sylvian region
(channels 10 and 11).

the cerebral cortex, or of generalized spike and
wave abnormalities that occur in primary general-
ized epilepsies such as petit mal (Figure 1.9). The
details of such EEG changes will be discussed in
Chapter 15, but it is important to note at this point
that the EEG cannot diagnose epilepsy. A small
proportion of those with undoubted seizures, partic-
ularly those arising in the temporal lobe, have nor-
mal surface EEG recordings, and a small proportion
of the normal population who have never had a fit
may show EEG abnormalities similar to those found
in patients with epilepsy. A repeat EEG, and a sleep
record, will increase the chances of finding an
abnormality in patients with epilepsy. More detailed
EEG studies are also a very important part of the
work-up in epileptic patients being screened for a
possible focus amenable to surgical excision. The
EEG using prolonged recordings and accompanied
by video-telemetry has proved a most important
test in diagnosing both unusual forms of epilepsy,
particularly seizures with a frontal lobe origin, and
in the diagnosis of non-epileptic seizures.

The EEG is also a very important diagnostic aid
in a number of uncommon diffuse encephalopathic
processes, such as spongiform encephalopathies
(Creutzfeldt-Jakob disease Figure 1.10), herpes
encephalitis, sub-acute sclerosing panencephalitis,
where a more specific diffuse EEG disturbance is
present, sometimes accompanied by periodic lateral-
ized epileptiform discharges. The EEG may also be
very helpful in the diagnosis of some types of
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epileptic status, particularly if minor seizures have
been recurring serially. The EEG may show changes
preceding clinical features in certain disturbances
such a hepatic encephalopathy.

Evoked potential studies

Standard electroencephalographic recordings have
been supplemented by the addition of evoked

Figure 1.9 Electroence-
phalogram of a 15-year-old girl
with absence seizures. Bursts of
symmetrical spike-wave activity
are seen during hyperventilation
(0.B.) lasting several seconds
and accompanied by loss of
awareness with eyelid flickering
(0.B., overbreathing).

Figure 1.10 Electro-
encephalogram of a 56-year-old
patient with Creutzfeldt-Jakob
disease. The record shows
periodic 1-second-long duration
sharp waves in all areas. At this
time the patient was mute,
spastic and showed frequent
myoclonic jerks.

potential investigations. Early on it was discovered
that abnormal discharges could be provoked in a
proportion of epileptic patients by repetitive photic
stimulation with flash stimuli. This principle has been
extended to computerized averaging of the electrical
activity generated by individual sensory stimuli
repeated hundreds of times to generate an averaged
evoked potential signal. In the visual domain, the
stimulus now used most widely is that of a black and
white chequer-board that is moved in front of the
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PVEP

eyes. Each movement of the chequer-board is used to
trigger the recording of electrical activity from the
surface of the scalp over the occipital cortex. The
average of a series of several hundred such responses
is computed after stimulation of each eye sepa-
rately. The latency of this visual evoked response
can be measured to, say the first major positive peak
following the movement of the pattern, and the size
of such a component of the visual evoked response
can be recorded (Figure 1.11). It has been found that
demyelinating lesions of the optic nerve may reliably
produce delays in such a visual evoked response,
indicating the presence of an optic nerve lesion even
in the absence of any clinical symptoms or signs of
such damage. This technique now is widely used in
the investigation of patients suspected of having
multiple sclerosis. The method of evoking visual
responses to pattern stimulation can be adapted
to half-field or even quarter-field stimulation in
patients suspected of hemianopic or other visual dis-
turbances. Pattern visual evoked potentials (PVEPs)
can also prove useful in following patients with
parachiasmal lesions, and can be very helpful in
assessing non-organic visual loss.
Electroretinograms (ERGs) using a flash stimulus
enable the study of retinal function. Using a dark-
adapted eye it is possible to look at rod function,
whereas white flicker stimulation under photopic
conditions examines cone function. Pattern ERGs
using a chequer-board stimulus test both central
retinal and retinal ganglion cell functions. By com-
bining ERGs with PVEPs it is now possible to obtain

Figure 1.11 Pattern visual evoked
potential (PVEP). Patient with optic
neuritis in the left eye: visual acuity right
6/5, left 6/9.Traces (1) from right and
(2) left hemisphere. Upper pair of traces
from the right eye are normal showing a
major positive component with a latency
of 100 ms. Lower pair of traces from left
eye showing gross delay with major
positive component’s latency of 160 ms
with preservation of amplitude.
Calibration: amplitude 5 mV; latency

*  100ms.

a very accurate electrophysiological assessment of
the anterior visual pathways, including the macula,
retinal ganglion cells, rods and cones, and optic
nerves. The findings in a patient with an ischaemic
optic neuropathy differ from those found in the case
of a demyelinating optic neuritis.

Similar principles underlie the use of brainstem
auditory evoked potentials (BSAEP) to investigate the
auditory pathways. The electrical activity recorded
from the lateral surface of the scalp, in response to a
standard click stimulus delivered through headphones
to one or other ear, is averaged for a few hundred
responses (Figure 1.12). The resulting auditory evoked
response consists of a whole series of components,
each one of which has been carefully established by
neurophysiological experiments to arise from activity
in different segments of the auditory pathway. Thus
cochlear activity can be distinguished from that of a
number of brainstem nuclei and fibre tracts, which
can be distinguished from activity in the auditory cor-
tex. The BSAEPs are useful in measuring brainstem
function, to screen for the presence of an acoustic
neuroma, and in the evaluation of patients with pro-
longed depressed conscious levels.

Averaged somatosensory evoked potentials
(SSEPs) can be recorded from electrodes placed over
the sensory cortex and over the spinal cord, in
response to electrical stimulation of the contra-
lateral digits or peripheral nerves of the arms or
legs. The SSEPs give information about conduction
proximally in the roots and centrally in the sensory
pathways ascending via the dorsal column and
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Figure 1.12 Brainstem auditory evoked potentials
(BSAEP). (a) Normal trace: wave | probably arises from the
cochlear nerve, that is, peripheral function; wave Ill probably
arises from the superior olive, that is, in the lower pons; wave
V probably arises from the inferior colliculus, that is, more
centrally. (b) Patient with multiple sclerosis showing grossly
increased central conduction and loss of waveform

(note the different latencies from | to V (a) and (b)).
Calibration: amplitude 0.3 mV; latency 2 ms.

medial lemniscus to relay through the thalamus and
reach the parietal cortex. For example in upper limb
studies, recordings are usually made over Erb’s point,
over C2 or C7 and the contralateral parietal cortex.
Prolongation of latency measurements would sup-
port the presence of damage specific to that site; for
example, a delay from Erb’s point to C2 or C7 occurs
with a spinal cord lesion.

Transcranial magnetic stimulation

Over the past 10 years it has become possible to
stimulate the motor cortex using a magnetic coil
and to record the motor response in a distal muscle
in a contralateral limb. Stimulation at other sites
such as the motor roots at the level of the spinal
cord, and the peripheral motor nerves, allows meas-
urement of the latencies in these various pathways.
Central delay in the corticomotorneurone pathway
may occur for example in demyelination, and there
is often a reduction in amplitude of the evoked
muscle response in motor neurone disease. This still
remains largely a research tool but its use is spread-
ing into diagnostic clinics. It again has proved
helpful in assessing functional motor disturbances.

Electromyography and nerve
conduction studies

In the same way that electrical activity of the
brain can be recorded by the EEG, the electrical
activity of contracting muscles can be recorded
either by surface electrodes or through needles
inserted directly into the muscle itself.

Surface recordings pick up and average activity
from many individual motor units, while needle
recordings can detect the activity from single motor
units or even single muscle fibres if the recording
surface is made small enough. Needle recordings of
electromyographic activity in weak muscles may be
used to decide upon the cause of muscle weakness.
Motor unit action potentials in primary muscle dis-
ease (myopathies) are characteristically reduced in
size and shortened in duration. Spontaneous activ-
ity in the form of fibrillation potentials occurs in
muscles denervated by damage to peripheral nerves,
nerve roots, or anterior horn cells. Muscle action
potentials become abnormally large as a result of
collateral re-innervation in anterior horn cell disease.
The normal picture of electromyography (EMG)
activity that occurs on muscle contraction when
recorded with needle electrodes (the interference pat-
tern) is distorted in upper motor neurone disease in
a manner distinctive from that seen in denervation
or primary muscle disease. Single fibre recordings
may reveal instability of neuromuscular transmission
(‘jitter’) in a variety of conditions, but particularly in
myasthenia gravis. In the latter condition, the muscle
is incapable of responding to repetitive nerve stimu-
lation, showing characteristic electrical and contrac-
tile fatigue.

The function of peripheral nerves may also be
assessed by electrical techniques.

Motor nerve conduction can be studied by stimu-
lating a mixed nerve containing motor fibres, and
recording the resulting compound action potential
from the muscle activated by surface or needle elec-
trodes. Motor nerve conduction velocity can be cal-
culated by stimulating the motor nerve at two sites
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Figure 1.13 Motor conduction measured in the median
nerve by stimulation (S1) at the wrist and (S2) at the elbow,
recording from abductor pollicis brevis. The distance between
S1 and S2 can be measured and the velocity calculated, as the
difference in the two latencies is known (6.8—3.4 = 3.4 ms).

proximally and distally (Figure 1.13), measuring the
difference in latency to the onset of the muscle action
potential, and the distance between the two sites of
stimulation. Motor conduction through a particular
region, for example, in the ulnar nerve across the
elbow, may be calculated by measuring conduction
velocity in response to stimulation above and below
the site of interest. Sensory nerve conduction can be
studied by stimulating pure sensory nerves, such as
those of the digits with ring electrodes, and recording
the nerve action potential with surface or needle
electrodes applied close to the appropriate nerve
trunk (Figure 1.14). For sensory studies, it is usually
necessary to average many responses to obtain a
reproducible wave form. Sensory nerve conduction
may also be measured by recording somatosensory
cortical evoked potentials in response to stimulation
of peripheral nerves at different proximal and distal
sites, calculating the difference in latency and the
distance between the two sites in the usual manner.

The most sensitive test for detecting a generalized
peripheral neuropathy is the measurement of the
amplitudes of sensory and nerve action potentials
in an arm and leg, together with the conduction
velocities.

Stimulus

Record

Calibration 20 pV

Figure 1.14 Sensory conduction measured in the median
nerve stimulating the middle finger and recording from the
nerve at the wrist.

Most nerve conduction studies are undertaken on
peripheral segments of nerves, and it is more difficult
to study proximal nerve roots. However, certain elec-
trical reflexes may be employed to investigate their
function, including the H reflex, which is elicited on
stimulation of a mixed nerve with low intensity elec-
trical shocks. These selectively activate spindle affer-
ent fibres to produce an electrical analogue of the
tendon jerk. Likewise, the activity in proximal seg-
ments of motor nerves may be assessed by recording
the F wave, which results from retrograde stimulation
of motor fibres invading the anterior horn cell to
produce a descending volley which is subsequently
detected from the surface or needle EMG.

Routine nerve conduction studies look at conduc-
tion in large calibre, fast conducting fibres. Modern
techniques enable conduction in the small fibres,
relaying pain and temperature, to be measured in the
same way by estimating thermal thresholds quanti-
tatively using specially designed instruments.

CEREBROSPINAL FLUID

Samples of CSF may be obtained with relative ease
at the bedside by lumbar puncture. The technique
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requires some practice, but once mastered is simple
and usually painless.

However, when there is an intracranial or
intraspinal mass lesion, lumbar puncture carries
a serious risk of causing rapid deterioration in
function as a result of shifts of intracranial or
intraspinal contents.

Because of the risks involved, lumbar puncture is
not an investigation to be considered if a patient is
suspected of harbouring an intracranial or intraspinal
tumour.

Indications for brain imaging prior to lumbar

puncture

« Signs or symptoms of raised intracranial
pressure

» Focal neurological deficit

» A fixed dilated or poorly reactive pupil

« Coma or a rapidly deteriorating
consciousness level

» Signs of posterior fossa lesion (e.g.
dysarthria, ataxia).

Lumbar puncture is also contraindicated in the
presence of local skin sepsis in the lumbar region.
Lumbar puncture is essential to the diagnosis of
meningitis and subarachnoid haemorrhage, and is a
valuable adjunct to the diagnosis of a number of
inflammatory conditions such as multiple sclerosis
(MS) or encephalitis.

For lumbar puncture the patient is best positioned
lying on the side, flexed and with the spine horizontal
(Figure 1.15a). The needle is usually introduced at the
L3/4 interspace, which is indicated by a line drawn
joining the tips of the iliac crests (Figure 1.15a). It is
worth recalling in adults that the spinal cord usually
ends at the lower border of L1 so a needle inserted
into the subarachnoid space below this level will enter
the sac containing the cauda equina floating in CSF.
Local anaesthetic is used for the skin and immediate
tissues. After allowing time for this to be effective,
a sharp, disposable fine lumbar puncture needle (22
gauge) with stilette in position is introduced through
the skin and advanced through the space between the
two spinous processes. The needle point usually needs
to be directed slightly forwards (anteriorly). At a depth

of about 4-7 cm firmer resistance may be encountered
as the ligamentum flavum is reached. Beyond this
there is a slight ‘give’ as the needle punctures the
dura. The stilette is then removed and clear CSF will
drip out of the needle if this has been correctly pos-
itioned. If no fluid appears or bone is encountered, it
is probable that the needle is not in the correct place.
The stilette should be re-inserted, the needle partially
withdrawn and then advanced at a slightly different
angle. The commonest causes of failure are that the
needle is not in the midline, or is at too great an angle
with the skin (Figure 1.15b).

Complications of lumbar puncture

o Low pressure headache - postural, worse
erect occurs in approximately 20%

» Backache

 Introduced infection

» Precipitation of pressure cone with a cranial
or spinal mass lesion

o Subarachnoid or epidural haemorrhage
(anticoagulants, bleeding disorder)

o Cranial nerve palsies - diplopia from CN VI

o Dermoid formation.

The CSF findings characteristic of specific condi-
tions will be discussed later in this book, but a few
general principles will be mentioned now. It is cru-
cial always to obtain the maximum information
from examination of the CSF.

Normal cerebrospinal fluid (CSF) values
Clear colourless fluid
Pressure 40-180 mm
Cells 0-5 lymphocytes/mm?>
Sugar 2.5-4.4 mmol/l
(>60% of blood glucose)
Lactate <2.8 mmol/l
Protein 0.2-0.5g/1
IgG <14% of total protein
(70% of serum globulin)
Volume (adult) 150ml

If the presence of blood is suspected, three sequen-
tial tubes of CSF should be collected to establish
whether the fluid is uniformly and consistently
bloodstained, or whether the initial bloody CSF
gradually clears, as occurs as a result of a traumatic
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tap. Likewise, when haemorrhage is suspected, the
sample should be centrifuged and the supernatant
examined for the presence of xanthochromia, which
indicates pathological bleeding rather than the con-
sequences of trauma at the time of lumbar puncture.
If infection is suspected, the CSF sugar may be an
invaluable guide to the presence of bacterial or fun-
gal inflammation. However, the CSF glucose can
only be interpreted in the light of the blood level
obtained at the same time. Thus, bacterial or fungal
meningitis is suggested if the CSF contains an
excess of cells in the presence of a glucose concen-
tration of 2 mmol/l or less than 40% of the blood
glucose concentration (Table 1.6). If there are red
cells in significant numbers resulting from a trau-
matic tap, a rough guide suggests that about 10
white cells may be allowed for every 7000 red cells.

Specific abnormalities of CSF protein content
may be invaluable in diagnosis, particularly the
excess gammaglobulin found in many patients with
MS, who also commonly exhibit the presence of
oligoclonal bands of gammaglobulin on elec-
trophoresis. Nowadays, these are most reliably
demonstrated by isoelectric focusing. The synthesis
of immune globulins in the central nervous system

roots inside

Figure 1.15 (a) Position of patient for lumbar
puncture. (b) Diagram to show correctly
positioned needle within the subarachnoid space.

is not pathognomonic of MS and may occur in
a number of inflammatory/infective disorders, for
example sarcoidosis, syphilis, Behcet’s disease. The
CSF immunoglobulin G (IgG) index is a means of
evaluating the rate of IgG synthesis in the CSF. The
CSF IgG index = (IgG CSF X albumin serum)/(albu-
min CSF X IgG serum). Normally the value ranges
from O to 0.77. Higher values suggest increased IgG
synthesis, as in MS.

The CSF may also give useful information in a
number of disorders: for example the CSF
angiotensin-converting enzyme levels may be
raised in neurosarcoidosis or the measurement of
14-3-3 protein in patients suspected of having
Creutzfeldt-Jakob disease. In patients with pineal
region germ cell tumours markers may be found
in the CSF, such as alpha-fetoprotein in yolk sac
tumours, beta-human chorionic gonadotropin in
choriocarcinoma and human placental alkaline
phosphatase in germ cell tumours.

Examination of CSF for specific bacteria or fungi,
such as the tubercle bacilli or cryptococcus, or for
malignant cells requires considerable care and
experience. The immunodetection of specific bacter-
ial antigens and antibodies has also aided diagnosis
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Table 1.6 Abnormal cerebrospinal fluid findings

Finding

Elevated polymorph count
low glucose

Elevated lymphocyte count
low glucose

Elevated lymphocyte count
normal or low glucose

Interpretation

meningitis:

bacterial

TB early

fungal

viral (uncommon)
parameningeal infection
meningitis:

partially treated bacterial

B

listeriosis

fungal

viral
carcinomatous meningitis
sarcoidosis
meningitis:

partially treated bacterial

B

listeriosis

spirochaetal - syphilis, Borrelia burgdorferi

Mycoplasma pneumoniae

Atypical aseptic meningitis
SLE

anti-inflammatory drugs.

viral - mumps, enterovirus, HIV, HSV
fungal - cryptococcus
sarcoidosis

vasculitis
drug-induced - NSAIs (ibuprofen, naproxen, sulindac)
post-traumatic lumbar puncture
post serial major epileptic seizures
TB, tuberculosis; HIV, human immunodeficiency virus; HSV, herpes simplex virus, NSAIDs, non-steroidal

of infections, particularly in some patients who have
already been started on an antibiotic prior to
examination of their CSF. Latex agglutination tests
for bacterial antigens may detect Haemophilus
influenzae B, Streptococcus pneumoniae and Neisseria
meningitidis in over two-thirds of patients.
Polymerase chain reactions to detect bacterial DNA
may also be useful, for example in tuberculous
meningitis or neurological Lyme disease.

It will be apparent that thought must be given
before lumbar puncture to what information is to be
sought from the material obtained, and care must be
exercised in ensuring that the samples are delivered
to the appropriate laboratories and individuals.
Finally, lumbar puncture provides an opportunity to

record CSF pressure using simple manometry, which
should be undertaken routinely.

Muscle and nerve biopsy

Muscle biopsy is undertaken routinely in most
patients suspected of primary muscle disease, the
sample being removed from a weak muscle that has
not previously been subjected to electromyographic
needling. Routine histology is supplemented by histo-
chemistry, to type muscle fibre populations, and by
biochemical investigation of muscle energy metabo-
lism. Electron microscopy may also be necessary.
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Special staining with immunolabelling may also add
information: for example, the use of dystrophin in
Duchenne muscular dystrophy. Muscle biopsy also
affords the opportunity to examine small blood ves-
sels in patients suspected of inflammatory diseases
such as polyarteritis nodosa. In patients thought to
have giant cell arteritis, however, it is usual to
biopsy the temporal artery directly.

Nerve biopsy is used less frequently, but it is
simple and safe to remove the cutaneous branch of
the sural nerve at the ankle, which leaves no
motor deficit and only a small patch of sensory loss.
In a few patients there may be complaints of pain
from the biopsy site. Examination of nerve biopsy
in patients with peripheral nerve disease may
confirm the presence of axonal damage, demyelina-
tion, or a combination of these. The tissue examined
may also reveal evidence of an arteritis, or of infil-
tration by substances such as amyloid or lymphoma.
Quantitative studies can be undertaken, which look
at the size and type of the nerve fibres present, and
teased fibre preparations may show the presence of
segmental or generalized demyelination. Special
staining techniques may be useful in evaluating cer-
tain patterns of neuropathy in association with dys-
proteinaemias or immune-mediated diseases.

Other investigations

Many other investigations are employed in individual
patients with neurological disease; for instance, skin,
liver, rectal, or marrow biopsy may be required for the
diagnosis of a number of storage diseases that cause
progressive encephalopathy in childhood. Biopsy of
lymph glands may be useful in the diagnosis of
a number of disorders, particularly in lymphomas,
in carcinomatosis and in sarcoidosis. Occasionally
biopsy of the brain itself or the meninges is required
to establish the diagnosis in progressive obscure cere-
bral disorders. Image-linked stereotactic brain biop-
sies now allow very precise sampling of areas of
abnormal signal within the brain substance.

Many metabolic and hormonal diseases may affect
the nervous system, so that a wide range of biochem-
ical tests, such as examination of serum electrolytes,
liver, renal and bone function, may be required, as
will tests of thyroid, parathyroid, pancreas, adrenal

and pituitary function. Neurosyphilis, Lyme disease
and now AIDS are the great mimics of neurological
disorders so that serological tests such as a Treponema
pallidum haemagglutination test, tests for IgG anti-
bodies for Borrelia and human immunodeficiency
virus titres are essential to exclude these disorders. A
wide range of immunological tests may also be used
to assess a variety of connective tissue disorders and
an increasing number of neurological conditions
where antibodies may be detected to aid diagnosis; for
example, anti-acetylcholine receptor antibodies are
found in most patients with generalized myasthenia
gravis (sero-positive) and muscle specific kinase
antibodies may be found in many sero-negative
myasthenic patients. IgG antibodies to P- or Q-type
voltage-gated calcium channels may be found in
patients with the Lambert-Eaton syndrome.
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INTRODUCTION

Of all diagnostic tests in neurological disease, imag-
ing often has the most decisive influence on manage-
ment. Nowadays the most useful imaging modalities
are harmless to patients, and imaging equipment
generally has been appropriately prioritized and is
widely available. In most situations, the only modal-
ity to consider is magnetic resonance imaging (MRI),
and in patients for whom MRI cannot be performed,
X-ray computerized tomography (CT) is usually
satisfactory. The latter still has great utility, and is
the test of first choice to exclude surgical emergen-
cies. Angiography is rarely indicated for diagnostic
purposes, and such diagnostic applications that
remain are best implemented by non-invasive meth-
ods. Myelography is indicated only in patients who
cannot undergo MRI. Plain X-rays of the skull are
rarely helpful, but a limited role for plain X-rays of
the spine remains.

PLAIN X-RAYS

Skull

Several textbooks are devoted to the interpretation
of skull X-rays. However, it was recognized that

diagnostic changes were either too infrequent or too
non-specific to be of real help. Notable exceptions,
however, were the investigation of visual failure and
hearing loss, where specific changes diagnostic of the
commonest surgical causes were present in around
90% of cases. However because MRI or CT was
required anyway in order to plan treatment, skull
films became redundant.

Identification of skull fractures is now the
commonest reason for performing a skull X-ray.
Although patients with skull fractures are more likely
to have intracranial haemorrhage than those without,
the risk is predicted more reliably by clinical criteria.

Spine

Trauma

Plain X-rays probably remain the most appropriate
test in the initial investigation. X-rays of the cervical
spine are indicated after head injury if the patient
is unconscious or unable to be assessed, or when
there is clinical evidence of neck injury. Considerable
variability in reporting of post-traumatic spine
films has been recorded. Attention needs to be paid
to the soft tissues as well as to vertebral alignment
and separation, especially the pre-vertebral soft tis-
sues above the cricoid cartilage of the larynx, which
should be no more than 2-3 mm thick in adults, and
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slightly thicker in children, but never convex anteri-
orly. Instability may be excluded by careful flexion
and extension views after pain and muscle spasm
has subsided. Delayed instability is a problem espe-
cially in two situations: after unrecognized fractures
of the odontoid and following easily reducible or
self-reducing rotatory subluxation of the cervical
spine with unilateral locked facets.

Instability

Plain X-rays remain the best modality to demon-
strate spinal instability in conditions not linked to
trauma, such as rheumatoid arthritis and other dis-
orders, and in the variety of connective tissue disor-
ders, which are often hereditary, where spinal
instability is common, such as Down’s syndrome.
Carefully performed flexion and extension views to
the extremes of tolerable movement demonstrate
subluxation, and establish whether it is reducible.

Spinal cord and root compression

Spondylotic spinal stenosis may be deduced by the
presence of osteophytes or inferred by a degenera-
tive spondylolisthesis, but not with sufficient sen-
sitivity to be used as a realistic screening test.
Similarly spinal metastases and other tumours that
destroy and erode bone need to remove 50-70%
of bone mass before it becomes apparent on plain
X-rays.

Tumours of the spinal cord and cauda equina

Tumours of the spinal cord and cauda equina may
result in reasonably characteristic focal or regional
expansion of the canal, but only in about 30% of
children with such tumours (or syringomyelia) and
in about 12% of adults.

Osteomyelitis

Plain X-ray is still frequently the first investigation
that alerts physicians to the possibility of spinal
osteomyelitis. The most important sign is progres-
sive loss of the vertebral end-plates. Unusual forms
of osteomyelitis are usually misdiagnosed as metas-
tases, even on CT and MRI.

Congenital abnormalities

Most congenital abnormalities are occult incidental
findings, but some, which involve neural structures,
can have a characteristic appearance on plain X-ray,
such as diastematomyelia and lipomyelomening-
odysplasia. These too may be incidental findings.

Other causes

Symptoms such as headache, occipital neuralgia,
and dizziness have been attributed to disease in the
cervical spine, usually cervical spondylosis. Many
plain X-rays of the cervical spine are requested with
this in mind, but the significance of any abnormal-
ities shown is, at best, doubtful. Cervical ribs are
most easily recognized on plain X-rays and are
sometimes implicated as a cause of arm pain.

Chest X-ray

Chest X-ray remains a quick, cheap and generally
easily interpreted method of suggesting or exclud-
ing many systemic diseases that may present neuro-
logically. These include sarcoidosis, tuberculosis,
myasthenia and other paraneoplastic syndromes.

A chest X-ray is more likely to provide helpful
positive or negative information than a plain
X-ray of the skull.

CT AND MRI

Despite its eclipse by MRI (Figure 2.1), CT (Figure 2.2)
retains its place as a highly useful imaging modality.
A recent development has been volumetric data
acquisition in times compatible with a single breath-
hold, achieved by the patient being moved through
the gantry during scanning, often referred to as heli-
cal or spiral CT. Whole regions such as the head or the
thoracic spine can be imaged in seconds, but there
is a time penalty involved for increasing image qual-
ity and also a reduction in the area covered. There are
still clinical advantages of CT over MRI; there are no
contraindications as there are to MRI; the config-
uration of the gantry is generally far less claustro-
phobic and life-support systems are not incompatible,
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provided they are portable. A major constraint of both
CT and MRI is that the patient has to be transported to
the instrument. Although MR-compatible life-support
equipment is available, it is considerably more expen-
sive and may be underused. This, combined with poor
patient access, makes MRI logistically more difficult
than CT in the critically ill patient. Although X-ray
radiation dose should be considered, risks should be
far outweighed by diagnostic benefit.

The main contraindications to MRI are cardiac
pacemakers and other implanted electronic devices

Figure 2.1 (a) MRI brain scan, sagittal view. (b) Magnified view
of the posterior fossa: (1) cerebral hemisphere; (2) cerebellum;
(3) fourth ventricle; (4) pons; (5) pituitary stalk with chiasm
anteriorly; (6) sphenoid sinus; (7) medulla; (8) craniocervical
junction; (9) cervical spinal cord.

such as cochlear implants, heart valves and intracranial
aneurysm clips. Not every device in each of these cases
is an absolute contraindication, and lists defining the
MRI compatibility are available. A common miscon-
ception is that orthopaedic metal implants and haemo-
static vascular clips in the dura are a contraindication.
Most implants do not move in the magnetic fields, and
if they do, they are sufficiently embedded in tissue not
to loosen, although generally a period of 6 weeks after
insertion is preferred before exposure to MRI. Heating
effects induced by electric currents are negligible.
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Figure 2.2 (a-d) CT brain scan at four levels moving up from the orbitomeatal line: (1) frontal sinus; (2) orbit; (3) ethmoid sinus
and nasal cavity; (4) sphenoid sinus; (5) middle fossa; (6) dorsum sellae; (7) pons; (8) mastoid air cells; (9) petrous ridge;
(10) fourth ventricle; (11) cerebellum, lateral lobe; (12) interhemispheric fissure; (13) lateral ventricles; (14) third ventricle;
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Figure 2.2 (Continued) (15) sylvian fissure; (16) pineal; (17) quadrigeminal cistern; (18) vermis; (19) thalamus; (20) pathway
of pyramidal tract; (21) caudate nucleus; (22) occipital horns; (23) surface sulci.
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Contrast mechanisms

In CT, the most important physical property of brain
tissue that determines X-ray absorption is electron
density, which is reflected by physical density.

There are many contrast mechanisms in MRI, and
most are still not fully understood. The signal from
the brain comes from protons in water molecules.
T1 relaxation time reflects the rate at which tissue
gives back absorbed radio frequency (RF) energy,
T2 relaxation time reflects the rate at which resonance
is lost by phase dispersal, and proton (spin) density,
the amount of magnetism induced (Figure 2.3).

T1 and T2 contrast mechanisms remain the most
important for detecting most disease states in
the brain and for demonstrating normal anatomy.
Some others are finding their way into routine prac-
tice and are available as options on most modern
equipment.

Diffusion-weighted contrast is generated by
applying an additional strong magnetic gradient
to induce phase dispersal as a result of molecular
motion. In the brain diffusion is markedly anisotropic,
being greater in the direction of major white matter
tracts. Diffusion-weighted images (DWI) generally
are acquired rapidly (seconds rather than minutes),

Figure 2.3 Coronal MRI showing post-traumatic left frontal
lobe brain damage - a cavity plus surrounding gliosis. Four
MR contrast mechanisms are selectively emphasized, one on
each image: top left, proton density; top right, T2; bottom left,
T1; bottom right, T2 with suppression of cerebrospinal fluid
signal (FLAIR).

and usually can be processed to produce apparent
diffusion coefficient (ADC) maps. Restricted diffu-
sion results in increased signal on DWI and decreased
signal on ADC maps; T2 contrast effects can intrude
to produce increased signal on DWI, but not on ADC
maps. There is increased clinical use of DWI in
assessing early cerebral infarction.

Susceptibility-weighted contrast is caused by mag-
netic fields induced in tissue as a result of the pres-
ence of paramagnetic substances such as endogenous
iron or injected gadolinium, and is emphasized by
generating signal by magnetic gradient reversal (field
echo imaging). It is sometimes referred to as T2* (‘T2
star’) weighted imaging, T2* referring to the effects of
local magnetic field inhomogeneity. This is used clin-
ically mainly to detect haemosiderin in tissues which,
it has been found, often is not visible on imaging
with mainly T1 or T2 contrast, and hence is good
for detecting old intracerebral haemorrhage. Many
patients with extensive ischaemic damage in the brain
caused by diabetes or hypertension show multiple
small old haemorrhages on T2* weighted images.

Perfusion-weighted imaging can be performed
with both MRI and CT, although these days more
often with MRI. It requires a bolus injection of intra-
venous contrast medium, and the phases of vascular
enhancement over time are followed by a series of
rapidly acquired images, usually in a single plane.
Quantities, such as mean transit time, time to peak
contrast, and derivatives, such as regional cerebral
blood flow and blood volume, can be displayed as
maps. Although widely used in some centres, espe-
cially in evaluating early stroke, most applications
(including stroke) remain research tools.

Flow-related contrast results from bulk fluid flow
and is generated by two main effects, time-of-flight
and phase contrast. These are exploited in MR angio-
graphy and cerebrospinal fluid (CSF) dynamic studies.

Functional MRI is a term mainly used to refer to
changes that can be detected in cerebral activation
experiments, the origins of which still remain contro-
versial. Regional cerebral blood flow can be estimated
by dynamic MRI or CT performed with injection of
an intravenous bolus of contrast medium (haemo-
dynamically weighted imaging).

Magnetization transfer contrast reflects signal
loss induced by applying a preparatory broad-
spectrum off-resonance pulse thought to saturate
water tightly bound to macromolecules (membranes).
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It has had little impact on clinical practice as yet,
generally because of disappointing sensitivity.

Contrast enhancement

lodine photoelectrically absorbs X-ray wavelengths
used in diagnostic radiology, and nearly all X-ray
contrast materials contain iodine. Gadolinium is a
strongly paramagnetic substance, which induces
powerful T1 and T2 relaxation enhancement, the
toxicity of which is eliminated by chelation. These
water-soluble compounds are injected intravenously
during CT or MRI to induce transient sequential con-
trast enhancement of arteries and veins, and less
transient contrast enhancement of extracellular fluid
in tissues with no blood-brain barrier or when broken
down by disease.

Rarely, an abnormality is visible only after intra-
venous contrast injection, but in most cases contrast
enhancement does not increase sensitivity signifi-
cantly (the Imaging Commission of the International
League against Epilepsy does not recommend routine
use of contrast enhancement, even in patients with
recent onset of focal seizures) and enhancement
when it occurs conveys little or no direct informa-
tion about the nature and actual extent of the dis-
ease process. In the UK, about 10 deaths a year are
attributed to intravenous contrast agents, and the
risk of death is estimated at one in 40 000.

Intrathecal enhancement of CT using water-
soluble myelographic contrast material can be useful
in evaluation of a CSF leak (provided it is leaking or
can be induced to leak at the time) and very occa-
sionally in evaluation of cystic lesions in the cisterns,
or as an alternative to myelography.

Brain imaging

CT versus MRI
Areas in which CT generally is either approxi-
mately equivalent or superior to MRI are:

o Subarachnoid haemorrhage

« Acute head injury

« Lesion of orbits, paranasal sinus and petrous
bones

o Exclusion of neurosurgical emergencies in
critically ill patients

« Acute stroke (exclusion of intracerebral
haemorrhage).

Head injury

Head injury

Clinical criteria (impaired or fluctuating con-
sciousness, the unassessable patient with previ-
ous craniotomy, clinical deterioration or failure
to improve, neurological signs or seizure) are
more reliable guides to risk of intracranial
haemorrhage than the presence of a skull frac-
ture, and should indicate urgent CT.

Serial CT in the absence of sustained clinical deteri-
oration is not recommended, but an examination on
discharge is desirable.

Abnormalities that may be shown are:

1 Intracranial haemorrhage. Clotted blood
appears white on CT. It may be extradural or
subdural, where urgent neurosurgery is often
indicated, or subarachnoid, intraventricular or
superficial intracerebral where neurosurgical
intervention is rarely if ever required.

2 Intracranial air. This may be extradural, subdural,
subarachnoid or intraventricular, and indicates
a compound fracture and CSF leak, which is
usually transitory.

3 Cerebral infarction. This occurs within 1-14 days
post-injury; the posterior cerebral artery territory
is most often involved. Mortality is high.

4 Diffuse axonal injury (DAI). Both CT and MRI
may show small marker lesions, MRI being
more sensitive. Typical sites are high convexity
white matter adjacent to the falx, posterior part
of corpus callosum, junction of callosum and
corona radiata, postero-lateral aspect of upper
brainstem. The number and distribution of
lesions correlate less well with extent of DAI
than was originally thought. Diffuse vascular
injuries manifest as haemorrhages in the basal
ganglia, a severe form of DAI. Outcome is
perhaps best predicted on MRI several weeks
after the injury.
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Figure 2.4 Acute cerebral infarction shown by diffusion-
weighted imaging. Only a small part of this extensive damage
was visible on conventional spin echo imaging. The clinical
onset was 14 hours previously.

Cerebrovascular disease

With careful attention to subtle changes in grey
matter (cortex and basal ganglia), most acute
cerebral infarcts are visible on both CT and MRI
within 24 hours, but in up to 20% of patients with
acute stroke no causative infarct is ever shown.

Diffusion-weighted imaging may show early
infarcts as areas of increased signal on MRI before
any changes are visible on any other imaging; the
corresponding area appears of low signal on ADC
maps. This is a result of restricted diffusion, which
generally is present only in acute infarcts, a feature
usually lost within about 3 days (Figure 2.4).

In acute intracerebral haemorrhage CT is easiest to
interpret. The electron-dense clot is surrounded by
a halo of low density; the high density melting away
from the periphery over days as mass diminishes.
Occasionally transitory vasogenic oedema develops
and mass may increase. After intravenous contrast
medium, a thin rim of enhancement is usually evident

for a few days within the low density halo. Extra-
vasated blood has a highly variable appearance on
MRI. Very acute haemorrhage presents a non-specific
appearance. Acute haematomas present low signal
on T2-weighted images, which gradually rises over
days. On T1-weighted images the signal becomes
markedly increased from the periphery inwards
over days.

After 2 weeks, MRI appearances of intracranial
haemorrhage are more sensitive and specific than
CT. Very low signal appearing in the brain may
persist around a haematoma cavity for months or
years and represent haemosiderin. Haemosiderin
is more sensitively detected by susceptibility (T2%)
weighted images.

Infarct-like lesions are shown in the brain on
MRI in 36% of patients over 65 years old, rising
to 43% in the over 85s.

These lesions are both more common and numer-
ous in patients with past history of stroke or risk
factors, especially hypertension. The deep and super-
ficial cerebral white matter is involved in 80%, the
basal ganglia in 40%, thalami and ventral pons in
10%. These features usually allow distinction from
other white matter diseases such as multiple sclerosis.

Subarachnoid haemorrhage

In patients with subarachnoid haemorrhage,
blood will be visible in the basal cisterns on CT in
over 90% within 3 days of the ictus but in only
40% after 5days (Figure 2.5). Up to 50% may
be detected on MRI within 3 days but perhaps
over 80% after 3 days, although only when non-
routine acquisitions are used.

However, sensitivity of MRI is not well estab-
lished and CT is preferred. Haemorrhage confined
to the midline basal cisterns is less likely to be asso-
ciated with aneurysm. Cerebral infarction usually
complicates cases with extensive rather than local-
ized cisternal blood.

Venous infarction is most characteristic when
bilateral and parafalcine. The thalami are selectively
involved in deep venous thrombosis, and the tem-
poral lobe in transverse sigmoid sinus thrombosis.
Venous infarcts are frequently haemorrhagic. A
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Figure 2.5 Subarachnoid haemorrhage plus mild
hydrocephalus. CT 2 days after ictus. Blood is present in the
basal cisterns and interhemispheric tissues (see also
Figure 16.1).

recent study has suggested that unenhanced CT is at
least as good as MRI for diagnosis of acute sinus
thrombosis, but MRI is better for excluding it. The
involved sinuses are distended with electron-dense
or high signal blood clot. Subacute and chronic
thrombosis can be difficult to diagnose, even with
angiography.

Thrombosis of the internal carotid artery is usu-
ally diagnosed reliably by routine head MRI but
may be mimicked by slow flow. Acute dissection of
the internal carotid artery is best diagnosed by rou-
tine head MRI provided the subpetrous carotid is
visualized, and angiography is unnecessary and
should be avoided. Vertebral artery dissection is
more difficult to diagnose.

Angiomas are of two broad types: (i) arteriove-
nous shunts or fistulas, recognizable by enlarged
draining veins and sometimes feeding arteries;
(ii) cavernous angiomas (cavernomas), recognized
as sharply circumscribed areas of signal change
surrounded by a dark rim on MRI, or as a dense,

Figure 2.6 Arteriovenous malformation in the right frontal
lobe. MRI with T2-weighted contrast. The low signal (black)
structures are dilated draining veins.

often partly calcified area on CT. MRI is both more
sensitive and more specific than CT (Figure 2.6).

Aneurysms

Most aneurysms larger than about 5mm will
be correctly diagnosed on routine head MRI or
contrast-enhanced CT. Large aneurysms usually
have a characteristic appearance on MRI, even
when extensively thrombosed.

Inflammatory conditions

Multiple sclerosis (MS) remains a clinical diag-
nosis (see Chapter 21), however, in the appropri-
ate clinical setting, MRI can be sufficiently
suggestive to remove the need for further tests
(Figure 2.7).

Suggestive features are discrete ovoid lesions
around the lateral ventricles especially posteriorly,
in the corpus callosum, tegmentum of the pons,
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Figure 2.7 Multiple sclerosis. MRI with T2-weighted
contrast.

middle cerebellar peduncles and cerebellar white
matter. One may be enough, but in excess of six is
more suggestive. Acute lesions can be quite large;
they shrink over time and show central contrast
enhancement only for about 8 weeks, not beyond.
Serial MRI reveals new lesions much more fre-
quently than clinical relapses, and there is generally
a poor correlation between MRI abnormalities and
clinical status. In patients with clinically isolated
syndromes, such as optic neuritis, the presence of
multiple brain lesions implies a markedly increased
chance of progression to MS in the next 1-5 years,
which is about 70% of such patients. CT has no role
other than to exclude alternative diagnoses such as
optic nerve compression.
Other conditions can mimic MS:

1 Acute disseminated encephalomyelitis - lesions
generally are larger and disappear over days
or weeks, whereas MS lesions persist; however,
new lesions may appear for up to 14 months.

2 Sarcoidosis - usually distinguishable by
evidence of meningeal disease and superficial
enhancing granulomas.

3 Systemic lupus erythematosus (and other
arteritides) can be very similar indeed; lesions
tend to be more superficial, and additional

Figure 2.8 Abscess in the left temporal lobe. CT after
intravenous contrast enhancement.

infarct-like lesions in the grey matter or the
brainstem can be discriminatory.

4 Infections such as human T-cell lymphotropic
virus-associated myelopathy and progressive
multifocal leukoencephalopathy are
distinguished clinically.

5 Neoplasms, especially gliomas can be confused
with acute lesions of MS; serial MRI should
distinguish such cases without the need for
immediate biopsy.

6 Ischaemic lesions in non-inflammatory
arteriopathies, and in metabolic disorders such
as mitochondrial cytopathy, where frequent
involvement of basal ganglia should
discriminate.

The marked reduction in mortality from suppura-
tive intracranial infection, particularly brain abscess
and empyema can probably be attributed as much to
CT (Figure 2.8) as to advances in surgery or anti-
microbial therapy. With the possible exception of
some AIDS-associated infections, CT and MRI are
broadly comparable in their sensitivity and specificity.
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Figure 2.9 Herpes simplex encephalitis. (a) CT 10 days into
iliness; disease affects medial part of right temporal lobe;
(b) CT 4 months later, showing severe unilateral brain damage.

Intracranial tuberculosis is more sensitively diag-

nosed, and monitored on post-contrast images.
Encephalitis, as distinct from acute disseminated

encephalomyelitis, is suggested in the appropriate

Figure 2.10 Glioma, right temporal lobe. MRI with mainly
T2-weighted contrast.

clinical setting by predominant grey matter involve-
ment. Herpes simplex (type I) often yields early
changes in mesial temporal lobes and insula, usually
becoming bilateral; haemorrhages can occur in this
and in other necrotizing types (Figure 2.9).
Meningitis does not require brain imaging unless
there are focal neurological signs, deterioration or
failure to improve. Infarcts, empyemas, cerebritis,
abscesses and hydrocephalus then may be shown.

Cerebral mass lesions

Cerebral mass lesions

Sensitivity to MRI and CT is high, nearly all
lesions being detected, but specificity of diagno-
sis is only about 90% or less (Figure 2.10), and
biopsy is frequently desirable.

Raised intracranial pressure

When ventricles are ‘slit-like’, and brain substance
appears normal, the interpretation ‘generalized brain
oedema’ is nearly always incorrect. Cytoxic oedema,
as in hypoxic ischaemic brain damage, changes the
imaging characteristics of grey matter compared
to that of adjacent white matter, whether normal or
abnormal.
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Modern imaging has made it clear that most
pressure cones (herniations) are not lethal and often
are asymptomatic. Imaging has little role to play
in the diagnosis of brain death, which remains
a clinical diagnosis, save to help establish its cause.

Intracranial mass and lumbar puncture

The presence of an intracranial mass or demon-
stration of progressive obliteration of basal cis-
terns, or compression of brainstem, indicates
probable raised intracranial pressure. However,
at least 30% of patients who clinically cone
after lumbar puncture have an entirely normal
brain CT.

Epilepsy

Epilepsy

Patients with recent seizure onset require either CT
or MRI, and intravenous enhancement is not gen-
erally recommended if the brain appears normal.

Figure 2.11 Left hippocampal sclerosis.
Coronal MRI (a) T1-weighted contrast and
(b) T2-weighted contrast showing the left
hippocampus (on the right of the figure)

to be small and yielding abnormally high
signal on appropriate images.

Early repeat studies may be appropriate if seizures
persist or neurological signs develop because some
neoplasms grow rapidly. In the investigation of
chronic intractable epilepsy, especially if functional
neurosurgery is contemplated, MRI is clearly super-
ior to CT, but is best carried out at epilepsy centres
with surgical programmes. The major advance in
recent years has been the reliable diagnosis of hippo-
campal sclerosis, found in over 60% of patients with
intractable temporal lobe epilepsy (Figure 2.11).

Cranial nerve lesions

Some lesions of the optic nerve in the orbit are more
sensitively detected by CT than by MRI (drusen, optic
nerve sheath meningioma), because of calcification
(Figure 2.12). Magnetic resonance imaging is prefer-
able for lesions of the optic chiasm and other cranial
nerves, including the ocular motor and vestibulo-
acoustic (Figures 2.13 and 2.14). Intravenous con-
trast is not essential for diagnosis of neurinomas but
may help to distinguish inflammatory from some
neoplastic lesions, such as meningiomas, especially
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Figure 2.12 Right optic nerve sheath meningioma, CT orbits
showing a thickened and heavily calcified optic nerve sheath.

Figure 2.13 Pituitary macroadenoma compressing the
optic chiasm. Sagittal MRI with T1-weighted contrast made
after gadolinium enhancement.

in the region of the cavernous sinuses. Aneurysms
causing oculomotor palsy should be reliably excluded
by targeted MRI (or CT with contrast injection) with-
out recourse to angiography.

4

Figure 2.14 Large right acoustic neuroma. (a) Axial T2-weighted
MRI. (b) T1-weighted MRI after gadolinium enhancement.

Spinal imaging

The obligatory limitation of CT to axial slices
reduced its clinical utility in the spine because of
reduced coverage, but spiral CT, and fast acquisition
techniques with multiplanar reformatting, have
reduced this disadvantage. Results with CT are about
as good as MRI in diagnosing lumbar disc hernia-
tions and lumbar canal stenosis; it is less useful
elsewhere where sensitivity to intradural disease is
much lower than MRI. Cervical radicular syndromes
remain a problem for MRI as well as CT, because
only (infrequently found) large lesions show good
clinical correlation (Figures 2.15, 2.16 and 2.17).

MRI is the first and usually the only choice when
investigating suspected lesions of the spinal cord.

The identification of signal change in cord sub-
stance seems the best correlate of definite clinical
myelopathy; the degree of compression correlates
poorly. There are a wide variety of causes of signal
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Figure 2.15 Large left L5-S1 posterior disc herniation
(arrowed). Axial MRI, T1-weighted contrast.

Figure 2.16 Congenital lumbar canal stenosis. Axial CT.

Figure 2.17 Right-sided C5-6 disc protrusion. Axial CT with
intrathecal contrast; the patient only had a C6 radiculopathy,
but the spinal cord is also compressed.

(a)

(b)

Figure 2.18 Signal change in the spinal cord as a result of
compressive damage. (a) Sagittal MRI, T2-weighted contrast,
showing focal signal change in the spinal cord at C3 where
there has been a localized laminectomy. (b) Sagittal
T1-weighted image showing focal signal change in the cord at
C1, where there is atlantoaxial subluxation caused by an os
odontoideum.
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Figure 2.19 Extensive signal change in the spinal cord with
swelling as a result of a glioma. T1-weighted sagittal MRI after
completing a course of radiotherapy, which has destroyed the
red marrow in the vertebrae, hence replacement by high signal
fatty marrow.

change: compression (trauma, spondylosis), arteri-
ovenous malformations and dural fistulas, neoplasms,
infarction and inflammation (Figures 2.18, 2.19, 2.20).
Where necessary the use of intravenous enhancement,
or serial examinations, may help to distinguish some
of the aetiologies without recourse to biopsy.

Extradural metastatic disease is shown best by
MR], including neural compression. In some skeletal
conditions, however, the treatment plan may be
influenced by the estimation of structural integrity
of bone displayed by high resolution CT. Local prac-
tices based on the preferences of the surgeons
involved will dictate precise indications.

ANGIOGRAPHY

The increase in the range and quality of less inva-
sive ways of imaging the cerebral arterial tree have
removed nearly all the indications for catheter (intra-
arterial) arteriography for purely diagnostic purposes.
It is still generally used to demonstrate intracra-
nial aneurysms but then only when it is planned to
treat, and there is no effective non-invasive alter-
native to spinal angiography. It is also necessary to

Figure 2.20 Spinal dural
arteriovenous fistula with
clinical myelopathy. (a) Sagittal
T2-weighted MRI. (b) Magnified
view of (a), showing multiple
serpiginous low signal vessels
and high signal cord substance.
(c) A normal sagittal MRI for
comparison showing focal dark
areas in the cerebrospinal fluid
(CSF) posterior to the spinal
cord caused by turbulent motion
of CSF not to be confused with
enlarged veins.
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demonstrate the anatomy of arteriovenous malfor-
mations, but then again only when there is inten-
tion to treat. Gone are the days when a house officer
simply sent a request for angiography down to an
X-ray department and expected it to be done with
no questions asked.

MR Angiography

The spins of moving protons behave differently in
magnetic field gradients than stationary spins, and
the behaviour of coherent or bulk flowing spins can
be selectively enhanced to produce images of flowing
blood in both arteries and veins. This is achieved
without injecting any contrast medium and is there-
fore non-invasive. Two motion effects are exploited:
(i) time-of-flight (TOF), which exploits differences in
radio frequency saturation between moving and
stationary spins; and (ii) phase contrast (PC), which
exploits phase shifts that occur as a result of motion.
The PC effect is most dependent on flow velocity
and direction, and TOF is more widely used.
Single slice (two-dimensional) and volumetric
(three-dimensional) acquisitions are choices, three-
dimensional or multi-slab strategies generally being
most commonly employed for intracranial vessels,
and two-dimensional strategies for the cervical ves-
sels. Display is usually by maximum intensity pixel
ray projections, although reporting usually involves
review of raw data also. Contrast-enhanced MR
angiography is increasingly used these days to
increase vascular contrast in aneurysms, carotid
stenosis and to demonstrate large vessels like the
aorta and branches, all being structures in which
flow enhancement may be insufficient. This
requires a timed intravenous bolus of contrast into
a peripheral vein (Figure 2.21).

In patients requiring diagnostic angiography who
cannot have MRI, CT angiography is usually a very
satisfactory alternative. This always requires an
intravenous bolus of contrast medium (usually about
90 ml), and the resultant images can be processed in a
similar way to MR angiograms and look very similar.

Limitations

Spatial resolution is low relative to other forms of
angiography, and small arteries, including third- or

004,148

Figure 2.21 Bilateral carotid sinus atheroma shows on an
intravenously contrast-enhanced magnetic resonance
angiogram, using a vascular coil giving field of view, which
includes the aortic arch.

fourth-order branches and beyond, are poorly seen,
if seen at all. Plug flow is displayed best; turbulent
and very slow flow may not be visualized. Image is
sensitive to patient motion, and suboptimal studies
are relatively common.

Carotid stenosis

The convenience of simply adding MRA to brain
imaging when investigating stroke patients is an
overwhelming recommendation.

Obsessional ‘measurers’ of percentage stenosis are
not comfortable with MRA; but if the only tenable
criterion on which to offer carotid endarterectomy is
greater than 70% stenosis, then MRA is entirely sat-
isfactory. Problems with slow and turbulent flow
require cautious interpretation; most workers recom-
mend adding another non-invasive test, carotid
sonography, when MRA suggests a significant sten-
osis (Figure 2.21). Tests giving normal or near normal
results on MRA need no further imaging.
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Figure 2.22 Left posterior communicating artery origin
aneurysm (arrowed), pointing mainly laterally and about 1 ¢cm
in size. Magnetic resonance angiogram, three-dimensional
time-of-flight image, frontal maximum intensity pixel ray
projection.

Carotid artery dissection does not require even
MRA, as static brain MRI is more specific. The dis-
sections are usually transient, and initial imaging is
most likely to be positive. Vertebral artery dissec-
tion is more difficult and MRA may play a role.

Aneurysm

Aneurysms greater than 4mm in diameter are
reliably shown - less than 3 mm unreliably-MRA
seems adequate to screen for incidental
aneurysms, but subarachnoid haemorrhage is
more controversial because small aneurysms
may be involved. Many patients are now having
aneurysms clipped on the basis of MRA alone
(Figure 2.22).

Arteriovenous malformations

Approximately the same amount of information is
obtained from MRI as from MRA, and MRA is not
recommended. Vascular relationships to tumours
are just as well appreciated by MRL

Arteritis

Brain MRI with intravenous enhancement may show
mural thickening when larger vessels are involved,
which may be more specific than flow imaging.

Dural sinus thrombosis

Selective imaging of the dural sinuses and cere-
bral veins by MRI is possible and advocated by
many as the test of choice. Slow flow can be better
imaged after intravenous gadolinium. However
non-visualization of a sinus is common in normal

tests, and does not mean thrombosis, so utility is
doubtful.

Angiography

Angiography is an invasive test and serious
questions need to be asked about how essential it
is to management. It is uncomfortable and car-
ries significant risk: around 5% complications at
the arterial puncture site, and 1-29% risk of stroke
or death.

It cannot be overemphasized that the patient
needs to have accepted these risks before reaching
the angiography department. Most angiography is
performed using digital subtraction techniques
(DSA), but it is a misapprehension that this increases
safety, nor does non-selective aortic arch injection
of contrast medium.

Angiography is still widely employed to investi-
gate subarachnoid haemorrhage, to evaluate
arteriovenous malformations, and as a prelimi-
nary to endovascular treatment delivery.

In the author’s opinion it should be regarded as
contraindicated in the investigation of carotid artery
dissection, and, more controversially, may also be
contraindicated in carotid stenosis. However, for
many vascular surgeons formal angiography is still
the ‘gold standard. Arteritis remains a problem
because the most specific abnormalities occur in dis-
tal vessels not shown by MRA, and positive data
from biopsy, or perhaps angiography, are much to be
desired before considering immunosuppressive ther-
apy. Recent studies have indicated that nothing is to
be gained from angiography if MRI of the brain is
normal, and it should be appreciated that even when
present, angiographic abnormalities usually are too
non-specific to be definitive or even particularly
supportive of the diagnosis.

