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Foreword

Writing a foreword to a new textbook is an act of faith. I do, however, have a considerable

degree of faith since I know the editors and many of the authors. They are well trained,

hard working, and expert.

Their intent has been to write a clinically useful handbook on the subject of periph-

eral neuropathy. Having edited (with others) four editions of another book on the same

subject, I can understand the desire to produce a short and light book. The eminent neur-

ologist Raymond Adams who reviewed our textbook on several occasions, complained

about its weight, arguing that it was not a handbook and could not be read in bed.

The Handbook of Peripheral Neuropathy is to be a practical book that provides easy

to understand information and which is light enough to hold in the hand, allowing it to be

read in bed as well as at the bedside of a patient. The editors acknowledge the clinical

expertise and mentorship of James Albers, MD, PhD, and his influence is perhaps reflected

in the well ordered table of contents. The editors and contributors are experienced neur-

ologists and electromyographers whose writings are worthy to be read. Now we await

what they say about the subjects which they review—the proof of the pudding will be

in the eating or in seeing the play (“to catch the conscience of the king”—Hamlet.). I

hope this foreword whets your appetite so that you will read it.

Peter James Dyck, M.D.

Roy E. and Merle Meyer Professor of Neuroscience

The Peripheral Neuropathy Research Laboratory

Mayo Clinic College of Medicine, Rochester, Minnesota, U.S.A.

v





Preface

Peripheral neuropathies are common clinical problems. Foot numbness and pain are

frequent complaints in the primary care setting. The complexity of nerve anatomy and

pathology and the long list of causes of peripheral neuropathy may seem daunting

and often lead primary care providers to refer patients to a neurologist. Even among

neurologists, the evaluation can be challenging. All of these factors contribute to the

general perception that the diagnosis and management of peripheral neuropathies is

complex and mysterious. The goal of this text is to de-mystify the evaluation and treatment

of peripheral neuropathies and to provide a practical guide to the management of common

symptoms.

The diagnosis of peripheral neuropathy can be simplified by using a structured

approach. One purpose of medical monographs is to bring order to apparent complexity.

Accordingly, this book is designed around a diagnostic approach based on an under-

standing of the anatomy and pathophysiology of the peripheral nervous system. This

approach involves asking a series of simple clinical and electrodiagnostic questions

whose answers lead to a full characterization of the neuropathy. When knowledge of

basic classes of neuropathies is added to this characterization, it can yield a reasonable

differential diagnosis. At this point, a focused set of laboratory tests can be rationally

selected that will maximize the diagnostic yield. Treatment and management of peripheral

neuropathy also benefit from an approach that emphasizes an understanding of underlying

pathophysiology of the neuropathy.

This book is divided into three broad sections. The first broad section provides an

evaluation algorithm. This algorithm is based on the anatomy, physiology and pathology

of peripheral nerves in the context of symptoms and signs. A similar algorithm is offered

for designing and interpreting electrodiagnostic tests. The role of special diagnostic tests,

including imaging, quantitative sensory testing, and nerve and skin biopsy is also reviewed

in the first section. The second broad section presents classes of peripheral neuropathies.

For each class, the clinical characteristics, electrodiagnostic features, examination find-

ings, treatment options and outcome are reviewed. The third broad section discusses

general treatment modalities and management issues which will improve the patient’s

well being.

We thank our many contributors who have provided their experience and expertise

to make this a clinically useful book. The mechanics of editing a book on peripheral

neuropathy are as daunting as the subject, and we could not have succeeded without the

vii



expertise of Ms. Becky Guertler. We also thank our publisher, especially Jinnie Kim the

acquiring editor, for their patience, in preparing the book.

We want to acknowledge our mentor in neuromuscular diseases, James Albers M.D.,

Ph.D., who has provided an approach to the diagnosis and management of peripheral

neuropathies that is reflected in the general outline of this book.

Mark B. Bromberg

A. Gordon Smith

viii Preface
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ABSTRACT

Neurologic diagnosis can be challenging, particularly for disorders of peripheral nerve.

For many clinicians, basic nerve anatomy and physiology and the various patterns of path-

ology can be daunting. In general neurology, diagnostic efficiency is enhanced by first

localizing the lesion within the nervous system followed by determination of the pathol-

ogy, and then a consideration of cause. The same approach can be applied to peripheral

nerve disorders. This chapter presents a structured approach to the evaluation of peripheral

nerve diseases based on asking a series of questions during the history and examination,

whose answers will lead to localization and characterization of the peripheral nerve lesion.

Following this, a meaningful list of laboratory tests can be ordered.

1. INTRODUCTION

Numbness, tingling, and pain and weakness in the limbs are among the most common com-

plaints voiced to clinicians. In the general population, the prevalence of peripheral neuropa-

thy approaches 10% (1), that of median mononeuropathies 4% (2), and radiculopathies likely

exceed median nerve mononeuropathies (carpal tunnel syndrome) (3). It can be challenging

to separate, among these common symptoms, those that reflect peripheral nerve disorders

from those that arise from the central nervous system and to identify underlying causes.

Most experienced clinicians would likely agree that a structured approach to patient evalu-

ation based on localization is more efficient than an unstructured or shotgun approach. Dis-

advantages of an unstructured approach are many. For the patient, there may be unnecessary

false leads, hopes, and anxieties. Computed tomography (CT) and magnetic resonance

imaging (MRI) scans are frequently relied upon to exclude lesion sites, but most lesions

of the peripheral nervous system are not diagnosable by imaging studies. Further, unnecess-

ary imaging studies are costly, and they may reveal coincident or irrelevant findings that can

lead to unnecessary surgery. A shotgun approach to laboratory testing is expensive and

unproductive (4). Batteries of blood tests are frequently ordered, but rarely informative

because the majority of common tests are unrelated to disorders of peripheral nerves.

This chapter will outline a structured and efficient evaluation that leads to a full

localization and characterization of the neuropathy. At this point, the scope of the differ-

ential diagnosis is reduced, and a rational list of laboratory tests can be ordered. Localiz-

ation and characterization are discussed in terms of a series of layers (Table 1.1). The first

layer is localization to the peripheral nervous system. Subsequent layers refine the local-

ization within the peripheral nervous system and define underlying peripheral nerve path-

ology. The final layer includes a consideration of probability and epidemiology of

peripheral nerve disorders that leads to an initial and reasonable differential diagnosis.

Assigning layers and a sequence is somewhat artificial. The evaluation process is

dynamic and layers will merge and the sequence will vary depending upon the clinician’s

experience and clinical situation.

The approach in this chapter can not only serve as a framework for evaluating

patients, but also to be used to determine localizing features when reviewing the literature

on specific disorders of peripheral nerve (including material presented in this book).
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2. LAYER 1: LOCALIZATION TO THE PERIPHERAL
NERVOUS SYSTEM

This level is usually assumed, but it deserves mention that not all symptoms of numbness,

tingling, and pain and weakness are referable to the peripheral nervous system. Failure to

localize can lead to diagnostic errors. Classic examples are strokes, tumors, central

nervous system demyelinating disorders, and compressive myelopathies. Cortical

origins of numbness and weakness frequently involve one side of the body, whereas

spinal origins have bilateral leg symptoms with a truncal level of demarcation (5).

Central demyelinating disorders can be challenging because they may include asymmetric

and unusual symptom patterns, but associated features and examination findings such as

pathologic tendon reflexes help localize the disorder to the central nervous system.

Some patterns of symptoms and signs may not be attributable to definable lesions

within either the central or peripheral nervous systems (6). Under these circumstances,

a somatoform disorder should be considered. Somatoform disorders represent distressful

physical symptoms causing impaired social or occupational dysfunction with no diagno-

sable condition to account for them (7). Numbness, paresthesias, pain, weakness, and

fatigue are among common peripheral nerve symptoms that are considered to be “pseudo-

neurological” when no neurological basis can be found. Whether a patient fulfills complete

DSM-IV criteria for somatization or undifferentiated somatoform disorders is less

important than recognition that further evaluation is unlikely to be diagnostic (7). Every

patient deserves a considered evaluation, no matter how high the initial index of suspicion

is that symptoms are not physiologic, because somatization can accompany true diseases

(6). However, when reasonable localization cannot be achieved, the neurologic and lab-

oratory examinations are normal, and the temporal pattern does not fit known pathologic

processes, it is highly unlikely that the symptoms represent a definable pathology.

Under these circumstances, a discussion seeking other factors is appropriate.

Leading such patients to understand that internal factors are causative or contributory

should be taken slowly. Replacing long-standing symptoms with the “good news” of

“good health” is rarely successful. Other psychiatric conditions such as depression,

Table 1.1 Layers of Diagnostic Evaluation Leading to a Full Characterization of the Neuropathy

and an Accurate Localization within the Peripheral Nervous System

First Layer

Within the peripheral nervous system? Exclude cortical, spinal, psychogenic loci

Second Layer

What part of the peripheral nervous system? Root, plexus, single nerve, multiple nerves,

peripheral neuropathy

Third Layer

What is the time course? Acute, subacute, chronic, progressive,

relapsing-remitting, event-linked

Fourth Layer

What nerve fibers are involved? Sensory, motor, autonomic, combinations

Fifth Layer

What is the primary pathology? Demyelination, axonal, mixed

Sixth Layer

What are the other pertinent features? Family, medical, social histories

Seventh Layer

What are the epidemiologic features? Probability, age of onset, rarity, gender

Evaluation of Peripheral Nerve Diseases 3



anxiety, and panic disorders may coexist (8). Many times, with long-standing symptoms,

the family milieu has incorporated the patient’s symptoms, and giving the patient a thera-

peutic way out of their dilemma, such as physical therapy, may be more successful for the

patient and family.

3. LAYER 2: LOCALIZATION WITHIN THE PERIPHERAL
NERVOUS SYSTEM

This layer is based on the anatomy of the peripheral nervous system. Symptoms expected

from lesions at various sites along nerves, from root to plexus and peripheral nerve, can be

queried during the history. The history should be taken as an active process, with the goal

of understanding what the patient is experiencing to answer the question of localization.

Neurologic findings during the examination should therefore be predicted from the

history and represent a confirmatory step. Examples of symptoms that help localization

to sites along peripheral nerves are considered below. At each site, issues addressed in

layers 3 through 7 will be emphasized.

3.1. Radicular Pattern

Radicular patterns of shooting pain and paresthesias down one limb following a root dis-

tribution are rare compared with diffuse low back pain, and occur more frequently with

lumbosacral than cervical spine or truncal movements (5,9). Diffuse back pain is not

usually caused by focal radiculopathies. Degenerative disk and vertebral findings on

MRI scanning are common, and unless marked in degree, are rarely the cause of focal radi-

culopathies (10). The frequency of root involvement is one-thirds cervical spine in the dis-

tribution of C7 (�70%), C6 (�20%), and C8 (�10%) and two-thirds lumbosacral spine in

the distribution of L4–5 (�40%), S1 (�40%) and other roots (�10%). Sensory symptoms

including pain are more common than weakness, and altered sensations and reduced

tendon reflexes in the appropriate root distribution are supportive. Muscle atrophy and

true weakness are rare examination findings (9). Diagnostically, acute disk herniation is

less challenging than chronic disease due to degenerative foraminal narrowing. Spinal

stenosis produces involvement of multiple roots and follows a chronic course with low

back pain, leg pain, and paresthesias triggered or increased by walking (9).

3.2. Plexus Pattern

Plexopathies are rare. Trauma to the brachial plexus is the most common cause. Acute

plexopathies associated with marked pain are frequently idiopathic when involving the

brachial plexus (Parsonage–Turner syndrome) (11) and associated with diabetes when

involving the lumbosacral plexus (12). Thoracic outlet syndrome is frequently queried,

but the incidence of true neurogenic thoracic outlet syndrome is exceedingly rare, and

is characterized by the pattern of axonal loss of ulnar sensory and motor and median

motor nerve fibers caused by chronic pressure on the lower trunk (13). Plexopathies due

to cancer are chronic in nature and may or may not include pain (14,15).

Differentiating radiculopathies from plexopathies may be difficult when symptoms

are primarily vague pain. Radiculopathies more commonly include focal symptoms,

whereas plexopathies produce more diffuse symptoms. Both conditions involve axonal

pathology, and differentiating between them can be achieved by sensory nerve conduction

studies and needle electromyography (EMG).
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3.3. Mononeuropathy Pattern

Lesions involving individual nerves are characterized by loss of sensation and strength in

the distribution of the affected nerve. There are multiple causes of mononeuropathies, but

chronic pressure (entrapment neuropathies) with focal demyelinating pathology is most

common. Mononeuropathy multiplex is a rare condition frequently caused by vasculitis

associated with collagen vascular diseases. Another class of mononeuropathy multiplex

pattern is multifocal motor neuropathy with conduction block caused by focal immune

mediated demyelination.

3.4. Peripheral Neuropathy Pattern

Several patterns of peripheral nerve involvement can be recognized Table 1.2. The proto-

typic and most common pattern is length-dependent, with sensory loss and pain preceding

distal weakness. As progressively shorter nerves are affected, symptoms and signs unroll

as a stocking up the leg. The nerve length at the knee level approximately equals the length

innervating the hand, and with further progression, symptoms and signs unroll as a long

glove up the arm. The distribution is usually symmetric. In the extreme, a shield loss

over the chest and abdomen can be observed when nerve length involvement reaches

the circumference of the thorax. Most length-dependent peripheral neuropathies are

chronic and involve axonal pathology (16). As a corollary, it is rare in polyneuropathy

for there to be sensory involvement to the waist level, especially without marked

sensory loss also to the elbows. Accordingly, isolated sensory loss to the upper thigh

and waist levels suggests central nervous system localization (myelopathy). Causes of

peripheral neuropathy are many, and are felt to reflect metabolic abnormalities. Diabetes

mellitus is the most common underlying cause, followed by hereditary (genetic) neuro-

pathies. The cause for many neuropathies is unknown, and idiopathic or cryptogenic

neuropathies represent up to 25% of peripheral neuropathies.

When the pattern of symptoms and signs includes both proximal and distal limb

involvement, the pathologic process is usually demyelination at multifocal sites along

roots and nerves (inflammatory polyradiculoneuropathy). Acute and chronic forms

occur (AIDP and CIDP).

Table 1.2 Patterns of Peripheral Neuropathy and Examples of Disorders and Causes

Sensory-motor symmetric

(length-dependent pattern)

Diabetes, medications, toxins, metabolic disorders, hereditary

Sensory-motor symmetric

(proximal and distal

pattern)

Acute inflammatory demyelinating polyradiculopathy, chronic

inflammatory demyelinating polyradiculopathy

Sensory-motor asymmetric

(nerve or plexus pattern)

Diabetic amyotrophy, idiopathic plexopathy, vasculitic

mononeuritis multiplex

Sensory-motor asymmetric Porphyria, leprosy

Sensory symmetric or

asymmetric

Paraneoplastic neuronopathy, Sjögren syndrome, idiopathic

ganglionitis, vitamin B6 toxicity, leprosy

Motor symmetric or

asymmetric

Amyotrophic lateral sclerosis, multifocal motor conduction block

neuropathy, lower motor neuron syndrome, poliomyelitis,

West Nile syndrome

Autonomic symmetric or

asymmetric

With other neuropathies (diabetes, acute inflammatory

demyelinating polyradiculopathy), isolated involvement

(amyloidosis)
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Asymmetric patterns are less common and include a number of different lesion

sites and pathologic processes. It is useful to determine whether sensory or motor nerves

are predominantly involved. Unilateral and focal symptoms and signs in a limb must

be distinguished from radiculopathy, plexopathy, or mononeuropathy (mononeuritis

multiplex). Atrophic weakness without sensory loss that does not follow radicular,

plexopathy, or mononeuropathy pattern suggests motor neuron disease (amyotrophic

lateral sclerosis).

4. LAYER 3: WHAT IS THE TIME COURSE?

The usual definitions of time course in neurology are somewhat blurred in diseases of the

peripheral nerve, and Table 1.3 lists time courses with examples. True acute or apoplectic

events are rare in atraumatic nerve injuries, and occur in the setting of vasculitis. More

commonly, an acute onset is defined as days to several weeks, and suggests the

Guillain–Barré syndrome or AIDP, a metabolic event, or a toxic exposure. Most

chronic neuropathies are steadily progressive. A history of clear remissions and exacer-

bations suggests CIDP or other form of immune-mediated neuropathy. It can be challen-

ging to accurately determine the start of a slowly progressive chronic neuropathy because

patients may not appreciate an insidious onset. Querying patients about their functional

performance during historic or calendar events can be helpful to identify the onset.

When the time course clearly starts in adult life, an acquired neuropathy is more likely

than a hereditary disorder. When the time course cannot be dated, a hereditary neuropathy

should be considered. However, our understanding of hereditary neuropathies is expand-

ing and a number of “idiopathic” neuropathies beginning in adulthood may represent mild

forms of hereditary neuropathies.

5. LAYER 4: WHICH NERVE FIBERS ARE INVOLVED?

The peripheral nervous system can be divided into somatic and autonomic components,

and somatic peripheral nerves can be further divided into sensory and motor functions.

Within the somatic nervous system, sensory and motor fiber involvement can be accu-

rately assessed and there are neuropathies affecting sensory, motor, or both types of

fibers. In the autonomic nervous system, separating sensory (afferent) from motor (effer-

ent) involvement is difficult and both are commonly affected. Neuropathies with isolated

autonomic nervous system involvement are rare. Accordingly, it is practical to determine

whether there is any involvement of autonomic nerve involvement.

Table 1.3 Peripheral Neuropathy Time Courses and Examples of Associated Neuropathies

Acute

Apoplectic Vasculitic mononeuritis multiplex, idiopathic plexopathy

Days to weeks Acute inflammatory demyelinating polyradiculopathy, porphyria,

acute toxic exposure, proximal diabetic neuropathy,

paraneoplastic sensory neuronopathy

Chronic

Years Diabetic polyneuropathy, chronic inflammatory demyelinating

polyradiculopathy, idiopathic

Insidious Hereditary
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5.1. Symptoms

From the chief complaint it may not be apparent which types of nerves are involved. Nerve

dysfunction can be expressed as negative and positive symptoms (Table 1.4). Positive

symptoms are felt to reflect inappropriate spontaneous nerve activity detected by the

patient as uncomfortable and painful sensations, or other spontaneous phenomena. Nega-

tive symptoms reflect loss of nerve signaling. An important clinical difference between

sensory and motor somatic nerves involves compensatory mechanisms. Following

motor nerve loss, surviving motor nerves undergo collateral reinnervation to reinnervate

orphaned muscle fibers. This compensatory process has the effect of blunting weakness

due to mild motor nerve loss, and clinical weakness may not be apparent to the patient

or on physical examination until 50% of motor nerve fibers are lost (80% in slowly pro-

gressive denervating disorders) (17). However, positive symptoms of cramps and fascicu-

lations may be present early on as the only clinical indication of motor nerve involvement.

The needle EMG is sensitive in detecting early motor fiber loss and will confirm motor

nerve involvement.

5.2. Signs

The clinical neurologic examination is sensitive for peripheral nerve loss and dysfunction,

and informative for localization. An appreciation of nerve physiology and pathology, and

the limitations of clinical testing, are necessary to accurately interpret the clinical

examination. It is important to emphasize that the sensory examination can be challenging

and confusing because responses are indirect and represent a patient’s interpretation of

the testing questions. Accordingly, it is important that the patient fully understands the

object of the test. Attention and co-operation are imperative. It is worthwhile having

specific questions derived from the history to address on the neurologic examination.

For example, does the sensory loss follow a stocking-glove (distal predominate), derma-

tomal, or radicular pattern?

The sensory examination frequently focuses on determining whether there is “large

fiber” or “small fiber” involvement, based on a battery of simple clinical tests. However,

psychophysical sensory perception testing suggests these distinctions are more apparent

than real because of overlap between nociception, touch, and pressure stimulus properties.

Although nociceptive information is conveyed by small diameter nerve fibers, some

nociceptive receptors are innervated by myelinated fibers, and subjects can distinguish

sharp from dull stimuli without feeling pain. Formal psychophysical testing of nociception

is performed using hot stimuli, cold stimuli, and special equipment, which contrasts to

clinical sensory testing performed using cool instruments (tuning fork and reflex

Table 1.4 Positive and Negative Symptoms Associated with Nerve Damage

Positive symptoms Negative symptoms

Somatic nerves

Sensory Pain, tingling Numbness, lack of feeling

Motor Cramps, fasciculations Weakness, atrophy

Autonomic nerves

Hyperhydrosis, diarrhea Orthostatic hypotension,

impotence, anhydrosis,

constipation
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hammer) and sharp objects of varying shape (safety pin, broken wooden stick, and

commercial pin probe).

Cutaneous mechanoreceptors are mainly innervated by large-diameter nerve

fibers and are activated by a variety of moving stimuli. Touch stimulus threshold

changes modestly with age. A comparison of quantitative sensory testing in neuropathy

patients indicates that vibratory thresholds are well correlated with touch-pressure

thresholds and vibratory thresholds are suitable indicators of large-diameter sensory

nerve dysfunction (18).

With these principles and specific questions in mind, an informative battery of

sensory tests can be performed. It is noteworthy that patients are generally able to deter-

mine the level of involvement on a limb by asking them to make a line of demarcation,

below which sensations are abnormal and above which they are normal.

5.2.1. Touch Stimuli

Application of the lightest touch to the dorsum of the hand and foot represents a measure

of low threshold mechanoreception. A series of monofilaments can be applied to grade the

severity of touch loss. Ten-gram filaments are useful because lack of touch perception at

this level of pressure is associated with risk for unappreciated trauma.

5.2.2. Vibration Stimuli

Tuning forks of 128 Hz assess larger diameter nerve fiber function. Various comparisons

can be made, and it is very important that patients are fully attentive and understand the

need to indicate complete disappearance of the vibration. Comparisons between patient

and examiner for the disappearance of the vibration can be measured in seconds. Alterna-

tively, the time for the vibration to disappear for the patient after the tuning is forcefully

struck can be measured in seconds. Empiric data from the great toe indicate that young

adults lose vibration perception after 15 s, with a loss of 1 s per decade of age, and a

loss of vibratory perception in ,10 s is abnormal at any age (4).

5.2.3. Sharp Stimuli

The goal is to apply a sharp stimulus without also applying undo pressure on the skin. A

distinction between noxious and light pressure stimuli can be made by gently applying the

two ends of a safety pin in association with a three-part question: “which is sharper, the

first application, the second application, or are both the same?”. Inability to distinguish

between sharp and dull supports loss of nociceptive fibers relative to low-threshold

mechanoreceptor fibers.

5.2.4. Position Sense

The ability to detect changes in digital joint position is normally exquisite (two degrees). It

is important that patients understand the degree of sensitivity requested, and that they are

blinded to the testing. Accordingly, misperception of joint movements (including falsely

perceived position changes), and insensitivity to movements are significant for loss of

large-diameter fibers. Profound joint position loss is unusual in peripheral nerve disorders,

and often reflects central nervous system involvement.

5.2.5. Deep Tendon Reflexes

Tendon reflexes represent an objective measure of sensory nerve function. The myotatic

reflex consists of a monosynaptic arc with large-diameter afferent (sensory) nerve fiber

input from muscle spindle fibers and large-diameter efferent (motor) nerve fiber output
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from alpha motor neuron fibers. The reflex is much more vulnerable to sensory nerve fiber

than to motor nerve fiber damage. Accordingly, an absent reflex is an objective indication

of significant dysfunction of large-diameter sensory fibers. However, assurance that the

reflex is truly absent is essential, and reinforcing maneuvers, such as clinching the jaw

or fists and the Jendrassic maneuver, should be used before the reflex is considered

absent. Various grading systems for tendon reflexes have been proposed, and the National

Institute of Neurological Disorders and Stroke (NINDS) scale has good intraobserver

reliability (Table 1.5) (19). Tendon reflexes diminish with age, and although precise

data are not available, an absent Achilles reflex after the age of 80 years may be normal.

5.2.6. Motor Signs

Detecting motor nerve involvement can be challenging due to the compensatory process of

collateral innervation that obscures early effects of denervation. Muscle inspection for

atrophy is useful, and the extensor digitorum brevis muscle will show the early changes

in the feet and first dorsal interosseous muscles early changes in the hands. A certain

degree of age-related motor fiber loss occurs above 65 years and must be taken into con-

sideration. Inspection for contraction fasciculations is useful to detect motor fiber loss.

Contraction fasciculations are visible twitches of a muscle during early activation, and

represent the discharge of individual motor units (20). Such twitches are not visible in

muscles with normal numbers of motor units, but enlarged motor units from denervation

and collateral reinnervation are readily observed.

Strength testing can be optimized to detect mild degrees of weakness by assessing

muscles that can be just overcome on manual muscle testing in normal individuals.

Informative muscles in the legs include flexors and extensors of the lesser toes and exten-

sors of the great toe, and in the arms include abductors of the second and fifth digits and

extensors of the fingers. Ankle dorsiflexion weakness occurs in more severe neuropathies,

but ankle plantar flexion weakness is evident only in the most severe neuropathies (21).

Subtle weakness of ankle dorsiflexion and plantar flexion can be tested best during gait

assessment by having patients walk on their heels and toes or hop on one leg at a time.

5.2.7. Orthopedic Signs

Limb inspection should include structural changes in the lower legs, feet and hands. The

following changes may be encountered in normal individuals, but in the setting of a per-

ipheral neuropathy evaluation, suggest a long-standing condition. The angle between the

shin and the unsupported foot is normally about 1308, and a larger angle suggests

weakness of ankle dorsiflexor muscles. High arches and hammertoe deformities suggest

Table 1.5 NINDS Scale for Deep Tendon Reflexes

Grade Reflex response

0 Reflex absent

1 Reflex small, less than normal; includes trace response, or response brought out

only with reinforcement

2 Reflex in lower half of normal range

3 Reflex in upper half of normal range

4 Reflex enhanced, more than normal; includes clonus, which optionally can be

noted in an added verbal description of the reflex

Source: Modified from Litvan et al. (19).

Evaluation of Peripheral Nerve Diseases 9



long-standing differences in the muscular forces exerted on the bones of the foot leading to

foreshorten feet. Fallen arches can also be observed in severe neuropathies. Toe and foot

injuries unnoticed by the patient suggest a marked degree of sensory loss. In the hands,

flexion contractions of the fingers suggest weakness of finger extensor muscles. Inability

to adduct the fifth digits suggests weakness of lumbrical muscles.

5.2.8. Other Signs

Mild dependent pedal edema, rubor, coolness and shininess of the lower leg and foot

despite good distal arterial pulses, suggests decreased movements of distal leg muscles

caused by mild muscle weakness, reducing the vascular return of blood and lymph.

5.2.9. Autonomic System Signs

The autonomic nervous system is involved in many peripheral neuropathies, but symp-

toms and signs of dysautonomia are uncommonly voiced by the patient and must

queried. Orthostatic dizziness and changes in blood pressure (a drop of .30 mmHg

systolic pressure and .15 mmHg diastolic pressure recorded 60–90 s after standing

following 5 min of supine rest) support autonomic involvement. Impotence has many

causes, but is frequently associated with autonomic neuropathy. The sicca symptoms

(dry eyes and mouth) are associated with the Sjögren syndrome and represent end

organ failure of salivary and tear glands. Sjögren syndrome is associated with sensory

neuropathies.

6. LAYER 5: WHAT IS THE PRIMARY PATHOLOGY?

Determining the primary pathologic process is important for diagnosis, treatment, and

prognosis. The two basic pathologic processes are demyelination and axonal loss. They

may occur together, especially when the primary process is demyelination because demye-

lination frequently involves immune attack and axons can be damaged as innocent

bystanders.

Electrodiagnostic testing is most able to distinguish axonal from demyelinating

primary pathology (discussed in Chapter 2). Nerve biopsy is less practical and informative

in this regard for several reasons. Biopsies evaluate only a small segment of sensory

nerves, and the relevant pathologic process may be missed. Biopsies are rarely repeated,

and the time course of changes cannot be followed. A nerve biopsy leaves permanent

dysfunction, and most biopsies are of sensory nerves because a localized area of numbness

is tolerable whereas permanent weakness is not. Nerve biopsy is important when vasculitis

is a consideration, and a biopsy can detect rare causes of neuropathy due to deposition of

protein or other substance, such as amyloid, and abnormal cells such as sarcoid (granulo-

mas) and malignant cells. The role of nerve biopsy is further discussed in other chapters.

7. LOCALIZATION SUMMARY

At this point in the evaluation, the neuropathy should be fully characterized. Table 1.6

summarizes the clinical, electrodiagnostic, and pathologic characteristics. The next two

layers focus on factors unique to the patient under evaluation, and help refine diagnostic

considerations and the order of laboratory testing.
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8. LAYER 6: WHAT ARE THE OTHER PERTINENT FEATURES?

Determining the underlying causes of peripheral neuropathies and other disorders of per-

ipheral nerve is challenging, and a thorough review of the patient’s medical and family

history is valuable.

8.1. Medical History

Past and current medical histories are obviously important, but the number of medical con-

ditions associated with clinically significant peripheral nerve disorders is limited (4). The

clear exceptions are diabetes mellitus, certain collagen vascular disorders, chronic renal

failure, and HIV infection. Despite this, many laboratory tests are frequently ordered in

the evaluation of a neuropathy that represent general medical tests that are not truly infor-

mative or pertinent to the evaluation of peripheral nerve disorders. Medical causes of per-

ipheral neuropathy will be covered in other chapters.

8.2. Medications and Other Compounds

Inquiring about medication use is important, and should include vitamins and other over

the counter compounds. Although the list of drugs, compounds, and vitamins associated

with peripheral neuropathies is limited, drug-induced neuropathies represent readily

treatable causes. These will be discussed in other chapters.

8.3. Family History

An important line of inquiry is the family history, seeking evidence to support a hereditary

neuropathy. Although it may seem that a hereditary condition should be known within a

family, the slow progression and variable expression masks detection. Interestingly, in

large families with known Charcot–Marie–Tooth neuropathy, ,30% of affected individ-

uals seek medical attention for their symptoms (22). Therefore, a careful line of questions

can be very informative when there are clinical features suggesting a very long-standing

condition, such as insidious onset, high arches, and hammertoes. Table 1.7 lists useful

questions that can be addressed to parents, siblings, and children.

Table 1.6 Clinical, Electrodiagnostic, and

Pathologic Characteristics of Peripheral

Neuropathies

Clinical characteristics

Acute or chronic

Symmetric or asymmetric

Distal length-dependent or distal and proximal

Electrodiagnostic and pathologic characteristics

Uniform demyelinating; sensoryþmotor

Segmental demyelinating; motor . sensory

Axonal; motor . sensory

Axonal; sensory neuropathy or neuronopathy

Axonal; motor neuropathy or neuronopathy

Axonal and demyelinating; sensoryþmotor
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9. LAYER 7: WHAT ARE PERTINENT EPIDEMIOLOGIC FACTORS?

Review of epidemiology and establishing disease probability in the context of the specific

patient is the final step. The often recited maximum of hoof beats being more likely to be

caused by horses than by zebras applies to peripheral neuropathies. Clinicians frequently

express premature concern about zebras in the form of rare and unlikely diseases on the

initial laboratory evaluation. The fear of “not missing something” overrides good epide-

miologic sense. Knowledge about epidemiology patterns and disease probability, and

comfort with these issues, comes from the literature on specific types of neuropathies. It

is hoped that subsequent chapters in this book will be informative in this regard.

10. SUMMARY

The diagnostic process, in clinical practice, takes many forms. However, there is a core

amount of information that is necessary to make an efficient and accurate differential

diagnosis. This chapter identifies the major points to be covered during the history and

examination. The clinical goal is the correct diagnosis, the art of achieving this goal is

in making the process direct and efficient.
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ABSTRACT

Electrodiagnosis plays a unique role in the evaluation of peripheral nerve disorders. The

neurologic history and examination are essential first steps in neurologic localization,

while electrodiagnostic testing can accurately determine which elements of the peripheral

nervous system are involved, the distribution of involvement, and help delineate under-

lying pathology. Full use of electrodiagnostic information can narrow the differential

diagnosis and lead to rational laboratory testing. This chapter presents an approach to

the electrodiagnostic evaluation, using routine nerve conduction and needle EMG

testing procedures. Technical issues are pointed out, and the clinically important features

and limitations of these tests are discussed. Distinguishing between primary demyelinating

and primary axonal neuropathies is discussed in detail. Finally, the electrodiagnostic

features of major categories of peripheral nerve lesions are reviewed.

1. INTRODUCTION

The approach to evaluating disorders of peripheral nerves presented in Chapter 1 relies on

the electrodiagnostic evaluation for information that cannot be fully obtained from the

history and neurologic examination. The two most important components in neuro-

diagnostic testing are nerve conduction studies (electroneurography) and needle electro-

myography (EMG). Nerve conduction studies provide information on what types of

nerves are involved, the distribution and severity of involvement, and the underlying

pathology. Needle EMG provides information on motor nerve involvement, including

the distribution and severity, and chronicity of the process. This chapter discusses how

routine electrodiagnostic tools can be used to achieve these goals. Tests of autonomic

fiber function are reviewed in another chapter.

2. APPROACH TO THE ELECTRODIAGNOSTIC EXAMINATION

A structured approach can be applied to electrodiagnosis to answer specific question about

the pattern and distribution of nerve involvement and underlying pathology. Nerve

conduction and needle EMG studies have the advantage of being conducted in “real
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time” by the clinician, with flexibility to make changes in testing sequences as data are

acquired. Electrodiagnostic evaluations based on set protocols, such as a “peripheral neu-

ropathy protocol,” forfeit this advantage. The same diagnosis can result from different

approaches, but the danger in following set protocols and analyzing data at the conclusion

of the study is that important questions may be not be clearly asked and answered. This

limitation may lead to potential bias in interpreting electrodiagnostic findings to fit

impressions from the history and neurologic examination. Bias may be reduced by design-

ing the electrodiagnostic study to answer a set of specific questions, but modifying the

evaluation as initial results become available.

Questions that can be answered with electrodiagnostic testing include the following:

(i) Which elements are involved (sensory nerves, motor nerves, or both)?, (ii) What is the

underlying pathology (primary demyelination, primary axonal, or mixture)?, (iii) What is

the distribution of nerve damage (single nerve, multiple nerves, length-dependent pattern,

plexus, roots, symmetric, or asymmetric)?, and (iv) What is the time course (ongoing or

chronic)?

Electrodiagnostic testing can be viewed from two perspectives; as an active process

by the person designing and conducting the study or as a passive process by the person

reviewing a study performed by someone else. The latter situation can be considered as

an exercise in translating a document, from a sequence of testing that may be different

than the reader would have chosen, to an order that matches the reader’s approach. The

reader can impose an order by posing the previous questions and searching the report

for data to answer the questions.

3. TECHNICAL ISSUES

Operational principles of nerve conduction and needle EMG studies are well known and

discussed elsewhere (1–4), but several points are worth reviewing. Temperature is the

most important controlled variable. Limbs should be warm, with temperatures above

318C. If cool, limbs should be thoroughly warmed with an external heat source. Use of

conversion formulae to correct for cool temperatures are less desirable for distal latency

and conduction velocity, and do not correct the response amplitude.

Supramaximal nerve stimulation must be obtained (defined as 120% of the current

required to achieve a maximal response) to ensure a maximal nerve response, but over-

stimulation should be avoided because it may lead to activation of adjacent nerves.

Attention to placement of stimulation electrodes over the appropriate nerve results in

lower currents to achieve maximal responses. Identification of anomalous innervation in

the forearm (Martin–Gruber) is essential because it can mimic ulnar nerve conduction

block in the forearm.

Optimal placement of the active recording electrode to achieve the highest ampli-

tude compound muscle action potential (CMAP) is important, especially if the amplitude

is lower than expected (Fig. 2.1). Determination of the motor point cannot be made from

anatomical landmarks and requires trial and error placements to determine which site

yields the largest CMAP amplitude (5). Similar concerns apply to placement of recording

electrodes for sensory nerve action potentials (SNAP) (6).

4. STATISTICAL ISSUES

Statistical issues are inherent to electrodiagnosis, and include sampling and setting normal

values and limits. An appreciation of these issues is essential for accurate interpretation of

electrodiagnostic data.
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4.1. Nerve Conduction Limits of Normal

Nerve conduction values are delimited by statistically derived limits of normal, deter-

mined from data obtained from “normal” subjects. Few electrodiagnostic laboratories

obtain their own normal nerve conduction data. When they do, subjects sampled may

come from a variety of clinical backgrounds, and few normal groups represent true

random samples from the general population. Common limits used in nerve conduction

studies are; (i) lower limits of normal (LLN) for sensory and motor response amplitudes

and conduction velocities and (ii) upper limits of normal (ULN) for distal latencies and

F- and H-wave latencies. These limits vary somewhat between laboratories, and

commonly represent 2–3 standard deviations from normally distributed data or 95% con-

fidence limits from asymmetrical data. It follows that between 1.25% and 2.5% of normal

individuals will have values outside (below or above) those statistically defined as normal.

The use of standard deviations implies that nerve conduction data are normally distributed,

but in fact distributions of many measures are skewed (7). These issues emphasize that

LLN and ULN are not true limits of normal, but should be considered as “reference

values” that provide information as to the probability that a particular set of nerve conduc-

tion values come from healthy or diseased nerves (8).

Erroneous classifications can easily occur. For example, patient height (limb length)

is an important variable that influences distal latency, F-wave latency, and conduction

velocity values, and should be incorporated in limits of normal for these values (9).

Figure 2.1 Effects of recording electrode placement on CMAP amplitude. (A) Figurine of 10

active electrode positions over thenar eminence and resultant waveforms (superimposed) following

stimulation of the median nerve. Lowest CMAP amplitude was 60% of the highest. Note that steep

waveform rise time is associated with higher CMAP amplitude. (B) Similar figurine for hypothenar

eminence and resultant waveforms (rastered) following stimulation of the ulnar nerve. Lowest

CMAP amplitude 71% of highest. Similar influence of active electrode position found for extensor

digitorum and abductor hallucis muscles. [Adapted with permission from Bromberg and

Spiegelberg (5).]
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Conduction velocity values vary 3–5 m/s and F-wave latencies vary 6–8 ms over the

common height range of 60 in. (�152 cm) to 72 in. (�183 cm) (9). Reporting values as

“normal” or “abnormal” may be misleading, and the degree of the abnormality should

be considered. A related issue is values just above or below the normal limits may not

be the expected value for that individual. Thus, in a patient with normal extensor digitorum

muscle bulk and strength, a CMAP value just at the LLN more likely represents subopti-

mal placement of the recording electrode than pathology because the expected value for a

normal subject should be close to the mean value in the distribution. Similarly, in a young

diabetic patient, a peroneal motor conduction velocity just above the LLN more likely

reflects pathologically slowed conduction rather than normal conduction because the

expected velocity should be close to the mean value.

4.2. Collateral Reinnervation

Collateral reinnervation is a compensatory process whereby surviving motor nerve term-

inals reinnervate denervated muscle fibers. The effect is to preserve both muscle strength

and CMAP amplitude until further loss of motor nerve fibers exceeds the capacity of

reinnervation to keep up, leading to fall of strength and CMAP amplitude. As a conse-

quence of collateral reinnervation, CMAP amplitude values may remain above the LLN

until �50–80% or more of axons have degenerated, depending on the rate of denervation.

Mild degrees of axonal loss occur with normal aging .65 years, affecting the LLN

among the very elderly. Needle EMG is the most sensitive indicator of previous and

active axonal loss.

4.3. Symmetry of Nerve Conduction Values

The peripheral nervous system can reasonably be considered symmetric, with the expec-

tation that corresponding nerve conduction results from the right and left sides will be of

similar value. Assessing for asymmetry can be diagnostically useful. However, practical

aspects of nerve conduction studies can lead to some degree of asymmetry of values.

Asymmetric limb temperatures can affect side-to-side measures of amplitude distal

latency and conduction velocity. Suboptimal placement of recording electrodes can

give false asymmetric CMAP amplitude values (5). Accordingly, side-to-side differences

need to differ by fairly wide margins before concluding that there is an electrodiagnosti-

cally significant degree of axonal loss. Degrees of asymmetry, as encountered on routine

nerve conduction studies, have been determined and vary among nerves and for the differ-

ent measures (Table 2.1) (10).

4.4. Needle EMG Sampling

Needle EMG can answer two basic questions: (i) Is there evidence for denervation?

(ii) what is the nature of the denervation? Evidence for denervation is the presence of

abnormal spontaneous activity in the form of positive sharp waves and fibrillation poten-

tials. These potentials are very sensitive for motor nerve damage, but cannot distinguish

between pathologic causes (neuropathic vs. myopathic). Distinguishing among pathologic

causes can be determined by assessment of motor unit action potentials (MUAPs) recorded

at low levels of voluntary muscle activation.

Needle EMG samples a limited number of motor units from a much larger pool

within a muscle (�10–20%), with a bias to those with low recruitment thresholds.

Further, MUAP is limited to the summed activity from 7 to 15 muscle fibers out of a
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total number of 100–2000 fibers comprising the whole motor unit (11,12). Despite these

restrictions, it is possible to distinguish neuropathic MUAPs from myopathic MUAPs by

their recruitment pattern and by assessment of their waveforms. This discussion will focus

on neuropathic changes.

MUAP duration and area are normally distributed, but MUAP amplitude is skewed

toward lower amplitude values (13). During the needle EMG study, the electromyographer

is visually and aurally attuned to recognizing outlying motor units that have either high

amplitude or greater complexity than normally expected (polyphasia and polyturns).

Quantitative EMG studies show that normal muscles may include 10–15% polyphasic

motor units (defined as greater than four phases). To strike a balance between overempha-

sizing isolated findings and missing abnormal motor units, �20 MUAPs should be

assessed in a given muscle (13). Finding one or two high amplitude or complex

MUAPs does not necessarily designate a muscle as abnormal. The appropriate question

to ask is, “what is the probability that the next motor unit is also large or complex?”. If

only one in 10 MUAPs is abnormal, the muscle is likely normal. Another test of normality

is the presence of abnormal spontaneous activity, and an isolated MUAP abnormality is

more often clinically insignificant, provided other abnormalities are absent.

5. NERVE CONDUCTION STUDIES

Nerve conduction studies are most useful for assessing the functional state of myelinated

nerves. An understanding of the physiology, pathology, and principles of conduction

measurements aids in designing and interpreting electrodiagnostic studies.

5.1. Normal Nerve Conduction

A whole nerve consists of hundreds of myelinated axons whose diameters range from

�7 to 12 mm. Nerve conduction studies are typically performed by percutaneous electrical

stimulation of all axons in a nerve and recording the resultant evoked response. Sensory

and motor nerves can be studied separately by varying the placement of the recording elec-

trodes. The conduction velocity of a nerve fiber is proportional to its axon diameter,

leading to a range of nerve fiber conduction velocities within a nerve, �35–70 m/s for

sensory nerves and �35–55 m/s for motor nerves (14). For sensory nerves, recording

electrodes are placed over the nerve, and the evoked response (SNAP) represents the

Table 2.1 Limits of Asymmetry in Normal Nerve Conduction Studies

Motor nerves Sensory nerves

Median Ulnar Peroneal Tibial Median Ulnar Sural

Amplitude 0.5 0.7 0.2 0.4 0.6 0.5 0.4

Distal latency 1.3 1.3 1.4 1.4 1.2 1.2 1.2

Conduction velocity 0.8 0.9 0.8 0.8 0.8 0.8 0.8

F-wave latency 1.1 1.1 1.1 1.1

Note: The side with the “worse” values was subtracted from the side with the “better” value. The values were

plotted and the table displays 95% confidence limits. For example, for a median nerve, CMAP value on one

side should be less than half the value on the other side, or the distal latency .130%, the conduction or the

velocity slower than 80%, or the F-wave latency prolonged by .110% to be considered abnormal.

Source: With permission from Bromberg and Jaros (10).
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summed activity of all sensory nerve fiber action potentials. For motor nerves, recording

electrodes are placed over the muscle and the evoked response (CMAP) represents the

summed activity of all muscle fiber action potentials. Accordingly, the CMAP includes

synaptic delays across neuromuscular junctions. Following nerve stimulation, the volley

of action potentials propagating down the nerve is led by the fastest conducting fibers.

Although the rest of the volley contributes to SNAP or CMAP waveforms, measures of

nerve conduction timing (distal latency, conduction velocity, and F- and H-wave

latency) focus only on the fastest conducting fibers. In some EMG laboratories, the

SNAP distal latency is measured from the negative peak (a hold over from a time when

the signal-to-noise ratios of the amplifiers was poor and the onset latency difficult to

define) and distal latency will represent conduction of slower conducting fibers.

However, sensory nerve conduction velocity measurements are made from waveform

onset, and reflect the fastest conducting fibers.

5.2. Temporal Dispersion

Measures reflecting slower conducting fibers in a nerve are less exact, but can be estimated

from the waveform duration and shape. SNAP and CMAP waveforms differ in shape for

several reasons (Fig. 2.2). Individual sensory nerve fiber action potentials are of low

amplitude (microvolts) and short duration (�1 ms), whereas individual muscle fiber

action potentials are of larger amplitude (millivolts) and longer duration (�4 ms).

SNAP and CMAP waveforms represent the summed activity of individual nerve or

muscle fiber waveforms, including temporal dispersion of their arrival times. The sum-

mation is algebraic. Nerve and muscle fiber action potentials are biphasic, leading to a

degree of phase cancellation between positive components of early arriving potentials

and negative components from later arriving action potentials. The short waveform dur-

ation of sensory nerve fiber action potentials compared with muscle fiber action potentials,

leads to a greater degree of phase cancellation within the SNAP than within the CMAP

waveforms (Fig. 2.2).

The effect of normal temporal dispersion of nerve fiber action potentials (based on

their range of conduction velocities) becomes more evident with increasing conduction

distance. This effect can be understood by analogy with the increase in arrival times of

runners as race distances increase. For example, the arrival times of runners whose

running paces range from 6 to 7 min/mile will be 1 min in a 1-mile race, but increases

to 10 min in a 10-mile race. In a similar way, the duration of the negative waveform rep-

resents the spread of arrival times of individual action potentials and the duration will nor-

mally increase with greater conduction distances. The normal spread of arrival times of

nerve action potentials are relatively broad for sensory nerves (25 m/s), but tight for

motor nerves (13 m/s) (15). These distributions of arrival times combined with the dur-

ations of the sensory nerve and muscle action potentials lead to a greater increase in nega-

tive peak duration for SNAP than for CMAP with greater condition distance (Fig. 2.3).

The clinical value of negative peak duration measurements is in recognizing when

values are abnormally high, reflecting abnormal temporal dispersion.

5.3. Axonal Loss

Axonal loss reduces SNAP and CMAP amplitudes because they represent the summed

activity of action potentials. SNAP amplitude is very sensitive to sensory axon loss

because there is no compensatory collateral reinnervation. The SNAP originates from

�2000 of the larger diameter nerve fibers (.9 mm in diameter) and amplitude falls
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rapidly with fiber loss (50% amplitude loss with 50% fiber loss) and is unobtainable with

surface recording when �75% of large fibers are lost (16). However, smaller diameter

fibers may remain visible on nerve biopsy. CMAP will be insensitive to mild degrees of

motor axon loss because of collateral reinnervation. In slowly progressive disorders,

.50–80% of motor nerve fibers can be lost before CMAP amplitude falls below

LLN (17).

Axonal pathology affects conduction velocity measurements (reflected in distal

latency, F-wave latency, and conduction velocity) in proportion to the number of large

fibers lost. Empiric data from axonal neuropathies (amyotrophic lateral sclerosis) shows

a modest effect: distal latency �125% of the ULN, F-wave latency �125% of the

ULN, and conduction velocity �70% of the LLN (18). Surviving axons will conduct at

normal velocities and with normal temporal dispersion [Fig. 2.4(B)].

Figure 2.2 Analysis of compound muscle action potential (CMAP) and sensory nerve action

potential (SNAP) showing the effect of normal temporal dispersion and phase cancellation. For

the CMAP, individual muscle fiber action potentials have relatively long durations (�4 ms)

leading to relatively little phase cancellation and little effect on CMAP amplitude with greater

conduction distances. For the SNAP, nerve fiber action potentials have relatively short durations

(�1 ms) leading to larger degrees of phase cancellation and greater effects on SNAP amplitude

with greater conduction distances. [Modified from Kimura et al. (96).]
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5.4. Conduction Block

Conduction block represents failure of nerve fiber action potentials to conduct beyond a

certain point along the axon. This implies that nerve conduction along the fiber is

normal on either side of the block. Conduction block can be at a specific site along the

nerve (focal conduction block) or at multiple sites along the nerve (multifocal conduction

block) [Fig. 2.4(C) and (D)]. Not all fibers in a nerve may be affected (partial vs. complete

conduction block). It should be noted that the term “multifocal conduction block” has

taken on several different meanings. In the current discussion, it means conduction

block in different nerve fibers distributed over the length of the nerve (19). The term

has also been used for a specific syndrome, multifocal motor neuropathy, where one or

more different nerves in the same patient may have discrete foci of conduction block (20).

Electrodiagnostic features of focal conduction block are normal conduction distal to

the block (normal response amplitude), abnormal conduction across the block (reduced

response amplitude), and normal conduction proximal to the block (no further reduction

of response amplitude) [Fig. 2.4(D)]. The magnitude of these changes will vary depending

upon how many fibers in the nerve are blocked, and the ability to demonstrate these fea-

tures may vary depending upon anatomical access to nerve segments above the block.

Electrodiagnostic features of multifocal conduction block are abnormal conduction

Figure 2.3 Normal SNAP and CMAP waveforms for ulnar nerve stimulation at the wrist (A1),

below the elbow (A2), above elbow (A3), axilla (A4), and at Erb’s point (A5). Note the greater

loss of SNAP amplitude than CMAP amplitude over the same distance.
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along the nerve (reduced response amplitude) that becomes more marked (greater

reduction of response amplitude) with greater conduction distances [Fig. 2.4(C)].

As the principles of the various forms of conduction block are clear, devising

electrodiagnostic criteria to distinguish among them is challenging. The goal for focal

Figure 2.4 Computer simulation models of normal and abnormal motor nerve conduction

showing the effects on CMAP waveforms when stimulating at distal (upper traces) and proximal

(lower traces) sites along the nerve. (A) Normal nerve showing the effects of normal temporal

dispersion on CMAP amplitude. (B) Axonal neuropathy showing loss of CMAP amplitude but

normal temporal dispersion. (C) Multifocal slowing and conduction block showing marked

CMAP amplitude loss due to conduction block and abnormal temporal dispersion with greater

conduction distance. (D) Focal conduction block (at arrow) showing CMAP amplitude loss due to

conduction block with normal temporal dispersion. [Modified from Albers and Kelly (38).]
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conduction block is to show a focal loss of response amplitude above the site of block,

while the goal for multifocal conduction block is to show an accumulation of nerve con-

duction abnormalities over longer nerve segments. In practice, the number of blocked

fibers in either situation may be small, leading to small changes in response amplitude

to stimulation along the nerve. Under these circumstances, issues of good nerve conduc-

tion recording technique become particularly important.

5.5. Abnormal Temporal Dispersion

The greatest issue in diagnosing either forms of conduction block relates to determining

whether the reductions in response amplitude represent blocked nerve conduction or the

effects of abnormal temporal dispersion. Abnormal temporal dispersion will spread out

the arrival times of the action potentials that make up the SNAP and CMAP, leading to

greater phase cancellation (Fig. 2.5). In model systems, amplitude reductions attributed

solely to abnormal temporal dispersion may reach 50% (21). Accordingly, when the

amplitude difference between the distal and proximal stimulation sites is ,50%,

caution must be exercised when attributing the amplitude loss solely to focal conduction

block, because some amplitude loss may be due to phase cancellation.

Phase cancellation is more problematic with sensory nerves than motor nerves

because of the short duration of individual nerve action potentials (�1 ms) compared

Figure 2.5 Motor nerve conduction studies in response to stimulation at the wrist, below the

elbow, and above the elbow. Left: Normal change in CMAP waveforms. Right: Abnormal CMAP

waveforms with amplitude reduction and abnormal temporal dispersion. CMAP values in table.

Display settings: 5 ms/div and 5 mV/div.
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with muscle action potentials (�4 ms). This leads to a greater reduction of the SNAP’s

small amplitude following to stimulation at more proximal sites than with the CMAP

(Figs. 2.2 and 2.3). Very small proximal SNAP responses may be difficult to discern

from baseline activity. As a consequence, most diagnostic nerve conduction tests for con-

duction block are carried out in motor nerves. Another reason for focusing on conduction

block in motor nerves is that the clinical entity of multifocal motor neuropathy with con-

duction block is characterized by block of motor but not sensory fibers (20).

A measure of abnormal temporal dispersion is the duration of the negative CMAP

waveform. Multifocal demyelination leads to both slowed conduction velocity of individ-

ual nerve fibers and conduction block (infinite slowing). With slowed conduction

velocities, the arrival times of the action potentials are abnormally dispersed, and the

waveform spread out (longer negative peak duration). Assessing conduction over longer

distances of the nerve allows for the accumulative effects of multifocal demyelination

to be more apparent. An increase in negative peak duration values by .20% supports

the presence of abnormal temporal dispersion. Recent efforts to increase the sensitivity

of detecting abnormalities of waveform duration have expanded the measurement of dur-

ation to include all negative components (phases) of the CMAP waveform (Fig. 2.6) (22).

Negative peak CMAP area is useful because it reflects the number of contributing

fibers. Abnormal temporal dispersion leads to a reduction of negative peak amplitude due

to phase cancellation, but should not affect negative peak area because the action potentials

will eventually contribute to the waveform. In contrast, conduction block will result in fewer

fibers contributing to the CMAP waveform, and negative peak area is reduced.

5.6. Electrodiagnostic Criteria

Distinguishing focal conduction block from multifocal conduction block with abnormal

temporal dispersion is challenging. Sets of electrodiagnostic criteria have been proposed,

but there is no clear consensus. Criteria are based on changes in CMAP amplitude, nega-

tive peak duration and negative peak area between distal and proximal stimulation sites.

Some sets are complex with definite and probable diagnostic categories, reflecting

research criteria. Among demyelinating neuropathies, many forms include combinations

of focal conduction block, multifocal conduction block, and abnormal temporal

dispersion. What is important diagnostically is recognition of demyelinating pathology.

Accordingly, a combination of findings will be encountered more often than focal conduc-

tion block alone, and the combined abnormalities can be designated as “abnormal

temporal dispersion/conduction block.”

Figure 2.6 Motor nerve conduction studies showing markedly dispersed CMAP waveform.

Customary marking of negative peak duration between A and B (4 ms), but more appropriate

duration is between A and C (13 ms). Display settings: 5 ms/div and 0.2 mV/div.
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The principal nerve conduction changes that support focal conduction block at a

single site are a reduction in CMAP amplitude and area .50% and a ,10% prolongation

of the negative peak duration to proximal stimulation (Table 2.2) (23). Multifocal conduc-

tion block along the length of a nerve is characterized by abnormal temporal dispersion, and

the principal change will be a lesser percentage reductions in CMAP amplitude, a minimal

reduction in negative peak area, and a .10% increase in duration to proximal stimulation.

6. NEEDLE EMG

Needle EMG is an adjunct to nerve conduction studies, and provides data on: (1) the pre-

sence of motor axon damage, (2) localization of lesions within the peripheral nervous

system, and (3) an estimate of the chronicity of motor denervation.

6.1. Presence of Motor Axonal Damage

Motor axon damage may not be apparent from the clinical examination or from CMAP

amplitude measures due to the effects of collateral reinnervation. The number of axons

that need to be damaged before changes in the clinical examination or CMAP amplitude

are apparent varies with the time course of axonal loss. In acute and ongoing disorders, the

process of reinnervation will not be able to keep up with the rate of denervation, and clini-

cal and CMAP changes will become apparent relatively early on. In very chronic dis-

orders, the process of reinnervation has sufficient time to reach high capacity, and will

be less apparent. An associated clinical factor for peripheral neuropathies is that weakness

and atrophy of intrinsic foot muscles will likely escape notice by the patient.

Abnormal spontaneous activity (positive sharp waves and fibrillation potentials)

represents discharges of single muscle fibers. These potentials represent muscle fiber

membrane hypersensitivity due to denervation, and are very sensitive indicator of dener-

vation. Although the presence of positive waves and fibrillation potentials does not dis-

tinguish between neuropathic and myopathic causes, the clinical context usually should

be sufficient to distinguish between the two conditions. Other needle EMG findings

focus on the MUAP, and in neuropathic conditions findings include reduced MUAP

recruitment, increased amplitude, and increased number of phases and turns.

6.2. Localization of Axonal Damage

Nerve conduction studies are most suitable for the study of distal muscles, whereas needle

EMG allows assessment of almost any muscle. This combined allows precise localization

of axonal damage to nerve roots, the plexus or single nerves.

Table 2.2 Electrodiagnostic Criteria to Distinguish Focal Conduction Block from Abnormal

Temporal Dispersion in Motor Nerves

CMAP negative

peak amplitude

CMAP negative

peak area

CMAP negative

peak duration

Conduction block ,50% ,50% �30%

Conduction block and/or

abnormal temporal dispersion

,50% ,50% .30%

Abnormal temporal dispersion ,50% .50% .30%

Note: Percentage values represent proximal CMAP measures expressed as percentage of distal CMAP measures.

Source: From Lange et al. (23).
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6.3. Chronicity

Needle EMG also can provide information on the rate of axonal loss. In acute and ongoing

processes (recent denervation), fibrillation potentials tend to be large in amplitude

(.500 mV). They become smaller as the period between the nerve lesion and the study

increases, and may remain of vary small size (,100 mV) indefinitely (24). Accordingly,

a pattern of large fibrillation potentials suggests a recent or ongoing process, whereas a

pattern of small fibrillation potentials suggests an old or very slowly progressive

(chronic) process. Denervated muscle fibers atrophy, and with recent reinnervation, the

slower conduction velocity of small diameter muscle fibers contribute to the complexity

of MUAPs (polyphasia and polyturns) (25). With time, reinnervated muscle fibers increase

in diameter and motor units become simplified (fewer phases and turns) because of greater

temporal dispersion of action potentials making up MUAPs. In static conditions, or slowly

progressive conditions, motor unit recruitment will be reduced, MUAP amplitude will be

high, but waveforms will be relatively simple (26).

7. APPROACH TO THE ELECTRODIAGNOSTIC
EVALUATION, CONTINUED

The history and examination should lead to a close localization of peripheral nerve lesions.

At this stage, refinement in localization and distribution, and determination of pathology

and chronicity can be made with electrodiagnostic testing. The following sections review

the general electrodiagnostic features of major classes of peripheral nerve lesions.

8. DEMYELINATING POLYNEUROPATHIES

Much has been written about the diagnostic distinction between primary demyelinating

and primary axonal neuropathies. Identifying demyelinating pathology can be difficult,

particularly with chronic neuropathies. Nerve biopsy is invasive and is not sensitive for

primary demyelination, and electrodiagnostic testing, in particular nerve conduction

studies, is the most useful diagnostic tool (27). Sets of nerve conduction criteria have

been proposed to distinguish primary demyelinaiton, but even with acute inflammatory

demyelinating polyradiculoneuropathy (AIDP), whose unique time course helps narrow

the differential diagnosis, only 50% fulfilled criteria when studied within the first two

weeks of symptoms (see following sections). The diagnosis of chronic demyelinating neu-

ropathies has become more challenging as the clinical spectrum of these neuropathies has

expanded (28–30). Classic chronic inflammatory demyelinating polyradiculoneuropathy

(CIDP) is characterized by symmetric, proximal, and distal motor and sensory nerve invol-

vement (31), but other forms of chronic demyelinating neuropathies are distinguished,

including those with predominant distal nerve involvement (32), asymmetric nerve invol-

vement (33), predominant sensory nerve involvement (34), predominant cranial nerve

involvement (35), or focal motor nerve conduction block with and without sensory

nerve involvement (20,36).

8.1. Electrodiagnostic Criteria for Demyelination

AIDP and CIDP are the most common examples of multifocal demyelinating poly-

neuropathies. Findings on motor nerve conduction studies supportive of demyelinating
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neuropathies include the following: (i) slowed conduction demonstrated by substantially

prolonged distal latencies, reduced conduction velocities, and prolonged F- and H-wave

latencies; (ii) greater degree of phase cancellation demonstrated by reduced CMAP

amplitudes to stimulation at progressively more proximal stimulation sites with prolonged

negative peak durations; and (iii) sites of focal conduction block (away from common

entrapment sites) demonstrated by reduced CMAP amplitude to stimulation proximal to

the block with no prolongation of the negative peak duration.

The probability of detecting these abnormalities increases if more nerves and longer

lengths of nerve are studied. Long ulnar nerve segments can be assessed by stimulation in

the axilla, but caution must be exercised with proximal stimulation of the median nerve

because of the proximity of median and ulnar innervated thenar muscles. Therefore,

care must be taken to prevent activation of the ulnar nerve caused by the close proximity

of the two nerves in the axilla and Erb’s point. Nerve root stimulation is technically diffi-

cult using percutaneous stimulation because of the need for high stimulation intensities,

but needle stimulation can be used. In addition, to the commonly studied nerves (peroneal,

tibial, ulnar, and median) can be added the musculocutaneous nerve if there is proximal

weakness, and cranial nerves (blink reflex) if there is facial weakness. Secondary

axonal damage also occurs with demyelinating pathology and needle EMG abnormalities

are common in AIDP and CIDP (27,37).

Determining the magnitude of conduction slowing and phase cancellation necessary

to distinguish primary demyelinating pathology from primary axonal pathology are the

main issues. Empiric data from amyotrophic lateral sclerosis (pure axonal neuropathy)

indicate limits due to loss of large diameter nerve fibers (18). Sets of electrodiagnostic

criteria have been designed around these limits to aid in the diagnosis of AIDP (37–42)

and CIDP (27,38,43–45). The sets of criteria differ in the limiting values and minimum

number of nerves required to be abnormal.

Perhaps the most useful approach to diagnosing demyelinating neuropathies is to

appreciate the underlying pathologic changes on nerve conduction, as reviewed earlier.

It is not clear that one set of criteria for AIDP or CIDP is more sensitive than another.

A basic set of electrodiagnostic criteria is offered for AIDP and CIDIP (Table 2.3).

Whether a patient fulfills all criteria is less important than having an index of suspicion

based on one or more abnormal responses (30). The electrodiagnostic features for major

clinical examples of demyelinating neuropathies will be reviewed.

8.2. Electrodiagnostic Criteria for AIDP

Electrodiagnostic sensitivity for AIDP is dependent upon disease severity and when in the

time course the studies are performed. A retrospective review of several sets of criteria

reveals the following. For the initial electrodiagnostic test, sensitivities among the sets

range from 37% to 72% (46). For serial studies, eventually 85% of patients fulfill criteria

at an average of 3 weeks from symptom onset (37). The acute time course of AIDP is

helpful in narrowing the differential diagnosis, and when the diagnosis is not clear,

repeat nerve conduction studies are helpful in establishing the diagnosis.

8.3. Electrodiagnostic Criteria for CIDP

The range of disease severity and varied time points when studies are performed affect the

sensitivity and specificity of electrodiagnostic criteria for chronic demyelinating neuro-

pathies. In retrospective reviews of several sets of criteria, only 43–52% of patients with

clinical CIDP fulfill strict electrodiagnostic criteria (44,47). Specificity for CIDP among
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other chronic polyneuropathies has been assessed by applying criteria to data from patients

with diabetic polyneuropathy (mixed demyelination and axonal pathologies) and amyo-

trophic lateral sclerosis (pure axonal pathology), ranging from 91% to 100% (44,47).

Modifications to the limiting values increases sensitivity for CIDP, but also reduces speci-

ficity because there is a considerable overlap in distal latencies, conduction velocities, and

degree of phase cancellation among different forms of neuropathy (47). Measurement of

the total duration of the negative distal CMAP waveform has been added to the criteria,

leading to an increase in sensitivity for CIDP (Fig. 2.6) (44).

8.4. Sensory Nerve Conduction Studies in
Demyelinating Neuropathies

Sensory nerve studies are less useful than motor nerve studies because responses are fre-

quently absent, which do not distinguish between primary demyelination and axonal loss.

However, a pattern of an abnormal median is more common in demyelinating neuro-

pathies (39% in AIDP and in 28% in CIDP) than in mixed demyelinating and axonal

neuropathies (14–23% in diabetic neuropathy) or axonal neuropathies (22% in amyo-

trophic lateral sclerosis) (37,48). The extreme pattern of an absent median sensory and

present sural response was seen only in AIDP and CIDP patients. The preserved sural

response is explained by the recording electrode arrangement for the sural nerve being

more proximal along the nerve relative to ring recording electrodes over the digital

branches of the median nerve (48).

