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The human brain is the most complex object in the universe. With its millions of neurons making
trillions of connections, it is what gives each of us our individual personalities, thoughts, and
emotions; it is what makes us uniquely human. More scientists are involved in studying the brain
than in any other endeavor—there are more neuroscientists than there are astronomers, biologists,
chemists, or any other group of specialists. Their studies have profoundly altered our conception of
the human brain and the diseases that afflict it, and the treatment of neurologic disease has changed
perhaps more than any other field of medicine. During the process of revising the 5th edition of
Neurology Secrets, it became obvious how much the practice of neurology has advanced in just the
past few years. The management of almost every neurologic disease has changed, and in many
cases our understanding of basic sciences and disease processes has been fundamentally altered.
This new edition, therefore, required the rewriting of many answers, the addition of new questions,
and the deletion of old ones. To reflect the pace of change, appropriate websites have been added for
further reference and updates.

Neurology is one of the most dynamic medical specialties, and this revised edition should
enable the reader to continue asking the right questions and finding the right answers.

Loren A. Rolak, MD




TOP 100 SECRETS

These secrets are 100 of the top board alerts. They summarize the concepts,
principles, and most salient details of neurology.

10.

11.

12.

13.

14,

15.

. The first step in treating patients with neurologic disease is to localize the lesion.
. Myopathies cause proximal symmetric weakness without sensory loss.
. Neuromuscular junction diseases cause fatigability.

. Peripheral neuropathies cause distal asymmetric weakness with atrophy, fasciculations,

sensory loss, and pain.

. Radiculopathies cause radiating pain.

. Spinal cord disease causes a triad of distal symmetric weakness, sphincter problems, and

a sensory level.

. A unilateral lesion within the brain stem often causes “crossed syndromes,” in which

ipsilateral dysfunction of one or more cranial nerves is accompanied by hemiparesis
and/or hemisensory loss on the contralateral body.

. Cerebellar disease causes ataxia and an action tremor.

. In the brain, cortical lesions may cause aphasia, seizures, and partial hemiparesis (face

and arm only), while subcortical lesions may cause visual field cuts, dense numbness of
primary sensory modalities, and more complete hemiparesis (face, arm, and leg).

The brain is isolated from the rest of the body by the blood-brain barrier.

Learning and memory are possible because repetitive input to a synapse can cause
persistent changes in neuronal function (long-term potentiation).

Some of the most common and important neurologic diseases are caused by
abnormalities in neurotransmitters: Alzheimer’s (acetylcholine), epilepsy (y-aminobutyric
acid, GABA), Parkinson’s (dopamine), migraine (serotonin), and others.

Many genetic neurologic diseases have been shown to be caused by expansion of
trinucleotide (triplet) repeat sequences.

Foot drop (weakness of the tibialis anterior muscle) can be caused by lesions to the
common peroneal nerve or L5 nerve root.

If the facial nerve is damaged (such as from Bell’s palsy), the entire side of the face is
weak. If the cortical input to the facial nerve is damaged (such as from a stroke), only the
lower half of the face will be weak.
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A dilated or “blown” pupil implies compression of the third cranial nerve. This is often due
to a serious lesion such as an aneurysm or brain herniation.

Collateral blood flow, often routed through the circle of Willis, sometimes protects against
damage from strokes.

. Noncommunicating hydrocephalus is often a medical emergency because the obstructed

cerebrospinal fluid (CSF) will cause the intracranial pressure to rise.

. The diagnosis of myopathies often is based on serum creatine kinase (CK) levels,

electromyography (EMG) findings, and muscle biopsy.
Myotonic dystrophy is the most common muscular dystrophy in adults.

The possibility of respiratory failure is the most serious concern in the management of
most patients with myopathies or neuromuscular junction diseases.

Drug toxicity should always be considered in the differential diagnosis of many neurologic
conditions.

Neuroleptic malignant syndrome is a true medical emergency with a high mortality.

Patients with myasthenia gravis show a decremental response (fatigue) with repetitive
stimulation of their muscles.

Up to 40% of myasthenic patients experience a transient exacerbation after starting
high-dose steroids, usually within 5 to 7 days.

Lambert-Eaton myasthenic syndrome (LEMS) resembles myasthenia gravis with
autonomic dysfunction and arises from an autoimmune attack on presynaptic
voltage-gated calcium channels.

Myotonia, a delayed relaxation after muscle contraction, is most common in muscular
dystrophies but can be seen in a host of other conditions.

On an EMG, muscle disease shows full contraction of all muscles but with short, small
motor units.

On an EMG, nerve disease shows a dropout and reduction in muscle contraction, with
prolonged, large motor units. There may be fibrillations and fasciculations.

The most common causes of peripheral neuropathy are diabetes and alcoholism.
The most common motor neuropathy is Guillain-Barré syndrome.

Nerve biopsy is seldom necessary for the diagnosis of peripheral neuropathy.
The most often overlooked cause of peripheral neuropathy is genetic.

The spinal fluid of patients with Guillain-Barré syndrome has high protein but low (normal)
cell counts.

The most common motor neuron disease is amyotrophic lateral sclerosis (ALS).
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Indications for surgery in patients with radiculopathies are intractable pain, progressive
motor weakness or sensory deficits, or symptoms refractory to a reasonable degree
of nonoperative therapy.

Neurogenic claudication (pseudoclaudication) presents typically as bilateral, asymmetric,
lower extremity pain that is provoked by walking (occasionally standing) and relieved by rest.

Sudden damage to the spinal cord can cause spinal shock, which results in temporary
flaccid paralysis, hyporeflexia, sensory loss, and loss of bladder tone.

Occlusion of the artery of Adamkiewicz may result in anterior spinal artery syndrome,
causing bilateral weakness, loss of pain and temperature, and hyperreflexia below the
lesion with preserved dorsal column functions (position and vibration).

Cauda equina syndrome is a neurosurgical emergency that presents with weakness and
sensory loss in the lower extremities, prominent radicular pain, saddle anesthesia, and
urinary incontinence.

Symptoms of brain stem ischemia are usually multiple, and isolated findings (such as
vertigo or diplopia) are more often caused by peripheral lesions affecting individual cranial
nerves.

Méniere’s disease presents with the symptomatic triad of episodic vertigo, tinnitus, and
hearing loss. It is caused by an increased amount of endolymph in the scala media.
Pathologically, hair cells degenerate in the macula and vestibule.

The blood supply of the brain stem is derived from the vertebrobasilar system of the
posterior circulation.

There are only two causes of coma: a process affecting the reticular activating system in
the brain stem or a process affecting both cerebral hemispheres simultaneously.

Posterior fossa neoplasms account for 50% of the total number of neoplasms in children.
In adults, they are much rarer.

Lesions of the cerebellar hemisphere impair movement on the ipsilateral side of the body
because of a double-crossing of the pathways.

Loss of pigmented dopaminergic neurons in the substantia nigra is the pathologic
hallmark of Parkinson’s disease.

Sinemet (levodopa) remains the most valuable therapy for Parkinson’s disease.
Essential tremor is the most common cause of tremor.

Torticollis is the most common form of focal dystonia.

Botulinum toxin is the treatment of choice for most focal dystonias.

Tardive dyskinesia is a serious side effect of many neuroleptic drugs.

Cardinal symptoms of autonomic insufficiency include orthostatic hypotension, bowel and
bladder dysfunction, impotence, and sweating abnormalities.
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Diabetic neuropathy is one of the most common causes of autonomic dysfunction.

Syncope is seldom a neurologic problem; loss of consciousness is almost always due to
cardiovascular disease.

Traditionally, the diagnosis of multiple sclerosis requires two separate symptoms at two
different times, or lesions disseminated in time and space.

Faulty interpretation of magnetic resonance imaging (MRI) scans is the most common
error in misdiagnosing multiple sclerosis.

No treatment has yet been shown to prevent ultimate disability in multiple sclerosis.
Dementia must be differentiated from delirium and depression.
Dementia is a category, not a diagnosis. The clinician must determine the cause of dementia.

Seizures that persist or recur without regaining consciousness are called status epilepticus.
To avoid permanent brain damage, these should be stopped within 1 hour of onset.

Alzheimer’s disease and other dementias are treatable. Both cognitive and behavioral
symptoms can be treated, and long-term therapy may slow decline and help maintain
function.

Vascular dementia cannot be diagnosed by MRI or computed tomography (CT) scan alone.
It also requires a clinical picture of cerebral ischemia.

A common cause of excessive daytime sleepiness is obstructive sleep apnea syndrome.
A patient’s own assessment of his sleep quantity and quality is often unreliable.
Polysomnographic evaluation (sleep laboratory testing) is the only reliable means for

obtaining objective information regarding a suspected sleep disturbance.

The classic tetrad of narcolepsy is excessive daytime sleepiness, cataplexy, sleep
paralysis, and hypnagogic hallucinations.

Gliomas are the most common primary brain tumors.
Astrocytomas are the most common spinal cord tumors.
Metastatic brain tumors are 10 times more common than primary brain tumors.

Cancer that metastasizes to the spine usually causes pain, a sensory level, paraplegia, and
sphincter disturbances. It is usually treated by radiation therapy.

Many cancer patients die in pain because physicians fail to treat pain appropriately.
Dysarthria is a defect in the way speech sounds, which can arise from many causes,
whereas aphasia is a defect in the use of language and results from damage to the

dominant (usually left) cerebral cortex.

Antibiotics should be given immediately to patients with meningitis and not delayed while
other tests are performed.
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Mad cow disease is a variant of Creutzfeldt-Jakob disease caused by a prion—a protein
that does not require DNA or RNA to replicate and produce infection.

Herpes simplex, the most common sporadic encephalitis, often produces focal neurologic
damage and must be aggressively treated with acyclovir.

Patients with acquired immunodeficiency syndrome (AIDS) may develop problems from
the virus itself, the drugs used to treat it, or opportunistic infections.

Most patients with a headache due to a serious underlying illness have an abnormal
physical examination. The sudden onset of “the worst headache of my life” should raise
concern about an intracranial hemorrhage.

The use of narcotic analgesics for treatment of headaches should be strongly discouraged.

The first-choice drugs for acute migraine therapy are the triptans.

The best treatment for tension headache is usually amitriptyline plus a nonsteroidal
anti-inflammatory drug (NSAID).

Temporal arteritis should be considered in any elderly patient with new headaches.

The normal adult electroencephalogram (EEG), relaxed with eyes closed, is characterized
by 9 to 11 cycles/sec activity in the back of the brain (occipital lobes) and is called the
alpha rhythm.

Each different stage of sleep has a highly characteristic EEG pattern.

In most jurisdictions, a patient is considered to have died if he meets the criteria for brain
death, even if his vital signs (e.g., pulse, blood pressure) are otherwise normal.

Strokes can be thrombotic, embolic, lacunar, or hemorrhagic.

The clinical features, etiology, and treatment of strokes are different depending on whether
they involve the anterior circulation (carotid arteries) or posterior circulation (vertebral
basilar arteries).

The most important modifiable risk factors for stroke are hypertension, smoking, heart
disease, hyperlipidemia, and hyperhomocysteinemia. Other modifiable risk factors include
diabetes, alcohol consumption, drugs of abuse, oral contraceptives, and obesity.

When administered properly, tissue plasminogen activator (tPA) is a beneficial therapy for
acute ischemic stroke.

The role of anticoagulation in cerebrovascular disease is the prevention of stroke in
patients at high risk for cardiac emboli.

The best way to prevent strokes is to control the risk factors.

Surgery is superior to medical therapy in symptomatic stroke patients with a 70% stenosis
or more in their internal carotid arteries.
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The most important complications of subarachnoid hemorrhage are rebleeding,
vasospastic ischemia, hydrocephalus, seizures, and syndrome of inappropriate antidiuretic
hormone secretion (SIADH).

Accurate seizure classification guides appropriate antiepileptic therapy. Each type of
seizures requires its own specific anticonvulsant drug.

All partial seizures should be evaluated with an MRI scan.

A significant change in antiepileptic drug levels should alert you to either noncompliance
or a new drug interaction. Noncompliance is probably the most common cause of status
epilepticus.

The most common cause of antiepileptic drug treatment failure is drug side effects.

Patients whose seizures are refractory to two appropriate antiepileptic drugs should be
evaluated at an epilepsy center for definitive diagnosis and surgical evaluation.

The most common cause of aphasia in adults is stroke.
Broca’s aphasia is impaired comprehension, repetition, naming, and speech output due to
a left frontal lobe lesion; Wernicke’s aphasia is fluent speech full of nonsense words and

phrases due to a left temporal lobe lesion.

The drug most often recommended by neurologists is acetaminophen!



CLINICAL NEUROSCIENCE

Dennis R. Mosier, MD, PhD

CHAPTER 1

INTRODUCTION

1. Why is it important to understand the molecular and cellular mechanisms
underlying normal and abnormal nervous system function?
The answer to this question could easily require a book. Several advantages to the practicing
clinician are listed as follows:
1. Enhancement of diagnostic possibilities and treatment options

. More appropriate selection of diagnostic tests and interpretation of test results

. Prediction of drug side effects and interactions

. Selection of optimal drug regimens

. Aid to critical review of novel concepts and therapies

. Understanding of the rationale for current clinical trials

. Provision of a background for communicating information to patients and families

~N o oA W

2. Name several types of cellular alterations that can lead directly to neurologic
disease.
The following is only a partial list:
1. Altered volume regulation (e.g., cytotoxic edema)
2. Anatomic alterations
W |oss of neurons
W Loss of axons
W Loss of synaptic connections
. Inappropriate synaptic connections
. Deafferentation (e.g., loss of receptors in sensory end organs)
. Altered membrane excitability
. Failure of axonal conduction
. Disordered synaptic function
. Altered excitation-contraction coupling in muscle

0O NO O~ W

CELLULAR ANATOMY

3. Describe the major types of glial cells in the central nervous system (CNS) and
their influence on neurologic disease.

1. Astrocytes—Iarge glial cells that stabilize extracellular fluids and ions. Astrocytes proliferate
in response to many CNS insults and may release neuronal growth factors and form
barriers to the spread of infection.

2. Oligodendroglia—myelin-forming glial cells. Myelin antigens may form targets for
autoimmune attack in multiple sclerosis.

3. Ependymal cells—neuroepithelial cells lining the ventricular system, choroid plexus, and
central canal of the spinal cord.
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4. Microglia—resident mononuclear phagocytic cells that become reactive in degenerative
diseases and demyelinating disorders as well as in more acute CNS insults. They produce
numerous cytokines (which regulate inflammatory processes), present antigens to T-cells,
and secrete a number of cytotoxic factors (e.g., free radicals, low—molecular-weight
neurotoxins).

4. What are the components of the blood-brain barrier?

The blood-brain barrier is not a single barrier, but a composite of many systems that act to

control the entry of substances from the blood to the brain:

1. Capillary endothelial cells linked by tight junctions and expressing specialized uptake
systems for particular metabolic substrates (e.g., glucose, amino acids)

2. A prominent basement membrane between endothelia and adjacent cells

3. Pericapillary astrocytes with end-feet adjacent to capillaries
A similar system exists for the choroidal epithelium (blood-cerebrospinal fluid [CSF]

barrier).

5. Which regions of the brain lack a significant blood-brain barrier?
Brain regions that lack a significant blood-brain barrier tend to be midline structures located
near ventricular spaces. They include the area postrema, median eminence of the
hypothalamus, and neurohypophysis.

6. Under what conditions is the integrity of the blood-brain barrier compromised?
B |nflammation or infection
W Osmotic injury
W Malignant hypertension
B Neovascularization (particularly around tumors)
B Cerebral ischemia and reperfusion
W Seizure activity

Compromise of the blood-brain barrier often can be demonstrated by contrast enhancement

in radiographic studies or suspected when acute elevations of CSF protein are observed.
Consequences of blood-brain barrier (or blood-CSF barrier) compromise include vasogenic
edema, enhanced penetration of antibiotics or other drugs, and increased entry of potentially
toxic substances from the systemic circulation.

NERVE CONDUCTION

7. What is an action potential?
The action potential, as classically defined, is an all-or-nothing, regenerative, directionally
propagated, depolarizing nerve impulse. In axons, the rising (depolarizing) phase of the action
potential is mediated by Na™ currents, which depolarize the membrane. Repolarization of
the membrane is influenced by two processes: (1) inactivation of Na* currents and (2)
activation of K™ currents, which hyperpolarizes the membrane. When Na* currents are
inactivated, a new action potential cannot be initiated (absolute refractory period).

8. What is saltatory conduction?
In myelinated axons, currents underlying the action potential flow from one node of
Ranvier to another, propagating the action potential by depolarizing distant sites rather than
adjacent membrane. This “jumping” of the impulse from node to node, which greatly
increases the conduction velocity, is termed saltatory conduction (from Latin saltare,
“to leap”).
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How are signals transmitted across chemical synapses?

At a commonly studied excitatory chemical synapse, the neuromuscular junction, the following

events occur:

1. Depolarization of the presynaptic motoneuron terminal by an arriving action potential

2. Activation of voltage-dependent calcium (Ca®*) channels

3. Entry of Ca?*, which locally increases intra-terminal calcium concentrations

4. Synchronized, quantal release of neurotransmitter from the presynaptic terminal (According
to the vesicle hypothesis of release, neurotransmitter packaged in synaptic vesicles is
released into the synaptic cleft by exocytosis.)

5. Diffusion of neurotransmitter across the synaptic cleft

. Binding of neurotransmitter to specific receptors on the postsynaptic membrane

7. Receptor-mediated opening of ion channels that mediate an excitatory postsynaptic
potential (an endplate potential at the neuromuscular junction)

8. Initiation of an action potential in the postsynaptic cell if the postsynaptic potential reaches
the threshold of activation

SYNAPSES

[=2]

Can synapses undergo modification?

Synapses are not static structures. They are constantly modified in the nervous system
through alterations of connectivity (e.g., sprouting and new synapse formation or retraction
of synaptic connections) and alterations in the efficacy of synaptic transmission (e.g.,
use-dependent facilitation, potentiation, or depression of the function of individual synapses).
Induction of both types of synaptic modifications, often referred to as synaptic plasticity, may
occur at central and peripheral synapses.

Briefly describe the cellular processes thought to subserve learning and
memory.

In most models, the major biologic basis for learning and memory is thought to derive from
changes in synaptic function:

Long-term potentiation (LTP) is a long-lasting increase in the amplitude of a synaptic
response following stimulation. LTP can be induced by weak but temporally contiguous
stimulation of separate input pathways to the same postsynaptic neuron. However, the exact
mechanism by which LTP produces memories is an area of considerable debate. Long-term
changes in synaptic function may underlie not only normal processes, such as learning and
memory, but also the establishment of chronic pain states and recovery from CNS insults.

Ji RR, Kohno T, Moore KA, et al.: Central sensitization and LTP: Do pain and memory share
similar mechanisms? Trends Neurosci 26:696-705, 2003.

Feldman D: Synaptic mechanisms for plasticity in neocortex. Annu Rev Neurosci 32:542-
551, 2009.

NEUROTRANSMITTERS

How is a chemical substance established as a neurotransmitter?

As classically proposed, the following features should be demonstrated to establish that a

given substance is acting as a neurotransmitter:

1. Presence of the substance within neuron terminals.

2. Release of the substance with neuronal stimulation.

3. Application of the exogenous substance to the postsynaptic membrane (at physiologic
concentrations) reproduces the effects of stimulation of the presynaptic neuron.
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4. The concentration-response curve of the substance applied to the postsynaptic membrane
is affected by drugs in the same way as normal postsynaptic responses are affected.

5. A local mechanism exists for inactivation of the substance (e.g., enzymatic degradation,
uptake into nerve terminals or glia).

What is Dale’s principle?
Dale’s principle states that a given neuron contains and releases only one neurotransmitter and
exerts the same functional effects at all of its termination sites. For example, a spinal
motoneuron contains and releases only one neurotransmitter (acetylcholine), which generates
the same effect (excitation) at both of its termination sites (neuromuscular junction and
recurrent collateral synapse to the Renshaw cell). This useful generalization allows us to
describe neurons in terms of their principal transmitters and functions (e.g., a glutamatergic
excitatory neuron or a cholinergic inhibitory neuron). However, the assertions of Dale’s
principle are not universally true.

Gunderson V: Co-localization of excitatory and inhibitory transmitters in the brain. Acta
Neurol Scand 188(Suppl):29-33, 2008.

Discuss the anatomy and functions of the neurotransmitter acetylcholine (ACh).
Acetylcholine is synthesized from acetyl coenzyme A and choline by the enzyme choline
acetyltransferase.
At peripheral synapses, ACh acts as the principal neurotransmitter of:
B Motoneurons innervating striated muscle
W Preganglionic autonomic neurons innervating ganglia
W Postganglionic parasympathetic neurons
B Sympathetic sudomotor fibers
The functions of central cholinergic synapses are generally less well defined than at
peripheral synapses. Gentral cholinergic pathways or nuclei include:
W Pedunculopontine nuclei (modulation of sleep states)
B Projections to the neocortex from basal forebrain nuclei (particularly the nucleus basalis of
Meynert, which is thought to be involved early in Alzheimer’s disease)
B | ocal interneurons in the striatum (regulation of motor activity)

Name and describe the two major types of ACh receptors.

1. Nicotinic ACh receptors (nAChRs) are located at the skeletal neuromuscular junction, in
autonomic ganglia, and in the brain. The nAChR at the neuromuscular junction is the
major antigenic target in most cases of myasthenia gravis. Mutations in genes encoding
subunits of neuronal nicotinic receptors have been linked to some inherited frontal lobe
epilepsies.

2. Muscarinic ACh receptors (mAChRs) are located in parasympathetic sites and in the brain.
Modulation of brain mAChRs can affect sleep-wake states and modify seizure thresholds.
It is the main target of drugs to improve cognitive function in patients with dementing
illnesses.

What is the most abundant excitatory neurotransmitter in the CNS? By what
mechanisms does it induce its effects?

Glutamate, an excitatory amino acid neurotransmitter, is synthesized from o -ketoglutarate by
transamination and from glutamine by the enzyme glutaminase. After release from the
presynaptic terminal, its most important effects are at N-methyl-o-aspartate (NMDA) receptors.
These receptors are thought to be critically involved in processes underlying learning and
memory and (if excessively stimulated) may contribute to Ca?*-dependent processes that
mediate neuronal injury.
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What is GABA? How does it exert its action(s)?

v -Aminobutyric acid (GABA) is a neurotransmitter synthesized from glutamate via the enzyme
glutamic acid decarboxylase (GAD). GABA is metabolized via GABA transaminase. GABA
receptors include GABA, and GABAg receptors. Receptors of the GABA, type (the majority of
GABA receptors) act as chloride channels, exercising largely inhibitory effects. Many drugs act
on GABA pathways. GABA, receptors are modulated by barbiturates and benzodiazepines;
baclofen is an agonist for GABAg receptors. Vigabatrin (y-vinyl GABA), a potent anticonvulsant,
inhibits GABA transaminase. Of interest, anti-GAD antibodies have been reported in most patients
with stiff-person syndrome, which presents with continuous, involuntary muscular activity.

Discuss the synthesis, receptors, and termination of action of the

neurotransmitter dopamine.

Synthesis of catecholamines

1. Tyrosine — L-hydroxyphenylalanine (L-DOPA) via tyrosine hydroxylase (TH)

2. L-DOPA— dopamine via DOPA decarboxylase

3. Dopamine — norepinephrine via dopamine B-hydroxylase (DBH)

4. Norepinephrine — epinephrine via phenylethanolamine N-methyltransferase (PNMT)
Receptors. Five types of dopamine receptors (D1 to D5) have been identified, each

exhibiting a distinct pharmacologic profile as well as a unique neuroanatomic distribution.
Termination of action. The action of dopamine is terminated primarily by reuptake via

specific transporters. Dopamine is also inactivated by catabolism. Intracellular dopamine is

oxidatively deaminated by monoamine oxidase to homovanillic acid (HVA), and extracellular

dopamine is methylated by catechol 0-methyltransferase (COMT) to produce

dihydroxyphenylacetic acid (DOPAC).

List the major functions of dopamine in the nervous system.

1. Motor control (via nigrostriatal projections)

2. Modulation of short-term or working memory (via projections from ventral tegmental area
to prefrontal cortex)

3. Behavioral reinforcement (via mesolimbic projections)

4. Hypothalamic regulation of pituitary function (e.g., by inhibiting prolactin secretion)

5. Modulation of brain regions controlling emesis (e.g., area postrema of the medulla)

Salamone JD: Dopamine, effort, and decision making. Behav Neurosci 123:463-467, 2009.

What is serotonin?

Serotonin, or 5-hydroxytryptamine (5-HT), is produced from the amino acid tryptophan by the
actions of two enzymes, tryptophan hydroxylase and an aromatic amino acid decarboxylase.
The action of released 5-HT is terminated by reuptake into nerve terminals; its major metabolite
is 5-hydroxyindoleacetic acid (5-HIAA), which is formed following oxidative deamination by
monoamine oxidase.

Where does serotonin act in the nervous system?

Serotonergic neurons are found in the raphe nuclei of the brain stem. N-Acetylation of
serotonin by cells of the pineal gland is followed by O-methylation to produce the hormone
melatonin. Multiple receptor subtypes for 5-HT have been described. The 5-HT;g and 5-HT4p
receptors, which are found on trigeminal nerve terminals supplying cranial blood vessels
and meninges, modulate the vasodilatation associated with migraine headaches. 5-HT3
receptor antagonists, such as ondansetron, which have both peripheral and central actions, are
effective in suppressing nausea and vomiting.

Some of the most common and important neurologic diseases are caused by abnormalities
in neurotransmitters: Alzheimer’s (ACh), epilepsy (GABA), Parkinson’s (dopamine), migraine
(serotonin), and others.

Dayan P, Huys QJ: Serotonin in affective control. Annu Rev Neurosci 32:578-591, 2009.
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What is denervation supersensitivity?

Two to three weeks after the loss of an innervating neuron, the postsynaptic membrane of an
innervated cell develops increased sensitivity to the neurotransmitter that was released by the
presynaptic terminal of the innervating neuron. This hypersensitivity underlies many
phenomena observed in clinical neurology.

KEY POINTS: NEURONS AND NEUROTRANSMITTERS v
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. The brain is isolated from the rest of the body by a blood-brain barrier.
2.

Learning and memory are possible because repetitive input to a synapse can cause persistent
changes in neuronal function (long-term potentiation).

. Most neurons contain a single neurotransmitter with a single mechanism of action, but there

are exceptions to this rule.

ION CHANNELS

What is an ion channel? How does it work?

lon channels, formed from membrane-spanning proteins, allow the selective and rapid flux of
jons across cell membranes. Channels respond to (are gated by) specific stimuli, such as
changes in the transmembrane voltage gradient (voltage-gated channels), chemical agonists
(ligand-gated channels), or mechanical stretch or pressure.

What are ion channelopathies? How do they present clinically?
lon channelopathies, or disorders in which the clinical presentation results primarily from ion
channel dysfunction, frequently present with brief exacerbations or episodes of clinical
symptoms. In such disorders (e.g., periodic paralysis), interictal function is typically normal,
and attacks are often triggered by specific factors (e.g., exercise, temperature changes, startle
responses, and drugs). Therapies, in addition to symptom management and treatment of
underlying causes of the ion-channel abnormality (e.g., autoimmunity), have been directed at
identification and avoidance of triggering factors as well as use of drugs that ameliorate the
specific ion-channel dysfunction observed at the molecular level.

Ackerman MJ, Clapham DE: lon channels—basic science and clinical disease. N Engl J Med
336:1575-1586, 1997.

In which disorders affecting the nervous system have abnormalities of
potassium channel function been suggested to play a critical role?
Ataxia-myokymia syndrome (EA-1), presenting as dominantly inherited myokymia and
episodic ataxia, has been associated with mutations for a K* channel expressed in brain and
peripheral nerve.

1. Two of the dominantly inherited long Q-T syndromes (LQT1 and LQT2), which may
present as syncopal seizures as well as syncope and sudden cardiac death, are associated
with mutations in genes encoding K* channels.

2. Recently, syndromes of dominantly inherited benign familial neonatal convulsions, which
may be associated with an increased risk of adult epilepsy, have been linked to mutations,
which encode K* channels expressed in the brain.

3. Some cases of Isaacs’ syndrome, which presents as acquired neuromyotonia, have been
suggested to result from an antibody-mediated autoimmune attack on K* channels in
motor nerves.



26.

27.

28.

29.

CHAPTER 1 CLINICAL NEUROSCIENCE u

4. Some snake toxins (e.g., dendrotoxin from the African green mamba) exhibit potent K™
channel-blocking activity.
Benarroch EE: Potassium channels: Brief overview and implications in epilepsy. Neurology
72:664-669, 2009.

In which neurologic disorders is alteration or dysfunction of calcium channels
believed to play a critical role?
W Lambert-Eaton myasthenic syndrome: autoimmune attack on voltage-gated Ca®* channel at
motoneuron terminals
B Hypokalemic periodic muscle paralysis: mutation in gene coding for the skeletal voltage-
gated Ca®* channel
m Familial hemiplegic migraine and episodic ataxia type 2: mutation in gene coding for Ca®*
channel in brain
Meola G, Hanna MG, Fontaine B: Diagnosis and new treatment in muscle channelopathies.
J Neurol Neurosurg Psychiatry 80:360-365, 2009.
Pietrobon D: Calcium channels and channelopathies of the central nervous system. Mol
Neurobiol 25:31-50, 2002.

NEURONAL INJURY AND DEATH

What is the excitotoxicity hypothesis? Why is it important?
The excitotoxicity concept states that overstimulation of neurons (by chemical or electrical means)
leads to cell injury or death. In the CNS, excitotoxicity is hypothesized to occur with processes
(e.g., ischemia, seizure activity, and some neurodegenerative diseases) that lead to elevated
concentrations of excitatory amino acids such as glutamate. Interaction of high levels of glutamate
with NMDA receptors results in increased calcium entry, which may injure susceptible cells. Much
of the damage induced by short-term ischemia in animal models of stroke can be blocked by
antagonists of glutamate receptors. Riluzole, a drug that affects glutamate receptor function, has
shown limited efficacy in patients with amyotrophic lateral sclerosis. Memantine, a drug with
NMDA-receptor blocking activity, has shown benefit in patients with Alzheimer’s disease.

Dong X, Wang Y, Qin Z: Molecular mechanisms of excitotoxicity and their relevance to
pathogenesis of neurodegenerative diseases. Acta Pharmacol 30:379-387, 2009.

What are free radicals? What is their relationship to neuronal injury?

Free radicals are molecules with one or more unpaired electrons, such as superoxide anion (0,™)
and hydroxyl radical (OH). Free radical-induced biochemical alterations have been documented
in ischemic stroke as well as many neurodegenerative diseases. The challenge has been to
establish whether these changes initiate cell injury, amplify other pathologic processes, or occur
simply as late markers of cell injury. Two basic strategies are being tested to modify free radical—
induced damage in neurologic illness: antioxidants, which reduce free radical production, and
free-radical scavengers, which react with free radicals to trap unpaired electrons.

Discuss the differences between necrotic and apoptotic neuronal death.
Necrotic cell death is generally triggered by an insult that overwhelms cellular homeostatic
mechanisms and proceeds by cell swelling, disruption of organelles, and eventual lysis of
dying cells. In contrast, the characteristic features of apoptotic cell death are chromatin
condensation, DNA fragmentation, cell membrane blebbing, loss of the nuclear membrane, and
eventual fragmentation of the cell into easily phagocytosed “apoptotic bodies.”

Apoptotic cell death is believed to be a major means of cell death induced by irradiation
(tumor cells), glucocorticoids (lymphocytes), cell death mediated by cytotoxic T-lymphocytes,
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and growth-factor withdrawal. Early-onset forms of spinal muscular atrophy have been linked
to mutations in neuronal apoptosis inhibitory protein (NAIP) genes. Enhanced susceptibility
to apoptosis induced by normally sublethal insults has been documented in animal models of
adult-onset neurodegenerative illnesses; the contribution of this form of cell death to the
corresponding human disorders remains to be defined.

REGULATORY PROTEINS

What are adhesion molecules? How may they play a role in neurologic

disease?

Cell adhesion to other cells and to the extracellular matrix regulates many cellular functions,

including neurite outgrowth during development, cell growth, cell recognition, immune

responses, and responses to mechanical stress. Examples of specialized molecules involved in
cell adhesion include the following:

1. ICAM-1 (an intercellular adhesion molecule) is up-regulated in endothelial cells after
cerebral ischemia and may potentiate injury by facilitating invasion of neutrophils into
ischemic brain tissue.

2. Merosin (an extracellular matrix component) is deficient in one form of congenital muscular
dystrophy.

3. Mutations in the gene for L1CAM (L1-neural cell adhesion molecule) are associated with an
X-linked syndrome of mental retardation, hydrocephalus, and agenesis of the corpus
callosum.

4. Cell adhesion molecules with known signaling functions may serve as receptors for
pathogenic organisms or regulate their entry. For instance, entry of the retrovirus HTLV-1 (a
cause of tropical spastic paraparesis) into susceptible cells is inhibited by CD82 adhesion
molecules.

Finckh U, Schroder J, Ressler B, et al.: Spectrum and detection rate of L1CAM mutations

in isolated and familial cases with clinically suspected L1-disease. Am J Med Genet 92:40-46,

2000.

Pique C, Lagaudriere-Gesbert C, Delamarre L, et al.: Interaction of CD82 tetraspanin with

HTLV-1 envelope glycoproteins inhibits cell-to-cell fusion and virus transmission. Virology

276:455-465, 2000.

What is a neurotrophic factor?

During development, the survival of many types of neurons requires one or more factors
derived from the targets that the neurons innervate. The most famous of the neurotrophic
factors, or factors that promote the survival and growth of neurons, is nerve growth factor
(NGF). Although primary deficiency of neurotrophic factors has not been shown to cause
any of the major human neurodegenerative diseases, growing evidence indicates that these
factors can regulate neuronal properties even in the adult nervous system and may have
survival-promoting effects on neurons injured by a variety of causes.

MOLECULAR BIOLOGY

What is the fundamental principle of molecular biology?

The fundamental principle of molecular biology states that the flow of genetic information in
cells is from DNA to RNA to protein. Synthesis of RNA from a DNA template is called
transcription, whereas synthesis of protein from an RNA template is called fransiation.

A notable exception to this principle is the replication of certain RNA viruses (retroviruses), in
which DNA can be synthesized from an RNA template by reverse transcriptase.
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Distinguish among the terms gene, allele, polymorphism, and mutation.

Agene is the nucleic acid sequence that carries the information to build a particular protein. Alleles
are any of the alternative forms (sequence variants) of a gene. Polymorphism occurs when
multiple alleles on any locus exist as stable components in a population. In common usage, a
nondisease-causing genetic variant is termed a benign polymorphism. A mutation is a change in
DNA sequence (which may or may not result in detectable effects). Obviously, alleles, including
those that are now considered benign polymorphisms, resulted from mutations in the past.

Name several types of genomic alterations that can lead to disease.

1. Single base-pair substitutions: may alter a single amino acid or stop the DNA from being read

2. Insertion or deletion of one or more base pairs: may alter the reading frame (frameshift)

3. Repetition of sequences of base pairs (e.g., triplet repeat mutations)

4. Duplication of a gene or chromosome (e.g., PMP22 gene duplication in Charcot-Marie-Tooth

disease 1A)

. Chromosomal deletion or translocation

6. Imprinting due to differential activity of paternal and maternal copies of a gene

7. Alterations of a regulatory protein (e.g., a promoter region) that controls expression of one
or more downstream genes

8. Alteration in a gene with widespread effects on DNA transcription (e.g., the MeCP-2 gene in
Rett syndrome) may cause misregulation of a large number of distant genes
Bernard G, Shevell M: The wobbly child: An approach to inherited ataxias. Semin Pediatr

Neurol 15:194-208, 2008.

[$a]

What is the polymerase chain reaction?

Polymerase chain reaction (PCR) is a process that is used to amplify a region of DNA, thus
allowing it to be detected with high sensitivity. It requires knowledge of the DNA sequence on
either side of a target region (flanking sequence). DNA primers matching the flanking sequence
are used to initiate copying of the target region DNA by a heat-stable DNA polymerase. The
resulting DNA strands are then heated to separate them and allow the primers to copy again,
synthesizing new strands. This cycle is repeated until the desired amplification (repeated
copying) of the target region DNA is achieved.

What are functional cloning and positional cloning?

Two principal strategies have been used to isolate genes underlying human genetic disorders:

1. Functional cloning is based on identification of the protein that is altered in a disorder, with
subsequent sequencing of the protein and design of cDNA probes to try to find the gene
coding for the protein. This approach requires prior knowledge of the defective protein,
which is not available for most inherited diseases.

2. The more recent approach is positional cloning (reverse genetics), in which the gene
responsible for a disease phenotype is mapped to a chromosomal location, usually by
analysis of markers linked to it or by identifying an associated genetic defect (chromosomal
translocation or deletion). This candidate region is then physically mapped, cloned, and
ultimately sequenced to identify genetic mutations associated with the disease phenotype.
The task of identifying the function(s) of the altered protein product and the mechanism(s)
by which it produces disease then begins. In many cases, the second task may prove more
difficult than the task of isolating the disease gene.

What are trinucleotide or triplet repeats? How have they been linked to
neurologic diseases?

In many genes, short blocks of repeated sequences (e.g., CAGCAG. .. or CTGCTG. ..) normally
occur. Expansions of these trinucleotide or triplet repeat sequences beyond their normal

size have recently been associated with a number of neurodegenerative disorders, including
the following:
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B Fragile X syndrome

B Myotonic dystrophy (DMPK or myotonic dystrophy protein kinase gene)

W Huntington’s disease (Huntington gene)

B X-linked spinobulbar muscular atrophy (androgen receptor gene)

B Dentatorubral-pallidoluysian atrophy

W Spinocerebellar atrophies (notably SCA1 [ataxin-1 gene] and SCA6 [CACNL1A4, coding for a
P/Q-type voltage-gated Ca>* channel])

B Friedreich’s ataxia (frataxin gene)

For most of these disorders, longer repeat size is associated with an earlier age of onset
and/or more severe phenotype. The length of expanded repeats is characteristically unstable,
and often lengthens further with successive generations, producing the clinical phenomenon of
anticipation (earlier onset and more severe phenotype with successive generations).

FUTURE DIRECTIONS

Discuss the prion hypothesis and its relevance to neurologic disease.
The transmissible spongiform encephalopathies are caused by infectious proteins called
prions. The prion hypothesis states that infectivity is transmitted solely by the altered protein
and does not require reproduction using DNA or RNA. The infection instead is caused by a
conformational change in a normal protein (PrP or prion protein) that is caused by some sort
of interaction with the abnormal form of the same protein. The information necessary for
replication is contained within the conformation of the protein itself. This represents a
challenge to the fundamental principle of molecular biology that DNA is required for replication
(see question 32). Human prion diseases include kuru, Creutzfeldt-Jakob disease, Gerstmann-
Straiissler-Scheinker disease, fatal familial insomnia, and variant CJD or “mad cow” disease.
Lai E: Prion diseases. In Samuels MA, Feske SE (eds): Office Practice of Neurology.
Philadelphia, Churchill-Livingstone, 2003, pp 512-514.

What is a stem cell?
Stem cells are cells with the potential to give rise to precursors of different cell types. Stem
cells may be pluripotent (able to give rise to precursors of many different cell types) or
unipotent (apparently committed to a particular lineage). They have the capacity, at least
theoretically, to regenerate injured tissues. Increasing evidence has shown that neural stem
cells exist not only during CNS development, but also in the adult CNS, and may be activated
by injury. Moreover, bone marrow—derived hematopoietic stem cells recently were induced to
differentiate along neuronal lines, thus providing another potential source of neuronal cells for
transplantation.

Isaacson O: The production and use of cells as therapeutic agents in neurodegenerative
diseases. Lancet Neurol 2:417-424, 2003.

KEY POINTS: NEUROLOGIC DISEASES v

1

. Some neurologic diseases (HIV infection, prion diseases) seem to violate the fundamental

principle of molecular biology that information flows from DNA to RNA to proteins.

. Many genetic neurologic diseases have been shown to be caused by expansion of

trinucleotide (triplet) repeat sequences.

. Prion diseases, all of which are neurologic (including “mad cow” disease), represent an

entirely unknown area of biology.
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40. Name several potential obstacles to successful neuronal transplantation
in humans.
The following is only a partial list:
1. Appropriate differentiation of neurons (e.g., from stem cells)
. Maintaining stability of neuronal phenotype over time
. Regulating neurotransmitter production and cell proliferation
. Making connections with both upstream and downstream targets
. Reintegration into functioning neural networks (i.e., “relearning”)
. Protection from ongoing disease processes
. Ethical issues with cells derived from human embryos
At present, it is unknown which of these obstacles will pose serious challenges to the
success of neuronal transplants. However, the potential for improvement using cell transplants
may be quite large, and a number of clinical trials are under way to evaluate the safety and
efficacy of neuronal transplantation in a variety of CNS disorders.
Freed CR, Greene PE, Breeze RE, et al.: Transplantation of embryonic dopamine neurons for
severe Parkinson disease. N Engl J Med 344:710-719, 2001.
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41. Describe some of the challenges encountered in producing successful “gene
therapy” for neurologic disorders.

1. Loss of function, which can be corrected with replacement of nonfunctioning genes,
accounts for only a small percentage of genetic disorders. Disorders resulting from a toxic
gain of function may require suppression of abnormal gene product or actual correction of
the defective DNA sequences, a more formidable task.

2. Most vectors for introducing DNA into cells are inefficient (i.e., only a minority of cells

successfully express the introduced gene).

. Expression of proteins from viral vectors on cell surfaces may trigger host immune responses.
. Introduction of the normal protein itself may trigger host immune responses.

. Expression of introduced DNA may be transient.

. Vectors may introduce genes into nontarget cells.

. Integrated DNA sequences may be regulated abnormally.

This is only a partial list. Despite these challenges, the promise of correcting genetic
disorders at a fundamental level has spurred a high level of research aimed at bringing gene
therapies to clinical trial. The recent results from replacement of the gene encoding for
adenosine deaminase in T cells of patients with one form of severe immunodeficiency have
further stimulated interest in extending gene therapeutic approaches to brain and
neuromuscular disorders.
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CLINICAL NEUROANATOMY

Brian D. Loftus, MD, Sudhir S. Athni, MD, and Igor M. Cherches, MD

EMBRYOLOGY

How is the neural tube formed?

Beginning around the eighteenth gestational day, a midline notochordal thickening anterior
to the blastopore forms the neural plate. A midsagittal groove called the neural groove
appears in the plate, and the sides elevate to form the neural folds. As the folds fuse, the
neural tube is formed. Some cells at the edges of the fold do not fuse into the tube and
become neural crest cells.

What types of cells are derived from the neural crest cells?

Neural crest cells give rise to (1) unipolar sensory cells, (2) postganglionic cells of
sympathetic and parasympathetic ganglia, (3) chromaffin cells of the adrenal medulla,
(4) some microglial cells, (5) pia mater, (6) some arachnoid cells, (7) melanocytes, and
(8) Schwann cells.

What are the alar plate and the basal plate?

As the neural tube is formed, a longitudinal groove appears on each side and divides

the neural tube into a dorsal half, or alar plate, and a ventral half, or basal plate. The alar
plate gives rise to the prosencephalon; the sensory and coordinating nuclei of the thalamus; the
sensory neurons of the cranial nerves; the coordinating nuclei including cerebellum, inferior
olives, red nucleus, and quadrigeminal plate; and the posterior horn area (sensory) of the spinal
cord. The basal plate stops at the level of the diencephalon and gives rise to the motor neurons
of the cranial nerves and anterior horn (motor) area of the spinal cord.

What is the process of formation of the ventricles, prosencephalon,
mesencephalon, and rhombencephalon?

Around the end of the first gestational month, a series of bulges anterior to the first cervical
somites appears. The first bulge is the prosencephalon, or forebrain. The cavity of this bulge
forms the lateral ventricles and third ventricle. Secondary outpouchings from the forebrain
are called optic vesicles and eventually form the retina, pigment epithelium, and optic nerve.
The second bulge is the mesencephalon, or midbrain. The cavity of this bulge forms the
cerebral aqueduct. The third bulge is the rhombencephalon, or hindbrain. This cavity gives
rise to the fourth ventricle.

Which structures arise from the prosencephalon, mesencephalon, and
rhombencephalon?

The prosencephalon develops into the telencephalon, which includes the cerebral cortex
and basal ganglia, and the diencephalon, which includes the thalamus and the
hypothalamus. The mesencephalon gives rise to the midbrain. The rhombencephalon
gives rise to the metencephalon (pons plus cerebellum) and myelencephalon (medulla).
See Table 2-1.
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TABLE 2-1. EMBRYONIC DIVISIONS OF THE CENTRAL NERVOUS SYSTEM

Embryonic Divisions Adult Derivatives Ventricular Cavities

Forebrain (prosencephalon)

Telencephalon Cerebral cortex Lateral ventricles
Basal ganglia

Diencephalon Thalamus
Hypothalamus
Subthalamus Third ventricle
Epithalamus

Midbrain (mesencephalon) Tectum Aqueduct
Cerebral peduncles

Hindbrain (rhombencephalon)

Metencephalon Cerebellum Fourth ventricle
Pons

Myelencephalon Medulla

Spinal cord Spinal cord No cavity

MUSCLE

What is the histologic organization of skeletal muscle?

Skeletal muscle is composed of long, thin, cylindrical, multinucleated cells called
musclefibers (or myofibrils). Each fiber has a motor endplate at its neuromuscular junction
and is surrounded by connective tissue called endomysium. Groups of fibers, or a fascicle,
are surrounded by a connective tissue layer called the perimysium. Fascicles are grouped
together and surrounded by epimysium.

What is found at the A band, H band, | band, and Z line?

The A band contains the thin filaments (actin) and the thick filaments (myosin). The H band
is the portion of the A band that contains only myosin, and the I band is the portion that
contains only actin. The actin is anchored at the Z line (Figure 2-1).

How does the muscle contract?

When the sarcoplasmic reticulum is depolarized, calcium ions enter the cell and bind to
troponin. This causes a conformational change that allows exposure of the actin-binding site
to myosin. The myosin attaches to the actin-binding site and flexes, causing the actin filament
to slide by the myosin filament. Adenosine triphosphate (ATP) is required to allow the
myosin-actin crossbridge to release and the muscle to relax.

What is meant by the term motor unit?
The motor unit is one motor nerve (lower motor neuron) and all muscle fibers that it innervates.

THE MUSCLE STRETCH REFLEX

What is the muscle stretch reflex?
The muscle stretch reflex is a reflex arc that responds to stretching of muscle fibers to
keep the muscle in an appropriate state of tension and tone, ready to contract or relax as
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A Terminal  Transverse Sacroplasmic Sarcolemma
cistern tubules r/'liwbm (muscle fiber membrane)
\

Figure 2-1. The histologic anatomy of the human skeletal muscle. From Kandel E, Schwartz
JH, Jessell TM (eds): Principles of Neuroscience, 3rd ed. New York, Elsevier, 1991, p 549.

needed. The sensory input (afferent) of the reflex is from two structures in the muscle
called spindles and Golgi tendon organs. The output (efferent) is the alpha motor neuron
that contracts (tightens) the muscle. (The muscle fibers are sometimes referred to as
extrafusal fibers.)

What type of nerve fiber innervates the muscle?
An anterior horn motor neuron, called an alpha motor neuron, innervates the muscle. It is the
final common pathway for muscle contraction.

What is the function of the la nerve fiber?

The la nerve arises from annulospiral endings within the muscle spindle. When the muscle
spindle is stretched (i.e., when the muscle is relaxed), the la sensory nerve, through the
dorsal root, monosynaptically stimulates the alpha motor neuron, which fires and contracts
(shortens) the muscle. Thus, the muscle stretch reflex maintains tone and tension in the
muscle, by contracting it when it gets too relaxed.

Is the la reflex monosynaptic or polysynaptic?
It is monosynaptic, but it initiates a polysynaptic inhibition of the antagonist muscle group.
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In the spinal cord, which nerve fibers synapse on the alpha motor neuron?
Both the corticospinal tract and afferent la sensory nerves regulate the alpha motor neuron by
snapping on it in the anterior horn of the spinal cord. Renshaw cells are interneurons that
are stimulated by the alpha motor neuron and then, by a feedback mechanism, inhibit the
alpha motor neuron, causing auto inhibition.

What is the role of the gamma efferent nerve?

The muscle spindle is kept tense and responsive by tiny muscle fibers inside it, called
intrafusal fibers. The gamma efferent nerve fibers keep the muscle spindles “tight” by
innervating and contracting the intrafusal fibers in the muscle spindle. This process ensures
that the spindle remains sensitive to any stretch.

Where does the Ib fiber originate?
The Ib fiber originates from the Golgi tendon organ, another structure that monitors muscle
stretch and acts to inhibit muscle contraction (not shown in the diagram).

Where does the Ib neuron synapse?

At the spinal cord level, the Ib sensory nerve polysynaptically inhibits the alpha motor neuron
to prevent muscle contraction and also stimulates the gamma efferent nerve to the intrafusal
fiber to reset the muscle spindle.

LUMBOSACRAL PLEXUS AND LEG INNERVATION

Which roots make up the lumbar plexus?
Roots of L1, L2, L3, L4, and sometimes T12 make up the lumbar plexus.

What are the two largest branches of the lumbar plexus?

1. Obturator nerve (L2, L3, L4). It leaves the pelvis through the obturator foramen and
supplies the adductors of the thigh.

2. Femoral nerve (L2, L3, L4). It exits the pelvis with the femoral artery and supplies the hip
flexors and knee extensors. Distally, it continues as the saphenous nerve to supply sensation to
the medial anterior knee and medial distal leg, including the medial malleolus (Figure 2-2).

What are the other branches of the lumbar plexus?

1. lliochypogastric nerve (L1)—sensation to skin over hypogastric and gluteal areas; to
abdominal muscles

2. llioinguinal nerve (L1)—sensation to skin over groin and scrotum (labia)

. Genitofemoral nerve (L1, L2)—enters the internal inguinal ring and runs in the inguinal canal

4. Lateral femoral cutaneous nerve (L2, L3)—sensation to skin over anterior and lateral
parts of the thigh

w

Which nerve is at risk during appendectomy (McBurney’s incision)?

The iliohypogastric nerve may be cut as it passes between the external and internal oblique
muscles. This results in weakness in the inguinal canal area, putting the patient at risk for
direct inguinal hernia.

What is meralgia paresthetica?

Meralgia paresthetica is numbness and tingling in the lateral thigh secondary to compression
of the lateral femoral cutaneous nerve as it runs over the inguinal ligament. It commonly
occurs in obese or pregnant patients. It can also be caused by placing hard objects in the
pockets of low rider jeans.
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Figure 2-2. Diagram of the nerves and muscles on the anterior aspect of the
lower limb. From Medical Research Council: Aids to the Examination of the
Peripheral Nervous System, London, 1976.

Which nerve supplies the gluteus maximus?
The inferior gluteal nerve (L5, S1, S2) supplies the gluteus maximus muscle.

What is the largest nerve in the body?

The sciatic nerve (L4, L5, S1, S2, S3), the largest nerve in the body, is composed of the
common peroneal nerve (L4, L5, S1, S2) in its dorsal division and the tibial nerve (L4, L5, S1,
S2, §3) in its ventral division (Figure 2-3).

What is the only nerve in the sacral plexus that emerges through the greater
sciatic foramen, superior to the piriformis muscle?

The superior gluteal nerve (L4, L5, S1) supplies the gluteus medius and minimus, and tensor
fascia lata (abduction and medial rotation of the thigh).
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Figure 2-3. Diagram of the nerves and muscles on the posterior aspect of
the lower limb. From Medical Research Council: Aids to the Examination of
the Peripheral Nervous System, London, 1976.

Which nerve supplies the inferior buttock and posterior thigh?
The posterior femoral cutaneous nerve (S1, S2, S3), which runs with the inferior gluteal
nerve, supplies the inferior buttock and posterior thigh.

Which nerve supplies the structures in the perineum?
The pudendal nerve (S2, S3, S4) supplies the perineum.

What is the only muscle supplied by the sciatic nerve that receives
innervation exclusively from the dorsal division (i.e., peroneal component) of
the sciatic nerve?

The biceps femoris has only dorsal innervation. This point is important clinically in trying to
differentiate lesions caused by damage to the common peroneal nerve versus the sciatic
nerve itself.
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Which muscles are supplied by the tibial nerve?
The tibial nerve supplies plantar flexors and invertors of the foot.

What are the two divisions of the common peroneal nerve?

1. Deep peroneal nerve—dorsiflexion of the foot and toes and sensation to a small area of
skin between the first and second toes.

2. Superficial peroneal nerve—evertors of the foot and sensation to the skin of the dorsal
and lateral foot.

BRACHIAL PLEXUS AND ARM INNERVATION

The brachial plexus comprises which roots?
The brachial plexus comprises the ventral rami of C5, C6, C7, C8, and T1 (Figure 2-4).
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Nerve to subclavius ( ca

Long thoracic nerve to serratus anterior.

Suprascapular nerve to supraspinatus and infraspina(us\
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Short head of biceps.
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~ = = UM R
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~.
ULNAR NERVE —..___ ~"MEDIAL CORD

—0
Medial cutaneous nerve of forearm —————
Subscapular nerves
to subscapularis
and teres major

Medial cutaneous nerve of arm

Thoracodorsal nerve —-
to latissimus dorsi

Figure 2-4. The brachial plexus. From Tindall B: Aids to the Examination of the Peripheral Nervous
System. London, W.B. Saunders, 1990.

32. Which nerves arise from the ventral rami of the roots before formation of the

brachial plexus?
1. Dorsal scapular nerve, from C5 to rhomboid and levator scapula muscles; responsible for
elevation and stabilization of the scapula.
2. Long thoracic nerve, from C5, C6, C7 to serratus anterior; responsible for abduction of the
scapula.
Testing these nerves is useful in differentiating between root and plexus lesions. If
there is a deficit in one of these nerves (clinically or electrically), the lesion is proximal to
the plexus.
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Which roots form the three trunks of the brachial plexus?
(1) Superior trunk, formed by C5 and C6; (2) middle trunk, formed by C7; and (3) lower trunk,
formed by C8 and T1.

Which nerves originate from the cervical roots before formation of the
brachial plexus?
Dorsal scapular nerve (C5) and long thoracic nerve (C5, C6, C7).

What is the only nerve from the trunks of the brachial plexus?
The suprascapular nerve (C5) comes off the upper trunk and supplies the supraspinatus
(abduction) and infraspinatus (external rotation) of the shoulder.

Which vascular structure is associated with the three cords of the brachial
plexus?

The lateral cord (G5, C6, C7), medial cord (C8, T1), and posterior cord (C5, C6, C7, C8) are
named in relationship to the axillary artery.

What are the nerves off the cords of the brachial plexus?
Lateral cord
1. Lateral pectoral nerve (C5, C6, C7)—to pectoralis minor
2. Musculocutaneous nerve (C5, C6)—to brachialis and coracobrachialis (elbow flexion)
3. Median nerve (partial; C6, C7)—to pronator teres, flexor carpi radialis, part of flexor
digitorum superficialis, part of palmaris longus
Medial cord
4. Medial pectoral nerve (C8, T1)—to pectoralis major (shoulder adduction)
5. Ulnar nerve (C8, T1)—ulnar wrist and long finger flexors
6. Median nerve (partial; C8, T1)—long finger flexors and small hand muscles
7. Medial brachial cutaneous nerve—skin over medial surface of arm and proximal forearm
8. Medial antebrachial cutaneous nerve—skin over medial surface of forearm
Posterior cord
9. Upper subscapular nerve (C5, C6)—to subscapularis (medial rotation of the humerus)
10. Thoracodorsal nerve (C6, C7, C8)—to latissimus dorsi (shoulder adduction)
11. Lower subscapular nerve (C5, C6)—to teres major (adducts the humerus)
12. Axillary nerve (C5, C6)—to deltoid (abduction of the humerus) and teres minor (lateral
rotation of humerus)
13. Radial nerve (C5, C6, C7, C8, T1)—to extensor muscles of upper limb (Figures 2-5
and 2-6).

What is Erb’s palsy?

Erb’s palsy is an injury to the upper brachial plexus (C5, C6) resulting from excessive
separation or stretch of the neck and shoulder (such as from a sliding injury or from pulling
on an infant’s neck during delivery). The result is decreased sensation in the C5 and C6
dermatomes and paralysis of scapular muscles. The arm may be held in adduction, with the
fingers pointing backward, so-called waiter’s tip position. Distal strength in the upper
extremity remains intact.

What is Klumpke’s palsy?

Klumpke’s palsy results from maximal abduction of the shoulder, causing injury to the lower
brachial plexus (C8, T1) and leading to weakness and anesthesia in a primarily ulnar
distribution.
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ULNAR NERVE

Flexor carpi ulnaris
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Opponens digiti minimi
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Figure 2-5. Diagram of the ulnar nerve and the muscles that it supplies. From
Medical Research Council: Aids to the Examination of the Peripheral
Nervous System. London, 1976.

40. What is Parsonage-Turner syndrome?

41.

Parsonage-Turner syndrome is an acute brachial plexus neuritis, commonly also affecting
the long thoracic, musculocutaneous, and axillary nerves. It causes patchy upper extremity
weakness and numbness, usually accompanied by pain. Symptoms are bilateral in 20% of
patients. This condition is associated with diabetes, systemic lupus erythematosus, and
polyarteritis nodosa and may follow immunizations or viral infections. One-third of patients
recover within 1 year and 90% within 3 years.

What deficit results from poorly fitting crutches?
Pressure from crutches results in a lesion of the posterior cord or the radial nerve, leading to
weakness of the elbow, wrist, and digits.
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Figure 2-6. Diagram of the median nerve and the muscles that it
supplies. From Medical Research Council: Aids to the Examination of the
Peripheral Nervous System. London, 1976.

Which nerve is commonly affected in shoulder dislocation or fracture of the
humerus?

The axillary nerve is affected, resulting in a lesion that causes decreased abduction of the
shoulder and anesthesia over the lateral part of the proximal arm.

What is thoracic outlet syndrome (TOS)?

Classically, TOS consists of decreased upper extremity pulses, with tingling and numbness in
the medial aspect of the arm secondary to compression of the medial cord of the brachial
plexus and the axillary artery by a cervical rib or other structures.



m CHAPTER 2 CLINICAL NEUROANATOMY

KEY POINTS: INNERVATION OF LEG AND ARM v

1.

44,

45.

46.

47.

48.

49.

Foot drop (weakness of the tibialis anterior muscle) can be caused by lesions to the common
peroneal nerve or L5 nerve root.

. Testing the dorsal scapular and long thoracic nerves is useful in trying to differentiate

between root and plexus lesions. If there is a deficit in one of these nerves (clinically or
electrically), the lesion is proximal to the plexus.

. The median nerve is involved in carpal tunnel syndrome. There are typically no objective

findings in the exam of a patient with this syndrome.

ROOTS AND DERMATOMES

What is found in the ventral nerve root?
The ventral nerve root contains principally motor axons.

What is found in the dorsal nerve root?
The dorsal nerve root contains principally sensory axons.

What synapse is found in the dorsal root ganglia?
There is no synapse in the dorsal root ganglia. The dorsal root ganglia are made up of
unipolar cell bodies for the sensory system.

What are the dermatomes of the following landmarks: thumb, middle finger,
little finger, breast nipple, umbilicus, medial knee, big toe, and little toe?
Thumb—C6, middle finger—C?7, little finger—C8, breast nipple—T4, umbilicus—T10, medial
knee—L4, big toe—L5, little toe—S1.

What are the common signs and symptoms of lumbar radiculopathies?
Lumbar radiculopathies cause back pain with radiation below the knee. The pain
increases with a Valsalva maneuver or leg stretch (such as the straight leg raising test).
Weakness or numbness may develop in the distribution of the involved root. An S1
radiculopathy diminishes ankle reflexes, whereas an L4 radiculopathy decreases knee
reflexes. Statistically, an L5 radiculopathy is more common than S1, followed by L4. This is
because the intervertebral discs at these levels are under greatest pressure from the
curvature of normal lumbar lordosis and thus are most vulnerable to herniation and
compression of the spinal roots.

What are the common signs and symptoms of cervical radiculopathies?
Cervical radiculopathies usually involve the lower cervical roots (C6, C7, C8). Patients
typically complain of pain in the back of the neck, frequently with radiation to the arm in a
dermatomal distribution. Paresthesias are often present in one or two digits. Absent biceps,
brachioradialis, or triceps reflexes suggest lesions of C5, C6, and C7, respectively, and these
muscles also may lose strength.
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SPINAL CORD: GROSS ANATOMY

How is the spinal cord organized?

Sections of the spinal cord cut perpendicular to the length of the cord reveal a butterfly-
shaped area of gray matter with surrounding white matter. The white matter consists mainly
of longitudinal nerve fibers, carrying the ascending and descending tracts up and down the
cord. Midline grooves are present on the dorsal and ventral surfaces (the dorsal median
sulcus and ventral median fissure). The gray matter of the cord contains dorsal and ventral
enlargements known as dorsal horns and ventral horns.

In a given transverse section of the spinal cord, how is the gray matter
subdivided?

The gray matter can be subdivided into groups of nuclei. When the spinal cord is cut along its
length, these nuclei appear to be arranged in cell columns or laminae. Rexed divides the cord
into 10 laminae. Each lamina extends the length of the cord, with lamina | at the most
dorsal aspect of the dorsal horn, lamina IX at the most ventral aspect of the ventral horn, and
lamina X surrounding the central canal. Lamina Il is also called the substantia gelatinosa
and is the area of synapse for the spinothalamic tract. Lamina IX is the site of the cell bodies
for the anterior horn motor cells.

What are the major ascending tracts in the spinal cord?
(1) Dorsal columns; (2) spinothalamic tract; (3) dorsal spinocerebellar tract (DSC); and
(4) ventral spinocerebellar (VSC) tract.

What are the major descending tracts in the spinal cord?

(1) Intermediolateral columns; (2) lateral corticospinal tract; (3) lateral reticulospinal tract;
(4) lateral vestibulospinal tract; (5) medial longitudinal fasciculus (MLF); and (6) ventral
corticospinal tract.

Going from rostral to caudal, what are the five divisions of the spinal cord?
Cervical, thoracic, lumbar, sacral, and coccygeal are the five divisions of the spinal cord.

In the adult, at what vertebral level does the spinal cord end?
The spinal cord ends at vertebral level L1 to L2.

How many spinal nerves exit from each region of the spinal cord?

Spinal nerves exit the spinal cord in pairs: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and

1 coccygeal. Each spinal nerve is composed of the union of the dorsal sensory root and the
ventral motor root.