Intravenous DSA is a reasonable alternative to
MRA in patients, who cannot have MRI. It is min-
imally invasive, but systemic complications are
minor and occur in less than 0.5% and there is no
risk of stroke. Similarly helical CT angiography can
be performed after intravenous contrast injection,
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which also is often an entirely satisfactory alterna-
tive to angiography.

MYELOGRAPHY

The introduction of water-soluble intrathecal con-
trast material is rarely indicated, but in patients
with suspected spinal neurological disease who can-
not have MRI it may be the only alternative. Today
it commonly is carried out by CT, supplemented by
multiplanar reformatting. Spiral CT is particularly
helpful in obtaining adequate coverage in reason-
able periods of time. However if modern MRI is
negative or unhelpful in other ways, no form of
myelography is likely to make a contribution. The
higher resolution provided by conventional myel-
ography has been used to demonstrate pial vein
enlargement in dural arteriovenous fistulas, when
all other investigations including MRI are negative.
However the range of normal variation is wide,
dural fistulas can be incidental findings, and recent
reviews suggest that patients who warrant treat-
ment are readily diagnosable by MRI (Figure 2.20).

DOPPLER SONOGRAPHY

Doppler sonography is a reasonably accurate and
reliable technique for non-invasive investigation of
carotid artery stenosis. Colour flow mapping pro-
vides spatially oriented velocity data, colour indi-
cating direction of flow, as well as two-dimensional
reference anatomy. Pulsed and continuous-wave
sonography are methods by which blood velocity in
a sample volume (pulsed) or volume along a cursor
(continuous-wave) are mapped over time. Stenosis
is estimated from peak flow velocities, and two-
dimensional real-time grey scale display permits
characterization of plaques. Unilateral severe sten-
osis or occlusion can increase flow in the contralat-
eral vessel and lead to overestimation of stenosis,
and cursor orientation to flow direction is critical.
Comparisons between sonographic and angio-
graphic estimates of carotid stenosis usually yield
significant discordance in about 10% of cases, which
is generally regarded as acceptable. Fortunately

concordance is best when stenosis exceeds 75%
where the scope for variation sharply narrows.
Sonography of the carotid arteries is not as easy
to perform or subsequently to interpret as MRA, but
it is used most widely as a screening test, probably
dictated as much by availability as by an impression
of greater precision in estimating percentage stenosis.

Many stroke units worldwide use MRA and sono-
graphy as complementary investigations, and
consider invasive angiography prior to carotid
endarterotomy only when there is doubt about dis-
tinguishing carotid occlusion for severe stenosis.

INTERVENTIONAL

NEURORADIOLOGY

Recently neuroradiologists have been involved with
increasing frequency in interventional procedures.
Most often these involve treatment of vascular
lesions:

e Aneurysms

e Arteriovenous malformations
o Dural fistulas

o Stenosed arteries.

A variety of techniques have been employed to
‘close’ or block off aneurysms, including the inser-
tion of platinum coils and of balloons. To close fistulas
and arteriovenous malformations coils, injections of
‘super glue’, or synthetic embolic particles have
been used. Vessel expanders to open a tight arterial
stenosis may be employed, and stents inserted to
maintain patency. All these techniques rely on the
skilful insertion of fine catheters, usually threaded
from the femoral artery so their tip is close to the
lesion. Risks do arise from such measures, but these
are often less than with open operation and stays in
hospital are shorter. These interventional procedures
represent a currently expanding field of treatment.

CONCLUSIONS

‘If in doubt as to whether an investigation is
required or which... is best, it makes sense to ask a
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suitable radiologist... who will know more about the
speciality than those whose primary interest is in
another field’ (Royal College of Radiologists, 1996).
This is particularly true at the present time when
imaging options are multiplying faster than thera-
peutic options, and changes in clinical management
are being dictated as much by changes in technol-
ogy as by new knowledge about disease.
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INTRODUCTION

In this chapter the common symptoms a patient may
present with in the neurological clinic are discussed.
The first step is to decide on the broad category of
the disorder that the patient is trying to describe.
The discovery that the patient’s complaint is one of
headache, a blackout, difficulty in walking, or a dis-
turbance of memory, immediately sets in train an
established thought process that includes the prob-
able differential diagnosis of the causes of such a
complaint, and the questions necessary to ask at
some stage of the interview to establish which diag-
nosis is likely to be correct. In other words, specific
complaints act as triggers to the neurologist’s diag-
nostic process, selecting programmes of enquiry and
differential diagnosis for each complaint.

The commonest symptoms encountered in neuro-
logical practice are shown in Table 3.1. This list is
by no means exhaustive, but it does account for the
majority of complaints encountered.

In addition to the patient’s presenting complaint,
it is important to obtain the answers to a series of
routine questions, the purpose of which is to disclose
the possibility of disease in other parts of the ner-
vous system (Table 3.2).

It is not our purpose here to describe in detail the
individual diseases causing the various symptoms
discussed. We will concentrate on the approach to
the differential diagnosis of each symptom, and
upon the practical management of such patients.

HEADACHE

Headache is one of the commonest symptoms
encountered in general practice, and certainly is the
commonest complaint of patients attending the
neurologist. It is estimated that approximately one in
five of the general population may suffer from
headache of sufficient severity to consult a doctor. The
majority of these patients will have no abnormal
physical signs on examination, and diagnosis depends
entirely on the history. The most important distinction
is how long the patient has suffered headache.

The diagnosis and management of someone with
the acute onset of their first severe headache,
‘first and worst’, is entirely different from that
of someone who has suffered from chronic daily
headache for a matter of many years.
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Table 3.1 Common symptoms in neurological disorders

Table 3.2 Symptoms to aid neurological diagnosis

Pain
Headache
Facial pain
Spinal pain - cervical, lumbar
Limb pain - often accompanied by weakness
and tingling
Loss of consciousness
Epileptic seizures
Syncope
Impaired cerebral perfusion - cardiac causes
Non-epileptic seizures
Disturbances of the senses
Visual upsets - impaired acuity, blurred,
double vision
Deafness
Giddiness
Impaired smell, taste
Motor
Weakness
limbs - often with pain and tingling
bulbar muscles - swallowing, speech
respiratory muscles - breathless
Stiffness - spasticity and rigidity
Clumsiness - incoordination and ataxia
Imbalance and walking problems
Tremor
Involuntary movements
Sensory
Loss of feeling - numbness
Distorted - tingling, paraesthesiae,
bizarre sensations, hyperaesthesiae
Loss of position sense - sensory ataxia
Autonomic
Disturbances of bowel, bladder, sexual function
Faintness - postural hypotension

A suitable range of ten routine neurological
questions is:

1 Have you noticed any change in your mood,
memory or powers of concentration?

2 Have you ever lost consciousness or had a fit

or seizure?
Do you suffer unduly from headaches?

4 Have you noticed any change in your senses:
(i) smell; (i) taste; (iii) sight; (iv) hearing?

5 Do you have any difficulty in talking, chewing
or swallowing?

6 Have you ever experienced any numbness,
tightness, pins and needles, tingling or burning
sensation in the face, limbs or trunk?

7 Have you noticed weakness, stiffness,
heaviness or dragging of arms or legs?

8 Do you have any difficulty in using your hands
for skilled tasks, such as writing, typing or
dressing?

9 Do you have any unsteadiness or difficulty in
walking?

10 Do you ever have any difficulty controlling your
bladder or bowels?

w

for this may be the presenting symptom of intracra-
nial haemorrhage or infection.

Most patients with subarachnoid haemorrhage
(SAH) from aneurysm or angioma present with a
sudden dramatic, and explosive onset of devastat-
ing headache, which rapidly becomes generalized
and is accompanied by neck stiffness. They might
complain, ‘It was as if I had been kicked by a mule!

Disturbances of higher functions Many patients with SAH lose consciousness and
Memory impairment - dementia some may develop mild focal neurological signs.
Confusion Patients with primary intracerebral haemorrhage
Changes in mood, behaviour often complain of headache and vomiting, and then
Changes in speech - aphasia rapidly lose consciousness. Commonly they are
Visuo-spatial disturbance hypertensive. They may also exhibit a dense neuro-
Disordered thinking - psychiatric logical deficit resulting from brain destruction, and

often do not have a stiff neck.

If SAH is suspected, an early computerized tomog-
raphy (CT) scan must be undertaken (Figure 3.1)
and this will detect blood in the majority of
patients scanned within the first 48 hours.

Acute sudden headache

The sudden onset of severe headache over a matter
of minutes or hours often poses a medical emergency,
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Figure 3.1 CT brain scan of a patient presenting with an
acute severe headache following a subarachnoid
haemorrhage. There is blood in the sylvian fissure and slight
enlargement of the ventricles.

If the scan is negative, then the cerebrospinal
fluid (CSF) should be examined to confirm the diag-
nosis in the 15% of patients where blood has not
been shown on the scan. Xanthochromia of the
spun supernatant of the CSF is present for about 10
days after a bleed. Patients who have bled from an
intracranial aneurysm, which is the commonest
cause of SAH, are at serious risk of a second bleed
in the next few weeks, which is often lethal. Surgical
clipping of the aneurysm, or other obliterative
methods, can prevent repeat bleeding.

Those in whom SAH is confirmed by lumbar
puncture or CT scanning should be referred
urgently to a neurosurgical centre for further
treatment.

The commonest condition that may be confused
with SAH is the acute onset of a migraine headache
(Table 3.3). Migraine usually builds up over minutes
or hours, but on occasion may apparently start suf-
ficiently abruptly to suggest a subarachnoid bleed.

Table 3.3 Causes of headache

Acute
Subarachnoid haemorrhage
Intracerebral haemorrhage
Migraine
Meningitis
Encephalitis
Sudden rise in intracranial pressure
Non-specific - infective - secondary to
septicaemia, influenza, psittacosis
Drugs, alcohol - vasodilators, statins, ‘hangover’
Sub-acute
Raised intracranial pressure
Abscess, subdural empyema
Tumour
Hydrocephalus
Subdural haematoma
Giant cell arteritis
Arterial dissection
Chronic
Persistent
Tension-type
Psychological - depression, anxiety,
hypochondriasis
Post-traumatic
Intermittent
Migraine
Episodic tension-type
Referred
Neck, sinuses, eyes, teeth - often acute or
sub-acute

Such patients also may have mild photophobia and
neck stiffness as part of their severe migraine, but
examination of the CSF and a CT brain scan will
reveal no blood or other abnormality.

The headache of meningitis and encephalitis does
not start with such a dramatic acute onset, but
builds up over a matter of hours. Such patients
also are likely to have fever and in the case of
meningitis, severe neck stiffness.

In some elderly patients, the very young or the
very sick, meningitis may be present without neck
stiffness. In the case of encephalitis, neck stiffness
is less conspicuous, but confusion, early coma and
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seizures are characteristic. Any patient suspected of
having meningitis or encephalitis requires lumbar
puncture to establish the diagnosis and the cause.
Systemic infections may cause acute headache, for
example, influenza, mumps, psittacosis.

Subacute headache

Headache that has been present for a few weeks or
months in an individual not previously prone to this
complaint must always be taken seriously. In fact,
such a complaint usually turns out not to be sinis-
ter, but to be the beginning of a much more chronic
problem such as tension-type headache or migraine.
However, the possibility of other more serious con-
ditions should always be considered in those with
the recent onset of disabling headache.

In the elderly patient, or in anyone aged over
about 55 years, cranial or giant cell arteritis
should be considered (see p. 478)

Such patients are usually unwell, with systemic
symptoms of malaise, weight loss, and generalized
aches and pains. Their main symptom, however, is
persistent headache with tenderness of the scalp, as
when brushing the hair. The cranial arteries, particu-
larly the superficial temporal arteries, may be visi-
bly enlarged, tortuous, and tender to the touch, and
there may be obvious reddening of the overlying
skin. Patients with giant cell arteritis are at risk of
losing their vision as a result of ischaemic damage
to the optic nerves, so suspicion of the condition
should lead to urgent action. The erythrocyte sedi-
mentation rate almost invariably is raised above
40mm/h and a biopsy of a temporal artery is fre-
quently diagnostic. Such patients should be urgently
started on steroids to suppress further complications
of the illness, particularly sudden visual loss.

The headache of raised intracranial pressure
(ICP) of whatever cause, be it tumour, subdural
haematoma, or obstructive hydrocephalus, charac-
teristically has been present for a matter of some
weeks or months. Frequently it may wake the patient
from sleep and is made worse by coughing, sneezing,
bending or straining at stool, all of which increase

Figure 3.2 This patient had a sudden crescendo headache.
This was the result of the colloid cyst shown in the third
ventricle causing an intermittent obstructive hydrocephalus,
as shown on this CT scan.

ICP. The headache of raised ICP may be accompan-
ied by effortless vomiting. Frequently, papilloedema
is evident on examination and there may be signs
suggesting a focal intracranial mass lesion. Occa-
sionally there may be an acute crescendo headache
as may occur with an intermittent obstructive hydro-
cephalus (Figure 3.2).

However, patients with intracranial space-
occupying lesions producing severe headache
may not have papilloedema and may exhibit no
focal neurological signs, yet the history may be
sufficient to warrant further investigation.

The majority of patients with isolated cough
headache, or isolated headache at the peak of sexual
excitement (coital cephalgia or orgasmic headache)
do not have brain tumours. The mechanisms respon-
sible for these benign conditions are not known.
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Persistent headache after minor concussive head
injuries (post-traumatic headache) is a common
complaint, often accompanied by other symptoms
such as postural dizziness, impaired memory and
concentration, fatigue and depression. The post-
traumatic syndrome is well recognized in the law
courts as one of the common sources of claims for
compensation for injury. Often after settlement
occurs, which unfortunately may take many years,
such symptoms may disappear slowly. However, a
true post-traumatic (post-concussional) syndrome,
with all the symptoms mentioned, may occur in
otherwise stable individuals in whom no thought of
compensation exists. It is now apparent that minor
head injuries may cause cerebral damage, slowing
of some cognitive functions and also lesions of the
vestibular system, which may be responsible for
some of the troublesome symptoms that occur in a
proportion of patients in such circumstances. Very
prolonged symptoms may be linked with psycho-
logical processes.

Chronic headache

Chronic headache

The commonest causes of chronic headache are
migraine and tension-type headache. It is a use-
ful working rule that patients who have been
complaining of headache for 3 years or more
without any other sinister symptoms or physical
signs on examination nearly always turn out to
have one of these two conditions.

Migraine is exceedingly common and approxi-
mately 20% of the population is likely to suffer one
or more migrainous episodes in their life. Character-
istic of migraine is that it is a periodic disorder, with
episodes of headache separated by periods in which
the subject is entirely normal. Migraine with aura
(classical migraine) is instantly recognizable because
of the presence of characteristic warning symptoms
in the half-hour or so prior to the onset of headache.
The commonest of these are visual, in the form of
flashing lights or zigzags caused by ischaemia or
spreading depression in the occipital cortex (see
p- 327). Other warning symptoms are hemisensory

disturbances, alarming dysphasia, and diplopia with
dysarthria and ataxia. These warning symptoms may
occur in the absence of subsequent headache. The
headache may be hemicranial or, more often, general-
ized. During the period of headache, the patients feel
ill, nauseated, anorectic, photophobic and drowsy.
Frequently they vomit, following which the headache
often subsides and the patients sleep. The headache
usually lasts several hours but may persist for 2-3
days. Once the headache disappears, the patient soon
returns to normal and remains so until a further
episode occurs. Migraines usually appear at intervals
of a few weeks or months, and some more fortunate
sufferers may experience only one or two attacks in
their lifetime.

The intermittency of migraine contrasts with the
persistent, continuous headache characteristic of
tension-type headache. Such patients claim that
they are never free from pain, day in and day out
for months or years. Nothing appears to help the
pain, which commonly is blamed for causing disturb-
ance of sleep and depression. In fact, tension-type
headache is a common symptom of an underlying
depressive illness, the latter being responsible for
early morning waking, loss of appetite, and malaise.
In other patients, tension-type headache appears
to be a symptom of long-standing anxiety states,
often precipitated by marital discord, other family
tensions or job dissatisfaction. The patient usually
describes tension-type headache as a constant aching
or pressure sensation, which may be generalized or
confined to the vertex, or acting like a band around
the head. Prodromal symptoms do not occur and
vomiting is not a feature. The pain may be exacer-
bated or may occur only at times of obvious stress,
and few of us have not experienced the typical
tightening sensation in the scalp when under con-
siderable external pressure. Tension-type headache
is associated in some instances with excessive
sustained contraction of the muscles of the scalp
and neck. Tension-type headaches may be episodic
or chronic. In the latter there is a recurring daily
headache over a period of more than 6 months.
Chronic daily headache describes recurring headaches
for more than 15 days each month. There may be an
overlap between migraine and tension-type headache
and it may sometimes be difficult to differentiate
between the two. These may be aggravated by
medication-overuse headaches. The recent concept
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of new daily persisting headache is described in
Chapter 16.

Uncommon causes of headache

Typical tension-type headache is frequently blamed
on other common conditions such as constipation,
dental caries, hypertension, sinusitis, cervical spondy-
losis, and eye strain. Few of these conditions cause
headache, and the majority of patients suffering
from them do not complain of this symptom.

Headache does occur in patients with malignant
hypertension, or during paroxysmal hypertension
provoked by phaeochromocytoma, but is not a
symptom of lesser degrees of high blood pressure.
Constipation never causes headache, and dental
caries causes pain in the face rather than in the
head. There is no doubt that straining to read with
defective vision in a poor light may cause muscle
contraction/tension-type headache, eased by appro-
priate prescription of spectacles, but such patients
are aware of the cause of their head pain. Acute
sinusitis undoubtedly causes intense pain and local
tenderness over the affected sinus. In contrast,
chronic sinusitis is not a cause of headache unless
there is intermittent obstruction to drainage from
the affected sinus, which then causes the typical
features of acute sinus disturbance. Cervical spondy-
losis causes pain in the neck, which may radiate up
to the occiput, and typically is made worse by neck
movement. A rare cause of occipital pain, some-
times accompanied by paraesthesiae in the side of
the tongue, is sudden trapping of the upper cervical
roots on neck movement.

PAIN IN THE FACE

As in headache, patients complaining of pain in the
face frequently exhibit no neurological signs and
the diagnosis must be made solely on the history.
When confronted with a patient complaining of
pain in the face, it is useful to keep in mind that
this may arise from local structures such as eyes,
sinuses, teeth or jaw; referred pain resulting from
fifth nerve involvement, in which case there are

likely to be signs of sensory loss in trigeminal terri-
tory; and in disorders with no abnormal physical
signs such as trigeminal neuralgia, post-herpetic
neuralgia, migrainous neuralgia, migraine variants
(lower-half headache), and atypical facial pain.

Local causes

Disease of teeth, sinuses, the parotid glands, and the
eyes can, of course, cause pain in the face, but
nearly always also causes obvious symptoms result-
ing from damage to these structures. Pain caused by
dental caries is precipitated by extremes of tempera-
ture and sweets, as is familiar to everyone. A dental
abscess causes throbbing pain and marked local
tenderness, particularly to percussion of the affected
tooth. Acute maxillary sinusitis causes severe,
explosive, throbbing pain in the cheek, increased by
lying flat, coughing or sneezing, and accompanied
by considerable local tenderness. Eye disease, such
as acute glaucoma or iritis, causes intense local pain
and tenderness in the affected eye, with distur-
bances of vision and evident reddening of the eye
itself. Salivary calculi cause pain in the appropriate
salivary gland on eating or on anticipation of good
food. Arthritis involving the temporomandibular
joint may cause pain in the face and neck, provoked
by chewing or opening of the mouth. Pain on chew-
ing may also occur in giant cell arteritis as a result
of claudication in ischaemic jaw muscles.

Referred pain

Pain referred into the face may be provoked by
compression or infiltration of the trigeminal nerve
by posterior fossa tumours, tumours invading the
base of skull, or extracranial tumours involving the
sinuses or salivary glands. Such referred pain typ-
ically is constant, sometimes with superimposed
spontaneous jabs of discomfort, and is accompanied
by signs of sensory loss in the distribution of the
affected nerves. The acute onset of pain in the fore-
head and eye, associated with a third nerve palsy
involving the pupil, is a not uncommon presenta-
tion of an aneurysm of the internal carotid at the
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origin of the posterior communicating artery. Acute
third nerve palsies caused by arteritis or vascular
disease in hypertension and diabetes mellitus also
may result in pain in and around the eye.

Facial pain with no signs

Trigeminal neuralgia (tic douloureux) is a common
cause of intermittent pain in the face in the second
half of life. Pain, which is unilateral, is usually con-
fined to the second or third division of the fifth
nerve, and possesses two absolute characteristics.
First, the individual spasms of pain are extremely
brief, like a knife jabbing into the cheek or jaw.
Second, these spasms are triggered by at least two
of the following events: talking, eating, washing the
face, brushing the teeth, blowing the nose, touching
the face, cold wind on the face, or attempting to put
on make-up. The paroxysm triggered by these stim-
uli lasts a few seconds to several minutes, during
which the patient may clutch the side of the face in
agony. Commonly, the pain shoots from a charac-
teristic site of onset, in the cheek or side of the nose
or gums, to another part of the face, for example, to
the ear or jaw. The illness is intermittent with bouts
lasting days or weeks followed by long periods of
freedom, which tend to become shorter as the
patient ages (see p. 196).

Glossopharyngeal neuralgia is analogous to
trigeminal neuralgia in that the pain is paroxysmal
and very severe. It is felt at the back of the throat or
tongue, or deep in the ear, and is triggered by swal-
lowing (see p. 205).

The ophthalmic division of the trigeminal nerve
is a common site for involvement by herpes zoster,
and a proportion of such patients, usually the eld-
erly, are left with the distressing aftermath of post-
herpetic neuralgia. Such pain is felt in the eye and
forehead, where typical scarring and sensory loss is
evident. The pain is continuous and often has a
burning quality, superimposed on which are occa-
sional jabs of pain, which may be triggered by light
touch to the affected area.

Patients with otherwise typical migraine may
also experience pain of similar calibre and character
in the face (facial migraine). As with migraine
headache, the pain lasts for a few hours to a day or

so, is often accompanied by nausea, vomiting and
prostration, and is intermittent, leaving the patient
normal between attacks. Part of the trigeminal
autonomic cephalgias is migrainous neuralgia or
cluster headache, which produces a different his-
tory (see p. 333). The sufferer is usually male and,
during a bout, is often awoken from sleep by the
onset of a severe continuous pain in or around one
eye, building up over 45-120 minutes. One, two or
three attacks may occur within 24 hours, both while
asleep and in the day. At the height of the pain, the
eye frequently reddens and waters, the nostril may
become blocked and the eyelid may droop. Such
pain recurs daily for a matter of weeks and then dis-
appears for long periods until another bout starts.
These features of migrainous neuralgia are quite
different from those of migraine, and the condition
may respond to specific therapy (see p. 334).

A similar continuous pain in the eye accompa-
nied by progressive ptosis rarely may be caused by
a structural lesion, sometimes malignant or granu-
lomatous, at the base of the skull involving the
paratrigeminal region with fifth cranial nerve signs
(Raeder’s neuralgia). Chronic paroxysmal hemicra-
nia bears some resemblance to migrainous neural-
gia. It affects women more than men, and consists
of repeated, short-lived (10-20 minutes) attacks of
knife-like excruciating pain in one side of the head,
occurring 1-30 times a day; it responds dramati-
cally to indometacin.

Short-lasting unilateral neuralgiform headache
attacks with conjunctival injection and tearing are
a further rare form of trigeminal autonomic neural-
gia. Intense stabbing pain in and around one eye
lasting 5-250 seconds (usually about 60 seconds) is
described (see p. 337). The pain may be triggered by
touch. Attacks vary in frequency from one per day
to several per hour. Lamotrigine is probably the
treatment of choice.

Finally, there is a group of patients complaining
of pain in the face whose description accords with
none of the entities outlined above, and who have
no abnormal physical signs on examination. Such
patients are said to suffer atypical facial pain. Most
complain of continuous pain in the face unrelieved
by any medication and present unaltered for months
or years. These features have much in common with
tension-type headache, and a proportion of those
with atypical facial pain also have clinical symptoms
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of depressive illness, including sleep disturbance,
diurnal mood fluctuation, anorexia and weight loss.
Others, however, are not depressed, although they
may exhibit a long-standing anxiety state. Frequently
the intensity of their atypical facial pain is related to
the stresses of everyday living, in the same way as
occurs in patients with tension-type headache. The
latter group of patients is sometimes said to suffer
psychogenic facial pain. Antidepressants are probably
the best treatment.

BLACKOUTS, FITS AND FAINTS

Patients commonly use the word blackout to
describe loss of consciousness, when it really
means loss of vision.

In a faint, caused by a drop in systemic blood
pressure, vision goes black before consciousness is
lost; the retinal circulation is also compressed by
intraocular pressure, so it fails before the supply to
the brain.

The doctor rarely has the opportunity to be pres-
ent when a patient has an attack of loss of con-
sciousness, and the diagnosis nearly always has to
be established on the history. Naturally, if the
patient passes out without warning, they will be
unaware of the circumstances or of what happened
during the attack.

Accordingly, a description of events from an
independent witness is absolutely essential in
coming to the correct conclusion about the cause
of many such episodes.

The circumstances in which the attack occurred
must be determined, and the details of exactly what
happened during the attack, and afterwards, must
be obtained. Eye-witnesses often describe what they
think they saw, for example by concluding that the
patient had a fit, but are not trained to distinguish
between epilepsy, syncope and hysteria. Precipitants
are also important, such as prolonged standing,
flickering lights.

Epilepsy

The majority of patients presenting with sudden,
unexplained episodes of loss of consciousness will
be found to have epilepsy, but many other causes
can provoke such events.

Epilepsy itself takes many forms, some of which
do not cause loss of consciousness.

Major epileptic seizures

A major seizure consists of a period of tonic
muscle contraction during which the subject
becomes anoxic, followed by repetitive general-
ized whole body jerking in the clonic phase. The
whole event lasts less than 5 minutes, when the
subject stops fitting and either drifts into sleep
or recovers.

Focal or simple partial epileptic seizures arising in
one temporal lobe or in some other cortical area,
may not cause loss of consciousness. More extensive
focal discharges may cause loss of awareness, as in
complex partial seizures, which may then propagate
to involve both hemispheres to become generalized
(secondary generalization). Then the patient will go
into a typical tonic-clonic or grand mal seizure.

If such grand mal fits are caused by secondary
generalization from some primary focal cortical
source, then they may be prefaced by an aura
that the patient remembers.

The aura is appropriate to the focal source of the
seizure; for example, a discharge arising in the sen-
sorimotor cortex will provoke contralateral motor
and sensory phenomena for a short period prior to
the loss of consciousness and the commencement of
the generalized fit. Details of the characteristics of
focal or partial seizures occurring in different parts
of the cerebral cortex will be found in Chapter 15.

However, many patients with idiopathic epilepsy
develop major grand mal seizures without any
focal onset or aura. They are said to have pri-
mary generalized epilepsy of grand mal type.



48 Symptoms of neurological disease

Another form of epilepsy that causes temporary
loss of consciousness, occurring in children, is also a
form of primary generalized seizure discharge caus-
ing a brief absence attack, called petit mal. For a few
seconds or so, the child ceases to speak or move,
appears stunned with open flickering eyes, and then
rapidly recovers back to normal. Similar absence
attacks also may occur during brief focal seizures
arising in the temporal lobe structures, often accom-
panied by purposeless movements of chewing, or
fumbling with clothing. Such temporal lobe attacks
frequently are accompanied by highly complex dis-
tortions of thought, sensation and emotion to produce
a typical psychomotor or complex partial seizure.

The old term temporal lobe seizure has largely
been replaced by complex partial seizure as a
significant number of such attacks arise in other
areas of the brain, such as the frontal lobes.

In complex partial seizures there is impairment of
awareness during attacks. By contrast in simple par-
tial seizures, a focal discharge may occur without loss
of awareness so that in a simple partial motor seizure
there may be contralateral jerking of the thumb,
spreading into the arm and perhaps the corner of the
mouth on the same side, without loss of awareness.
After such a focal motor attack there may be a tempor-
ary weakness in the affected limb - a Todd’s paresis.

Sometimes, following grand mal seizures, partic-
ularly those caused by generalization from temporal
lobe foci, or after complex partial seizures, the
patient may enter into a period of automatic behav-
iour for up to about an hour or so, but usually much
shorter (minutes). During this phase of post-epileptic
automatism, the patient may undertake relatively
co-ordinated action for which they subsequently
have no memory, amnesia. In such a state, epileptic
patients may travel some distance and arrive at their
destination with no idea as to how they got there.

Diagnosis of epilepsy
The criteria that contribute to a confident diag-
nosis of epilepsy are:

1 The sudden, unexpected onset in an
otherwise apparently healthy individual of

a brief period of loss of consciousness not
exceeding 5 minutes.

2 The episode of loss of consciousness may be
prefaced by a characteristic aura in which
the same events occur in every attack.

3 If the seizure is of grand mal type, witnesses
will say that the patient fell, went stiff and
blue, and shook. The patients may find
afterwards that they have injured themselves,
bitten their tongue, or been incontinent.

4 If it was an absence seizure, as a result of
either petit mal or a complex partial seizure,
witnesses will remark that the patient
suddenly lost contact with the world and
was inaccessible for a short period, during
which they may have undertaken simple
crude motor automatisms.

5 The attacks are always brief (unless the
patient goes into repeated attacks as in
status epilepticus), and the patient returns to
normal between the episodes.

Table 3.4 Causes of epilepsy

Focal, partial seizures, often symptomatic of a
primary brain lesion, e.g:
Tumour - benign, malignant; metastatic
Infections - meningo-encephalitis, abscess,
subdural empyema
Trauma
Vascular
Thromboembolic infarct, haemorrhage
Cortical venous thrombosis, angioma,
cavernoma
Hypertensive encephalopathy
Degenerative - Alzheimer’s disease
Miscellaneous - multiple sclerosis
Generalized seizures, often idiopathic
Includes major tonic-clonic, absence (petit mal),
myoclonic, atonic
Systemic disorders

Anoxic

Metabolic - uraemic, hepatic failure,
hypoglycaemia,

Drugs

Amphetamines, cocaine, baclofen, isoniazid
High dose penicillin (intrathecal)
Alcohol - include withdrawal
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Finally, it should be noted that many patients com-
plaining of ‘blackouts’ may be suspected of suffer-
ing from epilepsy, but the evidence initially is
insufficient to be certain of that diagnosis. As
already has been stated, the electroencephalogram
cannot be used to establish a certain diagnosis of
epilepsy. In this situation, it is usually best to avoid
a firm diagnosis and to await subsequent events. To
label someone as epileptic on insufficient evidence
may be catastrophic for the patient’s livelihood and
there is little risk in seeing what happens.

If the patient’s attack of loss of consciousness is
confidently diagnosed as being a result of epilepsy,
the next stage is to determine its cause (Table 3.4).

The cause of epilepsy changes with age

A simple but important principle is that the aeti-
ology of epilepsy changes with age. Epilepsy in
the infant indicates some serious metabolic,
infective or structural cause. Epilepsy in the
child usually is of unknown cause (idiopathic) or
a result of some static cerebral pathology, such
as that produced by a birth injury or head
trauma. Epilepsy beginning in the younger adult
often is the first sign of a cerebral tumour
(Figure 3.3). Epilepsy commencing for the first
time in the elderly frequently is caused by vas-
cular or other degenerative disease.

Figure 3.3 T2-weighted axial view MRI scan showing a left
frontal tumour. This patient presented with complex partial
seizures with secondary generalization.

Focal (partial) epilepsy usually has a
structural cause

A second useful simple principle is that focal
(partial) epilepsy commonly is a result of some
identifiable structural lesion (Figure 3.4), while
primary generalized grand mal or petit mal
frequently appears idiopathic in origin.

Figure 3.4 Sagittal view MRI scan showing a large convexity
meningioma. This was causing simple partial seizures with a
focal onset in the face and arm on the opposite side.

These principles guide the subsequent management

of the patient whose episodes of loss of conscious-

ness are diagnosed as being caused by epilepsy,

which is discussed in greater detail in Chapter 15. Syncope (Table 3.5)
Epilepsy must be distinguished from other causes

f)f loss of consciousness, in particular from faint- Syncope is defined as transient loss of conscious-
ing (syncope), sleep attacks of narcolepsy, hypogly- ness caused by an acute decrease in cerebral
caemia, cerebrovascular disease, and psychogenic blood flow.

illness.
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Table 3.5 Causes of syncope

Vasovagal, vasodepressor
Simple faint
Cough
Micturition
Orthostatic, postural hypotension
Autonomic neuropathy, dysautonomia, spinal
cord lesions
Drugs
Hypotensive - B-blockers, ACE inhibitors
Vasodilators
Antipsychotics
Antidepressants
Endocrine
Hypopituitarism
Addisonian
Cardiac
Arrhythmias - too fast, too slow
Outflow obstruction - aortic stenosis, obstructive
cardiomyopathy, left atrial mobile mass
Cardiomyopathy
Hypovolaemic - blood loss, dehydration
Vascular
Carotid sinus sensitivity, vertebrobasilar TIAs
Anaemia
Metabolic - hypoglycaemia, hyperventilation
Psychogenic
Anxiety, panic
Non-epileptic attack disorder

ACE, angiotensin-converting enzyme; TIAs, transient ischaemic
attacks.

Fainting provoked by the sight of blood, needles,
prolonged standing in church or on parade, or
intense emotion and pain (reflex, vasodepressor or
vasovagal syncope) is commonplace. The term vaso-
vagal indicates two components of reflex fainting -
vagal slowing of the heart rate and peripheral
vasodilatation. Such patients ‘come over queer’, feel
dizzy and ‘swimmy’, their eyesight dims and hearing
recedes, the face goes pale, and they slump forward
or fall to the ground. Provided they are laid flat, con-
sciousness soon returns, although patients may feel
sick and break out into a heavy sweat.

This sequence of events is precipitated by a pro-
found drop in systemic systolic blood pressure, below
about 60 mmHg, resulting from a combination of
sudden bradycardia and peripheral vasodilatation

in skeletal muscle and internal organs. A similar
sequence of events may be triggered in men getting
up at night to pass water (micturition syncope), or
by pressure over the carotid bifurcation in the occa-
sional older patient with excessive sensitivity of the
carotid sinus (carotid sinus syndrome). Repeated
coughing in those with chronic lung disease also
may provoke fainting by causing obstruction of
venous return to the heart and perhaps by barocep-
tor stimulation (cough syncope). A similar mecha-
nism is probably responsible for the syncope seen in
trumpet playing and weight-lifting.

Another cause of fainting is damage to periph-
eral or central autonomic pathways (areflexic,
orthostatic or paralytic syncope). In this situation,
patients faint when they stand upright, because
they are unable to adjust heart rate and the resist-
ance of peripheral blood vessels to cope with the
rapid shift of blood to the legs and viscera that
occurs when suddenly standing up. Such postural
syncope occurs in any type of peripheral neuro-
pathy affecting the autonomic nervous system, but
particularly in those with diabetes. In addition,
drugs such as hypotensive agents, alcohol, barbit-
urates, dopamine agonists and phenothiazines may
all interfere with the operation of normal baro-
ceptor reflexes to cause postural faintness. Ageing
itself leads to some loss of efficiency of baroceptor
reflexes, and many elderly patients experience tran-
sient dizziness on rising quickly from a bed or chair.
Such patients are particularly sensitive to relatively
small doses of hypotensive agents.

Fainting caused by cardiac disease (cardiac syn-
cope) is also relatively common in the elderly and
may account for some 25% of patients presenting
with ‘syncope’ as an emergency. Symptoms typical
of a faint may occur in those with cardiac dys-
rhythmias (conduction defects), aortic stenosis or
congenital heart disease. However, many patients
with heart block lose consciousness abruptly
(Stokes-Adams attack) probably as a result of car-
diac arrest. Cardiac causes of syncope carry a worse
prognosis, particularly in the elderly.

In general, a careful history will distinguish
syncope from epilepsy, but a complication arises if
failure of cerebral perfusion during a syncopal
attack persists for longer than a minute, for in these
circumstances the patient who faints may go on to
have a fit. This situation may occur if someone faints
in a position where they are unable to lie with the
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head lower than their heart, as may happen on the
stairs, in the lavatory or if the patient is supported
upright by well-wishers. If unconsciousness lasts
longer than 20 seconds, convulsive features may
occur (convulsive syncope). In addition, if the blad-
der is full during a faint, incontinence may occur.

Other causes of episodic loss of
consciousness

Other conditions that may be confused with epilepsy,
or with syncope, are much less common. Spontan-
eous hypoglycaemia certainly can lead to loss of
consciousness and many patients with this condi-
tion do not recall the premonitory symptoms of
anxiety, palpitations and sweating (see p. 486). The
only definitive way of confirming the diagnosis is
to obtain a blood sugar estimation during an attack:
a value of <2mmol/l is diagnostic. Any patient
found unconscious for no apparent reason must
have blood withdrawn for estimation of sugar and
insulin levels, and 50¢g of glucose should be given
intravenously; it can do no harm but may save a
life. Fortunately, spontaneous hypoglycaemia (which
usually is caused by an islet cell pancreatic tumour)
is rare, but should be considered in any patient with
episodes of altered behaviour or loss of conscious-
ness for which there is no other ready explanation.

Cerebrovascular disease also can cause episodic
loss of consciousness without other obvious neuro-
logical symptoms, particularly when transient
ischaemia occurs in the territory of the vertebrobasi-
lar arterial system. However, such patients usually
suffer other symptoms such as diplopia, dysarthria
and ataxia, indicating brainstem ischaemia. Some
patients with cerebrovascular disease affecting the
posterior cerebral arterial territory, which supplies
the medial portions of the cerebral hemispheres, may
experience prolonged periods of loss of awareness.
Such transient global amnesia may last minutes to
hours. During such an episode the patients are dis-
orientated, unable to recall what they are doing,
where they are, or when it is, but can undertake sim-
ple automatic tasks, such as washing, dressing or
cooking. Subsequently they have no memory for the
event, that is, they are amnesic. Likewise, patients
with migraine in whom there is profound ischaemia
in the vertebrobasilar territory (basilar artery

migraine) occasionally may also complain of episodes
of loss of awareness for up to 30 minutes, although
they too usually describe other symptoms of brain-
stem ischaemia and severe occipital headache. Rarely
transient global amnesia may arise in the context of
a form of complex partial seizure.

Patients with intense vertigo also may complain
of loss of consciousness. The diagnosis of vertigo
will be considered in a later chapter, but it should be
noted here that some patients with epilepsy have a
vertiginous aura to their seizures, while other patients
with intense vertigo as a result of labyrinthine dis-
ease may complain of loss of consciousness at the
height of an attack. The sleep attacks characteristic
of narcolepsy should not be confused with either
epilepsy or syncope. Such sufferers describe lapsing
into otherwise typical sleep, from which they can be
awoken, at quite inappropriate moments.

Occasionally, patients with obstructive hydro-
cephalus, may suddenly lose consciousness, often
at the height of a bout of severe headache. Head
injuries sometimes may present with a complaint of
loss of consciousness, if the blow was unexpected
and there is residual amnesia for the events sur-
rounding the incident.

Prolonged overbreathing, hyperventilation, may
produce a respiratory alkalosis with symptoms of
paroxysmal tingling in the extremities and around
the mouth. These are usually accompanied by giddi-
ness, and, rarely, loss of consciousness. If the attack
persists, carpopedal spasm and muscular twitching
may appear. A proportion of these patients complain
of headache and visual upset. Many are young
women and a trial of overbreathing may provoke
similar symptoms.

Finally, it will rapidly become apparent to the
student attending neurological out-patients that
many patients complaining of blackouts cannot be
easily allocated to one of the diagnostic categories
described above. Frequently this is because there is
insufficient information on the circumstances of the
attack, particularly if a witness is not available.
However, many of these patients describe attacks of
altered awareness occurring in relation to emotional
provocation. As usual, marital discord, family ten-
sions, job dissatisfaction, and other such stresses
may provoke acute episodes of phobic anxiety in
which the subject is distraught, breathless and inco-
herent, a state of affairs for which they claim subse-
quent amnesia. Often it is obvious that such patients
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have an underlying severe anxiety state, and care-
ful enquiry may unearth the usual precipitating
circumstances. Other patients may actually feign
epileptic attacks (non-epileptic attacks, sometimes
called pseudoseizures) to attract attention. Such
patients, frequently adolescent females, exhibit other
hysterical features and careful enquiry into the cir-
cumstances and character of their attack will indi-
cate a hysterical origin; for example, sexual abuse
may sometimes be the provocation. Unfortunately,
some individuals (approximately 10-15%), who also
suffer from epilepsy, may be prone to hysterical
attacks as well. In such individuals, it may take pro-
longed observation and careful searching through
every facet of the history to establish the true situ-
ation. As a general principle, it is best not to com-
mit oneself to a certain diagnosis in those with
bizarre attacks of uncertain origin. Non-epileptic
attack disorder (NEAD) is the term increasingly used
to describe some of these episodes of uncertain ori-
gin. If these episodes are frequent (several weekly),
then video-telemetry with electroencephalography
(EEG) may establish a clear diagnosis.

LOSS OF VISION

The patient complaining of disturbance of vision
either may have disease of the eye, or may have
damage to the optic nerve or posterior parts of
the visual pathways.

Local eye disease is common, and it is necessary
to exclude refractive errors, corneal damage,
cataract, glaucoma, and obvious retinal lesions by
appropriate ophthalmological techniques. These will
not be considered in detail here, but most refractive
errors are a result of short-sightedness (myopia),
which can be corrected with a pin-hole. This simple
test should be employed in all complaining of visual
loss, before considering other causes. A neurolog-
ical cause of visual failure can only be assumed if
vision cannot be improved to normal by correction
of refractive error, the ocular media are clear, and
there is no gross retinal abnormality.

Visual sensitivity or acuity depends upon intact
central or macular vision.

Lesions of the optic nerve cause loss of central
macular vision (scotoma) and reduced visual
acuity.

However, lesions placed further back in the visual
pathways, in the optic chiasm, or radiations, or in the
occipital cortex, only produce loss of vision in one
half of the visual field (hemianopia; see later). Visual
acuity is normal in patients with such posteriorly
placed lesions because, although they have lost
vision in the opposite half-field, the remaining intact
half of central macular vision is sufficient to preserve
normal acuity. Patients with visual failure caused by
anteriorly placed lesions of the optic nerve complain
of loss of visual perception of detail of distant objects
or of reading print, and can be demonstrated to have
a reduced visual acuity, which cannot be improved
by correcting refractive error. In contrast, patients
with posteriorly placed visual pathway damage com-
plain of difficulty in perceiving objects in the
affected opposite field of vision, but retain sensitivity
in the remaining intact visual field so that they can
still make out detail and read print, and show a nor-
mal visual acuity on formal testing. Patients with
posteriorly placed lesions do complain of difficulties
with reading, but they are of a different character.
Those with loss of the right half of vision have diffi-
culty seeing the next word in a sentence, while those
with loss of the left half of vision have difficulty
moving from one line to the next. The significance of
such hemianopic field defects will be discussed later.
Here the problem of visual failure as a result of a
reduced visual acuity that cannot be attributed to
local eye disease, is considered.

The most valuable aid in distinguishing different
causes of neurological visual failure is the tempo
of the illness (Table 3.6).

Visual deficit may be: present from early life and
static (amblyopia); sudden and transient; sudden
but persistent; or progressive. Usually it is possible
to distinguish between these patterns of visual loss,
but one problem is that of the patient who discovers
visual impairment in one eye accidentally when
rubbing the other, whereupon the onset is thought
to be acute. In fact, many patients with progressive
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Table 3.6 Causes of persistent visual loss

Acute
Ophthalmic
Retinal vein occlusion
Retinal artery occlusion
Retinal detachment
Glaucoma
Vitreous haemorrhage
Acute maculopathy
Inflammatory - uveitis
Neurological
Optic neuritis
Ischaemic optic neuropathy (include giant
cell arteritis)
Optic nerve compression
Pituitary apoplexy
Bilateral occipital lobe infarction
Sub-acute/progressive
Ophthalmic
Glaucoma
Macular degeneration
Neurological
Leber's optic neuropathy
Optic nerve compression
Pituitary tumours, gliomas, meningiomas
Aneurysms, orbital masses
Metabolic - diabetic retinopathy
Toxic - tobacco/alcohol, methanol
Drugs - chloramphenicol, ethambutol,
chloroquine
Vitamin B12 deficiency

unilateral visual failure are not aware of their prob-
lem until, for some reason or another, they occlude
the vision of the opposite intact eye.

Amblyopia

Ocular defects in early life, particularly muscle imbal-
ance, cause suppression of visual acuity in one eye to
prevent continuing double vision. Such visual sup-
pression is known as amblyopia, which is not pro-
gressive after about 6-8 years of age, and which does
not affect perception of colour or pupillary responses.
Amblyopia as a cause of reduced visual acuity is

suggested by visual loss since early childhood, evi-
dence of a squint, or obvious refractive error.

Sudden transient visual loss

Sudden but temporary loss of vision occurs in a
number of circumstances. Obscurations of vision, as
a result of raised intracranial pressure, consist of
episodic visual loss affecting one or both eyes and
lasting for a few seconds to one-quarter of a minute.
Obscurations may be provoked by any manoeuvre
that increases intracranial pressure, such as straining,
coughing, sneezing or bending. Examination will
reveal swollen optic discs, and further investigation
and treatment are a matter of some urgency, for
obscurations threaten impending permanent visual
loss. Amaurosis fugax refers to episodic unilateral
visual loss caused by vascular disturbance in oph-
thalmic artery territory. The patient commonly des-
cribes a curtain ascending or descending to occlude
the lower or upper half of vision resulting from
involvement of the superior or inferior branches of
the ophthalmic artery. These field defects respect the
vertical meridian. Such episodes may last for minutes
to hours, but sooner or later the curtain gradually dis-
appears and the vision returns to normal. Amaurosis
fugax thus is a transient ischaemic attack in oph-
thalmic artery distribution and, in the middle-aged
or elderly subject, is likely to indicate the existence
of cerebrovascular disease. Uhtoff’s phenomenon des-
cribes dimness or loss of vision provoked by a rise in
body temperature, such as occurs when taking a hot
bath or on vigorous exercise, and is a feature of optic
nerve demyelination produced by multiple sclerosis.

Sudden persistent visual loss

Sudden persistent visual loss is nearly always a
result either of acute optic neuritis (most com-
monly caused by multiple sclerosis) in the
younger subject, or a vascular cause (ischaemic
optic neuropathy) in the middle-aged or elderly.

Occasionally a tumour or cyst compressing the
optic nerve expands suddenly to cause abrupt visual
failure.
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Progressive visual loss

Progressive visual loss

In the absence of any ocular pathology, a history
of progressive visual loss in one or both eyes
must be taken to suggest compression of the
anterior optic pathways until proven otherwise
by appropriate investigations.

Many compressive lesions turn out to be benign
tumours, such as pituitary adenomas or suprasellar
meningiomas, which can be surgically removed with
subsequent restoration of sight. Toxic damage to the
optic nerve by drugs and alcohol/tobacco, and hered-
itary optic neuropathies, are less common than com-
pressive lesions, which must always be excluded in a
patient with progressive visual failure.

In practice, patients complaining of visual loss
must be assessed by an ophthalmologist and, if the
eyes are found to be normal, by a neurologist. Acute
loss of vision must be treated as an emergency, and
progressive loss of vision must always be investi-
gated fully to establish the cause.

GIDDINESS

Patients use the words ‘giddiness’, ‘dizziness’, ‘light-
headedness’ and ‘unsteadiness’ to describe a great
variety of sensations with many causes. Thus
patients with postural syncope will say that they
become giddy when standing up, while patients
with cerebellar ataxia of gait may say they are dizzy
and unsteady.

Vertigo refers to a sensation of unsteadiness or
disequilibrium that is felt in the head.

Patients with a cerebellar ataxia know that they
are unsteady when trying to walk, but the sensation
of disequilibrium is not felt in the head so it is not
vertigo.

The sensation of vertigo is one of disequilibrium,
whatever its nature; it may be a sensation of rota-
tion, a sensation of falling, a sensation as if on a

pitching boat moving up and down, or a sensation
of swaying. All are sensations of disequilibrium
which, if felt in the head, may be described as ver-
tiginous. Thus vertigo is an illusory movement of
oneself or one’s surrounds. It implies a defect of
function of the vestibular system, either of the
labyrinthine end-organ or of its central connec-
tions, particularly those in the brainstem. Lesions of
the cerebral hemispheres rarely cause vertigo,
although it may form an uncommon symptom in
occasional patients with temporal lobe epilepsy.

The first step in diagnosis of a patient with
vertigo is to decide whether the cause lies
peripherally in the labyrinth, or centrally in the
brainstem (Table 3.7).

Peripheral lesions causing vertigo also com-
monly cause intense nausea, vomiting, sweating
and prostration. Because of the proximity of audi-
tory to vestibular fibres in the eighth cranial nerve,
deafness often accompanies vertigo. Conductive
deafness caused by middle ear disease suggests a
peripheral lesion, but perceptive deafness, resulting
from damage to the cochlear end-organ or vestibu-
lar nerve may be caused by peripheral or central
lesions. If peripheral, perceptive deafness is often
less severe with loud sounds (loudness recruitment),
and also causes severe speech distortion. Central
lesions of the eighth nerve rarely show loudness
recruitment, but exhibit auditory fatigue in that the
intensity of sound has to be increased progressively
to maintain a constant noise level. Vertigo caused
by vestibular damage is also often accompanied by
evidence of nystagmus on examination, which con-
sists of to-and-fro movements of the eyes because
of interrupted visual fixation. Different types of
nystagmus will be described later.

Suffice it to say here that peripheral vestibular
lesions causing vertigo are usually accompanied
by horizontal jerk nystagmus in one direction
which becomes worse with loss of fixation (as in
the dark), while central lesions produce nystag-
mus that changes direction depending upon the
patient’s gaze, and which is often rotatory and
vertical as well as horizontal.
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Table 3.7 Causes of dizziness

Peripheral
Acute labyrinthine failure
Vestibular neuronitis
Vascular
Benign positional vertigo
Méniere’s disease
Post-traumatic vertigo
Local infection - bacterial, viral
Central
Brainstem
Ischaemia, infarction
Demyelination
Tumours - primary, secondary
Cerebellopontine angle tumours
Seizures (rare)
Systemic
Drugs
Vestibulotoxic - aminoglycosides, streptomycin
Hypotensives, hypnotics, alcohol, tranquillizers
Analgesics, anticonvulsants
Hypotension
Cardiac arrhythmias
Endocrine - myxoedema, diabetes mellitus
Vascular - vasculitis, SLE, giant cell arteritis,
PRV, anaemia
Infective - systemic infection, syphilis
Sarcoidosis
Psychogenic
SLE, systemic lupus erythematosus; PRV, polycythaemia rubra vera.

Differential diagnosis of vertigo

The differential diagnosis of causes of vertigo
is aided by considering the time-course of
the symptoms. The duration of the actual sensa-
tion of spinning is important. Benign positional
vertigo lasts seconds, that of vertebrobasilar
ischaemia or migraine minutes, that of Méniere’s
disease hours and that of acute vestibular failure
days. Some diseases produce a single acute
episode of vertigo, others produce recurrent
attacks (and, of course, any single episode may
be the first of such attacks), while others produce
persistent vertigo.

Acute single attack of vertigo

An acute episode of vertigo may be provoked by
sudden loss of unilateral labyrinthine function,
or by sudden brainstem damage.

Either may cause the sudden onset of acute severe
vertigo, nausea, vomiting, and great distress because
the patient is unable to move without provoking fur-
ther severe vertigo. The patient with acute vestibular
failure will usually lie with the affected ear upper-
most. The acute episode commonly lasts days, some-
times as long as 2-3 weeks, and then gradually eases
because adaptation to vestibular failure occurs.
During the recovery phase, which may last 3-4
weeks, any sudden head movement may cause brief
vertigo and unsteadiness. Acute vestibular failure
resulting from sudden unilateral labyrinthine dam-
age may develop in the course of middle ear disease
when infection gains access to the labyrinth. Such a
course of events must be treated as an emergency. If
the middle ear is normal, acute peripheral vestibular
failure may be attributed to a virus infection
(vestibular neuronitis) or to ischaemia in the distribu-
tion of the internal auditory arteries. However, in
many such cases, the cause is uncertain. Acute brain-
stem lesions that may provoke an attack of vertigo
include a plaque of demyelination as a result of mul-
tiple sclerosis, or a vascular lesion such as infarction
or haemorrhage in the brainstem or part of the cere-
bellum. Such lesions may cause diplopia, dysarthria,
weakness, ataxia and sensory disturbances.

Recurrent attacks of vertigo

If the patient describes repeated attacks of acute
vertigo with recovery between episodes, they
may be suffering from peripheral vestibular
disease such as Meéniere’s syndrome, or from
repeated brainstem ischaemia.

The latter occurs as basilar artery migraine in the
younger subject, or as vertebrobasilar transient
ischaemic attacks in the middle-aged and elderly.
Such recurrent episodes of vertigo may, very rarely,
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indicate epilepsy. More commonly patients may
describe recurrent fleeting episodes of vertigo pro-
voked by some critical position. This is usually most
striking when lying down at night, or when moving
the head suddenly. Such benign paroxysmal pos-
itional vertigo may be a result of damage arising
from otoconia being displaced from the utricle and
ending in the posterior semicircular canal. Positional
testing will establish the diagnosis (see p. 97). Pos-
itional vertigo may follow trauma to the head or
infections but often is of undetermined origin. It
may also arise from central causes as a brainstem
disturbance.

Persistent vertigo

Chronic persistent vertigo is uncommon because of
the rapid compensation that occurs with vestibular
deficits. Those patients complaining of persistent
dizziness usually are not really describing vertigo
proper, but are drawing attention to minor degrees
of true instability or a sense of insecurity. However,
drug damage to the vestibular nerves (streptomycin,
gentamicin), brainstem demyelination or infarction,
and occasionally posterior fossa tumours, all may
cause a persistent vertigo, although this often proves
to be ataxia. Many of those with complaints of per-
sistent vertigo may have a phobic anxiety state, with
fear of falling. This can be triggered by an episode of
true vertigo, by insecurity as a result of ataxia, or
even by a fall or trip. Such patients may become
housebound (agarophobic) or unable to leave the
security of walls or furniture (space phobia).