9. AXONAL POLYNEUROPATHIES

Primary axonal neuropathies are common and generally follow a length dependent

pattern (49). Findings expected on nerve conduction studies for axonal loss include the

Table 2.3 Simplified Electrodiagnostic Criteria to Distinguish Primary Demyelinating Multifocal

Pathology from Primary Axonal Pathology in Motor Nerves

Electrodiagnostic evidence

supportive of primary

demyelinating neuropathy

Electrodiagnostic evidence

supportive of primary axonal

neuropathy

Distal CMAP amplitude Mild to moderate reduction Normal to moderate reduction

Conduction block Present (proximal-to-distal

CMAP amplitude ratio ,0.50)

Absent (proximal-to-distal

CMAP amplitude ratio .0.50)

Temporal dispersion Abnormal (proximal-to-distal

CMAP negative duration ratio

,0.75)

Abnormal (distal negative

CMAP duration .9 ms)

Normal (proximal-to-distal

CMAP negative duration

.0.75)

Normal (distal negative CMAP

duration ,9 ms)

Distal latency Moderately to markedly

prolonged (.125% ULN)

Normal to mildly prolonged

(,125% ULN)

Conduction velocity Moderately to markedly slowed

(,75% LLN)

Normal to mildly slowed

(.75% LLN)

F-wave latency Moderately to markedly

prolonged (.125% ULN)

Normal to mildly prolonged

(,125% ULN)

Needle EMG Mild to moderate denervation Mild to severe denervation
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following: (i) reduced or absent motor and sensory responses, (ii) minimally slowed con-

duction, and (iii) evidence for neuropathic denervation on needle EMG (50). Abnormal-

ities will be more severe in lower extremities, with SNAP responses more affected than

CMAP responses (due to collateral reinnervation). Axonal loss may be severe, but will

have a modest effect on nerve conduction velocity (Table 2.3). The pattern of an abnormal

median sensory and normal sural response observed in demyelinating neuropathies is less

frequently observed in primary axonal neuropathies due to the greater degree of lower

extremity involvement (48). Needle EMG findings include abnormal spontaneous activity

(positive waves and fibrillation potentials) and MUAPs show reduced recruitment and

increased amplitude. The degree and extent of abnormalities will vary with the chronicity

of the neuropathy.

10. MIXED AXONAL AND DEMYELINATING POLYNEUROPATHIES

CIDP will include secondary axonal loss, leading to reduced or absent CMAP responses

and needle EMG abnormalities that can make the identification of demyelination difficult.

Diabetes mellitus is the most common cause of distal symmetric polyneuropathies with

mixed axonal and demyelinating features (51). Several other types of neuropathy can

occur in the setting of diabetes mellitus, including polyradiculopathies, plexopathies,

and CIDP (see following sections), complicating the electrodiagnostic interpretation

(52). Clinically, the degree of neuropathy may bear no relation to the degree of glucose

control or the duration of recognized diabetes (53,54).

10.1. Distal Diabetic Neuropathy

In some forms of primary sensory diabetic neuropathy, nerve conduction studies may be

normal. With more severe diabetic neuropathies, sensory nerve studies show early invol-

vement in the lower extremities with reduced SNAP amplitude, and some degree of slow

conduction or absent responses, when severe (55). Motor nerve studies show mild to mod-

erately slowed conduction velocities that are greater than can be attributed to axonal loss,

suggesting a component of demyelination (51,55). F-wave latency prolongation may be an

early finding (56). CMAP amplitude is less affected due to collateral reinnervation.

However, the needle EMG shows evidence of denervation with abnormal spontaneous

activity (positive waves and fibrillation potentials) and motor units with reduced recruit-

ment, increased amplitude and greater complexity. Neurogenic findings occur in pro-

portion to the severity of the neuropathy, with more prominent findings in distal than in

proximal lower extremity muscles (52).

10.2. CIDP and Distal Diabetic Neuropathy

CIDP can occur in the setting of diabetes mellitus (both types I and II) (57,58), and dia-

betes may be a predisposing factor in the development of CIDP (59). Clinical features

that lead to consideration of CIDP include rapid loss of strength in both upper and

lower extremities, and greater proximal than distal weakness (59). Nerve conduction

data from diabetic patients who developed CIDP indicate prolonged distal and F-wave

latencies, slowed conduction, abnormal temporal dispersion, and conduction block that

fulfill electrodiagnostic criteria (Table 2.3) (59). Responses to immunomodulating drugs

provides clinical support for concurrent CIDP and diabetic neuropathies (57,58,60).
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11. SMALL FIBER NEUROPATHIES

Small fiber neuropathies are clinically defined by symptoms of painful paresthesias in a

distal distribution (61,62). Sensory and motor responses in the legs are frequently

normal, and when abnormal, sensory responses are reduced or absent (63). The diagnosis

of small fiber involvement is confirmed by nerve biopsy showing reduced numbers of

unmyelinated fibers, or by skin biopsy showing reduced intraepidermal nerve fiber

density (discussed further in chapters 5 and 6). Among patients with no abnormalities

on electrodiagnostic testing or skin biopsy, other lesions localized to the central

nervous system such as multiple sclerosis have been identified (63).

12. FOCAL CONDUCTION BLOCK NEUROPATHIES

The term multifocal motor neuropathy with conduction block focuses on the clinical entity

of a primary motor neuropathy with foci of marked focal conduction block away from sites

of entrapment, suggesting multiple mononeuropathies (20). Electrodiagnostic studies

reveal conduction block over short nerve segments, as defined and discussed above

(Table 2.2). However, CMAP waveforms may show both focal conduction block, abnor-

mal temporal dispersion (prolonged negative peak duration) and slowed conduction (pro-

longed distal and F-wave latencies) (Fig. 2.7) (64,65). There is predilection among nerves

for conduction block; ulnar . median . tibial . peroneal nerves (65). Although many

patients exhibit focal conduction block in limb nerve segments, a number have conduction

block at very proximal sites (plexus and root), and some may have the clinical features of

this type of neuropathy but no demonstrable block (66). Many, but not all, patients have

Figure 2.7 Motor nerve conduction study showing focal conduction block across a 100 mm

segment with marked reduction of CMAP amplitude and area. CMAP values in table. Display

settings: 5 ms/div and 5 mV/div.

34 Bromberg

5432-8-Bromberg-ch02_R2_270505



normal sensory nerve conduction across the segments of focal motor nerve conduction

block (67).

13. HEREDITARY NEUROPATHIES

Hereditary neuropathies, from the electrodiagnostic perspective, represent a spectrum of

neuropathic processes (68,69). They may be named by one of the two nomenclature

systems; by the type of nerves involved (hereditary motor sensory neuropathies—

HMSN) or by genetic mutations (Charcot–Marie–Tooth neuropathies—CMT). Each

system has subtypes (1A, 1B, etc.; 2A, 2B, etc.). This discussion will focus on the more

common hereditary neuropathies, with recognition that there are examples involving

other combinations of nerves (sensory and autonomic nerves—HSN and HSAN).

13.1. CMT Types 1 and 2

Electrodiagnosis has a prominent historic role in dividing hereditary neuropathies into two

broad types. Type 1 is traditionally characterized by slowed motor conduction velocities

(empirically ,38 m/s), and type 2 by normal or mildly slowed motor conduction vel-

ocities (.38 m/s) in legs and arms (70,71). Although type 1 is designated as demyelinat-

ing and type 2 as axonal, axonal loss occurs in both types and is responsible for clinical

weakness (72). Accordingly, for both CMT types 1 and 2, SNAP and CMAP amplitudes

in the legs will be reduced or absent, depending upon severity. Few needle EMG studies

are reported, most patients show evidence for chronic and slowly progressive axonal loss

indicated by abnormal spontaneous activity (positive waves and fibrillation potentials) and

MUAPs with markedly reduced recruitment and very high amplitudes but with relatively

simple waveforms.

Further division of CMT neuropathies into different genotypes has led to an appreci-

ation for a spectrum of nerve conduction patterns. CMT1A, the most common form of

hereditary neuropathy, is characterized by slowed conduction with normal temporal dis-

persion (Fig. 2.8) (73). However, there is overlap in electrodiagnostic features (conduction

velocities) among the different mutations in CMT1 and 2 (68,69).

13.2. CMT-X

Nerve conduction velocities in affected males with X-linked CMT display a range of

values, and some degree of slowing may be present in female carriers (74–76).

Because a family history may not be appreciated, CMT-X should be included in the differ-

ential diagnosis of CIDP.

13.3. Hereditary Neuropathy with Predisposition to Pressure Palsies

This neuropathy is characterized electrodiagnostically by focal nerve conduction slowing

and conduction block at common sites of entrapment (most common at the elbow) (77,78).

Distal motor latencies are prolonged (median and peroneal . ulnar and tibial nerves) in

the setting of normal or near normal conduction velocities and normal CMAP amplitudes.

Sensory nerve studies show distal slowing or absent responses. These findings are often

clinically unsuspected and are found during nerve conduction studies for focal neurologic

symptoms.
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13.4. Electrodiagnostic Approach to Hereditary Neuropathies

The growing complexity of hereditary neuropathies raises new challenges in both clinical

diagnosis and electrodiagnosis (68). A family history may not be apparent. Type 1 is the

most common hereditary neuropathy, and slowed conduction velocities (,38 m/s)

without evidence for temporal dispersion (Fig. 2.8) is a strong clue that the neuropathy

is not acquired. CMT-X includes mildly slowed conduction velocities with or without

abnormal temporal dispersion, and should be considered along with CIDP. HNPP is

also common, and is characterized by prolonged distal latencies with focal slowing

with or without conduction block at common sites of entrapment. Needle EMG findings

in all forms of CMT include reduced recruitment, very high amplitude but simple

MUAP waveforms (chronic denervation). Chronic denervation may be the only clue to

a very long-standing (hereditary) neuropathy. The most useful diagnostic procedure,

when considering a hereditary neuropathy, is clinical and electrodiagnostic examination

of other family members. Within a family with recognized CMT, only 20% of affected

Figure 2.8 Motor nerve conduction studies in response to stimulation at the wrist and elbow.

Top: Patient with CMT type 1A showing slowed conduction velocity with normal temporal

dispersion. Bottom: Normal conduction velocity with normal temporal dispersion. CMAP values

in table. Display settings: 5 ms/div and 5 mV/div.
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people seek medical attention for symptoms of their neuropathy (79). Finally, it is not

possible to confidently exclude a hereditary neuropathy in the setting of a chronic periph-

eral neuropathy whose cause is unknown (69).

14. MONONEUROPATHIES

Mononeuropathies may be caused by focal pressure (entrapment and pressure neuro-

pathy), trauma, tumor, or focal vascular compromise (ischemic neuropathy). Spontaneous

entrapment syndromes along the course of nerves in the upper extremities occur but are

very rare (80). Mononeuropathies due to ischemia can occur from vascular occulusion

of vessels of all sizes (81). In the setting of small vessel vasculitis, several nerves may

be involved in the form of mononeuritis multiplex.

14.1. Focal Entrapment Neuropathies

Entrapment neuropathies first affect myelin with redundancy of myelin layers and remye-

lination, and if prolonged, damage axons (82). Electrodiagnostic changes due to altered

myelination are slowed or blocked conduction across entrapment site and normal conduc-

tion on either side of the site. This criterion may not be achievable for some entrapment

sites do to limitations of access to stimulation sites. An alternative approach is demon-

stration of normal conduction in a neighboring nerve, or in comparison with the contral-

ateral nerve. Sensory nerve studies may be more sensitive indicators of focal compression

than motor nerve studies. Axonal damage is assessed by needle EMG showing abnormal

spontaneous activity (positive waves and fibrillation potentials) and MUAP recruitment

(reduced) and configuration (high amplitude).

14.2. Ischemic Neuropathies

Ischemic neuropathies due to vasculitis of small vessels that perfuse nerves cause axonal

damage of varying degrees (81). Electrodiagnostic changes in ischemic mononeuropatheis

and mononeuritis multiplex include reduced or absent sensory and motor responses.

However, for 1–2 days after acute onset, the nerve segment distal to the lesion site will

remain viable, and stimulation of the nerve distal to the site produces a normal response,

while stimulation proximal to the site is abnormal, suggesting a focal conduction block

(83). Needle EMG will show axonal pathology with abnormal spontaneous activity (posi-

tive waves and fibrillation potentials) and MUAPs with reduced recruitment and complex-

ity (81). The needle EMG examination can be used to define the nerve distribution

(mononeuropathy or mononeuropathy multiplex). Ischemic neuropathies are typically

asymmetric, and side-to-side comparisons may be helpful. On occasion, the presence of

a confluent mononeuritis multiples may mimic a diffuse, symmetric peripheral

neuropathy.

15. PLEXOPATHIES

Diagnosing plexopathies is challenging because of the complex nerve anatomy and the

varied pathologic causes. Discrete lesions affecting one plexus element are less

common than diffuse lesions, making precise localization within the plexus difficult.

Plexus lesions can mimic nerve root lesions, and vice versa, and traumatic injuries can
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produce both. MR imaging studies, especially neurography, can help localize the lesion in

many situations. The underlying pathology causing plexopathies is most commonly

axonal, although traction injuries and lesions involving pressure from a mass may

include an element of conduction block (84).

Nerve conduction studies are of limited utility in localizing proximal lesions and

stimulation at Erb’s point assesses only the distal portion of the brachial plexus. The

one exception is that sensory nerve conduction studies are the only study capable of loca-

lizing the lesion to the peripheral nervous system. Routine sensory nerve studies may show

reduced or absent responses, and severe lesions may reduce CMAP amplitude with

minimal slowing of conduction velocity. F-wave studies provide limited information on

demyelinating pathology because rapidly conducting fibers are frequently spared and

latencies are normal (84). A number of special sensory nerve conduction tests can be

helpful in brachial plexopathies (85). Needle EMG is more useful and will show axonal

damage with abnormal spontaneous activity (positive waves and fibrillation potentials)

and MUAPs with reduced recruitment, increased amplitude, and greater complexity.

The pattern of muscle involvement will be diagnostic, but distinguishing between radicu-

lopathy and plexopathy can be difficult if sensory responses are normal because paraspinal

muscle abnormalities are not always found in chronic radiculopathies (84).

Myokymic discharges occur in a number of clinical situations, but in the setting of a

plexopathy in a patient with a history of radiation treatment that included the plexus, they

are strongly associated with a radiation-induced plexopathy as opposed to direct infiltra-

tion of malignant cells (86,87).

16. RADICULOPATHIES

Nerve root compression from acute disk herniation may cause focal conduction block or

axonal damage at the site of herniation. Focal block or slowing of motor nerve fibers could

lead to prolongation of the F-wave latency, but small changes are more often than not

diluted by long segments of normal nerve. H-waves are unique in their ability to assess

proximal portions of both sensory and motor nerve fibers, but H-wave testing is practically

restricted to S1 roots and experience in S1 radiculopathies indicates that they are incon-

sistent in their diagnostic utility because many rootlets make up the root and as long as

any are uninvolved, the H-wave remains normal (88). Sensory nerve fibers may be

more vulnerable to damage than motor fibers, but preganglionic root lesions will not

affect the post ganglionic segment that is studied with routine sensory nerve conduction

studies.

Needle EMG is diagnostically useful in the evaluation of suspected radiculopathy by

its ability to sample many muscles and its sensitivity to mild degrees of denervation (88).

However, there may be no electrodiagnostic evidence of denervation because root com-

pression may affect sensory fibers to cause pain but not motor fibers. Most muscles,

including paraspinal muscles, receive innervation from several roots, and the effect of

axonal damage from one root may be mild and difficult to detect. Diagnosis of radiculo-

pathy is based on finding neurogenic changes in several muscles innervated by the sus-

pected root and excluding involvement of muscles innervated by one nerve. This may

require sampling a large number of muscles and some root levels may be difficult to

define (88,89). There may also be individual variation in the level of innervation (pre-

or post fixed plexes) (90,91).

Needle EMG abnormalities vary with severity and duration of root damage, and

abnormalities are more frequent in posterior myotomes (paraspinal muscles) than anterior
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myotomes (limb muscles) (92). Abnormal spontaneous activity (positive waves and fibril-

lation potentials) may be the only abnormality in a third of patients with known radiculo-

pathy, and with more severe axonal damage, there are increased proportions of complex

(polyphasic) MUAPs, followed by decreased recruitment. With acute radiculopathies, a

centrifugal pattern of EMG abnormalities followed by a similar pattern of resolution of

EMG abnormalities will be observed (88).

Paraspinal muscle abnormalities can separate radiculopathy from plexopathy.

Superficial paraspinal muscles receive innervation from multiple levels, but the deep mul-

tifidus layer has single level innervation (93). Examination protocols have been developed

for reproducible mapping of lumbosacral paraspinal muscles (94). In postsurgical para-

spinal muscles, needle EMG study is informative for a new process when performed

3 months after surgery (to allow time for muscle fiber injury from retractor damage to

resolve), when the electrode is 3 cm lateral to the scar, and is in the deeper portions of

the muscles (3–5 cm deep) (95).

17. CONCLUSIONS

The goal of this chapter is to present an overview of the efficient use of routine electrodiag-

nostic testing for peripheral nerve disorders. The review has focused on an orderly

approach designed to ask specific questions that may not be fully answered from the

history and neurologic examination. At the conclusion of the electrodiagnostic study,

the characterization of the nerve injury should be complete leading to a reasonable differ-

ential diagnosis and a rational selection of further laboratory tests. Other chapters will

provide detailed clinical and electrodiagnostic information on specific neuropathies.
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45. Nicolas G, Maisonobe T, Le Forestier N, Léger J-M, Bouche P. Proposed revised electro-

physiological criteria for chronic inflammatory demyelinating polyradiculoneuropathy.

Muscle Nerve 2002; 25:26–30.

46. Alam T, Chaudhry V, Cornblath D. Electrophysiological studies in the Guillain–Barré
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ABSTRACT

Quantitative sensory testing (QST) supports the clinical examination and more routine

electrophysiological tests. A sensory testing system, the computer-assisted sensory exam-

ination (CASE IV) provides accurate and reproducible measures of sensory thresholds,

for example the vibration detection threshold (VDT) and cold detection threshold

(CDT). Warm detection thresholds are less reliable. Heat pain detection thresholds are

normally used to assess C-fiber or unmyelinated fiber function, but are less reproducible

than VDT and CDT. QST is useful in detecting sensory loss in mild distal neuropathy

or where large fiber function is minimally affected. Newer testing algorithms, such as

the 4, 2, and 1 stepping algorithm with null stimuli, allow CDT and VDT to be performed

relatively rapidly and reproducibly and are useful clinically and in controlled clinical

trials. However, QST requires careful interpretation in the context of the clinical evalu-

ation, and despite computer algorithms to avoid patient bias, QST still relies on psycho-

physical tests that may be influenced intentionally or unintentionally by the subject.

Accordingly, QST should be avoided in work-compensation or in medico-legal cases

where there is potential bias toward a poor outcome.
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1. INTRODUCTION

In traditional sensory testing, the examiner assesses light touch, pin prick, vibration, or

joint position, and judgments are made based on the examiner’s experience. Testing

methods and techniques are not uniform between examiners and results are not compared

with rigorously derived normative data. As a result, traditional sensory testing may include

both false positive and false negative findings.

Quantitative sensory testing (QST) can provide information about pathology that

may not be available from routine nerve conduction studies. QST can provide reliable

and reproducible information about both large and small sensory fiber functions (1).

QST is based on well-established psychophysical methods (2) that allow accurate charac-

terization of responses from peripheral sensory receptors. Computer-based systems

facilitate test and retest of sensory levels leading to normative data based on percentiles.

This allows early detection of peripheral neuropathy in diseases where there may be

minimal involvement of distal fibers or where small fiber loss predominates. QST also

lends itself to epidemiological and clinical treatment trials.

Despite good sensitivity and reliability of QST, there are drawbacks. Unlike nerve con-

duction studies, QST is subjective. Response variability is reduced by repeatedly presenting

the same sensory stimulus using a computer-based algorithm and determining whether the

sensory response accurately represents the patient’s sensory level. Patients with poor atten-

tion or cognitive deficits may struggle to complete the testing. Use of null stimuli coupled

with repeated testing at threshold improves the accuracy in these subjects; however, if the

deficit is severe it may not be possible to complete sensory testing. Methods of measuring

sensory thresholds vary depending on the technical method and data may not be transferable

from one testing device to another, in contrast to nerve conduction data. In QST, a subject’s

response to quantified natural occurring stimuli is specific to a particular modality, for

example, cold detection threshold (CDT), warm detection threshold (WDT), heat pain detec-

tion threshold (HPDT), and vibration detection threshold (VDT). These stimuli test specific

sensory organ modalities and do not necessarily reflect changes in afferent fiber function,

although in general the VDT is a surrogate measure of large fiber sensory function, the

CDT of small myelinated fibers (Ad), and the HPDT of C-nociceptor fiber function.

2. TESTING STRATEGIES

QST techniques significantly affect testing outcome (1). Steep, linear, or exponential

increases in temperature, where the patient experiences a change in temperature and

signals by depressing a response key, overestimate the true sensory threshold. Further-

more, alternating the direction of thermal change and having subjects respond during

heating or cooling also overestimates thresholds and provides poor discrimination for

specific thresholds such as the CDT, WDT, and HPDT. A better method is a flat-topped

pyramidal shaped stimulus ramp that provides a better range of defined levels of intensity

(1,3,4). In the computer-assisted sensory examination (CASE IV) system, trapezoid

stimuli are applied and range from baseline in a series of 25 steps called just noticeable

differences (JND). From JND 1 through 21, heating pulses are pyramidal shaped. Temp-

erature changes from baseline (348C) to peak and returning to baseline are at 48C/s. The

highest temperature achieved is 488C at step 21. At steps 22–25, 488C is held for progress-

ively longer periods of time. A similar technique is used for VDT. The thresholds obtained

using these JND values can then be converted into normative curves based on age and sex,

and ultimately converted to standard normal deviates.
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3. METHODS

The CASE IV system consists of a personal computer that drives an electronic controller

to shape and control stimulus characteristics (Fig. 3.1). There is a visual cueing device and

response key. Prior to performing the QST, the patient is read specific instructions on the

test. The same instructions are given each time the test is performed, and the technician

avoids interpreting the test for the patient. This is important to ensure reproducibility of

the test. The patient is presented with a visual cue indicating that a stimulus is being

given. The technician must be convinced that the patient understood and was cooperating

during the test. Furthermore, the patient should not be drowsy or under the influence of

sedatives, pain medications, or other medications that would affect their concentration.

At the end of the stimulus the patient responds to indicate whether or not they felt the

stimulus. Among testing algorithms the two most common methods used in the CASE

IV system are a forced choice method and a one-period 4, 2, and 1 stepping algorithm.

In the forced choice method, the patient is given a stimulus during either period one or

period two, and before proceeding to the next level of testing has to indicate which

period they felt the stimulus in. The forced choice method has the advantage that it

Figure 3.1 The computer-assisted sensory examination (Case IV) system (A), temperature

thermode (B), and vibrometer (C). Figure (A) was kindly provided by WR Electronics (Stillwater,

MN). Similar equipment is available from several different manufacturers.
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requires a subject to provide a positive response comparing one stimulus to another.

However, the forced choice method has the disadvantage that it is often very lengthy, par-

ticularly when the patient has minimal sensation and there is difficulty obtaining a sensory

threshold. The one-period 4, 2, and 1 stepping algorithm with null stimuli can be used for

detection of both the VDT and the CDT (5). The one-period algorithm uses the method of

limits to detect temperature or vibration thresholds. The system begins at an intermediate

level, level 13, and the stimulus is increased if not felt or decreased if felt, by four steps to

the point of turn around. After the first computer generated reversal in the stimulus (turn),

stepping occurs in steps of two, and after the second turn, stepping occurs in steps of one

until the sensory threshold is determined. A total of 20 stimulus events are used, with five

of them being randomly distributed null stimuli. If three consecutive failures are observed

at level 25, the testing is terminated, and the subject is classified as being insensitive. If

there is a positive response to more than one null stimulus, the program is aborted. The

patient is then re-instructed and the test is re-run. The one-period 4, 2 and 1 stepping algor-

ithm has proved to be as sensitive as the forced choice system, while permitting more rapid

assessment of sensory levels.

The specific methodology outlined in this section is that used by the CASE IV

system. Similar methods are used in other commercially available quantitative sensory

equipment. In general, it is important that reliable normative data for the specific

sensory device are obtained from a sizable cohort of normal subjects using the specific

sensory device. Furthermore, the equipment must allow for reproducible testing. Thus

hand-held sensory devices generally produce less reproducible data than fixed positioned

equipment.

3.1. VDT

The VDT is obtained using a computer-based system. Standard and calibrated 125 Hz

vibratory mechanical oscillations are provided in 25 graded steps ranging in stimulus
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magnitude from 0.1 to 576.6 mm displacement. The cantilevered design provides a

30-gram preloading force and the objective is to determine the smallest mechanical

displacement that can be detected. The vibration arm is usually placed on the dorsum

of the great toe [Fig. 3.1(C)] or index finger immediately proximal to the nail, but may

be used at other sites such as the dorsum of the foot or hand, volar forearm, lateral

shoulder, anterior thigh, and lateral leg. During testing of the VDT, sound at 125 Hz is pro-

vided continuously by headphones to ensure that the vibration stimulus cannot be heard.

3.2. CDT and WDT

For detecting the CDT or WDT, a thermode is placed on the dorsum of the foot or hand, or

at other specified sites as for VDT testing. The thermode works on the Peltier principle,

and the standard thermode has a stimulating area of 10 cm2. For these studies it is

programmed to provide a trapezoid stimulus with an initial rise or fall of 48C/s. The

one-period 4, 2, and 1 stepping algorithm used for measuring VDT and CDT is shown

in Fig. 3.2. The WDT is less reproducible than the CDT and is not used in our laboratory.

Thermal testing ramps may also be assessed using a continuous measuring system of

thermal thresholds (6). This type of system is used on several types of commercially avail-

able equipments. The problem with this type of testing algorithm is that the heating or

cooling ramp continues while the patient is deciding to press the response button. This

system will thus overestimate the degree of heating or cooling. In addition, patients will

improve the rate of response to the test with repeated testing. The net result of these

defects in the testing method are that there will be an overestimate of heating or

cooling, and lack of reproducibility with subsequent trials.

3.3. HPDT

Testing algorithms for heat pain are even more complicated. The rate of rise in tempera-

ture, frequency of testing, and the specific testing device all affect the perceived pain

threshold. If a continuous linear ramp is used, the pain threshold will be inaccurate.

Thus, a further algorithm, the nonrepeating ascending with null stimuli (NRA–NS) is

used for heat pain responses and for measuring the HPDT (Fig. 3.3). The HPDT provides

indirect information about C-nociceptor function. The initial skin temperature is taken

with an infrared thermometer. If the temperature of the skin is ,328C, the limb is

warmed in water. The thermode is calibrated for a range between 348C and 508C. Once

the thermode is applied to the skin, it is set at 348C and allowed to accommodate to the

skin temperature. A series of software and hardware features in the system recognize

excessive temperatures, or faulty operation and shut down the system if a fault is

sensed. Although the test may induce erythema at the sight of testing, injury to the skin

is extremely rare.

During heat pain testing, specific instructions are read and presented to the patient as

for other types of QST. The patient is asked if they feel some degree of discomfort or pain,

and if they do then the severity is graded by the patient from 1 to 10. Number 1 would

correspond to the lowest level of discomfort or pain, number 10 would correspond to

the most severe level of pain. Typically at a low stimulus magnitude nothing is felt.

With a stronger stimulus, a pulse of warmth or heat is experienced. Occasionally, patients

may not report warmth, but may report pain as the initial stimulus. This likely occurs at

sites where warm receptors are not present. In the CASE IV system, the heating ramp

uses a trapezoid stimulus to 498C in order to try to avoid pain and skin temperature

damage associated with higher temperatures. The measured HPDT is the thermal step
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level at which the stimulus is felt as painful 50% of the time. In order to limit actual testing

within the nociceptive range, an estimate is made of the 0.5 (HP:0.5) and 5.0 (HP:5.0) pain

response level by testing all steps between the two response levels (7). The NRA–NS

algorithm is superior to the 4, 2, and 1 algorithm and the forced choice algorithm for

testing pain (7) because it avoids repeating pain stimuli at specific levels that may sub-

sequently alter pain thresholds. The test can be completed in 8–15 min, which is important

with limited testing time, or when patients have a poor attention span. Testing may be

Figure 3.2 One-period 4, 2, and 1 stepping algorithm to determine VDT or CDT. Normal VDT

response (A), subject of similar age with alcohol associated axonal neuropathy and an impaired VDT

(B), normal CDT (C), same subject with an impaired CDT (D).
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repeated in, as little as, 45 min without any significant difference in the second recorded

response level (7).

4. CLINICAL USES OF QST

Potential uses for QST include (1) determination of the type of sensory modality affected

in a peripheral neuropathy; (2) characterize the type of nerve fiber degeneration in a “small

fiber neuropathy” where standard nerve conduction studies are normal (8); (3) characterize

heat pain insensitivity or hypersensitivity in peripheral neuropathies, as well as in focal

disorders such as trigeminal neuralgia; and (4) characterize response of sensory, or

“small fiber neuropathies” to pharmacological agents.

There are concerns about using QST for workman’s compensation or medico-legal

claims. In psychophysical testing, a subject may have a bias toward a worse outcome, and

therefore may consciously or unconsciously influence results of the test making QST unre-

liable (9,10). Furthermore, there is a concern about the reliability of QST in characterizing

an entrapment neuropathy such as carpal tunnel syndrome. The diagnosis should not be

made on the basis of a single test, but should rather correlate clinical findings, electrodiag-

nostic studies, QST findings, and the physician’s judgment to determine the final assess-

ment of the disorder.

5. CONCLUSIONS

QST using sensitive psychophysical methods attempts to evaluate subjective alterations in

sensation such as hypo- or hyper-sensitivity. There are several indications for QST: (1) to

Figure 3.3 Measurement of the HPDT showing hypersensitivity to heat pain (A) in a patient with

a cryptogenic “small fiber neuropathy,” and hypersensitivity (B) heat pain in a patient with impaired

glucose tolerance and neuropathy.
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quantify specific sensory system dysfunction and to evaluate ways of improvement in that

function; (2) to evaluate the effects of treatment of a neuropathy or other sensory dysfunc-

tion; and (3) to evaluate small fiber dysfunction and elucidate the cause of hypersensitivity

phenomena. QST may be of use where clinical methods or electrodiagnostic studies such

as nerve conduction studies are too insensitive to characterize sensory loss.
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ABSTRACT

The autonomic nervous system has diverse functions. Direct testing of autonomic nerves,

as is performed with somatic nerves, is not readily available. Rather, the evaluation of the

autonomic nervous system relies on indirect assessment of autonomic function. Accord-

ingly, an understanding of the anatomy, physiology, and chemistry of autonomic nerves

is essential. Individual tests are reviewed in this chapter. The final section includes

common conditions encountered by the clinician that require neurophysiological testing.

1. OVERVIEW OF THE ANATOMY, PHYSIOLOGY, AND CHEMISTRY

The major autonomic centers in the brain are the ventral lateral medulla, the nucleus

tractus solitarius (NTS), the parabrachial nucleus, the hypothalamus, the amygdala, and

the insular cortex. These centers are sensitive to afferent impulses from end organs or

to humoral mechanisms through the release of various substances. The NTS and the

dorsal medulla receive afferent information from cardiovascular, respiratory, and gastro-

intestinal end organs. The NTS also receives information from afferent fibers from the

viscera, as well as spinal information that integrates visceral and somatic stimuli. The

NTS forwards signals to various brainstem and forebrain centers. Baroreceptor and che-

moreceptor information is transmitted to the amygdala and paraventricular hypothalamic

nucleus. The NTS projections to the nuclei of the vagus nerve are responsible for modify-

ing the cardiac parasympathetic activity. The NTS projections to the ventral lateral

medulla modify sympathetic cardiovascular responses. Important differences between

the sympathetic and parasympathetic systems are summarized in Fig. 4.1 (1).

Postganglionic sympathetic fibers follow blood vessels. Those to the limbs and head

emanate from paravertebral ganglia, while those to the viscera (cardiac, splanchnic)

emanate from paravertebral and prevertebral ganglia. Postganglionic fibers do not exist

in the adrenal medulla. Parasympathetic innervation is most important in the modulation

of the enteric nervous system and in the innervation of the bladder. Sympathetic inner-

vation to the arteries and veins is very important in the modulation of vasomotor reflexes.

Both systems interact equally with cardiac responses. Sweat glands are innervated by

sympathetic fibers that are cholinergic.

The neurotransmitters involved are mainly acetylcholine, norepinephrine, and epi-

nephrine. Acetylcholine is the universal ganglionic transmitter (nicotinic receptors). It

is also the postganglionic transmitter for parasympathetic and sympathetic sudomotor

fibers (muscarinic receptors). Norepinephrine is the postganglionic transmitter for the

remaining sympathetic fibers. Epinephrine is mainly formed at the adrenal medulla and

following its release, stimulates the adrenoreceptors directly.

2. LABORATORY EVALUATION OF AUTONOMIC DISORDERS

Several systemic and neurologic conditions affect the autonomic nervous system. In some

cases, involvement of the sympathetic or parasympathetic component predominates, but it

is rare to have involvement of only one division of the autonomic nervous system. In this

chapter, we will review the standard tests of autonomic function (2–5). The main

indications for diagnostic laboratory evaluation are:

1. generalized autonomic failure;

2. distal small fiber neuropathy;
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3. syncope, orthostatic intolerance, and postural tachycardia;

4. other limited dysautonomias (gastrointestinal, urologic); and

5. sweating disorders (anhidrosis, hyperhidrosis).

Autonomic testing is also used to evaluate the progression and therapeutic responses in

dysautonomia. Very specialized dysautonomias, such as pupillary, genitourinary, or

gastrointestinal disorders, are beyond the scope of this chapter.

Given the influence of many substances on autonomic function, it is important to

withhold these substances, if medically possible, for variable periods before testing.

Caffeine and nicotine should be held at least 4 h before testing. Alcohol should be held

8 h. Over-the-counter drugs (decongestants) and anticholinergics (including tricyclic anti-

depressants) should be held 48 h. Sympathomimetics should be held 24 h. The patient

should be quietly seated indoors for 30 min before the test to allow for adequate rest

and thermal equilibration.

2.1. Tests of Sudomotor Function

The three main tests are:

1. quantitative sudomotor axon reflex test (QSART);

2. thermoregulatory sweat test (TST); and

3. sympathetic skin responses (SSR).

Figure 4.1 Comparison of sympathetic system with parasympathetic system.
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2.1.1. Quantitative Sudomotor Axon Reflex Test

In this test, a multi-compartment sweat capsule is attached to the skin. Acetylcholine 10%

is iontophoresed through one compartment using a low intensity (up to 2 mA) constant

current to activate cutaneous axon terminals. The action potentials propagate antidromi-

cally to the next branch-point, then propagate orthodromically to the next nerve terminal.

This releases endogenous acetylcholine, which binds to muscarinic receptors on eccrine

sweat glands (3). The evoked sweat response is recorded from a second compartment

of the sweat capsule using a sudorometer (3). This reflex response is mediated by post-

ganglionic sympathetic sudomotor axons. The test is noninvasive, but subjects often

describe a transient local burning or stinging sensation lasting several seconds following

the iontophoresis. After the capsule is removed, a small erythematous flare may persist for

up to 20 min. QSART is sensitive and reliable in controls and in patients with autonomic

neuropathy. Intra-subject reproducibility is high. There is little asymmetry from side to

side; in our laboratory, this difference is ,40%. Therefore, recording from either side

should suffice, except when local factors are present (skin injury or infection, previous

trauma, or biopsy). When symptoms are unilateral, it is useful to evaluate both sides. Stan-

dard recording sites are the volar mid-forearm, the anterior proximal leg, the anterior distal

leg, and the dorsolateral proximal foot. These sites are innervated by the ulnar, peroneal,

saphenous, and sural nerves, respectively. Normal data from the Mayo clinic and from our

laboratory have been published (3,6).

2.1.2. Thermoregulatory Sweat Test

The TST is a sensitive qualitative test of sudomotor function that provides important infor-

mation on the pattern and distribution of sweat loss. The original method applied quini-

zarin indicator to dry skin. Sweating changes the indicator from brown to violet.

Because quinizarin is highly allergenic, alizarin-red is currently used, and the color

changes from orange to purple (7). Skin reactions are rare, but staining of clothing may

occur. The test is conducted in a heated tent or a sweat cabinet. The subject should be

well hydrated. Anticholinergic agents, some antihistamine, antidepressant, and some anti-

parkinsonian drugs, should be held for 24–48 h before the test. A commonly used end-

point is a rise in oral temperature of 18C provided the resting baseline temperature is

.36.58C. A minimum of 25% ambient humidity is usually necessary to facilitate sweating

and slow the evaporation. There are some variations in normal sweat patterns, but all

normal subjects should perspire over the forehead, trunk (particularly torso), hands, and

feet; and most normal subjects perspire over the legs and forearms. In our experience,

some normal subjects, particularly women, may not sweat over the thighs and arms.

The test is highly sensitive because it detects pre- or postganglionic sudomotor dysfunc-

tion. In a study by Fealey et al. (8) on 51 diabetics, 94% of those with clinical findings of

neuropathy had abnormal TST. Anhidrosis occurred distally in 65%, or regionally—

including dermatomal distribution—in 50%; 78% of patients had more than one pattern.

Global anhidrosis was noted in 16% and all had symptomatic dysautonomia.

In autonomic disorders, TST is a useful adjuvant to autonomic testing. Distal

anhidrosis is the most common pattern and is usually indicative of a distal small fiber neu-

ropathy. Most often, it is symmetric. When there is significant asymmetry, a microangio-

pathic or dysimmune condition should be considered. Global anhidrosis is characteristic of

pure autonomic failure (PAF), multisystem atrophy (MSA), and pan-autonomic neuro-

pathy. Regional anhidrosis can be dermatomal or segmental. Hemihidrosis is an extreme

example of segmental anhidrosis typically seen in myelopathies or after a cerebral

infarction.
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2.1.3. Sympathetic Skin Responses

Also known as galvanic skin responses (GSR), SSR is an electrodermal response recorded

from sweat glands after stimulation of type II mechanoreceptors in a mixed nerve (9). Stan-

dard EMG surface electrodes are placed over the hands and feet. The response is recorded

from the active electrodes over the palmar or plantar surface, while the reference electrode

is placed over the dorsal surface. An electrical stimulus with duration of 0.2 ms and an

intensity of 30–50 mA is delivered to the contralateral wrist or ankle. The response wave-

form has a slow latency (1–3 s) and a long duration, which requires a low frequency filter

of ,0.20 Hz. The high frequency filter is usually ,2000 Hz. The sweep speed should be

500–1000 ms/cm. Owing to the large variability among normal subjects, and the habitu-

ation of the response with repeated stimulation, only an absent SSR is of pathological sig-

nificance and indicates abnormal sudomotor adrenergic innervation of the affected limb.

2.2. Tests of Cardiovagal Function

The three main tests are:

1. heart rate response to deep breathing (HR)

2. Valsalva ratio (VR)

3. heart rate response to standing “30:15” ratio

In the first test, the variation of heart rate (HR) depends on vagal innervation, and is abol-

ished by the muscarinic antagonist atropine. In the other two tests, the HR is determined by

the vagal component of the baroreflex arc, while blood pressure (BP) responses are deter-

mined by sympathetic factors. BP changes also depend on the magnitude of forced expira-

tory pressure during the Valsalva maneuver, the patient’s volume and cardiac status, and

the patient’s position. BP and HR can also be recorded noninvasively using plethysmo-

graphic equipment, such as finapres or arterial tonometry (Table 4.1) (10).

2.2.1. HR Response to Deep Breathing

Age, resting HR, rate of breathing, body mass index, cardiac status, and medications affect

this test. It is not affected by gender. Heart rate variations (R–R variation) is maximal at a

respiratory rate of 6 bpm (Beats or breaths per minute) (11,12). Breathing should be as

smooth as possible and a visual guide—such as an oscillating bar—is very helpful. Six

to eight cycles are recorded, and the five cycles with the largest R–R differences are aver-

aged to derive a mean HR range. Breathing at higher rates or for longer periods reduces the

Table 4.1 Test Results in Various Types of Autonomic Failure

Condition TST QSART VR/DHRDB HUT

Autonomic NP ##, Distal ##, Distal Reduced ## BP

Adrenergic NP #, Distal #, Distal Normal ## BP

Cholinergic NP ##, Diffuse ##, Diffuse Reduced NL

Botulism ##, Diffuse ##, Diffuse Reduced NL or #

Riley–Day # Distal, " proximal ##, Distal Reduced ## BP

PAF ##, Diffuse #, Distal Reduced ## BP

MSA ##, Diffuse Normal Reduced ## BP

Syncope NL or # NL or # NL or # ## BP

POTS NL or # NL or # NL or # " " HR

Evaluation of the Autonomic Nervous System 57



HR change because of hyperventilation and hypocapnia. If the test is repeated, 3–5 min of

rest should be allowed. Overweight patients will have reduced HR variation (13). Normal

data from the Mayo clinic and from our laboratory have been published (3,6).

2.2.2. Valsalva Ratio

For the Valsalva maneuver, the subject is asked to blow into a tube to maintain a column of

mercury at 40 mmHg for 15 s. The patient is usually rested and supine, but sitting does not

affect the ratio. The maneuver may be repeated to ensure reproducible BP responses.

Blowing for ,10 s or at a pressure ,20 mm is suboptimal. The VR is derived from the

maximum HR divided by the minimum HR. Most centers select the lowest HR within

30 s of maximal HR, but a few centers select the minimal value within 60 s of maneuver

onset. The maximal HR is a response to the fall in BP, while the minimal HR is a response

to the baroreflex. The VR is a measure of baroreflex sensitivity. The different phases of

the valsalva response are discussed in section 2.3.1.

Reflex bradycardia is blunted in cardiovagal dysfunction, while both the BP over-

shoot and the reflex bradycardia are blunted in generalized dysautonomia. Factors that

affect VR are age, gender, position of the subject, expiratory pressure, duration of

effort, and medications.

Occasionally, patients may not generate two reproducible BP curves despite identi-

cal expiratory pressures; in these cases, the better VR should be taken. The VR is less

reliable in patients with pacemakers, or when BP excursions are minimal for iatrogenic

or health (pulmonary) reasons. Some subjects, including controls, may not decrease

their BP during early phase II; this curve is referred to as a “flat top” response, and VR

may be underestimated. Conversely, VR may be normal in mild cardiovagal impairment

if sympathetic cardiac responses are compensatory. Normal data from the Mayo clinic and

from our laboratory have been published (Table 4.2) (3,6).

2.2.3. HR Response to Standing Up

The earliest HR changes to standing consist of a tachycardia between 5 and 15 s, followed

by a bradycardia between 20 and 30 s. Subsequently, there is an increase in HR and BP

before returning to baseline after several minutes. The early bradycardia is baroreflex—

mediated. The original study found that the largest HR changes occur at 15 and 30 s

after standing, hence the term “30:15 ratio.” This tachycardia/bradycardia ratio (R–R

interval at beat 30)/(R–R interval at beat 15) is a valid index of cardiovagal function.

Table 4.2 Components of Valsalva Maneuver in Types of Autonomic Failure (3)

Condition Early Phase II Late Phase II Phase IV VR

Normal SBP drop ,21 mm SBP ¼ baseline SBP rise .11 mm Normal

Vagal lesion SBP drop ,21 mm SBP ¼ baseline SBP rise .11 mm Reduced

Sympathetic

lesion, mild

SBP drop .21 mm SBP , baseline SBP rise .11 mm Normal

Sympathetic

lesion, moderate

SBP drop .21 mm SBP , baseline SBP rise .5 mm Low, normal

Sympathetic

lesion, marked

SBP drop .30 mm SBP , baseline SBP ¼ baseline Reduced
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2.3. Tests of Adrenergic Function

The main tests are the head-upright tilt (HUT) and the Valsalva maneuver.

2.3.1. BP Responses to the Valsalva Maneuver

As already mentioned, the VR is a reliable parasympathetic test. The dynamic alterations

of the BP during the Valsalva maneuver are important measures of adrenergic function.

Invasive (arterial line) and noninvasive (Finapres or arterial tonometry) recordings

reveal four phases in the Valsalva maneuver. In phase I, there is increased intrathoracic

and intra-abdominal pressure causing mechanical compression of the aorta and a brief

rise in BP. Phase II begins with a drop of BP secondary to reduced venous return and

cardiac output. This produces efferent sympathetic volleys to the muscles, and the cardi-

ovagal withdrawal leads to tachycardia (Table 4.3). The fall in BP is arrested within 4–6 s,

and the BP returns to or exceeds the resting values. Following the release of Valsalva in

phase III, the fall in intrathoracic pressure causes a decrease in BP lasting 1–3 s. There is

another burst of sympathetic activity and the arteriolar bed remains vasoconstricted. The

resumption of normal venous return and cardiac output leads to an overshoot of BP above

baseline values in phase IV. Normally, systolic blood pressure (SBP) drop should not

exceed 21 mm during early phase II, and should return to its baseline value by late

phase II or phase III. a-Adrenergic blockers (phentolamine 10 mg) eliminate late phase

II but increase phase IV. b-Adrenergic blockers (propranolol 10 mg) eliminate phase IV.

2.3.2. BP Responses to HUT

The assumption of the upright posture results in the pooling of 500–1000 cc of blood in

the lower extremities and splanchnic circulation. The reduced venous return decreases

ventricular filling, cardiac output, and BP. These changes lead to parasympathetic inhi-

bition and sympathetic activation. There is subsequent constriction of the vessels and

an increase in HR (14).

Orthostatic BP recordings to tilt are usually recorded with the patient supine and

after upright tilt to 70–808. An automated tilt-table allows consistent slow tilt over

20 s. Serial recordings are obtained but the most relevant ones are usually at 1 and

5 min after tilt. It is preferable to perform the tilt after 20 min of rest to maximize the

orthostatic reduction in BP. If using plethysmography, the arm should remain at the

heart level to avoid positional artifacts of BP values. During upright tilt in normal

persons, there may be a brief reduction in BP that fully recovers within 1 min. The decre-

ment should not exceed 20 mmHg of systolic blood pressure, 15 mmHg of mean blood

pressure or 10 mmHg of diastolic blood pressure. In the presence of adrenergic failure,

there is marked and progressive reduction in BP. The HR response depends on cardiac

Table 4.3 Valsalva-Related BP Changes: Results in Various Types of

Autonomic Failure

Condition # BP (Phase II) " BP (Phase IV)

Autonomic NP Excessive Reduced

Botulism Normal Normal or reduced

Riley–Day Excessive Reduced

PAF Excessive Reduced

MSA Normal or excessive Reduced
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adrenergic innervation; if spared, there will be compensatory tachycardia. Orthostatic drop

of SBP by .30 mmHg without tachycardia indicates definite adrenergic failure. In mild

adrenergic impairment, there may be excessive BP oscillations, a significant orthostatic

tachycardia (increment in HR exceeding 30 bpm) or both. These changes are often associ-

ated with premonitory signs of syncope.

3. CLINICAL APPLICATIONS

3.1. Acute Autonomic Neuropathies (15)

Acute autonomic neuropathies may have only minor accompanying somatic manifes-

tations or may be part of a more generalized acute peripheral neuropathy, such as the

Guillain–Barré syndrome (16), in which motor and sensory disturbances dominate the

clinical picture. The isolated autonomic form may be paraneoplastic or immunological,

and sometimes occurs after viral infections (17). The clinical presentation is dominated

by autonomic dysfunction which can be severe. Postural hypotension and anhidrosis are

due to sympathetic impairment, and gastrointestinal and sexual disturbances are due to

parasympathetic dysfunction. CSF abnormalities with albumino–cytologic dissociation

have been described in some cases. The HR is typically fixed, the skin is dry, and the

pupils sluggish or non-reactive to light. Minor sensory, motor, or reflex abnormalities

may be present distally in the extremities.

Nerve conduction studies are commonly normal. Minor distal neurogenic changes

can be seen on needle EMG. All autonomic function studies are markedly abnormal.

The disorder follows a monophasic course. The prognosis is variable, and approximately

one-third of patients remain severely disabled. Improvement usually occurs 1 year after

the onset. Treatment is symptomatic. Anecdotal reports suggest that plasmapheresis or

intravenous immunoglobulin (IVIG) therapy may be helpful.

3.1.1. Botulism

Ingestion of food contaminated by Clostridium botulinum often leads to cholinergic

failure. The manifestations are anhidrosis, xerostomia, xerophthalmia, gastroparesis,

ileus, urinary retention, and BP disturbances (6). There are signs of cranial neuropathies,

usually extraocular, and subsequent development of generalized weakness and respiratory

difficulties. The diagnosis can be confirmed by identification of the toxins in food or

serum.

3.1.2. Porphyria

Sympathetic overactivity is the most common abnormality. In acute intermittent por-

phyria, persistent tachycardia, and hypertension may herald an attack. Both sympathetic

and parasympathetic functions are affected. There is often concomitant large fiber

involvement that can be detected by nerve conduction studies.

3.1.3. Drug or Toxin-Induced Autonomic Neuropathies

Autonomic neuropathies may occur in patients receiving a variety of medications

including cisplatin, vinca alkaloids, amiodarone, perhexiline maleate, and taxol. Postural

hypotension often dominates the presentation, but there are usually other sensory

and motor signs of polyneuropathy. Organic solvents also cause a sensorimotor and

autonomic polyneuropathy, with abnormal valsalva maneuver and HR response to deep
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breathing (18). Thallium and arsenic intoxication leads to a peripheral neuropathy with

hypertension, tachycardia, and disturbances of sweating (19,20).

3.2. Chronic Autonomic Neuropathies (8)

Autonomic dysfunction is present in many chronic axonal neuropathies, particularly those

involving the small fibers.

3.2.1. Diabetic Autonomic Neuropathy

Autonomic neuropathy is present in at least 25% of diabetic patients. Parasympathetic

tests are usually impaired before sympathetic tests (21–23). Sweating is often abnormal

(8). Other neuropathic complications of diabetes are common and include a distal

polyneuropathy, diabetic amyotrophy, lumbosacral radiculo–plexopathy, and truncal

radiculopathy.

3.2.2. Amyloid Neuropathy

Autonomic dysfunction is prominent in the Portuguese type of familial amyloid

polyneuropathy (FAP type 1). The inheritance is autosomal dominant. The onset is

usually in young adulthood. There is often superimposed sensory neuropathy involving

mainly the small fibers. Motor and reflex abnormalities are infrequent or late (24).

In sporadic systemic amyloidosis, a neuropathy usually develops in mid—to late

adulthood. The neuropathy is usually painful. Autonomic failure is often severe and

early. Postural hypotension, syncope, and impotence are frequent. Sudomotor function

is impaired. Gastrointestinal disturbances are common. Some patients have dysphagia

caused by infiltration of the lower esophagus. Peripheral nerve biopsy shows amyloid

deposits with loss of thinly myelinated and unmyelinated fibers. The prognosis is worse

than in the inherited form.

3.2.3. Familial Dysautonomia (Riley-Day Syndrome)

Familial dysautonomia is also known as hereditary sensory and autonomic neuropathy

type III. It begins in childhood with impaired lacrimation, hyperhidrosis, postural hypoten-

sion, and poor temperature control (25). Autonomic testing abnormalities are both sym-

pathetic and parasymapthetic.

3.2.4. Pure Autonomic Failure

Pure Autonomic Failure (PAF) is an idiopathic, sporadic, adult-onset, and progressive dis-

order of the autonomic nervous system. Bradbury and Eggleston first described it in 1925

(26). Patients present with autonomic dysfunction such as urinary retention, erectile dys-

function, constipation, and orthostatic hypotension with syncope (27). The presence of

extrapyramidal deficit, cerebellar deficit, or both indicates multiple system atrophy

(MSA) rather than PAF.

3.2.5. Multiple System Atrophy

MSA is a progressive neurodegenerative disease that causes parkinsonism and cerebellar,

pyramidal, and autonomic dysfunction in any combination (28,29). Wenning et al. (30)

detailed the clinical features of 203 published cases of MSA. Men are more commonly

affected than women (ratio of 1.3:1). Autonomic failure is present in 74% of patients.
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Parkinsonism affects 87%, cerebellar ataxia 54%, and pyramidal signs are present in 49%.

Life expectancy in MSA is usually shorter than in PAF. Anal sphincter electromyography

and urodynamic studies are often abnormal.

3.2.6. Pure Adrenergic Neuropathy

Occasional patients with PAF and MSA present with pure adrenergic failure. There is

postural hypotension but normal tests of cardiovagal function.

3.2.7. Chronic Idiopathic Anhidrosis

Patients present with heat intolerance. Vasomotor function is usually preserved. There is

no associated somatic neuropathy. Some patients have Adie’s tonic pupil (Ross syn-

drome). Adie’s pupil is often a large pupil that is poorly reactive to light. Unlike the

normal pupil, it constricts after topical application of diluted (2.5%) methacholine. The

disorder is often asymmetric or unilateral. Some tendon reflexes, especially the ankle

jerks, may be lost. Treatment is usually prophylactic with avoidance of heat.

3.2.8. Small-Fiber Sensory Neuropathies

Patients present with painful dysesthetic feet, allodynia, and sympathetic disturbances,

with an impairment of vasomotor function and of sweating. Many have distal sensory

nociceptive abnormalities. The motor examination is normal, and tendon reflexes are

often preserved. Nerve conduction studies are not helpful. Causes are diabetes, mono-

clonal gammopathies, primary systemic amyloidosis, AIDS, nutritional deficiencies,

certain hereditary sensory, and autonomic neuropathies, Tangier disease, and Fabry

disease. Many cases are idiopathic (31,32). Quantitative sensory testing reveals abnormal

thermal and pain perception modalities (33). Sudomotor function is impaired, particularly

distally. Cardiovagal abnormalities are less common than sudomotor disturbances. When

technically available, intraepidermal nerve fiber analysis reveals reduced fiber density,

especially distally (34). A large component of the treatment is symptomatic.

3.3. Orthostatic Hypotension, Syncope, and Orthostatic Intolerance

As discussed earlier, the assumption of the erect posture reduces cardiac output and BP.

There is subsequent constriction of the vessels and an increase in HR. When these

mechanisms fail, the patient develops hypotension and syncope. The normal response

to standing is a transient fall in systolic BP (,10 mmHg), an increase in diastolic BP

(,10 mmHg), and an increase in the pulse rate (,25 bpm). The changes are usually

less pronounced than during passive upright tilt, in part because of the compensatory

muscular contraction of the lower limbs.

Orthostatic hypotension and syncope are the most incapacitating symptoms of auto-

nomic failure. Patients typically present with lightheadedness after sudden postural

changes, meals, exertion, or prolonged standing. Other pre-syncopal complaints include

generalized fatigue, leg weakness, blurred vision, and headache. Syncope may be

gradual or sudden, and some patients may have brief myoclonus, raising the possibility

of a seizure.

Syncope occurs when orthostatic hypotension exceeds the capacity of cerebral auto-

regulation. This leads to a transient loss of consciousness and postural tone. In addition to

all causes of orthostatic hypotension, cardiac disease should be ruled out. The most

common types of syncope are noncardiac. Iatrogenic factors particularly in the elderly

62 Jaradeh and Prieto



may precipitate syncope. Among cardiac causes, vascular obstruction (aortic or pulmon-

ary) and arrythmias predominate. Up to 50% of patients may not have a detectable cause.

Orthostatic intolerance, also known as postural orthostatic tachycardia syndrome

(POTS), is characterized by the development orthostatic tachycardia that exceeds 30 bpm

after assuming the erect position. HR in excess of 120 bpm is also diagnostic. Patients

often describe dizziness, blurred vision and epigastric discomfort. There is occasional

venous pooling in the lower limbs. Around 50–60% of patients have evidence of autonomic

neuropathy, primarily adrenergic (35,36). The condition likely represents a milder form of

neurogenic orthostatic hypotension and syncope. The management depends on the under-

lying etiology, and follows the same guidelines as orthostatic hypotension.

Treatment of neurogenic orthostatic hypotension can be difficult (37). Two

approaches are required. Nonpharmacological measures emphasize patient education.

Patients should stand up gradually, particularly in the morning. A tailored program of

exercise, particularly isotonic, is recommended. Precipitating factors include exercise in

warm weather, hot baths, and showers and particularly when sweating is impaired. Medi-

cations that cause orthostatic hypotension should be revised and possibly removed or

modified. Patients often benefit from increasing sodium intake. Custom fitted elastic stock-

ings to the waist minimize peripheral blood pooling, but tend to be poorly tolerated.

Pharmacological measures begin with fludrocortisone acetate. Sympathomimetic

agents can be added to fludrocortisone acetate. Commonly used a-adrenergic agonists

include ephedrine, pseudoephedrine, and midodrine. Midodrine produces arterial and

venous constriction and is quite effective. For refractory patients, recombinant human

erythropoietin and somatostatin analogs such as octreotide can be useful. b-Adrenergic

blockers with intrinsic sympathomimetic activity, such as pindolol, may have a limited

role, particularly when there is symptomatic tachycardia.
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ABSTRACT

There are many causes of peripheral neuropathy, but peripheral nerve has a limited

repertoire of pathological response to injury. Despite this, microscopic inspection of

nerve provides information on the underlying causative process that is not available

from other techniques. Basic pathologic changes are described, and findings in selected

neuropathies are presented. An understanding of peripheral nerve histology and pathology

is also instructive for interpreting clinical and electrodiagnostic aspects of neuropathies.

1. NERVE HISTOLOGY

1.1. Gross Structure

Sensory and motor fibers are, for the most part, intermixed within peripheral nerves.

Exceptions suitable for biopsy are cutaneous sensory nerves such as the sural, superficial

peroneal, and superficial radial nerves. Within the peripheral nerve, groups of several

hundred nerve fibers are surrounded by layers of connective tissue and bundled into

fascicles (Fig. 5.1). Nerves contain 4–10 or more fascicles, but individual fascicles are

not continuous, and there is merging and branching of fascicles along the length of the

peripheral nerve, with fibers moving from one fascicle to another.

1.2. Connective Tissue

Three layers of connective tissue surround nerves to provide structural support and

metabolic boundaries (Fig. 5.2). Epineurium is the outer-most layer that is continuous

with surrounding connective tissue, and binds fascicles into a nerve trunk. This connective

tissue layer tends to be longitudinally arranged and provides strength to nerve stretching.

Perineurium is the intermediate layer, consisting of a multilayered sheath of flat cells that

invest fascicles. It is continuous from nerve roots to terminal ends. Cells are circumferen-

tially arranged and are surrounded by a basement membrane. The arrangement of cells and

their metabolic activity supports their role as a blood–nerve barrier that regulates the

Figure 5.1 Fascicular arrangement of nerves. Photomicrograph of one complete and three neigh-

boring fascicles (left). Drawing of branching and merging fascicles within nerve (right). [Modified

from Sunderland (1).]
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endoneuronal milieu. Endoneurium, the inner-most layer, is the infrafascicular connective

tissue surrounding individual nerve fibers. The infrafascicular compartment also contains

fine fibrillary material and fluid.

1.3. Vasculature

The blood supply to nerve can be divided into extrinsic and intrinsic systems. The extrinsic

system includes arterioles, capillaries, and venules in the epineurium and perineurium.

Vessels pierce through to connect to an intrinsic system that consists of longitudinal

microvessels within the fascicular endoneurium (Fig. 5.2). Anastomoses between the

external and internal vascular systems constitute a collateralized blood supply that helps

maintain blood flow under conditions of ischemia. Nerve fibers are also able to use anero-

bic metabolism. These factors can account for the relative insensitivity of peripheral nerve

to all but extreme degrees of general ischemia. Ischemia at the microvascular level, such as

in the vasculidities, can cause localized nerve damage.

2. NERVE FIBER HISTOLOGY

2.1. Numbers and Sizes

Individual nerve axons vary in diameter. Larger diameter axons are individually wrapped

by Schwann cells (myelinated fibers), while smaller diameter axons are wrapped in groups

by Schwann cells (unmyelinated fibers) (Fig. 5.3). Myelinated fiber diameters range from

2 to 22 mm: sensory fibers have bimodal distributions with peak diameters at 4 and 10 mm,

and motor fibers have bimodal distributions with peak diameters at 2 and 6 mm. The

number of myelinated fibers, measured in sensory nerves, ranges from 5000 to 9000,

with considerable variability between individuals. Unmyelinated fibers are challenging

to count and measure, but are 3–6 times more numerous than myelinated fibers. Diameters

range from 0.5 to 3.0 mm, with a unimodal peak at �1.5 mm.

Figure 5.2 Schematic arrangement of connective tissues and blood vessels in nerve. (A) Whole

nerve showing epineurium as continuous with connective tissue. (B) Enlarged section showing

perineurium with circumferential cells. (C) Further enlargement showing portion of a myelinated

fiber with compact myelin and endoneurium with longitudinal cells. a, indicates Nutrient artery;

b, Epineurial vessels; c, Perineurial vessels; d, Intrinsic vessels. [Modified from Low (2).]
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2.2. Myelinated Fibers

Myelinated axons are surrounded by a linear series of Schwann cells. Each Schwann cell is

long and flat, and tightly wraps the axon in a spiral fashion (Fig. 5.4). The wrapping results

in compacted layers of membranes, with little cytoplasm in between myelin. Schwann cell

nuclei lie external to the wrapping. Schwann cells are arranged serially along an axon, with

each Schwann cell covering 300–2000 mm of axon length, with longer length associated

with larger diameter axons (Fig. 5.5). The thickness of the myelin wrapping increases with

the diameter of the axon. Myelin wrappings are of uniform thickness in the internodal

region, but taper at the perinodal region of the axon. There is a 1 mm space between

two adjacent Schwann cells called the node of Ranvier. The axon is of uniform caliber

in the internodal region, but becomes fluted in the paranodal region, and thinned by

50% at the node of Ranvier. A basement membrane covers both Schwann cells and

nodes of Ranvier, and provides a guiding tube for regenerating axons.

2.3. Unmyelinated Fibers

Unmyelinated fibers, in groups of one to six, are loosely invested by single Schwann cells,

forming a Remake bundle (Fig. 5.3). Schwann cells are arranged serially along axons, with

each cell covering 300–500 mm. The ends of Schwann cells interdigitate, leaving no bare

axonal segments. Unmyelinated fibers also cross from one Remake bundle to another.

Within a fascicle, unmyelinated and small myelinated fibers tend to be clustered.

Figure 5.3 Photomicrograph and fiber diameter histogram of myelinated and unmyelinated fibers.

[Modified from Ochoa and Mair (3).]
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Figure 5.5 Changes in internode length, comparing neuropathies with primary demyelination to

those with primary axonal loss and secondary demyelination. The boundary lines enclose the range

of internode lengths. (A) Normal range of internode lengths, showing linear relationship between

axon diameter and internode length with mild degree of internode variability. (B) General reduction

of internode lengths in primary demyelinating neuropathy (animal model of diptheric neuropathy),

with a loss of the linear relationship and greater variability. (C) Range of internode lengths in sec-

ondary demyelinating neuropathy (Wallerian degeneration) with markedly shorter internode lengths

but less variability. [Modified from Fullerton et al. (5).]

Figure 5.4 Composite figure showing components of myelinated fibers. The middle of the figure

shows the outline of two myelinated fibers and a node of Ranvier. At the left is an outline of an

unrolled Schwann cell, with the nucleus at the top. Within this outline is a cross-section electron

micrograph of compact myelin and Schwann cell nucleus. The electron micrograph below the

node of Ranvier shows the reduced diameter of the axon through this region. The micrograph to

the right shows the crinkled shape of the axon in the paranodal region. The electron micrograph

at lower right shows the lamallar arrangement of compact myelin. Constituent proteins in myelin

are shown at the upper right. [Modified from Midroni and Bilbao (4).]
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3. PATHOLOGIC CHANGES

The repertoire of pathologic changes in peripheral nerve is limited. Findings observed at

the light microscopic level are emphasized. Changes to other structures, such as vessels

and connective tissue, are discussed in detail under individual types of neuropathy.

3.1. Axonal Changes

The cell body is responsible for metabolic maintenance of the long axonal process. It is felt

that many acquired neuropathies primarily affect some aspect of the cell body function or

axonal transport, leading to early changes in distal portions of the nerve. Metabolic

abnormalities and their mechanistic effects vary among diseases that cause peripheral

neuropathies, but specific mechanisms are incompletely understood. Despite this lack of

specific knowledge, many disorders lead to a common set of pathologic observations.

This has given rise to a variety of terms, including dying-back neuropathy or distal

axonopathy. Animal models of toxic neuropathies have been important sources of infor-

mation on morphologic changes. The pathological changes in dying-back neuropathies

are similar to those seen with distal Wallerian degeneration following an axonal lesion,

except that dying-back changes evolve more slowly and co-exist with regenerative changes.

The most distal, large diameter myelinated fibers are the first to be affected. A

schematic representation of changes is depicted in Fig. 5.6. The initial change is felt

to be in the axon, with an accumulation of abnormal mitochondria, organelles, and

disorganized microtubules and neurofilaments. Changes to myelin occur soon after

acute injury (7). Myelin swells at the paranodal regions, leading to secondary changes

in myelin. The earliest observed changes at the light microscopic level are the formation

of rows of myelin ovoids that are best viewed in teased fiber preparation (Fig. 5.7). Ovoids

Figure 5.6 Schematic drawing of primary axonal neuropathy with secondary demyelination, and

subsequent remyelination. (A) Normal nerve. (B) Early axonal degeneration with subsequent

demyelination and formation of myelin ovoids. (C) Formation of digestion chambers with macro-

phages removing myelin debris. (D) Early axonal regeneration and remyelination. (E) Regenerated

axon with shorter internode lengths. [Modified from Bradley (6).]
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increase in size, and become larger digestion chambers that are seen on routine longitudi-

nal nerve preparations (Fig. 5.8). Macrophages appear, filled with myelin debris. Schwann

cell nuclei divide and cells begin to proliferate.