What is the filum terminale?

Although the spinal cord ends at the lower border of vertebral level L1, the pia mater
continues caudally as a connective tissue filament, the filum terminale, which passes through
the subarachnoid space to the end of the dural sac, where it receives a covering of dura and
continues to its attachment to the coccyx.

What is the cauda equina?

The lumbar and sacral spinal nerves have very long roots, descending from their respective
points in the spinal cord to their exit points in the intervertebral foramina. These roots
descend in a bundle from the conus, termed the cauda equina for its resemblance to a
horse’s tail.
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Describe the blood supply of the spinal cord.

The one anterior spinal artery and the two posterior spinal arteries travel along the length of
the cord to supply blood to the cord. These arteries originate from the vertebral arteries.
Other arteries replenish the anterior and posterior spinal arteries and enter the spinal canal
through the intervertebral foramina in association with the spinal nerves. They are called
radicular arteries if they supply only the nerve roots, and radiculospinal arteries if they supply
blood to both the roots and the cord. Each radiculospinal artery supplies blood to
approximately six spinal cord segments, with the exception of the great radicular artery of
Adamkiewicz, which usually enters with the left second lumbar ventral root (range T10 to L4)
and supplies most of the caudal third of the cord.

SENSORY: DORSAL COLUMNS AND PROPRIOCEPTION

What type of information is carried in the dorsal columns?
The dorsal columns convey tactile discrimination, vibration, and joint position sense.

What types of receptors are stimulated to sense this information?

Muscle spindles and Golgi tendon organs perceive position sense, Pacinian corpuscles
perceive vibration, and Meissner corpuscles perceive superficial touch sensation needed for
tactile discrimination. Pacinian and Meissner corpuscles are examples of mechanoreceptors.

What type of peripheral nerve fiber is involved with transmission of dorsal
column information?
Large, myelinated, fast-conducting nerve fibers carry dorsal column-type information.

What is the pathway by which this information reaches the cerebral cortex?
Sensation on skin — afferent sensory nerve — dorsal column on ipsilateral side (fasciculus
gracilis and cuneatus) — lower medulla — synapse in nucleus gracilis and cuneatus —
arcuate fibers — cross to the contralateral side into the medial lemniscus — ascend to the
ventral posterolateral (VPL) nucleus of the thalamus — synapse — through the posterior
limb of the internal capsule — postcentral gyrus of the cortex.

Where do dorsal column fibers decussate? At what locations do they synapse?

The dorsal columns decussate in the lower medulla, after synapsing in the nucleus gracilis
and cuneatus. They also synapse in the VPL of the thalamus before going to the cortex.

SENSORY: SPINOTHALAMIC

What type of information is carried in the spinothalamic tract?
The spinothalamic tract conveys pain, temperature, and crude touch.

What type of peripheral nerve fiber is involved with transmission of
spinothalamic information?
Small, myelinated, and unmyelinated fibers carry spinothalamic-type information.

What is the pathway by which this information reaches the cerebral cortex?
Sensation on skin — afferent sensory nerve — substantia gelatinosa of the ipsilateral dorsal
horn — synapse — cross via the anterior white commissure — contralateral spinothalamic
tract — ascend to the VPL nucleus of the thalamus — synapse — through the posterior
limb of the internal capsule — postcentral gyrus of the cortex.
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Where do the spinothalamic fibers decussate? At what locations do they
synapse?

These fibers decussate at the level they enter the spinal cord, after synapsing in Rexed’s
lamina Il (substantia gelatinosa). They also synapse in the VPL of the thalamus before going
to the cortex.

What types of receptors are stimulated to sense this information?

Pain and temperature are perceived by naked terminals of A delta and C fibers and by many
specialized chemoreceptors that are excited by tissue substances released in response to
noxious and inflammatory stimuli. Substance P is thought to be the neurotransmitter released
by A delta and C fibers at their connections with the interneurons in the spinal cord.

Where in the internal capsule do the afferents travel from the VPL thalamic
nucleus?

The sensory tracts from the VPL travel in the posterior aspect of the posterior limb of the
internal capsule.

To which anatomic locations do the afferents from the VPL project?

They project to the postcentral gyrus (Brodmann’s area 3, 1, 2; also called somatosensory /),
and to somatosensory Il (the posterior aspect of the superior lip of the lateral fissure).

SENSORY: SPINOCEREBELLAR

Which pathway carries proprioception from the lower limbs to the
cerebellum?
Proprioception travels from the legs to the cerebellum in the dorsal columns.

Where does cerebellar proprioception for the lower limb synapse?
These fibers synapse in the midthoracic level of the spinal cord in the nucleus dorsalis of Clarke.

Where is the spinocerebellar tract located?
The spinocerebellar tract lies lateral to the corticospinal tract in the cord.

MOTOR: CORTICOSPINAL

Where do the motor fibers originate?

The motor fibers originate from the precentral gyrus (Brodmann’s area 4). Initiation of
movement arises from the premotor cortex (Brodmann’s area 6), which lies anterior to the
precentral gyrus.

Where do the motor fibers travel in the internal capsule?

The corticospinal fibers travel in the anterior portion of the posterior limb of the internal
capsule. The motor fibers to the face (corticobulbar fibers) travel in the genu of the
internal capsule.

Which cranial nerve exits the midbrain in close proximity to the corticospinal
fibers?

Cranial nerve Il exits the midbrain in close proximity to the corticospinal fibers, which
explains the symptoms of a common vascular syndrome. In Weber’s syndrome, a stroke in
this location causes an ipsilateral third nerve palsy with contralateral hemiparesis.
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Where do the motor fibers decussate?

The corticospinal tract decussates in the lower ventral medulla, and most fibers continue
in the cord as the lateral corticospinal tract, with a small percentage descending in the
ventral corticospinal tract.

On what type of neurons in the spinal cord do the corticospinal fibers
synapse?

In the spinal cord, the corticospinal fibers synapse on the alpha and gamma motor neurons in
Rexed’s lamina IX.

MOTOR: OTHER TRACTS

What is the reticulospinal tract?

The reticulospinal tract also originates in the precentral gyrus, but instead of descending
uninterrupted to the spinal cord, these fibers synapse in the reticular formation of the brain
stem as they descend to the spinal cord. They mainly have an inhibitory effect on the alpha
and gamma motor neurons.

What is the vestibulospinal tract?

The vestibulospinal tract is the efferent from the lateral vestibular nucleus. This tract
descends the spinal cord, residing lateral to the spinothalamic tract, and coordinates motor
and vestibular performance.

What is the MLF?

The MLF is primarily an efferent of the lateral vestibular nucleus. This tract ascends to
the sixth, fourth, and third cranial nuclei. Other major components of the MLF are
interneurons originating from the paramedian pontine reticular formation (PPRF) (see
question 150).

BRAIN STEM: CRANIAL NERVES

What are the three parts of the brain stem?
The brain stem consists of the midbrain, pons, and medulla.

What is the reticular formation?

The reticular formation is a loosely organized longitudinal collection of interneurons that fill
the central core of the brain stem, which is concerned with modulating awareness and
behavioral performance.

Name the 12 cranial nerves.

I.  Olfactory IV. Trochlear VII. Facial X. Vagus
II. Optic V. Trigeminal VIII. Auditory XI. Spinal accessory
Il. Oculomotor VI. Abducens IX. Glossopharyngeal XII. Hypoglossal

What are general somatic afferent nerves? Which cranial nerves carry them?
General somatic afferent fibers carry exteroceptive (pain, temperature, touch) and
proprioceptive impulses. Cranial nerves for proprioception: 1ll, IV, V, VI, XII; for pain,
temperature, and touch: V, VII, IX, X.
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What are general visceral afferent nerves? Which cranial nerves carry them?
General visceral afferent fibers carry impulses from the visceral structures, and cranial nerves
IX and X contain these fibers.

What are special somatic afferent nerves? Which cranial nerves carry them?
Special somatic afferent fibers carry sensory impulses from the special senses (vision,
hearing, equilibrium), and cranial nerves Il and VIII contain these fibers.

What are special visceral afferent nerves? Which cranial nerves carry them?
Special visceral afferent fibers carry impulses from the olfactory and gustatory senses, and
cranial nerves | (olfactory) and VI, IX, and X (gustatory) contain these fibers.

What are general somatic efferent nerves? Which cranial nerves carry them?
General somatic efferent fibers carry motor impulses to somatic skeletal muscles. In the
head, the tongue and extraocular muscles are of this type. Cranial nerves IlI, IV, VI, and XII
carry these fibers.

What are general visceral efferent nerves? Which cranial nerves carry them?
General visceral efferent fibers carry parasympathetic autonomic axons. The following cranial
nerves carry general visceral efferent fibers:

1. Cranial nerve Il (Edinger-Westphal nucleus): the preganglionic fibers from the Edinger-
Westphal nucleus terminate in the ciliary ganglion, and the postganglionic fibers innervate
the pupil.

2. Cranial nerve VII (superior salivatory nucleus): the preganglionic fibers from the superior
salivatory nucleus terminate in the pterygopalatine and submandibular ganglion. The
postganglionic fibers innervate the lacrimal gland (from the pterygopalatine ganglion) and
the submandibular and sublingual gland (from the submandibular ganglion).

3. Cranial nerve IX (inferior salivatory nucleus): the preganglionic fibers from the inferior
salivatory nucleus terminate in the otic ganglion, and the postganglionic fibers innervate
the parotid gland.

4. Cranial nerve X (dorsal motor nucleus): the dorsal motor nucleus innervates the
abdominal viscera.

What are special visceral efferent nerves? Which cranial nerves carry them?
Special visceral efferent fibers innervate skeletal muscle derived from the branchial arches.
Cranial nerves V (muscles of mastication, first branchial arch), VII (muscles of facial
expression, second branchial arch), IX (stylopharyngeus muscle, third branchial arch),

X (muscles of the soft palate and pharynx, fourth branchial arch), and XI (muscles of the
larynx/sternocleidomastoid (SCM)/trapezius, sixth branchial arch) carry them.

MIDBRAIN

What are the three anatomic subdivisions of the midbrain?
The midbrain can be divided into the tectum, tegmentum, and cerebral crus (Figure 2-7).

What is the quadrigeminal plate?
The quadrigeminal plate is formed by the tectum and the superior and inferior colliculi.

What is the substantia nigra?
The substantia nigra, a motor nucleus in the basal ganglia system, lies anterior to the
tegmentum but posterior to the crus (pyramidal tract) in the midbrain.
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Figure 2-7. Diagram of the midbrain.

Which disease affects the substantia nigra? What is the pathology?

The primary efferent neurotransmitter from the substantia nigra is dopamine. Parkinson’s disease
damages the substantia nigra. Pathologically, the neurons lose their melanin and the nucleus
becomes depigmented. Many neurons also contain inclusion bodies called Lewy bodies.

What is the red nucleus?

The red nucleus is a globular mass located in the ventral portion of the tegmentum of the
midbrain. It is a relay center for many of the efferent cerebellar tracts. The crossed fibers of
the superior cerebellar peduncle (SCP) pass through and around its edges.

What is the Edinger-Westphal nucleus?
The Edinger-Westphal nucleus, in the posterior midbrain, supplies parasympathetic fibers
that terminate in the ciliary ganglion via cranial nerve Ill. It is mainly involved in pupillary
constriction and the light accommodation reflex.

What is the function of cranial nerve Il1?

Cranial nerve Ill innervates all the extraocular muscles except for the lateral rectus and
superior oblique. In innervates the medial rectus, superior rectus, inferior rectus, and inferior
oblique muscles.

Where does cranial nerve lll originate and exit the brain stem?

Cranial nerve lll, the oculomotor nerve, exits the brain stem medially from the midbrain
between the posterior cerebral artery and the superior cerebellar artery. This is important
because the nerve can be affected by aneurysms of these arteries.

What is the function of cranial nerve IV?
Cranial nerve IV, the trochlear nerve, innervates the superior oblique muscle.

What is the route of cranial nerve IV?

Cranial nerve IV travels posteriorly and medially, crosses the midline, wraps around the
midbrain, and exits the brain stem laterally between the posterior cerebral artery and superior
cerebellar artery. It has the longest intracranial route (approximately 7.5 cm) of any cranial
nerve. It then travels through the cavernous sinus and enters the orbit through the superior
orbital fissure. Because it crosses the midline, the right trochlear nerve innervates the left
superior oblique muscle.
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103. In a superior oblique palsy, which way would the patient tilt his or her head?
If the left superior oblique muscle is weak, then tilting the head to the right would reduce
the diplopia, and tilting the head to the left would worsen the diplopia. So a patient tilts his or
her head away from the affected eye (Figure 2-8).

.. Ventricle IV
Abducens nucleus (VI) ~-
) _ Vestibular nuclei (VIIl)
Medial longitudinal
fasciculus
Central tegmental ... Spinal trigeminal tract
ract and nucleus (V)
Paramedian pontine nothalamic
Facial nucleus (VII) """ Medial lemniscus
Facial CNVI) . et

ABAUCENS (CN V) --mmrmrreesmer=7

Figure 2-8. Anatomy of the medulla.

PONS

104. Which cranial nerves exit at the pontomedullary junction?
Cranial nerve VI exits medially, and cranial nerves VIl and VIII exit laterally (Figure 2-9).

Right Corticobulbar

Right 7th nucleus

Right 7th nerve

Left Corticobulbar

Left 7th nucleus

Left 7th nerve

Figure 2-9. Anatomy of the pons.

105. Where does cranial nerve V exit the brain stem?

Cranial nerve V, the trigeminal nerve, exits the brain stem laterally at the mid-pons level.

It divides into three main branches: V1 (ophthalmic), V2 (maxillary), and V3 (mandibular).
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What are the four subdivisions of the trigeminal nucleus?

1. Mesencephalic nucleus (which is a nucleus of unipolar cell bodies similar to the dorsal
root ganglion, with no synapse)

2. Chief sensory nucleus

3. Descending spinal nucleus

4. Motor nucleus

What type of information does cranial nerve V carry?

The trigeminal nerve carries sensation (general somatic afferent) from the anterior two-thirds
of the face, and motor innervation (special visceral efferent) to the muscles of mastication
(medial/lateral pterygoid, masseter, temporalis), the mylohyoid, anterior belly of the digastric,
tensor tympani, and tensor palati.

What is the pathway by which sensation from the face reaches the cortex?
After cranial nerve V enters the brain stem, the afferent nerves split into two parts: those
carrying dorsal column-type information and those carrying spinothalamic-type information.
The former goes to the ipsilateral chief sensory nucleus of V (mid-pons) — synapse —
enters the contralateral trigeminal lemniscus (which lies medial to the medial lemniscus) —
ventral posteromedial nucleus (VPM) of the thalamus — synapse — through the posterior
limb of the internal capsule to the postcentral gyrus. The pain-carrying fibers become the
spinal tract of V — descend from mid-pons to lower medulla — synapse in the spinal
nucleus of V — cross diffusely to form the contralateral trigeminal lemniscus (at mid-pons)
— VPM nucleus of the thalamus — synapse — through the posterior limb of the internal
capsule to the postcentral gyrus.

What is the function of cranial nerve VI?
Cranial nerve VI, the abducens nerve, abducts the eye.

What is the function of cranial nerve VII?

Cranial nerve VI, the facial nerve, innervates the muscles of facial expression (special
visceral efferent); innervates the lacrimal, submandibular, sublingual, and parotid glands
(general visceral efferent); supplies taste sensation to the anterior two-thirds of the tongue
(special visceral afferent); and supplies sensation to the external ear (general somatic
afferent).

How does the nucleus for cranial nerve VIl receive higher cortical input?

The innervation to the muscles of facial expression can be separated into the muscles of
the upper part of the face and the muscles of the lower part of the face. The supranuclear
input responsible for the movement of the upper facial musculature is a bilateral input
from the cortex to the nucleus. The supranuclear input responsible for the movement of the
lower facial musculature is only a contralateral input from the cortex to the facial nucleus
(Figure 2-10).

What is the difference between an upper motor neuron (central) and lower
motor neuron (peripheral) facial weakness?

If the patient with a facial droop can move the upper facial muscles (i.e., wrinkle the
forehead), the lesion is supranuclear on the contralateral side. The lesion is somewhere in the
contralateral corticobulbar tracts above the facial nerve nucleus (e.g., in the crus or in the
genu of the internal capsule). If the patient cannot voluntarily move any muscle involved in
facial expression (either upper or lower facial musculature), the lesion is localized to the facial
nucleus or the peripheral facial nerve on the ipsilateral side.
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Figure 2-10. Innervation to muscles of facial expression.

113. What is Mobius syndrome?
Mébius syndrome is congenital absence of both facial nerve nuclei, resulting in a facial
diplegia. Patients also may have associated absence of the abducens nuclei.

114. What is the function of cranial nerve VIII?
Cranial nerve VIII, the vestibulocochlear nerve, has two functionally distinct sensory divisions:
the vestibular nerve and the cochlear (or auditory) nerve. The vestibular nerve responds to
position and movement of the head, serving functions often identified as equilibrium. The
cochlear nerve mediates auditory functions.

MEDULLA

115. What is the nucleus ambiguus?
It is a cigar-shaped nucleus that lies in the depths of the medulla. It innervates the volitional
muscles of the pharynx by way of both cranial nerves IX and X and the larynx (for phonation)
via cranial nerve X. The larynx and pharynx have bilateral cortical input.

116. What is the nucleus solitarius?
It is the nucleus in the medulla that receives afferent information from the larynx (via cranial
nerve X) and posterior pharynx and mediates the gag and cough reflexes (cranial nerves
IX and X). Pain sensation from these areas enters the brain stem through cranial
nerves IX and X but terminates in the descending spinal tract of the trigeminal nerve.

117. What is the salivatory nucleus?
The superior salivatory nucleus sends efferent autonomic fibers (general visceral efferent)
through cranial nerve VII to innervate the lacrimal, submandibular, and sublingual glands as
well as the mucous membranes of the nose and hard and soft palate. The inferior salivatory
nucleus sends efferent autonomic fibers via cranial nerve IX to innervate the parotid gland.

118. What is the gustatory nucleus?
The gustatory nucleus is the nucleus in the medulla that receives afferent sensory information
for the sensation of taste. Taste from the anterior two-thirds of the tongue is innervated
by the chorda tympani (cranial nerve VII), the posterior one-third of the tongue is innervated
by cranial nerve IX, and the epiglottis is innervated by cranial nerve X.
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Describe the function of cranial nerves IX and X (glossopharyngeal-vagal
complex)

Cranial nerve IX (the glossopharyngeal nerve) and cranial nerve X (the vagus nerve) are
usually considered together because of their overlapping functions. Both cranial nerves travel
together intracranially, and both exit the cranial vault through the jugular foramen. The
nucleus ambiguus innervates the volitional muscles of the pharynx through both cranial
nerves IX and X, and the larynx via cranial nerve X. Sensation from the larynx enters the
medulla via cranial nerve X to terminate in the nucleus solitarius. Taste fibers from the
posterior one-third of the tongue travel via cranial nerve IX, and taste from the epiglottis via
cranial nerve X. They terminate in the gustatory nucleus. Cranial nerve IX also supplies
parasympathetic innervation to the parotid, originating in the inferior salivatory nucleus.
Branches of cranial nerve X, the vagus nerve, continue beyond the larynx to innervate the
heart, lungs, and abdominal viscera, providing primarily parasympathetic input.

What is the function of cranial nerve XI?

Cranial nerve XI, the spinal accessory nerve, is a small nerve of about 3500 motor fibers that
arises from the upper cervical and lower medullary anterior horn cells and supplies the SCM
and trapezius muscles. It exits the cranial vault via the jugular foramen.

What is jugular foramen syndrome?

Because cranial nerves IX, X, and Xl exit the cranial vault through the jugular foramen, jugular
foramen syndrome is a constellation of symptoms arising from a lesion (typically a tumor) at
the level of the jugular foramen that compromises the function of these cranial nerves.
Symptoms include loss of taste to the posterior two-thirds of the tongue; paralysis of the
vocal cords, palate, and pharynx; and paralysis of the trapezius and SCM muscles.

If the left spinal accessory nerve is cut, which functions are lost?

Because cranial nerve XI supplies the SCM and the trapezius, these muscles are weakened.
Because the left SCM is involved in turning the head to the right, a lesion of the left cranial
nerve Xl results in an inability to turn the head to the right. The left trapezius also loses
function, and the patient would not be able to shrug the left shoulder.

If the left hypoglossal nucleus is injured, which way does the tongue deviate?
Lesioning the nucleus is similar to lesioning the peripheral nerve. The left hypoglossal nerve
innervates the left tongue muscles, which, if acting alone, pushes the tongue to the right. The right
hypoglossal nerve innervates the right tongue muscles, which, if acting alone, pushes the tongue
to the left. Usually, these muscles work together to push the tongue forward without deviation.

If the left hypoglossal nucleus is lesioned, the right hypoglossal muscles act unopposed. The
tongue thus deviates to the left, or, in other words, the tongue deviates toward the affected side.

KEY POINTS: CRANIAL NERVE REFLEXES

oo o B~ W N

. Critical in establishing level of damage in coma

. Critical to finding a cause (focal—structural lesion; nonfocal—metabolic)
. Pupil reaction: (Il in, IIl out)

. Doll’s eyes or cold water calorics: VIII in, 1I, 1V, VI out

. Gag: IX'in, X out

. Able to breathe: medulla function
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124. What is Cheyne-Stokes breathing? Where is the lesion that causes it?
Cheyne-Stokes breathing is a crescendo-decrescendo pattern of periodic breathing in which
phases of hyperpnea regularly alternate with apnea. Cheyne-Stokes respirations are seen
most often with lesions affecting both cerebral hemispheres.

BREATHING

125. What is central neurogenic hyperventilation? What causes it?
Central neurogenic hyperventilation is a sustained, rapid, deep hyperpnea. It is produced by
lesions in the low midbrain to upper one-third of the pons.

126. What is apneustic breathing? What causes it?
Apneusis is a prolonged respiratory cramp, a pause at full inspiration. Apneustic breathing
may occur after damage to the mid or caudal pons.

127. What is cluster breathing? When does it occur?
Cluster breathing, a disorderly sequence of breaths with irregular pauses between the
breaths, may result from damage to the lower pons or upper medulla.

128. What is ataxic breathing? Where is the lesion that causes it?

It is a completely irregular pattern of breathing in which both deep and shallow breaths occur
randomly. The respiratory rate tends to be slow. The lesion that causes it is in the central medulla.

POSTURING

129. What is decorticate posturing? What causes it?
Decorticate posturing is a stereotyped response to noxious stimuli. In the upper extremity, it
consists of flexion of the arm, wrist, and fingers; in the lower extremity, it consists of
extension, internal rotation, and plantar flexion. Decorticate posturing most often occurs in
comatose patients with lesions below the thalamus but above the red nucleus.

130. What is decerebrate posturing? In whom does it occur?
Decerebrate posturing is a stereotyped response to noxious stimuli. It consists of extension,
adduction, and hyperpronation in the upper extremity and extension with plantar flexion in the
lower extremity. Comatose patients with lesions below the red nucleus but above the
vestibular nucleus may have decerebrate posturing.

VESTIBULAR APPARATUS

131. What are the five receptors of the vestibular apparatus, and what do they
sense?
Three semicircular canals that are oriented 90 degrees to each other sense rotational
acceleration in all three planes. One horizontally oriented utricle and one vertically oriented
saccule sense linear acceleration.

132. Where does the vestibular information synapse?
The vestibular nerve, carrying sensory data from the receptors, divides and synapses in four
vestibular nuclei grouped together in the medulla: the superior, inferior, medial, and lateral
vestibular nuclei.
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What is the output from these nuclei?
The vestibulospinal tracts and the MLF are the two efferent tracts from the vestibular nuclei.

Where do the vestibular nuclei project?

Vestibular nuclei project to (1) the oculomotor nuclei (cranial nerves Ill, IV, and VI),

(2) cranial nerve XI, (3) cervical nuclei for head and neck position, (4) fastigial nuclei of
the cerebellum, and (5) reticular formations of the brain stem.

What is the response of a hormal person to cold water injected in the left ear?
Injecting cold water in to the left ear causes slow eye movements toward the left, followed by
a fast phase of nystagmus back to the right.

What is the expected response of a comatose patient with an intact brain stem
to cold water in the left ear?
The patient will have slow eye deviation toward the left ear. The fast-phase nystagmus is absent.

HEARING

Which structures constitute the external ear, middle ear, and inner ear?

The external ear is composed of the pinna, the external auditory canal, and the tympanic
membrane. The middle ear is composed of the tympanic membrane, ossicles (malleus, incus,
stapes), and oval window. The ossicles function as an impedance matching device between
air and fluid during the travel of the sound wave. The inner ear is composed of part of the oval
window, the cochlea, and the round window.

Which compartments of the cochlea are filled with perilymph?

W Scala vestibuli. It is separated from the scala tympani by Reissner's membrane.

W Scala tympani. It is separated from the scala media by the basilar membrane.

B Scala media. The third compartment is filled with endolymph and is located between
Reissner’s and the basilar membranes (Figure 2-11).

Reissner's
membrane

Basilar membrane
and organ of Corti

Scala vestibuli

Scala media

Scala tympani

Bony wall of cochlea

*)
0 ' oval window
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\.“’
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Figure 2-11. Anatomy of the hearing apparatus. From Kandel E., Schwartz JH, Jessell TM (eds):
Principles of Neuroscience, 3rd ed. New York, Elsevier, 1991, p. 369.
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What is the pathway traveled by the cochlear fluid pressure wave initiated by a
sound wave?

The stapes transmits the pressure to the round window and from it to the perilymph of the
scala vestibuli, which, in turn, sets up vibrations of Reissner's membrane, resulting in a
wave in the scala media. The basilar membranes move next and transmit the pressure to the
scala tympani and from there to the oval window.

What is the arrangement of the neuroepithelial cells of the organ of Corti?

1. The outer hair cells (arranged in three rows) rest on the basilar membrane, with their
stereocilia inserted into the tectorial membrane; these cells are able to contract and initiate
the flow of endolymph toward the inner hair cells.

2. The inner hair cells (one row) sit on the bone; they do not contract. These cells respond to
the movement of endolymph and provide most of the afferent input to the spiral ganglion.

How does the organ of Corti serve as an audiofrequency analyzer?

The anatomic arrangement allows frequency analysis of sounds:

1. The basilar membrane responds to high frequencies at its base and to low frequencies at
its apex.

2. The hair cells in the base of the cochlear duct have short and fat stereocilia, which are
stimulated by high frequencies.

3. The hair cells in the apex of the cochlea have long and thin stereocilia, which respond best
to low frequencies.

What is the anatomy of the auditory pathway?

Spiral ganglion — auditory nerve (cranial nerve VIIl) — dorsal and ventral cochlear nuclei at
the junction of the medulla and pons — trapezoid body (at this point 50% of the axons
cross over to the other side) — superior olivary nucleus — lateral lemniscus — inferior
colliculus — medial geniculate body — transverse gyrus of Heschl (area 41, partly buried in
the sylvian fissure).

At what level is there crossing of information between the left and right
ascending tracts?

The crossing of axons occurs on every level from the trapezoid body to the medial
geniculate body.

To produce unilateral deafness, where could the lesion be?
The lesion must be at the cochlear nucleus or more peripheral because of multiple crossovers
above the cochlear nucleus.

What is a Weber’s test?

A vibrating tuning fork is placed in the middle of the forehead. In patients with conduction
deafness, the sound is localized to the affected ear (bone > air conduction). In patients with
sensorineural deafness, the signal is localized to the healthy ear.

What is Rinne’s test?

A vibrating tuning fork is placed on the mastoid bone; when the patient can no longer hear
it, it is removed and placed next to the ear. Thus, bone conduction is compared with air
conduction. In conduction deafness, bone > air conduction. In sensorineural deafness,

air > bone conduction.

What is the innervation of the external ear canal?
The external ear canal is supplied by cranial nerves V3, VI, IX, and X.
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Damage to which structures results in hyperacusis?

1. Facial nerve (VIl)—innervates the stapedius muscle, which retracts the stapes from the
round window.

2. Trigeminal nerve (V)—supplies the tensor tympani, which inserts into the malleus and
tenses the tympanic membrane, thus preventing it from vibrating.

What is the pathway for the feedback loop?

When auditory input reaches the superior olive, it sends signals to the olivocochlear
bundle through the VIII nerve; the signals then terminate on the outer hair cells or afferent
fibers in the spiral ganglia.

EYE MOVEMENTS

What is the paramedian pontine reticular formation (PPRF)?

The PPRF is a collection of cells lying in the pons adjacent to the nucleus of cranial nerve VI,
and is an important center for horizontal gaze. Efferent fibers from the PPRF project to

the ipsilateral abducens (V1) nucleus, and to the contralateral oculomotor (lll) nucleus
through the MLF, stimulating both eyes to move horizontally.

What is the difference between saccades and smooth pursuit movements?
Saccades are fast conjugate eye movements that are under voluntary control. Saccades are
generated in the contralateral frontal lobe (Brodmann’s area 8). Smooth pursuits are slow
involuntary movements of eyes fixed on a moving target. Pursuit movements to one side
are generated in the ipsilateral occipital lobe (Brodmann’s areas 18 and 19).

What is the pathway for saccades?
Fibers from the frontal eye field (Brodmann’s area 8) pass through the genu of the internal
capsule, decussate at the level of the upper pons, and synapse in the PPRF.

What is the pathway for smooth pursuit?
The pathway for smooth pursuit is not clearly defined but appears to arise in the anterior
occipital lobe (Brodmann’s areas 18 and 19) and travel to the ipsilateral PPRF.

What is the brain stem area for vertical gaze?
Near the superior colliculus, there are subtectal and pretectal centers that control vertical eye
movements and project to cranial nuclei I, 1V, and VI.

What are the pathways for voluntary vertical eye movements?

Vertical movements are driven symmetrically from both frontal lobes. When activated
bilaterally, fibers from Brodmann’s area 8 project via the frontopontine tract to act upon
bilateral cranial nuclei Ill, IV, and VI, which then innervate their respective muscles.

CEREBELLUM

Describe the anatomic divisions of the cerebellum.
The cerebellum is anatomically divided into the two hemispheres, the midline vermis and the
flocculonodulus.

What are the functions of each cerebellar “lobe”?
The hemispheres are involved in appendicular control, the vermis is involved in axial control,
and the flocculonodular lobe is involved in vestibular balance.
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158. What are the three layers of the cerebellar cortex?
1. Outermost molecular cell layer
2. Middle Purkinje cell layer
3. Innermost granular cell layer

159. What types of cells are located in each of these layers?
The molecular layer contains (1) stellate cells, (2) basket cells, (3) dendrites of Purkinje cells,
(4) dendrites of Golgi type Il cells, and (5) axons of granule cells. The Purkinje layer
contains the cell bodies of Purkinje cells. The granular layer contains (6) granule cells,
(7) Golgi type Il cells, and (8) glomeruli (synaptic complexes that contain mossy fibers, axons
and dendrites of Golgi type Il cells, and dendrites of granule cells).

160. What is the afferent fiber from the inferior olives? Through which peduncle
does it reach the cerebellum?
The afferent fiber from the inferior olives is the climbing fiber. It enters the cerebellum
through the inferior cerebellar peduncle.

161. What is Mollaret’s triangle?
Mollaret’s triangle is a physiologic connection between the red nucleus, inferior olives, and
dentate nucleus of the cerebellum. A lesion in this pathway can cause palatal myoclonus.

162. What are the deep nuclei of the cerebellum (medial to lateral)?
Medial to lateral, the cerebellar deep nuclei are fastigial, globus, emboliform, and dentate.

163. What are the primary inputs and outputs of the cerebellum?
Cerebellar function can be conceptualized as a feedback loop, with input arriving from an
origin, synapsing in a cerebellar nucleus, and then projecting back, often to the same origin
(Table 2-2).

TABLE 2-2. CEREBELLAR CONNECTIONS

Cerebellar Peduncle Connected to Tracts that Run in the Peduncle
Superior (SCP) Midbrain DRT and VSC
Middle (MCP) Pons CPC
Inferior (ICP) Medulla All other tracts to/from the cerebellum
Inflow Inflow Cerebellar OQutflow Outflow
Origin Tract Peduncle Nucleus Peduncle Tract Destination
Precentral CPC MCP Dentate SCP DRT Precentral
gyrus gyrus
Spinal cord  SC ICP Fastigial ICP — Vestibular
nucleus
Vestibular VC ICP Vestibular  ICP LVS Spinal cord
nucleus (MLF)
SCP, superior cerebellar peduncle; MCP, middle cerebellar peduncle; /CP, inferior cerebellar peduncle;
DRT, dentatorubrothalamic; V/SC, ventral spinocerebellar; CPC, corticopontocerebellar; SC,
spinocerebellar; V/C, vestibulocerebellar; LVS, lateral vestibulospinal; and MLF, medial longitudinal
fasciculus.
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What type of fiber originating in the cerebellar cortex is inhibitory on the deep
cerebellar nuclei?

Purkinje fibers originate in the cerebellar cortex and synapse on the deep nuclei as an
inhibitory neuron.

Where does the dentatorubrothalamic tract synapse?
These fibers synapse in the ventrolateral (VL) nucleus of the thalamus before ascending to
the cortex.

BASAL GANGLIA

What are the basal ganglia?
The basal ganglia are a collection of nuclei, largely concerned with motor control, composed
primarily of the corpus striatum, and the lenticular complex. (See Figure 10-1.)

What are the parts of the corpus striatum?
The corpus striatum is composed of the putamen and caudate.

What is the lenticular complex?
The lenticular complex, or lentiform nucleus, is composed of the globus pallidus and
putamen.

Which structure is the lateral border of the caudate?
The anterior limb of the internal capsule is the lateral border of the caudate.

What is the major outflow of the basal ganglia?

The major outflow of the basal ganglia projects from the medial globus pallidus as a fiber
bundle known as the lenticular fasciculus (Forel’s field H2). Another bundle from the
medial globus pallidus loops around the internal capsule as the ansa lenticularis. It then
merges in Forel’s field H with the lenticular fasciculus and with fibers from the
dentatorubrothalamic tract. These fibers then continue as the thalamic fasciculus (Forel’s field
H1) and synapse in the thalamic nuclei: centromedian, ventral lateral, and ventral anterior.
These thalamic nuclei then relay information up to the motor cortex.

Is there any other output from the medial globus pallidus?

Yes. Apart from the lenticular fasciculus and the ansa lenticularis, a third fiber tract leaves
the medial globus pallidus as the pallidotegmental tract and descends onto the
pedunculopontine nucleus in the midbrain, where neurons help to regulate posture. This is
the only descending tract from the basal ganglia.

Is there any output from the basal ganglia that does not originate in the medial
globus pallidus?

The only other output is a small tract (pallidosubthalamic fibers) that leaves the lateral globus
pallidus to synapse in the subthalamic nucleus.

What is the major input to the basal ganglia?

The major input is from the motor cortex and the thalamic nuclei. The basal ganglia
function, simplistically, as a feedback loop: cerebral cortex — basal ganglia — thalamus —
cerebral cortex.
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Which structure lies lateral to the thalamus and medial to the thalamus?
The posterior limb of the internal capsule is the lateral border of the thalamus. The third
ventricle lies medial to the thalamus.

THALAMUS

What is the anatomy of the thalamus?

The intermedullary lamina divides the thalamus into anterior, medial, and lateral groups. The
lateral group is further divided into ventral and dorsal tiers. Each group contains specific
nuclei:

B Anterior group: Anterior nucleus

B \Vedial group: Dorsomedial (DM) nucleus

W | ateral group:

M Dorsal tier
W | ateral dorsal (LD) nucleus
M | ateral posterior (LP) nucleus
B Pulvinar
B Ventral tier
B Ventral anterior (VA) nucleus
B VL nucleus
B VPL nucleus
B VPM nucleus
M | ateral geniculate (LG)
W Medial geniculate (MG)

Other nuclei that are often considered part of the thalamus include (1) reticular nucleus—a
small group of neurons that projects to other thalamic nuclei and may help regulate cortical
activity; (2) midline nuclei—diffuse neurons connected to the hypothalamus; and (3)
centromedian (CM)—an intralaminar nucleus that is part of the reticular formation that
activates the cortex.

What are the inputs to and from the main thalamic nuclei?
See Table 2-3.

What is the limbic lobe?

The limbic lobe is not a true lobe of the brain but rather a functional collection of structures
that regulate higher activities such as memory and emotion. It is commonly said to include
(1) cingulate gyrus, (2) parahippocampal gyrus, (3) hippocampal gyrus, and (4) uncus.

What is Papez’s circuit?

This is a route by which the limbic system communicates between the hippocampus,
thalamus, hypothalamus, and cortex. It forms a circuit from the hippocampal formation —
fornix — mammillary body — mammillothalamic tract — anterior group of thalamus —
cingulate gyrus — cingulate bundle — hippocampus (Note: the amygdala is not part of the
classic Papez circuit).

OLFACTION

What are the olfactory receptor cells?

The receptor cells are bipolar neurons that pass from the olfactory mucosa through the
cribriform plate to the olfactory bulb. Collectively, the central processes of the olfactory
receptor cells constitute cranial nerve I.
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TABLE 2-3. CONNECTIONS OF THE THALAMIC NUCLEI

Thalamic
Nucleus

Principal Input

Principal Output

Function

LP
LD

Pulvinar

DM

MG

LG

Anterior

VA

VL

VPM

VPL

CM

Parietal lobe
Cingulate gyrus

Association
areas of cortex
Amygdala, olfactory,
and hypothalamus
Auditory relay nuclei
(from inferior
colliculus)
Optic tract
Mammillary body
Globus pallidus
Cerebellum

Trigeminal lemniscus

Medial lemniscus and
spinothalamic

Reticular formation,
globus pallidus,
hypothalamus

Parietal lobe
Cingulate gyrus

Association areas of
cortex
Prefrontal cortex

Auditory cortex-area
41, 42

Visual cortex-area 17
Cingulate gyrus
Premotor cortex
Premotor and motor
cortices
Postcentral gyrus

Postcentral gyrus

Basal ganglia
(striatum)

LP, lateral posterior nucleus; LD, lateral dorsal nucleus; DM, dorsomedial nucleus; MG, medial
geniculate; LG, lateral geniculate; VA, ventral anterior nucleus; VL, ventrolateral nucleus; VPM, ventral
posteromedial nucleus; VPL, ventral posterolateral nucleus; CM, centromedian.

Sensory integration

Emotional
expression

Sensory integration

Limbic

Hearing

Vision
Limbic
Motor
Motor

Somatic sensation
(face)

Somatic integration
(body)

Sensory integration,
smell, limbic

180. What is the anatomy of the olfactory pathway?

1. In the olfactory bulb, the axons of receptor cells synapse on dendrites of mitral and tufted
cells (forming a glomerulus).

2. The axons of mitral and tufted cells compose the olfactory tract, which soon divides into
medial and lateral stria. Medial stria fibers cross to the contralateral side via the anterior
commissure, while the lateral stria fibers terminate in the anterior perforated substance,
amygdaloid complex, and lateral olfactory gyrus (which is the primary olfactory cortex).

3. From the lateral olfactory gyrus (prepiriform area), fibers project to the entorhinal cortex,
the medial dorsal nucleus of the thalamus, and the hypothalamus.

181. What is unique about the projection of olfactory information to the cerebral

cortex?

Unlike other sensory modalities, olfaction reaches the cortex without relay through
the thalamus.
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What are the most common causes of anosmia?
1. Rhinitis/nasal congestion

. Smoking

. Head injury

. Craniotomy

. Subarachnoid hemorrhage

. Meningiomas of the olfactory groove

. Zinc and vitamin A deficiency

. Hypothyroidism

. Congenital disorders (Kallmann’s syndrome)

. Dementing diseases (Alzheimer’s, Parkinson’s)

. Multiple sclerosis

— O WO NO O~ W
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VISION

What is the arrangement of cones and rods in the retina?

The 6 million cones are concentrated toward the center, and the 120 million rods are in the
periphery of the retina. In the fovea, located centrally within the macula, each cone is
served by a single ganglion cell, resulting in very high resolution. In the periphery, many rods
project to a single ganglion cell, giving high sensitivity but lower resolution.

What are the primary functions of rods?
Rods are concerned with night vision and are most sensitive between the blue and green
wavelengths.

What are the primary functions of cones?

Cones are concerned with color vision and daytime vision. The three types of cones are
tuned, via visual pigments, to different frequencies in the blue, green, and red wavelength
ranges.

What is the afferent pathway for the pupillary light reflex?

Retinal ganglion cells concerned with the light reflex travel with the optic nerve and tract
and then break away to project down to the midbrain pretectal nucleus. From the pretectal
nucleus, fibers project bilaterally, decussating via the posterior commissure to each
Edinger-Westphal nucleus.

Which nucleus mediates pupil constriction?
The Edinger-Westphal nucleus, or preganglionic parasympathetic nucleus of cranial nerve Ill,
mediates pupillary constriction.

What is the pathway for pupillary dilatation?

This pathway has three neurons. First-order fibers descend from the ipsilateral hypothalamus
through the brain stem and cervical cord to T1 to T2. They synapse on ipsilateral
preganglionic sympathetic fibers, exit the cord, travel up the sympathetic chain as second-
order neurons to the superior cervical ganglion, and then synapse on postganglionic
sympathetic fibers. The third-order neurons travel via the internal carotid artery to the orbit
and innervate the radial smooth muscle of the iris.

What is Horner’'s syndrome?
Horner’s syndrome is an interruption of the sympathetic supply to the eye, resulting in the
classic triad of ptosis, miosis, and anhydrosis.
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Describe the pharmacologic tests to diagnose Horner’s syndrome.

Instill 2% cocaine solution in both eyes, which dilates the pupils by preventing the reuptake of
the sympathetic neurotransmitter norepinephrine. If one eye fails to dilate, a diagnosis of
Horner’'s syndrome can be made because failure to dilate indicates an interruption of the
sympathetic supply (norepinephrine) to that eye. To further localize the lesion, one can use
amphetamine in the affected eye, which displaces norepinephrine from the nerve terminal
and dilates the pupil. If the pupil dilates in response to this test, the lesion affects the
third-order neuron, causing denervation hypersensitivity. Otherwise, the lesion is in the
first- or second-order neurons.

What is the anatomy of the lesion that causes an afferent pupillary defect?
An afferent pupillary defect means the pupil will not react to light. The lesion must be
prechiasmal and almost always involves the optic nerve.

What is the test for an afferent pupillary defect (Marcus Gunn pupil)?

The swinging flashlight test determines an afferent pupillary defect. Shine a light into the
normal eye and the pupil constricts (the affected eye also constricts consensually). Quickly
move the light onto the opposite affected eye, and the pupil dilates. Removing the light from
the normal pupil causes it and the affected pupil, responding consensually, to dilate. The
affected pupil thus seems to dilate when the swinging light hits it.

What is the value of the pupillary reflex for diagnosing third-nerve palsies?
Because the parasympathetic fibers travel along the outside of the third nerve, they are
usually damaged by nerve compression, resulting in pupillary dilatation. Third-nerve palsies
that cause pupillary dilatation are usually masses (e.g., tumors, aneurysms), whereas palsies
that do not involve the pupil are usually medical (e.g., ischemia, vasculitis).

What is the pathway for pupillary constriction that occurs with convergence?
The pathway begins in the occipital lobe (Brodmann’s area 18) and projects to the
Edinger-Westphal nucleus bilaterally. The details of how pupils constrict during convergence
are poorly understood.

What is an Argyll Robertson pupil?

An Argyll Robertson pupil, one form of light-near dissociation, is an irregular pupil that does
not constrict to light but does constrict to accommodation. This finding is quite specific for
central nervous system (CNS) syphilis. Light-near dissociation with a regular pupil can be
found in many diseases and is not specific for CNS syphilis.

What is the pathway of the optic nerve?

The ganglion cells from the nasal half of the retina travel in the optic nerve, where they
decussate in the optic chiasm and join the contralateral optic tract to the lateral geniculate
body. The ganglion cells from the temporal half of the retina travel in the optic nerve, stay in
the ipsilateral optic tract, and project to the lateral geniculate body. Thus, the contralateral
visual field is projected from each eye to the lateral geniculate body.

What thalamic nucleus is concerned with vision?
The lateral genicular body is the thalamic nucleus that handles vision.

What is the pathway of the optic radiation?

Second-order neurons from the lateral geniculate body project to the calcarine cortex
(Brodmann’s area 17). The superior visual field fibers wrap around the temporal horn on their
way to the inferior lip of the calcarine fissure. The macular area is served by the most
medial area of the calcarine cortex.
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Where is the lesion that causes a field defect in only one eye?
If only one eye is affected, the lesion must be prechiasmal.

VISUAL FIELDS

Where are the lesions that cause left homonymous hemianopsia, bitemporal
hemianopsia, and binasal hemianopsia?

Left homonymous hemianopsia can arise from the right optic tract, right lateral
geniculate body, right optic radiations, or the right occipital cortex. Bitemporal
hemianopsia is caused by midline chiasmal lesions such as pituitary lesions (from below)
or craniopharyngeal tumors (from above). Binasal hemianopsia can be caused only by
simultaneous lesions on the lateral optic nerves or chiasm, such as bilateral internal
carotid artery aneurysms.

What is a junctional scotoma?

A junctional scotoma results from a lesion at the junction of the optic nerve and chiasm.

It causes an ipsilateral central scotoma and a superior temporal defect in the other eye. It
occurs because some optic nerve fibers from the inferior temporal retina travel forward for a
few millimeters in the contralateral nerve when they decussate in the chiasm; they are thus
affected by a lesion in that nerve.

Where is the lesion that causes superior quadrantanopsia?

Superior quadrantanopsia usually results from damage to the inferior optic radiations. This
may occur in Meyer’s loop, which is the bundle of inferior optic radiations that swings
forward into the temporal lobe.

What visual field results from a right occipital lobe infarction?
A right occipital lobe infarction causes a left homonymous hemianopsia with macular
sparing.

CORTEX

What are the layers of the cerebral cortex?
The layers of the cerebral cortex are

I. Molecular layer IV. Inner granular layer
II. Quter granular layer V. Inner pyramidal or ganglion layer
II. Quter pyramidal layer VI. Multiform layer

Afferent fibers activated by various sensory stimuli terminate in layers IV, Ill, and II. These
signals are then transmitted to adjacent superficial and deep layers through multiple
interconnections. All the efferent fibers originate in layer V (Figures 2-12 and 2-13).

What is the columnar organization of the cortex?

Cortical neurons are arranged in cylindrical columns, each containing 100 to 300 neurons,
which are heavily interconnected up and down through the cortical layers. Throughout the
somatosensory system, cells responding to one modality are grouped together in the
columns. All neurons in the column receive input from the same area and therefore comprise
an elementary functional module of cortex.
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Figure 2-12. The superficial anatomy of the cerebral cortex showing Brodmann’s areas. From
Garoutte B: Survey of Functional Neuroanatomy, 2nd ed. Greenbrae, CA, Jones Medical
Publications, 1992, p. 144, with permission.
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Figure 2-13. The superficial anatomy of the cerebral cortex showing Brodmann’s areas. From
Garoutte N: Survey of Functional Neuroanatomy, 2nd ed. Greenbrae, CA, Jones Medical
Publications, 1992, p. 144, with permission.
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206. What is the line of Gennari?

The fourth layer of the occipital cortex in area 17 is divided by a greatly thickened band of
myelinated fibers, which is grossly visible and is called the /ine of Gennari. This stripe also
gives the name of striate cortex to that area of the brain. Brodmann’s areas 18 and 19 lack the
line of Gennari.

207. In what cortical cell layer are the Betz cells located?
Betz cells give rise to efferent motor tracts (corticospinal fibers) and lie in cortical layer V.

208. What is the function of the frontal lobe?
The frontal lobes (both right and left) are involved in voluntary eye movements, somatic
motor control, planning and sequencing of movements, and emotional affect. The left frontal
lobe is crucial for motor control of speech (Broca’s area).

209. What is the function of the temporal lobe?
The temporal lobes (both right and left) handle auditory and visual perception, learning and
memory, emotional affect, and olfaction. The dominant temporal lobe influences
comprehension of speech (Wernicke’s area). The nondominant temporal lobe mediates
prosody and spatial relationships.

210. What is the function of the parietal lobe?
The parietal lobes (both right and left) handle cortical sensation, motor control, and visual
perception. The dominant parietal lobe also handles ideomotor praxis. The nondominant
parietal lobe controls spatial orientation.

211. What is the function of the occipital lobe?
The occipital lobes (both right and left) mainly handle visual perception and involuntary
smooth pursuit eye movements.

212. In which lobe is visual-spatial information processed?
Visual-spatial information is mainly processed in the nondominant parietal lobe.

213. Where is language processed?
Language is primarily processed in Broca’s area (posterior inferior frontal gyrus, Brodmann’s
area 44) and Wernicke’s area (posterior part of the superior temporal gyrus, posterior part
of Brodmann’s area 22) in the dominant hemisphere.

214. Where is the lesion that causes achromatopsia (inability to match colors and
hues)?
Achromatopsia results from a lesion of the dominant occipital lobe (Brodmann’s area 18) and
is a feature of the syndrome of alexia without agraphia.

CIRCULATION

215. What is meant by the terms anterior and posterior circulation?
Anterior circulation refers to the common carotid and its distal ramifications, including the
internal carotid, middle cerebral, and anterior cerebral arteries. The posterior circulation
refers to the vertebral and basilar arteries and their branches, including the posterior
cerebral artery.
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Which vessels make up the circle of Willis?

1. The anterior circulation, which is composed of the middle cerebral arteries, anterior
cerebral arteries, and the anterior communicating artery, which connects the two anterior
cerebral arteries.

2. The posterior circulation, which is composed of the posterior cerebral arteries.

3. The posterior communicating artery, which connects the middle cerebral with the
posterior cerebral arteries, thus forming a true circle.

If the right anterior cerebral artery is occluded proximally, how does the circle
of Willis protect the patient from becoming symptomatic?

If the occlusion is slow enough for the blood flow to accommodate, the right anterior
cerebral artery receives blood from the contralateral internal carotid via the left anterior
cerebral and anterior communicating arteries.

What regions are supplied by the anterior cerebral artery, middle cerebral
artery, and posterior cerebral artery?

The anterior cerebral artery supplies the medial (midline) cerebral hemispheres, superior
frontal lobes, and superior parietal lobes. The middle cerebral artery supplies the inferior
frontal, inferolateral parietal, and lateral temporal lobes. The posterior cerebral artery
supplies the occipital lobes and medial temporal lobes.

What is the first intracranial branch off of the internal carotid artery?
The ophthalmic artery.

What is the blood supply to the deep brain nuclei?

The basal ganglia are supplied by small lenticulostriate arteries arising from the middle cerebral
artery, whereas the thalamus is supplied by perforating thalamogeniculate arteries from the
posterior cerebral artery. The blood supply of the thalamus comes from the posterior circulation.

What is the name of the artery that supplies the genu of the internal capsule?
The recurrent artery of Heubner, which is one of the named anteromedial lenticulostriate
arteries, supplies the genu of the internal capsule.

Which artery is the first branch off of the basilar artery?
The anterior inferior cerebral artery (AICA).

What is the blood supply to the brain stem?

The brain stem receives its blood supply exclusively from the posterior circulation,
including the vertebrals and basilar artery. The medulla receives its blood supply from the
vertebrals via medial and lateral perforating arteries. The pons and midbrain receive their
blood from the basilar via the medial and lateral perforating arteries.

What is the blood supply to the cerebellum?

The cerebellum receives its blood supply from the three cerebellar vessels:
1. Posterior inferior cerebellar artery (PICA), off of the vertebrals.

2. Anterior inferior cerebellar artery (AICA), the first branch off of the basilar.
3. Superior cerebellar artery (SCA), the last branch off of the basilar.

Which nerves exit the brain stem area between the posterior cerebral artery
and superior cerebellar artery?

Cranial nerve Il exits between the vessels medially, whereas cranial nerve IV exits
between them laterally. Aneurysms of these blood vessels may thus damage these cranial
nerves.
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KEY POINTS: INNERVATION OF FACE AND HEAD v

1. If the facial nerve is damaged (such as from Bell’s palsy), the entire side of the face is weak. If
the cortical input to the facial nerve is damaged (such as from a stroke), only the lower half of
the face will be weak.

2. The most common cause of loss of smell is shearing of olfactory neurons from a sudden
blow to the head.

3. A dilated or “blown” pupil implies compression of the IlI nerve.

4. Collateral blood flow, often routed through the circle of Willis, sometimes protects against
damage from strokes.

5. Noncommunicating hydrocephalus is often a medical emergency because the obstructed
cerebrospinal fluid (CSF) will cause the intracranial pressure to rise.

CEREBROSPINAL FLUID

226. What anatomic structure or structures produce CSF?
The majority of CSF is produced by the choroid plexus. A small amount of CSF is also
produced by the blood vessels in the subependymal region and pia.

227. Where is the choroid plexus located?
The choroid plexus is located within the ventricular system, mainly in the lateral and fourth
ventricles.

228. What is the rate of CSF production?
The rate is approximately 25 cc/hr (approximately 500 cc/day).

229. How much CSF does an average adult normally have?
The average male adult has approximately 100 to 150 cc of CSF.

230. What is communicating hydrocephalus? Noncommunicating hydrocephalus?
Communicating hydrocephalus occurs when there is dilatation of the ventricles due to
obstruction of CSF flow outside the ventricular system (i.e., distal to the foramen of
Magendie), so the CSF communicates with the subarachnoid space. Noncommunicating
hydrocephalus occurs when there is dilatation of the ventricles due to an obstruction of CSF
flow within the ventricular system at or above the foramen of Magendie.

231. What is the route of CSF from production to clearance?
Choroid plexus — lateral ventricle — interventricular foramen of Monro — third ventricle —
cerebral aqueduct of Sylvius — fourth ventricle — two lateral foramina of Luschka and
one medial foramen of Magendie — subarachnoid space — arachnoid granulations — dural
sinus — venous drainage.

232. What space is invaded by a lumbar puncture?
During a lumbar puncture, the needle enters the subarachnoid space.

233. What is the ideal spinal level to do a lumbar puncture?
The ideal level for a lumbar puncture is below the conus medullaris at approximately vertebral
level L4 to L5.
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APPROACH TO THE PATIENT WITH

NEUROLOGIC DISEASE

Loren A. Rolak, MD

What is the first question to be answered in any patient with neurologic disease?
Where is the lesion? The neurologist, unlike most physicians, approaches patients from an
anatomic perspective, leaving issues of physiology and etiology to be addressed later. The first
step in evaluating patients with neurologic symptoms is to localize the lesion to a specific
part of the nervous system.

What is the best way to localize a lesion?

The history and physical examination accurately localize most lesions of the nervous system. The
brain is unique among organs for its high degree of specialization. Because each part of the peripheral
nerves, spinal cord, and brain has such specialized functions, damage to each region produces
unique clinical effects. Identification of specific signs and symptoms, therefore, permits localization,
sometimes within a millimeter, to discrete parts of the nervous system. Pioneer neurologists of the
past century referred to the brain as “eloquent”™—it speaks directly to the clinician.

What are the most important regions for anatomic localization?
For clinical purposes, the great complexity of neuroanatomy can be simplified to a few major
regions. Lesions should be localized to one of the following regions:

1. Muscle

. Neuromuscular junction

. Peripheral nerve

Root

. Spinal cord

. Brain stem

. Cerebellum

. Subcortical brain

. Cortical brain

© N U A WN

How are symptoms localized to these neuroanatomic regions?

The history is the most important part of the neurologic evaluation of a patient. Although
precise localizing information can be gleaned from the neurologic physical examination, asking
the proper questions during the history accurately localizes most neurologic lesions.

A helpful system for diagnosis is to begin distally and ask patients questions about each part of
the neurologic anatomy, working proximally through the muscle, neuromuscular junction,
peripheral nerve, root, spinal cord, cerebellum, brain stem, and subcortex and ending with the
cortex of the brain. By sequentially asking about each of these areas, the patient can be “examined”
thoroughly. If localization of the lesion is still not clear after a careful history directed at each
anatomic region, do not begin the physical examination yet—go back and take a better history.

Which clinical features of muscle disease can be elicited by history?

Muscle disease (myopathy) causes proximal symmetric weakness without sensory loss.

Questions, therefore, should elicit these symptoms.

1. Proximal leg weakness: Can the patient get out of a car, off the toilet, or up from a chair
without using the hands?

CHAPTER 3
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2. Proximal arm weakness: Can the patient lift or carry objects, such as grocery bags,
garbage bags, young children, school books, or briefcases?

3. Symmetric weakness: Does the weakness affect both arms or both legs? (Although
generalized processes such as myopathies are often slightly asymmetric, weakness
confined to one limb or one side of the body is seldom caused by a myopathy.)

4. Normal sensation: Is there numbness or other sensory loss? (Although pain and cramping
may occur in some myopathies, actual sensory changes should not occur with any disease
that is confined to the muscle.)

After a history of muscle disease is elicited, what findings can be expected on
physical examination?

The examination should show proximal symmetric weakness without sensory loss. The
muscles are usually normal in size, without atrophy or fasciculations, and muscle tone is
usually normal or mildly decreased. Reflexes are also normal or mildly decreased.

Which clinical features of nheuromuscular junction disease can be elicited

by history?

Fatigability is the hallmark of diseases affecting the neuromuscular junction, such as
myasthenia gravis. Because strength improves with rest, fatigability does not usually manifest
as a steadily progressive decline in function; rather, it presents as waxing and waning
weakness. When the muscles fatigue, the patient must rest, leading to recovery of strength,
which permits further use of the muscles, causing fatigue, which necessitates rest and
recovery again. This cycle of worsening with use and recovery with rest produces a variability
or fluctuation in strength that is highly characteristic of neuromuscular junction diseases.

After a history of nheuromuscular junction problems is elicited, what findings
can be expected on physical examination?

Examination should show fatigable proximal symmetric weakness without sensory loss.
Repetitive testing weakens the muscles, which regain their strength after a brief period of rest.
The weakness is often extremely proximal, involving muscles of the face, eyes (ptosis), and
jaw. The muscles are normal in size, without atrophy or fasciculations, with normal tone
and reflexes. There is no sensory loss.

Which clinical features of peripheral neuropathies can be elicited by history?

Unlike myopathies and neuromuscular junction disease, weakness caused by peripheral

neuropathies is often distal rather than proximal. It is also often asymmetric and accompanied

by atrophy and fasciculations. Sensory changes almost always accompany neuropathies. The

history should elicit the following symptoms:

1. Distal leg weakness: Does the patient trip, drag the feet, or wear out the toes of shoes?

2. Distal arm weakness: Does the patient frequently drop things or have trouble with the grip?

3. Asymmetric weakness: Are symptoms confined to one localized area? (Some neuropathies
cause a symmetric stocking-and-glove weakness and numbness, especially those due to
metabolic conditions such as diabetes. However, most neuropathies are asymmetric.)

4. Denervation changes: Is there a wasting or shrinkage of the muscle (atrophy) or quivering
and twitching within the muscle (fasciculations)?

5. Sensory changes: Has the patient felt numbness, tingling, or paresthesias?

After a history of peripheral neuropathy is elicited, what findings can be
expected on physical examination?

Examination should reveal distal, often asymmetric weakness with atrophy, fasciculations, and
sensory loss. Muscle tone may be normal but is often decreased. Reflexes are usually
diminished. Because involvement of autonomic fibers is common in peripheral neuropathies,
trophic changes, such as smooth, shiny skin, vasomotor changes (e.g., swelling or
temperature dysregulation), and loss of hair or nails, may occur.
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11. Which clinical features of root diseases (radiculopathies) can be elicited
by history?
Pain is the hallmark of root disease. Otherwise, radiculopathies often resemble peripheral
neuropathies because of their asymmetric weakness with evidence of denervation (atrophy and
fasciculations) and sensory loss. The weakness, while asymmetric, may be either proximal
or distal, depending on which roots are involved. (The most common radiculopathies in the
legs affect the L5 and S1 roots, causing distal weakness, whereas the most common
radiculopathies in the arms affect the C5 and C6 roots, which innervate proximal regions.) The
history, therefore, should elicit symptoms similar to a neuropathy with the added component
of pain. The pain is usually described as sharp, stabbing, hot, and electric, and it typically
shoots or radiates down the limb.

KEY POINTS: PERIPHERAL NERVOUS SYSTEM v

1. The first step in treating patients with neurologic disease is to localize the lesion.
2. Myopathies cause proximal symmetric weakness without sensory loss.
3. Neuromuscular junction diseases cause fatigability.

4. Peripheral neuropathies cause distal asymmetric weakness with atrophy, fasciculations,
sensory loss, and pain.

5. Radiculopathies cause radiating pain.

12. After a history of a radiculopathy is elicited, what findings can be expected on
physical examination?
As is the case with a peripheral neuropathy, the physical examination shows asymmetric
muscle weakness with atrophy and fasciculations. Tone is normal or decreased, and the
reflexes in the involved muscles are diminished or absent. Weakness is confined to one
myotomal group of muscles, such as those innervated by the C6 root in the arm or the L5 root
in the leg. Similarly, sensory loss occurs in a dermatomal distribution. Maneuvers that stretch
the root often aggravate the pain, such as straight leg raising or neck rotation.

13. Which clinical features of spinal cord disease can be elicited by history?

Spinal cord lesions usually cause a triad of symptoms:

1. A sensory level is the hallmark of spinal cord disease. Patients usually describe a
sharp line or band around their abdomen or trunk, below which there is a decrease in
sensation. The symptom of a sensory level is essentially pathognomonic for spinal cord
disease.

2. Distal, symmetric, and spastic weakness. The muscle, neuromuscular junction, nerves,
and roots make up the peripheral nervous system, but the spinal cord is in the central
nervous system and so has special motor properties. Damage to the spinal cord produces
upper motor neuron lesions, affecting the pyramidal (or corticospinal) tract. The weakness
is distal more than proximal. In actual clinical practice, almost all processes affecting the
cord are symmetric. Upper motor neuron lesions cause spasticity, but this increase in
tone may cause few noticeable symptoms—it is best extracted from the history by asking
about stiffness in the legs.

3. Bowel and bladder problems. Sphincter dysfunction commonly accompanies cord lesions
because of involvement of the autonomic fibers within the cord.
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Which questions should be asked during the history to elicit the symptoms of

spinal cord disease?

1. Distal leg weakness: Does the patient drag the toes or trip?

2. Distal arm weakness: Does the patient drop things or have trouble with the grip?

3. Symmetric symptoms: Does the process involve the arms and/or legs approximately equally?

4. Sensory level: Is a sensory level present? Patients often describe it as a band, belt, girdle,
or tightness around the trunk or abdomen.

5. Sphincter dysfunction: Is there retention or incontinence of bowel or bladder? (The bladder
is usually involved earlier, more often, and more severely than the bowel in spinal cord
lesions.)