'AIN IN THE A

The painful, tingling or weak arm

Acute pain in the arm, of course, is most commonly
caused by trauma or local disease of muscle, joint or
bone. Only after these are excluded can neurolog-
ical causes be considered (Table 3.8). Damage to the
peripheral nerves, brachial plexus, or cervical roots
causes sensory disturbance and muscle wasting
with weakness in a characteristic distribution, which

Table 3.8 Neurological causes of acute pain in the arm

Peripheral nerve

Carpal tunnel syndrome

Peripheral neuropathy

Diabetic, amyloid, paraneoplastic, ischaemic,
drug-induced e.g. metronidazole

Brachial plexus

Trauma

Malignant infiltration

Cervical rib

Inflammatory - neuralgic amyotrophy
Cervical roots

Trauma - avulsion

Compression - disc, bony spur, malignancy

Post-herpetic
Cervical cord

Intramedullary tumour

Syrinx
Central causes

Thalamic lesion

Extrapyramidal disorder

must be learnt (see later) in order to diagnose the
site of damage to these structures. Pain resulting from
lesions of peripheral nerves, plexus or spinal roots,
however, often does not follow exact anatomical dis-
tribution: for example, pain caused by compression
of the median nerve at the wrist (carpal tunnel syn-
drome) often spreads up to the elbow or even to the
shoulder; the pain resulting from damage to a spinal
root is felt in the myotome and not in the dermatome,
for example, a lesion of C7 causes pain in the triceps,
forearm extensors, and pectoralis, while paraesthe-
siae occur in the middle finger. Pain in the arm also
may be felt occasionally by patients with cerebral
disease; for example, pain and clumsiness in one arm
may be the first signs of Parkinson’s disease.

Paraesthesiae, which describes positive sensory
symptoms such as pins and needles or tingling,
may be a result of damage to peripheral sensory
neurones from the peripheral nerve itself to the
spinal root, or result from lesions of the central
sensory pathways in spinal cord, brainstem or
internal capsule.
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Cortical lesions generally do not produce posi-
tive paraesthesiae. Sensory disturbances, whether
paraesthesiae or sensory loss, are often difficult to
put into words, and terms such as pins and needles,
tingling, numbness, stiffness, constriction, wrapped
in tight bandages, or like going to the dentist, all
may be used to describe sensory deficit.

Weakness of the arm may be caused by primary
muscle disease (rare), lesions of peripheral nerves,
brachial plexus or cervical roots, or by damage
to central motor pathways.

The latter causes signs typical of upper motor
neurone lesions (weakness without wasting, spastic-
ity, and enhanced tendon reflexes). Lesions of
peripheral nerves, plexus or roots cause the signs of
a lower motor neurone lesion (weakness with wast-
ing, normal or diminished tone, reduced or absent
tendon reflexes).

Acute pain in the arm

Acute disease of the shoulder joints or adjacent
structures is a common cause of pain in the arm. A
variety of conditions are responsible for the clinical
syndrome of ‘frozen shoulder’, which causes acute
severe pain, restriction of joint movement, and later
wasting of the surrounding shoulder muscles. The
frozen shoulder sometimes is accompanied by a
curious sympathetic disturbance of the hand which
becomes swollen, painful, shiny and weak, for
reasons that are not understood (see p. 520). This
shoulder - hand syndrome occurs in some patients
with a hemiplegia caused by a stroke and, occasion-
ally, after myocardial infarction.

Primary muscle disease confined to the arm is
very unusual, but giant cell arteritis may affect the
muscles around the shoulder girdles and cause the
syndrome of polymyalgia rheumatica. This illness
affects middle-aged or elderly patients who develop
increasing pain and stiffness symmetrically in the
muscles of both shoulder girdles, which become
tender to palpation and painful to move. The ery-
throcyte sedimentation rate is high, as in cranial
arteritis, which may coexist in a few patients with
polymyalgia rheumatica.

Neuralgic amyotrophy is another mysterious con-
dition, probably a brachial plexopathy from patchy
demyelination. This presents as acute, very severe
pain affecting one upper limb and shoulder girdle,
and accompanied by subsequent rapid wasting of
the muscles of the arm, usually those around the
shoulder, winging of the scapula being a common
feature. Sensory disturbance is minimal, but there is
often a patch of altered sensation over the deltoid
corresponding to the circumflex nerve distribution.

A cervical disc prolapse may present with acute
pain and stiffness of the neck, with referred pain
in the distribution of the cervical root involved,
usually C5, C6 or C7. In addition, there may be
paraesthesiae and weakness of the arm in the distri-
bution of the affected nerve root. The neck is fixed
or extremely painful to move, and coughing and
sneezing also frequently provoke impulse pain
referred into the arm. When lateral flexion or rota-
tion of the neck aggravates pain on the same side in
the arm or shoulder (ipsilateral) this is suggestive of
nerve root irritation.

Herpes zoster may cause pain in the arm, even
before the appearance of the characteristic skin
rash, if the cervical roots are affected.

The acute pain of neuralgic amyotrophy, cervical
disc prolapse, and herpes zoster usually resolves in
a matter of weeks or months.

Chronic pain in the arm

A number of entrapment neuropathies affecting
peripheral nerves in the arm are common causes of
chronic pain.

The carpal tunnel syndrome is by far the com-
monest cause of chronic arm pain, particularly in
women.

A complaint of pain at night accompanied by
paraesthesiae in the fingers, particularly the thumb,
index and middle finger, relieved by moving the
hands about or hanging them out of bed is quite
characteristic. Signs often are minimal. Occasionally,
the carpal tunnel syndrome may be symptomatic
(see Table 8.2).
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In men, it is usually the ulnar nerve that is
affected, particularly at the elbow.

Previous damage to the elbow joint causing
osteoarthritis, or entrapment of the ulnar nerve in
the cubital tunnel causes local pain, paraesthesiae
in the little and ring fingers, and weakness and
wasting of the small muscles of the hand.

The lower cord of the brachial plexus may be
compressed by a cervical rib, or infiltrated by malig-
nant disease extending from an apical lung carci-
noma (Pancoast’s syndrome), or by local spread from
a breast carcinoma. Such lesions cause pain referred
down the inner side of the arm, paraesthesiae on the
medial aspect of the forearm, and weakness of the
small muscles of the hand. Cervical ribs compressing
the brachial plexus may also compress the subclavian
artery to cause vascular disturbances in the arm.

Cervical spondylosis, degenerative disease of the
cervical spine is very common with advancing years
and sometimes causes chronic pain in the arm,
accompanied by paraesthesiae and weakness in the
distribution of affected root or roots. Such chronic
pain may follow acute cervical disc protrusions or,
more commonly, may result from compression of
cervical roots by osteophytes narrowing the spinal
exit foramina through which the nerves enter the
neck. The C5, C6 and C7 vertebrae are most com-
monly involved.

Spinal tumours may present with pain in the
arm. Malignant disease of the cervical vertebrae,
usually from breast or lung, may lead to compres-
sion of cervical roots. Benign neurofibromas and
occasional intrinsic cervical cord tumours such as
gliomas may present with chronic arm pain. So too,
may syringomyelia, which also causes characteristic
dissociated sensory loss, absent tendon jerks and
wasting of the hand muscles.

The wasted hand

Wasting of the small muscles of the hand either
with or without pain, is a common clinical problem.
These muscles are innervated predominantly by
the ulnar nerve (the median nerve only supplies
muscles of the thenar eminence), the inner cord of

Table 3.9 Neurological causes of wasted small hand
muscles

Peripheral nerve
Ulnar, median (thenar pad)
Peripheral neuropathy
Diabetic, amyloid, paraneoplastic, ischaemic,
toxic, e.g. alcohol
Brachial plexus
Lower cord compression
Malignancy
Cervical rib, fibrous band
Irradiation fibrosis
Neuralgic amyotrophy
Cervical root C8/T1
Spondylotic degenerative changes, disc prolapse
Compression by tumour
Trauma
Cervical cord
Syrinx
Intramedullary tumour
Motor neurone disease
Poliomyelitis
Disuse associated with arthritis
Rheumatoid
Osteoarthritis

the brachial plexus, the T1 spinal root, or the equiv-
alent group of anterior horn cells.

Obviously, lesions of the ulnar nerve, the inner
cord of the brachial plexus, the T1 root or that
part of the spinal cord may all produce wasting
of small hand muscles (Table 3.9).

However, wasting of the hand is also one of the
commonest presenting features of motor neurone
disease, which also causes fasciculation and signs
of upper motor neurone damage, but no sensory
loss.

Wasting of the muscles around the shoulder
occurs in the frozen shoulder syndrome, neuralgic
amyotrophy, cervical spondylosis affecting the C5
roots, and motor neurone disease. Symmetrical
wasting around the shoulder may also be a sign of
primary muscle disease, including thyrotoxicosis.
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BACK PAIN

Low back pain is very common, probably affecting
60-70% of the population at some time in their life.
Most episodes are of short duration but they often
recur. There appears to be a link with the physical
demands of work, and a previous history of back
problems is an adverse risk factor. Simple back pain
centred on the lumbosacral region and upper but-
tocks is probably mechanical in origin and carries
a good outlook, with some 90% of patients recover-
ing within approximately 6 weeks. If there is asso-
ciated nerve root pain which often radiates down
the back of the leg into the foot and toes with some-
times sensory symptoms, the outlook is less good,
with only about 50% recovering by 6 weeks. If the
pain appears more severe, progressive, not helped
by rest and accompanied by more widespread
neurological signs or those of systemic upset, these
are considered ‘red flags’, marking the need for
special investigation (see p. 187).

PAIN IN THE LEG

The painful, tingling or weak leg

As in the arm, the commonest cause of pain in the
leg is local bone or joint disease. The speed with
which the quadriceps muscle wastes after a knee
injury may amaze the young sportsman, while the
commonest cause of pain in the thigh and wasting
of the quadriceps in later life is osteoarthritis of the
knee. The commonest neurological cause of acute
leg pain is sciatica, but a number of conditions may
cause chronic pain in the lower limb.

Acute sciatica

Traditional terms such as lumbago and sciatica
describe syndromes of acute pain in the back and
acute pain radiating into the leg, respectively.

Acute lumbago probably has many causes
including: tears of paraspinal muscles, or spinal

ligaments; acute damage to hypophyseal joints of the
spine; and acute ruptures of lumbar discs. Radiation
of pain into the leg may be caused by hip disease,
however, when it is unilateral and extends below
the knee it is most usually a result of irritation of
the corresponding lumbosacral nerve root by a lat-
eral disc protrusion. Musculoskeletal pain of lumbar
origin often radiates widely and into both legs.
Sciatica is commonly accompanied by lumbago, but
may occur by itself; lumbago often occurs without
sciatica. Typically the onset is sudden during phys-
ical activity, particularly when lifting weights with
the back flexed. Excruciating back pain, with or
without radiation into the leg, is accompanied by
spasm of the back muscles so that the spine ‘locks’,
and any slight movement causes exquisite agony.
Coughing, sneezing, or straining at stool all aggra-
vate pain. The sciatica is in the distribution of the
nerve root involved, down the back of the leg to the
heel in the case of S1, or down the lateral surface of
the leg to the instep in the case of L5, these being
the two roots most commonly affected by disc
degeneration at the L4/5 (L5 root) and L5/S1 (S1
root) disc spaces respectively. Root compression also
gives rise to typical sensory symptoms of numbness
or paraesthesiae and motor weakness in the appro-
priate distribution. When the onset is acute in the
setting of physical exercise, the diagnosis of acute
sciatica is rarely in doubt. However, disc protrusions
not uncommonly may cause a more gradual onset
of pain without any obvious precipitating cause.
In this situation, alternative diagnoses have to be
considered (Table 3.10).

Chronic leg pain

Pain referred into the leg may be caused by
pelvic carcinoma spreading from the uterus,
cervix, prostate or rectum to infiltrate the lumbar
or sacral plexus. Such pain is insidious in onset
and gradually becomes more severe and con-
stant. A rectal examination, which is essential in
all patients with unexplained persistent leg pain,
will usually reveal the cause.

Meralgia paraesthetica is caused by an entrap-
ment neuropathy of the lateral cutaneous nerve of
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Table 3.10 Neurological causes of acute leg pain

Peripheral nerve
Tarsal tunnel, interdigital neuroma
Peripheral neuropathy
Diabetic, ischaemic, amyloid, paraneoplastic
Lumbosacral plexus
Diabetic plexopathy
Malignancy
Haematoma - excess anticoagulants
Roots
Prolapsed disc
Malignancy
Arachnoiditis
Lumbosacral cord (often bilateral leg symptoms)
Tumour
Myelitis

the thigh as it passes through the lateral end of the
inguinal ligament. This causes pain, often of burn-
ing quality, and tingling or numbness on the lateral
aspect of the thigh down to, but not below the knee.

Diabetic amyotrophy or plexopathy is another
common cause of pain in the leg. This complication
of diabetes presents as subacute severe pain in the
thigh accompanied by wasting of the quadriceps
and minor sensory changes in the distribution of
the femoral nerve. It is usually a result of an acute
vascular lesion affecting the femoral nerve. The
femoral nerve also may be compressed acutely by
haemorrhage into the iliopsoas muscle in those with
a bleeding diathesis or on anticoagulant therapy.

The tarsal tunnel syndrome is a rare cause of
pain in the foot. It is directly analogous to the
carpal tunnel syndrome in the arm, being caused by
an entrapment neuropathy of the tibial nerve
beneath the flexor retinaculum of the ankle. This
causes pain, numbness and tingling of the medial
plantar surface of the foot, aggravated by standing
and walking, and often worse at night.

Foot drop

Foot drop
Paralysis of the dorsiflexors of the ankle may be
attributable to lesions of the common peroneal

nerve, the sciatic nerve, the L5 root, or occasion-
ally the motor cortex.

The common peroneal nerve is extremely vulnerable
as it travels around the neck of the fibula, where it
may be compressed by external pressure, or stretched
by prolonged bending or sitting with the knees fully
flexed. Apart from the foot drop, such patients also
exhibit numbness on the dorsum of the foot, but the
ankle jerk is preserved. The sciatic nerve is vulnera-
ble to misplaced injections into the buttocks or thigh,
which leave not only a foot drop, but also weakness
of plantar flexion of the foot, sensory loss extending
onto the sole of the foot, and loss of the ankle jerk. L5
root lesions are difficult to distinguish from common
peroneal palsies, but presence of lumbago and exten-
sion of weakness to involve the knee flexors will
point to this proximal lesion. Extensor hallucis
longus has an almost pure L5 innervation. Motor cor-
tex lesions affecting the foot area may present with a
foot drop but the plantar response will be extensor
and there may be other upper motor neurone signs.

Cramps in the legs

Many patients use the word cramp to describe pain
in the legs caused by vascular insufficiency, or
nerve damage. However, genuine cramp consists
not only of pain but also intense and involuntary
muscle contraction affecting the calf muscles in
particular. Such cramps are the plague of the
untrained athlete, and are well known to occur in
hot climates as a result of salt depletion. Muscle
cramps occur in those recovering from sciatica and
in motor neurone disease, but other findings will
point to these diagnoses. Occasionally, isolated
muscle cramps may be found to result from primary
metabolic muscle disease, but in the majority of
such patients no obvious cause can be discovered
and they are extremely difficult to treat.

True muscle cramps are electrically silent on elec-
tromyographic study. In contrast flexor spasms of leg
muscles that occur in those with damage to corti-
cospinal pathways are associated with intense elec-
tromyographic activity and, of course, with the signs
of an upper motor neurone lesion (weakness without
wasting, spasticity, and exaggerated tendon reflexes).
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Restless legs

Some patients will complain of discomfort in the
legs that is not caused by pain, cramp or paraesthe-
siae. They find it impossible to put into words the
quality of the intense discomfort that they feel, but
describe relief from movement. Such patients cannot
sit still because of the discomfort, and may be forced
to get out of bed at night to walk around to gain
relief from this distressing complaint. The cause for
this bizarre symptom, know as Ekbom’s syndrome, is
not known, although some patients are found to
have an iron-deficient anaemia or uraemia.

Intermittent claudication

Pain in the calves or buttocks on exercise,
relieved rapidly by rest, is, of course, the charac-
teristic feature of arterial insufficiency in the legs.

However, this syndrome of intermittent claudica-
tion occasionally may be mimicked by disease of
the lumbar spine, particularly in those with a nar-
rowed spinal canal from congenital lumbar stenosis
or from degenerative lumbar spondylosis. Such
patients also complain of pain in the legs on exer-
cise, but the pain is in the distribution of one of the
spinal roots, and is accompanied by neurological
symptoms, including foot drop or paraesthesiae.
Rest relieves the pain, but usually after a longer
period of time than is required in the case of vascu-
lar intermittent claudication.

This neurological syndrome, because it mimics
vascular claudication, has been called intermit-
tent claudication of the cauda equina.

DIFFICULTY IN WALKING

Difficulty in walking is one of the commonest
neurological complaints. First it is necessary to dis-
tinguish the different anatomical causes that may
provoke difficulty in walking. It is convenient to

work mentally from muscles up to cerebral cortex
(Table 3.11).

Difficulty with walking with
wasted legs

Primary muscle disease (myopathy) often presents
with an abnormality of gait, because it affects prox-
imal muscles of the hip girdle symmetrically at an
early stage. Similar symmetrical proximal muscle
weakness around the shoulder girdle usually occurs
later. Characteristically the gait is waddling because
of failure to stabilize the pelvis on the femur when
the opposite leg is lifted from the ground. In add-
ition, patients with primary muscle disease fre-
quently complain of difficulty in rising from a low
chair, and of climbing stairs or stepping onto the
platform of a bus, because of weakness around the
hips. When the arms are affected, an early symptom
often is difficulty raising the hand above the head
to brush the hair. Other characteristics of primary
muscle disease are that sensation is normal and
sphincter function is not affected. There are many
causes for myopathy including hereditary muscular
dystrophy, inflammatory myositis, thyrotoxicosis,
steroid therapy and metabolic myopathies. A family
history suggests muscular dystrophy, which causes
painless progressive wasting of muscles in charac-
teristic distribution. Pain and systemic disturbance
suggest polymyositis. Many endocrine and electrolyte
disturbances may cause metabolic myopathies.

The physical signs of primary muscle disease are
those of muscle wasting and weakness, sym-
metrical and proximal, with normal or reduced
tendon jerks, and no evidence of sensory deficit.

Defects of neurotransmission resulting from
myasthenia gravis, or from the much rarer myas-
thenic (Lambert-Eaton) syndrome often associated
with carcinoma, may also present with difficulty in
walking because of proximal leg weakness. However,
the legs are not wasted in myasthenia. As in pri-
mary muscle disease, sensation is not affected. The
characteristic feature of myasthenia is muscle
fatigue. Patients may not complain of feeling tired,
but of weakness of muscle action on exercise. Thus,
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Table 3.11 Causes of walking difficulty

Roots (LMN)
Spinal cord (UMN)

Brain, brainstem (UMN)

Cerebellar (ataxic)
Extrapyramidal
Sensory loss (JPS loss)
Psychogenic

Joint disease
Weakness (general)

Parkinsonian

Site Pathology

Muscle Myopathy (proximal)
Neuromuscular junction Myasthenia gravis (fatigue)
Peripheral nerve (LMN) Neuropathy (distal)

Disc protrusion, compressive, cauda equina (+ sphincters)
Compression (tumours, discs)

Demyelination, inflammatory

Vascular, degenerative (MND), intrinsic damage (syrinx, tumour)
Vascular, demyelination, tumours (intrinsic, extrinsic)
Abscesses, degenerative

Vascular (acute), tumour, degenerative (slow)

Locomotor ataxia

Functional, chronic fatigue states

Painful arthritis, Charcot’s joints

Systemic disease, cachexia, hypotensive, malnutrition
LMN, lower motor neurone; UMN, upper motor neurone; MND, motor neurone disease; JPS, joint position sense.

they may start the day walking strongly, but as time
goes on and as exercise continues, they become
weaker and weaker. Rest restores strength, but fur-
ther exercise leads to further weakness.

Peripheral nerve disease may also cause difficulty
in walking. This may arise either as a result of dam-
age to an isolated peripheral nerve (a mononeur-
opathy), such as a common peroneal palsy or femoral
nerve palsy, or from damage to a number of periph-
eral nerves but sparing some (mononeuritis multi-
plex), or damage to generalized peripheral nerve
disease (peripheral neuropathy). In all such condi-
tions, the signs will be those of a lower motor neu-
rone lesion (wasting with weakness, normal or
reduced tone, and normal or depressed tendon
reflexes). In addition, there will be appropriate sens-
ory disturbance in the distribution of the affected
peripheral nerves. In the case of a generalized periph-
eral neuropathy, symptoms commence in the feet
symmetrically, with paraesthesiae and numbness
which spread upwards into the legs, and bilateral foot
drop resulting from distal weakness. Generalized
peripheral neuropathies usually affect the legs before
the arms, because long axons are affected first.
Sphincter function, however, is normal. Subacute
peripheral neuropathy, with onset and progression
rapidly over a matter of a few days or weeks, most

commonly is a result of the acute idiopathic inflam-
matory polyneuritis known as the Guillain-Barré
syndrome. More rarely, similar subacute generalized
peripheral neuropathy may occur in glandular fever,
acquired immunodeficiency syndrome (AIDS), acute
intermittent porphyria, or result from toxicity of
heavy metals and industrial agents. Diphtheria now
is exceedingly rare, but the early palatal palsy and
paralysis of accommodation is characteristic. There
are many causes for chronic peripheral neuropathy,
but the commonest in the UK would be diabetes, with
alcohol and malignancy close behind. Worldwide, the
most common cause is leprosy.

Proximal lesions of the lumbosacral roots (cauda
equina lesions) may present with difficulty walk-
ing caused by weakness of the legs associated
with sensory disturbance which characteristic-
ally is focused around the perineum (the patient
‘sits on their signs’), and early disturbances of
sphincter function.

Motor neurone disease, too, may present with pain-
less wasting, weakness and fasciculation of leg
muscles, usually asymmetrically, and without sens-
ory or sphincter disturbance.
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Difficulty in walking with
spastic legs

Lesions of the corticomotorneurone pathways bilat-
erally will cause a spastic paraplegia, which mani-
fests as a characteristic disturbance of gait. The
patients walk with stiff straight legs, scuffing the
toes and outer border of the feet along the ground.
Physical examination will confirm the signs of an
upper motor neurone lesion (weakness without
wasting, spasticity, exaggerated tendon reflexes and
extensor plantar responses). The next stage is to
decide on the anatomical level and the cause of
such a spastic paraplegia (Table 3.11).

Acute paraplegia

Acute damage to the spinal cord by trauma, inflam-
matory disease (acute transverse myelitis) or vascular
lesion, as may occur with spinal angioma, produces
an acute paraplegia, but initially the signs are not
those characteristic of spasticity. Immediately after
such an acute insult the segment of spinal cord
below the lesion is in a state of shock, when it is
unresponsive to peripheral input.

Acute spinal cord lesion

Immediately after an acute spinal cord lesion the
legs are flaccid, the tendon reflexes absent and
the plantar responses often unobtainable. Spas-
ticity, exaggerated reflexes, and extensor plantar
responses gradually emerge over a matter of
some weeks following the acute insult.

An acute flaccid paraplegia, or quadriplegia if the
arms are also affected, may be difficult to distin-
guish from a subacute peripheral neuropathy or
even from severe acute metabolic myopathies
such as that resulting from hypokalaemia, at least
in the early stages.

The presence of sensory loss obviously will
exclude primary muscle disease, and urinary reten-
tion points to spinal cord damage rather than a

peripheral neuropathy. In those with an acute para-
plegia thought to be the result of spinal cord dam-
age, it is crucial to exclude spinal cord compression,
for example by dorsal disc protrusion or extradural
abscess (Table 3.12), for the longer the delay before
surgery the less the chance of useful recovery. All
such patients demand immediate neurological
assessment and imaging of the spinal cord if a com-
pressive lesion is to be excluded. This is best under-
taken by magnetic resonance imaging (MRI) or,
where this is not available, by myelography.

Acute quadriplegia

Sudden or rapid paralysis of all four limbs may be
a medical emergency if breathing is threatened.

Respiratory failure occurs when arterial oxygen
tension falls below 8.0kPa (60 mmHg), or if arterial
carbon dioxide tension rises above 6.6kPa
(50 mmHg). However, patients with neurological
disease causing respiratory distress may be in

Table 3.12 Neurological causes of cord compression

Trauma - fracture dislocations, burst fractures of
vertebral body
Infection - epidural abscess, tuberculosis
Vascular
Arteriovenous malformations
Epidural haemorrhage
Anticoagulant excess, bleeding diathesis
Tumour
Primary
Intramedullary - glioma, ependymoma
Extramedullary - meningioma, neurofibroma
Metastatic deposits
Degenerative
Disc prolapse, spondylotic changes
Osteoporotic collapse
Paget’s disease
Atlanto - axial subluxation
Congenital
Craniocervical junction abnormalities
Inflammatory
Acute swollen cord - myelitis, arachnoiditis
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severe difficulty long before the blood gases are
compromised.

A rising respiratory rate and breathlessness indi-
cate impending respiratory failure, which may
require assisted respiration. The best index of res-
piratory reserve is the vital capacity (VC), which
is the volume of maximal expiration following a
maximal inspiration.

In an adult, a falling VC with a value of less than
50% of the predicted normal is a warning of
impending crisis, and an action is undoubtedly
required if the VC falls to 1.0 1 or less. Peak expira-
tory flow rate is a measure of obstructive respiratory
defects and is an inappropriate and dangerously
misleading measure of respiratory function in
patients with neuromuscular disease.

Causes of acute quadriplegia

The common causes of acute or subacute (with
onset over days) quadriplegia are polymyositis,
myasthenia gravis, acute inflammatory polyneur-
itis (Guillain-Barré syndrome), and high cervical
cord lesions resulting from trauma, inflammation
or vascular damage. Rarer conditions include
hypokalaemic paralysis, acute porphyria, polio-
myelitis, tetanus, and other causes of high cervical
cord damage, such as subluxation of the odontoid
peg (as occurs in rheumatoid arthritis) or cord
tumours. Brainstem lesions may also cause a
quadriplegia, but bulbar muscles are involved to
cause diplopia, dysphagia and dysarthria.

Chronic spastic paraparesis

The most common cause of a chronic spastic
paraparesis in the young adult is multiple scler-
osis, and in the elderly individual it is cervical
spondylosis.

However, it is crucial to exclude other treatable
causes of spinal cord disease in both age groups
before accepting either diagnosis.

In particular, any patient with a chronic progres-
sive spastic paraparesis requires imaging of the
spinal cord to exclude a spinal tumour or other
causes of cord compression,

unless there are obvious signs or symptoms of mul-
tiple sclerosis elsewhere, or some other clear evi-
dence to establish an alternative diagnosis. To carry
out a few unnecessary imaging studies is much bet-
ter than to miss treatable benign spinal tumours,
such as neurofibromas or meningiomas, until the
damage is too severe to remedy by surgical treat-
ment. Unfortunately, in the older age group metasta-
tic deposits in the spine, usually from breast, lung or
prostate cancer, are more often than not the cause of
spinal cord compression. Rarer causes include dorsal
disc prolapse, arachnoiditis, intramedullary cord
tumours and syringomyelia. It is also essential to
exclude subacute combined degeneration as a result
of pernicious anaemia and vitamin B12 deficiency,
neurosyphilis, and in patients particularly from abroad,
infection with the human T-cell lymphotropic virus
type 1, as causes of chronic spastic paraparesis. Sub-
acute combined degeneration nearly always presents
with paraesthesiae first in the feet, because of the
associated peripheral neuropathy, and the ankle
jerks will be lost. The picture of a spastic paraplegia
but with absent ankle jerks also may be seen in
patients with hereditary spinocerebellar degenera-
tions, and as a remote complication of a primary
neoplasm. Motor neurone disease also may present
as a spastic paraparesis before evidence of lower
motor neurone damage with wasting and fascicula-
tion is evident.

Spastic weakness of one leg

Stiffness and dragging of one leg is a common pre-
senting complaint in neurology.

The difficulty is always to decide whether the
lesion lies in the spinal cord or in the brain.

Full investigation would include MRI imaging of
the spine and brain. If not available, a CT brain scan
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and myelography could be undertaken, although
they provide less information. Examination of the
CSF may be helpful to support or refute a diagnosis
of multiple sclerosis. Progression to involve the arm
does not necessarily help to decide between spinal
cord and brain, while spread to the opposite leg does
not always indicate that the lesion is in the spinal
cord. The notorious parasagittal meningioma may
produce upper motor neurone signs in both legs.

Unsteadiness of gait

Ataxia of gait

An unsteady, uncertain gait may be caused by
sensory loss (sensory ataxia), cerebellar disease
(cerebellar ataxia), hydrocephalus or extrapyr-
amidal disease such as Parkinson’s disease or
chorea.

In sensory ataxia the patient characteristically
walks unsteadily with the feet wide apart and lifted
high off the ground to slap into the floor. In add-
ition, the patient with sensory ataxia is much worse
in the dark when vision cannot be used to compen-
sate. The patient with cerebellar ataxia again walks
with the feet wide apart and reels from side to side
as if drunk. The patient with Parkinson's disease
slowly shuffles with small steps and a bent posture.
The patient with chorea unexpectedly dances and
lurches as the balance is disturbed by unpredictable
involuntary movements.

Gait disturbance with small shuffling steps may
arise from a number of disorders. In Parkinson’s
disease there is a tendency to festination with a
flexed posture and impaired balance. In patients
with a frontal lobe disturbance (often a gait apraxia)
there may be no weakness and often preserved
movements on the bed. However there may be diffi-
culty turning over in bed. Examination may show a
degree of leg spasticity without sensory loss but
walking using short shuffling steps on a wide base.
There may be perseveration of some actions. Often
there is a degree of dementia and sometimes urinary
urgency and even incontinence. One such cause
may be widespread vascular disease with multiple
lacunar infarcts resulting in the marche a petits pas.

Figure 3.5 (a) Axial view CT brain scan to show triventricular
enlargement and (b) absence of cortical sulci in a patient with
normal pressure hydrocephalus. The patient presented with
dementia, a gait with short shuffling steps and incontinence.

In patients with a normal pressure hydrocephalus
again there may be a gait with short shuffling steps
and a wide base (Figure 3.5). Commonly there is an
associated dementia and incontinence of urine. A
patient who is unsteady will walk with a wide base
using small steps.
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Figure 3.6 Sagittal view MRI scan (T1-weighted) to show
cerebellar and brainstem atrophy in a patient with progressive
unsteadiness.

Extensive sensory loss in the legs may be caused
by a profound sensory peripheral neuropathy or by
degeneration of the posterior columns as in tabes
dorsalis. In both conditions the tendon jerks are
absent; in peripheral neuropathy there are likely to
be distal motor signs, while in tabes dorsalis there is
likely to be urinary retention with overflow and
abnormal pupils.

Progressive cerebellar ataxia occurs in diffuse
diseases of the central nervous system, such as mul-
tiple sclerosis, when it is often accompanied by a
spastic paraparesis to produce a typical spastic-
ataxic gait. Isolated progressive cerebellar ataxia
may be the result of a cerebellar tumour, hereditary
spinocerebellar degeneration (Figure 3.6), alcohol,
endocrine disturbance such as myxoedema, or a
remote effect of a primary neoplasm elsewhere.
Patients who are ataxic sitting and standing are
likely to have a midline cerebellar fault. A cerebel-
lar syndrome in childhood most frequently is caused
by a posterior fossa tumour, which may present
without symptoms suggesting raised intracranial
pressure. In adults this is seldom so, and most isol-
ated progressive cerebellar ataxias without headache
and vomiting are found to be degenerative in origin.

Extrapyramidal diseases are discussed in the
next section.

MOVEMENT DISORDERS

The term ‘movement disorders’ has come to be
applied to those diseases of the nervous system,
mostly of the basal ganglia, that cause disturbances of
movement that cannot be attributed to sensory loss,
weakness or spasticity, or obvious cerebellar ataxia.
Movement disorders fall into two main categories:

« Those characterized by a poverty (hypokinesia)
and slowness (bradykinesia) of movement, the
so-called akinetic-rigid or parkinsonian
syndrome

o Those characterized by excess abnormal and
uncontrollable involuntary movements,
otherwise known as dyskinesias.

Idiopathic Parkinson's disease, associated with
a characteristic pathology including the presence
of Lewy bodies in affected pigmented nerve cells
and loss of nigro-striatal neurones, is the commonest
cause of an akinetic syndrome in middle or late life.
A similar condition could be produced as an after-
math of encephalitis lethargica (post-encephalitic
parkinsonism), and occurs commonly nowadays as a
result of intake of neuroleptic drugs such as phenoth-
iazines or butyrophenones (drug-induced parkinson-
ism). Rarer causes include multiple system atrophy
and progressive supranuclear palsy in the older age
group, while in juveniles or young adults Wilson's
disease and the rigid form of Huntington's disease
have to be considered. An important distinction is
between Parkinson’s disease, or the other conditions
mentioned that may cause parkinsonism, and the aki-
netic-rigid features that occur in patients with many
diffuse cerebral degenerations. In the latter condi-
tions, which include diffuse cerebrovascular disease
and Alzheimer’s disease, the akinetic-rigid features
are only part of a much greater disorder of higher
mental function, which produces profound distur-
bances of memory, intellect and cognitive function.

Abnormal involuntary movements

Abnormal involuntary movements (dyskinesias)
are a feature of many diseases of the nervous
system, but most can be included within five
main categories - tremor, chorea, myoclonus,
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tics and torsion dystonia. These are not diseases,
but clinically identifiable syndromes with many
causes. In some patients such dyskinesias are
accompanied by other neurological deficits, but
in others the involuntary movements occur in
isolation and constitute the illness.

Tremor is a rhythmic sinusoidal movement,
which may occur at rest (rest tremor) or on action
(action tremor), when it may be present while main-
taining a posture (static or postural tremor), or on
executing a movement (kinetic or intention tremor).
Rest tremor is characteristic of Parkinson’s disease.
Postural tremor often is no more than an exagger-
ation of physiological tremor by anxiety, drugs,
alcohol, or thyrotoxicosis. Intention tremor is a dis-
tinctive sign of cerebellar disease.

Chorea is characterized by continuous, randomly
distributed and irregular-timed muscle jerks. The
limbs, trunk and facial features are continually dis-
turbed by brief, unpredictable movements; walking is
interrupted by lurches, stops and starts (the dancing
gait); hand movements and fine manipulations are
distorted by similar unpredictable jerks and twitches;
while speech and respiration also deteriorate. Strength
is usually normal, but the patient is unable to main-
tain a consistent force of contraction so that the grip
waxes and wanes (milkmaid’s grip), while the pro-
truded tongue pops in and out of the mouth (fly-
catcher’s tongue). The limbs are hypotonic and tendon
jerks brisk and often repetitive. The chief causes of
chorea are shown in Table 11.4 (see p. 236). Sydenham’s
chorea and Huntington’s disease are the commonest
causes of generalized chorea, but this may be the pre-
senting feature of a number of general medical ill-
nesses or may occur as a side-effect of drug therapy.
Hemichorea or hemiballism describes unilateral
chorea most apparent in proximal muscles, so that the
arm and leg are thrown widely in all directions.

Myoclonus consists of brief, shock-like muscle
jerks, similar to those provoked by stimulating the
muscle’s nerve with a single electric shock. Myoclonic
jerks may occur irregularly or rhythmically, and they
often appear repetitively in the same muscles. In this
respect myoclonus differs from chorea, which is ran-
dom in time and distribution. The chief diseases caus-
ing myoclonus are shown in Table 11.5 (see p. 236).

Ties resemble myoclonus for they too consist of
brief muscle contractions, but they differ in a number
of respects. The movements themselves are repetitive
and stereotyped, can be mimicked by the observer,
and usually can be controlled through an effort of
will by the patient, often at the expense of mounting
inner tension. Tics typically involve the face, such as
blinking, sniffing, lip smacking or pouting, and the
upper arms, such as shoulder shrugging. In fact tics
occur in at least one-quarter of normal children, but
disappear with maturity. A number of normal adults
also display persistent motor tics as part of their
personality. The chief causes of pathological tics are
shown in Table 11.6 (see p. 237).

Torsion dystonia differs from the other move-
ments that are mentioned in that it is caused by
sustained spasms of muscle contraction that distort
the body into characteristic postures for prolonged
periods of time. The neck may be twisted to one side
(torticollis) or extended (retrocollis); the trunk may
be forced into excessive lordosis or scoliosis; the
arm is commonly extended and hyperpronated with
the wrist flexed and the fingers extended; the leg is
commonly extended with the foot plantar flexed
and in-turned. Initially these muscle spasms may
occur only on certain actions (action dystonia), so
that patients walk on their toes or develop the char-
acteristic arm posture on writing. In progressive
dystonia, however, such abnormal muscle spasm
and postures soon become apparent at rest and
cause increasing dystonic movements and deform-
ity. The term athetosis is also used to describe simi-
lar dystonic movements, although originally it was
employed to describe wavering movements of the
fingers and toes. The chief causes of torsion dysto-
nia are shown in Table 11.7 (see p. 238).

DECLINE OF MEMORY,

INTELLECT AND BEHAVIOUR

A global loss of all higher intellectual function,
memory and cognitive function, accompanied by
disintegration of personality and behaviour
forms the clinical syndrome know as dementia,
which usually is caused by diffuse cerebral cor-
tical disease.
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The syndrome of dementia may occur acutely, as
after head injury or cerebral anoxia resulting from
cardiac arrest, or may commence insidiously and be
progressive, as in the various presenile and senile
dementing illnesses of which Alzheimer's disease is
the commonest. However, there are other causes of
a progressive dementia that are reversible, including
certain treatable brain tumours and metabolic
diseases such as myxoedema or vitamin B12
deficiency (Table 3.13).

Diagnosing dementia

When faced with a patient, or their relatives,
complaining of memory difficulty, intellectual
decline, or changes in personality, three ques-
tions have to be answered:

1 Is this really caused by a true dementia as a
result of organic brain disease, or are these
symptoms those of a pseudodementia
resulting from a psychiatric illness such as
depression?

2 Are these symptoms those of a true global
dementing illness, or are they caused by a
focal cortical syndrome as the result of
damage to one part of the cerebral cortex,
rather than diffuse disease?

3 If they are the result of a true global
dementia, then is there any treatable cause
for the condition?

Pseudodementia

Impairment of memory with change in personality
and behaviour, of course, are typical symptoms
of depression, which also produces sadness, sleep
disturbance, diurnal mood swing, loss of libido,
anorexia and weight loss. Difficulty arises because a
considerable proportion of patients with true organic
dementing illnesses experience a reactive depression
in the early stages of their illness. Accordingly, in a
patient who exhibits decline of memory and intellect
with alteration of personality and behaviour accom-
panied by depression, it can be exceedingly difficult
to distinguish a primary depressive illness from a
dementing process with reactive depression. Careful
assessment by experienced psychologists may assist,

Table 3.13 Causes of dementia

Primary degenerative
Alzheimer's disease, dementia with Lewy bodies,
frontotemporal dementia
Huntington’s chorea, Parkinson’s disease,
corticobasal degeneration
Prion disease
Creutzfeldt-Jakob disease-sporadic and
variant
Infective
Chronic meningitis, neurosyphilis
AIDS dementia complex
Progressive multifocal leukoencephalopathy
Post-meningo-encephalitis
Metabolic, endocrine
Uraemia, hepatic encephalopathy, myxoedema
Hypopituitarism, hypoglycaemia
Hypercalcaemia, hypocalcaemia
Deficiencies - thiamine, vitamin B12, multiple
nutritional
Vascular - multi-infarct, Binswanger's subcortical
leukoariosis
Drugs
Alcohol
Barbiturates
Trauma
Head injury, ‘punch-drunk’ boxers
Subdural haematoma
Tumours
Primary - glioma, meningioma,
Secondary - metastatic
Obstructive hydrocephalus
Normal pressure hydrocephalus
Depression - pseudo-dementia

but often does not resolve the matter. If in doubt, it
is prudent to treat the illness as a depression and to
await events. Other psychiatric conditions that may
produce a pseudodementia include hysteria and
malingering, but these are rare.

Focal cortical syndromes

Bilateral damage to the temporal lobes, particularly
to their medial structures including the hippocampus,
or to the hypothalamus may produce a pure amnesic
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syndrome, consisting of dense loss of memory for
recent events with inability to retain new informa-
tion, but with preserved intelligence and personality.
Such amnesic syndromes are seen most commonly
in Korsakoff’s psychosis as a result of thiamine defi-
ciency in alcoholics, but occasionally may occur as a
result of parapituitary tumours or bilateral temporal
lobe damage secondary to head injury or encephali-
tis. A transient global amnesia also occurs as one of
the manifestations of transient cerebral ischaemia in
posterior cerebral territory. Here patients usually
have a marked short-term memory loss extending
for some hours, during which they may repeatedly
ask the same questions. It has also been proposed
that such symptoms may arise with migraine and
even, rarely, as part of a complex partial seizure. An
amnesic syndrome may persist for some time after
head injury (post-traumatic amnesia), or after an
epileptic seizure (post-epileptic amnesia).

Dysphasia (see p. 84) may be mistaken for
dementia. The severe disturbance of the content of
speech that occurs in Wernicke’s dysphasia result-
ing from damage to the posterior temporal region of
the dominant hemisphere may consist of such non-
sensical language and jargon that the inexperienced
observer may mistake the behaviour for that caused
by dementia.

Damage to the frontal lobes by tumour, which is
often a benign meningioma, by syphilis, as in gen-
eral paralysis of the insane, or by myxoedema may
produce a remarkable change in personality and
behaviour, without deterioration of intellect or
memory. Such a focal frontal lobe syndrome is
often mistaken either for primary psychiatric illness
or global dementing disease.

Causes of dementia

If the conclusion is that the patient’s symptoms are
those of a diffuse global dementing illness, the next
stage is to decide on the cause (Table 3.13).

In about 10% of patients, some potentially treat-
able condition will be discovered on careful
examination and full investigation, the yield
being greatest in those under the age of 70 years.

Figure 3.7 Axial view T2-weighted MRI scan of a patient
with widespread small vessel disease and multi-infarct
dementia.

The commonest cause of dementia is Alzheimer’s
disease, which becomes increasingly frequent with
age. (Previously the term ‘presenile dementia’ was
used for the syndrome with onset prior to the age of
65 years, while ‘senile dementia’ was applied when
the illness commenced after the age of 65 years.
Senile dementia became equated with Alzheimer’s
disease, which, in fact, can occur at any age, and
accounts for over 80% of those exhibiting dementia
in later life). Cerebrovascular disease is a less com-
mon cause of dementia, and usually is suggested by
the presence of established hypertension and a his-
tory of repeated stroke-like episodes (multi-infarct
dementia), with often diffuse small vessel damage
(Figure 3.7). Less common causes include dementia
with Lewy bodies, frontotemporal dementias,
Huntington’s disease (which is suggested by the
typical chorea and family history), and Creutzfeldt-
Jakob disease (CJD), which is a prion encephalopa-
thy producing a subacute, rapidly progressive
dementia, often with characteristic myoclonus,
sometimes marked cerebellar signs, and EEG find-
ings. In younger patients variant CJD should be
considered and the human immunodeficiency virus-
associated dementia complex is also seen regularly
in AIDS patients with immune compromise.
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Potentially reversible causes of dementia
Reversible causes of dementia include not only
unexpected cerebral tumours (particularly
frontal and non-dominant temporal lobes in
site) and other mass lesions, such as giant
aneurysms, but also obstructive or communicat-
ing hydrocephalus, neurosyphilis and various
metabolic conditions, such as vitamin B12 defi-
ciency, chronic drug intoxication, myxoedema
and disturbances of calcium metabolism. Full
investigation is required to exclude such treat-
able causes and should be undertaken in every
patient under the age of 75 years, and in all
those over that age in whom the cause of
dementia is not established.
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NEUROLOGICAL

EXAMINATION

A full examination of the nervous system could
occupy a whole day but, in practice, it must be com-
pleted in half-an-hour or less. A routine screening
examination has to be undertaken in 5-10 minutes.
Accordingly, the neurological examination has to
be highly selective. What actually is carried out on
each individual patient will be determined by their
history, which will focus attention on that aspect of
the nervous system that needs the most detailed
investigation.

When approaching each neurological patient, it is
helpful to have in one’s mind two simple plans:

1 The routine basic scheme of examination that
is to be conducted in every neurological
patient - the screening examination.

2 Those special tests required in this patient
because of the history of their complaint -
the specific examination.

This plan will be followed in this chapter. First,
the basic routine examination will be described.
Details of individual tests will not be elaborated,
because they are best learned at the bedside. Second,
more specific detailed examinations required in
patients with certain problems will be discussed.

The basic scheme of neurological examination
This consists of:

1 Assess higher mental function:

(a) Intellect, memory, personality and mood
(b) Speech and cognitive function.

Test the cranial nerves.

Test motor functions.

Test sensory functions.

Test autonomic function.

Examine related structures.

DL~ WD

Higher mental function

Intellect, memory, personality and mood

The clarity with which a patient presents their story
and answers questions, and their cooperation during
examination, will convey a picture of their intellec-
tual capacity and of their personality and mood.
Compare your own estimate with what might be
expected from the patient’s type of work and scho-
lastic record. A patient’s mood and insight may be
further demonstrated by their reaction to the illness;
while their power of memory may be indicated by
the coherence and ease with which symptoms and
past history are recalled and dated. Whenever there
is doubt about a patient’s higher mental function, it is
crucial to obtain the story and observations of an
independent witness who can testify to the patient’s
intellectual competence.
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If history taking does not suggest any defect of
higher cerebral function, then no further testing
is required. However, if a decline in higher mental
function is suspected, more extensive examination
is necessary (see later).

Speech and cognitive function

The content and articulation of speech will be evi-
dent while taking the history. Always note whether
the patient is right-handed or left-handed and, if
speech difficulty is apparent, it is also worth check-
ing which eye and which leg are dominant. Abnor-
malities of speech may include the following:

1 Dysphonia, in which the content of speech is
normal and articulation preserved but basic
voice production is disturbed by mechanical
abnormality of the organs of speech, including
the vocal cords and resonating sound boxes.
The hoarse voice of laryngitis and the nasal
speech of the common cold are examples of
dysphonia.

2 Dysarthria, which describes abnormal
articulation resulting from damage to the
nervous pathways or muscles responsible for
speech production, with intact language
content. Lower motor neurone paralysis of the
soft palate produces nasal escape of air and the
characteristic nasal speech of a paralytic
dysarthria. Spasticity of the tongue, palate and
mouth produces a monotonous, stiff, slurred
type of speech known as a spastic dysarthria,
which sounds as if the patient is talking with a
plum in their mouth. Incoordination of
muscular action responsible for speech because
of cerebellar disease results in irregular, staccato
and explosive speech known as scanning or
cerebellar dysarthria. The akinetic-rigid
syndrome of parkinsonism produces a
characteristic slow, soft, monotonous speech
known as an extrapyramidal or hyphonic
dysarthria. Edentulous patients show a degree
of dysarthria.

3 Dysphasia, which describes impairment of
language, is either difficulty of understanding
the spoken or written word, or of speaking
or writing itself. The various types of
dysphasia that may be encountered with

lesions affecting the dominant hemisphere are
described later.

Cognition refers to the capacity to know and per-
ceive one’s surroundings and one’s self in relation-
ship to those surroundings. The inability to recognize
objects in space, colours, faces or even one’s own
body parts is known as agnosia. Inability to undertake
a skilled motor act despite intact power, sensation
and coordination is known as apraxia. (Different types
of agnosia and apraxia will be described later.)

Cranial nerves

I Olfactory nerve

The sense of smell should always be tested if there
are complaints of disturbance of taste or smell, after
a head injury, if there is suspicion of a lesion involv-
ing the anterior fossa or of dementia. It is important
to realize that patients complaining of loss of taste
are usually describing the effects of damage to the
olfactory nerve, which results in loss of appreciation
of subtleties of good food or wine. Such patients can
still recognize the elementary four tastes - sweet,
sour, salt and acid - but cannot appreciate flavour.
The sense of smell may be tested by the ability to
identify and distinguish the odours of common
objects, such as coffee, peppermint or orange peel,
with each nostril in turn. Unilateral anosmia suggests
a lesion of the olfactory nerve, but bilateral anosmia
is usually the result of local nasal disease, such as
that following a common cold or head injury.

I Optic nerve

The function of the optic nerve can be tested by
examining visual acuity, the visual fields and the
optic fundus. This requires an acuity chart, a
large red-headed (5 mm) hatpin and a grid card,
and an ophthalmoscope.

The visual acuity tests the integrity of central
macular vision. The distance acuity should be meas-
ured in each eye using the standard Snellen chart at
6m with the patient wearing spectacles to correct
any refractive error. If no spectacles are available,
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Any refractive error can usually be corrected by
asking the patient to look through a pinhole
aperture.

The normal distance acuity is 6/6, the numerator rep-
resenting the distance of the patient from the chart
(6 m) and the denominator the distance in metres at
which a normal person is able to read that line (Figure
4.1). Decreasing acuity is recorded as 6/9, 6/12, 6/18,
6/24, 6/36, 6/60, and then as the ability to count
fingers, perceive hand movements or, finally, perceive
light. Near acuity is tested by asking the patient to
read test type, again correcting any refractive error.
Near vision is a less accurate assessment of acuity.
Most patients with an acuity of 6/18 for distance
can read N5 or N6 size test type. For driving in the
UK it is necessary to read a number plate at 75 feet
(22.9 m), which is an acuity between 6/9 and 6/12.

/
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Figure 4.1 Distance visual acuity - the angles subtended
by test type on a standard Snellen chart at 6 m.
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Colour vision may be affected by optic nerve dam-
age and is tested with standard Ishihara plates.
Some 8% of the male population may be colour-
blind, most often with red-green impairment.

The visual fields may be tested at the bedside by
the confrontation technique, where the patient’s field
is compared with that of the tester.

Lesions of the posterior visual pathways cause
defects in the opposite half of the peripheral fields
(hemianopias).

With one eye covered, the patient faces the examiner
and is asked to fix their pupil on that of the exam-
iner. Using a 5 mm red pin the target is brought into
each of the four quadrants to detect any impairment.
First the patient is asked to say when they first see
the pin (often described as dark) and after this to
repeat the test asking them to say when they first
perceive the pin as red. Each eye is tested separately
and any peripheral defect is often matched in the
initial peripheral field (dark) and that of the smaller
field to red. Peripheral defects as hemianopias, quad-
rantanopias, and altitudinal defects should be recog-
nized by this technique. Visual fields should be
recorded in the notes with the right-eye field on the
right and the left-eye field on the left (Figure 4.2).
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Figure 4.2 Common visual
field defects.
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More accurate visual field testing is now carried out
using automated perimeters with a computer print-
out, for example, the Humphrey visual field analyser.
In a subsequent examination both eyes should be
tested together to look for any visual inattention or
neglect (see later). Here small finger movements can
be used as targets.

Central field loss occurs most often with lesions
of the anterior visual pathways, particularly the
macular area of the retina and the optic nerve.

Patients commonly show a depressed acuity and
may complain of blurred vision or a central impair-
ment (central scotoma). This can be confirmed using
a 5mm red hatpin or by checking central macular
vision using an Amsler chart (Figure 4.3). This is a
‘grid’ printed on paper and the patient is asked to

Amsler recording chart
A replica of Chart No. 1, printed black
on white for convenience of recording

look at the central spot and point out any fault. It
tests the central 10 degrees of the field. It is also
often useful to look for colour desaturation in the
central part of the field comparing the intensity of
the red colour of the target between the two sides at
the centre of the field.

Examination of the optic fundi with an ophthal-
moscope is an art that can only be learnt by practice.
Good illumination is essential and modern instru-
ments with halogen bulbs and long-life batteries pro-
vide excellent light (Plate 1a).

Optic fundus examination

It is helpful to pursue a routine in fundus exam-
ination, concentrating initially on the optic disc,
looking for swelling (papilloedema) or optic atro-
phy when a disc is unusually pale, then exploring

Figure 4.3 Amsler grid for recording

central field of vision. When held at a
reading distance of 14in, 1/3 m, this tests

the central 10 degrees of the visual field,

that is 10 degrees in all directions from the
fixation point.
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the four quadrants of the retina looking for haem-
orrhages or exudates and examining the retinal
arteries, which should be about two-thirds of the
diameter of veins, the latter often being pulsatile
at least as they emerge from the optic disc.

Visible venous pulsations in the vessels entering the
optic cup in the disc indicate there is no papil-
loedema. Venous pulsation is best seen if the patient
is standing or sitting. It is important to distinguish
between swelling of the optic nerve from local dis-
ease (optic neuritis) and papilloedema resulting
from raised intracranial pressure.

Optic neuritis vs papilloedema

In optic neuritis, there will be an obvious and
often profound drop in visual acuity accompa-
nied by a central scotoma, while in papilloedema
as a result of raised intracranial pressure the
visual acuity remains normal, and the only field
defect initially is an enlarged blind spot. Later
effects of damage to the optic nerve or chiasm
lead to a pale, clearly demarcated disc - optic
atrophy (Plate 1b).

I, IV and VI Oculomotor, trochlear and
abducens nerves

Examination of the three nerves innervating the
muscles of the eyes involves assessment of
pupillary function and of eye movement.

The size, shape and equality of the pupils should
be recorded. Their reaction to a bright light should
be tested both directly, by shining the light into the
eye under observation, and consensually, by shin-
ing the light into the opposite eye, both of which
should produce brisk pupillary constriction. The
'swinging light' test is a particularly sensitive method
of detecting optic nerve lesions. The light is alter-
nately focused on one pupil then the opposite. The
pupil of the affected side will dilate slightly when
the light is directed onto it because the optic nerve
lesion reduces the direct light response, while the con-
sensual response from the opposite eye is preserved.

The pupillary response to accommodation or near-
vision, should be tested by asking the subject to
focus upon a finger or object, which is carried towards
the nose: again, the pupils will constrict on con-
vergence. The position of the upper eyelid should be
noted, looking particularly for the presence of droop-
ing (ptosis). Defects of pupillary function are described
later (see p. 89).

Eye movements should be tested in two ways. The
saccadic system is examined by asking the patient to
look voluntarily to right and left, and up and down.
The pursuit system is examined by asking the patient
to follow an object moved to right and left, and up
and down. Note the range of movement of each eye
in all directions, and whether the movements of the
two eyes are yoked together (conjugate eye move-
ments). Note whether saccadic movements are car-
ried out rapidly to the extremes of gaze in each
direction, and whether pursuit movements are car-
ried out smoothly without interruption.

Ask whether the patient sees double at any point
(diplopia); this is the most sensitive index of defect-
ive ocular movement and may be evident to the
patient even when the examiner can see no abnor-
mality of gaze.