In acute axonopathy models, axonal regeneration occurs after degeneration. In

chronic neuropathies, axonal regeneration frequently takes place in parallel with

ongoing degeneration. Multiple growth cones sprout from a single axon and become

remyelinated. Regenerating fibers are of small diameter and are thinly myelin

(Fig. 5.9). This leads to several small myelinated axons within the space previously

occupied by single large axons. Regenerating clusters can be distinguished from unmye-

linated fibers by the presence of individual myelin sheaths. Division of Schwann cells

leads to shorter internode lengths (Fig. 5.5).

The changes observed on nerve biopsy depend upon the severity and rapidity of the

neuropathy. Although most neuropathies have a chronic course, a reduction in the number

of axons within a fascicle will be appreciated when loss exceeds 25%. Axonal loss may be

diffuse within a fascicle, or involve focal areas. In severe neuropathies there may be no

visible fibers. Changes within the fascicle that support a chronic and ongoing process

include endoneural fibrosis and hypercellularity (fibroblasts).

3.2. Myelin Changes

Primary segmental demyelination refers to disorders that initially affect myelin, but the

pathologic process can secondarily damage axons. The segmental distribution means

Figure 5.7 Outline drawings of teased fibers comparing normal to changes in a primary axonal

neuropathy. (Top) Normal fiber showing uniform myelin thickness and normal paranodal and

node of Ranvier. (Middle) Early secondary changes in myelin consisting of irregularities and retrac-

tion of myelin at nodes of Ranvier. (Bottom) More severe changes with myelin ovoids. [Drawn from

Dyck et al. (8).]

Figure 5.8 Longitudinal section micrograph showing digestion chambers in myelin due to axonal

degeneration. (Figure courtesy of J. Townsend.)
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that adjacent Schwann cells may be affected to different degrees. Elucidation of changes in

primary myelinating neuropathies is derived from animal models, using various toxins

such as diptheria toxin. A schematic representation of changes is depicted in Fig. 5.10.

The earliest change is widening of the nodal gap. Electron-microscopy (EM) studies in

acute demyelinating disorders show finger-like projections from macrophages between

layers of myelin as the likely mechanism that strips away myelin. With further damage

Figure 5.9 Cross-sectional micrograph of diabetic neuropathy showing marked axonal loss and

clusters of regenerating fibers (arrow). (Figure courtesy of J. Townsend.)

Figure 5.10 Schematic drawing of primary demyelinating neuropathy (dyptheric neuropathy).

(A) Normal nerve. (B) Early changes to myelin with duplication of Schwann cell nuclei. (C) For-

mation of myelin ovoids and removal by macrophages. (D) Remyelinated fiber. (E) Remyelinated

fiber with shorter and variable internode lengths. [Modified from Bradley (6).]
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to myelin, macrophages can be appreciated on light microscopy to phagocytize myelin

debris. Schwann cell nuclei divide, and remyelination occurs early on, initially with

thin layers. Each Schwann cell contributes to the remyelination process, and internodal

lengths are shorter and highly variable (Fig. 5.5).

Onion bulb formation refers to intertwined and attenuated Schwann cell processes

surrounding axons (Fig. 5.11). This reflects underlying pathologic processes of repeated

demyelination and remyelination. Collagen separates Schwann cell processes. Onion

bulb formation is not specific to a particular type of neuropathy, and is encountered in

both hereditary and acquired neuropathies that involve repeated myelin breakdown.

Secondary demyelination refers to degeneration of Schwann cells consequent to

primary axonal degeneration. There is a degree of initial autophagocytosis by the

Schwann cell, and subsequent removal of myelin debris by macrophages. Changes in

Schwann cells and myelin subsequent to axonal damage have been discussed (Fig. 5.5–5.9).

3.3. Connective Tissue Changes

Changes in connective tissue are usually of a nonspecific nature. Vessels course through

the epineurium. Perivascular cuffing with mononuclear cells is common but nonspecific,

and is not synonymous with vasculitis. Epineurial vascular proliferation is indirect evi-

dence for vasculitis. Amyloid deposition may be observed in amyloidosis. Inflammatory

cells may be found in the perineurium, but is also a nonspecific finding.

3.4. Vascular Changes

Endoneurial edema may be observed as an increase in interstitial space or as a widening of

subperineurial space. The space is filled with an amorphous substance, which may

represent different constituents, including mucopolysaccharides, or an osmotic shift of

fluid. Fluid accumulations are a nonspecific finding, but do suggest chronicity.

Focal ischemia, as in vasculitic neuropathy, results in incomplete loss of axons

within a fascicle. Large axons are not preferentially affected. Changes to vessels

include luminal narrowing with thrombosis, vessel sclerosis, disorganization of the

vessel wall with change in the media and breakup of the internal elastic layer, focal

Figure 5.11 Cross-sectional micrograph of onion bulb formation characterized by multiple layers

of Schwann cells around myelinated fibers. (Figure courtesy of J. Townsend.)
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calcification, hemosiderin indicating old hemorrhage, and recanalization and proliferation

of capillaries (4).

Chronic vascular (arterial) insufficiency results in nonspecific changes. There may

be reductions in axonal numbers, from mild to severe and without correlation with the

degree of vascular insufficiency. Frequently, there is evidence for axonal regeneration.

4. NERVE BIOPSY

4.1. Uses and Limitations

Clinical and electrodiagnostic tests cannot reliably distinguish among underlying mechan-

isms. Nerve biopsies provide unique information, but the type of information may be

limited for several reasons. First, biopsies view a microscopic length of nerve, and multi-

focal pathologic processes may be missed. Second, the spectrum of pathologic processes is

limited. For example, axonal loss is a common consequence of many underlying patholo-

gic processes. Nerve biopsies are most informative when the clinical and electrodiagnostic

tests suggest specific diagnoses that require pathologic confirmation (Table 5.1).

4.2. Suitable Nerves

Most nerve biopsies are of sensory nerves because permanent sensory loss from the biopsy

is better tolerated than weakness that would result if a mixed nerve was biopsied.

The additional sensory loss from the biopsy will be less noticed in the context of the

sensory disturbance from the underlying neuropathy. Fortunately, most neuropathies

involve both sensory and motor fibers and a sensory nerve will be representative. The

nerve chosen should show clinical and electrodiagnostic evidence of pathologic involve-

ment. Nerves most commonly biopsied are the sural and superficial peroneal nerves, and

occasionally the superficial radial. Fascicular motor nerve biopsies are feasible in pure

motor neuropathies. A simultaneous muscle biopsy may increase the yield of finding

pathologic changes, especially for vasculitis (9).

4.3. The Biopsy

Biopsies are performed under local anesthesia with minimal morbidity, although wound

healing may be an issue (7). A several centimeter segment of nerve is taken, and cut

into a number of pieces for different pathologic processing. A cross-sectional piece and

longitudinal piece are imbedded in paraffin, and another cross-sectional piece flash-

Table 5.1 Neuropathies

that can be Diagnosed

by Nerve Biopsy

Vasculitis

Leprosy

Sarcoidosis

Amyloidoisis

Infiltrative neoplasms

Hexacarbon inhalation

HNPP

Charcot–Marie–Tooth

Giant axonal neuropathy

Storage diseases

74 Bromberg



frozen for immunologic studies. Another piece is fixed in gluteraldehyde for plastic-

embedded 1 mm plastic sections. EM may be performed on plastic sections if necessary.

A segment can be prepared for fiber teasing. Not all techniques are necessary or available

in a given laboratory (especially teased fiber analysis), and plans for specific preparations

and staining can be made depending upon diagnostic questions.

4.4. Biopsy Review

Steps in reviewing a nerve biopsy include general fascicular histology for adequacy of the

preparation, inspection of connective tissue, and assessment of individual fascicules for

changes to axons and myelin. The pathophysiological questions to be answered are: (1)

Is the biopsy normal, or is there evidence for a peripheral neuropathy? (2) If abnormal,

is there evidence for a primary axonal, a primary demyelinating, or a mixed neuropathy?

(3) What is the time course, acute or chronic? (4) Are there pathologic features supporting

a specific diagnosis? Finally, the biopsy findings must be placed in the context of the clini-

cal and electrodiagnostic findings to make a final diagnosis that makes sense.

4.5. Biopsy Yield

The question of the diagnostic yield of a nerve biopsy is important but difficult to answer

because there is sample bias based on what types of patients are sent for biopsy. A biopsy

is most informative if a specific question is asked, and the most common clinical question

is whether there is a vasculitis (9). Studies in the elderly suggest that vasculitis is not

uncommon, but the clinical and therapeutic significance is not clear (10). Nerve biopsy

gives little discriminative information in toxic neuropathies, except for hexacarbon tox-

icity. Inflammatory neuropathies can be more accurately diagnosed by electrodiagnostic

studies than by biopsy (11). Idiopathic peripheral neuropathies represent a common

class for which the question of whether to biopsy is difficult to answer. When a peripheral

neuropathy has a very slow progressive course with little functional disability, a biopsy is

unlikely to identify a specific cause (12,13).

5. CLASSES OF NEUROPATHY

5.1. Inflammatory Neuropathies

Nerve biopsy findings are similar for the Guillain–Barré syndrome, or acute inflammatory

demyelinating polyradiculoneuropathy (AIDP), and chronic inflammatory demyelinating

polyradiculoneuropathy (CIDP).

Pathologic changes are dependent upon the stage of the neuropathy, and are more

specific in the acute phase of AIDP and less specific in CIDP. Endoneurial mononuclear

cell infiltration is a prominent feature in AIDP, and less common in CIDP. Cells are mostly

lymphocytes and macrophages, with fewer polymorphonuclear leukocytes. The cells are

found in association with venules and precapillaries. Macrophages are observed in close

association with axons. Endoneurial edema is often present. Segmental demyelination

and remyelination is the most important feature (Fig. 5.10). This includes combinations

of fibers with normal myelin, thin myelin and bare axons, and macrophages with

myelin debris (Fig. 5.12). Schwann cells proliferate and remyelinate with shorter

internodal segments (Fig. 5.5). Axonal loss may be marked in severe cases of AIDP,

but is more common in CIDP. Onion bulb formations also occur in CIDP.
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5.2. Vasculitic Neuropathies

The vasculitidies that affect peripheral nerve are characterized by small vessel occlusion

causing axonal loss. Vessel destruction is characterized by the presence of inflammatory

infiltrates within the vessel wall, leading to fibrinoid necrosis and thrombosis (Fig. 5.13).

Transmural damage is an essential pathologic feature of vasculitis, and perivascular

inflammation without fibrinoid necrosis is a nonspecific finding and insufficient for the

diagnosis of vasculitis. Acute vessel changes include infiltration of the muscularis and

endothelial layers with inflammatory cells, and fragmentation of the internal elastic

lamina is characteristic. Old lesions may be recognized as fibrous obliteration of vessels

in association with hemosiderin-laden macrophages.

The amount of fiber loss varies from none to severe, presumably depending upon the

degree of involvement of the biopsied nerve. The pattern of fiber loss within a fascicle

also varies, but characteristically affects discrete areas, and is not randomly scattered

Figure 5.12 Cross-sectional micrograph in CIDP showing axonal loss, hyper cellularity and evi-

dence of remyelination with small diameter fibers and thin myelin. (Figure courtesy of J. Townsend.)

Figure 5.13 Cross-sectional micrographs in vasculitis. (A) Small vessel showing fibrinoid necro-

sis and partial occlusion of the vessel lumen. (B) Nerve fascicle showing discrete area of axonal loss.

(Figure courtesy of J. Townsend.)
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throughout the fascicle (Fig. 5.13). Vascular lesions may be focal or patchy in distribution,

and multiple sections along the length of the biopsied nerve should be studied if clinical

suspicion is high and no involved vessels are found with the initial survey. A combination

biopsy of nerve and neighboring muscle may increase the diagnostic yield (9).

5.3. Amyloid Neuropathies

Amyloid is an extra cellular protein composed of beta-pleated sheets that accumulate in

the epineurium, perineurium or endoneurium, or in adipose tissue. Neuropathies attributed

to excess amyloid occur in both acquired and hereditary forms of amyloidosis. Amyloid

deposition can be identified with Congo red stain by its characteristic apple-green

yellow birefringence stain. The primary nerve pathology is axonal loss, of varying

degrees. The degree of loss may not correlate with the degree of amyloid observed in

the biopsied nerve segment, and is attributed to the effects of amyloid at more proximal

locations along the nerve. The mechanism of amyloid-induced damage is not clear. One

is mechanical pressure on nerves from extraneural depositon within connective tissue.

Another is deposition of amyloid within vessel walls (Fig. 5.14). Patients with amyloid

neuropathy may not show amyloid deposition in nerve, and if suspected, other tissues

should be biopsied, such as rectal tissue and fat aspirates (14).

5.4. Hereditary Neuropathies

Charcot–Marie–Tooth neuropathies represent a heterogeneous group of hereditary nerve

disorders. The most common forms have been broadly divided by electrodiagnostic and

pathologic criteria into hypertrophic (type 1) and neuronal (type 2) forms. Both types

include axonal loss. Further subtyping is based on genotypes, but genetic subtypes

cannot be distinguished pathologically.

Figure 5.14 Cross-sectional micrograph showing amyloid deposition (Congo red stain) in a small

vessel. (Figure courtesy of J. Townsend.)
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Hypertrophic type 1 neuropathies are characterized pathologically by enlarged

nerves due to increased numbers of Schwann cells with frequent onion bulb formations

and a myxoid-appearing interstitium composed largely of collagen. This results in

enlarged fascicles, up to several times normal. There is a variable degree of fiber loss,

dependant upon the severity of the neuropathy, and there may be no nerve fibers in a

distal biopsy. Unmyelinated fibers are less affected.

Neuronal type 2 neuropathies have normal or smaller fascicles, and there is no

edema. The number of myelinated fibers is reduced and frequently there are no fibers in

a distal biopsy. Clusters of regenerating fibers are common, but there is no evidence for

demyelination or onion bulb formation. Unmyelinated fibers are normal.

Hereditary predisposition to pressure palsies (HNPP) has unique pathological fea-

tures. Myelinated fibers with very thick myelin sheaths (tomaculi) are observed

(Fig. 5.15). Some myelin may be thickened circumferentially or eccentrically and may

have focal out- or in-foldings of myelin. The number of myelinated fibers is usually

normal, with little evidence for axonal degeneration.

5.5. Diabetic Neuropathies

Pathologic changes in diabetic distal symmetric neuropathies are primarily axonal in

nature, with secondary changes to myelin. These pathologic findings are not specific for

diabetes. There is loss of large and small myelinated fibers, roughly in proportion to

clinical severity. Neuropathies classified clinically as affecting predominantly small

fiber function may show corresponding predominant loss of unmyelinated fibers.

Axonal loss leads to frequent regenerating clusters of axons and fibers with thin myelin,

and there is segmental demyelination (Fig. 5.9).

Figure 5.15 HNPP. (Top) Micrograph comparing thick myelin of tomaculi with normal myelin.

(Bottom) Teased fiber preparation showing focal enlargement of myelin (tomaculi). [Drawn and

modified from Mendell et al. (15).]
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Pathologic findings in proximal focal diabetic neuropathies (lumbosacral radi-

culoplexus neuropathies) are primarily implicated from distal nerve biopsies. Focal

nerve fiber loss, reflecting primary axonal damage, is prominent. There is also evidence

for perineural thickening and inflammatory cells in perivascular and vascular location.

These changes are interpreted as reflecting an inflammatory microvasculitis leading to

multifocal nerve ischemia (16). In contrast to the vasculidities described earlier, that

involve larger vessels, fibrinoid necrosis is rarely observed in lumbosacral radiculoplexus

neuropathies, presumably due to the small size of involved vessels.

5.6. Toxic Neuropathies

Neuropathies may be caused by a diverse group of exogenous toxins such as drugs and

industrial solvents. Included in this category are neuropathies associated with altered

metabolic states due to vitamin deficiencies and systemic diseases. The primary pathology

is axonal loss, in a length-dependent fashion. Large myelinated fibers are affected earlier

and more severely than small fibers. The degree of axonal loss depends upon the dose and

length of exposure. Early changes are restricted to individual fibers, and late in the course

there may be no fibers in distal specimens. In chronic disorders, there will be endoneurial

fibrosis and hypercellularity reflecting Schwann cell proliferation. Of note, the length-

dependent pathology includes the central processes of dorsal root ganglion neurons result-

ing in axonal loss in rostral portions of the funiculus gracilis. In severe cases, dorsal root

ganglion and anterior horn cell bodies may undergo chromatolytic changes.

Several toxins have unique pathologic features. n-Hexane neuropathy from inhaling

rubber cement results in characteristic fusiform swelling of distal axonal segments due to

accumulation of neurofilaments (Fig. 5.16). Swollen segments are mainly in the internode

segment, and the overlying myelin may be thin. Axonal diameters in swollen segments

may be several times normal axonal diameters.

Figure 5.16 Micrograph of n-hexane neuropathy showing enlarged axons. Some fibers are cut in

oblique section. (Figure courtesy of A.G. Smith.)

Peripheral Nerve Histology and Pathology 79



5.7. Neuropathies Associated with Cancer

Neuropathies may be associated with direct infiltration of malignant cells or as a remote

effect (paraneoplastic syndrome). Nerve infiltration occurs primarily with hematologic

malignancies. In lymphomatous neuropathies, diffuse and massive infiltration may

occur, frequently involving all compartments (endoneurium, perineurium, and epineur-

ium) (Fig. 5.17). Collections of cells are noted around vessels. Chronic axonal damage

with segmental demyelination and remyelination are observed.

5.8. Other Neuropathies

There are other uncommon conditions with suggestive or characteristic pathologic fea-

tures on nerve biopsy that will not be covered because of their rarity and the clinical

picture is sufficiently distinct to be diagnostic. These include metachromatic leukodystro-

phies, globoid cell leukodystrophy, Fabry disease, Niemann–Pick, and Tangier disease.
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ABSTRACT

One of the most common clinical situations encountered in general neurologic practice is

numb painful feet. Patients often complain of numbness and significant pain, but have

minimal objective findings on neurologic examination. Nerve conduction studies are

often normal. Skin biopsy stained for peripheral nerve axons is usually abnormal in

these patients and is often the only objective evidence of peripheral neuropathy. Other

structures including sensory receptors and sweat glands may also be observed. Because

the density of epidermal innervation is a quantitative and reproducible measure of small

fiber neuropathy severity, skin biopsy is also a useful research tool and may be used to

follow neuropathy progression and evaluate potential therapies.

1. INTRODUCTION

Although the routine use of skin biopsy as a means of studying peripheral neuropathy is a

recent development, the existence of epidermal nerve fibers was first demonstrated by

Langerhans (1) in 1868. Langerhans’ initial description was accurate, including a

drawing demonstrating several epidermal fibers branching from the dermal plexus, and
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ascending in between keratinocytes toward the epidermal surface (Fig. 6.1). Despite the

fact that other investigators in the first-half of the 20th century confirmed his observations

(2), the technical difficulties encountered in attempts to stain the fine epidermal fibers led

to a belief developed that the epidermis was devoid of significant innervation (3). The

development of an antibody against neuropeptide protein gene product 9.5 (PGP 9.5) in

the 1980s (4), which effectively stains all axons, allowed Kennedy and Wendelschafer-

Crabb (5) to demonstrate numerous nerve fibers in all layers of human epidermis. Since

this confirmation of Langerhans’ initial observation, several groups have demonstrated

the utility of skin biopsy as a means of evaluating patients with small fiber neuropathy.

2. TECHNIQUE

Skin biopsies are performed using a 3 mm punch after injection of a local anesthetic. The

biopsy procedure is generally very well tolerated with only minimal risk of infection

(1/1000). The biopsy site heals over �2 weeks, similar to a deep scratch, resulting in a

small scar that fades over months. Because the procedure is so well tolerated, it may be

repeated over time to measure changes in nerve fiber density. The sites biopsied depend

on the clinical question. Most subjects with a diagnostic question of a distal polyneuropa-

thy undergo biopsy of a distal site (ankle) and a proximal site (thigh) in order to evaluate a

length dependent pattern of fiber loss. Biopsy of truncal skin may be useful in evaluating

thoracic radiculopathy or sensory ganglionopathy (6). Although rarely used clinically,

biopsy of glabrous skin (finger or toe pad) may be used to study Meissner’s and Pacinian

corpuscles, sensory receptors important in touch and vibration sensation (Fig. 6.2).

Biopsy tissue is immediately placed in fixative (paraformaldehyde lysine phos-

phate). After several hours, fixed skin is placed in a cryoprotectant and cut into 50 mm

thick sections using a freezing sliding microtome. The free floating sections are stained

with PGP 9.5. Biopsy slides may be analyzed using either standard light microscopy or

confocal microscopy. Confocal microscopy facilitates staining with multiple antibodies

simultaneously and provides a three-dimensional picture of the skin and is therefore a

powerful research technique. However, light microscopy is equally useful for most clinical

purposes.

Figure 6.1 A drawing from Langerhans’ in 1868 accurately depicts the anatomy of epidermal

innervation.
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PGP 9.5, the most commonly used antibody, binds to the C terminus of ubiquitin

hydrolase and therefore robustly stains all neurons and axons. PGP 9.5 is the primary anti-

body used in clinical testing. Other antibodies may be useful in research and rare clinical

settings. For example, antibodies against calcitonin gene-related proteins (CGRP), vaso-

active intestinal polypeptide (VIP), and substance P may be used to stain sweat glands

or blood vessels.

3. NORMAL INNERVATION

Skin is divided into several layers (Fig. 6.3). The epidermis is the most superficial layer of

skin. Immediately underlying the epidermis is the dermis. Several different types of nerves

supply the dermis and epidermis. There is a rich plexus of myelinated nerve fibers in the

dermis that supplies piloerector muscles (Fig. 6.4) and sweat glands (Fig. 6.5), as well as

Figure 6.2 A Meissner’s corpuscle located at the apex of a dermal papillae.

Figure 6.3 Normal skin contains a variety of sensory organs. (A) Palisade sensory endings in a

hair follicle (hair movement). (B) Merkel cells (touch). (C) Intraepidermal “free” nerve fibers

(pain sensation). (D) Ruffini ending (touch). (E) Meissner’s corpuscles (touch). (F) Pacinian corpus-

cle (vibration).
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specialized sensory organs including Meissner’s and Pacinian corpuscles and Merkel cells

that are important in perception of vibration and touch. The dermis normally invaginates

the epidermis as papillae. Dermal nerve fibers approach and enter the dermis at the apex of

papillae and subsequently branch into several unmyelinated axons which extend to the

surface of the skin in a parallel fashion (Fig. 6.6). These fibers terminate immediately

beneath the surface of the skin and often have a small terminal enlargement (5).

Figure 6.4 The innervation of piloerector muscles (arrow) is easily observed in skin biopsy.

Figure 6.5 (A) Normal innervation of two sweat glands. (B) Absent innervation of sweat glands in

a patient with congenital insensitivity to pain due to a mutation of the tyrosine kinase A receptor.

86 Smith

5432-8-Bromberg-ch06_R2_270505



The pattern of skin innervation varies with anatomic location. For example, Meissner’s

and Pacinian corpuscles are most commonly observed in glabrous skin of the finger and toe

pads. Epidermal nerve fibers are distributed throughout the body but density varies with

location, with intraepidermal nerve fiber density (IENFD) highest at distal sites (7).

The effects of aging on cutaneous innervation are controversial. Dermal papillae

become lower in height and there is denervation of sweat glands with aging (8). There

is also a reduction in the density of both myelinated and unmyelinated sensory nerve

fibers within the sural nerve with aging (9). In contrast to these observations, the

density of epidermal nerve fibers appears to remain constant, although few subjects

.75 years old have been studied (7,10). The reason for the discrepancy between sural

nerve and IENFD data is unknown. However, the stability of epidermal nerve fiber

density facilitates the use of skin biopsy as a sensitive clinical tool in the evaluation of

small fiber peripheral neuropathy at advanced ages.

4. CLINICAL APPLICATIONS

Skin biopsy was first used in the study of peripheral neuropathy in the 1960s, when

investigators at the Mayo Clinic demonstrated reduced numbers of Meissner’s corpuscles

from glabrous skin of subjects with a variety of inherited neuropathies, including

Charcot–Marie–Tooth disease. The first routine use of skin biopsy for neuropathy

came after the development of PGP 9.5, which allowed for the easy identification of

Figure 6.6 (A) Normal innervation with nerve fibers extending through the epidermis, parallel to

one another, extending toward the skin surface. (B) A patient with small fiber neuropathy has a total

absence of epidermal nerve fibers with a single dermal fiber terminating prematurely beneath the

epidermis.
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epidermal nerve fibers. Several investigators have demonstrated reduced density of epider-

mal fibers in a length dependent fashion in sensory neuropathies caused by HIV, antiretro-

viral therapy, diabetes, and in idiopathic neuropathy [Fig. 6.6(B)] (11–14). Surviving

fibers often have morphologic abnormalities including axonal swellings or unusual

branching patterns [Fig. 6.7(A)]. These morphologic changes are frequently observed at

sites well proximal to the area of symptoms. In areas with reduced epidermal fiber

density, dermal fibers may approach the dermal–epidermal junction, but either end

abruptly or branch beneath the epidermis [Fig. 6.7(B)]. Patients with pain and numbness

limited to the feet often have these changes in skin from the proximal thigh. Analysis of

other structures, particularly sweat glands, may also be useful, and patients with peripheral

neuropathy often have denervated sweat glands [Fig. 6.5(B)].

Fiber density does not correlate with nerve conduction study parameters, an

expected observation given that routine electrophysiologic evaluation is limited to large

diameter fibers, whereas skin biopsy specifically evaluates small fibers. As anticipated,

there is good correlation with the number of small unmyelinated fiber in sural nerve

biopsy tissue (15). Fiber density correlates with pain but not sudomotor function

(16,17). These findings suggest that epidermal nerve fibers are normally responsible for

pain sensation and damage results in abnormal sensations including pain.

Skin biopsy is a very useful tool in the diagnosis of peripheral neuropathy, particu-

larly for patients who have painful feet. Approximately 30–50% of patients presenting

with foot pain and numbness have normal nerve conduction studies (17,18). Even when

other specialized tests such as quantitative sensory testing and sudomotor testing are

used, one-third of patients with this common clinical presentation require skin biopsy to

confirm the diagnosis of neuropathy. When a normal skin biopsy is obtained, a careful

search for a central nervous system cause for pain is warranted (17). Although processing

of skin biopsy tissue requires a specialized laboratory, biopsy tissue may be easily shipped

to laboratories offering this test. Therefore, no special equipment or training (aside from

performing the skin biopsy itself ) is necessary to use this test in routine clinical practice.

5. WHEN TO PERFORM A SKIN BIOPSY?

Skin biopsy is most often used in the evaluation of patients with foot pain and numbness

but a normal nerve conduction study. In this setting, an abnormal skin biopsy confirms the

Figure 6.7 Predegenerative structural changes in small fiber neuropathy. (A) Axonal swellings at

a proximal site (thigh) in a patient with symptoms limited to the feet. (B) Excessive branching and

premature termination of nerve fibers as they approach the epidermal surface.
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clinical suspicion of a small fiber predominant neuropathy. Skin biopsy may also be

useful in patients with suspected painful neuropathy in whom measurement of distal

lower extremity sensory responses is complicated by technical issues (edema and

obesity) or advanced age.

A rare syndrome of acute diffuse burning pain, often following a viral illness, has been

described. Most patients describe their pain as resembling a sunburn. This syndrome is pre-

sumably due to postinfectious injury to small cutaneous nerve fibers in a nonlength depen-

dent fashion or the dorsal root ganglion neurons responsible for small fiber sensory function.

Nerve conduction studies are normal, but skin biopsy reveals diffusely reduced IENFD (19).

Broadly speaking, skin biopsy is useful in any situation where the demonstration of

peripheral sensory axonal loss, especially if it involves small fibers, is diagnostically

important, but impractical using other available means. For example, skin biopsy may

occasionally be of use in confirming a diagnosis of thoracic radiculopathy due to

Herpes Zoster. Although this diagnosis is usually strait forward, if there is no clear

history of vesicles, skin biopsy may be used to confirm the presence of sensory denerva-

tion corresponding to a thoracic dermatome. In this instance, a biopsy of the involved area

should be compared with another proximal site other than the opposite side, because bilat-

eral denervation is often observed (20).

6. RESEARCH APPLICATIONS

In addition to providing a clinically useful diagnostic test, skin biopsy is also a useful

research tool. Skin biopsy tissue stained for peripheral nerve can be used to study the neu-

robiology of disease. For example, skin biopsy has demonstrated that sensory axonal loss

occurs bilaterally in postherpetic neuralgia, even when symptoms are unilateral (20).

Because skin biopsy is a very sensitive measure of small fiber sensory integrity, it may

be used to study subclinical peripheral nerve changes. For example, many patients with

late onset sporadic restless legs syndrome have evidence of a neuropathy using skin

biopsy, supporting the role of sensory neuropathy in the development of restless legs

syndrome (21). Following a skin biopsy, sensory nerves from adjacent skin reinnervate

the biopsy site. Skin biopsy may therefore be used to study cutaneous reinnervation.

Perhaps, the most useful research application is as an endpoint measure for treatment

trials for peripheral neuropathy. Many common neuropathies cause prominent small fiber

injury, including diabetes and HIV. Traditional surrogate measures of neuropathy pro-

gression measure large fiber loss (e.g., nerve conduction studies). In neuropathies with

mixed small and large fiber loss, specific therapies may preferentially target small fiber

function (e.g., nerve growth factor for diabetic neuropathy). Because skin biopsy provides

a reproducible and quantitative means of evaluating cutaneous innervation, it holds

promise as an endpoint measure for neuropathy trials and has been used as a secondary

progression measure in one study of nerve growth factor in HIV neuropathy (22). By

causing focal epidermal denervation by injecting capsaicin and the effect of different

agents on the rate or degree of reinnervation may also be studied.

7. CONCLUSION

Skin biopsy is a useful clinical and research tool in the evaluation of patients with painful

sensory peripheral neuropathy. Epidermal denervation may be the only laboratory

evidence confirming the suspicion of a neuropathy prominently involving small diameter
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nerve fibers. Skin biopsy may also be used in other clinical settings to confirm and quan-

titate sensory axonal loss. Because skin biopsy is minimally invasive and well tolerated it

may be repeated in order to evaluate neuropathy progression.
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ABSTRACT

Magnetic resonance imaging (MRI) is the best modality for evaluating the integrity and

architecture of peripheral nerve. High quality peripheral nerve imaging can be performed

on routine clinical MRI scanners using commercially available MRI coils. Peripheral

nerve imaging is a useful adjunct to the clinical examination and electrodiagnostic

testing and can anatomically localize a lesion, provide important details about internal

nerve architecture integrity, and in some cases, provide a specific diagnosis. Normal

nerve on MRI is anatomically continuous and discrete, and well-defined fascicles can

be discerned that are isointense to adjacent muscle tissue on T1 weighted sequences

and slightly hyperintense to adjacent muscle tissue on fat saturated T2 weighted or

short tau inversion recovery sequences. Abnormal nerve may demonstrate segmental

nerve enlargement, disruption of nerve anatomic continuity, distortion of normal fascicu-

lar architecture, or T2 signal hyperintensity approaching that of regional blood vessels.

The effects of motor nerve damage can be assessed in muscle as changes from acute

and chronic denervation. MRI of muscle can help confirm a suspected peripheral nerve

lesion and may augment incomplete or nonconclusive electrodiagnostic testing results.

1. INTRODUCTION

An expanding variety of techniques applicable to peripheral nerve imaging are available

including conventional X-rays, ultrasonography, computed tomography (CT), and MR

imaging (MRI). Each has advantages and disadvantages. Conventional X-ray studies

lack contrast resolution and the ability to image structures in multiple planes (multiplanar

capabilities) and are of limited use in evaluating peripheral nerve abnormalities. X-ray

studies are useful in the evaluation of adjacent osseous structures. Ultrasound is inexpen-

sive and useful for real time static and dynamic evaluation of peripheral nerves and adja-

cent tendons, but is highly operator dependent and has lower contrast resolution than MRI.

CT provides better contrast resolution than conventional X-ray and permits multiplanar

reconstruction in nonaxial planes, but has lower contrast resolution relative to MRI. Its

reliance on ionizing radiation also limits its applicability. Only MRI has sufficient contrast

and spatial resolution, multiplanar capabilities, and flexibility for evaluating peripheral

nerve and muscle.

All images in this chapter were obtained using currently available clinical (1.5 T)

MR scanners and FDA approved and commercially available volume or surface coils.

The best quality images are obtained using dedicated phased array surface coils and

high performance MR scanner gradients. Insurmountable spatial resolution limits and

the inability to perform chemical fat saturation on many low-field scanners seriously

limit their utility for examining peripheral nerves. It is not possible to achieve consistently

high-quality imaging of peripheral nerve structures using an MR scanner with field

strengths ,1.5 T.
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Both conventional and high-resolution imaging approaches are possible. Conven-

tional MRI protocols use commonly available general-purpose volume or phase array

coils, and with careful attention to optimizing imaging parameters, can produce acceptable

images. High-resolution MR peripheral nerve imaging (MRPNI), also known as MR neu-

rography (1), is the most sensitive imaging modality for characterizing peripheral nerve

and plexus abnormalities (1–4) and for directing treatment planning (4,5). High-resolution

MRPNI uses a small field of view (FOV), an optimized signal-to-noise ratio (SNR), and

high contrast resolution to depict subtle internal nerve architectural details.

MRI is an invaluable adjunct to the clinical examination and electrodiagnostic

evaluation of peripheral nerve disease. It provides anatomic lesion localization and

details about internal nerve architecture, and in some cases, may provide a specific diag-

nosis. MRPNI studies must be interpreted in context with pertinent clinical, laboratory,

and electrophysiologic data. Successful high quality peripheral nerve imaging requires

an understanding of relevant anatomy and close attention to technical details. MRPNI is

typically more sensitive for the presence of disease than specific for a particular disease

process. For example, MRPNI is sensitive to nerve anatomical and signal abnormalities

due to neoplastic and inflammatory lesions, but often cannot distinguish between them.

However, MRPNI frequently permits a specific answer when the primary questions

involve assessment of nerve integrity and the presence or absence of edema in causes

of nerve trauma.

This chapter describes MRI findings of normal and abnormal nerves including

abnormalities of nerve size, T2 signal intensity, and definition of internal architecture

(3,6,7). MRI of muscles is included because acute and chronic muscle denervation have

distinctive imaging appearances that may help confirm a suspected peripheral nerve

lesion. In certain situations, it is possible to confirm the existence of a specific peripheral

nerve lesion based on the pattern of abnormal muscle imaging, when identification the

affected nerve as a discrete structure is impossible because it is too small or the

imaging abnormality too subtle. MRI of muscle may provide useful corollary information

when a patient is not able to undergo definitive electrodiagnostic testing.

2. NEURAL STRUCTURES AMENABLE TO MRPNI

In theory, nerves 4–5 mm or larger in diameter that have a known course can be imaged

with MRPNI. In practice, however, artifacts caused by adjacent structures may prevent

useful imaging. Commonly imaged nerves include the brachial plexus, lumbosacral

plexus, sciatic nerve, ulnar nerve, and common peroneal nerve (at the fibular head).

Less frequently imaged nerves include the median, radial, tibial, and femoral nerves.

In cases where the nerve of interest is too small to be resolved as a discrete structure

(e.g., long thoracic nerve, spinal accessory nerve, posterior interosseous nerve in the

forearm), it is usually possible to follow the nerve’s expected course and indirectly

deduce anatomical lesions producing the observed clinical findings.

3. ROLE OF THE ORDERING PHYSICIAN

It is very difficult for the radiologist to perform and accurately interpret peripheral nerve

imaging studies without full clinical information. Availability of pertinent clinical data

facilitates designing appropriate imaging of the relevant region in a time efficient

manner. MRPNI sequences are relatively lengthy and sensitive to patient movement,
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and it is not generally feasible to screen a whole extremity from root to distal nerve

branches in a single sitting. Radiology scheduling constraints and limited patient tolerance

for prolonged MRI generally limit scanning time to �1 h. Accordingly, it is important for

the ordering physician to specify the area of interest based on clinical and electrodiagnos-

tic data prior to initiating scanning. It is also important to clearly state on the requisition

when a neoplastic on infectious process is suspected to insure that intravenous contrast is

appropriately administered.

In situations where clinical data do not allow for precise anatomic localization, a

decision must be made about which region to image first. A routine screening MR

study of the cervical or lumbar spinal region contributing nerve roots to the clinically

abnormal nerve is generally recommended prior to MRPNI in order to exclude common

abnormalities such as spinal stenosis or disc disease as the sole or contributing cause.

If the clinical symptoms are not explained by the routine study, further imaging with

MRPNI can be considered. However, when the lesion can be definitively localized clini-

cally or electrically to a region within the extremity (e.g., ulnar nerve entrapment at the

elbow), a focused MRPNI study is more appropriate as the initial imaging study.

4. TECHNICAL POINTS AND IMAGING PARAMETERS

High quality high-resolution peripheral nerve imaging requires close attention to several

technical elements including FOV, spatial resolution, SNR, imaging time, and contrast res-

olution. Although it is possible to use a “cookie-cutter” approach to nerve imaging, careful

attention to the clinical question to be answered will help determine which parameters to

emphasize. Readers interested in a more technical discussion are referred to references

on general MR physics (8) and high spatial resolution peripheral nerve imaging (2,6,7,9).

The appendix outlines effective imaging parameters for common nerves.

4.1. Hardware

4.1.1. MR Scanner

High quality peripheral nerve imaging requires a high-field strength MR scanner (1.5 T or

higher). Technical limitations of low-field scanners (relatively large minimum FOV, rela-

tively thick minimum slice thickness, and lack of availability or practicality of chemical

fat saturation pulse sequences) preclude their routine use for peripheral nerve imaging.

4.1.2. Coils

A variety of MR coils are available that are satisfactory for peripheral nerve imaging. Coil

are either volume coils that provide homogeneous coverage of a structure that fits within

the coil, or surface coils that directly contact the body surface and provide best imaging

parameters at the surface of the object. Examples of common volume MR coils suitable

for peripheral nerve imaging include the body radiofrequency coil built into the MR

scanner bore, the birdcage head coil, and the knee coil. Common surface coils suitable

for peripheral nerve imaging include the shoulder coil, multipurpose flexible phase

array coil, torso wraparound phased array coil, and pelvic coil. It is often possible to

use a coil designed for one part of the body to image another. For example, high

quality imaging of the wrist may be performed using the head volume coil when a

surface coil study is impossible because of patient mobility limitations or body habitus.

The coil that maximizes technical quality and patient comfort should be used independent

of its designated purpose.
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4.2. Patient Comfort

A comfortable patient is more likely to hold still to yield high quality imaging studies.

Poor patient satisfaction also limits imaging time and willingness to comply with future

imaging requests. Careful attention should be paid to appropriate placement of supporting

pillows and padding as well as immobilization of the limb.

4.3. Technical Imaging Parameters and Their Adjustment

Successful identification of fascicular morphology and subtle nerve signal intensity

abnormalities requires optimal scan parameters to maximize SNR and produce sufficient

spatial and contrast resolution within a reasonable imaging time. A basic introduction to

the most clinically pertinent technical parameters and their importance will help achieve

better imaging quality. The most important technical parameters to understand are FOV,

spatial resolution, SNR, imaging time, and contrast resolution.

4.3.1. Field of View

It is most important to define the study FOV so that the nerve of interest is displayed as a

large discrete structure. Choosing a large FOV may make it difficult to resolve the nerve

as a discrete structure, much less discern internal architecture. For example, imaging

the sciatic nerve within the pelvis and proximal thigh using a single large FOV results

in a tiny, poorly visualized nerve structure. To detect subtle differences in nerve size or

signal intensity, it is often best to image each side separately or to compare the sympto-

matic side to normal imaging studies stored in an institutional normative database.

4.3.2. Spatial Resolution

Spatial resolution is maximized by choosing the largest practical matrix size and thinnest

reasonable slice thickness to make voxels as small as possible. However, there are trade-

offs with an increase in imaging time and decrease in the SNR.

4.3.3. Signal-to-Noise Ratio

SNR may be improved by increasing imaging time (increasing the number of excitations),

increasing slice thickness, or decreasing the matrix size. Higher SNR produces a smoother

and more pleasing image that facilitates the detection of subtle abnormalities.

4.3.4. Imaging Time

Short imaging time is important for patient comfort and for maintaining reasonable patient

throughput. Best quality imaging is usually acquired within the first 20 min of the session,

before the patient becomes restless and begins to move. Most patients are intolerant of

individual imaging sequences lasting .8–10 min.

4.3.5. Contrast Resolution

Contrast resolution is the ability to distinguish individual structures on the basis of differ-

ences in intrinsic tissue contrast. T1 weighted images (T1WI) provide excellent anatom-

ical definition and fat/muscle contrast resolution and are useful for delineating underlying

architecture of macroscopic structures, but provide relatively poor contrast resolution for

structures of varying water content. Fat saturated T2 weighted image (T2WI) sequences,

on the other hand, do not display underlying anatomy as well and have relatively poor
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muscle and fat contrast resolution, but are excellent for portraying relatively subtle

differences in tissue water content. For these reasons both sequences should be obtained,

T1WI for anatomical information and T2WI to identify inflammatory or neoplastic

changes manifesting as differences in water content.

4.4. Pulse Sequences and Imaging Scan Planes

MRPNI technique exploits differences in water content between endoneurium, perineur-

ium, and surrounding epineurium. MRPNI protocols use high resolution T1 weighted

sequences to delineate anatomical detail and fat suppressed T2 weighted or short tau

inversion recovery (STIR) sequences to detect abnormal nerve water content due to

inflammation or neoplasm.

4.4.1. Pulse Sequences

It is not possible to discern subtle abnormalities in nerve water T2 signal without suppres-

sing the fat signal, because increased nerve water secondary to pathology and fat both

appear bright on the T2WI. Intrinsic fat signal on the T2WI is negated using chemical

fat saturation pulses or STIR technique. STIR is an extremely useful pulse sequence

that provides T2 weighting, excellent homogeneous suppression of fat signal, and accent-

uates nerve water content by removing the intrinsic high signal from fat containing

structures. Fat saturated T2WI and STIR sequences each have their merits and limitations.

T2WI technique generally provides better SNR and is more time efficient than STIR

sequences, but may be compromised by inhomogeneous fat suppression. On the other

hand, STIR technique gives very homogeneous fat signal suppression and is effective

for demonstrating nerve hyperintensity, but is generally a longer sequence with more back-

ground noise and vascular flow artifacts than T2WI. As a general rule, intravenous contrast

agents do not confer appreciable additive value to current MRPNI technique. However,

the selected use of contrast is helpful in patients with known scarring or neoplasm in

the vicinity of the area of interest, or if either of those entities is discovered unexpectedly

during the study. Chemical fat saturation technique on post-contrast enhanced T1WI

sequences negates fat signal and accentuates abnormal nerve lesion or scar enhancement.

4.4.2. Imaging Scan Planes

Imaging in two orthogonal planes, dependant on the nerve orientation, is preferable. Axial

imaging (relative to the short axis of the nerve) is indispensable for studying intrinsic fas-

cicular architecture and the nerve’s relationship to adjacent structures. When imaging

extremity nerves, such as the sciatic nerve in the thigh or the ulnar nerve at the elbow,

the axial plane is usually the only imaging plane necessary. For nerves that travel

within two different planes, imaging should be performed in both orthogonal planes.

For example, when imaging the lumbosacral plexus within the pelvis, the coronal plane

best depicts the proximal nerve roots and the ventral primary rami, whereas an oblique

axial plane permits imaging of the lumbosacral plexus in short axis.

5. NORMAL PERIPHERAL NERVE

Perineural fat provides excellent visualization of nerves, and allows clear differentiation

from adjacent soft tissues. Normal nerve is a well-defined oval structure containing

discrete fascicles that are isointense to adjacent muscle tissue on T1WI (Fig. 7.1).

On fat saturated T2WI or STIR images, normal nerve is slightly hyperintense to adjacent
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muscle and hypointense to regional vessels, with clearly defined fascicles separated by

interposed lower signal intensity connective tissue. Normal nerve fascicles should be of

uniform size and shape, and this distinct fascicular pattern distinguishes peripheral

nerves from lesions such as schwannoma or ganglion cyst, which also have high intrinsic

T2 signal intensity. Intrafascicular signal intensity is determined by endoneurial fluid and

axoplasmic water, whereas the interfascicular signal is dominated by fibro-fatty connec-

tive tissue that is amenable to fat suppression.

It is sometimes difficult to distinguish a peripheral nerve from adjacent vascular

structures, particularly if the nerve is abnormal and displays high T2 signal intensity.

Both nerves and vessels are round or ovoid linear structures, but vessels have character-

istics that often permit their distinction from nerves. Vessels demonstrate internal flow

voids, branch at large angles, and show intense contrast enhancement. Nerves on the

other hand do not show flow voids, branch at relatively acute angles, enhance minimally,

and display a discrete distinctive fascicular architecture on transverse imaging.

6. ABNORMAL NERVE IMAGING DIAGNOSTIC CRITERIA

Abnormal MRPNI findings include segmental nerve enlargement, disruption of normal

nerve anatomy, T2 signal intensity approaching that of regional blood vessels on fat

saturated T2WI or STIR sequences, or disruption or distortion of normal fascicular archi-

tecture (Fig. 7.2).

Goals of MRPNI are localization of the site of nerve “injury” or tumor, determi-

nation of the pathologic process, formulation of a treatment plan, and prognosis. Nerve

injuries result in gross changes in nerve configuration, loss or distortion of the character-

istic fascicular pattern, and/or swelling of individual fascicles with abnormally high signal

on T2 weighted and STIR sequences. Abnormal nerves are isointense on T1WI, but

become increasingly hyperintense to muscle on T2WI. The cause of abnormal high

Figure 7.1 Normal sciatic nerve at the level of piriformis muscle. (A) Oblique axial T1WI

oriented through the sciatic nerve short axis (arrow) shows normal fascicles that are isointense to

muscle, surrounded by bright fatty connective tissue. (B) Oblique axial fat saturated T2WI shows

mildly hyperintense fascicles with surrounding dark fatty connective tissue (dark due to the fat

saturation pulse).
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signal on T2WI and STIR sequences is not definitively known, but edema from increased

endoneurial fluid due to disordered endoneurial fluid flow or local venous obstruction

may be factors (6). Alterations in axoplasmic flow may also produce T2 hyperintensity,

including impeded flow due to compression (1,4,6).

MRPNI is sensitive for detecting and discriminating among the three types of

peripheral nerve injury. Neurapraxia is the least severe type of injury, and is characterized

by focal damage to the myelin sheath without axonal disruption. It is identifiable on MRPNI

by swollen and hyperintense nerve fascicles. Axonotmesis is an intermediate level of crush

or traction injury that produces axonal disruption and subsequent Wallerian degeneration,

but leaves Schwann cells and endoneurium intact. Axonotmesis results in homogeneously

increased signal intensity with loss of fascicular architecture at the injury site. Neurotmesis

is the most severe form of nerve injury, and represents complete interruption of nerve

continuity. MRPNI cannot always distinguish axonotmesis from neurotmesis, but the

latter may be inferred with there is discontinuity of surrounding connective tissues.

MRPNI should be considered a companion to electrodiagnostic testing. Abnormal

high signal in nerve fascicles correlates well with clinical and electrodiagnostic evidence

of nerve injury (4). Electromyography does not show denervation until 1–2 weeks follow-

ing injury, whereas MR neurography can allow assessment of nerve integrity immediately

after injury (6).

7. ABNORMAL MUSCLE IMAGING DIAGNOSTIC CRITERIA

MRPNI is sensitive to muscle denervation, and correlates well with denervation changes

on electrodiagnostic studies (10). Denervation results in T2 signal hyperintensity on fat

saturated T2WI or STIR sequences, and normal or increased muscle volume (Fig. 7.3).

Acute denervation changes are not reliably identified earlier than 4 days post nerve

Figure 7.2 Lumbosacral trunk neuropathy. A 62-year-old man presents with pain radiating down

the leg and a clinical diagnosis of compression of the sciatic nerve within the piriformis muscle. (A)

Oblique axial T1WI shows enlargement of the right lumbosacral trunk (white arrow). The adjacent

normal S1 root (black arrow) may be used for comparison. (B) Oblique axial fat saturated T2WI

confirms abnormal increased T2 signal intensity, with several enlarged “hot” fascicles that are

particularly bright (white arrow). The adjacent normal S1 root (black arrow) for comparison.
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injury (10). Chronic denervation is characterized by decreased muscle volume (atrophy)

and strands of interspersed high T1 signal intensity representing fatty replacement of

muscle tissue. Acute and chronic changes may coexist in diseases with ongoing dener-

vation. Although a preponderance of either type of findings is useful for characterizing

the length of denervation, subacute denervation can show both types of findings simul-

taneously for considerable time periods.

8. IMAGING ATLAS

The following case studies provide illustrative examples of how MRI can be effectively

applied to the evaluation of peripheral nerve disease. Examples of normal and abnormal

nerve and muscle images are provided. A variety of structural and nonstructural nerve

lesions are reviewed. The appendix provides details on the specific imaging techniques

for each major peripheral nerve. All images are used with permission Electronic

Medical Education Resource Group, Salt Lake City, Utah, USA.

9. CONCLUSIONS

This chapter considers principles necessary to produce and interpret peripheral nerve

imaging studies. MRI is the only clinically available imaging technique with suitable

Figure 7.3 Superimposed acute and chronic muscle denervation in a patient with a right peroneal

mononeuropathy after femoral osteotomy. (A) Conventional resolution axial T1WI of both legs

(for comparison purposes) demonstrating volume loss and fatty replacement (arrow) of the right

lower extremity anterior compartment muscles when compared with the normal left leg. (B) Conven-

tional resolution axial STIR image of both legs at the same level as (A) showing T2 hyperintensity

characteristic of acute or ongoing denervation (arrow).
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contrast and spatial resolution to permit characterization of nerve architecture. Optimizing

technical parameters and patient comfort are critical to achieve consistently high quality

imaging studies. It is difficult to achieve consistently satisfactory peripheral nerve imaging

on MR scanners with ,1.5 T field strength. Normal nerve demonstrate well-defined

fascicles on transverse imaging, and T2 signal intensity slightly greater than regional

muscle structures but not as bright as adjacent vessels. Abnormalities of size, T2 signal

hyperintensity, and internal architecture facilitate diagnosis of the abnormal nerve.

Attention to muscle volume and signal intensity on T1WI and T2WI may permit detection

of acute or chronic denervation that can help confirm a suspected nerve injury, and based

on denervation pattern, may assist lesion localization in clinically or electrographically

difficult cases.

APPENDIX: GUIDELINES FOR IMAGING SPECIFIC
NEURAL STRUCTURES

Technical parameters for imaging nerve structures should be specific to the clinical question

to be answered. This appendix provides technical guidelines to assist the clinician and

consulting radiologist in imaging specific neural structures, including suggested coils,

imaging planes, and sequences.

A.1. Brachial Plexus (Figs. 7.4 and 7.5)

Preferred coil: Multipurpose flexible phase array surface coil

Alternative coil: Neurovascular phase array coil

Imaging planes: Coronal and oblique sagittal planes from C3 (rostral) through T2

(caudal), nerve roots (medial) through axilla (lateral).

Imaging sequences: Coronal T1WI, Coronal STIR, Oblique sagittal T1 SE, and

Oblique sagittal STIR.

Optional sequences: Oblique sagittal and coronal contrast enhanced fat saturated

T1WI (for cases of known or suspected neoplasm, scar, or infection).

Comments: It is easier for technical reasons to evaluate the supraclavicular plexus

than the infraclavicular plexus. STIR provides more reliable fat suppression

than chemical fat saturated T2WI.

A.2. Lumbosacral Plexus (Fig. 7.6)

Preferred coils: Torso wrap-around or pelvis phase array coil.

Alternative coil: Spine phase array coil

Imaging planes: Coronal and oblique sagittal planes with scan coverage from L3

(rostral) through the ischial tuberosity (caudal), spinal axis (medial) through

greater trochanter (lateral).

Imaging sequences: Coronal T1WI, coronal STIR or fat saturated T2WI, direct axial

or oblique axial T1 spin echo, and direct axial or oblique axial fat saturated

T2WI or STIR.

Optional sequences: Coronal and oblique axial contrast enhanced fat saturated

T1WI (for cases of known or suspected neoplasm, scar, or infection).

Comments: Compared with the torso phase array coil, the spine and pelvis phase

array coils provide inferior SNR in the lateral aspects of the pelvis,

which may limit evaluation of the proximal sciatic nerve in larger patients.
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Although the body coil will provide adequate coverage, it is severely limited by

poor SNR and spatial resolution. The neural foramina, proximal L4 and L5

ventral rami, lumbosacral trunk, S1 contribution to the sciatic nerve, and

sciatic nerve continuation into the greater sciatic foramen are best evaluated

in direct coronal and axial planes. The oblique axial plane permits optimal visu-

alization of internal architecture of the sacral plexus and proximal sciatic nerve.

A.3. Sciatic Nerve (Figs. 7.7 and 7.8)

Preferred coil: Torso wrap-around phase array coil

Alternative coil: Flexible extremity surface coil

Imaging planes: Coronal and oblique axial or direct axial planes (see subsequently).

Imaging sequences: Coronal T1WI, coronal STIR or fat saturated T2WI, direct axial

or oblique axial T1 spin echo, and direct axial or oblique axial fat saturated

T2WI or STIR.

Figure 7.4 Normal brachial plexus. (A and B) Coronal STIR images show normal size and normal

mild T2 hyperintensity of the upper and lower plexus elements (arrows). (C) Axial STIR image

shows the normal size and signal intensity brachial plexus (annotations) passing through the anterior

and middle scalene muscles (asterisks).

MR Imaging of the Peripheral Nerve 101



Optional sequences: Coronal and direct or oblique axial contrast enhanced

fat saturated T1WI (for cases of known or suspected neoplasm, scar, or

infection).

Comments: Although the body coil will provide adequate coverage, it is severely

limited by poor SNR and spatial resolution. For lesions clinically localized

to proximal sciatic nerve, oblique axial T1WI, and fat saturated T2WI

on the symptomatic side from the sacral ala (superior) through the ischial

tuberosity (inferior) are preferable. For lesions localized to the sciatic nerve

within the thigh (below the ischial tuberosity), direct axial T1WI and fat

saturated T2WI on the symptomatic side from the ischial tuberosity (superior)

to the tibioperoneal bifurcation (inferior) are preferable.

Figure 7.5 Radiation plexitis following breast cancer treatment. A 55-year-old woman with

known metastatic breast cancer presents with arm pain and numbness. MRNI was performed in

order to differentiate radiation plexitis from metastatic infiltration. (A) Coronal T1WI shows mild

enlargement of the brachial plexus (arrows). (B) Coronal STIR image shows diffuse enlargement

(straight arrows) and increased T2 signal intensity of the plexus elements that approaches that of

regional vessels (curved arrow). (C) T1WI fat saturated image following contrast administration

reveals mild patchy enhancement (arrows) without focal mass to suggest malignant infiltration.
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A.4. Tibial and Peroneal Nerves (Fig. 7.9)

Preferred coils: Torso wrap-around phase array coil or knee coil (produces excellent

images but limited to coverage of the common peroneal nerve at the fibular

head).

Figure 7.6 Neurolymphomatosis. A 69-year-old man with a history of successfully treated

thoracic nonHodgkin’s lymphoma presents with progression right leg pain and weakness, clinically

and electrodiagnostically localized to the right lumbar plexus. Coronal STIR image shows diffuse

enlargement and abnormal increased T2 signal intensity (arrows) of the right lumbosacral plexus

that also involves the right L4, L4 and L5 dorsal root ganglia (asterisks), and ventral primary rami.

Figure 7.7 Compressive injury of the sciatic nerve at the obturator internus level. A 24-year-old

woman presents with a 13 month history of pain in the left buttock radiating to the left calf. The pain

was exacerbated by long periods of sitting. (A) Oblique axial T1WI oriented through the sciatic

nerve short axis (arrow) shows enlarged, hypointense fascicles. Architectural preservation implies

a relatively mild (neuropraxic) injury. (B) Oblique axial fat saturated T2WI confirms abnormal

T2 hyperintensity of several fascicles similar to that of regional vessels.
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Alternative coil: Flexible extremity surface coil

Imaging plane: Direct axial plane only.

Imaging sequences: Direct axial T1WI and direct axial STIR or fat saturated T2WI.

Optional sequence: Direct axial contrast enhanced fat saturated T1WI (for cases of

known or suspected neoplasm, scar, or infection).

Comments: A torso coil is useful for most sciatic and tibial-peroneal nerve

imaging indications because of its excellent SNR and large coverage dis-

tance. Imaging both legs simultaneously substantially reduces spatial resol-

ution by increasing the FOV, but although the coil is wrapped around both

legs, one leg can be imaged at a time to maximize spatial resolution.

The knee coil is useful for imaging the common peroneal nerve at the

fibular head.

A.5. Femoral Nerve (Fig. 7.10)

Preferred coil: Torso wrap-around phase array coil.

Alternative coil: Flexible extremity surface coil

Imaging planes: Coronal and direct axial planes.

Imaging sequences: Coronal T1WI, coronal STIR or fat saturated T2WI, direct axial

T1WI, and direct axial fat saturated T2WI or STIR.

Optional sequences: Coronal and direct axial contrast enhanced fat saturated T1WI

(for cases of known or suspected neoplasm, scar, or infection).

Comments: Imaging parameters similar to sciatic nerve imaging in the thigh, except

that coronal images must extend from sacrum (posterior) to groin (anterior) in

order to image femoral nerve at the inguinal ligament.

Figure 7.8 Sciatic nerve metastasis (surgically confirmed). A 49-year-old woman with widely

metastatic (stage IV) dermatofibrosarcoma protuberans presents with progressive left leg pain and

weakness in a sciatic distribution. (A) Axial fat saturated T2WI shows a large hyperintense mass

superimposed over the expected location of the sciatic nerve in the thigh (arrows). (B) Coronal

T1WI fat saturated image following contrast administration confirms expected extensive enhancement

of the mass (arrows) due to absence of blood-neural barrier.
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A.6. Ulnar Nerve (Fig. 7.11)

Preferred coil: Multipurpose flexible phase array surface coil; may need to use in

sequential stations to achieve desired coverage.

Alternative coil: Flexible extremity surface coil

Imaging plane: Direct axial plane only.

Imaging sequences: Direct axial T1WI and direct axial STIR or fat saturated T2WI.

Optional sequence: Direct axial contrast enhanced fat saturated T1WI (for cases of

known or suspected neoplasm, scar, or infection).

Comments: It is important to prospectively localize the lesion to the elbow (cubital

tunnel) or wrist (Guyon’s tunnel) to correctly place the coil.

Figure 7.9 Bilateral peroneal nerve palsy with muscle denervation. A 33-year-old man developed

sudden left foot drop followed 1 month later by a sudden right foot drop. (A) Axial T1WI shows fatty

replacement of the anterior muscle compartment (asterisk) indicating chronic denervation. (B) Axial

fat saturated T2WI image of the right lower extremity confirms that there is an acute ongoing com-

ponent of denervation in the medial portion of the compartment (asterisk), and abnormal T2 signal of

the peroneal nerve as it crosses the fibular head (arrow). (C) Axial fat saturated T2WI image of the

left lower extremity shows similar imaging characteristics of the peroneal nerve at the fibular head

(arrow).
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Figure 7.10 Femoral neuropathy following surgical herniorrhaphy. A 27-year-old woman pre-

sents with right anterior thigh and inguinal pain following a second herniorrhaphy for a direct ingu-

inal hernia. Electrodiagnostic testing reveals denervation changes in quadriceps muscles, although

thigh adductor muscles could not be examined because of pain. (A) Coronal fat saturated T2WI

shows a markedly enlarged and hyperintense femoral nerve (arrows) with an abrupt transition to

normal signal (open arrow). (B) Axial STIR image shows a markedly enlarged right femoral

nerve with swollen hyperintense fascicles (white arrow) as it courses along the ventral iliopsoas

muscle. The normal left femoral nerve (open arrow) serves as comparison. A suture ligature was

found encircling the femoral nerve (at the level of transition in (A) during surgical exploration.

Figure 7.11 Ulnar nerve compressive neuropathy. A 65-year-old man has a 15 year history of

intermittent pain in the left elbow and forearm. Examination reveals reduced sensation in the

fourth and fifth digits. (A) Axial T1WI shows marked enlargement of the ulnar nerve (arrow) at

the cubital tunnel. (B) Axial fat saturated T2WI confirms enlargement and abnormal increased

fascicular signal (arrow).
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A.7. Median Nerve

Preferred coil: Multipurpose flexible phase array surface coil in sequential stations

to achieve desired coverage.

Alternative coil: Flexible extremity surface coil

Imaging plane: Direct axial plane only.

Imaging sequences: Direct axial T1WI and direct axial STIR or fat saturated T2WI.

Optional sequence: Direct axial contrast enhanced fat saturated T1WI (for cases of

known or suspected neoplasm, scar, or infection).

Comments: Nerve entrapment by the flexor retinaculum at the wrist is the most

common site, but it is important to extend imaging distally into the palm to

include distal nerve entrapments.

A.8. Radial Nerve (Fig. 7.12)

Preferred coil: Multipurpose flexible phase array surface coil

Alternative coil: Flexible extremity surface coil

Imaging planes: Direct axial plane only.

Imaging sequences: Direct axial T1WI and direct axial STIR or fat saturated T2WI.

Optional sequence: Direct axial contrast enhanced fat saturated T1WI (for cases of

known or suspected neoplasm, scar, or infection).

Comments: It is difficult to image the distal radial nerve after its bifurcation, but

relatively easy within the arm along the spiral groove.
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ABSTRACT

Guillain–Barré Syndrome is used to describe several related syndromes, the most

common being acute inflammatory demyelinating polyneuropathy (AIDP). AIDP is

associated with acute onset of a radiculopolyneuropathy affecting to variable extents

motor, sensory, and autonomic function in the peripheral nervous system, and rare

involvement of the central nervous system. Approximately two-thirds of affected patients

have an antecedent illness 1–4 weeks prior to the onset of symptoms. Demyelinating

features predominate in AIDP, but in a more severe variant, acute motor-sensory axonal

neuropathy, axonal degeneration predominates. Intensive clinical support coupled

with immunomodulators such as intravenous immunoglobulin and plasma exchange

significantly reduce the length of illness, and probably reduce morbidity and mortality.
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1. INTRODUCTION

Guillain–Barré Syndrome (GBS) was described by Guillain et al. (1) in 1916 as

“a syndrome of radiculoneuritis with increased albumin in the cerebrospinal fluid without

cellular reaction.” Since that time several entities have come under the umbrella of GBS:

acute inflammatory demyelinating polyneuropathy (AIDP), acute motor, and sensory

axonal neuropathy (AMSAN) (2), acute motor axonal neuropathy (AMAN) (3), acute

pandysautonomia, and Fisher syndrome (4). What unifies these as a syndrome are:

(i) acute onset, (ii) monophasic course with recovery, (iii) increased protein with cyto-

albumin disassociation found in cerebrospinal fluid (CSF), and (iv) overlap among the

disorders seen clinically. AIDP is the most common, and will be the focus of this

chapter, but the other forms will also be reviewed.

2. SPECTRUM OF GBS

AIDP is the demyelinating variant of GBS. The incidence of AIDP is 1–2/100,000

per year and it occurs in all geographical regions and in all age groups, but tends to be

slightly more common in males (1:2) (5,6). AIDP is usually a sporadic disorder, but

occasional epidemiological clusters are observed, such as during the swine flu vaccination

program in the United States in 1976. The most prominent symptom of AIDP is weakness,

which typically begins distally and ascends to the upper extremities and trunk, and in some

cases to bulbar musculature. AIDP may affect both proximal and distal limb nerve roots, as

well as the phrenic nerve and cranial nerves. The net effect of the ubiquitous inflammatory

response is a neuropathy that can result in quadriplegia in 30% of subjects, restriction to

bed in another 30%, and a need for respiratory therapy in one-third of subjects. AIDP

may have dysautonomia, bulbar weakness, and axonal damage as part of the syndrome,

overlapping with the other syndromes included under the eponym of GBS.

In 1986, Feasby et al. (2) described five patients with clinical features similar to

AIDP, but with electrodiagnostic evidence and pathologic evidence of primarily axonal

degeneration without significant demyelination. Axonal degeneration was described in

3% of the patients evaluated by Albers et al. in 1985, but Feasby suggested that cases

with primarily axonal involvement should be considered as a separate variant, as they

had a worse prognosis. Patients with AMSAN characteristically have a severe, progressive

paralysis with sensory loss, and incomplete recovery. Griffin et al. (7) subsequently named

this variant acute motor-sensory axonal polyneuropathy (AMSAN), and described the

pathology in autopsy specimens as primarily wallerian-like degeneration with periaxonal

macrophages, and little demyelination present on teased-fiber specimens. They also noted

a high correlation with antecedent Campylobacter jejuni infection.

