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This material is not intended to be, and should not be considered,
a substitute for medical or other professional advice. Treatment for
the conditions described in this material is highly dependent on the indi-
vidual circumstances. And, while this material is designed to offer accurate
information with respect to the subject matter covered and to be current
as of the time it was written, research and knowledge about medical and
health issues is constantly evolving and dose schedules for medications are
being revised continually, with new side effects recognized and accounted
for regularly. Readers must therefore always check the product informa-
tion and clinical procedures with the most up-to-date pub ished product
information and data sheets provided by the manufacturers and the most
recent codes of conduct and safety regulation. Oxford University Press and
the authors make no representations or warranties to readers, express
or imp ied, as to the accuracy or completeness of this material, including
without limitation that they make no representation or warranties as to
the accuracy or efficacy of the drug dosages mentioned in the material.
The authors and the pub ishers do not accept, and expressly disclaim, any
responsibility for any liability, loss, or risk that may be claimed or incurred
as a consequence of the use and/or application of any of the contents of
this material.
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Preface

The Oxford Handbooks have been an extremely valuable adjunct to the
education of physicians in mu tiple areas of medicine in the United Kingdom
and in many other countries, principally those with inkages to the educa-
tional processes of medicine in the United Kingdom. These books have
been less used in the United States, although they have been famiiar to
many in this country and greatly admired for their broad range of coverage,
succinct presentations, easy accessibility, accuracy, and utility. The Oxford
Handbook of Neurology has been one of these books, and it is widely used
in the United Kingdom and other countries not only by medical students
and trainees in neurology and neurosurgery, but also by internists, family
physicians, and practitioners in many other fields of medicine. | have had
the frequent experience of visiting hospitals in the United Kingdom and
seeing house officers with an Oxford Handbook tucked into a pocket for
easy, frequent access. When Oxford University Press first approached me
to ask whether | might consider serving as editor of the Oxford American
Handbook of Neurology in an edition developed specifically for the United
States, | was immediately interested because of my familiarity with the
utility and widespread use of the book elsewhere. Having accepted this
position, | recruited a group of my colleagues here at the University of
Michigan to put together a volume that would reflect modern neurology
as practiced in the United States, with an approach that is up to date and
modeled along the ines of the UK. editions of the book.

This book adheres to the brevity and style of the UK. edition.
Nevertheless, this is a new book with entirely new presentations. As the
topics are important in understanding how to approach neurological
diagnosis, we have chosen to retain the first three sections of the UK.
edition, including the basics of the neurological history and examination;
a succinct review of neuroanatomy; and common clinical presentations.
After the third chapter, we have developed multiple individual chapters to
capture the major categories of neurological disease. A good deal of the
neurosurgery section in the UK. edition has been redistributed to other
chapters, and three individual chapters remain focused on neurosurgical
topics. Owing to the emerging importance of this area in neurology, we
have included a chapter devoted to sleep disorders. We have developed
large numbers of new illustrations, both drawings and imaging studies. The
imaging studies uti ize the currently best-available techniques of magnetic
resonance imaging (MRI) and computed tomography (CT) scanning.

In the past several decades, c inical neurology has evolved from a field
focused principally upon diagnosis into a field in which mu tiple medical and
surgical approaches can be symptomatically helpful and, for many diseases,
can ameliorate or slow the progression of the underlying pathological
process. Accurate diagnosis is essential and can be challenging. The proc-
ess required includes obtaining a full chronological history of the patient’s
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complaint, including medications used, with appropriate past medical his-
tory, family history, system review, and social history, followed by a general
medical and neurological examination. With this information at hand, the
next step is to deduce the anatomical location(s) of the lesion or lesions
that can evoke the clinical findings. This is followed by a determination of
the disease processes that would be compatible with the history of disease
evolution. At this point, laboratory investigations can further the inquiry,
but bypassing the initial steps can lead to time-consuming, costly, unneces-
sary laboratory studies and frustrations on the part of both the cinician
and the patient. Accordingly, this book contains information that will help
the clinician to approach patients with neurological disorders, and the dis-
eases described succinctly can serve as a guide to the disease processes
that need to be considered in differential diagnosis.

Sid Gilman, MD, FRCP
University of Michigan
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cHAPTER 1 Neurological history and examination

Principles of neurological history taking

The primary role of the examination becomes the testing of the
hypotheses derived from the history.
—William Landau

The usual approach to a c inical problem is to ask the following:

e Where is the lesion, e.g., brain, spinal cord, anterior horn cell,
peripheral nerve, neuromuscular junction, muscle?

e What is the etiology, e.g., vascular, degenerative, toxic, infectious
genetic, inflammatory, neoplastic, functional?

e What is the differential diagnosis?

e [s treatment possible?

e What is the prognosis?

A detailed history usually will yield more information than the neurological

examination and ancillary tests.

o Family members and eyewitness accounts are essential, e.g., in patients
with dementia or episodic loss of consciousness. Obtain a history by
telephone if necessary.

o A review of outside records may be very useful.

e Analysis of symptoms will follow a similar plan:

* Date/week/month/year of onset

* Character and severity

* Location and radiation

» Time course

* Associated symptoms
 Aggravating and alleviating factors
* Previous treatments

* Remissions and relapses

Past medical history
Do not accept the patient’s diagnostic terms, e.g., “migraine,” “seizure,”
“stroke.” Ask about specific symptoms.

Family history

Draw a family tree. Document specific illnesses and cause of death, if
known. In particular, ask about the age and cause of death of the patient’s
parents. In certain communities, ask about consanguinity. If you are suspi-
cious of an undiagnosed disease in a family member, ask about symptoms.
For example, a family member with weakness and gait disturbance may
have never been diagnosed with myopathy.

Social history

This should include inquiries regarding the following:
o Alcohol

o Smoking

e Occupation

o Recreational drug use

o Sexual history

o Detailed travel history

o Dietary habits



CRANIAL NERVE | (OLFACTORY NERVE)

The general examination

e This starts on first meeting the patient; it is useful practice to bring
patients back from the waiting room yourself. Gait disturbance, tremor,
loss of facial expression, and dysarthria can often be identified while
leading the patient from the waiting room to the examination room.
General examination can provide valuable clues. Ideally all patients

should be stripped to their underclothes.

Cardiovascular system. Pulse, heart sounds, auscultation of the carotid

arteries, blood pressure (lying down and standing after 3 minutes if any

suggestion of autonomic involvement).

Respiratory system. Diaphragmatic movement. May need to measure

forced vital capacity (FVC) and negative inspiratory force (NIF) in

patients with neuromuscular weakness.

Gastrointestinal system. Palpate for hepatosplenomegaly or abdominal

masses.

Genitalia. In men, testicular examination should be considered. Rectal

examination if malignancy is suspected or assessment of anal tone and

sensation if cord or cauda equina compression in differential diagnosis.

Breasts. Essential if neoplastic or paraneoplastic conditions are considered.

Examine the spine. A hairy patch may indicate underlying spinal

disorder or a dermal sinus. Auscu tation over spine may reveal the bruit

of a dural arteriovenous ma formation (AVM).

Skin. Melanoma, vasculitic rash, livedo reticularis, or vitiligo may suggest the

presence of a systemic disease that may have neurologic manifestations.

Head. Palpate the temporal arteries in elderly headache patients;

auscu tation may reveal a bruit. Palpate the trapezii for evidence of

tenderness in muscle tension and cervicogenic headache.

Cranial nerve | (olfactory nerve)

Patients may not recognize a problem unless it is essential for work

or hobbies, e.g., chef. Furthermore, it may be difficu t to tell whether
patients have trouble with a specific smell because they have anosmia
or because they are just not familiar with it.

e The nose is supp ied by the olfactory and trigeminal nerves. Irritants
ike NH; stimulate the trigeminal nerve and may be misleading.

Use the University of Pennsylvania Smell Identification Test (UPSIT)

if available. Otherwise use bedside products, e.g., orange peel, coffee,
chocolate, peppermint, or cinnamon. Ask if there is a smell (perception,
peripheral process) and then identify it (cognitive, central process).
Differential diagnosis for anosmia:

* Viral infection

* Head injury

e Parkinson disease (PD)
* Alzheimer disease (AD)
* Refsum disease

Olfactory groove meningioma

Sjogren syndrome

Toxic (intranasal zinc, some antihypertensives, thyroid supplements)
Kallman syndrome (anosmia + hypogonadism, X- inked recessive)

3
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cHAPTER 1 Neurological history and examination

Cranial nerve Il (optic nerve and
visual pathway)

Visual acuity

e Test distance acuity of each eye with an eye chart (see Fig. 1.1).

o Correction for refractive errors with glasses or using a pinhole.

e In papilledema, visual acuity is preserved unless chronic. In optic
neuritis or infiltration, visual acuity is impaired.

e Color vision tested with Ishihara color plates.

Visual fields

o Assess visual fields by confrontation with each eye in turn using a red
pin (5 mm red target), finger waving, or finger counting.

4 )

1 20/200
F P 2 20/100
T O Z 3 20/70
LPED 4 [wm
PECFD 5 |2
ED FC Z P 6 20/30
FELOPZD 7 20725
DEFPOTEC 8 20/20

LEFOBPCT 9

FDPLTCEO 10

PEZOLCFTD 11

- J

Figure 1.1 Snellen eye chart. Hold the chart about a foot in front of the face in
good light. Test each eye separately, both with and without glasses.
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o Goldmann perimeter is a bowl-shaped device and uses small ight
targets (kinetic).

o Humphrey is an automated technique (static).

e Visual inattention may indicate parietal lobe dysfunction.

o Uncooperative or aphasic patients—observe reaction to threat.

Visual field defects

e Monocular field defect: ocular, retinal, or optic nerve disorders.
e Constricted fields—glaucoma, chronic papilledema.
e Tunnel vision—retinitis pigmentosa or nonorganic.
e Central scotoma—optic nerve or macular disease.
o Atitudinal defects are due to retinal vascular lesions. Vessels do not
cross the horizontal raphe.
Defects affecting both eyes may indicate a lesion of or behind the optic
chiasm (vertical meridian). The common patterns of field loss are shown in
Table 1.1. Figure 1.2 shows a diagram of visual field defects.

Clinical points

o Complete homonymous hemianopia indicates only that the lesion

is behind the optic chiasm. The more posterior the lesion, the more

congruous the defect.

Macular sparing may occur in a posterior cerebral artery (PCA)

stroke. The PCA supp ies most of the visual cortex, but the

occipital pole may be supp ied by a branch of the middle cerebral

artery (MCA).

e Junctional lesions between the optic nerve and chiasm affect ipsilateral
optic nerve fibers and fibers from the inferior nasal retina of the
opposite optic nerve as they loop after decussation.

Table 1.1 Common patterns of visual field loss

Field defect Site of lesion(s) Etiology

Homonymous Optic tract, optic radiation,  Stroke, tumor

hemianopia occipital lobe

Homonymous superior ~ Temporal lobe Stroke, tumor

quadrantanopia

Homonymous inferior Parietal lobe Stroke, tumor

quadrantanopia

Bitemporal hemianopia ~ Optic chiasm Pituitary adenoma,
craniopharyngioma

Binasal hemianopia Perichiasmal Bilateral internal
carotid artery
aneurysms

Junctional scotoma Junction of optic nerve and ~ Tumor

chiasm

Bilateral scotomas Occipital pole H ead injury
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Defects in
visual field of

Lefteye  Righteye

N)

CILI-1®
CICYT=T |

«

© 0

Figure 1.2 Diagram of visual field defects. 1. Unilateral blindness; 2. Bitemporal
hemianopia; 3. Homonymous hemianopia; 4. Superior quadrantanopia; 5, é. Inferior
and superior quadrantanopias with macular sparing. Based on Figure 4.4 from

An Introduction to the Biology of Vision, Cambridge University Press.

o

Pupillary reactions (cranial nerves Il and IlI)

o Test reaction to light: direct and consensual with a bright pen light;
ophthalmoscope light not strong enough (see Table 1.2).

o Accommodation reflex is observed by watching the pupil as gaze is
shifted from a distant object to a near object.

o Relative afferent pupillary defect (Marcus—-Gunn pupil) resu ts from optic
nerve dysfunction or, if extensive, retinal disease. Detected by the “swinging
flashlight test”—a bright ight is quickly moved back and forth between the
eyes. The affected eye dilates rather than constricts when the light is swung
to it because less ight is perceived by the damaged pathway.

Funduscopy with the direct ophthalmoscope

o Reduce the ambient light in the room as much as possible.

e Turn on the ophthalmoscope and adjust the size of the light to
approximate the size of the pupil.

o Look for the red reflex and move in to focus on the optic disc.

o Assess disc color for pallor.

Funduscopic findings

o Pigmented temporal crescent seen in myopes.

o Eighty percent of normal discs will have venous pulsation. May be
elicited by gentle eyeball pressure.

o Disc edema (called “papilledema” if secondary to increased intracranial
pressure)
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Table 1.2 Pupillary abnormalities

Abnormality  Pupils Other features  Tests

Oculomotor  Dilated; no Weakness: MR,  —

(cranial nerve  response to light or 1O, IR, SR. Ptosis

1) palsy accommodation (complete/partial)

Horner Constricted pupil; Partial ptosis, 10% cocaine dilates

syndrome reacts to light and also upside-down normal pupil but

(miosis, ptosis, accommodation ptosis (lower not sympathetic

anhidrosis) lid elevation), denervated one.

anhidrosis 1% hydroxyamphe-

tamine dilates pupil
in first- or
second-order neuron
damage

Argyll Small, horizontally Syphilis, diabetes, —

Robertson elongated pupil. Parinaud

pupil Response to syndrome

accommodation but
not to light
Tonic pupil Dilated pupil Generalized 0.125% pilocarpine
(Adie) constricts slowly areflexia = constricts pupil

to accommodation.  Holmes—Adie
Unreactive to light ~ syndrome
but will constrict

on prolonged and

intense illumination.

Vermiform

movements visible on

slit lamp

10, inferior oblique; IR, inferior rectus; MR, medical rectus; SR, superior rectus.

Hyperemia of disc margin
Blurring of margins

Raised optic disc

Engorged veins

Hemorrhages

Cotton wool spots and exudates
Retinal folds.

Retinal abnormalities

Hard and soft exudates
Microaneurysms and new vessel formation
Pigmentary changes (bone spicules in retinitis pigmentosa).

Macular changes (star, cherry red spot).

Drusen or hyaline bodies are shiny bodies on the surface, near or
buried in the disc elevating it and resemb ing papilledema.
Medullated nerve fiber layer (pearly white) is myelin from the optic
nerve that continues into the nerve fiber layer. May be confused with
papilledema.