After a history of spinal cord disease is elicited, what findings can be expected
on physical examination?

The physical examination in a patient with spinal cord disease usually shows a sensory level
below which all sensory modalities are diminished. The sensory (and motor) tracts in the
spinal cord are somatotopically organized; distinctive anatomic layering and lamination to the
pathways result in greatest damage to fibers from the legs and lower part of the body in

the majority of spinal cord lesions. Because most leg fibers lie laterally and are easily
compressed, spinal disease usually affects the legs more than the arms. In addition, the level
of the symptoms detected clinically does not always correspond to the true anatomic site

of the damage. For example, a mass pressing on the spinal cord may cause a sensory level and
weakness any place below the actual anatomic level of the lesion.

The patient also may have urinary retention or incontinence and may lose superficial
reflexes, including the anal wink, bulbocavernosus, and cremasteric reflexes. The examination
shows evidence of the following upper motor neuron damage:

1. Distal weakness greater than proximal weakness

. Greater weakness of the extensors and antigravity muscles than of the flexors
. Increased tone (spasticity)

. Increased reflexes

Clonus

. Extensor plantar response (positive Babinski sign)

. Absent superficial reflexes

. No significant atrophy or fasciculations

N OA LN

Which clinical features of brain stem disease can be elicited by history?
Cranial nerve symptoms characterize brain stem disease. The brain stem is essentially the
spinal cord with embedded cranial nerves. Thus, brain stem lesions cause many of the
symptoms of spinal cord disease accompanied by symptoms of cranial nerve impairment.

Like the spinal cord, the brain stem contains “long tracts,” or pathways that extend from the
brain down through the spinal cord. The major long tracts are the pyramidal (corticospinal) tract
for motor function, the spinothalamic tract carrying pain and temperature sensations up to the
thalamus, and the dorsal columns carrying position and vibration sense up to the thalamus.
Because of the decussation of these tracts, lesions in the brain stem do not produce a horizontal
motor or sensory level as they do in the spinal cord but rather produce a vertical motor or
sensory level—that is, hemiparesis or hemianesthesia affecting one side of the body.

Lesions affecting the cranial nerves in the brain stem often produce symptoms referred to
as the “Ds” (Table 3-1).

Which questions elicit symptoms of combined cranial nerve and long tract

dysfunction?

1. Long tract signs: Does the patient have hemiparesis or hemisensory loss?

2. Cranial nerve signs: Does the patient have diplopia, dysarthria, dysphagia, dizziness,
deafness, or decreased strength or sensation over the face?
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TABLE 3-1. SYMPTOMS OF CRANIAL NERVE DAMAGE

Cranial Nerve Symptoms

1] Diplopia

\% Diplopia

v Decreased facial sensation

VI Diplopia

Vil Decreased strength and drooping of the face
VI Deafness and dizziness

IX Dysarthria and dysphagia

X Dysarthria and dysphagia

Xl Decreased strength in neck and shoulders
Xl Dysarthria and dysphagia

3. Crossed signs: Because the long tracts cross, but the cranial nerves generally do not, brain
stem lesions often produce symptoms on one side of the face and the opposite side of the
body. For example, a lesion in the pons that affects the pyramidal tracts and the facial (VII)
nerve will cause weakness of that side of the face and the opposite, crossed side of the
body. Brain stem disease often produces bilateral or crossed findings.

After a history of brain stem disease is elicited, what findings can be expected
on physical examination?
Examination of the cranial nerves may reveal ptosis; pupillary abnormalities; extraocular
muscle paralysis; diplopia; nystagmus; decreased corneal and blink reflexes; facial weakness
or numbness; deafness; vertigo; dysarthria; dysphagia; weakness or deviation of the palate;
decreased gag reflex; or weakness of the neck, shoulders, or tongue.

Long tract abnormalities may include hemiparesis, which shows an upper motor neuron
pattern of distal extensor weakness with hyperreflexia, spasticity, and a positive Babinski sign.
Hemisensory loss may occur to all modalities.

Which clinical features of cerebellar disease can be elicited by history?
Cerebellar disease causes incoordination, clumsiness, and tremor because the cerebellum is
responsible for smoothing out and refining voluntary movements. Questions, therefore, should
focus on the following symptoms:

1. Clumsiness in the legs: Does the patient have a staggering, drunken walk? (Most laymen
describe cerebellar symptoms in terms of alcohol and drunkenness, probably because
drinking alcohol impairs the cerebellum. The characteristic ataxic, wide-based, staggering
gait of the person intoxicated by alcohol is a reflection of cerebellar dysfunction.)

2. Clumsiness in the arms: Does the patient have difficulty with targeted movements, such as
lighting a cigarette or placing a key in a lock? (Cerebellar tremor is worse with voluntary,
intentional movements that require accurate placement.)

3. Brain stem symptoms: Are brain stem symptoms present? (Because the cerebellar inflow
and outflow must pass through the brain stem and the blood supply to the cerebellum
arises from the same vessels that supply the brain stem, cerebellar disease is almost
always accompanied by some brain stem abnormalities as well, and vice versa.)

After a history of cerebellar disease is elicited, what findings can be expected
on physical examination?

The patient’s gait is staggering, wide-based, and ataxic, causing difficulties especially with
tandem walking. Fine coordinated movements of the legs are impossible, such as sliding a heel
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down a shin or tracing patterns on the floor with the foot. The cerebellar tremor is most
visible in the upper extremities, which waver and wobble with attempts to touch a specific
target, such as the examiner’s finger or the patient’s own nose. Rapid alternating movements
are irregular in rate and rhythm.

How can the history determine whether disease of the brain is subcortical or
cortical?

The history can differentiate subcortical from cortical disease by focusing on the following four
major areas:

1. The presence of specific cortical deficits

2. The pattern of motor and sensory deficits

3. The type of sensory deficits

4. The presence of visual field deficits

What specific deficits are seen with cortical lesions?

The most useful symptom of cortical disease in the dominant (usually left) hemisphere is
aphasia. The history, therefore, should focus on any difficulties with language functions,
including not only speech but also writing, reading, and comprehension. A lesion affecting the
left side of the brain that does not affect language function is unlikely to be cortical.

In the nondominant (usually right) hemisphere, cortical dysfunction is more subtle, but
usually causes visual-spatial problems. Patients with nondominant cortical lesions often have
neglect and denial, including inattention to their own physical signs and symptoms. This
finding can be difficult to elicit on history, however, and sometimes depends on the physical
examination. Note also that seizures are almost always cortical in origin.

How does the pattern of motor and sensory deficits differentiate cortical from
subcortical involvement?

The motor homunculus in the primary and supplemental motor strips is spread upside down
over a vast expanse of gray matter. Neurons controlling the lower extremities reside between
the two hemispheres, in the interhemispheric fissure, whereas neurons moving the trunk,
arms, and face are draped upside down over the superficial cortex. Cortical lesions, therefore,
often involve the face, arm, and trunk, but spare the legs, which are protected in the
interhemispheric fissure. Cortical lesions thus cause an incomplete hemiparesis, affecting the
face and arm but not the leg.

Of course, fibers to the leg descend and merge with those to the face and arm as the
pyramidal tract forms deep within the brain, subcortically, to run in the internal capsule,
cerebral peduncles, and the pyramids themselves. Therefore, even a small subcortical lesion
can affect all of these conjoined fibers. Subcortical lesions thus cause a complete hemiparesis,
affecting face, arm, and leg.

The sensory homunculus has a similar somatotropic arrangement that results in an
analogous pattern of localization.

How does the type of sensory deficit differentiate cortical from subcortical
lesions by history?
Most of the primary sensory modalities reach “consciousness” in the thalamus and do not
require the cortex for their perception. A patient with severe cortical damage can still feel pain,
touch, vibration, and position. A history of significant numbness or sensory loss, therefore,
suggests a subcortical lesion.

Cortical sensory loss is more refined and usually involves complicated sensory processing
such as two-point discrimination, accurate localization of perceptions, stereognosis, and
graphesthesia. These symptoms can be difficult to elicit by history alone.
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25. How do visual symptoms differentiate cortical from subcortical disease by
history?
Visual pathways run subcortically for most of their length. Visual impulses in the optic
nerves may cross in the chiasm and run through the optic tracts, lateral geniculate bodies, and
optic radiations before synapsing in the occipital cortex. Cortical lesions, such as those
affecting the motor strip, sensory strip, or language areas, are too superficial to affect these
visual fibers and thus do not cause visual field deficits. Subcortical lesions often affect
the visual fibers, producing visual field cuts. Therefore, a history of visual field loss suggests a
subcortical lesion. (Of course, a strictly cortical lesion in the occipital lobes produces visual
symptoms, but it does not affect motor, sensory, or other functions and so does not cause
confusion with the typical picture of a subcortical lesion.)

KEY POINTS: CENTRAL NERVOUS SYSTEM v

1. Spinal cord disease causes a “triad” of distal symmetric weakness, sphincter problems,
and a sensory level.

2. Brain stem disease causes abnormalities of cranial nerves plus long tracts.
3. Cerebellar disease causes ataxia and an action tremor.

4. In the brain, cortical lesions may cause aphasia, seizures, and partial hemiparesis (face
and arm only), while subcortical lesions may cause visual field cuts, dense numbness of
primary sensory modalities, and more complete hemiparesis (face, arm, and leg).

26. After a history of cortical or subcortical disease is elicited, what findings can
be expected on physical examination?

Physical examination findings parallel the historical deficits.

1. Cortical dysfunction: The patient may show aphasia, visual-spatial dysfunction, or seizures.
2. Motor involvement: Physical examination shows upper motor neuron weakness affecting
the face and arm in a cortical lesion and the face, arm, and leg in a subcortical lesion.

3. Sensory dysfunction: In subcortical disease, the examination shows problems with primary
sensory modalities, such as decreased pinprick and vibration, but in cortical disease, it

shows relatively normal sensation with impaired higher sensory processing, such as
graphesthesia and stereognosis.

4. Visual dysfunction: Patients with subcortical disease may have visual field cuts, but
patients with cortical disease do not.

27. How accurate are the history and physical examination for diagnosing
neurologic disease?
The clinical examination is highly accurate in localizing neurologic disease. Once a lesion has
been localized to one of the broad anatomic regions, an etiology usually suggests itself.
For example, if a lesion can be localized to the peripheral nerve, it is usually easy to develop a
differential diagnosis for peripheral neuropathies (such as diabetes, alcoholism) and a
diagnostic plan (e.g., blood testing, nerve conduction studies). The anatomy usually implies
an etiology.

Organized questioning and examination of the nervous system in this fashion are

excellent ways to approach the neurologic patient.
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MYOPATHIES

Yadollah Harati, MD, FACP, and Suur Biliciler, MD

CHAPTER 4

INTRODUCTION

What is a myopathy?
A myopathy is a disorder in which there is a primary functional or structural impairment of
skeletal muscle.

What signs and symptoms are suggestive of a myopathy?

1. Proximal symmetric weakness, which may be acute, subacute, or chronic
. Reduced, preserved, or enlarged muscle bulk

. Muscle pain or discomfort with palpation (myalgia)

. Muscle stiffness or cramps

. Asthenia and fatigue

. Myoglobinuria

o Ol W

Define myoblast, myotube, myofiber, and myofibril.

A myoblast is a postmitotic, mononucleated cell capable of fusion and contractile protein
synthesis. Myotubes are long, cylindrical, multinucleated (syncytial) cells formed from the
fusion of myoblasts. When their central nuclei are shifted to a subsarcolemmial position in the
later stages of development, they are called myofibers. The appearance of central nuclei within
an otherwise normal adult muscle is a useful sign of muscle regeneration. Each adult
myofiber is packed with numerous myofibrils, largely composed of hexagonal arrangements of
thick and thin contractile filaments. Myosin is the major constituent of the thick filaments,
whereas actin is the contractile protein of the thin filaments.

Describe the embryonic origin of skeletal muscle.

Muscles develop from mesodermal cell populations arising in the somite. The connective
tissues around the muscles have a different embryologic origin and are derived from the
somatopleural mesoderm.

What is a motor unit?

A motor unit consists of a motor neuron, its single axon, the associated neuromuscular
junctions and terminal axon branches, and the many muscle fibers that they supply. All muscle
fibers belonging to a single motor unit are of the same histochemical and physiologic type.

What are the general categories of myopathies?

B Inflammatory myopathies (e.g., polymyositis, dermatomyositis, inclusion body myositis)
W Muscular dystrophies (e.g., Duchenne, myotonic, limb-girdle)

B Congenital myopathies (e.g., central core, centronuclear myopathy)

W Metabolic myopathies (e.g., myophosphorylase deficiency, phosphofructokinase deficiency)
B Mitochondrial myopathies (e.g., Kearns-Sayre syndrome)

W Toxic myopathies (e.g., alcohol, zidovudine)

B Endocrine myopathies (e.g., hypothyroidism, hypoadrenalism)

B |nfectious myopathies (e.g., trichinosis, AIDS)
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How do we grade functional weakness?
The most widely used system was developed by the Medical Research Council (MRC) of
Great Britain. The MRC system grades strength from 0 to 5. The addition of a plus (+) or
minus (=) further quantifies strength:
0 No movement
1 Trace movement
2 Able to move, but not against gravity
3 Able to move full range against gravity
4 Able to move against some resistance
5 Normal strength
In addition, the clinician may observe the patient performing the following maneuvers to

look for subtle weakness:
. Arise from a chair with arms folded.
. Walk the length of the examining room on toes, on heels, and tandem.
. Hop on either foot.
. Perform deep knee bends.
. Climb a step.
. Horizontally abduct arms and reach the vertex of the head.
. Lift up the head from a table.
. Arise from supine position with hands overhead.
. Lift head and shoulders, and extend the neck while in a prone position.

Medical Research Council: Aids to the Examination of the Peripheral Nervous System.
London: W.B. Saunders, 2000.
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What is Gower’s sign?

This term describes the maneuver of rising from a supine position in the presence of marked
proximal weakness. The patient must roll to a prone position, push off the floor, lock the
knees, and push the upper body upward by “climbing up” the legs with the hands. Although
Gower’s sign is usually seen in children with myopathies, it may be present in any patient
with marked proximal weakness.

DIAGNOSIS

What are the most valuable tests for evaluating patients with suspected muscle
disease?

A diagnosis often can be established by supporting the clinical findings with results from
three key tests: (1) serum creatine kinase (CK) levels, (2) electromyography (EMG),

and (3) muscle biopsy.

Which myopathies are associated with elevated serum CK levels?

CK catalyzes the reversible reaction of adenosine triphosphate (ATP) and creatine to form
adenosine diphosphate (ADP) and phosphocreatine. It is elevated in many myopathies due to
myofiber disruption or degeneration. However, CK levels may be normal in some patients with
an ongoing myopathy. Examples include profound muscle wasting and selected conditions
such as hyperthyroidism. Serum CK is especially high in limb-girdle muscular dystrophies
(dysferlinopathies and sarcoglycanopathies), Duchenne and Becker muscular dystrophies,
inflammatory myopathies, and rhabdomyolysis.

What conditions other than myopathies are associated with an elevated CK level?
B Exercise
M [ncreased muscle bulk
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B Muscle trauma (needle injection, EMG, surgery, edema, vigorous exercise, or contusion)
B Viral illnesses
MW African American race
B Drug use (including alcohol and cholesterol-lowering agents)
B Eating licorice
B Hypothyroidism
W Hypoparathyroidism
B Malignant hyperthermia
W Neurogenic disease (e.g., amyotrophic lateral sclerosis)
M Benign hereditary CK elevation
Typically CK levels are increased less than threefold in these conditions, whereas CK levels
greater than fivefold often suggest an underlying myopathic etiology.

After unaccustomed exercise, normal people often have pain and soreness

of muscles. Does the type of exercise play any role in the extent of muscle pain
and damage?

Yes. In the face of a markedly elevated CK level in a healthy person engaged in exercises, it is
important to ask about the type of exercise. Activities that involve concentric contractions of
muscles (shortening of muscles) produce less muscle pain and damage than activities
involving eccentric contraction (lengthening of muscles). An example of concentric contraction
is the shortening of the muscle that occurs in the flexed leg during climbing stairs.

Eccentric contraction is the lengthening of the muscle in the extended leg that supports the
body during walking downstairs. Elevation of CK level by 10- to 100-fold after even 30 minutes
of vigorous eccentric leg exercises has been observed. Because such exercises may be
especially damaging to an already diseased muscle, physical therapists should be made aware
of any disease state.

What is the approach to evaluating a persistent but incidental elevation of
serum CK?

Perform an EMG if symptoms of weakness, myalgia, cramps, or tenderness are present.

If the EMG findings are suggestive of a myopathy, a muscle biopsy may be considered. If both
the examination and EMG are normal, have the patient rest for three to four days and recheck
serum CK early in the morning. If levels are still high, a muscle biopsy might be beneficial.
If serum CK is within normal limits, then follow the patient clinically. A muscle biopsy in this
setting rarely yields any useful information.

When is a muscle biopsy indicated? How is the muscle site chosen?

Muscle weakness with associated laboratory or electrophysiologic evidence of a myopathy is an
indication to pursue a muscle biopsy. Selection of the most appropriate muscle for biopsy is
important, and several factors need to be considered, including availability of normative data for
the site. Although affected muscles are ideal to biopsy, moderately affected muscles are better
than severely affected muscles because fibrosis and fatty replacement of the muscle, which are
characteristic of end-stage muscle disease, may not provide adequate information. In addition,
muscles affected by other conditions (e.g., radiculopathy or trauma) should be avoided if
possible. In general, the biceps or deltoid muscles in the upper extremity or the vastus lateralis
muscle in the lower extremity are selected. Because upper extremity muscles are more vascular,
they may have a higher diagnostic yield when a vasculitic process is suspected.

What minimum number of stains is typically used to evaluate a myopathy?
What morphologic features of a myopathy may be seen on biopsy?

Both the hematoxylin and eosin (H&E) and the modified Gomori trichrome stains provide
useful general information about the muscle structures and cellular details. In addition,
the modified Gomori trichrome stain allows visualization of the mitochondrial activity and
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collection by staining red (ragged
red fibers). The ATPase stain defines
the fibers by their histochemical
type. Reduced nicotinamide adenine
dinucleotide trazolium reductase
(NADH-TR) also differentiates
type 1 and type 2 fibers and
provides information about the
oxidative activity of muscle fibers.
Morphologic features of a
myopathy include muscle fiber
necrosis, phagocytosis and
regeneration, increased central
nuclei, fiber hypertrophy and
rounding, variation in fiber size Figure 4-1. Note hypertrophic fibers, increased
and shape, and increased variation in fiber size and shape, and increased nuclei in

. L a patient with limb-girdle muscular dystroph:
endomysial connegctive tissue (hgmamxy"n Al egsin stain). ystroply
(Figure 4-1).

How many fiber types are recognized by muscle histochemistry?

Type 1 fibers are slow-twitch, red fibers; type 2 fibers are fast-twitch, white fibers. The two
major subtypes of type 2 fibers are types 2A and 2B. The histochemical and physiologic
properties of each fiber type are determined by the anterior horn cell that innervates it.

What are ragged red fibers?

Ragged red fibers are muscle fibers with an accumulation of subsarcolemmal and
intermyofibrillar material that stains red with modified Gomori trichrome stain (Figure 4-2).
This red-stained material is actually mitochondria that are abnormal in number, size, and
structure when viewed by electron microscopy. Although ragged red fibers are typically seen in
mitochondrial myopathies, they may occur in other conditions such as inclusion body
myositis. They are a nonspecific finding in an otherwise normal biopsy, especially if the biopsy
is from an elderly patient, because their frequency increases with age.

Figure 4-2. (A) A ragged red fiber in a patient with progressive ophthalmoplegia
(modified trichrome stain). (B) Note COX-negative fibers corresponding with ragged
red fibers (cytochrome G oxidase stain).

What are tubular aggregates?

Tubular aggregates are clusters of tubular proliferation arising from the sarcoplasmic
reticulum, usually affecting type 2 fibers. They have a red appearance with modified Gomori
trichrome stain, stain dark with NADH-TR, and do not react to succinyl dehydratase (SDH),
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Figure 4-3. Tubular aggregates. (A) Hematoxylin and eosin stain. (B) Modified trichrome stain. (C) NADH-TR
stain.

ATPase, and myophosphorylase (Figure 4-3). They can be a minor pathologic feature in
hypokalemic periodic paralysis, myotonia congenita, or other myotonic disorders, congenital
myasthenic syndromes, muscle disorders associated with cramps, as well as exposure to
certain medications and alcohol.

INFLAMMATORY MYOPATHIES

19. What are the most common causes of muscle pain?
Most muscle pains are caused by a nonmuscular condition, such as vascular insufficiency,
joint disease, or neuropathy. The vast majority of myopathies are painless. Myopathies that
may be associated with pain include inflammatory myopathies, metabolic myopathies,
mitochondrial myopathies, and some muscular dystrophies (limb-girdle, Becker muscular
dystrophy [BMD]). In general, in patients with a normal exam and a normal serum CK level,
muscle pain is usually not myopathic in origin.

20. How are the polymyositis (PM) and dermatomyositis (DM) syndromes
classified?
1. Adult polymyositis and dermatomyositis
2. Childhood and juvenile dermatomyositis
3. Dermatomyositis associated with other diseases (connective tissue disorders, malignancy)
4. Polymyositis associated with other diseases (connective tissue diseases, malignancy)
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What are the clinical features of PM and DM?

The history and pattern of weakness (subacute proximal weakness greatest in the upper
extremities and neck flexors) are similar in DM and PM, and both are responsive to
immunosuppression. Pharyngeal weakness is also common in both (about 30% of cases).
Tendon reflexes might be depressed on examination. Females predominate in all age groups.
Approximately 5% of patients develop symptomatic systemic involvement, including fever,
weight loss, cardiac arrhythmias and conduction abnormalities, and pulmonary involvement.
The presence of anti-Jo-1 antibody is a marker for interstitial lung disease. Anti-Mi2

(a chromodomain helicase DNA-binding protein) antibody positive DM cases have a better
prognosis and less interstitial lung disease. Higher titers of polymyositis-scleroderma
(PM-Scl) antibodies can be associated with scleroderma in either of the myopathies. Both
PM and DM also have been associated with malignancies, in particular lung, Gl, breast, and
ovarian cancers. Most experts agree that patients should be screened with routine

blood work, chest radiograph, mammography, and pelvic and rectal exams. Patients age
50 years and older with DM are at higher risk of developing cancer and should be
watched closely. Although EMG findings vary according to the stage of the disease,
fibrillation and sharp wave potentials are present in most patients (including the
paraspinous muscles).

Unique to DM are cutaneous manifestations that typically present at the same time as the
weakness. The characteristic heliotrope rash involves the eyelids, cheeks, nose, neck and
upper chest (V sign), shoulders (shawl sign), elbows, knees, medial malleoli, and buttocks.
Gottron’s papules are often seen on the knuckles. Skin may become scaly and atrophic, and
the nail beds may appear shiny and red. Rash worsens with exposure to sunlight. Although PM
is an adult disease, DM occurs in both children and adults. The skin manifestations and
gastrointestinal vasculitis that might result in hemorrhage and perforation are much more
common in children.

What is inclusion body myositis (IBM)?

IBM is now considered the most common cause of acquired chronic myopathy in patients age
50 years and older. It is similar to polymyositis immunopathologically, although it has a
distinct clinical phenotype. Characteristically, the painless weakness and atrophy are gradual
and insidious in onset and more commonly involve the quadriceps, finger flexors, and foot
dorsiflexors. Dysphagia is common. There is early loss of patellar reflexes, and a mild
neuropathy may be present. CK levels are either normal or only mildly elevated. One-third of
cases appear stable or show improvement for periods of 6 months or more. Electrodiagnostic
evaluation reveals mixed myopathic and neurogenic changes. Muscle biopsy shows varying
degrees of inflammation, cytoplasmic “rimmed” vacuoles and eosinophilic inclusion bodies,
and small angular atrophic and denervated fibers. The vacuoles contain filaments and several
proteins (B-amyloid, desmin, ubiquitin, tau, transglutaminanes 1 and 2). The vacuolated
fibers are rarely invaded by inflammatory cells. Mitochondrial dysfunction (cytochrome oxidase
negative fibers and multiple mDNA deletions) is seen in 50% of IBM cases. Despite the evident
inflammation, IBM is resistant to conventional immunotherapies. Cricopharyngeal myotomy
might be beneficial in cases of dysphagia and might delay the need for a percutaneous
endoscopic gastrostomy.

Askanas V, Engel WK: Inclusion body myositis: Muscle fiber molecular pathology and
possible pathogenic significance of its similarity to Alzheimer’s and Parkinson’s disease brains.
Acta Neuropathol 116:583-595, 2008.

Karpati G, O’Ferrall EK: Sporadic inclusion body myositis: Pathogenic considerations. Ann
Neurol 65:7-11, 2009.

Oh TH, Brumfield KA, Hoskin TL, et al.: Dysphagia in inflammatory myopathy: Clinical
characteristics, treatment strategies, and outcome in 62 patients. Mayo Clinic Proc
82:441-447, 2007.
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23. What are the major pathologic changes on light microscopy in the muscle
biopsies of patients with PM, DM, and IBM?
Both PM and DM have the following
(Figures 4-4 to 4-6):
1. Inflammatory infiltrate
W Perivascular (more in DM)
W Endomysial or perimysial
2. Fiber necrosis, phagocytosis
3. Perifascicular atrophy
(especially in DM of childhood)
4. Variation and rounding of
muscle fibers; occasional
angular and atrophic fibers
5. Capillary loss or necrosis
(more in DM)
6. Eosinophilic cytoplasmic
inclusions and rimmed
vacuoles, denervation changes, Figure 4-4.. Inclusion.body.myositis, rimmed vacuoles
and interstitial infiltration IEFERAIEN CE R,
(especially in 1BM)

24. What does the muscle biopsy
in Figure 4-6 signify?
This is the typical finding of
perifascicular atrophy. The muscle
fibers at the periphery of the muscle
fascicles are smaller, whereas the
fibers in the deepest part of the
fascicle are of normal size. This type
of atrophy is generally recognized to
be a conspicuous feature of
childhood dermatomyositis and, to a
lesser extent, adult dermatomyositis.
Even in the absence of inflammation,
this biopsy is characteristic. The
pattern of atrophy is probably due to
capillary changes and involves
mainly muscle fibers near the
perimysial connective tissue
because these fibers are less likely
to have collateral circulation.

Figure 4-5. Polymyositis, endomysial inflammation
showing rounding of fibers (hematoxylin and eosin stain).

MYOTONIA

25. Define myotonia.
Myotonia is the phenomena of impaired relaxation of muscle after forceful voluntary
contraction and most commonly involves the hands and eyelids. Myotonia is due to repetitive
depolarization of the muscle membrane. Patients may complain of muscle stiffness or
tightness resulting in difficulty releasing their handgrip after a handshake, unscrewing a bottle
top, or opening their eyelids if they shut their eyes forcefully. Myotonia classically improves
with repeated exercise, while in contrast, paramyotonia is typically worsened by exercise.
Exposure to cold makes both myotonia and paramyotonia worse.
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26. What are the inherited myotonic
disorders?

m Myotonic dystrophy (type 1
myotonic dystrophy)

W Proximal myotonic myopathy
(PROMM:; type 2 myotonic
dystrophy)

W Myotonia congenita (Thomsen
disease, Becker’s disease™)

W Paramyotonia congenita

W Periodic paralysis (hypokalemic,
normo/hyperkalemic)

B Chondrodystrophic myotonia*
(Schwartz-Jampel syndrome)

Figure 4-6. ATP 9.6. Dermatomyositis—perifascicular
atrophy.

27. What is the most common
muscular dystrophy in adults?
How does it present?

Myotonic dystrophy type 1 (MyD), which has an estimated prevalence of 13.5 per 100,000
live births in Western countries, is most common in adults. MyD is a multisystem
disorder with an autosomal dominant pattern of inheritance, but severity and degree of
systemic involvement vary considerably. The most common form of the disease presents
in the second decade of life, but there is also a congenital form. In contrast to other
major dystrophies, muscle weakness is usually secondary in nature. The first symptom

is usually myotonia; hand weakness and gait difficulties are also common presenting
complaints.

The characteristic appearance of a patient with MyD is important to recognize. Facial
weakness and temporalis muscle atrophy give rise to a narrow, hatchet-faced appearance. In
addition, patients develop frontal baldness, ptosis, and neck muscle atrophy early in the
disease.

28. What systems are involved in MyD?

M Cardiac. Conduction problems are a major cause of morbidity and mortality. About 90% of
patients have electrocardiogram (ECG) abnormalities, and complete heart block and sudden
death are well recognized. Prophylactic pacemaker implantation is needed in patients with
conduction block.

W Respiratory. Excessive daytime sleepiness is common because of a combination of
weakness of the diaphragm and intercostal muscles, decreased response to hypoxia,
alveolar hypoventilation, hypercapnia, and abnormalities of brain stem neuroregulatory
mechanisms.

M Gastrointestinal. Smooth muscle involvement results in many symptoms, including
abdominal pain, dysphagia, emesis, diarrhea, and bowel incontinence.

MW Central nervous system symptoms include impaired intelligence, apathy, reluctance to seek
or follow medical advice, and personality disorders.

W Skeletal muscle symptoms include atrophy, weakness, and myotonia.

B Endocrine. Testicular atrophy and insulin resistance are common; overt diabetes is
uncommon.

B QOther symptoms include frontal balding, cranial hyperostosis, air sinus enlargement, and
minor sensory neuropathy.

*Autosomal recessive inheritance, while all other conditions are of autosomal dominant inheritance.
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29. What are the characteristics of the MyD gene?

The mutation in MyD is an expansion of a trinucleotide (CTG) repeat in the protein kinase
gene on the long arm of chromosome 19. In normal people, the number of repeats is less
than 37, whereas in MyD, it ranges from 50 to a few thousand. The size of the expanded
repeat closely correlates with the severity and age of onset of MyD and generally increases
in successive generations within a family, providing a molecular basis for the clinical
observed phenomenon known as anticipation (progressively earlier onset of the disease in
successive generations).

Mutant transcripts cause muscle dysfunction by interfering with biogenesis of other
mRNAs. The toxic effects of mutant RNAs are mediated partly through sequestration of
splicing regulator Musclebind-like 1 (Mbnl1), a protein that binds the expanded RNA. Another
gene that is prominently affected encodes the Clcn1 (chloride channel 1) protein, which
results in loss of channel function, thus leading to myotonia.

Osborne RJ, Lin X, Welle S, et al.: Transcriptional and post-transcriptional impact of toxic
RNA in myotonic dystrophy. Human Mol Genet 18:1471-1481, 2009.

30. What is PROMM (myotonic dystrophy type 2)?
Muscle weakness is usually proximal and facial weakness is minimal. Myotonia is usually
absent on examination but is present on EMG testing. There is no congenital form. Systemic
involvement closely resembles MyD type 1. The mutation is due to a CCTG expansion in a
specific zinc-finger gene (ZNF9) localized to chromosome 3g. Anticipation is less marked when
compared to MyD. PROMM should be considered in any atypical progressive disorder with
proximal muscle weakness.

PERIODIC PARALYSIS

31. What are the periodic paralysis (PP) disorders?
They are muscle channelopathies that consist of hyperkalemic (potassium sensitive) PP,
Hypokalemic PP, and Andersen-Tawil syndrome (ATS). All are inherited in an autosomal
dominant fashion. Most cases in hyperkalemic PP are caused by mutations in the
sodium channel gene SCN4A, while most of the hypokalemic PPs are due to mutations in
the calcium channel gene CACNA1S on chromosome 1g31. ATS is secondary to mutations in
the potassium channel gene KCNJ2 on chromosome 17g23. They have a distinct clinical
presentation with attacks of weakness that can be mild or severe and focal or generalized.
Over time, patients might develop fixed weakness. ATS patients have dysmorphic
features (e.g., hypertelorism, high-arched palate) and cardiac arrhythmias. During attacks,
serum CK is usually elevated with serum potassium levels being variable (high, low, or
normal). Between attacks, EMG may show myotonia in hyperkalemic PP patients, while
muscles are electrically silent in all types during an episode of weakness.

Saperstein DS: Muscle channelopathies. Semin Neurol 28:168-184, 2008.

32. What is the treatment for periodic paralysis?
Acetazolamide and dichlorphenamide, both of which are carbonic anhydrase inhibitors, are
effective in some patients with each form of periodic paralysis. In patients with hypokalemic
PP, potassium-sparing diuretics such as sprionolactone and triamterene might be used in
addition to oral potassium supplements and a low-carbohydrate and low-sodium diet.
Beta-adrenergic agents or ingestion of a high-carbohydrate, low-potassium diet may alleviate
the attacks in hyperkalemic PP. Antiarrhythmics, beta-blockers, or cardioverter-defibrillators
should be considered in ATS.
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OTHER MUSCULAR DYSTROPHIES

Describe the salient features of the Duchenne muscular dystrophy gene.
The gene is large (2.3 Mb), located in the short arm of the X chromosome, and codes for a
structural protein called dystrophin. 1t is by far the largest gene characterized to date,
consisting of 2.3 million base pairs and occupying approximately 1% of the human X
chromosome. Dystrophin is a protein located in the subsarcolemmal region of the muscle
fiber. It is expressed predominantly in skeletal, cardiac, and smooth muscle and in kidney,
cerebral cortex, and lung. Mutations within the gene cause Duchenne muscular dystrophy
(DMD); Becker's muscular dystrophy (BMD); exercise intolerance with myalgias, cramps, and
myoglobinuria; minimal limb girdle weakness or quadriceps myopathy; asymptomatic elevation
of CK level; cardiomyopathy with mild muscle weakness; and fatal X-linked cardiomyopathy
without muscle weakness. Between 50% and 70% of cases of dystrophin mutations arise from
intragenic deletions involving one or many exons. Duplication of the gene accounts for 10% of
mutations. Rarely, intronic mutations can also cause clinically overt disease.

Baskin B, Banwell B, Khater RA, et al.: Becker muscular dystrophy caused by an intronic
mutation reducing the efficiency of the splice donor site of intron 26 of the dystrophin gene.
Neuromuscul Disord 19:189-192, 2009.

What organs other than skeletal muscle are involved in DMD?

About 90% of patients have ECG abnormalities, but symptomatic involvement occurs in less
than 1% of patients. Although the heart may be enlarged with minimal fibrosis, the myocardial
muscle fibers do not undergo necrosis or other myopathic changes. There is also an increased
incidence of gastrointestinal hypomotility that may lead to intestinal pseudo-obstruction

and gastric dilatation. Finally, pachygyria and smaller-than-normal brains have been noted in
some patients with DMD. In addition, an association between mental retardation and mutations
causing central exon deletions has been observed.

Which dystrophies are associated with contractures?
B Dystrophinopathies

B Limb-girdle muscular dystrophy 1G and 2A

B Emery-Dreifuss muscular dystrophy

What is fascioscapulohumeral muscular dystrophy (FSHD)?
FSHD is the third most common inherited disease of muscle.
It has autosomal dominant inheritance.
There is a decrease in the number of DNA
repeat sequence (D4Z4), which is located on
chromosome 4q35. Age of onset varies from
the first to the fifth decade. There is
progressive weakness of facial and shoulder
girdle muscles that is frequently asymmetric.
With shoulder elevation, the scapula rides
into the trapezius muscle (the trapezius
hump sign; Figure 4-7). Deltoids are initially
well preserved, while biceps muscles are
atrophied (Popeye appearance). In addition,
there is leg weakness, especially of the
tibialis anterior muscles, resulting in weak
dorsiflexion. FSHD might be associated with
sensorineural hearing loss or visual loss - — -
(Coat's disease). Serum CK may be raised. Figure 4-7. Patient with FSH showing scapular
. g winging.
Muscle biopsy reveals myopathic changes
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and sometimes few foci of endomysial and perivascular inflammation. In such cases, it can be
misdiagnosed as an inflammatory myopathy.

What are the characteristic features of myofibrillar myopathies?

M Clinical features: These autosomal dominantly inherited conditions have several subsets,
including desminopathy, of-crystallinopathy, myotilinopathy, zaspsopathy, and
filaminopathy. Symptoms include slowly progressive weakness (which is more distal than
proximal), paresthesias, muscle wasting, stiffness, aching, and cramps. Respiratory failure
may be the presenting feature. Cardiomyopathies and peripheral neuropathy are frequently
encountered. EMG usually reveals myopathic motor unit potentials, abnormal electrical
irritability, and/or denervation changes. Serum CK could be normal or elevated less than
fifteenfold above the upper limit of normal. Diagnosis is established by muscle biopsy.

B Pathologic features: The major abnormalities are myofibrillar disorganization that starts at
the Z-disk followed by accumulation of myofibrillary degeneration products and expression
of ectopic proteins (desmin, ap-crystallin, dystrophin, myotilin, sarcoglycans, neural cell
adhesion molecule [NCAM], plectin, gelsolin, ubiquitin, filamin C, Xin, and amyloid
deposits). Abnormal fiber regions either have absent or decreased oxidative enzyme activity.
Selcen D: Myofibrillar myopathies. Curr Opin Neurol 21:585-589, 2008.

Selcen D, Ohno K, Engel AG: Myofibrillar myopathy: Clinical, morphological and genetic

studies in 63 patients. Brain 127:439-451, 2004.

CONGENITAL MYOPATHIES

What are the most important congenital myopathies?
The following congenital myopathies are generally classified based on the observed
morphologic abnormalities in muscle biopsies:
. Central-core disease
. Nemaline myopathy
. Centronuclear (AD) and X-linked myotubular myopathy
. Congenital fiber type disproportion
. Reducing-body myopathy
. Myopathy associated with tubular aggregates
. Fingerprint-body myopathy
. Sarcotubular myopathy
9. Myopathy with apoptotic changes
10. Multicore myopathy in type 1 fibers
11. Trilaminar myopathy
12. Zebra body myopathy
13. Multiminicore disease
14. Hyaline body (myosin storage) myopathy
15. Cap disease
16. Broad A band disease
17. Cylindrical spirals myopathy
18. Lamellar body myopathy
19. Congenital myopathy with mosaic fibers
20. Myopathy with muscle spindle excess

O N O WN

Is there a relationship between malignant hyperthermia (MH) and central-core
disease (CCD)?

Central-core disease is a congenital myopathy. Malignant hyperthermia is a reaction to general
anesthetics characterized by abnormal calcium homeostasis in skeletal muscles. Both
conditions are transmitted by an autosomal dominant pattern of inheritance, and the genes for
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both diseases are located next to each other on chromosome 19 (19 q12 to q13.2). More than
100 mutations in the ryanodine receptor type 1 gene (RYR1) have been associated with MH
susceptibility, central-core disease, or both. RYR1 mutations may account for up to 50% to
70% of MH-susceptible cases. CACNA1S (calcium channel, voltage-dependent, L type a-1s
subunit), located on chromosome 1932 encoding the o1 subunit of the voltage-gated
dihydropyridine receptor, is another candidate gene for MH but not for CCD.

Patients with CCD and their family members must be cautioned about the possibility of MH
reactions to anesthetics. Genetic confirmation might be challenging because most of the
mutations are private and are distributed throughout the RYR1 gene.

Levano S, Vukcevic M, Singer M, et al.: Increasing the number of diagnostic mutations in
malignant hyperthermia. Hum Mutat 30:590-598, 2009.

Nishio H, Sato T, Fukunishi S, et al.: Identification of malignant hyperthermia-susceptible
ryanodine receptor type 1 gene (RYR1) mutations in a child who died in a car after exposure to
a high environmental temperature. Leg Med (Tokyo) 11:142-143 2009.

METABOLIC MYOPATHIES

What features are suggestive of a metabolic myopathy?

Clinical features suggestive of a metabolic myopathy include acute, recurrent, and usually
reversible exercise-related muscular pain, stiffness, or cramps and myoglobinuria. Some
disorders are associated with fixed or progressive weakness.

How are metabolic myopathies classified?
According to the metabolic pathway that is impaired:

Glycogen is metabolized to either lactic acid or pyruvate, providing energy during both high-
intensity activity and anaerobic states. During aerobic conditions, pyruvate enters the TCA
cycle to generate more energy through oxidative metabolism.

Lipid metabolism is a source of energy at rest and with sustained submaximal exercise.
Long-chain fatty acids are transported into the mitochondria with the help of carnitine, where
carnitine palmitoyltransferase (CPT) catalyzes the reaction, forming acyl carnitine esters that
are oxidized to acetyl-CoA and ATP. Acetyl-CoA then enters the TCA cycle.

Phosphocreatine and the purine nucleotide cycle are utilized during brief high-intensity
exercise. Phosphocreatine restores the level of ATP from ADP, and CK is the enzyme that
catalyzes the transfer of the phosphoryl group in these reactions.

The mitochondria produce enzymes that mediate the oxidation of pyruvate, glucose, and
fatty acids under aerobic conditions by producing a hydrogen ion gradient.

What is acid-maltase deficiency? Give the differential diagnosis.

Acid-maltase deficiency (type Il glycogenosis) is an autosomal recessive disorder caused by a
deficiency of the lysosomal enzyme alphaglycosidase (acid maltase), a lysosomal hydrolase
that degrades glycogen to glucose. The gene encoding for acid maltase is located on
chromosome 17g21 to 23. It can present at any age and has three different forms: infantile
(Pompe’s disease), childhood, and adult onset. Infantile form presents with cardiomegaly,
macroglossia, hepatomegaly, and hypotonia. Juvenile form presents with slowly progressive
weakness. Some cases might have calf hypertrophy and might be misdiagnosed as muscular
dystrophy. Organomegaly is uncommon in both juvenile and adult forms. The adult patient
usually becomes symptomatic in the third or fourth decade of life with insidious painless
limb-girdle weakness and is frequently misdiagnosed as polymyositis, motor neuron disease,
myotonic dystrophy, or limb-girdle muscular dystrophy. The respiratory muscles are
disproportionately affected. The CK level is usually mildly elevated (2 to 10 times normal), and
lactate production is normal. The EMG shows abundant complex repetitive discharges,
myopathic changes, and spontaneous activity. In addition, myotonic and pseudomyotonic
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potentials can be prominent, especially in the paraspinal muscles. If the discharges are not
overt, the EMG findings resemble polymyositis. Therefore, a muscle biopsy may be necessary
to make the diagnosis. Characteristic findings are those of a vacuolar myopathy. The vacuoles
themselves contain PAS-positive material with a prominent acid phosphatase activity. Similar
vacuoles also occur in chloroquine myopathy. For definite diagnosis, enzyme activity is first
measured in dried blood spots, followed by confirmatory testing of acid maltase activity in
cultures of fibroblasts, muscle tissue, or by genetic testing. Enzyme replacement therapy with
recombinant alpha-glucosidase has shown significant clinical response in infantile form and
modest response in juvenile and adult forms. A high-protein, low-carbohydrate diet combined
with exercise might result in slight benefit.

Bembi B, Cerinin E, Danesino C, et al.: Diagnosis of glycogenosis type Il; review. Neurology
2: (23 Suppl 2):S4-S11, 2008.

Katzin LW, Amato AA: Pompe disease: A review of the current diagnosis and treatment
recommendations in the era of enzyme replacement therapy. J Clin Neuromuscul Dis 9:421-431,
2008.

Kishani PS, Corzo D, Nicolino M, et al.: Recombinant human acid [alpha]-glucosidase: major
clinical benefits in infantile-onset Pompe disease. Neurology 68:88-89, 2007.

Slonim AE, Bulone L, Goldberg T, et al.: Modification of the natural history of adult-onset
acid maltase deficiency by nutrition and exercise therapy. Muscle Nerve 35:70-77, 2007.

What is McArdle’s disease? How is it treated?

Myophosphorylase deficiency (McArdle’s disease; glycogen storage disease type V) is an
autosomal recessive myopathy, and heterozygotes are usually asymptomatic. The
myophosphorylase gene is located at 11q13. It is characterized by muscle cramps and stiffness
with exercise and intermittent myoglobinuria. Absence of myophosphorylase blocks carbohydrate
metabolism, and lipids must be used for energy metabolism at rest and during exercise. Because
this source of energy is insufficient for intense exercise, symptoms develop. A “second-wind”
phenomenon in which the symptoms disappear after a brief rest and do not recur with resumed mild
exercise has been described. Resting causes a metabolic shift to fatty acid oxidation and enables
the individual to continue with the exercise. This shift occurs more efficiently in patients who
undertake regular aerobic exercise. With advancing age, a small proportion of patients may develop
fixed proximal muscle weakness. Definite diagnosis is made by muscle histochemistry and the
finding of absent functional myophosphorylase or by DNA analysis.

Treatment begins with counseling about the risks of exercise-induced rhabdomyolysis.
Patients should be instructed to adjust their lifestyles to avoid strenuous exercise and to seek
prompt medical attention and treatment if myoglobinuria develops. Treatments aimed at
bypassing the biochemical block by supplying the muscle with a glycolytic intermediate (i.e.,
glucose, fructose) appear to increase work capacity in some patients, but their long-term use
results in undesirable weight gain and usually proves disappointing.

The main differential diagnosis is phosphofructokinase (PFK) deficiency or Tarui’s disease.
Increased bilirubin concentration and reticulocyte count reflecting hemolytic anemia in PFK are
useful in distinguishing this condition from McArdle’s disease.

Auinlivan R, Beynon RJ, Martinuzzi A: Pharmacological and nutritional treatment for
McArdle disease. Cochrane DataBase Sys Rev 6:0D003458, 2008.

What are the clinical features of primary carnitine deficiency?

Carnitine plays an essential role in the metabolism of fatty acids by muscle fiber. Carnitine
deficiency is of autosomal recessive inheritance, and the gene abnormality is located on
chromosome 5g31.1. It can present with progressive hypertrophic and dilated cardiomyopathy
with lipid myopathy between the ages of 1 and 7, or may become overt earlier, between 3
months and 2.5 years of age, with recurrent episodes of hypoglycemic hypoketonemic
encephalopathy. Treatment is with high-dose oral L-carnitine supplementation. Muscle strength
and heart function return to normal, and hypoglycemic episodes disappear with treatment.
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What is the most common disorder of lipid metabolism in muscle?

Carnitine palmitoyltransferase 2 (CPT2) deficiency is the most common disorder of lipid
metabolism in muscle and a major cause of hereditary recurrent myoglobinuria, which is
precipitated by fasting, cold, strenuous exercise, and fever. It has three phenotypes: (1)
juvenile-adult onset, which is the myopathic form; (2) infantile hepatocardiomuscular form,
which is life threatening; and (3) fatal neonatal form, which presents shortly after birth with
respiratory distress, seizures, cardiohepatomegaly, dysmorphic features, and neuronal
migration deficits.

The juvenile-adult form is the most frequent type, and usually has a benign course. Between
episodes of myoglobinuria, muscle strength and serum CK are normal. There is no fasting
hypoglycemia. Lactic acid production is normal during exercise. the most severe complication
is acute renal failure due to rhabdomyolysis. Avoidance of fasting, restriction of fat and
long-chain fatty acids with increased intake of dietary carbohydrates, and limitation of
long-duration exercise prevents recurrent episodes of muscle breakdown.

MITOCHONDRIAL MYOPATHIES

What symptoms are classic for a mitochondrial myopathy?

Although the degree of impairment varies, most mitochondrial myopathies are associated with
nonfluctuating, insidiously progressive ptosis and ophthalmoplegia. Actual diplopia is rare.
Other involved organ systems include the following:

B Cardiac (conduction abnormalities and cardiomyopathy)

W Gastrointestinal (pseudo-obstruction)

W Endocrine (diabetes, goiter, short stature)

W Central nervous system (ataxia, deafness, seizures, cerebrovascular ischemia, neuropathy)
B Skin (lipomas)

B Eye (retinitis pigmentosa, cataracts)

W Ear (deafness)

What are the most important myopathies due to point mutations in tRNA genes
of mitochondrial DNA?

1. Myoclonic epilepsy with ragged red fibers (MERRF)

2. Mitochondrial encephalomyopathy with lactic acidosis (MELAS)

3. Some myopathies with cardiomyopathy

What are POLG (DNA polymerase y) gene—associated mitochondrial disorders?

1. Childhood myocerebrohepatopathy spectrum disorders

2. Alpers syndrome (most common autosomal recessive disease caused by mutations in the
POLG gene)

3. Ataxia neuropathy spectrum (ANS) disorders; includes spinocerebellar ataxia with epilepsy
(SCAE) and mitochondrial recessive ataxia syndrome without ophthalmoplegia (MIRAS)

4. Myoclonus epilepsy myopathy sensory ataxia (MEMSA)

. Autosomal recessive progressive external ophthalmoplegia (arPEO)*

6. Autosomal dominant progressive external ophthalmoplegia (adPEQ)*
Wong LJC, Naviaux RK, Brunetti-Pierri N: Molecular and clinical genetics of mitochondrial

diseases due to POLG mutations. Hum Mutat 29:E150-E172, 2008.

(S

*Includes sensory ataxic neuropathy with dysarthria and ophthalmoparesis (SANDO).
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CONTINUOUS MUSCLE ACTIVITY SYNDROMES

What is myokymia?

Myokymia is the continuous undulation of a group of muscle fibers caused by the
successive spontaneous contraction of motor units. On EMG, they appear as groups of 2 to 10
potentials, firing at 5 to 60 Hz and recurring regularly at 0.2- to 1-second intervals. Myokymia,
frequently observed in facial muscles, occurs in a number of brain stem diseases, especially
multiple sclerosis, radiation-induced nerve damage, Guillain-Barré syndrome, chronic
peripheral nerve disorders, timber rattlesnake envenomation, gold therapy, and Isaacs’
syndrome.

What is nheuromyotonia?
Neuromyotonia is the continuous muscle rippling and stiffness resulting from bursts
of discharges from the peripheral nerve. It is neurogenic in origin and is due to an
immune-mediated neurogenic hyperexcitability. On EMG, bursts of spontaneous motor unit
activity firing at 40 to 300 Hz and lasting for several seconds are observed. Antibodies against
voltage-gated potassium channels are found in many cases. Myotonia differs from
neuromyotonia in that myotonia is thought be of myogenic origin. This theory is supported by
the failure of curare to inhibit myotonia.

Gonzalez G, Barros G, Russi ME, et al.: Acquired neuromyotonia in childhood: A case report
and review. Pediatr Neurol 38:61-63, 2008.

Maddison P: Neuromyotonia. Clin Neurophysiol 117:2118-2127, 2006.

What is Isaacs’ syndrome?

Isaacs’ syndrome has been described under several other names, including myokymia with
impaired muscle relaxation, neuromyotonia, pseudomyotonia, quantal squander, armadillo
disease, and continuous muscle fiber activity. Complaints include hyperhidrosis, muscle
stiffness, intermittent cramping, and difficulty with chewing, speaking, and even breathing.
Either myokymia or neuromyotonia can be observed. If CNS dysfunction such as encephalitis
is also present, then it is called Morvan’s fibrillary chorea.

EMG studies of Isaacs’ syndrome show spontaneous and continuous long, irregularly
occurring trains of variably formed discharges that originate along the course of the motor
axon. Antibodies specific for voltage-gated potassium channels (VGKC) of presynaptic
terminals have been reported as a serologic marker of this syndrome. Antibodies against
neuronal ganglionic acetylcholine receptor are also found in some of these patients. Successful
symptomatic treatment has been achieved with phenytoin (300 to 400 mg/day) or
carbamazepine (200 mg, 3 or 4 times/day). Some patients may respond favorably to plasma
exchange or intravenous immunoglobulin. Isaacs’ syndrome can be associated with thymoma,
small cell lung cancer, and Hodgkin’s lymphoma, or other autoimmune disorders.

Takahashi H, Mori M, Sekguchi Y, et al.: Development of Isaacs’ syndrome following
complete recovery of voltage-gated potassium channel antibody-associated limbic encephalitis.
J Neurol Sci 275:185-187, 2008.

Toothaker TB, Rubin M: Pareneoplastic neurological syndromes: A review. Neurologist
15:21-33, 2009.

Vernino S, Lennon VA: lon channel and striational antibodies define a continuum of
autoimmune neuromuscular hyperexcitability. Muscle Nerve 26:702-707, 2002.

What is “stiff-person syndrome”?

Stiff-person, or stiff-man, syndrome (SPS) is a fluctuating motor disturbance characterized by
sudden muscular rigidity with superimposed spasms. The classical form predominantly affects
the axial and proximal limb muscles and is aggravated by emotional, somatosensory, or
acoustic stimuli. Many patients have associated autoimmune endocrinopathies; the most
common is insulin-dependent diabetes mellitus. Patients might also have associated
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dysautonomia. Antibodies directed against the GABA-synthesizing enzyme glutamic acid
decarboxylase (GAD) are present in the serum and cerebrospinal fluid (CSF). EMG discloses
a continuous low-frequency firing of normal motor unit potentials that persists at rest.
A significant symptomatic improvement is achieved by oral administration of benzodiazepines,
primarily diazepam (10 to 100 mg/day). Baclofen and valproic acid also may help the
symptoms. Immune modulation by corticosteroids, plasmapheresis, or IVIG may result in
improvement in some patients. Improvement of paroxysmal symptoms is reported with
levetiracetam, vigabatrin, tiagabine, rituximab, propofol, and focal botulinum injections. The
use of tricyclic antidepressants might worsen stiffness.

Espay AJ, Chen R: Rigidity and spasms from autoimmune encephalomyelopathies:
Stiff-person syndrome. Muscle Nerve 34:677-690, 2006.

Hattan E, Angle MR, Chalk C: Unexpected benefit of propofol in stiff-person syndrome.
Neurology 70:1641-1642, 2008.

Riiegg SJ, Steck AJ, Fuhr P: Levetiracetam improves paroxysmal symptoms in a patient
with stiff-person syndrome. Neurology 62:338, 2004.

What are variants of SPS?

W Stiff-limb syndrome (SLS) is the focal form of SPS that presents with stiffness in one limb,
usually the arm. Some patients may develop dementia and ataxia. SLS might progress to
classical SPS.

B Progressive encephalomyelitis with rigidity and myoclonus (PERM) presents with axial and
lower limb stiffness followed by myoclonus, long tract, and brain stem signs (i.e., ataxia,
deafness, oculomotor impairment, dysarthria, dysphagia).

B Paraneoplastic SPS may be associated with small cell lung cancer, breast cancer, thymoma,
and Hodgkin lymphoma. Patients are negative for anti-GAD autoantibodies, but often test
positive for anti-ampiphysin autoantibodies. In rare cases, anti-gephyrin and anti-Ri
autoantibodies might be detected.

Dalakas MC: Stiff person syndrome advances in pathogenesis and therapeutic interventions.

Curr Treat Options Neurol 11:102-110, 2009.

Espay AJ, Chen R: Rigidity and spasms from autoimmune encephalomyelopathies: Stiff-

person syndrome. Muscle Nerve 34:677-690, 2006.

TOXIC MYOPATHIES

What are the most common myotoxic drugs?

1. Statins and fibrates (myalgias, elevated CK, rhabdomyolysis, drug-induced
dermatomyositis)

2. Chloroquine (vascular myopathy)

3. Alcohol (rhabdomyolysis)

4. Fluoroquinolones (ofloxacin, norfloxacin, levofloxacin, ciprofloxacin—tendinopathy, tendon
ruptures, rhabdomyolysis)

5. p-Penicillamine (drug-induced dermatomyositis)

6. Protease inhibitors (saquinavir, ritonavir, indinavir, nelfinavir, amprenavir—
rhabdomyolysis, risk is increased with concurrent use of statins)

7. Nucleoside-analogue reverse transcriptase inhibitors (zidovudine, stavudine, didanosine,
zalcidabine, lamivudine—associated mitochondrial myopathy and ragged red fibers)

What is statin myopathy?
Statin myopathy is characterized by myalgias and elevated CK levels, which might lead to
rhabdomyolysis. The exact pathophysiology underlying myopathy is unknown. Proposed
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mechanisms are decreased sarcolemmal cholesterol, mitochondrial dysfunction from
reduction of coenzyme Q (CoQ), and depletion of key isoprenoids that control
myofiber apoptosis. Treatment with CoQ is still controversial. Drug-drug interactions should be
considered at the initiation of statin therapy, because hepatic CYP 3A4 competitors such as
antifungal agents, HIV protease inhibitors, anticoagulants, erythromycin, and
cyclosporine might increase the plasma levels of statins, increasing the possibility of
myotoxicity.

Tolerable myalgias and mildly elevated CK levels should not lead to discontinuation of
statins given its benefits on the cardiovascular system.

Baker SK, Samjoo IA: A neuromuscular approach to statin-related myotoxicity. Can J Neurol
Sci 35:8-21, 2008.

Klopstock T: Drug induced myopathies. Curr Opin Neurol 21:590-595, 2008.

What neuromuscular conditions are associated with HIV infection?
. HIV polymyositis
. Inclusion body myositis
. Nemaline myopathy
. Diffuse infiltrative lymphocytosis syndrome
. HIV-wasting syndrome
. Vasculitic processes
. Myasthenic syndromes and chronic fatigue
. Mitochondrial myopathy due to antiretroviral drugs
. Lactic acidosis, hepatic steatosis, and myopathy
. HIV-associated lipodystrophy syndrome
. HAART-related immune restoration inflammatory syndrome
Authier FJ, Chariot P, Gherardi R: Skeletal muscle involvement in human immunodeficiency
virus (HIV) infected patients in the era of highly active antiretroviral therapy (HAART). Muscle
Nerve 32:247-260, 2005.
Louthrenoo W: Rheumatic manifestations of HIV infection. Curr Opin Rheumatol
20:92-99, 2008.
Robinson-Papp J, Simpson DM: Neuromuscular complications of human immunodeficiency
virus infection. Phys Med Rehabil Clin N Am 19:81-96, 2008.
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A patient with AIDS who is taking AZT complains of myalgia and weakness.
What is wrong?

The exact diagnosis in this setting is often difficult. Myalgia and increased CK are frequently
encountered in patients with AIDS, and some patients have a symmetric and predominantly
proximal muscle weakness. EMG findings are those usually seen in polymyositis. Many
patients have typical muscle biopsy findings of polymyositis (necrotic fibers with perimysial,
endomysial, and perivascular lymphocytic inflation). AZT is also associated with myopathy,
which is characterized chiefly by muscle wasting and proximal weakness and tends to occur in
patients treated with high doses of the drug for more than 6 months. Muscle biopsy, however,
may show changes suggestive of a mitochondrial disorder. Numerous ragged red fibers,
indicative of abnormal mitochondria, may be seen. Rods (nemaline) and cytoplasmic bodies
also may be seen. Both myopathy and biopsy abnormalities improve with discontinuation of
AZT. It is thought that AZT inhibits mitochondrial DNA polymerase, which causes depletion
of mitochondrial DNA and thus results in myopathy.

What is steroid myopathy?

There are two forms of steroid myopathy. The more common form produces progressive,
painless weakness. Typically the myopathy is related to chronic use, but inhaled
corticosteroids can cause diaphragmatic weakness within 2 weeks of initial exposure. Chronic
steroid myotoxicity can be prevented in part by exercise, and symptoms improve if the dose
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is reduced or discontinued. CK is not elevated, and EMG may be normal or show minimal
myopathic changes. Muscle biopsy shows type 2 fiber atrophy.

The second form of steroid myopathy, which is still a subject of controversy, is related
to high-dose exposure, usually in association with depolarizing neuromuscular blocking agents,
sepsis, hyperglycemia, and/or malnutrition. It is characterized by acute, severe paralysis that can
affect all muscles, including respiratory muscles. This syndrome has been given many names,
including acute quadriplegic myopathy, thick filament myopathy, and critical illness myopathy.
EMG may show an acute axonal neuropathy in addition to myopathic changes, which can
confound the diagnosis. Symmetric proximal weakness and atrophy develop over days. The
cause of myopathy is extensive loss of thick myofilaments with preservation of thin filaments and
Z disks in the atrophic muscle fibers. Between 30% and 50% of patients may have elevated
CK levels. With supportive care, the prognosis for recovery is variable (weeks to 1 year), but
there may be considerable mortality.

Hermans G, De Jonghe B, Bruyninckx F, et al.: Clinical review: Critical illness polyneuropathy
and myopathy. Crit Care 12:238, 2008.

Hermans G, Schrooten M, Van Damme P, et al. Benefits of intensive insulin therapy on
neuromuscular complications in routine daily critical care practice. Critical Care 13(1)R5, 1-12, 2009.
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Myopathies usually cause proximal symmetric weakness, with or without other symptoms.

. The diagnosis of myopathies often rests upon CK levels, EMG findings, and muscle biopsy.
. Muscles contain both slow (type 1 red) and fast (type 2 white) fibers.
. Myotonic dystrophy is the most common muscular dystrophy in adults.

. The possibility of respiratory failure is the most serious concern in the management of most

patients with myopathies.

. Drug toxicity should always be considered in the differential diagnosis.

CLINICAL FEATURES

Which myopathies cause respiratory failure?

B Some muscular dystrophies (Duchenne, Becker, limb-girdle, Emery-Dreifuss, myotonic,*
congenital)

W Acid-maltase deficiency*

M Carnitine deficiency

B Nemaline myopathy*

B Mitochondrial myopathy

B Centronuclear myopathy*

B Polymyositis/dermatomyositis

Which myopathies are associated with dysphagia?
W QOculopharyngeal muscular dystrophy

B [nclusion body myositis

B Myotonic muscular dystrophy

*Respiratory failure may be the presenting feature.
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B Mitochondrial myopathy
B Polymyositis and dermatomyositis
B Duchenne muscular dystrophy

61. Which myopathies are associated with cardiac disease?
B Arrhythmias: Kearns-Sayre disease; Anderson’s syndrome; polymyositis; muscular
dystrophies: myotonic; limb-girdle type 1B, 2C-F, 2G, 2I; and Emery-Dreifuss
W Congestive heart failure: muscular dystrophies: Duchenne; Becker’s; Emery-Dreifuss;
myotonic; limb-girdle 1B, 2C-F, 2G, 2I; nemaline myopathy; acid-maltase deficiency;
carnitine deficiency; polymyositis

62. Which myopathies are associated with ptosis or ophthalmoplegia?
Ptosis usually without ophthalmoplegia:
B Myotonic dystrophy
B Congenital myopathies
W Centronuclear myopathy
B Nemaline myopathy
W Central core myopathy
B Myofibrillary (desmin subtype) myopathy
Ptosis with ophthalmoplegia:
B Qculopharyngeal muscular dystrophy
W QOculopharyngodistal myopathy
B Chronic progressive external ophthalmoplegia (mitochondrial myopathy)

63. Which myopathies are characterized by predominant distal weakness?

M | ate adult-onset distal myopathy type 1 (Welander)

W |ate adult-onset distal myopathy type 2 (Markesbery) and tibial muscular dystrophy (Udd)

W Early adult-onset distal myopathy type 1 (Nonaka)

B Early adult-onset distal myopathy type 2 (Miyoshi)

W Farly adult-onset distal myopathy type 3 (Laing)

MW [ate adult-onset distal dystrophinopathy

W Myofibrillary myopathy

M Childhood-onset distal myopathy

| Myotonic dystrophy

M Facioscapulohumeral dystrophy

B Scapuloperoneal myopathy

W Qculopharyngeal dystrophy

B Emery-Dreifuss humeroperoneal dystrophy

B [nflammatory myopathies: inclusion body myositis

W Metabolic myopathy: Debrancher deficiency, acid-maltase deficiency

W Congenital myopathy: nemaline myopathy, central core myopathy, centronuclear myopathy
Guglieri M, Straub V, Bushby K, et al.: Limb-girdle muscular dystrophies. Curr Opin Neurol

21:576-584, 2008.
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NEUROMUSCULAR JUNCTION DISEASES

Clifton L. Gooch, MD, and Tetsuo Ashizawa, MD

ANATOMY AND PHYSIOLOGY

1. What happens in the motor nerve terminal (presynaptically) during
neuromuscular transmission?
When a wave of depolarization (the action potential) travels down the motor nerve and reaches
its tip (the presynaptic nerve terminal), voltage-gated calcium channels in the neuronal
membrane open, allowing influx of calcium ions (Ca?*). This triggers the fusion of
acetylcholine (ACh)-filled vesicles with the membrane and the release of acetylcholine into the
space between the nerve and muscle membranes (the synaptic cleft) (Figure 5-1).