In 1991, McKhann et al. (8) described a primary axonal form of pure motor involve-

ment in Shijiazhung, China. They termed this variant acute motor axonal neuropathy

(AMAN). In comparison to AMSAN, AMAN typically is associated with acute weakness

or paralysis without sensory loss. Like AMSAN, an antecedent Campylobacter infection is

common (3,9). AMAN occurs more commonly in Japan, China, and developing countries,

and is rare in the United States and Europe (9). The pathology of AMAN suggests an

antibody-mediated attack, based on immunohistochemistry demonstrating the presence of

IgG and complement bound to the axolemma of motor fibers (10). It is associated with a

prodrome of diarrhea, followed by a rapid motor syndrome reaching a nadir at 6 days (2,11).

The distribution of weakness in AMAN is distal greater than proximal, and there is

involvement of cranial nerves in �25% of patients (2,9). Reflexes are most often reduced,
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and the sensory examination is normal both clinically and on electrodiagnostic testing. A

subset of patients with AMAN recover over two months, although some forms result in a

rapidly progressive severe weakness with poor recovery. Positive C. jejuni titers are found

in over 65% and the risk of neuropathy is greatest with the O-19 serotype association.

Positive GM1 ganglioside antibodies are found in �30% of affected subjects and GD1a

antibodies in up to 60% of subjects (12). Emperic treatment trials indicate that IVIg

may be effective, but plasma exchange or corticosteroids are not.

The triad of ophthalmoplegia, ataxia, and areflexia (4,13) characterize the Fisher

syndrome. Facial weakness, ptosis, and pupillary abnormalities are also commonly seen

(4,13–15). The incidence of Fisher syndrome is estimated to be 0.09/100,000 (16).

Most cases are associated with anti-GQ1b antibodies (17) that cross-react with siali-

dase-sensitive epitopes associated with C. jejuni. The sensitivity of the anti-GQ1b anti-

body has been reported to be between 90% and 95% (17–19). These antibodies have

been shown to have ex vivo and in vivo activity at the neuromuscular junction, and may

cause terminal axon degeneration at the endplate, diminishing acetylcholine quanta

(20,21). The presence of GQ1b ganglioside is higher in human extraocular nerves,

which may explain the prevalence of extraocular muscle weakness (22). The level of

the anti-GQ1b antibody correlates with the severity of the disease and correlates to the

clinical improvement. The Fisher variant has also been associated with systemic lupus

erythematosis, Q fever, toxoplasmosis, mycoplasma, and treatment with gold salts.

A sensory variant of AIDP has been proposed, characterized by acute loss of distal

sensory function with preservation of strength (23,24).

Acute pandysautonomia has been grouped with GBS primarily because of clinical

similarities, for example, acute onset, albuminocytologic dissociation in the spinal fluid,

and frequent antecedent infection. AIDP often has significant autonomic involvement as

well, further strengthening the association. Autonomic failure includes both sympathetic

and parasympathetic functions. Symptoms are orthostatic hypotension, gastrointestinal

symptoms of nausea, vomiting, severe constipation or diarrhea, decreased sweating,

urinary retention, and impotence. Some patients have been treated with plasmapheresis

with success (25).

3. FEATURES OF AIDP

3.1. Clinical Features

The diagnosis of AIDP is based on the clinical history and examination findings, abnormal

CSF studies and electrodiagnostic testing. The difficulty lies in that during the first week

many patients will have normal CSF results and few or no abnormalities on electro-

diagnostic testing. However, patients tend to do better if treatment with IVIg or plasma

exchange is initiated early. Treatment may need to be started based on clinical suspicion

without confirmatory laboratory testing.

In the most common varieties of GBS, AIDP and AMSAN, weakness is the main

initial complaint. In most patients, weakness affects the legs first and ascends. However,

5% of patients present with isolated cranial nerve involvement, followed by descending

limb weakness (13). The severity of weakness varies from mild gait difficulty to total

limb and respiratory paralysis with death from respiratory failure. Oropharyngeal dysfunc-

tion is observed in severe cases and facial diplegia occurs in at least 50% of patients (13)

and unilateral in 10% of patients (26). Sensory loss occurs in most patients. Muscle pain or

aches occur in up to 50% of cases. Signs of AIDP typically include decreased or absent

deep tendon reflexes.
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The diagnostic criteria put forth by the National Institute of Neurological Disorders

and Stroke (NINDS) in 1978 and evaluated by Asbury and Cornblath (27) require

progressive motor weakness of more than one limb and areflexia to make a diagnosis of

AIDP. Weakness should be symmetric. Prominent central nervous system findings other

than cerebellar ataxia should cast the diagnosis of GBS in doubt. Areflexia may be relative

(some reflexes may become hypoactive rather than absent) (27). These criteria do not

differentiate among AIDP and AMSAN, which are only differentiated on electrodiagnos-

tic and pathologic grounds.

Autonomic nervous system involvement affecting both sympathetic and par-

sympathetic function occurs in 65% of patients. Sinus tachycardia is the most common

feature, and may be coupled with bradycardia, loss of orthostatic control, and hypo-

hidrosis. Autonomic changes may result in sudden death, and monitoring is critical in

affected patients. Occasional patients may have involvement of the urethral sphincter

resulting in transient urinary retention or incontinence. Another major complication of

AIDP is the development of respiratory insufficiency secondary to diaphragmatic and

intercostal muscle weakness. Approximately 10–20% of patients develop respiratory

failure requiring mechanical ventilation, and 2–5% die of complications.

In 60% of patients there is a viral or other prodrome occurring within 2 weeks of

disease onset (28). The “acute” designation comes from data that on average progression

is usually complete after 2 weeks in 50% of cases, after 3 weeks in .80%, and after

4 weeks in .90% (13,29). The disease usually occurs once, and true relapses are very rare.

3.2. Laboratory Evaluation

The classic CSF abnormality found in AIDP is albumin–cytologic dissociation, an elevated

protein without associated pleocytosis. An elevated white blood cell count, often lymphocyte

predominant, can be seen, but more than 50 white blood count (WBC)/mL suggests another

diagnoses, such as human immunodeficiency virus (HIV) or Lyme disease. Oligo-

clonal bands and elevated myelin basic protein can also be seen. Most patients with an

initially normal CSF protein will have elevated levels later in the course of their illness,

but in 10% of patients, CSF protein may remain normal throughout their illness (30).

3.3. Electrodiagnostic Evaluation

Electrodiagnostic testing is important because it gives insight into the underlying

pathology (Table 8.1). However, it may not be informative in the first week of symptoms

and repeat evaluation may be necessary. Early in the course of AIDP, absent or prolonged

H-reflexes and F-wave responses may be the only abnormality (31). In sequential studies,

multifocal conduction block and slowing, and temporal dispersion become apparent.

These lead to slowed conduction velocity, prolonged distal latency, and reduction in the

compound muscle action potential (CMAP) wave form in two or more peripheral

nerves are seen (32,33). Approximately 50% of patients will fit criteria in the first

week, but by 3 weeks, up to 85% will have diagnostic findings on nerve conduction

studies. At minimum, sural, peroneal, and median nerves should be examined. Three of

the following four criteria are suggestive of demyelination: (i) reduced conduction vel-

ocity in two or more nerves to ,80% of the lower limit of normal (LLN) if amplitude

is .80% of normal, or to ,70% of LLN if amplitude ,80% of LLN; (ii) partial conduc-

tion block or abnormal temporal dispersion in one or more motor nerves; (iii) prolonged

distal latencies in two or more nerves to .125% of the upper limit of normal (ULN)

if amplitude .80% LLN, or to .150% of ULN if amplitude ,80% of LLN; and
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(iv) absent F waves or prolonged minimum F-wave latencies in two or more motor nerves

to .120% of ULN if amplitude .80% of LLN, or to .150% of ULN if amplitude ,80%

of LLN. In AMSAN, typically there are no responses after stimulation in several nerves, or

there is decreased CMAP below 80%, with sensory nerve involvement, which dis-

tinguishes it from AMAN (34). Summed proximal and distal motor amplitudes ,20%

of normal have been associated with poorer prognosis (35,36). Sensory changes in

AIDP may be prominent clinically, but are less severe electrodiagnostically. During the

Table 8.1 Clinical and Electrodiagnostic Criteria for Acute Neuropathies

AIDP (NINDS criteria) AMSAN AMAN

Reduction in conduction velocity in two or

more motor nerves

a. ,80% of LLN if amplitude .80% of

LLN.

b. ,70% of LLN if amplitude ,80% of

LLN.

No evidence of

significant reduction

in conduction

velocity

No evidence of

significant reduction

in conduction

velocity

Conduction block or abnormal temporal

dispersion in one or more motor nerves

Criteria for conduction block

a. ,15% change in duration between

proximal and distal sites and .20%

drop in negative peak-to-peak

amplitude between proximal and

distal sites.

Criteria as for temporal dispersion

a. .15% change in duration between

proximal and distal sites and .20%

drop in negative-peak area or

peak-to-peak amplitude between

proximal and distal sites.

No evidence of

abnormal temporal

dispersion

No evidence of

abnormal temporal

dispersion

Prolonged distal latencies in two or more

nerves

a. .125% of ULN if amplitude .80%

of LLN.

b. .150% of ULN if amplitude ,80%

of LLN.

Prolonged distal

latency not

considered

demyelination if

amplitude ,10%

LLN

Absent F-waves or prolonged minimum

F-wave latencies (10–15 trials) in two

or more nerves

a. .120% of ULN if amplitude .80%

of LLN.

b. .150% of ULN if amplitude ,80%

of LLN.

Decrease in CMAP and

SNAP to ,80% of

LLN or inexcitable

(absent evoked

response) in two or

more nerves

Decrease in CMAP to

,80% of LLN or

inexcitable (absent

evoked response) in

two or more motor

nerves

Source: The following references were used to create this table: Andersson and Siden (28), McKhann (35),

Rees et al. (40), Donofrio et al. (41).
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first few weeks, only 25% of patients have sensory nerve abnormalities. After 3 weeks,

80% develop abnormal sensory studies with absent or reduced sensory nerve action poten-

tial (SNAP) amplitudes, typically in the median greater than sural nerves (24,33).

Because so few patients fulfill these electrodiagnostic criteria, especially early in the

course of illness, other sets of criteria have been suggested. How many abnormalities

should be found and in how many nerves has challenged electrodiagnostic testing.

Serial electrodiagnostic findings in the Dutch Guillain–Barré trial showed that if patients

had three abnormalities in two or more nerves, sensitivity was 85% and specificity 100%

(37). Evidence of demyelination was felt to present if at least one finding suggestive of

demyelination was seen in two or more nerves (60% in first electrodiagnostic study)

(37). Hadden et al. (36) also used the ratio of proximal CMAP to distal CMAP

(pCMAP/dCMAP) ,0.5 as a sign of conduction block, and allowed motor conduction

velocity to be ,90% instead of ,80%, which increased the sensitivity of their criteria.

Needle EMG is less helpful in initial diagnosis of AIDP, with many patients having

only decreased motor unit action potential recruitment (33). Electromyography in AIDP

initially demonstrates decreased motor unit action potential recruitment, without change

in configuration or spontaneous activity. Myokymic discharges can be seen in the first

few weeks. Fibrillation potentials and positive waves appear between 2 and 5 weeks

(33). In AMSAN, abundant early fibrillation potentials were seen diffusely by 16 days (34).

MRI may be used in AIDP to exclude other causes (such as transverse myelitis

or brainstem stroke) in unusual clinical presentations, but is not necessary in most

patients. A small percentage of AIDP patients will also have CNS lesions with abnormal

T2 signal, suggesting an overlap with acute demyelinating encephalomyelitis. This is

also found in several children with AIDP (38). Enlargement of peripheral nerves or of

lumbosacral nerve roots may be observed on MRI. Actively inflamed roots may be

demonstrated by gadolinium enhancement.

Serologic evaluation in AIDP for antibodies to specific gangliosides has been the

focus of much research. Antibodies to GalNAc–GD1a, GM1, GM2, GM3, GD1a,

GD1b, GD3, GT1b, GM1b, and GQ1b have been tested (39), with the greatest specificity

in the Fisher syndrome where 89% of patients have elevated titers of GQ1b IgG antibody.

GM1 antibodies have also been found to be present in 20–30% of patients, and are associ-

ated with previous infection of C. jejuni infection and possibly more axonal involvement

(40). Other ganglioside antibodies have been positive in patients with AMAN variants

(GD1b, GalNAc–GD1a). However, the usefulness of antibody testing is unclear, and is

not recommended.

3.4. Differential Diagnosis

When evaluating a patient with AIDP it is important to consider other causes of rapidly

progressive weakness (Table 8.2). Atypical features such as continued fever, loss of pupil-

lary reflexes, retained reflexes or a spinal cord level should alert the physician to other

diagnoses. Spinal cord compression, postinfectious transverse myelitis, and brainstem

infarcts acutely may have loss of reflexes and sensory findings. Excluding toxin exposure

and abnormal electrolytes such as hypokalemia is necessary.

Toxins can cause an acute neuropathy, which can mimic AIDP. These can be

environmental or iatrogenic secondary to prescribed medications. Organophosphates, thal-

lium, arsenic, acrylamide, lead, and n-hexane can cause rapidly progressive neuropathies.

Arsenic-induced polyneuropathy can present initially with findings of demyelination as in

AIDP (41). Tick exposure and shellfish and other toxin exposure (tetrodotoxin, saxitoxin,

and ciguaratoxin) can masquerade as AIDP. Tick paralysis occurs over hours to days, and
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presents as a rapidly progressing descending paralysis, with decreased CMAP responses.

Treatment consists mainly of removing the tick and supportive therapy (42). HIV patients

receiving stavudine (d4T) have been reported to develop a rapid neuropathy similar to

AIDP (43).

Metabolic disturbances such as severe hypophosphatemia, hypermagnesemia, and

hypokalemia may cause acute weakness. Hypermagnesemia and hypokalemia can

also cause acute weakness (30). The periodic paralyses (hypokalemic, hyperkalemic,

thyrotoxic) can cause rapidly progressive flaccid paralysis. These resolve over hours to

days, and the time course should allow discrimination of these disorders from GBS.

Other diseases rarely causing a rapid progression of weakness include viral hepatitis

(most often Hepatitis B), uremia, and porphyria. Except for porphyria, these can have

demyelination on nerve conduction studies. The other clinical findings such as sore

throat, jaundice, renal failure, GI upset, and cognitive changes should enable the clinician

to distinguish these entities from AIDP.

Botulism causes a rapidly progressive weakness with predominant bulbar symptoms

and may be confused with the Fisher variant. However, botulism often causes loss

of pupillary reflexes, a finding not often observed in AIDP. There is no sensory involve-

ment, as is usually present in AIDP. CSF studies are normal. The time course is usually

more rapid in botulism, with maximal weakness in 48 h vs. up to 2 weeks in AIDP.

Electrodiagnostic study reveals diffusely decreased CMAP amplitudes with significant

posttetanic facilitation. Short duration small amplitude motor unit action potentials are

typical of botulism, however, rarely there can be neuropathic findings on needle EMG

testing (44). Although the presence of a focal skin wound or history of ingestion of

home-canned foods should alert the physician to botulism as a possible etiology, this

history is rarely present. Botulism is now rare in adults, but is considerably more

common in infants who often are exposed by ingesting contaminated dust or, less

commonly, contaminated food (e.g., honey).

Other causes of acute weakness with loss of reflexes include poliomyelitis, which is

rarely caused by the poliovirus in the United States, but may occur as the result of other cox-

sackie or echovirus infection. These can be distinguished from AIDP by lack of sensory

symptoms, continued fever at the height of weakness, and asymmetric or regional weakness.

Poliomyelitis can also cause abnormal signal in the anterior spinal cord on MRI

T2-weighted images, unlike AIDP. Electromyographic studies demonstrate a pure motor

axonopathy, with significantly reduced CMAP amplitudes and evidence of denervation,

without significant demyelination. CSF studies show a pleocytosis, often lymphocytic

predominant that is much higher than typical for AIDP (45). West nile virus infection

may cause a poliomyelitis like illness. This topic is discussed in Chapter 38.

Another infectious cause of rapidly progressive polyneuropathy is diphtheritic

polyneuropathy. This also causes a demyelinating neuropathy with predominant bulbar

symptoms and laryngeal weakness; however, there can also be loss of pupil accommodation,

and other autonomic features (tachycardia, hypotension, and hyperhidrosis). The latency

between the infection and the onset of neurologic symptoms is significantly longer (5–7

weeks) when compared with AIDP. The CSF typically mimics AIDP with an elevation in

protein without pleocytosis. Diphtheria typically causes myocardial damage with electro-

cardiographic changes in over one-half of cases that can distinguish it from AIDP (46).

3.5. Treatment

There are several treatment options that shorten recovery time and may improve

prognosis. Plasma exchange was the first treatment found to be beneficial (6,47,48).
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The continuous flow plasma exchange technique may be superior to intermittent flow, and

albumin is superior to fresh frozen plasma as the exchange fluid. Plasma exchange is most

beneficial when started within seven days after disease onset, but may still have a ben-

eficial impact when started later in the course of disease. Intravenous immunoglobulin

(IVIg) therapy has been established as equally effective to plasma exchange when

given during the first two weeks. A combination of both treatments is not recommended

at this time. The major effect of either treatment is to shorten the recovery time (49).

Unlike chronic inflammatory demyelinating polyneuropathy, corticosteroids are not

beneficial in AIDP (50,51), and are not recommended, although currently trials of steroids

and IVIg are being conducted.

Both plasma exchange and IVIg have potentially significant side effects. The typical

course of treatment with plasma exchange is five treatments with 40–50 cc/kg exchange,

spaced every other day, of at least 200–250 mL/kg total plasma volume exchanged using

an IBM-2997 or an aminco-Cell-trifuge. Using a Haemanetics-30 machine, a typical sche-

dule is 40 cc/kg every other day for at least 200 cc/kg total plasma exchange (52,53).

Albumin and saline are used as replacement fluid. Treatments closer together can

significantly decrease the concentration of clotting factors, increasing the risk of coagulo-

pathy. To ensure a reasonable flow rate, most patients require a central venous catheter

placement, which significantly increases the risk of treatment, such as pneumothorax

secondary to catheter placement and septicemia from the catheter. Additional compli-

cations of plasma exchange include hypotension.

Because of the limited availability of plasma exchange machines and trained tech-

nicians, IVIg has become the more common treatment for many patients. The mechanism

of action of IVIg is unknown but includes neutralization of anti-idiotypic antibodies,

suppression of cytokines, inhibition of complement binding, blockade of Fc receptors,

modulation of T-cell function, and selective modulation of circulating proinflammatory

cytokines. The half-life of intravenous immune globulin varies from 2 to 4 weeks. A total

infusion of 2 g/kg, over 2–5 days has been recommended (54). A regimen of 400 mg/kg

per day over 5 days has been used in therapeutic trials of AIDP (53). The rate of infusion

is not recommended to exceed 200 mL/h or 0.08 mL/kg per min. Since most AIDP patients

requiring IVIg are hospitalized longer than 5 days, using a more conservative approach

is reasonable.

Serious adverse reactions with IVIg are relatively uncommon. Patients who receive

intravenous immune globulin treatment may have an acute inflammatory reaction

manifested by fever, nausea, and vomiting that may lead to hypotension. Patients with

IgA deficiency may be at risk for an anaphylaxis, although this side effect is primarily

seen in patients being treated for idiopathic thrombocytopenic purpura, and products

depleted of IgA are available. IVIg therapy causes an increase in serum viscosity in

normal patients, up to 0.5 cP (centipoise). Serum hyperviscosity causing thromboembo-

lism and other complications may be observed in patients with high-normal or slightly

elevated serum viscosity such as hypercholesterolemia and cryoglobulinemia (54). IVIg-

induced nephropathy has been reported (55), and acute renal tubular necrosis may occur

rarely in patients with preexisting renal disease, and probably related to the concentration

of hypertonic sucrose in the solution (certain brands of IVIg have lower concentrations

than others). Dilution of intravenous immune globulin preparation and a slowing of the

rate of infusion lowers the risk. Stroke and encephalopathy may also occur as a result

of hyperviscosity or cerebral vasospasm (56–58). In most cases, patients recover after

discontinuation of IVIg, and no special treatment is required. Other complications of

IVIg include congestive heart failure, serum sickness, and migraine headache—this can

be prevented by pretreatment with propranolol (59) or sumatriptan (60). Headaches
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may also be associated with aseptic meningitis, which is usually subsides 24–48 h after

stopping the IVIg infusion. Transmission of viral infections is extremely rare. Hepatitis

C infection prior to development of appropriate screening technology has been reported.

Treatment dilemmas may occur in patients with mild AIDP, who are still ambulat-

ing. In most of the trials, ability to ambulate was an exclusionary criterion for IVIg and

plasma exchange. Because of the significant potential complications of IVIg and plasma

exchange and lack of improvement of morbidity, most neurologists do not treat mildly

affected AIDP patients or who are stable. However, early presenting ambulatory patients

with rapidly progressive weakness should be treated aggressively and monitored very

closely for decline in pulmonary function (61).

3.6. Management

A treatment algorithm is outlined in Fig. 8.1. Causes of mortality in AIDP are from res-

piratory failure and autonomic dysfunction, and secondarily from medical complications.

Intubation should be considered for impending respiratory failure and to protect the airway

when bulbar function is compromised. Patients should be intubated electively, in a con-

trolled environment to decrease the complications of intubation (aspiration, hypoxia). If

possible, depolarizing paralytic medications should not be used, as there is a small risk

of hyperkalemia in patients with significant denervation. Features suggestive of increased

risk for respiratory failure include bulbar weakness and inability to clear secretions.

Respiratory strength should be monitored with bedside spirometry, including forced

vital capacity, and maximum negative inspiratory force (NIF). A vital capacity of

,20 mL/kg (1 L in a 70 kg patient), an NIF ,30 cm H2O, correlate with progression

to respiratory failure and should strongly indicate the need for intubation (49). Patients

whose respiratory parameters are falling should be transferred to an ICU for closer moni-

toring. Patients at risk for aspiration should be fed by alternate means, and those requiring

frequent suctioning for secretions need intubation.

Autonomic dysfunction can be a difficult to manage and requires intensive monitor-

ing. Conditions include tachycardia, malignant hypertension, and significant hypotension,

fever, and sweating. Myocardial infarctions have occurred from malignant hypertension.

Hypertension can be difficult to treat because patients may become hypotensive after small

doses of antihypertensive agents, and rapidly reversible medications in small doses are

preferable. Fever should prompt an evaluation for underlying infection as nosocomial

infection are common, but repeatedly negative cultures and negative chest X-ray may

signal a fever caused by dysautonomia.

Complications from immobility are deep venous thromboses and pulmonary emboli.

All non-ambulatory patients should receive heparin or heparinoid agents if not contrain-

dicated. Sequential compression devices can also be used. A high suspicion for pulmonary

embolus in patients with tachypnea, unexplained alveolar–arterial mismatch, fever or

pleuritic chest pain should be employed by all treating physicians, as this is a significant

cause of death in AIDP patients.

Nursing care is important to prevent skin breakdown and contractures in immobile

AIDP patients. Frequent position changes and turning, and vigilance for skin breakdown

are also required in these patients. Range of motion should be performed daily as soon as

medically tolerated. Patients frequently complain of deep, aching pain in the back and but-

tocks, as well as neuropathic pain (tingling, burning or shooting) in the extremities. Pain

control can be an issue. Gabapentin and tricyclic antidepressants are helpful for both types

of pain, and gabapentin has the advantage of fewer side effects and can be titrated up more

rapidly. Opiates may be necessary for some patients.
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3.7. Prognosis

The North American GBS Study Group identified several factors that indicated a worse

prognosis in AIDP (6). These include: age .60 years, ventilatory failure requiring

support, rapid progression, and mean distal CMAP amplitudes 20% of the LLN. These

poor prognostic factors were associated with ,20% probability of walking independently
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Figure 8.1 Algorithm for the management of AIDP.
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at 6 months. Most patients regain a degree of strength, but 20% are left with residual motor

weakness 1 year later.

Outcome analysis in the Plasma Exchange/Sandoglobulin GBS Trial Group demon-

strated worse outcome (measured as being unable to walk unaided after 1 year) in patients

with inexcitable nerves or low mean distal CMAP amplitude (consistent with AMSAN).

Patients with an obvious GI illness preceding their symptoms were more likely to develop

AMSAN, and had a worse prognosis. Patients with pure motor involvement electro-

diagnostically were more likely to have GM1 antibodies, but did not differ in outcome

from other patients (36). Patients identified with axonal involvement tend to have a

worse prognosis, with prolonged need for ventilation and higher residual weakness (2).

Patients described with AMAN usually have good recovery, similar to that of AIDP.

The prognosis for AIDP has improved with better treatment, although up to 10% of

patients are confined to a wheelchair at six months.

3.8. Pathogenesis

There is evidence in AIDP of segmental demyelination and mononuclear cellular infiltra-

tion (11,62). Infiltrates are observed not only in peripheral nerves, but also in cranial

nerves, nerve roots, dorsal root ganglia, and autonomic ganglia (11,62). Macrophage infil-

tration of the nerve is associated with phagocytosis, segmental myelin degeneration, and

paranodal sheath retraction. Severe demyelinating neuropathy may be associated with

axonal degeneration (63). The etiology for the neuronal inflammatory changes is

unknown. Several viral and nonviral infections have been associated with AIDP including

CMV (18%), Mycoplasma pneumonia (5%), Epstein–Barr virus, HIV, Hepatitis A and B,

Coxiella burnetii, Streptococcus pyogenes, Staphylococcus aureus, and Lyme disease

(11,30,33,39). Several vaccines have been associated with demyelinating neuropathy

including tetanus toxoid, influenza, the oral polio, and the rabies vaccines. Some cases

of vaccine mediated AIDP are associated with sensitization to myelin basic protein and

occur in clusters. Other evidence of immune reactivity includes increased serum GM2

and GalNAc–GD1a gangliosides, and immunoglobulin or complement activation affect-

ing the Schwann cell or axolemma (10,64). In patients with gastrointestinal symptoms

there is an increase in C. jejuni titers (28%) (10). These patients are more likely to have

pure motor involvement, axonal degeneration, and a poorer prognosis. Other potential

associations with acquired demyelinating neuropathy include the postpartum period, the

postsurgical period, autoimmune rejection (graft vs. host disease), and Hodgkin’s and

non-Hodgkin’s lymphoma.

The immune response in AIDP is thought to be secondary to activation of autoreac-

tive T-cells and antibodies secondary to molecular mimicry. Certain C. jejuni serotypes

such as HS:19, which are associated with AIDP, contain sialyated oligosaccharide

structures in their outer core identical to peripheral nerve gangliosides GM1, GD1a,

GT1a. Other ganglioside antibodies associated with specific pathogens are GM2 with

CMV, GQ1b with Haemophilus influenzae, and Gal-C with Mycoplasma pneumoniae

(39,65,66).

In the case of C. jejuni, there is no evidence that one specific clone or serotype is

associated with AIDP (67,68). In addition, sera from healthy blood donors has been

found to contain fragments of C. jejuni DNA, suggesting that host immune factors are

also important in determining whether or not an immune reaction will occur (69). Analysis

of IgG Fc-receptors, which are important in linking cellular and humoral immunity shows

that homozygosity for certain receptors are associated with better or worse outcomes

(70,71). A variety of cytokines, chemokines and proteolytic enzymes have been found
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to be elevated in the peripheral nerves and CSF of AIDP patients, which may lead to

additional therapeutic options or aid in selecting therapy for patients (72–74).

The role of ganglioside antibodies in AIDP is unknown. There is evidence that they

may play a pathogenetic role in the disease (21,75). This correlates with evidence of

humoral factors involved in the pathology of peripheral nerve myelin in biopsies of patients

with AIDP and the response of patients to plasmapheresis. Anti-GM1 or anti-GD1a IgG is

present in �50% of those with AIDP, 35% of those with mixed Fisher syndrome and

AIDP, and 16% of subjects with Fisher syndrome. The presence of common antibodies

suggests a continuous spectrum in the pathogenesis of acute inflammatory peripheral

and central nervous system disorders.
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Arch Neurol 2001; 58(9):1460–1464.

46. Piradov MA, Pirogov VN, Popova LM, Avdunina IA. Diphtheritic polyneuropathy: clinical

analysis of severe forms. Arch Neurol 2001; 58(9):1438–1442.

47. The French Cooperative Group on Plasma Exchange in Guillain–Barré Syndrome.
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ABSTRACT

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is usually idiopathic

and presents with relatively symmetric, progressive or relapsing weakness, sensory loss,

and hypo- or areflexia. The key to diagnosis is the presence of a sensorimotor polyneuro-

pathy with multifocal demyelination on electrodiagnostic examination. Most patients

respond well to immunotherapy. Intravenous immunoglobulin is usually considered the

treatment of first choice, although a variety of other immunotherapies including plasma

exchange and corticosteroids are also effective. CIDP occurs less commonly in children

than in adults, but is treated similarly, and usually has an excellent prognosis. CIDP

may be associated with a monoclonal gammopathy of undetermined significance. When

associated with IgM, deficits are primarily sensory and response to treatment is unreliable

and often poor. In contrast, when associated with IgG or IgA, deficits and treatment are

similarly to those with idiopathic CIDP. An asymmetric pattern of deficits occurs and

treatment is similar to idiopathic CIDP.

1. INTRODUCTION

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is an acquired

demyelinating disorder affecting nerve roots and peripheral nerves. The pattern of nerve

involvement is usually symmetric, although asymmetric variants occur. Adults are

more commonly affected than children. Most cases are idiopathic, and respond well to
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immunotherapy. CIDP can be associated with a monoclonal gammopathy of undetermined

significance (MGUS). Under these circumstances, the response to treatment varies with

the associated monoclonal subtype.

2. IDIOPATHIC CHRONIC INFLAMMATORY DEMYELINATING
POLYRADICULONEUROPATHY IN ADULTS

CIDP is a chronic sensorimotor disorder most commonly affecting sensory and motor

functions. It may follow monophasic, relapsing, or progressive courses, which distinguish

it from acute inflammatory demyelinating polyradiculopathy (AIDP) or the Guillain–

Barré Syndrome (GBS). A variety of names have been used, including chronic relapsing

polyneuropathy, chronic relapsing Guillain–Barré polyneuritis, relapsing corticosteroid-

dependent polyneuritis, steroid-responsive recurrent polyneuropathy, chronic relapsing

polyneuritis, and chronic inflammatory polyradiculoneuropathy (1–6). The disorder

was formally defined in 1975, and formal research criteria established in 1991 (7). A

number of patient series have described the spectrum of clinical and electrodiagnostic

findings, course, and prognosis (8–13).

2.1. Clinical Features

CIDP may affect individuals at any age, including into the ninth decade (14). The mean

age in adults varies from 31.6 to 51 years in different patient series. It is slightly more

common in men than in women. Antecedent events occur in�30% of patients, most com-

monly upper respiratory infections, gastroenteritis, other infections, vaccinations, surgery,

and trauma (9,11–13,15). This is in contrast to a much higher incidence (�60–70%) of

antecedent events in AIDP/GBS (16,17).

In general, CIDP develops rather slowly, and the mean time from symptom onset to

initial presentation from different series is 11.7 months (13) to 24 months (15). Research

clinical criteria for CIDP (7) and many clinical series require a minimum period of

2 months of symptom progression, but others accept a shorter period of progression

(8,12). However, the range is broad, and some patients present acutely, resembling

AIDP/GBS, before going on to develop a relapsing course typical of CIDP. Most

patient series include up to 20% of patients reaching a nadir of symptoms within 4

weeks, but they are distinguished from AIDP/GBS by developing a relapsing or a

progressive course that responds to immunotherapy (9,11,13,18). However, a subacute

time course (subacute idiopathic demyelinating polyradiculoneuropathy—SIDP) has

been recognized and proposed as a separate clinical entity for patients who have a mono-

phasic course and progression for 4–8 weeks (19). As awareness of CIDP grows and the

diagnosis is made more rapidly, it is increasingly likely that decisions regarding diagnosis

and treatment will be made prior to the development of a 2 month period of symptoms.

CIDP is a strikingly heterogeneous disease (20). Most patients present with both

sensory and motor symptoms, although small percentages present with predominantly

motor (10–22%) or sensory involvement (6%). Weakness may be severe, and in our

series we found that 13 of 77 patients (17%) were severely disabled (unable to carry

our activities of daily living) at our evaluation. Numbness and paresthesias, most com-

monly in feet and hands, occurred in 64–82% at onset. Pain was a less common presenting

feature (14–20%) (13). Cranial nerve symptoms, which occur in a minority, include

dysarthria, dysphagia, facial numbness, facial weakness, blurred or double vision, and
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ptosis (8,11–13). Symptoms of dysautonomia are uncommon, although urinary

dysfunction and impotence have been reported (8,21).

Examination findings include both proximal and distal weakness, usually in a sym-

metric manner, with distal weakness more common and severe than proximal weakness.

Tendon reflexes are decreased or absent in most patients, with areflexia in 70% and absent

Achilles reflexes in most patients. Sensory deficits are present in .80% of patients, with

vibratory impairment more common than deficits to pinprick. Cranial nerve dysfunction

can be found in up to 16%, including ophthalmoplegia, facial weakness, and bulbar

weakness. Papilledema may also occur (8,11–13).

Among CIDP variant patients who present clinically with only a sensory syndrome

and normal strength, electrodiagnostic evidence for demyelination in motor nerves may be

found in some (22–26). Patients with acquired demyelinating neuropathies localized to

the upper limbs have been described and included as a variant of CIDP (27,28). These

patients likely represent examples of the Lewis–Sumner syndrome or multifocal motor

neuropathy, and are discussed elsewhere. Nerve root hypertrophy can result in cervical

myelopathy (29) or in findings of lumbar radiculopathy (30–32) superimposed upon

CIDP.

2.2. Laboratory Evaluation

Establishing a set of diagnostic criteria for CIDP has been challenging. A set of research

criteria have been proposed that categorize patients as definite, probable, or possible

CIDP-I based upon clinical, electrodiagnostic, pathologic, and cerebrospinal fluid (CSF)

findings (Table 9.1) (7). Such criteria are very useful but strict, and many patients who

do not meet criteria for definite CIDP are (and should be) diagnosed with and treated

for CIDP. If CIDP is suspected from the history and examination findings, the following

laboratory evaluation should be undertaken.

2.2.1. Serum Laboratory Studies

Few routine metabolic studies are informative in diagnosing CIDP, and largely represent an

exclusion of other causes or concurrent medical conditions. Erythrocyte sedimentation rate

is commonly normal in CIDP. Anti-DNA titer and other tests for collagen vascular disease

are also usually normal. A 2 h glucose tolerance test may be helpful if a diabetic neuropathy

is included as a diagnostic possibility. HIV titers should be drawn in those patients suspected

to be at risk for HIV infection because CIDP can appear in this setting. Tests for other causes

of polyneuropathy, including thyroid function tests, vitamin B12 level, VDRL, and (in some

geographic regions) Lyme titer, may be helpful if nerve conduction findings are equivocal.

Serum and urine immunofixation or immunoelectrophoresis should be performed looking

for a monoclonal gammopathy in the serum and Bence–Jones proteins in the urine. If the

IgM level is elevated, antibody titers to myelin-associated glycoprotein (anti-MAG)

should be assessed (discussed subsequently). If a monoclonal antibody is detected a skeletal

X-ray survey should be performed and an evaluation by a hematology/oncology specialist

is warranted.

2.2.2. Electrodiagnostic Studies

Motor nerve conduction abnormalities are similar to those seen in AIDP/GBS, and

include multifocal demyelination characterized by prolonged distal latencies, slowed

conduction velocities, prolonged F-wave latencies, and evidence of partial conduction

block or abnormal temporal dispersion (8–13,33) (Fig. 9.1). Several sets of formal
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Table 9.1 Research Criteria for Diagnosis of CIDP

CIDP is a diagnosis of pattern recognition, based on clinical symptoms and signs, electrodiagnostic

studies, cerebrospinal fluid examination, laboratory tests appropriate to the specific clinical

situation, and, on occasions, results from nerve biopsy.

Four features are used as the basis of diagnosis: clinical, electrodiagnostic, pathologic, and

cerebrospinal fluid studies. These are further divided into (A) mandatory, (B) supportive, and,

where appropriate (C) exclusion. Mandatory features are those required for diagnosis and should

be present in all Definite cases. Supportive features are helpful in clinical diagnosis but by

themselves do not make a diagnosis, and are not part of the diagnostic categories. Exclusion

features strongly suggest alternative diagnoses.

I. Clinical

A. Mandatory

1. Progressive or relapsing motor and sensory, rarely, only motor or sensory,

dysfunction of more than one limb of a peripheral nerve nature, developing over

at least 2 months.

2. Hypo- or areflexia. This usually involves all four limbs.

B. Supportive

1. Large-fiber sensory loss predominates over small-fiber sensory loss.

C. Exclusion

1. Mutilation of hands or feet, retinitis pigmentosa, ichthyosis, appropriate history of

drug or toxic exposure known to cause a similar peripheral neuropathy, or family

history of an inherited peripheral neuropathy.

2. Sensory level.

3. Unequivocal sphincter disturbance.

II. Electrodiagnostic studies

A. Mandatory

Nerve conduction studies including studies of proximal nerve segments in which the

predominant process is demyelination. Must have three of following four:

1. Reduction in conduction velocity (CV) in two or more motor nerves:

a. ,80% of lower limit of normal (LLN) if amplitude .80% of LLN.

b. ,70% of LLN if amplitude ,80% of LLN.

2. Partial conduction blocka or abnormal temporal dispersionb in one or more motor

nerves: either peroneal nerve between ankle and below fibular head, median nerve

between wrist and elbow or ulnar nerve between wrist and below elbow.

3. Prolonged distal latencies in two or more nerves:

a. .125% of upper limit of normal (ULN) if amplitude .80% of LLN.

b. .150% of ULN if amplitude ,80% of LLN.

4. Absent F-waves or prolonged minimum F-wave latencies (10–15 trials) in two or

more motor nerves:

a. .120% of ULN if amplitude .80% of LLN.

b. .150% of ULN if amplitude ,80% of LLN.

B. Supportive

1. Reduction in sensory CV ,80% of LLN.

2. Absent H reflexes.

III. CSF studies

A. Mandatory

1. Cell count ,10/mm3 if HIV-seronegative or ,50/mm3 if HIV-seropositive.

2. Negative VDRL.

B. Supportive

1. Elevated protein.

(continued )
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electrodiagnostic criteria have been proposed based on these abnormalities to distinguish

between primary demyelinating and primary axonal neuropathies (7,33). However, these

abnormalities may not be found in all motor nerves, likely reflecting different degrees of

nerve involvement and different distributions of involvement (e.g., changes in nerve

Table 9.1 Continued

IV. Pathologic features

A. Mandatory

Nerve biopsy showing unequivocal evidence of demyelination and remyelination.c

B. Supportive

1. Subperineurial or endoneurial edema.

2. Mononuclear cell infiltration.

3. “Onion-bulb” formation.

4. Prominent variation in the degree of demyelination between fascicles.

C. Exclusion

Vasculitis, neurofilamentous swollen axons, amyloid deposits, or intracytoplasmic

inclusions in Schwann cells or macrophages indicating adrenoleukodystrophy,

metachromatic leukodystrophy, globoid cell leukodystrophy, or other evidence of specific

pathology.

Diagnostic categories for research purposes

DEFINITE: Clinical A and C, Electrodiagnostic A, CSF A, and Pathology A and C.

PROBABLE: Clinical A and C, Electrodiagnostic A, and CSF A.

POSSIBLE: Clinical A and C and Electrodiagnostic A.

Laboratory studies

Depending on the results of the laboratory tests, those patients meeting the criteria above will be

classified into the groups listed below. The following studies are suggested: CBC, ESR, SMA6/
12, CK, ANA, thyroid functions, serum and urine immunoglobulin studies (to include either

immunofixation electrophoresis or immunoelectrophoresis), and HIV and hepatitis serology. The

list of laboratory studies is not comprehensive. For instance, in certain clinical circumstances other

studies may be indicated, such as phytanic acid, long-chain fatty acids, porphyrins, urine heavy

metals, a-lipoprotein, b-lipoprotein, glucose tolerance test, imaging studies of the central nervous

system, and lymph node or bone marrow biopsy.

A. Idiopathic CIDP: no concurrent disease.

B. Concurrent disease with CIDP (depending on laboratory studies or other clinical features):

1. Systemic lupus erythematosus.

2. HIV infection.

3. Monoclonal or biclonal gammopathy (macroglobulinemia, POEMS syndrome,

osteosclerotic myeloma).

4. Castleman disease.

5. Monoclonal gammopathies of undetermined significance.

6. Diabetes.

7. Central nervous system demyelinating disease.

aCriteria suggestive of partial conduction block: .20% drop in area or amplitude with ,15% change in duration

between proximal and distal sites.
bCriteria for abnormal temporal dispersion and possible conduction block: .20% drop in area or amplitude

between proximal and distal sites with .15% change in duration between proximal and distal sites. These criteria

are only suggestive of partial conduction block as they are derived from studies of normal individuals. Additional

studies, such as stimulation across short segments or recording of individual motor unit potentials, are required

for confirmation.
cDemyelination by either electron microscopy (.5 fibers) or teased fiber studies (.12% of 50 teased fibers,

minimum of four internodes each, demonstrating demyelination/remyelination).

Source: Adapted from Ad hoc subcommittee of the American Academy of Neurology AIDS task force (7).
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conduction along segments not routinely tested). A review of 70 CIDP patients found that

only 48–64% fulfilled any one of the sets of electrodiagnostic criteria for CIDP (34).

Attempts to make the criteria less stringent to include CIDP of lesser severity result in

the inclusion of patients with Charcot–Marie–Tooth (CMT) type I neuropathies (35).

These criteria, therefore, best serve as guidelines and should be considered in conjunction

with clinical, pathological, and CSF studies.

Electrodiagnostic studies are helpful in distinguishing between CIDP and CMT type I,

the most common form of hereditary neuropathy (36). Motor nerve conduction in CIDP is

characterized by abnormal temporal dispersion and conduction block on proximal stimu-

lation, whereas conduction in CMT type I is characterized by uniform slowing (Fig. 9.2).

Sensory responses may vary from normal to absent (9–11,13). A unique pattern of

sensory nerve findings observed more commonly in CIDP than in distal-predominant neuro-

pathies is the combination of an abnormal median response and a normal sural response (37).

Needle EMG findings reflect the degree of secondary axonal degeneration. Abnorm-

alities from acute and chronic partial denervation include fibrillation potentials and positive

sharp waves. Recruitment will be decreased and motor unit potentials will show varying

degrees of increased amplitude, long-duration, and increased polyphasia (12,33,38,39).

2.2.3. Cerebrospinal Fluid

CSF protein is frequently elevated without a pleocytosis (albuminocytologic dissociation),

with mean values �140 mg/dL (range 20–1200 mg/dL) (8,11–13). Cell counts are

rarely greater than five.

2.2.4. Nerve Biopsy

The findings on nerve biopsy are not sensitive or specific for CIDP, and a nerve biopsy is

not necessary to make the diagnosis in most patients with suspected CIDP. When the

Figure 9.1 Ulnar motor nerve conduction study performed on a patient with CIDP, recording with

surface electrodes over the abductor digiti quinti muscle and stimulating at the wrist (A), below

elbow (B), and above elbow (C). There is partial conduction block and abnormal temporal dispersion

with proximal stimulation. [Adapted from Simmons and Albers (209).]
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diagnosis is unclear, a biopsy may be helpful if the differential diagnosis includes

vasculitis, amyloidosis, sarcoidosis, or neoplastic infiltration of the nerve. In CIDP, the

degree of demyelination varies widely between patients, being predominant in only

about half of patients (8,9,12,40). Predominant axonal degeneration and mixed axonal

and demyelinating patterns also occur (12). A comparison of sural nerve biopsies from

patients with CIDP or chronic idiopathic axonal neuropathies found no difference in

demyelinating features between the two (41). Endoneurial perivascular mononuclear

inflammatory infiltrates and endoneurial edema are not specific for CIDP (41,42).

2.2.5. Radiologic Studies

A skeletal X-ray survey of bone should be performed in patients with a monoclonal

gammopathy. Occasional patients have a combined central and peripheral demyelinating

disorder manifest clinically by a myelopathy superimposed upon clinical and electrodiag-

nostic evidence of CIDP, and a magnetic resonance image (MRI) of the brain and spinal

cord may be useful. Cervical and lumbosacral MRI scans in CIDP patients may show

hypertrophy of roots caused by demyelination and remyelination with onion-bulb for-

mation (29–32,43–45). These findings do not appear to correlate with disease severity

(46). MRI scanning of the cord should be performed when a combined central and periph-

eral disturbance of myelin is suspected with evidence of a myelopathy.

2.3. Differential Diagnosis

The differential diagnosis includes hereditary and acquired neuropathies, disorders of neu-

romuscular transmission, and primary diseases of muscle. Patients with an insidious onset

and very slow progression may resemble CMT, but will lack characteristic orthopedic

Figure 9.2 Ulnar motor nerve conduction study performed on a patient with Type I Charcot–

Marie–Tooth disease, recording with surface electrodes over the abductor digiti quinti muscle and

stimulating at the wrist (A), below elbow (B), and above elbow (C). The distal latency is prolonged

at 6.8 ms (normal�3.5 ms). The conduction velocities in the forearm and across the elbow are 30 m/s

and 38 m/s, respectively (normal �49 m/s). Slowing is uniform, and partial conduction block and

temporal dispersion are absent, in contrast to CIDP. [Adapted from Simmons and Albers (209).]
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abnormalities (high arched feet and hammer toes), and will demonstrate distinct electro-

diagnostic findings (see section on “Laboratory Evaluation”). Patients who have an acute

onset may initially resemble AIDP/GBS, but will progress to a chronic or relapsing

course. The Lewis–Sumner syndrome and multifocal motor neuropathy are similar to

each other with asymmetric limb involvement, which is distinct from CIDP. Axonal

neuropathies may resemble CIDP, although clinically they have a distal predominance

of sensory loss and weakness, and electrodiagnostically they lack conduction block,

temporal dispersion, and severely slow conduction velocities. Axonal neuropathies are-

frequently painful, whereas CIDP is not. The proximal weakness in CIDP may resemble

disorders of neuromuscular junction transmission, but myasthenia gravis and Lambert–

Eaton myasthenic syndrome frequently include bulbar and ocular involvement, and lack

features of acquired demyelination on nerve conduction testing. Primary disorders of

muscle such as inflammatory myopathies, toxic myopathies, and muscular dystrophies

include proximal weakness but lack the sensory loss and nerve conduction abnormalities

characteristic of CIDP.

CIDP may coexist with other diseases including systemic lupus erythematosus, HIV

infection, and central nervous system demyelination (47–57). CIDP has rarely been

reported in association with malignancies, including pancreatic adenocarcinoma, rectosig-

moid adenocarcinoma, cholangiocarcinoma, hepatocellular carcinoma, seminoma, and

malignant melanoma (58–63), but it is not necessary to evaluate every CIDP patient

for all these disorders, but only when clinically indicated. CIDP with atypical clinical

findings or a poor response to standard therapies should lead to a broader search for

associated diseases.

CIDP has been described in association with diabetic neuropathy. It can be challen-

ging to diagnose and manage CIDP in diabetic patients, but important because it is trea-

table. Clinical clues to a superimposed primary inflammatory neuropathy are a rapid

change in clinical symptoms that include proximal weakness. Electrodiagnostic findings

will include features of primary demyelination (64–66). Nerve biopsy does not distinguish

between diabetic neuropathy and CIDP. The inflammatory neuropathy does respond to

immunotherapy, and a treatment trial should be considered for diabetic patients who

meet two of four electrophysiologic criteria for CIDP (66). Overall, patients with CIDP

and diabetes have more axonal loss and respond more poorly to treatment than those

with idiopathic CIDP (67).

2.4. Management

2.4.1. Overview of Treatment

A variety of immunosuppressive agents have been demonstrated effective in a large number

of controlled and uncontrolled studies and retrospective reviews (3–6,8–13). They include

corticosteroids, plasma exchange, intravenous immunoglobulin (IVIg), azathioprine,

and cyclophosphamide. In most series, the overall response rate has been good, with

65–95% of patients responding to these therapies, either alone or in combination (11–

13,15). However, the response to any single therapy is not predictable, and failure to

respond to one modality should lead to treatment with another (8,11–13,15). A summary

of the major treatment modalities, followed by a recommended approach is provided.

2.4.2. Corticosteroids

Corticosteroids represent the earliest effective treatment for CIDP (3–6). A prospective,

randomized, placebo-controlled trial of prednisone demonstrated a small but significant
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improvement in patients with CIDP (68). The effects of prednisone are not immediate, and

the mean time for initial improvement is �2 months, and the mean time to reach a clinical

plateau is �6 months (12).

2.4.3. Azathioprine

The combination of azathioprine and prednisone has been assessed in a controlled trial and

was found to be no better than prednisone alone, at least over a 9 month period (69).

However, clinicians commonly add azathioprine as a “steroid-sparing” agent when treat-

ing patients with CIDP, particularly those with relative contraindications to steroids, such

as diabetics or those with severe osteoporosis.

2.4.4. Plasma Exchange

Randomized sham-controlled studies have confirmed the efficacy of plasma exchange in

some patients with CIDP (70,71) supplemented by uncontrolled studies (72–79), but not

all patients respond. The time to improvement is generally short, 2 days to 3 weeks after

beginning plasma exchange (79). Plasma exchange is often given 2–3 times per week until

clear improvement is obtained, then tapered to a lower frequency. The duration of efficacy

varies. Some patients have a monophasic course and do not relapse after plasma exchange

treatment, but most relapse after 7–14 days (70,71). Thus, concomitant immuno-

suppressive therapy is frequently required.

2.4.5. Intravenous Immunoglobulin

There are a number of reports and studies which are retrospective, uncontrolled, or non-

randomized, and which appear to demonstrate the efficacy of IVIg in some, but not all,

patients with CIDP. Randomized controlled studies, supplemented by uncontrolled

studies, confirm that IVIg is efficacious, being equal to plasma exchange (80–82) or

corticosteroids (83). Traditional dosing is 1–2 g/kg divided over 3–5 consecutive days

(84–90). The response rate is .60% (81,89), and improvement is rapid, but often

transient. The time to onset of improvement is 3–8 days, with maximal improvement

within 2–16 weeks (mean 5 weeks) (86,89). Although some patients have a monophasic

course characterized by a sustained response, the duration of efficacy ranges from 3 to 22

weeks (mean 6.4 weeks) (81,87).

IVIg can be effective as long-term treatment for relapsing CIDP, with responds to

intermittent infusions of IVIg for 4 years or longer (81,89,91). For patients who require

regular IVIg infusions, dosages, and intervals vary greatly, ranging from 0.025 g/kg

every 10 days to 0.4 g/kg once every 2–4 days (80).

For patients who do not improve with IVIg, improvement with prednisone,

azathioprine, plasma exchange, or cyclosporine A has been described (81,89).

2.4.6. Pulse Cyclophosphamide

An uncontrolled trial of pulse cyclophosphamide (1 g/m2) at monthly intervals for

6 months led to improved strength in two-thirds of 15 patients (92). Most received

concomitant prednisone, with no demonstrable added effect from the prednisone.

2.4.7. Cyclosporine A

Cyclosporine A is usually reserved patients who are refractory to standard treatment

(corticosteroids, azathioprine, and plasma exchange). Uncontrolled trials of cyclosporine A
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in patients with idiopathic CIDP and CIDP associated with a MGUS yielded mixed results,

with some responding excellently, whereas others have been able to reduce the amount of

other immunosuppressive agents (93–95).

2.4.8. Interferon

Case reports suggest that interferon-a 2a might be effective for some patients with CIDP

poorly responsive or unresponsive to standard therapy (96–101). Strikingly, interferon-a

2a has also been associated with the development of CIDP in patients with hepatitis C, and

the role of interferon-a in the treatment of patients with CIDP remains uncertain

(102,103).

2.4.9. Tacrolimus

Benefits have been reported in one patient with CIDP (104).

2.4.10. Autologous Stem Cell Transplantation

Autologous stem cell transplantation resulted in marked clinical and electrodiagnostic

improvement in one patient with chronic CIDP refractory to standard therapy, and

allowed for a daily prednisone dose of 5 mg/day for maintenance (105).

2.4.11. Immunoadsorption

A single patient responded less well to immunoadsorption than to plasma exchange in a

crossover study (106).

2.5. An Approach to Treatment of the Patient with CIDP

The goal should be to induce and maintain remission with the minimum dosage of immu-

nosuppressive medication or procedures to reduce medication side effects. Periodic

attempts should be made to taper the patient off immunosuppressive medication. It may

be challenging when patients do not respond to initial medications among immunosup-

pressive medications. A treatment algorithm is provided in Fig. 9.3.

Patients with mild sensory deficits and no weakness can be observed without treat-

ment for days to weeks, because spontaneous improvement may occur. If a patient does

not improve or worsens, or has weakness, treatment should be initiated. IVIg, plasma

exchange, and prednisone are beneficial in most CIDP patients, and the choice of initial

therapy should be based on other factors such as speed of onset action, side effect

profile, concurrent diseases, availability, convenience, and cost (80). IVIg or plasma

exchange is reasonable as the initial treatment because some patients experience sustained

improvement with these treatments, and the adverse effects of long-term corticosteroid

treatment can be avoided in these responders. The widespread availability of IVIg

has made this the initial treatment of choice for most neurologists. However, both are

very expensive.

The standard dose of IVIg is 2 g/kg infused over 2–3 consecutive days. The onset of

action is rapid, and the side effect profile in most patients is rather benign. A single dose of

IVIg may bring about a sustained remission. If relapses occur, IVIg at 1 g/kg can be given

again, and at monthly intervals. Maintenance doses should be tapered, and efficacy is often

maintained for years. An alternative if several doses of IVIg are not fully effective is the

addition of prednisone 60–80 mg/day for 2–3 months. The prednisone dose is then

gradually tapered over another 6–9 months, aiming for an alternate-day regimen at the
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lowest dose that maintains the patient in remission. Supplemental calcium and vitamin D,

and monitoring of glucose and electrolytes are prudent, and for those maintained on long-

term prednisone, bone density studies should be included and aggressive treatment of

osteoporosis may be necessary. Azathioprine 3, 5 mg/kg (with dose escalation starting

at 50 mg), can be added in an attempt to minimize the prednisone dose. Long-term

IVIg is appropriate for patients in whom prednisone is contraindicated, such as those

with brittle diabetes mellitus, or for those who do not tolerate prednisone. In some patients,

immunosuppressive therapy can be eventually discontinued, but most patients require

maintenance therapy.

Plasma exchange is usually given as one plasma volume per exchange, five times

over 2 weeks. As with IVIg, the onset of action generally is rapid. If the effect is sustained,

no further treatment is required. If relapse occurs, plasma exchange may be repeated, but

prednisone should be started according to the earlier guidelines. For patients who cannot

tolerate prednisone, plasma exchange can be used alone and tapered to maintain remission.

Prednisone can be given without IVIg or plasma exchange for patients with mild to

moderate chronic deficits, or for those patients for whom IVIg and plasma exchange are

not available. Although the onset of action is typically slower than that with IVIg or

plasma exchange, it is easy to administer and inexpensive. Azathioprine can be added

as a steroid-sparing agent.

Cyclophosphamide should be considered for patients who fail to respond to these

therapies, or who do not tolerate them. Cyclophosphamide dosages are 1–2 mg/kg

orally on a daily basis or 1 g/m2 of body surface area by monthly intravenous infusion.

Monitoring of hematologic and renal parameters and urine are essential to manage transi-

ent immunosuppresssion and minimize long-term risk for developing malignancies.

Figure 9.3 An approach to treatment of patients with idiopathic CIDP. [Adapted from Simmons

and Albers (209).]
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Cyclosporine can be given at 3–5 mg/kg orally in twice daily doses, with close monitor-

ing of renal function. Interferon a-2a may represent an alternative, as described earlier.

For cases of refractory CIDP, autologous stem cell transplantation holds promise.

2.6. Prognosis

CIDP may follow monophasic, relapsing or progressive courses. A monophasic illness

includes a single episode of deterioration followed by sustained improvement. A relapsing

course includes at least two discrete episodes of deterioration, separated by at least one

episode of improvement. A progressive course is characterized by gradually increasing

deficits with no episodes of improvement. A relapsing course has been noted in 34–

65% of patients, although most series have found that less than half the patients have

such a course. The proportions identified as having monophasic, relapsing, and progress-

ive courses vary widely among patient series (8,11,12,107,108). Differences are not sur-

prising, because they include a wide variety of treatment regimens and length of

follow-up times. In our series, 45% of patients demonstrated a monophasic course,

whereas 13% had progressive disease (107).

Although CIDP may demonstrate a relapsing course even in the absence of treat-

ment, relapses often occur in conjunction with attempts to taper immunosuppressive medi-

cation (3,8–11), or after a course of plasma exchange or IVIg. In the modern treatment era,

it is increasingly difficult to determine whether the natural course of the disease in a par-

ticular individual is relapsing or not.

Relapses may occur abruptly or progress gradually (average time to peak impair-

ment 5 months, range weeks to years), and the number of relapses varies widely

(average number of relapses 4, range 2–7) (107). Respiratory failure requiring ventilatory

support is rare (12%) (13).

Prognosis has improved. In the older literature, 10% of patients died from CIDP,

30% were nonambulatory, and only 65% were able to work (8). Subsequent reports

include a satisfactory outcome in over three-quarters of patients (11,107). Good outcomes

are still not universal, and the death rate from CIDP remains 3–6% and 2–4% are unable

to live independently (4%) (11,12,107,108).

Continued long-term immunosuppressive treatment will be required to treat or

prevent relapses in 60–70% of CIDP patients (12,107). A major factor influencing

long-term outcome in CIDP is the degree of axon loss, with greater axon loss associated

with a poorer prognosis (109).

2.7. Pathogenesis

CIDP is an autoimmune disorder, supported by the clinical improvement with immuno-

suppressive therapy. Experimental evidence is provided by the similarity between CIDP

and chronic experimental allergic neuritis (EAN) (108) and by the development of

conduction block and demyelination in rats receiving intraneural or systemic injections

of IgG or serum from patients with CIDP (110). Both humoral and cell-mediated responses

against a variety of myelin-derived antigens have been detected in CIDP patients

(111–117). It is unclear whether CIDP is due to a single pathogenic cause or it represents

a syndrome with more than one pathogenetic mechanism. No one specific antigen has been

identified as the common target in all patients with CIDP, however antibodies to P0 gly-

coprotein have been found in the serum of some patients with CIDP, and these antibodies

have the ability to produce conduction block and demyelination when injected into rat
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sciatic nerve (118). Most likely, there are other autoantibodies involved as well, and the

mechanism of CIDP is probably mediated by both T and B cells (119).

3. IDIOPATHIC CIDP IN CHILDREN

CIDP is an uncommon cause of childhood polyneuropathy, making up 9–12% in several

series (90,114,120–126).

3.1. Clinical Features

Antecedent events, usually an upper respiratory infection, have been reported in 30–56%

of pediatric CIDP patients (127–131). CIDP in children generally presents more pre-

cipitously than in adults, mimicking AIDP/GBS one-third of the time (128), and this

feature has been recognized in recently-published clinical criteria (132). Symptoms are

diffuse and symmetric, with early leg weakness (gait disturbance) common, and overall

greater impairment of function than in adults (Table 9.2) (128–131).

Table 9.2 Presenting Symptoms and Signs: Pediatric vs. Adult CIDP Patients

Clinical feature

Pediatric

CIDP

(15 patients)

Adult

CIDP

(69 patients) p-valuea

Initial symptomsb

Weakness 100.0 95.7 0.41

Numbness/paresthesias 53.3 85.5 0.005

Numbness/paresthesias (age �8 years old) 66.7 85.5 0.11

Gait abnormality 40 13 0.01

Gait abnormality (age ,10 years only) 100 13 0.0001

Pain 0 15.9 0.1

Cranial nerve dysfunction 13.3 5.8 0.3

Dysarthria 6.7 0

Blurred or double vision 13.3 4.4

Ptosis 0 1.5

Strengthc

Composite MRC score 3.5 (1.5–4.1) 3.5 (0–5) 0.49

Sensationb

Vibratory impairment 64.3 88.4 0.02

Pinprick impairment 35.7 66.7 0.03

Reflexesb

Absent biceps reflex 85.7 73.9 0.35

Absent brachioradialis reflex 92.9 82.6 0.34

Absent quadriceps reflex 92.9 79.7 0.24

Absent achilles reflex 100.0 92.8 0.30

Total areflexia 85.7 69.6 0.22

Functional levelc

Rankin score 3.5 (3–5) 3.3 (1–5) 0.3

aMann–Whitney U-test for ordinal measures and scaled responses; chi-square analysis for categorical responses.
bPercent of patients.
cMean (range).

Source: Adapted from Simmons et al. (128).
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3.2. Laboratory Evaluation

As with adult CIDP, the research criteria for pediatric CIDP include “confirmed” or “poss-

ible” diagnoses based on clinical, electrodiagnostic, CSF, and nerve biopsy findings

(Table 9.3) (132). For clinical use, the criteria should be used as a guideline so as not

to exclude from treatment patients who do not fulfill all items in the list.

Blood tests for pediatric CIDP are similar to those for adults, although the probability

of finding an MGUS or a lymphoproliferative disorder is much lower. Electrodiagnostic

findings in children do not differ in most measures from those in adults

(11,12,120,121,126–131). Slowed conduction velocity, prolonged distal latency, and

partial conduction block or temporal dispersion are the major findings. As with adult

CIDP, not all children satisfy electrodiagnostic criteria, and an extensive evaluation

should be attempted despite the normal lack of cooperation demonstrated by some children.

CSF protein level is usually but not invariably elevated, and mean values do not

differ from those found in adult CIDP (8,9,11,12,120,121,126,128,130,132). Guidelines

for performing a nerve biopsy are similar to those for adults. Nerve biopsies demonstrate

myelinated fiber loss, segmental demyelination and remyelination, and inflammatory

changes consisting of mononuclear cell infiltration (129–131).

3.3. Differential Diagnosis

Differential diagnosis is similar to adult CIDP. The primary challenges in children are the

differentiation of CIDP from AIDP/GBS when the onset is rapid onset, and hereditary

neuropathies when the onset is gradual. Differentiation from AIDP/GBS is often possible

only after a period of observation to determine whether a relapsing or progressive course

ensues. Differentiation from hereditary neuropathies may be particularly challenging in

very young children because nerve conduction velocity values gradually increase with

the process of myelination. Genetic testing for CMT type I can be helpful making this dis-

tinction. In some such patients, a therapeutic trial of immunotherapy is warranted.

3.4. Management

Treatment of pediatric CIDP is similar to that in adults. IVIg, plasma exchange, and

predisone have been used, but there are no controlled trials of these therapies in children.

Children with CIDP respond at least as well, and probably better, to initial treatment than

adults because all children in our series and most of the children in other series improved

with initial therapy (120,121,126–130).

IVIg usually is very effective (90,129,130). Some patients have a sustained response

and a monophasic course, whereas for other patients the effect of IVIg is transient and the

course relapsing. As in adults, IVIg can be given repeatedly with continued effectiveness for

years (120,129,130). Plasma exchange appears to have efficacy similar to that seen in adults,

and may have to be repeated periodically (129,130,133). Prednisone is usually effective in

high dose (1 mg/kg for small children, 60–80 mg for adult-sized children), but some chil-

dren relapse when the dose is lowered or the prednisone is discontinued. Other treatments

used in few children include cyclophosphamide, azathioprine, and methotrexate (130).

3.5. An Approach to Treatment of Pediatric CIDP

The principles of treatment are the same as those for adults. IVIg, plasma exchange, and

prednisone are reasonable first choices. The relative paucity of side effects, general
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Table 9.3 Diagnostic Criteria for Childhood CIDP

Mandatory clinical criteria

A. Progression of muscle weakness in proximal and distal muscles of upper and lower extremities

over at least 4 weeks, or alternatively when rapid progression (GBS-like presentation) is

followed by relapsing or protracted course (.1 year).

B. Areflexia or hyporeflexia

Major laboratory features

A. Electrophysiological criteria

Must demonstrate at least three of the following four major abnormalities in motor nerves (or two of

the major and two of the supportive criteria):

1. Major electrophysiological criteria

a. Conduction block or abnormal temporal dispersion in one or more major nerves at sites

not prone to compression.

i. Conduction block: at least 50% drop in negative peak area or peak-to-peak

amplitude of proximal compound muscle action potential (CMAP) if duration of

negative peak of proximal CMAP is ,130% of distal CMAP duration.

ii. Temporal dispersion: abnormal if duration of negative peak of proximal CMAP is

.130% of distal CMAP duration.

Recommendations: (i) Conduction block and temporal dispersion can be assessed

only in nerves where amplitude of distal CMAP is .1 mV. (ii) Supramaximal

stimulation should always be used.

b. Reduction in conduction velocity (CV) in two or more nerves: ,75% of the mean minus

standard deviations (SD) CV value for age.

c. Prolonged distal latency (DL) in two or more nerves: .130% of the mean þ2 SD DL

value for age.

d. Absent F waves or prolonged F-wave minimal latency (ML) in two or more nerves:

.130% of the meanþ 2SD F-wave ML for age.

Recommendation: F-wave study should include a minimum of 10 trials.