Assessment of diplopia

1 Is it constant, intermittent or variable?

2 Note the direction of separation of images -
horizontal, vertical or tilted.

3 Note the direction of gaze in which there is
maximal separation.

4 By ‘cover’ testing, check which is the most
peripheral image. The weak muscle gives the
more peripheral image.

5 Note the presence of any head tilt, and
whether this improves or worsens the diplopia

6 Any associated features:

(a) pupillary size and reactions
(b) ptosis

(c) weakness of eye closure

(d) proptosis

(e) peri-orbital changes.

Look for any nystagmus, which is a repetitive drift
of the eyeball away from the point of fixation, fol-
lowed by a fast corrective movement towards it.
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Nystagmus — peripheral vs central

Peripheral vestibular lesions cause horizontal
nystagmus away from the side of the lesion,
which enhances if fixation is lost. Central lesions
causing nystagmus tend to produce a more
coarse nystagmus towards the side of the lesion.
It may also be multidirectional, vertical and rota-
tory, and may change direction with gaze.

V Trigeminal nerve

Both the sensory and motor divisions of the trigem-
inal nerve should be examined.

The most sensitive index of impairment of the
sensation in the trigeminal nerve is usually loss
of the corneal reflex.

The reflex is elicited by touching the cornea with a
wisp of cotton wool, which evokes an afferent volley
in the ophthalmic division of the trigeminal nerve to
cause a bilateral blink, which is mediated by motor
impulses in the facial nerve. Sensation in all three
divisions of the trigeminal nerve should be exam-
ined with pin and cotton wool to test pain and light
touch, respectively. Remember the anatomical con-
fines of the trigeminal territory, which extends back
to meet the zone innervated by the C2 sensory div-
ision well past the crown of the head behind the ears
(Figure 4.4). Also the mandibular division of the tri-
geminal nerve supplies the skin over the jaw, but

Ophthalmic
division
Maxillary
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cervical
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Figure 4.4 Trigeminal sensory innervation.

spares that portion over the angle of the jaw, which
again is supplied by C2. These landmarks are of value
in distinguishing true trigeminal sensory loss from
false claims of facial numbness. Another useful point
is that fibres of the trigeminal nerve supplying the
cornea travel with the nasociliary branch of the oph-
thalmic division so that depression of the corneal
reflex is almost always accompanied by impairment
of pinprick sensation at the root of the nose next to
the eye. The lining of the inner nostril is also supplied
by the ophthalmic division of the trigeminal nerve.

The motor functions of the trigeminal nerve are
examined by comparing the size of the masseter
and temporalis muscles on each side by palpation
while the teeth are clenched. Look for unilateral
wasting of these muscles on the side of a trigeminal
nerve lesion. Then ask the patient to open their
mouth; normally the jaw does not deviate from the
midline on mouth opening. In a unilateral trigem-
inal nerve lesion, the jaw will deviate towards the
side of damage, because of weakness of the pteryg-
oid muscles, which normally protrude the jaw.
However, a common cause of jaw deviation is sub-
luxation of one temporomandibular joint, so before
diagnosing a trigeminal nerve lesion, always check
by palpation that the mandibular condyle has not
flipped out of its socket. Finally, test the jaw jerk by
a brisk tap applied to a finger placed on the point of
the half open jaw.

VIl Facial nerve

Test facial movements by asking the patient to
wrinkle the forehead, screw up the eyes, show the
teeth and whistle. Asking a patient to whistle often
makes them laugh, which will give you the oppor-
tunity to assess facial weakness around the mouth.

Facial nerve lesions — upper motor neurone
vs lower motor neurone

Lesions of the facial nerve, or of its nucleus, pro-
duce weakness of the whole side of the face,
including the forehead. In contrast, a unilateral
lesion of the supranuclear corticobulbar pathway
for facial movement [an upper motor neurone
(UMN) lesion] only affects the lower half of the
face, sparing the forehead. The facial nerve also
supplies a small branch to the stapedius muscle.
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The facial nerve itself has no important sensory
component. However, fibres originating in the lingual
nerve, which carry a sensation of taste from the ante-
rior two-thirds of the tongue, join the facial nerve via
the chorda tympani branch in the petrous temporal
bone. Rarely, it is necessary to test the sensation of
taste. To do so, ask the subject to protrude the tongue,
and keep it out, while a test substance is applied to
one side of the tongue tip. There are four tastes - salt,
sweet, bitter (quinine) and acid or sour (lemon). The
facial nerve also supplies the lacrimal gland.

VIII Auditory or vestibulocochlear nerve

The auditory nerve has two divisions, one con-
veying impulses from the cochlea subserving
hearing, and the other conveying impulses from
the labyrinth responsible for vestibular function.

Hearing can be tested quickly by asking the patient
to repeat whispered words or numbers with the eyes
shut and one ear occluded by the examiner’s fore-
finger. Alternatively, a wristwatch may be brought
towards the ear and the distance at which the sub-
ject hears the ticking is noted for each side. A watch
ticking is a high frequency sound and useful for
detecting nerve deafness. If deafness is detected,
define whether it is as a result of middle ear disease
(conductive deafness) or a nerve lesion (perceptive
deafness). To do this, compare the noise of a tuning
fork (256 Hz or, better, 512 Hz) held close to the ear
(air conduction) with that when the fork is placed
on the mastoid (bone conduction): this is called
Rinne’s test. In normal subjects, and in those with
perceptive deafness, air conduction is better than
bone conduction. In patients with conductive deaf-
ness, the reverse is true. Weber’s test also may help
to distinguish between unilateral conductive and
perceptive deafness. A tuning fork is placed on the
centre of the forehead; in the normal subject this is
heard equally well in both ears. In conductive deaf-
ness it is usually heard loudest in the deaf ear,
whereas in perceptive deafness it is heard loudest in
the normal ear. These bedside tests, however, are
crude: deafness is more accurately assessed by for-
mal audiometric investigation, which will provide a
quantitative measure of auditory acuity at different
frequencies of sound.

The vestibular nerve carries impulses from the
semicircular canals: these sense head rotation (angu-
lar acceleration). It also carries impulses from the
utricle and saccule, which are the sensors of linear
motion (acceleration) and static tilt of the head. Apart
from examining for nystagmus it is not necessary to
test vestibular function routinely. In patients with ver-
tigo or imbalance, special tests are required which
will be described later.

IX and X Glossopharyngeal and vagus nerves

The glossopharyngeal nerve supplies sensation to
the posterior pharyngeal wall and tonsillar regions.
The vagus nerve, apart from supplying auto-
nomic fibres to thoracic and abdominal contents,
supplies motor fibres to the muscles of the soft palate.
Interference with glossopharyngeal and vagus
nerve function causes difficulty with talking and
swallowing.

Vagus function can be examined easily by watch-
ing the uvula rise in the midline when the patient
says ‘Aah’ A unilateral palatal palsy causes drooping
of the affected side and, on phonation, the palate
deviates to the opposite side, pulled in that direction
by the intact muscles. A unilateral vagal lesion will
also paralyse the ipsilateral vocal cord to cause a
typical hoarse voice and ‘bovine’ cough. Watch and
listen while a patient drinks sips of water.

It is not necessary to test glossopharyngeal sen-
sation routinely, because this involves eliciting the
‘gag’ reflex, which is unpleasant. When required, the
‘gag’ reflex is obtained by touching the posterior wall
of the pharynx with an orange stick, which causes
the patient to ‘gag’; both sides of the pharynx should
be tested.

Xl Accessory nerve

The accessory nerve innervates the sternomastoid
and trapezius muscles. Its fibres are derived from the
lower brainstem and the upper cervical cord seg-
ments. The sternomastoid turns the head to the oppos-
ite side, while the trapezius is activated by shrugging
the shoulders. Bilateral weakness raises the possibil-
ity of muscle disease.

If a patient sustains a hemispheric stroke, then
it is the sternomastoid muscle contralateral to the



78 Examination of the nervous system

hemiparesis that is affected (i.e. ipsilateral to the
cerebral lesion). This will result in weakness of head-
turning towards the side of the hemiparesis.

Xl Hypoglossal nerve

The hypoglossal nerve innervates the muscles mov-
ing the tongue. Normally the tongue is held in the
floor of the mouth by activity in the tongue retract-
ors. A unilateral hypoglossal lesion therefore will
cause the tip of the tongue to deviate away from the
affected side when lying in the floor of the mouth. On
protrusion, the tip of the tongue will deviate towards
the affected side. Wasting of the tongue can be appre-
ciated in lower motor neurone lesions, often accom-
panied by fasciculation. In bilateral upper motor
neurone lesions, the tongue may be small and spastic.
Spasticity is elicited by asking the subject to attempt
rapidly to protrude the tongue in and out, or move it
from side to side.

Motor functions

It is convenient to screen for motor deficits by exam-
ining coordination first. Any type of motor abnor-
mality will impair the capacity to execute rapid fine
arm and finger movements, or the ability to walk
normally.

Motor function screen

o Hold arms outstretched

« Rapid finger movements, finger/nose testing
« Stance, observe balance

» Gait, observe walking and on tiptoe and heels.

Screen of muscle strength

C5  deltoid shoulder abduction
C6  biceps elbow flexion

C7  triceps elbow extension
C8 finger flexors grip

T1 dorsal interossei
L1 ilio-psoas

finger abduction
hip flexion

L2  adductors

L3 quadriceps

L4  tibialis anterior

L5  ext. hallucis longus
S1  tibialis posterior

hip adduction

knee extension
foot dorsiflexion
big toe dorsiflexion
foot plantar flexion

Ask the patient to hold the arms outstretched, with
fingers spread and with the eyes shut. Look for a
tendency: for the arm to drop, which suggests weak-
ness of the shoulder; for the forearm to pronate,
which suggests mild upper motor neurone deficit
or dystonia; for the fingers to waver uncertainly
(pseudoathetosis), which suggests sensory loss; or for
abnormal movements, such as tremor, to develop.
Then ask the patient to touch their nose rapidly with
the point of the forefinger and then the examiner’s
finger, going to and fro as fast and accurately as
possible. Such ‘finger-nose testing’ examines the skill
of large proximal arm movements. Look particularly
for kinetic or intention tremor, an oscillation that
appears during movement and becomes worse as the
point of aim is reached. Also note if the finger over-
shoots or undershoots its target (dysmetria). Then
test the capacity for rapid finger movement by ask-
ing the patient to approximate the pulp of the thumb
to the pad of each finger in turn rapidly and accur-
ately. This ‘five finger exercise’ directly tests the
integrity of the ‘true pyramidal’ pathway, which con-
trols fine manual skills, and also detects parkinson-
ism, which causes slowness, reduced amplitude and
fade of such repetitive movements. Finally ask the
patient to pronate and supinate the outstretched arms
rapidly. Such alternating movements are impaired
in cerebellar disease (dysdiadochokinesis) and in
parkinsonism.

Gait should always be examined, either as patients
walk into the consulting room, or before they undress.
Patients who are in bed should always be asked to
get up and walk at some stage of the examination.
It is also useful to observe stance, to make the patient
stand on one leg alone and to walk on their toes and
then on their heels. Many defects of motor control of
the legs can be rapidly deduced from watching the
patient walk; for example, a foot drop as a result of
a peroneal nerve palsy or L5 root lesion will cause
the patient to lift the foot high to help the toes clear
the ground, and the affected foot ‘slaps’ onto the
floor as it is returned to the ground. There is also
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difficulty walking on the heels. Spastic legs drag as
they are moved, with the foot plantar flexed and
inverted, the toes scuffing the ground. The small-
stepped, shuffling gait of parkinsonism is unmis-
takable. The wide-based unsteady reeling gait of
someone with cerebellar disease or sensory ataxia is
also diagnostic. Ataxia of gait can be exaggerated
by asking the patient to walk heel-to-toe along a
straight line. If ataxia is caused by sensory loss, it
becomes much worse with the eyes closed (Romberg’s
sign). Incoordination of the legs is best detected by
watching a patient walk, but also may be brought
out on the bed by asking the patient to run the heel
carefully up and down the front of the opposite
shin, or by asking them to touch the examiner’s fin-
ger with the big toe.

During the examination for coordination of the
arms and legs, look out for the presence of wasting
and involuntary movements. Muscle wasting implies
either primary muscle disease (myopathy) or a lower
motor neurone lesion. It can be difficult, particu-
larly in the elderly or in those with joint disease, to
decide whether apparent thinning of muscle bulk
is merely a result of disuse or whether it indicates
neurological deficit.

Muscle wasting is only of significance if it is
accompanied by definite muscle weakness.

The characteristics of the typical abnormal move-
ments of tremor, chorea, myoclonus, tics and dys-
tonia have been described earlier (see p. 67). Other
abnormal movements that may be observed include
fasciculation, which is a random involuntary twitch-
ing of large motor units that occurs as a result of
denervation and re-innervation. The characteristic
of pathological fasciculation is that twitches of
muscle fascicles occur randomly in time and site.

Rapidly test muscle tone by noting the resistance
of the limbs to passive movement. In the arms, this
can be studied by shaking the shoulders with the
subject standing, looking for the ease with which the
limp arms swing from side to side, or by pronation/
supination movements of the forearm. In the legs,
tone can be assessed by rolling the thigh to and fro,
or by passive flexion of the leg onto the abdomen.
Muscle tone must be assessed with the subject

attempting to relax. Resistance to passive movement
may take one of three forms.

Muscle tone

Spasticity is a resistance to attempted stretch of
the muscle that increases with applied force until
there is a sudden give at a certain tension, the
‘clasp-knife’ or ‘lengthening’ reaction. Rigidity is
a resistance to passive movement that continues
unaltered throughout the range of movements,
and so has a plastic or ‘lead pipe’ quality. Gegen-
halten describes a curious intermittent resistance
to movement in which the patient seems to be
unknowingly attempting to oppose efforts to dis-
place the limb.

Muscle power is tested by asking the patient to exert
force against resistance imposed by the examiner.

In a simple screening examination of the ner-
vous system, all that is necessary is to test the
strength of two critical muscles, one proximal
and one distal, in both arms and legs.

The reason for choosing a proximal and distal
muscle to examine is that primary muscle disease
will be detected by proximal muscle weakness, while
the impact of peripheral nerve disease will be appar-
ent in distal muscle weakness. The proximal and dis-
tal muscles chosen to test can be selected also to
detect weakness resulting from an upper motor neur-
one lesion. The latter has a quite distinctive distribu-
tion, which can be remembered by recalling the
posture of a patient rendered hemiplegic by a stroke.
The stroke victim carries the arm held to the side, the
elbow flexed and the wrist and fingers flexed onto
the chest. The leg is held extended at both hip and
knee, with the foot plantar flexed and inverted. This
characteristic posture is the result of a selective
distribution of spasticity working against a selective
distribution of weakness. Hemiplegic weakness in the
arm affects the shoulder abductors, elbow extensors,
wrist and finger extensors, and small hand muscles.
Hemiplegic weakness in the leg affects hip flexors,
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knee flexors, and dorsiflexors and evertors of the
foot. Accordingly, the critical muscles to test in a
screening motor examination are: (i) in the arm,
proximally the shoulder abductors and distally the
small muscles of the hand, which spread the fingers;
and (ii) in the leg, proximally the hip flexors and dis-
tally the dorsiflexors and evertors of the ankle.

The reflexes (Table 4.1)

Elicit the following reflexes

The deep tendon reflexes of the biceps, triceps, supin-
ator, and finger flexors in the arms, and of the knee
and ankle in the legs. When eliciting such ‘tendon
jerks’ always compare the two sides, taking care to
have the limbs in comparable positions. When hyper-
reflexia is present, try to elicit clonus (a repetitive
self-sustaining reflex contraction) by rapid passive
dorsiflexion of the ankle, and by downward thrust
of the patella. Also routinely elicit the superficial
reflexes known as the plantar responses by firmly
stroking the outer border of the sole of each foot
upwards. This normally produces plantar flexion of
the big toe (a flexor plantar response). The abnormal
response consists of upwards movement of the
big toe, often accompanied by fanning of the toes;
this is known as an extensor plantar response or
Babinski’s sign. If there is doubt as to the presence
of hyper-reflexia or Babinski’'s sign, elicit the
abdominal reflexes by gently stroking the skin of
the abdomen in each quadrant in turn. This normally

Table 4.1 Reflexes

Arm Biceps C5/6
Supinator C5/6
Triceps C7
Finger flexors C8

Abdominal Upper T18-10
Lower T10-12
Cremasteric L1/2
Anal S4/5

Leg Knee L3/4
Ankle S1

causes a twitch contraction of the appropriate quad-
rant of the underlying muscles, tending to pull the
umbilicus in that direction. The abdominal reflexes
are lost in an upper motor neurone lesion. They may
also be absent after extensive abdominal surgery or
with very lax stretched muscles.

Sensory functions

The student will soon learn that testing sensation is
difficult and frustrating. It is crucial to have some
clear idea of what is being looked for before
embarking on this part of the neurological exam-
ination. In a routine screening of the nervous
system, sensory examination may be brief, pro-
viding the patient has no sensory complaint and
there is no other good reason for extensive sensory
testing.

Spinal cord sensory pathways
The three main sensory systems entering the
spinal cord are:

« Pain and temperature travelling via the
spinothalamic tracts

« Vibration and position sense travelling via
the posterior columns

« Light touch, which travels through both
these other pathways.

The anatomical pathways are outlined in Figure 4.5,
where it is shown that all the sensory modalities pass
via the dorsal root ganglion into the spinal cord.
Pain and temperature sense cross to the other side of
the spinal cord within one or two segments of entry
and then ascend in the spinothalamic tracts to reach
the thalamus, while vibration and position sense
after entry, ascend in the posterior columns (fascic-
ulus gracilis and cuneatus) of the same side of the
spinal cord to reach the lower brainstem where
the pathway crosses to ascend on the opposite side in
the medial lemniscus to reach the thalamus and to
relay to the cortex.

Test appreciation of pinprick and light touch
on the tips of the fingers and the toes. Pinprick
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should always be tested with a disposable pin;
syringe needles may draw blood and should not be
used. Also examine the ability to appreciate joint
movement in the distal interphalangeal joints of a
finger and the big toe. Remember joint position
sense is extremely sensitive, such that small move-
ments of only a few degrees may be perceived accu-
rately. Finally, examine vibration by applying a
standard tuning fork (128 Hz) to the tips of the fin-
gers and the big toes. Some estimate of quantitative
sensory appreciation of vibration may be obtained
by checking whether the patient has ceased to
recognize vibration after a standard ‘tweak’ when

Thalamus

Spinothalamic
tract

Midbrain

Medial

lemniscus
Nucleus

gracilis
cuneatus

Medulla
Fasciculus
gracilis
cuneatus Dorsal root

ganglion

Lateral
spinothalamic
tract

Substantia
gelatinosa

Figure 4.5 Ascending sensory pathways. Posterior

columns - position sense, vibration, tactile sense, discrimination.
Lateral spinothalamic tract - pain, temperature, tactile sense,
tickle, itch.

compared to the application of the same stimulus to
the examiner.

Autonomic functions

The autonomic nerves innervate the viscera, bowel,
bladder and sexual organs and are responsible for
control of circulatory reflexes, sweating and pupil-
lary reactions (Figure 4.6). Symptoms of autonomic
failure may include constipation with impaired
bowel motility, incomplete bladder emptying from a
hypotonic bladder, which may lead to urinary incon-
tinence, and impotence in the male. Failure of the
circulatory reflexes may cause postural hypotension
with feelings of faintness or dizziness on standing,
sometimes syncope, and often a fixed relatively rapid
heart rate. There may be impaired sweating with
difficulties in temperature regulation, occasionally
patchy hyperhidrosis, dry eyes and oral mucous mem-
branes. The pupils may become non-reactive.

The easiest simple tests of autonomic function
include measurement of the blood pressure (BP),
when the patient is standing and when lying,
and the measurement of the pulse rate at rest,
during the Valsalva manoeuvre, when deep
breathing and on standing.

With autonomic failure the BP will fall by more
than 30 mmHg on standing. Orthostatic hypotension
is defined as a fall in systolic BP of >20 mmHg and
a fall in the diastolic BP of >10 mmHg on standing
upright. The pulse rate normally rises on standing:
in autonomic failure this may not occur. With a
Valsalva manoeuvre, during the strain the BP nor-
mally falls and the pulse rate rises. With release the
BP rises and the pulse rate falls. With autonomic
failure there is no change in pulse rate. Normally the
pulse rate varies with deep breathing, but again with
autonomic failure this may not occur. Measuring the
R-R interval on an electrocardiogram during such
tests is a useful way of measuring such heart rate
changes. More detailed tests of urodynamic func-
tion, penile plethysmography, and pharmacological
tests for sweating and pupillary reactions may also
be used.
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Examination of related structures

The neurological examination is completed

by looking at:

o The skeletal structures enclosing the central
nervous system

o The extracranial blood vessels

e The skin

o A general physical examination.

nervous system and the organs
supplied by this. Sympathetic
pathways are shown in black.
Large intestines Parasympathetic pgthways in grey.
(1/3) and rectum Only the left trunk is shown.
(Reproduced with permission from
P. Duus (1998) Topical Diagnosis
in Neurology. Stuttgart: Georg
Thieme Verlag.)

Check the size and shape of the skull, noticing any
palpable lumps. Bruits over the skull and neck may
indicate arterial narrowing or the presence of an
arteriovenous malformation. Check the skin for any
birth marks or stigmata of cutaneous disease, for
example neurofibromatosis (Plate 2a).

Look for meningism by flexing the head and
neck onto the chest. Normally the chin will reach
the chest but if the meninges are irritated by blood
or infection, such movement is limited by painful
spasm of the neck extensors. In severe instances
there may be actual head retraction.
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Meningeal irritation can also be found in the
lumbar region, where spasm of the hamstrings
causes limitation of leg movement so that when
the thigh is at 90 degrees to the trunk, the knee
cannot be straightened (Kernig’s sign).

In the case of spinal lesions, examine the spine
for any local tenderness or deformity and test spinal
movements. Straight-leg raising, by flexing the thigh
at the hip with the knee extended, will cause stretch-
ing of the sciatic nerve and if the contributing nerve
roots are compressed or irritated, results in limita-
tion of the movement with accompanying pain. The
pain may be in the back or territory of the sciatic
nerve and may be accentuated by dorsiflexing the
foot while the leg is raised in the test.

Add a general physical examination for all
patients. In particular the pulse rate and rhythm
and the BP should be recorded. Check for any signs
of heart disease, especially valvular damage. Any
enlargement of lymph glands, liver or spleen should
be noted and the presence of any mass. This exam-
ination is to screen for possible sources of clues to
neurological complications of systemic diseases.

Interpretation of abnormal findings

Anatomical site

As discussed in the introduction, the first object
of history taking and clinical examination is to
find the anatomical site of damage to the ner-
vous system. Every abnormality discovered on
physical examination suggests that a particular
group of neurones is damaged. By defining the
pathways involved, the likely site or sites of the
disease may be deduced.

This exercise in applied neuroanatomy is hampered
by the ease with which minor insignificant abnor-
malities may be discovered on examination. Even
normal findings sometimes may be misinterpreted
as indicating a disease process; for instance, the
helpful patient will manufacture sensory abnormal-
ities as fast as you suggest that they may be present!

To overcome this problem, it is a useful exercise
to classify each abnormality discovered as a
‘hard’ or ‘soft’ sign.

‘Hard’ signs are unequivocally abnormal - an
absent ankle jerk, even on reinforcement; a clear-cut
extensor plantar response; definite wasting of the
small hand muscles. Any final anatomical diagnosis
must provide an explanation for such ‘hard’ signs.
‘Soft’ signs are frequently found in the absence of
any definite abnormality and are, therefore, unreli-
able. Examples of such ‘soft’ signs are a slight asym-
metry of the tendon reflexes, slightly less facility of
repetitive movements of the left hand in a right-
handed person, and a few jerks of nystagmus of the
eyes on extreme lateral gaze. When in doubt, it is
best to ignore such findings in the initial assessment.

The importance of ‘hard’ signs

Base your first attempt at diagnosis on the ‘hard’
signs only. Having taken each of these into
account in your final conclusion, then review
the ‘soft’ signs that you discovered on the way,
and just make certain that none of them raises
doubts about your conclusion.

Another point of neurological examination must be
emphasized. The speed and precision with which the
site of the lesion may be established depends upon
continual deduction throughout the process of his-
tory taking and examination. In these first few chap-
ters, emphasis has been laid on the way the findings
at one stage in the diagnostic process determine the
pattern of the succeeding phases of history taking
and examination. Whenever an abnormality has been
detected, either in the history or on physical exam-
ination, its implications must be followed up to the
full; for example, the discovery of a bitemporal hemi-
anopia demands a careful search for evidence of
pituitary dysfunction. If a patient with headache is
discovered to have such a physical sign, then the
examiner may immediately return to ask more ques-
tions on this history, such as whether a man still
shaves regularly or whether a woman’s menstrual
periods remain regular. This is the true art of neurol-
ogy. Each clue that emerges during history taking or
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examination should prompt new thought. Previous
provisional conclusions should be re-examined and
new questions or physical tests considered. In other
words, to arrive at the correct final conclusion
requires a constant alert mental processing of every
scrap of information that is available.

SPECIFIC ABNORMALITIES

Having described briefly a basic scheme for exam-
ination of the nervous system, one to be undertaken
in every neurological patient, we will now turn to
the more detailed examinations that may be required
when certain abnormalities are discovered. The topics
chosen by no means cover all the abnormalities that
may be found on clinical examination, but they rep-
resent the commonest problems, which will require
further exploration.

Dementia

If the patient’s complaint is one of memory difficulty
or impairment of intellectual processes, or if a rela-
tive or acquaintance suggests that this may be the
case, then extensive investigation of higher mental
function will be required. Likewise, a detailed exam-
ination of the mental state is necessary if, in the
course of history-taking and physical testing, the
patient’s intellectual processes seem impaired.
Detailed analysis of intellect, reasoning and powers
of memory can be a very time-consuming business,
requiring the expertise of trained clinical psycholo-
gists. They will undertake a formal psychometric
assessment of the patient’s current level of intellec-
tual performance, using tools such as the Wechsler
Adult Intelligence Scale (WAIS), Raven’s progressive
matrices, and other standardized test batteries. The
WALIS test is used most widely, and consists of a
number of subtests which assess both ‘verbal’ and
‘performance’ abilities. Details of such complex inves-
tigations are beyond the scope of this book. Here we
are concerned with simple bedside testing of mental
powers. However, once the need for formal exam-
ination of the mental state has been decided upon, it
is best to proceed to gather information in a standard
fashion.

An appropriate, standardized, bedside tool for
evaluating higher mental function is the Mini-Mental
State Examination (MMS; Table 4.2). The tests
included in the MMS have been devised to examine
most aspects of mental activity briefly but repro-
ducibly. The whole test takes no longer than 5 minutes
to complete, and will be a reliable index of intellec-
tual function. In younger patients a score of 28-30
is expected: this may fall to 24 in older patients.
Its weakness is perhaps too much emphasis on lan-
guage functions and too little on recent memory.

Aphasia

Once a defect of the use of language has been
detected, either on history-taking or examination, a
more extensive evaluation of speech function is
required. A great deal of detailed information is
available on the way in which human speech and
the use of language can break down in neurological
disease, but much of this is irrelevant to routine
neurological practice.

Disorders of language with faulty speech may
arise from damage to the dominant hemisphere
and are important localizing signs. The left
hemisphere is dominant in right-handed sub-
jects, but also in some 70% of left-handers.

Much of our understanding of language disorders
results from the study of patients who have sus-
tained dominant hemisphere damage. More recently,
positron emission tomography and magnetic res-
onance imaging (MRI) have added to our understand-
ing of the anatomical localization of certain faults
and in the production of ‘normal’ speech. Strictly,
aphasia implies a severe or total loss of speech; dys-
phasia being a milder deficit.

A global aphasia describes the impairment of all
functions - comprehension, expression, problems in
naming, reading, writing and in repetition. These
should all be tested. A global aphasia arises from
extensive damage.

Two particular speech areas are recognized.
Broca’s area lies in the posterior frontal region
(Figure 4.7), which is close to the motor regions
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Table 4.2 The mini-mental state examination

Assessing

1 Orientation

2 Registration
and calculation

3 Language

4 Visuo-spatial

Questions

Ask the date, the day, the month, the year and the time: score one point
for each correct answer

Ask the name of the ward, the hospital, the district, the town, the country:
again score one point each

Name three objects and ask the patient to repeat these: score three for
all correct, two if only two

Ask the patient to subtract seven from 100 and repeat this five times
(93,86,79,72,65)

Recall: ask for the three objects to be named again

Name two objects shown to the patient (e.g. pen, watch)

Score one point if they can repeat ‘No, ifs, ands or buts’

Ask the patient to carry out a three-stage command, e.g. ‘Take a piece of
paper in your right hand, fold it in half and put it on the table’

Reading: write in large letters ‘Close your eyes’ and ask the patient to read
and follow this

Write: ask the patient to write a short sentence: it should contain
a subject, a verb and make sense

Copying: draw two intersecting pentagons, each side about one inch and

Points (max.)

ask the patient to copy this
Total

Arcuate fasciculus

Sylvian fissure
Broca’s area

Angular gyrus

Wernicke’s area

Figure 4.7 Speech areas of the brain.

concerned with articulation. Broca's aphasia causes
expressive difficulties with non-fluent speech with
telegrammatic utterances. Short connecting words
may be missing (agrammatic speech) and there may
be difficulty with ‘ifs, ands or buts’ Sometimes there
is perseveration and there may be writing difficul-
ties. Comprehension is good.

The second area lies in the posterior part of the
superior temporal gyrus, Wernicke’s area, which is
close to the region of the brain concerned with audi-
tory input. In Wernicke's aphasia there are compre-
hension difficulties with fluent speech, which exhibits
many errors of content. Words and phrases may be
incorrect and often repeated - paraphasia. Writing is
abnormal and commonly there is difficulty under-
standing the written word, dyslexia.

The speech areas are connected by the arcuate
fasciculus (Figure 4.7). A lesion in this pathway may
separate the two sites, allowing fluent paraphasic
speech with preserved comprehension, conduction
aphasia. In such patients repetition is highly abnor-
mal. In some aphasic patients the deficit appears to
be one of naming, word finding, anomic aphasia.
This may occur with lesions in the left temporo-
parietal region, including the angular gyrus, when it
may be associated with alexia and agraphia. A rare
symptom complex also arising from lesions in the
region of the angular gyrus is Gerstmann’s syn-
drome. This combines agraphia, acalculia, right-
left disorientation, and finger agnosia. In general,
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Table 4.3 Aphasia

Broca’s aphasia

Speech non-fluent
telegrammatic
Comprehension good

Wernicke’s aphasia

Fluent speech poor content,
paraphasic errors
Comprehension poor,
both verbal and written

Conduction aphasia

Fluent speech,
paraphasic errors
Comprehension good

Anomic aphasia

Fluent speech

Comprehension good

Repetition good
Object naming poor
Often hemiparesis arm > leg

Repetition poor
Object naming poor

*hemianopia
Global aphasia - large lesions affect all functions

Absent or mild hemiparesis,

Although strict divisions are made, in nearly 60% of aphasic patients there appears to be a mixture of problems.

Repetition very poor
Object naming poor
Cortical sensory loss

Repetition normal
Object naming poor
Usually no hemiparesis

cortical lesions in the dominant hemisphere dis-
rupt spontaneous speech and repetition. Subcort-
ical lesions (transcortical aphasia) leave repetition
intact, although understanding may be impaired
(Table 4.3).

Examination of language functions can

be tested by observing six basic abilities:

« Spontaneous speech (fluent versus
non-fluent, errors of content)

» Naming of objects

» Repetition

o Comprehension

» Reading

o Writing.

Agnosia

explore the object. Such defects reflect parietal lobe
damage.

Visual agnosia is the inability to recognize what is
seen when the eye, optic nerve and main visual path-
way to the occipital cortex are preserved. Affected
patients can often describe the shape, colour or size
of an object without recognizing it. Prosopagnosia
is the inability to recognize a familiar face. Parieto-
occipital lesions are responsible.

Anosognosia is a term used to describe the lack of
awareness or realization that the limbs on one side
are paralysed , weak or have impaired sensation. It is
most often seen in patients with right-sided parietal
damage who may seem to be unaware of their faulty
left limbs.

Apraxia

Agnosia is the failure to recognize objects when the
pathways of sensory input from touch, sight and
sound are intact. This sensory input cannot be com-
bined with the ability to recall a similar object from
the memory areas of the brain, a sort of ‘mind-
blindness’ Such deficits can be tested by asking
patients to feel, name and describe the use of certain
objects.

Tactile agnosia, astereognosis, is the inability to
recognize objects placed in the hands. There must be
no sensory loss in the fingers and sufficient motor
function and coordination for the patient’s fingers to

Apraxia is the inability to perform purposeful willed
movements in the absence of motor paralysis, severe
incoordination or sensory loss. It is the motor equiv-
alent of agnosia. Patients should also be able to
understand the command, although it is quite com-
mon for some dysphasia to be present. To test for
apraxia patients may be asked to perform a number
of tasks, such as to make a fist, to pretend to comb
their hair, lick their lips, to pretend to light a cig-
arette or to construct a square with four matches.
In ideomotor apraxia patients cannot perform a
movement to command, although they may do this
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automatically, for example, lick their lips. In
ideational apraxias there is difficulty in carrying out
a complex series of movements, like taking a match
from a box to light a cigarette.

Gait apraxias create problems walking, although
patients may show good leg movements when tested
on the bed. In dressing apraxias, patients cannot put
their clothes on correctly. Constructional apraxias
produce problems in copying designs or arranging
patterns on blocks.

In most instances apraxias are caused by dominant
parietal lobe damage with breakdown in the connec-
tions via callosal fibres with the opposite hemisphere,
and in the links between the parietal lobes and the
motor cortex.

Visual field defects

Light from an object on the left-hand side of the
body falls on the right-hand half of each retina after
passing through the narrow pupillary aperture. The
temporal or outer half of each retina eventually is
connected to the cerebral cortex on that side by nerve
fibres, which never cross the midline. The inner, or
nasal, half of the retina is connected to the cortex on
the opposite side by fibres which cross the midline of
the optic chiasm. It follows that the right-hand halves
of both retinae are connected to the right occipital
cortex, which views objects on the left side of the
body. Analysis of visual field defects follows from
these simple anatomical principles.

The visual field defect may be caused by a lesion
affecting the eye, the optic nerve, the optic chiasm,
the optic tract between the chiasm and lateral
geniculate bodies, the optic radiation, or the occipi-
tal cortex. The resulting patterns of visual field
defect are illustrated in Figure 4.2.

Optic nerve lesions

In the case of optic nerve lesions the macular fibres
are often damaged first as these are most sensitive to
pressure or ischaemia. Accordingly, the initial symp-
toms of an optic nerve lesion are a loss of visual
acuity accompanying a central visual field defect (a
central scotoma). Degeneration of optic nerve fibres

can be seen with the ophthalmoscope as optic atro-
phy, in which the disc becomes unnaturally white.
As an optic nerve lesion progresses, visual acuity
falls further and the size of the central scotoma
enlarges. Eventually, a complete optic nerve lesion
will lead to blindness in that eye (Figure 4.2). How-
ever, the patient will still be able to see clearly and
to either side with the remaining opposite intact eye.
The pupil of the blind eye will not react to light
shone directly into it, but will react briskly when the
light is shone in the opposite eye to evoke the con-
sensual reaction.

Afferent pupillary defect

The ‘swinging light test’ (see p. 75) employs the
principle that there is a difference in the direct
and consensual pupillary reactions to light when
there is a fault on the afferent visual pathway, the
optic nerve or a severe degree of retinal damage.
If a light is flashed from one eye to the other, the
direct response on the side of the affected optic
nerve will be less powerful than the consensual
response evoked from the normal eye. As a result,
when the light is shone in the affected eye, the
pupil will dilate. In normal subjects the response is
symmetrical. When there is an asymmetry in the
response this is called the afferent pupillary defect
or Marcus Gunn phenomenon.

Chiasmal lesions

The optic chiasm contains both non-crossing fibres
from the outer halves of the retina, which lie lat-
erally, and decussating fibres from the inner halves of
the retina. The decussating fibres are arranged with
those from the upper part of the retina above and
posteriorly, and those from the lower part below
and anteriorly. Macular fibres also lie in the poster-
ior part of the chiasm.

Another anatomical peculiarity is that fibres from
the lower part of the nasal retina, having passed in
the chiasm, may loop anteriorly into the optic nerve
before passing posteriorly into the optic tract.
Accordingly, a posteriorly placed lesion of the optic
nerve will cause not only a central scotoma on that
side, but also an upper temporal quadrantic defect in
the visual field of the opposite eye, the so-called
‘junctional scotoma’.
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A lesion dividing the optic chiasm in the midline
interrupts fibres from the inner half of each
retina and results in the loss of the temporal field
of vision in each eye, the bitemporal hemianopia
(Figure 4.2).

It is important to realize that the visual fields of
the two eyes overlap binocularly when they are
both open. The extent of overlap is almost complete
except for a few degrees at each temporal crescent.
Accordingly, it is possible to miss entirely a total
bitemporal hemianopia when examining the visual
fields to confrontation, unless each eye is tested
separately. The details of the anatomical arrangement
within the optic chiasm dictate the pattern of visual
defects caused by different lesions in this region.

Pressure on the chiasm from behind and below,
such as by a pituitary tumour, often affects the
decussating macular fibres first to produce bitem-
poral paracentral scotomas.

As such a tumour enlarges, the scotomas extend
out to the periphery to cause the characteristic
bitemporal hemianopia. Pressure on the chiasm from
one side first affects the non-crossing fibres from the
outer half of the retina, to cause a unilateral nasal
hemianopia.

Posterior lesion
Lesions of the optic tract

Lesions in the optic tract will damage all fibres
conveying vision from the opposite side of the
patient to cause a homonymous hemianopia, in
which the field defects of the left and right eyes
will be the same (Figure 4.2).

However, such lesions also often impinge upon
the posterior part of the chiasm, thereby damaging
fibres from the upper inner quadrant of the ipsilat-
eral retina before they cross to the opposite side. This
results in the addition of an ipsilateral lower tem-
poral field defect to the contralateral hemianopia, so
that optic tract lesions commonly are incongruous.

Lesions in the region of the optic nerve, optic
chiasm and optic tract lie close to, and may arise
from, the pituitary, and to the adjacent hypothal-
amus above. Accordingly, such parapituitary lesions
often produce disturbances other than visual field
defects, including abnormalities of eye movement,
hypopituitarism and diabetes insipidus. The effect
of damage to the optic nerve on the pupillary reac-
tion to light was described earlier, and any lesion in
this region causing damage to central vision may
produce an afferent pupillary defect. However, if the
field defect is a hemianopia, sufficient vision remains
in the intact half of the macular region to preserve
visual acuity as normal, and the pupillary reaction
likewise will be normal.

Lesions of the optic radiation

The fibres of the optic radiation leave the lateral
geniculate body to pass via the posterior limb of the
internal capsule to the visual cortex. In their course,
fibres carrying impulses from the homonymous upper
portions of the retinae pass via the parietal lobe to
the supracalcarine cortex. Fibres representing the
lower portions of the retinae pass over the temporal
horn of the lateral ventricle, where they lie in the
posterior portion of the temporal lobe before reach-
ing the infracalcarine cortex.

Optic radiation damage

Destruction of the whole optic radiation produces
a contralateral homonymous hemianopia (see
Figures 1.1 and 4.2) without loss of visual acuity,
without optic atrophy (because optic nerve fibres
have synapsed in the lateral geniculate body),
and without alteration in the pupillary light
reflex. Partial lesions of the radiation are com-
mon. Parietal lobe lesion will produce predom-
inantly an inferior homonymous quadrantic field
defect, while temporal lobe lesions produce super-
ior homonymous quadrantic defects.

When dealing with hemianopic field defects, it is
important to test both eyes simultaneously to
confrontation.
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Plate 1 (a) Normal optic disk; (b) Optic atrophy - the pallor of the disc appears accentuated because the patient was
pigmented (Indian); (c) Acute papilloedema; (d) More chronic and more severe papilloedema; (e) Haemorrhagic lesions in a
patient with acute leukaemia; (f) Cholesterol embolus in a retinal artery branch.



Plate 2 (a) Typical widespread skin changes in a patient with type | neurofibromatosis. Note there is also a scoliosis;
(b) Depigmented skin lesions on a child’s face with tuberous sclerosis; (¢) Subungual fibroma in patients with tuberous sclerosis.



Plate 3 (a) Activation on positron emission tomography (PET) in a patient with cluster headache and migraine, who experienced
a migraine without aura during the scan and demonstrated activation in the rostral ventral pons; (b) Similarly, PET activations are
shown in 11 patients with migraine without aura who were scanned during an attack and who demonstrated activations in the
dorsal midbrain.

i

_

Plate 4 (a) Activation on positron emission tomography (PET) in the posterior hypothalamic grey matter in patients with acute
cluster headache. The activation demonstrated is lateralized to the side of the pain; (b) When comparing the brains of patients with
cluster headache with a control population using an automatic anatomical technique known as voxel-based morphometry that
employs high-resolution T1-weighted MRI, a similar region is demonstrated and has increased grey matter.



Specific abnormalities 89

The earliest sign of a hemianopia may be the inability
to perceive an object in the affected field of vision
when the corresponding portion of the normal field
is tested at the same time; this is called an inatten-
tion hemianopia.

Lesions of the occipital cortex

The characteristic field defect resulting from a lesion
of the occipital cortex is a contralateral homonymous
hemianopia (Figure 4.2 ) without loss of visual acuity
and with preserved pupillary responses. However,
local anatomical arrangements of visual representa-
tion in the occipital cortex and of blood supply to
this area may cause a variety of other field defects.
The macula is extensively represented in the cortex
of the tip of the occipital pole, an area sometimes
supplied by the middle cerebral artery. Compressive
lesions at this site, or middle cerebral arterial insuffi-
ciency, may produce contralateral homonymous
paracentral scotomas (Figure 4.2). The remainder of
the occipital cortex is supplied by the posterior cere-
bral arteries, which, because they derived from a
common stem, the basilar artery, often are occluded
simultaneously. If the occipital tip is supplied by the
middle cerebral artery in such patients, then bilateral
occlusion of posterior cerebral artery flow will cause
grossly constricted visual fields with preservation of
small tunnels of central vision. These central ‘pin-
holes’, the size of which will depend upon the extent
of the middle cerebral supply to the occipital cortex,
may be sufficient to preserve normal visual acuity. It
is important to distinguish such constrictive visual
fields from those seen in some patients with hyster-
ical visual loss. It is a physical fact that the size of the
central pinhole must increase, the further away from
the patient one moves. In contrast, hysterical ‘tunnel’
vision commonly takes the form of preservation of a
central area of vision, the size of which remains the
same whether one is 1 foot (0.31 m) or 10 feet (3.1 m
from the patient’s face - this is physically impossible.
Finally, if the whole of the occipital cortex is supplied
by the posterior cerebral arteries, and both are
occluded, then the patient will develop cortical blind-
ness, in which the patient can perceive nothing yet
pupillary responses are preserved and the optic discs
appear normal. Because damage often also involves
adjacent areas of cortex in some patients, many of
them may exhibit other cognitive deficits, including
even denial of blindness - Anton's syndrome.

=

Pupillary abnormalities

The size of the pupil is controlled by the influence
of the two divisions of the autonomic nervous sys-
tem, which act in response to the level of illumin-
ation and the distance of focus. The sphincter muscle
makes the pupil smaller (miosis), and is innervated
by cholinergic parasympathetic nerves; the dilator
makes it larger (mydriasis), and is innervated by
noradrenergic sympathetic fibres.

The parasympathetic fibres, which control both
pupillary constriction and contraction of the ciliary
muscle to produce accommodation, arise from the
Edinger-Westphal nucleus. They travel by the IlIrd
nerve to the ciliary ganglion in the orbit; post-
ganglionic fibres from the ciliary ganglion are dis-
tributed by the ciliary nerve. A lesion of the para-
sympathetic nerves produces a dilated pupil, which
is unreactive to light or accommodation. The para-
sympathetic fibres to the eye are nearly always
damaged by lesions affecting the IIIrd nerve, which
also produce ptosis and a characteristic loss of ipsi-
lateral eye movement (see later).

Adie’s tonic pupil

Adie’s tonic pupil is a rare cause of damage to the
parasympathetic fibres within the ciliary ganglion,
presenting usually with a large pupil (Figure 4.8).
The condition commonly presents in young women
with the sudden appreciation that one pupil is much
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light-near dissociation

Figure 4.8 Abnormal pupils.
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larger than the other. The dilated pupil does not react
immediately to light, but prolonged exposure in a
dark room may cause slow and irregular contraction
of the iris. Likewise, accommodation on convergence
is very slow to take place. With time, the dilated
tonic pupil gradually constricts and may end up
eventually smaller than the other. Inspection of the
affected pupil with a slit-lamp may show irregular
wormlike movements of the iris border. Pharmaco-
logical testing will confirm the label by showing
denervation hypersensitivity to weak pilocarpine
(0.125%) or methacholine (2.5%) eye drops. These
drugs will cause a tonic pupil to constrict but have
no effect on the normal pupil. Some patients with a
tonic pupil, or tonic pupils, also lose their tendon
jerks in the so-called Holmes-Adie syndrome.

Argyll Robertson pupils

The pupillary response to light depends on the integ-
rity of the afferent pathways. As already described,
the direct light response is impaired, with damage to
the retina or optic nerve, and this can be shown by
the presence of an afferent pupillary defect. The rele-
vant optic nerve fibres responsible for the light reac-
tion leave those responsible for the perception of
light to terminate in the pretectal region of the mid-
brain, from whence a further relay passes to the
Edinger-Westphal nucleus. Damage to this pretectal
region is believed to be responsible for the Argyll
Robertson pupil classically seen in neurosyphilis.
The characteristics of these pupils are that they are
small, irregular and unequal, and exhibit light-near
dissociation (Figure 4.8). Light-near dissociation
refers to the loss of pupillary reaction to light, with
preservation of that to accommodation. Pupils resem-
bling those of Argyll Robertson also occur occa-
sionally in diabetes and in other conditions with
autonomic neuropathy. Large pupils exhibiting light-
near dissociation are characteristic of damage in the
region of the superior colliculi, as may be produced by
tumours of the pineal gland. These cause Parinaud's
syndrome in which there is pupillary light-near dis-
sociation, with paralysis of upgaze and convergence.

Horner’s syndrome

The sympathetic fibres supplying the eye arise from
the eighth cervical and the first two thoracic segments
of the spinal cord. They synapse in the cervical

ganglia and pass via the carotid plexus to the orbit.
The activity of these fibres is controlled by hypothal-
amic centres, from which central sympathetic path-
ways pass to the spinal cord (Figure 4.9b). A lesion of
the ocular sympathetic pathways anywhere along this
route will produce a Horner’s syndrome (Figure 4.8).

Horner’s syndrome (Figure 4.9a,b)

The pupil on the affected side is constricted. It
reacts to light and accommodation, but does not
dilate normally in response to shade or pain. In
addition, denervation of the smooth muscle of
the upper eyelid leads to ptosis, which can be
overcome by voluntary upgaze, enophthalmos,
and denervation of the facial sweat glands
causes loss of sweating on the affected side of
the face.

As indicated, a Horner’s syndrome may appear as a
result of lesions affecting the hypothalamus, brain-
stem or spinal cord, or as a result of damage to the
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Figure 4.9 Horner's syndrome. (a) Pharmacological testing
of the pupil with 4% cocaine and 1% pholedrine (N-methyl
hydroxyamphetamine) to show the site of the lesion.

(b) Anatomical pathways of sympathetic innervation of the
eye and pupil.
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emergent T1 root and cervical ganglion containing
sympathetic nerve output, or to the sympathetic
plexus on the carotid artery anywhere from the
neck to the head. Pharmacological testing may help
to establish the anatomical level of the sympathetic
damage. Nearly all post-ganglionic lesions are
‘benign’: preganglionic or central lesions may affect
the brainstem, cervical cord, and particularly
lesions at the lung apex or lower neck. With pre-
ganglionic and central lesions, application of 4%
cocaine eye drops will cause slight dilatation of the
affected pupil. With post-ganglionic lesions, 1%
hydroxyamphetamine or 1% pholedrine eye drops
will cause no reaction, while preganglionic and
central lesions show dilatation. Phenylephrine (1%)
will also cause dilatation of the affected pupil in
post-ganglionic but not in preganglionic or central
lesions (Figure 4.9a).

Defects of ocular movement
and diplopia

Abnormalities of eye movement may arise at one
of three levels in the nervous system: in the mus-
cles, in the brainstem and more centrally.

Primary muscle disease may impair ocular motil-
ity (ocular myopathy), when eye movements usually
remain conjugate, or in myasthenia gravis, in which
fatigue is typical. Lesions of individual muscles or
their nerve supply, caused by damage of the Ilrd, IVth
or VIth cranial nerves or their nuclei, will impair
specific individual movements of the eye. This will
result in a breakdown of conjugate gaze to cause
double vision (diplopia). Within the brainstem, com-
plex pathways link together centres for conjugate
gaze to the individual ocular motor nuclei; for exam-
ple, horizontal gaze to one side demands conjugate
activation of one VIth nerve nucleus and the portion
of the opposite Illrd nerve nucleus innervating the
medial rectus. These two nuclear regions are linked
by fibres passing in the medial longitudinal bundle
(Figure 4.10). Damage to such pathways produces
dysconjugate gaze known as an internuclear oph-
thalmoplegia. Finally, conjugate gaze to either side
and up and down, is controlled by pathways from the
cerebral hemispheres arising in frontal and occipital

eyefields. Damage to these pathways will cause
defects of conjugate eye movements known as supra-
nuclear gaze palsies.

Infranuclear lesions

Each eye is moved by three pairs of muscles. The
precise action of these depends upon the position
of the eye, but their main actions are as follows:

1 The lateral and medial recti, respectively,
abduct and adduct the eye.

2 The superior and inferior recti, respectively,
elevate and depress the abducted eye.

3 The superior and inferior obliques,
respectively, depress and elevate the
adducted eye.

4 The superior oblique also internally rotates,
and the inferior oblique externally rotates
the eye.

Weakness of an individual muscle will cause limita-
tion of movement of one eye in a characteristic
direction, and diplopia will occur as a result of mis-
representation of the object on the retina. The term
squint describes a misalignment of ocular axes, but
is sufficiently great as to be obvious to the observer.
When the misalignment is present at rest and equal
for all directions of gaze (concomitant squint) it is
not caused by a local weakness of the ocular muscles.

Medial rectus Lateral rectus

Oculomotor

nucleus \
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Figure 4.10 Pathway of medial longitudinal fasciculus
yoking the abducens and oculomotor nuclei for conjugate
horizontal eye movements.
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Concomitant squint develops during childhood
because of failure to establish binocular vision. The
abnormal image from the squinting eye is sup-
pressed, so there is no diplopia. In contrast, a mis-
alignment of the eye that is more apparent when
gazing in a particular direction indicates weakness of
the muscle acting in that direction (paralytic squint),
and diplopia. It should be noted that slight muscle
weakness will produce diplopia before any defect of
movement can be observed by the examiner.

Diplopia assessment

A scheme to examine the eyes in patients com-
plaining of diplopia has been outlined on page 75.
Three cardinal points should be emphasized:

1 The diplopia may consist of images that are
side by side (horizontal), or one above the
other (vertical), or both. Horizontal diplopia
must be a result of weakness of a lateral or
medial rectus muscle. Vertical diplopia, or
diplopia in which the two images are at
angles to one another, can result from
weakness in any of the other muscles.

2 Separation of the images is maximal when
the gaze is turned in the direction of action
of the weak muscle; for example, maximal
separation of images on looking to the right,
with horizontal diplopia, indicates weakness
of the left medial or right lateral rectus.

3 When the gaze is directed to cause maximal
separation of the images, the abnormal
image from the lagging eye is displaced
further in the direction of gaze; for example,
if horizontal diplopia is maximal on looking
to the right, and the image furthest to the
right comes from the right eye (tested by
covering each eye separately), the right
lateral rectus is weak. Conversely, diplopia is
minimal when the gaze is directed in such a
way as to avoid the use of the weak muscle.
Patients sometimes make use of this fact to
prevent double vision, by adopting a
convenient head posture. Thus the patient
with a right lateral rectus palsy will
maintain the head deviated to the right so as
to be gazing slightly to the left, when the
image will be single.

Although these rules sound simple, in practice it can
often be difficult to analyse complex diplopia at the
bedside. The use of red and green spectacles to iden-
tify two images, and the use of Hess charts to plot
their position, may sometimes be required to make
analysis easier and to follow progress.

Disorders of function of individual eye muscles,
and the diplopia so produced, may be caused by dis-
order of the eye muscles themselves, or by lesions
of the nerves controlling them. Lesions of the eye
muscles occur in two situations. Primary ocular
myopathy occurs in the group of disorders known as
chronic progressive ophthalmoplegia. Such patients
have profound defects of all forms of eye move-
ment, but the ocular axes remain parallel so that
diplopia does not develop. In contrast, myasthenia
gravis, which commonly affects the eyes, causes
loss of conjugate gaze and inevitable diplopia.

Characteristic of myasthenia is fatigue of eye
muscle contraction with exercise, so that diplopia
occurs towards the end of the day, or on sus-
tained gaze in a particular direction. Ptosis is
also often present and there may be weakness of
eye closure (orbicularis oculi).

Lesions of the nerves to the ocular muscles may
result from disorders affecting the nuclei in the
brainstem, or from damage to the nerves themselves
in their course to the orbit. Such lesions inevitably
produce diplopia (unless the patient is blind in one
eye), for conjugate gaze is destroyed.

Oculomotor (llird nerve) lesions produce ptosis
because the levator palpebrae is paralysed. On lifting
the lid it will be apparent that the eye is deviated
outwards and downwards, because of the respective
actions of the intact lateral rectus and superior
oblique (which are supplied by the VIth and IVth
nerves) (Figure 4.11). The pupillomotor fibres lie
towards the outside of the nerve so compressive
lesions cause the pupil to be dilated and unrespon-
sive to light, and accommodation may be paralysed.
Partial lesions of the Illrd nerve are common, how-
ever, and in these the parasympathetic fibres to the
pupil may either be spared or selectively involved.

Trochlear (IVth nerve) lesions paralyse the super-
ior oblique muscle, producing inability to look down-
wards and inwards. Such patients commonly present
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(a) Gaze ahead: right eye turned out and down,
ptosis often pupillary dilatation

(b) Impaired upgaze: superior rectus weak

o > (&

(c) Full abduction: lateral rectus supplied by VI

o e

(d) Impaired adduction: medial rectus weak

T )| o

(e) Impaired downgaze: inferior rectus weak

Figure 4.11 Right oculomotor palsy.

with a complaint of diplopia when walking down-
stairs. The presence of intact [Vth nerve function can
be demonstrated by showing the eye intorts, that is,
it rolls inwards about an anterior-posterior axis,
when the patient is asked to look at the root of their
nose (Figure 4.12). Many patients may show a head
tilt to the side opposite to that of the defective eye.