7
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cHAPTER 1 Neurological history and examination

Cranial nerves Ill (oculomotor),
IV (trochlear), and VI (abducens)

See Figure 1.3. Figure 1.4 shows the muscles innervated by cranial nerves
I, 1V, and VI.

Diplopia (see Table 1.3)

o Monocular diplopia may be functional, or due to refractive error, cataract,
media opacity, macular disease, or a visual cortex disorder (bilateral).
Horizontal diplopia is due to weakness of medial or lateral rectus.

Ob ique separation with one image slightly ti ted is due to superior or
inferior oblique weakness.

o Images are maximally separated when direction of gaze is toward the
site of maximal action of the paretic muscle.

The outer image comes from the paretic eye.

f head tilt is present, it is in the direction of action of the affected
muscle (e.g., a right IV palsy would be associated with the head down
and the top of the head rotated to the left).

Eye movements: pursuits and saccades

o Fixation—observe the fixed eye for 30 seconds: horizontal square
wave jerks are seen in cerebellar disease, progressive supranuclear
palsy (PSP), and mu tiple system atrophy (MSA).

e Saccades (rapid conjugate eye movements) tested by asking the patient
to fixate between two targets. Observe for speed of initiation (latency).

* Undershoot = hypometria found in cerebellar disorders, PD, and
Huntington disease (HD).

» Overshoot = hypermetria caused by cerebellar dysfunction.

* May help detect a subtle internuclear ophthalmoplegia (INO). In a
partial lesion, there will be slowing of adduction ipsilateral to the
lesion and nystagmus in contralateral abducting eye. In complete lesion,
adduction is absent. INO is caused by a lesion of the medial longi-
tudinal fasciculus, usually from demyelination or stroke (see Fig. 1.5).

Figure 1.3 Paresis of the oculmotor nerve. Ptosis due to paresis of the levator
palpebrae muscle. The right eye is abducted and infraducted due to the unopposed
actions of the lateral rectus and superior oblique muscles.
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Left eye Right eye
SR 10 10 SR

LR MR

MR LR

IR SO SO IR

Figure 1.4 Diagram showing muscles innervated by cranial nerves Il, IV, and VI.
Cranial nerve Ill: medical rectus (MR); inferior oblique (IO); superior rectus (SR);

inferior rectus (IR). Also levator palpebrae. Cranial nerve IV: superior oblique (SO).

Cranial nerve VI: lateral rectus (LR).

Table 1.3 Clinical features to distinguish cranial neuropathies and
internuclear ophthalmoplegia

11l v Vi Internuclear
ophthalmoplegia

Diplopia Oblique Vertical Horizontal  Horizontal
Diplopia Near target ~ Looking Fartarget  Near target
worse with down
Head tilt Up and in Head down  Toward None

and rotated  lesion

away from

lesion
Other Large, No diplopia in
features unreactive primary gaze.

pupil Convergence may
be spared.

e Smooth pursuit. Test horizontal and vertical movements by tracking
a target keeping the head still. Broken pursuit nonspecific sign due to
cerebellar disease, drugs, e.g., anticonvulsants and sedatives. If only
in one direction indicates posterior cortical lesion ipsilateral to the
direction of broken pursuit.

Nystagmus

e Involuntary oscillation is initiated by a slow drift of the eye. If followed
by a corrective fast phase = jerk nystagmus; if both phases have equal
velocity = pendular nystagmus. Direction of nystagmus described by
fast phase.

9
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Horizontal eye movements

Lateral rectus Medial rectus

Midbrain

Medial
longitudinal
fasciculus

Figure 1.5 Horizontal eye movements. V! is activated by the paramedian pontine
reticular formation (PPRF), which in turn received input from the contralateral
frontal eye fields.

e Jerk nystagmus caused by vestibular system imbalance, either peripheral
vestibular structures (labyrinth, vestibular nerve) or central vestibular
structures (brainstem, cerebellum). See Table 1.4.

Peripheral vestibular patterns
o Acute vestibular lesion
* Spontaneous unidirectional horizontal > torsional nystagmus
* Increased velocity of nystagmus with gaze in the direction of the
fast phase
 Suppressed with fixation
* Does not change direction
* Rarely mimicked by lesion in central vestibular structures

Positionally triggered nystagmus

o Posterior canal benign paroxysmal positional vertigo (BPPV)
 Burst of upbeat torsional nystagmus with Dix-Hallpike test
¢ Duration of nystagmus <30 seconds
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Table 1.4 Features of acute peripheral and central vestibular nystagmus

Acute peripheral Central

Unidirectional fast phase beating Uni- or multidirectional

away from affected labyrinth

Horizontal >> torsional pattern Pure vertical (usually downbeating) or
pure torsional

Associated with severe vertigo, Mild symptoms. Other neurological

vomiting, nausea signs are generally present, e.g., impaired

smooth pursuit, ataxia, disconjugate eye
movements, pyramidal signs

Amplitude increases with gaze May be gaze evoked
toward the direction of the fast phase,

then decreases in opposite direction

(never changes direction)

Suppressed by fixation (Freznel No change with fixation
goggles removes fixation)

e Horizontal canal BPPV
* Horizontal nystagmus triggered by head turns while in a supine
position.
* Duration can be as long as position held.
* Direction of nystagmus can be toward or away from the direction
of head turn.

Central vestibular patterns
e Downbeat nystagmus
» Can be present in the primary position, with gaze or triggered by
positionally testing
* Due to disturbance of vestibulocerebellum caused by Arnold—Chiari
ma formation, cerebellar degeneration, drug toxicity, e.g., lithium
e Upbeat nystagmus
* Generally present in primary position but can be brought out by
gaze or positional testing
* Less localizing than downbeat nystagmus—can occur with lesions of
the paramedian medulla but also pontine or midbrain lesion
 Causes: multiple sclerosis (MS), vascular, cerebellar degeneration
e Pure torsional nystagmus
» Can be in primary gaze or triggered by positional testing
* Generally localizes to the medulla
» Common causes: syringobulbia, stroke, tumor
o Gaze-evoked nystagmus (GEN)
* Only present on eccentric gaze not primary position
* May be horizontal, upbeating on upgaze and/or down beating on
downgaze
* Bilateral horizontal GEN due to cerebellar and brainstem disorders,
drugs, alcohol, diffuse metabolic disorders

11
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Cranial nerves V and VII-=XII

Cranial nerve V (trigeminal)

Sensory via three divisions (ophthalmic V', maxillary V2, mandibular V?)

(see Fig. 1.6)

o Sensation but not taste to anterior two-thirds of the tongue also
supplied by trigeminal nerve.

o Motor fibers to muscles of mastication (temporalis, masseter, and
pterygoids via mandibular division)

o Jaw deviates to side of weak pterygoid muscle.

o Corneal reflex has a consensual component. Useful in the presence of
an ipsilateral facial palsy.

o Jaw jerk—if brisk indicates pathology above midbrain level.

Cranial nerve VII (facial)

o Supplies the muscles of facial expression and taste to anterior two-
thirds of the tongue (via corda tympani branch).

o Lower motor neuron facial palsies result in complete ipsilateral facial
weakness.

o The upper face is bilaterally innervated—frontalis and to a lesser
extent orbicularis oculi are spared in upper motor neuron palsies.

Cranial nerve VIII (vestibulocochlear nerve)
e Two divisions:
* Cochlear (hearing)
* Vestibular (balance)
o Hearing is crudely tested by whispering numbers in one ear while
blocking the other.
o Rinne test—Hold 256 Hz tuning fork base on mastoid. Wait until sound
disappears, and then hold tines in the air next to the ear.
e Normal or sensorineural deafness—air conduction is louder than
bone conduction.
e Conductive deafness—bone conduction is louder than air
conduction.
o Weber test—tuning fork placed in middle of forehead.
¢ Unilateral conductive deafness—louder to the ipsilateral side
 Sensorineural deafness—louder to contralateral side

Cranial nerve IX (glossopharnygeal nerve)

o Taste fibers from posterior third of the tongue

o General sensation tympanic membrane, mucous membranes from
posterior pharynx, tonsils, and soft palate

o Afferent part of the gag reflex

Cranial nerve X (vagus nerve)

e Motor fibers innervate the striated muscles of palate, pharynx, and
larynx.

o Soft palate observed as patient says “aahh.” The uvula deviates away
from side of lesion.
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Supraorbital

nerve Cy

OPHTHALMIC

temporal

nerve
MAXILLARY

C2, G
MANDIBULAR

C4
Cs

Figure 1.6 The cutaneous distribution of the three branches of the trigeminal
nerve. (Reproduced with permission from The Central Nervous System by Per
Brodal.)

o Lesions of recurrent laryngeal branch cause ipsilateral vocal cord
paralysis with dysphonia and a weak cough.

o Parasympathetic autonomic fibers travel in the vagus nerve to the
respiratory, gastrointestinal (Gl), and cardiovascular systems.

Cranial nerve XI (spinal accessory nerve)
e Innervation to sternocleidomastoid (SCM) and trapezius.

e SCM (supp ied by ipsilateral hemisphere) assessed by asking patient to

twist the head against resistance and palpate contralateral SCM.
o Trapezius assessed by shoulder shrug and palpating muscle.

Cranial XII (hypoglossal nerve)

o Observe for fasciculations. Observe with tongue inside the mouth.

o Tongue strength assessed by asking patient to push inside the mouth
against cheek.

o Tongue movement dexterity assessed by asking patient to move tongue

side to side. Slowness without wasting suggests spasticity.
o In hypoglossal lesions, tongue deviated to the side of the lesion.

13
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Motor examination
Ideally, patient should be stripped to underclothes.

General points
o Document hand dominance.
e Look for wasting—first dorsal interosseus muscle easiest (ulnar).
o Examine scapular muscles (winging of the scapula due to lesions of long
thoracic nerve).
Palpate extensor digitorum brevis (EDB) on the foot. This muscle is
often atrophic in neurogenic conditions.
Observe for fasciculations—may need to spend a few minutes in good
ight.
Have patient hold arms outstretched with palms up and eyes closed.
* Pronator drift indicates mild pyramidal weakness.
* Pseudoathetosis (involuntary movements of fingers) indicates loss
of position sense.
¢ Postural tremor may be caused by essential tremor; demye inating
neuropathy, or drugs (sodium valproate, steroids).
Have the patient rotate arms around each other with elbows flexed. If one
arm orbits around the other, the arm that is moving less may be weaker:

Tone
Spastic (pyramidal) assessed by the following:
o Upper limbs:

* Rapid flexion/extension movement at the elbow (clasp knife)

* Supinator catch (rapid supination movement at wrist)

* Hoffman sign (rapid flexion at DIP joint of middle finger resu ts in
brisk flexion movements at other fingers)—positive in upper motor
lesions

o Lower limbs:

* Brisk flexion of the knee when legs extended resu ts in a catch if
tone increased.

* Test for clonus at ankles.

* Have the patient lie on back and ift thigh from bed. In normal or
low tone, the heel will drag on the bed. If tone is increased, the heel
will elevate.

Extrapyramidal increase in tone assessed by the following:
o By slow flexion/extension movements at the wrist
e May be enhanced by synkinesia (ask patient to move contralateral imb)

Muscle strength

All that is required is maximal strength for one second—useful in patients
with “giveway weakness.” Table 1.5 gives the muscles to be tested, and
Table 1.6 gives a grading system to evaluate the resu ts.

Coordination

o Finger tapping—have the patient tap the crease of the thumb with the
tip of the index finger and observe for speed, regularity of rhythm, and
accuracy.
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Table 1.5 Important myotomes

Muscle* Roots Nerve Action
Trapezius C3-C4 Spinal accessory  Shrug shoulder
Rhomboids C4-C5 Dorsal scapular Brace shoulders
7 7 back
Supraspinatus C5-Cé Suprascapular Abduct shoulder
15°
Deltoid C5-Cé Axillary Abduct shoulder
] ) 15°-90°
Infraspinatus C5-Cé Suprascapular External rotation
7 7 of arm
Biceps C5-Cé Musculocutaneous  Flex forearm
Triceps Cé6—C7-C8  Radial Extend forearm
Extensor carpi radialis ~ Cé6-C7 Radial Extend wrist
Extensor digitorum C7-C8 Posterior Extend digits 3-5
7 Interosseous )
Extensor indicis C7-C8 Posterior Extend index
7 interosseous finger
FDP Il and Il C7-C8 Median Flex DIPJ
FDP IV and V C8-T1 Ulnar Flex DIP)
FDS C7-C8-T1  Median Flex PP
APB C8-T1 Median Abduct thumb
OP C8-T1 Median Thumb to 5th
7 7 finger
Flexor pollicis longus ~ C7-C8 Anterior Flex thumb
i interosseous i
ADM C8-T1 Ulnar Abduct 5th finger
FDIH C8-T1 Ulnar Abduct index
7 7 finger
lliopsoas L2-13 Femoral Flex hip
Adductor longus L2-13-14 Obturator Adduct hip
Gluteus maximus L5-§1-S2 Inferior gluteal Extend hip
Quadriceps L2-13-L4 Femoral Extend knee
Hamstrings L5-$1 Sciatic Flex knee
Tibialis anterior L4-L5 Deep peroneal Dorsiflex ankle
Gastrocnemius L5-51-52 Tibial Plantarflex ankle
Tibialis posterior L5-51 Tibial Invert foot
EHL L5-51 Deep peroneal Dorsiflex great toe
EDB L5-S1 Deep peroneal Extend toes
Peroneus longus L5-S1 Superficial Evert foot
peroneal

“Muscles in bold font are essential in a basic neurological examination.

ADM, abductor digiti minimi; APB, abductor pollicis brevis; DIP), distal interphalangeal joint;
EDB, extensor digitorum brevis; EHL, extensor hallucis longus; FDIH, first dorsal interosseous
of the hand; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; OP, opponens
pollicis; PIPJ, proximal interphalangeal joint.
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Table 1.6 MRC grading system for muscle strength

MRC grade Observed muscle power

0 No movement

1 VFlicker of movement

2 VMovement with gravity eliminated
3 VMovement against gravity

4,4+, or 4— Able to overcome some resistance
5 VNormal power

MRC, Medical Research Council.

Rapid alternating hand movements—have the patient pronate and
supinate the hand on a stable surface. Observe speed, accuracy, and
rhythm. Dysdiadokinesia is the inabi ity to perform this action normally.
Finger-to-nose testing—have the patient move his or her finger back
and forth between his or her nose and your finger. Hold your finger far
enough away so the patient has to extend the arm fully. Observe for
accuracy, kinetic tremor (tremor throughout movement), and intention
tremor (tremor that increases in amplitude as the target is approached).
Heel-to-shin testing—have the patient move his or her heel up and
down his or her shin. Best done with the patient supine. Observe for
accuracy and tremor.