2. What happens in the muscle (postsynaptically) during neuromuscular
transmission?
The binding of two acetylcholine molecules to each ACh receptor (AChR) in the muscle
(postsynaptic) membrane opens an Na™ channel within the receptor, allowing Na™ influx,
which generates subthreshold depolarizations known as miniature endplate potentials
(MEPPs). The MEPPs in each muscle fiber summate to form the endplate potential (EPP) for
that fiber. When a sufficient number of receptors are activated simultaneously, the EPP
becomes large enough to trigger an action potential, which then propagates along the muscle
sarcoplasmic membrane to the T-tubule system, leading to the release of Ca>* from the
sarcoplasmic reticulum and muscle contraction.

3. What happens in the synaptic cleft during neuromuscular transmission?
After acetylcholine molecules bind to and activate AChRs, they are released back into the
synaptic cleft. Acetylcholinesterase (AChE) in the cleft then decomposes acetylcholine into
choline and acetic acid within a fraction of a millisecond, and choline reuptake by the
presynaptic nerve terminal provides material for the synthesis of new acetylcholine via the
enzyme choline acetyl transferase.

4. What is the structure of the nicotinic AChR?
The human AChR consists of five subunits: two alpha, one beta, one epsilon (or gamma in fetal
form), and one delta subunit. Acetylcholine binds to the extracellular domain of the alpha
subunit. Two acetylcholine molecules must bind with the receptor (one on each alpha subunit)
to open its Na*™ channel (Figure 5-2).
Ashizawa T, Oshima M, Ruan KH, et al.: Autoimmune recognition profile of the alpha chain
of human acetylcholine receptor in myasthenia gravis. Adv Exp Med Biol 303:255-261, 1991.

5. What is the “safety margin” for neuromuscular transmission?
In the normal subject, the amount of acetylcholine released from the presynaptic nerve
terminal decreases with each repeated nerve depolarization at a slow rate. This means fewer
receptors are activated at the muscle endplate, generating fewer MEPPs and a lower EPP.
However, the number of receptors is still high enough that this slight decline in acetylcholine
output does not drive the EPP below the depolarization threshold for the muscle fiber, and full
contraction still occurs. This functional redundancy is known as the safety margin for
neuromuscular transmission.
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Figure 5-1. The neuromuscular junction. From Kandel ER, Schwartz JH, Jessel
TM (eds): Principles of Neural Science, 3rd ed. New York, Elsevier, 1991, p 136.
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Figure 5-2. Diagram of the molecular structure of the AChR at the neuromuscular
junction. From Kandel ER, Schwartz JH, Jessel TM (eds): Principles of Neural Science, 3rd ed.
New York, Elsevier, 1991, p 146.

MYASTHENIA GRAVIS

What autoimmune diseases primarily affect the neuromuscular junction (NMJ)?
Myasthenia gravis (MG), in which most antibodies are directed against the AChR on the
postsynaptic muscle membrane, and Lambert-Eaton myasthenic syndrome (LEMS), in which
antibodies are directed against the voltage-gated calcium channel in the nerve terminal,
primarily affect the neuromuscular junction.

How is the safety margin for neuromuscular transmission altered in MG?

In MG, antibodies decrease the number of functional AChRs. Because fewer AChRs are
available for activation, the safety margin for neuromuscular transmission is lowered. Fewer
MEPPs are generated when acetylcholine output falls and the EPP is lower. With repeated
activation of the nerve and further declines in acetylcholine output, the EPP eventually falls
below the threshold necessary to trigger depolarization and contraction of the muscle fiber
(blocking of neuromuscular transmission). With continued activation of the nerve, this
happens at an increasing number of NMJs and many muscle fibers fail to activate, causing
weakness. With extrinsic repetitive electrical stimulation of the nerve at low frequencies, the
size of the electrical response accompanying muscle contraction (the compound motor action
potential or CMAP) decreases due to this same phenomenon. After a period of rest,
acetylcholine content is restored, and these abnormalities may improve.

What are the clinical manifestations of MG?

Patients with MG often have variable degrees of weakness and easy fatigability of voluntary
skeletal muscle. This weakness may or may not be noticeable with simple activity, but appears
or worsens after sustained exercise and typically improves after a short rest. Weakness and
fatigability of extraocular muscles (diplopia), bulbar muscles (dysarthria, dysphagia), and
limb muscles is often easily detectable on clinical examination. The most critical manifestation
is respiratory weakness, a potentially fatal complication, which can develop over hours in
severe cases.

What is the epidemiology of MG (i.e., incidence, sex differences, age of onset,
inheritance, mortality, and natural history)?

The incidence of MG is approximately 1 in 20,000. It affects more women than men by a ratio
of 3:2 and has a bimodal age distribution (affecting more women in the third decade and
more men in the fifth decade), although it may appear at any age from birth to late adulthood.
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Five to seven percent of cases are familial, but no Mendelian inheritance pattern has been
identified. Prior to the advent of effective immunomodulatory therapy and artificial ventilation,
20% to 30% of MG patients died due to respiratory failure, 20% experienced persistent
symptoms, 25% experienced spontaneous improvement, and a final 25% experienced
spontaneous remission. In the modern era, MG is eminently treatable, and death in the
properly treated compliant patient is rare.

What is the scientific evidence that AChR antibodies cause MG?

Myasthenia gravis is the prototypic antireceptor antibody disease and is one of the best
understood of any of the autoimmune diseases at the basic science level. Animals immunized
with AChRs develop serum antibodies against the receptor and exhibit both the clinical and
electrophysiologic features of human MG. This model is known as experimental autoimmune
myasthenia gravis or EAMG. Passive transfer of human MG IgG to animals also causes EAMG,
and immunocytochemical studies have demonstrated IgG at the postsynaptic membrane of
motor endplates in myasthenic skeletal muscle. AChR antibodies decrease the number of
available AChRs in cultured muscle cells in vitro.

What is the clinical evidence that AChR antibodies cause MG?

More than 90% of patients with MG have circulating antibodies against nicotinic AChR.
Removal of the antibodies by plasmapheresis often improves the symptoms and signs of MG.
Decreased titers after therapy also may correlate with improved symptoms. Favorable
responses to immunotherapy are also consistent with autoimmune, antibody-mediated injury.

What is the thymus gland? What is a myoid cell?

The thymus gland is a small gland located in the fat pad beneath the sternum. It plays a critical
role in the maturation of immunologically active cells and in the development of immune self-
tolerance in the healthy patient. Myoid cells are muscle-like cells found mainly within the
medulla of the thymus. Myoid cells express nicotinic AChRs, and given their location within
this critical site for the development of the global immune response, these cells may play a
pivotal role in autosensitization against the receptor in MG.

What evidence suggests that the thymus gland has a major role in the

pathogenesis of MG?

1. Removal of the thymus improves MG in the majority of patients.

2. The majority of patients with MG have an abnormal thymus, demonstrating either
hyperplasia or thymoma.

3. Thymic myoid cells express AChRs proximate to the site of T-lymphocyte maturation
(which includes immune self-tolerance).

4. AChRs in the thymic myoid cells in MG express the fetal gamma subunit, making them
potential targets for antibody sensitization.

5. Thymic B-lymphocytes from patients with MG produce more anti-AChR antibodies than
other antibodies.

6. Thymic cells selectively increase the production of antiacetylcholine antibodies when added
to myasthenic B-lymphocytes in the laboratory.

7. MG thymus tissue transplanted to immunodeficient mice produces anti-AChR antibodies,
which deposit at skeletal muscle endplates.
Cizeron-Clairac G, LePense R, Frenkian-Cuvelier M, et al.: Thymus and myasthenia gravis.

J Neuroimmunol 201:57-63, 2008.

What is the role of thymectomy in the treatment of MG?

Although prospective, randomized, controlled trials have not been performed, the beneficial
effects of thymectomy in patients with MG (with or without thymic tumor) have been
demonstrated in a plethora of studies. Over 75% of patients experience some benefit, which



15.

16.

17.

18.

CHAPTER 5 NEUROMUSCULAR JUNCTION DISEASES

may include a reduced requirement for immunomodulatory therapy, a greater likelihood of
successful taper of immunosuppressant medication with continued control, and a greater
chance of permanent symptomatic remission. The extended trans-sternal approach (sternal
split with removal of the thymus and visual exploration of the mediastinum for removal of
ectopic thymic tissue) appears to confer the best balance between benefit and risk, and is
extremely safe in experienced hands. Benefits in children and patients over 60 years of age are
less clear, and these groups may be at greater risk for the procedure. The congenital
myasthenic syndromes do not appear to be immune-mediated and do not respond to
thymectomy.

What is the association between thymoma and MG?
Approximately 15% of patients with MG have a thymoma, most of which are epithelial rather
than lymphocytic in origin. Ninety percent are benign and easily treated with resection,
whereas 10% are malignant, carrying an average survival of 5 to 10 years. Benign thymic
hyperplasia is seen in about 50% of patients with MG.

Magg L, Andreetta F, Antozzi C, et al.. Thymoma-associated myasthenia gravis: Outcome,
clinical and pathological correlations in 197 patients on a 20 year experience. J Neuroimmunol
201:237-244, 2008.

What diagnostic tests can help identify a thymoma in patients with MG?
Imaging studies are the gold standard for the diagnosis of thymoma in patients with MG, and
all MG patients should undergo either a computed tomography (CT) or magnetic resonance
imaging (MRI) scan of the chest. The sensitivity and specificity of chest CT for the
identification of thymoma are 85% and 99%, respectively. Other adjunctive studies may also
suggest thymoma, and antiskeletal muscle antibodies have a sensitivity of 94% in patients
with MG and a thymic mass. Antiskeletal muscle antibody titers fall with successful treatment
of the thymoma and rise with recurrence, making them useful screening tools for patient
follow-up.

What is transient neonatal MG?

Approximately 12% of neonates born to mothers with MG are “floppy” babies who have
difficulty with breathing and sucking. This “transient neonatal myasthenia” likely results from
the transfer of maternal AChR antibodies to the infant through the placenta. It typically lasts for
several weeks and then spontaneously resolves but should not persist for more than 12 weeks.
Neither the severity of maternal disease or titers of maternal antibody reliably correlate with
the development of neonatal MG; severely affected mothers may have normal infants, and
mothers in clinical remission may have affected infants. Regardless, physicians caring for a
myasthenic mother must be aware of this disorder and must be prepared to provide
respiratory support to the newborn, if needed.

What are the congenital myasthenic syndromes?

The congenital myasthenic syndromes are a group of extremely rare disorders typically caused
by genetic mutations affecting the structure and/or function of the NMJ. They manifest as
extraocular, facial, bulbar, and/or limb weakness and fatigability beginning in early life and
persisting into adulthood. These syndromes have been characterized by site of dysfunction
within the NMJ and are the subject of ongoing investigation, with new syndromes described
each year. Patients with these disorders do not respond to thymectomy or other
immunotherapies. The presynaptic disorders involve defective release or synthesis of
acetylcholine and account for 8% of the congenital syndromes. The synaptic basal lamina
disorders are due to mutations in the collagen tail of AChE, and account for 16%. The
postsynaptic disorders are caused primarily by mutations in various AChR subunits, altering
receptor number and/or receptor ion channel kinetics. They account for the majority of cases
(76%) (Table 5-1).
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TABLE 5-1. THE CONGENITAL MYASTHENIC SYNDROMES

Presynaptic Familial infantile congenital MG + episodic apnea
Decreased synaptic vesicles and reduced ACh quantal release
Congenital Lambert-Eaton—like episodic ataxia 2
Reduced quantal release

Synaptic basal AChE deficiency at NMJs
lamina defects
Postsynaptic
Kinetic AChR Reduced numbers of AChRs at NMJs
abnormalities Slow AChR channel syndromes with increased response to ACh

Fast-channel syndromes with reduced response to ACh
Normal numbers of AChRs at NMJs with reduced response to ACh
Fast-channel syndrome: AChR ¢ subunit dysfunction
Fast-channel syndrome: AChR « subunit dysfunction
High conductance and fast closure of AChRs
Increased numbers of AChRs at NMJs
Slow-channel syndrome: AChR {3 subunit dysfunction
Nonkinetic AChR Reduced numbers of AChRs at NMJs due to AChR mutations
abnormalities Usually & subunit abnormality
Rarely, o, B, € subunit abnormalities
Other postsynaptic Rapsyn mutations causing reduced numbers of AChRs at NMJs
defects Plectin deficiency
Weakness + episodic apnea, and bulbar dysfunction

Ach. acetylcholine; AChR, acetylcholine receptor; AChE, acetylcholinesterase; NMJ, neuromuscular
junction.

Washington University Neuromuscular Online Reference:
http://www.neuro.wustl.edu/neuromuscular/synmg.html

From Nogajski JH, Kiernan MC, Ouvrier RA, Andrews PI: Congenital myasthenic syndromes. J Clin
Neurosci 16:1-11, 2009.

19. What are the most common diagnostic tests for MG?
The diagnosis of MG is a clinical one but may be supported by several different tests.
Electrophysiologic tests are often the first step after clinical examination, and typically include
repetitive nerve stimulation (RNS) studies, which have a sensitivity of 40% to 90% depending
on disease severity. A more advanced test, single-fiber electromyography (SFEMG), is the
single most sensitive assay in MG with a sensitivity of 90% to 95% even in mildly symptomatic
patients. The AChR binding antibody assay (using serum samples) has a 90% sensitivity in
generalized disease and 70% in pure ocular disease, but the blocking and modulating AChR
antibody assays are less sensitive, particularly in pure ocular disease. Administration of the
short-acting AChE inhibitor, edrophonium (the Tensilon test) may transiently improve strength
and can also aid in diagnosis but must be properly performed in a patient having clearly
discernible weakness on examination to serve as a gauge for response.


http://www.neuro.wustl.edu/neuromuscular/synmg.html
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20. What is repetitive nerve stimulation (RNS), and what does it show in MG?
RNS involves the repeated transcutaneous electrical stimulation of all the motor fibers within a
nerve, which generates successive impulses. These impulses travel down the nerve, across
the NMJ, and into the muscle, from which consecutive electrical responses (CMAPs) are
recorded. In MG, progressive failure of transmission across an increasing number of NMJs
with repeated stimulation results in activation of fewer muscle fibers, and progressively smaller
CMAP. This decrement in CMAP size with low-frequency (2 to 3 Hz) RNS confirms NMJ
dysfunction. Decrement may be transiently repaired and CMAP amplitude transiently restored
by brief voluntary exercise of the tested muscle between rounds of RNS (repair of decrement
and postexercise facilitation). Decrement may also improve with anticholinesterase inhibitor
administration.

21. What is single-fiber electromyography (SFEMG), and what does it show in MG?
SFEMG is a technique that enables the recording of single muscle fiber discharges, either
during volitional contraction or during electrical stimulation of the axon branch to the muscle
fiber. Mathematical analysis of consecutive SFEMG signals enables quantitation of the
variability in transmission time across the NMJ from discharge to discharge, a value known as
Jitter. In MG, LEMS, and other NMJ disorders, jitter is increased and may be associated with
intermittent failure of transmission across certain NMJs (“blocking” of neuromuscular
transmission). SFEMG is the single most sensitive test for MG and is positive in 95% of
generalized cases, and 90% of pure ocular cases. Increased jitter also occurs in myopathic and
neuropathic diseases, so careful routine electromyography and nerve conduction studies are
imperative to rule out these causes before SFEMG can be interpreted.

KEY POINTS: CAUSES AND DIAGNOSIS OF v
MYASTHENIA GRAVIS

1. Myasthenia gravis (MG) is caused by different sets of antibodies directed against the AChR
and its associated functional proteins.

2. The thymus plays a major role in the immunopathogenesis of MG, and its removal improves
chances for remission and response to medical therapy.

3. Diagnostic tests for MG include RNS, AChR antibody assays, the Tensilon test, and single-
fiber EMG.

4. Fifteen percent of MG patients have a thymoma, and 10% of thymomas in MG patients are
malignant; therefore, every MG patient requires CT or MRI of the chest.

5. Single-fiber EMG has the greatest sensitivity of any test for MG (90% to 95%) and is
particularly useful in mild or pure ocular cases when other assays are more likely to be
negative or indeterminate.

22. How is the edrophonium (Tensilon) test performed?
The patient must have readily observable weakness (e.g., ptosis) or weakness that is easily
quantified on examination. The test must be performed in a controlled setting, with emergency
resuscitation equipment and trained personnel available, because there is a small risk of
precipitating cardiac arrhythmia. Both a syringe containing normal saline (the placebo) and
a syringe containing edrophonium (10 mg) must be prepared. The placebo is always
administered first, and the same protocol should be used for both IV preparations. A test dose
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of 1 mg is given, and the patient is observed for side effects over 5 min (i.e., flushing,
palpitations, tearing). In some patients, clinical effect appears at this small dose. In most of
them, however, the remaining 10 mg will be required. Each minute for the next 5 minutes after
administration, the patient should be observed and tested for improvement, and the results
documented. Unequivocal improvement occurring only with edrophonium and not with placebo
supports the diagnosis of MG.

What is the Mary Walker phenomenon?
Fatigue and weakness of the forearm muscles develop in myasthenic patients when the
forearm muscles are exercised with a cuff around the upper arm, inflated above systolic
pressure to occlude circulation (ischemic exercise). After the cuff is deflated, myasthenic
symptoms in the rest of the body may worsen within minutes in some patients. This
phenomenon is named after Mary Walker, the physiologist who first described it in 1938, and
is also present in the myasthenic dog. Although its mechanism is not clear, it may be due to
transient lactic acidosis, because lactic acid binds calcium and reduces available ionized and
serum calcium. Experimentally, lactate infusions increase weakness in patients with MG much
more than in controls.

Walker MB: Myasthenia gravis: A case in which fatigue of the forearm muscles could induce
paralysis of the extraocular muscles. Proc Roy Soc Med 31:722, 1938.

What is pyridostigmine? Why is it the most widely used anticholinesterase
medication in MG?

Pyridostigmine (Mestinon) is slightly longer-acting (with a half-life of 4 hours) and has fewer
cholinergic side effects than neostigmine bromide and other anticholinesterase preparations.
Unlike physostigmine, pyridostigmine has no unwanted CNS effects because it does not
cross the blood-brain barrier. However, some cases of MG may be refractory to
pyridostigmine but respond to other anticholinesterases. A long-acting preparation, Mestinon
Timespan 180 mg, may alleviate difficulty in swallowing medication in the morning when
taken before bedtime but is not as useful for therapy while awake. A parenteral preparation is
also available (2 mg parenteral dose = 60 mg oral dose).

What is a cholinergic crisis?

Overdosing with anticholinesterase may result in excessive acetylcholine in the synaptic
cleft, causing a depolarizing block of AChRs. The end result is defective neuromuscular
transmission causing symptoms similar to those of a myasthenic crisis. Fasciculations are also
common. Establishing an airway, supporting respiration, and withholding anticholinesterase
medications are the mainstays of treatment. This complication is rarely seen today because
lower doses of anticholinesterase are typically utilized due to successful primary
immunomodulatory therapy.

What are the chronic adverse effects of anticholinesterases on NMJ?

Chronic excess ACh may also damage the muscle end plate, cause simplification of the
postsynaptic folds and loss of AChRs, similar to the endplate changes seen in MG. These
changes may be superimposed on the primary damage caused by MG itself. However, as with
cholinergic crises, this complication is rarely seen today because successful primary
immunotherapy makes the chronic use of high doses of anticholinesterases unnecessary in
most patients.

Which drugs may worsen MG?

Many routinely used drugs have adverse effects on the NMJ, which may not be significant in
normal patients but can seriously worsen MG. The list is extensive, and the practitioner
should be certain that a given drug does not have these effects before starting therapy in a
myasthenic patient. The list includes many antibiotics, particularly the aminoglycosides;
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cardiac drugs, particularly the beta-blockers (even Timoptic eye drops); chloroquine;
phenytoin; lithium; magnesium; and excess doses of the anticholinesterases (cholinergic
crisis). Of course, neuromuscular blocking agents worsen symptoms and may prolong
recovery and weaning from ventilation postoperatively, especially the depolarizing agents.
Rarely, drugs such as p-penicillamine may precipitate MG in previously unaffected patients
(Table 5-2). A more complete list can be found on the website for the Myasthenia Gravis
Foundation of America (MGFA) at www.myasthenia.org.

TABLE 5-2. DRUGS THAT ADVERSELY AFFECT NMJ FUNCTION

Antibiotics Neuromuscular Blockers Other Drugs
Aminoglycosides Cardiac drugs Phenytoin
Neomycin Quinine Chloroquine
Streptomycin Quinidine Trimethadione
Kanamycin Procainamide Lithium carbonate
Gentamicin Trimethaphan Magnesium salts
Tobramycin Lidocaine Meglumine diatrizoate
Other peptide antibiotics Beta-adrenergic blockers Methoxyflurane
Polymyxin B Oxytocin

Colistin Aprotinin

Other antibiotics Propanidid
Oxytetracycline Diazepam
Rolitetracycline Ketamine
Lincomycin p-Penicillamine
Clindamycin Carnitine
Erythromycin

Ampicillin

28. What is drug-induced autoimmune MG?
Approximately 1% of patients taking p-penicillamine for the treatment of diseases such as
rheumatoid arthritis or Wilson’s disease develop clinical myasthenia. The disease is six times
more common in women, first striking the ocular muscles and then becoming generalized.
Patients have autoantibodies against AChRs, which usually slowly disappear (along with MG
symptoms) after discontinuation of the drug. Trimethadione, an anticonvulsant, also may
induce myasthenia. These patients have high titers of antimuscle antibodies and antinuclear
factor, and symptoms suggestive of systemic lupus erythematosus.

29. Which temporizing therapies can rapidly improve MG?
Both plasma exchange (PE) and IVIG induce improvement in most MG patients within 1 to
2 weeks. Typical courses of therapy might include six exchanges every other day over 2 weeks,
or 400 mg/kg/day of IVIG for 5 days. Improvement usually peaks at 2 to 4 weeks and
then gradually abates at 6 to 8 weeks. These therapies seem to have equivalent efficacy in
general, though some patients may respond better to one or the other. There are no data
suggesting that combined therapy is any more beneficial than treatment with either agent
alone. They are helpful when rapid improvement is needed (i.e., myasthenic crisis), to prepare
symptomatic patients for steroid induction, and for surgical procedures such as thymectomy.
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In rare instances, patients refractory to chronic oral therapies may require indefinite courses of
treatment with these temporizing therapies on a regular schedule.

Richman DP, Agius MA: Treatment of autoimmune myasthenia gravis. Neurology 61:1652-
1661, 2003.

What are the side effects of PE and IVIG?

PE induces fluid shifts and can cause electrolyte imbalance, anemia, and thrombocytopenia. In
addition, PE often requires a central line, which carries some placement and infection risk. IVIG
can rarely precipitate renal failure, especially in diabetics, and may cause aseptic meningitis,
resulting in headache. It increases blood viscosity, and may increase cardiac and stroke risk in
elderly subjects. It also causes transient myelosuppression, though this is usually mild. Unlike
PE, IVIG may be protective against infection.

What drugs are effective as chronic immunosuppressives in MG?

Oral prednisone is the single most effective treatment for MG, resulting in dramatic
improvement in 90% of cases within 4 weeks. Azathioprine and mycophenolate are also often
effective as sole agents but take longer to begin to work (3 to 6 months). They have a primary
role as adjunctive therapy for patients in whom steroids cannot be effectively tapered, and may
be drugs of first choice in patients with mild, nonprogressive disease. Methotrexate,
cyclophosphamide, and Cytoxan may also be of benefit.
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Steroids, PE, IVIG, and other immunosuppressive drugs can dramatically improve and
successfully control MG.

. Up to 40% of MG patients experience a transient exacerbation after starting high-dose

steroids, usually within 5 to 7 days.

What is a steroid-induced exacerbation?

In addition to the usual side effects of corticosteroids, patients with MG may become
acutely weaker 1 to 3 weeks (average 5 to 7 days) after initiation of oral prednisone therapy
(steroid-induced exacerbation) for 24 to 48 hours. Pretreatment with PE and/or IVIG or,
alternatively, gradually increasing doses of oral prednisone, from 25 mg orally every other
day to 100 mg orally every other day, may alleviate this phenomenon. Consequently,
respiratory functions should be carefully monitored during the acute phase of steroid
induction.

What is the usual chronic course of patients treated with steroids?
Patients may be successfully tapered to very low doses over approximately 12 months in
most cases, especially when thymectomy has been performed. However, a significant
minority of patients will experience an exacerbation (usually mild) as steroids are tapered
below a certain point. This is treated by slight, recurrent increases in dosage. However,
should a second attempt at steroid taper fail, the introduction of an adjunctive agent,
such as azathioprine, is often necessary before taper can be successfully resumed.
Excessively rapid steroid tapers are responsible for many severe exacerbations in
patients with MG.

Graves M, Katz JS: Myasthenia gravis. Curr Treat Options Neurol 6:163-171, 2004.
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What is a myasthenic crisis?

Myasthenic crisis is an acute exacerbation of MG with severe weakness and/or bulbar
and/or respiratory dysfunction. The maintenance of adequate ventilation is paramount, and
patients should be hospitalized with close monitoring of pulmonary functions, especially forced
vital capacity and FEV4, which often decline before blood gases deteriorate. Early intubation
with mechanical ventilatory support is lifesaving in a myasthenic crisis.

After respiratory function is secured, how is a myasthenic crisis treated?

A thorough work-up for intercurrent infection or other acute disease is needed, along with
careful review of the patient’s medication list and recent history (for potential agents
contributing to NMJ dysfunction or recent changes in MG treatment regimen). Temporizing
therapy with plasmapheresis or IVIG should be instituted as soon as possible, followed

by chronic immunosuppressive therapy if not contraindicated by other intercurrent

illness. If infection is present, IVIG is the temporizing therapy of choice.
Anticholinesterases are problematic. If cholinergic crisis is suspected (i.e., very high

daily doses used), anticholinesterases should be discontinued with careful respiratory
monitoring.

What is the value of the edrophonium test to differentiate myasthenic crisis
from cholinergic crisis?

The edrophonium (Tensilon) test improves myasthenic crisis but aggravates cholinergic crisis.
However, interpretation of the result is often difficult and misleading because one group of
muscles may deteriorate while others may improve. Securing respiratory function and
discontinuing all anticholinesterase drugs in a monitored hospital environment is a safer and
more practical solution.

What is anti-MuSK antibody syndrome?

A new population of antibodies has been identified in MG patients in recent years, directed
against muscle-specific kinase (MuSK). MuSK is a tyrosine kinase, which has an important role
in regulating and maintaining AChRs and their functional clusters at the NMJ. Anti-MuSK
antibodies may be found in 40% to 60% of patients with clinical MG who are seronegative for
antibodies directed against the AChR, and passive transfer of these antibodies produces
physiologic effects at the NMJ similar to that caused by anti-AChR 1gG (i.e., reduced MEPP
amplitude). Initial clinical studies suggest that these patients have a syndrome of generalized
myasthenia, often with prominent neck, shoulder, or respiratory muscle weakness with little or
delayed ocular muscle involvement. Responses to cholinesterase inhibitors are variable, but
PE is effective, and most patients also respond to other immunotherapies including oral
steroids, azathioprine, cyclosporine, and mycophenolate. The benefits of thymectomy remain
unclear at present.

LAMBERT-EATON MYASTHENIC SYNDROME

What are the primary manifestations of Lambert-Eaton myasthenic syndrome
(LEMS)?

In LEMS, weakness and fatigability of proximal muscles, especially in the thighs and pelvic
girdle, with depressed or absent tendon reflexes are the primary manifestations. Muscle
strength and/or reflexes may increase for a short while after exercise (postexercise facilitation
and facilitation of reflexes). Although ptosis may be present in LEMS, extraocular and bulbar
muscles are minimally involved. Mild autonomic dysfunction may be prominent in LEMS,
manifesting primarily as dryness of the mouth.
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Which tumor is associated with LEMS?

About 50% to 66% of patients with LEMS have cancer, usually small-cell carcinoma of the
lung, at the time of presentation or will ultimately be diagnosed with it, usually within

2 years. Although immunologic evidence suggests that this tumor may play an important role
in the pathogenesis of LEMS, a substantial minority of patients with LEMS never develop
malignancy.

What experimental evidence suggests an autoimmune pathogenesis of LEMS?
Passive transfers of IgG from patients with LEMS to animals produce electrophysiologic
defects characteristic of LEMS. The LEMS IgG contains autoantibodies against voltage-gated
calcium channels.

Describe the autoimmune pathophysiology involved in LEMS.

The primary antigen for the LEMS antibodies is found both at the presynapse and in small-cell
carcinoma of the lung. LEMS antibodies cross-react with N-type and L-type voltage-gated Ca>*
channels and with synaptotagmin in the presynapse. This decreases the number of voltage-
gated Ca®* channels, which reduces activation of the cascade, thus leading to the release of
acetylcholine (ACh) vesicles. Decreased ACh release decreases depolarization at the muscle
end plate, and threshold for activation of the muscle fiber is not reached.

Explain the mechanism of incremental response after high-frequency RNS in
patients with LEMS.

Decreased Ca®* influx into the presynaptic nerve terminal (due to antibody attack) results in
insufficient release of acetylcholine. When the nerve is stimulated at sufficiently high
frequencies (either by extrinsic high-frequency RNS or by brief volitional exercise), recurrent
depolarization of the nerve terminal causes such a high rate of calcium influx that it
overwhelms the nerve cell’s mechanisms for calcium clearance, temporarily increasing
intracellular calcium levels and normalizing the release of acetylcholine. This manifests as a
dramatic increase in compound muscle action potential size. However, low-frequency RNS
results in decrement, which may be confused with the decrement of MG.

What are the morphologic changes at the NMJ in LEMS?

In the normal subject, freeze-fracture technique shows submicroscopic bumps arrayed in
parallel rows in the portion of the presynaptic membrane where calcium channels are
clustered. These “active zone protein particles” correspond with the voltage-gated calcium
channels, and show reduced numbers and disruption of their normal parallel arrays in patients
with LEMS.

What is the treatment for LEMS?
Release of acetylcholine from the presynaptic nerve terminal is facilitated by guanidine
hydrochloride, 4-aminopyridine (4-AP), and 3,4-diaminopyridine (3,4-DAP). The
aminopyridines, particularly 4-AP, decrease the seizure threshold. Anticholinesterases may
improve symptoms in some patients. In paraneoplastic cases, successful treatment of the
underlying neoplasm is the best therapy and may cause full remission of symptoms. Although
improvement after IVIG also has been reported and other immunomodulatory therapies have
been utilized (i.e., PE, oral steroids), the results of these interventions are often disappointing.
Weimer MG, Wong J: Lambert-Eaton myasthenic syndrome. Curr Treat Options Neurol
11:77-84, 2009.

What precautions must be taken for surgical procedures that require general
anesthesia in patients with MG and LEMS?

Delayed recovery from neuromuscular blocking agents must be anticipated in both LEMS and
MG. Nondepolarizing, short-acting neuromuscular blockers at minimal necessary doses are
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preferred. Intravenous steroids equivalent to oral maintenance doses should be given until
oral steroids can be resumed. An additional bolus during surgery may also be helpful.
Anticholinesterase therapy is usually unnecessary during surgery but is started postoperatively
as needed when the patient regains consciousness. The differences between parenteral and
oral doses of anticholinesterase should be recognized. Maintain normal serum electrolytes,
calcium, phosphorus, and magnesium. Avoid unnecessary medications to minimize drug-related
complications, especially those that may worsen neuromuscular transmission (see Question 27,
Table 5-2).
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. Antibodies against the presynaptic voltage-gated calcium channel cause LEMS, which is

paraneoplastic in 60% of cases.

. MG and LEMS both cause decrement on low-frequency RNS, but LEMS also causes dramatic

increment on high-frequency RNS (often greater than 100%).

. Botulism can often be distinguished from the aggressive onset of MG by the presence of

dilated, minimally reactive pupils.

OTHER NEUROMUSCULAR JUNCTION DISEASES

What are the clinical characteristics of botulism?

Two to 48 hours after ingesting improperly prepared or preserved foods contaminated with
Clostridium botulinum, ocular and bulbar muscle paralysis begins, with difficulty in
convergence of the eyes, diplopia, ptosis, weakness of the jaw muscles, dysphagia, and
dysarthria. Nausea, vomiting, and diarrhea may precede these symptoms. Constipation, urinary
retention, and nonreactive dilation of the pupils may occur because of autonomic dysfunction.
Respiratory failure and total limb paralysis may ensue without sensory loss or mental status
changes. Infantile botulism may result in poor sucking and difficulty with feeding, weak cry,
loss of head control, and bilateral ptosis, with subsequent generalized flaccid paralysis. The
course depends on the amount of toxin absorbed, ranging from death within 4 to 8 days
without respiratory support to mild symptoms with complete recovery.

What is the infectious process in botulism?

Botulinum toxin is an exotoxin of C. botulinum. The presence of common bacteria inhibits the
growth of C. botulinum, but infection occurs when the victim ingests improperly prepared
canned or bottled foods in which the common bacteria are killed, but the more resistant
Clostridium spores are spared. In infants, the intestinal bacterial flora may not effectively
inhibit the growth of €. botulinum. Human botulism is usually caused by exotoxin produced by
types A, B, and E, which interfere with acetylcholine release.

What is the pharmacologic action of black widow spider venom?

Black widow spider venom promotes rapid release of acetylcholine from the presynaptic nerve
terminal, depleting its stores. The venom also inhibits choline uptake. Clinically, this causes
painful muscle spasms with severe gastrointestinal symptoms, followed by weakness.

What is the pharmacologic action of curare?

Curare is a classic antagonist of nicotinic AChRs and competes with acetylcholine for the
binding site, which is effective as a neuromuscular blocking agent (nondepolarizing blocker)
for general anesthesia.
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50. Which snake venom causes a heuromuscular disorder?
Alpha-bungarotoxin, a potent toxin produced by the Banded Krait of Taiwan (Bungarus
multicinctus), binds to the AChR at multiple sites on the alpha subunit, blocking acetylcholine
binding in a manner similar to MG.

51. What is the importance of alpha-bungarotoxin in experimental studies of MG?
Because of its high affinity for the receptor, it is a useful marker for basic scientific
investigation. Envenomation and clinical disease have become rare as the numbers of these
snakes have steadily declined, potentially endangering their survival as a species in the wild.
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PERIPHERAL NEUROPATHIES

AND MOTOR NEURON DISEASES

Yadollah Harati, MD, FACP, Justin Kwan, MD, and Shane Smyth, MD, MRCP/

What are the most common diseases affecting the peripheral nerve?
The most important neuropathies can be classified by the mnemonic DANG THE RAPIST:

Diabetes Trauma Rheumatic (collagen vascular)
Alcohol Hereditary Amyloid
Nutritional Environmental toxins and drugs Paraneoplastic
Guillain-Barré Infections
Systemic disease
Tumors

How does a nerve’s size and structure contribute to its speed of conduction?
How are the peripheral fibers classified?

The larger the fiber, the less the electrical resistance and the faster the speed of conduction.
Myelin increases a nerve’s diameter and also insulates the current between nodes of Ranvier,
increasing the overall conduction velocity. In myelinated nerves, the conduction velocity

can be estimated to be 6 m/sec/micrometer (e.g., a nerve that is 10 micrometers in diameter
will conduct at approximately 60 m/sec). In unmyelinated nerves, the velocity is approximately
1.7 m/sec/micrometer.

Peripheral nerve fibers are classified according to diameter and conduction velocity
(Table 6-1). The nomenclature can be somewhat confusing. Stated simply, there are three
types of fibers: A, B, and C. A and B are myelinated fibers, and C are unmyelinated fibers. B and
C are relatively straightforward: B fibers are myelinated preganglionic efferent fibers of the
autonomic nervous system (conduction velocity 3 to 15 m/sec); C fibers are small,
unmyelinated fibers (conduction velocity 1 to 2 m/sec) that comprise the postganglionic
efferent nerves of the autonomic nervous system. C fibers also convey afferent “slow pain”
sensation in somatic nerves.

A fibers are myelinated fibers found in somatic nerves. There are three types: o, B, and &
(conduction velocities 80 to 120 m/sec, 35 to 75 m/sec, and 5 to 30 m/sec, respectively). o
fibers form a subset of muscle afferent nerves that supply the muscle spindle and are sensitive
to the rate of change in fiber length. B fibers also form a subset of afferent nerves
supplying the muscle spindle and respond to the overall length of the muscle spindle fiber.
B fibers are also the fastest cutaneous afferent fibers and supply the hair and skin follicles.
& fibers convey “fast pain” sensation from skin and muscle. The motor neurons to muscle
(also A fibers) are divided into o motor neurons supplying the muscle itself and y motor
neurons to the muscle spindle. Both types are usually activated simultaneously, contracting the
muscle spindle fibers in concert with the extrafusal fibers and thus allowing the spindle fibers
to maintain sensitivity during contraction.

The A o, B, and & muscle afferent fibers may alternatively be categorized as types |, Il
and 111, respectively. Type IV is an alternative categorical name for afferent C fibers. Finally,
type | is subdivided into la and Ib, where la are the afferent Aa fibers from the muscle spindle,
and Ib are the afferent A fibers serving the Golgi tendon organ at the junction between
muscle and tendon. These latter fibers convey afferent information about the degree of muscle
tension and may also prevent excessive muscular contraction.
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TABLE 6-1. PERIPHERAL NERVE FIBERS

Alternate Conduction
Classification Classification Myelinated?  Type Velocity
A Yes Somatic nerves
o Yes Subset of afferent 80-120 m/sec

nerves supplying
the muscle spindle

Sensitive to the rate
of change in fiber
length

Also efferent motor
neurons

la Afferent fibers from the
muscle spindle
Ib Afferent fibers serving
the Golgi tendon
organ at the junction
between muscle and
tendon
i Il Yes Subset of afferent 35-75 m/sec

nerves supplying
the muscle spindle

Respond to the overall
length of the muscle
spindle fiber

Fastest cutaneous
afferent fibers,
supplying the hair
and skin follicles

) 1] Yes Convey “fast pain” 5-30 m/sec
sensation from skin
and muscle

B Yes Preganglionic efferent  3-15 m/sec

fibers of the
autonomic nervous
system
C IV, afferent No Postganglionic efferent 1-2 m/sec

nerves of the
autonomic nervous
system

Convey afferent “slow
pain” sensation in
somatic nerves
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3. What are the patterns of peripheral nerve damage?

The nerve can be damaged by injury to the myelin, axon, cell body, or vasa nervorum. Three

basic pathologic mechanisms underlie nerve injury (Figure 6-1):

1. Wallerian degeneration develops after injury to the axon and myelin, as in transection
of the nerve. Distal to the transection, the axon and then myelin degenerate, followed within
3 to 5 days by failure to generate and conduct a nerve action potential. The axon may
regrow within the architecture provided by the basement membrane of Schwann cells, but
the degree and efficiency of regrowth depend on good approximation of the nerve ends.

2. Segmental demyelination develops after damage to the myelin sheath or Schwann cell.
Because the muscle is not denervated, no atrophy develops, whereas in wallerian
degeneration, the axon is also damaged and the muscle degenerates. Prognosis for
complete recovery is good.

3. Neuronal (axonal) degeneration develops when damage to the cell body of the neuron
results in distal dying of the axon and subsequent loss of myelin. Once the distal nerve dies,
the muscle is denervated; hence, muscle atrophy develops. The denervated muscle fibers
are re-innervated by surrounding nerves, but recovery may not be complete.

4. What are the electrophysiologic mechanisms that correlate with weakness in
peripheral neuropathy?
Conduction block, denervation with loss of motor units, and failure of neuromuscular
transmission. One or more of the above are needed. Slowing of motor conduction velocity in
itself, even if severe, does not result in weakness.

5. What is conduction block?

Conduction block is a focal abnormality across a nerve segment that results in failure to
conduct an action potential, although distal to the block conduction is preserved. It is typically
caused by focal disruption of the myelin sheath (although the underlying axon is often at
risk of degeneration). The compound muscle action potential (CMAP) will drop as the motor
nerve is stimulated distal, and then proximal to the site of injury. What constitutes conduction
block electrophysiologically is not absolutely defined, but in general a CMAP drop of 30% to
50% is typical.

6. What is the significance of conduction block in peripheral neuropathy?
Conduction block occurs only in certain limited settings of acute reversible ischemic injury,
compression-induced demyelination, and acquired demyelinative neuropathies. It generally
does not occur in hereditary neuropathies with one major exception—nhereditary neuropathy
with liability to pressure palsy (HNPP). It is clinically important because it implies a potentially
reversible defect-causing weakness.

7. Which peripheral neuropathies may have cranial nerve involvement?
See Table 6-2.

8. Which neuropathies begin proximally rather than distally?
Most neuropathies begin distally, but a few may begin proximally: Guillain-Barré syndrome,
chronic inflammatory demyelinating neuropathy, diabetes (diabetic lumboradiculoplexus
neuropathy/diabetic amyotrophy), porphyric neuropathy, idiopathic acute brachial plexus
neuropathy (Parsonage-Turner syndrome), and Tangier disease.

9. Which neuropathies begin in the arms rather than the legs?
Most neuropathies present with symptoms in the feet. Once the symptoms in the lower limbs
proceed to the middle of the calf, the neuropathies begin to appear in the hands. Although
this pattern generally holds, some neuropathies may start in the upper limbs:
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Figure 6-1. Segmental remyelination may follow segmental demyelination. The remyelinated segments are shorter and have a smaller diameter. Axonal regeneration is
associated with the formation of clusters of small and thin myelinated fibers.
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TABLE 6-2. NEUROPATHIES WITH CRANIAL NERVE INVOLVEMENT

Most Commonly Less Commonly Involved
Neuropathy Involved Cranial Nerves  Cranial Nerves
Diphtheria IX I, 1l
Sarcoid VI I, HI, 1V, VI
Diabetes 0 IV, VI, VII
Guillain-Barré syndrome (GBS) VI, VII
Miller-Fisher variant of GBS I, v
Sjogren syndrome V
Polyarteritis nodosa VILL VI
Wegener granulomatosis Vil
Lyme disease VI, V All but |
Porphyria VI, X 11V, v, XL X
Refsum’s disease [, Vil
Primary amyloidosis VI, v, VI, Xl
Syphilis 0 IV, V, VII, VIl
Arsenic \
*Pupil is usually not affected.

1. Compression/entrapment syndromes (e.g., carpal tunnel syndrome, ulnar neuropathy at
the elbow)

. Diabetes

. Vasculitic neuropathy

. Guillain-Barré syndrome

. Multifocal motor neuropathy

. Lead toxicity (classically with wrist drop from a radial neuropathy)

. Porphyria

. Sarcoidosis

9. Leprosy

10. Charcot-Marie-Tooth disease (rare)

11. Tangier disease

12. Inherited recurrent focal neuropathies

13. Some forms of familial amyloid polyneuropathy (FAP)

O N O WN

Which neuropathies are often predominantly motor?
Guillain-Barré syndrome, diphtheric neuropathy, dapsone-induced neuropathy, porphyria, and
multifocal motor neuropathy are often predominantly motor.

Which neuropathies are often predominantly sensory?

1. Drug toxicity: pyridoxine, doxorubicin, cisplatin, thalidomide, metronidazole

2. Autoimmune: Miller-Fisher syndrome, sensory variants of acute and chronic inflammatory
demyelinating polyneuropathy, IgM paraproteinemia, paraneoplastic syndrome, Sjégren
syndrome

3. Infectious: diphtheria, HIV, Lyme disease

. Deficiency: vitamin E, pyridoxine

5. Inherited: neuropathies associated with abetalipoproteinemia and spinocerebellar degeneration

SN
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What are the causes of multiple mononeuropathy (mononeuritis multiplex)?
1. Trauma or compression
2. Diabetes

. Vasculitis, with or without connective tissue diseases; also virus-associated (HIV, hepatitis
B and C)

. Leprosy

. Lyme disease

. Sarcoidosis

. Sensory perineuritis

. Tumor infiltration

. Lymphoid granulomatosis

. Demyelinating idiopathic and paraproteinemic neuropathies (MMN, MADSAM)

. Hereditary neuropathy with liability to pressure palsies (HNPP)
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What nutritional deficiencies can cause myelopathy and neuropathy?
1. Vitamin B12 deficiency

2. Copper deficiency

3. Vitamin E deficiency

4. Folate deficiency

What are the clinical features of copper deficiency?
The main neurologic symptom of copper deficiency is gait difficulty. Examination shows
predominantly large fiber sensory loss in the distal legs, spasticity in the lower extremities,
hyperreflexia, and extensor plantar response. Nerve conduction studies and needle EMG show
an axonal sensorimotor neuropathy. Somatosensory evoked potential study shows impairment
of central conduction. Anemia is a known associated laboratory finding, but the neurologic
symptoms can be present in the absence of hematologic abnormalities.

Kumar N: Nutritional neuropathies. Neurol Clin 25:209-255, 2007.

Kumar N, Gross JB, Ahiskig JE: Copper deficiency myelopathy produces a clinical picture
like subacute combined degeneration. Neurology 63:33-39, 2004.

What are the risk factors for copper deficiency?
. Zinc overdose
. Gastric bypass surgery
. Malabsorption syndrome
. Total parenteral nutrition without adequate copper supplementation
. Gastrectomy and small bowel resection
. Nephrotic syndrome
Goodman BP, Bosch EP, Ross MA, et al.: Clinical and electrodiagnostic findings in copper
deficiency myeloneuropathy. J Neurol Neurosurg Psychiatry 80:524-527, 2008 (epub 2008 May 21).
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In which conditions are the peripheral nerves palpably enlarged?

1. Hereditary motor and sensory neuropathies (HMSN) or Charcot-Marie-Tooth disease
(demyelinative type) and Dejerine-Sottas syndrome (HMSNIII)

. Amyloidosis

. Refsum’s disease

. Leprosy

. Acromegaly

. Neurofibromatosis

OB

Define an “onion-bulb” formation.
An onion-bulb formation is the pathologic hallmark of the hypertrophic neuropathies, in which
repeated segmental demyelination and remyelination have occurred (Figure 6-2). When viewed
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in transverse sections, onion-bulb formations are
multiple concentric layers of intertwined, attenuated
Schwann cell processes surrounding the remaining
nerve fibers. The Schwann cell processes are
separated from each other by layers of collagen
fibers. The onion-bulb formations may be seen in
any condition with chronic segmental demyelination
and remyelination but are frequently seen in Charcot-
Marie-Tooth disease, Dejerine-Sottas syndrome,
Refsum’s disease, and chronic relapsing idiopathic
(inflammatory) demyelinating neuropathy.

Which nerves are commonly used for Figure 6-2. Semithin section. Note
biopsy? proliferation of Schwann cells with
The most common and best nerve to use is the onion-bulb formation.

sural nerve, a purely sensory nerve located lateral to

the lateral malleolus. The nerve can be biopsied at this level or at a higher level between the
heads of the gastrocnemius muscles. Superficial peroneal and radial cutaneous nerves offer
advantages in certain situations; the radial cutaneous nerve or medial antebrachial cutaneous
nerves are often biopsied in upper limb-predominant neuropathies (e.g., some cases of
leprosy). The superficial peroneal nerve has the advantage of allowing sampling of muscle (the
peroneus brevis muscle) via the same incision when both muscle and nerve specimens are
required (e.g., in cases of suspected vasculitis). The intermediate cutaneous nerve of the thigh
also has been biopsied in patients with proximal diabetic neuropathy.

What are the indications for sural nerve biopsy?

Sural nerve biopsy is most helpful when the underlying condition is multifocal and asymmetric.
Examples include many of the disorders associated with multiple mononeuropathies, especially
vasculitis and leprosy. It may be obtained in chronic demyelinating neuropathies with the aim
of confirming the diagnosis when the clinical and electrophysiologic findings have been
inconclusive, especially in patients who may be candidates for therapies with potentially
harmful side effects. Nerve is one of a number of tissues useful in diagnosing amyloidosis.
Genetic studies and enzyme assays have decreased the need for nerve biopsy in some
inherited neuropathies, but it is still useful in unrecognized cases, for example, of HNPP and
metachromatic leukodystrophy. Metabolic and toxic causes of peripheral neuropathies are not
usually diagnosed by sural nerve biopsy. Nerve biopsy may be of value as a final resort in
patients with progressive, disabling peripheral neuropathy of undetermined etiology. With
teased nerve fiber preparation, segmental demyelination, remyelination, or axonal degeneration
is identified. In segmental demyelination, the diameter of demyelinated segments is reduced. In
remyelination, the internodal length varies. Axonal degeneration causes breakdown of myelin
into “ovoids and balls” (Figure 6-3).

Acronyms in peripheral nerve disease: What do the following acronyms

stand for?

B AIDP: acute inflammatory demyelinating polyneuropathy (the most common subset of
Guillain-Barré syndrome)

B CIDP: chronic immune-mediated demyelinating polyneuropathy

B DADS: distal acquired demyelinating symmetric neuropathy

B AMAN: acute motor axonal neuropathy (a Guillain-Barré syndrome variant)

B AMSAN: acute motor and sensory axonal neuropathy (a Guillain-Barré syndrome variant)
B MMN: multifocal motor neuropathy (Often “MMN-CB,” it means with conduction block,
although this does not always occur in this condition. MMN is sometimes incorrectly

referred to as Lewis-Sumner syndrome.)



m CHAPTER 6 PERIPHERAL NEUROPATHIES AND MOTOR NEURON DISEASES

C

Figure 6-3. Teased nerve fiber preparation. A, Segmental demyelination.
B, Remyelination. C, Axonal degeneration.

B MADSAM: multifocal acquired demyelinating sensory and motor neuropathy (It is also
known as Lewis-Sumner syndrome. It resembles MMN, but in contrast to this condition,

it has sensory involvement and may be steroid responsive.)

B MAMA: multifocal acquired motor axonapathy (It is debated whether or not this is a
distinct entity. It resembles MMN, but with axonal features on electrodiagnostic testing, and

is rarely if ever associated with anti-GM1 antibodies.)

B GALOP: gait disorder antibody late-age onset polyneuropathy (A syndrome occurring in a
subset of patients with neuropathy and anti-sulfatide antibodies. There is usually an M
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protein and antibodies to a central meylin antigen Galopin. The syndrome appears to
respond to cyclophosphamide or IVIG. Some texts list the “GA” of GALOP as standing for
gait ataxia.)

B POEMS: polyneuropathy organomegaly endocrinopathy M-protein skin changes (This is
a syndrome occurring in some patients with osteosclerotic myeloma.)

B CANOMAD: chronic ataxic neuropathy with ophthalmoplegia, M-protein, agglutination,
disialosyl antibodies (These patients have distal sensory loss and sensory ataxia. There may
be motor weakness and relapses of sensory or motor cranial neuropathies. A variety of
anti-ganglioside antibodies have been found in these patients.)

B BAD: brachial amyotrophic diplegia (This is probably a variant of ALS. It involves
progressive lower motor neuron weakness of the arms. Rarely, it may be the presentation of
more typical ALS that becomes evident over time.)

MISCELLANEOUS NEUROPATHIES

What is the most common cause of peripheral neuropathy in the world?
Diabetes mellitus. It is estimated that between 20 and 30 million people worldwide are
affected by symptomatic diabetic neuropathy, and this figure may double in the next
20 to 30 years. Leprosy was once the most common cause of neuropathy worldwide, but its
incidence has dramatically decreased since 1982 when the World Health Organization
implemented a shorter course of multiple drug therapy, allowing many more affected
patients to complete treatment.

Ooi WW, Srinivasan J: Leprosy and the peripheral nervous system: Basic and clinical
aspects. Muscle Nerve 30:393-409, 2004.

Said G: Diabetic neuropathy—a review. Nat Clin Prac Neurol 3:331-340, 2007.

What are the clinical forms of diabetic neuropathy?

B Symmetric polyneuropathies (the most common form): sensory or sensorimotor
polyneuropathy

B Autonomic neuropathy

B Focal neuropathies: asymmetric lower limb motor neuropathy (diabetic amyotrophy),
compression mononeuropathies, isolated trunk radiculopathies, cranial neuropathies

Which diabetic neuropathies are painful?
M Third cranial nerve neuropathy

B Acute thoracoabdominal neuropathy

W Acute distal sensory neuropathy

B Acute lumbar radiculoplexopathy

M Chronic distal small-fiber neuropathy

What are the risk factors for developing diabetic peripheral neuropathy?
1. Duration of diabetes
. Degree of glycemic control
. Older age
. Male sex
. Excessive alcohol consumption
. Nicotine use
. Dyslipidemia
. Angiotensin-converting enzyme D allele
Harati Y: Diabetic neuropathies: Unanswered questions. Neurol Clin 25:303-317, 2007.
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How does the global importance of leprous neuropathy compare to its
importance in the United States? Is it true that armadillos spread leprosy?

The global registered prevalence of leprosy at the beginning of 2007 was 224,717 cases. In
2006, the number of new cases detected worldwide was 259,017. Over the last 5 years,

the global number of new cases detected has fallen by an average of 20% per year. Despite the
10-fold decline in the global prevalence of leprosy to about 1 million, it is still the most
common cause of neuropathy in developing countries. In contrast, the prevalence of leprosy in
the United States is low (<10,000). In 2006, the number of new cases in the U.S. was 137. The
yearly incidence in the past decade (100 to 200) fluctuated in previous decades, depending
on the extent to which immigrants and refugees from endemic areas entered the U.S. About
85% of cases detected in the U.S. are in immigrants. Leprous neuropathy does occur rarely in
native U.S. citizens, however. Although they represent a minority of cases (10% to 20%) in
most regions of the U.S., native citizens are affected more commonly in the endemic southern
border areas of Texas, Louisiana, and Florida as well as Hawaii.

As regards armadillos, the WHO website says: “Up to 5% of armadillos in Louisiana have
been found to have clinical disease with about 20% having serological evidence of M. leprae
infection. The epidemiological significance of the armadillo is generally considered to be
negligible in spite of occasional cases reported among individuals giving history of handling
armadillos.”

How does one recognize and diagnose
hereditary neuropathy with liability to
pressure palsy (HNPP)?

HNPP, also called recurrent pressure-sensitive k.
neuropathy or tomaculous neuropathy, is readily
identified in cases of recurrent compression-induced
mononeuropathies and in patients with autosomal
dominant familial patterns, demyelinative features,
and “sausage-shaped” swellings or tomaculi on

nerve biopsy (Figure 6-4). However, a traumatic or § i
compression-induced mechanism is not always \
obvious, and the pathologic evidence of numerous (4 ¥
tomaculi may be the only diagnostic clue in sporadic ;’
cases presenting with a generalized polyneuropathy. ,

Demonstrating PMP22 gene deletion confirms the
diagnosis. Clinical heterogeneity is becoming - -
apparent with increased use of this genetic study. Figure 6-4. Teased nerve fiber

L . preparation. Note focal areas of
In addition, some patients have also been found sausage-like (tomacula) thickening
to have subclinical CNS demyelination based on of the myelin sheaths.
MRI and electrophysiologic testing.

Which clinical features aid in the early diagnosis of carpal tunnel syndrome?

1. Pain, paresthesias, or numbness worse at night or during activities that maintain wrist
extension or flexion (e.g., driving) or require repetitive wrist motion.

2. Numbness often involving only partial median nerve innervation (e.g., thumb and index
finger) rather than entire first three and one-half digits. Pain but not numbness may occur
above the wrist.

3. Symptoms of intermittent hand weakness before overt weakness of thenar muscles and
lateral lumbricals.

4. Provocative tests such as Tinel’s sign and Phalen’s test lack sufficient sensitivity and
specificity to be reliable in the clinical setting. However, a recent review listed the “flick
sign” as having the greatest sensitivity and specificity in confirming carpal tunnel
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syndrome. This is when the patient demonstrates a flicking motion of the wrist and hand
when describing attempts to relieve their symptoms.
Hui AC, Wong SM, Griffith J: Carpal tunnel syndrome. Pract Neurol 5:210-217, 2005.

28. What are the three most common neurogenic causes of winging of the
scapula?

1. Long thoracic nerve palsy. The long thoracic nerve innervates the serratus anterior muscle.
Serratus anterior weakness leads to the most pronounced winging, which is accentuated
with forward flexion of the arms and decreased with the arms at rest. The superior
(medial) angle of the scapula is displaced closer to the midline, whereas the inferior angle
swings laterally and away from the thorax.

2. Spinal accessory nerve palsy. The spinal accessory nerve innervates the trapezius muscle.
Trapezius muscle weakness leads to mild winging of the scapula at rest, which is accentuated
by arm abduction to 90° and decreased by forward flexion to 90°. The superior (medial) angle
of the scapula is displaced away from the midline, but the inferior angle is medially rotated.
The shoulder is lower on the affected side because of atrophy of the trapezius muscle.

3. Dorsal scapular nerve palsy. The dorsal scapular nerve innervates the rhomboid muscle.
Weakness of this muscle produces minimal winging at rest, which is accentuated by
slowly lowering the arm from the forward overhead position and decreased by elevation of
the arms overhead. The superior (medial) angle is displaced away from the midline, and
the inferior angle is laterally displaced.

In addition, there are many nonneurogenic causes of winging of the scapula, including
myopathies and muscular dystrophy (e.g., fascioscapulohumeral muscle dystrophy [FSH]).

29. What are the different types of Lyme neuropathies?

Lyme disease is a multisystem iliness caused by a tick-borne spirochete, Borrelia burgdorferi.
Meningitis is the most common neurologic abnormality in Lyme disease. It may also cause
many varieties of peripheral neuropathies, including cranial neuropathies (especially Bell’'s
palsy), radiculitis, plexopathies, multiple mononeuropathies, a Guillain-Barré-like illness, and,
more frequently, a symmetric sensory-motor neuropathy. In endemic areas, Lyme disease
accounts for about two-thirds of pediatric cases of facial palsy and as many as one-fourth of
adult cases. Involvement of other cranial nerves usually occurs in the setting of lymphocytic
meningitis. Radiculitis may be indistinguishable from a compression-induced radiculopathy.
Such radiculopathies usually occur in the lower limbs, and cerebrospinal fluid (CSF)
pleocytosis is common. Unilateral or bilateral lumbosacral or brachial plexopathies are
rarely observed. The symmetric distal sensory-motor neuropathy is usually mild and occurs in
many patients with chronic Lyme disease. This neuropathy can start 6 months to 8 years
after the infection and is more common in Europe, where it may be accompanied by
acrodermatitis chronica atrophicans (a late manifestation of Lyme disease found very
rarely in the United States, characterized by atrophic discolored skin in the extremities or
digits, often with sensory complaints). The nerve pathology is consistent with axonal
degeneration. A recent study did not demonstrate a higher prevalence of B. burgdorferi
antibodies in patients with cryptogenic distal polyneuropathy when compared to patients with
neuropathy of known causes. The authors concluded that, at least in Europe, Lyme disease
was unlikely to be a cause of idiopathic distal polyneuropathy in the absence of other
findings of the disease.

Mygland A, Skarpass T, Ljgstad U: Chronic polyneuropathy and Lyme disease. Eur J Neurol
13:1213-1215, 2006.

Said G: Infectious neuropathies. Neurol Clin 25:115-137, 2007.

30. Which kinds of peripheral neuropathies are associated with HIV infection?
Up to 50% of patients with HIV infection develop a peripheral neuropathy, which may take one
or a combination of the following forms:
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. Distal symmetric neuropathy (most common form)

W Painful sensory type

W Sensory-motor type (mild or minimal motor involvement)

B Diffuse inflammatory lymphocytosis syndrome (symmetric or asymmetric, sensory-
motor)

. Inflammatory demyelinating polyneuropathy (both acute and chronic forms, usually with

elevated CSF cell counts)

. Mononeuropathy multiplex (in HIV infection; has also been associated with CMV, varicella,

and hepatitis C infections)

. Polyradiculopathy (cytomegalovirus [CMV], herpes zoster, syphilis, lymphomatous)

. Cranial neuropathy

. Autonomic neuropathy

. Nutritional, vitamin deficiency neuropathy

. Drug-induced neuropathy (associated with both nucleoside reverse transcription inhibitors

[NRTIs] and protease inhibitors)

. Neuropathies associated with immune reconstitution (there have been reports of Guillain-

Barré syndrome in patients who have started highly active anti-retroviral therapy [HAART],
but it is likely to be a rare occurrence in HIV infection).

HIV-associated neuromuscular weakness syndrome (This is a syndrome recently
described in association with NRTI therapy. Patients develop progressive motor weakness,
sometimes resulting in respiratory failure and death; it is also associated with vomiting,
high lactate levels, and hepatomegaly. There have been findings of both an axonal
sensorimotor polyneuropathy and an inflammatory myopathy.)

Ferrari S, et al: Human immunodeficiency virus-associated peripheral neuropathies. Mayo

Clinic Proc 81:213-219, 2006.

What are the most important industrial agents causing peripheral neuropathy?

1.

Acrylamide. Direct skin exposure to the monomer of acrylamide has the highest risk for
neurotoxicity. It is now a rare cause of neuropathy because the monomer is no longer a
commercial product in North America. The neuropathy is caused by impairment of
axoplasmic transport mechanisms, particularly retrograde transport.

. Carbon disulfide. Low-level prolonged inhalation of carbon disulfide, used in the production

of cellophane films and rayon fibers, results in distal sensory and motor axonopathy and
CNS dysfunction (memory impairment and extrapyramidal signs).