2. Supportive electrophysiological criteria

When conduction block is absent, the following abnormal electrophysiological parameters are

indicative of nonuniform slowing and thus of an acquired neuropathy:

a. Abnormal median sensory nerve action potential (SNAP) while the sural nerve SNAP is

normal.

b. Abnormal terminal latency index (TLI)

c. Difference of .10 m/s in motor CVs between nerves of upper or lower limbs (either

different nerves from the same limb or the same nerve from different sides)

B. Cerebrospinal fluid (CSF)

a. CSF protein .35 mg/dL

b. Cell count ,10 cells/mm3

C. Nerve biopsy features

a. Nerve biopsy with predominant features of demyelination.

Exclusion criteria

A. Clinical features or history of a hereditary neuropathy, other diseases or exposure to drugs or

toxins that are known to cause peripheral neuropathy.

B. Laboratory findings (including nerve biopsy or DNA studies) that show evidence for a different

etiology other than CIDP.

C. Electrodiagnostic features of abnormal neuromuscular transmission, myopathy, or anterior horn

cell disease.

(continued )

142 Simmons



availability, and lack of need for large-bore needles as required for plasma exchange have

led many clinicians to use IVIg as initial therapy. Subsequent courses of IVIg may be

given as required. Plasma exchange can be given for severe weakness. Prednisone

1–2 mg/kg per day can be given alone or in conjunction with IVIg, and taper guidelines

outlined for adults can be followed. Failure to respond to one modality of treatment should

lead to treatment with another. One goal is to avoid long-term immunosuppression if

possible, and the generally favorable response in children aids this goal.

3.6. Prognosis

Improvement after initial therapy in children is very rapid (mean 1 week, range 0.3–3

weeks) (128). Relapse rates have been found to vary, from 30% to 80% (120,127,128,

133), Relapse episodes develop more rapidly, but improve more rapidly and completely

than in adults (133). Ventilatory failure and support is rare (129,130,133).

Long-term prognosis for children with CIDP is excellent, and deaths have not been

reported (120,126,129–131,133). Overall, residual deficits, if present, are minor, and few

children have significant residual disability (127–129,133). Data from one series found

that children who experienced acute onset weakness (peak disability in ,3 months)

were more likely to have a monophasic course and complete recovery. In contrast, children

with slower progression were more likely to have severe long-term disability, corticoste-

roid dependence, and require other immunosuppressive agents (127).

3.7. Pathogenesis

The pathogenesis for CIDP in children is felt to be similar to that in adults.

4. CIDP ASSOCIATED WITH MONOCLONAL GAMMOPATHY
OF UNDETERMINED SIGNIFICANCE

MGUS is characterized by low levels of serum monoclonal (M) protein (,3 g/dL), low

levels or absent Bence–Jones proteins in the urine, bone marrow plasma cell counts of

,5%, and no bone lesions, anemia, hypercalcemia, or renal insufficiency (134). The

association of CIDP with MGUS is of interest because of the possible causal pathologic

relationship between the neuropathy and the MGUS, particularly IgM.

Table 9.3 Continued

Diagnostic criteria (must have no exclusion criteria)

A. Confirmed CIDP

1. Mandatory clinical features.

2. Electrodiagnostic and CSF features.

B. Possible CIDP

1. Mandatory clinical features.

2. One of the three laboratory findings.

Source: Adapted from Nevo and Topaloglu (132).
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4.1. Clinical Features

Patients with CIDP and MGUS (CIDP-MGUS) have been compared with those who have

idiopathic CIDP (CIDP-I) (12). (Table 9.4). CIDP-MGUS patients generally present with

more slowly progressing disease. Other features of CIDP-MGUS compared with CIDP-I

are less severe weakness and more sensory impairment (13,135). Comparisons are proble-

matic because patients with CIDP-MGUS are a heterogeneous group with IgM, IgG, and

IgA monoclonal gammopathies, and IgM when associated with high levels of anti-MAG

activity may play a unique role (see Pathogenesis). Patients with IgM CIDP-MGUS and

high titers of anti-MAG activity likely constitute a relatively homogeneous group of pre-

dominantly male, middle aged to elderly patients with chronic, slowly progressive poly-

neuropathies characterized by distal sensory loss, gait ataxia, normal strength or mild

distal weakness, and some distinguishing features on their nerve conduction studies (see

section on “Laboratory Evaluation”). In contrast, IgM CIDP-MGUS patients who lack

reactivity to MAG form a more heterogeneous group (136–143). Further, IgM CIDP-

MGUS patients may differ clinically from those with IgG or IgA CIDP-MGUS patients

Table 9.4 Presenting Symptoms and Signs: CIDP-I vs. CIDP-MGUS Patients

Clinical feature

CIDP-I

(77 patients)

CIDP-MGUS

(26 patients) p-valuea

Initial symptomsb

Weakness 94.8 76.9 0.008

Numbness/paresthesias 81.8 96.2 0.07

Pain 14.3 7.7 0.38

Gait ataxia 13.0 19.2 0.44

Cranial nerve dysfunction 7.8 3.9 0.49

Dysarthria 1.3 3.8

Blurred or double vision 6.4 0.0

Ptosis 1.3 0.0

Strength (MRC score)c

Proximal upper extremity 3.9 (0–5) 4.8 (3–5) 0.0001

Distal upper extremity 3.6 (0–5) 4.5 (2–5) 0.0001

Proximal lower extremity 3.6 (0–5) 4.4 (2–5) 0.003

Distal lower extremity 2.9 (0–5) 3.9 (0–5) 0.001

Average MRC 3.5 (0–5) 4.4 (2–5) 0.0001

Sensationb

Vibratory impairment 87.0 100.0 0.05

Pinprick impairment 63.6 92.3 0.005

Reflexesb

Absent biceps reflex 75.3 53.9 0.04

Absent brachioradialis reflex 84.4 61.5 0.01

Absent quadriceps reflex 81.8 65.4 0.08

Absent achilles reflex 93.5 88.5 0.41

Total areflexia 71.4 50.0 0.05

Functional levelc

Rankin score 3.3 (1–5) 2.4 (1–5) 0.0006

aMann–Whitney U-test for ordinal measure and scaled responses; chi-square analysis for

categorical responses.
bPercent of patients.
cMean (range).

Source: Adapted from Simmons et al. (13).
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as the former have frequent sensory loss, more frequent ataxia, greater symptom pro-

gression, and a higher frequency of nerve conduction abnormalities (13,15,144–147).

CIDP is characterized by multifocal demyelination affecting both distal and proxi-

mal segments of nerve. A distal acquired demyelinating symmetric neuropathy (DADS)

has been identified in patients with distal, symmetric, sensory or sensorimotor involve-

ment, sparing proximal limb, neck, and facial muscles. Most such patients have an IgM

kappa monoclonal gammopathy and elevated titers of anti-MAG antibodies (148,149).

4.2. Laboratory Evaluation

The evaluation is similar to that CIDP-I. Diagnostic criteria have been proposed for CIDP-

MGUS (135) (Table 9.5). The presence of a monoclonal protein should be further evalu-

ated to determine if it represents a plasma cell dyscrasia by a skeletal X-ray survey and

evaluation by a hematology/oncology specialist. For CIDP-MGUS patients as a group,

electrodiagnostic findings in motor nerves are similar to those of patients with CIDP-I,

whereas sensory nerve conduction studies are more abnormal (13,15). However, patients

with IgM-MGUS and high titers of anti-MAG antibodies have several unique features,

including disproportionately prolonged motor distal latencies, as measured by the terminal

latency index, compared to those patients with CIDP-I and to those with CIDP-MGUS

but without elevated anti-MAG titers and less conduction block (136–143,150).

Table 9.5 Proposal for Criteria for Demyelinating Polyneuropathy Associated with MGUS

A causal relation between demyelinating polyneuropathy and MGUS should be considered in a

patient with:

1. Demyelinating polyneuropathy according to the electrodiagnostic AAN criteria for idiopathic

CIDP

2. Presence of an M protein (IgM, IgG, or IgA), without evidence of malignant plasma cell

dyscrasias like multiple myeloma, lymphoma, Waldenstrom’s macroglobulinemia, or

amyloidosis

3. Family history negative for neuropathy

4. Age .30 years

The relationship is definite when the following is present:

1. IgM M protein with anti-MAG antibodies

The relationship is probable when at least three of the following are present in a patient without

anti-MAG antibodies:

1. Time to peak of the neuropathy .2 years

2. Chronic slowly progressive course without relapsing or remitting periods

3. Symmetrical distal polyneuropathy

4. Sensory symptoms and signs predominate over motor features

A causal relation is unlikely when at least three of the following are present in a patient without

anti-MAG antibodies:

1. Median time to peak of the neuropathy is within 1 year

2. Clinical course is relapsing and remitting or monophasic

3. Cranial nerves are involved

4. Neuropathy is asymmetrical

5. Motor symptoms and signs predominate

6. History of preceding infection

7. Presence of abnormal median SNAP in combination with normal sural SNAP

Source: Adapted from Notermans et al. (135).
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Further, the combination of an abnormal median sensory nerve action potential with a

normal sural nerve action potential is more likely to be present in patients with CIDP-I

than in those with CIDP-MGUS (135). CSF findings are similar to those in CIDP-I

(107). Nerve biopsy is rarely needed, but patients with anti-MAG activity may demon-

strate unique findings discussed under Pathogenesis. Increased sural nerve T-cells are

seen in patients with a more progressive disease course and more pronounced weakness

(151). MRI scanning of the brachial plexus, when performed, reveals increased signal

intensity on T2-weighted imaging in most patients with CIDP-MGUS, and may demon-

strate swelling of the brachial plexus (152).

4.3. Differential Diagnosis

The differential diagnosis of other peripheral nerve disorders is similar to CIDP-I.

However, the clinical and electrodiagnostic features of CIDP-MGUS may be similar or

identical to those seen in the presence of osteosclerotic myeloma and POEMS syndrome

(polyneuropathy, organomegaly, endocrinopathy, M-protein, and skin changes) (153–

156). Amyloidosis may present with neuropathy and a monoclonal protein in serum or

urine, but symptoms usually include marked pain and the neuropathy is usually axonal

(157–161). This pattern warrants a nerve biopsy, which generally demonstrates

amyloid deposition (157,159,162).

4.4. Management

Treatment of CIDP-MGUS follows that for CIDP-I. In general, the response is better in

patients with IgG and IgA than with IgM (139,163,164). Although lowering IgM levels

by 50% for several months with immunosuppressive therapy may be beneficial (141),

the overall response to treatment is not reliable, and is often limited and transient,

without a consistent relationship between the lowering of antibody titers and improvement

in the neuropathy (138,165–169). Experience with IVIg in patients with IgM-MGUS is

varied, but generally poor (165,170–172). Case reports treating with cyclosporine A

were favorable patients with various monoclonal gammopathies (93,94,173,174).

Chlorambucil has been reported to produce improvement in up to one-third of patients

with IgM monoclonal gammopathy (175).

Several recent treatment modalities show promise. Fludarabine has been efficacious

in a small series (176). Interferon-a was more beneficial than IVIg, primarily due to an

improvement in the sensory component of the neuropathy (168). This is encouraging,

because the poor response of CIDP-MGUS patients to standard immunomodulating

therapy is largely due to persistence of sensory deficits (13,107). Rituximab has been

reported effective in patients with IgM and anti-MAG antibodies (177,178). Autologous

bone marrow transplantation has been described to induce an improvement in the demye-

linating polyneuropathy of a patient with Waldenstrom’s macroglobulinemia and elevated

titers of anti-MAG antibodies who failed to respond to standard immunosuppressive

therapies (169).

4.5. An Approach to Treatment of Monoclonal Gammopathy of
Undetermined Significance

Patients with IgG or IgA MGUS should be treated using the same approach as those

with CIDP-I. A protocol for patients with CIDP-IgM might start with IVIg; with three

monthly treatments before assessment for response. Rituximab could be considered for
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nonresponders to IVIg. If there is no response to Rituximab, a series of plasma exchanges

over several weeks attempting to lower the serum IgM level to �50% of baseline. The

other agents discussed earlier can then be tried, but the probability of a response to any

one of them cannot be predicted. Corticosteroids are less likely to be beneficial.

4.6. Prognosis

The course of CIDP-MGUS is more likely to be progressive than that of CIDP-I (107,135).

CIDP-MGUS also evolves more slowly, with a longer time from onset of deterioration to

peak impairment for each episode, and at their worst, patients with CIDP-MGUS demon-

strate a lesser degree of measured weakness than those with CIDP-I. Much of the func-

tional impairment in CIDP-MGUS patients is due sensory impairment. The overall

prognosis varies among patient series, from a course similar to CIDP-I (15) to a less

favorable one (107). Patients with IgM-MGUS have a more problematic course. Most

patients require continued immunosuppressive treatment to maintain remission (107).

Laboratory follow-up is necessary in patients with CIDP-I or CIDP-MGUS. Those

with CIDP-I may go on to develop CIDP-MGUS or a lymphoproliferative disorder months

or years after the onset of the neuropathy (107,179–184). Immunological re-evaluation

should be considered in those patients who have major relapses. Particular attention

should be paid to the skeletal survey, since a plasmacytoma may vary greatly in radio-

graphic appearance, and may be mistaken for a more common benign bone lesion such

as a nonossifying fibroma, fibrous dysplasia, or an aneurysmal bone cyst (155,185–

188). When in doubt, biopsy of such a lesion is indicated.

4.7. Pathogenesis

There is a strong suspicion that IgM monoclonal proteins play a unique role in the patho-

genesis of some demyelinating polyneuropathies. Antibodies directed against MAG have

been found in over half of patients with polyneuropathy and IgM monoclonal gammopathy

(136). Several lines of evidence point to a role for IgM, particularly anti-MAG IgM, in the

pathogenesis of polyneuropathy. (i) Monoclonal IgM and complement have been shown to

bind to peripheral nerve myelin (136,189–193), and IgM antibody deposits are associated

with sites of MAG localization (194). (ii) Widening of myelin lamellae has been observed

in virtually all patients with peripheral neuropathy, IgM monoclonal gammopathy, and

anti-MAG antibodies (165,195). There is a good correlation between widening of

myelin sheaths and IgM penetration level into myelinated fibers (196). (iii) Anti-MAG

antibodies alter neurofilament spacing, producing smaller distances between neurofila-

ments in nerves of patients with anti-MAG antibodies than in those with idiopathic

CIDP or normal control subjects (197). (iv) A demyelinating neuropathy can be produced

in experimental animals by transfer of serum from patients with IgM monoclonal gammo-

pathy and anti-MAG antibodies either intraneurally or systemically (198–201). (v) IgM

monoclonal gammopathies are more common compared with IgG among patients with

peripheral neuropathy and MGUS than among the general population of patients with

MGUS (144,145). Conversely, the prevalence of peripheral neuropathy is higher in

patients with IgM-MGUS than in patients with IgA-MGUS or IgG-MGUS (202). (vi) A

much higher proportion of patients with IgM monoclonal gammopathy and clinical neuro-

pathy had high levels of anti-MAG IgM antibodies than patients with IgM monoclonal

gammopathy and no clinical neuropathy (56% vs. 11.5%) (136). (vii) More patients

with high anti-MAG reactivity have a subclinical neuropathy compared with those with

low or no MAG reactivity. At follow-up of patients with a subclinical neuropathy or no
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neuropathy, more patients with high anti-MAG reactivity went on to develop a clinical

neuropathy than patients with low or no MAG reactivity (203).

Despite these strong points, there are observations that confound a simple patho-

genic relationship. Patients may have anti-MAG IgM without neuropathy (136).

A patient with CIDP has been observed to develop anti-MAG IgM after the onset of

the neuropathy (180).

5. LEWIS–SUMNER SYNDROME

The Lewis–Sumner syndrome is chronic, acquired, asymmetric sensorimotor demyelinat-

ing polyneuropathy which clinically resembles a mononeuritis multiplex (204–208).

Electrodiagnostic studies demonstrate multifocal conduction block in motor nerves.

CSF protein is normal to mildly elevated. In contrast to multifocal motor neuropathy,

patients may improve with prednisone. This clinical pattern has been given various

names, including Lewis–Sumner syndrome, motor and sensory demyelinating mono-

neuropathy multiplex, multifocal motor and sensory demyelinating neuropathy, multifocal

inflammatory demyelinating neuropathy, and multifocal acquired demyelinating sensory

and motor (MADSAM) neuropathy.

5.1. Clinical Features

This appears to be a disease of adults, with a mean age of symptom onset in the sixth

decade (range of 18–77 years). Progression is slow, commonly over many years. Upper

extremities are usually involved before lower extremities. Both weakness and numbness

may be present, in an asymmetric pattern, usually in the distribution of discrete nerves.

Pain is present in a minority. Cranial neuropathies may occur, but are rare. Reflexes

are usually decreased in an asymmetric multifocal manner, but rarely are completely

absent (206–208).

5.2. Laboratory Evaluation

Blood and urine tests are the same as those for CIDP. In contrast to multifocal motor

neuropathy, anti-GM1 antibodies are rarely present (205–208). Electrodiagnostic studies

demonstrate features of multifocal demyelination in motor nerves, including prolonged

distal latencies, slowed conduction velocities, temporal dispersion, conduction block,

and prolonged F-wave latencies in an asymmetric manner. Sensory studies are also abnor-

mal. Needle EMG demonstrates active and chronic denervation. CSF protein is usually

normal to mildly elevated, but one patient has been reported with a protein level of

459 mg/dL. Sural nerve biopsy usually is not necessary, but shows primary demyelination.

MRI of the brachial plexus may reveal swollen nerves and increased signal intensity on

T2-weighted imaging (208).

5.3. Differential Diagnosis

The Lewis–Sumner syndrome is to be differentiated from multifocal motor neuropathy

because of differences in response to treatment. The clinical and electrodiagnostic

sensory involvement usually are sufficient to make this distinction. The asymmetric

presentation may mimic motor neuron disease or a mononeuritis multiplex, but electro-

diagnostic findings of multifocal demyelination are not seen in these other disorders

(except possibly in the acute stage of a mononeuritis multiplex). The presence of

148 Simmons



sensory involvement and decreased to absent reflexes distinguishes this syndrome from

motor neuron disease.

5.4. Management and Prognosis

Corticosteroids are effective in greater than half of patients (206,207). IVIg has also been

effective (206–208).

5.5. Pathogenesis

This syndrome is considered to be a variant of CIDP, in view of the sensory and motor

involvement, the electrodiagnostic finding of multifocal primary demyelination, and the

response of some patients to steroids.

6. SUMMARY

CIDP represents a heterogeneous autoimmune disorder of the peripheral nervous system

producing weakness and sensory loss as a result of multifocal demyelination in children

as well as in adults. There is no single test diagnostic for CIDP, and the diagnosis rests

on a considered evaluation starting with a thorough history and neurologic examination,

an electrodiagnostic evaluation, an analysis of CSF, and serum studies for a monoclonal

protein. Other studies are indicated, such as skeletal X-ray survey and consultation with

a hematologist/oncologist in selected cases. Immunotherapy is effective, including IVIg,

plasma exchange, corticosteroids, and other immunomodulating therapies, resulting in a

good prognosis for most adults and virtually all children with CIDP. A treatment algorithm

is provided in Fig. 9.3. CIDP associated with an IgM monoclonal gammopathy, particularly

in the presence of anti-MAG antibodies, appears to be distinct clinically, pathologically,

and with regard to treatment response, producing a neuropathy with sensory predominance

and a poor response to many immunotherapies. Rituximab may play a role in treating such

neuropathies, as described earlier in this chapter. An asymmetric CIDP variant, usually

termed Lewis–Sumner syndrome, has been described, and resembles idiopathic CIDP

electrodiagnostically and with regard to its response to immunotherapy.
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1991:57.

18. Mori K, Hattori N, Sugiura M, Koike H, Misu K, Ichimura M, Hirayama M, Sobue G. Chronic

inflammatory demyelinating polyneuropathy presenting with features of GBS. Neurology

2002; 58:979–982.

19. Hughes R, Sanders E, Hall S, Atkinson P, Colchester A, Payan P. Subacute idiopathic demye-

linating polyradiculoneuropathy. Arch Neurol 1992; 49:612–616.

20. Rotta FT, Sussman AT, Bradley WG, Ayyar DR, Sharma KR, Shebert RT. The spectrum

of chronic inflammatory demyelinating polyneuropathy. J Neurol Sci 2000; 173:129–139;

Dyck PJ, Dyck PJB. Atypical varieties of chronic inflammatory demyelinating neuropathies.

Lancet 2000; 355:1293–1294.

21. Sakakibara R, Hattori T, Kuwabara S, Yamanishi T, Yasuda K. Micturitional disturbance in

patients with chronic inflammatory demyelinating polyneuropathy. Neurology 1998;

50:1179–1182.

22. Oh SJ, Joy JL, Sunwoo I, Kuruoglu R. A case of chronic sensory demyelinating neuropathy

responding to immunotherapies. Muscle Nerve 1992; 15:255–256.

23. Oh SJ, Joy JL, Kuruoglu R. Chronic sensory demyelinating neuropathy: chronic inflammatory

demyelinating polyneuropathy presenting as a pure sensory neuropathy. J Neurol Neurosurg

Psychiatry 1992; 55:677–680.

24. Simmons Z, Tivakaran S. Acquired demyelinating polyneuropathy presenting as a pure

clinical sensory syndrome. Muscle Nerve 1996; 19:1174–1176.

25. Uncini A, DiMuzio A, De Angelis MV, Gioia S, Lugaresi A. Minimal and asymp-

tomatic chronic inflammatory demyelinating polyneuropathy. Clin Neurophysiol 1999;

110:694–698.

26. Rubin M, Mackenzie CR. Clinically and electrodiagnostically pure sensory demyelinating

polyneuropathy. Electromyogr Clin Neurophysiol 1996; 36:145–149.

27. Thomas PK, Claus D, Jaspert A, Workman JM, King RHM, Larner AJ, Anderson M,

Emerson JA, Ferguson IT. Focal upper limb demyelinating neuropathy. Brain 1996;

119:765–774.

28. Gorson KC, Ropper AH, Weinberg DH. Upper limb predominant, multifocal chronic inflam-

matory demyelinating polyneuropathy. Muscle Nerve 1999; 22:758–765.

29. Midroni G, Dyck PJ. Chronic inflammatory demyelinating polyradiculoneuropathy: unusual

clinical features and therapeutic responses. Neurology 1996; 46:1206–1212.

150 Simmons



30. Ginsburg L, Platts AD, Thomas PK. Chronic inflammatory demyelinating polyneuropathy

mimicking a lumbar spinal stenosis syndrome. J Neurol Neurosurg Psychiatry 1995;

59:189–191.

31. Goldstein JM, Parks BJ, Mayer PL, Kim JH, Sze G, Miller RG. Nerve root hypertrophy as the

cause of lumbar stenosis in chronic inflammatory demyelinating polyradiculoneuropathy.

Muscle Nerve 1996; 19:892–896.

32. Schady W, Goulding PJ, Lecky BRF, King RHM, Smith CML. Massive nerve root enlarge-

ment in chronic inflammatory demyelinating polyneuropathy. J Neurol Neurosurg Psychiatry

1996; 61:636–640.

33. Albers JW, Kelly JJ. Acquired inflammatory demyelinating polyneuropathies: clinical and

electrodiagnostic features. Muscle Nerve 1989; 12:435–451.

34. Bromberg MB. Comparison of electrodiagnostic criteria for primary demyelination in chronic

polyneuropathy. Muscle Nerve 1991; 14:968–976.

35. Nicolas G, Maisonobe T, Le Forestier N, Leger J-M, Bouche P. Proposed revised electro-

physiological criteria for chronic inflammatory demyelinating polyradiculoneuropathy.

Muscle Nerve 2002; 25:26–30.

36. Lewis RA, Sumner AJ. The electrodiagnostic distinctions between chronic familial and

acquired demyelinative neuropathies. Neurology 1982; 32:592–596.

37. Bromberg MB, Albers JW. Patterns of sensory nerve conduction abnormalities in demye-

linating and axonal peripheral nerve disorders. Muscle Nerve 1993; 16:262–266.

38. Dumitru D. Electrodiagnostic Medicine. Philadelphia: Hanley and Belfus, 1995: 763–767.

39. Preston DC, Shapiro BE. Electromyography and Neuromuscular Disorders: Clinical-

Electrophysiologic Correlations. Boston: Butterworth-Heinemann, 1998: 366–367.

40. Krendel DA, Parks HP, Anthony DC, St Clair MB, Graham DG. Sural nerve biopsy in chronic

inflammatory demyelinating polyradiculoneuropathy. Muscle Nerve 1989; 12:257–264.

41. Bosboom WMJ, van den Berg LH, Franssen H, Giesbergen PCLM, Flach HZ, van Putten

AM, Veldman H, Wokke JHJ. Diagnostic value of sural nerve demyelination in chronic

inflammatory demyelinating polyneuropathy. Brain 2001; 124:2427–2438.

42. Bosboom WMJ, Van den Berg LH, De Boer L, Van Son MJ, Veldman H, Franssen H,

Logtenberg T, Wokke JHJ. The diagnostic value of sural nerve T cells in chronic inflamma-

tory demyelinating polyneuropathy. Neurology 1999; 53:837–845.

43. De Silva RN, Willison HJ, Doyle D, Weir AI, Hadley DM, Thomas AM. Nerve root

hypertrophy in chronic inflammatory demyelinating polyneuropathy. Muscle Nerve 1994;

17:168–170.

44. Mizuno K, Nagamatsu M, Hattori N, Yamamoto M, Goto H, Kuniyoshi K, Sobue G. Chronic

inflammatory demyelinating polyradiculoneuropathy with diffuse and massive peripheral

nerve hypertrophy: distinctive clinical and magnetic resonance imaging features. Muscle

Nerve 1998; 21:805–808.

45. Duggins AJ, McLeod JG, Pollard JD, Davies L, Yang F, Thompson EO, Soper JR. Spinal root

and plexus hypertrophy in chronic inflammatory demyelinating polyneuropathy. Brain 1999;

122:1383–1390.

46. Midroni G, de Tilly LN, Gray B, Vajsar J. MRI of the cauda equina in CIDP: clinical

correlations. J Neurol Sci 1999; 170:36–44.

47. Dalakas MC, Culper EJ. Neuropathies in HIV infection. Baillieres Clin Neurol 1996;

5:199–218.

48. Mendell JR, Kolkin S, Kissel JT, Weiss KL, Chakeres DW, Rammohan KW. Evidence for

central nervous system demyelination in chronic inflammatory demyelinating polyradiculo-

neuropathy. Neurology 1987; 37:1291–1294.

49. Rubin M, Karpati G, Carpenter S. Combined central and peripheral myelinopathy. Neurology

1987; 37:1287–1290.

50. Thomas PK, Walker RWH, Rudge P, Morgan-Hughes JA, King RHM, Jacobs JM,

Mills KR, Ormerod IEC, Murray NMF, McDonald WI. Chronic demyelinating peripheral

neuropathy associated with multifocal central nervous system demyelination. Brain 1987;

110:53–76.

CIDP 151



51. Thomas PK, Valentine A, Youl BD. Chronic inflammatory demyelinating polyneuropathy

with multifocal CNS demyelination in an Afrid. J Neurol Neurosurg Psychiatry 1996;

61:529–530.

52. Liguori R, Rizzi R, Vetrugno R, Salvi F, Lugaresi A, Cevoli S, Montagna P. Steroid-

responsive multifocal demyelinating neuropathy with central involvement. Muscle Nerve

1999; 22:262–265.

53. Waddy HM, Misra VP, King RHM et al. Focal cranial nerve involvement in chronic inflam-

matory demyelinating polyneuropathy: clinical and MRI evidence of peripheral and central

lesions. J Neurol 1989; 236:400–410.

54. Feasby TE, Hahn AF, Koopman WJ, Lee DH. Central lesions in chronic inflammatory poly-

neuropathy: an MRI study. Neurology 1990; 40:476–478.

55. Hawke SHB, Hallinan JM, McLeod JG. Cranial magnetic resonance imaging in chronic

demyelinating polyneuropathy J Neurol Neurosurg Psychiatry 1990; 53:794–796.

56. Ormerod IEC, Waddy HM, Kermode AG, Murray NMF, Thomas PK. Involvement of the

central nervous system in chronic inflammatory demyelinating polyneuropathy: a clinical,

electrophysiological and magnetic resonance imaging study. J Neurol Neurosurg Psychiatry

1990; 53:789–793.

57. Holtkamp M, Zschenderlein R, Bruck W, Weber JR. Acta Neuropathol 2001; 101:

529–531.

58. Antoine JC, Mosnier JF, Lapras J, Convers P, Absi L, Laurent B, Michel D. Chronic

inflammatory demyelinating polyneuropathy associated with carcinoma. J Neurol Neurosurg

Psychiatry 1996; 60:188–190.

59. Sugai F, Abe K, Fujimoto T, Nagano S, Fujimura H, Kayanoki Y, Oshikawa O, Yamasaki E,

Kawata S, Matsuzawa Y, Yanagihara T. Chronic inflammatory demyelinating polyneuro-

pathy accompanied by hepatocellular carcinoma. Inter Med 1997; 36:53–55.

60. Abe K, Sugai F. Chronic inflammatory demyelinating polyneuropathy accompanied by

carcinoma. J Neurol Neurosurg Psychiatry 1998; 65:403–404.

61. Greenspan BN, Felice KJ. Chronic inflammatory demyelinating polyneuropathy (CIDP)

associated with seminoma. Eur Neurol 1998; 39:57–58.

62. Bird SJ, Brown MJ, Shy ME, Scherer SS. Chronic inflammatory demyelinating polyneuro-

pathy associated with malignant melanoma. Neurology 1996; 46:822–824.

63. Weiss MD, Luciano CA, Semino-Mora C, Dalakas MC, Quarles RH. Molecular mimicry in

chronic inflammatory demyelinating polyneuropathy and melanoma. Neurology 1998;

51:1738–1741.

64. Krendel DA, Costigan DA, Hopkins LC. Successful treatment of neuropathies in patients with

diabetes mellitus. Arch Neurol 1995; 52:1053–1061.

65. Stewart JD, McKelvey R, Durcan L, Carpenter S, Karpati G. Chronic inflammatory demye-

linating polyneuropathy (CIDP) in diabetics. J Neurol Sci 1996; 142:59–64.

66. Uncini A, De Angelis MV, Di Muzio A et al. Chronic inflammatory demyelinating

polyneuropathy in diabetics: motor conductions are important in the differential diagnosis

with diabetic polyneuropathy. Clin Neurophysiol 1999; 110:705–711.

67. Gorson KC, Roopper AH, Adelman LS, Weinberg DH. Influence of diabetes mellitus on

chronic inflammatory demyelinating polyneuropathy. Muscle Nerve 2000; 23:37–43.

68. Dyck PJ, O’Brien PC, Oviatt KF, Dinapoli RP, Daube JR, Bartleson JD, Mokri B, Swift T,

Low PA, Windebank AJ. Prednisone improves chronic inflammatory demyelinating poly-

radiculoneuropathy more than no treatment. Ann Neurol 1982; 11:136–144.

69. Dyck PJ, O’Brien P, Swanson C, Low P, Daube J. Combined azathioprine and prednisone in

chronic inflammatory demyelinating polyneuropathy. Neurology 1985; 35:1173–1176.

70. Dyck PJ, Daube J, O’Brien P, Pineda A, Low PA, Windebank AJ, Swanson C. Plasma

exchange in chronic inflammatory demyelinating polyradiculoneuropathy. N Engl J Med

1986; 314:461–465.

71. Hahn AF, Bolton CF, Pillay N, Chalk C, Benstead T, Bril V, Shumak K, Vandervoort MK,

Feasby TE. Plasma-exchange therapy in chronic inflammatory demyelinating poly-

neuropathy: a double-blind, sham-controlled, cross-over study. Brain 1996; 119:1055–1066.

152 Simmons



72. Levy RL, Newkirk R, Ochoa J. Treating chronic relapsing Guillain–Barré syndrome by
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ABSTRACT

Chronic immune-mediated demyelinating neuropathies have a spectrum of clinical pre-

sentations, electrodiagnostic findings, laboratory findings, and responses to treatment.

Over the past 25 years, a number of different forms have been recognized on the basis

of specific features, and these include chronic inflammatory demyelinating polyradiculo-

neuropathy, multifocal motor neuropathy with conduction block, and the Lewis–Sumner

Syndrome (multifocal sensorimotor demyelinating polyneuropathy with persistent

conduction block or multifocal acquired demyelination sensory and motor neuropathy).

Distinctions between these entities can be challenging, and it is not clear that they rep-

resent truly distinct entities. This chapter reviews the recognition of these disorders

from a historical perspective, clarifying and contrasting the clinical, diagnostic, and

treatment response features.
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1. INTRODUCTION

Our understanding of the spectrum of neuropathies that can be considered to be “chronic

immune-mediated demyelinating neuropathies” has increased over the past 25 years. Prior

to 1980, the only disorders under this heading were chronic inflammatory demyelinating

polyradiculoneuropathy (CIDP) and the neuropathy associated with multiple myeloma.

Currently, there are over 10 different disorders that fit this classification (Table 10.1).

CIDP remains the prototypic immune-mediated neuropathy. It is characterized by

greater weakness than sensory loss involving symmetric proximal and distal regions.

Many of the other disorders also are symmetric. However, some have a strikingly

asymmetric pattern that involves multiple individual nerves, termed mononeuropathy

(or mononeuritis) multiplex. The term confluent mononeuropathy multiplex is used

when many nerves have become involved, and it is not possible to identify specific nerves.

Prior to 1980, the cause of mononeuritis multiplex was attributed to collagen vascu-

lar disorders and vasculitides, but since then other disorders have been recognized

(Table 10.2). Vasculitis is known to cause an ischemic insult leading to Wallerian degener-

ation as the pathologic consequence of the nerve infarct. Demyelinating mononeuropathy

multiplex is seen in only a few conditions. Hereditary neuropathy with liability to pressure

palsies (HNPP) is one such disorder. This inherited disorder due to a deletion of the

gene for PMP-22 on chromosome 17 presents with multifocal sensorimotor symptoms

related to repetitive activity, minor trauma, or moderate compression that would not nor-

mally affect peripheral nerve function. An immune mechanism has not been identified.

However, two disorders that appear to be immune-mediated have now been recognized

as causing a multifocal demyelinating neuropathy. This chapter will describe and contrast

these disorders: multifocal motor neuropathy and the Lewis–Sumner Syndrome (LSS)

[multifocal sensorimotor demyelinating polyneuropathy with persistent conduction

block (MSMDN)].

Table 10.1 Chronic Immune-Mediated Polyneuropathies

CIDP

CIDP variants

Sensory predominant

Associated with multiple myeloma

Associated with MGUS

POEMS

Distal acquired demyelinating neuropathy

Associated with IgM MGUS

Anti-MAG antibodies in 50%

CANOMAD

Associated with CNS demyelination

Associated with systemic disorders

?Associated with Diabetes mellitus

MMN

MSMDN

Note: CIDP, chronic inflammatory demyelinating polyradiculoneuropathy;

MGUS, monoclonal gammopathy of undermined significance; POEMS,

polyneuropathy, organomegaly, endocrinopathy, M-protein, and skin

changes; Anti-MAG, antibody titers to myelin-associated glycoprotein;

CANOMAD, chronic ataxic neuropathy ophthalmoplegia M-protein

agglutination disialosyl antibodies; CNS, central nervous system;

MMN, multifocal motor neuropathy; MSMDN, multifocal sensorimotor

demyelinating polyneuropathy with persistent conduction block.
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In 1982 (1), five patients were described who had a sensorimotor mononeuropathy

multiplex, but rather than finding prominent Wallerian degeneration, the expected finding

in vasculitic mononeuritis multiplex, these patients had striking and persistent multifocal

conduction block (CB) and segmental demyelination. The two patients who were treated

with prednisone responded in a time frame consistent with recovery from CB rather than

the slower time course of recovery from Wallerian degeneration. These patients were

described as having MSMDN and were considered to have a variant of CIDP that had

previously been described as a symmetric disorder.

In 1988, Parry and Clarke (2), and in a separate report, Pestronk et al. (3), reported

patients, who were initially considered to have lower motor neuron forms of amyotrophic

lateral sclerosis (ALS), but were found to have a motor mononeuropathy multiplex related

to persistent CB. Since then, there have been a number of studies describing patients with

multifocal motor neuropathy with persistent conduction block (MMN). Whether patients

with MMN and patients with MSMDN have the same disorder with varying degrees of

sensory involvement has been debated, and the LSS has been used interchangeably

by different authors to describe both entities. Recent reports suggest significant differences

between these two disorders which may have therapeutic and pathophysiologic

Table 10.2 Mononeuropathy Multiplex

Demyelinating neuropathies

MMN

MSMDN

Block (LSS)

HNPP

Vasculitic and ischemic neuropathies

Systemic lupus erythematosis

Rheumatoid vasculitis

Systemic sclerosis (Scleroderma)

Periarteritis nodosa

Churg–Strauss

Wegener’s granulomatosis

Paraneoplastic vasculitic neuropathy

Nonsystemic vasculitic neuropathy

Behçet Syndrome

Giant cell arteritis

Diabetes mellitus

Lumbosacral radiculoplexopathy

Truncal radiculopathy

Cranial mononeuropathies

Sensory perineuritis

Infectious neuropathies

Leprosy

Herpes zoster

Lyme disease

HIV associated cytomegalovirus

Hepatitis C and cryoglobulinemia

Other causes

Sarcoid

Brachial neuritis (Parsonage–Turner Syndrome)

Monomelic amyotrophy

Malignant infiltration of peripheral nerve

Neurofibromatosis
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significance. For this reason, the two disorders will be considered separately and the term

LSS will be used to describe only the sensorimotor disorder.

The naming of MSMDN has been a topic of discussion. The title of the original

paper does not lend itself to a short, easily articulated, name. Saperstein et al. (4) have

suggested the term MADSAM, for multifocal acquired demyelinating sensory and

motor neuropathy. Although this chapter’s author may be somewhat biased, the term

MADSAM seems less than ideal. It may be confused with Mad Cow Disease and also

seems somewhat prejudicial as the term connotes psychiatric pathology (not a feature

of this disorder). Van den Berg-Vos et al. (5) have suggested “multifocal inflammatory

demyelinating neuropathy.” This is only minimally less awkward than the original title

and does not truly separate MSMDN from MMN. As such, for this chapter, the author

has taken the liberty of using the term LSS as the preferred name for MSMDN.

2. MULTIFOCAL MOTOR NEUROPATHY WITH PERSISTENT CB

2.1. Background

Most reviews point to the two reports in 1988 of Parry and Clarke (2) and Pestronk et al.

(3) for identifying MMN. However, there were other reports that preceded these in which

the various aspects of the disorder were described (6–9). The two reports in 1988

described patients who were initially considered to have lower motor neuron forms of

ALS but were found to have a multifocal demyelinating neuropathy. Parry’s five cases

and Pestronk’s two cases all presented with multifocal weakness, atrophy, cramps, and

fasciculations without significant sensory complaints. Parry and Clarke emphasized that

the symptoms began in the arms, that reflexes were usually normal or lost focally, that

cerebrospinal fluid (CSF) protein was normal, and that the course was slowly progressive.

Treatment responses were variable. One patient did not respond to plasmapheresis, one

stabilized when azathioprine was added to prednisone, and one did not respond to

plasmapheresis, prednisone, or cyclophosphamide. The cardinal feature of the disorder

was multifocal CB and conduction slowing which appeared to be confined to motor

nerve fibers. Distal sensory responses were normal and somatosensory evoked responses

and compound nerve action potentials were normal across the regions of motor block.

Pestronk also emphasized early involvement of the upper limbs, presence of fasci-

culations, lack of upper motor neuron (UMN) signs or bulbar involvement, and the normal

sensory exam. CSF protein was elevated to 69 mg/dL in one patient and normal in the

other. They found similar findings of motor CB as well as conduction slowing with normal

distal sensory conduction. Sural nerve biopsy was normal from one patient, but revealed

occasional Wallerian-like degeneration from the other. A motor point biopsy showed

axonal loss and demyelination of the remaining axons. There was no significant response

to treatment with prednisone or plasmapheresis, but both patients responded to intravenous

and/or oral cyclophosphamide. Both patients had IgM antibodies that reacted with GM1

ganglioside. The titers of the anti-GM1 antibodies fell after cyclophosphamide treatment.

Both reports mention that some of the patients had mild and vague sensory symp-

toms but no significant abnormality on clinical examination, and sensory conduction

studies were normal. Since these reports, there have been a number of case reports and

small series that have defined the clinical syndrome and the electrophysiologic features.

They have addressed the controversial issue of the significance of elevated titers of

anti-GM1 antibody and response to various treatments. In particular, many authors have

emphasized intravenous immunoglobulin (IVIg) and/or cyclophosphamide in the treat-

ment of MMN.
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2.2. Clinical Features

MMN is a rare motor disorder that is more common in men than women (2:1 ratio) (4,10–

12). The age of onset is between 20 and 70 years, with most patients between 25 and 55 years

of age. The disease usually progresses slowly, with some reports indicating a course of over

20 years (10,12), but some patients will have a more rapid decline in function (3,9,11).

Patients may be misdiagnosed with a lower motor neuron form of ALS. Presenting

features are usually painless, asymmetric weakness, atrophy, and fasciculations of the

upper extremities in a distribution that may be isolated to one or two nerves. Legs may

become involved, but rarely as the first limb, and the severity is usually less in legs

than in arms, and patients may remain ambulatory despite severe upper extremity weak-

ness. Although some patients describe vague sensory phenomena or intermittent mild

sensory symptoms, sensory symptoms are never prominent despite marked lower motor

neuron changes. Discrete sensory symptoms in the distribution of the motor abnormalities

are not present. Sensory examination is almost always normal, even in patients with

sensory symptoms. However, some reports mention distal vibration sense reduction (3)

or sensory symptoms later in the course (2). Atrophy, fasciculations, myokymia, and

cramps are seen in various combinations (9,12). Tinel’s signs at the sites of the CB

have not been mentioned. Focal hemiatrophy of the tongue has been described (13), but

bulbar and pseudobulbar dysfunction have not been reported. Deep tendon reflexes tend

to be preserved despite significant weakness. They can be lost focally, particularly in

the arms, but it is unusual to have complete areflexia unless the weakness has become

generalized and profound.

Some reports mention relative hyper-reflexia (3) but unequivocal UMN involvement

in the form of Babinski responses or sustained clonus are not seen. Whether UMN signs

can clinically distinguish ALS from MMN has been addressed (14). In this study of 169

patients with motor neuron disease, 17 were found to have either motor CB (10 patients) or

focal temporal dispersion (seven patients). One out of the 10 patients with CB had

Babinski signs or sustained clonus, whereas five others had incongruously brisk reflexes.

Three of the seven patients with no block but abnormal temporal dispersion had definite

UMN signs, and two had brisk reflexes. The implications of this study are that CB, as

opposed to abnormal temporal dispersion, appears to best define the syndrome of

MMN, and that true UMN signs are rare in patients with MMN, but brisk reflexes

may be seen. The diagnosis of MMN should be questioned in patients with otherwise

unexplained UMN signs.

2.3. Electrodiagnostic Features: Conduction Block

The defining feature of MMN is motor CB. CB occurs when saltatory transmission is lost

over a focal segment of nerve due to structural or physiologic changes at the nodes of

Ranvier. This is usually associated with segmental demyelination. The pathophysiologic

features of CB have been shown in studies of CB induced by tourniquet (15) and intra-

neural injection of anti-galactocerebroside serum (16,17). Although CB can occur

without segmental demyelination, in most conditions in which CB causes weakness,

segmental demyelination will eventually occur (17). Exceptions to this would include

the CB due to local anesthetics and acute motor axonal neuropathy (AMAN). AMAN

is a form of Guillain–Barré Syndrome associated with IgG antibodies against certain

gangliosides including GM1.

The demonstration of CB requires that the amplitude of the motor response on

stimulation proximal to the lesion must be substantially less than the amplitude upon
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stimulation distal to the lesion (Fig. 10.1). The criterion for determining CB remains

controversial. In case series of MMN, amplitude reductions ranging from 20% to 60%

have been used as indicative of CB (18,19). The issue is that the amplitude reduction

cannot be attributed to abnormal temporal dispersion and, in an attempt to exclude

abnormal temporal dispersion, many investigators will assess the negative peak area for

a confirmatory reduction. If the reduction in negative peak area on proximal stimulation

compared with distal stimulation is less than the degree of reduction in amplitude,

this would imply that at least some of the amplitude reduction is due to abnormal temporal

dispersion (Fig. 10.2), resulting in phase cancellation that reduces the amplitude on prox-

imal stimulation (20). Although it is theoretically possible for amplitude reductions

as small as 20% to be due to CB, in reality there are too many other causes of reduced

amplitude to utilize this value for long nerve segments. The degree of amplitude reduction

and temporal dispersion that occurs depends on the length of nerve studied. A 20% drop in

amplitude is likely due to CB if the length of nerve between stimulating sites is short

(,10 cm) but may be normal if the length of nerve is long (.20 cm). For instance, the

long length of the tibial nerve between the ankle and the popliteal fossa may result in a

normal amplitude reductions of 20–30% on proximal stimulation. The electrodiagnostic

examination must take this and other technical factors into account before deciding that

pathophysiologic CB is present. Most authors recommend criteria of �50% reduction

in both amplitude and area to determine CB with ,20% increase in duration (21).

Figure 10.1 Motor CB. DL, distal latency; AMP, amplitude; CV, conduction velocity. The

duration of the response on elbow stimulation is increased by 50% when compared with wrist

stimulation suggesting that there is some temporal dispersion but the amplitude and area decrease

cannot be accounted for by temporal dispersion.
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Consensus criteria have been established which attempt to be more specific for different

nerves (22).

Although CB is the defining electrophysiologic feature of MMN, other electrodiag-

nostic features of segmental demyelination have been noted (11,21,23–25). These include

prolonged distal motor latencies, prolonged F-wave latencies, multifocal slow motor con-

duction velocities, and abnormal temporal dispersion. In most instances, CB is detected in

at least one nerve, along with the other features of demyelination that may be observed in

nerves without CB.

Whether the diagnosis of MMN can be made without evidence of CB remains

controversial. The inability to detect CB may be due to difficulties stimulating above

and below very proximal or very distal lesions, or may be due to secondary Wallerian

degeneration masking the primary CB lesion. It is reasonable to strongly consider

MMN in patients with an appropriate clinical picture and electrodiagnostic evidence of

segmental demyelination but without CB. However, response to treatment does not

appear to be as good in these patients as with those with CB (26–28). The consensus

criteria for the diagnosis of MMN require at least one nerve with CB for definite or

probable MMN (29).

Sensory conduction studies are normal in MMN. Those investigators that have

attempted to look for sensory conduction changes in the regions of motor block have

been unable to detect any abnormality utilizing sensory conduction, compound nerve

action potentials, and somatosensory evoked responses (2,13,21,30).

Figure 10.2 Temporal dispersion. The dispersion on proximal stimulation is 300%. The area is

also reduced but CB, if present, is not the predominant pathophysiologic process. Abbreviations

as in Fig. 10.1.
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2.4. Laboratory Features

The CSF protein is normal or mildly elevated (4), reflecting the minimal involvement of

nerve roots. There are no other significant abnormalities on routine spinal fluid or serum

testing.

The most significant, albeit controversial, laboratory finding in MMN is elevated

titers of antibody against GM1 ganglioside. GM1 is one of a number of gangliosides

that are constituents of cell membranes and have been implicated in neuroimmunologic

disorders. GM1, GD1a, GD1b, GT1a, and GT1b constitute .80% of the total gangliosides

in most mammalian brains (31), and GM1 is the most abundant ganglioside in human CNS

myelin (32). The GM1 epitope is present in motor neurons and their axons and to a lesser

extent in dorsal root ganglion cells and sensory axons (33), but there may be differences in

the ceramide composition of GM1 in motor and sensory axons (34). Although the total

amount of GM1 in peripheral nerve is minimal when compared with other constituents,

it is a major peripheral nerve antigen at nodes of Ranvier and on the axolemma (35).

The mechanism by which anti-GM1 antibodies might cause conduction block remains

unclear. The possibility that the antibodies cause blockade of sodium channels (36,37)

has been challenged (33), and an alternate explanation of nerve fiber membrane hyper-

polarization mediated by potassium channels has been suggested as a mechanism of

increasing nodal threshold to the point of producing CB.

The incidence of anti-GM1 antibodies in MMN varies from 20% to 80% (38). The

discrepancy is attributed to multiple factors. It is unclear how high titers must be in order

to be considered significant, but the specificity increases if only very high titers are con-

sidered significant. Analytic techniques vary among laboratories, and not all laboratories

use the same disease controls, making it difficult to compare the results. Pestronk and

Choksi (38) report 85% of patients with MMN have elevated titers to GM1 combined

with other lipids including galactocerebroside and cholesterol, whereas no patient with

ALS had elevated titers. This combination appears to increase sensitivity and maintain

specificity of antibody testing. However, Carpo et al. (39), utilizing what they understood

to be the same technique, noted elevated titers in only 35% of patients with MMN, which

was only an increase from 31% utilizing standard ELISA technique. Thus, the sensitivity

of IgM anti-GM1 antibodies remains variable among patients, and possibly dependent

upon laboratory techniques. Specificity has also been variable, but most recent studies

have found high titers primarily in MMN and rarely in ALS, CIDP, or other neurologic

disorders. In a meta-analysis, van Schaik et al. (40) noted that different methodologies,

particularly the use of detergent and the duration and temperature of incubation, signifi-

cantly affect results. ELISA methods utilizing no detergent and longer incubation

periods resulted in a specificity of 90% and sensitivity of 38% in a comparison of

MMN with other lower motor neuron disorders. The probability of having MMN was

between 50% and 85% if titers were highly raised and considered to be clinically

significant.

Although there is evidence that anti-GM1 antibodies have the potential for causing

CB and demyelination (41), there is still no clear evidence that the antibodies are the

specific cause of MMN. Thus, the current state of knowledge points to a correlation

between high titer anti-GM1 antibodies and MMN. High titers are rarely seen in ALS

or other neurologic disorders. However, the specificity and sensitivity of high titers is

probably not strong enough to make detection of high titer antibodies in and of themselves

diagnostic. At best, they may be confirmatory of the diagnosis of MMN when the clinical

and electrophysiologic findings are unclear. High titer antibodies in patients with other

diagnoses might encourage re-evaluation consideration of MMN. On occasion, the
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detection of high titer antibody may suggest an empiric trial of immunotherapy in a patient

with an otherwise untreatable condition. It may be very difficult for a treating physician

not to consider IVIg in a patient with possible or probable ALS but who also has high

titers of anti-GM1 antibodies. Van den Berg et al. (26) treated five patients with lower

motor neuron disorders (LMND) who had high titers of anti-GM1 antibodies but who

did not have CB. Only one patient responded to IVIg, but the benefit did not persist

despite chronic treatment. The conclusion was that the presence of high titers of anti-

GM1 antibodies did not identify a subgroup of patients with lower motor neuron syn-

dromes, but atypical of MMN, who respond to IVIg. Similarly, Azulay et al. (27) in a

placebo-controlled, cross-over trial in 12 patients with LMND and high titers of anti-

GM1 antibodies showed that only the five patients with CB responded. Tsai et al. (28)

reported that 12 patients with LMND and elevated anti-GM1 antibody titers without

CB did not improve clinically with intravenous cyclophosphamide despite reductions in

antibody titers. Pestronk et al. (42), on the other hand, noted improvement in four patients

with LMND and high titer anti-GM1 antibodies without CB when plasmapheresis and

cyclophosphamide were combined. Although it is enticing to consider immunomodulating

or immunosuppressant treatment in atypical cases of LMND, the experience to date is not

supportive.

It would appear that the routine use of anti-GM1 antibodies as a diagnostic tool has

limited utility. In those patients who have the typical clinical presentation and electrophy-

siologic abnormalities, the presence or absence of anti-GM1 antibodies does not add to

diagnostic specificity, nor does it help predict who will respond to therapy. The one situ-

ation in which it might be helpful, and this requires further study, is when one encounters a

patient with a lower motor neuron syndrome but without CB. In this rare clinical situation,

the presence of IgM anti-GM1 antibodies may suggest that the patient has MMN and

might respond to therapy.

In summary, the diagnosis of MMN depends on the combination of clinical findings

including weakness without sensory loss or UMN signs and electrodiagnostic abnormal-

ities of motor CB but normal sensory conduction studies. Currently, there is no role for the

use of antibody testing as part of the diagnostic criteria for MMN (29).

2.5. Treatment

2.5.1. Intravenous Immunoglobulin

IVIg has been reported to be effective in uncontrolled studies and its efficacy has been con-

firmed in randomized, double-blind, placebo-controlled trials (27,45–47). More than 50%

of patients show improvement after the initial treatment of 2 g/kg, usually administered in

divided doses over 2–5 days (10). However, ,10% maintain benefit over a year after one

treatment, and the majority of patients require intermittent dosing to sustain functional

recovery (43,48–50). Patients with definite or probable CB who have disease of shorter dur-

ation and less axonal degeneration are more likely to respond to IVIg (51–53). There is no

consensus on whether the presence of anti-GM1 antibodies predicts response to treatment.

The dosage and interval between treatments varies from a low dose given weekly to

a high dose given every 4 weeks. The treatment must be individualized and the dosing

titrated slowly to determine the lowest possible dose at the longest interval that maximizes

function. This approach minimizes the cost and inconvenience to the patient without

compromising the clinical status of the patient.

The expectations of the physician and patient need to be realistic. A muscle with

significant denervation on EMG pointing to secondary Wallerian degeneration will not
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improve quickly, and is less likely to have complete recovery. It is also known that demye-

linating CB lesions may take over 4 weeks to recover (15,16). Therefore, lack of improve-

ment after an initial treatment does not necessarily mean treatment failure. Most clinicians

would treat for 2–3 months before considering alternative treatments. However, if a

patient develops a new CB lesion during IVIg treatment, alternative therapies should be

considered.

It may not be necessary to treat every patient with MMN. With greater recognition of

this disorder, patients are being diagnosed earlier, and some may have very few lesions

and minimal functional deficit. In addition, the disorder may be very slow and intermittent

with long periods of inactivity. In these instances, it may be prudent to withhold treatment

until active CB lesions develop or functional disability occurs.

It is important to monitor treatment carefully. Quantitative muscle testing and func-

tional assessments may be helpful. Repeat electrodiagnostic studies frequently show

at least partial reversal of the CB. There has been some discrepancy between clinical

improvement and electrophysiologic improvement, although it is difficult to understand

how strength could improve without the CB improving.

Unfortunately, not all patients benefit from IVIg and new regions of CB or progress-

ive of axonal loss during treatment have been documented (43,54). Alternative treatments

of documented benefit are relatively few. Both oral (4,48,49,55) and high dose intravenous

(57) corticosteroid treatment have been remarkably ineffective. The few reports utilizing

plasmapheresis without other medications have also not been encouraging (2).

Cyclophosphamide is the only immunosuppressive that has been reported to be

effective (42,56,58,59). Although the drug is most commonly administered intravenously,

there is no consensus on the optimal treatment program. Nobile-Orazio (59) used rela-

tively low dose (1.5–3 mg/kg per day) oral cyclophosphamide in two patients and felt

that the frequency of IVIg treatments could be reduced. Pestronk (58), in a review

article without published data, recommends six treatments in a monthly basis at 1 g/m2

preceded by two plasma exchanges. In his experience, this reduces the serum anti-GM1

titer in 60–80% of patients with functional benefit in some of these. Pestronk states

that the remission can last for 1–3 years but relapse frequently occurs and retreatment

may be necessary. The risks of cyclophosphamide include bone marrow suppression,

opportunistic infection, and an increased frequency of neoplasias. It is important to deter-

mine whether possible benefits warrant the risks of cyclophosphamide treatment.

There has been recent interest in rituximab, a monoclonal antibody directed against

the CD20 epitope on the surface of B-cells. Treatment reduces peripheral B lymphocyte

counts by .90% within 3 days of administration. It has therefore been considered for

neuropathies associated with IgM monoclonal gammopathies, including MMN. Several

reports have been encouraging in IgM related neuropathies (60,61) as well as in MMN

(62). In MMN, antibody titers are reduced significantly associated with clinical improve-

ment, but improvement has been delayed by as much as 1 year and the improvement in

strength was modest.

3. MULTIFOCAL SENSORIMOTOR DEMYELINATING NEUROPATHY:
LEWIS–SUMNER SYNDROME

In 1982, Lewis et al. (1) reported five patients who had a sensorimotor mononeuropathy

multiplex. All had symptoms that included pain and numbness as well as weakness in mul-

tiple nerve distributions. Motor neuron disease was not considered in the differential diag-

nosis. Two patients had episodes of optic neuritis with central scotomas, afferent pupillary
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defects, and prolonged visual evoked responses. CSF protein was normal or mildly

increased. Sural nerve biopsy revealed segmental demyelination and a small amount of

inflammatory cell infiltrate. Two patients treated with corticosteroids improved. The

unique finding in these patients, which distinguished them from patients with vasculitic

mononeuritis multiplex, was the presence of CB, which in some cases was demonstrated

to persist for many years.

Prior to 1995, the disorder, which has been frequently called the LSS was mostly

either ignored or lumped with MMN. However, recent series of patients with sensorimotor

symptoms (4,5,63,68), consistent with the original LSS patients, suggest differences

between patients with pure motor symptoms and those with sensory and motor symptoms

(Table 10.3).

3.1. Clinical Description

The report of Viala et al. (68) summarize the clinical aspects of LSS. It can present at any

age (mean age 40–50 years) and is more common in men than women (M/F ¼ 2.8:1).

Initial symptoms are sensorimotor in the majority and purely sensory in one-thirds. The

upper extremities are more commonly involved first but lower limb onset can occur.

Cranial nerve involvement is noted in .25% and optic neuritis has been seen in a few

patients. Pain may be significant, and Tinel’s sign may be present at the site of the CB.

Significant sensory findings are noted, typically in the distribution of specific nerves.

Reduction in deep tendon reflexes can be in a multifocal pattern consistent with the

clinical symptoms but can occasionally be generalized.

CSF protein levels are elevated in many, but the elevation is usually mild to mod-

erate, rarely .100 mg%. No specific laboratory abnormalities are noted and there are

no reported cases of high anti-GM1 antibodies titers.

The disorder can evolve in different patterns over time, including a relapsing–

remitting pattern in one-thirds, but a progressive course is seen in the majority.

Progression can remain asymmetrical and multifocal, but some will develop a more

generalized and symmetric disorder. Spontaneous remission has been noted. However,

the majority progress to have new symptoms and require treatment.

3.2. Electrophysiologic Findings

Similar to MMN, the hallmark of LSS is CB, which is more common in the upper extre-

mities and may only be seen in proximal segments. This emphasizes the importance of

stimulating at very proximal sites. Conduction slowing, prolonged distal motor latencies,

and abnormal F-wave latencies are typically recorded in nerves with CB, but are noted

in only a minority of nerves in regions unaffected by CB. Thus, the electrophysiology

Table 10.3 Differences Between MMN and LSS

MMN LSS

Sensory symptoms No Yes

Pain and Tinel’s No Yes

Sensory conduction Normal Abnormal

Anti-GM1 Abs High titers in 35–80% Normal in all patients

CSF protein Minimal increase Mild to moderate increase

Prednisone Poor response Good response in some
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is strikingly multifocal, consistent with the clinical symptoms and signs. Distal sensory

amplitudes are reduced in .85%, and if proximal stimulation is performed in nerves

with sensory symptoms and motor CB, abnormalities of sensory conduction are usually

detected.

3.3. Treatment Response

It appears that 50% of patients have a good response to IVIg (68). However, most require

repeated monthly infusions. Prednisone as primary and initial therapy has been associated

with remission and improvement. In a small patient series, when prednisone was added to

IVIg, IVIg could be discontinued in 33–79% of patients (4,63,68). Plasmapheresis,

azathioprine, and cyclophosphamide have all been reported to be beneficial in individual

patients.

4. COMPARISON OF MMN AND LSS

Both MMN and LSS are multifocal disorders with CB as the hallmark physiologic finding.

Both have a male predominance. However, pain, paresthesias, and Tinel’s signs are only

seen in patients with sensory symptoms. Sural nerve biopsies of patients with LSS reveal

significantly more abnormalities consistent with demyelinating pathology than do biopsies

of patients with MMN (4,63,64). High titers of GM1 antibodies have not been reported in

LSS although Oh et al. (63) noted one patient out of 16 with mildly elevated titers. CSF

protein, while not markedly elevated, tends to be higher in LSS than in MMN, suggesting

that nerve roots may be more involved in LSS.

A significant number of patients with LSS respond to corticosteroids whereas

patients with MMN either have no response or have accelerated progression (55,57,59).

Most cases of MMN that responded to corticosteroids had, at closer view, sensory signs

or symptoms, and more likely had LSS (65,66).

The findings on motor conduction studies in LSS are indistinguishable from those

found in MMN. However, sensory abnormalities are usually seen, particularly if proximal

stimulation is utilized. In contrast to MMN, in which multiple reports have shown normal

sensory conduction through areas of motor block, there is now at least one case of LSS

demonstrating sensory CB that improved with treatment (67).

There does appear to be a “gray zone” in which occasional patients cannot easily be

labeled as MMN or LSS. A few patients who presented with a pure motor syndrome go on

to develop sensory symptoms years later. It is also apparent that some patients have few

sensory symptoms or minor changes on sensory conduction studies, and it becomes diffi-

cult to decide whether these changes are significant enough to warrant a diagnosis of LSS.

These are reasons why some investigators suggest “lumping” MMN and MSMDN

together as a single entity. Although it will be necessary to identify more patients with

MMN and LSS before it can determined if the clinical and electrodiagnostic distinctions

are significant, for now it appears prudent to separate the two disorders. First, lumping

confuses the issue of GM1 antibodies. The true incidence of these antibodies in MMN

will not be known if patients with LSS are included. Second and most important, there

appears to be a real difference in response to corticosteroid therapy between the two

entities. The potential benefits of long-term prednisone in LSS may outweigh the risks.

However, there is currently no evidence in MMN for the use of corticosteroids, and

some believe that they are contra-indicated.
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Many authors suggest that LSS is a form of CIDP (1,4,63,68), and the response to

treatment is similar to that of CIDP, but some favor considering it separately from

CIDP. One could make a similar argument about MMN as well. It is increasingly clear

that CIDP is not a single disorder, but like its cousin, Guillain–Barrè Syndrome, CIDP

should also be considered a syndrome, with subgroups including MMN, LSS, POEMS,

the neuropathies associated with monoclonal gammopathies with or without specific

antibodies, and sensory predominant CIDP. Clinical recognition of these different dis-

orders will hopefully provide clues that will unravel the immunopathologic causes of

these disorders.
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ABSTRACT

Diabetic neuropathy is the most common neuropathy worldwide and is a leading cause of

disability. A distal peripheral neuropathy eventually develops in approximately half of
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diabetic patients and patients with impaired glucose tolerance (prediabetes) may develop

end-organ complications of diabetes, including neuropathy. Autonomic neuropathy is also

common, resulting in gastroparesis, constipation, diarrhea, and erectile dysfunction, and

may be associated with early mortality from cardiac involvement. The role of hypergly-

cemia is not fully understood, but involves a variety of metabolic consequences leading

to direct injury to peripheral nerve and to microvascular endothelium resulting in nerve

ischemia. The only effective approach is glycemic control. Other neuropathies occur,

including lumbosacral radiculoplexopathies, diabetic truncal, and cranial neuropathies,

which likely inflammatory etiology and a favorable prognosis.

1. INTRODUCTION

Diabetes is the most common cause of peripheral neuropathy in the world. In the United

States, an estimated 17 million Americans have diabetes, but this is an underestimate as

the disease is undiagnosed in approximately half (1). Overall, half of diabetics will

develop a neuropathy (2,3). Viewed another way, population studies suggest that up to

7% of the population suffers from peripheral neuropathy and half have diabetes (4).

The traditional view holds that neuropathy only develops after years of sustained hyper-

glycemia, but there is compelling evidence that neuropathy may occur early in the

course of glucose dysregulation, including during the stage of impaired glucose tolerance

(IGT) (prediabetes) (5–8). Neuropathy is a common cause of disability among diabetic

patients because of pain, and a leading risk factor for foot ulceration and amputation.

1.1. Definition of Diabetes

Diabetes mellitus is a group of disorders characterized by high blood sugar (hyperglyce-

mia) related to either a defect in the production of insulin or resistance to the action of

insulin, and both often coexist. Hyperglycemia and hyperinsulinemia result in injury to

large and small blood vessels, retina, kidney, and peripheral nerve.

In 1997, the American Diabetes Association (ADA) revised criteria for the diagnosis

and classification of diabetes mellitus (Table 11.1) (1). Type 1 diabetes is related to

destruction of pancreatic b cells, often via an autoimmune mechanism, resulting in

insulin deficiency and hyperglycemia. Patients with type 1 diabetes require insulin

therapy for survival. Type 2 diabetes is due to peripheral resistance to the action of

insulin with resultant hyperinsulinemia and hyperglycemia, and is the most common

form of diabetes. Type 2 diabetes is usually managed with diet and exercise therapy

and oral hypoglycemic agents, but may eventually require insulin therapy. However,

Table 11.1 Revised Classification of Diabetes Mellitus

Type 1 Cell destruction (usually autoimmune)

Type 2 Insulin resistance

Type 3 Other types

Genetic defects

Pancreatic disease

Drug induced

Associated with other endocrine disease

Type 4 Gestational diabetes mellitus
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the use of insulin does not imply type 1 diabetes. For this reason, the terms insulin depen-

dent and noninsulin dependent diabetes are discouraged. Likewise, the term “adult onset”

diabetes is inappropriate because of the growing epidemic of type 2 diabetes among the

young obese. Type 3 diabetes is due to other less common mechanisms including

genetic defects in b-cell function, drug toxicity, or other endocrinopathies. Gestational

diabetes is classified as type 4.