Sensory testing

Test the integrity of the afferent pathways. Map out abnormality to
determine if it is in the distribution of a single nerve or dermatome, a
length-dependent pattern, a spinal level, or if there is hemianesthesia
suggesting a brain or brainstem loca ization.

Primary sensory moda ities

* Light touch—this is best done with a cotton wisp.

* Pain—use a safety pin and ask the patient to tell you if you are

applying pressure with the sharp end or the dull end.

* Temperature—a cold tuning fork should be felt equally in all four

extremities.

* Vibration—hold a 128-Hz tuning fork firmly on the patient’s distal
phalanx and let the vibration fade until the patient can no longer
detect it.

Proprioception (joint position sense)—hold the medial and lateral
aspects of the distal phalanx and ask the patient to tell you if you
are moving the digit up or down. Most patients can identify changes
of just a few degrees. (Note: The Romberg test is also a means of
measuring position sense.)

Discriminative sensory functions—all tested with the patient’s eyes closed.

* Extinction—ask the patient to tell you whether you are touching

the extremities on the left, the right, or both.
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Table 1.7 Deep tendon reflexes

Reflex Nerve Root
Biceps Musculocutaneous C5/6
Brachioradialis Radial Cs/6
Triceps VRadial C7
Finger flexors VM edian/ulnar CS
Knee VFemoral 7L4
Ankle Tibial 3

* Graphesthesia—ask a blindfolded patient to identify a number
drawn on his or her index finger with a ballpoint pen.

* Stereognosis—ask the patient to identify a small object (e.g., coin,
key, paperclip, guitar pick) placed in his or her hand.

Deep and superficial tendon reflexes (see Table 1.7)

Deep tendon reflexes

e The deep tendon reflexes are graded from 0 (absent), trace (present
with reinforcement), 1+ (depressed), 2+ (normal), 3+ (increased), or
4+ (sustained clonus).

Reinforcement can be obtained by jaw clenching or Jendrassik
maneuver (patient links hands and pulls).

Deep tendon reflexes may also be inverted—the tested reflex is
absent, but there is spread to a lower level. This indicates a lower
motor neuron lesion at the level of the reflex but an upper motor
neuron lesion below (most common at C5/Cé).

Main superficial reflexes

o Abdominal (upperT8/9; lowerT10/11)—absent in some upper motor
neuron lesions

o Cremasteric (L1/2)—e icited by stroking inner thigh with reflex
ipsilateral testicular elevation

o Anal (54/5)—scratch anal margin with reflex contraction visible

Gait examination

o Casual gait—observe how far apart the feet are while walking.

o Heel walk (tibialis anterior) and toe wa k (gastrocnemius) are good for
assessing subtle weakness in these muscles.

e Tandem gait—have the patient walk heel to toe, as if on a tightrope.
This is a more sensitive way to assess for balance difficulties.

e Romberg sign. The patient stands with eyes closed and feet together.
Falling without catching oneself suggests disturbance of proprioception.
Useful in nonorganic disorders.

The various gait disturbances encountered in cinical practice are shown

in Table 1.8.
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Table 1.8 Gait disturbances encountered in clinical practice

Gait disturbance Description Common causes
Gait apraxia Small shuffling steps— Small vessel disease,
“marche a petits pas”; hydrocephalus

difficulty in starting to
walk; cycling on bed
significantly better

Parkinsonian Shuffling; loss of arm swing, VParkinson disease,
festination, en bloc turns dementia with Lewy
Bodies, PSP, MSA
Spastic paraparesis Stiff scissoring gait Cord lesion,
parasagittal lesion
Myopathic Waddling Myopathic, dystrophic
disorders
Foot drop Foot slapping, “steppage gait”  Peroneal neuropathy,
radiculopathy, rarely
UMN
Cerebellar ataxia Wide-based; “drunken” Any cerebellar
pathology
Sensory ataxia Wide-based; foot slapping; Neuropathy, subacute
deteriorates with eye combined degermation
closure of cord, posterior
column disorders,
e.g,MS

MS, multiple sclerosis; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; UMN,
upper motor neuron syndrome.

Bedside cognitive testing, including
language

There is no point in attempting a cognitive assessment in a patient who is
drowsy or uncooperative.

1 Alertness Record the level of wakefulness and reactivity.

2 Orientation

o Time (time of day; day of the week, month, and year). Disorientation
in time common in delirium, moderate dementia, and amnestic
syndromes.

Place (building, town, county, country).

Person (name, age, date of birth). Dysphasic patients may appear
confused due to an inability to understand or express themselves.

3 Attention and concentration

e Count backwards from 20.
o List the months of the year backward.
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o Digit span. Ask patient to repeat string of increasing digits—two trials
at each level. Record highest level at which either trial is correct, e.g,,

3 4 8

4 7 9
2 3 6 7
1 4 5 9
2 7 9 5 6
1 8 7 2 3
Normal 6 + 1
4 Memory

Anterograde memory
e Name and address, e.g., John Green, 157, Church Lane, Ann Arbor, Ml
o Assess immediate recall and after 5 minutes

Retrograde memory

o Recent world events—sports, celebrity news or scandals, president
and vice president

o Autobiographical memory—parents, childhood events

5 Frontal executive function (frontal lobe)

Initiation—verbal fluency test

o Ask patient to generate as many words as possible in 1 minute
beginning with the letter F A, or S, excluding names of people or
places. Normal: 15 depending on age and intellect.

e Name as many animals or fruits in 1 minute. >20, normal; <10 abnormal.

Abstract thought
Interpretation of proverbs (frontal lobe disorders result in concrete inter-

9, 6,

pretations), e.g., “a stitch in time saves nine”; “too many cooks spoil the broth.”

Cognitive estimates

Frontal patients give bizarre and illogical answers to questions ike the

following:

o What is the height of an average American woman?

e What is the population of Milwaukee?

e How many bison are there in Michigan?

Alternating hand movements

e With arms out, fingers of one hand extended; the other with fist
clenched. Reverse positions rhythmically (see Fig. 1.7).

o Luria three-step test (see Fig. 1.8). Difficulties with complex motor
movements associated with left frontal lesions.

6 Dominant (usually left) hemisphere function
Language
Aphasia (Table 1.9) and dysphasia are impairments of language function.
Dysarthria is the abnormal motor production of speech.
o Spontaneous speech assessed during conversation and description of
a picture.
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Figure 1.7 Alternating hand movements test. The hand positions (above) and the
sequence of movements to the patient (below) are shown.

Figure 1.8 Luria three-step test sequence of hand positions (first—edge—palm) is
shown.

¢ Articulation (abnormal in bulbar, cerebellar; and basal ganglia disorders)

¢ Fluency—in nonfluent speech reduced rate of word production and
short phrases

* Grammar—Ilack of pronouns, prepositions, and errors of tense.
Correlates with nonfluent language.

e Paraphasic errors—word substitution, e.g., black for blank (similar
sounding = phonemic) or apple for pear (meaning-based = semantic)

* Prosody—loss of intonation, pitch, and stress occur in right hemisphere
lesions but also in nonfluent speech and in articulatory disorders

e Naming. Record 10 items—a mixture of common and uncommon
objects, e.g., pen, watch, sleeve, buckle, lapel.



BEDSIDE COGNITIVE TESTING, INCLUDING LANGUAGE

Table 1.9 Types of aphasias and characteristics

Type of aphasia Fluency Repetition Comprehension  Naming
Nonfluent (Broca) = — + _
Fluent (Wernicke) + _ _ _
Transcortical motor _ + " -
Transcortical sensory + + _ -
Mixed transcortical _ + _ -
Conduction & _ + o
Global _ _ - -

e Comprehension:
* Single words—point to objects in the room, e.g., door, ceiling
» Complex instructions—e.g., “Pick up the piece of paper, fold it in
haf, and give it to me”
» Conceptual—e.g.,"What is the color of a banana?” “What is the
name of item in the kitchen that enables you to cut?”
o Repetition, e.g., “A koala is not really a bear;” “Shiver me timbers”
o Reading a passage (see example in Box 1.1) usually parallels spoken
language problems. Occasionally alexia can occur without aphasia.
o Writing—ask patient to write any novel sentence. Dictate a sentence,
e.g. “The cat sat on the mat.”

Calculation  Simple arithmetic (addition, subtraction).

Praxis skills First to command and, if not possible, then by imitation
“show me how you would™:

o Blow a kiss (buccofacial)

e Wave goodbye (limb gestures)

o Hammer a nail (object use)

7 Nondominant (usually right) hemisphere function

Neglect

Sensory neglect: patient ignores visual, tactile, and auditory stimuli from
left side.

Sensory extinction: patient responds to visual or tactile stimulus from
each side separately, but when bilateral stimuli presented ignores
neglected side.

Hemispatial neglect: in drawing a clock face, the left side of clock is omitted.
Often all numbers are drawn on the right hemisphere of the clock.
Dressing apraxia: patient unable to dress, e.g., shirt inside out.
Constructional abi ity. Copy shapes, e.g., overlapping pentagons

(see Fig. 1.9).

Prosopagnosia: patient demonstrates impaired facial recognition.

21
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Box 1.1 Example of passage for reading

Most visitors to our park are under the impression that the best way
to prevent being injured in a stampede is simply to avoid large herds
of grazing animals. Unfortunately, smaller groups of animals may be just
as dangerous. As few as three bison, if startled or upset, could trample
upon a traveler and cause serious harm. While you are here, feel free to
hike the park’s many paths and enjoy the rustic beauty of the Michigan
countryside. However, if you see a group of three or more bison, | would
encourage you to back away slowly.

Figure 1.9 Overlapping pentagons from the mini-mental state examination (MMSE).

The mini-mental state examination
(MMSE)

Commonly used bedside test (see Table 1.10)." Caveats include the

following:

o Take into account age, education, and culture.

o Insensitive to focal deficits, especially frontal lobe

o Cut-off score is 24/30, but patients with superior background IQ may
perform well despite significant cognitive impairment.

e The MMSE tests mu tiple areas of cognition but does not adequately
evaluate executive function (judgment, insight). The Montreal Cognitive
Assessment (MoCA) is probably a better screening tool for dementia.
However, the MMSE is used more commonly, so the scores may have
more meaning to other practitioners who see the patient.

1 Folstein, MF, Folstein, S, McHugh, PR (1975). “Mini-mental state”: a practical method for grading
the cognitive state of patients for the clinician. | Psychiatric Res 12:189-198.
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Table 1.10 The mini-mental state examination (MMSE)*

Test Score per Maximum
Item score/test

Orientation

Year, month, day, date, season 1 5

Country, county, town, hospital,Jr ward/room 1 5

Registration

Examiner names three objects (e.g., ball, pen, key). 1 3
Patient repeats each item.

Attention

Ask patient to start with 100 and subtract 7. Stop after 1 5
five subtractions, e.g., 100, 93, 86, 79, 72, 65.

or

Ask patient to spell five-letter word backward, e.g.,
“world.” Score number of letters in correct order.

Recall 71 73

Ask for the three words you asked patient to number in

“Registration” test.

Language

Naming: point to object and ask patient to name it, 1 2
e.g., watch, tie. 7 7

Repetition 1 1
Ask patient to repeat sentence after you (only one trial

allowed), e.g., “No ifs, ands, or buts.” 7 7

Three-stage command 1 3
E.g., “Take this paper, fold it into half, and give it to me.”

Score 1 point for each stage of command correctly
executed.

Reading 1 1
Ask patient to read a command on paper, e.g., “Close
your eyes,” and to execute it.

Writing

Ask patient to write a sentence. To score 1 it must be 1 1
sensible and must contain a noun and a verb.

Copying

Copy picture of intersecting pentagons (Fig. 1.8). To score 1 1

1,all 10 angles must be present and two must intersect. ,
Maximum possible score 30

“ No half-points are given in the MMSE.
T Home or hospital depending on location of the test.
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Neuroanatomical figures

Olfactory bulb
Olfactory tract
Optic nerve
Optic chiasm

Pituitary gland

Mammillary body

Pons
Middle cerebellar
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(brachium pontis)
Seventh & eighth
cranial nerves

Flocculus
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hemisphere
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cerebelli
Vermis

Figure 2.1 The basal aspect of the brain. (Reproduced with permission from The
Central Nervous System by Per Brodal.)
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Figure 2.2 The cerebral hemispheres in horizontal sections. A: Drawings of
two sections at slightly different levels. B: Magnetic resonance image (MRI), which
corresponds closlely to the left level in A. (Reproduced with permission from The
Central Nervous System by Per Brodal.)
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Anterior communicating artery

Anterior cerebral artery

Internal carotid artery

Anterior choroidal artery
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Superior cerebellar artery
Basilar artery

Anterior inferior
cerebellar artery
Posterior inferior
cerebellar artery

(A, ]

Vertebral artery
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Figure 2.3 The main arteries of the brain. (Reproduced with permission from The
Central Nervous System by Per Brodal.)
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Precentral Gyrus (MI)

—«— Lateral sulcus

73

Figure 2.4 The motor homunculus or cortical representations of motor neurons.
(Reproduced with permission from The Central Nervous System by Per Brodal.)
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MEDULLA OBLONGATA 12
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Figure 2.5 The cranial nerves as seen from the ventral side of the brainstem. The
numbers in this figure refer to the corresponding cranial nerves. (Reproduced with
permission from The Central Nervous System by Per Brodal.)
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Figure 2.6 Position of cranial nerves at three levels of the brainstem:
(A) mesencephalon, (B) pons, (C) medulla oblongata. (Reproduced with
permission from The Central Nervous System by Per Brodal.)
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Dermatomes of the upper and
lower limbs
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Figure 2.7 Approximate distribution of dermatomes: (A) on the anterior aspect of

the upper limb; (B) on the posterior aspect of the upper limb.
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Figure 2.7 (Contd.) Approximate distribution of dermatomes: (C) on the lower
limb; (D) on the perineum. (Reprinted from Aids to the Examination of the Peripheral
Nervous System, 4th ed. [2000], pp. 56-59, with permission from Elsevier.)
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Innervation of the upper limbs
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Figure 2.8 Brachial plexus: schematic diagram of trunks, cords, and branches.
(Reproduced with permission from MacKinnon, P, Morris, ] [2005]. Oxford Textbook
of Functional Anatomy, Vol. 1, 2nd ed., Oxford, England: Oxford University Press.)
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Coracobrachialis

MUSCULOCUTANEOUS
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Biceps

Brachialis

Lateral cutaneous nerve
of the forearm

Figure 2.9 The musculocutaneous nerve, its major cutaneous branch and the
muscles it supplies. (From Aids to the Examination of the Peripheral Nervous System,
4th ed., W.B. Saunders, On behalf of the guarantors of Brain.)
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Figure 2.10 The axillary nerve, its major cutaneous branch, and the muscles that
it supplies. (From Aids to the Examination of the Peripheral Nervous System, 4th ed.,
W.B. Saunders, On behalf of the guarantors of Brain.)