. Dimethylaminopropionitrile (DMAPN). Inhalation of DMAPN, used in the manufacturing of

polyurethane foam, results in urologic dysfunction (urinary hesitancy, decreased urine
stream, incontinence, and sometimes impotence) followed by distal symmetric and
predominantly sensory polyneuropathy, with a characteristic sensory loss in the sacral
dermatomes.

. Ethylene oxide. At high levels of exposure, ethylene oxide causes a symmetric, distal

polyneuropathy, sometimes with encephalopathic symptoms. Prolonged low-level exposure
among hospital sterilizer workers and patients receiving long-term hemodialysis is claimed
to cause a subclinical neuropathy. Withdrawal from exposure results in gradual
improvement.

. Hexacarbons (n-hexane, methyl n-butyl ketone). Industrial use of hexacarbon solvents in

a poorly ventilated environment and the practice of inhalant abuse by teenagers (glue
sniffing) are the major causes of hexacarbon neuropathy. High-level exposure, especially in
glue sniffers, can result in a subacute motor neuropathy leading to quadraparesis
mimicking Guillain-Barré syndrome. The neurotoxic effect is caused by the interruption of
the retrograde axoplasmic flow, resulting in symmetric distal sensory neuropathy with
loss of ankle reflexes and focally swollen axons (giant axons) on nerve pathology. There
may be worsening of symptoms for up to 4 months after exposure to hexacarbon is
discontinued.
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6. Organophosphates. Intoxication most commonly occurs during accidental exposure to
pesticides. Ingestion of tri-o-cresyl phosphate in contaminated food, drinks (Jamaica ginger
extract), and cooking oil causes a delayed-onset distal predominantly sensory axonopathy.
Central and peripheral axonal degeneration and neuropathic symptoms occur 2 to 3 weeks
after exposure. Clinical features of cholinergic toxicity usually precede the onset of
neuropathy, but they may be minimal and unrecognized.

Berger AR, Scaumburg HH: Human toxic neuropathy caused by industrial agents. In
Dyck PJ, Thomas PK (eds): Peripheral Neuropathy, 4th ed. Philadelphia, W.B. Saunders, 2005,
pp 2505-2525.

Describe the association between neuropathy and neoplastic disease.
Peripheral neuropathy is common in cancer patients due to a variety of causes including
nutritional deficiencies and toxic effects of chemotherapy drugs. Vincristine may cause a painful
sensory neuropathy after some weeks, and ultimately may cause distal symmetric weakness.
Autonomic dysfunction may also occur. When the drug is stopped, the motor weakness usually
recovers over time, but many patients have permanent sensory symptoms. Cisplatin is
associated with a toxic sensory ganglionopathy resulting in ataxia with loss of proprioception,
and reflexes and sensory symptoms may continue long after the drug is discontinued. A dorsal
root sensory ganglionopathy may also be a pareneoplastic condition, most commonly associated
with small cell lung cancer, and accounts for 20% of cases of sensory ganglionopathies (the
remainder being largely idiopathic or associated with Sjogren’s syndrome). Subacute autonomic
neuropathy may also represent a paraneoplastic disorder. Autonomic dysfunction may be
widespread, resulting in panautonomic failure, or may be more limited (e.g., isolated
gastrointestinal dysmotility). The most common paraneoplastic neuropathy is probably a distal
sensorimotor axonal neuropathy indistinguishable from an idiopathic, non-paraneoplastic
neuropathy with the same features. Small cell lung cancer tends to be the most common tumor
associated with these syndromes, but many tumors are potential culprits. Paraneoplastic
neuropathies may occur in isolation or as part of a more generalized paraneoplastic neurologic
syndrome (e.g., with limbic encephalitis and ataxia). The most common associated antibodies
are anti-Hu (ANNA-1) and anti-Cv2 (CRMP-5), with less common antibodies including
amphiphysin, anti-Ri (ANNA-2), ANNA-3, and N-type calcium channel antibodies.

Apical lung tumors may directly invade the lower brachial plexus, and some tumors
rarely metastasize to nerves. Brachial plexopathy may be a late complication of radiation
therapy for cancer, classically with myokymic potentials on EMG. Peripheral nerves themselves
may be associated with tumors, for example, schwannomas and neurofibromas. Malignant
lymphomas and leukemias may rarely infiltrate peripheral nerves. Finally, a paraneoplastic
vasculitic neuropathy has also been described.

Define critical-iliness polyneuropathy.

Critical-illness polyneuropathy (CIP) develops in 50% to 70% of patients with systemic
inflammatory response syndrome (SIRS), a condition that develops in 20% to 50% of patients in
major ICUs. SIRS is associated with sepsis and/or trauma with associated organ failure and is
theorized to lead to CIP through disturbances in the microcirculation of peripheral nerves. CIP may
coexist with critical-illness myopathy (CIM) in the same patient. Attention typically is brought to
the neuropathy by difficulty in weaning the patient from the ventilator as a result of respiratory
muscle weakness. Severe cases, with lengthy hospitalization, have limb weakness, sensory loss,
and depressed stretch tendon reflexes. However, because clinical examination is often difficult in
such patients, reliance on diagnostic interventions has increased. Electrophysiologic testing and
nerve and muscle biopsies show findings consistent with axonal polyneuropathy and help to
distinguish CIP from Guillain-Barré syndrome, disorders of neuromuscular transmission, and
myopathy. Initially, most patients who survived their critical illness were reported to recover from
CIP, but more recent studies indicate that recovery may be slow and often incomplete, even after 1
to 2 years. It typically has a much worse prognosis than CIM.
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Bolton CF: Neuromuscular manifestations of critical illness. Muscle Nerve 32:140-163, 2005.

Guarneri B, Bertolini G, Latronico N: Long-term outcome in patients with critical iliness
myopathy of neuropathy: The Italian multicentre CRIMYNE study. J Neurol Neurosurg
Psychiatry 79:838-841, 2008.

34. What is the outcome of the evaluation of patients with “peripheral neuropathy
of undetermined etiology” when referred for a second opinion to a peripheral
nerve expert at a tertiary referral center?

In 42% of such patients, a hereditary neuropathy is found, in 21% an inflammatory neuropathy
is identified by nerve biopsy, and in 13% other conditions are discovered. In 24% of the cases,
even after extensive evaluation, no etiology for the neuropathy is identified.

35. How are the inherited neuropathies classified?

Most neuropathies that are initially labeled as idiopathic, and for which a cause is ultimately
found, are inherited. As a group, they are probably underdiagnosed. They may be classified
according to the pattern of inheritance (e.g., autosomal dominant: CMT1A-D, CMT2A-E; autosomal
recessive: CMT4A-C; X-linked: CMTX); the gene involved (e.g., PMP22: CMT1A and HNPP; MPZ:
CMT1B); the conduction velocity (e.g., demyelinating: CMT1A, CMT1B; axonal: CMT2; or with
conduction velocities in the intermediate range: CMTX); or by the type of nerves involved (e.g.,
motor: HMN; sensory: HSN; autonomic: HAN; or combinations of all three: HMSN, HSAN). In
addition, peripheral neuropathy forms part of several of the inherited ataxic syndromes (e.g.,
Friedreich’s ataxia, spinocerebellar ataxias 3, 4, 10, and 18, among others) and accompanies many
of the complicated hereditary spastic paraplegias. Finally, there are many inherited multisystem
disorders that include peripheral neuropathy as part of the syndrome (e.g., Fabry’s disease, Tangier
disease, acute intermittent porphyria, and some of the leukodystrophies). The term hereditary
motor and sensory neuropathy (HMSN) is broadly interchangeable with CMT.

Jani-Acasadi A, Krajewski K, Shy ME: Charcot-Marie-Tooth neuropathies: Diagnosis and
management. Semin Neurol 28:185-194, 2008.

36. How are the vasculitic neuropathies classified? What is their presentation and
how are they treated?
Vasculitic neuropathies can be classified into either systemic vasculitic neuropathies (SVN) or
nonsystemic vasculitic neuropathies (NSVN), where the vasculitis is largely restricted to the
peripheral nervous system (Figure 6-5). Vasculitis itself can be primary (e.g., Churg-Strauss
syndrome, microscopic polyangitis, polyarteritis nodosa) or secondary (e.g., associated with

Figure 6-5. A, Modified trichrome. Inflammatory infiltrate with destruction of the blood vessel wall and
obliteration of the lumen in a patient with vasculitic neuropathy. B, Semithin section. Differential
involvement between and within nerve fascicles in a patient with vasculitic neuropathy. In most
nonangiopathic/nonischemic neuropathies, involvement is more homogenous.
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connective tissue disorders such as rheumatoid arthritis; Sjégren’s syndrome; infections such as
hepatitis B, CMV, or HIV; or other causes such as medications). The classic presentation from a
neuropathy point of view involves acute or subacute painful sensory loss and weakness in the
distribution of multiple peripheral nerves (a mononeuritis multiplex pattern). The stepwise
progression and asymmetric multifocal involvement may become less evident as affected nerve
territories become more confluent. Rare patients do have a distal symmetric sensory or
sensorimotor neuropathy, and a plexopathy or polyradiculoneuropathy pattern may also occur.
The diagnosis should be called into question when pain or sensory symptoms are absent. In
order of frequency, the most common nerves affected are the peroneal, sural, tibial, ulnar,
median, radial, femoral, and sciatic. In SVN, there may be constitutional symptoms (fever, weight
loss, malaise) that generally are absent in NSVN. Treatment for the SVN usually involves
induction therapy with steroid and cyclophosphamide (intravenous pulsed or oral daily doses)
transitioning after several months to methotrexate or azathioprine to maintain remission. NSVN
in contrast to SVN usually runs a more indolent course and may remit without treatment.
However, steroids and occasional immunosuppressants may be necessary. For vasculitides
associated with viral infections, treatment is aimed at the underlying infection (e.g., peglyated
interferon and ribavirin for hepatitis C associated with cryoglobulinemia). Steroids and plasma
exchange are occasionally used, but immunosuppression is generally avoided.

Gorson KC: Vasculitic neuropathies: An update. The Neurologist 13:12-19, 2007.

Lacomis D, Zivkovic, SA: Approach to vasculitic neuropathies. J Clin Neuromuscul Dis
9:265-276, 2007.

IMMUNE-MEDIATED NEUROPATHIES

Where are immune-mediated peripheral neuropathies most likely to cause
initial nerve damage?

Immune-mediated peripheral neuropathies are most likely to cause initial nerve damage in
areas where the blood-nerve barrier is deficient (i.e., motor roots, dorsal root ganglion, and
motor-nerve terminals). The blood-nerve barrier serves to protect nerve fibers and endoneurial
content from the vascular compartment. Where this barrier is incomplete, circulating cellular
and humoral immune components have access to the nerve.

What is the relationship between connective tissue disease and trigeminal
sensory heuropathy?

Trigeminal sensory neuropathy, a slowly progressive cranial neuropathy with unilateral or bilateral
facial numbness or paresthesia, may be the presenting manifestation of connective tissue
disease (e.g., Sjogren’s syndrome). The trigeminal sensory neuropathy is thought to be caused by
vasculitis or fibrosis of the gasserian ganglion. Alternatively, the pervious blood-nerve barrier of
this ganglion may allow autoantibodies access to react with peripheral nerve components.

What is POEMS syndrome?
Polyneuropathy
Organomegaly
Endocrinopathy
M-protein
Skin changes

POEMS syndrome is an expanded variant of osteosclerotic myeloma with peripheral
neuropathy. Not all features of the syndrome are required to make the diagnosis. Patients
typically have a chronic progressive sensory-motor polyneuropathy, peripheral edema, ascites,
hypertrichosis, diffuse hyperpigmentation and thickening of the skin, hepatomegaly,
splenomegaly, lymphadenopathy, gynecomastia, impotence, amenorrhea, and digital clubbing.
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Increased serum level of vascular endothelial growth factor (VEGF) is frequently observed in
POEMS syndrome. Treatment results in a decrease in the level of VEGF, which correlates with
symptomatic improvement.

How are monoclonal gammopathy and neuropathy associated?
Approximately 10% of peripheral neuropathies are associated with serum monoclonal
gammopathy (M-protein). Two-thirds of such cases are initially classified as monoclonal
gammopathy of uncertain significance (MGUS), but the remaining one-third, in decreasing
frequency, are identified as multiple myeloma, amyloidosis, macroglobulinemia, lymphoma, and
leukemia. Of the patients with MGUS and neuropathy, the risk of ultimately developing an
identifiable cause of the paraprotein (e.g., a hematologic malignancy) is 25%. Hence, it is important
to follow these patients indefinitely. IgG forms the most common M-protein (74%) in patients with
MGUS without neuropathy, but in patients with MGUS and neuropathy, IgM is more common (48%
versus 37% IgG and 15% IgA). Neuropathies associated with MGUS are a heterogeneous group
that includes symmetric polyneuropathy, mononeuritis multiplex, isolated mononeuropathy, and
cranial nerve palsies. Neuropathies associated with IgM are the best characterized, and of these, the
DADS phenotype is the most common and best described (see Question 41). Neuropathies
associated with 1gG and IgA are less well characterized. A variety of immunomodulating and
immunosuppressant therapies have been tried in these neuropathies, often with modest but
sometimes significant benefit. However, studies have often been conflicting.

Kwan JY: Paraproteinemic neuropathy. Neurol Clin 25:47-69, 2007.

What is DADS, and how does it relate to anti-MAG neuropathy?

Most length-dependent sensory or sensorimotor neuropathies are axonal in nature. DADS
(distal acquired demyelinating symmetric neuropathy) represents a similar phenotype but with
demyelinating features on electrodiagnostic studies (typically prolonged distal motor
latencies). The syndrome is associated with an IgM paraprotein (usually with a kappa light
chain) in about two-thirds of patients. When this paraprotein is present in association with
DADS, several features are typical. Patients are usually males in their sixties or seventies with
predominantly large fiber sensory loss in their distal lower extremities. Motor involvement occurs
to a lesser extent as the disease progresses. Patients have significant gait ataxia and may
manifest hand tremors. In about 50% of patients with DADS and IgM paraprotein, the
paraprotein reacts against myelin-associated glycoprotein (MAG), which is thought to

interfere with Schwann cell-axon interactions. In general, patients with DADS and IgM
paraprotein are poorly responsive to the usual immunomodulatory treatments for demyelinating
neuropathy, regardless of whether or not anti-MAG antibodies are present. There have been
reports of significant benefit in some patients given fludarabine, cladribine, or rituximab.

DADS without an IgM paraprotein is a phenotype that can represent many different (largely
untreatable) neuropathies such as hereditary and demyelinating neuropathies or diabetic
neuropathies with conduction velocities that fall within the demyelinating range.

Nobile-Orazio E: IgM paraproteinemic neuropathies. Curr Opin Neurol 17:599-605, 2004.

Saperstein DS: Chronic acquired demyelinating polyneuropathies. Semin Neurol
28:168-184, 2008.

CHRONIC IMMUNE-RELATED DEMYELINATING POLYRADICULONEUROPATHY

What are the chronic acquired demyelinating polyneuropathies?

B CIDP (chronic inflammatory demyelinating polyradiculopathy)

W CIDP variants: CIDP with CNS demyelination, and CIDP in patients with hereditary
neuropathy (i.e., Charcot-Marie-Tooth disease)
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B Multifocal acquired demyelinating sensory and motor neuropathy (Lewis-Sumner
syndrome)

W Sensory predominant demyelinating neuropathy

B CIDP associated with systemic disorders: Hepatitis B and C, inflammatory bowel disease,
HIV, bone marrow and organ transplants, collagen vascular disease, thyrotoxicosis,
lymphoma, melanoma, nephrotic syndrome, diabetes mellitus

What are the cardinal features of CIDP?

B Symmetric proximal and distal weakness in all extremities (legs more than arms)
W Sensory impairment

B Progression over 8 weeks or a relapsing course

B Hyporeflexia or areflexia in all extremities

B Elevated cerebrospinal fluid (CSF) protein without pleocytosis

M Electrodiagnostic evidence of demyelinating neuropathy

B Pathologic evidence of demyelinating neuropathy on sural nerve biopsy

What are the electrodiagnostic findings that suggest a demyelinating
neuropathy?
Findings on nerve conduction studies consistent with a demyelinating neuropathy are
prolonged F-wave latency or absent F waves, slowed conduction velocity, prolonged distal
latency, and presence of conduction block and/or temporal dispersion.

Saperstein DS: Chronic acquired demyelinating polyneuropathies. Semin Neurol
28:168-184, 2008.

What immunosuppressive therapies are used in CIDP?

The most common treatments for CIDP are corticosteroids, plasma exchange therapy, and
high-dose intravenous immunoglobulin (IVIG). Randomized controlled studies have
demonstrated efficacy in CIDP for all three therapies. Other immunosuppressives considered
for CIDP include cyclophosphamide, cyclosporine, mycophenolate mofetil, interferon-p,
interferon-a;, methotrexate, etanercept, rituximab, FK-506, and azathioprine. The efficacy of
these immunosuppressive agents in CIDP has not been confirmed in sufficiently powered
randomized controlled studies.

What is the role of corticosteroids in the treatment of CIDP?

Corticosteriods are an effective treatment for CIDP, and a trial of corticosteroids should be
considered in all patients with this condition. Most patients who respond to prednisone
demonstrate a positive effect within 8 weeks of therapy, but higher doses (1 mg/kg/day) may
be required. Intermittent high-dose (1000 mg) intravenous methylprednisolone or oral
prednisone has been used successfully in some patients and is probably a safer alternative to
chronic oral corticosteroids.

Joint task force of the EFNS and PNS: European Federation of Neurological Societies/
Peripheral Nerve Society guidelines on management of chronic inflammatory demyelinating
polyradiculoneuropathy. J Periph Nerv Syst 10:220-228, 2005.

Lopate G, Pestronk A, Al-Lozi M: Treatment of chronic inflammatory demyelinating
polyneuropathy with high-dose intermittent intravenous methylprednisolone. Arch Neurol
62:249-254, 2005.

Muley SA, Praful K, Parry GJ: Treatment of chronic inflammatory demyelinating
polyradiculopathy with pulsed oral steroids. Arch Neurol 65:1460-1464, 2008.

What is the role of plasma exchange (PE) in CIDP?

The efficacy of plasma exchange therapy in CIDP has been confirmed in two double-blind
randomized controlled studies. With careful monitoring, benefit usually can be demonstrated
within 6 weeks. Approximately 20% to 30% of patients with CIDP become refractory to all
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other therapies and are dependent on long-term intermittent PE or intravenous gammaglobulin.
PE is most commonly used in (1) the subgroup of patients with disability requiring treatment
with immediate effectiveness while prednisone therapy is initiated; (2) patients with
intermittent acute exacerbations; and (3) patients who are refractory or intolerant of other
immunosuppressive therapies or in whom such therapies present substantial risks (e.qg.,
diabetic or immunocompromised patients).

Hahn AF, Bolton CF, Pillay N, et al.: Plasma exchange therapy in chronic inflammatory
demyelinating polyneuropathy: A double-blind, sham-controlled, cross-over study. Brain
119:1055-1066, 1996.

Discuss the role of intravenous immunoglobulin (IVIG) in CIDP.

The usefulness of IVIG in refractory and untreated CIDP has been confirmed by controlled
studies. IVIG usually is administered intravenously at a dose of 0.4 gm/kg/day for 3 to 5 days or
1 gm/kg/day for 2 days. Benefits can be remarkable but are often short-lived (2 to 9 weeks), and
stabilization of CIDP has been shown with regularly repeated infusions. The two factors that
predict the need for continuing IVIG therapy for more than 2 years are the presence of
profound weakness when the therapy is initiated and an incomplete recovery with residual
deficits after 6 months of treatment. IVIG may offer advantages over chronic immunosuppressive
or chronic plasmapheresis therapy in its ease of use and relative safety. In a controlled,
cross-over study of 20 patients with CIDP, IVIG proved to be as effective as PE for short-term
therapy.

Hughes RA, Donofrio P, Bril V, et al.: Intravenous immune globulin (10% caprylate-
chromatography purified) for the treatment of chronic inflammatory demyelinating
polyradiculoneuropathy (ICE study): A randomised placebo-controlled trial. Lancet Neurol
7:136-144, 2008.

What distinguishes multifocal motor neuropathy (MMN) with conduction block
(CB) from CIDP and motor neuron disease?
MMN with CB is a presumed immune-mediated, chronic asymmetric motor neuropathy. The
presence of weakness, atrophy, and fasciculations with normal sensation and asymmetric
hypoactive reflexes identifies it as a lower motor neuron syndrome. Hyperreflexia does
not typically occur, and there are no pathologic reflexes. Bulbar involvement is rare. Unlike
CIDP, motor deficits usually start and are most prominent in the distal upper limbs.
There is also a distinct predilection for more restricted and multifocal involvement of motor
nerves. Motor conduction block in at least two nerves outside of the common entrapment sites
with normal sensory nerve conduction study in the same segment defines MMN
electrophysiologically. Effective treatments include high-dose IVIG (first choice) and
cyclophosphamide. IVIG may result in fairly rapid, although temporary, improvement in
association with partial resolution of CB. Long-term management usually requires repeat
treatment at intervals immediately before expected relapse. There is no correlation between the
presence of CB and elevated anti-GM1 antibodies titer with responsiveness to IVIG.

Olney RK, Lewis RA, Putnam TD, et al.: Consensus criteria for the diagnosis of multifocal
motor neuropathy. Muscle Nerve 27:117-121, 2003.

Slee M, Selvan A, Donaghy M: Multifocal motor neuropathy: The diagnostic spectrum and
response to treatment. Neurology 69:1680-1687, 2007.

GUILLAIN-BARRE SYNDROME

What is the typical presentation of Guillain-Barré syndrome (GBS)?

A typical patient with GBS reports a numb or tingling sensation in the arms and legs, followed
by rapidly progressive ascending symmetric muscle weakness. Symptoms often begin 1 to
3 weeks after a viral upper respiratory or gastrointestinal infection, immunization, or surgery.
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Paralysis is maximal by 2 weeks in more than 50% of patients and by 1 month in more than
90%. A patient with a severe case of GBS may present with flaccid quadriplegia and an
inability to breathe, swallow, or speak (due to oropharyngeal and respiratory paresis). Ten to
20% of patients require artificial respiration. Over 50% of patients develop facial weakness, and
10% have extraocular muscular paralysis. Hyporeflexia or areflexia is invariably present.
Preservation of reflexes in a severely weakened patient should seriously challenge the diagnosis
of GBS. The patient may have mild impairment of distal sensation, but significant sensory loss is
not seen. Many patients also have autonomic dysfunction. Tachycardia (100 to 120 bpm) is
the most common manifestation, but dangerous dysrhythmias may occur. Pain is present in
50% of patients. Miller-Fisher syndrome, Bickerstaff brainstem encephalitis, and the
pharyngeal-cervical-brachial variant of GBS probably form a continuous spectrum of disease.

Burns TM: Guillain-Barré syndrome. Semin Neurol 28:152-167, 2008.

Nagashima T, et al.: Continuous spectrum of pharyngeal-cervical-brachial variant of Guillain-
Barré syndrome. Arch Neurol 64:1519-1523, 2007.

What are the two main pathologically distinct presentations of GBS?

1. Acute inflammatory demyelinating polyradiculoneuropathy (AIDP) due to an immune attack
on Schwann cell membrane or myelin sheath.

2. Acute (motor or motor-sensory) axonal neuropathy (AMAN or AMSAN) due to an immune
attack against the axolemma/axoplasm. This presentation is distinguished from severe
cases of AIDP, in which secondary axonal damage may occur. AMAN is much more
common in Asia and occurs mainly in children. AMSAM may occur anywhere and affects
adults preferentially. AMSAM has a much worse prognosis than AMAN, with only 20% of
patients with the former ambulating at 1 year.

What are the early immunopathologic events in AIDP?

Pathologic studies indicate that binding of complement-fixing antibodies to target antigen
may be the primary event leading to complement activation and disruption of compact myelin.
What previously had been observed as early lymphocytic infiltration of roots and nerves

with macrophage-mediated myelin stripping and finally segmental demyelination may actually
be a secondary event.

What are the typical laboratory findings in GBS?
About 1 week after the onset of symptoms, CSF protein content begins to rise in most patients
and peaks in 4 to 6 weeks. The CSF cell count does not increase. CSF pleocytosis should
bring to mind HIV, CMV, Lyme disease, sarcoid, lymphomatous or carcinomatous
polyradiculopathy. Nerve conduction velocities are slowed in AIDP, but may be normal within
the first two weeks of onset. Conduction block accounts for most of the initial weakness,
but after 2 to 3 weeks, axonal damage may contribute to weakness with EMG evidence of
muscle denervation. Conduction block and slowed velocities are less likely to be found in early
AIDP than prolonged distal CMAP duration and temporal dispersion. Absent H-reflex,
abnormal F waves, and “sural sparing” are also more sensitive electrophysiologic findings in
early AIDP. Sural sparing refers to the phenomenon of intact sural sensory responses but
absent upper extremity sensory responses.

Gordon PH, Wilbourn AJ: Early electrodiagnostic findings in Guillain-Barré syndrome. Arch
Neurol 58:913-917, 2001.

What is the significance of Campylobacter jejuni infection in GBS?

Most patients (75%) with GBS and a preceding C. jejuni infection present with AIDP and often
the axonal form. Not all patients with serologic evidence of C. jejuni have gastrointestinal (GI)
symptoms before the onset of GBS. Cross-reactivity between antigens from C. jejuni and
various peripheral nerve gangliosides may explain the pathogenetic connection between the
infection and GBS.
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55. What are the predictors of severe disease and poorer outcome in patients

with GBS?
1. Old age
2. Rapid onset of severe tetraparesis
3. Need for early artificial ventilation
4. Severely decreased compound muscle action potentials (<20% of normal)
5. Acute motor-sensory axonal form of the disease

There are conflicting data as to whether evidence of preceding C. jejuni infection or
presence of anti-GM1 antibodies is a predictor of disease severity or outcome. The vast
majority of patients with poor outcome required mechanical ventilation, and among this
group predictors of poor outcome include increased age (highly predictive), upper limb
paralysis, duration of ventilatory assistance, presence of inexcitable nerves, and delayed
transfer to a tertiary center. Mortality is greatest in the elderly and those with comorbid
illnesses. Of the complications occurring during ICU admission, one study found that the
development of ileus and risk of bowel perforation was most strongly associated
with mortality. Recovery in ventilated patients with GBS may be prolonged, and final
judgment about outcome may require 2 or more years of follow-up. Relatively independent
of many variables at the time of disease onset, many patients with GBS complain of pain,
fatigue, and poor quality of life several years after their illness.

Dhar R, Stitt L, Hahn AF: The morbidity and outcome of patients with Guillain-Barré
syndrome admitted to the intensive care unit. J Neurol Sci 264:121-128, 2008.

Rudolph T, Larsen JP, Farbu E: The long-term functional status in patients with Guillain-
Barré syndrome. Eur J Neurol 15:1332-1337, 2008.

56. What percent of patients with GBS suffer a relapse or second episode?

Based on several series of GBS patients, the incidence of recurrence lies somewhere between
1% and 6%, and recurrences may occur months to years after the initial episode. A recent
study found that patients with Miller-Fisher syndrome, younger age, and milder disease were
more likely to suffer a recurrence. There also appeared to be a trend toward shorter intervals
between subsequent episodes and a more severe deficit with each recurrence.

Kuitwaard K, van Koningsveld R, Ruts L, et al.: Recurrent Guillain-Barré syndrome. J Neurol
Neurosurg Psychiatry 80:56-59, 2009.

57. How is GBS treated?
PE and IVIG started within 2 weeks of the illness equally improve the degree and rate of
recovery. The Quality Standards Subcommittee of the AAN (2003) recommends
treatment with PE for nonambulant patients within 4 weeks of symptom onset; it should also
be considered for ambulant patients within 2 weeks of symptom onset. Although PE
initially was studied in moderate-to-severe disease, for which at least four exchanges are
needed, the French Cooperative Group suggests that mild disease also benefits from at least
two exchanges (mild disease defined as able to walk unaided but not run; moderate =
unable to walk; severe = ventilated). The same group did not show increased benefit with six
exchanges over four for patients with moderate to severe disease. Despite initial concerns
about early relapse in about 10% of patients treated with IVIG, such patients responded to
retreatment; furthermore, similar fluctuations and relapses have been reported with PE.
Efficacy of the two treatments appears to be equal in all subsets of GBS, except perhaps
19G anti-GMI-positive patients, who usually present with AMAN and for whom IFIG may be
somewhat superior. Because IVIG offers the advantages of greater ease and convenience
as well as greater safety of administration at similar costs, it is now considered the
treatment of first choice. There is no added benefit from combining the two treatments.
Immunoabsorption is an alternative to plasma exchange and obviates the need to use
human blood products. Corticosteroids are not indicated in GBS. Good supportive care is an
essential part of GBS management (e.g., monitoring for and management of autonomic
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dysfunction, respiratory failure, and cardiovascular instability). Forty percent of
hospitalized patients with GBS require inpatient rehabilitation, and patients may also
require long-term follow up for lingering symptoms (e.g., severe fatigue or sensory
disturbances).

The prognosis in Miller-Fisher syndrome and Bickerstaff brain stem encephalitis is usually
excellent, and therefore the role of IVIG or plasma exchange in the recovery from these
conditions remains uncertain.

Burns TM: Guillain-Barré syndrome. Semin Neurol 28:152-167, 2008.

Hughes RA, et al: Supportive care for patients with Guillain-Barré syndrome. Arch Neurol
62:1194-1198, 2005.

MOTOR NEURON DISEASES

58. What is the most common condition affecting the motor neurons?
Amyotrophic lateral sclerosis (ALS) is the most common adult-onset progressive
degenerative disorder of the upper and lower motor neurons. It produces muscular
weakness, spasticity, Babinski’s sign, and hyperreflexia (upper motor neurons) as well as
flaccidity, atrophy, fasciculations, and hyporeflexia (lower motor neurons). The deficits are
strictly motor without significant signs of sensory loss, dementia, cerebellar, or
extrapyramidal disease. Motor neurons controlling eye movements and sphincter function
are usually spared as well. The reason for this selectivity is uncertain, although evidence
suggests that cell-specific differences in protective regulatory calcium-binding proteins may
be important. The disease, which usually begins in the sixth decade of life with a range
spanning most of adulthood, generally progresses to death within 3 to 5 years from
aspiration or respiratory failure.

KEY POINTS: PERIPHERAL NEUROPATHIES v

1. The most common causes of peripheral neuropathy are diabetes and alcoholism.
. The most common motor neuropathy is Guillain-Barré syndrome.

. Nerve biopsy is seldom necessary for the diagnosis of peripheral neuropathy.

. Peripheral neuropathy is a common complication of HIV infection.

. The most often overlooked cause of peripheral neuropathy is genetic.

o o B~ W N

. The spinal fluid of patients with Guillain-Barré syndrome has high protein but low (normal)
cell counts.

7. The most common motor neuron disease is ALS.

59. How is ALS diagnosed?
ALS is a clinical diagnosis. Efforts to identify a biochemical marker have been unsuccessful;
advances in treatment will further drive the need for a method of earlier diagnosis. At the time
of this writing, the most useful study is electrodiagnostic testing, which shows widespread
denervation and re-innervation (fibrillation, fasciculations, and polyphasic high-amplitude
muscle potentials). Craniospinal axis imaging studies to exclude underlying structural
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compromise are important. Muscle biopsy shows neurogenic atrophy and re-innervation
(small, angular fibers and fiber type grouping). Although serum CK levels may be mildly
elevated, other laboratory studies are usually normal.

What causes ALS?
The exact cause of ALS is unknown. Approximately 8% to 10% of patients have a family
history of the disease, usually in an autosomal dominant pattern. A genetic defect in an enzyme
involved in free-radical metabolism, superoxide dismutase type 1 (SOD1), localized to
chromosome 21, accounts for 15% to 20% of familial ALS. The role of mutant SOD1 in
causing ALS remains unclear, but a toxic gain of function has been proposed as a potential
mechanism. Mutations in at least seven other genetic loci are known to cause familial ALS.
Other possible contributory factors leading to motor neuron demise include oxidative stress,
toxic aggregates, mitochondrial dysfunction, impaired axonal transport, glutamate-induced
excitotoxicity, and microglial activation.

Pasinelli P, Brown RH: Molecular biology of amytrophic lateral sclerosis: Insights from
genetics. Nat Rev Neurosci 7:710-723, 2006.

What is the differential diagnosis of ALS?

Other conditions that may affect the pyramidal tract and lower motor neurons or mimic some
of their clinical features include cervical cord/foramen magnum lesions (tumor, syringomyelia,
syringobulbia, spondylosis), thyrotoxicosis, hyperparathyroidism, dysproteinemia,
paraneoplastic conditions, and hexosaminidase A deficiency.

Are ALS patients cognitively normal?
Traditionally, cognition was felt to be spared in patients with ALS. More recent data show that
most patients have subtle frontal/subcortical deficits. Up to 50% of patients who have ALS
have cognitive impairment when detailed neuropsychologic evaluations are performed.
Frontal executive dysfunction (i.e., verbal fluency and attention) is the most common finding.
Other symptoms may range from mild behavioral impairment to severe cognitive impairment
fulfilling the diagnostic criteria for frontotemporal dementia (FTD).

Phukan J, Pender NP, Hardiman O: Cognitive impairment in amyotrophic lateral sclerosis.
Lancet Neurol 11:994-1003, 2007.

Ringholz GM, Appel SH, Bradshaw M, et al.: Prevalence and patterns of cognitive
impairment in sporadic ALS. Neurology 65:586-590, 2005.

Strong MJ: The syndromes of frontotemporal dysfunction in amyotrophic lateral sclerosis.
Amyotroph Lateral Scler 9:323-338, 2008.

What other conditions primarily affect the lower motor neuron (anterior horn
cell)?

The differential diagnosis of deficits primarily confined to the anterior horn cell (AHC) includes
several inherited diseases such as X-linked bulbospinal muscular atrophy and proximal spinal
muscular atrophy. The latter includes infantile (Werdnig-Hoffmann disease), juvenile
(Kugelberg-Welander disease), and adult forms. Acquired lower motor neuron syndromes
include poliomyelitis, postpolio syndrome, progressive muscular atrophy, and AHC
degeneration in other conditions (e.g., Creutzfeldt-Jakob disease).

What causes spinal muscular atrophy (SMA)?
SMA is an autosomal recessive disorder most commonly caused by mutations in the SMN7
gene on chromosome 5q13.

Sumner CJ: Molecular mechanisms of spinal muscular atrophy. J Child Neurol 8:979-989, 2007.

What are the clinical subtypes of SMA?
SMA subtypes are usually defined by the highest level of motor function achieved by the patient.
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B SMA type 1 (Werdnig-Hoffman disease) is the most severe and common phenotype,
accounting for 50% of patients diagnosed with SMA. Children with SMA type 1 are never
able to sit independently, and most patients die by 2 years of age from respiratory failure.
The diagnosis is usually made before 6 months of age.

B SMA type 2 represents intermediate severity, and the age of onset is between 7 and 18
months. Patients are able to sit but unable to walk independently.

B SMA type 3 (Kugelberg-Welander disease) is variable in its prognosis for motor function.
Some patients require a wheelchair for mobility during childhood, while others are able to
ambulate independently and only have minor weakness.

W SMA type 4 is the mildest form of the disease and patients are diagnosed during the second
and third decade of life. These patients have very mild weakness.

Lunn MR, Wang CH: Spinal muscular atrophy. Lancet 371:2120-2133, 2008.

66. What causes Kennedy’s disease?
Kennedy’s disease, or X-linked spinal and bulbar muscular atrophy (SBMA), is caused by an
expansion of trinucleotide (CAG) repeats in the androgen receptor gene on chromosome
Xqg11-12. Normal individuals can have 11 to 33 CAG repeats; patients with Kennedy’s disease
have two to three times the normal number of CAG repeats. Longer repeat length correlates
with earlier disease onset.

67. What is primary lateral sclerosis?

Primary lateral sclerosis is a rare, adult-onset, slowly progressive acquired motor neuron
disease in which only signs of corticospinal tract dysfunction are seen. The diagnosis of PLS
requires the presence of symptoms for more than 4 years and the absence of motor neuron
findings, family history of similar disorder, and sensory signs on examination. Laboratory
evaluation for other causes of myelopathy and craniospinal imaging should be normal.
Electrodiagnostic tests show normal nerve conduction study, and the EMG should not satisfy
the El Escorial criteria for ALS.

Gordon PH, Cheng B, Katz IB, et al.: The natural history of primary lateral sclerosis.
Neurology 66:647-653, 2006.

Singer MA, Statland JM, Wolfe Gl, et al.: Primary lateral sclerosis. Muscle Nerve 35:291-
302, 2007.

68. Who was Lou Gehrig?
Lou Gehrig, whose name has been given to ALS, played first base for the New York Yankees
from 1923 to 1939, usually batting after Babe Ruth in the lineup. He had a lifetime batting
average of .340 with 23 grand slams (a record) and was the first modern player to hit four
home runs in one game. He is best known as “Ironman”—a name undiminished despite the
recent breaking of his record of playing 2130 consecutive games. A kind, conscientious,
thoughtful, hard-working, shy, and courteous man, Lou Gehrig, who died of ALS, was a true
sports hero.
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RADICULOPATHY AND DEGENERATIVE

SPINE DISEASE

Randall Wright, MD, and Steven B. Inbody, MD

CHAPTER 7

BASIC ANATOMY

1. Describe the difference between the dorsal and ventral rami of the spinal cord.
Nerve roots are attached to each segment of the spinal cord. Those that exit from the posterior
lateral sulcus are called the dorsal roots, whereas the ventral roots emerge anterior over a
wider area. Short mixed spinal nerves are formed when a pair of dorsal roots and ventral roots
unite beyond the dorsal root ganglion. This mixed spinal root then divides into the thin
dorsal root ramus and the thicker ventral root ramus. The dorsal root rami are the central
processes of the unipolar cells located in the dorsal root ganglion. These fibers innervate the
paraspinal muscles and overlying skin and also carry sensory information. The ventral root
rami are essentially extensions of the anterior horn motor neurons, and innervate the muscles
of the cervical, brachial, or lumbosacral plexus. In addition to motor fibers, the ventral ramus
also contains axons originating from sensory and sympathetic ganglia (Figure 7-1).

Dorsal Root Ganglion Dorsal Ramus

Mixed Spinal Nerve
Ventral Ramus

Ventral Root

Figure 7-1. Anatomy of the spinal cord and its roots. Figure by Randall J. Wright, MD.

2. How many spinal nerve pairs exit the spinal cord?
There are 31 pairs of spinal nerves (8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1
coccygeal). Because there are only 7 cervical vertebrae, the first seven cervical nerves exit above
the same numbered cervical vertebrae. The eighth cervical nerve exits above the T1 vertebrae,
and the rest of the spinal nerves (T2 to L5) exit below their same numbered vertebrae. Think of
it as “the heavenly seven cervical nerves arise above the vertebral body” (Figure 7-2).

3. Where do the lumbar nerve roots exit, and which root is most likely to be
injured in a disc herniation?
The lumbar nerve roots exit beneath the corresponding vertebral pedicle through the respective
foramen. For example, the L5 nerve root exits beneath the L5 vertebral pedicle through the
L5/S1 foramen. Since most disc herniations occur posterolaterally, the root that gets
compressed is actually the root that exits the foramen below the herniated disc. So, a disc




m CHAPTER 7 RADICULOPATHY AND DEGENERATIVE SPINE DISEASE

o

By,
OvScecoual

Figure 7-2. The first seven cervical nerves (“heavenly seven”) exit above their
corresponding vertebral bodies. Figure by Randall J. Wright, MD.

protrusion at L4/L5 will compress the L5 root, and a protrusion at L5/S1 will compress the
S1 root. Ninety-five percent of disc herniations occur at the L4/5 or L5/S1 disc spaces.
Herniations at higher levels are uncommon.

4. Which anatomic structures are potential pain generators?
Back pain may originate from many spinal structures. These structures include: the vertebral
body periosteum, intervertebral discs, paravertebral musculature and fascia, ligaments, facet
joints, the annulus fibrosus, spinal nerve roots, dorsal root ganglia, and even paravertebral
blood vessels. The most common causes for pain result from musculoligamentous injuries
and age-related degenerative processes of the intervertebral discs and facet joints. Disc
herniations and spinal stenosis are other common causes.

5. What is the distinction among spondylosis, spondylolisthesis, and
spondylolysis?
Spondylosis is a nonspecific degenerative process of the spine, often due to osteoarthritis
with osteophyte formation. Spondylolisthesis refers to anterior subluxation of one vertebral
body on another. Spondylolysis is a defect in the pars interarticularis that allows the vertebra
to slip upward. All three of these conditions may cause pain when symptomatic and can be
confirmed radiographically.

6. What is the difference between a disc bulge, protrusion, and herniation?
A bulging disc occurs when dehydration leads to gradual flattening of the disc and an increase
in the circumference of the intact annular ring, which then extends beyond the margins of
the vertebral body. Disc protrusion occurs when the gelatinous disc material protrudes focally
into tears or fissures within the intact annular shell, causing a focal outpouching of the still
intact annular fibers. Disc herniation refers to extrusion of nuclear material through the
disrupted annular shell.

7. What are the most common causes of spinal stenosis?
A variety of conditions can cause spinal stenosis. It may result from minor developmental
anatomic changes in the diameter of the spinal canal (e.g., shorter than normal pedicles,
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thickened lamina). These conditions are rarely symptomatic but may predispose to
degenerative changes that do become symptomatic. Such changes include degeneration of
facets posteriorly and the disc anteriorly. Osteophyte formation may occur, thus narrowing
both the nerve root and central canals. Degeneration of the intravertebral disc may also cause
narrowing of the nerve root and central canals. Other causes of spinal stenosis include
degenerative spondylolisthesis and postoperative spinal stenosis.

What are the differences between radicular and referred pain?

The key feature of radicular pain is hot, electric sensations that radiate in the territory of

the affected nerve root. The pain will be sharp, shooting, and burning. The pain radiates down

the limb but never up. Sensory loss is rarely complete due to overlapping of other roots.
Referred pain is a phenomenon that occurs when irritated or injured tissues (e.g., muscle,

facet joint, or periosteum) cause pain that is perceived in a dermatomal distribution. This

pain may be shooting but is typically not hot or electrical as in radicular pain.

Which spinal disorders cause both axial pain (back or neck) and disturbances

in neurologic function of the limb (leg or arm)?

Three syndromes are recognized in which spinal disorders cause both back or neck pain and

neurologic dysfunction. The following examples are from the lumbar spine:

1. Herniated disc causing a single nerve root compression (leg pain > back pain). Clinical
features include positive straight leg-raising test and radicular pain in the limb
disproportionate to pain in the spine. Loss of strength, reflex, and sensation occurs in the
territory of the compressed root.

2. Lateral recess syndrome (leg pain > back pain). Single or multiple nerve roots on one or
both sides become compressed. Pain in the limb is usually equal to or greater than that in
the spine. Symptoms are brought on by either walking or standing and are relieved with
sitting. Testing by straight-leg raising may be negative.

3. Spinal stenosis (leg pain < back pain). Multiple nerve roots are involved, and the pain in the
spine is significantly greater than that in the limb. Symptoms develop with standing or walking.
Impairment in bowel and bladder dysfunction as well as sexual dysfunction may occur.

LUMBAR SPINE DISEASE

What are the clinical features of lumbar disc disease?

Acute lumbosacral disc herniation may cause a continuum of pain ranging from an isolated dull
ache to severe radicular pain due to neurocompression in the foramen or lateral recess. A rare
complication is cauda equina syndrome due to a massive central herniation. Pain is often
sudden in onset and exacerbated with the Valsalva maneuver. Concomitant paraspinal spasm
is often present. Ninety-five percent of disc herniations occur at the L4/5 or L5/S1 disc
spaces. Herniations at higher levels are uncommon.

What are the signs of an L4 radiculopathy?

Compression of the L4 root produces pain and paresthesias radiating to the hip, anterior
thigh, and medial aspects of the knee and calf. Sensation is impaired over the medial calf.
Weakness occurs in the quadriceps and hip adductors. The knee jerk is diminished.

What are signs of an L5 radiculopathy?

L5 root compression produces pain radiating to the posterolateral buttock, lateral posterior
thigh, and lateral leg. Sensory loss is most likely in a triangular wedge involving the great toe,
second toe, and adjacent skin on the dorsum of the foot. Weakness occurs in the muscles
innervated by the L5 root (gluteus medius, tibialis anterior and posterior, peronei, and extensor
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13.

14.

hallucis longus). This results in difficulty in ankle dorsiflexion, eversion, inversion, and hip
abduction. It is most easily identified by weakness in the extensor hallucis longus (extension of
the big toe). The ankle reflex is usually normal.

What are the signs of an S1 radiculopathy?

S1 root compression causes pain to radiate to the posterior buttock, posterior calf, and lateral
foot (classic sciatica). Sensory loss occurs along the lateral aspect of the foot, especially in the
third, fourth, and fifth toes. Weakness may occur in the gluteus maximus (hip flexor) and
plantar flexors. The ankle jerk is usually diminished (Figure 7-3).

Sensory Symptoms in Lumbar Radiculopathies

ATASN

Figure 7-3. Pain from L4 compression radiates to the anterior thigh and
medial portion of the lower leg. L5 compression causes radiating pain to
the lateral aspect of the leg and big toe. S1 compression causes pain in the
lateral foot. Figure by Randall J. Wright, MD.

What are the clinical features of lumbar stenosis?
Most patients are age 50 years and older and have had symptoms referable to lumbar spinal
stenosis for more than 1 year. Neurogenic intermittent claudication or pseudoclaudication is
the most common presenting and constant symptom in lumbar spinal stenosis. Symptoms are
usually bilateral, with one leg more involved than the other, but they may be unilateral. The
whole lower extremity is generally affected. Pain is provoked by walking and, in many patients,
merely by standing. It is typically dull in character and is quickly relieved by sitting or
leaning forward. In some patients, the pain is accompanied by numbness of the affected leg
and the feeling that it “may give out” on them.

Daffner SD, Wang JC: The pathophysiology and non-surgical treatment of lumbar spinal
stenosis. Instr Course Lect 58:657-668, 2009.

KEY POINTS: CLINICAL FEATURES OF LUMBAR

STENOSIS

. Presence of intermittent neurogenic claudication (pseudoclaudication).

oo o B~ W N

. Pain is provoked by walking or standing and is relieved with rest (lying, sitting, or flexing).
. Symptoms are usually bilateral but may be asymmetric.

. Often there is no objective sensory loss.

. Leg weakness and urinary incontinence are seldom present.

. Unlike vascular claudication, pain may persist if the patient stops walking without flexing the spine.



15.

16.

17.

18.

19.

CHAPTER 7 RADICULOPATHY AND DEGENERATIVE SPINE DISEASE u

What is the mechanism for neurogenic claudication in lumbar spinal stenosis?
Symptoms are related to the increase in lordotic posture provoked by standing or walking.
Myelographic studies have shown that in lordosis, the cross-sectional area of the spinal canal
narrows because of anterior encroachment by bulging discs, posterior encroachment by
shortening and thickening of the ligamentum flavum, and lateral approximation of the articular
facets. In flexion (as in sitting), all of these encroachments reverse, with a resultant increase in
the cross-sectional area of the spinal canal. This may explain why some patients with
neurogenic claudication may be able to ride a stationary bike (in the sitting position), while
patients with vascular claudication may still have pain.

What is the differential diagnosis of low back pain?

The most common alternate diagnoses include focal hip pathology, vertebral compression
fractures, metastasis from malignancy, ankylosing spondylitis, and vertebral osteomyelitis.
Rare causes of low back pain include abdominal aortic aneurysm, pelvic disorders, abdominal
visceral pathology, and other neuropathic disorders (e.g., inflammatory polyneuropathies or
mononeuropathies).

THORACIC SPINE DISEASE

Describe the clinical presentation of a thoracic disc herniation.

Less than 1% of protruded discs occur in the thoracic spine. Over 75% of herniated thoracic
discs develop below T8, with the highest incidence at the T11 to T12 level. The protrusion is
usually central. Most patients have a degenerative process as the main causative factor;
trauma accounts for only 10% to 20% of protruded discs. Pain (radicular or midline) is the
most common initial symptom, followed by numbness. Motor weakness involving the lower
extremities is an initial symptom in 28% of patients. Bladder involvement is a rare initial
symptom but may be seen in 30% of patients at presentation.

What is the differential diagnosis of thoracic pain?

Malignant or benign tumors Thoracic compression fractures
of the spine
Ankylosing Intra-abdominal processes (gallbladder
spondylosis disease, gastric ulcer, pancreatitis)
Thoracoabdominal neuropathy
(diabetes)
Intercostal neuralgia Cardiac etiology (i.e., aortic aneurysm)
Herpes zoster Intramedullary lesion such as a demyelinating
process

CERVICAL SPINE DISEASE

What are the differentiating signs and symptoms between a C6, C7, and C8
radiculopathy?

Compression of the cervical roots typically occurs from either osteophyte or disc herniation.
Compression of the C6 nerve root results in radicular pain involving the shoulder, upper arm, and
lateral side of the forearm and thumb. Weakness may occur in the deltoids, biceps, and pronator
teres. Paresthesias may be felt in the thumb and index fingers. The bicep and brachioradialis
reflexes may be diminished. Compression of the C7 nerve root results in radicular pain in the
shoulder, chest, and forearm, as well as the index and middle fingers. Weakness may occur in
the triceps and flexor carpi radialis. Paresthesias may occur in the index and middle fingers.
The triceps reflex is typically diminished. C8 nerve root compression causes a similar pattern of
pain as C7 radiculopathies, but paresthesias may occur in the fourth and fifth fingers. Weakness
may occur in the intrinsic muscles of the hand and finger extensors (Figure 7-4).
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Sensory Symptoms in Cervical Radiculopathies

C7 C8

Figure 7-4. Compression of the C6 nerve root causes radicular pain in the
lateral side of the forearm and thumb. C7 compression causes pain in the
index and middle fingers. C8 compression causes symptoms in the fourth
and fifth fingers. Figure by Randall J. Wright, MD.

KEY POINTS: SENSORY SYMPTOMS v

1. The first seven cervical nerves exit above the same numbered cervical vertebrae.

2. L5 radiculopathies cause radiating pain along the posterior thigh to the dorsum of the foot
and big toe.

3. Indications for surgery in patients with radiculopathies are intractable pain, progressive
motor weakness or sensory deficits, or symptoms refractory to a reasonable period
of nonoperative therapy.

4. Neurogenic claudication (pseudoclaudication) presents typically as bilateral, asymmetric,
lower extremity pain that is provoked by walking (occasionally standing) and is relieved by rest.

5. Compression of the C6 nerve root causes radicular pain in the lateral side of the forearm
and thumb, C7 compression causes pain in the index and middle fingers, and C8
compression causes symptoms in the fourth and fifth fingers.

20. What is Spurling’s sign?
Named after the neurosurgeon who popularized the posterior approach for cervical disc
surgery, this maneuver is the cervical equivalent to the lumbar straight-leg raise. Reproduction
of the patient’s pain occurs when the examiner exerts downward pressure on the vertex of the
head while tilting the head (and occasionally extending it a little) toward the symptomatic side.
This causes narrowing of the intervertebral foramen, which is painful.

Spurling RG, Scoville WB: Lateral rupture of the cervical intervertebral disc: A common

cause of shoulder and arm pain. Surg Gynecol Obstet 78:350-358, 1944.

21. What is the differential diagnosis for cervical pain?
Diseases that most closely mimic cervical disc disease include brachial plexus lesions and
shoulder dysfunction due to tendinitis, subacromial bursitis, or rotator cuff disease. Neoplastic
or infectious processes also need to be excluded.

DIAGNOSTIC EVALUATION

22. Which tests are useful in evaluating back pain?
1. Plain radiographs provide information about bony alignment and degenerative changes.
2. Dynamic flexion/extension films provide information about osseous instability.
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3. Magnetic resonance imaging (MRI) is sensitive for identifying intrinsic cord lesions, spinal root
compression, spinal cord tumors, infections (abscesses), and herniated discs (Figure 7-5).

4. Computed tomography (CT) myelography is especially valuable for evaluating nerve root
compression (Figure 7-6).

Figure 7-5. MRI scan shows a herniated disc at L5 and sagittal (left) and axial (right) views.

23. Discuss the role of
electromyography (EMG) in
the evaluation of
radiculopathy.
Electromyography (EMG)
provides neurophysiologic
confirmation of the radiographic
lesion. EMG evidence of altered
innervation suggests significant
nerve root compromise. The
most widely accepted EMG
evidence of radiculopathy is the
presence of positive sharp
waves and fibrillation potentials.
EMG changes are first seen in
the muscles closest to the site
of nerve injury, underscoring
the importance of examination Figure 7-6. CT scan shows compression of the cervical
of the paraspinous muscles. spinal cord caused by severe cervical spondylosis.

A disadvantage of EMG is the
delay in the appearance of reliable
abnormalities until 7 to 10 days after a root injury. The sequence of EMG changes begins with
positive sharp waves in paraspinal muscles between days 7 and 10, followed by paraspinous
fibrillation potentials and positive sharp waves in limb muscles between days 17 and 21.

Preston DC, Shapiro BE: Electromyography and Neuromuscular Disorders, 2nd ed. Boston,
Butterworth-Heinemann, 2005.
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What is the role of the H-reflex in an S1 radiculopathy?

The H-reflex is an evoked potential study performed by submaximal electrical stimulation of the
S1 root and measuring the nerve conduction velocity proximally. Its absence indicates
proximal (root) injury. It is the electrodiagnostic equivalent of the ankle jerk. The H-reflex may
demonstrate abnormalities within 1 or 2 days after nerve root injury.

NONOPERATIVE TREATMENT OF SPINAL PAIN

What is the rationale for nonoperative treatment of spine-related pain?
The natural history of nonspecific spinal pain has been demonstrated to be benign.
Approximately 90% of patients experience improvement within 3 months. Recent studies
temper these results by suggesting that 75% of patients have one or more relapses, and 72%
may still have at least some residual pain at 1 year. Patients with radiculopathy, whether due to
soft disc herniation or spondylitic compression, usually improve with time. However, spinal
stenosis usually stays stable or worsens with time. About 15% of patients with spinal stenosis
improve, 70% remain stable, and 15% worsen after 4 years.

Chou R, Atlas SJ, Stanos SP, et al.: Non-surgical interventional therapies for low back pain:
A review of the evidence for an American Pain Society clinical practice guideline. Spine 34:
1078-1093, 2009.

Is bed rest and exercise helpful in treating acute and chronic back pain?
Studies suggest that empiric bed rest in the acute phase of back pain is not as helpful as
we once thought. It has not been found to increase the speed of recovery and in some
instances may even delay recovery. However, in patients who report symptomatic relief from
bed rest, 1 or 2 days of rest can be recommended. In the acute phase, back exercises have not
been found to be helpful, but their role is very important in treating chronic back pain. In
general, rapid return to normal activities with neither bed rest nor exercise seems to be the
best recommendation for most patients in the acute phase of back pain. However,
patients should be told to avoid heavy lifting, twisting of the trunk, and bodily vibrations during
the acute phase of their back pain. Chronic back pain responds well to intense exercise
programs.

Deyo R, Weinstein J: Low back pain. N Engl J Med 344:363-370, 2001.

Which categories of medication may be of help during acute phases of pain?
Nonsteroidal anti-inflammatory drugs help relieve pain from mild musculoskeletal
inflammation. Severe inflammation or nerve root swelling may be treated with a brief, tapering
schedule of glucocorticoids. Muscle relaxants have been found helpful in some patients with
muscle spasms and in helping to facilitate sleep (due to their sedative side effects).
Antidepressants (e.g., tricyclics) and antiepileptics (e.g., Neurontin) may be helpful in treating
neuropathic pain and also helping with sleep. Short-term pain relief with opiate-based
medications can be beneficial in limited cases. For best results, pain medications should be
given on a scheduled basis rather than on an as-needed basis.

OPERATIVE TREATMENT OF THE SPINE

What is the role of surgery to treat cervical radiculopathies?
Over 95% of patients with cervical radiculopathies due to a herniated disc improve with
nonsurgical interventions. Surgery is indicated when symptoms fail to improve or progressive
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neurologic deficits develop. The goal of surgery for cervical radiculopathy is adequate
decompression of the nerve roots, using either an anterior or posterior approach. The anterior
approach is recommended for medial or central disc herniation or when fusion is
contemplated. A posterior approach is necessitated by a posterolateral disc or osteophytes that
are otherwise inaccessible.

KEY POINTS: INDICATIONS FOR SURGERY IN v
PATIENTS WITH RADICULOPATHIES

1.

Intractable pain that has been refractory to conservative therapy

2. Severe or progressive motor weakness or sensory deficits

3. Symptoms refractory to a reasonable period of nonoperative therapy

4. Of note, outcomes are much better when signs and symptoms correlate with radiographic

29.

30.

findings.

Which surgical procedures are recommended for cervical radiculopathy?

1. Anterior cervical discectomy (ACD) is indicated when patients have minimal neck pain,
normal cervical lordosis, and single-level pathology to avoid the potential complications of
fusion. There is a 5% risk of laryngeal nerve injury with ACD.

2. Anterior cervical discectomy and fusion (ACDF) is indicated for patients with symptoms of
instability or more than one operative level. It is limited to levels C3 to C7. It allows for safe
removal of osteophytes.

3. ACDF with internal fixation. Plating is recommended for multilevel fusions with
documented instability or history of prior fusion failure. It allows early mobilization without
bracing.

4. Posterior cervical discectomy. Usually reserved for either multiple cervical discs or
osteophytes, cervical stenosis superimposed on disc herniation, and in situations where
the risk of laryngeal nerve injury that is associated with ACD is unacceptable (e.g.,
professional singers and speakers).

5. Posterior keyhole laminotomy. Used to decompress only individual nerve roots (not spinal
cord). Useful in monoradiculopathy with posterolateral soft disc fragments and in cases in
which the anterior approach is either difficult (patients with thick necks) or the risks are
unacceptable (professional singers or speakers).

Narayan P, Haid RW: Treatment of degenerative cervical disc disease. Neurol Clin 19:217-

229, 2001.

What is the most common postoperative complication of spinal surgery?
Arachnoiditis is commonly seen in the cauda equina after lumbar surgery, myelography using
oil-based dye, and even intrathecal injections. It results in the adhesion and clumping of the
nerve roots to each other. This results in radicular type pain, paresthesias, weakness, and
sphincter dysfunction. MRI may show thickening and clumping of the nerve roots, adherence
of roots to the thecal sac with enhancement, and loculations of spinal fluid. Surgical
debridements, and epidural and intrathecal steroid injections, have been attempted as
treatment, but none have shown efficacy. In fact, these techniques may even worsen the
condition. Thus, treatment is mainly symptomatic.

Bradley WG, Daroff R, Fenichel G, et al.: Neurology in Clinical Practice, Vol. II, 3rd ed.
Philadelphia, Butterworth-Heinemann, 2003, pp 1981-1982.
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What are the most common causes of the failed (surgical) back?

1.

The diagnosis was wrong. Therefore, even if the surgical treatment was technically flawless,
the patient must be regarded as having never been treated and requires a thorough
reassessment with generation of a new treatment plan.

. The diagnosis was correct, but the treatment was technically flawed, inappropriate, or

incompetent.

. Whether or not the diagnosis was correct, something new has happened—perhaps an

immediate or late consequence of treatment or an unrelated but intercurrent complication.
This situation usually occurs when two or more pain-generating mechanisms coexist. For
example, in disc herniation removal of disc material improves radicular symptoms but fails
to address the mechanical pain produced by spinal instability after the herniation.

. A complication of diagnosis or treatment has arisen; for example, development of

arachnoiditis, injury to a nerve root, or disc space infection.

. No counseling has been given. Physicians must negotiate a plan of postsurgical treatment,

stressing patient participation in functional restoration and dispelling unrealistic
expectations of complete restoration to normal.
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http://www.backandbodycare.com
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MYELOPATHIES

Randall Wright, MD, and Ericka P. Simpson, MD

CHAPTER 8

1. Describe the most important long tracts in the spinal cord, their locations,
and their functions.

See Table 8-1.
TABLE 8-1. LONG TRACTS IN THE SPINAL CORD
Tract Location Functions
Gracile medial Dorsal column Proprioception from the leg
Cuneate Lateral dorsal column Proprioception from the arm
Spinocerebellar Superficial lateral column Muscular position and tone
Pyramidal Deep lateral column Motor control
Lateral spinothalamic Ventrolateral column Pain and thermal sensation

2. Draw the anatomic locations of the anterior horn cells, cortical spinal tracts,
dorsal column, and spinothalamic tracts.
See Figure 8-1.

Fasciculus gracilis

hell

Pyramidal tract

Lateral spinothalamic tract

Figure 8-1. Relative location of each tract. The cortical spinal and spinothalamic tracts are
laminated so that the most lateral fibers are the sacral fibers and the most medial are the
cervical. The opposite is true in the dorsal columns; the most lateral fibers are the cervical
and most medial fibers are the sacral. This becomes important when distinguishing
intramedullary from extramedullary lesions. C, cervical; 7, thoracic; L, lumbar; S, sacral.
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3. Where do the cortical spinal, dorsal column, lateral spinothalamic, and
spinocerebellar tracts decussate (cross)?
The descending cortical spinal tract decussates in the lower medulla, travels down the spinal
cord, and innervates muscles contralateral to its motor strip of origin. The dorsal column tracts
enter the spinal cord and ascend ipsilateral to their entry point. They then decussate in the
lower medulla. The lateral spinothalamic tract enters the spinal cord and immediately
decussates one to two levels above their entry points and then ascends in the spinal cord
contralateral to their points of entry. The spinocerebellar tracts do not decussate.

4. What are the dermatomes at the umbilicus and the nipple line?
The umbilicus is at T10. The nipple line is at T5.

5. What is the relationship of the cord segment and its spinal nerves to the
vertebral body?
The spinal cord extends from the medullary cervical junction at the foramen magnum to
the level of the body of the first or second lumbar vertebra. The spinal roots exit in relation to
their corresponding vertebral body. The first seven cervical nerves exit above the vertebral
body, and the eighth exits below C7. The remainder of the spinal roots exit below their
corresponding vertebral body.

6. What are signs of the anterior spinal artery syndrome?
Anterior spinal artery syndrome occurs when the anterior spinal artery is occluded. This artery
supplies blood to the anterior two-thirds of the spinal cord. Occlusion results in bilateral loss of
pain and temperature below the lesion, accompanied by weakness and bladder dysfunction.
The reflexes may be hyperactive below the level of the lesion. Dorsal column functions
(position and vibration sense) are spared.