The ADA defined diagnostic criteria for different stages of glucose dysregulation

(Table 11.2) based on a standard 2-h oral glucose tolerance test (OGTT) consisting of

plasma glucose determinations in the early morning fasting state and 2 h after an oral

75 g anhydrous dextrose load. The OGTT must be performed in the early morning,

with the first blood drawn prior to 9 a.m. Impaired fasting glucose (IFG) and IGT represent

intermediate levels of glucose dysregulation between the normal state and frank diabetes.

IFG and IGT are associated with other features of insulin resistance including obesity,

hyperlipidemia, and hypertension as well as an increased risk of large vessel atherosclero-

tic disease (9). Data suggest that IFG and IGT are also associated with microvascular

injury and peripheral neuropathy, traditionally associated with frank diabetes (5–7).

The ADA endorses the use of fasting plasma glucose for screening asymptomatic

individuals (1). For patients with peripheral neuropathy, however, the OGTT is preferred

(Fig. 11.1) because fasting plasma glucose is often normal in neuropathy patients found to

have IGT or diabetes after OGTT. Hemoglobin A1c (HbA1c) provides a valuable tool in

estimating overall glucose control over a several month period, but is insensitive to IGT or

early diabetes and is therefore a poor diagnostic test (5).

1.2. Spectrum of Diabetic Neuropathy

Neuropathic complications of diabetes may be classified into chronic and acute neuropa-

thies (Table 11.3). The most common chronic neuropathies are distal symmetric poly-

neuropathy (DSP) and autonomic neuropathy. Acute neuropathies include diabetic

lumbosacral radicloplexus neuropathy (DLRPN), truncal radiculopathy, acute painful

sensory neuropathy (diabetic neuropathic cachexia (DNC), “insulin neuritis”), and

cranial neuropathy. Compressive mononeuropathies are an additional group.

2. CHRONIC NEUROPATHIES

2.1. Distal Symmetric Polyneuropathy

Sensory or combined sensorimotor DSP is the most common form, although autonomic

neuropathy is probably at least as common. The diagnosis of DSP requires the presence

Table 11.2 Revised Criteria for Interpretation of OGTT

Diagnosis

Fasting glucose

(mg/dL)

2 h glucose

(mg/dL)

Normal ,110 ,140

IFG 110–125 ,140

IGT ,126 140–199

Diabetes (may meet either

fasting or 2 h criterion)

.125 .199

Note: Fasting early morning plasma glucose followed by 75 g oral anhydrous

dextrose load and a repeat glucose measurement 2 h later.
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of symptoms of sensory loss, paresthesias or neuropathic pain, examination evidence of

distal sensory loss, and electrodiagnostic confirmation of distal axonal injury. There is

debate regarding how long diabetes must be present to assure that this is the cause. The

presence of retinopathy or nephropathy in proportion to the neuropathy is a conservative

requirement, which assures a high degree of specificity, but excludes most patients with

neuropathy associated with early diabetes or prediabetic hyperglycemia (10).

There is evidence that peripheral nerve injury can occur early in diabetes, as a pre-

senting symptom, and even during a prediabetic state (IGT) (11). Routine nerve conduc-

tion studies/electromyography (NCS/EMG) demonstrate diffuse peripheral axonal injury

in 10–18% of patients at the time of their diabetes diagnosis (12,13). Further, patients with

otherwise idiopathic neuropathy and normal fasting plasma glucose are significantly more

likely than age-matched controls to have prolonged postprandial hyperglycemia (5),

suggesting that IGT may result in nerve injury even before hyperglycemia crosses the

threshold into diabetes.

A reasonable diagnosis of diabetic neuropathy may be made when there are typical

symptoms of distal polyneuropathy supported by neurological exam, and electrodiagnostic

or histologic data in the setting of diabetes of any duration. With these criteria, a cross-

sectional survey of type 2 diabetic patients found 13% that had mild DSP and 1% a

Table 11.3 Spectrum of Diabetic Neuropathies

Chronic neuropathies

DSP

Autonomic neuropathy

Acute neuropathies

DLRPN

Truncal radiculopathy

Cranial neuropathy (e.g., Diabetic 3rd nerve palsy)

DNC

Insulin neuritis

Compression mononeuropathies

2 hour glucose in glucose tolerance test (mg/dL)
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Figure 11.1 Oral glucose tolerance testing is more sensitive than either fasting plasma glucose or

glycosylated hemoglobin in the diagnosis of IGT or diabetes. Patients with abnormal OGTT often

have normal fasting glucose or glycosylated hemoglobing, while the converse is rare.
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more severe neuropathy (3). A prospective, longitudinal study found 8% that had DSP by

clinical examination at the time of diabetes diagnosis, and .50% after 25 years of disease

(2). These prevalence figures have been confirmed using a variety of clinical and electro-

physiologic diagnostic criteria (14,15).

Patients with retinopathy or overt albuminuria are 2.5� as likely to have neuro-

pathy, confirming the strong co-association of DSP with other complications thought

due to microvascular ischemia. Other risk factors are advancing age, duration of known

diabetes, poor glycemic control, and surrogates of insulin resistance, including insulin

use, increased weight and hypertension, and all are associated with significantly increased

risk for DSP. Race and gender are not predictive of DSP (13).

2.1.1. Clinical Features

The dominant symptoms of DSP are sensory, and patients typically describe the insidious

onset of distal, symmetric sensory loss, often affecting both small fiber (pain and cold) and

large fiber (vibration and joint position sense) sensory modalities. Sensory loss may go

unrecognized until postural instability and falls or foot injuries occur. More commonly,

patients describe positive symptoms of tingling, lancinating or burning paresthesias or

frank pain in their feet or legs, often worse as the patient tries to fall asleep at night.

Acute, severe painful neuropathy associated with rapid, profound weight loss may

occur as the first sign of diabetes (16). Patients with established diabetes may experience

acute worsening of pain with poor glycemic control, or conversely with rapid pharmaco-

logic re-establishment of euglycemic state (insulin neuritis) (17).

These clinical findings suggest prominent early involvement of small unmyelinated

nerve fibers. Experiments in animal models and humans indicate that transient hypergly-

cemia increases spontaneous discharge from small diameter nociceptive afferent C fibers,

and is clinically associated with increased neuropathic pain (18,19). Cold sensation

(mediated by small fibers) is frequently affected before vibration sense (mediated by

large myelinated sensory fibers) in diabetic neuropathy, whereas the reverse scenario is

rare, bolstering the concept that diabetic neuropathy disproportionately affects small,

unmyelinated fibers early in its course (20). The positive sensory symptoms of pain

and paresthesias often bring patients to medical attention before other signs of diabetic

end organ injury (retinopathy, nephropathy, and cardiovascular complications) are

apparent (21).

Distal lower extremity weakness is rare as a first complaint, and strength is usually

normal or minimally affected, even after years of sensory symptoms. However, examin-

ation often demonstrates loss of foot intrinsic muscle bulk, and NCS/EMG frequently

demonstrate a measure of motor involvement in patients who have no motor symptoms

or signs (22). Ankle reflexes are typically diminished or absent. Robust reflexes in the

face of diabetic neuropathy should suggest the possibility of a superimposed myelopathy.

Erectile dysfunction caused by peripheral autonomic nerve injury occurs in 20–50% of

diabetic men (23). Other autonomic complaints are less common (discussed succeed-

ingly). This pattern of clinical involvement is supported by epidemiological studies (21).

2.1.2. Electrodiagnostic Features and Diagnostic Testing

Electrodiagnostic testing may not be necessary to establish a diagnosis of DSP. NCS

typically show low amplitude sensory responses with prolonged distal latency. Compound

muscle action potential (CMAP) amplitudes are initially normal, but decline with

disease progression. Motor conduction velocities are mildly slowed and F-responses are

prolonged early in the disease course, suggesting a mild degree of demyelination.
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Motor conduction slowing is typical of DSP and represents an important diagnostic clue.

However, prior to demyelination out of proportion to axonal loss is rare and should suggest

a superimposed inflammatory neuropathy.

EMG in distal muscles may show abnormal spontaneous activity, decreased motor

unit recruitment, and increased motor unit amplitude indicating axonal loss with compen-

satory partial re-innervation.

Small fiber injury leading to prominent neuropathic pain and autonomic dysfunction

is often the principle manifestation of neuropathy, especially in IGT or early diabetes. In

this setting, NCS/EMG are often normal, but neuropathy can be confirmed by several

other methods. Quantitative sensory testing (QST) for cold detection threshold reproduci-

bly measures small fiber function (large fiber function by measuring vibratory perception

thresholds). QST is abnormal in 57–72% of patients with small fiber neuropathy (24,25).

However, QST is nonspecific in that other causes of sensory loss, including conversion

disorder or deliberate deception may result in increased perception thresholds (26). Quan-

titative sudomotor axon reflex testing (QSART), or demonstration of small diameter,

unmyelinated nerve fiber loss by skin biopsy provide more sensitive and specific measures

of small fiber function (27).

2.1.3. Pathology

Nerve pathology in moderate diabetic neuropathy typically reflects the combination of

axonal injury and segmental demyelination suggested by electrodiagnostic testing. Sural

nerve biopsy shows atrophy of nerve fascicles with loss of both myelinated and small

unmyelinated axons (28). Wallerian degeneration with formation of digestion chambers

is common. Collections of monocytes and macrophages indicate remodeling, but there

is rarely evidence of primary inflammatory or autoimmune injury. Relative sparing of indi-

vidual fascicles suggests an ischemic component to the fascicular injury in some cases.

Microvascular injury as a primary pathological mechanism is reinforced by findings of

endothelial cell hyperplasia, capillary closure, endothelial and pericyte degeneration,

thrombosis, and basement membrane thickening (29,30).

Pathologic and electrodiagnostic evidence of associated demyelination sets diabetic

neuropathy apart from other common metabolic neuropathies. The presence of axons with

inappropriately thin myelin for axonal diameter and paranodal and segmental internodal

demyelination are both common, and onion bulb formation suggest repeated demyelina-

tion and demyelination. However, axonal degeneration and regeneration are more

common than segmental demyelination and remyelination (28). Overall, the pathologic

data support primary axonal injury.

Nerve biopsies are not necessary to diagnose diabetic distal polyneuropathy.

In patients with painful neuropathy and normal electrodiagnostic testing, skin biopsy

is more sensitive than sural nerve biopsy and less invasive (31).

2.2. Autonomic Neuropathy

Autonomic nerve involvement is common in diabetes, although prevalence figures of

diabetic autonomic neuropathy (DAN) depend upon how it is defined. Overt clinical

autonomic failure, characterized by variable combination of anhidrosis, gustatory sweat-

ing, orthostatic hypotension, supine blood pressure instability, gastroparesis or diarrhea,

bladder paresis, and cardiac dysrythmias, develops in ,5% of patients with diabetes, typi-

cally with prolonged disease (32). However, erectile dysfunction, as well as more subtle
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evidence for cardiac dysautonomia, gastroparesis, and dysregulation of hormonal response

to hypoglycemia, is much more common (33).

Impotence is reported by 20–60% of diabetic men, making it among the most preva-

lent complications of mild to moderate diabetes (23). Previously undiagnosed diabetes is

found in �10% of patients referred for evaluation of impotence (34–36). Other factors

contribute, including microangiopathy and psychiatric disease (37–39). Retrograde ejacu-

lation occurs in up to 40% of men with diabetes as a consequence of autonomic denerva-

tion (23). Erectile dysfunction has also been associated with a greater risk for myocardial

infarct and peripheral vascular disease.

Heart rate variability with respiration is a sensitive measure of parasympathetic

function. Reduced heart rate during deep breathing (HRdb) correlates with development

of diabetic peripheral neuropathy and typically precedes the appearance of other

autonomic symptoms (40). Depressed HRdb variability is found in 13% of asymptomatic

diabetic patients, 50% with clinically recognizable neuropathy, and in every diabetic

patient with overt autonomic symptoms (15).

Altered HRdb is associated with a 2.14 fold risk of all causes of mortality (33).

Coronary artery disease accounts for 60% of mortality among diabetic patients (41), attri-

buted to accelerated atherosclerosis, hypertension and cardiomyopathy, and autonomic

(parasympathetic) denervation predisposing to lethal arrhythmias (42–45).

Gastrointestinal manifestations of autonomic neuropathy include esophageal

enteropathy due to lower esophageal sphincter dysfunction, disordered peristalsis

leading to gastroparesis or constipation, diarrhea, fecal incontinence, and gallbladder

atony and enlargement (33). Vagus nerve dysfunction contributes to both esophageal

atony and gastroparesis, causing complaints of early satiety, nausea, vomiting, and epigas-

tric bloating, often in cycles. Diarrhea, often cycling with constipation, occurs in up to

20% of patients, and more frequently in patients with other DAN. Bowel stasis leads to

poor motility and bacterial overgrowth, causing diarrhea. Poor sphincter tone can also

contribute to diarrhea, or frank incontinence (46).

Blunting of autonomic responses and symptoms (sweating, nausea, and hunger) that

accompany hypoglycemia is an important complication of diabetes. Up to one-quarter of

patients with type 1 diabetes are unaware of hypoglycemic episodes (43). This autonomic

injury may accelerate diabetes by blunting pancreatic a-cell secretion of glucagon in

response to hypoglycemia (47–49).

2.2.1. Pathogenesis of Diabetic Polyneuropathy

The pathogenesis of diabetic neuropathy has not been fully elucidated, but an appreciation

of important mechanisms facilitates an understanding of potential therapies. The

pathogenesis of DSP involves an interaction between metabolic and microvascular

injury to nerve (50,51). Nerve injury, in some cases, may be accelerated by reactive auto-

immune attack and exacerbated by failure of injured nerve axons to undergo efficient

regeneration.

Vascular Endothelial Dysfunction and Ischemia. Vascular injury is a feature of

all diabetic complications and plays a central role in the development and progression of

neuropathy. Severity of neuropathy is correlated with the degree of endoneurial capillary

occlusion (52–54), and with the degree of hypoxia within the nerve (55,56). Vascular

injury affects vasoregulatory signaling in the endothelial lining of small and large blood

vessels. Nerve ischemia occurs initially as a result of decreased capacity for vasodilation.

With time, structural injury to microarterial vessels occurs and ultimately leads to perma-

nent neurovascular ischemia. Vasodilatory agents, which have been shown to increase
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nerve conduction velocity, improve nerve blood flow and slow progression of clinical

neuropathic symptoms (57–59).

Vasoregulation is controlled largely through nitric oxide (NO), which is a pivotal

link between metabolic and ischemic nerve injury. NO is synthesized by nitric oxide

synthase in vascular endothelial cells in response to insulin and other stimuli, and has a

half-life of 3–20 s (60,61). Local NO leads to vasodilitation, but also serves to detoxify

reactive oxygen species (ROS) that contribute to tissue injury. In situations of excess

ROS, less NO is available for vasodilation.

Hyperglycemia depletes NO through several pathways, as outlined in Fig. 11.2. (i)

Hyperglycemia leads to activation of the enzyme aldose reductase, which converts excess

glucose to sorbitol and fructose (the polyol pathway) (62). Polyol reactions deplete

NADPH, which is an obligate cofactor for synthesis of glutathione and NO, resulting in

lowered NO. (ii) Excess glucose, and especially sorbitol and fructose, react nonenzyma-

tically with proteins, lipids, and nucleic acids to produce advanced glycation endproducts

(AGEs), which induce ROS generation (63). (iii) Endothelial ROS formation is also

increased by peroxidation of the more abundant glucose and low density lipoproteins,

and by dysregulation of transition metals that serve as catalysts for auto-oxidation (64).

(iv) Finally, ischemia itself accelerates ROS formation by decreasing mitochondrial

efficiency and by reperfusion injury. The end result is local endothelial damage by ROS

and impaired vasodilation from depleted NO. Small arteries are more vulnerable and

leading to tissue ischemia.

Endoneurial ischemia occurs by several mechanisms. (i) Vasodilatory signaling

pathways, including prostacyclins and endothelium-derived hyperpolarizing factor, are

Figure 11.2 DSP nitric oxide pathophysiology.
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inhibited (65,66). Increased production of prostanoid endothelium-derived constricting

factors and angiotensin II promote vasoconstriction (64,67). (ii) Inapropriate arteriovenous

shunting in epineurial arterioles, due to loss of autonomic fibers innervating them, diverts

blood flow from endoneurial capillary beds (32,68,69). (iii) Direct occlusion of vessels

due to thickening of endothelial basal lamina and fibrin and platelet deposition is a conse-

quence of altered endothelial mitogenic signaling associated with insulin resistance (70,71).

Direct Metabolic Injury. Direct toxic and metabolic damage also has a role.

Long axons may be particularly susceptible to direct metabolic consequences of hyper-

glycemia (72). Alternate processing of excess glucose down the hexosamine pathway

serves as a signal to reduce cellular insulin sensitivity, thus reducing neuronal glucose

uptake (73). Increased polyol production by overexpression of aldose reductase induces

neuropathy in animal models (74), and aldose reductase inhibitor drugs, which reduce

shunting of glucose into the polyol pathway, improve neuropathy in animals (75).

AGEs are directly neurotoxic by promoting inappropriate covalent cross-links among pro-

teins (62), which is accelerated in response to hyperglycemia and greater polyol pathway

flux (63). AGEs cause neuronal-specific injury by inhibiting axonal transport (72,76,77).

ROS damage proteins, and inhibit mitochondrial electron transport, and mitochondrial

dysfunction may serve as a common final pathway for neuronal damage mediated by

polyol, AGE, and hexosamine pathways (78). Mitochondrial dysfunction might account

for persistent injury that occurs during periods of relative normoglycemia and contributes

to genetic differences in susceptibility to hyperglycemic complications (78).

Nerve repair processes are inhibited in diabetes by a number of factors. Mitochon-

drial dysfunction decreases ATP generation and increases ROS. Slow and fast axonal

transport is inhibited by inappropriate protein glycosylation and ROS damage. Vascular

insufficiency limits distal axonal perfusion. Schwann cells in diabetic animal models

are slow to synthesize trophic proteins and hormones that prevent neuronal cell death (79).

Growth Factor Depletion. Growth factors and neurotrophic factors act to

promote neuronal development during embryogenesis, but also promote axonal sprouting

and neuronal function in adults. Nerve growth factor (NGF) supports the growth of small

unmyelinated nerve fibers, and is reduced in the serum of diabetic patients and in dorsal

root ganglia of diabetic rats (80). NGF is transported in a retrograde direction to the cell

body where it exerts its effect, and transport may be disrupted by AGE formation and other

consequences of diabetes (63,81). Insulin-like growth factors (IGF-I) is also reduced in the

serum of diabetic patients with neuropathy (82). Experimental depletion of IGF-I or block-

ade of its receptor-specific signaling results in apoptotic death or dorsal root ganglia

neurons, and limits new axonal sprouting and Schwann cell repair following injury

(83,84). Therapeutic trials of neurotrophic agents have been promising in animal

models, but disappointing in humans (85,86).

Immune and Inflammatory Neuronal Injury. Some forms of diabetic neuropa-

thy may include immune activation as a primary or accelerating factor. In type 1 diabetes,

atrophy of cervical sympathetic ganglia, with infiltration by lymphocytes, plasma cells and

macrophages, indicating vigorous immune response has been demonstrated (87). Circulat-

ing antibodies in sera react with sympathetic ganglia and vagus nerve. Autonomic nervous

tissue and pancreatic islet cells share cell surface epitopes that could serve as common

immune targets (87,88). By analogy, several “factors,” thought to be autoantibodies,

have been found in sera of patients with type 2 diabetes that are capable of killing neuronal

cells in culture through apoptosis (89,90).

An autoimmune cause has been linked to diabetic lumbosacral radiculoplexus

neuropathy. Patients with diabetes may also be more likely to develop chronic inflamma-

tory demyelinating polyradiculoneuropathy (CIDP) (91).
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2.2.2. Management

Currently, no medication or course of treatment has been shown to reverse neuropathy.

Pancreas transplants in type I diabetes results only in stabilization of neuropathy with

minimal improvement over many years despite a cure of diabetes (92). Management

involves three principal aspects: (i) disease-modifying therapy with glucose control, (ii)

surveillance and adaptive changes to prevent secondary tissue injury, and (iii) adequate

treatment of neuropathic pain. Recognition of neuropathy as a complication of diabetes

should also prompt screening for other micro- and macrovascular complications.

Control of Blood Glucose. Aggressive control of blood glucose is central to

treatment of diabetes and remains the only treatment shown to delay onset and slow

progression neuropathy (93). The Diabetes Control and Complications Trial followed

1,441 insulin dependent type I diabetic patients prospectively for 3.5–9 years to assess

the effect of intensive glucose control on the development of diabetic complications,

including neuropathy. Those who received intensive insulin therapy and glucose

monitoring aimed at achieving normoglycemia (with a sustained mean HbA1c of 7.2%)

were one-third as likely to develop clinically confirmed neuropathy over a five-year

follow-up when compared with diabetic patients receiving routine care (mean HbA1c

9.1%) (93–95).

There is no HbA1c threshold below which patients avoid risk for neuropathy (96),

indicating glucose altering therapy should be undertaken in all patients with diabetic

neuropathy. For patients with very early or mild diabetes, this treatment may take the

form of individualized diet and exercise modification, similar to that used in the Diabetes

Prevention Program (97).

Aldose Reductase Inhibitors and Other Rational Therapies. Because even

strict glucose control does not prevent neuropathy progression, there is a need for therapies

which address the neuropathy. Agents tested in preclinical studies and human trials for

diabetic neuropathy have been based on altering pathways leading to NO inhibition

(51). Agents that have been tested and shown to slow or reverse nerve injury in animal

models include aldose reductase inhibitors that reduce shunting of glucose into the

polyol pathway (75), drugs that decrease ROS (aLipoic acid, glutathione,

dimethylthiourea (51), and vitamin E), lipid lowering agents, and transition metal chela-

tors (desferoxamine and aLipoic acid).

Unfortunately, none of these agents have been effective in human clinical trials.

Although aldose reductase inhibitors improve nerve conduction velocity and the density

of small diameter nerve fibers on sural nerve biopsy, and aLipoic acid improved in

pain following short term intravenous administration, no agent has resulted in clinically

meaningful improvement in neuropathy (98–101). Differences between animal and

human trials may have been influenced by selection of subjects with relatively advanced

neuropathy, or low sensitivity of endpoint measures (75,98,101).

Foot Care. Foot ulcers occur in 15% of patients with diabetes and are responsible

for 20% of hospitalizations among diabetic patients with an average cost of approximately

$25,000 per episode (102,103). Peripheral neuropathy causes loss of protective sensation.

Loss of the ability to detect pressure of a 10 g monofilament has been closely correlated

with the degree of sensory loss necessary to permit painless foot injury (104). Intrinsic

foot weakness and atrophy associated with moderate and advanced neuropathy alter the

anatomy of the foot and potentiate friction injury. Autonomic injury reduces foot sweating

and increases foot edema, increasing friction. Limited joint mobility and increased arch

associated with foot weakness increase force transmission to the heel, and to a lesser

degree, the ball of the foot. Small and large vessel stenosis and loss of vasodilatory
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regulation result in distal limb ischemia promoting tissue fragility and impairing wound

healing (102).

Surveillance for foot skin breakdown requires daily visual inspection by the patient.

Routine evaluation by health professionals (Fig. 11.3) significantly reduces the incidence of

foot ulcers. The use of a 10 g monofilament greatly increases the sensitivity of this screening

protocol, while the use of plantar foot pressure testing increases specificity (105).

Exercise is an important part of diabetes management. However, many patients have

difficulty exercising due to exacerbation of foot pain. Aggressive pain management facili-

tates weight loss and glucose control. Patients may worry that physical stress on the feet

will make their neuropathy worse, but need to be reassured that this will not happen, but

that they attend to proper footwear and visual inspection. Appropriate footwear, including

high-top shoes for improved ankle fixation, a custom orthotic insole, a rocker at the ball of

the foot, and a well-cushioned heel should be considered. Properly fit footwear can reduce

foot pain, prevent traumatic foot injury and encourage exercise (102). Patients with signifi-

cant weakness, or with gait ataxia due to joint position sense loss should be encouraged

to exercise in a setting position with a recumbent stationary bicycling or engage in

water walking.

Treatment of Neuropathic Pain. Neuropathic pain rarely responds to glycemic

control alone, and the mainstays of therapy are anticonvulsant agents, tricyclic anti-

depressants, and opiates. Each of these classes of medications has drug interactions and

side effects that may be more profound in the elderly. Most have been extensively eval-

uated in clinical patients with diabetes. Individual agents are discussed elsewhere in

this volume.

2.2.3. Neuropathy Associated with Impaired Glucose Tolerance

Traditional view held that prolonged exposure to severe hyperglycemia is necessary for

development of neuropathy (10). However, the concept that peripheral neuropathy may

be the first clinical sign of prolonged hyperglycemia was proposed over 40 years

ago (11). Routine NCS/EMG demonstrate diffuse peripheral nerve axonal injury in

10–18% of patients at the time of diabetes diagnosis (12,13), suggesting that nerve

injury can predate development of other diabetic symptoms.

Figure 11.3 Prevention of diabetic foot ulcers should include an algorithmic approach to risk stra-

tification. The reflex and sensory examination and 10 g monofilament testing are highly sensitive.

When abnormalities are found, plantar foot pressure testing specifically identifies patients who

should be referred for custom shoe and sock fitting.

Diabetic Neuropathy 189



The ADA recognizes IGT and IFG as part of the spectrum of hyperglycemia

(Table 11.2). Accumulating evidence supports the concept of IGT as a disease entity in

its own right (106). IGT is associated with the syndrome of insulin resistance, hyper-

insulinemia, hyperlipidemia, and hypertension, and is a potent risk factor for cardio-

vascular and peripheral vascular occlusive disease, independent of IGT risk for diabetes

(107–109).

Recent studies show that axonal neuropathy may also be associated with IGT.

Neuropathy is three times more frequent in patients with IGT than in age matched

normal controls (14). Conversely, patients with otherwise idiopathic neuropathy are

three times more likely to have IGT than are age matched controls (Fig. 11.4) (5–8).

Neuropathy patients in whom IGT is discovered have a sensory or painful sensory

neuropathy, similar to that seen in early diabetes.

Recent large prospective trials demonstrate that lifestyle modification programs

aimed at reducing weight by 7% and increasing exercise to 150 min weekly are more

effective than glucose lowering agents in preventing progression from IGT to diabetes

(97,110). An ongoing 3-year prospective, longitudinal study in patients with IGT and

neuropathy will more clearly test a causative association between IGT and neuropathy,

suggesting mechanisms other than chronic hyperglycemia are important.

3. ACUTE NEUROPATHIES

3.1. Diabetic Lumbosacral Radiculoplexus Neuropathy

3.1.1. Historical Perspective and Nomenclature

Diabetes is associated with an acute neuropathy resulting in asymmetric lower extremity

pain and weakness. A variety of descriptive terms and eponyms have been given

(Table 11.4) (111,112), but only recently has the exact localization of the causative

lesion and underlying pathophysiology been elucidated, supporting the preferred term

diabetic lumbosacral radicoloplexus neuropathy (DLRPN). Early and accurate diagnosis

of DLRPN may prevent unnecessary surgical procedures and facilitate early appropriate

therapy. Patients are often initially misdiagnosed as having either lumbar spinal stenosis

or other unusual compressive neuropathies (femoral and obturator).
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Figure 11.4 An IGT is significantly more common among neuropathy patients than in age

matched normal subjects.
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3.1.2. Clinical Features

DLRPN occurs most frequently in older patients with type 2 diabetes, although it may

occur in type 1 diabetes. Although most patients have long established diabetes,

DLRPN may be the first sign of diabetes (113). When compared with patients having

DSP, those with DLRPN have better glycemic control, fewer other end-organ compli-

cations and a lower body mass index (114). This observation has important pathogenetic

implications.

DLRPN most often presents with sudden-onset of asymmetric lower extremity pain

typically involving the thigh more than the lower leg. Pain may be deep and aching or

sharp and lancinating. The pain is soon followed by progressive weakness and atrophy

of involved muscles, and is often associated with significant weight loss. Progression to

the contralateral limb occurs in most patients, and many have associated truncal radiculo-

pathies. Autonomic symptoms including sexual, bowel and bladder dysfunction, and

orthostatic hypotension occur in half (114,115).

Upper extremities are clinically affected in �10–15%, predominantly with distal

numbness and weakness, although proximal involvement also occurs (114,116). Pain is

frequent, although usually not the dominant symptom. Upper extremity involvement

usually immediately follows lower extremity onset, but may occur weeks or months

later. Regardless, the onset and electrophysiologic features are similar in upper and

lower extremities suggesting axonal injury to roots and plexus. Patients who develop

upper extremity symptoms are more likely to have associated truncal radiculopathies,

an observation that links these findings to classical DLRPN (116).

The natural history of DLRPN is progression over several months, with nadir within

6 months, although occasional patients achieve their peak disability as rapidly as weeks or

as slowly as a year or more (114,117,118). Most patients are disabled due to both severe

pain and weakness. Pain control usually necessitates opiate therapy. Weakness may be sig-

nificant, with half of patients using a wheelchair for ambulation. After the nadir, symptoms

typically remain stable for several months and then improve spontaneous over the follow-

ing year (Fig. 11.5) (118). Because of spontaneous recovery, the true severity of DLRPN is

often underemphasized. Although most patients recover substantially, most have signifi-

cant residual symptoms with half requiring long term assistance with ambulation (114).

3.1.3. Laboratory and Electrodiagnostic Evaluation

DLRPN is usually associated with spinal fluid cyto-albuminemic dissociation, with

protein 200 mg/dL and above. Oligoclonal bands may be observed in one-third of patients

Table 11.4 Terms Used for the

Syndrome of DLRPN

Diabetic amyotrophy

Bruns garland syndrome

Diabetic lumbosacral radiculopathy

Diabetic plexopathy

Diabetic myelopathy

Proximal diabetic neuropathy

Ischemic mononeuritis multiplex

Femoral neuropathy

Femoral sciatic neuropathy

DLRPN
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(115). DLRPN with an elevated serum erythrocyte sedimentation rate has been thought to

represent a distinct disorder (119), but current consensus is that these patients fall within

the spectrum of a single disorder (113).

NCS/EMG studies reveal a distal diabetic peripheral polyneuropathy, with reduced

sensory and motor responses, slowed conduction velocity and prolonged F-wave latencies

in the legs, in 75% of patients (118). Demyelinating features are not of sufficient severity

to fulfill formal electrodiagnostic criteria for an acquired demyelinating neuropathy (e.g.,

CIDP) (115). EMG reveals fibrillations and positive sharp waves with reduced recruitment

and increased motor unit amplitude in weak limb and paraspinal muscles, with findings

more widespread than clinical symptoms. Thoracic paraspinal muscles may also have evi-

dence for ongoing denervation. This constellation of findings is consistent with involve-

ment of both nerve root and plexus in addition to peripheral neuropathy and forms the

basis of the term DLRPN.

3.1.4. Differential Diagnosis

The differential diagnosis of DLRPN is limited. Lumbosacral disc disease is the most

common cause for diagnostic confusion, especially among non-neurologists. CIDP may

be considered because both have proximal and distal weakness associated with lower

Figure 11.5 The natural history of six patients with DLRPN is displayed. The average muscle

strength measured using an expanded Medical Research Council scale initially declines and then

improves over the following years. Despite significant improvement, no patient achieves normal

strength.
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extremity areflexia and cyto-albuminemic dissociation, however asymmetry and severe

pain are atypical for CIDP, and evidence for primary demyelination is lacking in

DLRPN (114,115). In occasional patients, differentiation may be difficult, and empiric

treatment with corticosteroids or intravenous immunoglobulin may be appropriate,

especially given evidence that DLRPN may respond to treatments typically used for CIDP.

A syndrome otherwise identical to DLRPN may occur in nondiabetic subjects, lum-

bosacral radiculoplexus neuropathy (LRPN), but these patients should undergo a careful

evaluation for diabetes, including a OGTT (120).

3.1.5. Pathology and Pathogenesis

DLRPN causes multifocal fiber loss with perivascular inflammation in nerve biopsy tissue

(117,119,121,122). It had been suggested that metabolic factors are primarily involved in

milder disease and that a superimposed inflammatory process with nerve ischemia are also

involved in more severe disease (123,124). However, a vasculitis involving vessels in the

epineurial and perineurial with transmural inflammation is observed in half of patients, and

significant perivascular lymphocytic infiltrates in most others, but frank vasculitis not

observed (114,125,126). Other findings supporting a vasculitis are hemosiderin in macro-

phages, neovascularization, and multifocal fiber loss. Immunoglobulin and complement

deposition may also occur (Fig. 11.6) (125).

Supportive evidence for inflammatory vs. metabolic-induced microvascular injury

includes better glycemic control in patients with DLRPN than those with DSP and the

observation that DLRPN may herald the diagnosis of diabetes (113). Further, spontaneous

improvement in nearly all patients would be unexpected in a metabolic or degenerative

process. The observation of occasional oligoclonal bands also supports an inflammatory

process. Lastly, the apparent response of some patients to immunomodulatory therapy

is consistent with an autoimmune etiology.

3.1.6. Treatment

Immune-suppressing therapy has been used in DLRPN based on evidence that it may have

an autoimmune basis. Therapies tried include intravenous corticosteroids, IVIG, and

plasma exchange (115,120,127,128). It is challenging to assess treatment efficacy in a

disorder whose natural history is spontaneous improvement (124). Two double-blind

placebo controlled studies are ongoing, one with intravenous corticosteroids and the

other with IVIG (113), and routine use of IVIG or corticosteroids to treat patients with

Figure 11.6 Pathologic data support an inflammatory etiology for DLRPN. Sensory nerve biopsy

reveals inflammation involving small blood vessels (A) and fascicle-to-fascicle variation in fiber

loss, supporting an ischemic process (B).
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DLRPN should await the results of these studies. Aggressive therapy for pain is important.

Agents specifically directed at neuropathic pain (e.g., tricyclic antidepressants and

anticonvulsants) are appropriate, but most patients require the use of oral opiates.

3.2. Truncal Radiculopathy

Patients present with the acute onset of pain and numbness involving the trunk (129–131).

Abdominal wall muscles may become weak, mimicking a hernia (132). The distribution of

sensory loss is variable, ranging from a discrete area within one dermatome, to bilateral

involvement spanning several dermatomes. Low thoracic dermatomes are most commonly

involved, although high thoracic dermatomes may be affected, including the axilla

(Fig. 11.7) (129). Truncal radiculopathy shares many features with DLRPN, and the

two often coexist. Elderly subjects with type 2 diabetes are most commonly affected

and the syndrome spontaneously resolves over a period of months.

There are no data on peripheral nerve or root pathology. Skin biopsy reveals epider-

mal denervation, indicating that the lesion involves the dorsal root ganglion or its distal

process. Repeat skin biopsy after clinical improvement reveals re-innervation of skin

(133). EMG studies reveal denervation of paraspinal and abdominal muscles at the

affected level (130). The acute nature, spontaneous recovery, and association with

DLRPN support an inflammatory etiology.

There are no controlled trials to guide treatment. When truncal radiculopathy occurs

with DLRPN, immune therapy may be appropriate in the acute phase. However, immune

Figure 11.7 Diabetic truncal radiculopathy may cause sensory loss and pain in a small

region within a single dermatome (A) or may involve multiple dermatomes on one side (B) or

bilaterally (C).
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treatment of isolated truncal radiculopathy is unwarranted given the disorder is self limited

and causes no disability beyond pain. Treatment should therefore focus on pain control.

Effective strategies include those useful for treatment of pain associated with DSP and

DLRPN. Because pain usually involves a focal discrete area, topical lidocaine via a

patch is a therapeutic option (134,135).

3.3. Cranial Neuropathy

Cranial mononeuropathies are a complication of diabetes. Nerves supplying extraocular

muscles, especially the oculomotor nerve, are most commonly involved (Fig. 11.8). Invol-

vement of the trochlear and abducens nerves is much less common (136). The typical

clinical presentation of a third nerve palsy is rapid onset of double vision and ptosis,

often associated with periorbital pain, although a wider distribution occurs. Classically,

the pupil is spared, although minor degrees of internal ophthalmoplegia may be observed,

especially with pupilometry (137–139). Because occasional patients with aneurysmal

third nerve palsies may spare the pupil, diabetic patients with headache and a painful

oculomotor palsy with pupillary involvement should be evaluated for an aneurysm (140).

The etiology of the third nerve palsy is unknown, but a vascular event within the

watershed zone within the third nerve itself is likely (Fig. 11.9) (141). A mesencephalic

lesion site has also been described with MRI lesions in the ipsilateral midbrain (142).

Prognosis is excellent, with most patients recovering within several months, although

occasional patients have a recurrent episode (136,138).

Facial nerve palsy (Bell’s palsy) may be more common in diabetic patients, with

prevalence rates varying between 6–66% (143–145). Perhaps more compelling data

Figure 11.8 This patient with a diabetic oculomotor neuropathy on the right demonstrates partial

ptosis and nearly complete paresis of III nerve innervated muscles, without papillary asymmetry.

The central panel is in primary gaze and arrows indicate the direction of gaze. (Image provided cour-

tesy of Dr. Kathleen Digre.)
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are the observations that 83% of nondiabetic subjects with Bell’s palsy have abnormal

taste, compared with only 14% of those with diabetes, suggesting more distal involvement

in the later group (144).

3.4. Diabetic Neuropathic Cachexia

The term diabetic neuropathic cachexia (DNC) is used for the rare condition of acute and

profound weight loss associated with severe neuropathic pain involving the distal limbs

and trunk (Fig. 11.10) (146). There is associated depression and impotence. The original

description included older men with type 2 diabetes, but other reports include women and

patients with type 1 diabetes (147–150). There is spontaneous recovery over months

without specific therapy (146).

The etiology of DNC is unknown. Nerve biopsy reveals axonal degeneration of

both large myelinated and small unmyelinated fibers with axonal regeneration (16,148).

No inflammatory changes have been observed. Unlike DSP, DNC does not appear to be

Figure 11.9 The only pathologic data from a patient with diabetic oculumotor neuropathy demon-

strates a central region of focal demyelination.

Figure 11.10 This image from Ellenberg’s initial description of DNC highlights the severity of

cachexia that may be observed.
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related to the severity and length of hyperglycemia and is not correlated with retinopathy

or nephropathy. The cachexia may be associated with malabsorption due to pancreatic

dysfunction and treatment with pancreatic supplements and a high calorie diet may be

of benefit (147).

An identical syndrome has been described after initiation of insulin or oral hypogly-

cemic therapy following a period of significant hyperglycemia (151). This entity, which

has been termed “insulin neuritis,” may be part of the spectrum of DNC (152). The

pathogenetic mechanism may be distinct. Intravenous insulin impairs tissue oxygenation

in rats when hyperglycemia is corrected. In this setting, nerve injury may be secondary to

epineurial arteriovenous shunting (150). Acute retinopathy following rapid glycemic

control has also been described and attributed to hypoxic injury (153).

4. MONONEUROPATHIES

Compressive neuropathies are more common among patients with diabetes, particularly

those with peripheral neuropathy (154). Mononeuropathies, particularly bilateral mono-

neuropathies, can be challenging to recognize in the setting of diabetic neuropathy

severe enough to involve hands. The most common compressive neuropathy in diabetes

is carpal tunnel syndrome (CTS). There are different clinical and electrodiagnostic criteria,

but electrodiagnostic evidence for median nerve slowing across the wrist is more common

than symptoms of intermittent hand numbness involving median innervated digits. Up to

one-third of unselected diabetic patients have electrophysiologic evidence of median

nerve slowing. This figure rises to 60% among older diabetic patients who have an associ-

ated peripheral neuropathy (3,155). However, only 5.7% have symptomatic CTS (154).

The pathophysiologic relationship between CTS and diabetes is not clear. The risk

of CTS correlates with the duration of diabetes, supporting a direct relationship (3,156).

The risk of CTS also correlates with obesity and body mass index (156,157). When

body mass index is controlled for, the relationship between diabetes and CTS risk is

much less robust, suggesting a more complex relationship with obesity playing an inde-

pendent role in the development of each problem (157). The obesity associated with dia-

betes may lead to fat accumulation in the carpal tunnel. Diabetic nerve may be more

sensitive to compressive injury caused by metabolic injury, microvascular dysfunction,

or impaired axonal transport or growth factor physiology. Treatment options are the

same as for patients without diabetes, but response to therapy may not be as good.

Other compressive mononeuropathies more common in diabetes include peroneal

mononeuropathy at the fibular head and ulnar mononeuropathy at the elbow. Lateral

femoral cutaneous mononeuropathies (meralgia paresthetica) may also be more

common (154).

5. CONCLUSIONS

Type 2 diabetes prevalence is increasing rapidly in the United States, particularly in

children and young adults. These trends assure that diabetic complications will also

increase, as more patients live longer with their diabetes. Peripheral neuropathy is one

of the most common complications of diabetes, and often occurs early in the spectrum

of glycemic dysregulation, during the prediabetic period of IGT. In both, diabetes and

IGT, neuropathy is most often sensory predominant and frequently painful. Autonomic

neuropathy manifesting as impotence in men, altered cardiac reactivity, gastroparesis or
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diarrhea, or unawareness of hypoglycemia is probably at least as prevalent as polyneuro-

pathy. Acute complications including DLRPN and truncal radiculopathy likely have an

inflammatory basis and may respond to immunomodulatory therapy. Acute oculumotor

neuropathies are likely due to an ischemic lesion within the brainstem or nerve fascicle

and improve spontaneously. Compressive mononeuropathies, particularly CTS, are

common among diabetic patients and may represent a source of diagnostic confusion.

Management of diabetic neuropathy requires a multimodal approach, incorporating

aggressive glucose regulation, surveillance for and prevention of foot injury and ulcers

in the sensation-compromised foot, assistance to prevent falls, and appropriate sympto-

matic treatment of neuropathic pain. Careful glucose control remains the only proven

treatment to alter the course of diabetic neuropathy. In patients with IGT or early diabetes,

aggressive, tailored diet, and exercise modification may be the most effective treatment to

lower glucose and prevent progression of hyperglycemia.
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ABSTRACT

Peripheral neuropathies may occur in the setting of various endocrine disorders, but are

rare with improvements in the laboratory detection and treatment of the endocrine dis-

orders. The neuropathies generally develop in the setting of general symptoms of the

underlying endocrine disorder. Most present with distal extremity sensory loss and

paresthesias. Exceptions include predominant motor involvement of upper limbs with

205



insulinoma and generalized weakness in addition to sensory loss with POEMS disease.

Focal neuropathies, particularly carpal tunnel syndrome, are also commonly observed.

Electrodiagnostic abnormalities vary depending on the type of neuropathy. The diagnosis

is confirmed by laboratory identification of the endocrinopathy, and treatment involves

reversal of the endocrine imbalance. The neuropathic abnormalities usually resolve

once this is achieved.

1. INTRODUCTION

Peripheral neuropathies may occur in association with several endocrine diseases other

than diabetes mellitus. However, severe endocrinopathies and associated neuropathies

are relatively rare today, as modern testing allows for earlier detection and intervention.

Much of the literature is from an earlier era, but knowledge of these disorders is important,

as endocrine disorders can be overlooked and are readily treatable. Moreover, earlier

associations have influenced modern practice, and thyroid function studies remain in

the battery of studies commonly ordered for patients presenting with newly diagnosed

peripheral neuropathies. The evidence to determine whether this practice is justified can

only be gleaned from this earlier work, although objective support is scant. This

chapter considers the clinical features, evaluation, pathophysiology, and treatment of

endocrine-related neuropathies.

2. HYPOTHYROIDISM

2.1. Clinical Features

Peripheral neuropathy has been reported in up to 40% of patients with hypothyroidism

(1,2). Using a less stringent definition of neuropathy, subjective sensory complaints

occur in 40–100% of hypothyroid patients (3–6) and objective sensory loss occurs in

10–60% (5,6). Distal extremity sensory loss associated with pain and paresthesias is

the most common neuropathic complaint (3). These symptoms may occur at any time

while the patient is hypothyroid, but increase in severity with the degree and duration

of hormone deficiency (7). Women report neuropathic complaints more commonly than

men, attributed to the increased incidence of hypothyroidism in women rather than a

gender-related predilection to develop hypothyroid neuropathy (1,4). Reduced deep

tendon reflexes are common in hypothyroidism, but this may result from other neuromus-

cular conditions, including myopathy. “Hung up” reflexes are distinct diagnostic findings

in hypothyroidism that may or may not be associated with a neuropathy (4,5). Myoedema,

an electrically silent, focal muscle contraction produced by tapping the muscle, may also

be seen but is generally not considered part of the neuropathy. The neuropathy character-

istically occurs along with other systemic features of hypothyroidism, including general-

ized fatigue, cold intolerance, dry skin and hair, weight gain, and constipation. However,

in rare instances, the neuropathy may precede the development of generalized hypothyr-

oidism, and this serves as a justification to check thyroid function tests in routine screening

for patients presenting with distal neuropathies (3,8). It should be noted that mild

hypothyroidism and distal neuropathy are relatively common entities, and there is likely

to be a degree of coincidental overlap between idiopathic distal neuropathy and hypothyr-

oidism. Thus, abnormal thyroid studies in a patient without other features of hypothyroid-

ism may be coincidental, and it is questionable whether there is sufficient evidence to

justify thyroid studies in chronic axonal polyneuropathies.
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Entrapment neuropathies also commonly occur in hypothyroidism. Phalen (9) noted

hypothyroidism in only 0.7% of his large series of carpal tunnel syndrome (CTS), but

whether this represents an increase over the expected number of cases in the general popu-

lation is unclear. Smaller studies suggest direct causation, because as many as 75% of

patients diagnosed with hypothyroidism report CTS symptoms (10,11). Another review

reports that hypothyroid patients are 70% more likely to be referred for carpal tunnel

release than the general population (12). Symptoms of median neuropathy at the wrist

are identical to patients without hypothyroidism (13). Bilateral symptoms are seen in at

least 50% of patients (10,11,14). Tarsal tunnel syndrome has also been reported in

hypothyroidism, although nonspecific clinical and electrophysiologic criteria were used

(15). Hypothyroidism has also been associated with focal neuropathy of cranial nerve

VIII, manifest by hearing loss without vestibular dysfunction. A causal association was

assumed based on improvements in subjective hearing and routine audiometric testing

with thyroid hormone replacement (16). However, other studies were unable to corrobo-

rate these findings and also noted no improvement in brainstem auditory evoked response

testing with thyroid replacement (17,18).

2.2. Laboratory

By definition in hypothyroid neuropathy, thyroid stimulating hormone levels are elevated

and thyroxine levels are depressed, whereas routine laboratory tests are normal. Elevated

serum creatine kinase levels that are seen in the myopathy are not associated with thyroid

neuropathy (2,19,20). Cerebral spinal fluid (CSF) protein levels are typically mild-to-

moderately elevated in hypothyroidism. Older studies suggest that the elevation is

related to disruptions in the blood–brain barrier, alterations in CSF drainage, or even

antibody-mediated nerve damage (6,21). CSF protein normalizes with therapy for the

hypothyroidism (21).

Nerve conduction studies in hypothyroid neuropathy typically show features of

demyelination with reduced motor and sensory velocities in both upper and lower extre-

mities, sometimes with superimposed conduction blocks or abnormal temporal dispersion

(8,22–26). Reduced amplitudes are less common (22,25). Nerve conduction abnormalities

can be detected in hypothyroid patients even in the absence of neuropathic symptoms

(23,26). Needle electromyography (EMG) may show overlapping myopathic changes

(2,27), acute denervation (28,29), or myotonic discharges (30), owing to the mixture of

myopathic and neuropathic disorders related to hypothyroidism.

Electrodiagnostic abnormalities in CTS related to hypothyroidism are similar to

findings in patients with normal thyroid function. Clinical and electrodiagnostic abnorm-

alities improve with treatment and return to the euthyroid state (10,14).

2.3. Pathology/Pathophysiology

The pathophysiology of hypothyroid neuropathy has not been clearly elucidated. Early

studies reported changes consistent with primary axonal degeneration and a “mucinous

substance” infiltrating the endoneurium and perineurium in many patients (6). Later

studies challenged the findings of a primary axonopathy, reporting instead primarily

demyelinating changes, including decreased myelin fiber density and segmental demyeli-

nation (22,31). Glycogen accumulations within nerve fibers on EM, a feature also seen on

muscle biopsy in hypothyroid myopathy, have been reported (22). The pendulum

has swung back and recent studies to report axonal changes including disintegrated
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neurofilaments, altered axoplasmic organelles, and increased numbers of regenerative

clusters (24,32,33).

It has been theorized that median nerve compression (CTS) occurs as a result of

swollen, myxoedematous tissues under the flexor retinaculum (10,14). However, no

biopsy studies of hypothyroid-related median neuropathy have been performed to

further clarify this hypothesis. Edematous muscle tissue, the primary diagnostic feature

of a subtype of hypothyroid myopathy known as Hoffman’s syndrome (28), may cause

CTS by similar physiologic mechanisms.

2.4. Treatment

Neuropathic symptoms and clinical examination abnormalities resolve with correction of

the hypothyroid state (2,3,24,32,33). Prolonged recovery, up to several years may be

noted, although slow and steady improvement is typical (2,7). Nerve conduction study

abnormalities (8,22,31), needle EMG changes (30,31), and CSF protein (21) normalize

with management of the hypothyroidism.

3. HYPERTHYROIDISM

3.1. Clinical Features

The association between hyperthyroidism and polyneuropathy is unclear. In a small series,

electrodiagnostic abnormalities resolved with hyperthyroid management in a quarter of

cases (34). The electrodiagnostic findings necessary for inclusion in this unblinded study

were decreased motor unit recruitment and increased motor unit action potential amplitude

on needle EMG in intrinsic hand and foot muscles, but neither nerve conduction nor clinical

histories were reported (34). Other efforts to establish an association between hyperthyroid-

ism and peripheral neuropathy have not lead to a firm conclusion. One report addressing per-

ipheral nervous system dysfunction focused on myopathy, and the small number of patients

with neuropathic complaints were not studied in detail (35). It has also been suggested that

hyperthyroidism predisposes to Guillain–Barré syndrome, but no clear association is appar-

ent from a small case series (36). Basedow’s paraplegia, a rare progressive sensorimotor loss

restricted to the legs, has been linked to hyperthyroidism, but responses to hyperthyroid

management have been questionable and incomplete (37,38).

A relationship between thyrotoxicosis and a motor neuron disease-like presentation

has also been proposed based on a single case report of a patient with limb and bulbar

weakness, diffuse hyperreflexia, and acute denervation on EMG that responded to

hyperthyroid management (39).

A slightly better argument has been made for focal compressive neuropathies with

hyperthyroidism. Two case series associate various entrapment neuropathies, including

CTS, peroneal neuropathy at the fibular head, and lateral femoral cutaneous neuropathy

(meralgia paresthetica), with thyrotoxicosis, many of which display symptomatic

improvement to hyperthyroid therapy (40,41). A recent prospective study reported that

5% of hyperthyroid patients develop clinical and electrophysiologic evidence of CTS,

and the majority of these patients respond to hyperthyroid management alone (42).

4. ACROMEGALY

4.1. Clinical Features

Acromegaly is caused by elevated levels of growth hormone (GH), usually due to a

pituitary adenoma. Neuropathic complaints, suggestive of a generalized polyneuropathy,
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occur in 30–40% of patients and commonly include paresthesias, numbness, and pain

involving the distal extremities (43–45). Distal extremity weakness may also occur

(46). Peripheral nerves may be palpably enlarged (44,47). A myopathy, manifested by

proximal limb weakness of insidious onset, may develop late in the disease course, and

may confound the clinical picture if the two occur concurrently (48).

Compression neuropathies, in particular CTS, have been reported to occur with

increased frequency in acromegaly, with incidences in 35–65% of patients, and include

bilateral symptoms in many patients (46,49,50).

4.2. Laboratory

Nerve conduction studies in acromegalic polyneuropathy reveal mild-to-moderate conduc-

tion velocity slowing in both motor and sensory nerves. Sural sensory amplitudes are reduced

(44,45). Needle EMG typically shows mild chronic denervation (51), but shows nonspecific

myopathic abnormalities if the myopathy occurs concurrently (48). Nerve conduction

studies in CTS show prolonged median motor and sensory latencies in only 50% of cases.

This raises questions about the accuracy of the clinical assessment and the reported incidence

of CTS in acromegaly (50,52). A magnetic resonance imaging (MRI) study of the median

nerve in symptomatic acromegalic patients noted hyperintense signals on T2-weighted

images within the nerve suggesting intraneural edema (53). However, this finding is also

seen in typical CTS and is again not specific for acromegaly. The features of a polyneuro-

pathy due to acromegaly are not specific, the diagnosis of the underlying condition rests

on recognizing the presence of other features of the condition and demonstrating elevated

GH levels. It should be noted that diabetes is commonly associated with acromegaly and

may affect the interpretation of electrodiagnostic features of the neuropathy (44,45,47,52).

4.3. Pathology/Pathophysiology

Nerve biopsies in acromegalic patients reveal demyelinating changes, including paranodal

and internodal loss of myelin, decrease in myelin fiber density, and frequent “onion bulb”

formations (44,46). The severity of the demyelinating abnormalities has been directly cor-

related with the duration of excess GH levels (46). Massive collagen deposits in the epineur-

ium and perineurium, and axons packed with membranous debris have been observed on

electron microscopy, which may explain the clinically enlarged nerves occasionally seen

on examination (51).

The pathophysiology of the polyneuropathy in acromegaly is unknown. GH alters

energy metabolism toward an anabolic state. Elevated GH levels may induce the conversion

from carbohydrate to lipid utilization for energy, increase fatty acid oxidation, impair gly-

colysis, increase protein synthesis, and reduce protein breakdown. In CTS, the observation

that patients who symptomatically improve if GH levels normalize, whereas those with

ongoing elevations do not also suggests direct causation (49). Edematous, hypertrophied

synovial tissue, with or without intraneural edema of the median nerve, is considered the

most likely pathophysiologic mechanism (44,53–57). GH is suspected to trigger the pro-

nounced soft tissue enlargement and edema, given its known anabolic properties. GH also

produces electrolyte abnormalities, including sodium retention, which may cause soft

tissue edema (54). A reduction in the size of the carpal tunnel from bony overgrowth is unli-

kely given the rapid symptomatic improvement that is often seen following treatment (52).

4.4. Treatment

Clinical (44,54,55) and electrophysiologic (50,53) improvement with treatment and resol-

ution of elevated GH levels is well documented. The most significant benefits have been

Endocrine Neuropathies 209



obtained with pituitary surgery to remove a GH-producing adenoma, but radiotherapy of

the pituitary gland has also produced clinical improvement (49). The improvement mainly

occurs within a few weeks of the procedure (49,54–56). Bromocriptine, which can block

excess GH levels, has also produced rapid symptomatic improvement (56). Routine carpal

tunnel release is a procedure of last resort (49).

5. HYPOPARATHYROIDISM

Hypoparathyroidism and pseudohypoparathyroidism are not known to cause a polyneuro-

pathy. The most common neuromuscular problem associated with hypoparathyroidism is

tetany, which is the result of hyperexcitable peripheral nerves. Tetany is elicited by hyper-

ventilation, tapping the face (Chvostek’s sign) or impeding venous return in a limb to

induce carpopedal spasm (Trousseau’s sign). Other neurologic complaints that may be

confused with peripheral neuropathy include paresthesias, carpopedal spasms, fatigue,

and cramps, all of which are related to nerve hyperexcitability associated with low

levels of calcium and magnesium (48,58). The tetany and paresthesias resolve with

calcium and vitamin D replacements (58,59). Magnesium supplements are also recom-

mended, if levels are reduced.

6. INSULINOMA

6.1. Clinical Features

A rare neuropathy with distinct features occurs in patients with recurrent hypoglycemic

episodes due to an insulinoma of the pancreas (60). Men are affected more than

women, and the mean age at presentation is 40 years. Episodic confusion and disorien-

tation are the hallmarks of insulinoma, and the neuropathy develops after variable time

periods following the onset of a relatively severe episodic disturbance in mental status

(61). The unique features are a symmetric predominantly motor neuropathy marked by

weakness and atrophy affecting the upper extremities more than the lower with burning

pain and paresthesias (61). There may be an objective sensory loss, and deep tendon

reflexes are reduced or absent on examination.

6.2. Laboratory

Diagnosis is based on demonstrating low glucose levels after overnight fasting and inap-

propriately elevated insulin levels (60). Nerve conduction studies typically reveal a sen-

sorimotor polyneuropathy marked by reduced motor and sensory nerve amplitudes with

normal or mildly reduced conduction velocities (60). Computed tomography imaging of

the abdomen is used to identify single or multiple pancreatic lesions. Tumors associated

with neuropathy are most commonly islet-cell adenomas, although islet-cell carcinomas

are described (61). There are two reports of patients with multiple endocrine neoplasia

(MEN-1), with insulinoma and parathyroid adenomas who developed a similar polyneuro-

pathy (61,62). Nerve biopsies display evidence of primarily axonal neuropathy (61).

6.3. Pathology/Pathophysiology

The underlying pathophysiology is not known. Historically, mild distal sensory poly-

neuropathies were described in psychiatric patients receiving insulin shock therapy.
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However, the phenotype of this neuropathy differs from that seen in insulinoma, and hypo-

glycemic episodes were induced much less frequently and over longer periods of time,

suggesting an alternative underlying cause (61). Prolonged hypoglycemia is not likely a

direct cause as peripheral nerves are less dependent on glucose and may utilize alternate

nutrient sources compared with central nervous system neurons (60). Other theories

include toxic effects of elevated insulin, unknown factors released by the tumor, or a para-

neoplastic syndrome (60,61).

6.4. Treatment

Surgical removal of the insulinoma reliably results in resolution in sensory abnormalities.

Resolution of motor abnormalities is less common, although dramatic improvements in

strength are reported (61).

7. POEMS SYNDROME

POEMS syndrome [polyneuropathy, organomegaly (hepatosplenomegaly or lymphadeno-

pathy), endocrinopathy, M protein, and skin changes] is an uncommon plasma cell dys-

crasia with diverse manifestations. It is also known as Crow–Fukase syndrome. The

multisystem dysfunction occurs frequently in association with osteosclerotic myeloma.

Castleman’s syndrome (multicentric angiofollicular lymph node hyperplasia) may have

some features POEMS such as polyneuropathy, Addison’s disease, and sclerotic bone

lesions. In contrast to the other polyneuropathies in this chapter, the endocrine disorder

is not thought to be the direct cause of the neuropathic abnormalities, but instead, an

underlying plasma-cell dyscrasia causes both the neuropathy and the endocrinopathy.

However, POEMS should be kept in the differential diagnosis of patients with both endo-

crine dysfunction and polyneuropathy. Of the endocrinopathies associated with POEMS

syndrome, diabetes mellitus is the most common, occurring in 30–50% (63,64).

Thyroid dysfunction has been reported in 40–60% in nonAsian populations (63). Other

endocrine abnormalities are less common and include impotence, gynecomastia, amenor-

rhea, hypogonadism, hyperestrogenemia, and hyperprolactenemia (63,64).

The onset of the neuropathy is subacute affecting both proximal and distal strength

in a symmetric distribution involving all extremities (63). Sensory loss is distal in distri-

bution and may affect the hands and the feet. Examination shows generalized areflexia or

hyporeflexia. Electrodiagnostic testing reveals sensory and motor axonal changes, with

varying degrees of superimposed conduction slowing. The latter finding may be near

the range of that seen in chronic demyelinating polyneuropathy.

The combination of a recent-onset endocrine disorder and a generalized, subacute

polyneuropathy may be an initial clue for POEMS syndrome. Overlooking the significance

of the endocrinopathy has frequently led to the misdiagnosis of chronic inflammatory

demyelinating polyradiculoneuropathy (CIDP) and to endocrine-related neuropathies in

this clinical setting. Many patients with POEMS have been diagnosed with diabetes and

a diabetic neuropathy, but most neuropathies in POEMS have a relatively more rapid

onset than a diabetic neuropathy. Similar time courses apply to patients who have a

recent onset of hypothyroidism and a neuropathy. The finding of a monoclonal gammopa-

thy, most commonly IgG or IgA l, is an important clue to the diagnosis. The quantity of

monoclonal immunoglobulin is commonly small, and may be missed on protein electro-

phoresis, and immunofixation testing is recommended. Nonneurologic abnormalities,

including endocrine-related symptoms, should also be sought, as patients may not

Endocrine Neuropathies 211



volunteer them. Dermatologic abnormalities include hyperpigmentation, thickened skin,

hypertrichosis, and papular angiomas (63,65). Enlargement of the spleen, liver, or

lymph nodes is rarely obvious on examination, but easily diagnosed on imaging of the

chest and abdomen. Thrombocytosis, papilledema, and peripheral edema also occur

commonly (63,64).
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ABSTRACT

Peripheral neuropathy may occur in nearly all rheumatologic disorders. Vasculitic neuro-

pathy represents the most severe example and is characterized by acute motor and sensory

loss in multiple nerve territories associated with prominent pain. Other neuropathic

complications occur, including sensory neuronopathy, trigeminal neuropathy, nonvas-

culitic distal symmetric polyneuropathy, demyelinating polyneuropathy, compression

neuropathies, and autonomic neuropathy. Neuropathy usually occurs in the setting of

known disease, but may precede rheumatologic symptoms, and the presence of systemic

symptoms such as rash, fever, malaise, or renal dysfunction raises the possibility of an

associated rheumatologic illness.

Evaluation focuses on electrodiagnostic testing for evidence of primary axon lesions

in multiple peripheral nerves (mononeuritis multiplex) or a confluent neuropathy with an

asymmetric distribution that suggests a vasculitic neuropathy. Nerve biopsy is definitive

for diagnosing vasculitis. Primary demyelinating, compression, and autonomic neuropa-

thies are also identified by electrodiagnostic testing. Treatment depends on the type of neu-

ropathy, and vasculitic neuropathy requires aggressive immunosuppression. Compression

neuropathies can be treated conservatively or with surgical decompression. Symmetric

polyneuropathies are treated in concert with the underlying rheumatic disease.

1. INTRODUCTION

Rheumatologic diseases represent a variety of syndromes and mechanisms, although most

involve some degree of immune dysregulation. Many rheumatologic diseases affect per-

ipheral nerves, giving rise to a spectrum of neuropathies ranging from acute and severe

mononeuropathy multiplex to indolent distal symmetric polyneuropathy and compression
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neuropathies (Table 13.1). These neuropathies are most challenging when they are the pre-

senting symptoms of a rheumatologic disease. Given the wide variety of rheumatologic

disorders, we have organized our discussion by peripheral nervous system manifestation

rather than by rheumatologic disease type. An algorithm assists in the assessment of indi-

viduals with known rheumatologic disease who present with involvement of the peripheral

nervous system (Fig. 13.1).

2. CLINICAL FEATURES

2.1. Mononeuropathy Multiplex

Mononeuropathy multiplex is a multifocal neuropathy characterized by sensory loss,

weakness, and frequently pain, in the distribution of one or more peripheral or cranial

nerves. In the setting of known rheumatologic disease, mononeuropathy multiplex is

essentially always due to vasculitis, and the onset is typically acute or subacute. Nerve

pathology in vasculitis is multifocal nerve ischemia and infarction. Vasculitis usually

affects one nerve at a time, in a stepwise fashion, and in 20–40% of patients, nerve invol-

vement is sufficiently discreet that individually involved nerves can be identified clini-

cally. Certain nerves are more commonly involved, perhaps due to restricted collateral

blood flow. In the lower extremities, the peroneal division of the sciatic nerve is involved

90% of the time, often in the watershed zone in the mid-thigh (1). In the upper extremity,

the ulnar nerve is affected 35–40%, localized most commonly to the upper arm (1). Other

nerves include the sural (85%), the posterior tibial nerve (40–70%), and the median nerve

(25%) (2–13).

There are frequent exceptions to the classic stepwise presentation. Multiple mono-

neuropathies may be extensive, and involvement of individual nerves may not be dis-

tinguishable clinically (3–5,10–12). In 25–30% of patients, overlap results in a distal,

symmetric “stocking-glove” pattern. With questioning, patients may have a history of

asymmetric onset or stepwise progression to suggest a vasculitic etiology.

Nerve ischemia affects both motor and sensory and large and small fibers (2,16).

However, isolated motor or sensory involvement can occur (4,17). Systemic lupus erythe-

matosis (SLE) and Sjögren’s syndrome are also associated with predominantly asym-

metric sensory neuropathies with vasculitis of epineurial vessels (14,15). Although

burning, dysesthetic pain is common in affected limbs (80%), pain may be absent

despite clear motor involvement (16). The typical course is acute or subacute, with

steady progression over weeks to months, but occasional patients have an indolent

course over years or a stepwise course with quiescent periods of weeks to months. Spon-

taneous remissions and exacerbations are rare.