Abducens (VIth nerve) lesions paralyse the exter-
nal rectus, producing inability to abduct the eye
(Figure 4.13).

Internuclear lesions

The complex details of interconnection between ocu-
lar motor nuclei and pontine gaze centres (see below
and Figure 4.10 ) are beyond the scope of this book.
The important point is the critical role played by the
medial longitudinal bundle linking the VIth nerve
nucleus in the pons with the Illrd nerve nucleus in
the midbrain.

A unilateral lesion of the medial longitudinal
bundle causes the characteristic features of an
internuclear gaze palsy (internuclear ophthal-
moplegia). These consist of difficulty in adduct-
ing the ipsilateral eye on horizontal gaze, with
the development of coarse jerk nystagmus in the
contralateral abducting eye (Figure 4.14).

The syndrome is sometimes called ataxic nystag-
mus of the eyes. Lesser degrees of internuclear oph-
thalmoplegia may be evident simply as a relative
slowness of adduction compared with abduction on
horizontal gaze. The adducting eye is seen to lag
behind the abducting eye. Diplopia does not occur
in an internuclear ophthalmoplegia, but oscillopsia,

(a) (b)
N |/

Intorts the abducted eye on downgaze

Weakness of downgaze

Depresses the adducted eye on downgaze

in the adducted eye

Figure 4.12 (a) Actions of normal superior
oblique muscle. (b) Right superior oblique
palsy.



94  Examination of the nervous system

Failure of the right eye to abduct

Figure 4.13 Right abducens palsy.

that is, a tendency for the outside world to bob
up and down, often occurs with brainstem lesions.
Bilateral internuclear ophthalmoplegia is almost
always the result of multiple sclerosis, although
vascular disease and brainstem tumours occasion-
ally may produce unilateral internuclear lesions.

Coarse ‘ataxic’ nystagmus in abducting left eye

Lag in adduction of the right eye

Figure 4.14 Right internuclear ophthalmoplegia. Lesion of
the medial longitudinal fasciculus.

Supranuclear lesions

Supranuclear lesions
Four separate mechanisms exist for eliciting
conjugate ocular gaze in any direction:

1 The saccadic system allows the subject
voluntarily to direct gaze at will, even with
the eyes shut. The pathways responsible for
saccadic gaze arise in the frontal lobe and
pass to the pontine gaze centres.

2 The pursuit system allows the subject to
follow a moving object. The pathways
responsible for pursuit gaze arise in the

parieto-occipital region and pass to the
pontine gaze centres.

3 The optokinetic system restores gaze, despite
movements of the outside world. The
operation of the optokinetic system is seen
in the railway train, where the eyes of the
subject gazing out of the window are seen to
veer slowly as the train moves, to be
followed by rapid corrections back to the
primary position of gaze.

4 The vestibulo-ocular reflex (VOR) system
corrects for movements of the head to
preserve the stable visual world. Inputs from
the labyrinths and from neck proprioceptors
are directed to the brainstem ocular
mechanisms to achieve stabilization of the
visual image, despite head movements.

These systems for controlling conjugate gaze may be
interrupted in many different ways. Lesions of the
frontal lobes commonly disrupt voluntary saccadic
gaze, while pursuit, optokinetic and vestibulo-ocular
mechanisms remain intact. Diffuse cerebral disease,
of whatever cause, may interfere with both saccadic
and pursuit systems. Saccadic movements become
slowed and hypometric, while smooth pursuit is
broken up into small jerky steps. Optokinetic nystag-
mus, as tested with a hand-held drum bearing verti-
cal black and white stripes, is also disrupted in such
patients. In fact, optokinetic nystagmus tested in this
way is frequently disturbed before evidence of inter-
ruption of the pursuit system is apparent. Patients
with such supranuclear gaze palsies for saccadic and
pursuit movements, often have preserved VOR move-
ment. This is tested by the doll’s head manoeuvre,
the oculocephalic reflex. The patient is asked to fix-
ate on the examiner’s face, and the head is briskly
rotated from side to side or up and down. Patients
unable voluntarily to direct their gaze to either side,
and unable to follow a moving object in the same
directions, may exhibit a full range of ocular move-
ment to the doll’s head manoeuvre. It is this pre-
servation of VOR eye movement in the absence of
voluntary saccadic or pursuit movements that is
diagnostic of a supranuclear gaze palsy. Caloric tests
may also demonstrate preserved VOR function in the
brainstem (see p. 98). The VOR may also be assessed
at the bedside by the head impulse test. The patient
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is asked to fixate on a nearby target and then the
head is turned briskly by the examiner’s hands, first
to one side and then to the other, rotating the head
by about 30 degrees. The test is abnormal if the eyes
have to make a few saccadic jerks before refixing on
the target. With an intact VOR the patient can main-
tain fixation despite the head movements. This test is
sensitive in detecting a unilateral peripheral vestibu-
lar fault.

Despite defects in gaze, the eyes remain conju-
gate in supranuclear palsies, so diplopia does not
occur.

The centres in the cerebral hemispheres respon-
sible for saccadic and pursuit movement control
deviation of the eyes conjugately towards the oppos-
ite side of the body.

Thus, a unilateral hemisphere lesion will cause
weakness of conjugate deviation of the eyes
away from the side of the lesion. As they descend
towards the brainstem, these pathways cross
before they reach the pons. Accordingly, damage
to the region of the pontine gaze centres will
cause weakness of deviation of the eyes towards
the side of the lesion.

The combination of damage to the pontine para-
median horizontal gaze centre with involvement of
the ipsilateral medial longitudinal bundle (inter-
nuclear ophthalmoplegia) may produce the one-and-
a-half-syndrome (Figure 4.15).

The centres for conjugate vertical gaze in the
brainstem lie in the midbrain. Lesions at that site
cause difficulty in conjugate upgaze. The centres
responsible for downgaze are less well localized, and

Gaze to the left, right eye lags in adduction

Gaze to the right, gaze paresis

Figure 4.15 Right ‘one-and-a-half’ syndrome. This is a
combination of an internuclear ophthalmoplegia and an
ipsilateral gaze paresis on the same side.

lesions both in the midbrain and at the level of the
foramen magnum can produce defects of voluntary
downgaze. Downbeat nystagmus strongly suggests
a lesion at the craniocervical junction or in the
cerebellum (Figure 4.16).

Defects of vestibular function and nystagmus

The vestibular system is responsible for maintaining
balance, and the direction of gaze, despite changes
in head and body positions. Its components provide
information on the static position of the head in
space (from the otolith organs in the utricle and sac-
cule), and on the character of dynamic changes in
head position (from the semicircular canals). The
information is correlated from that arising in neck
proprioceptors, which provide data on the relation-
ship of the head to the body. The integration of these
various data on posture occurs in the brainstem and
cerebellum. The information is used to adjust pos-
tural muscle activity to maintain balance, and eye
position to maintain gaze. Damage to the vestibular

Figure 4.16 MRI sagittal view of craniocervical junction to
show basilar impression in a patient who presented with
slight ataxia and showed downbeat nystagmus.
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system, whether it be in the labyrinth or in the
brainstem/cerebellum, inevitably leads to imbalance
and defects of eye movement control.

Each labyrinth at rest exerts tonic influence tend-
ing to deviate the eyes to the opposite side.

The effects from the two sides counterbalance
each other, thereby maintaining a forward gaze.
Sudden destruction of one labyrinth produces a
forced drift of the gaze to the affected side because
of the unopposed action of the normal labyrinth,
followed by a rapid correction in an attempt to
restore visual fixation. The jerk nystagmus provoked
by such unilateral labyrinthine destruction (‘canal’
vestibular nystagmus) has the following characteris-
tics: the slow phase is always directed to the abnor-
mal ear; it is most marked when the gaze is directed
away from the abnormal ear; it is predominantly
horizontal or rotatory; it is independent of vision,
for it persists or is enhanced when the eyes are shut
or defocused using strong plus lenses (Frenzel’s
lenses); and it is frequently accompanied by vertigo
and evidence of damage to the cochlear portion of
the middle ear in the form of deafness or tinnitus.
Peripheral vestibular damage causes intense vertigo,
accompanied by all the other symptoms associated
with ‘sea-sickness’ including nausea, sweating and
vomiting. These symptoms are accompanied by fear.
In addition, the patient is severely ataxic, and often
can only move around by crawling on the floor.

Compensation rapidly occurs after loss of one
vestibular apparatus. The remaining intact labyrinth
adapts to the new conditions so that balance is
restored and vertigo disappears over a matter of a
few weeks. Indeed, even when both labyrinths are
destroyed, the patient soon can walk and even
dance, provided the floor is even, because visual,
cutaneous and proprioceptive sensations provide
the necessary alternative information.

In contrast to the dramatic and explosive symp-
toms caused by peripheral vestibular damage,
lesions of the vestibular nerve or its brainstem
connections produce fewer symptoms.

Vertigo and ataxia may be evident, but dramatic
nausea and vomiting are unusual. Such brainstem

damage causes ‘central’ vestibular nystagmus (Table
4.4), which differs from ‘canal’ vestibular nystagmus
in certain important characteristics: frequently it is
vertical as well as horizontal; its direction changes
with the direction of gaze, such that the jerk is to the
right on right lateral gaze and to the left on left lat-
eral gaze; compensation occurs but slowly; and it is
improved or abolished by eye closure.

Lesions of the brainstem may cause nystagmus,
not only by compromising vestibular connections,
but also by interfering with the mechanisms respon-
sible for gaze. Gaze nystagmus, which is analogous
to the oscillatory movement that may occur in a
weak limb when the patient attempts to maintain it
in a given position against gravity, occurs when the
eyes are deviated in the direction of weakness of
gaze. Because the pontine gaze centres are respon-
sible for drawing the eyes towards that side, damage
to this region will cause nystagmus on looking
towards the lesion. In contrast, as noted above,
damage to the vestibular system causes nystagmus,
which is maximal on looking away from the side of
the lesion. As a consequence, a lesion in the cere-
bellopontine angle, such as an acoustic neuroma,
may initially cause nystagmus on gaze away from
the affected side because of damage of vestibular
fibres in the VIIIth nerve, but subsequently the nys-
tagmus changes and becomes maximal on looking
towards the side of the lesion when it has grown
large enough to impinge upon the brainstem.

The semicircular canals are the sensors of dynamic
changes (angular acceleration) of head position, while
the otolith organs, the utricle and saccule, are the
sensors of linear acceleration and gravity changes
(including head tilt). The hair cell is the basic sens-
ory cell. In each semicircular canal there is a mound

Table 4.4 Characteristics of nystagmus

Peripheral Central
Unidirectional Directional
Fast phase away Fast phase towards the site
from side of lesion  of lesion
May include vertical,
rotatory

Fixation inhibits
Darkness, defocus
enhances

No change with fixation
Darkness, defocus may reduce
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of hair cells, the ampulla, with a divider, the cupula.
These hair cells either increase or decrease their firing
rate depending on the direction of fluid displace-
ment. In the otolith organs the hair cells are situated
in the maculae and are covered by a crystal-laden
gelatinous membrane. These crystals are particles of
calcium carbonate, the otoconia. Movements of the
head by tilting or by linear acceleration may dis-
place the otoconia and stimulate the otolith hair cells.

Benign paroxysmal positional vertigo is the most
common cause of vertigo and reflects dislocation of
otoconia from the utricle that have migrated into
the posterior semicircular canal causing abnormal
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stimulation. The Dix-Hallpike manoeuvre is the
diagnostic test to show whether this is so. With the
patient sitting on the couch, their head is turned
slightly to one side and the neck extended. The eyes
of the patient should be fixed on the examiner’s eyes.
The patient is then lain supine quickly, the head still
being supported by the examiner’s hands and their
eyes still fixed on those of the examiner (Figure 4.17).
In a normal patient there is no nystagmus or distress.
In patients suffering with positional vertigo there is
a brief latent period of 2-6 seconds, then usually
a torsional upbeating nystagmus lasting 20-30
seconds which is accompanied by intense vertigo.
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Figure 4.17 Dix-Hallpike manoeuvre to test for paroxysmal positional vertigo arising from the right posterior semicircular canal.
(a) The patient’s head is held in the examiner’s hands and turned some 45 degrees to the right with the neck slightly extended. The
patient is then lain supine with the instructions that they should fix their eyes on the eyes of the examiner. (b) If the test is positive,
the patient will notice brief intense vertigo accompanied by nystagmus. The latency, direction and duration of that nystagmus should
be noted. The arrows in the inset show the direction of that nystagmus in a fault arising from the right posterior semicircular canal.
The presumed location of the free-floating debris in the canal is also shown. If the patient then sits up, there may be a further brief
spell of vertigo and nystagmus, although to a lesser degree. (Redrawn, with permission, from J Furman, S Cass (1999) New England
Medical Journal 341: 1590-1596. Copyright © 2003 Massachusetts Medical Society.)
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The rotatory nystagmus is directed to the undermost
ear. The signs and symptoms settle only to reappear,
but to a lesser degree, on sitting up again. If the test
is then repeated it fatigues - that is, it is much less
or has largely disappeared.

A similar complaint, but usually less severe, may
occur in patients with brainstem lesions causing
vertigo, central positional vertigo. This is accom-
panied by persistent positional nystagmus without
any latent period and which does not show fatigue.

Many of the vestibular defects described here may
be deduced from careful clinical examination at the
bedside. However, full assessment of vestibular func-
tion requires specialized neuro-otological investiga-
tion. This would include caloric testing, in which
air 7°C above and below body temperature is blown
into the external auditory canal. With the patient
lying supine and the head flexed to 30 degrees from
the horizontal, this stimulates the horizontal semi-
circular canals to produce nystagmus, often with ver-
tigo. Damage to the semicircular canals or to the
vestibular nerve may abolish caloric-induced nystag-
mus, canal paresis. Damage to the vestibular appar-
atus in the brainstem often produces a lesser degree of
abnormality on caloric testing, in which the response
to one direction is reduced to produce a directional
preponderance. Other more detailed tests of vestibu-
lar function are available, such as posturography.

Muscle weakness

Muscle weakness

Weakness of muscles may be from disease of the
muscle itself (myopathy), defects in the transmis-
sion of the neuromuscular impulse at the muscle
end-plate (myasthenia), damage to the motor
nerve or anterior horn cell that gives rise to it
[lower motor neurone (LMN) lesion], or damage
to the corticomotor neurone pathway [upper
motor neurone (UMN) lesion]. The characteristic
findings that enable these different lesions to
be distinguished are shown in Table 4.5. The
critical differences are in the presence or
absence of muscle wasting, changes in muscle
tone and stretch reflexes, and in the distribution
of weakness.

Table 4.5 Differences between upper and lower motor
neurone lesions (UMN and LMN)

UMN LMN
Weak Weak
Wasted

Fasciculation
Hypertonic, spastic ~ Hypotonic, flaccid
Clonus
Reflexes exaggerated Reflexes depressed or absent
Plantar responses Plantar responses flexor

extensor

Muscle wasting

The integrity of muscle fibres depends not only on
their own health, but also on an intact nerve supply.
Muscles waste either because they themselves are
damaged (myopathy), or because of lesions of the
LMN. The more proximal the damage to the LMN, the
greater is the opportunity for collateral re-innervation
from adjacent nerve fibres, in an attempt to over-
come the consequences of denervation. Such collat-
eral re-innervation produces abnormally large motor
units, which are responsible for the involuntary
twitching (fasciculation) that occurs in denervated
muscles.

Muscle tone and the stretch reflex

Our understanding of the functions of the nervous
system were built upon Sherrington’s discovery of
the stretch reflex. Muscle tone and the tendon jerks
are believed to represent operation of stretch reflex
mechanisms, but still there is considerable ignor-
ance about their exact relationship.

Delivery of a tendon tap produces a transient sud-
den stretch of muscle, which excites primary endings
wrapped around the central portion of the muscle
spindles. The resulting afferent volley is rapidly
conducted to the spinal cord via large group IA
fibres, which synapse with anterior horn cells of
both the same muscle and of synergistic muscles. The
number of anterior horn cells discharged by this
synchronous afferent volley depends upon excitabil-
ity of the anterior horn cell pool and the size of the
afferent volley. The sensitivity of the muscle spindle
endings is controlled by the pre-existing tension
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exerted on the central portion of the spindle muscle
fibres by the contractile pull of the intrafusal fibres.
Contraction of the intrafusal fibres increases the
tension exerted on the central receptor and, hence,
increases its sensitivity to stretch. The intrafusal fibres
are innervated by fusimotor nerves originating in
small anterior horn cells (gamma motor neurones).
Alteration of fusimotor activity therefore will change
the ‘bias’ of the muscle spindles. It follows that the
amplitude of a response to a tendon tap depends on:

o The integrity of the spinal reflex

o The sensitivity of the muscle spindles as
determined by pre-existing activity of
fusimotor neurones

o The excitability of the appropriate alpha motor
neurone pool.

Peripheral nerve lesions decrease the size of the
tendon jerk. This is much more evident with sens-
ory lesions than with pure motor abnormalities.

Damage to sensory nerve fibres, which desyn-
chronizes the afferent volley, soon abolishes tendon
jerks. In contrast, quite extensive muscle wasting by
itself may be insufficient to remove the response to
a tendon tap. The tendon jerks are exaggerated
(hyper-reflexia) in damage to the UMN pathway, as
a result of enhanced anterior horn cell excitability.
The latency of the tendon jerk is more difficult to
judge at the bedside, but slow muscle relaxation
may be evident in patients with myxoedema, and
certain other metabolic disorders that delay muscle
relaxation time.

Although Sherrington considered the tendon jerk
to be a fractional manifestation of the stretch reflex,
the basis of muscle tone as appreciated by the clin-
ician at the bedside is unclear. Muscle tone is defined
as the resistance to passive movement imposed by
the examiner. Such resistance must comprise both
passive elements of viscosity and elasticity arising
in muscle, tendons and joints, as well as the active
response of the muscle itself. Probably, muscle tone
involves the combined effect of activation of both
primary and secondary muscle spindle endings,
both of which cause reflex muscle contraction.

Decreased muscle tone and depression of tendon
jerks occur physiologically during sleep, including
rapid eye movement sleep, and in anaesthesia or

deep coma. In all these situations, fusimotor activity
and anterior horn cell excitability are likely to be
decreased. Muscle tone is also diminished in cerebel-
lar disease, perhaps as a result of decreased fusimo-
tor spindle drive.

Increased muscle tone is characteristic of lesions
of the descending motor pathways from the
brain to the spinal cord.

Spasticity is a resistance to attempted stretch of
the muscle that increases with the applied force, until
there is a sudden give at a certain tension, the ‘clasp
knife’ or ‘lengthening’ reaction. Rigidity is a resist-
ance to passive movement that continues unaltered
throughout the range of movement, and so has a
plastic or ‘lead-pipe’ quality. Both types of hyper-
tonia are the result of excessive alpha-motor neurone
discharge in response to muscle stretch. In spasti-
city, the tendon jerks are also exaggerated (hyper-
reflexia), but in rigidity the tendon jerks are usually
of normal amplitude and threshold.

The distribution of spasticity and rigidity differs.
The spastic posture of the patient after a stroke, with
flexed arm and extended leg, indicates that tone is
increased mainly in the adductors of the shoulder,
the flexors of the elbow, the flexors of the wrist and
fingers, the extensors of the hip and knee, and the
plantar flexors and invertors of the foot. By con-
trast, the posture of generalized flexion in Parkinson’s
disease illustrates that rigidity is maximal in all flexor
muscles in the body, although it is appreciated in
extensors as well.

The complete picture of damage to UMN path-
ways includes not only spasticity and hyper-
reflexia, but also absence of the abdominal reflexes
and an extensor-plantar response. However, differ-
ent corticoneurone pathways may be involved in the
expression of these various manifestations of a UMN
lesion. A lesion restricted to the ‘pyramidal’ pathway
in the medulla, thereby sparing all other corticomo-
tor neurone systems, only causes loss of abdominal
reflexes and an extensor plantar response. Spasticity
and hyper-reflexia appear when the alternative non-
pyramidal corticomotor neurone pathways are inter-
rupted. Such damage liberates overactive stretch
reflex mechanisms to produce the increased muscle
tone and exaggerated reflexes.
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Distribution of muscle weakness

Careful analysis of the distribution of muscle weak-
ness in a patient discovered to have motor signs
may be invaluable. It is much easier to examine the
motor than the sensory system, and deductions
based upon motor deficit may dictate the pattern of
subsequent sensory examination.

The distribution of UMN weakness

The distribution of weakness resulting from
a UMN lesion can be recalled. The hemiplegic
patient has the arm flexed across the chest and

the leg extended with the toes scraping the
ground. Accordingly, UMN weakness selectively
involves shoulder abduction, elbow extension,
wrist and finger extension, and the small mus-
cles of the hand, and in the leg, hip flexion, knee
flexion, dorsiflexion and eversion of the foot.

Damage to the motor roots or anterior horn cells
also causes distinctive patterns of weakness, depend-
ing upon the level involved (see Figures 1.3 and
4.18). Likewise, lesions of a peripheral nerve contain-
ing motor fibres also produce a distinctive pattern
of weakness. Careful attention to detail allows the
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Figure 4.18 Segmental innervation of (a) arm muscles; (b) leg muscles. (Courtesy of Lord Walton of Detchant and Oxford
University Press, Brain’s Diseases of the Nervous System, 8th edn.)
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examiner to distinguish weakness resulting from a
UMN lesion from that caused by root or peripheral
nerve damage. The following examples will illus-
trate the point.

Weakness of shoulder abduction may be the result
of a UMN lesion, a C5 root lesion, or from damage to

the circumflex nerve. In a UMN lesion, elbow exten-
sion and wrist and finger extension will also be
weak; in a C5 root lesion, the biceps will be weak
and the biceps jerk will be lost; in a circumflex nerve
lesion, weakness will be restricted to shoulder abduc-
tion and the biceps jerk will be normal.
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Figure 4.18 (Continued)
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Elbow extension may be weak because of a UMN
lesion or because of damage to the radial nerve. In
a UMN lesion, shoulder abduction will also be weak.

Weakness of one hand may result from a UMN
lesion, from damage to the T1 motor root or anterior
horn cells, or to an ulnar nerve lesion. If a UMN
lesion is responsible, there will also be weakness of
wrist and finger extension, and elbow extension,
and of shoulder abduction. If the ulnar nerve is
involved, the thenar eminence is not wasted and the
abductor pollicis brevis is strong because these are
innervated by the median nerve. If the ulnar nerve
is involved at the wrist, only the hand muscles will
be weak. If the ulnar nerve is involved at the elbow,
there will be weakness of the long finger flexors
(flexor digitorum profundus) of the ulnar two digits,
which flex the top joints of the fingers.

Weakness of hip flexion may be from a UMN
lesion, damage to the L1/2 motor roots, or result from
a femoral nerve lesion. If a UMN lesion is responsible,
then knee flexion and dorsiflexion and eversion of
the foot will be weak. If the L1/2 roots are involved,
then hip adduction will also be weak, but knee flex-
ion and dorsiflexion of the foot will be normal.

A foot drop may be caused by a lesion of the
UMN, of the L4/5 root or the peroneal nerve. If a
UMN lesion is responsible, hip flexion and knee
flexion will also be weak. If the L4/5 roots are
involved, then hip extension and knee flexion will be
weak. If the peroneal nerve lesion is responsible, then
hip movements and knee flexion will be normal.

In addition to the very distinctive patterns of
weakness caused by UMN lesions, root lesions, and
peripheral nerve lesions, diffuse generalized periph-
eral neuropathies and primary muscle disease (myo-
pathy) also produce characteristic patterns of muscle
weakness. A generalized peripheral neuropathy
usually affects the longest nerve fibres first, so that
the distal parts of the limbs are most affected, and the
legs before the arms. Accordingly, weakness around
the feet in dorsiflexion and plantar flexion with wast-
ing of the lower limb are the commonest earliest signs
of a peripheral neuropathy, to be followed by wast-
ing and weakness of the small muscles of the hand.

In contrast, primary muscle disease selectively
involves the more proximal muscles, to cause weak-
ness and wasting around the hip and shoulder girdle.

In both peripheral neuropathy and primary muscle
disease, flexors and extensors are involved more or

less equally. UMN lesions, root lesions, and periph-
eral nerve lesions usually preferentially affect flexors
or extensors, with relative sparing of antagonists.

Bulbar and pseudobulbar palsy

Bilateral LMN lesions affecting the nerves supplying
the bulbar muscles of the jaw, face, palate, pharynx
and larynx cause a bulbar palsy. Speech and swallow-
ing will be impaired. In particular, speech develops a
nasal quality caused by escape of air through the
nose. The paralysed soft palate no longer can occlude
the nasopharynx. Swallowing of liquids is badly
impaired, with a tendency to regurgitate fluids back
through the nose and to cough because fluids spill
over into the trachea. Paralysis of affected muscles
will be evident, and the tongue appears wasted.

A pseudobulbar palsy results from bilateral dam-
age to corticomotorneurone pathways innervating
the bulbar musculature. In other words, a pseudo-
bulbar palsy is the result of a UMN lesion affecting
corticobulbar systems. A unilateral UMN lesion
produces only transient weakness of many of the
muscles supplied by the cranial nerves. Thus after a
stroke, there is no loss of power in the upper part of
the face, and weakness of the muscles of the jaw,
palate, neck and tongue is transient.

Bilateral damage to the corticobulbar tracts causes
persistent weakness and spasticity of the muscles
supplied by the bulbar nuclei. As a result, there is
slurring of speech, known as a spastic dysarthria,
and difficulty in swallowing (dysphagia). The jaw jerk
is abnormally brisk, and movements of the tongue
are reduced in velocity and amplitude as a result of
spasticity. In addition, patients with a pseudobulbar
palsy exhibit emotional incontinence. This describes
a loss of voluntary control of emotional expression
such that the patient may laugh or cry without
apparent provocation.

The differential diagnosis of bulbar and pseudo-
bulbar palsies is shown in Table 4.6.

Sensory defects

The assessment of sensory function starts with
the history, because symptoms may precede any
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Table 4.6 Differentiation between bulbar and pseudobulbar palsies

Bulbar

Weakness of muscles (LMN) from motor brainstem
nuclei V-XII
Tongue: atrophic, fasciculating

Speech: monotonous, hoarse, nasal

Gag may be depressed

Lips, facial muscles may be weak

Saliva may pool and dribble out

Spill-over of fluids, occasional nasal regurgitation
Weak cough

LMN, lower motor neurone; UMN, upper motor neurone.

Motor neurone disease, which is the commonest cause of a bilateral wasted tongue, may also show UMN signs.

Pseudobulbar

Bilateral corticobulbar (UMN) lesions

Tongue, small, spastic, difficulty with rapid movements,
protrusion

Speech: spastic slurring dysarthria

Exaggerated reflexes: jaw jerk, snout, pout

Brisk gag reflex

Stiff, spastic facial muscles

Trouble chewing, food may stay in mouth or spill

May choke

Emotional incontinence

Often bilateral corticospinal tract signs in limbs

demonstrable abnormality of simple sensation as
tested by standard bedside techniques.

The patient’s symptoms will suggest which area
of the body, or which type of sensory function,
needs the most detailed attention. The examin-
ation of the motor system will also direct atten-
tion to the appropriate sensory testing.

Sensory symptoms are of two types.

Defects of sensation

If there is impairment of all forms of cutaneous sen-
sation, the patient may complain of numbness or
freezing feelings. Many liken it to the sensation that
follows dental treatment under local anaesthesia. If
there is more specific sensory loss, it may only come
to attention indirectly. Thus, inability to perceive
pain usually is detected because unexpected pain-
less injuries occur, such as burns of the fingers on
cooking utensils or by cigarettes. Loss of tempera-
ture appreciation may be recognized by inability to
perceive the heat of bath water.

Abnormal sensations

Abnormal sensations may be qualitative changes
in an existing sensation (dysaesthesiae), or spontan-
eous sensations (paraesthesiae). Paraesthesiae may
take the form of burning, coldness, wetness or itch-
ing (all of which suggest a lesion of pain pathways),
or they may consist of feelings of pins and needles,
vibration, electric shock, or tightness as if wrapped
in bandages (all of which suggest a lesion of the pos-
terior column sensory pathways). Two other types of
distorted sensation may occur: hyperpathia refers to
exaggeration of pain to a painful stimulus; allodynia
refers to pain evoked by a non-painful stimulus.

The anatomical arrangements of sensory path-
ways are such that the signs on physical examina-
tion usually make it possible to distinguish between
lesions at the following sites; a peripheral nerve or
trunk of a nerve plexus, a spinal root, the spinal cord,
the brainstem, the thalamus, and the cerebral cortex
(see Figure 1.5). The distribution of the resulting
sensory signs is illustrated in Figures 4.19-4.22.

A lesion of the peripheral nerve or of one trunk of
a plexus usually causes both sensory and motor loss
in its area of distribution, although one may strikingly
precede the other. The sensory loss involves all sen-
sory functions, and its site roughly corresponds with
the anatomical distribution of the nerve (Figure 4.19).
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There is, however, considerable overlap in the area
of supply of individual peripheral nerves, so that the
extent of sensory loss after damage to a given nerve
varies considerably from one subject to another.
Partial lesions of peripheral nerves tend to affect the
appreciation of touch more than that of pain.

Peripheral neuropathies tend to affect the longest
fibres first, so symmetrical sensory loss starts in
the legs before the arms, and begins in the feet
and then in the hands. The result is the classical
‘glove-stocking’ pattern of sensory disturbance
(Figure 4.20).
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Lesions of the posterior spinal root cause sensory
loss without motor deficit, although the appropriate
tendon jerk is depressed or absent. The sensory loss
will correspond roughly with the anatomical area of
root supply (the dermatome) (Figure 4.19). However,
there is considerable overlap of dermatomes, so that
the extent of a sensory deficit after individual root
damage is much less than that predicted from its
known distribution. Indeed, loss of a single poster-
ior root may produce no sensory deficit that can be
detected. Root damage commonly impairs apprecia-
tion of pain more than that of touch.

Complete lesions of the spinal cord cause loss
of all forms of sensation, and of motor activity, in
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Figure 4.19 Cutaneous areas of distribution of spinal segments and peripheral nerves: (a) anterior aspect; (b) posterior aspect.
(Courtesy of Lord Walton of Detchant and Oxford University Press, Brain’s Diseases of the Nervous System, 8th edn.)
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those areas supplied by the cord below the lesion
(Figure 4.21). Also, there will be a fairly well defined
‘upper level’ for the loss of both sensory and motor
function. Partial lesions may cause a sensory loss
unaccompanied by motor loss, and also may cause
selective loss of one or more types of sensation. Such
dissociated sensory loss occurs because the different
sensory pathways follow different anatomical routes
in the spinal cord (Figure 4.20).

The lateral spinothalamic tract contains the second
sensory neurone conveying the sensations of pain,
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Figure 4.19 (Continued)

temperature, tickle and itch, and to some extent
those responsible for appreciation of touch, from the
contralateral side of the body (Figure 4.5). The pos-
terior columns contain the central processes of the
first sensory neurones conveying the sensations of
joint position, vibration and, to some extent, those
of touch for the ipsilateral half of the body. The pos-
terior (dorsal) columns also carry the sensory fibres
responsible for judgement of location of the site of
the stimulus, its weight, texture, and the capacity to
distinguish between two separated points.
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Figure 4.22 Sensory loss in an intramedullary spinal cord
lesion. Spinothalamic sensory loss in the right arm and
‘cuirasse’ distribution over the chest. Lost arm reflexes.
Pyramidal signs and posterior column sensory loss in

the legs, that is dissociated sensory loss.

Lesions that cause dissociated sensory loss include
damage to one half of the spinal cord (Brown-
Séquard syndrome), damage to the anterior half of
the cord, and expanding intramedullary lesions. Each
of these disorders will produce a particular pattern
of dissociated sensory loss in combination with dis-
tinctive motor signs below the lesion. In the Brown-
Séquard syndrome there is ipsilateral loss of vibration
and position sense, and impairment of tactile dis-
crimination, with contralateral loss of pain and
temperature sensation (Figure 4.20). Voluntary motor
activity is lost on the side of the lesion. With dam-
age to the anterior half of the spinal cord, there is
bilateral loss of pain and temperature sensation and
of voluntary motor activity, but preservation of touch,
vibration and position sense. An intramedullary lesion
that interrupts the decussating fibres from the dorsal
grey column to the lateral spinothalamic tract often
causes preferential loss of pain and temperature
appreciation in a segmental distribution correspond-
ing to the site of cord involvement.

The anatomical level of sensory loss that accom-
panies spinal cord lesions is affected by a number
of factors, and may be misleading; for example, in

spinal cord lesions, the upper level of loss of pain and
temperature is often two or three segments below the
site of the lesion. This is because the fibres convey-
ing pain and temperature cross the cord obliquely,
and may ascend for a few segments before decussa-
tion. A lesion compressing the spinal cord from the
outside tends to affect the most superficial fibres first.
In the lateral spinothalamic tract, these are from the
legs. Thus, extramedullary cord compression initially
produces sensory disturbance in the legs, which then
ascends as the lesion progresses. In contrast, intra-
medullary lesions of the cervical cord produce loss
of pain and temperature sensation in the arms, before
the legs or sacral regions show any sensory deficit
(suspended sensory loss) (Figure 4.22).

Within the brainstem, the arrangement of sensory
tracts changes. The first neurones of the posterior
column synapse in the gracile and cuneate nuclei,
and then cross to enter the medial lemniscus, now
lying in close relation to the lateral lemniscus carry-
ing fibres from the auditory pathway (Figures 4.5
and 4.21). In addition, sensory fibres from the fifth
nerve join the lemniscal system so that a unilateral
lesion in the pons tends to cause loss of all varieties
of sensation from the opposite half of the body.
However, a lesion of the medulla may cause crossed
sensory loss. This consists of contralateral loss of all
sensation and ipsilateral loss of pain and tempera-
ture over the face. Such a pattern arises because fibres
of the fifth nerve subserving pain and temperature
descend in the spinal tract of the fifth nerve into the
medulla, before synapsing in the nucleus of that
tract, crossing and then ascending in the trigeminal
lemniscus.

The second sensory neurones from the opposite
side of the body all terminate in the thalamus, from
which the third sensory neurone fibres pass to the
cortex on the same side. Thalamic lesions thus cause
loss of all types of sensation on the opposite half of
the body (Figure 4.21). In addition, for reasons that
are not understood, thalamic damage may cause an
abnormally heightened affective response to sensory
stimuli. Thus, the single pinprick produces a per-
verted sensation of pain, which is poorly localized,
protracted, and intensely disagreeable, hyperpathia.
In addition, thalamic lesions, may produce spontan-
eous thalamic or central pains.

Lesions of the cerebral cortex characteristically
affect the ability to integrate sensory information,
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and to make judgements based upon crude sensory
appreciation from the opposite half of the body.
Cortical damage does not impair the ability to be
able to appreciate simple touch, pain, temperature,
or vibration. However, the patient cannot utilize such
information to make sensory judgements. Thus,
appreciation of joint position and two-point dis-
crimination is impaired. The ability to identify famil-
iar objects placed in the hand (stereognosis), and the
ability to judge the comparative size and weight of
different objects placed in the hand, are comprom-
ised by cortical lesions. Another useful test of cor-
tical sensory function is the ability to perceive two
simultaneous sensory stimuli applied with equal
intensity to corresponding sites on opposite sides of
the body. A unilateral cortical lesion may lead to
failure to perceive the contralateral stimulus, even
though it is easily detected when administered by
itself. Such sensory inattention or neglect, when
severe, may extend to an apparent unawareness of
the contralateral limb or even one whole half of the
body, a form of agnosia.

Coma

Impairment of cerebral function may cause depres-
sion or clouding of consciousness leading to coma.
Consciousness or the maintenance of the alert state
relies on an intact ascending reticular activating
system. This starts in the brainstem in the pons,
ascending through the midbrain to end in the hypo-
thalamus and thalamic reticular formation (Figure
4.23). Any structural damage in this pathway will
cause a depressed conscious level so that infarcts,
haematomas or mass lesions at this site may be res-
ponsible. These may be relatively small in size. In the
supratentorial compartments, bihemisphere lesions,
bilateral thalamic infarcts or a massive unilateral
lesion causing significant shifts or distortion (see
p. 111) may also cause a depressed conscious level.
Other important causes include:

« Metabolic upsets — such as, uraemia, hepatic
failure, hypoglycaemia or hyperglycaemia

« Infective processes — meningitis, encephalitis

» Hypoxic/ischaemic disturbances -
cardiac/respiratory arrests

« Poisoning - from drugs or alcohol overdosage.

medulla

Figure 4.23 Sagittal section to show ascending reticular
activating system in the brainstem and diencephalon
(shaded).

Many terms are used to describe various levels of
depression of consciousness. Comatose patients are
unconscious and unable to respond to verbal com-
mand, although they may show motor responses to
painful stimuli. Stuporose patients are unconscious
but can be roused by verbal command or painful stim-
uli for short periods to produce a verbal response.
When stimulation ceases, they lapse back into coma.
Confused patients are alert, but disorientated for
time, place, and even person. Delirious patients are
confused, but also restless and overactive. Another
way to describe delirium is a toxic confusional state.

Such grades of depression of consciousness are
difficult to define and a valuable method of record-
ing data is the international Glasgow Coma Scale
(Table 4.7), which has proved easy to administer by
doctors and nurses. The scale describes the best ver-
bal, motor and eye responses to stimulation, either
by verbal command or pain. Each of the three cat-
egories of response is graded on a scale ranging from
normal (the patient is orientated, obeys command,
and shows spontaneous eye opening - a score of 15)
to deep coma (the patient exhibits no verbal response
to stimulation, no motor response to pain, and never
spontaneously opens the eyes - a score of 3). In add-
ition it is essential to record the pupillary responses
to light, the reflex eye movements in both vertical
and horizontal plane to oculocephalic (doll’s head
manoeuvre) and/or caloric stimulation, the blood
pressure, respiration, pulse and temperature in every
unconscious patient.
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Table 4.7 Glasgow coma scale (adults and children)

Assessment of conscious  Adults

level

Eye opening Spontaneous
To speech
To pain
None

Best motor response

Flexion to pain
Spastic flexion

None

Orientated
Confused
Monosyllabic

Best verbal response

None
After Teasdale and Jennett (1974).

Obeys command
Localizes to pain

Abnormal extension

Incomprehensible sounds

Children Score

Spontaneous
To sound

To pain

None

Appropriate for age
Localizes to pain
Flexion to pain
Spastic flexion
Abnormal extension
None

Appropriate for age
Cries

Irritable

Lethargic

None

P NWPRrOO PN PN WS

Other terms are used to describe the level of con-
sciousness and physical state of patients surviving
coma. A vegetative state (VS) is defined as a ‘clinical
condition of unawareness of self and environment
in which the patient breathes spontaneously, has a
stable circulation and shows cycles of eye closure and
eye opening, which may simulate sleep and waking’
Such patients survive coma, but do not speak or
exhibit any purposeful response to the outside world.
They may show periods of wakefulness, groan and
grunt, and exhibit stereotyped primitive movements
in response to external stimuli, but they have no
intelligent communication. This state has also been
called the apallic syndrome. The term continuing
vegetative state is applied when the state continues
for more than 4 weeks and the term persistent (per-
manent) vegetative state is best used when the diag-
nosis of an irreversible state can be made with a high
degree of clinical certainty. No absolute timescale has
been established, although the term persistent VS may
reasonably be made in patients stable some 12 months
after a head injury or 6 months after other causes of
brain damage. Akinetic mutism may also refer to a
patient with a continuing vegetative state, although
not all such patients are akinetic.

The ‘locked-in" syndrome refers to patients who
have sustained extensive damage to the pons, caus-
ing complete loss of speech and a quadriplegia.
However, because the midbrain is intact such patients
are alert and give normal results on electroen-
cephalography (EEG). Their only means of commu-
nication is by eye movements. The pontine damage
paralyses horizontal gaze, but eyelid movements
and vertical gaze are preserved. These patients can
see, hear and think normally.

Causes of coma

The causes of coma are shown in Tables 4.8 and 4.9.
Loss of consciousness is caused by diffuse brain
disease affecting both cerebral hemispheres, large
supratentorial lesions causing considerable shifts or
distortions, or by relatively focal upper brainstem
lesions. Diffuse brain disease may be the result of
some generalized extrinsic condition, whose primary
cause lies outside the brain, or of diffuse intrinsic dis-
ease of the brain itself. Extrinsic conditions include
metabolic disturbances and poisoning with drugs
or alcohol; intrinsic causes include meningitis and
encephalitis. Focal lesions causing coma are most
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Table 4.8 Causes of coma

Diffuse
Self-poisoning
Drugs, alcohol
Accidental - children
Metabolic
Diabetic, hypoglycaemic
Hepatic
Uraemic
Electrolyte disturbance, commonly
hyponatraemic
Wernicke’s encephalopathy, carbon dioxide
narcosis
Endocrine (rare) - myxoedema, pituitary
apoplexy
Hypoxic/ischaemic - cardiorespiratory arrest,
carbon monoxide poisoning
Infective - meningitis, encephalitis, cerebral
malaria, septicaemia
Vascular
Subarachnoid haemorrhage, vasculitis,
Hypertensive encephalopathy
Trauma - head injuries
Epilepsy - post-ictal state
Focal
Supratentorial
Haemorrhage
Infarct
Subdural, extradural haematoma
Tumour
Abscess
Infratentorial
Haemorrhage
Infarct
Tumour
Abscess
Psychogenic

commonly abscesses, traumatic extradural or sub-
dural haematomas, primary intracerebral haemor-
rhage or post-infarct swelling, or tumours.

The pathophysiology of coma

Diffuse brain disease usually causes coma by inter-
fering with cerebral metabolism. The energy require-
ments of the brain are normally supplied by the

Table 4.9 Frequency of causes of coma in 386 patients
admitted to an emergency department (%)

Diffuse - metabolic/toxic 261 (68)
Overdoses 99 (26)
Metabolic/endocrine 81 (21)
Hypoxic/ischaemic 51 (13)
Infection 11 (3)
Subarachnoid haemorrhage 10

Focal lesions
Supratentorial 69 (18)
Haematoma, intracerebral 33 (9)
Haematoma, subdural, epidural 25 (6)
Infarct 5
Tumour 5
Abscess 3
Infratentorial 52 (13)
Infarct 37 (10)
Haemorrhage, brainstem cerebellar 11 (3)
Tumour 2
Abscess 2
Psychiatric 4

After Plum and Posner (1972) with permission of Dr F Plum and

Oxford University Press.

oxidation of glucose. Each 100 g of human brain util-
izes 5mg of glucose/min, and the brain as a whole
consumes 15-20% of the total oxygen consumption
of the body at rest, which amounts to 3.3 ml 0,/100 g
brain/h. The carbohydrate reserves of the brain are
only 2 g, and there are almost no reserves of oxygen.
The brain is therefore critically dependent on its
blood supply for its large requirements of both glu-
cose and oxygen. The resting cerebral blood flow is
about 50ml/100 g of brain/min, which amounts to
nearly one-fifth of the cardiac output.

When the brain is deprived of its supply of oxy-
gen or glucose, function declines almost imme-
diately and consciousness is rapidly lost.

The higher cortical functions and awareness are
affected first. Focal brain lesions cause coma in one
of two ways.

Coma caused by focal lesions
Focal damage to the upper brainstem destroys
the ascending reticular activating systems
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responsible for consciousness. Focal space-
occupying lesions supratentorially, or in the pos-
terior fossa, cause coma by impairing brainstem
function as a result of pressure and distortion.
Small lesions of the cerebral hemispheres usually
do not produce coma, but as a tumour grows or
a blood clot or abscess expands inside the skull,
they begin to displace the intracranial contents.

Because the skull and spinal canal have very rigid
walls, a mass lesion can only be accommodated by
displacement of other intracranial materials. A little
blood can be displaced by the collapsible veins (but
not from the major sinuses which are well protected
by tough dural and bony walls), and the total cere-
brospinal fluid (CSF) pool can be reduced. However,
once these compensatory mechanisms have taken
place, further growth of a mass will cause a rise of
pressure within the skull and displacement of brain
away from the lesion. The latter may lead to block-
age of the major drainage routes of CSF, which may
further increase the intracranial pressure.

The tentorium cerebelli and the falx cerebri act
as relatively immobile partitions within the skull.
An enlarging mass lesion thus causes severe distor-
tion of the displaced brain in the neighbourhood of
the dural folds. A supratentorial mass lesion pushes
the brain towards the opposite side, and some of it
is squeezed under the falx. The midbrain and dien-
cephalon are squeezed through the tentorial notch
into the infratentorial compartment (see Figure 18.1).
The upper brainstem thus is distorted by stretch and
by compression against the unyielding edge of the
tentorium. In addition, the inferomedial portion of the
temporal lobe, the uncus, may be squeezed through
the tentorial notch to compress and distort the mid-
brain, together with the adjacent Illrd cranial nerve.
As this process of transtentorial herniation occurs,
not only is the brainstem distorted and stretched,
but the blood vessels supplying it, which are rela-
tively tethered, are also torn and stretched. As a
result, haemorrhage occurs in the upper brainstem
as transtentorial herniation occurs and conscious-
ness is lost.

Infratentorial posterior fossa mass lesions also
cause shifts of intracranial content. They force the
brainstem upwards through the tentorial notch, caus-
ing midbrain distortion, and force the medulla and

tonsils down through the foramen magnum, leading
to medullary herniation. The shift of intracranial
contents through the tentorial notch or through the
foramen magnum generally is referred to as ‘coning'.

It is obvious that both large supratentorial and
infratentorial mass lesions may result in compres-
sion, distortion and ischaemia of the brainstem as a
result of coning. However, in addition to the mass
itself, other important factors also may contribute to
impairment of brain function in these circum-
stances. The volume and pressure of blood in capil-
laries is controlled in part, by the tone of the cerebral
arterioles and these will dilate in response to a rise in
local PCO,, or a fall of Pa0,.

Consequently, hypoventilation can result in a
further increase in intracranial pressure.

The rise in PCO, and fall in PaO, that follows
respiratory failure leads to cerebral arteriolar dilata-
tion and an increased volume of blood in the skull,
which must cause further coning.

A period of respiratory depression can thus be
disastrous for a patient with an intracranial mass
lesion.

Indeed, when an intracranial mass produces coma
by brainstem compression, matters are delicately
poised. Once the compression begins to cause impair-
ment of function in the respiratory centre in the
medulla, a ‘vicious circle’ may be initiated, which can
rapidly lead to death. Fortunately, the development
of a pressure cone is accompanied by a sequence of
physical signs resulting from progressive impairment
of brain function. These should give sufficient warn-
ing of the impending disaster, provided the patient
is examined frequently. As will be described later,
the process of coning causes an orderly sequence of
loss of neuronal function, which can point clearly
to what is happening.

Patients at risk of coning, or in the process of
coning as a result of large intracranial mass
lesions may be treated as an emergency by
shrinking the intracranial contents.
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Acute medical treatment of raised
intracranial pressure

Assisted ventilation will reduce cerebral blood
volume to give more space, and cerebral oedema
around infarcts, haemorrhages or tumours may
be reduced by the use of intravenous mannitol.
Critically ill patients may be intubated and hyper-
ventilated. The head of the bed should be elevated
to 30-45 degrees. Mannitol, a hyperosmolar agent,
withdraws oedema fluid out of the brain and
causes a brisk diuresis. Intravenous infusion of
100-200 ml of 20% mannitol will rapidly reduce
intracranial pressure and may stop or reverse the
process of coning long enough to allow further
investigation and definitive treatment to be under-
taken. Patients with a depressed conscious level
should have a urinary catheter inserted. Steroids
also reduce cerebral oedema, but their effect is
slower in onset. Dexamethasone 5-10 mg intra-
venously followed by 4 mg 6-hourly may help to
control cerebral oedema around tumours. If a
mass lesion is present, a neurosurgical consult-
ation should be made.

Examination of the unconscious
patient

Because the unconscious patient cannot cooperate,
a different system of examination must be employed
to assess coma. A suitable sequence (Table 4.10)
should include the investigations detailed in the fol-
lowing paragraphs.

Respiration and circulation: the first and most
urgent need is to make sure that the airway, breath-
ing and circulation (ABC) are adequate to sustain
life. If these are compromised, emergency action
should be taken to ensure an airway with assisted
ventilation, and an adequate cardiac output. Once
emergency resuscitation has been completed, fur-
ther examination can continue.

Blood pressure, the pulse rate and rhythm, and
temperature are recorded. The character of respir-
ation is noted.

Damage to the respiratory neurones produces a
variety of abnormalities of breathing. Cheyne-Stokes
breathing refers to periodic cycles of hyperventilation

Table 4.10 Examination of the unconscious patient

A Aiway

B  Breathing - respiratory rate, rhythm

C  Circulation - pulse rate, rhythm, blood
pressure, cardiac output

Temperature
Meningism
Conscious level - Glasgow Coma Scale
Best verbal response
Best motor response
Eye opening
Appearance - jaundice, rashes, fetor (ketotic,
ethanol), bruising, needle marks (addicts), blood
from nose, ears, bitten tongue
Pupils - size, symmetry, reactions
Fundi
Eye movements
Spontaneous, conjugate, dysconjugate, abnormal
Doll’s head
Cold calorics
Corneal, lash reflexes
Facial movements - grimaces
‘Gag’, cough reflexes
Spontaneous limb movements
Abnormal movements - myoclonus
Response to pain
Decorticate rigidity
Decerebrate rigidity
Reflexes, plantar responses
General examination

alternating with apnoea in a waxing and waning
pattern. Each cycle lasts about a minute. The patient
ceases respiration, then begins to breathe again, the
rate and depth increasing to a peak, and then dying
away again. This respiratory drive is linked to the
carbon dioxide level: when this is high it stimulates
the medullary respiratory centre and a number of
deep breaths follow, the level then falls and the drive
is lowered and the breaths diminish. The commonest
cause is circulatory failure but it may also arise with
metabolic disturbances, such as with uraemia, and
with bihemisphere cortical lesions and supratentor-
ial herniation. A similar pattern with a shorter cycle
length of about half a minute, occurs in some
patients with midbrain and internal capsule lesions.
Central neurogenic hyperventilation is associated
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with destruction of the reticular formation in the
pons and midbrain. It causes respiratory alkalosis.
Apneustic breathing describes a prolonged pause
after each inspiration and before the next expiration
occurs. It results from damage to the lower half of
the pons. Ataxic breathing is completely irregular in
amplitude and frequency. It indicates damage to the
medullary respiratory neurones. Gasping respiration
is characterized by an abrupt inspiration followed by
expiration, then a long pause before the next breath.
It occurs shortly before death.

Progressive transtentorial herniation of the brain-
stem thus may produce an orderly sequence of
changes in respiration. As coning occurs, central
neurogenic hyperventilation may give way to
apneustic breathing, followed by ataxic breathing,
gasping respiration and then death.

Assess the level of consciousness: take note of
the patient’s spontaneous verbal, motor and ocular
responses, and observe how they react to external
circumstances and your commands.

The aim will be to place the patient in the appro-
priate category on the Glasgow Coma Scale in
due course.

Suitable graded stimuli are spoken commands,
shouted commands, pinprick, pressing on the ster-
num or supraorbital notch, which causes pain.
While watching the response of the patient to stim-
uli, always look for asymmetric motor reactions,
or apparent neglect of such stimuli on one half of
the body.

Examine the head and skull: palpate the skull for
signs of fracture and for bruising. Note any bruising
or discharge of blood or CSF from the ears, nose or
mouth. This might suggest a basal skull fracture.
Check the skin for any rash, such as the purpuric
changes of a meningococcal septicaemia, or for
jaundice or extensive bruising, the last suggesting a
haemorrhagic state.

The neck: flex the neck on the head and note any
resistance to movement suggesting meningeal irri-
tation from either blood or infection. Obviously this
test should not be carried out if there is a suspicion
that cervical vertebrae may have been fractured.

The eyes: the visual fields may be examined in
such patients either by advancing a bright light in

each quadrant, or by making threatening movements
of the hand towards the eye. Patients whose level of
consciousness allows reaction to such stimuli, will
turn the head and eyes away, or blink.

Examine the optic fundi to check for disc
swelling, retinal haemorrhages or other retinal
changes.

Note the size of the pupils and their response to
light. The midbrain contains the IlIrd nerve, para-
sympathetic and pretectal nuclei, so that midbrain
lesions produce obvious pupillary abnormalities.

The pupils, therefore, are invaluable in indicat-
ing the presence of a focal brain lesion respon-
sible for coma.

Pupillary changes in coning

A unilateral supratentorial mass lesion causing
transtentorial coning, leads to a Illrd nerve palsy
as the process evolves. The pupil on the side of
the lesion dilates, becomes unreactive to light
and accommodation, ptosis develops and the
eye turns down and out. Bilateral supratentorial
mass lesions, or diffuse brain swelling, which
produces a central transtentorial herniation, tend
to affect pupillary pathways in the diencephalon
and brainstem in an orderly sequence. At first,
damage to the sympathetic fibres causes the
pupils to become small but reactive. Then, as the
process evolves, the pupils begin to dilate and
eventually become dilated and unreactive to light.
Primary pontine lesions spare the parasympa-
thetic pupillary systems causing disruption only
of the sympathetic mechanisms. As a result, the
pupils are constricted and may become very small
(‘pinpoint pupils’). Lesions of the lateral part of
the medulla affect the descending sympathetic
fibres to produce a unilateral Horner’s syndrome.

Some specific poisons also affect the pupillary
responses, e.g. atropine and gluthemide cause dila-
tation, opiates cause constriction.

The pupillary responses are, perhaps, the single
most important guide to the cause of coma.



114 Examination of the nervous system

‘Metabolic coma’

It can be stated that an unconscious patient show-
ing no focal motor deficit, who has equal, normal-
sized and reactive pupils is in coma because of
diffuse brain disease. The absence of a history or
signs of cerebral trauma, and a normal computer-
ized tomography (CT) brain scan and CSF exam-
ination in such patients will exclude intrinsic
causes of diffuse brain disease. In such circum-
stances a confident diagnosis of extrinsic diffuse
brain disease or ‘metabolic’ coma can be made.