7. What is the artery of Adamkiewicz?
The artery of Adamkiewicz is a major lumbar radicular artery that arises from the aorta and
enters the cord between T10 and L3. It supplies the lumbar and lower thoracic segments. It
forms anastomoses with the anterior spinal artery in the lower thoracic region, where the
watershed area of the spinal cord is located.

8. What areas of the spinal cord are supplied by the posterior spinal artery?
The posterior spinal arteries are paired arteries that run dorsolateral to the spinal cord.
They extend the length of the cord and supply the posterior third of the cord through
circumflex and penetrating vessels. Occlusion of one of these arteries results in ipsilateral
deficits in vibratory and proprioceptive sensation below the site of occlusion.

9. What is a myelopathy?
A myelopathy is any pathologic process that affects primarily the spinal cord and causes
neurologic dysfunction. The most common causes of myelopathies are as follows:
1. Congenital and developmental defects
B Syringomyelia
W Neural tube formation defects
2. Trauma
3. Compromise of the spinal cord
B Cervical spondylosis
B [nflammatory arthritis
B Acute disc herniation
4. Spinal neoplasms
5. Physical agents
W Decompression sickness
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W Electrical injury
W Radiation

6. Toxins
B Nitrous oxide
B Triorthocresyl phosphate

7. Metabolic and nutritional disorders
B Pernicious anemia
M Chronic liver disease

8. Remote effect of cancer

9. Arachnoiditis

10. Postinfectious autoimmune disorders
W Acute transverse myelitis
B Connective tissue disease

11. Multiple sclerosis

12. Epidural infections

13. Primary infections (human immunodeficiency virus [HIV])

14. Vascular causes
B Epidural hematoma
W Atherosclerotic, abdominal aneurysm
W Malformation

KEY POINTS: CLINICAL FINDINGS SUGGESTIVE v
OF A MYELOPATHY

1.

10.

11.

12.

Bilateral upper motor neuron weakness of the legs (paraparesis, paraplegia) or legs and arms
(quadriparesis, quadriplegia)

. Bilateral impairment of sensation with a “sensory level” that separates a region of normal

sensation from a region of impaired sensation

. Bowel or bladder sphincter dysfunction

What is Lhermitte’s sign?
Lhermitte’s sign is present when the patient reports an electric shock-like sensation down the
spine with neck flexion. The symptom is produced by stretching or irritating damaged fibers in
the dorsal columns of the cervical cord. It may occur in cervical spondylogenic myelopathy,
intramedullary lesions such as a demyelinating plaque, or as part of subacute combined
degeneration from B12 deficiency.

Goldblatt D, Levy J: The electric sign and the incandescent lamp. Semin Neurol 5:191-193, 1985.

What is the anal wink?

This is not a new way to express your feelings for someone! It is actually a reflex that tests the
integrity of S2 to S5 segments. The anal wink reflex is tested by pricking the skin of the
perianal region and watching for the external anal sphincter to contract. The absence of this
contraction signifies a lesion in the sacral region.

What is “saddle anesthesia”?

It is tempting to believe that saddle anesthesia results from prolonged horseback riding.
However, this condition describes the sensory loss in the perianal region (saddle) that results
from lesions involving the S1 and S2 segments of the spinal cord. It may be accompanied by
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13.

14.

15.

16.

17.

18.

sensory loss in the medial aspects of the calf and posterior thigh. Symmetric saddle anesthesia
may result from lesions in the conus medullaris.

What is the superficial abdominal reflex?

The superficial abdominal reflex is elicited by pricking the skin of the abdomen and watching
for contraction of the abdominal wall muscles. This reflex is often diminished or absent
below the level of a spinal cord lesion. In individuals with excessive adipose tissue in the
abdominal region, this reflex may be difficult to observe.

How does the jaw jerk reflex help in localizing lesions in patients with
hyperreflexia?
The jaw jerk is a reflex that involves the contraction of the masseter and temporalis muscles
when the patient’s lower jaw is tapped. The afferent limb travels via the mandibular branch of
the trigeminal nerve to the mesencephalic nucleus of the trigeminal nerve. The efferent limb
arises from the motor nucleus of the trigeminal nerve and also travels via the mandibular
branch. The jaw jerk is exaggerated with bilateral lesions above the trigeminal nerve but will not
be affected by lesions below it in the spinal cord. This is helpful in patients who have
hyperreflexia in all four extremities because an exaggerated jaw jerk reflex suggests that the
lesion is above the level of the spinal cord (i.e., high brain stem or brain).

Brazis P: The localization of lesions affecting cranial nerve V (the trigeminal nerve). In Brazis P,
Masdeu J, Biller J (eds): Localization in Clinical Neurology, 3rd ed. New York, Little, Brown, 1996.

What is Brown-Sequard syndrome?

Brown-Sequard syndrome is caused by a lateral hemisection of the spinal cord that severs the
pyramidal tract (which has already crossed in the medulla), the uncrossed dorsal columns, and
the crossed spinothalamic tract. The region ipsilateral and below the level of the lesion
demonstrates upper motor neuron weakness (paralysis), loss of tactile discrimination, loss of
position sense, and loss of vibratory sense. The ipsilateral deep tendon reflexes become
hyperactive with subsequent spasticity, and an extensor plantar response develops.
Contralateral to the lesion, there is loss of pain and temperature sensation below the lesion.

What is spinal shock?

If the spinal cord is damaged suddenly by mechanical trauma, ischemia, or compression,
spinal shock may occur. This is a condition in which there is temporary loss of all spinal
reflexes, motor activity, and sensation below the level of the lesion. Flaccid paralysis,
hyporeflexia, sensory loss, and loss of bladder tone are cardinal features. There also may be
autonomic dysfunction with diffuse sweating and hypotension. Development of upper motor
neuron signs may take several weeks.

What is transverse myelitis?
Transverse myelitis is an inflammatory process that is localized over several segments of the
cord and functionally transects the cord. It may occur as an infectious or parainfectious illness
or as a manifestation of multiple sclerosis, vasculitis, or an autoimmune process. In a
significant number of cases (40%), no specific etiology is ever identified (Figure 8-2).

Rolak LA: Transverse myelitis. In Samuels MA, Feske SK (eds): Office Practice of Neurology,
2nd ed. Philadelphia, Churchill Livingstone, 2003, pp 420-423.

What are the clinical features of acute transverse myelitis?

The sudden onset of weakness and sensory disturbance in the legs and trunk is the usual
presenting feature. Ultimately, sphincter dysfunction is common. Pain and temperature are
usually affected, but proprioception and vibration are often spared. The tendon jerks below the
lesion may be initially depressed and then hyperactive. A sensory level indicates the level

of the lesion.
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Transverse Myelitis Consortium
Working Group. Proposed diagnostic
criteria and nosology of acute transverse
myelitis. Neurology 59:499-505, 2002.

What is cervical spondylosis?
Cervical spondylosis is a condition in
which osteophyte proliferation in the
cervical region results in narrowing of
the spinal canal. These changes may
result in cord compression if the canal
diameter becomes small enough, and
spinal cord circulation may also be
compromised. Spondylitic changes also
may compress the spinal nerves that
exit through the foramen. If the spinal
cord is compressed, upper motor
neuron weakness (paresis, hypertonia,
hyperreflexia) may be seen. This may
appear before sensory impairment.
When sensory loss does develop, dorsal
columns tend to be more affected than
lateral spinothalamic tracts. Bladder and
bowel dysfunction is less common.

Summarize the anatomy of
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Figure 8-2. Sagittal T2-weighted magnetic
resonance imaging (MRI) shows increased signal
within the cervical cord caused by acute
inflammatory transverse myelitis.

masses that compress the spinal cord.
1. Extramedullary extradural lesions (outside the spinal cord and outside its dural covering).

Such lesions include the following:

W Epidural metastases from a remote primary neoplasm

B Epidural abscess
W Epidural hematoma
W Herniated disc

2. Extramedullary intradural lesions (outside the spinal cord but inside its dural covering).

Such lesions include:
W Neurofibroma and schwannoma
® Meningioma

3. Intramedullary intradural lesions (inside the cord itself). Such lesions include the

following:
B Primary cord neoplasms
W Syringomyelia

B Metastasis or abscess within the substance of the cord (rare)

See Figure 8-3.

What are the most common neoplasms arising with the spinal cord?
Most primary spinal cord tumors are astrocytomas, ependymomas, or oligodendrogliomas

(Figure 8-4).

What tumors commonly metastasize to the spinal cord?

Neoplasms typically metastasize to the vertebral bodies and extend into the epidural space,
causing extramedullary extradural compression of the spinal cord. The most common
metastatic tumors to the spinal cord are: breast, lung, gastrointestinal (Gl) tract, lymphoma/

myeloma, and prostate.
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Spinal Cord Mass Spinal Cord Mass

A Dura

Spinal Cord Mass

C Dura

Figure 8-3. Location of spinal masses: A, extradural extramedullary. B, intradural extramedullary.
C, intradural intramedullary.

23. Describe the features of
extramedullary lesions.
Extramedullary lesions are lesions
that compress the spinal cord from
the outside. They can be
extramedullary extradural or
extramedullary intradural. Either
way, extramedullary lesions
cause exterior compression of the
spinal cord. Because of the
somatotopic organization of the
spinal cord, the spinothalamic
tracts and the corticospinal tracts
are arranged so that the sacral
fibers are most lateral and the
cervical fibers are the most medial.
Because of this, external
compression of the spinal cord
causes the sacral regions to be

affected first, followed by Figure 8-4. Sagittal T1-weighted MRI, after gadolinium
the lumbar. then thoracic. and enhancement, shows an astrocytoma arising within the

. thoracic spinal cord (an intramedullary, intradural lesion).
then cervical. Thus, external B ( id )
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compression causes ascending deficits starting in the sacral region and traveling up to one or
two levels below the actual level of the lesion.

24. Describe the features of intramedullary lesions.
Intramedullary lesions are lesions that originate from within the spinal cord. If the lesion starts
within one-half of the cord and grows outward, the innermost fibers are affected first. Once
again, the somatotopic organization of the spinal cord is responsible for the clinical
presentation. If the lesion is high (i.e., cervical cord), the cervical fibers are affected first,
followed by thoracic, then lumbar, and finally sacral. So in this case, intramedullary lesions
cause sacral sparing of sensation. Because the spinothalamic tracts cross the midline,
intramedullary lesions cause sensory loss at one to two levels below their location. As the
lesion (tumor) expands outward, the sensory deficits appear to descend as they subsequently
affect the cervical, thoracic, lumbar, and finally sacral regions (Figure 8-5).

Figure 8-5. Extramedullary lesions compress the spinal cord from the outside (A), causing the sacral fibers to
be affected first. As the lumbar, thoracic, and cervical fibers are compressed, the “level” of injury seems to
rise. In intramedullary lesions (B), the cervical fibers are affected first, thus causing “sacral sparing.”

25. Describe the features of lesions in the dorsal columns.
The dorsal columns relay fibers that are involved in proprioception and vibration. These fibers
are also arranged somatotopically. However, this time the sacral fibers are medial and the
cervical fibers are lateral. Thus lateral lesions within the dorsal column will damage fibers from
the cervical region. And conversely, medially located lesions in the dorsal column will damage
sacral fibers. Lesions in the dorsal columns may result in deficits in vibration, proprioception,
and two-point discrimination. Lhermitte’s sign may also be present.

26. What is syringomyelia?
Syringomyelia is a longitudinal cystic cavity that develops within the substance of the cord. It
may extend over a few or many segments of the cord and even into the medulla
(syringobulbia). The cavity is irregular and tends to intrude into the anterior horns of the gray
matter and the gray matter dorsal to the central canal. This condition may result from a
developmental anomaly, trauma (hyperextension injuries of the neck), or ischemia, or it may
be part of an intramedullary tumor.

27. What are the clinical features of syringomyelia?
The classic clinical features are dissociated sensory loss (loss of temperature and pain with
intact proprioception) and lower motor neuron weakness (flaccid paralysis, atrophy,
fasciculations). This occurs because centrally located lesions initially compromise the
decussating fibers of the spinothalamic tract, which as you recall, are carrying pain and
temperature information. Because of the lamination of the spinal cord, the cervical and thoracic
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fibers are affected first (if the lesion is in the cervical region), resulting in a “cape” or “shawl”
distribution of sensory loss bilaterally. Dorsal column function is preserved, thus causing the
dissociation of sensory loss. With forward extension of the cavity, anterior horn cells are
affected, resulting in atrophy, paresis, and areflexia below the lesion. Lateral extension
results in an ipsilateral Horner’s syndrome. Neurogenic arthropathies may also develop
(Figures 8-6 and 8-7).

What part of the spinal cord
does Friedreich’s ataxia
involve?

Friedreich’s ataxia is an autosomal
recessive disorder that arises from
triplet expansion of the frataxin gene.
It affects the cerebellum, spinal cord,
peripheral nerves, and heart. In the
spinal cord, the following tracts are
affected: the dorsal columns, lateral
corticospinal tracts, and the anterior
and posterior spinocerebellar tracts.
As you can guess by its name, this
condition typically presents with ataxia.

What part of the spinal cord is
affected in tabes dorsalis?
Tabes dorsalis is one of the many
manifestations of neurosyphilis,
caused by infections of the brain,
meninges, or spinal cord by
Treponema pallidum. When the
spinal cord is infected, degeneration
of the dorsal columns occurs. This
results in profound loss of joint
position sense and fine touch.

What Is “man-In-a-barrel Figure 8-6. Sagittal MRI shows an extensive syrinx

Syndrome? . cavity in the cervical and thoracic spinal cord. This
Man-in-a-barrel syndrome is not to be syrinx is associated with a developmental defect—an
confused with vacationers to Niagara Arnold-Chiari malformation at the base of the skull

(protrusion of the cerebellar tonsils down through the

| . ;
Falls! Neurologically, this syndrome U G,

refers to individuals who suffer from
hyperextension injuries to the neck.
This results in quadriplegia in the acute phase, with the arms being much weaker than the legs
(like a man with a barrel around his chest). Urinary retention and patchy sensory loss may
occur. Recovery of strength may spontaneously occur within minutes to hours, or the deficits
may be permanent. Damage to the central gray matter is hypothesized to cause the syndrome.

What is tropical spastic paraparesis?

Tropical spastic paraparesis has been recognized clinically for many years in tropical areas
and Japan. It is characterized by a chronic course in which mild-to-severe leg weakness
develops with increased muscle tone and extensor plantar responses. One-half of patients have
posterior column sensory signs, and 15% have optic nerve involvement. The condition is
caused by infection with a retrovirus, HTLV-1; thus, it is sometimes called HTLV-1-associated
myelopathy (HAM).
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Oh LL, Jacobson S: Treatment of
HTLV-1 associated myelopathy/tropical
spastic paraparesis: Toward rational
targeted therapy. Neurol Clin 26:781-797,
2008.

What is subacute combined
degeneration of the spinal cord?
This condition is the result of vitamin
B12 deficiency. Most patients with B12
deficiency will present with a peripheral
neuropathy that causes a burning, painful
sensation in their hands and feet.
Examination shows a stocking-glove
sensory loss as well as vibratory loss.
However, if the spinal cord is affected, it
results in demyelination and vacuolar
degeneration of the posterior columns
and corticospinal tracts. This results in
upper motor neuron signs of weakness,
increased tone, hyperreflexia, and
Babinski’s and Hoffmann’s signs. Nitrous
oxide exposure may produce a similar
pathologic picture. Treatment is with
intramuscular B12 replacement.

Turner MR, Talbot K: Functional Figure 8-7. Sagittal T2-weighted MRI shows a

L . neurofibroma displacing the thoracic spinal cord
g't;;nﬂ B;gogeflmency. Pract Neurol (an extramedullary, intradural lesion).

What is the micturition reflex?

Simply stated, the act of voiding is controlled by a delicate balance between reflexive actions
and cortical control. Bilateral projections originating from cortical structures descend in the
spinal cord just medial to the corticospinal tracts and synapse with preganglionic
parasympathetic neurons in the S2, S3, and S4 regions. These fibers then travel out the ventral
roots of S2, S3, and S4 to synapse at postganglionic parasympathetic ganglia near the bladder
to innervate the detrussor muscle. Muscle spindles located in the detrussor muscle are
stretched when the bladder is filled, increasing their firing rate. This signal change increases
the firing rate of the preganglionic parasympathetic fibers of S2, S3, and S4, resulting in
detrussor muscle contraction, and thus voiding of the bladder. This reflex is normally under the
voluntary control of descending inputs from the cortex.

Describe what happens to micturition in spinal cord injury.

Following bilateral lesions to the spinal cord, the bladder initially becomes flaccid (acute) and
eventually becomes spastic (chronic). The reason for this is that the detrusor muscle of the
bladder loses its cortical inputs. Like the deep tendon reflexes, it initially becomes flaccid,
resulting in urinary retention. As the bladder fills, overflow incontinence may develop
because the bladder cannot hold any more urine. As time passes, the detrusor muscle
becomes spastic (just as the deep tendon muscles become hyperactive). Small stretches
in the detrusor muscle result in voiding. This spastic bladder results in urinary frequency and
urgency.
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What is cauda equina syndrome?

The spinal cord ends around the L1/L2 level. If damage occurs at this level or below, the
exiting roots (the cauda equina) may be injured. This is typically caused by a herniated disc in
the lumbosacral region. This results in weakness and sensory deficits in the lower extremity
(which may be asymmetric). Bowel and bladder functions are affected as well. Because the
compression is of the nerve roots, a lower motor neuron pattern of deficits is seen. Patellar
and ankle reflexes may be absent. Radicular pain is often very prominent and occurs early in
the course. It may be worse at night or in the recumbent position. Asymmetric saddle
distribution sensory loss may occur, and urinary incontinence may occur late in the course due
to a flaccid bladder. Cauda equina syndrome is reversible if intervention is initiated early in
the course, so this syndrome is a neurosurgical emergency!

What are the clinical signs of conus medullaris lesions?

Lesions at the base of the spinal cord result in an autonomous neurogenic bladder and
paralysis of the muscles of the pelvic floor. There is loss of voluntary control of the bladder
because there is no awareness of fullness. This results in urinary retention and secondary
overflow incontinence. Constipation, erectile dysfunction, and symmetric saddle anesthesia
may also be present. Pain is not a typical part of this condition (which differentiates it from the
cauda equina syndrome) but may occur late in the course.

KEY POINTS: CAUSES OF MYELOPATHY v

1.

Intramedullary lesions cause sacral sparing sensory loss and symptoms that appear to
descend (as the cervical, thoracic, lumbar, and finally sacral regions are affected).

. Sudden damage to the spinal cord can cause spinal shock, which results in temporary flaccid

paralysis, hyporeflexia, sensory loss, and loss of bladder tone.

. Occlusion of the artery of Adamkiewicz may result in the anterior spinal artery syndrome,

causing bilateral weakness, loss of pain and temperature, and hyperreflexia below the lesion
with preserved dorsal column functions (position and vibration).

. Cauda equina syndrome is a neurosurgical emergency that presents with weakness and

sensory loss in the lower extremity, prominent radicular pain, saddle anesthesia, and
late-occurring urinary incontinence.
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BRAIN STEM DISEASE

Eugene C. Lai, MD, PhD

CLINICAL ANATOMY OF THE BRAIN STEM

What is the functional importance of the brain stem?

The brain stem is a small, narrow region connecting the spinal cord with the rest of the brain.
It lies ventral to the cerebellum, which it links via the cerebellar peduncles. Its functions are
critical to survival. The brain stem is densely packed with many vital structures such as long
ascending and descending pathways that carry sensory and motor information to and from
higher brain regions. It contains the nuclei of cranial nerves Ill to Xl and their intramedullary
fibers. It also possesses groups of neurons that are the major source of noradrenergic,
dopaminergic, and serotonergic inputs to most parts of the brain. In addition, other specific
nuclear groups, such as the reticular formation, olivary bodies, and red nucleus, lie within the
brain stem. In short, it is a complicated but highly organized structure that controls motor
and sensory activities, respiration, cardiovascular functions, and mechanisms related to sleep
and consciousness. Consequently, a small lesion in the brain stem can affect contiguous
structures and cause disastrous neurologic deficits.

KEY POINTS: MAIN DIVISIONS OF THE BRAIN STEM v

1.
2.
3.

Medulla
Pons

Midbrain

Describe the function of the medulla.

The medulla (bulb) is the direct rostral extension of the spinal cord. It contains the nuclei of the
lower cranial nerves (mainly IX, X, XI, and XII) and the inferior olivary nucleus. The dorsal
column pathways decussate in its central region to form the medial lemniscus, whereas the
corticospinal tracts cross on the ventral side as they descend caudally. Together with the
pons, the medulla also participates in vital autonomic functions such as digestion, respiration,
and regulation of heart rate and blood pressure (Figure 9-1).

Describe the function of the pons.

The pons (bridge) lies rostral to the medulla and appears as a bulge mounting from the ventral
surface of the brain stem. The pons contains nuclei for cranial nerves V, VI, VII, and VIII as
well as a large number of neurons that relay information about movement from the frontal
cerebral hemispheres to the cerebellum (frontopontocerebellar pathway). Other clinically
pertinent pathways in the pons are those for the control of saccadic eye movements (medial
longitudinal fasciculus [MLF]) and the auditory connections (Figure 9-2).

CHAPTER 9
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Figure 9-1. The medulla.
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Figure 9-2. The pons.

Describe the function of the midbrain.

The midbrain, the smallest and most rostral component of the brain stem, plays an
important role in the control of eye movements and coordination of visual and auditory
reflexes. It contains the nuclei for cranial nerves Ill and IV. Other important structures are the
red nuclei and substantia nigra. The periaqueduct area has an important but poorly understood
influence on consciousness and pain perception (Figure 9-3).

Which cranial nerves are not found in the brain stem?

The 12 pairs of cranial nerves are numbered in rostral-caudal sequence. The brain stem
contains the nuclei of all cranial nerves except two: the optic (Il) nerve, which terminates in the
thalamus, and the olfactory (I) nerve, which synapses in the olfactory bulb.

What are the locations and functions of the individual cranial nerves?
See Table 9-1.
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Figure 9-3. The midbrain.

TABLE 9-1. LOCATION AND FUNCTION OF CRANIAL NERVES

Vestibulocochlear (VIII)
Glossopharyngeal (IX)

Pons and medulla
Medulla

Nerve Location of Nuclei Function
Olfactory (1) Olfactory bulb Sensory: smell and olfactory reflex
Optic (I1) Thalamus Sensory: vision and visual reflexes
Oculomotor (I11) Midbrain Motor: eye movement, eyelids,
pupillary constriction,
accommodation of lens
Trochlear (1V) Midbrain Motor: eye movement (superior
oblique)
Trigeminal (V) Midbrain Sensory: proprioception for
chewing
Pons Sensory: from face and cornea
Motor: to masticatory muscles and
tensor tympani muscle
Medulla Sensory: from face and mouth
Abducens (VI) Pons Motor: eye movement (lateral rectus)
Facial (VI1) Pons Sensory: from skin of external ear,

taste from anterior tongue.
Motor: facial expression,
stapedius muscle movement,
salivation, and lacrimation

Sensory: equilibrium and hearing

Sensory: from middle ear, palate,
pharynx, and posterior tongue,
taste from posterior tongue.
Motor: swallowing, parotid gland
salivation

(continued)
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TABLE 9-1. LOCATION AND FUNCTION OF CRANIAL NERVES (continued)

Nerve Location of Nuclei Function

Vagus (X) Medulla Sensory: from pharynx, larynx,
thorax, and abdomen, taste from
epiglottis. Motor: swallowing and
phonation. Autonomic:
parasympathetics to thoracic and
abdominal viscera

Spinal accessory (XI) Medulla Motor: sternocleidomastoid and
upper trapezius muscles
Hypoglossal (XII) Medulla Motor: tongue

From Wilson-Pauwels L, Akesson EJ, Stewart PA: Cranial Nerves: Anatomy and Clinical Comments.
Toronto, B.C. Decker, 1988.

KEY POINTS: MAIN FUNCTIONS OF THE CRANIAL v
NERVES

1. To provide motor or general sensory functions
2. To mediate special senses such as vision, hearing, olfaction, and taste

3. To carry the parasympathetic innervation that controls visceral functions

7. What is the approach to localizing a brain stem lesion?
As a consequence of the unique anatomic arrangements in the brain stem, a unilateral lesion
within this structure often causes “crossed syndromes,” in which ipsilateral dysfunction of one
or more cranial nerves is accompanied by hemiplegia and/or hemisensory loss on the
contralateral body. Exquisite localization of a brain stem lesion depends on signs of long-tract
(corticospinal and spinothalamic pathways) dysfunction to identify the lesion in the longitudinal
(or sagittal) plane and on signs of cranial nerve dysfunction to establish its position in the
cross-sectional (or axial) plane. Localization of disorders of the brain stem can be simplified by
summarizing the patient’s neurologic deficits to answer the following questions: Is the lesion
affecting unilateral or bilateral structures of the brain stem? What is the level of the lesion? If
the lesion is unilateral, is it medial or lateral in the brain stem?

8. What are the common symptoms and signs of brain stem lesions?
Symptoms
1. Double vision

. Vertigo

Nausea

. Incoordination

. Gait imbalance

. Numbness of the face

. Hoarseness

. Difficulties with swallowing and speaking
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Signs

. Multiple cranial nerve dysfunctions

. Gaze palsies

. Nystagmus

. Sympathetic dysfunction (Horner’s syndrome)

. Hearing loss

. Dysphagia

. Dysarthria

. Dysphonia

. Tongue deviation or atrophy

. Paresis or dysesthesia of the face with contralateral motor or sensory deficits in the
body (crossed symptoms)

11. Unilateral hemiparesis with ataxia

12. Significant bilateral brain stem lesions produce altered mental status or coma

O WO NO O WhN =
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What is the approach to localizing an isolated cranial nerve deficit?
An isolated cranial nerve defect, especially of VI and VI, is most often due to a peripheral and
not a brain stem lesion.

How do the presentations of intra-axial and extra-axial lesions of the brain
stem differ?

A lesion that directly affects the tissues of the brain stem is called /ntra-axial or intramedullary.
It usually presents with simultaneous cranial nerve and long-tract symptoms and signs.

A lesion outside the brain stem is called extra-axial. It affects the brain stem by initially
compressing and interfering with the functions of individual cranial nerves. Later, as it
enlarges, neighboring structures within the brain stem may be affected, causing additional
long-tract signs.

What is the differential diagnosis for a brain stem lesion?

Intra-axial lesions Extra-axial lesions
Neoplasm Acoustic neuroma
Ischemia/infarct Meningioma
Hemorrhage Chordoma
Vascular malformation Aneurysms
Demyelinating disease Epidermoid
Inflammatory lesion Arachnoid cyst

What is the radiographic examination of choice for brain stem lesions?
Magnetic resonance imaging (MRI) is the examination of choice for suspected brain stem
lesions. It provides a highly sensitive and noninvasive method of evaluating the posterior fossa,
unhampered by skull base artifact. Enhancement with gadolinium may be useful to characterize
breakdown of the blood-brain barrier. MR angiography also may be helpful to investigate further
the major branches of the vertebrobasilar system in brain stem ischemia or infarction.

BRAIN STEM VASCULAR DISEASES

Describe the vascular supply of the medulla.

The medulla is supplied by the vertebral arteries and their branches. Its blood supply may be
further subdivided into two groups, the paramedian bulbar and the lateral bulbar arteries.
The paramedian bulbar arteries are penetrating branches, mainly from the vertebral artery, that
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14.

15.

16.

17.

18.

19.

supply the midline structures of the medulla. At the lower medulla, branches from the
anterior spinal artery also contribute to this paramedian zone. The lateral portion of the medulla
is supplied by the lateral bulbar branches of the vertebral artery or the posterior inferior
cerebellar artery.

Describe the vascular supply of the pons.

The basilar artery is the principal supplier of the pons. It gives off three types of branches.
The paramedian arteries supply the medial basal pons, including the pontine nuclei,
corticospinal fibers, and medial lemniscus. The short circumferential arteries supply the
lateral aspect of the pons and the middle and superior cerebellar peduncles. The long
circumferential arteries together with branches from the anterior inferior cerebellar and
superior cerebellar arteries supply the pontine tegmentum and the dorsolateral quadrant of
the pons.

Describe the vascular supply of the midbrain.

Arteries supplying the midbrain include branches of the superior cerebellar artery, posterior
cerebral artery, posterior communicating artery, and anterior choroidal artery. Branches of
these arteries, like those of the pons, can be grouped into paramedian arteries, which supply
the midline structures, and the long and short circumferential arteries, which supply the
dorsal and lateral midbrain.

What is medial medullary syndrome?
Medial medullary (Dejerine’s) syndrome is caused by occlusion of the anterior spinal artery or
its parent vertebral artery, resulting in the following signs:
1. Ipsilateral paresis of the tongue (damage to cranial nerve XIl), which deviates toward
the lesion
2. Contralateral hemiplegia (damage to corticospinal tract), with sparing of the face
3. Contralateral loss of position and vibratory sensation (damage to medial lemniscus)

What is the consequence of occlusion of a dominant anterior spinal artery?
The central medullary area may be supplied by a single dominant anterior spinal artery.
Occlusion of this vessel then leads to bilateral infarction of the medial medulla, resulting in
quadriplegia (with face sparing), complete paralysis of the tongue, and complete loss of
position and vibratory sensation. The patient will be mute, although fully conscious.

What is lateral medullary syndrome?

Lateral medullary (Wallenberg’s) syndrome is often due to vertebral artery or posterior inferior

cerebellar artery occlusion. Vertebral artery dissection can also be a cause. Damage to the

dorsolateral medulla and the inferior cerebellar peduncle results in the following signs:

1. Ipsilateral loss of pain and temperature sensation of the face (damage to descending spinal

tract and nucleus of cranial nerve V)

2. Ipsilateral paralysis of palate, pharynx, and vocal cord (damage to nuclei or fibers of IX
and X) with dysphagia and dysarthria

. Ipsilateral Horner’s syndrome (damage to descending sympathetic fibers)

. Ipsilateral ataxia and dysmetria (damage to inferior cerebellar peduncle and cerebellum)

. Contralateral loss of pain and temperature on the body (damage to spinothalamic tract)

. Vertigo, nausea, vomiting, and nystagmus (damage to vestibular nuclei)

. Other signs and symptoms may include hiccups, diplopia, or unilateral posterior headache.
See Figure 9-4.
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What is ventral pontine syndrome?
Ventral pontine (Millard-Gubler) syndrome is caused by paramedian infarction of the pons and
results in the following signs:
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Figure 9-4. Dissection of the right vertebral artery (A, arrow) causing a lateral medullary infarct
(Wallenberg’s syndrome), seen as an area of increased signal (B, arrows) on a T2-weighted MRI of the
brain stem.

20.

21.

1. Ipsilateral paresis of the lateral rectus (damage to cranial nerve V1) with diplopia
2. Ipsilateral paresis of the upper and lower face (damage to cranial nerve VII)
3. Contralateral hemiplegia (damage to corticospinal tract) with sparing of the face

What is lower dorsal pontine syndrome?

Lower dorsal pontine (Foville’s) syndrome is caused by lesions in the dorsal tegmentum of the

lower pons and results in the following signs:

1. Ipsilateral paresis of the whole face (damage to nucleus and fibers of VII)

2. Ipsilateral horizontal gaze palsy (damage to paramedian pontine reticular formation and/or
VI nucleus)

3. Contralateral hemiplegia (damage to corticospinal tract) with sparing of the face

What is upper dorsal pontine syndrome?

Upper dorsal pontine (Raymond-Cestan) syndrome is caused by obstruction of the long

circumferential branches of the basilar artery and results in the following signs:

1. Ipsilateral ataxia and coarse intention tremor (damage to superior and middle cerebellar
peduncles)

2. Ipsilateral paralysis of muscles of mastication and sensory loss in the face (damage to
sensory and motor nuclei and tracts of V)

3. Contralateral loss of all sensory modalities in the body (damage to medial lemniscus and
spinothalamic tract)

4. Contralateral hemiparesis of the face and body (damage to corticospinal tract) may occur
with ventral extension of the lesion.

5. Horizontal gaze palsy may occur, as in lower dorsal pontine syndrome.
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What is ventral midbrain syndrome?

Ventral midbrain (Weber’s) syndrome is caused by occlusion of median and paramedian

perforating branches and results in the following signs:

1. Ipsilateral oculomotor paresis, ptosis, and dilated pupil (damage to fascicle of cranial nerve
1, including parasympathetic fibers)

2. Contralateral hemiplegia, including the lower face (damage to corticospinal and
corticobulbar tracts)

What is dorsal midbrain syndrome?

Dorsal midbrain (Benedikt’s) syndrome results from a lesion in the midbrain tegmentum

caused by occlusion of paramedian branches of the basilar or posterior cerebral arteries or

both. It results in the following signs:

1. Ipsilateral oculomotor paresis, ptosis, and dilated pupil (damage to fascicle of cranial nerve
I, including parasympathetic fibers as in Weber’s syndrome)

2. Contralateral involuntary movements, such as intention tremor, ataxia, and chorea (damage
to red nucleus)

3. Contralateral hemiparesis may be present if the lesion extends ventrally.

4. Contralateral hemianesthesia may be present if the lesion extends laterally, affecting the
spinothalamic tract and medial lemniscus.

What is the dorsolateral midbrain syndrome?

The dorsolateral midbrain syndrome is caused by infarction of the circumferential arteries and

results in the following signs:

1. Ipsilateral Horner’s syndrome (damage to sympathetic tract)

2. Ipsilateral severe tremor that may be present at rest and grossly worsened by attempted
movement (damage to superior cerebellar peduncle prior to crossing to the opposite red
nucleus). Tremor and ataxia can be present bilaterally if both the superior and cerebellar
peduncle and red nucleus are affected.

3. Contralateral loss of all sensory modalities (damage to spinothalamic tract and medial
lemniscus that now ascend together).

What are the symptoms of brain stem transient ischemic attacks?
Transient circulatory insufficiency in the vertebrobasilar distribution causes brief episodes of
brain stem dysfunction characterized by a more patchy and variable presentation. They are
often premonitory symptoms of impending brain stem strokes that may result in devastating
consequences.

Symptoms of brain stem ischemia are usually multiple, and isolated findings (such as vertigo
or diplopia) are more often caused by peripheral lesions affecting individual cranial nerves.

What is “top of the basilar’ syndrome?

Occlusion of the rostral basilar artery, usually embolic, often results in “top of the basilar”

syndrome caused by infarction of the midbrain, thalamus, and portions of the temporal and

occipital lobes. This syndrome should be suspected in a patient with sudden onset of
unresponsiveness, confusion, amnesia, abnormal eye movement, and visual defect. The
neurologic signs may be variable, but the most common include:

1. Impairments of ocular movements—unilateral or bilateral vertical (upgaze, downgaze, or
complete) gaze palsy, skew deviation, hyperconvergence or convergence spasms causing
pseudo-VI-nerve palsy, convergence retraction nystagmus, and retraction of the upper eyelids.

2. Abnormalities in pupils—small with incomplete light reactivity (diencephalic dysfunction),
large or mid-position and fixed (midbrain dysfunction), ectopic pupils (corectopia), oval
pupils.

3. Alterations of consciousness and behavior—stupor, somnolence, apathy, lack of attention,
memory deficits, and agitated delirium.
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4. Defects in vision—homonymous hemianopsia, cortical blindness, Balint'’s syndrome
(impaired visual form discrimination and color dysnomia), and abnormal color vision.
5. Motor weakness, sensory deficits, and reflex abnormalities are usually variable and
subtle and due to the involvement of long tracts at the infarcted region.
This syndrome may be reversible in patients who are younger and do not have significant
risks for cerebrovascular disease.
Caplan LR: “Top of the basilar” syndrome. Neurology 30:72-79, 1980.

27. What is locked-in syndrome?
Locked-in syndrome occurs in patients with bilateral ventral pontine lesions. Its most common
cause is pontine infarction. Other common causes include pontine hemorrhage, trauma,
central pontine myelinolysis, tumor, and encephalitis. The patient is quadriplegic because of
bilateral damage of the corticospinal tracts in the ventral pons. He or she is unable to speak
and incapable of facial movement because of involvement of the corticobulbar tracts.
Horizontal eye movements are also limited by the bilateral involvement of the nuclei and fibers
of cranial nerve VI. Consciousness is preserved because the reticular formation is not
damaged. The patient has intact vertical eye movements and blinking because the supranuclear
ocular motor pathways that run dorsally are spared. The patient is able to communicate by
movement of the eyelids but otherwise is completely immobile.

Bauby J-D: The Diving Bell and the Butterfly. New York, Alfred A. Knopf, 1997.

28. What are the common causes of brain stem hemorrhage?
Pontine hemorrhage is usually caused by uncontrolled systemic hypertension, resulting in a
sudden loss of consciousness, quadriparesis, and pinpoint pupils. Progressive central herniation
from supratentorial mass lesions can compress the brain stem and cause hemorrhage in the
midline of the midbrain (Duret hemorrhage), producing coma and bilateral large and fixed pupils.
Diencephalic bleeding, such as thalamic hemorrhage, can dissect into the cerebral peduncles and
midbrain, producing acute severe headache, hemiparesis, and Il nerve palsy. Small petechial
hemorrhages occur in the brain stem of patients with head injuries, blood dyscrasias, or
hemorrhagic disorders. Ruptured aneurysms or arteriovenous malformations of the
vertebrobasilar system may result in subarachnoid hemorrhage that injures the brain stem.

KEY POINTS: COMM ES OF BRAIN STEM v

ISCHEMIA

1. Atherosclerotic stenosis of vessels of the vestibulobasilar system

. Embolization from the heart or ulcerated plaques

. Recurrent hypotension

AN W N

. Vertebral steal syndrome

OTHER BRAIN STEM SYNDROMES

29. What is Parinaud syndrome?
Parinaud syndrome is also known as dorsal midbrain or collicular syndrome. The lesion is
in the rostral dorsal midbrain, damaging the superior colliculi and pretectal structures.
Patients report difficulty in looking up and blurring of distant vision. The common tetrad of
findings is as follows:
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1. Paralysis of upgaze and accommodation but sparing of other eye movements

2. Normal-to-large pupils with light-near dissociation (loss of pupillary reflex to light with
preservation of pupilloconstriction in response to convergence)

3. Eyelid retraction

4. Convergence-retraction nystagmus (eyes make convergent and retracting oscillations
following an upward saccade)
Causes include tumors of the pineal gland, stroke, hemorrhage, trauma, hydrocephalus, or

multiple sclerosis. The upgaze palsy can be mimicked by progressive supranuclear palsy, thyroid

ophthalmopathy, myasthenia gravis, Guillain-Barré syndrome, or congenital upgaze limitation.

What is internuclear ophthalmoplegia?
Internuclear ophthalmoplegia (INO) is a disorder of horizontal ocular movement due to a
lesion in the brain stem (usually in the pons, specifically along the medial longitudinal
fasciculus between the VI and IIl nuclei). Horizontal gaze requires the coordinated activity of
the lateral rectus muscle of the abducting eye (innervated by the VI nerve) and the medial
rectus muscle of the adducting eye (innervated by the IIl nerve). This integrated function is
regulated by the paramedian pontine reticular formation (or pontine gaze center), which
receives input from the contralateral occipital and frontal eyefields and sends fibers to the
ipsilateral abducens (V1) nucleus and the contralateral oculomotor (Ill) nucleus. Fibers from
the pontine gaze center run rostrally together with vestibular and other fibers to make up the
medial longitudinal fasciculus (MLF).
The cause is commonly multiple sclerosis in young adults, especially when the syndrome
is bilateral. In older adults, the syndrome is often unilateral and caused by occlusion of the basilar
artery or its paramedian branches. Occasionally, INO can be caused by lupus erythematosus
and drug overdose (e.g., barbiturates, phenytoin, amitriptyline). Pseudo-INO occurs rarely as a
feature of myasthenia gravis, Wernicke’s encephalopathy, and Guillain-Barré syndrome.
Many patients with INO have no symptoms, but some have diplopia or blurred vision. On
lateral gaze, the signs of INO include the following:
1. Impaired or paralyzed adduction of the eye ipsilateral to the lesion. The deficit can range
from complete medial rectus paralysis to slight slowing of an adducting saccade.
2. Horizontal nystagmus of the abducting eye contralateral to the lesion.
3. Bilateral INO results in defective adduction to the right and left, and nystagmus of the
abducting eye on both directions of gaze.
4. Convergence is usually preserved. Skew deviation and vertical gaze nystagmus are
sometimes present.

What is “one-and-a-half” syndrome?

One-and-a-half syndrome is a disorder of horizontal ocular movement characterized by a lateral

gaze palsy on looking toward the side of the lesion and INO on looking in the other direction.

The location of the lesion is the paramedian pontine reticular formation or VI nerve nucleus.

MLF fibers crossing from the contralateral VI nucleus are also involved, causing INO. The

common causes of this syndrome are similar to those of INO (e.g., multiple sclerosis, stroke).

Hemorrhage or tumor in the lower pons is also in the differential diagnosis. Pseudo—one-and-

a-half syndromes may occur with myasthenia gravis, Wernicke’s encephalopathy, or Guillain-

Barré syndrome. Clinical signs include the following:

1. Horizontal gaze palsy on looking toward the size of the lesion (“one”).

2. INO on looking away from the side of the lesion (“half”). This paralyzes adduction and
causes nystagmus on abduction. As a result, the ipsilateral eye has no horizontal
movement, and the only lateral ocular movement that remains is abduction and nystagmus
of the contralateral eye.

3. Associated signs include skew deviation, gaze-invoked nystagmus on vertical gaze, and
exotropia of the eye contralateral to the lesion.

4. Vertical ocular movements and convergence are usually intact.
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What is bulbar palsy?

The bulb is the medulla, and the term bulbar palsy refers to a syndrome of lower motor neuron
paralysis, affecting muscles innervated by cranial nerves (mainly IX to XII) that have their nuclei
closely approximated in the lower brain stem. Muscles of the face, palate, pharynx, larynx,
sternocleidomastoid, upper trapezius, and tongue are usually affected. Patients may present
clinically with dysarthria, dysphagia, hoarseness, nasal voice, palatal deviation, diminished gag
reflex, or weakness of the sternocleidomastoid, upper trapezius, or tongue. Causes of intra-axial
lesions include brain stem infarct, syringobulbia, glioma, poliomyelitis, encephalitis, and motor
neuron disease (amyotrophic lateral sclerosis [ALS] or progressive bulbar palsy). Extra-axial
causes are neoplasms (meningioma or neurofibroma), chronic meningitis, aneurysms, neck
trauma, and congenital abnormalities (Chiari malformation or basilar impression).

What is pseudobulbar palsy?

Pseudobulbar palsy is a syndrome of upper motor neuron paralysis that affects the corticobulbar
system above the brain stem bilaterally. Although it presents with most of the signs and
symptoms of bulbar palsy, the causative lesion is not in the brain stem. This condition causes
dysphagia, dysarthria, and paresis of the tongue (without atrophy or fasciculations). In contrast
to bulbar palsy, the reflex movements of the soft palate and pharynx are frequently hyperactive.
The jaw jerk is brisk. Frontal signs (grasp, snout, suck, and glabellar reflex) may be present.
Emotional incontinence with exaggerated crying (or, less often, laughing) is also common and
may be due to disruption of frontal efferents subserving emotional expression. Multiple lacunar
infarcts or chronic ischemia in the hemispheres affecting bilateral corticobulbar fibers usually
cause this syndrome. Other causes are ALS and multiple sclerosis.

OTHER BRAIN STEM DISEASES

What is a brain stem glioma?

Brain stem glioma is the most frequent neoplasm affecting the brain stem. It occurs mostly in
children and adolescents and is often associated with neurofibromatosis. The tumor arises in
the region of the VI nerve nucleus and gradually enlarges to involve the VI and VII nerves
and adjacent vestibular structures. Vestibular, cerebellar, and lower cranial nerve symptoms
may be present and slowly progressive over a period of months or years before the diagnosis
is made because motor and sensory symptoms in the body are usually absent.

What are the common metabolic causes of brain stem dysfunction?

Extraocular movements and cerebellar pathways are vulnerable to damage by metabolic insults
because they are highly metabolically active. These dysfunctions are usually acute and
reversible. The common presentations are ataxia, vertigo, nausea, vomiting, dysarthria,
nystagmus, and gaze palsies such as INO. Common causes are alcohol intoxication and
overdose of sedative drugs (e.g., barbiturates) and anticonvulsants (e.g., phenytoin).

How does thiamine deficiency affect the brain stem?

Wernicke’s encephalopathy is a complication of alcoholism and malnutrition resulting in
thiamine deficiency. It usually presents with characteristic mental changes of gross confusion,
ataxia, extraocular movement abnormalities, and other signs of brain stem dysfunction. The
brain stem signs can be readily reversed by parenteral thiamine therapy, but the confusional
state may resolve more slowly.

How does demyelinating disease affect the brain stem?
Multiple sclerosis often results in demyelination of the fast-conducting, heavily myelinated nerve
fibers traveling along the brain stem. These include the cerebellar-vestibular pathways, medial
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longitudinal fasciculus, and pyramidal pathways. Bilateral INO is almost pathognomonic of
multiple sclerosis. Another hallmark of brain stem multiple sclerosis is the combination of bilateral
cerebellar and pyramidal signs producing ataxia and pathologically brisk reflexes.

What is central pontine myelinolysis?
Central pontine myelinolysis is another demyelinating disease that affects the brain stem white
matter, mostly in the central pons and occasionally the cerebral hemispheres. It occurs primarily in
patients suffering from malnutrition or alcoholism complicated by hyponatremia. Rapid correction
of the hyponatremia has been implicated as a cause of the demyelination. This disorder develops as
a subacute progressive quadriparesis with lower cranial nerve involvement. It is usually fatal, but
survival with recovered neurologic function is possible. It can be prevented by correcting the
electrolyte disturbance gradually rather than rapidly.

Charness ME: Neurologic complications of alcoholism. In Samuels ME, Feske SE (eds):
Office Practice of Neurology. Philadelphia, Churchill-Livingstone, 2003, pp 1268-1277.

VERTIGO

What is vertigo?

Vertigo is a false sense of movement, either of oneself or of the environment. The feeling may
involve the whole body or be limited to the head. It should be distinguished from dizziness or
giddiness resulting from near syncope, postural hypotension, hyperventilation, multiple
sensory deficits, ataxia, or other etiologies. The spinning or swirling sensations of vertigo are
related to disturbances of the vestibular system.

What are the common causes of vertigo?

The causes of vertigo are central (due to a brain stem lesion) or peripheral (due to an inner ear
or vestibular nerve lesion). Central vertigo is almost always accompanied by other signs of
brain stem dysfunction, such as double vision, weakness or numbness of the face, dysarthria,
or dysphagia. Peripheral vertigo is usually accompanied by tinnitus or hearing loss but no
other neurologic abnormalities (Table 9-2).

TABLE 9-2. COMMON CAUSES OF VERTIGO

Central Peripheral
Brain stem stroke or transient Vestibular neuronitis
ischemic attack Benign positional vertigo
Multiple sclerosis Meéniere’s disease
Neoplasms Local trauma or posttraumatic
Syringobulbia Physiologic (e.g., motion sickness)
Arnold-Chiari deformity basilar Drugs/toxins (e.g., antibiotics, diuretics,
migraine antineoplastics, or anticonvulsants)
Cerebellar hemorrhage Posterior fossa tumors/masses (e.g.,
acoustic neuroma)

What signs and symptoms help to distinguish central vertigo from peripheral
vertigo?
See Table 9-3.
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TABLE 9-3. CENTRAL VERSUS PERIPHERAL VERTIGO

Signs and Symptoms

Central Vertigo

Peripheral Vertigo

Nystagmus

Latency of onset and
duration of nystagmus

Caloric test

Brain stem or cranial
nerve signs

Hearing loss, tinnitus

Nausea and vomiting

Vertigo

Falling

Visual fixation or eye
closing

Often vertical or rotatory;
may change with
direction of gaze;
increases with looking
toward side of lesion

No latency after head
motion; persistent and
lasts >60 seconds

May be normal

Often present

Absent

Usually absent

Usually mild

Often falls toward side of
lesion

No change or increase of
symptoms

Mostly horizontal or
sometimes rotatory;
unidirectional and
conjugate; increases
with looking away from
side of lesion

Latency after head motion;
fatigable and lasts
<60 seconds

Abnormal on side of lesion

Absent

Often present

Usually present

Severe, often rotational

Often falls to side opposite
nystagmus

Inhibits nystagmus and
vertigo

What is vestibular neuronitis?

Vestibular neuronitis is a condition affecting primarily young adults, causing a sudden attack of
vertigo without tinnitus or hearing loss. This benign disorder usually resolves within several
days. The etiology is presumed to be a viral infection.

Baloh RW: Vestibular neuritis. N Eng J Med 348:1027-1032, 2003.

What is Méniére’s disease?

Méniere’s disease causes the symptomatic triad of episodic vertigo, tinnitus, and hearing loss.
It is caused by an increased amount of endolymph in the scala media. Pathologically, hair cells
degenerate in the macula and vestibule.

What is benign positional vertigo? How is it diagnosed?
Benign positional vertigo is a disorder characterized by paroxysms of vertigo and nystagmus
on assumption of certain positions of the head. Hearing tests are normal. The diagnosis is
made by performing head maneuvers that elicit the patient’s symptoms and nystagmus. The
cause is calcification and dislocation of otoliths, which move freely in the semicircular canal,
thus abnormally stimulating the hair cells within the semicircular canals.

Furman JM, Cass SP: Benign paroxysmal positional vertigo. N Eng J Med 341:1590-1596, 1999.

What are canalith repositioning (Epley) maneuvers?
Epley maneuvers are performed as a treatment for benign positional vertigo. While lying
supine, the patient’s head is rotated through a series of positions that rolls the otoliths out of
the semicircular canals and thus removes the cause of the positional vertigo.

Epley JM: The canalith repositioning procedure for treatment of benign paroxysmal
positional vertigo. Otolaryngol Head Neck Surg 107:399-406, 1992.
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1. A unilateral lesion within the brain stem often causes “crossed syndromes,” in which
ipsilateral dysfunction of one or more cranial nerves is accompanied by hemiparesis and/or
hemisensory loss on the contralateral body.

2. Symptoms of brain stem disease are usually multiple, and isolated findings (such as vertigo
or diplopia) are more often caused by peripheral lesions affecting individual cranial nerves.

3. Brain stem glioma is the most frequent neoplasm found. Other brain stem neoplasms include
ependymomas that occur in the fourth ventricle and metastatic lesions that may originate
from malignant melanomas or carcinomas of the lung and breast.

4. Méniére’s disease presents with the symptomatic triad of episodic vertigo, tinnitus, and
hearing loss. It is caused by an increased amount of endolymph in the scala media.
Pathologically, hair cells degenerate in the macula and vestibule.

5. The blood supply of the brain stem is derived from the vertebrobasilar system of the posterior
circulation.

[=2]

. Central pontine myelinolysis occurs primarily in patients suffering from malnutrition or
alcoholism complicated by hyponatremia. Rapid correction of the hyponatremia has been
implicated as a cause of the pathologic abnormality.

CONSCIOUSNESS

46. What are the functions of the reticular formation in the brain stem?
The reticular formation is composed of a network of diffuse aggregations of neurons
distributed throughout the central parts of the medulla, pons, and midbrain. It fills the spaces
between cranial nerve nuclei and olivary bodies and intermixes between ascending and
descending fiber tracts. Its neurons receive afferent information from the spinal cord, cranial
nerve nuclei, cerebellum, and cerebrum and send efferent impulses to the same structures.
Their widespread connections give them extensive influence over many neuronal activities. The
main functions of the reticular formation are as follows:
1. Activation of the brain for behavioral arousal and different levels of awareness
2. Modulation of segmental stretch reflexes and muscle tone for control of motor function
3. Coordination of autonomic functions, such as control of breathing and cardiovascular
activities
4. Modulation of the perception of pain
Steriade M: Arousal: Revisiting the reticular activating system. Science 272:225-227, 1996.

47. How do you examine for brain stem dysfunction in a comatose patient?
When examining a comatose patient, one should be aware of signs and symptoms indicating
that the coma is due to brain stem (reticular formation) dysfunction. This is especially true
of impending brain stem failure from increased intracranial pressure causing herniation into
the posterior fossa. This dysfunction travels in a rostral-caudad direction, ending in death with
medullary involvement. Emergency management to reduce the intracranial pressure should be
implemented immediately. The following observations are used to monitor the patient’s
condition:
W Mental status
B Breathing pattern
B Pupillary size and light response
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W Spontaneous eye movement or deviation

B QOculocephalic reflex on head turning (doll’s eye movement)

B QOculovestibular test of gaze response to ice-water calorics

B Motor response to supraorbital nerve pressure (noxious stimulus)
W Presence of other brain stem reflexes (corneal, gag, and ciliospinal)

48. How does the clinical examination localize the level of brain stem dysfunction
in a comatose patient?

See Table 9-4.
Signs and
Symptoms Subcortical Midbrain Pons Medulla
Consciousness Lethargy or ~ Coma Coma Coma
stupor
Breathing Cheynes- Central Apneustic Atactic
Stokes hyperventilation or cluster
Pupils Small and Midposition Pinpoint
reactive and fixed (Il fixed,
nucleus); often
unilateral dilated
and fixed (Il
nerve); large
and fixed
(pretectal)
Midposition and
irregular in shape
Oculocephalic and  Present Absent or Absent or Absent
oculovestibular abnormal abnormal
responses
Motor response to  Decortication  Decerebration Decerebration No
stimulation or no response
response

49. How do you test for irreversible loss of brain stem function?
Brain death is a clinical diagnosis of irreversible cessation of all cerebral and brain stem function.
Complete loss of brain stem function begins with apneic coma. On examination, all brain stem
reflexes (corneal, pupillary, gag, ciliospinal) are absent. The pupils are midposition or large and
fixed. Oculocephalic and oculovestibular reflexes are absent. Muscle tone is flaccid, with no
spontaneous facial movement and no motor response to noxious stimuli. This condition should
be present for 6 to 24 hours in adults. Metabolic causes (hypothermia, hypotension) and drug
effects (neuromuscular blockers, sedative drugs) need to be ruled out. Many local institutions
have developed their own, slightly modified criteria for brain death.

Booth CM, Boone RH, Tomlinson G, et al: Is this patient dead, vegetative, or severely

neurologically impaired? JAMA 291:870-879, 2004.
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50. What is the apnea test?
The apnea test is an essential test for the cessation of brain stem function. It stimulates the
respiratory centers in the brain stem by inducing hypercarbia. One technique is ventilation of
the patient with 100% oxygen for 10 to 30 minutes (depending on the severity of any
underlying lung injury) followed by disconnection from the respirator and administration of
100% oxygen through a catheter in the trachea or via T-piece at a flow rate of 6 L/min.
Absence of spontaneous respiratory effort with a PaC0, above 60 mmHg or > 20 mm above
baseline confirms clinical apnea. Arterial blood gas should be checked before and after the
withdrawal of ventilation. Sometimes the test cannot be completed because of ventricular
arrhythmias or hypotension. In this situation, the diagnosis of irreversible brain stem
dysfunction is made by clinical judgment.
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CEREBELLAR DISEASE

Eugene C. Lai, MD, PhD

CHAPTER 10

1. What is the functional importance of the cerebellum?

The cerebellum coordinates movement and maintains equilibrium and muscle tone through a
complex regulatory and feedback system. It receives somatosensory input from the spinal cord,
motor information from the cerebral cortex, and input about balance from the vestibular organs
of the inner ears. It integrates all this information and aids in organizing the range, velocity, direction,
and force of muscular contractions to produce steady volitional movements and posture. It does
S0 by constantly screening its sensory inputs and modulating its motor outputs. The cerebellum
also plays an important role in the coordination of the planning of limb movements. In addition, it
participates in learning motor tasks, because its function can be modified by experience.

Damage to the cerebellum alone does not impair sensory perception or muscle strength. Rather,
it disrupts coordination of limb and eye movements, impairs balance, and decreases muscle tone.

2. What is the basic anatomy of the cerebellum?
The cerebellum can be divided into three major lobes by transverse fissures. The primary
fissure, located on the upper surface of the cerebellum, divides the cerebellum into an
anterior lobe and a posterior lobe. The posterolateral fissure on the underside of the
cerebellum separates the large posterior lobe from the small flocculonodular lobe. The
cerebellar cortex consists of three layers based on its microscopic anatomy: the molecular
cell layer, the Purkinje cell layer, and the granule cell layer. Three pairs of deep nuclei are
present within the cerebellum. From medial to lateral these are the fastigial, interposed (may
be separated into globose and emboliform), and dentate nuclei. A more functionally useful
method of describing the cerebellum is based on its longitudinal zonal patterns and their
different connections. A midline zone, known as the vermis, separates the two-cerebellar
hemispheres on each side. Each hemisphere in turn is composed of an intermediate zone
and a lateral zone. These three zones, together with the flocculonodular lobe, represent
the major functional subdivisions of the cerebellum by virtue of their distinct input and
output pathways (Figure 10-1).

KEY POINTS: MAJOR DIVISIONS OF THE CEREBELLUM

1. Flocculonodular lobe
. Vermis

. Intermediate zone

S N

. Lateral zone

3. What are the connections and functions of the major divisions of the
cerebellum?
See Table 10-1.
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Figure 10-1. The cerebellum is divided into anatomically distinct lobes. A, The cerebellum is
unfolded to reveal the lobes normally hidden from view. B, The main body of the cerebellum
is divided by the primary fissure into anterior and posterior lobes. The posterolateral fissure
separates the flocculonodular lobe. Shallower fissures divide the anterior and posterior
lobes into nine lobules. The cerebellum has three functional regions: the central vermis and
the lateral and intermediate zones in each hemisphere. From Ghez C: The cerebellum.

In Kandel ER, et al. (eds): Principles of Neural Science. New York, Elsevier, 1991.

4. What are the principal afferent and efferent pathways of the cerebellum?

The afferent and efferent pathways to and from the cerebellum course through three pairs of

tracts (cerebellar peduncles) that connect the cerebellum to the brain stem:

1. The inferior cerebellar peduncle (restiform body) consists of mainly afferent fibers.
A single efferent tract, the fastigiobulbar tract, goes to the vestibular nucleus from the
flocculonodular lobe. Afferent fibers enter the inferior cerebellar peduncle from at least
five sources, including: (1) the vestibulocerebellar tract, (2) the olivocerebellar tract,
(3) the dorsal spinocerebellar tract, (4) the cuneocerebellar tract, and (5) the
reticulocerebellar tract.
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CONNECTIONS AND FUNCTIONS OF MAJOR DIVISIONS OF THE

Major Qutput

Function

Flocculonodular lobe
(vestibulocerebellum)

Vermis
(spinocerebellum)

Intermediate zone
(spinocerebellum)

Lateral zone
(cerebrocerebellum)

Vestibular nuclei,
labyrinth, visual
system

Vestibular, visual, and
auditory systems,
face, proximal body
parts

Spinal cord (distal
body parts)

Contralateral cerebral
cortex via pontine
nuclei

Vestibular nuclei,
medial and lateral
vestibular tracts

Vestibular nucleus,
reticular formation,
contralateral motor
cortex, and medial
descending system
via the fastigial
nucleus

Contralateral red
nucleus, motor
cortex, and lateral
descending system
via the interposed
nucleus

Contralateral red
nucleus, thalamus,

motor and premotor

cortex via dentate
nucleus

Equilibrium (axial),
eye movements,
and vestibular
reflexes

Axial and proximal
muscle control
and execution,
progressive
movement

Distal muscle
control and
execution,
progressive
movement

Motor planning
initiation and
timing

2. The middle cerebellar peduncle (brachium pontis) consists almost entirely of
crossed afferent fibers from the pontine nuclei that transmit impulses from the
cerebral cortex to the intermediate and lateral zones of the cerebellum
(corticopontocerebellar tract).

3. The superior cerebellar peduncle (brachium conjunctivum) consists principally of
efferent projections from the cerebellum. Rubral, thalamic, and reticular projections arise
from the dentate and interposed nuclei. The fastigiobulbar tracts run with this peduncle
for a short distance before it enters the inferior cerebellar peduncle. Afferent fibers
include the ventral spinocerebellar tract and the trigeminocerebellar and tectocerebellar

projections.

5. What are the blood supplies to the cerebellum?

The vertebral and basilar arteries give off three paired branches to the cerebellum: the superior,
the anterior inferior, and the posterior inferior cerebellar arteries, which are interconnected
by anastomoses. The superior cerebellar artery runs over the superior surface of the
cerebellum, while the other arteries supply the inferior surface.
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KEY POINTS: BLOOD SUPPLY TO THE CEREBELLUM v

1. The superior cerebellar arteries
2. The anterior inferior cerebellar arteries

3. The posterior inferior cerebellar arteries

6. What are the clinical tests for cerebellar dysfunction?
See Table 10-2. Because most of the tests of cerebellar functions require the cooperation
and volitional movement of the patient, clinical features of cerebellar dysfunction cannot be
elicited from a paralyzed or comatose patient.

TABLE 10-2. TESTS FOR CEREBELLAR DYSFUNCTION

Abnormality Methods of Examination

Hypotonia Passive movement of extremities to check muscle tone; pendular patellar
reflexes; rebound phenomenon; inspect for rag doll (flaccid) posture

Asynergy Finger-nose-finger, heel-to-shin, and rapid-alternating supernation-

pronation tests to evaluate rate, range, force, and accuracy of
voluntary movement

Nystagmus Ocular oscillations through the fields of gaze

Dysarthria Abnormalities in articulation and prosody (scanning or explosive
speech, altered accent)

Stance and gait  Broad-based stance and gait, difficulty with tandem walk, and postural

instability
Tremor Limb tremor at rest, with sustained posture, and during action
KEY POINTS: MNEMONIC FOR CEREBELLAR v

DYSFUNCTION

H = Hypotonia (loss of muscle tone)

A = Asynergy (lack of coordination)

N = Nystagmus (ocular oscillation)

D = Dysarthria (speech abnormalities)

S = Station and gait (imbalance, gait ataxia)
Tremor = Tremor (coarse intention tremor)

7. How do you differentiate cerebellar and sensory ataxia?
The cerebellum can coordinate and equilibrate movement only if it receives the proper
proprioceptive information. Therefore, if the proprioceptive system is defective, the patient has
imbalance and ataxia. The proprioceptive defect can be compensated by visual guidance;
therefore, the patient with sensory loss exhibits worsening of movement with the eyes closed
(Table 10-3).
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TABLE 10-3. CEREBELLAR VERSUS SENSORY ATAXIA

Cerebellar Ataxia Sensory Ataxia
Hypotonia Present Absent
Asynergy, dysmetria Present Absent
Nystagmus Present Absent
Dysarthria Present Absent
Tremor Present Absent
Loss of vibration and position sense Absent Present
Areflexia Absent Present
Dystaxia much worse with Absent Present
eyes closed (Romberg test)

What are the general principles in localizing a cerebellar lesion?