Table 13.1 Types of Neuropathy Complicating the Major Rheumatic Diseases

Disease

Neuropathy

Sensorimotor

Sensory

neuronopathy

Mononeuropathy

multiplex

Demyelinating

neuropathy

Compressive

neuropathies

Trigeminal

neuropathy

Vasculitis þ 2 þ 2 2 2

RA þ 2 þ 2 þ þ

Sjögren’s þ þ þ þ þ þ

SLE þ 2 þ þ 2 þ

Scleroderma þ 2 2 2 þ þ

MCTD þ 2 2 2 2 þ

Note: RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; MCTD, mixed connective tissue disease.
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The term “vasculitis” refers to the pathologic condition of inflammation and necrosis of

blood vessel walls. Vasculitis can be primary or secondary. In primary vasculitis, the vascu-

lides is the defining feature of the condition. Almost all corrective tissue diseases can cause a

secondary vasculitis, or secondary vasculitis can result from exposure to an exogenous

antigen such as a drug or infectious agent. The vasculitis involving peripheral nerves can

be divided into five main categories based on the size of involved vessels and presumed

immunopathologic mechanisms (Table 13.2). As a general rule, an underlying systemic

necrotizing vasculitis should be considered in any patient with neuropathy and clinical or

laboratory evidence of dysfunction in kidneys, skin, lung, bowel, or liver, particularly if sys-

temic symptoms such as fatigue, anorexia, weight loss, arthralgias, and fevers are also present.

 

Patient with known rheumatologic 
disease who develops neuropathic 
symptoms (excluding isolated trigeminal 
neuropathy) 

Consider compression 
neuropathy or vasculitis 

Consider 
surgical or 
symptomatic 
treatment  

Consider generalized 
polyneuropathy, confluent 
mononeuropathy multiplex 

Consider vasculitic disease,  
sensory neuronopathy, 

focal compression 
 

EMG  

Aggressive immuno-
suppression with 

cyclophosphamide and 
prednisone 

Supportive care 
Consider trial of 
IVIg or prednisone 

Symptomatic treatment. 
Treatment of underlying 
disease, consider drug 
toxicity 

IVIG, plasmapheresis, 
immunosuppression, 
consider drug toxicity 

Nerve/muscle  
Biopsy  

EMG EMG 

c/w focal 
compression 

c/w vasculitis 

c/w focal 
compression 

c/w vasculitis  
Asymmetric
or multifocal

 
 

c/w sensory 
neuronopathy 

c/w vasculitis 

Not c/w vasculitis 

Focal or multifocal,  
acute painful and  
severe symptoms  

Focal or multifocal 
indolent symptoms 

Generalized or distal 
symmetric symptoms 

Axonal 

Demyelinating 

Figure 13.1 Algorithm for evaluation of neuropathic symptoms in patient with known rheumato-

logic disease.
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2.1.1. Systemic Necrotizing Vasculitis

Peripheral nerve involvement occurs in the setting of a heterogeneous group of potentially

life-threatening rheumatologic diseases that affect multiple organs, including polyarteritis

nodosum (PAN), microscopic polyangiitis, Churg–Strauss syndrome, Wegener’s granuloma-

tosis, and vasculitis associated with connective tissue diseases. Most of these disorders involve

small- and medium-sized arteries, and all but PAN may involve smaller vessels as well. The

incidence of peripheral nerve vasculitis varies: 60% with PAN, 20% with Churg–Strauss

syndrome and microscopic polyangiitis, and 15% with Wegener’s granulomatosis (18–24).

Systemic symptoms in the systemic vasculitides include fever, fatigue, anorexia,

weight loss, and arthralgias. Each rheumatologic disease has a characteristic pattern of

organ involvement and laboratory abnormalities. PAN most commonly involves the

kidneys, skin, muscle, gastrointestinal tract, and testes. Thirty percent of patients have

evidence of hepatitis B infection. Microscopic polyangiitis is typically associated with

rapidly progressive glomerulonephritis and palpable purpura, with concurrent pulmonary

involvement in 50% of patients (22). Churg–Strauss syndrome is characterized by

eosinophilia and asthma, with vasculitis affecting multiple organs, but with a predilection

Table 13.2 Classification of the Vasculitides

Vasculitides resulting from immunologic mechanisms

Systemic necrotizing vasculitis

PAN (classic or hepatitis B-associated)

Antineutrophil cytoplasmic antibody (ANCA)-associated

Microscopic polyangiitis

Churg–Strauss syndrome

Wegener’s granulomatosis

Vasculitis associated with connective tissue disease

Rheumatoid arthritis

Sjögren’s syndrome

Systemic lupus erythematosus

Others

Hypersensitivity vasculitisa

Cryoglobulinemic vasculitisb

Henoch–Schonlein purpura

Drug-induced vasculitisb

Vasculitis associated with malignancy or infectionb

Giant cell arteritis

Temporal arteritis

Takayasu arteritis

Nonsystemic vasculitic neuropathy

Miscellaneous vasculitides

Behçet’s disease

Kawasaki disease

Relapsing polychondritis

Vasculitides resulting from direct infection

Bacterial (syphilis, tuberculosis, Lyme)

Fungal (Cryptococcus, aspergillosis)

Rickettsial (Rocky Mountain spotted fever)

Viral (VZV, CMV, HIV)

aAlso called cutaneous leukocytoclastic angiitis if skin is the only

organ involved.
bAlso can produce a systemic necrotizing vasculitis.
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for lung (2,25). Despite the fact that Churg–Strauss syndrome is also known as allergic

angiitis and granulomatosis, eosinophilic granulomas are rare in any organ (20%) (25).

Wegener’s granulomatosis is characterized by granulomas in the respiratory system and

prominent involvement of the sinuses, lungs, and kidneys (26,27).

Necrotizing vasculitis can also occur in association with connective tissue diseases,

especially RA, and less frequently with Sjögren’s syndrome and SLE (28). Vasculitic

neuropathy is rare in scleroderma (29–31), Behçet’s syndrome (32), and mixed connective

tissue disease (33). Nearly 10% of patients with rheumatoid arthritis (RA) develop vascu-

litic neuropathy, usually in the setting of severe and chronic skin changes, nonarticular

manifestations of the disease, and accompanying systemic manifestations such as fever,

malaise, weight loss, and cutaneous vasculitis (34,35). The prevalence of vasculitic

neuropathy in Sjögren’s syndrome is estimated at 5–10% and that in SLE at 5%. The pres-

entation is often a mononeuropathy multiplex (15,36,37), but vasculitic changes have been

seen on biopsy in Sjögren’s patients with a purely sensory neuropathy and in SLE patients

with symmetric motor . sensory neuropathy, and a lumbosacral polyradiculopathy (38).

2.1.2. Hypersensitivity Vasculitis

The term hypersensitivity vasculitis originally described a purely cutaneous vasculitis

characterized pathologically by a leukocytoclastic reaction, with a clear history of

exposure to a precipitating antigen and clinical resolution within a few weeks.

However, the concept has evolved to include a wider range of disorders (Table 13.2),

some without clear a precipitant, some with involvement of other organs and requiring

immunosuppressive therapy. Vasculitic neuropathy is most common in essential mixed

cryoglobulinema (39–41). It is uncommon with other hypersensitivity vasculitides,

including the hypersensitivity vasculitis occurring as an immunologic reaction to nearly

any type of infection or to a variety of drugs, both illicit (amphetamines, cocaine, and

heroin), and prescription (multiple antibiotics, cyclophosphamide, methotrexate, and

interferon-alpha) (42,43). Hypersensitivity vasculitis occurs seen as a true paraneoplastic

syndrome resulting from an immune response to the tumor with increased frequency in

hematologic malignancies, especially hairy cell leukemia (44). The occurrence of hyper-

sensitivity vasculitic neuropathy in association with solid tumors is debated (44–49).

2.1.3. Giant Cell Arteritis

Giant cell arteritis includes Takayasu arteritis and temporal arteritis, which cause giant cell

formations in large- and medium-sized arteries. Vasculitis of the peripheral nerves has

been reported rarely in temporal arteritis only (50).

2.1.4. Nonsystemic Vasculitic Neuropathy

This is the second most common cause of vasculitic neuropathy. Like PAN, nonsystemic

vasculitic neuropathy involves small- and medium-sized arteries of the epineurium and

perineurium. As the name implies, clinical involvement is restricted to the peripheral

nervous system (4,13), although subclinical involvement of other organs, particularly

skeletal muscle, can be demonstrated on biopsy (16,51). Whether this condition is a true

organ-specific vasculitis or a restricted form of PAN is unclear. The course of nonsystemic

vasculitic neuropathy is more indolent, and the prognosis more benign, than that of PAN.

2.1.5. Vasculitis from Direct Infection

Peripheral nerve vasculitis has been reported in association with many bacterial, fungal,

rickettsial, and viral agents (Table 13.2). In cases with herpes zoster and cytomegalovirus
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infection, the vasculitis may result from direct invasion of the vessel wall, but most cases

are thought to be due to secondary deposition of immune complexes in involved vessels.

2.2. Sensory Neuronopathy

Patients with sensory neuronopathy present with paresthesias and dysesthesias involving

limbs, trunk, and face. At onset, the distribution of the sensory abnormalities is typically

asymmetric and not length-dependent, but often becomes symmetric with disease pro-

gression. Loss of proprioception leads to sensory ataxia, and this disorder is also called

ataxic sensory neuronopathy. Accompanying autonomic dysfunction is common,

causing tonic pupils, orthostatic hypotension, anhidrosis, and facial flushing. Onset

varies from acute to chronic. Examination shows prominent large-fiber sensory loss,

with less prominent loss of small-fiber sensory modalities. Sensory ataxia, pseudoatheto-

sis, and areflexia are usually seen. Strength is normal (52–55).

2.3. Polyneuropathy

2.3.1. Axonal Polyneuropathy

Symmetric axonal sensorimotor neuropathy is a common manifestation of most rheuma-

tologic diseases. Although such neuropathies may result from chronic vasculitis affecting

multiple nerves, differentiating confluent vasculitic mononeuropathies from nonvasculitic

sensorimotor neuropathies is not always straightforward. More often, there is no clear

vasculitic component. A history of discrete multiple mononeuropathies or a prominent

asymmetry supports a vasculitic cause. Nerve biopsy can help with the diagnosis. When

a definite distinction between a nonvasculitic sensorimotor neuropathy and a confluent

vasculitic mononeuropathy multiplex cannot be made, treatment is guided by the severity

and progression of the neuropathy.

Rheumatoid Arthritis. The prevalence of neuropathy in RA varies markedly

from 10% to 75% (56,57). This is due in part to different criteria used to assess the pre-

sence or absence of neuropathy, with the higher percentage when the diagnosis is based

on detailed clinical and electrophysiologic examinations. Patients typically present with

distal paresthesias and sensory loss involving all modalities. Neuropathic pain may also

be present. In more advanced cases, gait problems may also be present, but these may

be difficult to sort out from underlying arthritic problems. Although the neuropathy

may present as a symptomatic disorder, it is often found incidentally on examination.

Systemic Lupus Erythematosus. Approximately 5–20% of patients with SLE

develop symptoms and signs of a distal symmetric neuropathy (58,59). Mild paresthesias,

pain, and sensory loss in the feet are the most common presenting symptoms (14,15).

Nerve conduction abnormalities greater than expected for age occurred in 33% of patients

followed over a 7 year period (60). There is no clear association between the deteriorating

nerve function and medications or other disease-associated factors. GM1 antibodies have

also been found to be elevated in SLE patients with and without neuropathy, whereas anti-

sulfatide antibody levels are normal (61). Although biopsy generally reveals distal axonal

loss, demyelinating and vasculitic pathology may also occur.

Sjögren’s Syndrome. Sjögren’s syndrome is strongly associated with a sensory

neuronopathy, but a distal sensory neuropathy occurs more frequently, affecting three-

quarters of patients (62–64). Patients present with typical distal sensory loss, pain, and

paresthesias affecting the feet. This is in contrast to the symptoms of sensory neuronopa-

thy, in which paresthesias affect the arm, trunk, and face with predominantly “large-fiber”
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symptoms including ataxia. The absence of generalized autonomic manifestations (such as

orthostatic hypotension) also suggests neuropathy rather than sensory neuronopathy. Elec-

trodiagnostic tests are helpful in distinguishing the two entities. In Sjögren’s-associated

neuropathy, abnormalities tend to be distally predominant and relatively symmetric,

whereas in sensory neuronopathy, sensory responses are reduced more diffusely and

asymmetrically. In some patients, however, differentiating neuropathy from sensory

neuronopathy may not be possible, either clinically or electrodiagnostically.

Scleroderma. Neuropathy was initially thought to occur only rarely in sclero-

derma (65). However, with careful examination and electrodiagnostic testing, it is clear

that mild, nonvasculitic neuropathy probably occurs in up to 25% (30,31,66).

Behçet’s. Axonal polyneuropathy appears to be exceptionally rare in Behçet’s

syndrome (67).

Other Diseases. Symmetric neuropathy has been reported in mixed connective

tissue disease (68), and in the rare syndrome of relapsing polychondritis (69). We have

identified two patients with symptoms of neuropathy in the setting of psoriatic arthritis

(unpublished data).

2.3.2. Demyelinating Polyneuropathy

Rare reports of demyelinating neuropathies have been associated with nearly every rheu-

matologic disease. Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP)

has been associated with RA (70). Predominantly demyelinating neuropathy has been

reported in Sjögren’s and Behçet’s syndromes (71–73). SLE appears most strongly associ-

ated with demyelinating neuropathies. Acute inflammatory demyelinating polyradiculo-

neuropathy has occurred as a presenting symptom of SLE (74–76), and there are

multiple reports of CIDP associated with SLE (77–80). Drug-induced SLE has also

been associated with CIDP (81). The Miller–Fisher syndrome has also been described

in SLE (82). Mixed connective tissue disease has also been associated with a CIDP-like

neuropathy (83,84). Scleroderma appears to be the only major connective tissue disease

with which a demyelinating neuropathy has not been associated.

2.4. Trigeminal Neuropathy

Trigeminal neuropathy, affecting sensory fibers, occurs as a complication of Sjögren’s

syndrome, SLE, scleroderma, and mixed connective tissue disease (85–87). It is the

most common neurological complication of scleroderma and complicates scleroderma

more often than other connective tissue diseases (86). When it occurs in association with

Sjögren’s syndrome, it is usually part of a more widespread sensory neuronopathy (88,89).

Patients with trigeminal neuropathy present with facial numbness involving the

second, third, or less commonly, the first division of the nerve. Oropharyngeal involve-

ment is common. Onset is usually gradual, although can be acute or subacute (86,90).

More than half of patients eventually have bilateral symptoms and pain is common

(91). Motor fibers are usually spared. Symptoms progress for months to a few years and

then stabilize, with occasional spontaneous remissions described (86). Other cranial

nerves can be affected, and patients with Sjögren’s syndrome rarely have a syndrome of

cranial polyneuropathy that is self-limited but occasionally recurrent (89).

2.5. Compression Neuropathies

Compression mononeuropathies are more common than vasculitic neuropathies in patients

with known rheumatologic disease.
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2.5.1. Median Neuropathy

The incidence of carpal tunnel syndrome in RA is 10–40% (92–94). The incidence is

5–20% of patients with Sjögren’s syndrome (62,95) and 25% with SLE (96). Compressive

neuropathies are attributed to fibrotic changes, calcium deposition, and tophaceous gout

(99–101).

2.5.2. Ulnar Neuropathy

RA may predispose to ulnar neuropathy at the elbow, with an incidence of 15–20% (102).

Tophaceous gout has been found in the ulnar groove (99) and proximal forearm (103).

Proximal ulnar neuropathy can be due to vasculitis and distinguishing between the two

can be difficult, but electrodiagnostic studies are helpful.

2.5.3. Peroneal Neuropathy

Peroneal neuropathy at the fibular head occurs rarely in the rheumatologic disorders and

often arises as a consequence of prolonged bed rest (104). Peroneal neuropathy has been

associated with the formation of Baker’s cysts in patients with RA (104). Isolated peroneal

neuropathy at the fibular head could be confused with a vasculitic lesion affecting the

proximal peroneal nerve, and electrodiagnostic studies are helpful.

2.5.4. Tibial Neuropathy

Tibial neuropathy at the ankle (tarsal tunnel syndrome) is rare, but electrodiagnostic

evidence may be found in 10% (105).

2.5.5. Other Compression Neuropathies

A variety of other focal compressive neuropathies have been found in RA, including

anterior and posterior interosseous neuropathies, digital neuropathy, and sciatic neuro-

pathy (104,106,107).

2.6. Autonomic Neuropathy

Autonomic neuropathy has been associated with many rheumatologic disorders. Dysfunc-

tion in lacrimal and salivary glands in Sjögren’s syndrome may include autonomic

dysfunction (108). Autonomic dysfunction has been found in RA (109) and SLE (110).

Autonomic dysfunction in scleroderma has been related to sympathetic over activity

and parasympathetic under activity and possibly associated with secondary cardiac

events (111). Abnormalities in sympathetic skin response have also been identified in

scleroderma (112). Acute autonomic neuropathy has also been described in mixed connec-

tive tissue disease (113). Prominent autonomic symptoms and abnormal testing have also

been reported in Behçet’s syndrome (114–116).

3. LABORATORY EVALUATION

3.1. Screening Tests without Known Rheumatologic Disease

When a patient presents with an acute picture of mononeuropathy multiplex, suspicion for

an underlying rheumatologic disorder is high and a complete work-up, often including

tissue biopsy, is warranted. However, in patients who present with more indolent
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problems, such as distal symmetric neuropathy or compression neuropathies, screening

laboratory tests are appropriate and include complete blood count, erythrocyte sedimen-

tation rate, antinuclear antibodies, and rheumatoid factor.

3.2. Evaluation in Patients with Known or Suspected
Rheumatologic Disease

3.2.1. Mononeuropathy Multiplex

Diagnostic evaluation centers on determining whether the neuronal injury is vasculitic,

and if so, determining the responsible underlying disease. An expanded list of laboratory

tests includes serum chemistries, liver and renal function studies, urinalysis, serum

auto-antibody assays (Table 13.3), and a chest X-ray. Serologic testing for antineutrophil

cytoplasmic antibodies (ANCAs) can also be helpful to diagnose Churg–Strauss

syndrome, Wegener’s granulomatosis, and microscopic polyangiitis. ANCAs have been

divided into c-ANCA, with a cytoplasmic staining pattern, and p-ANCA, with a peri-

nuclear pattern; c-ANCA and p-ANCA are usually directed against proteinase 3 and mye-

loperoxidase, respectively. c-ANCA is a sensitive and specific marker for Wegener’s

granulomatosis, whereas p-ANCA has good sensitivity but has poor specificity for

Churg–Strauss syndrome and microscopic polyangiitis (121).

Electrodiagnostic studies can demonstrate a pattern consistent with mononeuropathy

multiplex, and nerve conduction studies can assist in identifying a nerve appropriate for

biopsy (i.e., one which is mildly to moderately affected). Electrodiagnostically, vasculitic

mononeuropathy multiplex is an axonal neuropathy involving individual nerves. Nerve

conduction studies show reduced motor and sensory amplitudes with normal or mildly

slowed conduction velocities. An ischemic “pseudo-conduction block” has been described

within 7–10 days of acute ischemic injury, but is transient and disappears with axon

degeneration (117–119). Widespread vasculitic neuropathy may appear confluent on elec-

trodiagnostic testing, but disparities in motor or sensory amplitudes, either between indi-

vidual nerves in a single limb or between the same nerve on both sides, or greater

Table 13.3 Serologic Tests in Rheumatic Diseases

Test RA Sjögren’s SLE Scleroderma MCTD WG PAN Normals

Rheumatoid

factors

80–90 75–90 20–40 25–30 50–60 50–60 15–20 5–20a

ANCA 15–25 5–15 10–20 1–5 85–100 5–10

ANA screen 30–40 80–95 90–100 75–95 95–100 20–25 5–7

Centromere 60–80

Topoisomerase 20–40

dsDNA 15–40 60–70

ssDNA 15–20 10–20 60–70 10–20 10–20

Histones 15–20 50–70 25–30 10–20

Smith (Sm) 30–40

U1-RNP 35–50 5–15

SS-A (Ro) 60–70 25–40

SS-B (La) 40–60 10–45

aPrevalence increases with age.

Note: Prevalence as percent of all cases. Nonspecific tests: C3, C4, CH50, absolute eosinophil count.
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amplitude reduction in the upper compared to the lower limbs, suggest a multifocal,

nonlength-dependent process.

Needle electromyography (EMG) usually reveals evidence of subacute denervation,

consisting of fibrillation potentials and positive sharp waves, and decreased motor unit

action potential recruitment. If neurogenic injury is ,2–3 weeks old, only reduced

motor unit potential recruitment will be seen, and if injury is old (chronic) long-duration,

polyphasic motor unit action potentials will be seen. Rarely, myopathic motor units are

seen suggesting additional involvement of muscle (120). Abnormalities are distributed

in a nonlength-dependent fashion, often with significant proximal involvement.

Nerve biopsy should be performed in most patients with suspected vasculitic neuro-

pathy to confirm the diagnosis. Nerve biopsy may not be required in a patient with vascu-

litis demonstrated on biopsy of an alternative tissue in the setting of a classic, painful,

axonal, mononeuropathy multiplex. The diagnostic yield is increased if muscle is also

biopsied (10,16). Sural, superficial peroneal, superficial radial, or the intermediate

cutaneous nerve of the thigh are candidate nerves.

The pathologic appearance of vasculitis in peripheral nerve varies according to the

age of the lesion. T-cell and macrophage infiltration with necrosis of vessel walls is seen in

early, active lesions, and these changes are necessary for a definite diagnosis of vasculitis

(12,122–124). Epineurial and perineurial vessels are preferentially involved over endo-

neurial vessels (2–5). Perivascular inflammatory infiltrates alone can occur in other

types of neuropathy, and are insufficient for diagnosing vasculitis. Vasculitic changes

are associated with axon degeneration and loss, usually of differing severity and extent

between adjacent fascicles and within individual fascicles (1,3–5,12,125).

Immunohistochemical staining shows vascular deposits of immunoglobulin and

complement in 80% of cases (5,12,13,124). More chronic lesions show thrombosis and

vascular recanalization, intimal proliferation, medial hypertrophy, and hemosiderin depos-

its (126). However, because vasculitis is a multifocal process, an involved vessel may be

missed simply due to restricted nerve sampling. The sensitivity of combined nerve and

muscle biopsy for vasculitis is 60% (16). In some patients with a suggestive clinical

and laboratory picture, a diagnosis must be made presumptively based on less specific

biopsy findings which only indirectly suggest vasculitis; these include perivascular inflam-

mation, occlusion of vessels with recanalization, vascular hemosiderin or immunoglobulin

deposits, and asymmetric nerve fiber loss (4,13,16,127).

3.2.2. Sensory Neuronopathy

Electrodiagnostic testing shows reduced sensory response amplitudes with normal or

minimally slowed conduction velocities, and in more severe cases, responses may be

entirely absent. H-reflexes and blink reflexes are typically absent (52–55). Motor nerve

conduction studies and F-wave latencies are preserved. Needle EMG is usually normal,

although mild denervation may be present (54). Magnetic resonance imaging (MRI) of

the cervicothoracic spine may show dorsal column signal abnormalities consistent with

degeneration of central dorsal root ganglion projections (128). Nerve biopsy shows loss

of large myelinated fibers and scattered perivascular inflammatory cells (52,54). Dorsal

root ganglion biopsies can be done in difficult cases; a ganglionopathy with cytotoxic

CD8þ T cells surrounding neurons is diagnostic of this syndrome (54,55).

Laboratory testing in patients with sensory neuronopathy is directed at confirming

Sjögren’s syndrome and includes a Schirmer test for reduced tear production or rose

bengal staining for keratoconjunctivitis, minor salivary gland biopsy showing mononuclear

cell infiltrates, and tests of salivary gland dysfunction such as salivary scintigraphy, parotid
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sialography, or documentation of reduced unstimulated salivary flow (�1.5 mL in 15 min).

Antibodies to Ro/SS-A have a sensitivity of 60–70%, and antibodies to La/SS-B have a

sensitivity of 40–60% (129).

3.2.3. Symmetric Polyneuropathy

Electrodiagnostic testing is used to identify the symmetric distribution of the neuropathy

and to determine the primary pathology, axonal, or demyelinating.

3.2.4. Trigeminal Neuropathy

This is largely a clinical diagnosis. Electrodiagnostic testing may show abnormal blink

reflexes and needle EMG of facial muscles is usually normal (86). MRI helps to

exclude alternative causes.

3.2.5. Compression Neuropathy

Nerve conduction studies are used to differentiate focal compression neuropathy from

mononeuritis mutiplex.

3.2.6. Autonomic Neuropathy

Bedsides tests for autonomic neuropathy, such as pupillary function and orthostatic blood

pressure measurements, can be supplemented by tilt table testing, quantitative sudomotor

autonomic reflex testing, and heart rate variability with deep breathing.

4. DIFFERENTIAL DIAGNOSIS

4.1. Vasculitic Neuropathy

Other asymmetric, nonvasculitic neuropathies include multifocal demyelinating neuro-

pathy (Lewis–Sumner syndrome), diabetic or idiopathic lumbosacral radiculoplexopathy,

multifocal motor neuropathy, sarcoidosis, Lyme neuropathy, multiple nerve entrapments,

malignant infiltration of nerve, and hereditary neuropathy with liability to pressure palsies.

4.2. Sensory Neuronopathy

Other causes of sensory neuronopathy include paraneuplastic syndromes which are

frequently associated with anti-Hu antibodies (130), high doses of pyridoxine (131),

and monoclonal gammopathies (132).

4.3. Polyneuropathy

Other relatively common causes of neuropathies include diabetes, uremia, and CIDP.

Another consideration is medication toxicity. Medications used to treat rheumatologic

disease can produce neuropathies including chloroquine, dapsone, tacrolimus (FK-506),

thalidomide, gold, D-penicillamine, colchicine, and cyclosporine (133). Most cause an

axonal peripheral neuropathy, whereas tacrolimus can produce a predominantly demyeli-

nating disorder.

4.4. Trigeminal Neuropathy

Isolated trigeminal neuropathy occurs rarely as the sole manifestation of other disorders.

Brainstem demyelination and infectious processes (Lyme disease, syphilis) should be

considered.
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4.5. Compression Neuropathies

A differential diagnosis is usually not warranted. In patients who have multiple compres-

sive neuropathies, hereditary neuropathy with predisposition to pressure palsies should

be considered.

4.6. Autonomic Neuropathies

Autonomic dysfunction can occur with diabetes. Rare central causes include multiple

system atrophy with dysautonomia (Shy–Drager syndrome).

5. MANAGEMENT AND PROGNOSIS

5.1. Mononeuropathy Multiplex

Treatment focuses on the underlying vasculitis and has three main components: removal

of antigenic stimuli, immunosuppression, and supportive care. Most vasculitides have no

identifiable antigenic stimulus, but possible stimuli include drugs, infectious agents, or

concurrent malignancy (134–138).

Immunosuppression is required for almost all patients with vasculitic neuropathy.

Corticosteroids alone are appropriate for nonsystemic vasculitic when the neuropathy is

mild and relatively stable (13). In the setting of SLE or Sjögren’s syndrome and a

distal, predominantly sensory neuropathy, corticosteroids alone are also effective. In

mild cases, prednisone can be given orally, and in more severe cases corticosteroids

can be given as intravenous methylprednisolone (1 gm/day for the first 5–6 days,

followed by oral prednisone 1.5 mg/kg per day) (143). After 3–4 weeks of therapy,

prednisone is usually switched to an every other day schedule, then gradually tapered

by 5 mg every 2–3 weeks. If relapse occurs during tapering, intravenous methylpredniso-

lone or higher doses of oral prednisone can be given.

In more severe cases of systemic vasculitis, addition of a cytotoxic agent, such as

cyclophosphamide, is appropriate (139–142). Cyclophosphamide is frequently given con-

currently with corticosteroids. Options include oral cyclophosphamide (1.5–2.5 mg/kg

per day, or up to 5 mg/kg per day) (140–144), usually continued for at least 1 year

after disease stabilization and then tapered over weeks to months. Intravenous pulse cyclo-

phosphamide (15 mg/kg, every 1–4 weeks) has fewer adverse effects than oral delivery,

although a higher relapse rate has been reported (20–50%) (145–148). A second approach

to minimize the bladder toxicity and other adverse effects of cyclophosphamide is to

switch to an alternative immunosuppressant once remission is achieved, usually after

3–6 months (142,149). Small, uncontrolled studies have shown that remission can also

be maintained with other immunosuppressive agents including methotrexate (150),

cyclosporine (148), and mycophenolate (151).

For refractory disease, intravenous immunoglobulin (IVIG) has been shown effec-

tive (152–155). Plasma exchange does not appear to be effective (156) except in some

cases of hepatitis B-associated or cryoglobulinemic vasculitis (134,157). Other nonstan-

dard therapies include cyclosporine (158), antithymocyte globulin (159), and monoclonal

anti-T-cell antibodies (160). Investigational therapies include interferon-alpha (139),

leflunomide (139), tumor necrosis factor antagonists like etanercept (161), anti-adhesion

molecule, or anti-T-cell monoclonal antibodies (139,162), and high-dose chemotherapy

with autologous stem cell rescue (163).

It is critical for the treating clinician to monitor carefully for medication side effects,

which are common with the drugs used to treat vasculitic neuropathy. Up to 70% of
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vasculitis patients experience treatment-related morbidity due to medication toxicity,

opportunistic infections, or treatment-related malignancy (26,147). The most common

side effects seen with corticosteroid treatment are hypertension, glucose intolerance,

electrolyte imbalance, weight gain, glaucoma, cataracts, osteoporosis, steroid myopathy,

and avascular necrosis of the hip and other bones (164). Ideally, patients should have a

tuberculin skin test before treatment and receive antituberculous therapy if positive.

A low-calorie, low-sodium, low-carbohydrate, high-protein diet will limit weight gain

and minimize hypertension and hyperglycemia. Calcium (1000–1500 mg/day) and

vitamin D (400–800 IU/day) supplementation, estrogen replacement in postmenopausal

women, exercise involving axial stress, and for elderly patients or patients with a low bone

density on baseline bone density screening, bisphosphonates (aledronate 5–10 mg/day or

70 mg/week or risedronate 5 mg/day) will limit osteoporosis and reduce the risk of patho-

logic fracture (165,166). Patients who do suffer a fracture likely merit calcitonin therapy.

Pneumocystis carinii pneumonia occurs in up to 20% of vasculitis patients treated with

corticosteroids and another cytotoxic agent; in these patients, long-term trimethoprim/
sulfamethoxazole prophylaxis three times per week is recommended (147,167,168).

For patients treated with cyclophosphamide, hemorrhagic cystitis occurs in up to

40% of patients; patients should be monitored for microscopic hematuria monthly,

should drink at least eight glasses of water/day and urinate frequently (26). There is a

30-fold increased risk of bladder cancer in patients treated with cyclophosphamide com-

pared to controls, with a risk of 5% at 10 years and 16% at 15 years (26,169). Complete

blood counts must be monitored monthly due to the risk of bone marrow suppression.

The prognosis for vasculitic neuropathy is dependent on the underlying disease.

In nonsystemic vasculitis, mortality is ,10%. The neuropathy has a relatively good progno-

sis, with 75% experiencing a good recovery. Relapses occur in 20% and spread to other organ

system in 35% over 5 years (2–7,9,13,170,171). With systemic vasculitis, neuropathy mor-

tality is �30%. Significant improvement in the neuropathy occurs in 65% (2–7,9,13,170).

5.2. Sensory Neuronopathy

There are anecdotal reports of improvement of sensory neuronopathy due to Sjögren’s

syndrome with IVIG (172), prednisone (54), and D-penicillamine (173).

5.3. Symmetric Polyneuropathy

There are no specific treatments for axonal polyneuropathy associated with the rheu-

matologic diseases, and treatment is directed to the underlying vasculitis. Demyelinating

neuropathies may be treated with corticosteroids, plasmapheresis, and IVIG.

5.4. Trigeminal Neuropathy

There is no specific treatment for trigeminal neuropathy, and after a period of progression,

deficits usually remain stable or occasionally spontaneously remit (86).

5.5. Compression Neuropathy

Surgical release is appropriate if symptoms are severe or there is axonal damage (99).

5.6. Autonomic Neuropathy

There are no specific treatments for the autonomic neuropathy. Severe orthostasis can be

treated with compression stockings, alpha agonists, or fludrocortisone is often very helpful.
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6. PATHOGENESIS

6.1. Mononeuropathy Multiplex

Immune-mediated inflammation and necrosis of blood vessel walls results in compromise

of the vessel lumen. The nerve ischemia causes axonal degeneration. Unmyelinated fibers

are relatively resistant to ischemia, but can be damaged with extensive vasculitis (125).

Small blood vessels (50–300 mm) in the vasa nervorum are affected, most prominent in

watershed areas between the distributions of major nutrient arteries of proximal nerves

(1). Although there is rich anastomotic blood supply of peripheral nerve, the poor auto-

regulatory capacity of peripheral nerve and the wide spacing of endoneurial capillaries

in the center of nerves compared with other tissues contribute to the susceptibility of

peripheral nerve to ischemia (174). True nerve infarcts are rare.

It is likely that several mechanisms trigger and perpetuate the immunologic pro-

cesses depending on the inciting agent (175). In immune complex-mediated vasculitis,

antigen–antibody complexes form in the circulation and deposit in blood vessel walls

or antibody may be directed against endothelial cell antigens directly. The immune com-

plexes activate complement, resulting in formation of membrane attack complex, and gen-

erate chemotactic factors which attract neutrophils to the vessels, damaging them via toxic

oxygen radical formation and release of proteolytic enzymes. This process is termed

leukocytoclasia, and hence the term leukocytoclastic vasculitis. This mechanism may

be important in vasculitis associated with the connective tissue diseases where multiple

auto-antibodies are generated, such as SLE, or the hypersensitivity vasculitis where an

exogenous antigen can be identified. Antibody mechanisms may also be important in

ANCA-positive vasculitis (176).

Vasculitis may include cell-mediated cytotoxicity. Cytotoxic T-cells are observed in

nerve biopsies from patients with vasculitic neuropathy (2,12,124). Cytotoxic T-cells

may be directed against endogenous or exogenous antigens expressed by endothelial

cells (175).

6.2. Sensory Neuronopathy

In Sjögren’s syndrome, sensory neuronopathy results from extraglandular infiltration of

dorsal root ganglia by lymphocytes, largely cytotoxic T-cells, with resultant degeneration

of sensory neurons (54,55). The trigger of this T-cell-mediated attack on dorsal root

ganglia cells is unknown.

6.3. Symmetric Polyneuropathy

Symmetric peripheral neuropathy may develop in the rheumatologic diseases for a number

of reasons. In RA, intimal thickening has been found in the endoneurial and epineurial

vessels with associated perivascular mononuclear infiltration (177,178). Vasculitis

has also been found in some patients with mild sensorimotor neuropathy (35). Anti-

ganglioside antibodies have been observed in 40% of patients with RA, and a correlation

between the severity of the neuropathy and the level of antibodies was also found (179).

Elevations of an antineuroblastoma cell antibody and antibodies to neurofilament

polypeptides have also been found in RA patients with a neuropathy (180,181). In SLE,

perivascular mononuclear cell infiltration and variable intimal thickening have been

described without evidence of frank vasculitis, suggesting involvement of another

immune mechanism (15). Although the explanation for neuropathy development in

Sjögren’s syndrome remains uncertain, some form of small vessel vasculitis has been
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implicated. Approximately one-third of patients who have evidence for cutaneous vascu-

litis have a concomitant axonal neuropathy (182). In patients with what appears to be distal

symmetric peripheral neuropathy, evidence for a vasculitic component has also been

found on biopsy (62,183), although often only evidence for a typical axon loss neuropathy

is identified (63,89). In patients with Behçet’s, the mechanism of neuropathy remains

elusive, but may relate directly to ischemia affecting the distal nerve trunk.

Demyelinating neuropathies in rheumatoid disorders are likely similar to acquired

forms and probably involve antibodies against components of myelin.

6.4. Trigeminal Neuropathy

Trigeminal neuropathy is presumed to occur at the level of the trigeminal sensory

ganglion. There are no reported pathological studies, but an inflammatory ganglionopathy,

as seen in sensory neuronopathy seems most likely.

6.5. Compression Neuropathy

Contributing factors include swelling and inflammation (bursitis and tenosynovitis) in

conjunction with postinflammatory effects such as tissue proliferation, fibrosis, and adhe-

sions (104,184). In RA, rheumatoid nodules on tendons in the region of the wrist can con-

tribute (106). Tophi directly compressing the ulnar and median nerves have been reported

(99,100,103). Peroneal neuropathies are associated with popliteal (Baker’s) cysts (104).

6.6. Autonomic Neuropathy

Autonomic neuropathy probably develops through the same mechanisms that lead to

symmetric neuropathies. Tissue fibrosis may have a role in the scleroderma (185).
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ment in Sjögren’s syndrome. Br J Rheumatol 1990; 29:21–23.

65. Tufanelli D, Winkelmann R. Systemic scleroderma: a clinical study of 727 cases. Arch

Dermatol 1961;84:359–371.

66. Lee P, Bruni J, Sukenik S. Neurological manifestations in systemic sclerosis (scleroderma).

J Rheumatol 1984; 11:480–483.

67. Ben Taarit C, Turki S, Ben Maiz H. Neurological manifestations in Behcet’s disease. Forty

observations in a cohort of 300 patients. J Mal Vasc 2002; 27:77–81.

68. Bennett R, Bong D, Spargo B. Neuropsychiatric problems in mixed connective tissue disease.

Am J Med 1978; 65:955–962.

69. Isaak BL, Liesegang TA, Michet CJ Jr. Ocular and systemic findings in relapsing polychon-

dritis. Ophthalmology 1986; 93:681–689.

70. McCombe PA, Klestov AC, Tannenberg AE, Chalk JB, Pender MP. Sensorimotor peripheral

neuropathy in rheumatoid arthritis. Clin Exp Neurol 1991; 28:146–153.

71. Larrue V, Moulinier L, Arne-Bes MC, Voisin D, Bes A. Chronic inflammatory polyneuro-
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51:1451–1453.

174. McManis P, Low P, Lagerund T. Microenvironment of nerve: blood flow and ischemia. In:

Dyck P, Thomas P, eds. Peripheral Neuropathy. Philadelphia: WB Saunders, 1993:453–475.

175. Jennette J, Falk R, Millin D. Pathogenesis of vasculitis. Semin Neurol 1994; 14:291–299.

176. Ben-Baruch A, Michiel D, Oppenheim J. Signals and receptors involved in recruitment of

inflammatory cells. J Biol Chem 1995; 270:11703–11706.

177. Conn DL, McDuffie FC, Dyck PJ. Immunopathologic study of sural nerves in rheumatoid

arthritis. Arthritis Rheum 1972; 15:135–143.

178. Weller RO, Bruckner FE, Chamberlain MA. Rheumatoid neuropathy: a histological and

electrophysiological study. J Neurol Neurosurg Psychiatry 1970; 33:592–604.

179. Salih AM, Nixon NB, Gagan RM, Heath P, Hawkins CP, Dawes PT, Mattey DL.

Anti-ganglioside antibodies in patients with rheumatoid arthritis complicated by peripheral

neuropathy. Br J Rheumatol 1996; 35:725–731.

180. Salih AM, Nixon NB, Dawes PT, Mattey DL. Prevalence of antibodies to neurofilament poly-

peptides in patients with rheumatoid arthritis complicated by peripheral neuropathy. Clin Exp

Rheumatol 1998; 16:689–694.

181. Salih AM, Nixon NB, Dawes PT, Mattey DL. Antibodies to neuroblastoma cells in rheuma-

toid arthritis: a potential marker for neuropathy. Clin Exp Rheumatol 2000; 18:23–30.

182. Molina R, Provost T, Alexander E. Peripheral neuropathy in primary Sjögren’s syndrome.
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ABSTRACT

All portions of the peripheral nervous system may be involved in the setting of cancer,

including cranial nerves, brachial and lumbar plexus, peripheral nerves, and neuro-

muscular junction. Causes include direct effects of the tumor, secondary effects or

treatment, remote effects (paraneoplastic), and secondary effects from organ and

metabolic failures. Recognizing involvement and distinguishing between causes can be

challenging, but is important for optimal treatment. This chapter reviews the spectrum

of peripheral nerve involvement based on underlying mechanisms.

1. INTRODUCTION

Patients with systemic malignancies may develop peripheral neuropathies either by direct

effect through invasion or compression of nerve structures, iatrogenic effect of treatment

(chemotherapy, radiation, and transplantation), and immune-mediated paraneoplastic

effect, or indirect effect of the cancer from organ failure or secondary metabolic derange-

ments. In some instances, no underlying etiology is identified, and the peripheral

neuropathy is considered cryptogenic (Table 14.1). Cardinal features of neuropathy

(paresthesias, weakness, cranial nerve dysfunction, and dysautonomia) are not unique to

cancer-related neuropathies. All divisions of the peripheral nervous system may become

involved in systemic malignancies, including the cranial nerves, spinal nerve roots,

plexuses, sensory and/or motor nerves, and the neuromuscular junction. However,

the location and biology of the primary neoplasm, the type of antineoplastic therapy,

and the spectrum of associated paraneoplastic syndromes are factors when addressing

neuropathy in a patient with cancer (1). Although the incidence of clinically recognizable

peripheral neuropathy in cancer patients is low (0.5–5%), electrophysiologic studies

reveal a higher incidence (30–40%) of subclinical disease (2–7). The type of malignancy,

stage and location of the cancer, duration of the disease, nutritional status of the patient,

concurrent metabolic abnormalities, and the potential neurotoxicity of therapy influence

the incidence of peripheral neuropathy (8). Once suspected by history and clinical exam-

ination, the diagnosis and etiology of neuropathy can be confirmed by electrodiagnostic

tests, imaging, biopsy, or by antibodies associated with paraneoplastic syndromes in

either serum or cerebrospinal fluid (CSF).

This chapter addresses neuropathies related to cancer, grouped into three major

categories: (i) direct infiltration or compression; (ii) toxicities of cancer therapy; and

(iii) immune-mediated paraneoplastic neuropathy syndromes.
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2. NEUROPATHY FROM DIRECT TUMOR INVOLVEMENT

2.1. Cranial Neuropathies

2.1.1. Clinical Features

Cranial neuropathies are often the product of skull-based and leptomeningeal metastases,

though they can also be related to opportunistic infections, late effects of radiation therapy,

or nonmalignant processes. Although most skull-based metastases are from breast cancer,

other neoplasms include lymphoma, lung, head and neck carcinoma, thyroid, renal,

melanoma, and prostate cancers (9). Presenting symptoms include headache, nausea,

blurred or decreased vision, diplopia, abnormal facial sensation and pain, chin numbness,

impaired hearing, hoarseness, dysphagia, retro-auricular pain, dysarthria, and occasionally

syncope.

The most common cranial nerve affected (regardless of tumor type) is the abducens

nerve (CN VI), followed by the oculomotor (CN III), trigeminal (CN V), and hypoglossal

(CN XII) (9). Melanoma, and head and neck (squamous cell) carcinoma can be neuro-

tropic, and progress along the course of cranial nerves (trigeminal, facial) from their

primary site. Lymphoma frequently involves cranial nerves as they exit the subarachnoid

spaces peripherally. Leptomeningeal disease commonly presents with one or more cranial

neuropathies.

Olfactory Nerve (CN I). Hyposmia and anosmia, and occasionally dysgeusia can

result from olfactory groove compression, most commonly with inferiofrontal tumors such

as meningioma, esthesioneuroblastoma, or from direct extension to the olfactory nerve by

nasopharyngeal carcinoma.

Optic Nerve (CN II). Loss of visual acuity and eventual blindness can occur from

optic neuropathy related to leptomeningeal disease. Elevated intracranial pressure from

space-occupying intracranial tumors can produce papilledema and subsequent visual

scotoma. Monocular visual loss may occur with optic nerve gliomas and nerve sheath

meningiomas.

Oculomotor Nerve (CN III). Patients may complain of blurred or double vision

with oculomotor paresis (ipsilateral midriasis with ptosis and an eye that looks down and

out in primary gaze). Breast, lung, and prostrate cancer are most common, with initial

Table 14.1 Etiology of Neuropathy in Patients with Systemic Malignancy

Direct effect of malignancy

Diffuse/restricted invasion or compression of nerve roots, brachial or

lumbosacral plexuses, or peripheral and cranial nerve

Iatrogenic effect of treatment

Neurotoxicity of chemotherapeutic and immunosuppressive agents

Neurotoxicity of radiation

Surgery

Infection

Alteration of immune system after bone marrow transplantation

Paraneoplastic effect

Indirect effect of malignancy

Organ failure

Malnutrition

Malabsorption

Critical Illness

Cryptogenic
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involvement of bone and extension into the cavernous sinus. CN IV, VI, and V-1 and V-2

pass through the cavernous sinus, and may also be involved.

Trochlear Nerve (CN IV). Double vision may result from trochlear nerve invol-

vement in cavernous sinus syndrome, in association with other cranial neuropathies from

nerves passing through the cavernous sinus.

Trigeminal Nerve (CN V). Proptosis, chemosis, and hyperesthesia, the orbital

syndrome, involves V-1. Mental or inferior alveolar nerve neuropathy, numb chin syn-

drome, is commonly due to neoplastic involvement.

Abducens Nerve (CN VI). This is the most commonly involved cranial nerve,

presenting with double vision. Its vulnerability is due to its long intracranial course, its

vulnerability to compression, changes in intracranial pressure, and irritation from

leptomeningeal processes.

Facial Nerve (CN VII). Progressive facial pain and weakness distinguishes

cancer-related facial neuropathy from acute weakness in idiopathic Bell’s palsy.

Leptomeningeal disease usually involves multiple nerves. Parotid gland malignancies

impinge upon the nerve in 5–25% of cases (10). Dysgeusia may result from facial

nerve branch injury secondary to radiation and may be permanent in patients treated with

high doses (.50 Gy) for head and neck tumors (11). Decreased salivary gland secretion

from radiation can result in xerostomia leading to an increased incidence of dental caries.

Vestibulocochlear Nerve (CN VIII). Tumors in the cerebellopontine angle are

typically benign. Metastatic lesions can also reach this area and involve the eighth

nerve, as well as the nearby facial and trigeminal nerves. Presenting symptoms include

disequilibrium, ear fullness, vertigo, tinnitus, and hearing loss.

Glossopharyngeal Nerve (CN IX) and Vagus Nerve (CN X). Hoarseness and

dysphagia are common presenting symptoms. Esophageal metastases can involve the glos-

sopharyngeal or vagal nerve branches, and cause swallow syncope. The jugular foramen

syndrome is more common, and may produce glossopharyngeal neuralgia. Other tumors

include schwannomas of the glossopharyngeal nerve, metastases (melanoma, renal cell,

and prostate), meningiomas, and glomus tumors (12).

Spinal Accessory Nerve (CN XI). Weakness occurs in the sternocleido-

mastoid and trapezius muscles. This nerve is rarely compromised by tumor, but may be

injured during radical and modified radical neck dissections and lymph node biopsy

surgery.

Hypoglossal Nerve (CN XII). Tongue weakness with deviation to the affected

side and lingual dysarthria and dysphagia are common symptoms of hypoglossal neuropa-

thy (13). Tumors at the base of the skull/clivus (most commonly metastases) may impinge

on the hypoglossal foramina. Cancers of the head and neck (typically nasopharyngeal

carcinoma) can affect the nerve either by erosion into the hypoglossal canal, or by

perineural infiltration.

2.1.2. Evaluation

Suspicion should be high for metastatic disease when a cranial neuropathy occurs in the

setting of a known malignancy. Skull-based and leptomeningeal processes usually

result in multiple cranial neuropathies. Computed tomography (CT) scanning with bone

windows is helpful in the evaluation of osseous metastases. A bone scan may reveal

abnormal uptake in the skull base or mandible. High-resolution magnetic resonance

imaging (MRI) is used to investigate infiltrative or compressive lesions. MRI with

gadolinium enhancement and fine cuts through the skull base may reveal abnormal

enhancement of nerves either at their origin or along their course. MR neurography can
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be helpful if the nerve has been clinically localized. Nerve conduction studies (NCS) of the

facial nerve (CN VII) may reveal decreased compound muscle action potential (CMAP)

amplitude. Blink reflex studies may show absent or prolonged R1 and R2 if CN V

or VII are involved. Needle electromyography (EMG) can be used to evaluate muscle

supplied by affected cranial nerves. Denervation will be evident by increased insertional

activity, sustained positive waves and fibrillation potentials. Voluntary motor units show

reduced recruitment and varying degrees of waveform complexity dependent upon the

chronicity of the lesion (14).

Serologic testing may identify serum markers associated with the primary neoplasm,

and a rising serum marker level can support clinical suspicion of active metastatic

involvement. Active systemic lymphoma (but not primary CNS lymphoma) may be

associated with rising lactate dehydrogenase enzymes (15).

2.1.3. Differential Diagnosis

CNS structures are more vulnerable to radiation injury than peripheral nerves. Cranial

nerves are more resistant than brachial plexus nerves, but cranial neuropathies can

occur in patients who have had external beam treatment to the head and neck (16,17).

The five lowest cranial nerves are most frequently affected because of their proximity

to sites of cancer included in radiation portals (18). Radiation-related cranial neuropathies

can be distinguished from other causes when myokymic discharges are observed on

needle EMG.

Cranial nerves may be affected by infectious processes in the setting of immunosup-

pression from cancer and chemotherapy. Varicella-zoster virus infection occurs more fre-

quently in patients with systemic cancer, most notably lymphoma. Although the infection

usually presents with dysesthesias, hyperpathia, allodynia, and vessicular eruption follow-

ing a dermatome distribution, facial weakness occurs in 10% (19). Weakness usually

presents acutely over hours to subacutely over days, and may lag behind the rash by

up to 5 months (20).

2.1.4. Management and Prognosis

Most osseous metastases respond to focal irradiation, but the neuropathy may not fully

respond, although early treatment is associated with overall better functional recovery.

Focal irradiation may also slow progression of involvement to neighboring nerves (21).

Diplopia may be managed with alternating eye patching or prisms. Painful dysesthe-

sias from trigeminal and glossopharyngeal neuralgias respond to tricyclic antidepressants,

conventional and atypical antiseizure medications, and occasionally high dose NSAIDs

or opiates. Facial weakness from facial neuropathy may cause xerophthalmia and

exposure keratoconjunctivitis, and lubricating gels and nocturnal eye patching should

be used. Vestibular rehabilitation protocols can help with peripherally mediated

disequilibrium/vertigo. Lower peripheral cranial nerve lesions may produce dysphagia

and dysarthria, predisposing patients to aspiration pneumonia. In these instances,

speech pathology can suggest swallowing strategies.

2.2. Radiculopathies

2.2.1. Clinical Features

Mono- or polyradiculopathies are caused by metastases or local spread to epidural or

paravertebral spaces. Damage is due to direct invasion or indirect compression of neural
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structures. The incidence of epidural metastases in patients with systemic cancer is 1–5%,

and the most common tumors are breast, lung, and prostate, multiple myeloma and other

lymphoproliferative disorders. The thoracic spine is the most frequent site of epidural

cord or root compression, followed by the lumbosacral spine and cervical spine (22).

Back pain is a common symptom in cancer patients: one-third have vertebral metas-

tases without epidural or nerve involvement, and one-third have epidural tumor (23).

Symptoms of spinal nerve root involvement include lateralized back pain exacerbated

by provocative maneuvers producing dural tension, lateralized sensory dysesthesias (elec-

tric jolt, tingling numbness, or nonspecific pain), and weakness in the involved myotome.

Signs include abnormal sensation in a dermatomal distribution, but weakness is less

common. A reduced tendon reflex in the suspected nerve root distribution is supportive.

Lesions may also produce a myeloradiculopathy, manifested clinically by lower motor

neuron findings at the level of the compression, and upper motor neuron signs below

the level of compression.

2.2.2. Evaluation

Acute lesions should be evaluated with imaging studies. A myeloradiculopathy is a neuro-

logic emergency, and careful neurologic examination for signs of myelopathy is impera-

tive. Chronic lesions should follow a step-wise plan.

Electrodiagnostic studies can localize the level of spinal roots involved in chronic

disorders. NCS will rarely show reduced sensory nerve action potentials (SNAP) and

CMAP amplitudes, or reduced conduction velocities. Prolonged or absent F-wave

responses in the involved segments may be an early indicator of nerve root involvement

(24). Needle EMG of paraspinal and limb muscles is the most sensitive indicator of nerve

root dysfunction (25). Abnormal spontaneous activity is indicative of denervation.

Myokymia in the setting of radiation therapy supports radiation-induced nerve damage,

as opposed to neoplastic involvement (26).

When a lesion has been localized to a specific nerve root, imaging studies can help

determine the etiology and extent of the lesion. Spinal cord tumors and masses can be

classified into three catagories (Table 14.2) (27). Extradural lesions often displace dura

and cord away from the pedicle or vertebral body, resulting in indistinct margins on

imaging and a feathering on myelography (28). Intradural metastases are rare. Drop metas-

tases occur with specific intracranial tumors, most notably medulloblastoma, ependy-

moma, and germ cell tumors (29). Intradural extramedullary lesions are best evaluated

Table 14.2 Spinal Cord

Tumor/Mass Classification by

Location (27)

Extradural lesions

Osseous spine

Epidural space

Paraspinous soft tissues

Intradural extramedullary lesions

Nerve roots

Leptomeninges

CSF spaces

Intramedullary lesions

Cord parenchyma

Piamater
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with myelography or MRI. Classic findings include a capping-type defect on

myelography, displacement of the cord away from the dural margin, widening of the

subarachnoid space on the side of the lesion, and usually in the absence of any bony

abnormality (with the exception of dumbell lesions). Contrast enhanced MRI is generally

the imaging procedure of choice, whereas CT-myelography is appropriate when MRI is

contra-indicated.

Most metastases are osteolytic, although breast and prostate cancer can produce

osteoblastic or osteosclerotic lesions (30). These lesions are evident on plain films when

40–50% of bone area is involved. CT-myelography is useful for identifying mass effect

from tumor, and determining whether CSF blockage has occurred. Bone scintigraphy is

sensitive in detecting altered local bone metabolism. Single photon emission computed

tomographic imaging may differentiate between benign and malignant lesions. Non-

enhanced CT scans can identify both osteolytic or osteoblastic lesions, and intrathecal con-

trast is necessary to precisely evaluate the epidural space. MRI can delineate epidural from

paraspinous soft tissue involvement, and spinal cord involvement. Lytic lesions are often

multifocal, and are characterized by low signal on T1-weighted, and high signal on

T2-weighted sequences. Sclerotic lesions are hypo-intense on both T1- and T2-weighted

sequences. Contrast enhancement may be required to evaluate for metastatic disease.

Lesion degree and pattern of enhancement varies among tumor types. MRI standard

sequences, along with fat suppression sequences and precontrast enhanced scans, may

further clarify tumor characteristics.

2.2.3. Differential Diagnosis

Extramedullary spine lesions can be either intradural or extradural. Metastatic masses are

the most common extramedullary, extradural neoplasm, whereas primary extramedullary,

extradural malignant neoplasms such as chordomas, lymphomas, and sarcomas are

uncommon. In adults, almost half of all spine metastases with epidural cord compression

are from breast, lung, or prostate cancers, whereas primary tumors are from lymphoma,

renal cancer, multiple myeloma, melanoma, and sarcoma.

The most common CNS primary tumors that metastasize to the subarachnoid space

are grade 3 and 4 astrocytomas (anaplastic astrocytomas and glioblastoma multiformae,

respectively), ependymomas, and primitive neuro-ectodermal tumors/medulloblastomas,

and less commonly choroid plexus papillomas and carcinomas, germinomas, and pineal

tumors (pinealblastomas) (31).

Nerve sheath tumors (schwannomas, neurofibromas, and ganglioneuromas) and

meningiomas account for 80–90% of all intradural extramedullary masses. They have a

predilection for the dorsal sensory nerve roots, and therefore they often manifest with radi-

cular symptoms that mimic those associated with the uncommon intradural disc herniation

syndrome. Enlarged nerve roots may extend intradurally, as seen in Dejerine–Sottas

disease, Charcot–Marie–Tooth disease, Guillain–Barré Syndrome, nonHodgkins lym-

phoma, hexane toxicity, carcinomatous meningitis, lymphoma, and leukemia. The most

common intradural extramedullary lesion is a meningioma, classically seen in middle

aged females and most commonly localized to the thoracic spine. Almost all are benign

and occur in isolation. Occasionally, they can occur both intradurally and extradurally,

and when present, give a dumbell appearance on imaging. Conus and filum terminale

ependymomas can look identical to schwannomas.

Neurologic symptoms and signs in a multifocal root pattern raise suspicion for

neoplastic meningitis. Neoplastic meningitis presents with cauda equine syndrome

(uncommonly mimicking Guillain–Barré Syndrome) or mononeuritis multiplex.
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2.2.4. Management and Prognosis

Treatment for focal lesions is similar to that for cranial nerve involvement. Treatment of

systemic disease may not produce relief of symptoms, and is often supplemented by

palliative treatment (focal radiation). When neoplastic radiculopathy occurs with spinal

cord compression, urgent irradiation is indicated.

2.3. Plexopathies (Brachial and Lumbosacral)

2.3.1. Clinical Features

Brachial Plexopathies. Primary nerve tumors surround the nerve and are slow

growing. Secondary tumors more commonly infiltrate nerves, and the primary tumor is

usually known. Pancoast tumors are an exception, and represent the presenting

symptom of nonsmall cell carcinoma of the lung with invasion of C8 and T1 spinal

nerves. Overall, the lower trunk is affected in 60% (because of its proximity to the axillary

lymph nodes and direct invasion from the apex of the lung), the upper and middle trunks in

10%, and all trunks in 30% (32). Presenting symptoms of middle trunk lesions are

dysesthesias and anesthesia in the medial hand and forearm. Lower trunk lesions

present with intrinsic hand weakness, sensory loss in the distribution of the medial

hand, forearm, posteromedial arm and axilla. Horner’s syndrome may be present.

Posterior cord lesions present with weakness of elbow, wrist, and finger extension.

Upper trunk lesions present with weakness of arm abduction and elbow flexion. Muscle

atrophy and fasiculations may be seen in long-standing axonal brachial plexopathies.

Sensory findings are less reliable in localizing plexus injuries, and deep tendon reflexes

may be depressed or even absent (8).

Lumbosacral Plexopathies. Lumbosacral plexopathies are twice as common as

brachial plexopathies, and are often the result of direct tumor extension or infiltration

from pelvic and abdominal cancer. Pain is the most common presenting symptom,

which is typically worse at night while lying down, and ameliorated with standing or

walking. With progression, weakness may ensue, and L4–S2 muscles are more commonly

affected. There may be associated reflex asymmetries. Sympathetic ganglia are rarely

involved from extension to retroperitoneal and para-aortic areas, but can produce a

painful, warm, anhidrotic foot (dry foot syndrome) (33).

2.3.2. Evaluation

When a Pancoast tumor is suspected, plain film chest x-rays or CT of the chest and thorax

are appropriate imaging modalities. For other brachial plexopathies, cervical spine MRI

without and with contrast may be needed to ensure that a cervical polyradiculopathy is

not mimicking a plexopathy. For lumbosacral plexopathies, routine x-rays of the lumbo-

sacral spine are appropriate to exclude pathologic fracture or osseous destruction produ-

cing a mono- or polyradiculopathy. Bone scans may provide corroborative information,

revealing increased uptake at areas of involvement. MRI of the intradural spinal nerves

of the cauda equina can reveal a cauda equine syndrome or arachnoiditis. When electro-

diagnostic testing localizes the lesion, MR-neurography may determine whether the lesion

is externally compressing or locally infiltrating the plexus.

Electrodiagnostic testing is helpful in defining a plexus lesion. NCS may demon-

strate reduced or absent sensory responses. Conduction velocities are usually preserved,

but F-waves may be prolonged or absent. Needle EMG is the most sensitive indicator

of denervation, and can be used to determine that the distribution of axonal damage is

consistent with a plexopathy (8,34) (Table 14.3).
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2.3.3. Differential Diagnosis

Primary nerve tumors are most commonly benign, and include schwannomas or neuro-

fibromas, and less common lipomas, ganglioneuromas, desmoids, lymphangiomas, and

myoblastomas. Secondary tumors are most commonly from breast, lung, colon, uterine,

cervical, and prostrate primary sources. Lymphomas may be neurotropic, and infiltrate

along the nerve course to involve the brachial plexus (35) (Fig. 14.1).

Parsonage–Turner Syndrome (idiopathic brachial plexitis) traditionally presents

with acute onset of shoulder pain that subsides over weeks, and segues into weakness

and atrophy of proximal, and less distal, muscles. It is unclear whether Parsonage–

Turner Syndrome is more common in lymphoma.

Table 14.3 High Yield Brachial Plexus Injury Study (8)

Suspected site of plexus lesion SNAP/MUAP

Lateral cord

SNAP: lateral antebrachial cutaneous sensory nerve

SNAP: median sensory nerve

MUAP: musculocutaneous motor nerve

Posterior cord

SNAP: radial sensory nerve

MUAP: radial motor nerve

MUAP: axillary motor nerve

Medial cord

SNAP: ulnar sensory nerve

SNAP: medial antebrachial cutaneous sensory nerve

MUAP: ulnar motor nerve

MUAP: median motor nerve

Note: MUAP, motor unit action potential.

Figure 14.1 Infiltrating nerve lesions. Right lumbosacral spine infiltrating hyperintense mass.
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Herniated discs in the lumbosacral region tend to involve L5–S1 and L4–L5 nerve

roots, producing pain and lower motor neuron weakness, and hypo- to areflexia. Diabetic

proximal neuropathy (diabetic amyotrophy) is a syndrome with similar clinical features to

Parsonage–Turner syndrome, but in the lower extremity. Diffuse infiltration of the psoas

muscle by cancer can produce anterior thigh pain and a tendency to keep the hip flexed,

with pain provoked by leg extension (malignant psoas syndrome).

2.3.4. Management and Prognosis

Focal radiation can palliate symptoms, and may restore or stabilize function. Pain manage-

ment may require narcotic analgesics and centrally acting drugs. Corticosteroids may be

used to temporize symptoms. Weakness may reduce independence of function, and phys-

ical and occupational therapy may be useful for home safety assessment, orthotics, and

rehabilitation. Prognosis is dependent upon the nature of the underlying cancer.

2.4. Peripheral Neuropathies (Polyneuropathies and
Mononeuropathies)

2.4.1. Clinical Features

Polyneuropathies secondary to cancer or its treatment are initially perceived as dys-

esthesia, hypoesthesia, or anesthesia, starting in the feet. With time, sensory complaints

may include hyperpathia or allodynia. Progression of the neuropathy follows a stocking

and glove distribution, reflecting the length of nerves involved. Less common are

complaints of weakness in the feet, with a tendency to catch the toes when ambulating

on uneven surfaces because of weakness in ankle dorsiflexion. Mononeuropathies due

to direct tumor infiltration or compression of a nerve begin as pain, dysesthesias, and

weakness in the distribution of a peripheral nerve. Occasionally, referred pain can be

experienced.

Physical examination findings in polyneuropathies are reduced temperature and

vibration indiscrimination prior to involvement of light touch, pinprick, and propriocep-

tion. Weakness and muscle atrophy occur first in distally innervated muscles (extensor

digitorum brevis and anterior tibialis). When intrinsic foot muscles become weak and

atrophic, the normal architecture of the foot can change, producing high arches, collapsing

arches when standing, and hammer toes. Deep tendon reflexes are hypo-active or absent in

a distal to proximal distribution. Patients with polyneuropathies may give mute responses

when assessing for the Babinski response because of interruption of the afferent limb of

the muscle stretch reflex.

Physical examination findings in mononeuropathies are sensory abnormalities and

weakness confined to the peripheral nerve sensory distribution, although at times this

may be difficult to ascertain. When weak muscles are superficial, atrophy and fascicula-

tions may be observed. The deep tendon reflexes may become reduced or absent if the

mononeuropathy in question carries a reflex arc.

2.4.2. Evaluation

NCS and needle EMG can accurately define which nerves are involved, as well as charac-

terize the neuropathy (axonal vs. demyelinating), and indicate the degree of severity of

denervation, all of which may provide information for rehabilitation potential.

Primary axonal neuropathies result in reduction of absent SNAP and CMAP ampli-

tudes, with relative preservation of conduction velocities, distal latencies, and late
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responses (F-waves). Primary demyelinating neuropathies are characterized by prolonged

distal latencies, slowed conduction velocities, and prolonged or absent late responses.

Waveforms show abnormal temporal dispersion, and possibly conduction block. Needle

EMG evidence of axonal loss is increased insertional activity, sustained positive waves,

and fibrillation potentials. Motor units show reduced recruitment and increased amplitude

to a degree dependent upon the severity of axonal loss. These EMG abnormalities may

occur in primary demyelinating neuropathies because they frequently include some

degree of axonal damage.

Electrodiagnostic studies can confirm involvement of specific nerves. In these

situations, sensory responses are reduced or absent, and needle EMG shows evidence

for denervation confined to muscles innervated by the suspected nerve.