Examine the eye movements: provided the patient is
capable of some response to command, the range of
eye movements can be assessed simply. However,
many stuporose and/or comatose patients will not
obey verbal commands, so eye movements must be
tested in other ways. Two techniques can be used.
Eye movement may be provoked by the oculo-
cephalic reflexes elicited by the doll's head man-
oeuvre. Brisk rotation of the head from side to side, or
flexion and extension of the neck, will produce con-
jugate eye movements in the opposite direction to
the head movement. This gives the impression that
the patient’s gaze is focused on an object straight in
front. Such oculocephalic responses are attributed to
the effect of vestibular input combined with proprio-
ceptive impulses from the neck. This information
eventually ascends via the medial longitudinal bun-
dle in the brainstem to the ocular motor nuclei.

Preservation of horizontal and vertical eye move-
ment in response to the doll’s head manoeuvre
implies that the brainstem is intact.

Loss of reflex conjugate upgaze indicates damage
to the midbrain. Loss of reflex conjugate horizontal
gaze indicates damage to the pons. Dysconjugate
eye movements may be provoked by the doll’s head
manoeuvre, or may occur spontaneously in the coma-
tose patient. Failure of lateral deviation of one eye
when gaze is reflexively provoked in that direction
indicates a VIth nerve palsy. Failure of adduction of
the eye with normal abduction suggests an inter-
nuclear ophthalmoplegia. If the doll’'s head man-
oeuvre is insufficient to provoke eye movement, then
caloric responses may be employed to elicit VOR

(vestibulo-ocular reflex), which again depend upon
an intact brainstem. Ice-cold water is syringed into
each ear in turn, making sure that the ear drum is
normal before doing so. If brainstem function is
intact, there will either be nystagmus in the direction
away from the irrigated ear, or conjugate deviation
of the eyes to the irrigated side. Again, patients with
specific ocular motor palsies may show a dysconju-
gate response to caloric stimulation. In addition to
examination of voluntary or reflex eye movements,
spontaneous eye movements should be carefully
recorded in the unconscious patient.

Tonic ocular deviation

Tonic deviation of the eyes conjugately to one
side suggests a focal lesion, either of the cerebral
hemisphere or of the brainstem. With a hemi-
sphere lesion, the opposite limbs will be para-
lysed and the eyes look away from them towards
the side of the lesion. In a brainstem pontine
lesion, the opposite limbs will be paralysed, but
the eyes will look towards them, that is, away
from the side of the lesion.

Other abnormalities of spontaneous eye movements
are described in coma; these include ocular bob-
bing, repetitive divergence and nystagmoid jerking
of one eye.

The face: look for signs of a unilateral facial
paralysis (drooping of one side of the mouth which
is puffed out with each breath). Test the corneal and
lash reflexes with a wisp of cotton wool, and the
facial response to pinprick or supraorbital pressure.
Both of these stimuli should cause screwing up of
the same side of the face.

The ears: examine the ear drums with an auro-
scope, looking for evidence of middle ear infection,
such as an opaque, bulging drum, or a ruptured drum
with purulent discharge. With trauma, there may be
blood behind the drum or in the external canal.

The mouth: smell the breath for alcohol, ketones,
or other distinctive odours. Look for lacerations of
the tongue, which suggest a recent epileptic fit. Check
for the presence of a ‘gag’ reflex.

Examine the limbs: establish whether all four
limbs move, either spontaneously or in response to
painful stimuli. Squeezing the Achilles tendon or a
finger nail, or rubbing the sternum are useful means
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of provoking reflex movement. Such stimuli should
always be applied at various sites to allow for local
anaesthesia. Failure to move an arm or leg on one
side in response to stimuli to each side, indicates
a hemiplegia. Absence of any limb movement in
response to strong stimuli occurs with bilateral severe
damage to the brainstem, as in the ‘locked-in’ syn-
drome, but also occurs in very deep coma without
any focal brain damage.

Provided the limbs are not paralysed, stimuli
may provoke appropriate or inappropriate reflex
responses. When there is no motor deficit, painful
stimuli will cause withdrawal of the limb, attempts
to remove the source of pain with the opposite limb,
screwing up of the face, and even verbal responses.
An early motor sign of severe focal cerebral damage
is the appearance of stereotyped limb movements
in response to painful stimuli. Destructive lesions
involving the internal capsule cause decorticate
rigidity. A painful stimulus provokes flexion and
adduction of the arm with extension of the leg on the
affected side. Damage to the upper brainstem causes
decerebrate rigidity in response to a painful stimulus.
The neck retracts, and the teeth clench. The affected
arm extends, adducts and the forearm pronates. The
affected leg extends and the foot plantar flexes.
Spontaneous spasms of decerebrate rigidity may
occur with severe brainstem lesions, often accompan-
ied by shivering, hypertension and hyperpyrexia.

Muscle tone can be assessed in the unconscious
patient by passive manipulation of the limbs, or by
noting the response to dropping the limb to the bed.
Lift the arms and legs, individually or together, and
note the speed with which they fall to the bed when
dropped. Hemiplegic limbs, which are flaccid in the
acute stage, fall harder and faster than normal limbs.

Examine the tendon jerks and plantar responses.
However, remember that it may take some days
for hyper-reflexia and Babinski’s sign to appear
after an acute lesion of corticomotorneurone path-
ways. In the stage of shock following an acute
hemiplegia, the limbs are flaccid, the tendon jerks
are normal or absent, and the plantar response may
be unresponsive.

General examination: examine the heart, lungs
and abdomen.

Always test the urine for protein, glucose and
ketones, and examine it with a microscope for pus
cells and casts.

Measure the glucose in all unconscious
patients

If the cause of coma is not apparent at this stage,
always measure the blood glucose concentration
and administer glucose intravenously. Most casu-
alty departments have an absolute rule that blood
glucose must be measured in all unconscious
patients. In addition, give thiamine by injection.
Many unconscious patients admitted to casualty
departments are victims of chronic alcoholic
abuse, and may have Wernicke’s encephalopathy.

The differential diagnosis of coma

The important features distinguishing diffuse brain
disease and focal brain lesions causing coma are
shown in Table 4.11. The important features distin-
guishing a supratentorial focal brain lesion from an

Table 4.11 Differentiation of diffuse and focal brain lesions
leading to coma

Diffuse

Absence of focal or lateralizing signs: motor or
sensory

May be bilateral changes in tone, reflexes and
extensor plantar responses

Brainstem functions often preserved initially,
especially ocular movements and pupillary
responses

Often self-poisoning, metabolic causes, infection,
bleeding or epilepsy, so CT brain scan often
negative

Focal

Focal or lateralizing signs usually present to
suggest hemisphere or brainstem damage

Include flaccid weakness and loss of response to
pain on one side

Reflex asymmetry, including plantar response

Tonic deviation of eyes to one side

Derangements in ocular motility and pupillary
responses

Often supratentorial mass (abscess, tumour,
haematoma) or infratentorial mass (haematoma,
infarct, tumour), so CT brain scan positive.
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Table 4.12 Differentiation of supratentorial focal from
infratentorial lesion in patients with a depressed
conscious level

Supratentorial

Focal mass has to expand to compress the other
hemisphere and cause brainstem compression
to cause coma

May be clear unilateral focal signs

Often brainstem reflexes initially preserved:
pupillary responses, ocular movements, gag,
corneal, etc.

Eyes may be tonically deviated to side of lesion
away from hemiplegia

May be focal epileptic seizures

Sometimes decorticate rigidity

Late: unilateral oculomotor palsy with uncal cone

Infratentorial

Small lesions damaging the reticular formation
may cause early coma often with signs of
midbrain or even foramen magnum coning

Brainstem reflexes impaired: abnormal pupils
(e.g. bilateral pinpoint), impaired ocular motility,
lost corneal, gag, etc.

Impaired doll’s head and cold caloric reflexes

Eyes may be tonically deviated away from the
side of the pontine lesion towards hemiplegia

Hyperventilation, irregular breathing patterns:
apnoea

Decerebrate rigidity

infratentorial focal lesion causing coma are shown
in Table 4.12.

The initial clinical assessment and examination
may have revealed the obvious cause of coma. If
not, blood glucose is measured, and glucose and
thiamine administered.

Now is the time to obtain as much information
as possible on the background of the patient.

Witnesses to the circumstances in which the
individual was found must be questioned. These will
include policemen, ambulance attendants, relatives
and friends. The patient’s clothing must be searched,
for evidence such as a diabetic or steroid card, or
an empty bottle for sleeping tablets. If known, the
patient’s general practitioner can be approached for

further information and other relatives contacted.
Any containers brought in by relatives or witnesses
should be kept for analysis in patients suspected of
self-poisoning.

If the cause for coma is still not apparent, then a
series of investigations should now be set in train
(see later), and the patient kept under close observa-
tion. Subsequent events may clarify the situation so
it is particularly important to repeat parts of the ini-
tial examination at intervals to assess progress.

The most sensitive index of change is the state of
consciousness, but heart rate, blood pressure,
temperature, limb movements, pupillary size and
reaction to light, and respiratory pattern, should
all be regularly observed and recorded.

Investigations in coma

In those in whom the cause of coma is not evident, the
direction of investigation is determined by whether
examination suggests that it is a result of diffuse
brain disease or a focal brain lesion (Table 4.11).

If a focal lesion is suspected, investigations should
be directed to imaging of the head.

This is usually undertaken by a CT brain scan,
although occasionally an MRI brain scan may be
possible. An EEG may sometimes prove helpful; for
example, in some forms of status epilepticus or
an encephalopathy. It also may help in prognosis.
Somatosensory evoked potentials may be useful in
prognosis of coma, although this is very dependent
on the cause. With median nerve stimulation 5 days
or more after the onset of hypoxic-ischaemic coma,
the absence of a cortical response implies a bad
prognosis, with the possibility of a persistent VS.
Examination of the CSF in the presence of a focal
mass lesion may prove dangerous because this may
precipitate coning and death. However, if a mass
lesion has been excluded by scanning or there are
clear pointers to a meningitic or encephalitic process,
CSF examination is required to detect the presence
of pus, blood or inflammatory changes.
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When diffuse brain disease is suspected as the
cause for coma, and there are no signs of a focal
mass lesion, then lumbar puncture is necessary to
exclude meningitis, encephalitis or a subarach-
noid haemorrhage.

This is particularly so in any drowsy patient with
meningism. Blood cultures should also be set up.

If diffuse brain disease is suspected and there is
no meningism and the CSF is normal, then the
following metabolic and other investigations
should be undertaken:

o Full blood count, erythrocyte sedimentation
rate

« Blood glucose, urea and electrolytes

« Liver function tests, blood alcohol and
ammonia levels

« Arterial blood gases

o A screen for drug levels that might be
responsible for self-poisoning.

If the patient has a raised temperature, or there are
other clues to suggest an infection, blood and urine
cultures should be set up. A urine sample should be
sent for routine analysis, also for estimation of drug
levels, osmolality and even porphyrins. The EEG is a
valuable test in suspected ‘metabolic’ coma. The find-
ing of a local abnormality may suggest the presence
of a focal lesion. Generalized abnormalities may be
found in any metabolic disorder, or in meningitis and
encephalitis. Epileptic discharges may be detected
and occasionally forms of minor status. Certain rare
encephalitic diseases may show diagnostic changes
with periodic widespread discharges.

While awaiting these results, the patient should
be continually monitored, as described earlier.
An adequate airway and ventilation should be
maintained.

This may require an oropharyngeal airway, an
endotracheal tube, or even assisted respiration.
Fluid and caloric supplements should be given with
added vitamins. Initially this may require intra-
venous infusion, but a nasogastric tube may be used

subsequently. The bladder should be catheterized
and regular fluid balance charts instituted. The
patient should be regularly turned every 2 hours to
prevent bedsores.

Cerebral death

Rapid and efficient resuscitation is now widely avail-
able and saves lives. However, it also reclaims some
individuals, in whom the brain is so severely dam-
aged that they will never recover an intelligent exist-
ence. For all intents and purposes, their brain is dead,
but the heart continues to beat. Eventually, even the
heart will cease beating. Such patients may be said to
have suffered cerebral death.

The importance of defining cerebral death is
twofold. First, once it can be established with certainty
that cerebral death has occurred, the patient’s relatives
may be informed that there is no point in continuing
resuscitation and life-support. After discussion, it may
be deemed appropriate to cease artificial ventilation.
Second, once the diagnosis of cerebral death has been
established beyond doubt, the possibility of using that
patient’s organs for transplantation arises.

The criteria for cerebral death must be foolproof.
If there is any doubt, the diagnosis should not be
made. Irreversible brainstem damage from a known
cause is synonymous with cerebral death.

To diagnose cerebral death the cause of the brain
damage must be known. Often this is obvious, as
after major trauma or a subarachnoid haemorrhage.
Such a cause must be irreversible: this will exclude
patients who are hypothermic, have received doses of
neuromuscular blocking drugs, depressant drugs or
who have a possible metabolic or endocrine defect
causing coma.

The affected patient will be on a ventilator as
spontaneous breathing has failed and will not be
‘fighting’ the machine. There must be no signs of
any residual brainstem function.

Brain death criteria

1 The pupils are fixed, dilated and unreactive.

2 There are absent corneal reflexes.

3 There are absent oculocephalic (doll’s head)
and oculovestibular (cold caloric) reflexes.
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4 There is an absent ‘gag’ reflex or no response
to a suction catheter in the trachea.

5 No purposeful movements should be elicited,
nor facial grimaces to painful stimuli applied
to the limbs, trunk or face.

6 The patient’s medullary respiratory
centre will not respond to a rise in
arterial carbon dioxide (PaCO,) of greater
than 6.65kPa (50 mmHg) if the patient is
disconnected from the ventilator, that is,
to an adequate chemical stimulus for that
centre.

Such tests should be repeated after an interval to
ensure that the signs remain absent.
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INTRODUCTION

Over the past decade there has been dramatic
progress in our understanding of the genetic basis of
disease. Unsurprisingly as the majority of genes are
expressed in the nervous system, neurology has seen
the greatest developments. A decade ago only a
handful of disease-causing nervous system genes
were known. Now it would be the work of a large
textbook to do justice to the developments and
implications of this new knowledge. As we near the
completion of the full human genome sequence the
possibilities for exploiting this landmark achieve-
ment are huge. Initially the benefits are being seen in
the rapidity and number of ‘simple’ Mendelian genes
and mutations being found and described. As the
basic structure of the genome and how it is transmit-
ted is understood in finer detail the major impetus
will be to use these technologies to find ‘susceptibi-
lity’ genes for common disorders. However, the tech-
niques used to find such genes can also be used to
find any genetic factor that has a biological effect;
for example, the new field of pharmacogenomics is
based on this approach. It is very likely that over the
coming years we will understand much more about

variable drug response and idiosyncratic side-effects.
This approach holds great promise for the future, as
no longer will we as clinicians just have to use a trial
and error approach to selection of the right drug but
rather we will, using genetic testing, be able to select
a drug that a patient is likely to respond to but also
is unlikely to provoke serious side-effects. In addi-
tion to this ‘personalized medicine’ it can also be
predicted that if an investigator knew beforehand
something about the metabolic profile of the patients
in a study, the design of drug trial could be greatly
facilitated. This could lead to huge economies:
decreasing the size of the treated groups; decreasing
the risk of adverse reactions; and shortening the time
of drug development. This, in turn, should decrease
the cost of drug development.

GENETICS FOR THE

NEUROLOGIST

Fortunately, despite the jargon, the genetic princi-
ples (Mendel, etc.) that were learnt at medical school
still apply, only the technology and our capability
to investigate genetic factors have changed.
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In brief, deoxyribonucleic acid (DNA) is a dou-
ble-stranded helical molecule, which provides
the molecular basis for the genes that encode
the proteins made by the cell. There are two
genomes: the large nuclear genome encompass-
ing 3 billion basepairs and encoding approxi-
mately 30000 genes; and the much smaller and
compact mitochondrial genome, which is only
16 500 basepairs and encodes a minority of the
subunits of the respiratory chain complex. The
nervous system demands a large amount of
energy production. It therefore bears the brunt
from disease resulting from mutations in mito-
chondrial DNA. This is discussed at the end of
the chapter.

Much of the nuclear genome does not yet appear
to have a discernable role and only a fraction of it
appears to be involved in the production of func-
tional protein. The human genome project produced
many surprises, one of the biggest being the fact
that humans only have approximately 30 000 genes —
far less than predicted. However, we produce many
more proteins than this and this is achieved in part
by alternative splicing. Most genes are encoded in
blocks (exons); the intervening blocks of basepairs
are called introns. Therefore, for example, one can
see that for a simple gene made up of three exons
there are a number of possibilities: A-B-C; A-B; A-C;
and so on. Many genes have much greater numbers
of exons than this. After proteins are produced, most
undergo some form of modification (so-called post-
translational modification) whereby they are phos-
phorylated, glycosylated or some other change is
made. The factors controlling these latter steps are
only poorly understood. In fact the new fields of
genomics and proteomics are based on furthering
our understanding of basic gene/protein structure,
function and regulation.

The DNA strands are packaged into chromosomes,
22 autosomes and two sex chromosomes. Therefore
for autosomal genes we have two copies, one pater-
nal the other maternal. If a mutation on one copy is
sufficient to cause a disease, this is known as auto-
somal dominant; if both copies of the genes (also
called alleles) need to be mutated to give rise to dis-
ease, then this is called autosomal recessive. It takes
only the simplest of mathematics to work out that

the recurrence risk is simply a function of this,
namely 50% for other siblings if autosomal domi-
nant and 25% if autosomal recessive. Moreover, the
offspring of the patient with autosomal dominant
disease will still be at 509% risk, whereas the offspring
in the autosomal recessive case will be related to
the carrier frequency in the population. Thus the off-
spring must be a carrier of one copy of the mutation
as that is the only form of gene the patient can
transmit, and the risk to the offspring is determined
by the chance that the other parent also carriers a
mutation in the same gene. This is usually very
unlikely, so a low recurrence risk estimate can be
given. Exceptions to this rule include consanguineous
marriages and diseases with a high carrier frequency
(e.g. cystic fibrosis).

A similar situation exists for mutations in genes
on the X chromosome, excepting that women have
two copies and thereby are somewhat protected from
a single mutation, whereas for men the Y chromo-
some cannot ‘rescue’ a single mutant on the single
X chromosome. Therefore for X-linked recessive
conditions, women carry and men express. Men must
transmit the mutation to their daughters and cannot
transmit it to their sons (to be male they must have
received the Y chromosome). If one sees male-male
transmission, this excludes X-linked inheritance. Some
conditions, such as Charcot-Marie-Tooth disease
(CMT-X) resulting from mutations in connexin-32
are dominant and therefore manifest in females as
well as males, although the phenotype may be
slightly different.

Mitochondrial DNA (mtDNA) is entirely mater-
nally derived but can affect males and females.
Therefore consistent evidence of only maternal
transmission could point towards a mtDNA
abnormality.

In addition to these basic recurrence risk estimates,
there are a number of other factors one needs to take
into account. The presence of a disease-causing
mutation is not always the only determinant of
disease. In some cases, such as dystonias caused by
mutations in the DYTI1 gene, there is reduced
penetrance, thus in this situation only ~40% of gene
carriers manifest the disease. The cause of reduced
penetrance is not known. It is also worth the clinician
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being aware of the variable expression of a given
mutation; for example, CMT type 1a resulting from
a duplication on chromosome 17 can vary from a
severe childhood neuropathy to presentation in late
life with pes cavus. Both of these factors need to be
taken into account when counselling patients.

It is not possible to cover all the areas in any detail
in this chapter so only the major developments and
their place in a clinical context will be given and,
where appropriate, details of recent review articles
and chapters. As this is the most rapidly changing
field in neurology a list of useful websites is given at
the end. Included in this list are databases that give
clinical summaries, available gene tests and so forth.

This chapter provides a brief outline of the sim-
ple Mendelian disorders, a list of suggested further
reading is provided at the end. The approach here
follows an anatomical path starting at the cortex
and moving ‘down’ the nervous system ending with
muscle diseases. Clearly some disorders cannot be
approached in such a simplistic way. In these cases
discussion takes into account the predominant fea-
ture. This seems a more clinically rational approach
than choosing mode of inheritance or any other
equally arbitrary system.

THE DEMENTIAS

The overwhelming factor emerging from gene-
tic studies of the dementias and other central
nervous system neurodegenerative conditions is
abnormalities of protein handling.

The first gene to be isolated for familial dementia
was the amyloid precursor protein (APP) on chro-
mosome 21. The amyloid cascade hypothesis has
gained ground with the numerically much more
important finding of mutations in presenilin I,
which is intimately involved with APP processing,
in a number of early onset familial dementia fami-
lies and is certainly common enough to consider
testing in the cases with possible autosomal domi-
nant inheritance. Presenilin 2, a closely related
molecule, is also implicated in a very rare form of
familial dementia: this is so rare it is not usually
included in a genetic screen. There are still other

genes to be found for familial dementia. Apoe-4 has
also been shown to be important in sporadic, late
onset Alzheimer’s disease (see p. 281). It appears to be
most important as a factor determining age of onset.

Much as the finding of APP mutations and
subsequent work brought attention to the amyloid
pathway, scientists working on the other major pro-
tein deposition found in Alzheimer’s disease, tau fila-
ments, have been rewarded with the demonstration
that mutations in the tau gene (sometimes involving
splice variants and thereby influencing which exons
are spliced in or out) have been found in a variety
of complicated dementia—parkinsonian overlap syn-
dromes. Not only are primary pathogenic mutations
in tau responsible for autosomal dominant fronto-
temporal dementias but also there is an established
association with progressive supranuclear palsy. The
causal variant within the fau gene region is not
known.

A rarer but important dementing process to con-
sider is familial prion disease. In the UK, there is
a national laboratory for screening this gene. This
diagnosis should be considered even in the absence
of a clear family history in any ‘unusual’ dementia,
especially if rapidly progressive and/or associated
with the presence of a movement disorder.

THE EPILEPSIES

Although amongst the most common disorders seen
by a neurologist and certainly known to have a rela-
tively high heritability, no gene tests for the primary
epilepsies are currently available. This is not because
of a lack of genetic data but rather is because of the
complexity and, in part, quantity of data that has
emerged in the past 5 years. There are now over
30 loci identified for the primary epilepsies (if all
the syndromes of which epilepsy were a part were
included this list would exceed 250). Of these loci,
over 10 genes are known. However, in all cases to
date they are either single families or exceedingly
rare. Nevertheless they are clearly pointing the way
forward, as virtually all are ion channel mutations.
This is hardly surprising and does allow molecular,
cellular and animal models for all forms of epilepsy
to be developed and investigated. In terms of gene
testing some of the rare forms of ‘complicated’
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epilepsy such as Unverricht-Lundborg are available
but at present no gene test is available for the com-
moner primary epilepsies.

MOVEMENT DISORDERS

Such has been the pace of progress in the area of
movement disorders that it is only possible to detail
some of the major developments.

The following is an overview and new discover-
ies are frequently being made. It is now inconceiv-
able to think of movement disorders and genetics as
completely unrelated disciplines.

The dystonias

The dystonias are a genetically very heterogeneous
group of disorders. The commonest generalized
dystonia (see p. 241), with onset in childhood, is
caused by a mutation in the torsin A gene (also
called DYT1). It appears that over 99% of patients
with abnormalities caused by this gene carry the
same mutation, a GAG deletion. It is therefore a rela-
tively simple analysis. This test should be consid-
ered in all dystonias if onset occurs before the age
of 26 years, and in others if the phenotype is com-
patible or if there is a significant family history. The
typical appearance is of childhood onset in the foot
spreading up the body and most typically sparing
the head and neck. There are exceptions.

It is always worth considering whether a dysto-
nia could be dopa-responsive (see p. 243). If there is a
dramatic improvement on dopa, then abnormalities
in the biosynthetic pathway for dopamine should
be considered. Most commonly this is a result of
mutations in GTP-cyclohydrolase 1, the rate-limiting
enzyme in the biopterin pathways. Tetrahydro-
biopterin is required for the functioning of a number
of monoamine hydroxylases, including tyrosine
hydroxylase. Mutations in the gene have been
reported in a small number of families.

There are a large number of DYT (dystonia) genes
appearing in the databases and there are still many
genes to be found. Moreover the nomenclature is
complicated by the use of DYT loci for paroxysmal

dystonic and choreic movement disorders, and in
some cases for which the loci are yet to be identified.

Although the gene for Wilson's disease (see
p- 234) was cloned some years ago, direct testing of
copper, caeruloplasmin and urinary copper are most
widely used for diagnosis.

Parkinsonism and related
disorders

Parkinson’s disease

At the time of writing there are now 10 different
gene loci identified for Mendelian parkinsonism. Of
these, in only two cases is the gene proven to cause
Parkinson’s disease. Alpha-synuclein produces a
rare autosomal dominant form of the disease and
parkin accounts for the majority of very early onset
disease (occurring before the age of 20 years). They
may also produce the disease with onset in the sixth
decade. A third gene, UCHLI - an enzyme involved
in the ubiquitination process — has been implicated
in a single small family; this observation needs fur-
ther investigation.

Progressive supranuclear palsy (see p. 233)

Although not overtly a genetic disease, progressive
supranuclear palsy is of late onset and almost
always has no family history, yet there is an estab-
lished robust association with the fau gene. The
pathogenic process is still being elucidated but it
does fit neatly into the known pathology of pro-
gressive supranuclear palsy, namely fau deposition.

It is highly likely that there are other loci and
genes yet to be located and the clinical investiga-
tion of the parkinsonian patient will, at least in
part, be genetic in the very near future.

Ataxias

The dominantly inherited ataxias are given the
acronym spinocerebellar ataxia (SCA). There is a
long list of loci and several genes. Numerically
important are SCA 1, 2, 3, 6 and 7, numbered in the
order in which the loci were found. These tests are
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widely available and should be considered in domi-
nant ataxia families and patients in whom a genetic
explanation is suspected. The yield from testing sin-
gleton late-onset cases of degenerative ataxia is low
but not zero and often there is no option but to test
for these genetic mutations. Interestingly, all of these
genes share the same mutational mechanism, an
expanded CAG repeat (similar to Huntington’s dis-
ease). This is discussed below (see box p. 128). There
is a rare group of disorders that produce episodic
ataxias. In these families there is often an excess of
epilepsy, migraine and other paroxysmal movement
disorders. These are caused by ion channel mutations
as in epilepsies. The most common are the result of
abnormalities in the voltage-gated calcium channel
on chromosome 19 (the same gene is implicated in
SCA6 and familial hemiplegic migraine).

Early-onset ataxias (at less than 20 years of
age) are usually recessively inherited and the
majority of cases are caused by mutations in the
gene encoding frataxin and result in Friedreich's
ataxia. This is another repeat expansion disorder
but this time the repeat is in the intron and appears
to work by somehow reducing the mitochondrial
ribonucleic acid (mtRNA) and protein levels, that is,
it is a loss-of-function mutation. In addition to the
classical phenotype of progressive ataxia, pyrami-
dal signs and sensory neuropathy, one should con-
sider gene testing in all cases of early onset and any
cases that are of later onset but have many or most
of the typical features. The author has seen a case
with onset in a patient aged over 60 years.

There is a long list of very rare early-onset atax-
ias and in most cases the genes remain unidentified,
but this situation is likely to change over the next
few years.

Myoclonus

Myoclonus (see p. 240) is most frequently found as
part of a more widespread movement disorder. On
occasions it can be seen as the sole or predominant
abnormality. A recent discovery of a sarcoglycan
gene in families with dystonia myoclonus (also
called myoclonic dystonia) has provided the first
insights into this movement disorder. The gene for
‘essential myoclonus’ remains unknown.

Choreiform disorders

The classic choreiform disorder is Huntington's dis-
ease, which is caused by an expanded CAG repeat in
the huntingtin gene. It presents typically in the third
and fourth decades of life, although earlier and later
onsets can be seen (see p. 239). It should be consid-
ered in all cases of unexplained chorea, even in the
absence of a family history. There is a much rarer but
clinically similar disorder, dentatorubropallidoluysian,
which can also be tested (see box p. 128).

Tremors

Essential tremor is the commonest familial move-
ment disorder seen yet no genes have currently
been identified.

Tics

Tourette’s syndrome presents with a combination
of multiple motor and vocal tics and obsessive-
compulsive behaviour abnormalities. Although
known to run in some families, linkage studies have
been singularly unsuccessful in identifying a locus.

Miscellaneous movement
disorders

There is potentially a long and complex catalogue
of miscellaneous movement disorders. Although the
list above implies that movement disorders can be
readily sorted into those categories on the basis
of the sole or predominant feature, dystonia,
myoclonus, and so on, in reality, in many usually
rare conditions, a mixture of movement disorders
can be seen. Many of these disorders start early in
life and often detailed descriptions are to be found
in the larger paediatric neurology textbooks; for
example, ataxia telangiectasia, an autosomal reces-
sive disorder caused by mutations in the gene ATM
(ataxia telangiectasia mutant), produces, in addi-
tion to the ataxia, a combination of dystonia and



124  Neurogenetics

myoclonus with an oculomotor apraxia. Neuro-
acanthocytosis can be inherited as an X-linked or
autosomal dominant disorder and in both cases the
genes are now identified. Classically this produces
dystonia, chorea (especially oro-buccal), myoclonus
and occasionally ataxia. Hallervorden-Spatz dis-
ease, most well known perhaps because of its char-
acteristic MRI appearance of the ‘eye of the tiger’
sign caused by iron deposition in the striatum, pro-
duces a combination of movement disorders with
dystonia and parkinsonism chief amongst them. The
gene PANK-2 has recently been identified.

HEREDITARY SPASTIC

PARAPLEGIAS

The hereditary spastic paraplegias are clinically
classified into pure and complicated (see p. 259). Both
are genetically heterogeneous and there are a large
number of gene loci now established. It can also
be inherited as an autosomal dominant, recessive or
X-linked trait. Abnormalities in the spastin gene
account for a significant proportion of the ‘pure’
autosomal dominant families; multiple mutations
have been described and testing is not yet routine.
A much rarer gene mutation in paraplegin accounts
for a small number of probably autosomal recessive
families. If X-linked inheritance is a possibility,
then very long-chain fatty acids should be analysed,
as adrenomyeloneuropathy can present with this
phenotype. There are at least two other genes on the
X-chromosome, including abnormalities in the gene
encoding a myelin protein gene - proteo-lipid pro-
tein and a cell adhesion molecule - L1-CAM.

MOTOR NEURONE AND

PERIPHERAL NEUROPATHIES

Genetic disorders of the motor
neurone

Early-onset disease tends to be most often proximal
and can produce a severe motor disorder - proximal
spinal muscular atrophy (SMA) (see p. 265). This is

the result of exonic deletions in the SMN gene and
is readily tested. This gene does not seem to be
involved in the rarer distal SMA, which clinically it
can resemble. The gene(s) responsible for the much
rarer distal SMA are unknown, but recently some
loci have been identified.

Familial amyotrophic lateral sclerosis is a disease
of much later onset, which, apart from being autoso-
mal dominant, resembles the much more common
amyotrophic lateral sclerosis (ALS) or motor neurone
disease, with progressive upper motor neurone and
lower motor neurone signs leading to severe disabil-
ity and death, often within 2-3 years. Mutations in
the gene encoding superoxide dismutase have been
demonstrated in a number of families from around
the world (see p. 267). It appears that this accounts
for approximately 3-5% of all cases of ALS (familial
or sporadic) and is certainly worth testing if a genetic
explanation is suspected. Mutations in neurofila-
ment genes have also been postulated to cause a
similar motor syndrome.

X-linked bulbar spinal neuronopathy (Kennedy's
disease, XLBSN) produces a much slower progres-
sive lower motor neurone syndrome, with addi-
tional anti-androgenic features, including testicular
atrophy and gynaecomastia. Like Huntington’s dis-
ease and many ataxia genes the mutation is a CAG
repeat in the coding region. The androgen receptor
is disrupted by this repeat but the exact mechanism
of cell dysfunction and death is obscure.

Hereditary motor sensory
neuropathies — Charcot—Marie—-
Tooth (CMT) disease

Classically these hereditary motor sensory neu-
ropathies are divided into two broad groups, type 1
or demyelinating disease (see p. 170) defined by a
conduction velocity of less than 38 m/s, and type 2
the axonal form (see p. 171). Both are now known to
be genetically heterogeneous. Type 1 is commoner
than type 2, and in both groups autosomal domi-
nant is commoner than autosomal recessive inheri-
tance and one genetic form predominates. This is
caused by a duplication on chromosome 17p of a
1.5Mb segment of DNA. This is readily testable and
widely available. Interestingly if the 1.5 Mb segment
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is deleted, the person has a hereditary liability to
pressure palsies. Rarer, but still seen commonly
enough to be worth testing for, are mutations in the
following genes. Connexin 32 causes X-linked CMT
and can resemble type 1 or type 2 and is X-linked
dominant and therefore females can be affected.
Numerous mutations are reported and so direct
sequencing is required to find mutations. Mutations
in a gene encoding protein zero (P0) are also known
to cause demyelinating CMT.

Type 2 CMT is caused by a variety of genes and
at present widespread testing is not available. This
situation will undoubtedly change and it is worth-
while enquiring of the local genetic services. All of
the genes/mutations reported to date are rare, and
dissecting out the underlying gene in this group (and
probably the remainder of type 1) will be a laborious
process.

Hereditary sensory and
autonomic neuropathies

Hereditary sensory and autonomic neuropathies com-
prise a range of disorders from the pure autonomic
at one end (e.g. the Riley-Day syndrome), to the pure
sensory neuropathy at the other. In between there
are a number of disorders with a combination of
sensory and autonomic features. A clinical clue to
distinguishing this group as opposed to CMT is the
presence of marked sensory features, often with
positive sensory symptomatology. There has been
very recent progress in this area and a number of
genes are now known. At the time of writing these
are not in clinical service but are likely to be in
specialized laboratories in the near future.

Familial amyloid polyneuropathies

Familial amyloid polyneuropathies are rare disor-
ders (see p. 171) that are due primarily to mutations
in one of two genes. Transthyretin is the commonest
and numerous mutations have been described.
However, the search for mutations is aided by know-
ledge of the population from whence the patient
came, as some mutations are population specific.

In the laboratory at The National Hospital for
Neurology and Neurosurgery, London, UK, three
‘common’ mutations are screened for. Sequencing
of the whole gene only follows if there is supple-
mentary evidence of a transthyretin in the amyloid
deposit, that is, a tissue diagnosis. This is an impor-
tant group to diagnose, as early liver transplanta-
tion can help protect from further deterioration.

Mutations in the apolipoprotein gene can also
lead to amyloid polyneuropathy. This appears to be
much rarer.

MUSCLE DISEASE

The study of genetics has contributed to all areas of
neurology but nowhere is this more impressive than
in the strides made towards understanding of muscle
disease. Table 5.1 lists the major single gene muscle
diseases. In all areas substantial progress has been
made and all specialist muscle clinic services should
involve a neurogenetic component. Although the
clinical phenotype is often distinctive there is suffi-
cient overlap between some disease groups for the
full evaluation of the patient to use clinical, patho-
logical (including immunohistochemistry) and
genetic studies to define and refine the diagnosis.

The dystrophies

The commonest of the dystrophies is the X-linked
Duchenne/Becker grouping and these result from
defects within the same gene encoding the muscle
membrane protein, dystrophin. Becker muscular dys-
trophy can usually be distinguished from Duchenne
on clinical grounds, as it is later in onset and less
severe (see p. 136). There is an associated cardio-
myopathy. An electromyograph is myopathic but
non-specific. Muscle histology reveals degeneration
and regeneration. Immunocytochemistry should be
performed using three antibodies, which react with
the carboxy, middle and N-terminal regions of the
dystrophin molecule. This technique demonstrates
an absence of staining for dystrophin on the sar-
colemma. A secondary reduction in the sarcogly-
cans is also quite common. The dystrophin gene is
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Table 5.1 The major single-gene muscle diseases

Classification

The muscular dystrophies

Metabolic myopathies

Skeletal muscle ion channel disorders

Congenital myopathies

Diseases

Dystrophinopathies (Duchenne and Becker)
Facioscapulohumeral muscular dystrophy
Emery-Dreifuss muscular dystrophy

Limb girdle muscular dystrophy

Myotonic dystrophy

Glycogenolytic myopathies (e.g. McArdle’s disease)
Lipid myopathies
Mitochondrial myopathies

Myotonia congenita
The periodic paralyses including paramyotonia
congenita

Nemaline myopathy
Central core disease

extremely large and numerous mutations have been
found. It is also noteworthy that ~300% of cases are
caused by new mutations. Several laboratories offer a
screening protocol starting with the more straightfor-
ward analyses before going further. As a basic rule, if
there is reading frame error or other major disruption
to the gene, Duchenne muscular dystrophy results. A
less disruptive mutation (e.g. missense mutation) pro-
duces Becker muscular dystrophy. Females occasion-
ally manifest dystrophinopathy usually more mildly,
and in these situations a chromosomal analysis
should be requested to look for a translocation.

Facioscapulohumeral dystrophy

Facioscapulohumeral dystrophy is an autosomal
dominant trait that typically produces weakness of
the facial and periscapular muscles, which begins in
adolescence and progresses slowly (see p. 138). There
is wide variation in expression within families, and
sometimes only subtle facial or scapular weakness
may be found. In others the disease can be much more
aggressive and produce a severe disabling myopa-
thy. A rearrangement on 4q35 has been shown in
well over 95% of cases and is not found in 97% of
controls. This disorder should always be considered
when dealing with any predominantly upper limb
girdle dystrophy with autosomal dominant inheri-
tance, even in the absence of clear facial weakness.

Emery-Dreifuss muscular dystrophy (EDMD)

Emery-Dreifuss muscular dystrophy can be inherited
as an X-linked, autosomal dominant or autosomal
recessive variants. The X-linked form (XL-EDMD) is
the commonest. The genes for the X-linked and domi-
nant forms have been discovered recently.

Limb girdle muscular dystrophies (LGMD)

The dystrophin-glycoprotein complex lies within the
muscle cell membrane and links intracellular dys-
trophin to the extracellular matrix. It is now apparent
that the different forms of LGMD are caused by
mutations in genes for the different components of
the dystrophin-glycoprotein complex. On the basis
of the mode of inheritance, LGMD are divided into
two groups autosomal dominant (LGMD1) and auto-
somal recessive inheritance (LGMD2). In order to dif-
ferentiate the dystrophies it is often necessary to
combine clinical assessment (see p. 138) with detailed
immunohistochemistry to try and guide molecular
genetic analysis.

Myotonic dystrophy

Myotonic dystrophy is clinically very characteristic,
comprising myotonia, a predominantly distal pro-
gressive myopathy, frontal balding and cataracts
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(see p. 142). It is transmitted in an autosomal dom-
inant fashion and the gene test (DM1) involves test-
ing for a relatively large non-coding trinucleotide
repeat (see box p. 128).

Proximal myotonic myopathy

Proximal myotonic myopathy is clinically similar to
myotonic dystrophy except that the myopathy, as
the name suggests, is proximal. The gene (DM2) for
this condition has now been identified and the
mutation is an expansion of CCTG tetranucleotide
repeats in intron 1. Clinically there is overlap
between DM 1 and DM2.

Myotonia congenita

Clinically there are two forms of myotonia con-
genita: Becker's is the commoner and is inherited in
an autosomal recessive fashion. It usually presents
between the ages of 4 and 12 years. Thomsen's
myotonia congenita is earlier in onset and autoso-
mal dominant. Although there are clinical differ-
ences (see p. 143), genetically they have been found
to be caused by mutations in the same chloride chan-
nel (CLCN-1) on chromosome 7q. Therefore genetic
counselling of patients with myotonia congenita is
complex as a mutation may behave in a recessive or
a dominant fashion.

Paramyotonia congenita (also related to hyper-
kalaemic periodic paralysis, potassium aggravated
myotonia) is caused by mutations in the voltage-
gated skeletal muscle sodium ion channel gene
SCN4A.

Hypokalaemic periodic paralysis is caused largely
by mutations in a calcium channel and fortunately
two mutations account for the majority of cases.
Therefore in both hyperkalaemic and hypokalaemic
periodic paralysis genetic analysis is largely replac-
ing the need for provocative testing.

MULTISYSTEM DISORDERS

Mitochondrial

Mitochondrial function is central to the energetic
economy of cells and tissues. Neural and muscle

tissue is end-mitotic and therefore heavily dependent
on the capacity of its resident mitochondria to per-
form well. Most of the components of the oxidative
phosphorylation complex are encoded by the nucleus
but an important minority are entirely encoded and
produced inside the mitochondria. Mutations in the
mtDNA that encode these subunits often have a
major effect on the metabolic capacity of a tissue.
The presentation of disease is dependent on the tissue
distribution and the amount of mutant in a particular
tissue. Generally, a high level of mutant and wide
tissue distribution produces a more severe pheno-
type. There are two basic types of mtDNA: mutation
rearrangements, which are usually sporadic, and point
mutations, which can be transmitted during meiosis.
As human mitochondria are maternally inherited,
matrilineal inheritance is seen, but for the nuclear-
encoded subunits Mendelian patterns are found.

Clinical clues to the possible existence of a mito-
chondrial disorder include multisystem (both
within and outside the nervous system), diabetes,
short stature, deafness and retinal/optic nerve
abnormalities.

If a mitochondrial abnormality is suspected, there
are several levels of investigation open. First, sup-
portive tests such as brain MRI (basal ganglia abnor-
malities may be found) and lactate-pyruvate
estimations may be carried out. Some cases may be
diagnosed with direct mutation detection from blood
DNA. However it is sometimes necessary to move to
invasive tests, such as a muscle biopsy. This allows
the mtDNA of end-mitotic tissues to be analysed
(different mutant loads between blood and muscle
may be seen), histology, electron microscopy and his-
tochemistry to give information on the subcellular
anatomy. Detailed biochemistry can be performed on
the mitochondrial complexes. If all the above tests
are normal, a mitochondrial abnormality is not com-
pletely excluded but the diagnosis is unlikely.

The phakomatoses

There are three common disorders that primarily
come to the attention of the neurologist: neurofi-
bromatosis 1 and 2 and von Hippel-Lindau disease.
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Although all three are inherited in an autosomal
dominant fashion, all have high new mutation rates
(approaching 500%), therefore the absence of a fam-
ily history is quite common but once it has arisen in
a germline the risk to the offspring of the affected
person is 50%. There is a further similarity at a
genetic level between these disorders as somatic
mosaicism has been reported. In essence this means
that not all the tissues in the body carry the muta-
tion therefore not all regions of the body will be at
risk of expressing the disease and if the mutation is
not present in the reproductive organs then the risk
to offspring is very low. This obviously complicates
the clinical assessment and genetic counselling.

Neurofibromatosis 1

Neurofibromatosis 1 is generally an easy disorder to
spot, with cutaneous neurofibromas, café-au-lait
spots (more than five spots of >1.5cm as an adult),
Lisch nodules in the iris and axillary/ inguinal pig-
mentation (see p. 438). The presence of Lisch nod-
ules is especially helpful as they are highly specific
and sensitive but may need slit-lamp examination to
be demonstrable.

The gene is extremely large and complex and
genetic testing is difficult. Phaeochromocytomas
are common and 24-hour urine catecholamine esti-
mations are sometimes used for screening. Optic
nerve tumours are also found.

Neurofibromatosis 2

Neurofibromatosis 2 is clinically, pathologically and
genetically distinct. It produces bilateral VIII cranial
nerve schwannomas (histologically distinct from
neurofibromas). However it can also produce menin-
giomas and, rarely, mutations in the NF2 gene can
produce purely spinal meningiomas. The gene is
also large but screening of the gene is now possible
and mutations are reported in ~50% of cases.

von Hippel-Lindau disease

von Hippel-Lindau disease may produce cerebellar
and/or spinal haemangiomas (very rarely are these
present above the tentorium) (see p. 375), retinal
angiomas, pancreatic, renal and hepatic cysts,
phaeochromocytomas and renal cell carcinomas.

The screening protocol is based on these facts, with
retinal examination, abdominal imaging and 24-
hour urinary catecholamine estimation. The role of
regular neuroimaging is more controversial, as
often intervention in the nervous system is only
considered when there are clinical signs and symp-
toms. It is now possible to identify the mutation in
~900% of cases.

Genetic analysis in neurofibromatosis 2 and von
Hippel-Lindau disease is therefore strongly advised,
not just to prove the diagnosis, as this is usually
clinically fairly obvious, but to help counsel the
family and guide appropriate screening; one only
wants to screen persons carrying the mutation.

The CAG repeat disorders

Many of these diseases share the common feature
of anticipation, particularly in the paternal trans-
missions, namely earlier age of onset and often
more severe disease in successive generations.
These mutations have been found in a variety of
predominantly adult-onset neurodegenerative dis-
eases including most of the known dominant
ataxias: Huntington’s disease, dentatorubropalli-
doluysian, and XLBSN (X-linked bulbospinal
neuropathy). Fortunately some common themes
emerge. All the CAG repeat disorders so far
described are the result of a relatively modest
expansion within the coding region. Although the
exact number of repeats on both the normal and
the abnormal allele varies between the different
diseases, the usual normal range of repeats is in
the 20s, whereas for the disease-carrying allele it
tends to be over 40. The codon CAG encodes the
amino acid glutamine and therefore all these dis-
orders have an expanded polyglutamine tract in
the middle of the relevant protein. The exact
function of the polyglutamine tract remains
unknown and the neuronal specificity needs
explaining. This raises the tantalizing possibility
that the downstream toxic effects are via a com-
mon pathway, which, if interrupted, might lead to
a therapy for all of these disorders.

Remaining trinucleotide repeat disorders

This group includes Fragile X, myotonic dystro-
phy and Friedreich’s ataxia. These disorders
are not only different clinically, but also behave
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differently at a molecular level. The repeating
sequence is more variable, both in its sequence
and length. These expansions tend to be in the
hundreds or even thousands instead of the rela-
tively modest increase (10s) seen in the CAG
repeat disorders. Moreover, the expansions
themselves are not in the coding sequence and
are therefore not made into messenger RNA or
protein, and therefore appear to disrupt gene
function in a completely different manner than
that described for the CAG repeat disorders.

CONCLUSION

This is not a comprehensive list and an interested
reader should consult some of the specialist books
listed in the further reading for more information.
However, really to keep up with this fast-moving
field it is necessary to consult databases and articles,

as hardly a single month goes by without some new
genetic discovery of relevance to neurology.

FURTHER READING

Rosenberg R, Pruisner S, DiMauro S, Barchi RL (eds)
(1997) The Molecular and Genetic Basis of
Neurological Disease, 2nd edn. London: Butterworth
Heinemann.

Scriver CR, Beaudet AL, Sly WS, Valle D (eds) (1998) The
Metabolic Basis of Inherited Disease, 8th edn.

New York: McGraw Hill.

WEBSITES OF INTEREST

http://www.geneclinics.org/
http://[www.ncbi.nlm.nih.gov/Omim/
http://www.gig.org.uk/
http://www.genome.gov/


http://www.geneclinics.org/
http://www.ncbi.nlm.nih.gov/Omim/
http://www.gig.org.uk/
http://www.genome.gov/

CHAPTER 6

DISEASES OF MUSCLE AND
THE NEUROMUSCULAR

JUNCTION

A.H.V. Schapira

M Introduction 130
M Clinical examination 131
M Investigation 134
B Duchenne and Becker muscular

dystrophy 135
B Facioscapulohumeral dystrophy 138
M Limb girdle muscle dystrophies 138
B Emery-Dreifuss muscular dystrophy 139
B Oculopharyngeal muscular dystrophy 139

M The glycogen storage diseases 140
l Defects of fatty acid metabolism 141
B The myotonias 141
B Malignant hyperthermia 145
M The congenital myopathies 146
B The inflammatory myopathies 148
B Defects of the neuromuscular

junction 151
B References and further reading 153

INTRODUCTION

Neuromuscular disorders have been at the vanguard
of the transition of the clinical neurosciences from
descriptive to mechanistic. The hereditary muscular
dystrophies provided fertile ground for modern
molecular genetics to define aetiology, and for cell
biology to determine pathogenesis. Similar advances
have been made in the channelopathies and myo-
tonias. Thus neuromuscular disorders have become
one of the most exciting and rapidly advancing areas
of clinical neurology. While molecular genetic analy-
sis has allowed genetic counselling, specific treat-
ments have been slower to develop. Nevertheless,
it is in the area of gene therapy that muscle dis-
ease once again leads the way forward. There are
grounds for optimism that the next 20 years will see

the development of successful therapies for many of
these degenerative disorders.

Muscular dystrophies
¢ Duchenne

« Becker

« Facioscapulohumeral
e Limb girdle

« Emery-Dreifuss

¢ Oculopharyngeal.

Myotonias

« Myotonia dystrophica (AD)

» Congenital myotonia

¢ Thomsen (AD)

o Becker (AR)

e Schwartz-Jampel syndrome (AR).
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Table 6.1 Glycogen storage diseases

Type Enzyme deficiency

Il Acid maltase

1] Debrancher

IV Brancher

v Myophosphorylase

Via Phosphorylase b kinase
Vil Phosphofructokinase

IX Phosphoglycerokinase
X Phosphoglyceromutase
Xl Lactate dehydrogenase

Channelopathies

» Familial hypokalaemic periodic paralysis (AD)
» Hyperkalaemic periodic paralysis (AD)

« Paramyotonia congenita (AD).

AD, autosomal dominant; AR, autosomal recessive

Metabolic muscle disorders
« Glycogen storage diseases (Table 6.1)
(a) Acid maltase deficiency
(b) Myophosphorylase deficiency
o Defects of fatty acid metabolism
(a) Carnitine palmitoyl transferase deficiency
(b) Acyl co-enzyme A dehydrogenase
deficiency
o Mitochondrial myopathies
(a) Chronic progressive external
ophthalmoplegia (CPEO)
(b) Kearns-Sayre syndrome
(c) Myopathy, encephalopathy, lactic acidosis
and stroke-like episodes (MELAS)
(d) Myoclonic epilepsy with ragged red
fibres (MERRF).

Inflammatory muscle disorders
o Polymyositis
(a) Polymyositis associated with skin
change - dermatomyositis
(b) Polymyositis associated with connective
tissue diseases
(c) Polymyositis associated with malignancy
o Inclusion body myositis.

Congenital myopathies

o Central core disease

« Nemaline myopathy

» Centronuclear myopathy.

Neuromuscular junction disorders
o Myasthenia gravis
o Lambert-Eaton syndrome.

CLINICAL EXAMINATION

Muscle has a limited repertoire by which dysfunction
can become apparent. Muscle diseases essentially
present with wasting, weakness, sometimes pain
and occasional pseudohypertrophy or abnormal
muscle contraction. Clinical history and examination
remain fundamental tools in the diagnosis of muscle
diseases. The history may elicit patterns of weak-
ness which suggests more proximal than distal
involvement.

Symptoms of muscle disease
Proximal Working above head, stepping up,
weakness getting out of bath, off floor

Face Myopathic facies

Bulbar Speech, swallow

Chest Breathless, vital capacity

Heart Exercise intolerance -
electrocardiogram (ECG)

For instance, weakness of the shoulder girdle may
result in difficulty for patients in raising their arms
above their heads. Thus they complain of problems
with washing or drying their hair, storing items in
overhead cupboards and hanging out the washing.
Weakness of the pelvic girdle is often manifested by
difficulty rising from a chair, climbing stairs and
getting in or out of a bath. Distal weakness, on the
other hand, results in problems such as difficulty
opening bottles and jars and turning taps and in the
feet frequently results in foot drop. Weakness of the
cranial musculature may produce symptoms such as
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diplopia, dysphagia, dysarthria and occasionally of
neck weakness itself. Facial weakness may be sug-
gested by a history of difficulty whistling, using a
straw or blowing up balloons.

The onset of muscle weakness is important to
establish, in particular the length of history and
whether the patient’s weakness can be traced back to
early childhood. A history of motor development if
available from one or other parent is often useful as
difficulty feeding, delayed sitting or walking would
indicate congenital muscle disease. The ability to play
sports and keep up with peers are often important
clues to early muscle problems.

Muscle weakness may exhibit a diurnal variation,
such as in myasthenia gravis where the patient
might wake feeling normal but develop fatigue as
the day progresses only to be restored in function
by a rest during the day.

Muscle cramps or pain may suggest a metabolic
myopathy. In such cases it is always important to ask
for a history of pigmenturia or ‘Coca Cola’ urine,
which would indicate myoglobinuria.

The family history is an important part of making
a diagnosis in muscle disease and it is often useful to
draw out a family tree. Expression of the same genetic
defect may vary within a single family. This is typ-
ically seen in myotonic dystrophy where there is
anticipation from one generation to another, that is,
clinical expression becomes more obvious in subse-
quent generations. Thus grandparents may only have
a history of cataracts or diabetes, whereas parents
may have more typical features, perhaps including
weakness or wasting, while the index case may have
the full myotonic dystrophy syndrome. Carriers of
X-linked diseases may be picked up through affected
relatives of the maternal carrier. Mitochondrial
myopathies may be suggested by strictly maternal
inheritance.

A systemic review is important as many diseases
can present with muscle weakness or fatigue.
Endocrine disorders such as thyrotoxicosis, myx-
oedema, Cushing’s or Addison’s disease, for instance,
may present with fatigue or proximal weakness.
Neurogenic disorders such as motor neurone disease
or the Guillain-Barré syndrome may present with

generalized weakness. A careful clinical history will
delineate these disorders from primary myopathies.
A history of skin rash and arthritis might suggest a
connective tissue disorder in association with a myo-
pathy. A drug history is also important. Steroid use,
for example, may lead to a proximal myopathy, pen-
cillamine may lead to a myasthenic-like syndrome.

As always in neurology, an accurate diagnosis is
based upon a full examination and the identification
of muscle disorders is no exception to this. Simple
observation of the patient will identify the frontal
balding of a patient with myotonic dystrophy, the
typical myopathic facies with a lateral smile, the
bilateral ptosis of myasthenia or CPEO; the helio-
trope discoloration around the eyes of dermato-
myositis; floppiness of the head is often a guide to
myasthenia gravis. Winging of the scapulae suggests
marked shoulder girdle weakness, usually suggesting
a dystrophic process. There may be generalized thin-
ning of the muscles in all limbs, although there may
be focal wasting such as in inclusion body myositis.
Alternatively there may be pseudohypertrophy, such
as is seen in the calves in patients with Becker’s
muscular dystrophy or macroglossia in acid maltase
deficiency. Fasciculations may be seen in muscles in
primary myopathies, although they are more fre-
quently an indication of denervation. There may be
signs of multisystem disease as in myxoedema or
Cushing’s disease.