Specific cerebellar regions possess distinct functions. There is also a topical representation of

individual body parts in the cerebellum. Thus, signs of cerebellar dysfunction may have

localizing significance. Some general principles include the following:

1. Lesions of the midline impair coordination involving stance and gait.

2. Lateral lesions impair the limbs ipsilateral to the cerebellar lesion.

3. Lesions of the cerebellar hemisphere ultimately impair movement on the ipsilateral
side of the body because of a double-crossing of the pathways. The ascending
cerebellocortical fibers cross in the midbrain and project to the contralateral cortex, and
then the descending corticospinal fibers cross back in the medulla to project to the
contralateral body.

4. Lesions of the afferent or efferent pathways to the cerebellum may cause signs similar to
lesions of the cerebellum itself.

5. Lesions of the superior cerebellar peduncle and the deep nuclei usually produce the most
severe disturbance of cerebellar dysfunction.

What are the major cerebellar syndromes?

There are four major cerebellar syndromes: rostral vermis syndrome, caudal vermis syndrome,
hemispheric syndrome, and pancerebellar syndrome. They are distinguished by their
presentations and the anatomic regions affected. Recognition of these syndromes may help to
narrow the differential diagnosis of cerebellar lesions (Table 10-4).

What are the common acquired diseases of the cerebellum?
Acquired cerebellar diseases frequently present as acute ataxia with or without other cerebellar
signs. They are often treatable if recognized early. Therefore, one should be astute with the
differential diagnosis of acute ataxia so that the disorder can be identified and management
plans initiated as early as possible. Cerebellar diseases have a broad differential diagnosis.
Initially, they may be divided by etiology into acquired or inherited disorders. Some common
acquired cerebellar diseases are as follows:
1. Vascular diseases

Infarction (mostly thrombotic, sometimes embolic)

Hemorrhage (from hypertension, vascular malformation, or tumor)

Transient ischemic attacks

Basilar migraine (usually in children)

Vascular malformation

Systemic vasculitides (systemic lupus erythematosus)
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2. Neoplasms

Primitive neuroectodermal tumor (PNET or medulloblastoma; in children)
Astrocytoma (often cystic; midline in children and hemispheric in adults)
Hemangioblastoma (may be associated with von Hippel-Lindau disease)
Metastatic tumor (may be multiple)
3. Infections
Acute cerebellar ataxia of childhood (possible viral etiology)
Tuberculosis or tuberculoma
Cysticercosis
Bacterial infection and abscess (through direct extension of mastoid infection)
Chronic panencephalitis of congenital rubella infection
Viral encephalitis (involving cerebellum or brain stem)
4. Inflammatory or autoimmune disorders
Multiple sclerosis
Acute postinfectious cerebellitis
Postinfectious disseminated encephalomyelitis
Miller-Fisher variant of acute inflammatory polyneuropathy
5. Paraneoplastic syndromes
Paraneoplastic cerebellar degeneration (PCD, commonly associated with lung, ovarian,
or breast carcinomas)
Opsoclonus-myoclonus (secondary to neuroblastoma)
6. Metabolic disorders
Hypothyroidism
Hyperthermia
Hypoxia
Deficiencies of thiamine (in alcoholics), niacin (pellagra), vitamin E, essential amino
acids, and zinc
7. Drugs and toxins
Anticonvulsants: phenytoin, carbamazepine, barbiturates
Chemotherapeutic agents: 5-fluorouracil, cytosine arabinoside
Heavy metals: thallium, lead, organic mercury
Alcohol (may be indirectly due to malnutrition)
Toluene
8. Developmental abnormalities
Chiari malformations
Dandy-Walker syndrome
Cerebellar aplasia
Basilar impression
9. Trauma
Postconcussion
Hematoma or contusion

What are the major inherited cerebellar diseases?

The classification of inherited cerebellar diseases is confusing and nonuniform. These

diseases usually cause progressive degeneration and atrophy of the cerebellum. They are also

known as hereditary ataxias because their common major neurologic sign is ataxia, or

clumsiness and incoordination of movement. Inherited diseases can be classified according

to time of onset, inheritance pattern, known or unknown etiology, and clinical features.

The more common ones are listed as follows:

1. Friedreich’s ataxia. This autosomal recessive disorder is listed separately because it is
relatively common, with a prevalence of about 1 in 100,000.
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2. Syndromes associated with defective DNA repair (autosomal recessive)
Ataxia-telangiectasia (low IgA and IgE levels)
Xeroderma pigmentosum
3. Mitochondrial encephalopathies
Leigh’s disease
Kearns-Sayre syndrome
4. Syndromes of known metabolic etiology
Abetalipoproteinemia or hypobetalipoproteinemia (deficient apolipoprotein B)
Wilson’s disease (low or absent copper ceruloplasmin)
Refsum’s disease (deficient phytanic acid hydroxylase)
Aminoacidurias (Hartnup disease)
Disorders of pyruvate and lactate metabolism (metabolic acidosis)
Urea cycle enzyme defects (hyperammonemia)
Biotinase deficiency (metabolic acidosis)
Hexosaminidase deficiency
Leukodystrophies (metachromatic, Krabbe’s)
Ceroid-lipofuscinosis
Niemann-Pick disease
5. Other inherited syndromes
Autosomal dominant diseases
Olivopontocerebellar atrophy (ataxia, ophthalmoplegia, optic atrophy)
Spinocerebellar ataxia (ataxia, dysarthria, sensory loss)
Machado-Joseph disease (variable cerebellar, extrapyramidal, and pyramidal involvement)
Autosomal recessive diseases
Ramsay-Hunt syndrome (ataxia and myoclonus)
Behr’s syndrome (ataxia, optic atrophy, mental retardation)
X-linked spinocerebellar ataxia (rare)

Summarize the current classification of autosomal dominant spinocerebellar
ataxias (SCAs).
The SCAs are progressive disorders involving a slow degeneration of the cerebellum,
often also affecting the brainstem and other regions. Currently, there are at least 28 known
genetic loci for SCAs. New genes for SCAs are still being discovered every year. SCAs can be
categorized into three major subclasses. The first subclass includes SCAs caused by CAG
repeat expansions that encode a repeat of the amino acid glutamine in the disease protein.
These “polyglutamine” diseases include SCA 1, 2, 3, 6, 7, and 17. The second subclass
comprises the SCAs that are due to repeat expansions situated outside of the protein-
coding region of the respective disease genes. They are SCA 8, 10, and 12. A third
subclass contains SCAs that are not due to repeat expansions, but are caused by
mutations in specific genes. They are SCAs 5, 13, 14, and 27. The molecular
mechanisms causing cerebellar degeneration in these disorders are diverse and
complex. Much research still needs to be done to understand the pathogenesis and potential
treatment of the SCAs.

Soong B-W, Paulson HL: Spinocerebellar ataxias: An update. Curr Opin Neurol
20:438-446, 2007.

What are the common clinical features of autosomal dominant SCAs?
Dominant SCA syndromes have many overlapping signs that are often difficult to distinguish
on clinical grounds. Most of the disorders affect the cerebellum and its pathways, resulting
in progressive deterioration of cerebellar function manifested by increasing unsteadiness

of gait, incoordination of limb movements, and dysarthria.
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14. What are the clinical features of Friedreich’s ataxia?

Friedreich’s ataxia is an autosomal recessive disease that affects the cerebellum, spinal cord,
peripheral nerve, and heart. Carbohydrate metabolism is also altered. It has an early onset
(before age 20) and a rapidly progressive course. The initial presentation is frequently gait ataxia,
but arm ataxia also may be significant. Scoliosis and dysarthria are common. Loss of all tendon
reflexes, loss of vibration and position sense, and extensor plantar responses are typical. Other
associated features include muscle weakness and atrophy, hypertrophic cardiomyopathy, pes
cavus, abnormal ocular motility, diabetes, and deafness. Most patients are confined to a
wheelchair by early adulthood. The etiology of Friedreich’s ataxia is unknown, but recently the
genetic defect was localized to an expanded GAA triplet repeat on chromosome 9. There is
presently no effective treatment. Symptomatic treatment of scoliosis by orthopedic intervention
and cardiac abnormalities by appropriate medication may prolong survival.

Campuzano V, Montermini L, Molto MD, et al.: Friedreich’s ataxia: Autosomal recessive
disease caused by an intronic GAA triplet repeat expansion. Science 271:1423-1425, 1996.

15. What is the difference in the diagnosis of posterior fossa neoplasm in children
versus adults?
Posterior fossa neoplasms account for approximately 50% of the total number of neoplasms in
children. The four major types are cerebellar astrocytoma, medulloblastoma (primitive
neuroectodermal tumor), ependymoma of the fourth ventricle, and brain stem glioma. In
adults, posterior fossa neoplasms are much rarer. They consist mainly of hemangioblastoma,
metastatic tumor, acoustic neuroma (schwannoma), and meningioma.

McAllister LD, Ward JH, Schulman SF, et al.: Practical Neuro-oncology. Boston,

Butterworth-Heinemann, 2002.

16. Describe the presentations of cerebellar infarction or hemorrhage. What are
the management concerns?
The presentations of cerebellar infarction and hemorrhage may be indistinguishable. Abrupt
onset of headache, vomiting, vertigo, and ataxia, especially in a hypertensive patient, should be
considered a neurologic emergency, and vascular etiology should be ruled out. A high index
of suspicion may lead to the proper diagnosis with CT or MRI scanning. Expanding
hematoma or edema may rapidly lead to brain stem compression and cerebellar herniation
accompanied by signs such as hemiparesis, pontine gaze abnormalities, depressed
consciousness, irregular breathing, or coma. Prompt surgical evacuation of the hematoma or
removal of necrotic cerebellar tissue may be lifesaving.

Amarenco P: The spectrum of cerebellar infarctions. Neurology 41:973-979, 1991.

17. What are the clinical features and causes of the cerebellopontine angle

syndrome?
Lesions at the space between the cerebellum and the pons often present by compressing and
interfering with the functions of the nearby cranial nerves, namely V, VII, and VIII. Involvement
of cranial nerve V is often detected by depression or absence of the ipsilateral corneal
reflex. Later other sensory and motor functions may be affected, as manifested by numbness
of the face and weakness of the mastication muscles. Involvement of cranial nerve VIl may
produce facial myokymia (involuntary contraction of the facial musculature) or a lower motor
neuron paralysis of the ipsilateral face. Hearing loss, tinnitus, and vertigo are features of
damage to cranial nerve VIII. As the lesion enlarges, distortion of the brain stem may occur,
producing bilateral long-tract signs or obstruction of the aqueduct to cause hydrocephalus and
symptoms of increased intracranial pressure. Compression of the cerebellar hemisphere
adjacent to the cerebellopontine angle presents with ipsilateral limb ataxia and intention
tremor or nystagmus.

Kondziozka D, Lunsford LD, Flickinger JC: Acoustic Neuromas. Curr Treat Options Neurol
4:157-165, 2002.
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18. What is an acoustic neuroma?
The acoustic neuroma (or schwannoma) is the most common extra-axial lesion that causes
cerebellopontine angle syndrome. It originates from Schwann cells in the sheath of cranial
nerve VIII, close to the attachment of the nerve to the brain stem. It can be distinguished from
other lesions of the cerebellopontine angle by the fact that it involves cranial nerve VIII early;
the functions of cranial nerve VII are usually resistant to this tumor and are not affected until
much later. The early involvement of cranial nerve VIl is sufficient cause to consider the
possibility of other lesions, such as meningioma, epidermoidoma, craniopharyngioma, glomus
jugulare tumor, and aneurysm of the basilar artery. Intra-axial masses of the brain stem and
cerebellum also may cause the syndrome if they are sufficiently large and extend into the
cerebellopontine space (Figure 10-2).

Figure 10-2. Gadolinium-enhanced T1-weighted MRIs show bilateral acoustic neuromas (especially large on
the left) in a patient with neurofibromatosis. A, Axial view. B, Coronal view.

19. What are the clinical features of the cerebellar herniation syndromes?
Mass lesions in the cerebellum, particularly neoplasms and hematomas, often initially
present as nonspecific symptoms such as headache. As the lesions enlarge, the
increased pressure causes the cerebellum to herniate in one of two directions—downward
or upward.

Downward herniation of the cerebellum is most common. Increased pressure in the
posterior fossa pushes the cerebellar tonsils downward through the foramen magnum to
compress the medulla. It is characterized by progressive vomiting, stiff neck, skew deviation of
the eyes, coma, ataxic breathing, apnea, and death. There are no pupillary changes until the
patient is terminal. This condition is fatal if not anticipated and prevented early.

Upward herniation occurs when the cerebellar mass pushes the cerebellum and upper brain
stem through the tentorial opening. The clinical features are caused by progressive
compression of the pons and midbrain. The patient is usually obtunded or comatose with small
pupils (reactive at first) or anisocoria. Oculocephalic and oculovestibular responses are
abnormal. Hemiparesis may progress to quadriparesis and decorticate posturing. Abnormal
breathing (central hyperventilation or apneustic breathing) can be observed.
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What is the treatment for cerebellar herniation?

Osmotic agents and hyperventilation may provide temporary relief, but definitive treatment
for cerebellar herniations consists of surgical decompression and removal of the mass, if
possible.

What is paraneoplastic cerebellar degeneration?

Paraneoplastic cerebellar degeneration (PCD) is the most common remote effect of neoplasm
affecting the brain. It is associated with lung (especially small cell), ovarian, and breast
neoplasms and Hodgkin’s disease. Cerebellar signs usually begin with gait ataxia, developing
over a few weeks to months. The symptoms may progress rapidly to severe and symmetric
truncal and limb ataxia with dysarthria and nystagmus. Thus, when an adult develops a rapidly
progressing and symmetric cerebellar syndrome, PCD should be promptly considered.
Pathologically, severe loss of Purkinje cells affects all parts of the cerebellum. Early
neuroimaging studies are typically normal, but later studies show signs of progressive
cerebellar atrophy. Cerebellar symptoms may improve in some patients when the causative
neoplasms are removed, but they are not improved by plasmapheresis.

What is the cause of PCD?
An autoimmune process may be the cause of PCD, and antibodies to cerebellar Purkinje cells
are observed in patients’ sera and spinal fluid. The two main antibodies may be used as
markers for patients with PCD. The Yo antibodies (or anti-Purkinje cell cytoplasmic antibodies)
are found in gynecologic cancer patients with PCD, whereas the Hu antibodies (antineuronal
nuclear antibodies) are present in some patients with small-cell lung cancer with PCD. The
pathogenic basis of these antibodies is still uncertain.

Darnell RB: Paraneoplastic neurologic disorders. Arch Neurol 61:30-32, 2004.

Lai EC: Paraneoplastic syndromes. In Rolak LA, Harati Y (eds): Neuroimmunology for the
Clinician. Boston, Butterworth-Heinemann, 1997.
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BASAL GANGLIA AND MOVEMENT
DISORDERS

Philip A. Hanna, MD, and Joseph Jankovic, MD

ANATOMY AND PHYSIOLOGY

What are the components of the basal ganglia?
The basal ganglia are a
group of nuclei situated in
the deep part of the
cerebrum and upper part of
the brain stem. Included
among these nuclei are the
striatum, which is
composed of the caudate,
putamen, and ventral
striatum; the pallidum,
which is composed of

the internal (medial) and
external (lateral) parts of
the globus pallidus (GP); the
subthalamic nucleus (STN);
and the substantia nigra
(SN), with the pars
compacta (SNc) and pars
reticulata (SNr). The
putamen and GP are
combined to form the

Corticostriate fibers

Nigraostriate fibers
P Thalomostriate fibers

Figure 11-1. The basal ganglia and thalamus. PUT, putamen;

lenticular (or lentiform)
nucleus because of their
lenslike appearance. These

GP, globus pallidus; S/, substantia nigra; RV, red nucleus;
IC, internal capsule; V/PL, ventral posterior lateral nucleus;

V/PM, ventral posterior medial nucleus; CM, centromedian

nucleus; DM, dorsomedian nucleus

interrelated structures are
primarily responsible for
control of motor functions
(Figure 11-1).

How are the basal ganglia organized?
There are three levels of organization within the basal ganglia. The first level consists of the
two major striatal outputs: (1) the indirect pathway to the external segment of the GP (GPe)
and (2) the direct pathway to the SNr and internal segment of the GP (GPi). The second
level of organization consists of pathways from the cerebral cortex (sublaminae of layer V) to
the patch (striosome) and matrix compartments of the striatum (which are organized in a
mosaic pattern). The third level of organization is related to the topography of cortical
projections to other regions of the striatum.

DeLong MR, Wichman T: Circuits and circuit disorders of the basal ganglia. Arch Neurol
64:20-24, 2007.
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What are the neurotransmitters of the two major striatal output pathways?
The majority of the neurons in the striatum are GABAergic medium spiny cells that project
to the GPe and SNr. Approximately 50% of these cells also contain substance P and dynorphin
and project to the SNr and GPi. The other half of the neurons express enkephalin and project
their axons to the GPe. These pathways are, respectively, called striatonigral or direct and
striatopallidal or indirect pathways.

Chase TN, Oh JD: Striatal dopamine- and glutamate-mediated dysregulation in experimental
parkinsonism. Trends Neurosci 12(10 Suppl):S86-S91, 2000.

What is the source of the major output of the basal ganglia?

The GABAergic neurons of the SNr and the GPi, which may be considered as a single
neuronal complex, innervate the mediodorsal and ventral tier thalamic nuclei (which provide
feedback to the frontal cortex), the intralaminar thalamic nuclei (which provide feedback to the
striatum), the superior colliculus (important in the control of ocular movements), and the
pedunculopontine nucleus (seemingly involved in the maintenance of posture).

How many types of dopamine receptors have been identified?

Five dopamine receptors, D1 to D5, have now been pharmacologically characterized and cloned.
The functional significance of this multitude of receptors is not clearly understood. The

role of the D1 and D2 receptors in the motor systems has been studied more extensively;

activation of the D1 receptors appears to be important in mediating dystonic movements,

whereas activation of the D2 receptors may result in chorea. Clozapine, a specific blocker for

the D4 receptor, is an effective dibenzodiazepine antipsychotic agent.

How are the D1 and D2 dopamine receptors expressed in the striatum?

The D1 dopamine receptor is predominantly expressed on the striatonigral neurons,

whereas the D2 receptors are primarily found on the striatopallidal neurons. Evidence suggests
that in the striatum the D1 and D2 receptors have an excitatory and inhibitory action,
respectively.

PARKINSONISM

What are the neurophysiologic changes in the basal ganglia in Parkinson’s
disease (PD)?
Neuronal loss in the SNc¢ with consequent dopamine depletion in the striatum is the
neurochemical-pathologic hallmark of PD. This dopaminergic deafferentation produces an
imbalance in the striatal activity, with hypoactivity of the striatonigral pathway and hyperactivity
of striatopallidal pathways. This imbalance results in decreased inhibition (disinhibition) of the
STN and increased activity of the GPi/SNr neurons, causing increased inhibition of the thalamic
ventral tier nuclei. Because these thalamic nuclei are responsible for the activation of the
cortical areas involved in the generation of movements, the final effect of dopamine deficiency
is poverty or slowness of movements (hypokinesia).

Bergman H, Deuschl G: Pathophysiology of Parkinson’s disease: From clinical neurology
to basic neuroscience and back. Mov Disord 17(Suppl 3):528-S40, 2002.

What are the cardinal symptoms and signs of parkinsonism?

Tremor at rest is one of the most typical signs of parkinsonism. It is characterized by an
oscillatory pronation-supination at a 3 to 5 Hz frequency. In addition to the hands, where it
assumes an appearance of pill rolling, this type of tremor is commonly observed in the facial
musculature (lips and chin) as well as in the legs. Head tremor, however, is rare in
parkinsonism, and its presence should suggest the diagnosis of essential tremor (ET).
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The term bradykinesia is used to describe slowness of movements that often causes the
patient difficulty with getting dressed, feeding, and maintaining personal hygiene. Bradykinesia
is evident when a patient performs rapid alternating movements, such as pronation and
supination of the forearms.

Rigidity, often associated with the cogwheel phenomenon, is another halimark of
parkinsonism. Impairment of the postural reflexes is responsible for the falls that are
frequently experienced by parkinsonian patients. Parkinsonian gait often reflects a combination
of bradykinesia, rigidity, and postural instability.

Jankovic J: Parkinson’s disease: Clinical features and diagnosis. J Neurol Neurosurg
Psychiatry 79:368-376, 2008.

What are the most common causes of parkinsonism?

In a highly selected population, such as that attending a movement disorders clinic, PD is
responsible for 77.7% of the cases of parkinsonism. The other most frequent causes are
parkinsonism-plus syndrome (12.2%), secondary parkinsonism (8.2%), and
heredodegenerative parkinsonism (0.6%) (Table 11-1).

TABLE 11-1. CAUSES OF PARKINSONISM

I. Idiopathic parkinsonism
PD
Sporadic form
Familial form
1l. Secondary parkinsonism
Drug-induced
Dopamine receptor blockers (neuroleptics, including antiemetics such as
metoclopramide)
Dopamine depleters (reserpine, tetrabenazine)
Calcium channel blockers (flunarizine, cinnarizine, diltiazem)
Lithium
Methyldopa
Hemiatrophy-hemiparkinsonism
Hydrocephalus
Normal pressure hydrocephalus
Noncommunicating hydrocephalus
Hypoxia
Infectious diseases
AIDS
Intracytoplasmic hyaline inclusion disease
Creutzfeldt-Jakob disease
Postencephalitic parkinsonism
Fungus
Subacute sclerosing panencephalitis

(continued)
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TABLE 11-1. CAUSES OF PARKINSONISM (continued)

Metabolic
Acquired hepatocerebral degeneration (chronic liver insufficiency)
Hypocalcemic parkinsonism
Paraneoplastic parkinsonism
Syringomesencephalia
Toxin
Carbon disulfide
Ethanol
Carbon monoxide
Manganese
Cyanide
Methanol
Disulfiram
MPTP
Trauma
Tumor
Vascular
Multi-infarcts
Binswanger’s disease
Lower body parkinsonism
11l. Parkinsonism-plus syndromes
Alzheimer’s disease-parkinsonism
Cortical basal ganglionic degeneration (CBGD)
Diffuse Lewy body disease
Multiple system atrophy (MSA)
Shy-Drager syndrome (SDS)
Sporadic olivopontocerebellar atrophy (OPCA)
Striatonigral degeneration
Parkinsonism-dementia-amyotrophic lateral sclerosis
Progressive pallidal atrophy
Progressive supranuclear palsy (PSP)
IV. Heredodegenerative diseases

Ceroid-lipofuscinosis X-linked dystonia-parkinsonism
Gerstmann-Straussler-Scheinker disease Disinhibition-dementia-parkinsonism-
Familial OPCA amyotrophy complex
Hallervorden-Spatz disease (chromosome 17)
Huntington’s disease Autosomal dominant Lewy body
Levodopa-responsiveness disease
(fluctuating) dystonia Hereditary ceruloplasmin deficiency
Machado-Joseph disease Familial progressive subcortical gliosis
(Azorean heredoataxia) Familial basal ganglia calcification

(continued)
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TABLE 11-1. CAUSES OF PARKINSONISM (continued)

Mitochondrial cytopathies with striatal Familial parkinsonism with peripheral
necrosis neuropathy
Neuroacanthocytosis Parkinsonian-pyramidal syndrome

Thalamic dementia syndrome
Wilson’s disease

PD, Parkinson’s disease; A/DS, Acquired immunodeficiency syndrome; MPTP, 1-Methyl-4-phenyl-
1,2,3,6-tetrahydropyridine; CBGD, Cortical basal ganglionic degeneration; MSA, Multiple system
atrophy; SDS, Shy-Drager syndrome; OPCA, olivopontocerebellar atrophy; PSP, Progressive
supranuclear palsy.

Azher SN, Jankovic J: Clinical aspects of progressive supranuclear palsy. In Duyckaerts C,
Litvan | (eds): Handbook of Clinical Neurology, 3rd Series. Amsterdam, Elsevier. Handb Clin
Neurol 89:461-473, 2008.

What causes PD?

Although PD was first described in 1817, its cause is still unknown. The recognition that
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) can produce in humans and nonhuman
primates a parkinsonian syndrome very similar to PD led to the hypothesis that an MPTP-like
substance in the environment could cause PD.

One of the theories about the cause of PD is that, as a result of a defective antioxidant
system and increased formation of highly reactive and toxic-free oxygen radicals (oxidative
stress), abnormally folded proteins accumulate in the affected neurons and overwhelm the
ubiquitin-protease system. When the compensatory autophagic mechanisms fail, this leads to
the formation of inclusions in the cytoplasm called Lewy bodies and the eventual death of
the neuron (see references).

A growing body of evidence supports the notion that genetic factors play an important
role in the etiology of PD. Families with an autosomal dominant and recessive transmission
of otherwise typical PD have been described, as have monozygotic twins concordant for
the disease.

The etiology of PD is still speculative, but a combination of environmental factors may be
associated with a genetic predisposition.

Greenamyre JT, Hastings TG: Parkinson’s divergent causes, convergent mechanisms.
Science 304:1120-1122, 2004.

Klein C, Schlossmacher MG: Parkinson disease, 10 years after its genetic revolution:
Multiple clues to a complex disorder. Neurology 69:2093-2104, 2007.

Klein C, Ziegler A: How to predict the risk of Parkinson disease in relatives of parkin
mutation carriers: A complex puzzle of age, penetrance, and number of mutated alleles. Arch
Neurol 65:443-444, 2008.

Pan T, Kondo S, Le W, Jankovic J: The role of autophagy-lysosome pathway in
neurodegeneration associated with Parkinson’s disease. Brain 131:1969-1978, 2008.

Tan EK, Jankovic J: Genetic testing in Parkinson’s disease: Promises and pitfalls. Arch
Neurol 63:1232-1237, 2006.

What are the clinical and pathologic hallmarks of PD?

Patients with PD may have several combinations of parkinsonian symptoms. Typically,

the onset is insidious in the sixth decade of life, and the symptoms usually begin unilaterally
or predominate on one side of the body. It is possible to recognize two clinical types of PD:
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a tremor-dominant form with earlier age of onset, slower progression, and relatively preserved
cognition, and a postural instability and gait difficulty (PIGD) form with more bradykinesia,
more rapid progression, and dementia. Furthermore, ET is more likely to coexist in the tremor-
dominant form. Pathologically, there is loss of dopaminergic neurons in the SNc, and the
surviving neurons contain Lewy bodies (LB). Although to a lesser degree than the SNc, other
pigmented nuclei of the brain stem, such as the locus ceruleus and tegmental ventral area,
are also involved by a similar process. A recent clinicopathologic study showed that the
presence of a resting tremor is more likely to be associated with LB at autopsy. LB has also
been demonstrated in nondopaminergic nuclei of the brainstem, olfactory system, and spinal
cord. It appears to correlate with the nonmotor “preclinical” manifestations of PD.

Shahed J, Jankovic J: Exploring the relationship between essential tremor and Parkinson’s
disease. Parkinsonism Relat Disord 13:67-76, 2007.

How specific is the clinical diagnosis of PD?
Approximately 24% of patients with the clinical diagnosis of PD are found to have another
diagnosis at necropsy. Patients with typical symptoms may have variable pathologic findings;
conversely, typical pathologic findings can be expressed by dissimilar signs. Findings of
asymmetric onset, no evidence for other causes of parkinsonism, and no atypical features of
PD increase the specificity of the clinical diagnosis.

Hughes AJ, Daniel SE, Lees AJ: Improved accuracy of clinical diagnosis of lewy body
Parkinson’s disease. Neurology 57:1497-1499, 2001.

Jankovic J, Rajput AH, McDermott MP, et al.: The evolution of diagnosis in early Parkinson’s
disease. Parkinson Study Group. Arch Neurol 57:369-372, 2000.

What is the role of anticholinergic drugs and amantadine in the treatment

of PD?

In the early stages of PD, anticholinergic drugs, combined with rasagiline or deprenyl
(selegiline), may be used as the primary treatment. With progression of disease, patients
require the addition of levodopa. Even in this circumstance, some patients still benefit from
using anticholinergics and amantadine. Tremor is occasionally resistant to dopaminergic
therapy and may be better controlled with the use of levodopa in association with ancillary
medications. In contrast to the anticholinergics, amantadine, a drug that has mild
anticholinergic effects and increases the release of dopamine, also improves rigidity and
bradykinesia. Furthermore, recent studies have revealed the utility of amantadine in reducing
levodopa-induced dyskinesias (LID).

The anticholinergic medications must be used cautiously because, in addition to causing
dryness of the mouth and bladder retention, they may produce disorientation, confusion, and
memory loss, particularly in the elderly. Amantadine in some patients also may cause cognitive
side effects as well as livedo reticularis, ankle swelling, and worsening of CHF.

Jankovic J: Therapeutic strategies in Parkinson’s disease. Geriatrics 61:1-11, 2006.

Jankovic J, Stacy M: Medical management of levodopa-associated motor complications in
patients with Parkinson’s disease. CNS Drugs 21:677-692, 2007.

Pahwa R, Factor SA, Lyons KE, et al: Quality Standards Subcommittee of the American
Academy of Neurology. Practice parameter: Treatment of Parkinson disease with motor
fluctuations and dyskinesia (an evidence-based review): Report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 66:983-995, 2006.

When should levodopa therapy be started in the treatment of PD?

The mainstay in the treatment of PD is the replacement of dopamine. This therapy was
introduced in the 1960s. Instead of using dopamine, which does not cross the blood-brain
barrier, the current approach consists of combining levodopa and carbidopa. Levodopa

is transformed into dopamine, and carbidopa is a peripheral inhibitor of the enzyme
dopa-decarboxylase. The inhibition of this enzyme in the periphery, but not in the brain,
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decreases substantially the required levodopa dosage and the occurrence of gastrointestinal
side effects (nausea and vomiting). In Europe and other countries, benserazide is available as
an inhibitor of dopa-decarboxylase.

The effectiveness of levodopa may be limited by early motor fluctuations and dyskinesia
attributed to nonphysiologic stimulation of dopamine receptors by multiple and higher
cumulative levodopa doses. This effect is believed to occur more in younger PD patients.

A rational strategy is to start levodopa when the parkinsonian symptoms begin to impair
activities of daily living or to interfere with social and occupational functioning. Although
Sinemet CR (a continuous-release preparation) may be the preferred starting formulation
because constant activation of receptors provides a more predictable and longer response than
the intermittent dopaminergic input of regular Sinemet, a 5-year prospective study failed to
show any advantage of this preparation over the standard preparation of levodopa/carbidopa.
A typical starting dose is Sinemet 25/100, 2 or 3 times/day. Maintenance doses of 200 to 600
mg/day of levodopa may be needed in patients with moderately advanced Parkinson’s disease.
Other formulations include Sinemet 10/100, Sinemet 25/250, Sinemet CR 50/200, and orally
dispersable levodopa/carbidopa, called Parcopa. The dosage of carbidopa should be kept at
less than 150 mg/day because it may penetrate the blood-brain barrier and inhibit central
dopa-decarboxylase at higher levels. Although some parkinsonologists believe that delaying
levodopa therapy is a prudent approach, longitudinal studies show no difference between
patients who started on levodopa versus those who started on a dopamine agonists. The
approach to early therapy must be individualized. Generally those patients who require
symptomatic therapy in order to maintain a satisfactory level of functioning at home and at
work are started on levodopa early, whereas those whose symptoms are not troublesome may
be started on dopamine agonists.

Hauser RA, McDermott MP, Messing S: Parkinson Study Group: Factors associated with the
development of motor fluctuations and dyskinesias in Parkinson’s disease. Arch Neurol
63:1756-1760, 2006.

Katzenschlager R, Head J, Schrag A, et al: Parkinson’s Disease Research Group of the
United Kingdom. Fourteen-year final report of the randomized PDRG-UK trial comparing three
initial treatments in PD. Neurology 71:474-480, 2008.

Roach ES: Initial Parkinson’s disease therapy: Levodopa, dopamine agonists or both? Arch
Neurol 61:1972-1973, 2004.

What are the most common peripheral side effects of levodopa therapy?

How are they managed?

Nausea and vomiting are common side effects in the beginning of the use of levodopa.
Most patients overcome this difficulty by taking the medication after meals. In some patients,
extra amounts of carbidopa (typically, one 25-mg tablet with each dose of Sinemet) may be
necessary. A small proportion of patients have nausea and vomiting despite these measures.
Treatment of gastrointestinal (Gl) side effects should not include dopamine blockers, such as
metoclopramide, because they may cause worsening of PD. Hydroxyzine, trimethobenzamide,
diphenidol, cyclizine, or domeperidone are useful alternatives.

The most common cardiovascular side effect is orthostatic hypotension. The management
of this complication involves adding salt to the diet; wearing elastic stockings; and using
medications such as fluodrocortisone, indomethacin, or midodrine.

Jankovic J: Levodopa strengths and weaknesses. Neurology 58(4 Suppl 1):5S19-S32, 2002.

What clinical fluctuations are recognized in PD?

Although the most dramatic fluctuations in patients with PD are related to levodopa therapy,
some who have not been previously treated with dopaminergic drugs exhibit fluctuations in
severity of their symptoms and signs. Fluctuations are not exclusively motor phenomena. The
nonmotor fluctuations (NMF) are classified into three categories: dysautonomic, psychiatric,
and sensory. Anxiety, drenching sweat, mental slowing, fatigue, akathisia, and dyspnea are
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some common NMFs described in PD. They may occur during “on” or “off” periods and are
associated with higher doses of levodopa. Significant improvement in such fluctuations

have been reported following chronic subthalamic stimulation. Mood and autonomic functions
also fluctuate. For example, some patients display depression when they are “off” and
euphoria when they are “on.” Fatigue and stress usually make these symptoms more
prominent. The most dramatic example of spontaneous fluctuations is paradoxical dyskinesia:
under extreme stress, patients completely immobilized by parkinsonism are suddenly able to
stand up and run (Table 11-2).

TABLE 11-2. CLINICAL FLUCTUATIONS IN PARKINSON'S DISEASE

Fluctuation Management

End-of-dose deterioration (“wearing off”) ~ COMT inhibitors

Increase frequency of levodopa doses

Sinemet CR

Dopamine agonists

Deprenyl

Amantadine

Infusions of levodopa or dopamine agonists
Delayed onset of response Give before meals

Reduce protein

Antacids

Infusions of levodopa or dopamine agonists
Drug-resistant “offs” Increase levodopa dose and frequency

Give before meals

Infusions of levodopa or dopamine agonists
Random oscillation (“on-off”) Dopamine agonists

Deprenyl

Infusions of levodopa or dopamine agonists

Levodopa withdrawal
Freezing* Increase dose

Dopamine agonists

Desipramine

Inverted L-shaped cane

*May not be related to levodopa therapy. COMT, catechol-O-methyltransferase.

Chaudhuri KR, Healy DG, Schapira AH: National Institute for Clinical Excellence: Non-motor
symptoms of Parkinson’s disease: Diagnosis and management. Lancet Neurol 5:235-245,
2006.

Olanow CW, Obeso JA: Preventing levodopa-induced dyskinesias. Ann Neurol 47:
S$167-5176, 2000.

Schrag A, Quinn N: Dyskinesias and motor fluctuations in Parkinson’s disease:

A community-based study. Brain 123(Pt 11):2297-2305, 2000.
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Witjas J, Kaphan E, Regis J, et al.: Effects of chronic subthalamic stimulation on nonmotor
fluctuations in parkinson’s disease. Mov Disord 22:1729-1734, 2007.

What are some useful strategies in the management of fluctuations in PD?
The concept of continuous dopaminergic stimulation has been used as a guiding principle in
the prevention and treatment of motor fluctuations. Strategies designed to achieve this
goal include the use of MAO inhibitors such as selegiline and rasagiline, COMT inhibitors such
as entacapone and tolcapone, dopamine agonists, and subthalamic nucleus (STN) deep
brain stimulation (DBS).

Diamond A, Jankovic J: Treatment of advanced Parkinson’s disease. Expert Review of
Neurotherapeutics 6:1181-1197, 2006.

What are the most common types of levodopa-induced dyskinesias (LID)? How

are they treated?

After 3 years of treatment, approximately 50% of patients with PD display some degree of

involuntary movements related to levodopa. Phenomenologically, LID may be classified into

three main categories:

1. Peak-dose dyskinesias (improvement-dyskinesia-improvement or I-D-1) coincide with the
time of maximal clinical improvement and usually consist of choreatic movements. Such
dyskinesias may improve with levodopa dose reduction.

2. Diphasic dyskinesias (dyskinesia-improvement-dyskinesia or D-I-D) occur at the onset
and/or the end of the “on” period during rising and falling levodopa blood levels and usually
consist of dystonia and repetitive stereotypic movements of the legs. Some patients
display a combination of the two types and have dyskinesia during the entire “on” period
(square-wave dyskinesias). Such dyskinesias may improve with dose increments.

3. “Off” dyskinesias, typically painful dystonias, coincide with the period of decreased
mobility. The most common example is early morning dystonia. Dopaminergic stimulation
increases “on” dyskinesias and decreases the other two types. Conversely,
antidopaminergic drugs improve all forms of LID, although they worsen the PD. Dystonia
induced by levodopa may improve significantly with the use of baclofen, an agonist of
gamma-aminobutyric acid (GABA) receptors, or local intramuscular injection of botulinum
toxin (Table 11-3). Amantadine may reduce dyskinesia without worsening PD symptoms,
possibly via NMDA-receptor inhibition. Finally, STN or globus pallidus internus (GPi) DBS
may be used to smooth out motor fluctuations and reduce dyskinesias.

Thanvi B, Lo N, Robinson T: Levodopa-induced dyskinesia in Parkinson’s disease: Clinical

features, pathogenesis, prevention and treatment. Postgrad Med J 83:384-388, 2007.
Jankovic J, Stacy M: Medical management of levodopa-associated motor complications in

patients with Parkinson’s disease. CNS Drugs 21:677-692, 2007.

What is the role of dopamine agonists in the treatment of PD?
Dopamine agonists directly stimulate dopamine receptors and, in contrast to levodopa, do not
require enzymatic transformation into metabolites. Because dopamine agonists bypass the
presynaptic elements of the nigrostriatal system, they have some advantages in relation to
levodopa. For example, they cause dyskinesias and clinical fluctuations less frequently and
usually have a levodopa-sparing effect. The most established use of dopamine agonists is as
an adjunct to levodopa, especially in patients with clinical fluctuations and dyskinesias.
Evidence indicates that early introduction of dopamine agonists delays the development of
complications of long-term levodopa therapy, such as motor fluctuations and dyskinesias,
although this benefit may not be sustained. After 10 years, there is no observable difference
between patients initially treated with levodopa or a dopamine agonist with respect to
levodopa-induced motor complications.

Hely MA, Morris JG, Reid WG, et al.: Sydney multicenter study of Parkinson’s disease: Non-
L-dopa-responsive problems dominate at 15 years. Mov Disord 20:190-199, 2005.
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TABLE 11-3. LEVODOPA-INDUCED DYSKINESIAS

Pattern Phenomenon Management

Peak-dose (I-D-1) Chorea Reduce each dose of levodopa
Add dopamine agonists
Dystonia Reduce each dose of levodopa
Clonazepam
Baclofen
Anticholinergics
Pharyngeal dystonia Reduce each dose of levodopa
Add anticholinergics
Respiratory dyskinesia Reduce each dose of levodopa
Add dopamine agonists
Myoclonus Clonazepam
Valproate
Methysergide
Akathisia* Anxiolytics
Propranolol
Opioids
Diphasic (D-I-D) Dystonia Increase each dose of levodopa
Baclofen
Sinemet CR
Stereotypies Increase each dose of levodopa
Baclofen
Off dyskinesia Dystonia Baclofen
Dopamine agonists
Anticholinergics
Sinemet CR
Tricyclics
Lithium
Botulinum toxin
Akathisia* Anxiolytics
Propranolol
Opioids
Striatal posture* Dystonia Increase levodopa
Anticholinergics
Thalamotomy
Botulinum toxin

[-D-1, improvement-dyskinesia-improvement; D-/-D, dyskinesia-improvement-dyskinesia.
*May be unrelated to levodopa therapy.
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20. What dopamine agonists (DA) are available to treat PD? What are their most

21.

common side effects?

Until 1997, only two dopamine agonists (bromocriptine and pergolide) were clinically used in
PD. Since then, pramipexole, ropinirole, apomorphine, and rotigotine have become
commercially available.

Both bromocriptine and pergolide are ergot derivatives and have the risk of complications
such as vasoconstriction (with acroparesthesias and angina); exacerbation of peptic ulcer
disease; erythromelalgia; and valvular, pulmonary, and retroperitoneal fibrosis. Pramipexole,
ropinirole, and rotigotine are nonergoline agonists and have a lower risk of such complications.
The transdermal rotigotine patch was recently taken off the market in the United States due to
crystallization of the medication.

Although dopamine agonists display fewer motor complications than levodopa, they may
exacerbate peak-dose dyskinesias and cause other undesired dopaminergic effects, such as
nausea, vomiting, anorexia, malaise, orthostatic hypotension, confusion, and hallucinations.
Furthermore, dopamine agonists have been linked to dopamine dysregulation syndrome,
including impulse control disorders as well as hypersexuality, pathologic gambling, compulsive
shopping, and other impulsive and compulsive behaviors.

Pan T, Xie W, Jankovic J, et al.: Biological effects of pramipexole on dopaminergic neuron-
associated genes: Relevance to neuroprotection. Neurosci Lett 377:106-109, 2005.

Rascol O, Brooks DJ, Korczyn AD, et al.: A five-year study of the incidence of dyskinesia in
patients with early Parkinson’s disease who were treated with ropinirole or levodopa. 056
Study Group. N Engl J Med 342:1484-1491, 2000.

Stamey W, Jankovic J: Impulse control disorders and pathological gambling in patients with
Parkinson’s disease. Neurologist 14:89-99, 2008.

Tintner R, Jankovic J: Dopamine agonists in Parkinson’s disease. Expert Opin Investig
Drugs 12:1803-1820, 2003.

What is the role of surgery in the treatment of PD?

Deep brain stimulation (DBS) of the ventralis intermedius (VIM) has been shown to be of
marked benefit, primarily for tremor, and is able to suppress dyskinesias. DBS involves
implanting an electrode in the VIM and delivering high-frequency chronic stimulation via an
implantable pulse generator located subcutaneously in the subclavicular area. Patients can turn
the device on and off via an external magnet. DBS can be done bilaterally with a lower risk of
dysarthria than thalamotomy.

The recognition that PD is associated with hyperactivity of the STN led to the successful
treatment of MPTP monkeys by subthalamotomy. Some human patients, inadvertently treated
with subthalamotomy instead of thalamotomy, noted improvement not only in tremor but also
in bradykinesia. Recent use of STN DBS has demonstrated benefit for contralateral
bradykinesia, dyskinesia, and other parkinsonian signs. This was demonstrated by the
improvement in off-period motor symptoms and activities of daily living in a recent
metanalysis. Patients most likely to benefit had severe off-period symptoms, long disease
duration, and a history of good resurgical response to levodopa.

The pallidum, particularly the posteroventral part of the internal segment of the GP (GPi), is
also a surgical target in PD. The main benefit of pallidotomy is the marked reduction of
contralateral LIDs, with some ipsilateral benefit. Tremor, bradykinesia, and rigidity are also
reduced but more variably. After pallidotomy, patients typically have a lower levodopa
requirement. DBS into the GPi is receiving increased attention as a treatment for LID as well as
other hyperkinesias, including dystonia and tics.

Benarroch EE: Subthalamic nucleus and its connections: Anatomic substrate for the network
effects of deep brain stimulation. Neurology 70:1991-1995, 2008.

Diamond A, Jankovic J: Quality of life and cost effectiveness of deep brain stimulation in
movement disorders. In Tarsy D, Vitek J L, Starr P, Okun M (eds): Deep Brain Stimulation in
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Neurological and Psychiatric Disorders. Current Clinical Neurology Series, Humana Press,
Totowa, NJ, 2008.

Hariz MI, Rehncrona S, Quinn NP, et al: Multicentre Advanced Parkinson’s Disease Deep Brain
Stimulation Group. Multicenter study on deep brain stimulation in Parkinson’s disease: An
independent assessment of reported adverse events at 4 years. Mov Disord 23:416-421, 2008.

Johnson MD, Miocinovic S, Mcintyre CC, et al.: Mechanisms and targets of deep brain
stimulation in movement disorders. Neurotherapeutics 5:294-308, 2008.

Tan EK, Jankovic J: Patient selection for surgery for Parkinson’s disease. In Lozano AM,
Gildenberg PL, Tasker RR (eds): Textbook of Stereotactic and Functional Neurosurgery,
2nd ed. Heidelberg, Germany, Springer-Verlag, 2008.

What is the role of transplant surgery in the treatment of PD?
Interest in the transplantation of adrenal medulla into the basal ganglia was sparked by the
hypothesis that the adrenal chromaffin cells produce dopamine when implanted into
parkinsonian striatum. After initial encouraging reports, this procedure has been virtually
abandoned in the United States because of its modest benefits and high risk of morbidity.
Human fetal mesencephalic transplantation has undergone a great deal of scrutiny. Two
double-blind, placebo-controlled trials (real and sham surgery) demonstrated some
improvement in clinical measures of PD, particularly in younger patients, but the studies are
considered negative with respect to primary efficacy measures. Furthermore, up to half of the
patients developed “off” dyskinesias, even without levodopa, and many required GPi DBS to
control the troublesome involuntary movements. Finally, some, but not all, patients whose
brains were examined many years after the fetal transplant demonstrate synuclein and Lewy
body pathology in the grafted tissue. The interpretation of these observations is not clear.

Freed CR, Greene PE, Breeze RE, et al.: Transplantation of embryonic dopamine neurons for
severe Parkinson’s disease. N Engl J Med 344:710-719, 2001.

Kordower JH, Chu Y, Hauser RA, et al.: Lewy body-like pathology in long-term embryonic
nigral transplants in Parkinson’s disease. Nat Med 14:504-506, 2008.

Olanow CW, Goetz CG, Kordower JH, et al.: A double-blind controlled trial of bilateral fetal
nigral transplantation in Parkinson’s disease. Ann Neurol 54:403-414, 2003.

Is there any relationship between Alzheimer’s disease (AD) and PD?
Currently available data do not support the existence of a common etiology for AD and PD.
However, approximately 20% of patients with PD have troublesome dementia. AD accounts for
an unknown proportion of these cases. Unlike AD, the pattern of dementia in PD is characterized
by lack of cortical signs, such as aphasia and apraxia, and the presence of forgetfulness,
bradyphrenia, and depression. In a longitudinal study, clinical features that differentiated
dementia in PD were cognitive fluctuations, auditory/visual hallucinations, sleep disturbance, and
depression. The different patterns suggest that different mechanisms are responsible for
cognitive dysfunction in the two diseases, and pathologic studies support this distinction. PD is
characterized by relative sparing of the cortex and by neuronal loss in the SN and other
subcortical structures, such as the locus ceruleus. LBs are found in the remaining cells. On the
other hand, the cerebral cortex is primarily involved in AD; neurofibrillary tangles and deposits of
amyloid are the most important lesions. However, a recent study shows that over 50% of
patients with AD display parkinsonism and myoclonus during the course of the disease.

Galvin JE, Pollack J, Morris JC: Clinical phenotype of parkinson’s disease dementia.
Neurology 67:1605-1611, 2006.

Wilson RS, Bennett DA, Gilley DW, et al.: Progression of parkinsonism and loss of cognitive
function in Alzheimer’s disease. Arch Neurol 57:855-860, 2000.

What are the main clinical features of progressive supranuclear palsy (PSP)?
Progressive supranuclear palsy is the second most common cause of idiopathic parkinsonism.
Typically, the onset is in the seventh decade, with no family history. Patients have
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ophthalmoparesis of downgaze, parkinsonism, pseudobulbar palsy, and frontal lobe signs.
Eyelid abnormalities are common. For example, patients with eyelid freezing have difficulty with
either opening or closing the eyes due to inhibition of levator palpebrae or orbicularis oculi
muscles, respectively. The presence of dementia in PSP is controversial. The prevalence of
dystonia in patients with pathologically proven PSP is about 13%.

Azher SN, Jankovic J: Clinical aspects of progressive supranuclear palsy. In Duyckaerts C,
Litvan | (eds): Handbook of Clinical Neurology, 3rd Series. Amsterdam, Elsevier. Handb Clin
Neurol 89:461-473, 2008.

What is the cause of PSP?
The cause of PSP is unknown. Radiologic and pathologic evidence indicates that a multi-
infarct state can cause a picture identical to PSP. Idiopathic PSP is pathologically
characterized by marked neuronal cell loss in subcortical structures, such as the nucleus
basalis of Meynert, pallidum, STN, substantia nigra, locus ceruleus, and superior colliculi.
Other pathologic features include neurofibrillary tangles, granulovacuolar degeneration, and
gliosis. Atrophy, generalized or focal (midbrain or cerebellum), is the most common
neuroradiologic finding in idiopathic PSP. However, up to 25% of the patients with PSP have
no abnormality on computed tomography (CT) and/or magnetic resonance imaging (MRI)
of the brain. Growing evidence suggests linkage disequilibrium between a PSP gene and
allelic variants of the tau gene.

Litvan |: Update on progressive supranuclear palsy. Curr Neurol Neurosci Rep 4:296-302, 2004.

Rademakers R, Melquist S, Cruts M, et al.: High-density SNP haplotyping suggests
altered regulation of tau gene expression in progressive supranuclear palsy. Hum Mol Gen
14:3281-3292, 2005.

How can PSP be distinguished from PD?

The most distinctive feature of PSP is the supranuclear downgaze palsy, which is not found in
PD, the most common misdiagnosis of PSP. The differentiation is particularly difficult when the
characteristic supranuclear ophthalmoparesis is not evident, as may be the case in early
stages of PSP. Some patients who never develop this finding are found at autopsy to have
PSP. The difficulty in establishing the diagnosis of PSP is suggested by an average delay in
making the diagnosis of 3.6 years after onset of symptoms. The measurement of midbrain
atrophy ratio on MRI and abnormal computerized posturography are useful tools in reliably
differentiating early PSP from PD and age-matched controls (Table 11-4).

Oba H, Yagishita A, Terada H, et al.: New and reliable MRI diagnosis for progressive
supranuclear palsy. Neurology 64:2050-2055, 2005.

Ondo W, Warrior D, Overby A, et al.. Computerized posturography analysis of progressive
supranuclear palsy: A case-control comparison with Parkinson’s disease and healthy controls.
Arch Neurol 57:1464-1469, 2000.

Osaki Y, Ben-Shlomo Y, Lees AJ, et al.: Accuracy of clinical diagnosis of progressive
supranuclear palsy. Mov Disord 19:181-189, 2004.

What is the treatment for PSP?
Levodopa and dopamine agonists are the most frequently used agents in the treatment of PSP.
However, even with high doses, they usually provide only a transient and slight improvement
of parkinsonian symptoms. The loss of dopamine receptors in the striatum and the presence of
extensive lesions involving other neurotransmitters, such as acetylcholine, probably account
for the failure of pharmacologic therapy. Currently, no drug provides sustained relief in patients
with PSP. With progression of the disease, patients usually become bedridden and unable to
swallow or talk. Gastrostomy is necessary in advanced stages. Death, usually related to
respiratory complications, occurs after a mean disease duration of 7 to 8 years.

Lang AE: Treatment of progressive supranuclear palsy and corticobasal degeneration. Mov
Disord 20:S83-S91, 2005.
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TABLE 11-4. DIFFERENTIAL DIAGNOSIS OF PROGRESSIVE SUPRANUCLEAR (PSP)
PALSY AND PARKINSON'S DISEASE

Clinical Features PSP PD

Age at onset (decade) 7th 6th

Initial symptoms Postural and gait disorder  Tremor and bradykinesia

Family history - +

Multi-infarct state + -

Dementia + (visual/motor) +

Downgaze ophthalmoparesis + -

Eyelid abnormalities + +

Pseudobulbar palsy + +

Gait Wide, stiff, unsteady Slow, shuffling, narrow,
festinating

Rigidity Axial (neck) Generalized

Facial expression Astonished, worried Hypomimia

Tremor at rest - +

Dystonia + +

Corticobulbospinal signs + -

Symmetry of findings + -

Weight loss - +

Improvement with DA drugs - +

Levodopa-induced dyskinesias — +

-+, yes or present; —, no or absent; PSP, progressive supranuclear palsy; DA, dopamine; +, may be

present or absent.

28. What are the most important characteristics of vascular parkinsonism?
Multiple vascular lesions in the basal ganglia may be associated with parkinsonism. Tremor at
rest is not a common finding, and bradykinesia and rigidity tend to be more significant in the
legs. In some patients, the findings are virtually limited to the lower extremities; hence the
designation lower body parkinsonism. Unlike PD, the gait in patients with vascular
parkinsonism is characterized by a broad base. Some patients show stepwise progression.
Associated findings, such as dementia, spasticity, weakness, and Babinski’s sign, are
commonly observed. Neuroradiologic studies, especially MRI, show a multi-infarct state. The
response to dopaminergic therapy is usually poor.

Sibon I, Fenelon G, Quinn NP, et al.: Vascular parkinsonism. J Neurol 251:513-524, 2004.

29. Is it possible to distinguish drug-induced parkinsonism from PD on clinical
grounds?
Drugs are one of the most common causes of parkinsonism in the general population. Drugs
that block postsynaptic dopamine receptors and/or deplete presynaptic dopamine may cause
parkinsonism. Clinical studies indicate that drug-induced parkinsonism is indistinguishable
from PD. Discontinuation of the offending drug promotes remission of the syndrome in most
cases, although sometimes the parkinsonism persists. Such patients may have subclinical PD
and require dopaminergic therapy.
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What is multiple system atrophy (MSA)?
Multiple system atrophy is a neuropathologic term that includes Shy-Drager syndrome
(SDS), sporadic forms of olivopontocerebellar atrophy (OPCA), and striatonigral degeneration
(SND). SDS is characterized by parkinsonism, which occasionally responds to dopaminergic
therapy, and dysautonomia. Although cerebellar findings dominate in OPCA, mild parkinsonism
and pyramidal signs are also usually recognized. Patients with SND typically have
parkinsonism and pyramidal signs with laryngeal stridor, although in some cases, SND is
indistinguishable from PD. The division of MSA into SDS, OPCA, and SND is controversial, with
some authorities grouping the spectrum into the prominence of either cerebellar or
parkinsonisms designated as MSA-A, MSA-C, or MSA-P, respectively. Although usually
clinically distinct at onset, with progression symptoms overlap substantially. The three
syndromes have a common pathologic substratum consisting of cell loss and gliosis in the
striatum, substantia nigra, locus ceruleus, inferior olive, pontine nuclei, dorsal vagal nuclei,
cerebellar Purkinje cells, and intermediolateral cell columns of the spinal cord. The
characteristic histologic marker—glial cytoplasmic inclusions, which are seen particularly in
oligodendrocytes—has helped to distinguish MSA as a clinicopathologic entity. The presence
of autonomic dysfunction early on is thought to predict a poor prognosis.

Hanna PA, Jankovic J, Kirkpatrick JB: Multiple system atrophy: The putative causative role
of environmental toxins. Arch Neurol 56:90-94, 1999.

Wenning GK, Ben-Shlomo Y, Hughes A, et al: What clinical features are most useful to
distinguish definite multiple system atrophy from Parkinson’s disease? J Neurol Neurosurg
Psychiatry 68:434-440, 2000.

What is the treatment for MSA?
Dopaminergic drugs are the mainstay of the treatment of MSA. However, despite the use of
high doses of levodopa, no significant improvement is usually observed. The loss of cells in
the striatum and widespread lesions of other neurotransmitters probably accounts for the
failure of treatment. The use of midodrine and pyridostigmine may assist in the symptomatic
management and control of orthostatic hypotension from autonomic dysfunction.

Singer W, Sandroni P, Opfer-Gehrking TL, et al.: Pyridostigmine treatment trial in
neurogenic orthostatic hypotension. Arch Neurol 63:513-518, 2006.

Wenning GK, Geser F, Stampfer-Kountchev M, et al.: Multiple system atrophy: an update.
Mov Disord 18(Suppl 6):534-S42, 2003.

What is cortical-basal ganglionic degeneration (CBGD)?

Patients with CBGD display a combination of cortical (pyramidal signs, myoclonus,
progressive aphasia, and apraxia) and subcortical findings (rigidity and dystonia) as well as a
distinctive alien limb sign. CBGD is virtually the only disease that causes this constellation of
symptoms and signs. CBGD is virtually the only disease that causes this constellation

of symptoms and signs, though there appears to be an overlap of CBGD, progressive aphasia,
and frontotemporal dementia. Until late stages of the disease, patients do not experience
cognitive decline or dysautonomia. Convergence disturbances and oculomotor apraxia are
common neuro-ophthalmic signs. The neuropathologic hallmarks are swollen achromatic
neurons, neuronal loss, and gliosis in the cerebral cortex, SN, lateral nuclei of the

thalamus, striatum, locus ceruleus, and Purkinje layer of the cerebellum. The cause is
entirely obscure. No familial forms have been reported. The disease progresses relentlessly
until death, usually within 10 years after onset. Response to dopaminergic therapy is

usually poor.

Hanna PA, Doody RS: Alien limb sign. In Litvan J, Goetz CG, Lang AE (eds): Corticobasal
Degeneration and Related Disorders. Advances in Neurology Series, Vol. 82. Philadelphia,
Lippincott Williams & Wilkins, 2000.

Kumar R, Bergeron C, Lang AE: Corticobasal degeneration. In Jankovic J, Tolosa E (eds.):
Parkinson’s Disease and Movement Disorders. 5th ed. Baltimore, William & Wilkins, 2006.
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TREMORS

What is essential tremor (ET)?
Essential tremor is a neurologic disease characterized by action tremor of the hands in the
absence of any identifiable causes, such as drugs or toxins. Other types of tremor, such as
isolated head and voice tremor, are also expressions of ET. It is estimated that at least 5 million
Americans are affected by ET. Characterized by action-postural tremor of the hands and
arms, ET may be asymmetric at onset and have a kinetic component. Patients with severe
forms of ET may display tremor at rest. ET is presumably transmitted by an autosomal
dominant gene with variable expression. Recently, a familial ET gene (in Icelandic families) was
mapped to chromosome 3. In the recent past, three genes (ETM1, ETM2, and a locus on 6p23)
have been identified in patients and family members. Supportive criteria for diagnosis of ET
include improvement with alcohol, propranolol, and primidone.

Deng H, Le W, Jankovic J: Genetics of essential tremor. Brain 130(Pt 6):1456-1464, 2007.

Lou JS, Jankovic J: Essential tremor: Clinical correlates in 350 patients. Neurology 41:234,1991.

How can enhanced physiologic tremor be differentiated from ET?
Physiologic tremor is a rhythmic oscillation with a frequency of 8 to 12 Hz, determined largely
by the mechanical properties of the oscillating limb. Under several circumstances, the tremor
may be enhanced and appears identical to ET. Enhanced physiologic tremor is the most
common cause of postural tremor. However, unlike ET, its frequency can be reduced by mass
loading (Table 11-5).

Jankovic J: Essential tremor: Clinical characteristics. Neurology 54(11 Suppl 4):521-S23, 2000.

TABLE 11-5. CAUSES OF ENHANCED PHYSIOLOGIC TREMOR

Stress-induced Drugs

Anxiety Beta agonists (e.g., theophylline, terbutaline, epinephrine)
Emotion Cyclosporine

Exercise Dopaminergic drugs (levodopa, dopamine agonists)
Fatigue Methylxanthines (coffee, tea)

Fever Psychiatric drugs (lithium, neuroleptics, tricyclics)
Endocrine Stimulants (amphetamines, cocaine)
Adrenocorticosteroids  Valproic acid

Hypoglycemia Toxins (arsenic, bismuth, bromine, ethanol withdrawal,
Pheochromocytoma mercury, lead)

Thyrotoxicosis

What physiopathologic mechanisms underlie ET?

The pathologic findings in several series have suggested a heterogeneous pathology in ET with
the majority showing cerebellar Purkinje cell loss and gliosis. The abnormal pathology appears
to be supported by functional imaging studies. Only 14 patients with ET have had a
thorough pathologic examination, and no specific abnormality was found. It has been
suggested that the postural tremor of ET arises from spontaneous firing of the inferior olivary
nucleus, which drives the cerebellum and its outflow pathways via the thalamus to the cerebral
cortex and then to the spinal cord. Functional MRI (fMRI) studies have demonstrated
increased activation of the cerebellum and red nucleus in ET. Most positron emission
tomography (PET) and fMRI evidence indicates that the inferior olive is not likely to be the
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tremor generator in ET; instead, the generator is probably in the cerebellum. This theory is
supported by bilateral overactivity of cerebellar connections by PET in patients with primary
writing and primary orthostatic tremor. Clinical data also support a cerebellar role in the
pathogenesis of ET: over 50% of patients with ET have difficulty in performing tandem gait,
which is considered an indicator of cerebellar function, and hemispheric cerebellar stroke may
abolish ipsilateral ET.

Louis ED, Faust PL, Vonsattel JP, et al.: Neuropathological changes in essential tremor:
33 cases compared with 21 controls. Brain 130(Pt 12):3297-3307, 2007.

Shill HA, Adler CH, Sabbagh MN, et al.: Pathological findings in prospectively ascertained
essential tremor subjects. Neurology 70(16 Pt 2):1452-1455, 2008.

Is there an association between ET and PD?

According to different sources, the prevalence of ET in patients with PD ranges from 3% to
8.5%. The prevalence of PD in ET is debated (4.5% to 21.8%). The relatively high frequency of
familial tremor (15% to 23%) among patients with PD supports the existence of an etiologic
link between PD and ET. An additional ET marker was mapped to chromosome 4p14-16.3 in
an autosomal dominant PD family. Furthermore, an allele (263_bp) of the nonamyloid
component of plaques (NACP)-Rep1 polymorphism has been associated with sporadic PD in a
German and more recently in an American population of patients with PD. The authors
conclude that the association of this allele with PD and ET “suggests a possible etiologic link
between these two conditions.” In addition, Lewy body pathology has been demonstrated in
several pathologic series in brains of patients with ET. Further epidemiologic and genetic
studies are needed before the controversy about the relationship between PD and ET can be
resolved.

Benamer TS, Patterson J, Grosset DG, et al.: Accurate differentiation of parkinsonism and
essential tremor using visual assessment of [123]-FP-CIT SPECT imaging: The [1231]-FP-CIT
Study Group. Mov Disord 15:503-510, 2000.