Figure 2.11 Cutaneous sensory distribution of the axillary nerve.
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Figure 2.12 The radial nerve, its major cutaneous branch, and the muscles that it
supplies. (From Aids to the Examination of the Peripheral Nervous System, 4th ed., W.B.
Saunders, On behalf of the guarantors of Brain.)
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Figure 2.13 Cutaneous distribution of radial sensory branches.
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Figure 2.14 The median nerve, its cutaneous branches, and the muscles that it
supplies. (From Aids to the Examination of the Peripheral Nervous System, 4th ed.,
W.B. Saunders, On behalf of the guarantors of Brain.)
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Figure 2.15 Cutaneous distribution of the median nerve with lesions in (A) the
forearm and (B) the carpal tunnel. (From Aids to the Examination of the Peripheral
Nervous System, 4th ed., W.B. Saunders, On behalf of the guarantors of Brain.)
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Figure 2.16 The ulnar nerve, its cutaneous branches, and the muscles that it
supplies. (From Aids to the Examination of the Peripheral Nervous System, 4th ed.,
W.B. Saunders, On behalf of the guarantors of Brain.)
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Figure 2.17 Cutaneous distribution of the ulnar nerve with lesions (A) above the
origin of the dorsal ulnar cutaneous branch, (B) below the origin of the dorsal ulnar
cutaneous branch and above the origin of the palmar branch, and (C) below the
origin of the palmar branch. (From Aids to the Examination of the Peripheral Nervous
System, 4th ed., W.B. Saunders, On behalf of the guarantors of Brain.)
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Figure 2.18 Distribution of medial cutaneous nerves of arm and forearm and
of ulnar nerve. (Reproduced with permission from MacKinnon, P, Morris, ] [2005].
Oxford Textbook of Functional Anatomy, Vol. 1, 2nd ed., Oxford, England: Oxford
University Press.)
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Innervation of the lower limbs
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Figure 2.19 Lumbosacral plexus. L2, L3, L4, L5 refer to the second to fifth lumbar
roots. S1, S2, S3 refer to the first to third sacral roots. (Reproduced with permission
from MacKinnon, P, Morris, | [2005]. Oxford Textbook of Functional Anatomy, Vol. 1,
2nd ed., Oxford, England: Oxford University Press.)
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Figure 2.20 The nerves of the anterior aspect of the lower limb, their cutaneous
branches, and the muscles that they supply. (From Aids to the Examination of the
Peripheral Nervous System, 4th ed., W.B. Saunders, On behalf of the guarantors of
Brain.)
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Figure 2.21 Cutaneous distribution of the femoral nerve and lateral femoral

cutaneous nerve.
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Figure 2.22 Cutaneous distribution of the obturator nerve. L2-L4 refers to the
second, third, and fourth lumbar roots.
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Figure 2.23 Cutaneous distribution of the common peroneal nerve.
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Delirium

Delirium is a disturbance of consciousness accompanied by a change in
cognition not explained by a preexisting or progressive dementia, devel-
oping over a short period of time (hours to a day) and with a fluctuating
course. The following features are seen:
o Reduced awareness of the environment (disorientation) associated
with difficu ties with attention (focusing, maintaining, or shifting)
o Cognitive impairment
* Memory impairment and language disturbance (e.g., dysnomia,
dysgraphia)
* Perceptual disturbance (e.g., misinterpretation, illusions,
hallucinations)
o Fluctuating course with symptoms often worse at night
Associated features include the following:
o Disruption of sleep—wake cycle
o Increased or decreased psychomotor activity
e Emotional disturbances (anxiety, anger, fear, depression, irritability,
euphoria, apathy) with rapid shift of state at times

Etiology
e Focal brain disorders
* Head injury, stroke, increased intracranial pressure, intracranial
infection, seizures
o Systemic lllness
* Infection, cardiovascular compromise, pulmonary compromise,
endocrine abnormalities
o Medications/substances
* Intoxication
e Withdrawal

Diagnosis

o History and examination

o Complete blood count with differential and platelet count (CBC-PD),
electrolytes, kidney and liver function, glucose

Urine analysis (UA) and culture, blood cultures, skin examination, chest
radiograph (CXR)

Thyroid studies, cardiac enzymes, blood gases

Human immunodeficiency virus (HIV) and syphilis testing

Toxicology screen

Lumbar puncture

Electroencephalogram (EEG)

Head computed tomography (CT) or magnetic resonance imaging (MRI)

Management

o Correct metabolic abnormalities

o Treat infection or other underlying medical issues

o Assess medications

e Benzodiazepines for alcohol and substance withdrawal

o Antipsychotics for behavioral control in appropriate cases
o Provide reorientation
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o Assess and correct sensory deprivation (glasses, hearing aids)
e Try to restore sleep—wake cycle

Delirium occurs in 10%-20% of hospitalized patients, with highest rates in
the frail and elderly. Predisposing factors are age, presence of dementia,
and impaired physical or mental hea th.

Loss of consciousness

This is a common problem.

e Obtaining a history (from patient and/or eyewitness) is essential.

o Cause may remain idiopathic in up to ~40% of patients.

o Advise the patient about implications for driving in accordance with
state guidelines. Discuss safety issues (avoidance of c imbing, operating
dangerous machinery, swimming alone, bathing alone).

Etiology

Neurological causes

o Epileptic seizures—the most common cause

o Raised intracranial pressure (ICP); tumor, especially posterior fossa
lesions; hydrocephalus due to, e.g., colloid cyst

e Subarachnoid hemorrhage (SAH)

o Sleep disorders (narcolepsy, cataplexy)

e Basilar artery migraine (rare)

o Cerebrovascular disease (rare, unless massive stroke or brainstem)

Neurally mediated syncope (neurocardiogenic)

o Vasodepressor syncope (hereditary disposition; common in young
women; seen with heat, alcohol intake, hunger, pain, strong emotion),
the most common cause

o Carotid sinus syncope

e Situational syncope (cough, micturition, valsalva maneuvers)

o Vasovagal events

Cardiac syncope

e Cardiac arrhythmias (reduced cardiac output due to brady- or
tachyarrythmias, asystole), the most common cause

o Structural cardiopulmonary disease (aortic stenosis, hypertrophic
cardiomyopathy, pulmonary embolus, cardiac tamponade)

o Depleted intravascular volume (hemorrhage, dehydration)

Orthostatic or postural hypotension

o Drugs, the most common cause (e.g., vasodilators, antidepressants,
L-dopa preparations)

o Autonomic neuropathy (Guillain—Barre syndrome, diabetes, amyloid)

o Autonomic failure (mu tiple system atrophy [MSA], PD)

e Addison disease

Metabolic disorders

e Hypoglycemia

o Hyperventilation-induced alkalosis
e Anemia
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Hypoxia

Psychiatric disorders

Psychogenic nonepileptic attacks (the most common cause).

Diagnosis

See Table 3.1. Key points of history aid in diagnosis.

Investigations

Consider the following:

o Blood: CBC (anemia); glucose (especially in diabetics or if preprandial);
basic metabolic panel (electrolytes)

o Serial blood pressure readings supine and standing to detect immediate
or delayed orthostatic hypotension

o Electrocardiogram (ECG); Holter monitor; echocardiogram for cardiac
syncope

o Tit table testing: sensitive for syncopal tendencies

o EEG by itself does not diagnose (or rule out) epilepsy. Fifty percent

false-negative rate for interictal EEG in patients with epilepsy. Reduced
to 30% by repeating and 20% with sleep-deprived EEG. False-positive
EEG in up to 2% healthy young adults.

Ictal video-EEG-telemetry most sensitive and specific test for epilepsy.
Note: frontal lobe epileptic seizures may appear normal even on ictal EEG.
Imaging—Head CT or MRI (preferable)—for focal seizures, focal signs,
or signs and symptoms of increased ICP.

Table 3.1 Features differentiating vasovagal syncope from epileptic
seizures

Seizure Syncope
Trigger Rare—flashing lights, Common (blood, needles, hot
hyperventilation environment, standing, pain)
Prodrome Common—auras Very common—nausea,

lightheadedness, tinnitus,
graying vision

Onset Sudden Gradual
Duration 7173 min 71730 sec
Convulsive jerks Common—prolonged VCommon—brief
Incontinence Common VUncommon
Tongue biting Common VRare

Post-event Common VRare

confusion

Color VPale, cyanotic (tonic— Very pale

clonic seizures)
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Acute vertigo

Vertigo is the illusion of rotation caused by asymmetry of neural activity
between the right and left vestibular nuclei. Bilateral damage does not
cause vertigo.

tis essential to determine if the vertigo is central or peripheral because
cerebellar infarction/hemorrhage can be life-threatening and require neu-
rosurgical intervention.

Etiology

Mechanical

o Benign paroxysmal positional vertigo (BPPV): loose calcium carbonate
crystals (oto iths) moving within a semicircular canal with head movement
and change of position (most common cause of acute vertigo).

Infectious
o Acute vestibular neuritis or labyrinthitis, presumed viral, affects lateral
semicircular canal function.

Vascular

e Infarction resulting from occlusion of the anterior vestibular artery,
a branch of the internal auditory artery from the anterior inferior
cerebellar artery (AICA).

o Brainstem stroke, with associated signs (e.g., Horner syndrome,
dysarthria, incoordination, diplopia, facial numbness)

o Inferior cerebellar infarction can present with only vertigo, nystagmus,
and postural instability.

o Vertebrobasilar ischemia, with associated brainstem signs

Inflammatory
e Multiple sclerosis can produce an evolving vestibular syndrome with a
plaque around the 8th nerve root entry zone.

Structural
e Perilymphatic fistula, spontaneous or traumatic

Metabolic
e Meniere syndrome: endolymphatic hydrops
e Drug toxicity

Clinical features
Clinical presentation is with acute-onset vertigo, nausea, and vomiting.

Spontaneous nystagmus
e Peripheral origin is indicated by the following characteristics:
* Horizontal with a torsional component
* Does not change direction with a change in gaze
¢ Slow phase toward affected ear; fast phase toward unaffected ear
 Decreased by visual fixation. At bedside, remove fixation and assess
nystagmus using Fresnel lenses, blank sheet of paper in front of
patient’s eyes, or an ophthalmoscope focused on the optic disc with
the patient’s other eye covered. Nystagmus should be evident in
the primary position. Note that the direction of the nystagmus is
inverted when viewed through the ophthalmoscope.
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o Central origin is indicated by the following characteristics:
» Often purely horizontal or vertical or torsional
 Changes in direction with changes in the position of the gaze (i.e.,
bi- or multidirectional).
* Visual fixation has little effect on nystagmus of central origin.
o Caveat: horizontal—torsional nystagmus may occur in both peripheral
and central disorders.

The head thrust test: a bedside test of the horizontal vestibulo-ocular

reflex (see Fig. 3.1).

o Indicates absent lateral semicircular canal function on affected side

o fa catch-up saccade occurs in one direction and not the other, this
indicates a peripheral vestibular lesion on that side within the labyrinth
or the 8th nerve, including the root entry zone in the brainstem.

Fukuda or Unterberger test Marching in place (60 steps) with eyes

closed and arms out. Positive test—patient veers to side of the lesion (>45

degrees). Patients with cerebellar lesion are unable to stand unaided to do

test. Does not discriminate between central and peripheral causes.

Other signs

o Patients with a peripheral lesion can typically stand but veer/tilt to the
side of the lesion. Those with a central lesion are often unable to stand
without support.

o fsigns are not typically peripheral, then assume central and investigate.

A\

B Bl

Figure 3.1 The head thrust test. The examiner turns the patient’s head as rapidly
as possible about 15° to one side and observes the ability of the patient to keep
fixating on a distant target. The patient illustrated has a right peripheral lesion
with a severe loss of right lateral semicircular canal function. While the examiner
turns the patient’s head toward the normal left side (top row), the patient is able
to keep fixating on target. By contrast, when the examiner turns the patient’s head
to the right, the vestibulo-ocular reflex fails and the patient cannot keep fixating
on target (e) so that she needs to make a voluntary rapid eye movement, that

is, a saccade, back to target (f) after the head impulse has finished; this can be
easily observed by the examiner. It is essential that the head is turned as rapidly

as possible; otherwise smooth pursuit eye movements will compensate for the
head turn. (Reproduced with permission from Halmagyi, GM [2005]. Diagnosis and
management of vertigo. Clin Med 5(2):159—165. Royal College of Physicians.)
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Recurrent attacks of acute vertigo May be due to one of the following:

e BPPV

o Méniere disease

e Migraine

e Posterior circulation transient ischemic attacks (TIAs) (rare); brief
crescendo of attacks heralding stroke. Some may be associated with
diplopia, dysarthria, or facial numbness.

o Episodic ataxia

Differential diagnosis (see Table 3.2)

Management

o fperipheral, treat with vestibular sedatives such as benzodiazepines
(e.g., diazepam 5-10 mg q12hr; or antihistamines, e.g., meclizine 25-50
mg gé6hr). Antiemetics and anticholinergice drugs (scopolamine patch)
may also be used. Symptoms always resolve in a few days due to
vestibular compensatory mechanisms. If BPPV suspected, assess with

Dix-Hallpike maneuver (Fig. 3.2) and treat with Epley maneuver
(Fig. 3.3) for resolution.

Table 3.2 Differential diagnoses of acute vertigo

Cause History Examination Investigation
Benign Abrupt onset triggered Dix-Hallpike or Epley maneuver:
paroxysmal by positional change ~ Barany maneuvers  diagnostic and
positional will reproduce curative
vertigo symptoms
Acute Develops over hours  Spontaneous Unilateral caloric
vestibular-  and resolves in days; ~ “peripheral” hypoexcitability,
neuritis or  viral infection nystagmus, positive  audiogram normal.
labyrinthitis head thrust test MRI normal
Labyrinthine ~ Abrupt onset; previous As for vestibular As for neuritis;
infarction vascular disease neuritis MRI-silent infarcts
Perilymph Abrupt onset; As for neuritis; As for labyrinthitis;
fistula associated head possible perforation CT temporal

trauma, barotrauma,  of tympanic bone may show

coughing or sneezing; membrane. Positive  erosion from

may be associated fistula test (vertigo  cholesteatoma

with chronic otitis and and nystagmus

cholesteatoma induced by pressure

in the external canal)

Brainstem Abrupt onset; history ~ Spontaneous central Unilateral caloric
and of vascular disease; nystagmus; head hypoexcitability if
cerebellar other neurological thrust test positive  anterior inferior
infarction symptoms only if root entry cerebellar artery

zone involved; focal
neurological signs

involved. MRI
shows infarction in
medulla, pons, or
cerebellum.