Examination of the cranial nerves may allow
identification of specific abnormalities. Visual acuity
is not impaired in muscular disorders except with
the development of cataracts as are seen in myotonic
dystrophy. Retinal examination may demonstrate
retinitis pigmentosa of the salt and pepper type such
as is seen in some mitochondrial disorders; or the
microangiopathy of facioscapulohumeral dystrophy.
Ptosis may be unilateral or bilateral and symmet-
rical or asymmetrical. It is indicative of weakness
of levator palpebrae superioris and is a common
finding in myopathic disorders or diseases of the
neuromuscular junction. The latter may be signified
by fatigue and can be demonstrated by asking the
patient to look at a fixed point above their head
while gradual descent of the eyelids is observed.
Alternatively the patient is asked to look at the
examiner’s finger, which is held in a position to allow
the patient to look down. The finger is then brought
abruptly upwards to above the patient’s head. The
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eyelids in myasthenia gravis may twitch in such cir-
cumstances as elevation is initially normal before
fatigue sets in and the eyelids begin to droop (Cogan’s
lid twitch). Examination of eye movements is impor-
tant and the examiner must ask the patient whether
diplopia is observed at any time. Ophthalmoplegia
may occur in ocular myasthenia, mitochondrial
disorders, or the ocular dystrophies such as ocu-
lopharyngeal muscular dystrophy.

There may be wasting and weakness of tempo-
ralis, sternomastoid or trapezius. Facial weakness is
demonstrated by attempting to open the eyes
against resistance and opening the mouth against
pursed lips. The patient may also be asked to blow
out their cheeks or to whistle; these actions are
often difficult with marked facial weakness. Bulbar
weakness may be suggested by an adenoidal quality
of the voice and coughing or nasal regurgitation
when drinking a glass of water offered by the
examiner. Neck weakness is an important sign in
myopathies and is usually demonstrated by over-
coming the patient’s forced neck flexion. Exam-
ination of the tongue may show wasting, which
is more commonly a result of a neurogenic dis-
order, while enlargement may be seen in amyloid or
acid maltase deficiency. Fasciculations of the
tongue are again most frequently seen in neuro-
genic disorders, such as anterior horn cell disease or
X-linked bulbospinal neuronopathy. Tongue
myotonia may be demonstrated in myotonic dystro-
phy. This is achieved by striking a tongue depressor
laid edge on across the protruding tongue with a
patella hammer.

As mentioned above, examination of the limbs
may indicate muscle wasting or pseudohypertrophy.

The pattern of muscle wasting is important. It is
usually symmetrical in the limb girdle dys-
trophies, although an important exception to this
is facioscapulohumeral dystrophy, where muscle
involvement may be strikingly asymmetrical.

In inflammatory myopathies, there may be muscle
wasting or, alternatively, the muscle may appear of
normal bulk but take on a ‘woody’ feel caused by
oedema. Inclusion body myositis may lead to focal
and often distal wasting in an asymmetric pattern.

Fasciculations can be seen in muscle disease, although
these are usually the result of denervation. Myokymia,
which is a persistent worm-like motion of muscle
fibres underneath the skin, is also usually neuro-
genic. It may be a symptom of fatigue, such as when
it occurs around the eye, or of Whipple’s disease if
it occurs in a more general distribution in the face,
or of neuromyotonia if generalized and associated
with muscle stiffness.

Muscle tone is either normal or reduced in
muscle disease. Contractures are an indication of
longstanding muscle weakness. The results of test-
ing muscle strength must be documented according
to the Medical Research Council grading system.

Certain patterns of weakness are particularly
suggestive of myopathic disorders; for example,
ophthalmoplegia, neck weakness, winging of
the scapulae, proximal upper and lower limb
weakness.

It is also important to look for fatigue through
repetitive movement. This may be seen in either the
myopathies or neuromuscular junction defects such
as myasthenia gravis or the congenital myasthenias.
Alternatively, increasing strength through repeti-
tion would suggest the Lambert-Eaton myasthenic
syndrome. It is crucial to ask the patient to walk,
as this may demonstrate the typical waddling gait
of girdle weakness or the dropped foot of
scapuloperoneal muscular dystrophy. Truncal weak-
ness may be tested by asking the patient to sit up
from lying flat on the couch, and pelvic girdle
weakness may again be tested by asking the patient
to stand from a crouch. Muscle weakness in chil-
dren is often best observed while they are at play
and seeing them stand up from lying on the floor.
This may reveal the typical Gower’s manoeuvre
seen in pelvic weakness whereby the child climbs
up his extended legs.

The tendon reflexes are often depressed in muscle
disease, although it has been reported that they may
be increased in myasthenia gravis. Isometric contrac-
tion will increase tendon reflexes in the Lambert-
Eaton myasthenic syndrome. Plantar responses
should be flexor in pure myopathic disorder unless
there is some associated central nervous system (CNS)
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Table 6.2 Investigation of patients with suspected muscle
disease

Blood
Full blood count, urea, electrolytes, calcium,
creatine kinase, liver function tests
Endocrine - thyroid, Cushing’s, diabetes mellitus
Antibodies - connective tissue disorders
DNA testing - Duchenne, myotonic dystrophy
ECG
Cardiac involvement
EMG
Muscle sampling
Nerve conduction studies
Biopsy
Needle sample
Open biopsy
Special Ischaemic exercise - lactate levels do not
rise as expected

involvement. Sensory examination should also be
normal unless there is some associated neurogenic
disease.

General examination should reveal evidence to
suggest a systemic disorder, such as, myxoedema,
Cushing’s disease, and so on, which might underlie
a myopathy.

INVESTIGATION (Table 6.2)

A full blood count is typically normal in myopathic
disorders, although there may be some mild leuko-
cytosis in inflammatory muscle disease or eosino-
philia in, for instance, trichinosis. The erythrocyte
sedimentation rate (ESR) is usually elevated in the
inflammatory myopathies. Electrolytes are typically
normal unless there is some other underlying endo-
crine disorder, such as Cushing’s disease or Addison’s
disease. Diabetes mellitus may be seen in myotonic
dystrophy or the mitochondrial myopathies as part
of more widespread systemic involvement. Calcium
levels are typically normal. Thyroid function studies
should be undertaken to exclude myxoedema or thy-
rotoxicosis. Liver function tests may reveal a mild
elevation of aspartate transferase or occasionally
ALT (alanine aminotransferase) but this is of muscle

rather than liver origin. The most useful blood test is
creatine kinase (CK). This muscle enzyme leaks into
the blood when there is muscle breakdown or a
defect of the plasma membrane. Levels of CK are
usually in the high hundreds or thousands in the
muscular dystrophies. It may reach very high levels
when there is muscle breakdown in rhabdomyolysis.
Elevation of CK is common in the inflammatory
myopathies and wusually in the high hundreds,
although levels may occasionally be normal. Creatine
kinase levels are normal in neuromuscular junction
defects and in several of the congenital myopathies.
A mild increase to approximately twice the normal
upper limit may be seen in individuals of West Indian
extraction. High CK levels may be seen in otherwise
apparently normal individuals who are carriers of,
for instance, Duchenne or Becker dystrophy.

Certain provocation tests may be useful in the
diagnosis of metabolic myopathies. Disorders of
glycogenolysis or glycolysis may be detected by the
ischaemic lactate test. This basically involves the
contraction of muscle under anaerobic metabolism.
In the normal individual, energy requirements will
come from the breakdown of glycogen and glucose
to pyruvate, which subsequently accumulates as lac-
tic acid. In a patient with, for instance, an enzyme
defect of either of these pathways, there will be a
failure to accumulate lactic acid. This is interpreted
as a positive test. A defect of aerobic metabolism as
occurs in patients with mitochondrial myopathies
will result in an elevation of lactic acid. This will be
exacerbated by exercising the patient. Typically,
lactic acid levels will rise to several times the upper
limit of normal, while pyruvate levels will usually
remain low. This results in a substantial increase in
the lactate:pyruvate ratio.

Electromyography (EMG) is an important part of
the diagnosis of diseases of muscle or the neuro-
muscular junction. Nerve conduction studies are
also important, usually to exclude diseases of the
peripheral nerves, although peripheral nerve abnor-
malities may be seen in a proportion of patients
with mitochondrial disorders and incidentally in
patients such as those with myotonic dystrophy
who have concomitant diabetes. Measurement of
the compound muscle action potential may reveal
a reduction in amplitude in muscle disease, includ-
ing dystrophies and inflammatory myopathies.
Repetitive nerve stimulation may demonstrate
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fatigue in myasthenia gravis or increment in the
Lambert-Eaton myasthenic syndrome when stimu-
lation is >3 Hz. In combination with single fibre
studies, EMG may demonstrate neuromuscular
junction blockade with ‘jitter’ and block in myas-
thenia gravis.

A coaxial needle is used for EMG, which exam-
ines muscle for insertional activities, spontaneous
activity and motor unit action potentials. A short
burst of electrical activity following insertion of the
needle is normal. This activity may be reduced when
muscles are replaced by fat or connective tissue and
increased when muscle membranes are unstable,
such as with the inflammatory myopathies. The
myotonic syndrome may produce typical ‘dive
bomber’ sounds when the needle is moved.

Spontaneous activity may appear as fibrillation
potentials or positive sharp waves and these are a
result of depolarization of single muscle fibres
and are seen typically in the primary myopathies.
They are probably caused through functional dener-
vation resulting from fibre necrosis or atrophy. Thus
they are a prominent feature of the inflammatory
myopathies and the dystrophies.

Motor unit action potentials become polyphasic
and of short duration and low amplitude where there
is loss of muscle by necrosis. Denervation and hyper-
trophy of muscle fibres may result in polyphasic
motor unit action potentials, with prolonged duration
and high amplitude components. Sometimes these
findings may occur simultaneously.

Muscle biopsy remains the gold standard for the
diagnosis of muscle disease.

Two techniques are available to obtain muscle
for examination. The first involves open biopsy
under local anaesthesia; the second utilizes a needle
biopsy approach. Each has its advocates and numer-
ous anecdotes are used to support the benefit of one
technique over the other. In practice, both are widely
used. The selection of muscle for biopsy is important.
The muscle should be affected but not too severely
as, under these circumstances, muscle fibres may be
replaced by fat and connective tissue. Biceps, tri-
ceps or vastus lateralis are the muscles most fre-
quently biopsied. In each case it is essential that the

biopsy is subjected to a full range of histochemical
stains. Immunohistochemistry involving antibodies to
dystrophin or the sarcoglycan proteins is now becom-
ing an important part of the diagnosis of muscle
disease. The most frequent patterns of abnormality
on muscle biopsy are those that involve dystrophic
processes, inflammatory processes, enzyme deficien-
cies or structural changes indicative of mitochondrial
disorders or the congenital myopathies. Occasionally
non-specific changes are seen, such as a type II
muscle atrophy. Alternatively the muscle biopsy may
demonstrate fibre type grouping or atrophy indica-
tive of a neurogenic disorder. Electron microscopy
can also be used in the diagnosis of muscle diseases.
This may show the typical vacuolar contents in inclu-
sion body myositis, the paracrystalline inclusions of
mitochondrial disorders or the rods and filaments of
nemaline myopathy.

New techniques are also being brought to bear in
the investigation of muscle disease. Magnetic reso-
nance spectroscopy can be used in the identification
of defects of energy metabolism. Magnetic resonance
imaging (MRI) can be used to demonstrate a muscle
affected by dystrophic or inflammatory processes.

More importantly the advent of molecular genetics
can allow the diagnosis of some muscle disorders
through the testing of blood deoxyribonucleic acid
(DNA); for example, Duchenne or Becker muscular
dystrophy, myotonic dystrophy and the mitochon-
drial encephalomyopathies.

DUCHENNE AND BECKER

MUSCULAR DYSTROPHY

Duchenne and Becker type muscular dystrophies
are X-linked and associated with mutations in the
dystrophin gene, the Xp21 locus, and with defi-
ciency in the expression of dystrophin at the sar-
colemma. Duchenne muscular dystrophy (DMD) is
the commonest of the dystrophies with an inci-
dence of approximately 1:3500 live male births and
a prevalence of approximately 6:100000 total male
population. Becker muscular dystrophy (BMD) is
less common at approximately 1:18 000 live male
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births and a prevalence of 2:100000 total male
population.

Both of these disorders are recessive traits. Thus
males carrying the gene are affected, while het-
erozygous females are carriers but often unaffected.
Carrier females will pass on the condition to 50% of
their sons and 50% of their daughters will be car-
riers, that is a 25% chance that a carrier will have an
affected son. Although asymptomatic carriers can
be identified through minor clinical changes, such
as limited weakness or occasionally bulky calves,
some may have elevated CK levels and mild EMG
changes. A separate group known as manifesting
carriers are the result of incomplete lyonization of
the maternal X chromosome.

Approximately 65% of patients with DMD have no
family history and therefore appear as sporadic cases.
The mutation may have arisen in the mothers or in
the affected individuals. However, new techniques to
identify carrier status suggest that a significant pro-
portion of apparently sporadic cases are in fact the
offspring of previously unrecognized carriers.

Becker muscular dystrophy is much milder than
DMD and affected males often have families. In this
case all daughters will be carriers but all sons will
be normal.

Clinical and molecular features of
dystrophin deficiency

The weakness of DMD usually becomes apparent at
any early stage with delayed motor milestones.
Often the child is not able to walk until the age of 2
or 3 years. There is bilateral symmetrical proximal
limb weakness, usually more profound in the pelvic
girdle. The child may exhibit Gower’s sign (see
p- 133). The gait is waddling and the child has diffi-
culty rising from sitting, crouching or lying. Most
patients have pseudohypertrophy of the calves as
a result of accumulation of fat and connective tis-
sue (Figure 6.1). Progression of the disease leads to
marked wasting of the limb girdles with accompa-
nying progressive weakness. Tendon reflexes are
lost with the exception of the ankle jerks. Paraspinal
weakness may result in kyphoscoliosis, particularly
once the patient is confined to a wheelchair. This,
together with weakness of the intercostal and other

Figure 6.1 Prominent calves, wasted thighs and thinning
of scapulohumeral muscles in Duchenne dystrophy.

respiratory muscles, may result in respiratory fail-
ure, although because of relative preservation of
diaphragmatic function, this becomes severe only
relatively late in the course of the disease.

The CK is usually very high, often scoring in the
thousands, the EMG is abnormal and muscle biopsy
shows a dystrophic pattern with a wide variation in
fibre size, central nuclei muscle necrosis and
increased connective tissue and fat (Figure 6.2).
Immunostaining with dystrophin antibodies may
show absence of expression of the protein at the
sarcolemmal membrane.

Cardiac involvement is common in DMD and may
result in arrhythmias, impaired contractility and,
occasionally, progressive cardiac failure. Abnor-
malities on ECG are common and include conduc-
tion defects and tall R waves and deep Q waves. One
intriguing aspect of DMD is that approximately
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Figure 6.3 Asymmetric wasting of pectoral muscles in a
man aged 40 years with Becker dystrophy.

one-third of patients have associated mental retar-
dation. This particularly seems to affect verbal abil-
ities. Cranial scans may show mild cerebral atrophy.

The onset and rate of progression of BMD are
usually slower than in DMD. Patients with BMD
present later, usually in early adolescence, although
there is often a history of delayed motor milestones
and difficulty keeping up with their peers at school.
The pattern of muscle weakness is similar to that
of DMD (Figure 6.3) and muscle hypertrophy is
often a prominent feature, particularly affecting the

Figure 6.2 Duchenne muscular
dystrophy (H & E frozen section X
120) shows large ‘waxy’ strongly
eosinophilic (black) fibres together
with great variation in fibre size. The
large areas without muscle fibres
are fat replacement and fibrosis as
a result of progressive fibre loss.

calves. Spinal contractures are uncommon in BMD.
Most patients are able to continue walking until
they are aged into their 20s or 30s and whereas
patients with DMD often die before the age of 20
years, those with BMD may survive much longer. The
heart may be involved in BMD patients although usu-
ally this is less severe than in DMD. Abnormalities
of ECG are seen in about half the cases of BMD.
Intellect is not affected in BMD. Pathological fea-
tures are similar to those seen in DMD but are usu-
ally much less severe. The expression of dystrophin
in BMD is related to clinical involvement, that is the
more protein expressed, the less severe the muscle
weakness.

Diagnosis

The specific diagnosis of DMD or BMD rests
upon demonstrating complete or partial dys-
trophin deficiency in the muscle biopsy.
Molecular genetic diagnosis can be made by
demonstrating a deletion in the dystrophin gene
at the Xp21 region and this may be used in pre-
natal diagnosis.

The Xp21.1 gene is the largest known - 2.4 million
base pairs. At least seven protein isoforms are
encoded by this gene and these are found in skeletal



138 Diseases of muscle and the neuromuscular junction

and cardiac muscle, brain, retina and peripheral
nerves. This may explain why mental retardation
may accompany the myopathy in some patients.
Two-thirds of patients have an out-of-frame deletion,
which results in a truncated, unstable protein. The
remaining DMD patients have point mutations or
duplications, which also result in an unstable pro-
tein. Becker muscle dystrophy usually results from
in-frame deletions that lead to a truncated protein
which is present in reduced quantity.

There is no specific treatment to cure DMD or
BMD although recent advances in gene transfer may
change this in the future. Management is directed to
supportive care and maintaining function. Moderate
physical exercise is often helpful, avoidance of con-
tractures is important and prevention of scoliosis cru-
cial when the patient is no longer able to walk. This
often requires a thoracic support, breathing exercises
and postural drainage. Cardiac arrhythmias should be
treated by standard means. Some patients with DMD
have responded to corticosteroids, although benefit is
rarely maintained in the long term.

FACIOSCAPULOHUMERAL

DYSTROPHY

Facioscapulohumeral dystrophy (FSHD) is probably
a molecularly heterogeneous group of disorders with
a similar clinical phenotype. Transmission is usually
autosomal dominant, although both autosomal
recessive and X-linked cases have been described.
One locus at chromosome 4 (4q35) has been identi-
fied but the responsible gene and its protein product
remain unknown.

Onset is usually insidious and often occurs in
late childhood or adolescence, although it may be
some time after before the diagnosis is made.
Weakness usually begins in the face and progresses
to the shoulder girdle with winging of the scapulae.
Difficulty with eye closure may be the symptom
that precipitates medical attention. Weakness may
subsequently develop in the lower limbs with foot
drop in approximately half of patients. Pelvic girdle
weakness occurs later. As mentioned above, weak-
ness in FSHD may be strikingly asymmetrical.

Creatine kinase is usually significantly elevated
in the high hundreds or above 1000 and EMG is

myopathic. Muscle biopsy can show typical myo-
pathic features with increased variation in fibre
diameter, occasional necrosis and regeneration, and
an increase in connective tissue and fat. However
in some cases the biopsy shows only mild changes,
which may include scattered atrophic angulated
fibres suggestive of a neurogenic component.

There tends to be relatively slow progression of
FSHD, with lifespan shortened only modestly. Early
onset typically leads to more severe subsequent
involvement. Cardiac involvement is uncommon.
Recent studies with the B-agonist, albuterol, have
demonstrated a significant increase in lean body
mass and muscle strength and this may be a useful
drug in the management of FSHD.

LIMB GIRDLE MUSCLE

DYSTROPHIES

The limb girdle muscular dystrophies (LGMD) are a
clinically and genetically heterogeneous group of
disorders that manifest predominantly as gradually
progressive weakness affecting shoulder and pelvic
girdles.

The LGMD may occur in mild or severe form. The
mild form usually becomes apparent in the second
or third decade with slow onset and progression of
proximal upper and lower limb involvement.
Muscles of the face and hands are rarely affected.
The patient is usually able to walk for approximately
20 years or so from diagnosis. The CK is moderately
elevated and EMG is usually characteristic of a
myopathy. Muscle pathology shows the wusual
changes of a dystrophy with variation in fibre size,
occasional necrosis, fibre splitting and replacement
with fat and connective tissue. The severe form of
LGMD may be indistinguishable from DMD in male
patients. Onset is in early childhood with loss of
ambulation most common in the second or third
decades. The pelvic girdle is usually most affected
and intellectual function is retained. Pathological
changes are similar to the mild form.

Significant advances have been made in the
identification of the underlying molecular genetic
bases of the LGMDs. Mutations in the genes encod-
ing the «, B, & or vy sarcoglycan proteins have
been identified in autosomal dominant, but more
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frequently autosomal recessive, LGMD. These muta-
tions usually manifest in childhood or early adoles-
cence, although occasional late-onset cases have

been described. The mutations cause deficiency of
the respective proteins and this can be demonstrated

immunohistochemically on muscle biopsy.

Dilated cardiomyopathy may develop in some
patients with LGMD, usually after the onset of gir-
dle weakness.

The sarcoglycanopathies are probably more
amenable to gene therapy than is DMD, as the tran-
scripts are considerably smaller.

EMERY-DREIFUSS MUSCULAR

DYSTROPHY

Emery-Dreifuss muscular dystrophy is an X-linked
disorder caused by mutations in the gene for
emerin. There is insidious onset of wasting and
weakness involving mainly the scapulohumeral
muscles in the upper limbs and the peroneal muscles
in the lower limbs. A typical feature is the devel-
opment of contractures with flexion at the elbows,
equinovarus deformities at the ankles and limitation
of neck flexion. Symptoms usually begin in early
childhood with a waddling gait. Cardiac involve-
ment is invariable with conduction defects frequent
and low amplitude P waves on ECG. Cardiac involve-
ment may become symptomatic, with syncope or
progressive cardiac failure. The CK is modestly ele-
vated; EMG is myopathic; and muscle biopsy shows
typical changes of dystrophy. There is no evidence
of involvement of higher mental function. Manage-
ment should include supervision by a cardiologist
and standard treatments for dysrhythmias, and so
on. Avoidance of contractures may be helped by
physiotherapy.

Emery-Dreifuss muscular dystrophy is linked
to Xq28, the STA gene, whose product is now
called emerin. This is a 34kDa protein, which is
ubiquitously expressed as the nuclear membrane
but the precise function of which remains unclear.
Antibodies are available to emerin and a mutation
in the emerin gene usually leads to loss of immuno-
reactivity. Thus the diagnosis of Emery-Dreifuss
muscular dystrophy may be made by observing
the absence of immunostaining for emirin protein in

peripheral whole blood cells or muscle biopsy. How-
ever, some patients may retain immunostaining and
others, with the typical Emery-Dreifuss phenotype,
may have mutations in the gene. There is a rare
autosomal dominant form of Emery-Dreifuss mus-
cular dystrophy in which emerin immunostaining is
also normal.

OCULOPHARYNGEAL

MUSCULAR DYSTROPHY

Oculopharyngeal muscular dystrophy (OPMD) is an
autosomal dominant inherited disorder with complete
penetrance and only a few sporadic cases have been
described. It is characterized by onset in the fifth or
sixth decades with ptosis and dysphagia. These are
slowly progressive and other muscle involvement
occurs in the later stages.

Oculopharyngeal muscular dystrophy has been
linked to chromosome 14ql1 and an abnormally
extended triplet GCG repeat expansion identified in
the polyA binding protein 2 gene. Normals have six
repeats, patients have seven to nine.

Although ptosis is more commonly the first
symptom of OPMD, dysphagia has been reported
early in some patients. The ptosis is often severe
enough to require the patient to compensate by
overactivity of the frontalis muscle and extension
of the neck to enable them to see. External ocular
movements are normal in the early stages of the
disease. Dysphagia occurs first for solids and later
for liquids. It can eventually become severe enough
to cause malnutrition and require a gastrostomy.
Dysphonia may also occur as a result of laryngeal
weakness. Later in the disease, weakness and wast-
ing may occur in the shoulder girdle muscles.

Levels of CK may be normal or only modestly
elevated and EMG is usually myopathic. Barium
swallow may reveal weak prolonged and repetitive
pharyngeal contractions with delayed sphincter
relaxation. The ECG may be abnormal in a proportion
of cases and usually shows a conduction defect.

Muscle biopsy shows a characteristic picture of
generalized dystrophic change in addition to the
presence of rimmed vacuoles within muscle fibres.
These contain membranous structures and debris
from the breakdown of muscle. Electron microscopy



140 Diseases of muscle and the neuromuscular junction

also shows the presence of intranuclear tubular fila-
ments. There is no specific treatment for OPMD.
Supportive and palliative treatments are important
and may include eye props, pharyngeal myotomy
and gastrostomy.

THE GLYCOGEN STORAGE

DISEASES

The glycogen storage diseases are listed in Table 6.1.
They are a heterogeneous group of disorders of
glycogen metabolism. These disorders generally
present as liver or muscle disease and these reflect
the different functions of glycogen in these tissues.
In the liver, glycogen is mainly utilized to keep
blood glucose constant, while in the muscle it
provides a substrate for energy production during
high intensity acute exercise. This chapter will deal
with those disorders that predominantly affect
muscle.

Acid maltase deficiency

Acid maltase deficiency may present at any time
from infancy to late adulthood. In the infantile
form (Pompé's disease) glycogen accumulates, par-
ticularly in the heart, skeletal muscle and brain. The
baby presents with hypotonia, respiratory failure and
hypoglycaemia. Early death is usual.

Childhood-onset acid maltase deficiency pres-
ents with delayed motor milestones and proximal
weakness. Occasionally the respiratory muscles can
be selectively affected and calf enlargement can
sometimes occur. This picture can simulate muscu-
lar dystrophy. Progression is slow but inexorable
and death usually results from respiratory failure in
the second decade.

Adult acid maltase deficiency can present in the
third decade or later as a slowly progressive prox-
imal limb girdle myopathy with symptoms of respira-
tory failure. Prognosis is usually reasonable, with
many patients maintaining ambulation. Cardiac
involvement is uncommon.

Acid maltase deficiency causes an elevation of
CK and aspartate transferase. Myopathic changes

are demonstrated on EMG. Muscle biopsy shows a
vacuolar myopathy. The vacuoles contain glycogen
and are strongly reactive for acid phosphatase,
indicating that they are secondary lysosomes. Acid
maltase can be assayed in muscle fibroblasts or
lymphocytes and prenatal diagnosis can be under-
taken on amniotic fluid cells. Electron microscopy
of the latter can also show lysosomes filled with
glycogen. Gene deletions or missense mutations in
the acid maltase gene have been identified. A family
history, if present, usually suggests an autosomal
recessive inheritance.

Some investigators have suggested that a high
protein diet may result in increased strength and
exercise tolerance in patients with acid maltase
deficiency.

Myophosphorylase deficiency

Autosomal recessive and autosomal dominant
forms of myophosphorylase deficiency (McArdle's
disease) have been described but in approximately
half of these patients there is no positive family his-
tory. The myophosphorylase gene has been local-
ized to chromosome 11q13 and mutations in this
gene have been identified in patients.

Onset may be variable, with a fatal infantile form
with progressive weakness and respiratory failure
leading to death within a few months, a milder child-
hood-onset form with delayed motor development
and proximal weakness, and an adult-onset form
with muscle cramps, exercise intolerance, wasting,
weakness and myoglobinuria. Muscle pain and stiff-
ness are induced by exercise of short duration and
high intensity and may be relieved by rest. The
patients may exhibit a ‘second wind’ phenomenon if
they rest after the first onset of muscle pain.

Elevated CK levels are seen in most patients
and may be well over 1000. Electromyography is
myopathic and ECG occasionally shows abnormali-
ties. The ischaemic lactate tests will not demonstrate
any rise in lactic acid. Muscle biopsy shows periodic
acid-Schiff-positive glycogen deposits in subsar-
colemmal ‘blebs’ The histochemical reaction for phos-
phorylase is absent. Interestingly, regenerating muscle
fibres may express phosphorylase, perhaps as a fetal
isoform.
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No effective therapy is available for patients with
McArdle’s disease. A high protein diet has been
suggested to be beneficial, although this has been
useful in only a few patients.

DEFECTS OF FATTY ACID

METABOLISM

Defects of fatty acid metabolism may present with
muscle pain and weakness. Infants usually have a
generalized profound hypotonia and fail to thrive,
while adults complain of a more proximal myopa-
thy. Symptoms are provoked by prolonged exercise,
fasting or cold, as these are occasions when fatty
acids become an essential fuel. An acute energy crisis
in muscle in these patients may lead to rhabdo-
myolysis with myoglobinuria. Abnormalities of liver
and heart may coexist. Central nervous system dis-
ease has been seen in some patients with long-chain
fatty acid deficiencies.

Typically, the symptoms are episodic in many
patients, although a chronic progressive history can
be obtained in some. A history of hypoglycaemia,
encephalopathy or cardiorespiratory arrest should
alert the physician to the possibility of a fatty acid
defect. Hypoglycaemia and elevated ammonia levels,
together with a high CK, are strongly suggestive of
a fatty acid metabolic defect. Additional important
investigations include urinalysis for organic acids
and measurement of plasma and tissue carnitine;
the latter may be low in total form but high in esteri-
fied (acetylated) form.

Carnitine palmitoyl transferase (CPT) deficiency
was the first of the B-oxidation defects to be
described in fatty acid metabolism. The most com-
mon form of CPT deficiency presents in adolescence
or early adulthood with recurrent episodes of muscle
pain, rhabdomyolysis and myoglobulinuria. These
episodes may typically be induced by prolonged
exercise or by fasting and occasionally by infection.
The enzyme defect is located in CPT II and results in
a severe deficiency of lipid in muscle. The inher-
itance pattern is autosomal recessive. Most patients
are clinically normal between attacks, although
recurrent episodes may lead to persisting weakness.

The acyl coenzyme A (CoA) dehydrogenase
deficiency may be classified into long-chain,

medium-chain or short-chain varieties. Generally,
these disorders present in early childhood with recur-
rent hypoglycaemia, vomiting and coma induced by
fasting. A later onset form may be seen and is char-
acterized by muscle pain and myoglobinuria.

Primary carnitine deficiency may be associated
with a myopathy and be caused by defective carni-
tine uptake, and may be diagnosed in skin fibro-
blasts or blood leukocytes. Patients respond to
carnitine supplementation. Secondary carnitine
deficiency occurs in some patients with respiratory
chain defects, acyl CoA dehydrogenase deficiencies
and methylmalonyl CoA mutase deficiency. Sodium
valproate (an anticonvulsant) may also deplete car-
nitine stores. Carnitine-deficient myopathy usually
presents in childhood or adolescence with proximal
limb weakness; facial and bulbar weakness may
also occur. Muscle biopsy may show increased
accumulation of lipid, especially in type 1 fibres.

Diagnosis of these patients is important, as treat-
ment is available for some of these disorders.
B-oxidation defects may be diagnosed by random
mass spectrometric analysis of blood or urine, carni-
tine estimation in blood and muscle, studies of
cultured cells or molecular genetic analysis in, for
example, patients suspected of CPT II deficiency
where one mutation accounts for about 50% of
cases. Avoidance of prolonged fasting, and a diet
high in carbohydrate and low in fat are important.
Additional carbohydrates must be given if there
is any coexisting illness and in coma intravenous
glucose must be administered in high quantities.
Carnitine supplementation is helpful for those with
carnitine deficiency and riboflavin has been benefi-
cial in patients with multiple acyl CoA dehydroge-
nase deficiencies.

THE MYOTONIAS

Myotonic dystrophy

Myotonic dystrophy (MD) is one of the commonest
neuromuscular disorders with a prevalence of appro-
ximately 5:100000. It is an autosomal dominant
disorder caused by a trinucleotide (CTG) repeat
sequence in a gene on chromosome 19. Normal
individuals have between five and 37 repeats,
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whereas MD patients typically have greater than 50.
There is a general relationship between repeat length
and disease severity but this does not allow accurate
prognostic information on an individual basis. The
repeat lengths show instability such that the size
may vary from one tissue to another. Myotonic dys-
trophy also shows anticipation, that is, subsequent
generations are more severely affected and this is
probably a result of intergenerational instability of
the repeat length.

It is very uncommon to find a case of MD with-
out a family history, implying that spontaneous
mutations are rare. It is possible that there is a pool
of individuals in the normal population in whom
the CTG is unstable and which may progress into
the MD range on transmission. Interestingly, the more
severe young-onset cases of MD are more likely to
have inherited the defect from their mother.

Myotonic dystrophy is a multisystem disease.
Simple observation will show the frontal bald-
ing, bilateral ptosis, myopathic facies (Figure
6.4), temporalis wasting, and general muscle
thinning, frequently with wasting in the small
hand muscles. There is mental retardation, which
is usually mild, cataracts and testicular atrophy.
Patients with MD usually complain either of
weakness or of myotonia.

Myotonia is usually worse in the cold.
Examination demonstrates muscle weakness, which
is often most severe distally. Myotonia can be elicited
either following voluntary contraction or through
percussion myotonia. Percussion myotonia may be
demonstrated by hitting the thenar eminence with a
tendon hammer. This results in the thumb being
drawn across the palm followed by a slow relaxation.
Tongue myotonia may also be demonstrated using a
tongue depressor and tendon hammer (Figure 6.5).
The muscle weakness can appear in the cranial mus-
culature, although symptomatically it is usually more
obvious in the hands. Bilateral ptosis is common and
is occasionally associated with ophthalmoplegia. The
jaw often hangs open and there may be laryngeal
weakness with dysarthria and increased risk of aspir-
ation pneumonia. The sternomastoids are weak.
The proximal upper and lower muscles are often

Figure 6.4 Dystrophia myotonica: facial appearance and
inability to close eyes tightly.

Figure 6.5 Percussion myotonia of tongue in myotonic
dystrophy.

unaffected, while the hand and foot muscles are more
frequently involved. Associated disorders include
diabetes mellitus, caused by insulin resistance, pitu-
itary dysfunction and mitral valve prolapse.
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Abnormalities on ECG are found in the majority
of patients, although these are only symptomatic in
a few (less than 20%). However, dysrhythmias and
heart block may lead to sudden death and so the
involvement of a cardiologist in management
maybe required. The respiratory muscles may also
be affected and increase the risk of pneumonia.
Smooth muscles may be involved too and result in
impaired gastrointestinal motility and uterine dys-
function. Many patients with MD appear apathetic
and lethargic and several studies have documented
mild retardation and cognitive impairment. Cerebral
scans may show atrophy and MRI has shown white
matter lesions. Positron emission tomography has
shown reduced cerebral glucose utilization.

Investigations include a search for associated
features, for example, diabetes mellitus, cataracts,
cardiac involvement, and so on. Levels of CK are
usually normal; EMG shows typical myotonic dis-
charges, often in association with positive sharp
waves and complex repetitive discharges. A myo-
pathic pattern may develop with time. Muscle biopsy
does not show any specific features but can show a
range of abnormalities including increased central
nuclei, muscle atrophy and ringed fibres.

Management includes treatment of the associ-
ated disorders on their own merits. Regular testing
for glucose, cataracts and cardiac involvement is
important. General anaesthesia should be under-
taken with care in patients with myotonic dys-
trophy and unnecessary operations should be avoided.
Genetic counselling may be offered and supported
by molecular genetic diagnosis.

Congenital MD is an early onset form with bilat-
eral facial weakness, delayed motor and mental
development and severe hypotonia. Surviving chil-
dren are often severely affected. Prediction of con-
genital MD is difficult but it is rare for such infants
to be born to unaffected mothers. Approximately
25% of affected infants die before the age of 18
months and only 50% survive to the third decade.

Congenital myotonias

Congenital myotonias fall into two types - the
autosomal dominant (Thomsen) and autosomal

recessive (Becker). Patients experience general-
ized myotonia, which appears in childhood or
adolescence.

In Thomsen's disease the myotonia is provoked by
voluntary muscle contraction and is most severe after
a period of rest. The patient interprets the myotonia
as stiffness. Repeated attempts at movement will
initially cause the myotonia to worsen but then to
improve after a few contractions. Startle myotonia
may occur; for instance, there may be a history of
patients falling over at the beginning of a race as
the starting gun is fired. Legs are more frequently
affected than the arms but hands and the cranial
musculature may be significantly affected. Muscle
hypertrophy is common. Percussion myotonia is
often easily obtained. The CK is normal. The EMG
demonstrates myotonia. Muscle biopsy may show
type II atrophy, hypertrophied fibres and increased
numbers of central nuclei.

Becker type myotonia congenita is similar in its
clinical features to the Thomsen type, although
onset may be a little later and the myotonia more
severe. Transient weakness on muscle contraction is
more obvious. Findings for EMG, CK and muscle
biopsy are similar.

Defects in the skeletal muscle chloride channel
protein have been identified in patients with myo-
tonia congenita. Several different mutations in the
gene can cause either the dominant or recessive
forms. Treatment of myotonia congenita is unsatis-
factory. In the past, antidysrhythmic agents such
as mexiletine have improved myotonia but side-
effects have often limited the use of these drugs.
General measures such as avoidance of cold and an
understanding of the ‘warming up’ phenomenon
may be of practical help. Drugs that exacerbate
myotonia, such as fenoterol, a 2 agonist, and cer-
tain beta blockers and diuretics, should be avoided if
possible. Myotonia is exacerbated by all depolarizing
muscle relaxants and anaesthetics and these can
impair intubation or ventilation.

The Schwartz-Jampel syndrome is a rare dis-
order, usually exhibited within the first three years
of life, with muscle stiffness, particularly affecting
the face and thighs. Children, who are often of small
stature, have multiple skeletal deformities including
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contractures, and platyspondylosis, unusual facial
features, including blepharophimosis, myopia and
cataracts, myokymia of the chin and puckered lips.
Other dysmorphic features include low set ears and
receding chin. The disorder may or may not be
associated with mental retardation. Persistent spon-
taneous activity is shown on EMG with premyotonic
discharges. Levels of CK are normal or only mildly
elevated. Muscle biopsy does not identify any spe-
cific changes.

Periodic paralysis and the
paramyotonias

Hypokalaemic periodic paralysis

Hypokalaemic periodic paralysis is an autosomal
dominant disorder but with a high proportion of
sporadic cases. Prevalence is approximately
1:100000. Point mutations have been identified in
the gene for the skeletal muscle calcium channel in
patients with this disorder. Onset is usually in adoles-
cence or early childhood, although rare adult-onset
cases have been described. The patients complain of
attacks of weakness which most often occur late at
night or on waking. Large carbohydrate-rich or
sodium-rich meals followed by exertion are common
precipitating factors. Cold or alcohol ingestion may
occasionally induce an attack. Symptoms begin with
stiffness and heaviness of the limbs, followed by
weakness, usually in the legs. Severity is variable
and may involve only mild loss of power but can
lead to profound generalized weakness. Respiratory
and bulbar muscles are only occasionally involved.
Examination during an attack will demonstrate
weakness with hyporeflexia. Myotonia is not com-
monly seen in hypokalaemic period paralysis. Attacks
may last for several hours and occasionally for up to
3 days, with an extremely variable frequency of up to
one per day or only a few attacks in a lifetime. The
frequency and severity of attacks usually diminish
with advancing years. However intervening persistent
weakness may occur following frequent attacks.
Cardiac involvement is common, with dysrhythmias
being the most frequent complication. Secondary
forms of hypokalaemic periodic paralysis occur and
are usually the result of chronic potassium depletion
or thyrotoxicosis. The latter is most frequently seen in

Japanese or Chinese people and is rare outside East
Asia. The paralytic episodes may occasionally occur
before the diagnosis of thyrotoxicosis.

The diagnosis of hypokalaemic periodic paralysis
rests upon the documentation of hypokalaemia dur-
ing an attack. Hypokalaemia may be provoked with
a glucose load with or without insulin, followed by
careful monitoring of the serum potassium and
ECG. Muscle strength is examined clinically for up
to 6 hours. This type of provocation test can carry
risks and should not be performed unless absolutely
necessary and always with a physician in attend-
ance. Monitoring by EMG may be useful in demon-
strating a sustained fall in compound muscle action
potential amplitude following isometric exercise.
Electrical myotonia is not seen in hypokalaemic
periodic paralysis. Muscle biopsy may reveal the
characteristic central vacuoles, sometimes filled
with material staining on periodic acid-Schiff reac-
tion (glycogen). Additional non-specific myopathic
changes may also be seen.

The treatment of an acute attack of hypokalaemic
periodic paralysis requires oral potassium replace-
ment (0.23 mEq/kg body weight) given every 30
minutes until muscle strength improves. Serum potas-
sium levels must be carefully monitored. Intravenous
replacement can be used if the oral route is impracti-
cal. Intravenous potassium should be given with 5%
mannitol, as combination with glucose or normal
saline will cause a drop in plasma potassium.
Prophylactic treatment of acute attacks may involve
the use of potassium supplements at bedtime or the
use of potassium-sparing diuretics. However acetazo-
lamide is the treatment of choice for prophylaxis and
reduces attack frequency and severity, although, in
about 10% of patients, its use may actually exacer-
bate attacks.

Hyperkalaemic periodic paralysis

Hyperkalaemic periodic paralysis is much less com-
mon than the hypokalaemic form and is associated
with an elevation of serum potassium during an
attack. The disorder is transmitted as autosomal
dominant and sporadic cases have been described.
Attacks of generalized weakness usually begin in
childhood. They most commonly start in the morn-
ing and last less than an hour. Serum potassium
becomes elevated, usually to greater than 5 mmol/l.



Malignant hyperthermia 145

Recovery is often improved by exercise, although
some mild weakness may continue for several days.
Between attacks, the patient and serum potassium
are normal. The frequency of attacks is very vari-
able and they are generally not as severe as those
with hypokalaemic periodic paralysis. They may be
triggered by muscular exercise with subsequent rest.
Myotonia may be seen in some but not all patients.
Mutations in the gene encoding the alpha subunit
of the skeletal muscle sodium channel on chromo-
some 19 q have been identified in patients with hypo-
kalaemic periodic paralysis.

Paramyotonia congenita

Paramyotonia congenita is an autosomal dominant
disorder caused again by mutations in the alpha
subunit of the muscle sodium channel. Patients with
this disorder develop myotonia during exercise and
this increases with continuing exercise. The myo-
tonia is exacerbated by cold. The distribution of
myotonia particularly affects the face and hands.
This may produce a pseudo lid lag.

Patients usually present in early life with attacks
of weakness. Exposure to cold may produce immo-
bility of the face and stiffness in the hands. This
may subsequently lead to weakness, which persists
for several hours after warming. Although general-
ized myotonia can be reported in some circum-
stances, for example, swimming in cold water,
respiratory involvement has not been reported.

Serum CK is often elevated and the EMG typi-
cally shows myotonic discharges. Cooling reduces
the amplitude of the evoked compound muscle
action potential. Muscle biopsy can show non-
specific myopathic changes and a few vacuolated
fibres can be seen. Treatment with mexiletine has
been used with success, although it is limited by
adverse effects. Anaesthesia may result in pro-
longed weakness on recovery from operation and
depolarizing muscle relaxants can lead to muscle
stiffness.

Neuromyotonia

Neuromyotonia (Isaac’s syndrome) is the result of
hyperexcitability of peripheral nerves leading to

spontaneous and continuous muscle activity. This
may be triggered by muscle contraction and result
in muscle stiffness, cramps, myokymia and delayed
muscle relaxation.

Symptoms may begin at any age but occur most
often in late childhood or early adulthood. Muscle
stiffness is usually the first symptom and appears in
distal limb muscles, slowly spreading over months
or years to involve the axial and cranial muscles.
Movement becomes slow. Myokymia can be seen in
overactive muscles. Muscle relaxation after con-
traction is slow and percussion myotonia is absent.
Increased sweating and muscle weakness with
hyporeflexia may be seen in some patients. Examin-
ation may demonstrate mild weakness, which can be
proximal, distal or both. Hallucinations and intellec-
tual impairment have been reported in some patients.

Electromyography is diagnostic and reveals bursts
of motor unit potentials firing at high rates. These
discharges are often provoked by voluntary activity.
The abnormal activity continues during sleep and is
abolished by neuromuscular blockade. Nerve conduc-
tion studies themselves show no evidence of a periph-
eral neuropathy. Neither muscle nor nerve biopsies
show any specific features. Increased cerebrospinal
fluid protein has been seen in some patients.

Neuromyotonia has occasionally been seen as a
paraneoplastic disorder. There is now evidence that
a humeral factor may be important in pathogenesis.
Plasma exchange has resulted in clinical improve-
ment in some patients.

MALIGNANT HYPERTHERMIA

Malignant hyperthermia (MH) is an autosomal dom-
inantly inherited disorder and is caused by muta-
tions in the ryanodine gene on the long arm of
chromosome 19, although linkage between MH and
this gene is not invariable and other ion channels
may be involved.

Malignant hyperthermia is characterized by a
hypercatabolic reaction to certain triggering factors.
These include drugs such as halothane and other
general anaesthetics. Physical exercise, trauma, or
even emotional stress have been recorded as trig-
gering MH in the context of a general anaesthetic.
Approximately 50% of patients with an MH reaction
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will have undergone previous anaesthesia without
side-effect.

It is rare and is said to occur in about 1:15000
anaesthetics in children and 1:50000-200 000
anaesthetics in adults. Males are affected more than
females and reactions occur most frequently between
the ages of 3 and 30 years.

Muscle rigidity may begin shortly after infusion
of the triggering agent. This makes intubation diffi-
culty. The rigidity of the masseter muscles is often
intense, rendering it impossible to open the jaw.
Cardiac dysrhythmias may develop along with
instability of systolic blood pressure, hyperventila-
tion, fever and mottling cyanosis. A rise in PCO, is
probably one of the earliest signs of MH.

PCO,, serum calcium, magnesium, glucose, urea
and CK all rise. Subsequent damage to the skeletal
muscle membranes results in myoglobinuria. These
changes are usually maximal 1-4 days after the
start of the reaction. Late complications include renal
failure, clotting disorders and pulmonary oedema.

Muscle biopsies from individuals suspected of
having MH can be investigated with the caffeine
halothane contracture test. For the most part, muscle
biopsies appear normal on light microscopy,
although there is an association of MH with central
core disease. Treatment of MH involves the use of
dantrolene and this can also be used in the preven-
tion of acute MH reactions. Treatment of acute MH
also involves lowering of body temperature, correc-
tion of blood gases and appropriate management of
other associated organ failures.

THE CONGENITAL

MYOPATHIES

The congenital myopathies are primary myopathies
that begin in childhood and are usually slowly pro-
gressive. Specific morphological features are seen in
some and it is on these that this chapter will focus.

Central core disease

Central core disease is an autosomal dominant dis-
order that presents with hypotonia, muscle weak-
ness and developmental motor delay. However,

some patients have only mild symptoms and are
subsequently diagnosed only on muscle biopsy. The
pattern of muscle weakness may be proximal or
generalized and is not usually associated with signifi-
cant wasting. There may be associated kyphoscolio-
sis or pes cavus. Cardiac and respiratory involvement
can occur. The EMG shows a myopathic pattern.
Muscle biopsy shows general myopathic features but
the most prominent abnormality is the presence of
central cores in muscle fibres. They probably comprise
eccentric myofibrils and they are most easily seen in
histochemical stains of oxidative enzymes, where the
cores appear as a region of negative staining. There is
often associated type I fibre predominance.

An association with malignant hyperthermia has
been observed and some families with central core
disease have been mapped to a locus tightly linked
to the ryanodine receptor. Patients should be coun-
selled accordingly.

Minicore/multicore disease

Minicore/multicore disease is an autosomal recessive
or dominant disorder characterized clinically by a
slowly progressive or non-progressive childhood-
onset myopathy. Weakness may involve the extraoc-
ular muscles and occasionally muscles of respiration.
Limb weakness is usually proximal.

Nemaline myopathy

Three forms of nemaline myopathy are known to
exist.

Severe neonatal nemaline myopathy presents
with cyanosis at birth, marked hypotonia, joint
contractures and foot deformities. Feeding is poor.
Swallowing difficulties may result in pneumonia.
Respiratory involvement is often severe and may
be associated with a dilated cardiomyopathy. Most
affected infants die in the first weeks or months
of life.

Mild non-progressive or slowly progressive
nemaline myopathy presents with hypotonia and
feeding difficulties in early life but, as the term
implies, is less severe than the neonatal form. There
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is generalized muscle thinning but without focal
wasting. Proximal weakness produces a waddling
gait and there is often weakness of neck and trunk
muscles. Facial muscles are often significantly
affected, producing a myopathic facies. Ocular mus-
cles are rarely affected. Involvement of the bulbar
muscles may produce dysphonia and dysphagia.
Mental development is wusually normal. Many
patients retain a reasonable degree of motor activity
but kyphoscoliosis may develop later in childhood.
Approximately 20% of children die in the first 6
years of life.

Adult onset nemaline myopathy presents with
weakness in adulthood, although an accurate his-
tory will often reveal some deficits in childhood.
Cardiomyopathy is often associated with the prox-
imal and distal weakness that may develop in the
fourth and fifth decade.

Serum CK is usually normal in the nemaline
myopathies; EMG may be normal or mildly myo-
pathic. Skeletal muscle biopsy reveals changes that
are common to all the three main types of nemaline
myopathies. In addition to general myopathic fea-
tures, rods measuring 1-7 nm in length may be seen
to be distributed at random throughout muscle
fibres but particularly show clustering under the
sarcolemma and around the cell nucleus. Type I
fibre type predominance is common. Electron micro-
scopy reveals an accumulation of the rods, with
localized enlargement and streaming of the Z lines.
The rods themselves appear to originate from the
Z discs.

Centronuclear myopathies

Early onset centronuclear myopathy may be caused
by an X-linked gene, whereas later onset is more fre-
quently associated with autosomal dominant inher-
itance. Early onset is the commoner form. Weakness
presents with hypotonia and respiratory distress at
birth. Dysmorphic features, such as a thin face and
high arched palate, may be seen. There is often ptosis
and facial asymmetry. Motor milestones are delayed
and children are rarely able to run. Muscles are gen-
erally thin and weakness diffuse with easy fatigabil-
ity. Muscle weakness usually progresses and most
patients are wheelchair-bound by adolescence.

Late onset cases develop wasting and weakness
in the third decade of life or later. Affected muscles
are mainly of the limb girdles but distal involve-
ment has been reported, as has occasional pseudo-
hypertrophy. Ptosis and ophthalmoplegia are seen less
frequently than in the childhood form. Slow pro-
gression is usual and patients are often wheelchair-
bound by the sixth decade.

Serum CK is usually normal; EMG is myopathic.
The EEG may be abnormal in early onset cases and
may reflect a low seizure threshold.

The main abnormality on muscle biopsy is the
central position of nuclei in the majority of muscle
fibres. Longitudinal sections may show long chains of
nuclei in the centre of fibres. A small perinuclear halo,
devoid of any histochemical enzyme activity, is often
seen. There is usually a preponderance of type I fibres.

Mitochondrial myopathies

The mitochondrial myopathies are perhaps more
accurately termed mitochondrial encephalomy-
opathies as many of these diseases involve CNS
dysfunction.

These disorders have in common a defect of
oxidative phosphorylation resulting from a deficiency
of one or more of the respiratory chain enzymes.
Although there is considerable overlap between
patients, the mitochondrial encephalomyopathies
may be grouped into a number of phenotypes.

1 Chronic progressive external ophthalmoplegia
(CPEOQ). Patients usually present in childhood
or early adult life with slowly progressive
bilateral, often asymmetric, ptosis with
ophthalmoplegia. Patients only occasionally
complain of diplopia as the ophthalmoplegia
is usually symmetric. The CPEO may be an
isolated finding or may be associated with
salt and pepper retinitis and/or proximal limb
weakness.

2 Kearns—Sayre syndrome. This is defined as CPEO
and retinitis with onset before the age of 20 in
association with elevated CSF protein, cardiac
conduction defect or ataxia.
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3 Myopathy, encephalopathy, lactic acidosis and
stroke-like episodes (MELAS). These patients
present in early childhood with shortness of
stature and any one of the features contained
within the acronym. The myopathy is usually
proximal and associated with muscle thinning.
The encephalopathy may include epilepsy,
dementia and deafness. Lactic acidosis may be
provoked by exercise or intercurrent illness and
induce nausea, vomiting and coma. The
stroke-like episodes may include hemianopias
or hemiparesis and, interestingly, do not appear
to conform to standard cerebrovascular
territories. Diabetes is a frequent finding in
these patients.

4 Myoclonic epilepsy with ragged red fibres
(MERRF). These patients may present in adoles-
cence or early adulthood with proximal muscle
weakness, ataxia, deafness and seizures.

In addition to all of these are those patients with
pure myopathy or with multisystem disease, which
may include liver failure, Fanconi syndrome, pan-
creatic insufficiency and sideroblastic anaemia. This
wide spectrum of presentation reflects the ubiquity
of mitochondria and their pivotal role in cellular
metabolism.

Mutations of mitochondrial DNA have been
identified in most of the phenotypes. However, a
specific mutation may be associated with different
phenotypes and the same phenotype may be caused
by different mutations. Thus our understanding of
the pathogenesis of these disorders is far from com-
plete. Those patients with CPEO or Kearns-Sayre
syndrome are often sporadic and the most frequent
mutation in these individuals is a deletion of mito-
chondrial DNA. The MELAS phenotype is most fre-
quently associated with a point mutation in the
transfer ribonucleic acid (tRNA) gene for leucine,
while a point mutation in the tRNA for lysine is
often seen in patients with MERRF.

Investigation of these patients may demonstrate
abnormalities of associated tissue dysfunction; for
example, diabetes, sideroblastic anaemia, CT scan or
EEG abnormalities. The CK is often normal or only
mildly elevated; EMG likewise may be normal or
mildly myopathic. Muscle biopsy is usually charac-
teristic and histochemical stains show dense aggre-
gates of mitochondrial material located throughout

the fibres or in subsarcolemmal regions on trans-
verse section. Thus the Gomori trichrome stain,
which produces a red colour with mitochondrial
material, has given rise to the term ‘ragged red
fibres'. Staining with succinate dehydrogenase (an
integral part of the respiratory chain) is more sensi-
tive in identifying abnormal fibres. A proportion of
patients, particularly those with CPEO, have a signifi-
cant number of cytochrome oxidase negative fibres.
Electron microscopy may show intramitochondrial
paracrystalline inclusions in a proportion of
patients.

Molecular genetic diagnosis of these patients is
best undertaken on muscle biopsies as not all the
mitochondrial DNA mutations appear in blood.
Genetic counselling is difficult as, although the
point mutations are transmitted in a maternal
fashion, it is difficult, if not impossible, to predict
clinical involvement. Treatment is unsatisfactory
but has often included ubiquinone, riboflavin and
carnitine.

THE INFLAMMATORY

MYOPATHIES

Inflammatory myopathies

The idiopathic inflammatory myopathies include
polymyositis, dermatomyositis and inclusion
body myositis. Inflammation of muscle may also
occur in response to specific infections such as
with bacteria, viruses or parasites. Inflammatory
changes can also be seen in muscle in response
to certain drugs or graft-versus-host disease.

Polymyositis and dermatomyositis

Polymyositis and dermatomyositis may occur at any
age, although most cases of dermatomyositis in child-
hood present between the ages of 5 and 15 years,
while most adult cases of polymyositis present
between the ages of 50 and 70 years. Females are
more often affected than males and the annual
incidence is between 0.5 and 1:100 000.