Louis ED, Vonsattel JP, Hong LS, et al.: Essential tremor pathology: A case control study
from the essential tremor centralized brain repository. Mov Disord 20:1241, 2005.

Shahed J, Jankovic J: Exploring the relationship between essential tremor and Parkinson’s
disease. Parkinsonism Relat Disord 13:67-76, 2007.

Tan EK, Matsuura T, Nagamitsu S, et al.: Polymorphism of NACP-Rep1 in Parkinson’s
disease: An etiologic link with essential tremor? Neurology 54:1195-1198, 2000.

What is the relationship between ET and dystonia?
Although tremor is frequently found in patients with dystonia, it is not always clear whether
the oscillatory movement is a form of dystonia (hence a dystonic tremor) or whether it
represents coexistent ET. Postural hand tremor, phenomenologically identical to ET, may
precede or be the initial manifestation of dystonia. The lack of demographic and other
differences between patients with ET and ET-dystonia supports the notion that ET is a single
disease entity with a clinical spectrum that often includes dystonia. Some investigators argue,
however, that the postural tremor in patients with dystonia has different clinical
characteristics—such as irregularity and a broader range of frequencies, asymmetry of
contractions, and associated myoclonus—that distinguish it from ET.

Pal PK: Head tremor in cervical dystonia. Can J Neurol Sci 27:137-142, 2000.

Shaikh AG, Jinnah HA, Tripp RM, et al.: Irregularity distinguishes limb tremor in cervical
dystonia from essential tremor. J Neurol Neurosurg Psychiatry 79:187-189, 2008.

What is orthostatic tremor?

Orthostatic tremor (OT) is a relatively rare but frequently misdiagnosed disorder. It is more
common in women, and the onset is typically in the sixth decade. It consists of a rapid (13 to
14 Hz) tremor of the legs triggered by standing. Postural tremor of the hands and a family
history of ET are frequent features, suggesting that OT is a variant of ET. Transcranial magnetic



39.

40.

CHAPTER 11 BASAL GANGLIA AND MOVEMENT DISORDERS m

stimulation of the cortex motor area has suggested a supraspinal generator of OT. Clonazepam
is the treatment of choice; other less effective options are propranolol, primidone, gabapentin,
and phenobarbital.

Gerschlager W, Munchau A, Katzenschlager R, et al.: Natural history and syndromic
associations of orthostatic tremor: a review of 41 patients. Mov Disord 19:788-795, 2004.

What other tremors are variants of ET?
Besides OT, other types of tremor are also considered to be variants of ET. However, some
authors argue that the pharmacologic differences between these tremors and ET support the
notion that they represent distinct entities. There is evidence, for example, that some isolated
site (head tremor) and task-specific tremors, such as primary handwriting tremor, actually
represent forms of dystonic tremor. This controversy will not be settled until biologic markers
for ET and for dystonia are available (Table 11-6).

Louis ED, Ford B, Barnes LF: Subtypes of essential tremor. Arch Neurol 57:1194-1198, 2000.

TABLE 11-6. VARIANTS OF ESSENTIAL TREMOR

Variant Treatment

Chin tremor Propranolol, primidone

Facial tremor Clonazepam, propranolol, primidone

Head tremor Clonazepam, primidone, propranolol, trihexyphenidyl
Orthostatic tremor Clonazepam, propranolol, primidone, phenobarbital

Shuddering attacks (childhood)  Propranolol
Task-specific tremor (writing) Propranolol, primidone, trihexyphenidyl, botulinum toxin

Tongue tremor Propranolol, primidone
Truncal tremor Clonazepam, propranolol, primidone
Voice tremor Propranolol, ethanol, botulinum toxin

Discuss the treatment of ET.
Propranolol remains the most effective medication for ET, although other beta-blockers also
have an antitremor activity. Daily doses of up to 360 mg may be necessary to control tremor.

Primidone, an anticonvulsant medication, also has been shown to be highly effective
for the treatment of ET in both open and controlled studies. It should be started at low doses
(25 mg at bedtime) to avoid the occasional, acute, idiosyncratic toxic reaction characterized
by severe nausea, vomiting, sedation, confusion, and ataxia.

Less effective but occasionally useful medications are lorazepam, clonazepam, alprazolam,
neurontin, topiramate, and diazepam. A double-blind, placebo-controlled trial revealed mild to
moderate benefit of botulinum toxin injections in the treatment of severe hand tremor. Alcohol,
although effective in approximately two-thirds of patients with ET, is not recommended
because of the possibility of addiction, although ET does not appear to increase the risk of
alcoholism.

For intractable ET, contralateral thalamotomy is efficient and well tolerated. The current
main surgical treatment for ET is high-frequency thalamic stimulation (DBS), and gamma knife
thalamotomy has been shown to suppress completely disabling ET.

Kondziolka D, Onq JG, Lee LY, et al.. Gamma knife thalamotomy for essential tremor.

J Neurosurg 108:111-117, 2008.

Ondo W, Hunter C, Vuong KD, et al.: Gabapentin for essential tremor: A multiple-dose,

double-blind, placebo-controlled trial. Mov Disord 15:678-682, 2000.
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Ondo WG, Jankovic J, Connor GS, et al.: Topiramate in essential tremor: A double
blind, placebo controlled trial. Topiramate essential tremor study investigators. Neurology
66:672-677, 2006.

Pilitsis JG, Metman LV, Toleikis JR, et al.: Factors involved in long-term efficacy of deep
brain stimulation of the thalamus for essential tremor. J Neurosurg 109:640-646, 2008.

What are the characteristics and most common causes of kinetic tremor?
Kinetic tremors result from lesions of the cerebellar outflow pathways. The tremor has a 3- to
4-Hz frequency and is typically observed on the finger-to-nose test. In patients with cerebellar
lesions, titubation (anterior/posterior oscillation of the trunk and head) and postural tremor of
the hands are often seen in addition to the kinetic tremor. Patients who have lesions in the
midbrain, involving the superior cerebellar peduncle and nigrostriatal system, also display
tremor at rest (midbrain tremor).

Multiple sclerosis, trauma, stroke, Wilson’s disease, phenytoin intoxication, acute alcoholic
intoxication, cerebellar parenchymatous alcoholic degeneration, and tumor are the most
important causes of kinetic tremor.

The treatment of kinetic tremors remains unsatisfactory. Drugs used in the treatment of ET,
such as propranolol and primidone, are ineffective in the treatment of kinetic tremors.
Isoniazid, carbamazepine, and glutethimide may control kinetic tremor in some patients.
Attaching weights to the wrist also may be modestly helpful. Injections of botulinum toxin or
thalamotomy may benefit selected patients. Buspirone has been reported to help some patients
with mild cerebellar tremor.

Wishart HA, Roberts DW, Roth RM, et al.: Chronic deep brain stimulation for the treatment
of tremor in multiple sclerosis: review and case reports. J Neurol Neurosurg Psychiatry
74:1392-1397, 2003.

Yap L, Kouyialis A, Varma TR: Stereotactic neurosurgery for disabling tremor in multiple
sclerosis: Thalamotomy or deep brain stimulation? Br J Neurosurg 21:349-354, 2007.

What is the relationship between tremor and peripheral trauma?

The occurrence of tremor and other movement disorders, especially dystonia and
myoclonus, after peripheral trauma is well established. Typically, peripherally induced
tremors have rest and action components. Some patients develop a typical picture of
parkinsonism, with rest tremor, bradykinesia, hypomimia, and response to levodopa. The
physiopathology of this movement disorder is unknown. Although conventional
neurophysiologic studies show abnormalities of the peripheral nerves in less than one-half of
patients, it is reasonable to speculate that damage to the peripheral nervous system
causes sustained changes in the central nervous system connectivity and motor unit sensory
reflex feedbacks, which account for the movement disorders. The common association
with reflex sympathetic dystrophy suggests that dysautonomia plays a role in the
generation of posttraumatic movement disorders. About 60% of patients have
predisposing factors such as personal and family history of ET and exposure to
neuroleptics.

Treatment is difficult. Anticholinergic agents and antitremor medications, such as
propranolol and primidone, are usually ineffective. Clonazepam may provide moderate relief in
some patients. Some authors have successfully used injections of botulinum toxin into the
affected musculature to control posttraumatic movement disorders. Surgical treatment is
another consideration when pharmacologic treatment fails.

Cardoso FC, Jankovic J: Post-traumatic peripherally-induced tremor and parkinsonism. Arch
Neurol 52:263-270, 1995.

Costa J, Henriques R, Barroso C, et al.: Upper limb tremor induced by peripheral nerve
injury. Neurology 67:1884-1886, 2006.
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DYSTONIA

43. How is dystonia classified?
Dystonia may be classified according to age of onset, genetics, topographic distribution, or
etiology (Table 11-7). One aspect of the importance of classification is the recognition of the
temporal progression of focal to generalized dystonia in early-onset primary dystonia as
compared to late-onset dystonia, which will usually remain localized or segmental. The
advancement in identifying several dystonia loci of genes with various modes of inheritance
and penetrance has aided genetic counseling in families with dystonia.
Bressman SB: Dystonia genotypes, phenotypes and classification. Adv Neurol 94:101-107, 2004.
de Carvalho Aguiar PM, Ozelius LJ: Classification and genetics of dystonia. Lancet Neurol
1:316-325, 2002.

TABLE 11-7. CLASSIFICATION OF DYSTONIA

44,

45.

Etiology
Idiopathic
Familial
Sporadic
Symptomatic
Age at onset
Childhood-onset 0-12 years
Adolescent-onset 13-20 years
Adult-onset >20 years
Distribution
Focal Single body part
Segmental One or more contiguous body parts
Multifocal Two or more noncontiguous body parts
Generalized Segmental crural dystonia and dystonia in at least one additional

body part

Hemidystonia One-half of the body

What is torsion dystonia?

Torsion dystonia is a neurologic condition characterized by sustained contractions of both
agonist and antagonist muscles, frequently causing twisting and repetitive movements or
abnormal postures. Because there is no biochemical, pathologic, or radiologic marker for
dystonia, the diagnosis is based on the recognition of clinical features. A characteristic feature
of dystonia that helps to differentiate it from other hyperkinetic movement disorders is that
dystonic movements are repetitive and patterned. For reasons that are poorly understood,
patients with dystonia have the ability to suppress or decrease the involuntary movements by
gently touching the affected area (sensory trick or geste antagonistique). Stress and fatigue
make dystonia worse, whereas sleep and relaxation improve it.

What features suggest the diagnosis of secondary dystonia?

Secondary forms of dystonia, which account for 25% of cases, are suspected in patients with a
history of head trauma, peripheral trauma, encephalitis, toxin exposure, drug exposure,
perinatal anoxia, kernicterus, and seizures. Abnormal findings such as dementia, ocular
motility abnormalities, ataxia, spasticity, weakness, or amyotrophy are often present in patients
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with secondary dystonia. Furthermore, onset of dystonia at rest instead of with action, early
onset of speech involvement, hemidystonia, abnormal laboratory tests, and abnormal brain
imaging suggest the diagnosis of secondary dystonia. The list of causes of secondary dystonia
is long, but it is important to try to identify those that are potentially treatable, especially
Wilson’s disease and tardive dystonia (Table 11-8).

TABLE 11-8. CAUSES OF SECONDARY DYSTONIA

Metabolic Disorders
Amino acid disorders
Glutaric aciduria
Hartnup’s disease
Homocystinuria
Methylmalonic acidemia
Tyrosinosis
Lipid disorders
Ceroid lipofuscinosis
GM1-gangliosidose
GM2-gangliosidose
Metachromatic leukodystrophy
Miscellaneous metabolic disorders
Leber’s disease
Leigh’s disease
Lesch-Nyhan syndrome
Mitochondrial encephalopathies
Triosephosphate isomerase deficiency
Vitamin E deficiency
Neurodegenerative disorders
Ataxia telangiectasia
Azorean heredoataxia (Machado-Joseph
disease)
Familial basal ganglia calcifications
Hallervorden-Spatz disease
Huntington’s disease
Infantile bilateral striatal necrosis
Intraneuronal inclusion disease
Multiple sclerosis
Neuroacanthocytosis
Parkinson’s disease
Progressive pallidal degeneration
Progressive supranuclear palsy
Rett syndrome
Wilson’s disease

Miscellaneous
Arteriovenous malformation
Atlantoaxial dislocation or subluxation
Brain tumor
Cerebellar ectopia and syringomyelia
Central pontine myelinolysis
Cerebral vascular or ischemic injury
Drugs
Anticonvulsants
Antipsychotics
Bromocriptine
Ergot
Fenfluramine
Levodopa
Metoclopramide
Head trauma
Infection
Acute infectious torticollis
AIDS
Creutzfeldt-Jakob disease
Encephalitis lethargica
Reye’s syndrome
Subacute sclerosing panencephalitis
Syphilis
Tuberculosis
Paraneoplastic brain stem encephalitis
Perinatal cerebral injury and kernicterus
Peripheral trauma
Plagiocephaly
Psychogenic dystonia
Toxins
Carbon monoxide
Carbon disulfide
Methane
Wasp sting
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What are the most common types of idiopathic dystonia?
The classic idiopathic dystonia, much more common among Ashkenazi Jews, is transmitted by
an autosomal dominant gene whose expression is extremely variable. Phenocopies (sporadic
cases) account for at least 20% of cases of idiopathic dystonia.

Paroxysmal dystonia encompasses a heterogenous and relatively rare group of conditions.
Although psychogenic dystonia accounts for some cases, the majority are thought to be of
neurologic origin, possibly representing a form of subcortical epilepsy, arising from the basal
ganglia. The organic forms, sporadic or autosomal dominant, can be categorized as either
kinesiogenic or nonkinesiogenic. Recently, mutation of the Myofibrillogenesis regulator 1
(MR-1) gene has been identified in 8 of 14 patients with the nonkinesiogenic variant. In
the kinesiogenic variety, the attacks are precipitated by sudden movements, lasting less than
5 minutes and recurring up to 100 times per day. Anticonvulsants, such as carbamazepine
and phenytoin, are usually effective in preventing the episodes. In the nonkinesiogenic
paroxysmal dystonia, the
attacks are less frequent
(three per day), last longer
(minutes to hours), and
often are triggered by
alcohol, coffee, and fatigue.
Clonazepam is partially
effective in most patients.
Secondary paroxysmal
dystonias may be caused by
strokes, multiple sclerosis,
and trauma to the peripheral
and central nervous system
(Figure 11-2).

Bruno MK, Lee HY,
Aurburger GW, et al:
Genotype-phenotype
correlation of paroxysmal
nonkinesiogenic dyskinesia.
Neurology 68:1782-1789,
2007.

Segawa M: Hereditary
progressive dystonia
with marked diurnal
fluctuation. Brain Dev 22 Figure 11-2. A patient with childhood-onset generalized dystonia.

(Suppl 1):65-80, 2000.

Where is the gene for classical dystonia located?
Molecular genetic techniques link the dystonia (DYT1) gene to chromosome 9 (9934). The
mutation in the DYT1 gene has been characterized as a GAG deletion in the carboxy terminal of
the gene that codes for an adenosine triphosphate-binding protein called torsin A. Evidence
that adult-onset forms of focal dystonia are also related to the same gene awaits confirmation.
Brassat D, Camuzat A, Vidailhet M, et al.: Frequency of the DYT1 mutation in primary torsion
dystonia without family history. Arch Neurol 57:333-335, 2000.
Saunders-Pullman R, Shriberg J, et al.: Penetrance and expression of dystonia genes. Adv
Neurol 94:121-125, 2004.

What is the most common form of focal dystonia?
The cervical region is the area most frequently affected by dystonia. Among 1000 patients with
dystonia at the Baylor College of Medicine Parkinson’s Disease Center and Movement
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Disorders Clinic, 76% have
cervical dystonia, alone
(33% patients) or
associated with involvement
of other areas. It is slightly
more common in women
(61%). Depending on the
muscles involved, different
types of postures are
observed. Most patients
with cervical dystonia have
a combination of

abnormal postures, such as
torticollis, laterocollis, and
anterocollis. Pain is a
feature in about 70% of the
patients with neck dystonia,
whereas tremor, either

dystonic or essential-type, Figure 11-3. A patient with cervical dystonia manifested chiefly
is observed in 60% by torticollis to the left and marked contraction and hypertrophy
(Figure 11-3). of the right sternocleidomastoid muscle.

What are the other forms of focal dystonia?

Blepharospasm, either isolated (11%) or combined with oromandibular dystonia (23%), is the
second most common form of focal dystonia. It is defined as an involuntary, bilateral eye
closure produced by dystonic contractions of the orbicularis oculi muscles. Blepharospasm is
three times more common in women than in men. Onset is usually gradual; often, before
the onset of sustained eyelid closure, patients experience excessive blinking triggered by bright
light, wind, and stress. With progression, most patients develop dystonia involving other
facial muscles as well as the masticatory and cervical musculature. Sensory tricks that help to
maintain the eyes open include pulling on the upper eyelids, talking, and yawning. Up to
15% of patients with blepharospasm become legally blind because of inability to keep their
eyes open.

Dystonic writer’s cramp is a form of task-specific dystonia associated with handwriting.
Although able to use their hands for performing daily chores, after a few seconds or minutes of
writing patients develop dystonic, usually painful, spasms of the forearm musculature, which
prevent them from writing further. With progression of disease, the dystonia becomes less
task-specific, occurs during other activities, and may spread to involve more proximal
muscles. Approximately 50% of patients develop similar symptoms contralaterally. Other
task-specific dystonias occur among musicians (piano player’s cramp, guitar player’'s cramp)
and others whose recreational or occupational activities require fine-motor coordination.

The actual prevalence of these task-specific dystonias is unknown because only a few patients
seek medical attention.

Frucht SJ: Focal task-specific dystonia in musicians. In Fahn S, Hallett M, DeLong M
(eds): Dystonia 4: Advances in Neurology, vol 94. Philadelphia, Lippincott Williams & Wilkins,
2004, pp 225-230.

What are the most effective medications for the treatment of generalized or
segmental dystonias?

Levodopa, effective in about 10% of children with dystonia, should be tried in all childhood-
onset dystonias. If there is no significant improvement in 2 months, levodopa is replaced by
anticholinergics. The initial dose of trihexyphenidyl (Artane) is 2 mg twice daily. High

doses, sometimes up to 100 mg/day, may be necessary. The benefits may not be
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appreciated for 3 to 4 months after initiation of therapy. Moderate-to-dramatic improvement is
observed in up to 70% of patients, but the efficacy may decrease with chronic use. The
usefulness of these medications, especially in adults, is limited by the occurrence of peripheral
(dry mouth and blurred vision) and central (forgetfulness, confusion, hallucinations) side
effects. Other drugs that should be tried are baclofen, carbamazepine, benzodiazepines, and
antidopaminergics. Extreme caution should be used with dopamine receptor—blocking drugs
because of their potential to cause tardive dyskinesia (TD).

Levodopa (in children) and anticholinergics (in adults) are the first options among the
systemic drugs. Clonazepam is occasionally highly effective in blepharospasm, whereas
baclofen may be particularly useful in cranial dystonia. Systemic treatment of focal dystonias is
disappointing, however. If oral medications are ineffective, local injections of botulinum toxin
should be considered in patients with focal dystonia. Injections of botulinum toxin into the
affected musculature are now considered the first choice of treatment.

What surgical procedure is available for the treatment of dystonia?

Patients with severe unilateral dystonia (hemidystonia) who are not responsive to medical
therapy may benefit from pallidotomy or thalamotomy. More recently, deep brain stimulation
(DBS) of the globus pallidus has been an effective treatment option for generalized dystonia
in particular.

Coubes P, Gif L, El Fertit H, et al.: Electrical stimulation of the globus pallidus internus in
patients with primary generalized dystonia: long-term results. J Neurosurg 101:189-194, 2004.
Vidailhet M, Vercueil L, Houeto JL, et al.: Bilateral deep-brain stimulation of the globus

pallidus in primary generalized dystonia. N Engl J Med 352:459-467, 2005.

What is the role of botulinum toxin in the treatment of dystonia?

Botulinum toxin, one of the most lethal biologic toxins, is produced by the bacteria
Clostridium botulinum. It acts at the neuromuscular junction, where it binds to the
presynaptic cholinergic terminal and inhibits the release of acetylcholine. This functional
denervation causes weakness and atrophy. After 3 to 4 months, sprouting and regrowth of
the nerve terminals occur.

Botulinum toxin has been found to be effective in 95% of patients with blepharospasm, 90%
of patients with spasmodic dysphonia, 85% of patients with cervical dystonia, and a majority
of patients with oromandibular and hand dystonia. Patients with generalized dystonia
displaying prominent disability in a single region may benefit from application of botulinum
toxin to the involved area. The complications of botulinum toxin treatment are limited to local
weakness; different consequences depend on the area. For example, patients with
blepharospasm may have ptosis, whereas dysphagia is a potential complication of treatment
for cervical dystonia. Most complications, however, resolve spontaneously after 2 to 4 weeks.
A small percentage of patients (3% to 5% in some series) develop antibodies directed against
botulinum toxin.

Anyanwu B, Hanna PA, Jankovic J: Botulinum toxin: Primary and secondary resistance. In Ward
A, Barnes MP (eds): Clinical Uses of Botulinum Toxins. Cambridge, Mass: Cambridge University
Press, 2007.

Jankovic J: Botulinum toxin in clinical practice. J Neurol Neurosurg Psychiatry
75:951-957, 2004.

Jankovic J, Vuong KD, Ahsan J: Comparison of efficacy and immunogenicity of original
versus current botulinum toxin in cervical dystonia. Neurology 60:1186-1188, 2003.

What other conditions may be treated with botulinum toxin?

Conditions other than dystonia also have been successfully treated with botulinum toxin.
Strabismus was the first disease to be treated with botulinum toxin. Ninety percent of
patients with hemifacial spasm, a form of segmental myoclonus, improve with injections of
the toxin. Over 50% of patients with tremor of the hand and/or head improve with botulinum
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toxin. Reports also describe efficacy of this treatment in patients with various disorders
associated with abnormal or inappropriate muscle contractions, including tics.

Kwak CH, Hanna PA, Jankovic J: Botulinum toxin in the treatment of tics. Arch Neurol
57:1190-1193, 2000.

TIC DISORDERS

What are tics?

Tics are relatively brief, sudden, rapid, and intermittent movements (motor tics) or sounds
(vocal tics). They may be repetitive and stereotypic. Tics are usually abrupt in onset and brief
(clonic tics) but may be slow and sustained (dystonic tics). Examples of even more

prolonged tics (tonic tics) include abdominal or limb tensing. Simple tics are caused by
contractions of only one group of muscles and result in a brief, jerk-like movement or single,
meaningless sound. Motor tics may also be complex, consisting of coordinated sequenced
movements that resemble normal motor acts but are inappropriately intense and timed. Complex
vocal tics include linguistically meaningful utterances and verbalizations. Tics, especially if
dystonic, are associated with premonitory feelings that are relieved by performing the tics. Unlike
other hyperkinetic dyskinesias, tics may be temporarily suppressed, leading some authors to
suggest that in many patients they are purposefully, albeit irresistibly, performed (Table 11-9).

TABLE 11-9. PHENOMENOLOGIC CLASSIFICATION OF TICS

Oculogyric movements
Shoulder rotation
Sustained mouth opening
Torticollis

Complex tics
Copropraxia (obscene gestures)
Echopraxia (imitating gestures)
Head shaking
Hitting
Jumping
Kicking
Throwing
Touching

Motor Tics Vocal Tics

Simple tics Simple tics
Clonic tics Blowing
Blinking Coughing
Head jerking Grunting
Nose twitching Screaming

Dystonic tics Sneezing
Abdominal tensing Squeaking
Blepharospasm Sucking
Bruxism Throat clearing

Complex tics

Coprolalia (shouting of obscenities)

Echolalia (repetition of someone else’s
phrases)

Palilalia (repetition of one’s own
utterances or phrases)
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55. What are the most common causes of tic disorders?
Tourette’s syndrome and related disorders are the most important and common causes of tics.
However, these dyskinesias may accompany other hereditary disorders or follow acquired
diseases (Table 11-10).

TABLE 11-10. ETIOLOGIC CLASSIFICATION OF TICS

Physiologic tics

Mannerisms Gestures
Pathologic tics
Primary
Transient tic disorder Torsion dystonia
Chronic tic disorder Huntington’s disease
Chronic motor tic disorder Neuroacanthocytosis

Chronic phonic tic disorder
Tourette’s syndrome
Secondary (Tourette’s)

Chromosomal abnormalities Infections
Down syndrome Creutzfeldt-Jakob disease
Fragile X syndrome Encephalitis
XYY syndrome Postencephalitic parkinsonism
XXX + 9p mosaicism Sydenham’s chorea
Drugs Mental retardation
Anticonvulsants Autism
Dopamine receptor-blocking drugs Pervasive developmental disorders
Levodopa Rett’s syndrome
Stimulants Rubella syndrome
Amphetamine Static encephalopathy
Cocaine Others
Methylphenidate Carbon monoxide poisoning
Pemoline Schizophrenia
Head trauma Stroke

56. What features are necessary to make the diagnosis of Tourette’s syndrome (TS)?
According to currently established criteria, the diagnosis of TS requires all of the following
features: onset before age 21, multiple motor tics, one or more vocal tics, fluctuating course,
and presence of tics for more than 1 year. Tics that last less than 1 year are categorized as
transient tic disorder (TTD). TTD is estimated to occur in 5% to 24% of schoolchildren; there
is no accurate way to predict whether TTD will evolve into TS. Chronic motor tic disorder
(CMTD) or chronic phonic tic disorder (CPTD) have the same criteria as TS, but patients
display only either motor or phonic (vocal) tics.

TS, defined by the motor manifestations, is three times more frequent in males, but when
obsessive compulsive disorder (OCD) is included, the male preponderance becomes much less
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significant. The onset is around age 7 years for facial tics with gradual progression in a
rostrocaudal fashion. The diagnosis is often delayed because of a tendency to misinterpret or
not recognize the tics or behavioral problems as abnormal. Behavioral problems usually
precede the onset of tics by 2 to 3 years.

What is the clinical spectrum of tic disorders and Tourette’s syndrome?

A growing body of evidence supports the notion that primary tic disorders represent a clinical
spectrum, ranging from the mild TTD to TS. Several studies show that TTD, CMTD, CPTD, and
TS are transmitted as inherited traits in the same families, suggesting that they may
represent an expression of the same genetic defect. One problem with the current criteria of TS
is that they do not take into account the extensive range of psychopathology and academic
problems. For example, OCD is encountered in at least 50% of patients and is related to the
same gene responsible for the expression of tics. Attention-deficit/hyperactivity disorder
(ADHD) is also quite frequent (50% to 60%) among patients with TS, but the genetic
association between the two conditions is less well understood. Other behavioral disturbances
frequently observed in TS are aggressiveness, anxiety, conduct disorders, depression,
learning difficulties, panic attacks, and sleep abnormalities.

How is TS genetically transmitted?

Tourette’s syndrome displays a sex-influenced, autosomal dominant mode of inheritance

with variable expressivity as TS, CMTD, or OCD. A recent advance has been the finding of a

frameshift mutation in the slit and Trk-like1 (SLITRK1) gene located on chromosome 13qg1.1.
Abelson JF, Kwan KY, 0'Roak BJ, et al.: Sequence variants in SLITRK1 are associated with

Tourette’s syndrome. Science 310:317-320, 2005.

How is Tourette’s syndrome treated?

Tics require treatment when they are socially embarrassing, painful (dystonic tics often
cause pain), and severe enough to interfere with functioning. Their management relies on the
use of dopamine blockers such as fluphenazine, which is more effective and associated with
less sedation than other antidopaminergic drugs. Typically, a daily dose of 3 to 6 mg is
sufficient to provide adequate relief. These drugs should be used cautiously because of the
potential for causing tardive dyskinesia (TD).

The behavioral problems present in TS usually cause more disabilities than tics.
Clonidine is considered the first option in the management of ADHD. A significant number of
patients experience drowsiness at the beginning of treatment. Once they are stabilized on the
medication, they are switched to a clonidine patch. Deprenyl, a specific inhibitor of the
enzyme monoamine oxidase type B, the metabolites of which share some properties
with amphetamines, has been shown in an open study to represent an effective
alternative for treatment of ADHD without causing tics. Clomipramine is the first
option to treat OCD, but imipramine, fluoxetine, and sertraline also may be useful.
Carbamazepine and lithium are sometimes used in patients with impulse control problems
(Table 11-11).

In recent reports, deep brain stimulation has been suggested for treatment of medically
refractory patients. It appears promising as both motor and neuropsychiatric improvements
have been suggested in these reports.

Maciunas RJ, Maddux BN, Riley DE, et al.: Prospective randomised double blind trial of
bilateral thalamic deep brain stimulation in adults with Tourette syndrome. J Neurosurg
107:1004-1014, 2007.

Shahed J, Poysky J, Kenny C, et al.: GPi deep brain stimulation for Tourette syndrome
improves tics and psychiatric comorbidities. Neurology 68:159-160, 2007.
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TABLE 11-11. GUIDELINES FOR THE TREATMENT OF TOURETTE'S SYNDROME

Feature Treatment

Tics Fluphenazine
Pimozide
Haloperidol
Trifluoperazine
Molindone
Tetrabenazine
Botox

ADHD Clonidine
Deprenyl
Methylphenidate
Dextroamphetamine

0cD Clomipramine
Fluoxetine
Imipramine
Sertraline

Low impulse control Carbamazepine
Lithium

ADHD, attention-deficit/hyperactivity disorder; OCD, obsessive compulsive disorder.

CHOREA

What is Huntington’s disease (HD)?

Huntington’s disease is clinically characterized by the presence of a triad composed of chorea,
cognitive decline, and a positive family history. Chorea consists of involuntary, continuous,
abrupt, rapid, brief, unsustained, irregular movements that flow randomly from one body part
to another. Patients can suppress chorea partially and temporarily and frequently incorporate
movements into semipurposeful activities (parakinesia). Affected patients have a peculiar,
irregular gait. Besides chorea, other motor symptoms include dysarthria, dysphagia, postural
instability, ataxia, myoclonus, and dystonia. Motor impersistence is the inability to maintain
constant voluntary muscle contraction such as in the characteristic milkmaid’s grip during a
handshake. The tone is decreased, and the deep reflexes are often hung up and pendular. All
patients eventually develop dementia, mainly characterized by loss of recent memory and
impairment of judgment, concentration, and acquisition. Neurobehavioral disturbances
occasionally precede motor symptoms and consist of personality changes, apathy, social
withdrawal, agitation, impulsiveness, depression, mania, paranoia, delusions, hostility,
hallucinations, and psychosis.

Virtually all patients have a family history of a similar condition transmitted in an autosomal
dominant fashion. Caudate and putamen atrophy on neuroimaging studies is another feature
supportive of the diagnosis of HD.

Jankovic J, Ashizawa T: Huntington’s disease. In Noseworthy J (ed): Neurological
Therapeutics: Principles and Practice, London, Martin Dunitz, 2003.
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What is the Westphal variant?
In 10% of cases of HD, the onset is before age 20 (Westphal variant). The disease is then
characterized by the combination of progressive parkinsonism, dementia, ataxia, and seizures.

What are other common causes of chorea?
It is probable that levodopa-induced chorea in parkinsonism is the most common cause of
chorea. Usually this diagnosis is not difficult once the history is available.

The combination of chorea and psychiatric symptoms can be found in Wilson’s disease.
However, the diagnosis is easily made by finding a Kayser-Fleischer ring, low-plasma
ceruloplasmin, and evidence of hepatic dysfunction. Sydenham’s chorea is a form of
autoimmune chorea, preceded by a group A streptococcal infection. Rarely encountered in the
United States, this condition is one of the most common causes of chorea in underdeveloped
areas. Systemic lupus erythematosus and primary antiphospholipid antibody syndrome are
other causes of autoimmune chorea. Senile chorea is a condition in which chorea is the only
feature; no family history of HD is present.

Ala A, Walker AP, Ashkan K, et al.: Wilson’s disease. Lancet 369:397-408, 2007.

Is it possible to make a diagnosis of HD in asymptomatic individuals?
The HD gene (designated IT15) has been identified near the tip of the short arm of
chromosome 4 (4p16.3). An unstable expansion of the CAG repeat sequence is present at the
5" end of this large (210 kb) gene. The HD gene encodes a 348-kDa protein called huntingtin.
Recent studies suggest that the aggregation of mutant huntingtin may be part of the
pathogenesis of HD. All patients with HD studied to date have had >36 CAG repeats, but repeat
length as short as 29 has been reported with pathologically proven HD. HD families also
display “anticipation,” or progressively earlier onset of disease in successive generations,
typically with increasing CAG repeat size. Such findings allow genetic testing of at-risk
individuals before the onset of symptoms. However, until effective treatment is available for
HD, many ethical and legal dilemmas associated with genetic testing remain to be solved.
Ravina B, Romer M, Constantinescu R, et al.: The relationship between CAG repeat length
and clinical progression in Huntington’s disease. Mov Disord 23:1223-1227, 2008.
Rosenblatt A, Liang KY, Zhou H, et al.: The association of CAG repeat with clinical
progression in Huntington disease. Neurology 66:1016-1020, 2006.

What are the neuropathologic findings in HD?
The most important pathologic findings in HD are neuronal loss and gliosis in the cortex and
striatum, particularly the caudate nucleus. Chorea seems to be primarily related to loss of
medium spiny striatal neurons projecting to the lateral pallidum. This results in functional
hypoactivity of the STN with consequent hyperactivity of the thalamic tier. Cortical thinning in
various parts such as sensorimotor, parietal, occipital, and inferior temporal lobes is now being
recognized in HD and has been associated with earlier cognitive symptoms.

Rosas HD, Salat DH, Lee SY, et al.: Cerebral cortex and the clinical expression of
Huntington’s disease: Complexity and heterogeneity. Brain 131(Pt 4):1057-1068, 2008.

Is there any protective treatment for HD?

Unfortunately, to date no therapeutic intervention has been capable of halting the relentless
progression of HD. In the adult form, death occurs after a mean duration of 15 years, whereas
in the juvenile variant the mean survival is 9 years. Tetrabenazine in observational and
randomized controlled trials has significantly reduced chorea in HD. Other treatments include
neuroleptics, which temporarily relieve chorea and psychosis by interfering with dopaminergic
transmission. However, these drugs cause several side effects, including tardive dyskinesia
(TD). An alternative approach is to use medications that deplete presynaptic dopamine (e.g.,
reserpine), which have not been reported to cause TD. Benzodiazepines and antidepressants
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are also commonly used for anxiety and depression associated with HD. Fetal transplantation
has shown no beneficial results.

Huntington Study Group: Tetrabenazine as antichorea therapy in Huntington disease.
Neurology 66:366-372, 2006.

Kenney C, Hunter C, Davidson A, et al.: Short term effects of tetrabenazine on chorea
associated with Huntington’s disease. Mov Disord 22:10-13, 2007.

DRUG-INDUCED MOVEMENT DISORDERS

66. What is an acute dystonic reaction?
Acute dystonic reaction is an abrupt, drug-induced dystonia, especially of the head and neck.
About 2.5% of patients treated with neuroleptics develop ADR within the first 48 hours of
treatment. Cocaine use increases the likelihood of ADR. Although it is one of the first described
neuroleptic-induced movement disorders, the pathophysiology of ADR remains unknown.
Because it follows the use of dopamine receptor—blocking drugs and improves with
anticholinergics, it is presumed that changes in the striatal dopamine and acetylcholine are
important in the genesis of ADR.

67. What is tardive dyskinesia?
Tardive dyskinesia is a hyperkinetic movement disorder caused by dopamine receptor—
blocking drugs. According to current criteria, it is possible to make the diagnosis of TD when
the hyperkinesia develops during treatment with neuroleptics or within 6 months of their
discontinuation and persists for at least 1 month after stopping all neuroleptic agents. It is
estimated that 20% of patients exposed to neuroleptics develop TD, but the values range from
13% to 49%. Severe TD seems to be more common in young males and elderly females.

KEY POINTS: BASAL GANGLIA AND MOVEMENT v
DISORDERS

1. Loss of pigmented dopaminergic neurons in the substantia nigra is the pathologic hallmark of PD.
. Sinemet (levodopa) remains the most valuable therapy for PD.

. Essential tremor is the most common cause of non-parkinsonian tremor.

. Cervical dystonia (torticollis) is the most common form of focal dystonia.

. Botulinum toxin is the treatment of choice for most focal dystonias.

oo o A W N

. Tardive dyskinesia is a serious side effect of many neuroleptic drugs.

68. What is the importance of recognizing stereotypy in an adult patient?
Stereotypy is defined as a seemingly purposeful, coordinated, but involuntary, repetitive,
ritualistic gesture, mannerism, posture, or utterance. Examples of stereotypies include
repetitive grimacing, lip smacking, tongue protruding, and chewing movements. The tongue
also may move laterally in the mouth (“bon-bon sign”). In addition, patients with tardive
dyskinesias, the most common form of adult-onset stereotypy, often exhibit head bobbing,
body rocking, leg crossing and uncrossing, picking at clothing, shifting weight, and marching
in place.



m CHAPTER 11 BASAL GANGLIA AND MOVEMENT DISORDERS

Stereotypy is the most common form of TD (78% of cases). The second most common
form of TD is dystonia (75% of patients). The presence of stereotypies in an adult without
mental retardation or untreated schizophrenia strongly suggests the diagnosis of TD, especially
in association with other movement disorders commonly present in TD (akathisia, tremor,
myoclonus, chorea, and tics) (Figure 11-4).

Figure 11-4. A patient with tardive dyskinesias manifesting stereotypic orolingual movements.

69. What is the pathogenesis of TD?
Because medications that
cause TD block the dopamine
receptors, dysfunction of
striatal dopaminergic
systems has been implicated
in the pathogenesis.
However, the mechanism of
production of TD is still not
understood. Clinical and
experimental evidence
suggests that TD and LID
share a common
pathogenetic mechanism.
These studies suggest that
TD ultimately results from
disruption of the lateral
pallidal-subthalamic
GABAergic projection,
leading to inhibition of the
STN. Recent evidence
supports the notion that
dopamine receptor—blocking
drugs exert a neurotoxic
effect, resulting in neuronal
damage. There is no
explanation, however, for
the diversity of movement
disorders in TD. The relatively specific pharmacologic profile of each of these dyskinesias suggests
that different mechanisms are involved in their generation (Figure 11-5).

Figure 11-5. A patient with axial tardive dystonia.
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70. How is TD treated?

71.

72.

The first step in the treatment of TD is to stop the offending drug, which results in
spontaneous remission in approximately 60% of cases. Drugs that deplete dopamine, such as
reserpine, are the most effective agents for treatment of TD. Tardive dystonia has a less
satisfactory response to systemic treatment than other forms of TD. TD may improve with
anticholinergic agents, whereas the other types, including stereotypy, may worsen. In patients
with focal forms of dystonia, such as cranial and cervical dystonia, injection of botulinum
toxin into the affected musculature is a useful and safe alternative. In a small trial,
levetiracetam was found to be useful in reducing TD.

Konitsiotis S, Pappa S, Mantas C, et al.: Levetiracetam in tardive dyskinesia: An open label
study. Mov Disord 21:1219-1221, 2006.

Ondo WG, Hanna PA, Jankovic J: Tetrabenazine treatment for tardive dyskinesia:
Assessment by randomized videotape protocol. Am J Psychiatry 156:1279-1281, 1999.

OTHER MOVEMENT DISORDERS

How can myoclonus be distinguished from chorea and tics?

Myoclonus is defined as a brief, sudden, shocklike jerk that may be caused not only by
active muscle contractions (positive myoclonus) but also by lapses of muscle contraction
(negative myoclonus). Many of the individual movements of chorea are myoclonic, but, unlike
myoclonus, they are continuous, occurring in a constant flow. Tics may resemble myoclonus,
but they are usually preceded by premonitory feelings, and patients usually have some degree
of control over them.

How is myoclonus classified?
Myoclonus may be classified by etiology, pathophysiology, and distribution (Table 11-12).

TABLE 11-12. CLASSIFICATION OF MYOCLONUS

Etiology
Physiologic myoclonus Epileptic myoclonus (continued)
Anxiety Fragments of epilepsy
Benign infantile myoclonus with feeding Epilepsia partialis continua
E>.<er0|se Isolated myoclonic epileptic
Hiccup myoclonic jerks
Nocturnal myoclonus Myoclonic absences in petit mal
Essential myoclonus Photosensitive myoclonus
Autosomal dominant Progressive myoclonus epilepsy
Sporadic Symptomatic myoclonus
Epileptic myoclonus

Basal ganglia degenerations
Cortical basal ganglionic degeneration
Hallervorden-Spatz disease
Huntington’s disease
Myoclonic dystonia
Parkinson’s disease
Progressive supranuclear palsy

Benign familial myoclonic epilepsy
Childhood myoclonic epilepsies
Cryptogenic myoclonus epilepsy
Infantile spasms
Juvenile myoclonus epilepsy
Myoclonic astatic epilepsy

(continued)
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TABLE 11-12. CLASSIFICATION OF MYOCLONUS (continued)

Etiology (continued)

Symptomatic myoclonus (continued)
Dementias
Alzheimer’s disease
Creutzfeldt-Jakob disease
Gerstmann-Straussler-Scheinker
syndrome
Focal lesions
Dentato-olivary lesions
Stroke
Thalamotomy
Trauma (CNS or peripheral
nervous system)
Tumor
Metabolic and toxic encephalopathies
Biotin deficiency
Bismuth
DDT
Drugs, including levodopa
Dialysis syndrome
Heavy metal poisoning
Hepatic failure
Hypoglycemia
Hyponatremia
Infantile myoclonic encephalopathy
Methyl bromide

Adapted from Marsden CD: Myoclonus:
Disorders Course, AAN, 1992, p. 93.

Metabolic/toxic encephalopathies
(continued)
Mitochondrial encephalopathy
Multiple carboxylase deficiency
Nonketotic hyperglycemia
Physical encephalopathies
Decompression injury
Electric shock
Heat stroke
Posthypoxia
Spinocerebellar degeneration
Storage disease
Ceroid lipofuscinosis
Lafora body disease
Lipidoses
GM1-gangliosidosis
GM2-gangliosidosis
Krabbe’s disease
Tay-Sachs disease
Viral encephalopathies
Arbor virus encephalitis
Encephalitis lethargica
Herpes simplex encephalitis
Postinfectious encephalitis
Subacute sclerosing panencephalitis

Pathophysiology
Cortical Brain stem Spinal
Epilepsia partialis continua Palatal Propriospinal
Focal Essential Segmental
Generalized Symptomatic Peripheral
Multifocal Reticular
Thalamic Startle
Distribution
Axial Generalized Segmental
Focal Multifocal

Classification and treatment. Syllabus for the Movement
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How is myoclonus treated?

Recognition of the different types of myoclonus has practical implications because each of the
categories has a unique pathophysiologic mechanism and specific treatment. Myoclonus
related to metabolic encephalopathies improves with treatment of the metabolic disturbance.
Epileptic myoclonus is initially treated with sodium valproate. If toxic reactions occur or the
patient is still symptomatic, either clonazepam or primidone may be added. Clonazepam is the
first choice in myoclonus arising from the brain stem, but 5-hydroxy-tryptophan,
clomipramine, and fluoxetine are useful alternatives. Spinal and other segmental myoclonus
also may respond to clonazepam or drugs that enhance serotoninergic transmission, but
injections of botulinum toxin in the affected musculature have been the most useful treatment.
Recent studies with levetiracetam for the treatment of cortical myoclonus have shown some
promising results as an antimyoclonic agent.

Striano P, Manganelli F, Boccella P, et al.: Levetiracetam in patients with cortical myoclonus:
A clinical and electrophysiological study. Mov Disord 20:1610-1614, 2005.

What is asterixis?

Asterixis is a form of negative myoclonus mainly associated with metabolic encephalopathies;
electrophysiologically, it is characterized by the presence of brief silences of electric muscular
activity. Although originally described in patients with hepatic encephalopathy, asterixis may be
caused by many other conditions. The early stages of metabolic dysfunction assume a
rhythmic aspect, resembling tremor. With progression of the underlying cause, when patients
hold their arms outstretched, the wrists display a characteristic flexion (caused by electric
silence in the antigravity muscles) (Table 11-13).

TABLE 11-13. CAUSES OF ASTERIXIS

Hepatic Failure Drugs Lesions in the CNS
Respiratory failure Anticonvulsants Medial frontal cortex
Renal failure Salicylates Parietal lobe

Cardiac failure Levodopa Internal capsule
Chronic hemodialysis Thalamus
Polycythemia Rostral midbrain

What is stiff person syndrome (SPS)?

Patients with this rare disorder have progressive, usually symmetric, rigidity of the axial
muscles that may fluctuate in intensity. Motion, tactile stimulation, emotion, and startle are
common triggering factors of the spasms. EMG shows continuous normal motor unit
potentials in the affected muscles despite the patient’s attempts to relax. The diagnosis is
supported by relief of the rigidity with general and spinal anesthesia, peripheral nerve blocks,
and diazepam, which is still the first-line treatment of SPS. In refractory cases, propofol,
rituximab, and IVIG have been reported to be of benefit. It should be noted that use of general
anesthesia in patients with SPS carries a risk of postoperative hypotonia, especially with
concomitant use with muscle relaxants.

An insight into the pathophysiology of SPS was provided by the finding that 20 of 33
patients had autoantibodies against glutamic acid dehydoxylase (GAD). The hypothesis of an
autoimmune etiology of SPS is further supported by the presence of other autoantibodies
(e.g., to islet cells and gastric parietal cells), coexistent autoimmune diseases such as
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insulin-dependent diabetes mellitus, vitiligo, thyroid disease, family history of presumed
autoimmune conditions, and improvement with plasmapheresis and corticosteroid drugs.
Dalakas MG: The role of IVIg in the treatment of patients with stiff person syndrome and
other neurological diseases associated with antiGAD antibodies. J Neurol 252(Suppl 1):119-125,
2005.
Koerner C, Wieland B, Richter W, et al.: Stiff-person syndromes: motor cortex
hyperexcitability correlates with anti-GAD autoimmunity. Neurology 62:1357-1362, 2004.

What is Wilson’s disease?

Wilson’s disease is an autosomal recessive disease; the gene is linked to markers located
in the q14-21 region on chromosome 13. The prevalence of the disease is estimated to

be 1in 30,000. It is associated with impaired incorporation of copper into ceruloplasmin as
well as impaired biliary excretion of copper. The result is copper overloading in the

liver, cornea, and brain, particularly in the basal ganglia. Virtually all patients display
laboratory and/or clinical evidence of liver insufficiency. The most useful laboratory
screening test is plasma ceruloplasmin, which usually is less than 20 mg/dL (normal:

24 to 45 mg/dL).

The most common neurologic findings are parkinsonism, bulbar signs (e.g., dysarthria and
dysphagia), dystonia, postural tremor, and ataxia. Psychiatric symptoms, such as depression
and psychosis, are particularly common among adults.

MRI of the head may display either decreased or increased signal intensity in the striatum
on T2-weighted images. MRI of the midbrain may show a specific “face of a giant panda”
appearance, which is produced by reversal of the normal hypointensity of the substantia nigra,
midbrain tegmentum, and hypointensity in the superior colliculi.

Ala A, Walker AP, Ashkan K, et al.: Wilson’s disease. Lancet 369:397-408, 2007.

What is the treatment for Wilson’s disease?

Early diagnosis is essential because treatment with copper-chelating agents often completely
reverses the neurologic and hepatic symptoms. All siblings and cousins should be screened
because presymptomatic patients require treatment to prevent development of symptoms.
Penicillamine is the drug of choice for Wilson’s disease; the typical dose is 250 mg 4 times a
day in combination with pyridoxine (25 mg/day). Side effects are initial exacerbation of
symptoms, rash, optic neuritis, thrombocytopenia, leukopenia, and nephrotoxicity. Other
options to decrease copper overload are triethylene tetramine dihydrochloride, zinc sulphate,
and tetrathiomolybdate. Symptomatic treatment of neurologic symptoms includes levodopa,
anticholinergics, and injections of botulinum toxin. Liver transplant may be necessary in
terminal cases of hepatic insufficiency.

What are the paraneoplastic movement disorders?

Opsoclonus-myoclonus designates a combination of rapid, erratic, involuntary movements of
the eyes, with multifocal myoclonus (dancing eyes—dancing feet syndrome). Most cases
occur between ages 6 and 18 months. Fifty percent of cases are related to an underlying
neoplasm, especially neuroblastoma. This syndrome also occurs in adults with brain stem
encephalitis, either paraneoplastic or infectious (Whipple’s disease). Steroids dramatically
improve this form of myoclonus. A few cases have been reported in patients with SPS, breast
cancer, and autoantibodies against amphiphysin.

Ataxia is another well-established paraneoplastic movement disorder. The mechanism is
cerebellar degeneration related to anti-Purkinje cell antibodies. There are also reports of
parkinsonism, chorea, dystonia, segmental rigidity, and action and segmental myoclonus as
remote effects of neoplasm.

Samii A, Dahlen DD, Spence AM, et al.: Paraneoplastic movement disorder in a patient with
non-Hodgkin’s lymphoma and CRMP-5 autoantibody. Mov Disord 18:1556-1558, 2003.



CHAPTER 11 BASAL GANGLIA AND MOVEMENT DISORDERS m

WEBSITES

1. http://www.apdaparkinson.org

I

2. http://www.psp.org

3. http://www.tsa-usa.org

BIBLIOGRAPHY

1. Fahn S, Jankovic J: Principles and Practice of Movement Disorders. Philadelphia, Churchill Livingstone, 2007.

2. Jankovic J: The extrapyramidal disorders. In Goldman L, Ausiello D, eds. Cecil Textbook of Medicine, 22nd ed.
Philadelphia, WB Saunders, 2004.

3. Jankovic J, Lang AE: Movement disorders: diagnosis and assessment. In Bradley WG, Daroff RB, Fenichel GM,
et al (eds): Neurology in Clinical Practice, 4th ed. Philadelphia, Butterworth-Heinemann, 2004.

4. Jankovic J, Tolosa E, eds. Parkinson’s Disease and Movement Disorders, 5th ed. Baltimore, Williams & Wilkins,
2006.


http://www.apdaparkinson.org
http://www.psp.org
http://www.tsa-usa.org

(5]
—
[~
L
[—
o
<<
=
(=]

2.

AUTONOMIC NERVOUS SYSTEM

Yadollah Harati, MD, FACP, and Shahram [zadyar, MD

What are the physiologic responses to stimulation of the sympathetic and

parasympathetic systems?
See Figure 12-1.

Sympathetic stimulation
Tachycardia

Increased heart contractility
Bronchodilation

Decreased peristalsis

Mydriasis

Ciliary muscle relaxation (far vision)
Bladder internal sphincter contraction
Detrusor relaxation

Ejaculation

Decreased kidney output

Vasoconstriction

Piloerection

Increased sweating
Glycogenolysis, gluconeogenesis
Lipolysis

Parasympathetic stimulation

Bradycardia

Decreased heart contractility

Bronchoconstriction

Increased peristalsis

Miosis

Ciliary muscle contraction (near vision)

Bladder internal sphincter relaxation

Detrusor contraction

Penile erection

Increased exocrine gland secretion
(salivary, lacrimal)

Vasodilation

What features of the history must be explored in all patients with suspected

autonomic dysfunction?

Some cardinal symptoms of autonomic dysfunction may be drug-induced or have a
psychogenic etiology. With this caveat in mind, special attention to symptoms involving the
following systems is essential when obtaining a history:

1. Cardiovascular—Orthostatic lightheadedness, dizziness, blurred vision, syncope or
near-syncope, fatigue, weakness (especially in the legs on standing), headache, and neck
ache after prolonged standing (coat hanger phenomenon), postprandial or postexercise
lightheadedness or angina pectoris, fainting after alcohol ingestion or insulin injection,
palpitations, resting tachycardia, orthostatic cerebral transient ischemic attack symptoms,

angina pectoris.

2. Sudomotor and vasomotor—nPartial or complete loss of sweating, heat intolerance (hot,
flush, dizzy, and weak without sweating), excessive sweating (partial or total), facial and
upper trunk gustatory sweating (especially when food incites salivation or with ingestion of
cheese), nocturnal sweating, skin cracks on distal extremities, dry and shiny skin, unusually
cold or warm feet, reduced skin wrinkling, peripheral edema.

3. Secretomotor—Dry mouth and eyes, increased saliva production.

4. Genitourinary—History of urinary tract infections, lengthened interval between
micturitions, increased volume of first morning void, need for straining to initiate and
maintain voiding, weakness of stream, postvoid dribbling, sensation of incomplete
emptying of bladder, overflow incontinence, frequency and urgency with or without dysuria
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Figure 12-1. Sympathetic and parasympathetic nervous systems. From Nadeau SE, Ferguson TS,
Valenstein E, et al.. Medical Neuroscience. Philadelphia, Saunders, 2004, p 504.

(with superimposed infection), impotence (difficulty in initiating and/or maintaining
erection), reduced or absent waking erection, diminished libido, decreased volume of
ejaculation, inability to ejaculate, retrograde ejaculation, reduced vaginal lubrication.
5. Respiratory—Irregular breathing or apnea during sleep.
6. Gastrointestinal—Dysphagia, retrosternal discomfort, heartburn, anorexia, epigastric

fullness during or after meals, recurrent episodes of nausea and vomiting (fasting and/or

postprandial) associated with upper abdominal pain, constipation, diarrhea (especially
nocturnal), or fecal incontinence (especially at night), weight loss. Note that explosive
diarrhea and severe constipation may alternate.

7. Ocular—Blurring of vision, trouble focusing, photophobia, difficulty seeing at night,
drooping of eyelids.

8. Factors aggravating symptoms—Alcohol, continued standing, hot temperature
(environmental, hot bath, fever), exercise, bed rest, food ingestion, and hyperventilation.

What physical examination must be performed in all patients with suspected
autonomic dysfunction?
A careful examination of the skin provides valuable clues to the presence of autonomic

dysfunction. Particular attention should be given to acral vasomotor and trophic changes of

the skin, abnormal sweating patterns, and the presence of allodynia or hyperalgesia.
Examination of the eyes (ptosis) and pupillary shape, size, and response to light and

accommodation is essential. Cardiovascular examination includes measurement of the heart
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rate at rest in response to deep breathing and Valsalva maneuver. Supine blood

pressure (BP) and heart rate after 5 to 10 min of rest followed by measurement after active
standing for 3 min should be checked in every patient with suspected dysautonomia. If
orthostatic hypotension (systolic BP drop >20 mmHg or diastolic BP drop >10 mmHg) is
not noted in a patient who nevertheless has symptoms of orthostatic hypotension, the
patient should be asked to do 12 squats (orthostatic stress test), after which the standing
BP is repeated.

4. What are the major anatomic differences between the sympathetic and
parasympathetic nervous systems?
The sympathetic neurons are located in the interomediolateral (IML) and intermediomedial
(IMM) columns of the thoracic and upper lumbar spinal cord. Axons of these neurons make
synaptic contact with ganglionic neurons in the bilateral paravertebral or largely unpaired
prevertebral ganglia. The parasympathetic neurons lie in the brainstem and the intermediate
zone of the sacral spinal cord. The parasympathetic relay ganglia are located near or in the wall
of the effector organs.

Because of the close proximity of sympathetic ganglia to the primary efferent sympathetic
neurons (IML and IMM columns), the sympathic preganglionic fibers are short, whereas
the postganglionic fibers may extend a long way to their target organs. The parasympathetic
preganglionic axons, on the other hand, are relatively long myelinated fibers that synapse
with parasympathetic relay ganglia located near or within the wall of individual innervated
organs. The postganglionic parasympathetic fibers, are, therefore, short (1 mm to several
centimeters).

The number of postganglionic neurons is very close to the number of preganglionic neurons
in the parasympathetic system. On the other hand, the high ratio of postganglionic to
preganglionic neurons in the sympathetic system explains the massive sympathetic outflow
and the wide range of autonomic effects that occur during strenuous and stressful situations.
Sympathetic activation can lead to simultaneous and diverse reactions including raised
arterial blood pressure, increased blood flow to active muscles, increased muscle glycolysis
and blood glucose level, enhanced mental activity and muscular strength, increased sphincter
contraction, and decreased gastrointestinal peristalsis. A disorder that predominantly affects
the sympathetic nervous system may, therefore, render the body incapable of dealing
appropriately with strenuous physical or emotional stimulation. In contrast, the small
difference between the number of preganglionic and postganglionic neurons in the
parasympathetic system promotes a more localized response and allows a highly specific,
controlled output.

5. Discuss the major neurotransmitters and their receptors in the autonomic
nervous system.
Acetylcholine (ACh) is the neurotransmitter for all preganglionic and for the parasympathetic
postganglionic neurons. ACh receptors in the autonomic nervous system are divided into
nicotinic and muscarinic types. Nicotinic receptors, of which there are multiple subtypes
found mainly in the ganglia, are ligand-gated sodium channels that mediate fast responses.
Muscarinic receptors mediate slower responses and are found mostly throughout autonomic
effector tissues. Five subtypes of muscarinic receptors (M; to Ms) have been identified
and cloned.

Norepinephrine (NE) is the neurotransmitter for most sympathetic postganglionic fibers.
Adrenergic receptors are divided into alpha (oy and o) and beta (B4, B2, and B3) types and are
localized in various autonomic effector tissues. Determining the importance of subtypes o4
(0t1a, 118, @Nd or1p) and o (oa, oop, and aog) receptors is a major area of current
investigation.
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6. What other neurotransmitters play a role in the autonomic nervous system?
Researchers have identified a plethora of neuropeptides that act as neuromodulators or
cotransmitters in autonomic signaling. Examples include substance P, calcitonin gene-
related peptide (CGRP), somatostatin, vasoactive intestinal peptide, oxytocin, and
enkephalins. Less conventional neurotransmitters such as nitric oxide, purines (adenosine
triphosphate [ATP]), and carbon monoxide have recently been implicated in autonomic
transmission as well. The colocalization of more than one neurotransmitter to a single nerve
terminal is well documented.

7. How useful is measurement of plasma catecholamines in the evaluation of
dysautonomia?
There are six detectable catecholamines in human plasma: the three main catecholamines of
the body (epinephrine, NE, and dopamine), their precursor (L-3,4-dihydroxyphenylalanine
[DOPA; levodopa]), and their metabolites (dihydroxyphenylacetic acid [DOPAC] and
dihydroxyphenylglycol [DHPG]).

The main source of plasma NE is the sympathetic network around blood vessels.
However, most of the released NE is metabolized before spilling over to the plasma and only
a small proportion enters the blood stream unchanged. The plasma level of NE is also
affected by its removal rate. Accordingly, an elevated plasma NE level could suggest a high
rate of sympathetic activity or a decreased rate of clearance from plasma. Measurement of
both NE and DHPG levels can provide further information about the mechanism involved.
DHPG is derived from the metabolism of NE following its reuptake in the sympathetic
nerve endings. An increased plasma level of NE mediated by increased sympathetic activity is
associated with elevated DHPG. On the other hand, if the diminished NE reuptake is the
cause of increased NE level, an increase in plasma DHPG would not be observed.

Various processes such as emotion, exercise, eating, smoking, caffeine, medications,
time of day, blood volume, hypoglycemia, and pathologic states such as cardiac ischemia
affect the release, reuptake, metabolism, and removal of this hormone. The plasma NE
level, therefore, must be interpreted with caution, taking the influence of the mentioned
factors into account.

8. What is the normal catecholamine response?
In normal subjects, the plasma level of NE is 150 to 170 pg/mL after 30 min in the supine
position; it increases 50% to 100% above supine values after 5 minutes of standing, and
remains constant after 10 minutes of standing.

9. How does age affect catecholamine measurements?
Because plasma NE increases with age, the value must be corrected for age. The mechanism
for increase with age is controversial; both reduced clearance and increased release have been
suggested. Microneurographic recordings show an increase in muscle sympathetic activity
with age, supporting the hypothesis of increased NE release.

10. Can catecholamine measurements localize the site of autonomic
dysfunction?
Patients with a neuropathy causing a primarily postganglionic autonomic abnormality (such as
pure autonomic failure) have a subnormal plasma level of NE in the supine position that fails to
increase during standing. In patients with intact postganglionic neurons (such as multiple
system atrophy) the plasma level of NE in the supine position remains within normal limits, but
fails to increase upon standing, similar to postganglionic abnormalities. Because of
considerable overlap between preganglionic and postganglionic abnormalities in individual
patients with autonomic dysfunction, plasma NE values alone are usually not sufficiently
diagnostic for the site of the lesion.
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11.

12.

What are the central structures that regulate the autonomic functions?
Telencephalic, diencephalic, and brain stem structures are involved in autonomic control.
Insular cortex, anterior cingulate cortex, and amygdala are parts of the telencephalon that are
in close contact with the hypothalamus and brain stem and play a central role in integration of
bodily sensations and emotions. Hypothalamic and thalamic nuclei, as part of the diencephalic
structures, are essential for maintaining the homeostasis of the body and integrating
autonomic and endocrine responses. Brain stem structures such as periaqueductal gray,
parabrachial nucleus, nucleus tract solitarii (NTS), ventrolateral medullary (LVM), and
medullary raphe all play crucial roles in cardiovascular function, respiration, and
thermoregulation.

What is the role of the NTS in the central autonomic network?
This important nucleus, situated at the dorsomedial medulla, receives inputs from
neocortical regions and from nuclei of the forebrain, higher brain stem, and diencephalon.
The visceral afferents, which convey information important to the reflexive regulation of
cardiac rhythm and motility, peripheral vascular tone, respiration, and gastrointestinal
motility and secretion, terminate at different parts of this nucleus. Most efferent fibers
from the NTS terminate in the parabrachial nucleus, which in turn project to higher brain
stem sites, hypothalamus, basal forebrain, and cerebral cortex. Efferent fibers from the NTS
also end on the neurons of the reticular formation of the ventrolateral medulla, which in
turn project to the IML cell column of the lateral horn of the spinal cord. In addition to
autonomic afferent and efferent fibers, the NTS also receives somatic afferents from the
spinal cord (dorsolateral horn) and spinal trigeminal lemniscus. This allows the NTS
to serve as an integration station for the autonomic and somatic information, playing a
vital role in the maintenance of body homeostasis (Figure 12-2). The NTS also plays a
major role in gustatory processing within the medulla. There is evidence indicating
norepinephrine neurons in the NTS play a role in transmission of signals from the peripheral
nervous system to brain structures involved in memory and learning. Recent studies have
revealed an actual neuroanatomical pathway between NTS norepinephrine neurons and
hippocampus.

Note: Nucleus tracti solitarii is the correct Latin term for this nucleus. Nucleus tractus
solitarious or nucleus tracti solitarious are distorted but commonly used terms.

Fourth ven