Note: Méniere syndrome can initially present with acute vertigo, but it rarely lasts more than
24 to 36 hours (other symptoms: low frequency tinnitus, hearing loss, and a sense of fullness
in the ears).
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Figure 3.2 Dix Hallpike maneuver in diagnosis of BPPV. (From Furman JM, Cass
SP [1999]. Benign paroxysmal positional vertigo. New Engl | Med 341:1590-1596.
Copyright ©1999 Massachusetts Medical Society. All rights reserved.)

o fcentral, consider CT to exclude a cerebellar infarction or
hemorrhage. MRl is more sensitive for detection of posterior fossa
infarcts. Infarction with cerebral edema may resu t in hydrocephalus,
requiring urgent shunting and/or decompression.

o Many posterior circulation infarcts are due to cardiogenic embo ism.

» ECG, 24-hour ECG, transthoracic and/or trans-esophageal echo
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Figure 3.3 Epley maneuver as treatment for BPPV. (From Furman JM, Cass SP
[1999]. Benign paroxysmal positional vertigo. New Engl | Med 341:1590-1596.
Copyright © 1999 Massachusetts Medical Society. All rights reserved.)
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Acute headache (thunderclap headache)

o Two percent of visits to the emergency department (ED) are due to
headache.

o In patients with “worst-ever” headache and a normal neurological
examination, 12% may have a subarachnoid hemorrhage (SAH). f
neurological examination is abnormal, this becomes 25%. The diagnosis
of SAH is missed initially in up to 32% of cases.

“Thunderclap headache” may be defined as an abrupt onset, often a “worst-
ever” headache that is maximal in seconds but may develop in minutes.

Differential diagnoses

Vascular causes

o SAH

e Carotid and vertebral artery dissection
o Cerebral venous thrombosis

o Arterial hypertension

o Temporal arteritis

Nonvascular causes

e Meningoencepha itis

o Intermittent hydrocephalus (colloid cyst of the 3rd ventricle)
e Spontaneous intracranial hypotension

Primary headache syndromes

o Coital cephalgia (headache associated with sexual activity)
Crash migraine

Benign cough and exertional headache

Icepick or idiopathic stabbing headache

Exploding head syndrome

Clinical features

The “red flags” in a patient with acute headache include the following:
e “Worst-ever” headache

o Onset with exertion (20% of SAH occur with exertion, e.g., sexual
intercourse)

Impaired alertness or conscious level, neck stiffness, progressive
neurological deterioration

Abnormal neurological examination (3rd or 6th nerve palsy),
papilledema, subhyaloid hemorrhage, hemiparesis, or diplegia (anterior
communicating aneurysm)

Loss of visual acuity or visual fields; tenderness to palpation of
temporal arteries

Investigations
All patients should have a CT scan to assess for hemorrhage, focal mass
effect, or signs of increased intracranial pressure.

Five percent of CT scans in patients with SAH are normal initially.
Sensitivity to detect blood decreases with time, from 95% on day 1, 50%
on day 7, 30% on day 14, to almost 0% on day 21.
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fthe CT scan is negative, an LP should be performed providing there are
no contraindications (e.g,, signs of increased ICP).
o Always measure opening pressure—elevated in (60% of) SAH, in
cerebral venous thrombosis, and in meningitis.
Sample should be centrifuged immediately and the CSF compared
to plain water in a glass tube against a white background. A though
spectrophotometry is more sensitive than visual inspection in looking
for xanthochromia, it is not widely available.
In SAH, usually >100,000 RBC + 1-3 WBC per 1000 RBC. If there are
a lot more white cells, consider meningitis complicated by a traumatic
tap. (See Table 3.3.) A ternatively, after a few days following a SAH, a
meningitic reaction may occur.
Xanthochromia, resulting from breakdown of hemoglobin to
oxyhemoglobin (pink) and bilirubin (yellow), may take at least 12 hours
to develop; hence the recommendations to delay LP until 12 hours
after ictus unless meningitis is a strong possibility. This may disappear
after 14 days. (See Table 3.4.)
Other causes of xanthochromia: jaundice, elevated CSF protein
(>1.5 g/L), malignant melanoma, and rifampicin. f CT is positive or
there is persistently bloody CSF or xanthochromia by visual inspection,
cerebral angiography and a neurosurgical opinion are necessary.

Table 3.3 CSF: SAH versus traumatic tap

SAH Traumatic tap
Opening pressure Increased Normal
Xanthochromia Yes No
Clearing of RBCs (tube 1-+4)  No Yes

Table 3.4 Rule of “halves”: CSF findings in SAH*

1/2 hour RBC appear

1/2 day Xanthochromia appears
1/2 week VRBCs disappear

1/2 month Xanthochromia disappears

*Rough estimates.
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Acute neuromuscular weakness

Acute flaccid paralysis may be due to disorders of:

o Nerve

e Muscle

o Neuromuscular junction

In the early stages of an acute myelopathy due to trauma or an intraspinal
hemorrhage or myelitis due to inflammatory or infectious causes, clinical
signs may resemble those of a peripheral rather than a central disorder.

Clinical features

o The tempo of progression will give a clue to etiology—sudden-onset
paraparesis, e.g., is most likely to be due to a vascular insult to the
spinal cord such as anterior spinal artery (ASA) thrombosis.

o Most of the neuromuscular causes tend to have a subacute course

progressing over a few days.

Exceptions are the periodic paralyses (both hyperkalemic and

hypokalemic). Key finding is depressed or absent reflexes, which will

also be found in weakness due to secondary hypokalemia. In the

periodic paralyses, attacks may last minutes or hours in hyperK-PP and

hours/days in hypoK-PP.

Significant sensory deficit is unusual in Guillain—Barre syndrome (GBS),

whereas a pure motor deficit without sensory loss is unusual in vasculitic

neuropathy.

A sensory level and sphincter dysfunction implies a spinal cord

disorder. Spinal cord compression without pain and a sensory level are

unusual.

Back pain (severe) may be a feature of GBS.

Autonomic dysfunction occurs in GBS, but pupillary dilatation and

hypersalivation are found in botulism. Persistent hypertension and

tachycardia in association with pure motor weakness occurs in

porphyria.

Differential diagnosis See Table 3.5.

Table 3.5 Differential diagnosis of acute neuromuscular weakness

Disorder Clinical features Investigations

Peripheral nerve disorders

Guillain—Barré Subacute onset but NCS show slowing but
syndrome may be sudden, few may be normal;
sensory signs; no CSF protein increased,

sphincter involvement.  few cells 10-20.
Vascular autonomic

dysfunction; no

sensory level



Table 3.5 (Contd.)

ACUTE NEUROMUSCULAR WEAKNESS

Disorder Clinical features Investigations
Vasculitic Patchy motor and NCS may reveal clinically
neuropathy sensory loss; pain asymptomatic lesions.

Acute intermittent
porphyria

Diphtheria

Heavy metal
poisoning, e.g., lead,
arsenic

and dysesthesia.
Underlying primary
vasculitic or
rheumatological
syndrome

Distal motor
neuropathy,
hypertension, and
tachycardia

Oropharyngeal
weakness at onset;
pharyngeal membrane

Motor neuropathy,
abdominal pain, blue
gum line (lead), Mees
lines (arsenic)

Neuromuscular junction disorders

Myasthenia gravis

Lambert—Eaton
syndrome

Botulism

Muscle disorders

Inflammatory
myopathy

Hypokalemic periodic
paralysis

Fluctuating muscle
weakness, ocular,
bulbar, respiratory
involvement. Reflexes
intact

Variable muscle
weakness. Ocular,
muscles spared.
Underlying carcinoma

Muscle weakness,
ophthalmoplegia
with pupillary and
autonomic changes

Muscle pain

and weakness,
usually proximal.
Rhabdomyolysis

Autosomal dominant.
Duration: hours to
days. Triggers: rest after
exercise, carbohydrate
meal, stress

Nerve + muscle biopsy

VBlood and urine analysis

NCS—axonal
neuropathy; serology

Serum lead level, serum
arsenic, urine or serum
heavy metal screen

Tensilon test, ACh
receptor antibodies. EMG
studies show decrement.
Single fiber—jitter and
blocking

Voltage-gated calcium
channel antibodies.
Motor NCS show
facilitation (usually
>200%) with 15 sec
exercise.

Isolation of organism
from wound; serology

CPK increased, EMG
myopathic; muscle biopsy

VShort exercise NCS,
mutation in CACNA1S gene
(calcium channel)
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Table 3.5 (Contd.)

Disorder Clinical features

Investigations

Autosomal dominant.
Duration: minutes

to hours. Triggers:
rest after exercise,
K*-containing foods

Hyperkalemic
periodic paralysis

Anterior horn cell disorder

Acute lower motor
neuron syndrome

Due to poliovirus or
other enteroviruses

Myelopathic disorders

Acute transverse
myelitis

Initially flaccid rather
than spastic. Sphincter
involvement, sensory
level. May be first
episode of demyelination
or viral, e.g,, Herpes
varicella zoster

Anterior spinal artery  Acute flaccid paralysis

syndrome with sensory level.
Sparing of posterior
columns

Functional disorders Bizarre gait, Hoover sign,

nonorganic sensory level

Short exercise NCS,
mutation in SCN4A gene
(sodium channel)

Stool culture; CSF PCR

MRI spine * brain; CSF for
oligoclonal bands; PCR

MRI thoracic spine cardiac,

thrombophilia, vasculitic
screen

VI"IRI and CSF to xclude

organic disorder

Acute focal neurological syndromes

In patients who present with acute focal neurological deficit, the history
and examination should point to the site of pathology and to the possible

pathological mechanism(s).

Etiology of acute focal neurological symptoms and signs

TIA/stroke

o Migraine aura

e Partial (focal) seizure

e Intracranial structural lesions

* Tumor (hemorrhage or blockage of CSF flow)

Vascular rupture

* Subdural or epidural hematoma, arteriovenous ma formation

(AVM), aneurysm

o Multiple sclerosis and inflammatory central nervous system (CNS)

disorders
e Metabolic disorders
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* Hypoglycemia

* Hypo- and hypercalcemia

* Wernicke encephalopathy
e Meningoencepha itis

* Cerebral abscess

* Associated vasculitis

* Specific organisms, e.g., herpes simplex and temporal lobes, Listeria

monocytogenes and brainstem involvement

e Other disorders

* Myasthenia gravis

* Hyperventilation and panic attacks

* Somatization disorders

Clinical notes

Onset of symptoms

Sudden onset of focal neurological dysfunction without warning
suggests a vascular etiology.

Slow progression (“march”) of symptoms over a few seconds suggests
an ictal phenomenon.

Progression over minutes or hours points to a migrainous diathesis.
Exceptions to these rules occur since occasionally a stroke may
progress in a stepwise manner over hours or days.

Gradual development of focal neurological deficit over days or weeks
and months indicates a space-occupying lesion such as tumor.

Duration of symptoms  Only factor that distinguishes a TIA from a stroke
is the duration of TIA is <24 hours although most episodes last only a few
minutes. MRI imaging may or may not reveal infarction.

Nature of symptoms

Cerebrovascular events cause negative symptoms and signs, i.e., loss of
sensory, motor, language, or visual function.

Ictal events generally cause positive phenomena such as tingling in an
arm or leg.

Migraine may cause both positive and negative symptoms and
signs—tingling marching up the arm and dysphasia.

Space-occupying lesions will result in a progressive loss of function or
may trigger positive ictal symptoms.

Additional symptoms and signs

o Associated throbbing unilateral headache during or after the
development of neurological symptoms point to migraine, but
headache occurs in 15% of patients with TIAs, 25% of patients with
acute ischemic stroke, and all cases of subarachnoid hemorrhage.
Carotid and vertebral artery dissection may cause focal neurological
deficits in association with head, face, neck, or ocular pain.

In an elderly patient with monocular visual loss, temporal arteritis
needs exclusion.

Subdural hematoma may present with an acute onset with or without
headache.
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o Partial seizures may progress rapidly to generalized tonic clonic
seizures.

e Two percent of patients presenting with an acute stroke may have a
seizure, either partial or genera ized, at onset.

o Meningoencepha itis may present with symptoms and signs such as
headache, neck stiffness, and photophobia as well as focal signs due to
an associated vasculitis.

Loss of consciousness

o TIA and ischemic stroke patients very rarely present with loss of
consciousness.

o fit does occur, the most likely causes are SAH, a large brain stem
stroke, or a massive hemispheric intracerebral hemorrhage.

o Large hemispheric ischemic strokes may progress to coma after a few
days (due to swel ing and/or secondary hemorrhage).

o Following a seizure, some patients may present with a Todd paresis.

Spastic paraparesis
Bilateral upper motor neuron signs in the legs. A common presentation
caused by a variety of disorders (hereditary and acquired).

Etiology

See Table 3.6. In cases of undiagnosed spastic paraparesis, consider a trial
of L-dopa for dopa-responsive dystonia.

Clinical features

o Gait is effortful and stiff at knees and hips: “walking through mud.”
Observe gait for fixed mild flexion at knees and hips, “scissoring”

of legs, circumduction, short steps, lateral movement of trunk while
ambulating.

Tendon reflexes are hyperactive.

Check for a sensory level—anterior and posterior.

In degenerative conditions the abdominal reflexes remain, e.g., motor
neuron disease.

Patients presenting with a short history, associated back pain, and
bladder and bowel symptoms (urgency, incontinence)—emergency
assessment necessary (for cord compression).

Lesions at lower end of spinal cord above L1 and involving cauda
equina, e.g., dural AVM, will have a mixture of upper and lower motor
neuron signs, e.g., extensor plantars and absent ankle jerks.
Hereditary spastic paraparesis may be pure (spastic paraparesis only)
or associated in a syndromic fashion with other findings (e.g., deafness,
epilepsy, muscular atrophy, ataxia, and dementia).