The inflammatory myopathies 149

Childhood-onset dermatomyositis is typified by
erythematous skin lesions over extensor surfaces,
a malar rash and proximal upper and lower limb
muscle weakness.

Onset is usually slow and often begins with a
heliotrope rash in the periorbital region and over
the knuckles, elbows and knees. Muscle weakness
develops in tandem. Changes at the finger nails
include cuticular overgrowth and nail bed telang-
iectasia. Digital ulcerations may also be seen. The
skin becomes photosensitive. Progression of symp-
toms is variable but may advance to involve all
muscles, including those of swallowing and respir-
ation. Flexion contractures may develop and calcifi-
cation in subcutaneous tissues and muscle develops
in about half of the children.

In adult patients weakness again is usually of
insidious onset and slowly progressive. It mainly
involves the proximal upper and lower limb
muscles and can be associated with muscle pain
and tenderness.

Dysphagia and neck weakness may follow and
involvement of muscles of respiration occurs in
severe cases. Skin lesions similar to those seen in
childhood are seen in adult dermatomyositis. Cardiac
involvement has been described with cardiac dys-
rhythmias and congestive cardiac failure. Pericarditis
has also rarely been seen. Pulmonary complications
include a restrictive defect as a result of respiratory
muscle involvement but may also include intersti-
tial lung disease, most frequently in the lung bases.
This can occur in a variable proportion of patients
(up to 40%) and its severity tends to be associated
with that of muscle involvement. Symptoms may
include fever, cough, dyspnoea and lung infiltrates
visible on chest X-ray.

Polymyositis and dermatomyositis may be asso-
ciated with malignancy, although reports of the
incidence of underlying carcinoma vary between 6
and 45% for dermatomyositis and between 0 and
28% for polymyositis. This association has no sex-
ual preference but is of course more frequent in
patients over the age of 40 years. In one study an
underlying carcinoma was found in 40% of patients
over the age of 40 years with dermatomyositis,

although another study found only 8.5% of similar
patients to have an underlying carcinoma. Iden-
tification of the malignancy may precede or follow
the diagnosis of polymyositis or dermatomyositis,
although onset of each disorder is usually within
12 months of the other.

Serum CK is usually elevated, although not
invariably so. Likewise the ESR is often high but has
been found to be normal in some patients with der-
matomyositis or polymyositis. Approximately half
of the patients have positive ANA (anti-nuclear
antibody) tests. An EMG usually shows decreased
motor unit potentials together with reduced ampli-
tude. There is increased insertional activity with fib-
rillation potentials and positive sharp waves.

Muscle biopsy is essential for the diagnosis of
dermatomyositis or polymyositis. The most obvious
abnormality is usually an intense inflammatory
infiltration with lymphocytes, plasma cells and his-
tiocytes; these cells may be endomysial or seen
to be invading muscle fibres (Figure 6.6). Necrotic
muscle fibres are seen together with some evidence
of regenerating fibres. Other non-specific changes
will include variation in fibre diameters and some
increase in connective tissue. In dermatomyositis,
perivascular collections of inflammatory cells may
be seen, together with perifascicular atrophy. Angio-
pathy is particularly seen in dermatomyositis where
the intramuscular blood vessels show endothelial
hyperplasia and small infarcts are often detected in
childhood dermatomyositis.

The mainstay of treatment is immunosuppres-
sion, usually with a combination of corticos-
teroids and azathioprine.

Steroid treatment may be begun with pulsed methyl
prednisolone and the patient may then be started on
alternate-day prednisolone. Additional immunosup-
pression with either azathioprine, methotrexate or
cyclophosphamide can then be added. Azathioprine
is the drug most frequently used in conjunction with
steroids. Additional drugs may include methotrexate
or ciclosporin. Intravenous immunoglobulin may be
used in patients with dermatomyositis

The prognosis in childhood dermatomyositis or
polymyositis is variable. In one study approximately
15% of children died despite adequate therapy, 50%
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recovered incompletely and the remainder returned
virtually to normal. The average duration of disease
activity was 6 months for children who recovered
and 40 months for those with sequelae. The progno-
sis is more favourable in adults without an underly-
ing malignancy. Eighty per cent of patients survive
5 years.

Inclusion body myositis

Inclusion body myositis (IBM) exists in two forms,
sporadic and familial. The age of onset of sporadic
IBM ranges from 61 to 81 years; about 50% of
patients are between the ages of 50 and 70 years.
There is a 3:1 male:female preponderance. Inclusion
body myositis is considered to be the most common
late-onset muscular degenerative disease.

Clinically there is muscle weakness of
insidious onset and slow progression

The weakness may be generalized or localized,
symmetrical or asymmetrical, proximal or distal.
Facial muscles are involved in 20% of patients
but bulbar weakness is rare. Extraocular muscle

Figure 6.6 Polymyositis
(paraffin section, H &

E X 300): portion of three
necrotic fibres with many large
nuclei and macrophages and
slightly more numerous round
dark nuclei of lymphocytes.
The intervening fibres are
microscopically normal.

involvement is rare. Respiratory and abdominal
muscles may be affected in about 10% of patients.
Cardiac involvement occurs in 15-20% of cases.

Wasting is often seen and is proportionate to the
weakness. Tendon reflexes may be retained until late
in the disease. Dysphagia occurs in 25% of patients.
There is an association of IBM with diabetes melli-
tus but there is no association with underlying

malignancy.
The ESR and CK are usually normal or only mildly

elevated; EMG shows motor unit potentials of short
duration and a high proportion of polyphasic units.
There are frequent fibrillation potentials and posi-
tive sharp waves. Muscle biopsy shows a variable
degree of inflammatory infiltration and muscle fibre
necrosis. The most typical abnormality is of rimmed
vacuoles within muscle fibres. Immunohistochemistry
shows that these contain a variety of proteins
including ubiquitin and prion protein. Mitochondrial
changes can also be seen with ragged red fibres
and occasional cytochrome oxidase negative fibres.
Inflammatory infiltration is predominantly with
CD8+ T cells. These are sited mainly endomysially.
An additional feature on light microscopy is of sev-
eral small, often angulated, fibres suggesting some
neurogenic component. Electron microscopy shows
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abnormal accumulations of filaments within the
nucleus and the cytoplasm.

Familial IBM appears to be of variable inher-
itance patterns. Onset of weakness is usually earlier
than in the sporadic form and weakness in some
families appears to spare the quadriceps and affect
distal muscles more. However, this pattern may vary
between families. Muscle biopsy shows little in the
way of inflammatory infiltration but again shows
the presence of rimmed vacuoles.

Treatment of IBM is unsatisfactory. Many
patients are treated with steroids or intravenous
immunoglobulin but response is usually poor.
Nevertheless, those with evidence of a significant
inflammatory infiltrate on biopsy should be given a
trial of immunosuppression.

DEFECTS OF THE NEURO-

MUSCULAR JUNCTION

Myasthenia gravis

Myasthenia gravis (MG) is an autoimmune dis-
order caused by the production of antibodies
against the acetylcholine receptor at the neuro-
muscular junction.

The aetiology underlying the generation of these
antibodies is unknown but there is a clear associ-
ation with other autoimmune disorders, particularly
thyroid disease, and with abnormalities of the thy-
mus gland, that is thymic hyperplasia or thymoma.

The typical clinical feature of MG is weakness
and fatigue of voluntary muscles. Patients often
present with episodic diplopia and ptosis. There may
be facial weakness (Figure 6.7), slurring of speech,
dysphagia, dyspnoea as a result of respiratory mus-
cle involvement and limb weakness which is usually
proximal. Neck weakness is a particular feature of
muscle disease and is often seen in MG. There is often
a clear diurnal variation in that patients may start the
morning feeling normal but gradually fatigue
through the day. Examination may reveal ptosis and
ophthalmoplegia, which are the presenting features
in 50% of patients and eventually develop in 900%%.

Figure 6.7 Bilateral ptosis and facial weakness in
myasthenia gravis.

Diplopia is demonstrated by standard techniques.
Fatigue of levator palpebrae superioris may be
demonstrated by Cogan’s lid twitch (see p. 123).
Limb strength must by tested by a repetitive forced
movement in order to demonstrate fatigue. Wasting
of muscles is unusual, although it may develop in
advanced cases. Tendon reflexes may be normal or
brisk. Sensory features are absent.

Myasthenic symptoms
Ocular Ptosis
Diplopia
Weak eye closure
Bulbar
Respiratory
Proximal muscle weakness
FATIGUE VARIABLE
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Table 6.3 Investigation of myasthenia gravis

Blood
Full blood count, ESR
Creatine kinase
TSH, T4
Acetylcholine receptor antibodies (+ve in some
85% generalized myasthenia)
Muscle-specific kinase antibodies (found in ¢.70%
of sero-negative myasthenics)
Striated muscle antibodies (+ve with thymoma)
Voltage-gated calcium channel antibodies
(Lambert-Eaton)
Imaging
Chest X-ray, CT scan chest (thymoma)
Electrodiagnosis
Before and after exercise
Repetitive stimulation (proximal muscle)
Single fibre EMG - ‘jitter’
Pharmacological
Edrophonium test

ESR, erythrocyte sedimentation rate; TSH, thyroid stimulating
hormone; CT, computerized tomography; EMG, electromyography.

The investigation of MG (Table 6.3) involves the
demonstration of acetylcholine receptor antibodies,
although these may be absent in a small proportion
of patients (some 15%). Those with only an oph-
thalmoplegia have a lower incidence of antibodies
(some 50% +ve). About 85% of patients with gener-
alized myasthenia have acetylcholine receptor anti-
bodies (sero-positive). More recently some 70% of
patients who are sero-negative have been found to
have antibodies to muscle-specific kinase (about
15% of myasthenics). Other autoimmune disorders
must be excluded. Electrophysiological studies may
show decrement on repetitive stimulation and the
presence of jitter and block on single fibre studies.
The edrophonium test is an important part of the
diagnosis and should be undertaken in a double-
blind fashion in a hospital with appropriate resuscit-
ation facilities to hand. A useful parameter to judge
the effectiveness of edrophonium is ptosis or
diplopia but proximal limb fatigue may also be
used. The patient is usually given a covering dose of
atropine and then 2-4 mg of edrophonium intraven-
ously. If this produces no effect, then the remaining
dose, up to 10 mg, is given. A positive effect is usually

seen within a few seconds and lasts for a few min-
utes. CT scan of the thorax is undertaken to help
exclude a thymoma and the presence of this may be
associated with antistriatal muscle antibodies.

The natural history of myasthenia gravis

The natural history of myasthenia gravis is that the
disease remains purely ocular in less than 20%
of patients; 80% of patients develop generalized
myasthenia gravis within 12 months of onset.

Treatment of myasthenia gravis may be
symptomatic in the form of anti-acetylcholine
esterase drugs, for example pyridostigmine or
neostigmine.

Pyridostigmine acts within 60 minutes and lasts
from 3 to 6 hours. Typical dosages may be 30-90 mg
every 6 hours but doses in excess of this may be used.
Plasmapheresis may be useful in exacerbations of
myasthenia gravis. In this respect, it is important
to distinguish these episodes from neuromuscular
blockade caused by excessive anti-acetylcholine
esterases. An edrophonium test is useful in this, in that
it will improve an exacerbation of myasthenia gravis
but have no benefit or even worsen blockade due to
drugs. The latter is treated by withdrawal of anti-
cholinesterases and supportive therapy including
ventilation if necessary.

Specific treatments include thymectomy, which
may induce a remission rate of approximately 50%
7-10 years later. Young women with high antibody
titres and a hyperplastic thymus gland respond
more rapidly than men but there is no specific age
or sex indication, and at 10 years no difference
between male and female groups. Thymectomy is
usually undertaken through a mediastinal approach
as a transcervical approach may not remove all
thymic tissue. The presence of a thymoma is an
absolute indication for thymectomy.

Immunosuppressive therapy with alternate-day
corticosteroids will induce improvement and may be
used in combination with daily immunosuppressants
such as azathioprine, cyclophosphamide or ciclo-
sporin. When used initially steroids should be started
at a low dose and gradually increased. Caution is
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necessary when starting steroid treatment as there
may be an initial deterioration. Complete remission in
response to steroid and other immunosuppressant
therapy has been reported in 40-70% of patients.
Significant clinical improvement is often not seen for
about 5-6 months after initiation of therapy. Certain
drugs (Table 6.4) may aggravate myasthenia gravis.

Table 6.4 Drugs that aggravate myasthenia gravis

Type of medication Drug name

Neuromuscular block  Succinylcholine,
vercuronium, d-tubocurarine
Procainamide, quinidine,
quinine

Verapamil, diltiazem

Cardiac drugs

Calcium channel
blockers

Beta blockers Atenolol, metoprolol,
propranolol, timolol eye
drops

Gentamicin, streptomycin -
rarely, ampicillin,
tetracycline, ciprofloxacin
Chloroquine, ketoprofen,
lithium, phenytoin

May induce* or aggravate

Aminoglycoside
antibiotics

Miscellaneous

D-penicillamine*

Lambert-Eaton myasthenic
syndrome

Lambert-Eaton myasthenic syndrome is an
autoimmune disorder caused by antibodies
against the voltage-sensitive calcium channel of
the motor nerve terminal.

The male:female ratio is approximately 5:1 and
75% of males and 25% of females have an under-
lying malignancy, although this is uncommon under
the age of 40 years. The majority of malignancies
are small cell carcinomas of the lung.

Patients present with weakness and fatigability,
particularly of the limb muscles. Seventy per cent of

patients have mild ocular symptoms, such as ptosis
or diplopia, there may be autonomic nervous sys-
tem abnormalities including decreased salivation,
lacrimation and sweating, and postural hypotension
and impotence. There may be weakness, particularly
in the lower limbs, at rest but isometric muscle
contraction improves strength, although power may
subsequently fatigue. Tendon reflexes are usually
absent but may be restored by exercise.

Acetylcholine receptor antibodies are negative
and edrophonium tests usually produce no response.
EMG shows increased jitter and block with single
fibre studies. Repetitive stimulation at 10Hz or
higher produces a gradual increase in the com-
pound muscle action potential.

Treatment of Lambert-Eaton myasthenic syn-
drome includes management of any underlying
malignancy. Specific treatment may include 3'4-
diaminopyridine. This prolongs the duration of the
presynaptic action potential and increases calcium
entry into the nerve terminal. Plasmapheresis is
occasionally helpful.
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INTRODUCTION

Accurate diagnosis of a peripheral neuropathy can
be difficult. This is mainly a result of the fact that
the clinical features of various neuropathies seem to
be very similar despite the varied aetiologies. Indeed,
it is recognized that in some 30% or more of patients
with an established neuropathy the cause remains
unknown. The challenge therefore is to develop a
sleuth-like approach to each patient, teasing out the
clues in the clinical history before adding the findings
of clinical examination, and then embarking on a
channelled approach to investigation, which will lead
to a diagnosis and from there the development of a
treatment plan.

Neuropathies can be symmetric or multifocal,
and can be predominantly motor or sensory or, most
often, a mixture (sensorimotor). The aetiology of neur-
opathies is diverse and is outlined in Table 7.1. The
tempo and pattern of the evolution of the neuropathy
may provide a clue to the underlying cause. Inflam-
matory, vasculitic, diabetic, paraneoplastic and toxic
neuropathies can develop over weeks to months.

Inherited conditions are often evident in childhood,
and if suspected you might ask: ‘Was there a delay
in walking? Could you run as fast as your school
friends? Were you good at sports or did you avoid
sports?’

SYMPTOMS AND SIGNS

The common symmetric polyneuropathies show
a pattern of sensory and motor deficit that begins
distally in the limbs, slowly spreading proximally.
The lower limbs are usually affected before the
upper limbs.

It is useful to recognize that there are negative and
positive symptoms related to neuropathies (Table 7.2).
Numbness is the commonest sensory symptom, with
associated loss of all sensory modalities. Sometimes
the sensory loss is confined to pain and temperature
sensations with preservation of light touch, vibration
and joint position sense and this pattern would
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Table 7.1 Causes of neuropathies

Table 7.2 Symptoms of peripheral neuropathy

(i) Causes of sensory polyneuropathy
Diabetes, uraemia, hypothyroidism
Amyloidosis
Paraneoplastic, paraproteinaemic
Thallium, isoniazid, vincristine, cisplatin,

metronidazole
Sjogren’s syndrome
Leprosy
HIV, Lyme disease
Hereditary sensory and autonomic neuropathies
Fabry’s disease
Vitamin B12 deficiency

(ii) Causes of sensorimotor polyneuropathy
Charcot-Marie-Tooth disease
Alcohol
Guillain-Barré syndrome (GBS); chronic

inflammatory demyelinating polyneuropathy
(CIDP)
Vasculitis
Paraneoplastic, paraproteinaemic
Diabetes, uraemia, hypothyroidism, acromegaly
Sarcoidosis
(iii) Causes of motor neuropathy
GBS/CIDP
Porphyria, diphtheria, lead
Hereditary motor neuropathies (HMN)
(iv) Causes of focal and multifocal neuropathies
Entrapment/compression syndromes
Polyarteritis nodosa
Connective tissue disorders
Non-systemic (tissue specific) vasculitis
Wegner's granulomatosis
Infiltration of nerve by lymphoma or carcinoma
Neurofibromatosis
Tuberculoid leprosy, herpes zoster, human
immunodeficiency virus, Lyme disease

Sarcoidosis

Hereditary neuropathy with liability to
pressure palsies

Multifocal motor neuropathy with conduction
block

indicate a predominant loss of small fibres — a small
fibre neuropathy (e.g. diabetes, amyloidosis). The
loss of pain and temperature predisposes the patient
to a greater risk of painless injuries and therefore of

Sensory symptoms

Negative  Numbness

Positive ~ Paraesthesiae (tingling, pins and
needles)

Pain (burning, shooting, stabbing, ‘like
walking on pebbles’, ‘like walking on hot
sand’, may be induced by non-painful
stimuli, allodynia, hyperalgesia)

Motor symptoms
Negative ~ Weakness and wasting
Positive  Fasciculations
Myokymia
Cramps
Restless legs
Tremor

developing neuropathic ulcers and neuropathic joints
(Charcot joints). Such neuropathies are also likely to
be associated with autonomic symptoms and signs
such as light-headedness aggravated by standing,
impotence, constipation, loss of bladder control,
abnormal sweating and occasionally blurring of
vision. It is therefore important to check for postural
hypotension and pupillary reactions in every patient
with a neuropathy.

In addition to the lower motor neurone weak-
ness and stocking sensory loss, the other cardinal
sign of neuropathy is loss of or depressed reflexes
(Table 7.3). When a neuropathy develops during the
early growth period, skeletal deformities may be
seen (clawed toes, pes cavus and kyphoscoliosis).
Sometimes a clue to the cause of a neuropathy may
come from palpating peripheral nerves (e.g. radial
nerve at the wrist, ulnar nerve at the elbow, com-
mon peroneal nerve at the knee and the superficial
peroneal nerve on the dorsum of the foot).

Conditions that cause nerve thickening are:

o Leprosy

« Hereditary motor and sensory neuropathy
(HMSN) type I and I

o Acromegaly

o Amyloidosis

o Neurofibromatosis

o Refsum’s disease.
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Table 7.3 Signs of peripheral neuropathy

Table 7.4 Investigation of a neuropathy

Skeletal
abnormalities

Pes cavus

Clawing of toes
Scoliosis/kyphoscoliosis
Change in skin, Foot ulcers

nails and hair  Loss of hair to mid-calf region
Thin dry skin
Hypopigmentation of the skin
Motor Normal tone with distal wasting
and weakness
Reflexes Absent or depressed
Sensory ‘Stocking = glove’ loss of
sensation
Gait High stepping, foot drop

May be unsteady

INVESTIGATIONS

It has to be realized that no ‘battery’ of laboratory
tests is going to make up for a haphazard history and
examination. Investigations should help towards a
better understanding of the neuropathy by patients
answering specific questions and hopefully establish
the cause and type of neuropathy (Table 7.4). Blood
tests and urinalysis are straightforward. Some are
only rarely requested (e.g. anti-neuronal antibodies
in suspected paraneoplastic neuropathy) and genetic
tests will require the patient’s consent and genetic
counselling before the blood is taken.

Nerve conduction studies (NCS) will be of value if
the initial clinical assessment, urinalysis and blood
screen fail to suggest a diagnosis. These studies are
a true extension of the clinical examination and
crucial in distinguishing between an axonal and a
demyelinating process. In the latter the conduction
velocities are very low (less than 35 m/s and often in
the range 20-30 m/s). The causes of chronic demyeli-
nating neuropathies are shown in Table 7.5.

Thermal threshold tests can be helpful when the
clinical picture suggests a small fibre neuropathy
and the nerve conduction tests are normal. Thermal
threshold tests should only be performed in a labora-
tory used to interpreting these measurements as
they are prone to wide variability. Cerebrospinal
fluid (CSF) analysis is helpful again only in specific

Blood FBC,ESR,U&E, LFT
Glucose (+GTT if borderline)
Serum protein electrophoresis
Autoantibodies, TSH
Vitamin B12, folate
Genetic testing - e.g. PMP22, Po for

CMT Type 1
Urine Glucose, protein, Bence Jones
protein, porphyrins
CSF
Nerve Slowing of motor and sensory
conduction conduction velocities (moderate in
studies axonal neuropathy; severe in
demyelinating neuropathy).
Sensory Reduced sensory action potential
threshold amplitude (axonal) only in
test suspected small fibre neuropathy
when nerve conduction studies may
be normal

Autonomic function tests
Imaging Skeletal survey for myeloma
Chest X-ray for suspected carcinoma

or sarcoidosis

Nerve Only indicated when the cause of a

biopsy progressive neuropathy has not been
revealed by other investigations. It is
useful to confirm the presence of a
vasculitis or other inflammatory
infiltration. Only sensory nerves are
biopsied (sural, superficial peroneal
or superficial radial)

Initial screen is in bold type. If this is negative, proceed to nerve

conduction studies.

FBC, full blood count; ESR, erythrocyte sedimentation rate;

GTT, glucose tolerance test; TSH, thyroid stimulating hormone;
CMT, Charcot-Marie-Tooth disease; CSF, cerebrospinal fluid.

situations - when there is no clear answer from blood
tests and NCS and the neuropathy is progressing
rapidly. The same criteria apply to nerve biopsy -
only consider this invasive investigation as a final
test; for example, if there is suspicion of a vasculitis
or where the NCS only partially suggests a chronic
inflammatory demyelinating polyneuropathy (CIDP)
as both are potentially treatable. Careful planning
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Table 7.5 Chronic demyelinating neuropathies

Inflammatory
CIDP and MMN

Paraproteinaemic
Benign paraprotein (IgM, G or A)
Myeloma (IgM,G or A)
Waldenstrom’s macroglobulinaemia (IgM)
POEMS syndrome (IgG or A)

Hereditary
CMT disease (Type 1, Dejerine-Sottas,
X-linked CMT)
HNPP
Refsum’s disease
Metachromatic leukodystrophy
Globoid cell leukodystrophy

Toxic
Amiodarone, perhexiline, suramin
Diphtheria

CIDP, chronic inflammatory demyelinating polyneuropathy;

MMN, multifocal motor neuropathy; Ig, immunoglobulin (M, G, A);
POEMS, polyneuropathy, organomegaly, endocrinopathy,
monoclonal protein and skin changes; CMT, Charcot-Marie-Tooth
disease; HNPP, hereditary neuropathy with liability to pressure
palsies.

is needed in selection of which nerve to biopsy (the
commonest is the sural nerve) and where the biopsy is
going to be processed for light and electron micro-
scopy and who is going to report on the pathology.
A nerve biopsy sent to a routine pathology laboratory
without experience in dealing with peripheral nerve
tissue is unlikely to yield a diagnosis.

In 25-30% of patients, no cause will be found
after detailed investigation (chronic idiopathic
axonal neuropathy).

TREATMENT AND GENERAL

MANAGEMENT

If an underlying cause is identified, it should, where
possible, be treated; for example, blood glucose
control, vitamin B12 injections, immunotherapy. In

terms of overall management it is important to
emphasize:

» Foot care

o Physiotherapy advice regarding use of walking
aids or ankle-foot orthoses

e Occupational therapy advice regarding utensils,
for example

« Input from a social worker regarding home
adaptations (with community occupational
therapist and physiotherapist)

« Pain control - painful neuropathy is uncommon
but very difficult to treat. Symptoms can be
helped with drugs such as gabapentin,
carbamazepine, amitriptyline and tramadol
(see p. 523).

INFLAMMATORY

NEUROPATHIES

Guillain-Barré syndrome (GBS)

Guillain-Barré syndrome (GBS) is the commonest sub-
acute neuropathy, with an incidence of 1.5-2.0:
100 000 population per year. About 4% of cases will
have a further episode. Clinically it usually reaches its
peak within 4 weeks of the onset of symptoms. When
there is ongoing progression for between 4 and 8
weeks this is termed ‘intermediate GBS’ to distinguish
it from CIDP, where, by definition, there is neurologi-
cal progression beyond 8 weeks from the onset of the
illness. The predominant symptom is weakness, which
first appears in the legs, producing often a symmet-
ric distal pattern that ascends to involve the arms.
Only in 10% of cases does weakness start in the arms.
Clinical variants of GBS have been described (Table
7.6) including some with weakness, mainly of the pha-
ryngeal, neck and arms (cervico-pharyngeal-brachial
variant), predominant leg weakness (paraparetic vari-
ant) and Miller-Fisher variant (see below). Facial
weakness is often asymmetric and found in just over
50% of cases. Significant ophthalmoparesis occurs in
15% of patients with typical GBS.

In patients with cranial nerve involvement,
including bulbar weakness, and associated neck
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Table 7.6 Guillain-Barré syndrome (GBS) and variants

Acute inflammatory demyelinating
polyradiculoneuropathy (AIDP)
60% will have antecedent illness
Progression is over days up to 4 weeks
Recovery usually starts at 4 weeks
20% will have significant neurological disability
Mortality rate is about 5%

Acute motor and sensory axonal neuropathy

Diarrhoeal illness is common trigger
(Campylobacter jejuni)

Acute onset of weakness, rapid progression

Often there are early respiratory difficulties

Longer recovery and more severe residual
disability than AIDP

Mortality rate is 10-15%

Acute motor neuropathy
Diarrhoeal illness (Campylobacter jejuni) is usual
trigger
Rare in Western world
Most commonly affects children in northern
China and is seasonal
Recovery and mortality rates are similar to AIDP

Miller-Fisher syndrome

Accounts for 5% of all GBS cases

Begins with diplopia, followed 3-4 days later by
gait ataxia

Evolves to complete ophthalmoplegia with
areflexia

Sometimes mild limb weakness is present

>95% have 1gG antibodies to ganglioside GQ1b

Monophasic course with excellent recovery

Intravenous immunoglobulin or plasma exchange
is appropriate for those who cannot walk

Acute panautonomic neuropathy

Pure sensory neuropathy

and proximal arm weakness, there is a high risk of
developing intercostal muscle and diaphragmatic
weakness leading to potentially fatal respiratory
failure.

Tingling, shooting pains and numbness in the
feet and hands are the first symptoms of GBS and
are quickly followed by weakness. Almost 90% of

patients will complain of deep muscle pains during
the course of the illness.

All reflexes are depressed or absent from an early
stage.

Autonomic function may be abnormal in two-
thirds of patients. Sinus tachycardia is common but
rarely needs treating. Bradycardias, heart block,
paroxysmal atrial tachycardia and periods of sinus
arrest and asystole are life threatening and require
urgent cardiological assessment and treatment. Labile
blood pressure may also need treatment. Urinary
retention occurs in 10-15% of cases, but frank urin-
ary incontinence is rare. Constipation is far more
common than diarrhoea.

A slow but steady recovery over weeks and up
to 6 months is seen in 80% of GBS cases. A more
aggressive course is seen in 10-15% of patients,
who have a prolonged stay on the intensive therapy
unit and a recovery period extending up to 2 years
(usually acute motor and sensory axonal neuropathy
variant). Sadly, even these days, about 5% of patients
with GBS will die.

Poor prognostic factors in GBS are:

e Older age

« Rapid onset (<7 days)

¢ Requiring ventilatory support

o Small distal compound muscle action
potentials

o Previous diarrhoeal illness (Campylobacter
jejuni)

« No treatment [intravenous immunoglobulin
(IVIg) or plasma exchange].

Confirmation of the clinical diagnosis comes from
nerve conduction studies and from examination of
the CSF. Both may be normal early on in the illness,

but later the CSF shows a raised protein but with
a normal white cell count.

A mild lymphocytosis (10-30 cells/mm?) is not
unusual in GBS, but a higher cell count raises the
possibility of human immunodeficiency virus (HIV)
infection.
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Table 7.7 Blood tests in Guillain-Barré syndrome (GBS)

Table 7.8 Management of Guillain-Barré syndrome

Full blood count White blood count may be raised
Lymphoma and CLL linked
with GBS

Electrolytes Sodium may be low due to SIADH
T4/TSH Hypothyroidism linked to GBS
ANA Collagen vascular disease linked
with GBS

Porphyrin screen  AIP may mimic GBS
HIV test (when

indicated)
Anti-GQ1b For Miller-Fisher variant

Infection screen  Campylobacter serology (and

stool culture),
CMV, EBV, hepatitis A and C,

Mycoplasma
CLL, chronic lymphatic leukaemia; SIADH, syndrome of
inappropriate antidiuretic hormone; TSH, thyroid stimulating
hormone; ANA, anti-nuclear antibody; AIP, acute intermittent
porphyria; HIV, human immunodeficiency virus; CMV,
cytomegalovirus; EBV, Epstein-Barr virus.

Nerve conduction studies show slowing of con-
duction velocities with patchy conduction block in
the common acute inflammatory demyelinating poly-
radiculoneuropathy variant. Important blood tests
are outlined in Table 7.7.

Management and treatment (Table 7.8)

It is vital that the patient is monitored on a suit-
ably staffed and equipped ward. Accurate moni-
toring of respiratory and cardiac function is vital.

If measurement of vital capacity and cardiac moni-
toring cannot be undertaken on the general medical
ward, the patient must be transferred either to a high
dependency unit or to a regional neurology unit.

Dangers of peak flow measurements

Peak expiratory flow rate (PEFR) measurements
are not just unhelpful, but are misleading and
dangerous as PEFR may be reasonable when the
vital capacity is critically low.

Supportive care is still undoubtedly the most
important component of treatment and the patient
needs to be monitored carefully until the illness

Early

4-hourly recording of VC and oxygen saturation

Continuous electrocardiogram

Heparin 5000 units s.c. 12-hourly or tinzaparin
s.c. once daily

Regular chest physiotherapy, turning and
oral toilet

Nasogastric tube if there are swallowing problems

Intravenous immunoglobulin (0.4 g/kg body
weight per day for 5 days) or

Plasma exchange - 5 exchanges of 50 ml/kg over
5-10 days

Pain control - opiate analgesia may be required

Late

Ventilatory assistance if VC is falling rapidly or is
below 24 ml/kg

Tracheostomy - if ventilation is needed for
more than 10 days

Cardiac pacemaker - for bradyarrhythmias or
episodes of asystole

Gastrostomy (PEG) - if it seems that a prolonged
delay recovery of bulbar function is likely

Continued physiotherapy, occupational therapy
and speech therapy input

Monitor pain control

VC, vital capacity; s.c., subcutaneously; PEG, percutaneous
endoscopic gastrostomy.

has stabilized for at least 3 weeks. Intravenous
immunoglobulin is the first line immunomodulating
treatment, and although there are no strict guide-
lines as to when to start treatment, it is reasonable
to consider IVIg (0.4 g/kg body weight per day for 5
days) if the patient has difficulty with walking. It is
recommended that the patient or next of kin be fully
informed of the 10-20% risk of relapse after IVIg,
and of the small but theoretically possible risks of
transmission of hepatitis A, B and C viruses and HIV
and of transmission of prion proteins; a consent
form should be completed before treatment is started.

There are no clinical trial data to give guidance
on what to do if the patient continues to deteriorate
after IVIg treatment. If it appears that the patient
has relapsed after IVIg, a second treatment should
be given. If on the other hand there has been no
improvement after 2 weeks but a steady progression,
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either further IVIg or plasma exchange should be
considered.

With early diagnosis and treatment, appropriate
measures to prevent thromboembolism, aspiration
and pressure sores, most patients with GBS recover
satisfactorily. The GBS Support Group provides infor-
mation and important contact with other patients
who have had GBS who can reassure the patient more
convincingly than any medical professional that
recovery is likely to occur.

Chronic inflammatory
demyelinating
polyradiculoneuropathy

In some respects, CIDP is separated from GBS only
by having a different time course. The former
condition evolves over 12 weeks or longer (up to
many months and years), and may persist for years
with often incomplete recovery.

It is predominantly a symmetric polyradiculo-
neuropathy with symptoms of weakness, sensory
loss and paraesthesiae. Proximal and distal mus-
cles can be affected early on in the illness, and
although the weakness can be severe, muscle
wasting is not a major feature as a result of the
fact that the problem is one of demyelination with
areas of conduction block rather than marked loss
of axons. Neck weakness is common, but facial
weakness is rare (<15%) and is usually mild. Res-
piratory muscle weakness does not occur. There is
hyporeflexia or areflexia and sensory loss in a
stocking-and-glove distribution. Autonomic prob-
lems are uncommon.

The clinical course may be slowly progressive or
stepwise progressive (66%) or relapsing (33%). The
CSF protein is elevated with normal microscopy.
Nerve conduction studies show demyelination, which
is patchy, and regions of conduction block. With the
clinical features, detailed neurophysiology and CSF
examination, there is usually no need for a nerve
biopsy. A nerve biopsy is of value in those cases
where either the neurophysiology is not diagnostic
or where the clinical picture suggests that vasculitis
is a possibility.

Table 7.9 Treatment of chronic inflammatory demyelinating
polyneuropathy

Oral prednisolone ~ 1.0-1.5mg/kg per day until

improvement is noted

Dose can then be changed to
alternate-day regimen

Dose then slowly titrated
downwards after a period of
maintained maximal
improvement (usually at
6-12 months)

Vitamin D/calcium or a third-
generation bisphosphonate
to be added to prevent
osteoporosis

Cyclophosphamide No good clinical trial data.

Azathioprine can be used as
a steroid-sparing agent

Ciclosporin

Azathioprine

Intravenous Standard 0.4 g/kg per day for
immunoglobulin 5 days

Plasma exchange 3 exchanges (20 ml/kg)

per week for 3 weeks followed
by 2 per week for the next
3 weeks

Remember to check the patient’s thiopurine methyl transferase
activity to see whether it is safe to give azathioprine.

Treatment of CIDP varies with the severity of the
clinical picture and three immunomodulating ther-
apies have been shown to be effective — oral pred-
nisolone, IVIg and plasma exchange (Table 7.9). The
first line treatment has until recently been IVIg. With
the risk of prion protein contamination, the fact that
at this time IVIg does not have a licence for use in
CIDP and the increasing costs of IVIg, there has been
a move back to using prednisolone as first treatment,
and reserving IVIg for treatment of more severely
affected patients. Azathioprine is used as a steroid-
sparing agent but patients on long-term steroids will
need calcium and vitamin D supplements or bisphos-
phonate to prevent osteoporosis. Before starting aza-
thioprine, the patient’s thiopurine methyltransferase
activity should be checked. Thiopurine methyl-
transferase metabolises azathioprine and, if activity
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is low, there is a high risk of myelosuppression. For
patients resistant to the three main treatments,
options include cyclophosphamide, azathioprine and
ciclosporin but there are no clear guidelines on
dosage or duration of treatment.

Although 90% of patients will show some
improvement with any of the three mainline treat-
ments, the best results are seen in those where the
duration of the illness is less than 1 year, and the
severity of the weakness is only mild or moder-
ate. The relapse rate is high (>50%). A small number
are resistant to all therapies and another small group
show only improvement with IVIg and require this
treatment on a regular (2- to 6-weekly) basis.

Multifocal motor neuropathy with
conduction block

Multifocal motor neuropathy

Multifocal motor neuropathy (MMN) is an uncom-
mon disorder but an important one to recognize
because it may clinically resemble the lower motor
neurone variant of motor neurone disease, and,
unlike motor neurone disease, MMN is potentially
treatable with immunotherapy. The other differ-
ential diagnosis is CIDP.

Clinically multifocal motor neuropathy (MMN)
is characterized by progressive and asymmetric
weakness without sensory involvement. Muscle
wasting is not evident early on despite the pro-
found weakness (like CIDP, the problem is caused
by conduction block and not axonal loss). Pro-
gressive unilateral grip weakness, wrist drop or
foot drop are common presenting features. Cranial
nerve and respiratory involvement are rare. Cramps
and fasciculations are common and the reflexes
are asymmetrically depressed.

The electrophysiological hallmark is the presence
of persistent multifocal conduction block in areas
where the nerve is unlikely to be susceptible to
entrapment. Evidence of peripheral demyelination
is also often found. Unlike CIDP, the CSF protein is

usually normal. Elevated anti-GM1 ganglioside anti-
body titres are of no diagnostic nor prognostic value.

Treatment with IVIg may be very effective, but
the benefit is short lived (2-4 weeks), and patients
require regular maintenance doses. On a long-term
basis only cyclophosphamide (100-150 mg/day) has
shown any consistent benefit (in 50-60% of cases),
and the addition of this drug may increase the time
between IVIg infusions. Unlike CIDP, steroids and
plasma exchange are of no benefit.

DIABETIC NEUROPATHIES

Peripheral neuropathy occurs as a complication of
both insulin-dependent and non-insulin-dependent
diabetes. The commonest form is the distal sensori-
motor neuropathy. There is evidence of a neuropathy
in 7% of patients at the time of diagnosis of their
diabetes, increasing to 50% after 25 years of diabetes.
Occasionally the neuropathy appears before the
diabetes becomes evident. Multifocal neuropathies
are also common in diabetes and often coexist with
the distal symmetric neuropathy.

Diabetic neuropathies

Progressive:

« distal symmetric sensory and sensorimotor
neuropathies

» autonomic neuropathy

Reversible:

« acute painful neuropathy

« cranial neuropathy (IlIrd nerve palsy)

o thoraco-abdominal neuropathy

« proximal diabetic neuropathy (diabetic
amyotrophy).

Distal sensory and sensorimotor
polyneuropathy

For most diabetic patients the symptoms are
mild, with numbness and minor tingling. In only
a few cases is pain a troublesome problem (10%
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of diabetics), but when present it can be debili-
tating and described as aching, burning, stab-
bing or shooting.

Tactile hypersensitivity is often present in these
patients, and despite the severity of the symptoms
the clinical signs may be quite trivial. There may
be mild distal weakness with loss of ankle reflexes.
The sensory loss affects all modalities and begins at
the toes and evolves into a stocking distribution.
It follows a length-related pattern, so that as the
numbness extends up to thigh level it also begins to
affect the fingers. If there is evidence of more severe
distal weakness with wasting or additional proximal
weakness, then the coexistence of another neuro-
pathy, such as CIDP, vasculitis or paraproteinaemic
neuropathy, has to be considered.

The autonomic neuropathy is also length related,
with loss of sweating in the feet being an early fea-
ture. Autonomic involvement is important to rec-
ognize as it may be related to an increased mortality
rate. Treatment of autonomic problems is outlined
in Table 7.10.

These progressive neuropathies are associated with
diabetic retinopathy and nephropathy, and seem to
be more likely to occur the longer the patient has been
suffering from diabetes, if the patient is male and
tall. The cause is unknown. A multifactorial aetio-
logy seems most likely - metabolic and vascular
factors being implicated (Table 7.11). Despite all the
proposed mechanisms, the only treatment to show
benefit is strict maintenance of normal blood
glucose levels.

Acute painful neuropathy of
diabetes

Acute painful neuropathy of diabetes appears to
be a distinct entity, with the onset of severe pain dis-
tally in the legs associated with progressive weight
loss. The burning pains and contact hyperaesthesiae
are very troublesome at night, causing insomnia and
depression. With continued good diabetic control and
adequate pain relief, improvement does occur but
sometimes takes several months. Regaining body
weight is an early indicator of improvement. This

Table 7.10 Diabetic autonomic neuropathy

Cardinal symptoms  Treatment

Impotence Counselling. Viagra. Penile
papaverine injection.
Mechanical prosthesis

Postural hypotension  Fludrocortisone

(>30 mmHg drop) =+ indometacin
Abnormal sweating
Gastroparesis Metoclopramide,
domperidone, erythromycin
Diarrhoea Tetracycline with

loperamide/codeine
Decreased awareness
of hypoglycaemia

Table 7.11 Possible mechanisms in the pathogenesis of
diabetic neuropathy

Metabolic hypothesis

« Polyol accumulation, myo-inositol depletion,
reduced Na™K*-ATPase

« Advanced glycosylation end-product formation

« Altered neurotrophic factors

« Oxidative stress

« Altered fatty acid metabolism

Vascular hypothesis

Altered protein synthesis and axonal transport

Immunological mechanisms

syndrome can be triggered following the institution
of tight glucose control with either insulin or oral
hypoglycaemic drugs. The cause is not known.

Cranial neuropathies

There is an increased incidence of 3rd and 6th cra-
nial nerve palsies in diabetic patients. The 3rd cra-
nial nerve palsy is the commonest. There is intense
pain around the affected eye in half of the cases and
the pupil is not involved (in contrast to 3rd nerve
palsy resulting from a posterior communicating
aneurysm where the pupil is dilated). It is believed
to be caused by ischaemia of the central core of the
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3rd nerve. The prognosis is excellent, with recovery
within 3-4 months.

Thoraco-abdominal neuropathy

In thoraco-abdominal neuropathy there is an acute
onset of pain in a localized area over the anterior
chest or abdominal wall. The patterns of sensory loss
or hyperpathia produced are consistent with lesions of
the spinal nerves or its branches. The pain resolves
within a few days and the numbness recovers over
4-6 weeks. On the abdominal wall, muscle weakness
may present as a hernia. The cause is not known.

Proximal diabetic neuropathy
(lumbosacral radioplexus
neuropathy)

Previously termed diabetic amyotrophy, this condi-
tion occurs in more elderly type 2 diabetics, affecting
males more often than females. There is an asymmet-
ric onset of lower limb weakness and wasting which
is most striking proximally but which may be global.
There is lumbar or thigh pain from the outset. The
knee jerk is depressed or absent on the affected side,
and often both ankle jerks are absent because of the
presence of a distal symmetric sensorimotor neur-
opathy. There is often marked weight loss. Recovery
occurs slowly over many months or years, but a num-
ber of patients have residual neurological problems.
Recent studies have found either microvasculitis or
non-vasculitic epineurial and endoneurial inflamma-
tory infiltration in about one-third of cases. Whether
such patients would fare better with immunotherapy
is not known. Treatment is therefore based on achiev-
ing good glucose control, paying close attention to
pain relief and input from physiotherapists.

TOXIC NEUROPATHIES

Nerve damage caused by drugs has always to be
considered when assessing a patient with symptoms
of a neuropathy. Some of the toxic drugs are highly
lipophilic agents, such as amiodarone, perhexiline
and chloroquine; others are chemotherapy

agents - vincristine, vinblastine and cisplatin.
Nucleoside analogues (ddC (zalcitabine) and ddI
(didanosine)), isoniazid , metronidazole and pheny-
toin are other drugs that can produce a neuropathy.
In all (except phenytoin), there are painful paraes-
thesiae with distal sensory loss but variable degrees
of distal lower limb weakness.

The neuropathy caused by alcohol is in part a
result of its toxic effect, but is also caused by an
associated thiamine deficiency. There is distal sensory
loss, with painful, aching feet. Distal leg weakness is
uncommon unless the neuropathy has been present
for a number of years. Very occasionally the neur-
opathy can be more acute in onset. Nerve conduction
studies show an axonal process and the CSF is usually
normal. Treatment is by stopping all alcohol con-
sumption and giving generous vitamin supplements
(often parenterally) including thiamine.

Neuropathy as a result of metal toxicity (thal-
lium, mercury, arsenic and lead) is very uncommon
and unless there is a specific risk that prolonged
exposure has occurred a ‘routine metal screen’
should not be requested.

NEUROPATHIES ASSOCIATED

WITH ORGAN FAILURE

While it is very unlikely that a neuropathy will be
the first manifestation of an underlying metabolic
disorder other than for diabetes. Patients with
advanced kidney or liver disease, for example, may
well develop a neuropathy. This may be because of
a common cause such as vasculitis, which is pot-
entially treatable, but most often it is attributable
directly to the metabolic abnormality. Patients with
such neuropathies should be appropriately investi-
gated with detailed neurophysiology so as not to
miss a potentially treatable CIDP.

Uraemic polyneuropathy occurs in over 70% of
patients with chronic renal disease and is com-
moner in males than females.

It is a distal symmetric sensorimotor axonal
neuropathy, with prominent sensory symptoms of
pain and paraesthesiae. A ‘restless legs syndrome’
is a common feature.
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It is unusual for the upper limbs to be affected
but an additional autonomic neuropathy is found
in about 25% of patients with chronic renal failure.
The neuropathy may improve with dialysis, but the
response to renal transplantation is often dramatic.
Also associated with uraemia is a focal neuropathy
involving the median nerve at the wrist, ulnar nerve
at the elbow and the common peroneal nerve at the
fibula head. Uraemia seems to increase the suscepti-
bility of these nerves to pressure injury, and in some
cases it seems to be related to the deposition of
amyloid material. These compression neuropathies
should be managed as in non-uraemic patients.

Chronic liver failure rarely results in a neuropathy
of any clinical significance, and likewise in patients
with chronic pulmonary disease, the axonal sensori-
motor neuropathy is mild, even though up to 75%
of cases will have NCS changes consistent with an
axonal process.

CRITICAL ILLNESS

POLYNEUROPATHY

The neuropathy associated with critical illness
becomes noticeable when a patient on an intensive
therapy unit fails to be weaned off the ventilator.
Most patients have a combination of adult respiratory
distress syndrome, organ failure and infection. The
use of neuromuscular blocking drugs also seems to
be an important factor in the development of this
axonal neuropathy. The degree of weakness is quite
variable. There may also be an additional myopathy
related to critical illness. In any patient remaining
ventilator dependent, the neurophysiology becomes
important in order to exclude myasthenia gravis.

Although as many as 60% of cases with septicae-
mia and multiple organ failure will die, for those
who survive and who have a neuropathy, the prog-
nosis for recovery of the neuropathy is surprisingly
good.

PORPHYRIC NEUROPATHY

Porphyric neuropathy is rare, but an acute axonal
motor neuropathy that is clinically similar to GBS

can occur in all forms of porphyria. Features that
can help distinguish this type of porphyric neur-
opathy from GBS include the asymmetry of the weak-
ness, predominance of proximal rather than distal
weakness that occurs in the former. Also when there
is sensory involvement, this also may have a rather
unusual proximal distribution (‘bathing trunk’ and
‘breast-plate’). It can also involve respiratory, facial,
ocular and bulbar muscles. There may also be auto-
nomic involvement. It is commonly associated with
abdominal pain, psychiatric disturbance and some-
times epileptic seizures.

A porphyria screen is always undertaken in cases
of GBS, but a positive result is very uncommon.

Management is initially focused on withdraw-
ing or avoiding any drugs that might exacerbate
the porphyria. Adequate hydration and continuous
IV glucose infusion are important. If the weakness
progresses, it is worth considering IV haematin
(2-5mg/kg per day for 10-14 days depending on the
clinical response), which suppresses the haem biosyn-
thetic pathway. Recovery rate is variable.

VITAMIN DEFICIENCIES

Peripheral neuropathy is not a major feature of
vitamin B12 deficiency, but loss of ankle reflexes
confirms its presence. Sensory nerve conduction
studies are abnormal. The predominant clinical
features are a result of spinal cord involvement
(see p. 492).

The features of vitamin E deficiency are gait ataxia,
posterior column loss, ophthalmoplegia and a pig-
mentary retinopathy. There is a mild neuropathic
component with loss of ankle reflexes.

Thiamine deficiency in the Western world essen-
tially occurs in the context of chronic alcoholism
where the neuropathy seen here is identical clin-
ically to that seen in isolated thiamine deficiency.
There are distal paraesthesiae and burning pains in
the feet with some distal leg weakness. When there
is severe nutritional deprivation, patients develop a
painful sensory neuropathy, central scotomata, oral
ulceration and dermatitis (Strachan syndrome). The
Cuban neuropathy epidemic (1993) was probably
nutritional in origin and responded to vitamin B
supplementation.
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INFECTIVE CAUSES

HIV

Better testing and more effective treatments with
antiretroviral agents has lead to an improvement in
survival for many who carry HIV or who have fully
developed acquired immunodeficiency syndrome
(AIDS). Heterosexual contact gives rise to 10-15% of
new HIV infection cases, which has to be considered
as a possible causal factor in many patients present-
ing with neuropathy.

HiV-related neuropathies (sce p. 411)

» GBS, CIDP, sensory ataxia — at seroconversion

e Multiple mononeuropathy

» Painful distal sensorimotor neuropathy -
late stage of AIDS

o Autonomic neuropathy - late stage of AIDS

 Polyradiculoneuropathy/cauda equina
syndrome as a result of cytomegalovirus
(CMV) infection

« Painful sensory neuropathy - related to
treatment (ddC and ddI).

In the early stages of HIV infection a clinically
significant neuropathy is unusual, particularly if the
CD4 T-cell count is above 400/mm?>.

As patients become more immunocompromised
a neuropathy will be found in up to 30% and the
commonest type by far is a symmetric sensory
axonal neuropathy.

The clinical presentation of HIV-related GBS or
CIDP is the same as for non-HIV cases. There is usu-
ally a difference on CSF examination, where the pres-
ence of an active lymphocytosis (20-40 cells/mm3),
strongly suggests the possibility of HIV infection.
(In any GBS or CIDP case where the CSF shows
a raised lymphocyte count, the patient should be
counselled and tested for HIV.) The treatment of
choice is IVIg. Plasma exchange and steroids (for
CIDP) can also be used but carry greater risks in
an already immunosuppressed patient. The multiple

mononeuropathy seen with HIV infection or AIDS
is likely to have a varied aetiology but three factors
are: CMV infection, a necrotizing vasculitis and the
presence of cryoglobulins. Such patients should be
screened for CMV (blood and CSF) and undergo
a nerve biopsy. Anti-CMV drugs (e.g. ganciclovir)
may be indicated, but if the CMV screen is negative
and the biopsy confirms a vasculitis, the initial
recommended treatment is IVIg, reserving steroids
for those patients who fail to respond to IVIg. If
cryoglobulins are found, plasma exchange can be
effective.

A distal symmetric polyneuropathy (see p. 411)
occurs in over 30% of HIV patients who are severely
immunocompromised (CD4 count <150 cells/mm?)
and this incidence is increasing as a result of longer
survival and improved treatment. Sensory symp-
toms of paraesthesiae with numbness appear first
in the feet. Distal weakness is variable but usually
mild. Nerve conduction studies confirm a distal
axonopathy. Multiple factors are likely to be involved
(nutritional state, drug therapy and other metabolic
abnormalities) including the possibility of a direct
neurotoxic effect of HIV itself. There is no specific
treatment other than trying to control pain (e.g.
gabapentin, carbamazepine), which is often resist-
ant to therapy. Distinguishing this neuropathy
from the painful sensorimotor neuropathy caused
by antiretroviral drugs (ddC, ddl) is difficult. The
neuropathy appears about 8 weeks after starting
treatment and withdrawal of the drugs is the only
treatment, but even then the neuropathy can worsen
over the next 6 weeks (a phenomenon known as
‘coasting’). Zidovudine (AZT) does not cause a neur-
opathy but can produce weakness as a result of a
myopathy.

A rapidly progressive cauda equina syndrome is
seen in the late stage of HIV infection. This is usually
caused by CMV infection of the lumbar roots, but
as CSF cultures for CMV are only positive in about
50% of cases, anti-CMV treatment should be started
early if the diagnosis is suspected on clinical grounds.
The syndrome begins with severe lower back pain
that radiates down the legs followed by progressive
leg weakness and eventually a lumbar sensory level
with bladder and bowel disturbance. Usually the CSF
shows an elevated white cell count with raised protein
and low glucose levels. An autonomic neuropathy
occurs only very late in the course of HIV infection.
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Diphtheria

In the Western world, neuropathy related to diph-
theria is very rare because of the success of immu-
nization programmes.

Following a throat infection, paralysis of pharyn-
geal and laryngeal muscles develops, and some
weeks later a generalized sensorimotor neuropathy
appears with prominent paraesthesiae and often
severe weakness.

This can look like CIDP. The NCS may be very slow
(15-20m/s) confirming a demyelinating process.
Unless diagnosed early, when diphtheria antitoxin
can be given (within 48 hours of onset), treatment is
supportive.

Leprosy

Peripheral nerve damage in all forms of leprosy is
caused by direct invasion of peripheral nerves by
the bacillus Mycobacterium leprae and the immune
reaction that follows. Although there are clinical
and pathological differences between the various
forms, the main common feature is sensory loss.
Early on, the sensory impairment does not fit with
a peripheral nerve distribution as the damage is in
the intracutaneous nerves. Pinprick and temperature
loss predominate with loss of sweating. Neuropathy
related to leprosy is a treatable condition, and should
be considered in the differential diagnosis of a mono-
neuropathy or multiple mononeuropathy in anyone
who has come from or travelled in an endemic area.
If infection is suspected, the patient should be referred
to a tropical disease unit where the diagnosis can
be confirmed by skin or nerve biopsy. Treatment is
with dapsone, rifampicin and clofazimine. A hyper-
sensitivity reaction to treatment can be a potentially
serious complication.

Tuberculoid leprosy causes a localized neuropathy.
There may be one or two patches of cutaneous sensory
loss at the site of entry of the bacillus and if it multi-
plies and invades a nearby nerve trunk then a mono-
neuropathy will develop. The median, ulnar, peroneal
and facial nerves are most frequently affected.

In the lepromatous (or low resistance) form, there
is a more widespread loss of sensation, beginning
distally in the limbs in an asymmetric manner even-
tually coalescing to produce a more symmetric pat-
tern. The bacilli proliferate in cool areas, and so the
ears are the first area to be affected by numbness.
Haematogenous spread of bacilli in this low resistance
type contributes to the eventual symmetric distribu-
tion of the neuropathy, which in the later stages has
a prominent motor component. The peripheral nerves
become thickened but reflexes are retained, often
until the neuropathy is advanced. Borderline leprosy
shows a variable spectrum of clinical features
between the tuberculoid and lepromatous types.

MALIGNANCY

An underlying malignancy is an important
consideration in the differential diagnosis of a
neuropathy.

Detailed screening for malignancy should how-
ever only be carried out if the neuropathy has fea-
tures consistent with the syndromes outlined below.
The most frequent are a paraneoplastic sensori-
motor and pure sensory neuropathy. Di