Onset early (infancy or childhood) or late (adu thood throughout the
ife cycle)
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Table 3.6 Causes of spastic paraparesis

Cause

Comment

Structural causes

Parasagittal lesion

Spinal disease
Degenerative disease
Syringomyelia
Tumors

E.g., meningioma or dominant anterior
cerebral artery infarction affecting medial
areas of both frontal lobes

Cervical or thoracic disc disease

Typically affecting spinothalamic fibers with
sparing of posterior column fibers; anterior
horn cell damage causes wasting of hand

muscles if syrinx in cervical/thoracic region

Intradural and extradural, e.g.,meningioma

Inflammatory/autoimmune disorders

Demyelination, e.g., MS

Sarcoidosis

Vascular disorders

Anterior spinal artery
syndrome
Spinal AVM

Hereditary disorders

Adrenoleukodystrophy
Hereditary spastic
paraparesis

Infections

HIV vacuolar myelopathy
Syphilis

HTLV —1

Metabolic disorders
By, deficiency

Copper deficiency
Lathyrism, cassavaism
Cerebral palsy (spastic
diplegia)

Degenerative disorders

Motor neuron disease
(primary lateral sclerosis)

Investigations: MRI brain, cord, oligoclonal
bands in CSF, VEPs

Investigations: MRI with gadolinium; blood and
CSF ACE; CXR, gallium, or PET scan; histology,
e.g., skin, liver, muscle

Level T10 (artery of Adamkiewicz), sparing
posterior column
Investigations: MRI/A

Investigations: VLCFA; MRI; ACTH stimulation
tests

Diagnosis: family history; genetic testing

Investigations: HIV test; CD4; viral load
Investigations: blood and CSF VDRL, TPHA
Investigations: blood and CSF HTLV-1

Investigations: B{,,methylmalonic acid
Investigations: serum copper, zinc levels
Dietary history

Birth history; nonprogressive

Investigations: MRI brain, cord; EMG/ CSF
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Ataxia

Ataxia imp ies incoordination and results from disorders of:

o Cerebellum and its associated pathways

o Loss of proprioceptive sensory input in peripheral nerve disorders and
in spinal cord lesions affecting the posterior columns (sensory ataxia)

Cerebellar disease

Signs of cerebellar disease

o Gait ataxia—wide based, reeling. May be more apparent when turning
or stopping suddenly. When mild, only tandem gait may be impaired.
Dysmetria—an inabi ity to perform finger-to-nose movements
accurately with overshoot or undershoot and a similar inabi ity on
heel/shin testing

Dysdiadokinesia—inability to perform rapid alternating movements
Tremor—intention or “hunting” tremor (kinetic) arising from proximal
joints (shoulder; hip). Postural (static) tremors may also occur.

Loss of rhythm—tested by rapid tapping on the back of the hand or
tapping the heel on the opposite knee

Hypotonia

Dysarthria—with ataxic dysarthria as words are broken up into
syllables; impaired modulation of volume

Eye movements—broken-up pursuit movements; overshooting

or undershooting targets with saccadic eye movements (saccadic
dysmetria). Macrosaccadic square wave jerks in primary position
(sudden short duration movements laterally with rapid correction—
may need to view optic disks to appreciate)

Nystagmus—coarse nystagmus with the fast phase in the direction of
the lesion; mu tidirectional nystagmus

o Hyporeflexia

Differential diagnoses of acquired cerebellar ataxia
e Toxic: alcohol
e Drugs:
* Phenytoin
e Lithium
e Vascular:
¢ Ischemic stroke
e Hemorrhage
e Inflammatory: demye ination (MS, ADEM)
o Neoplastic:

* Metastases (breast, bronchus)

* Primary brain tumors (in children, pilocytic astrocytoma and
medulloblastoma)

* Paraneoplastic syndrome, associated with small-cell lung cancer
(anti Hu, anti PCA2, ANNA 3); ovarian cancer (anti Yo), breast
cancer (anti Yo and Ri), and testicular cancer (anti Ta/Ma2); Hodgkin
lymphoma (anti Tr); neuroblastoma (anti Hu); and thymoma (anti
CRMP5/CV2)
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e Infectious/post infectious:
* Viral cerebel itis (measles)
» SSPE
o HIV
¢ Miller Fisher syndrome (ataxia, areflexia, ophthalmoplegia + GQ1b
antibody)
e Prion: sporadic or variant Creutzfeldt-Jakob disease (CJD)
e Structural:
* Arnold—Chiari malformation
« AVM
* Basilar invagination (Paget disease)
o Degenerative: cerebellar variant of MSA
o Nutritional or Gl related:
* Vitamin E deficiency;
* Thiamine (B, deficiency) in, e.g., Wernicke encephalopathy
» Ceiac disease (with myoclonus)
o Endocrine: decreased T4

Differential diagnoses of hereditary cerebellar ataxias

e In general the autosomal dominant ataxias (ADCAs) and the other
autosomal disorders that may have ataxia as an additional feature such
as HD, dentatorubral pallidoluysian atrophy (DRPLA), Gerstmann—
Straussler—Scheinker (GSS) tend to present >25 years of age.

o Autosomal recessive ataxias, inborn errors of metabolism,

mitochondrial disorders, and episodic ataxias present <25 years of age.

Autosomal dominant cerebellar ataxias (ADCA)

o There are at least 30 spinocerebellar ataxia genes. Ataxia in
combination with any of the following—pyramidal, peripheral nerve,
ophthalmoplegia, dementia. Absence of a family history does not
exclude the possibility of diagnosis.

» SCA 2—slow saccades, upper limb areflexia

» SCA 3—dystonia, parkinsonism, facial myokymia, bulging eyes
» SCA 6—"pure cerebellar syndrome”

e SCA 7—pigmentary macular dystrophy

Recessive ataxias—See Table 3.7.

Inborn errors of metabolism

e Hexoaminidase A or B deficiency
o Adrenoleukodystrophy

o Wilson disease

Episodic ataxias—See Table 3.7.

Mitochondrial disorders with ataxia

o NARP (neuropathy, ataxia, retinitis pigmentosa)

o MELAS (mitochondrial encephalopathy with lactic acidosis and stroke-
ike episodes)

e MERRF (myoclonic epilepsy with ragged red fibers)
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Table 3.7 Differential diagnoses of autosomal recessive cerebellar ataxias

Disease Age of Clinical/laboratory features ~ Genetics
onset yrs
(range)
Friedreich ataxia 5-15 Kyphoscoliosis, pes cavus, Frataxin
(0-60) lower limb areflexia, gene,
extensor plantars, chr
axonal neuropathy, 9q13

cardiomyopathy, impaired
glucose tolerance test

Ataxia telangectasia ~ 1-6 (0-20) Decreased IgG and IgA ATM, chr
(increased infections), skin 119223
and conjunctival telangectasia,
oculomotor apraxia, chorea,
dystonia, hypogonadism, absent
lower limb reflexes

Ataxia with 72—6 (2-18) VCommon in Japan, Portugal. Aprataxin,
oculomotor apraxia Oculomotor apraxia, chorea, ~ chr 9p13.3
type 1 cognitive impairment, areflexia,

severe axonal neuropathy.
Decreased albumin, increased
cholesterol, increased LDL,
decreased HDL

Abetalipoproteinemia 2-17 Friedreich phenotype Microsomal
+ steatorrhea, retinitis triglyceride
pigmentosa, distal amyotrophy, transfer
acanthocytes, absent VLDL/ protein
LDL, decreased cholesterol, (MTP), chr

decreased vitamin A, E, K 4q22
Ataxia with vitamin E = 2-20 Friedreich phenotype + head  Alpha
deficiency (2-52) titubation. No cardiomyopathy tocopherol

or decreased GTT. Vitamin E  protein, chr

decreased 8q13.

Sensory ataxia

Clinical features

Any marked loss of proprioception will result in sensory ataxia.

e Signs of a neuropathy with loss of joint position sense

o Pseudoathetosis of fingers when arms outstretched and eyes closed

o Upper limb position sense loss is tested by attempting to bring both
horizontally outstretched index fingers together in the mid ine with
eyes closed.

o Heel-shin testing deteriorates with eye closure.

o Positive Romberg sign

Differential diagnoses of sensory ataxia
e Chronic inflammatory demyelinating polyneuropathy (CIDP)
o Paraproteinemic neuropathy (IgM)
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o Refsum disease (due to defect in phytanic acid metabolism. Other
features include deafness, retinitis pigmentosa). A rarer defect of
pristanate metabolism presents in a similar fashion (Massion Vernier
disease).

o Sensory ganglionitis (paraneoplastic, Sjogren syndrome, idiopathic)

e Friedreich ataxia has a significant peripheral nerve component.

e Spinal cord disorders (affecting posterior columns):

* Cervical spondylosis
* Demye ination (MS)

Acute visual failure (Table 3.8)

Monocular transient visual loss
e Amaurosis fugax due to emboli from carotid vessels or heart.
¢ Sudden onset lasting 5-15 minutes. Described as a curtain being
pulled downwards in front of the eye. Loss may be quadrantic or
total and may be accompanied by contralateral imb signs due to
ipsilateral hemispheric ischemia.
o Closed angle glaucoma—accompanied by halos around lights and may
not always be associated with redness and pain.
o Transient visual obscurations (TVOs) are a gray-out precipitated by
postural change or straining. Causes:
 Chronic papilledema due to increased ICP
* Hypotension and hypoperfusion
* TVOs that are gaze-evoked suggest orbital tumors.
o Retinal migraine is rare and results from transient vasospasm that
responds to calcium channel blockers.

Bilateral, transient visual loss

e Usually due to transient visual cortical dysfunction.

e In patients under the age of 40 years this is most commonly due to
migraine.

e Other causes include thromboembolism, hypotension, or
hyperviscosity.

e In children may occur post-trauma or as part of the benign occipital
epilepsy syndrome in childhood.

Nonprogressive unilateral sudden visual loss

Usually due to ischemia of the optic nerve or retina

Anterior ischemic optic neuropathy (AION) presents with infarction of
the optic disc and is due to atherosclerosis or temporal arteritis.
Optic nerve infarction due to embolism is rare.

Retrobulbar optic nerve infarction (or posterior ischemic optic
neuropathy) occurs in the setting of cerebral hypoperfusion
perioperatively.

Central retinal artery or branch occlusion is due to emboli or
arteriosclerosis. Field defects may be a titudinal, quadrantic, or total. A
cherry red spot at the macula is pathognomonic.
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Table 3.8 Differential diagnosis of acute optic neuritis

Diagnosis

Clinical features

Investigations

Corticosteroid responsive optic neuropathy

Sarcoidosis
SLE

Autoimmune optic
neuropathy

Behget disease
Neuromyelitis optica

Other inflammatory causes

Post infectious
Postvaccinial ADEM
Neuro-retinitis

Progressive severe

visual loss, often bilateral,
isolated, or part of a
multisystem disorder.
More common in Africans
and Afro-Caribbeans.
Relapse on steroid
withdrawal.

Bilateral, childhood, good
prognosis, swollen disc,
macular star; spontaneous
recovery

Compressive optic neuropathy

Tumors e.g., meningioma,
glioma, pituitary adenoma
Metastases

Thyroid ophthalmopathy

Aneurysms

Sinus mucoceles

Infectious optic neuropathy

Syphilis

B

Lyme disease
Viral optic neuritis

Painless, optic atrophy at
presentation

Painful

Painful

Progressive visual loss, disc
edema, vitreous cellular
reaction

Toxic and nutritional optic neuropathy

Vitamin B,, deficiency
Tobacco-alcohol amblyopia
Methanol intoxication
Ethambutol

Cuban and Tanzanian
epidemic optic myelopathy

Bilateral, symmetrical
Poor prognosis

Gadolinium-enhanced
MRI brain and orbits,
CSF, ANA, ACE, CXR,
Gallium scan, tissue
biopsy

Bartonella, Borrelia,
syphilis serology

MRI, biopsy

Serology, CSF, CXR,
tuberculin test

B,,, homocystine

!dietary

o Central retinal vein occlusion occurs in hypertensives, diabetics, or
those with a thrombophi ia. A hemorrhagic retinopathy resu ts in a
dense central scotoma with preserved peripheral vision.

o |diopathic central serous chorioretinopathy resu ts from leakage of fluid
into the subretinal space. Symptoms include a positive scotoma (black
or gray spot in the visual field), metamorphopsia (distortion of images),
or micropsia. Fluorescein angiography is necessary for diagnosis.

o Retinal and vitreous hemorrhage
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Nonprogressive bilateral sudden visual loss
o Usually a result of an infarct in the visual radiation causing a
homonymous hemianopia
o Bilateral occipital infarcts can result in tubular or checkerboard visual
fields or total cortical b indness.
o Anton syndrome due to bilateral parieto-occipital infarcts causes
cortical blindness accompanied by denial and confabulation.
o Leber hereditary optic neuropathy
» Maternally transmitted mitochondrial disorder
* Mutations have been identified at positions 11778, 3460, 15257, and
14484.
Presentation is in young men with a rapid permanent loss of central
vision.
In the acute phase, typical findings include circumpapillary
telangiectatic microangiopathy, pseudopapilledema, an absence of
fluorescein leakage, and marked arteriolar narrowing.

Visual loss of sudden onset with progression (unilateral)
Usually due to acute optic neuritis. Most common cause is demyelination.

Typical symptoms

e Periocular pain and pain on eye movement

Progressive visual loss over a few days

Phosphenes or photopsias (spontaneous flashes of light) on movement

Spontaneous improvement in vision

Uhthoff phenomenon—temporary decrease in visual acuity (VA) with

increased body temperature after a bath or exercise

o Fading of vision and Pulfrich phenomenon (misperception of the
trajectory of moving objects)

Typical signs

o Decreased VA, color vision, and contrast sensitivity

o Variety of field defects including centrocecal scotoma
o Relative afferent pupillary defect (RAPD)

e Optic disc may be normal or swollen.

o Associated uveitis or retinal perivenous sheathing

Coma

Coma is the state of unarousable unconsciousness. The Glasgow Coma
Scale (GCS)—see Appendix, p.442—defines coma as:

e Failure to open eyes in response to verbal command (E2)

e Motor response no better than weak flexion (M4)

e Incomprehensible sounds in response to pain (V2)

Neuroanatomy and neuropathology

Consciousness, which is the state of awareness of se f and environment
with the ability to respond appropriately to stimuli, results from:

o Arousal (ascending reticular activating system)

o Awareness (cerebral cortex)
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Coma results from damage to the RAS in the brainstem or extensive bilat-
eral cortical damage.

Etiology

o Head injury

o Medical causes of coma:
 Cerebrovascular disease (50%)
* Hypoxic—ischemic injury (20%)
» Metabolic and infective (30%)

General assessment of coma

History Crucial to contact family, EMS personnel. Obtain PMH, travel,
drug details.

General examination
o Temperature (increased or decreased)
o Pulse and blood pressure (septicemia, Addison’s disease)
o Skin lesions (rash, needle marks, bruises, pigmentation)
o Respiration:
* Slow shallow breaths: drug intoxication
* Deep rapid respiration: metabo ic acidosis
* Periodic respiration: cardiac failure, brainstem lesion
* Rapid shallow respiration: brainstem lesion
o Breath odor (alcohol, ketones, hepatic, or renal failure)
o Abdominal examination (hepatosplenomegaly in liver or
lymphoproliferative disease, polycystic kidneys)
o Otoscopy (blood)

Neurological assessment
o Check for meningismus (meningitis, SAH).
o Fundoscopy:
* Papilledema
* Subhyaloid hemorrhages (SAH)
* Retinopathy (diabetes, hypertension, infection, e.g., choroidal
tubercle, HIV)
* Level of consciousness (GCS). Note if facial injuries or
tracheostomy, verbal response unassessable.

Neurological examination: motor and sensory system
Look for asymmetry, evidence of significant cortical (decorticate) or brain-
stem (decerebrate) damage.
o Observe for seizure activity (focal or general: implies cortical damage)
e Tone
o Posture
o Reflexes, plantar responses
e Response to pain:
» Using a pen, press nail bed of finger and toe.
* Apply supraorbital pressure in case of damage to spinothalamic
damage in imbs. Flexor response = cortical or upper brainstem
injury; extensor response = brainstem injury.
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Neurological examination: brainstem function
e Pupillary responses
¢ Unilateral fixed dilated pupil (3rd nerve palsy due to tentorial
herniation or posterior communicating artery aneurysm)
Bilateral fixed dilated pupils: severe brainstem damage or atropine-
like drugs used in resuscitation
* Midpoint, fixed = midbrain lesion
» Small pinpoint = pontine lesion (also opiates)

Small, reactive pupils = diencepha ic (thalamus) lesion
Horner syndrome = hypothalamus, brainstem, or internal carotid
artery lesion
o Eye deviation
» Conjugate lateral deviation caused by ipsilateral frontal lesion or
contralateral brainstem (PPRF) lesion
» Dysconjugate eyes due to lll, IV, or VI palsy or brainstem lesion
* Skew deviation in brainstem and thalamic lesions
e Spontaneous eye movements.
* Repetitive horizontal deviations (ping pong gaze) = brainstem lesion
* Retractory nystagmus (eyes jerk back into orbits) = midbrain lesion
» Downward ocular bobbing = pontine lesion
o Reflex eye movements (see Fig. 3.4).
* Oculocephalic maneuver. Head moved side to side—normally eyes
deviate to opposite side. If brainstem is affected, eyes remain fixed.
* Oculovestibular test. First check that tympanic membrane intact.
Instill 50-200 mL ice cold water into external auditory meatus:
normal tonic response = eyes deviate to side of instillation
with nystagmus and quick phase away from side of instillation.
Dysconjugate or absent response = brainstem lesion on side of
abnormal response.
o Corneal reflex

Classification of coma

Coma without focal signs or meningismus
o Hypoxic—ischemic injury

e Metabolic

e Toxic

o Postictal

Coma with meningismus
e Meningoencepha itis
e SAH

Coma with focal signs

e Hemorrhage

e Infarction

o Abscess

e Tumor

o Hypoglycemia can cause focal signs.
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Figure 3.4 Reflex eye movements. (Reprinted from Bates, D [2004]. Coma and brain
stem death. Medicine 32(10):69-74. Copyright 2004, with permission from Elsevier.)

Investigations

o Metabolic screen

o CT scan or MRI if possible especially in coma with meningismus or
focal signs

e A normal CT does not exclude increased ICP

o EEG (see “EEG and diffuse cerebral dysfunction,” p. 396)

o fno contraindications, consider lumbar puncture.

Coma prognosis

Neurologists are often asked to prognosticate on comatose patients in
ICU so that decisions about further active treatment can be made. The
prognosis can be affected by etiology, as well as depth and duration of
coma.
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Etiology
e Drug overdose patients have a good prognosis despite significant
impairment of brainstem function.
o Likelihood of good recovery:
» Metabolic or infection, 25%
* Hypoxic—ischemic injury, 10%
* Cerebrovascular disease or SAH, 5%

Depth of coma

Within 6 hours:

o feye opening, 20% chance of good recovery compared to 10% if no
eye opening

e No motor response, 3% ; if flexion or better, 15%

o No noise, 8%; groaning, 30%

Duration of coma

The chance of making a good recovery decreases with time.

e By day 3, 7% will make a moderate or good recovery.

o After day 14, 2% will make a moderate or good recovery.

e Patients who remain in coma for >7-15 days will either die or remain
in a vegetative state.

Prognostic signs

The data for prognostic signs in coma are poor. No one clinical sign can

act as a predictor.

o At 24 hours, if absence of both oculovestibular and corneal reflexes
and extension to pain, in the absence of sedative drugs, then chance of
a good recovery is <3%.

e Intact pupillary and corneal responses and localization to pain
at 24 hours indicates a 40% chance of good recovery.

Brain death

Brain death represents the irreversible cessation of all functions of the
brain and brainstem. The determination of brain death is made by a physi-
cian based on accepted medical standards. The precise c inical criteria to
declare brain death may vary slightly among medical institutions.

General considerations

It is important to identify the conditions leading to brain death. In the
absence of etiology, it is difficu t to be certain of irreversibi ity of function.
Brain death should not be declared if there is a possibility of intoxica-
tion, hypothermia, neuromuscular blockade, cardiovascular shock, or other
potentially reversible condition. Any suspected or known reversible condi-
tion must be treated and resolved prior to examination for purposes of
determining brain death.

Loss of all functions of the brain and brainstem must be carefully
documented.
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Examination
o Absent cerebral function: the patient must be in deep coma and be
unresponsive to external stimuli
o Absent brainstem function: the following reflexes must be tested and
found to be absent:
* Pupillary light response
 Corneal reflex
* Oculocephalic reflex
* Oculovestibular reflex
* Gag reflex
* Respiratory response to hypercarbia (Box 3.1)

Optional confirmatory tests

o Radionuclide cerebral angiogram to document absence of blood flow
to brain and brainstem

o Fourvessel cerebral angiogram to document absence of blood flow to
brain and brainstem

o EEG to verify irreversible loss of cerebral cortical function EEG for the
purpose of documenting brain death must be performed according to
strict criteria of the American Electroencephalographic Society.

In general, most institutions require at least two examinations performed

by a physician (often a neurologist or neurosurgeon) not directly involved

in the care of the patient, with the examinations separated by a prescribed

number of hours based on the age of the patient. Confirmatory tests

are often used to shorten the required time interval between clinical

examinations when time is an issue, as in cases where organ donation is

a consideration.

Box 3.1 Testing the respiratory response

o Ventilate patient with 100% O, for 10 minutes.

o Check an arterial blood gas to assure normal parameters (with high
PaO,) at onset of test.

o Disconnect ventilator; allow passive flow of oxygen

o Observe patient for 10 minutes—assessing for any sign of
respiratory attempt.

o Check another arterial blood gas to assure that PCO, has risen
above 60 mmHg (a level adequate to stimulate respiratory effort).

o Absence of respiratory effort in presence of PCO, above 60 mmHg
is consistent with brain death (if all other brainstem reflexes and
higher cortical function are absent)
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Excessive daytime sleepiness

o Epworth sleepiness scale (see box) is a useful tool in the clinic to
assess the common complaint of sleepiness.

o Anyone with sleepiness causing problems with work and driving or an
Epworth score of >12 despite having >7 hours sleep each night should
be investigated. See Box 3.2.

Causes of persistent sleepiness
o Lack of sleep:
¢ Inadequate time in bed
* Environmental sleep disruption, e.g., babies
* Shift work
e Sleep disruption (nonenvironmental):
» Obstructive sleep apnea/hypopnea syndrome (OSA/HS)
* Periodic imb movement disorder
o Sleepiness with normal sleep:
* Narcolepsy
* |diopathic hypersomnolence
* Neurological causes, e.g., tumors of hypothalamus, pineal, upper
brainstem, bilateral paramedian thalamic infarcts, head injury, MS
* Drugs
* Psychological, e.g., depression, seasonal affective disorder

Causes of intermittent sleepiness

e Kleine—Levin syndrome (episodic disorder associated with bu imia,
hypersexua ity)
o Catamenial hypersomnia

Obstructive sleep apnea/hypopnea syndrome (OSA/HS)
e Commonest cause of sleepiness most often found in middle-aged and
elderly men.
e Incidence: 20-50/100,000
e Risk factors:
* Fifty percent are obese.
* Retrognathia—results from excessive relaxation of the upper airway
muscles during sleep.
o Sleep fragmentation is due to repeated cycles of apnea and arousal.
e Resu tis increased risk of hypertension, cardiac arrhythmias, and heart
failure. Increased risk of motor vehicle accidents (sixfold).
e Investigations include a polysomnogram (PSG). Include esophageal
pressure monitoring if upper airway resistance is suspected.
Follow with mu tiple sleep latency test (MSLT) for confirmation of
hypersomnolence or if narcolepsy suspected.
o Assessment:
 History: snoring, witnessed apneas, headaches, daytime and
situational somnolence, caffeine use, bruxism
 Examination: Mallampati score (see Box 3.3), neck circumference,
body mass index (BMI), dental occlusion
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Box 3.2 Epworth Sleepiness Scale
Name: Date:

Your age: (y) Your sex: M/F

How likely are you to doze off or fall asleep in the situations described
below, in contrast to fee ing just tired?

This refers to your usual way of ife in recent times.

Even if you haven’t done some of these things recently, try to work out
how they would have affected you.

Use the following scale to choose the most appropriate number for
each situation:

o 0, would never doze

o 1,sight chance of dozing

® 2, moderate chance of dozing

o 3, high chance of dozing

Situation Chance of
dozing

Sitting and reading ............coooiiiii -

Watching TV ..o —

Sitting, inactive in a pub ic place (e.g. a theatre or a =

meeting)

As a passenger in a car for an hour without a break =

Lying down to rest in the afternoon when

circumstances Permit ..........ccoveuveviniiiiniiinnnns =
Sitting and ta king to someone ......................... -
Sitting quietly after a lunch without alcohol .......... =

In a car, while stopped for a few minutes in traffic -

Score

e 0-10, normal range

o 10-12, borderline

e > 12/24 = abnormal

Used with permission of American Academy of Sleep Medicine, from Johns MW (1991). A new

method for measuring daytime sleepiness: the Epworth Sleepiness Scale. Sleep 14:540-545;
permission conveyed through Copyright Clearance Center, Inc.



EXCESSIVE DAYTIME SLEEP NESS

Box 3.3 Mallampati score

In sitting position, patient is asked to open mouth widely and protrude
tongue to full extent, without phonation.

Class 1: Full visibi ity of tonsils, uvula, and soft palate

Class 2: Visibility of hard and soft palate, upper portion of tonsils
and uvula

Class 3: Soft and hard palate and base of the uvula are visible

Class 4: Only hard palate visible

e Management:
* Weight loss
* Reduction of alcohol intake
» Continuous positive airway pressure (CPAP) is first-line treatment.
BiPAP, dental appliances, and surgery may be considered.

Narcolepsy
o Classical tetrad:

* Sleepiness

* Hypnagogic hallucinations

* Sleep paralysis

» Cataplexy

Onset in teens or 20s. Incidence: 0.2/100,000

Cause may be related to a reduction of hypocretin production from
the hypothalamus.

Sleepiness is characterized by irresistible sleep attacks in inappropriate
situations such as while eating.

Cataplexy is due to a sudden loss of muscular tone—resulting in fall to
the ground or head drop. Facial twitching may occur. Episodes last a few
seconds but may be as long as 10 minutes. There is no loss of awareness.
Triggers include emotional outbursts such as laughing. Reflexes are
absent during cataplectic episode and present when episode is over.
Ninety percent of narcoleptic patients are HLA DQB1%0602 (However,
this is present in at least 20% of the normal population and lacks
diagnostic specificity—cannot be used for diagnosis.)

Multiple sleep latency test (MSLT) is the most useful investigation. t
must be performed on the day following a PSG.

Treatment
o Sleepiness:
* Scheduled naps
* Modafinil
* Adrenergic stimulant drugs
o Cataplexy:
¢ Tricyc ic compounds (clomiprimine, imiprimine, protriptyline)
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* Selective serotonin reuptake inhibitors (SSRIs) (fluoxetine,
paroxetine, sertra ine) and nonselective serotonin reuptake
inhibitors (NSRIs) (venlafaxine)

* GHB (gamma hydroxybutyrate)

Periodic limb movement disorder

o Recurrent imb movements every 20-40 seconds during non-REM
sleep. Often reported by bed partner. Quantified on PSG.

® May be associated with daytime sleepiness.

o Associated with restless legs syndrome, which responds to iron
supplementation (to raise ferritin above 50 ng/mL), dopamine agonists,
and levodopa preparations.

Tremor

o Definition: rhythmical, involuntary oscillatory movement of a body part
e Normal physiological tremor 5-12 Hz (anxiety, caffeine, increased T4)

Phenomenological classification
o Rest tremor
o Action tremor—produced by voluntary contraction of muscle.
* Postural tremor: present while maintaining posture against gravity
* Kinetic tremor—occurs during voluntary movement
* Intention tremor—occurs with target-directed movement with
increase in amplitude at termination of movement (cerebellar)
Task-specific tremor, e.g., writing tremor
Isometric tremor, e.g., orthostatic tremor

Essential tremor
o Sporadic or autosomal dominant:
* Gene ETM1 on chr3q13 and ETM2 on chr2p22-25
* DAT scan may differentiate between ET and parkinsonian tremor

Clinical features

° 50% + FH

o Bilateral

o Symmetrical

o Postural or kinetic tremor of hands (e.g., holding a cup)
o Associated with head tremor and/or voice tremor
o Fifty percent respond to alcohol
o Slowly progressive

Differential diagnosis

o Dystonic tremor (asymmetric, irregular)
e PD

o Hyperthyroidism

o Neuropathic tremor

Management
o Propanolol and primidone: singly or in combination
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e Anticonvulsants (topiramate and gabapentin)

e Botulinum toxin for refractory cases

e Stereotactic surgery (lesional or deep brain stimulation) to VIM nucleus
of thalamus may also be considered in severe cases.

Dystonic tremor

Presentation

e Jerky irregular action tremor

o Task-specific, e.g., writer’s cramp with jerky spasms

Management

o Botulinum toxin under electromyogram (EMG)
o Anticholinergic drugs

e Propranolol and primidone

Task-specific tremor

o Localized essential tremor, e.g., primary writing tremor

o Affects writers, musicians, sports persons (golfers, dart players)
Consider:

o Beta-blockers

o Anticholinergics

e Botulinum toxin

Holmes tremor (rubral, midbrain, thalamic tremor)
Irregular low-frequency tremor at rest, posture, and intention

Involves proximal and distal arm muscles

Site of lesion: thalamus to midbrain

Causes: stroke, AVM, tumors, demye ination

May respond to L-dopa or dopamaine agonist (DA). Surgery as for ET

Primary orthostatic tremor

e Presentation with unsteadiness on standing

o Improves with walking

e May be associated with cerebellar degeneration

e Frequency 1418 Hz

e Tremor palpated or auscu tated over calf muscles (“‘he icopter rotor
blades”). In late stages, tremor may involve arms.

o Response to medication (clonazepam, gabapentin, L-dopa) variable

Neuropathic tremor

Usually with demye inating neuropathy:

o AIDP, CIDP

o |gM paraproteinemic neuropathy

e HMSN |

e Porphyria (paroxysmal tremor)

Characteristically an action tremor similar to ET. Research positron emis-
sion tomography (PET) studies indicate cerebellar activity.

Drug-induced tremor

e Alcohol
e Salbutamol
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o Lithium

o Steroids

o Cyclosporin

o Sodium valproate

Palatal tremor (low frequency 1-2 Hz)
Site of pathology is Guillain—-Mollaret triangle formed by red nucleus,
o ives, and dentate nucleus.
o Essential (associated with clicking heard by patient due to contraction
of tensor veli palatini in Eustachian tube)
o Symptomatic:
* Tumors
* Whipple disease
* Neuroferritinopathy
* Demye ination

Psychogenic tremor

May be sudden onset

Unusual combinations of rest and postural/intention tremor

Decrease in amp itude and frequency with distraction

“Entrainment”—change in frequency during voluntary contraction or

movements of contralateral hand

o External loading increases amp itude (decreased in PD and ET with
loading)

o Coactivation—resistance to passive movement with change in tone
and tremor

o Past history or other features of somatization or conversion disorder

Tics
Rapid, stereotypic involuntary movements
Can be voluntarily suppressed but suppression leads to build up of
internal tension
Triggered by stress or boredom
Male preponderance (3:1)
Peak age of onset around 7 years
Causes:
¢ Gilles de la Tourette syndrome
* Neuroacanthocytosis
* Neuroleptics
» Common in Asperger patients
* Head trauma
Patients present with the following:
® Motor tics:
* Eye winks
* Eye blinks
* Grimaces
* Head tosses
* Sniffs
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 Throat clearing
e Vocal tics:

* Foul utterances (coprola ia)

* Repeating sounds or words (echolalia)
Resolution usually occurs at the end of adolescence.

Treatment

e When mild, no treatment

e fsocially disabling:
» Dopamine antagonists (fluphenazine, pimozide, tetrabenazine)
* Neuroleptics, but side effect of tardive dyskinesia
 Clonidine
* Reserpine

o With attention-deficit/hyperactivity disorder (ADHD)
* Stimulants

o With obsessive-compulsive disorder (OCD)
» SSRIs

o With behavioral concerns/rage issues
* Alpha adrenergic agonists (clonidine)

o For refractory cases
* Botulinum injection

Chorea and athetosis

o Chorea: continuous flow of irregular, brief, jerky, flowing movements
o Athetosis—slower, flowing movements
e May be incorporated into semi-purposeful movements

Causes
o Hereditary:
* HD
* Benign hereditary chorea
* Neuroacanthocytosis
* Wilson disease
* Spinocerebellar ataxia (SCA)
* Ataxia telangiectasia
* Mitochondrial disease (Leigh disease)
e Infection:
* Sydenham chorea (poststreptococcal)
o HIV
» SSPE
* vC|D
e Vascular (often hemichorea):
* Infarction
* Polycythemia
e Metabolic:
* Hyper- and hypoglycemia
* Hyperthyroidism
* Hypocalcemia
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o Immunological:
¢ Systemic lupus erythematosus (SLE)
* Anti-phospho ipid syndrome
* Pregnancy—chorea gravidarum
o Drug-induced:
* Anti-Parkinsonian drugs
» Dopamine antagonists drugs, e.g., phenothiazines
* Oral contraceptive (previous history of Sydenham chorea)
» Amphetamines, cocaine

Treatment

o Neuroleptics, e.g., risperidone, olanzapine.

o Dopamine antagonist—tetrabenazine

o Amantidine

o Anticonvulsants (valproic acid, carbamazepine, phenobarbital)

Myoclonus

Sudden shock- ike involuntary movement:
o Positive myoclonus: brief muscle contraction
o Negative myoclonus: pause in muscle activity (asterixis)

Classification
e Distribution:
» Generaized
* Focal
» Multifocal
* Segmental
o Clinical presentation:
* Spontaneous
e Action
* Reflex (auditory, visual, or to touch)
o Site of origin:
» Cortical
* Brainstem
* Spinal cord

Etiology
Physiological
o Hypnic jerks
o Hiccup
Epileptic
o Focal epilepsy
* Epilepsia partialis continuans (EPC)
e Myoclonic epilepsies:

* Progressive myoclonic epilepsy (Unverricht-Lundborg disease)
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Encephalopathies
e Metabolic (iver, renal failure)
e Infections
* Prion diseases
o HIV
* Subacute sclerosing panencepha itis (SSPE)
¢ Postanoxic
e Drugs, e.g, tricyclics, L-dopa
Degenerative conditions
o Alzheimer disease
o MSA
o Corticobasilar degeneration
o Cerebellar degeneration—Ramsay Hunt syndrome (e.g., celiac disease)

Hereditary
e HD
e Mitochondrial disorders
e Myoclonic dystonia (DYT 11)
o Storage disorders:
* Lafora body disease
* Sialidosis
¢ Ceroid-lipofuscinosis (Batten, Kuf disease);
* Lipidosis (Tay—Sachs, Krabbe disease).

Focal lesions of brain or spinal cord

Cortical myoclonus
e Myoclonic jerks triggered by movement or stimulus sensitive
e Distal muscles most affected
o EEG may be diagnostic:
 Cortical discharges time-locked to myoclonic jerks
* Giant cortical somatosensory-evoked potentials

Brainstem myoclonus

e Bilateral synchronous jerking with adduction of arms, flexion of elbows,
flexion of trunk and head

e Stimulus-induced: tap nose, lip, head, or loud noise

Etiology
o Paraneoplastic
e Brainstem encephalitis
o MS
o Encephalomyelitis with rigidity
Spinal myoclonus
o Rhythmic, repetitive, bilateral, jerking one or two adjacent parts. Persist
during sleep
e Propriospinal myoclonus:
* Usually trunk muscles—flexion
* Prominent when lying down
* Stimulus sensitive
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Etiology

o Inflammatory cord lesion
e Tumor

e Trauma

Treatment of myoclonus
o Clonazepam

o Sodium valproate

o Piracetam or levetiracetam

Dystonia

Syndrome caused by sustained muscle contraction resulting in twisting
and repetitive movements or postures that are due to co-contraction of
antagonistic muscles.

o Focal dystonia: one body part

o Segmental: two or more adjacent body parts

Classification
o Primary dystonias. Dystonia and dystonic tremor are the only clinical
manifestation.
* DYT1 dystonia (see “Movement Disorders and Ataxia,” p. 256)
¢ Sporadic, usually adu t onset
e Dystonia plus syndromes:
* Dopa-responsive dystonia (DRD) (see “Movement Disorders and
Ataxia,” p. 257)
* Myoclonic dystonia
o Heredodegenerative syndromes:
* Wilson disease
HD (see “Movement Disorders and Ataxia,” p. 252);
SCA (see “Movement Disorders and Ataxia,” p. 263)
Lubag (dystonia—parkinsonism)
Early-onset PD (PARKIN 2); (see “Movement Disorders and Ataxia,”
p. 237)
Hallervorden—Spatz
Neuroacanthocytosis (also chorea, orofacial dyskinesias, axonal
neuropathy, CPK increased, tongue biting, seizures, and cognitive
decline
e Lesch—-Nyhan syndrome
o Degenerative syndromes:
« PD
* MSA
* Progressive supranuclear palsy (PSP)
* Corticobasilar degeneration (CBD)
o Secondary dystonias:
* Perinatal trauma/hypoxia
* Stroke
* Focal lesions, especially putamen or rostral midbrain
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Investigations
e Exclude Wilson disease:
 Serum copper and ceruloplasmin levels
e 24-hour urinary copper
« Slit lamp examination for Kayser—Fleischer rings
o fonset <25 years, check DYT1 gene.
e MRl especially in genera ized or hemidystonia dystonia, additional
neurological signs
o Consider other genetic tests as above (e.g., HD, SCA).
e Fresh blood preparations for acanthocytes x 3 (neuroacanthocytosis)

Management
o Consider trial of L-dopa in any patient with onset <40 years, especially
childhood or adolescent, for dopa-responsive dystonia.
Anticholinergic drugs, e.g., trihexyphenidyl
Benzodiazepines
Baclofen
f unhelpful, especially in generalized dystonia, consider dopamine
antagonists:
¢ Tetrabenazine
* Pimozide
Thalamic (GPi) deep brain stimulation may be an option.
e Focal dystonia—local botulinum toxin (cervical dystonia,
blepharospasm, task-specific dystonias, laryngeal dystonia)
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CHAPTER 4 Disorders of the peripheral nervous system

Peripheral neuropathy: introduction
and clinical approach

General considerations

o Peripheral neuropathy or polyneuropathy—diffuse peripheral nerve
lesion, often symmetrical

o Mononeuropathy—lesion of a single nerve (i.e., median, femoral, or
abducens). Often entrapment or trauma

o Mononeuritis mu tiplex—focal involvement of two or more individual
nerves, often asymmetric

Polyneuropathy: clinical manifestations

Age of onset varies, for example
o Childhood—CMT

o Adulthood—Diabetes

o Older adult—Paraproteinemia

Acuity of onset
o Acute—AIDP, porphyria, toxic, tick paralysis, diphtheria, vasculitic
o Chronic—B,, deficiency, paraproteinemia, diabetes, most other causes

Symptoms

e Motor symptoms—distal weakness predominates in most
neuropathies. Difficulty opening jars, tripping over feet

e Sensory symptoms—may be positive (ting ing, burning) or negative
(numbness).

¢ Paresthesia—spontaneous abnormal sensations, which are not

unduly painful

¢ Dysesthesia—painful paresthesia
Allodynia—painful sensation resulting from a nonpainful stimulus,
such as stroking
Hyperesthesia—increased sensitivity to a stimulus

* Hyperalgesia—increased sensitivity to a painful stimulus
e Autonomic symptoms—orthostatic lightheadedness, gastroparesis,

sweating abnorma ities, erectile dysfunction, tachycardia
o Differential diagnosis by pattern of symptoms

¢ Pattern 1: Symmetrical proximal and distal weakness with sensory

loss. (Consider CIDP, vasculitis.)

* Pattern 2: Symmetrical distal weakness with sensory loss. (Consider
diabetes, drugs and toxins, hereditary neuropathies, amyloidosis,
paraproteinemia.)

Pattern 3: Asymmetric distal weakness and numbness. (Consider
vasculitic neuropathy, HNPP, infectious neuropathy, multifocal
trauma or entrapment.)

Pattern 4: Asymmetric distal or proximal weakness without sensory
loss. (Consider multifocal motor neuropathy, motor neuron disease,
inclusion body myositis.)
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Pattern 5: Asymmetric proximal and distal weakness with sensory
loss. (Consider polyradiculopathy or plexopathy, ma ignant
infiltration, brachial neuritis, HNPP)

Pattern 6: Symmetric small fiber sensory neuropathy without
weakness. (Consider diabetes, Fabry disease, amyloidosis, HIV.)
Pattern 7: Symmetric small and large fiber sensory neuropathy
without diabetes. (Consider diabetes, drugs, toxins, paraproteinemia.)
* Pattern 8: Marked proprioceptive sensory loss. (Consider
paraneoplastic, B toxicity, Sjogren, HIV.)

Pattern 9: Autonomic predominant. (Consider autoimmune,
amyloidosis, diabetes, AIDP)

Pattern 10: Neuropathy with cranial nerve involvement. (Consider
Lyme, HIV, AIDP, sarcoidosis, malignant infiltration, Tangier disease,
trichloroethylene toxicity, anti-Gd1b neuropathy.)

Signs
o Large-fiber neuropathy
* Loss of vibration and position sense
* Diminished or absent reflexes
* Positive Romberg sign
* Pseudoathetosis (involuntary movements of the fingers when the
arms are held out with the eyes shut)
o Small-fiber neuropathy
¢ Loss of pain and temperature sensation
* Reflexes may be normal. (la afferent fibers are large and well
myelinated.)
o Cutaneous sensory loss in a stocking-glove distribution
o Foot deformities such as pes cavus, pes planus, or hammertoes may
indicate a hereditary neuropathy.
o Nerve thickening may be seen in CMT, leprosy, Refsum disease,
amyloidosis, or HNPP.
e Autonomic dysfunction
* Miosis
 Orthostatic hypotension (BP supine and erect after 3 minutes)

Diagnosis
Acute neuropathies
o Guillain—Barre syndrome (LP, EMG)
e Vascultic neuropathy (see later)
o Acute intermittent porphyria (urine porphyrins, RBC porphobilinogen
deaminase activity)
o Diphtheria (EMG, throat swab)
o Heavy metal or metalloid poisoning (arsenic, lead, thallium levels)
o Tick paralysis (EMG)
Chronic neuropathies
e Mononeuropathy—entrapment, trauma (EMG)
e Multiple mononeuropathies
* Vasculitis (ESR, EMG, nerve biopsy)
¢ Isolated peripheral nervous system vascu itis
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Polyarteritis nodosa (Hepatitis B and C, HIV, cryoglobulins, ANCA)
Sjogren (anti SS-A-La, anti SS-B-Ro, sa ivary biopsy)

Wegener granulomatosis (ANCA)

Rheumatoid arthritis (RF)

HNPP (PMP-22 deletion)

Multifocal motor neuropathy (EMG, anti-GM1)
o Polyneuropathy

Diabetes (Oral glucose tolerance test)

Nutritional and alcoho ic

— Vitamin B12 deficiency (B12, methylmalonic acid, CBC)

— V