MR neurography can be used to image individual nerves in question. When infiltra-

tion of nerve is considered, nerve biopsy may be useful. In individuals with preserved

reflexes, distal painful pin prick dysesthesias, and normal electrodiagnostic testing, skin

biopsy is useful to assess for the presence of a small fiber neuropathy via analysis of

the intra-epidermal nerve fiber density.

Even when an underlying cancer has been well established and it is presumed that a

patient’s neuropathy is cancer related, it is appropriate to evaluate for reversible causes of

peripheral neuropathies to ensure that a patient does not harbor more than one etiology for

the neuropathy. This includes testing for B12, thyroid stimulating hormone and for T4,

RPR, serum protein electrophoresis with immunofixation, fasting blood sugar and 2-h

oral glucose tolerance test, and ESR and a urinalysis for microhematuria.

2.4.3. Differential Diagnosis

Other metabolic and systemic causes for peripheral neuropathy, including unsuspected

diabetes or impaired glucose tolerance, should be excluded (36). Azotemia, malnutrition,

metabolic derangements, hypoxemia, toxic metabolite accumulations from hepatic insuf-

ficiency, and medication related etiologies are common in cancer patients. In individuals

hospitalized for acute illness requiring the use of glucocorticoid steroids without or with

chemical paralytics, critical illness neuropathy/myopathy may present as a new-onset

subacute progressive weakness and dysesthesias. Cancer therapy treatments, including

medications and radiation, must be considered. Suspicion for a paraneoplastic neuropathy

is frequently raised, but it is very rare (see subsequently).

Lymphomatous neuropathy (lymphomatosis) is the direct infiltration of neoplastic

cells into peripheral nerves. It is most common in patients with B-cell lymphomas, and

is diagnosed by nerve biopsy. It presents as a relatively asymmetric, slowly progressive,

painful axonal sensorimotor neuropathy (or polyradiculoneuropathy). Acute inflammatory

demyelinating polyradiculoneuropathy (AIDP) or the Guillain–Barré Syndrome, and

chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) are seen with Hodg-

kins and nonHodgkins lymphoma. Overall, the etiology of most distal predominant sen-

sorimotor axonal peripheral neuropathies in patients with malignancy remains unknown.

2.4.4. Management and Prognosis

Recovery is dependent upon identifying and stopping the underlying cause, and these two

factors are frequently elusive. The degree of recovery is primarily a function of the degree

of axonal damage. Motor nerves undergo collateral re-innervation, which can preserve

strength. Axonal regeneration is slow, and frequently incomplete under the best of

circumstances.
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The list of directly treatable neuropathies is short. B12 replacement may result in a

return of proprioceptive discrimination, but the degree of neurologic damage determines

whether permanent underlying disability remains. Paraneoplastic neuropathies may

improve upon treatment of the underlying cancer. Acquired inflammatory neuropathies

(AIDP and CIDP) may respond to immune-mediated therapies such as prednisone,

IVIg, and plasmaphoresis. Lymphomatosis is best treated by chemotherapies directed at

the underlying malignancy.

Management of sensory symptoms involves pharmacologic masking of positive

symptoms with medications that include tricyclic antidepressants, centrally acting anti-

seizure medications such as gabapentin, lamotrigine, and tiagabine. Topical lidocaine

gels, and occasionally opioid analgesics may be required for pain control. Distal motor

weakness is treated symptomatically with the use of ankle–foot orthoses. Muscle

cramps may be treated with quinine sulfate.

3. NEUROPATHY SECONDARY TO CANCER TREATMENT

3.1. Surgical Injury

Peripheral nerve injuries may occur during the surgical treatment of cancers. The brachial

plexus can be injured during breast reconstructive surgery involving pedicle TRAM flaps

and tissue expansion (37). Postmastectomy lymphedema can cause nerve compression

syndromes involving the brachial plexus and median nerve in the carpal tunnel (38).

The spinal accessory nerve is often damaged in the course of radical neck dissection, or

cervical node dissection, or biopsy. Pelvic surgeries for rectal and gynecologic cancers

can injure the pelvic and pudendal nerves and cause urinary sphincter dysfunction and

incontinence (39).

3.2. Chemotherapy

A number of chemotherapeutic agents are toxic to peripheral nerves, but only vincristine,

cisplatin (Oxaliplatin), taxol, and thalidomide are discussed.

The vinca alkaloids include vincristine and vinblastine, which bind to tubulin and

prevent microtubule formation and metaphase arrest. Neurotoxicity is less common

with vinblastine, but sensorimotor neuropathy is dose-limiting for vincristine. Symptoms

begin with distal numbness and tingling, muscle cramps, loss of tendon reflexes, and

weakness of distal muscles (wrist extension and ankle dorsiflexion). Symptoms may pro-

gress over several weeks to months after the treatment, a phenomenon known as coasting.

Unilteral or focal neuropathies also occur. Autonomic nerve involvement is noted in over

one-third of patients.

Cisplatin is a heavy metal compound that binds to DNA bases and disrupts function.

The drug enters and accumulates in the dorsal root ganglion and peripheral nerves, causing

sensory nerve toxicity. It can also cause CNS toxicity and ototoxicity. Intra-arterial

infusions for head and neck cancers have been associated with cranial neuropathies

(CN VII–XII) (40). Peripheral neuropathy can occur at doses of 200 mg/m2, and is

expected at doses .400 mg/m2. The neuropathy initially involves the distal extremities,

with numbness and tingling. Pin prick and temperature discrimination are spared, although

proprioceptive loss can be significant, producing sensory ataxia. Strength is typically

preserved. Symptoms may worsen for several months (coasting) after treatment stops.

Neuropathy improves, and may even resolve over months. Histologic examination of

affected nerve reveals axonal loss with secondary demyelination. The ventral root is
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classically spared. Protective agents, including amifostine (a thiophosphate cytoprotec-

tant), have been used, but there is no effective treatment once the neuropathy has

developed (41).

Oxaliplatin (Eloxatin) is a new platinum compound that inhibits DNA synthesis by

causing inter- and intrastrand DNA crosslinks. It is not associated with nephrotoxicity or

ototoxicity. However, it can cause a cold-sensitive, hyperpathic sensory neuropathy that is

a dose-limiting toxicity, but appears to be largely reversible once therapy is stopped. The

mechanism may be an increase in the refractory period of peripheral nerves via voltage-

gated Naþ channels. An acute laryngeal reaction can be seen, also cold-triggered and

probably more prevalent in the winter in colder regions (42).

Paclitaxel (Taxotere) and docetaxel (Taxol) are agents that affect microtubule struc-

ture by promoting polymerization. The most commonly associated neuropathy seen is a

sensory type, but reversible motor neuropathy occurs. Electrodiagnostic studies suggest

either a distal axonopathy, or denervation of proximal muscles innervated by the anterior

horn cell or nerve root, although more than one mechanism may be involved.

The peripheral sensory neuropathy seen with paclitaxel occurs in doses

.200 mg/m2, and increases with cumulative dose. When weakness occurs, it is usually

distal predominant, although can be occasionally proximal or generalized. Sensory neuro-

pathy from docetaxel is less common (doses 50–720 mg/m2), although is more often seen

in patients previously treated with cisplatin. Weakness is rare, is felt to be idiosyncratic,

and can occur at any stage of the treatment (43). Severe neuropathy may be seen with

cumulative doses .600 mg/m2 (44). Nerve biopsies show an axonal neuropathy with

preferential loss of large myelinated fibers (45).

Thalidomide works through complex effects on tumor angiogenesis, the immune

system, and adhesion molecules. A peripheral neuropathy occurs in 25% of patients

treated with doses of 400–800 mg, and older patients may be more susceptible to toxic

effects. The neuropathy is characterized as a distal axonopathy involving large diameter

motor and sensory fibers, and may be permanent. Paresthesias in the feet are the most

common clinical manifestation, but hyperesthesia and a sensation of tightness in the

feet are also described. Muscle cramps, intrinsic muscle weakness, and decreased

stretch reflexes can follow. Fifty percent of patients report subjective symptoms of neuro-

pathy without objective evidence on electrophysiologic studies. The neuropathic symp-

toms appear to be related to dose and duration of treatment.

3.3. Radiation Injury

Any part of the nervous system exposed to ionizing radiation can be damaged. Damage is

caused by the breaking DNA strands, which leads to cell death. Radiation-induced damage

is dependent upon the dose reaching nervous tissue.

Optic neuropathy develops between 7 months to 2 years after radiation treatment.

Axonal loss, demyelination, gliosis, and vessel hyalinization cause visual loss that is

not reversible. Optic nerves can be spared by shielding the eyes, but some damage

occurs with whole-brain radiation. Dysgeusia may result from facial nerve branch

injury secondary to radiation and may be permanent in patients treated with high doses

(.50 Gy) for head and neck tumors. Decreased salivary gland secretion from radiation

can result in xerostomia and dental caries, which may be amenable to pilocarpine.

Radiation injury to the peripheral nerves and brachial and lumbosacral plexuses is dose-

limiting for treatment of many tumors.

Radiation-induced plexopathy occurs typically one or more years following treat-

ment, although as soon as 4–7 months after intra-operative pelvic irradiation
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(Table 14.4). A multilevel lower motor neuron lumbosacral polyradiculopathy or cauda

equina syndrome may occur months to decades after para-aortic radiation for malignant

testicular cancers and lymphoma (26).

3.4. Management and Prognosis

Delayed radiation therapy injury is typically irreversible, although treatment with anti-

coagulation, anti-oxidant therapy, and hyperbaric oxygen, may slow or halt the progression

of injury, or even reverse the damage. Urinary incontinence from lower sacral nerve invol-

vement may warrant pharmacologic treatment, and possible suprapubic catheterization to

prevent repeated overflow incontinence with recurrent urinary tract infections. Dysesthesias

and pain can be treated with anticonvulsants, topical analgesic preparations such as

lidocaine gel, and rarely opioids may be utilized.

4. PARANEOPLASTIC SYNDROMES

4.1. Paraneoplastic Neuropathies and Neuronopathies

4.1.1. Clinical Features

A paraneoplastic syndrome is a disorder associated with neoplasia, but not caused by direct

tumor invasion or metastases. Neurologic syndromes attributable to toxicity from cancer

therapy (i.e., chemotherapy and radiation therapy), cerebrovascular effect, infection,

toxic/metabolic insult, or coagulopathy from malignancy are not included. Only syndromes

involving the peripheral nervous system will be discussed in this section (Table 14.5).

Syndromes affecting peripheral nerve include sensory neuronopathy, acute and

chronic demyelinating polyneuropathy, multifocal motor neuropathy, mononeuritis multi-

plex, small fiber painful/autonomic neuropathy, distal sensorimotor axonal polyneuro-

pathy, Lambert–Eaton myasthenic syndrome, and myasthenia gravis.

Sensory neuronopathies produce symptoms of burning dysesthesias, aching, and

lancinating pain. The distribution tends to involve the torso and face early in the course

of symptoms, distinguishing it from length-dependent peripheral neuropathy. The dense

loss of sensation often leads to a de-afferented sensory state, and patients may complain

of imbalance and frequent falls, but rarely of weakness. Physical examination reveals dis-

proportionate indiscrimination of vibration and proprioception, though all sensory modal-

ities are usually affected. Tendon reflexes are reduced or absent in affected limbs. True

weakness is rarely observed, but rather there is a motor impersistence with difficulty in

sustaining effort against manual motor testing when the limb being tested is not visualized.

The loss of sensory input may further lead to an altered sensorium (encephalopathy).

Uncommon findings include ocular dysmotility, dysarthria, dysphagia, cerebellar

ataxia, corticospinal tract findings, asymmetric lower motor neuron weakness, or auto-

nomic findings (32). Although sensory neuronopathies tend to occur in isolation, other

paraneoplastic disorder, such as Lambert–Eaton myasthenic syndrome, motor neurono-

pathy, and peripheral nerve vasculitis, may occur in combinations.

Acute and chronic demyelinating polyneuropathies produce length-dependent tin-

gling dysesthesias, hyperpathia, and occasionally allodynia. The clinical distinction

between acute and chronic demyelinating polyneuropathies is based upon the duration

of symptom progression. Chronic neuropathies progress over the course of �6 weeks,

whereas acute demyelinating neuropathies reach peak disability by 4 weeks. Physical

examination in both disorders is notable for distal predominant loss of sensory
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discrimination affecting all sensory modalities, and weakness affecting both distal and

proximal musculature. Muscle atrophy is more common in axonal sensorimotor poly-

neuropathies, but the distinction between axonal and demyelinating polyneuropathies

cannot be made on physical examination alone, but is aided by electrodiagnostic studies.

Patients with multifocal motor neuropathy have progressive or step-wise loss of

strength in muscles confined to a single peripheral nerve distribution in any limb. There

is atrophy and fasciculations in these involved muscles, and tendon reflexes are reduced

or absent. Mononeuritis multiplex includes sensory or mixed nerves. Physical examination

findings of weakness and sensory loss are confined to single nerves.

4.1.2. Laboratory Evaluation

Symptoms of paraneoplastic syndromes frequently develop months to years before discov-

ery of cancer. Paraneoplastic neuromuscular syndromes are not clinically distinguishable

from those of nonparaneoplastic origin, thus complicating their recognition. When a para-

neoplastic syndrome is suspected, antineuronal antibodies may be assayed (Table 14.6).

Although antibody panels are commercially available, they should not be relied upon,

because not all patients with paraneoplastic syndromes express antineuronal antibodies.

In addition, there is clinical heterogeneity within most syndromes. Accordingly, clinical

examination and testing should be pursued simultaneously with antibody testing.

In sensory neuronopathy NCS reveal reduced or absent SNAPs in a non-length

dependent fashion, with preservation of motor potentials, latencies, and conduction

velocities. Demyelinating polyneuropathies show prolonged distal latencies, markedly

slow conduction velocities, and prolonged F-wave latencies. This is in contrast to distal

predominant sensorimotor axonal polyneuropathies, whereby sensory nerve and motor

unit action potentials are low in amplitude, with preservation of distal latencies, conduc-

tion velocities, and late responses.

Multifocal motor neuropathy is characterized by an abrupt drop in CMAP ampli-

tudes by .50%, with preservation of conduction velocities, distal latencies, and late

responses. This is in contrast to mononeuritis multiplex, whereby both SNAP and

CMAP have low amplitudes with preservation of conduction velocities, distal latencies,

and late responses. Painful small fiber peripheral neuropathies may have normal

sensory and motor responses. Testing for Lambert–Eaton myasthenic syndrome and

Table 14.5 Neuromuscular Paraneoplastic Clinical Syndromes and Associated

Tumors

Clinical syndrome Associated tumor(s)

Sensory neuronopathy Small cell lung carcinoma

Acute demyelinating polyneuropathy Hodgkin lymphoma

Variety of solid tumors (rare)

Chronic demyelinating polyneuropathy Osteosclerotic myeloma

POEMS syndrome

Other plasma cell dyscrasias

Multifocal motor neuropathy Plasma cell dyscrasias

Mononeuritis multiplex Variety of solid tumors

Cryoglobulinemia

Small fiber painful/autonomic neuropathy Amyloidosis

Plasma cell dyscrasias

Distal sensorimotor axonal polyneuropathy Variety of solid tumors

Plasma cell dyscrasias
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myasthenia gravis entails repetitive nerve stimulation at both high and low frequencies,

and occasionally single fiber EMG measurement of jitter.

Patients with associated Sicca syndrome (xerophthalmia, xerostomia) should be

interrogated for Sjögren’s syndrome via an extractable nuclear antigen panel, as subacute

sensory neuronopathies have been described in these patients. Ultimately, a dorsal root

ganglion biopsy may prove diagnostic. In those with a history of smoking, routine chest

imaging is appropriate. Suspicious pulmonary parenchymal or bronchial masses can be

biopsied by CT-guided biopsy, video assisted thoracoscopy, or via mediastinoscopy/
bronchoscopy. Sensory neuronopathy is associated with paraneoplastic encephalomy-

eloneuritis, and MRI of the brain with and without contrast can be helpful in making

the diagnosis. CSF analysis in patients with a pleocytosis often benefit from a high

volume tap for spin-down cytology, in addition to flow cytometry for lymphoma markers.

Table 14.6 Paraneoplastic Disorders and Autoantibodies (37)

Clinical syndrome Associated tumor(s) Auto-antibodies

Multifocal encephalomyelitis/
sensory neuronopathy

Small cell lung carcinoma Anti-Hu (ANNA-1)

Anti-CV2

Anti-Amphiphysin

Cerebellar degeneration Breast, ovarian, adnexal Anti-Yo

Small cell lung carcinoma Anti-Ri (ANNA-2)

Hodgkin lymphoma Anti-Hu

Various carcinomas Anti-CV2

PCA-2

Anti-Tr

Anti-mGluR1

Anti-MA

Limbic encephalopathy Small cell lung carcinoma Anti-Hu

Anti-CV2

PCA-2

Testicular germ cell tumors Anti-Hu

Anti-CV2

PCA-2

Testicular germ cell tumors Anti-amphiphysin

Anti-Ta

Breast carcinoma Anti-voltage gated

Thymoma Potassium channel

Opsoclonus/myoclonus Breast, ovarian carcinomas Anti-Ri

Anti-Hu

Small cell lung carcinoma Anti-Hu

Neuroblastoma Anti-Hu

Testicular Anti-Ta

Stiff person syndrome Small cell lung carcinoma Anti-amphiphysin

Breast carcinoma Anti-amphiphysin

Anti-GAD

Retinal degeneration Small cell lung carcinoma Anti-recoverin

Melanoma Anti-bipolar cell

Neuromyotonia Thymoma Anti-voltage gated

potassium channel

Lambert–Eaton myasthenic

syndrome

Small cell lung carcinoma Anti-voltage gated

calcium channel
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4.1.3. Differential Diagnosis

The differential diagnosis of paraneoplastic neuromuscular disorders depends upon whether

a diagnosis of cancer is established. In patients with an established diagnosis of cancer, che-

motherapy neurotoxicity should be considered as potential etiologies, with particular atten-

tion to prior cisplatin and carboplatin therapy. Coasting phenomena can occur weeks to

months following platin therapy. Sensory neuropathies are more likely to occur when

these medications are paired with taxol (paclitaxel) and docetaxel (taxotere), and are

likely mediated by both cumulative drug dose and single dose intensity. Chronic sensory

neuropathies have been described in patients with IgM paraproteinemia and polyclonal

hypergammaglobulinemia, some of which possess concomitant elevated antibody titers

against chondroitin sulfate, sulfatide, and disialogangliosides. Subacute sensory neuropa-

thies may produce the presenting symptoms heralding a diagnosis of Sjögren’s syndrome,

and thus warrant continued queries for Sicca syndrome. HIV infection can produce dorsal

root ganglionitis and dorsal column degeneration, thus warranting ELISA testing with

Westernblot confirmation. Pyridoxime hypervitaminosis (vitamin B6) causes a subacute

sensory neuropathy, although the presenting symptoms of vibratory and proprioceptive

loss tends to occur in a distal-predominant manner with associated Lhermitte’s symptom

(because of both central dorsal column and peripheral nerve involvement).

4.1.4. Management and Prognosis

Management involves identification of the occult cancer, its treatment, and suppression

of the autoimmune-mediated cascade producing peripheral nerve dysfunction. Sup-

pression of the autoimmune-mediated cascade is recommended in patients with a clinical

diagnosis of a sensory neuronopathy and documented serum anti-Hu antibodies, even in

the absence of detectable neoplasm. Although no concensus exists regarding the best

way to treat these patients, therapies tend to initiate high dose steroid treatment (predni-

sone 1 mg/kg PO QD).

Most patients with a sensory neuronopathy experience deterioration over the course

of weeks to months, with subsequent stabilization at a level of significant disability.

However, some experience a progressive or a step-wise loss of function. In patients

who seem to pass away from their neuropathy, as opposed to the cancer, a dysautonomia

is believed to be the etiology of sudden death in a minority of patients.

5. OTHER

5.1. Organ Failure and Metabolic Derangements

Various organs may be affected by cancer or therapy-related side effects, or by opportu-

nistic infection. End organ dysfunction may ultimately cause peripheral nerve damage

through the accumulation of toxic substances (in the case of both liver and kidney

damage), and through the accumulation of metabolic substrates (hyperglycemia and

malnutrition in pancreatic illness).

6. CRYPTOGENIC ETIOLOGIES

When a cancer patient develops neuropathy, there is a tendency to assume that it must be

somehow related to the cancer or its therapy. Unfortunately, despite an aggressive search

for a parsimonious etiology to unite the neuropathy and a cancer, or to another cause, one

is often not found, and the neuropathy is said to be cryptogenic.
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ABSTRACT

Approximately 10% of individuals with an idiopathic polyneuropathy harbor a mono-

clonal protein (M-protein) in serum or urine. In some instances, the M-protein is etiopatho-

genic, whereas in others it may be an epiphenomenona. An M-protein may be seen in

demyelinating or axonal polyneuropathies. Serum and urine protein electrophoresis are

the most common means for detecting an M-protein, but immunofixation electrophoresis

provides the highest sensitivity and specificity. This chapter discusses the various disease

entities associated with M-proteins and polyneuropathy, the most common being

�The opinions or assertions contained herein are the private views of the authors and are not to be

construed as official or as reflecting the views of the Department of the Army or the Department of

Defense.
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monoclonal gammopathy of undetermined significance. Optimal diagnosis and manage-

ment occurs when a solid working relationship is formed with a hematology consultant.

1. INTRODUCTION

The paraproteinemias, also called monoclonal gammopathies and plasma cell dyscrasias,

are a group of heterogeneous clinical diseases and syndromes that have in common a

monoclonal immunoglobulin in serum or urine. Proliferation of a single plasma cell

clone in bone marrow is responsible for production of the monoclonal immunoglobulin.

Any monoclonal protein is usually referred to as an M-protein, regardless of its

immunoglobulin type, and “M” means monoclonal and has nothing to do with IgM.

Other terms are also used and include M-protein, M-component, M-spike, and paraprotein.

The M-protein consists of two heavy polypeptide chains and two light chains. The

M-protein is called IgG, IgA, IgM, IgD, or IgE when the heavy chain is g, a, m, d, or

1, respectively. The light chain may be either k or l. In a polyclonal gammopathy,

there is an increase of one or more heavy chains and both light chains and indicates a reac-

tive or inflammatory process. A monoclonal gammopathy is indicative of a malignant or

potentially malignant process. The paraproteinemias associated with peripheral neuro-

pathy (PN) are listed in Table 15.1.

Various methods are available to detect the M-protein, including serum protein elec-

trophoresis (SPEP), urine protein electrophoresis (UPEP), immunoelectrophoresis (IEP),

and immunofixation electrophoresis (IFE). These techniques vary in regard to the

expense, skill, and intensity of labor involved. High-resolution SPEP can detect up to

96% of small M-spikes, whereas low-resolution techniques may only detect 28–60%

(1). IFE is the most sensitive and critical in differentiating a monoclonal from a polyclonal

gammopathy, but is more expensive and may not be readily available. Laboratories may

not want to perform an IFE in the setting of a normal SPEP, but routine SPEP may miss

small M-spikes, particularly when they migrate outside the gamma region into the alpha or

beta region. In certain situations, the clinician should insist upon an IFE despite a normal

SPEP (Table 15.2). An SPEP prior to the IFE helps ensure an optimal dilution of the

serum. Urine for detection of monoclonal light chains should be performed from 24 h

samples and may be positive when no serum M-spike is detected (2).

The presence of a M-protein is not necessarily indicative of disease as it may be

detected in otherwise asymptomatic individuals. Epidemiologic studies indicate that a

M-protein is found in �1% of individuals .25 years and 3% of those .70 years (3).

The association of monoclonal gammopathies and peripheral neuropathies cannot be

Table 15.1 Monoclonal Gammopathies Associated with Peripheral

Neuropathies

Monoclonal gammopathy of undetermined significance

IgM with anti-MAG—distal demyelinating neuropathy

IgM without anti-MAG—axonal, distal demyelinating, or CIDP neuropathy

IgG or IgA—CIDP-like or small fiber axonal

Light chain amyloidosis

Multiple myeloma

Osteosclerotic myeloma

Waldenström’s macroglobulinemia

Cryoglobulinemia
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explained by chance alone. Although, up to 3% of all patients .70 years have a detectable

serum M-protein, as many as 10% of patients with an otherwise idiopathic PN have detect-

able levels (4). Upon detection of an M-protein, a full hematological evaluation, including

bone marrow biopsy and skeletal survey, is indicated. If no underlying etiology is found on

initial evaluation, then the diagnosis of monoclonal gammopathy of undetermined signifi-

cance (MGUS) is made. These patients are at risk for developing multiple myeloma (MM),

Waldenströms macroglobulinemia (WM), light chain amyloidosis (AL), or other prolif-

erative disease and must be carefully followed. Longitudinal studies show that up to

30% of patients with MGUS will develop one of these disorders, if followed for �25

years (5). There are no initial laboratory or clinical features that predict which patients

are at risk. When levels of the M-protein are .3 g/dL, MM is more likely to be found

at initial evaluation.

The pathogenetic role of the immunoglobulin in neuropathy is not always clear. In

some instances, the M-spike may represent an epiphenomenon, as in the cases of chronic

inflammatory demyelinating polyneuropathy (CIDP) associated with an IgG-MGUS. Evi-

dence for a causative role of the M-protein exists in some cases of IgM-MGUS, where

pathologic studies show antibody to myelin-associated glycoprotein (anti-MAG) to inter-

calated between the myelin lamellae on EM studies (6). The discovery of other antibodies

that recognize nerve proteins, such as anti-SGPG (sulfated glucuronyl-paragloboside),

anti-Gd1b (diasialyl ganglioside), anti-GM1 (ganglioside-monosialic), anti-chondroitin

sulfate C, and others, supports a pathogenetic role in neuropathy (7).

The neurologist’s goal is to determine an etiology for a neuropathy based on clinical

presentation, but the literature mainly describes only clinical syndromes related to specific

monoclonal antibodies, and there is rarely a distinct phenotypic presentation associated

with a particular serological finding. For instance, an IgG M-protein may be seen in

MM where the neuropathy is generally an axonal motor and sensory polyneuropathy, in

AL where the neuropathy is typically a small fiber sensory and autonomic neuropathy,

or in MGUS where there are a variety of clinical presentations. These factors preclude

a rigid clinical approach to neuropathy patients with M-spikes.

2. MONOCLONAL GAMMOPATHY OF UNDETERMINED
SIGNIFICANCE (MGUS)

MGUS is characterized by the presence of a serum M-protein ,3 g/dL, ,5% plasma

cells in the bone marrow, no or minimal Bence Jones protein in the urine, absence of

lytic bone lesions, and no related anemia, hypercalcemia, or renal failure. Of patients

with a PN and monoclonal gammopathy, approximately two-thirds fall into this category.

In patients with MGUS and a neuropathy, 60% are IgM, 30% IgG, and 10% IgA. In

patients without neuropathy, the most common subclass is IgG (8). There is pathological

Table 15.2 When to Order an IFE

Electrodiagnosis indicative of a demyelinating polyneuropathy

Hypergammaglobulinemia on SPEP without M-spike

Evidence of a small sensory fiber polyneuropathy early in the clinical course

Evidence of systemic disease (cardiac conduction defect, liver, renal, or

dermatological abnormalities)
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and immunological evidence to support a causal role of the immunoglobulin when IgM is

present.

Clinical, electrophysiological, and immunological data from patients with MGUS

correlate imperfectly, defying simplistic classification. There is significant overlap of

these neuropathies with chronic acquired dysimmune polyneuropathies (CADP) and

multiple nomenclatures exist to describe similar yet not necessarily distinct entities

(Table 15.3). CIDP is associated with the M-protein �20% of the time, and the term

CIDP–MGUS encompasses all patients with CIDP, or its clinical variants, who harbor

an IgM, IgG, or IgA subclass (9). Studies that compared idiopathic CIDP (CIDP-I) with

CIDP–MGUS demonstrated a more indolent course, less functional impairment, and

less severe weakness, but greater imbalance, leg ataxia, and vibration loss in the MGUS

group (10). The term distal acquired demyelinating symmetric neuropathy (DADS) has

been proposed to distinguish this phenotypic variation (11). DADS-M is associated with

a M-protein (IgM k in 90% and IgG in the remainder). DADS-I refers to patients with

similar clinical manifestations, but no monoclonal gammopathy. DADS-I may be more

responsive to immunosuppressive agents than DADS-M. It has been suggested that the

term CIDP be applied to patients with predominantly motor manifestations in a proximal

and distal distribution, and note that particular patients with an M-protein usually have

IgG. The various MGUS neuropathies have been described primarily from the vantage

point of the immunoglobulin subtype.

2.1. IgM-MGUS

Neuropathies associated with IgM-MGUS are relatively homogeneous. Most have anti-

MAG antibodies, and may be referred to as anti-MAG neuropathy or Latov’s syndrome,

emphasizing the pathophysiology (12). The other nomenclature is DADS-M emphasizing

the clinical and electrophysiologic data (11). The typical patient is an older man who pre-

sents with distal, ascending parasthesias, numbness, and sensory ataxia. Pain is relatively

uncommon and weakness is confined to the distal muscles. Examination discloses distal

joint position and vibration sensation decreased to a greater degree than pain and tempera-

ture and a positive Romberg test. Autonomic involvement is rare and helpful in excluding

amyloidosis. Atrophy and weakness are confined to the distal lower extremities. Early in

Table 15.3 Chronic Acquired Dysimmune Polyneuropathies

Chronic inflammatory demyelinating polyneuropathy

1. Iatrogenic

2. Concurrent illnesses

a. MGUS—IgG .IgM l

b. Osteosclerotic myeloma

c. Lymphoma

d. HIV

e. Diabetes mellitus

Distal acquired demyelinating symmetric neuropathy (DADS)

1. DADS-M (M-protein identified)—IgM k

a. Anti-MAG activity

b. No anti-MAG

2. DADS-I (no M-protein)

Multifocal motor neuropathy

Multifocal acquired demyelinating sensory and motor neuropathy
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the course, the illness may resemble a pure sensory neuropathy. Reflexes are markedly

decreased or absent in the lower extremities and mildly decreased in the arms. Nerves

may be thickened and firm to palpation. A postural upper extremity tremor may be

present in many (13). The disease is chronic, progressing over months to years.

Electrophysiological testing reveals a demyelinating polyneuropathy, with pro-

longed distal latencies, decreased nerve conduction velocities (NCVs), and conduction

blocks (14). The terminal latency index, which compares the NCV of a distal segment

of a nerve to a proximal segment, is decreased, indicative of greater degrees of demyelina-

tion in the more distal segments (15). Sensory potentials are usually absent in the legs and

diminutive in the arms. Cerebrospinal fluid shows a high protein concentration and normal

cell count. Approximately two-thirds of patients have anti-MAG antibodies, a glyco-

protein constituent of peripheral and central nervous system myelin with neural adhesion

properties (11).

Nerve pathology reveals a characteristic wide spacing between the myelin lamellae

and, immunopathological studies show IgM binding to myelin sheaths (16). Furthermore,

the anti-MAG antibody has been found to be intercalated between densely packed layers

of myelin (17). Induction of a similar neuropathic picture in animal models through

passive transfer of anti-MAG serum or by direct intraneural injection of anti-MAG also

support a causative role for the antibody (18,19).

Rarely, a patient’s serum may be positive for anti-MAG antibodies when no M-spike

is present on IEP, although this would not technically represent an MGUS (20). Thus, it is

appropriate in the clinical setting of a predominantly distal demyelinating features on

electrodiagnostic studies to test serum for MAG antibodies, even in the presence of a

normal IFE.

The incidence of this syndrome, even in major medical centers, is low. Therefore

large, randomized, controlled trials do not exist, limiting treatment recommendations.

Further, the slow progression of the neuropathy influences management. When symptoms

are mild, benefits of immunologic therapy are likely outweighed by the risks. The time to

initiate therapy is done on a case-by-case basis. Long-term prognosis is favorable, and

therapies may only be effective in half of the patients (21). Treatment modalities

include intravenous immunoglobulin (IVIg), plasma exchange (PE), cyclophosphamide,

prednisone, chlorambucil, and interferon a (11,22–25). There is no literature on the

use of mycophenolate mofetil. Patients treated with PE may show fluctuations in

symptoms and signs that correlate with serum IgM levels, supporting a causal role of

the paraprotein (26).

Approximately one-third of patients with IgM-MGUS do not have anti-MAG anti-

bodies. Detailed electrodiagnostic, clinical, and immunological studies have been per-

formed to determine whether patients with anti-MAG antibody differ from those

without. Anti-MAG antibody negative patients tend to be more heterogeneous with

respect to the clinical and electrodiagnostic features and differ from anti-MAG antibody

positive patients (12,13,27,28). Patients with demyelination, irrespective of the presence

or absence of anti-MAG, were clinically indistinguishable, with sensory greater than

motor manifestations, and these have been classified as DADS-M (11).

2.2. IgG- and IgA-MGUS

There is less evidence implicating IgG- or IgA-MGUS immunoglobulins in the pathogen-

esis of the neuropathy. Anti-MAG antibodies are rarely found. It is not clear that the PN in

patients with IgG or IgA differ from those with IgM gammopathy (27–29). Some patients

with IgG- or IgA-MGUS neuropathy are indistinguishable from idiopathic CIDP and do not
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differ in response to therapy. Progression may be subacute, chronic, or relapsing and remit-

ting, with greater motor than sensory symptoms. Weakness is symmetric, affecting proxi-

mal and distal muscles. Other patients may have an axonal polyneuropathy that is

chronic and mild. These patients tend to be older and have predominantly sensory symptoms

with dysesthesias and autonomic dysfunction, resembling the idiopathic sensory neuro-

pathy seen in the elderly. These symptoms are similar to those in amyloidosis, but progress

at a slower rate. However, features such as anemia, elevated sedimentation rate, proteinuria,

and cardiac conduction abnormalities should raise suspicion for amyloidosis.

Treatment recommendations for neuropathies associated with a MGUS are limited.

Dyck et al. (30) performed a controlled trial comparing PE and sham exchanges on

39 patients with polyneuropathy and MGUS. Testing for MAG antibody was not per-

formed. They concluded that PE appeared to be efficacious, particularly for IgG- or

IgA-MGUS and less so for IgM-MGUS. As stated earlier, there is clinical and electrodiag-

nostic heterogeneity within each of these subtypes, and to what degree any of these factors

played a role is unknown. If a patient has clinical and electrodiagnostic criteria consistent

with CIDP, then they should be treated the same, regardless of the presence of an IgG- or

IgA-MGUS (9). Using strict electrodiagnostic criteria, Gorson and Ropper (31) performed

a study of patients with MGUS and polyneuropathy comparing axonal vs. demyelinating

subtypes. Fewer patients with an axonal polyneuropathy responded to immunomodulatory

treatment.

3. CRYOGLOBULINEMIA

Cryoglobulins are immunoglobulins that precipitate when cooled. They may be formed by

one immunoglobulin class or from the interaction of two or more different isotypes

(32,33). Type I cryoglobulins are isolated monoclonal immunoglobulins, usually IgG or

IgM, and self-aggregate. Type II cryoglobulins have rheumatoid factor (RF) activity,

and monoclonal IgM, more commonly than IgG or IgA, and are directed against a

polyclonal immunoglobulin, usually IgG. Type III cryoglobulins consist of a polyclonal

RF, usually IgM, and other immuoglobulins. Types II and III are referred to as mixed cryo-

globulins. RF is present in .87% of patients with mixed cryoglobulinemia. The presence

of cryoglobulins does not necessarily establish disease, as approximately one-half of

normal patients have detectable, albeit low, levels.

Cryoglobulinemia is defined as having a cryocrit .1% for at least 6 months, a posi-

tive serum RF, and at least two of the following: purpura, weakness, arthralgia, or C4

,8 mg/dL. It is considered to be essential cryoglobulinemia when no underlying con-

dition exists and secondary when associated with connective tissue disease, chronic

liver disease, a lymphoproliferative disorder, or infection. The most characteristic clinical

manifestations of cryoglobulinemia are those related to cold sensitivity, usually affecting

acral and dependent regions of the body, such as Raynaud’s phenomenon, petechiae,

and purpuric eruptions (34). Other possible manifestations include ulcerations, gangrene,

oronasal and retinal hemorrhages, liver abnormalities, and a membranoproliferative

glomerulonephritis (32).

Clinical peripheral nerve involvement is noted in 17–56% of patients with cryoglo-

bulinemia (32,35,36). Electrophysiological evidence of nerve involvement can be detected

in 80% and is typically axonal (37). Clinical features are a progressive, distal, sensory

greater than motor, polyneuropathy. Asymmetry is common early on. Dysesthetic pain

is the most common complaint (38). The neuropathy may not progress significantly

when other aspects of the disease are well controlled (39). Other presentations include

mononeuritis multiplex and subacute sensory ataxia (40). The main pathological
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abnormalities are axonal degeneration with few signs of axonal regeneration (41). Pro-

posed pathogenetic factors include ischemia related to thrombosis or increased blood vis-

cosity, immunologically mediated damage, or cellular infiltration.

Proper collection and processing of serum is critical for detection of cryoglobulins

(32). A minimum of 10–20 cc of blood must be allowed to clot at 378C for 30–60 min.

Following centrifugation, the supernatant is kept at 48C and inspected daily for up to

1 week for cryoprecipitate. If cryoprecipitate forms, it should be resolubilized at 378C
to prove it is a cryoglobulin. Other laboratory abnormalities in essential cryoglobulinemia

include a polyclonal hypergammaglobulinemia on SPEP (only 15% of patients have a

visible M-spike), anemia, elevated erythrocyte sedimentation rate (ESR), depression of

the complement factors C1q and C4, and abnormal liver function tests. Antibodies to

hepatitis C virus (HCV) have been found in .50% of patients with types II and III cryo-

globulins. Treatments have included corticosteroids, cyclophoshamide, and PE. Interferon

A can also be used when anti-HCV antibodies are found.

4. WALDENSTRÖM’S MACROGLOBULINEMIA

Waldenström’s macroglobulinemia (WM) is a rare disease characterized by diffuse pro-

liferation of small lymphocytes, plasmacytoid lymphocytes, and plasma cells in bone

marrow (42). An IgM M-protein is present in serum. The term “macroglobulin” refers to

the high molecular weight of IgM. Direct tumor infiltration and effects of high circulating

levels of IgM contribute to clinical manifestations. Although the malignant cells divide

slowly, they can disseminate throughout the lymphatic system. Monoclonal IgM can

form complexes with other serum proteins resulting in vascular damage in skin or glomeruli.

Alternatively, it can act as an autoantibody that attaches to antigens in the nervous system,

skin, or skeletal muscle.

Clinical manifestations of WM include weakness, fatigue, nasal and oral bleeding,

impaired vision, splenomegaly, and lymphadenopathy. A hyperviscosity syndrome occurs

in one-third of patients, causing bleeding tendencies, headache, tinnitus, vertigo,

decreased hearing, ataxia, or blurred vision. Fundoscopy reveals distended retinal veins,

hemorrhages, or papilledema. PN occurs in �50% of patients and can be the presenting

feature (43). Less common manifestations include lytic bone lesions, amyloidosis,

renal, and pulmonary involvement.

The neuropathic manifestations are similar to those seen in IgM-MGUS, including

anti-MAG antibodies detectable in 50% (43). Clinically, the neuropathy follows a chronic

and slowly progressive course, with distal numbness and parasthesias to a greater degree

than distal weakness, sensory ataxia, and tremor. Pain is uncommon. In patients without

anti-MAG activity, the clinical manifestations do not differ from those with anti-MAG,

but the electrophysiologic findings are less homogeneous, with demyelinating and

axonal features. Morphologic studies show demyelination and remyelination. Amyloid

deposition and cryoglobulins can also occur, and amyloid should be suspected with the

development of dysautonomia. Subclinical, electrophysiologic evidence of neuropathy

can also be seen. There is no correlation between the IgM level and the presence oseverity

of a neuropathy.

Laboratory abnormalities include anemia, Bence Jones proteinuria, elevated b-2

microglobulin, and hyperviscosity. The IgM immunoglobulins may behave as a cryoglo-

bulin. The median survival is�5 years, with at least 20% of patients surviving .10 years.

Death is due to the complications of a heavily infiltrated bone marrow or transformation to

other malignancies such as lymphoma or acute lymphoblastic leukemia.
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Primary therapy for WM consists of cytotoxic agents. Patients are often diagnosed in

an asymptomatic stage, and the course may be indolent for years, and therapy is typically

withheld until complications develop. In patients whose neuropathy features predominate,

immunosuppressive therapy with prednisone, chlorambucil, IVIg, or plasmapheresis can

be considered (44). There is one published case of a successful response to autologous

bone marrow transplantation (45).

5. LIGHT CHAIN AMYLOIDOSIS

AL is a monoclonal plasma cell disorder closely related to MM with some patients

fulfilling diagnostic criteria for MM. The amyloid diseases are characterized by the

accumulation of insoluble protein fibrils in the extracellular spaces of various organs.

Twenty different types of fibrils have been described in human amyloidosis, each with

a different clinical picture (46). In AL, the fibril protein is an immunoglobulin light

chain or light chain fragment. Rarely, the fibril deposits consist of the heavy chain com-

ponent (AH). AL and AH are also referred to as immunoglobulin-related amyloidosis.

Prior to the description of the fibril component, AL was called primary systemic amyloi-

dosis or when the burden of monoclonal plasma cells was large, myeloma-associated amy-

loidosis. AL is a systemic disorder with cardiac, gastrointestinal, renal and pulmonary

manifestations in addition to a PN. The incidence is �1/100,000 per year (47). The clini-

cal presentation is variable depending on which manifestations predominate. Seventy

percent of patients are men, with a median age of 64 (47). Prognosis is poor with the

median duration of survival 13–25 months (47,48), and only 7% of patients survive .5

years. Serum elevations of b-2 microglobulin are associated with particularly poor prog-

nosis (49). Rarely, survival .10 years occurs. Prolonged survival is generally seen in

younger patients with a high initial platelet count (50). Patients who present with a PN

tend to have a somewhat longer median survival (25–35 months) (47,51,52). Death is

due to systemic involvement and not due to the PN.

PN occurs in �17% and may be the presenting abnormality (47,53). Small myeli-

nated and unmyelinated fibers that subserve pain and temperature are commonly affected

to a greater extent than larger myelinated sensory and motor fibers (54). Usual symptoms

are numbness, parasthesias, and dysesthesias in the distal lower extremities. Dysesthesias

may be incapacitating, precluding weight bearing, and requiring narcotic medications.

Weakness and atrophy are milder, limited to distal lower extremities, and occur later in

the course of the illness. Autonomic fibers are also significantly involved and patients

can have distressing orthostatic hypotension. Other autonomic features include bowel or

bladder dysfunction, impotence, xerostomia, and anhidrosis. Superimposed carpal

tunnel syndrome (CTS) due to deposition of amyloid into the flexor retinaculum is not

uncommon. CTS may occur prior to the other manifestations of the PN.

Electrodiagnostic testing reveals symmetric axonal degeneration with small or

absent sensory nerve action potentials (SNAPs) and decreased compound muscle action

potentials (CMAPs). Conduction velocities and distal latencies are minimally affected.

Needle EMG discloses distal denervation. Autonomic testing may show absent sympath-

etic skin responses and fixed heart rate. Rarely, amyloid neuropathy simulates lower motor

neuron disease (55) or causes a myopathy associated with skeletal muscle pseudohypertro-

phy and macroglossia (56). In the latter, serum creatine kinase is normal and needle EMG

discloses small, short duration, polyphasic units.

AL should be suspected in patients presenting with symptoms of a small fiber sensory

neuropathy. Many patients with AL have constitutional symptoms such as weight loss,
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fatigue, and postural lightheadedness. Non-neurological signs include periorbital and facial

purpura, peripheral edema from cardiac or renal disease, and hepatomegaly. Laboratory

clues to the diagnosis include anemia or pancytopenia, elevated ESR, and proteinuria.

Other organ involvement, such as cardiac failure, nephrotic syndrome, and a malabsorption

syndrome, should raise further suspicion. A classic pattern on ECG is a low voltage QRS

complex in the limb leads due to infiltration of amyloid in cardiac conduction tissue. A

M-spike is noted in the urine or serum of 90% of patients (47). Serum IEP showed an

M-spike in 70%, an intact immunoglobulin (usually IgG) in 50%, and a free monoclonal

light chain in 25% (usually l). The median M-spike is 1.4 g/dL and rarely .3.0 g/dL.

The M-spike may be detected in the urine when the serum is negative, supporting the

need to order UPEP. CSF protein is moderately elevated in most (average 66 mg/dL).

CSF is acellular in most, but a modest pleocytosis can be observed (up to 19 cells/mm3) (54).

Definitive diagnosis is histological. Amyloid can be found in epineurium and

epineural blood vessels or in endoneurium between the nerve fibers. Congo red staining

reveals apple-green birefringence under polarized light, and electron microscopy identifies

b-pleated fibrils. The sensitivity of nerve biopsy ranges from 33% to 90% (47,54,57). One

factor for lower sensitivities in some patients is the timing of the biopsy relative to the pattern

of amyloid deposition. Proximal portions of the nervous system are thought to be involved

first, and a negative study should not preclude biopsy of the contralateral sural nerve or other

tissues based on clinical circumstances. The sensitivity of rectal and fat pad biopsy is�70–

80%. Muscle is another tissue to consider, and amyloid deposits may be found in or around

blood vessel walls or in connective tissue, but not within muscle fibers (58). The selection of

the biopsy site is dictated by evidence of clinical involvement.

There are currently no medications that have proven successful in stopping the

relentless progression of the disease. Combination therapy with melphalan and prednisone

has prolonged survival (59). High-dose dexamethasone has been occasionally beneficial in

untreated and previously treated patients (60). Iododoxorubicin, a molecule that binds to

and solubilizes amyloid fibrils, is undergoing clinical investigation (61).

6. MULTIPLE MYELOMA

MM is a neoplastic disorder characterized by the infiltration of malignant plasma cells in

the bone marrow. Onset is usually in the third to fifth decade of life. Clinical evidence of a

PN is noted in �3–5% of patients (62). On the other hand, electrophysiological evidence

of neuropathy is present in up to 39% (63). Other neurological manifestations are more

common, including radiculopathy and myelopathy from vertebral bone infiltration and

those secondary to hypercalcemia. Non-neurological manifestations include bone pain,

renal disease, elevated ESR, pancytopenia, and a high incidence of infections. Major

criteria for diagnosis include a plasmacytoma, bone marrow infiltration of plasma cells

.30%, serum IgG .3.5 g/dL, serum IgA .2.0 g/dL, and urine protein .1.0 g/24 h

(64). Other criteria include lytic bone lesions and a reciprocal decrease in the levels of

the nonmonoclonal immunoglobulins.

Neuropathy in MM is uncommon and usually is mild, with distal sensory and motor

manifestations (63). Sensory symptoms are symmetric, most prominently in the distal

lower extremities. The course is slowly progressive and tends to parallel the progression

of the MM. Primarily axonal features are noted electrodiagnostically and pathologically

(63,65). The neuropathy is usually not disabling, but can herald the onset of MM. Less

common is a sensory neuropathy manifested by disabling proprioception and vibration

loss. Symptoms progress subacutely over months and then tend to stabilize without
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improvement or worsening. Least common is a subacute or chronic demyelinating poly-

radiculoneuropathy manifested by symmetric progression of weakness both distally and

proximally. Approximately one-third of patients with MM and neuropathy have evidence

of amyloid deposition, similar to patients with AL (63). In these cases, it is commonly

stated that MM can be associated with mononeuritis multiplex because of painful, asym-

metric neuropathic signs and symptoms, but these are more likely secondary to lytic bone

lesions and polyradiculopathy.

7. OSTEOSCLEROTIC MYELOMA

Osteosclerotic myeloma (OSM) represents ,3% of all cases of myeloma (63). It has a

more indolent course, bone marrow is not infiltrated by plasma cells, the concentration

of the M-spike is low, and anemia, renal disease, and hypercalcemia are uncommon.

However, PN is noted in �50% of cases. OSM is due to a plasmacytoma that is usually

found in a sclerotic bone lesion, otherwise proliferation of plasma cells is confined to

the lymph nodes. Sclerotic lesions may be solitary or multiple and are typically located

in the spine, ribs, or pelvis, with relative sparing of the skull and distal long bones.

The neuropathy is relatively homogeneous with motor manifestations dominating

(66). Patients present with progressive, symmetric weakness beginning distally and

spreading proximally. Symptoms progress over months to years. Sensory ataxia with

imbalance, distal hypesthesias, and parasthesias occurs, but to a lesser extent than weak-

ness. Other manifestations include an action tremor and palpable nerves. The clinical and

electrodiagnostic phenomena are not distinctly different from idiopathic CIDP. CSF is

acellular with an elevated protein. Somatosensory evoked potentials show proximal

abnormalities, suggesting that the syndrome is a polyradiculoneuropathy (67). The neuro-

pathy does not respond to conventional immunotherapy, but does remit with radiation of

the tumor.

The diagnosis of OSM may be difficult. A serum M-spike of low concentration,

usually IgG or IgA with the light chain more commonly l, is noted in �75% of patients

(66). A skeletal bone survey is necessary to detect the sclerotic lesions. Radioisotope bone

scanning is not helpful. Often the tumors are inadvertently ascribed to benign processes

such as fibrous dysplasia or vertebral hemangioma. In the appropriate clinical setting,

biopsy of such lesions is necessary. Radiation therapy effectively treats solitary lesions,

with subsequent improvement of the neurological manifestations and decreased titers of

the M-spike. Patients must be followed after treatment, as return of the neurological symp-

toms or elevations of the M-spike can signify tumor recurrence. Multiple lesions are more

difficult to treat due to radiation therapy dose limitations. Chemotherapy is less effective in

treating the tumors or the neuropathy.

OSM may also be associated with a systemic process that is referred to as either the

POEMS (polyneuropathy, organomegaly, endocrinopathy, M-proteins, and skin changes)

syndrome (68) or the Crow–Fukase syndrome (69). Again, the polyneuropathy is

CIDP-like. Organomegaly can be noted in the liver, spleen, or lymph nodes. Endocrine

abnormalities include glucose intolerance, hypothyroidism, gynecomastia, amenorrhea,

or impotence. Dermatologic manifestations include hypertrichosis, hyperpigmentation,

clubbed fingers, and sclerodermatous changes. Edema is very common and can be

severe. Patients may have ascites or anasarca. Ocular complications such as optic disc

swelling, preretinal hemorrhages, or uveitis also occur. Patients can have any number of

manifestations, but rarely fulfill all criteria for POEMS (70). Approximately 90% of

patients will have a detectable M-spike, either IgA or IgG (70). The course of the
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illness is slowly progressive, with median survival of 33 months and death in .50% of

patients. Long-term treatment with melphalan and prednisolone may be effective in a

few patients (71).

A related neoplasm, angiofollicular lymph node hyperplasia, or Castleman’s disease

may be associated with the same systemic manifestations as OSM. It also causes a primar-

ily demyelinating motor greater than sensory polyneuropathy, associated with an IgG or

IgA M-spike and l light chains (72).

8. CLINICAL EVALUATION

The clinical manifestations of peripheral neuropathies associated with monoclonal gam-

mopathies are diverse. Routine screening with SPEP and 24 h UPEP is recommended

for all patients having a PN without an obvious etiology. SPEP is not the most sensitive

test for detecting a M-spike, but it is the cheapest and most readily available. The clinician

must decide when to order the more sensitive, but also more expensive, IFE when the

SPEP is negative. Suggestions are listed in Table 15.2. When a M-spike is detected, all

patients should have a hematology consultation and skeletal survey. Further workup is

dependent upon the clinical and electrodiagnostic data.

1. CIDP presentation: IFE is necessary if SPEP/UPEP is negative. When a

M-spike is found, the differential diagnosis includes CIDP–MGUS and OSM.

A skeletal survey is necessary for detecting sclerotic lesions, and a nuclear

bone scan is insensitive. Evidence of the Crow–Fukase syndrome (POEMS)

must be sought by clinical evaluation. Serum anti-MAG is recommended if

the M-spike is IgM. CIDP–MGUS is managed the same as CIDP-I, except

that periodic re-evaluations for OSM are required.

2. DADS presentation: IFE is necessary if SPEP/UPEP is negative. DADS-M can

be seen in MGUS or in WM, and bone marrow biopsy is the most useful tool to

differentiate between them. Other laboratory abnormalities in WM include

anemia, elevated b-2 microglobulin, and hyperviscosity. Testing serum for

anti-MAG is recommended regardless of the presence or absence of a M-spike.

3. Axonal neuropathy involving unmyelinated and small sensory fibers and

autonomic fibers: IFE not required when SPEP/UPEP is negative unless other

clinical features suggest cryoglobulinemia or AL. If an M-spike is detected,

serum evaluation for cryoglobulins, RF, ESR, complement levels, and HCV are

recommended. Sural nerve, rectal or fat pad biopsy is also recommended. The

absence of a M-spike does not obviate the need for biopsy under the appropriate

clinical settings.

4. Axonal, sensory, and motor neuropathy: IFE not needed when SPEP/UPEP is

negative. If positive, skeletal survey for osteolytic lesions and hematologic

consultation recommended.
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ABSTRACT

Peripheral nerves are the most frequently affected portion of the nervous system in HIV-

infected individuals. Distal symmetric polyneuropathy (DSP) is the most common form of

neuropathy, occurring in �30% of individuals. It can occur as a result of the HIV infec-

tion, usually in intermediate to advanced stages. A variety of neuropathies, some similar to

DSP, may occur as a toxic effect of medications. These include the dideoxynucleoside

antiretroviral drugs and others used to treat associated infections. Correction of any under-

lying medical disease aggravating or unmasking DSP (e.g., diabetes mellitus), dose

reductions or cessation of offending drugs, virologic suppression, and adequate pain

control are mainstays of management.

Mononeuropathy multiplex and inflammatory demyelinating polyneuropathy may

occur during early stages of HIV infection, implicating immune-mediated mechanisms,

or in advanced disease, more often associated with opportunistic infections such as

cytomegalovirus (CMV). Diagnosis and management are dictated by the stage of HIV

infection. A progressive and potentially fatal polyradiculopathy may result from CMV

infection in advanced AIDS.

1. INTRODUCTION

The life expectancy of HIV-infected patients has increased as a result of highly active

antiretroviral therapy (HAART). Consequently, patients and physicians are dealing with

neurologic complications from the HIV disease, from concurrent diseases, and from

drugs used to treat it. Peripheral neuropathy is the most common HIV-associated neuro-

logic complication (1,2). Several forms of neuropathy may occur, depending on the

level of immunosuppression and the presence of risk factors. In this chapter, the different

forms of neuropathy occurring in HIV-infected individuals are reviewed, including distal

symmetrical polyneuropathy (DSP) caused by the HIV infection or HAART drugs

toxicity, inflammatory demyelinating polyneuropathy (IDP), progressive polyradiculopa-

thy (PP), and mononeuropathy multiplex (MM). The epidemiology, pathogenesis, clinical

features, and management of each type is discussed.

2. DISTAL SYMMETRICAL POLYNEUROPATHY

2.1. Epidemiology

DSP is the most common neuropathy. When both symptomatic and asymptomatic forms

are combined, DSP occurs in one-third of HIV-positive patients (3–5). Advanced disease
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stage is the most important risk factor (5–8). Plasma HIV viral load is predictive of the

development and severity of DSP (8). HIV RNA levels .10,000 copies/mL are associ-

ated with a 2.3-fold greater hazard of developing a neuropathy, and HIV viral load is

correlated with severity of pain and quantitative sensory test (QST) abnormalities (9).

Other risk factors include diabetes mellitus, alcohol abuse, illicit drug abuse, older age,

and other neurologic disorders.

2.2. Clinical Manifestations and Examination Findings

DSP presents with symmetric dysesthesias, paresthesias, or numbness in the legs which

may progress to above the ankles. The pain is often characterized as burning, and may

be so intense that gait is altered to avoid pressure on the soles of the feet (10). The soft

touch of socks or bed sheets may be very painful.

Decreased sensory perception to pinprick and temperature is found in the distal

lower extremities and, in advanced stages, in the distal upper extremities. Joint position

sense is usually preserved, except in severe cases. Ankle reflexes are absent or depressed

compared with knee reflexes. However, in the setting of a coexisting HIV-associated

myelopathy, knee reflexes may be hyperactive, whereas ankle reflexes will be normal

or minimally depressed. Muscle weakness involving only distal intrinsic muscles of the

feet may occur late in the disease.

2.3. Laboratory and Electrophysiologic Findings

Laboratory investigations are usually uninformative, but it is prudent to look for reversible

cause of neuropathy, including serum vitamin B12 and glucose levels and 2 h glucose tol-

erance test. Cerebrospinal fluid (CSF) analysis is usually not necessary, unless there is sus-

picion of an infectious process. Nerve biopsy is rarely necessary except in cases with

atypical features. Skin biopsy for intraepidermal nerve fiber density analysis provides a

minimally invasive marker of nerve loss, particularly when nerve conduction studies

are normal (11).

The electrophysiologic features are those indicative of distal and symmetrical dege-

neration of sensory and motor axons. Nerve conduction studies usually reveal reduced or

absent sural nerve responses (12–14). However, DSP may be associated with normal sural

nerve studies because of preferential small fiber loss (12,14–16). Less commonly, sensory

nerve action potential (SNAP) or compound motor action potential (CMAP) of the median

or ulnar nerves are reduced. F-waves are only mildly prolonged, consistent with axonal

neuropathy. Electromyography may show active or chronic denervation with reinner-

vation in very distal muscles.

2.4. Pathology

Pathologic evidence for DSP is found in nearly all patients dying with AIDS. The pattern

of fiber loss is predominantly distal, and distal axonal degeneration may affect both central

and peripheral projections of dorsal root ganglion cells (17). Loss of dorsal root ganglion

cells and mononuclear infiltration is usually mild when compared with the degree of

axonal degeneration and inflammation noted in distal nerves (17,18).

The most common nerve biopsy finding is degeneration of myelinated and

unmyelinated axons (18,19). Mild epineural and endoneural perivascular mononuclear

inflammation is observed in up to two-thirds of specimens (18–20). T-lymphocytes and

activated macrophages, with suppressor/cytotoxic cells (CD8) predominating over
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helper/inducer (CD4) cells endoneurially are observed (18). No deposition of immunoglo-

bulin, complement, or fibrin is observed. Demyelination is occasionally observed, but does

not appear to be macrophage-mediated or follow a segmental pattern (18–22).

2.5. Pathogenesis

The pathogenesis is not known. HIV infection appears to be a factor because aggressive

antiretroviral therapy and suppression of plasma HIV-1 viral burden improves sensory

function in HIV-infected patients, as measured by QST, but it is not clear if this represents

a direct or indirect mechanism (23). There has been no consistent demonstration of HIV in

dorsal root ganglion cells, nerve roots or peripheral nerves (16,18,19,24), and a paucity

of evidence for significant in vivo infection of neurons. Possible indirect mechanisms

include cytokine dysregulation and immunologic dysfunction. Elevated levels of tumor

necrosis factor-a, interleukin-1, and interleukin-6 have been identified in peripheral

nerve and dorsal root ganglia of patients with AIDS (3,14,18,19,21,25–27), and their

expression may be induced though low levels of HIV-1 replication acting on cytotoxic

T-lymphocytes, resulting in degeneration of sensory neurons within the dorsal root

ganglion (27).

Paraproteinemia may be a factor in some cases, with reactivity of IgM and IgG

against myelin proteins identified in a majority of tested samples from HIV-infected

individuals (28). High titers of antisulfatide antibodies have been found which show

immunofluorescence at paranodal regions (29,30).

Cytomegalovirus (CMV) inclusions or antigens have been identified in peripheral

nerve, nerve roots, and dorsal root ganglion cells of some patients with DSP (17–19,24).

Although some patients with painful neuropathy, particularly in advanced disease stages,

have an underlying systemic CMV infection (31), there is no compelling evidence that

direct CMV infection causes DSP and accounts for DSP in patients with early HIV infection.

2.6. Treatment

Control of pain is the primary treatment goal. Of note, up to 85% of patients with

AIDS-related pain are under treated (32). Guidelines established by the world Health

Organization (WHO) to manage cancer pain can be adapted for HIV-associated DSP

(33). In addition to the use of mild analgesics, adjunctive analgesic medications may

necessary. These include tricyclic antidepressants amitriptyline or desipramine and gaba-

pentin and lamotrigine. Topical anesthetic agents may also be used (lidocaine patch or gel

or capsaicin). Narcotic analgesics are often necessary to control pain in severe cases.

The efficacy of various modalities has been studied in randomized clinical trials

(Table 16.1). Lamotrigine and recombinant human nerve growth factor (NGF) are most

promising (34,35). NGF is not available for clinical use. Lamotrigine has been effective

in pain reduction in two placebo-controlled trails of HIV DSP (34). In the recent

larger trial, lamotrigine’s superiority was demonstrated only in the strata of subjects

receiving ARV, due to the large placebo response in the strata with primary HIV DSP

(36). Successful HAART may have a beneficial effect on non-ARV-associated DSP. A

pilot study has shown improvement in quantitative thermal testing results in subjects fol-

lowed up prospectively after initiation of HAART (23). In cases of ARV-associated DSP

(as discussed subsequently), ARV dose reduction or substitution of a less neurotoxic ARV

without sacrificing virologic control may be sufficient to alleviate symptoms. In cases in

which alternative non-neurotoxic ARV agents are not available due to resistance or
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toxicity, and substitution is not possible without jeopardizing virologic control, sympto-

matic analgesic treatment while continuing the neurotoxic ARV may be appropriate.

3. TOXIC NEUROPATHY

3.1. Antiviral Drugs

Medications used to treat HIV infection may cause a DSP indistinguishable from that

caused by the infection itself. Among the currently approved antiretrovirals, only the

dideoxynucleosides analogs (d-drugs) are clearly neurotoxic. These include didanosine

(ddI), zalcitabine (ddC), and stavudine (d4T) (41–45). DSP associated with dideoxy-

nucleoside analogs is clinically and electrophysiologically similar to DSP associated

with HIV. Although the symptoms and signs of DSP associated with neurotoxicity bear

a temporal relationship to the drug, it is often difficult to determine the date of

symptom onset relative to the frequent changes in a patient’s antiretroviral regimen.

Accordingly, the incidence of d-drug-induced DSP is difficult to determine.

The pathogenesis of toxic DSP is not known. One hypotheses is that ddC, containing

a cytosine base, interferes with the production of sphingomyelin via the formation of a

ddC-diphospho-choline metabolite (46). However, a similar toxicity is observed with

d4T and ddI that do not contain a cytosine base. In vitro and animal experiments

suggest that inhibition of mitochondrial DNA synthesis, particularly the potent inhibition

of DNA polymerase-g, may contribute to neurotoxicity (47–51).

The mechanism responsible for the antiviral activity of these drugs is the same one

implicated in the pathogenesis. Nucleoside analogs, when phosphorylated to their active

triphosphate form, are incorporated into the HIV DNA, resulting in inhibition of the

reverse transcriptase and subsequent chain termination. The same phophorylated analogs

may be used by mammalian mitochondrial DNA polymerase-g resulting in disruption of

the normal mitochondria (52). The delayed onset of symptoms may be due to the gradual

decline of mitochondrial DNA levels, and the coasting phenomenon may result from abnor-

mal signaling as mitochondrial DNA is gradually restored during recovery (53).

Neurotoxicity may also occur from depletion of acetyl-L-carnitine. Acetyl-L-

carnitine may promote peripheral nerve regeneration following injury by causing the

release of NGF (54). Carnitine depletion causes a disruption of mitochondrial metabolism

with resultant toxic accumulation of fatty acids (55). Lower levels of acetyl-L-carnitine

were found in some HIV-infected patients taking dideoxynucleosides with peripheral neu-

ropathy, but correlations of serum carnitine levels with measures of neuropathy severity are

poor (56,57).

3.2. Thalidomide

Symptoms include painful paresthesias of feet and hands with hyperesthesia and

numbness. Thalidomide neuropathy may not be reversible after dose reduction or drug

withdrawal. Damage to dorsal root ganglia and posterior columns may explain incomplete

reversibility of symptoms. The incidence of thalidomide neuropathy, thalidomide varies

from 1% to 70% (58). Although thalidomide neurotoxicity is a concern in HIV-infected

patients, placebo-controlled studies in HIV-associated aphthous ulcers have not demon-

strated an increased incidence of peripheral neuropathy (59).

3.3. Isoniazid

Isoniazid (INH) is used in mycobacterial infections. INH produces a predominantly

sensory, distal symmetric peripheral neuropathy (60–62). INH competitively inhibits
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coenzymes derived from pyridoxine (63–65), causing reduced synthesis of several

neurotransmitters, including serotonin and GABA (66). Supplementation with low dose

pyridoxine (0–50 mg/day) prevents INH neuropathy. Pyridoxine may interfere with

the antimicrobial activity of INH (67) and in high doses, may in itself cause a

neuropathy (68–70).

3.4. Pyridoxine

Pyridoxine is neurotoxic when given in doses .200 mg/day. Symptoms include numb-

ness and tingling, and are often reversible after discontinuation of the vitamin, although

a coasting period during which they may intensify for 2–3 weeks after discontinuation

may be observed (70). The neuropathy is thought to result from competitive inhibition

of the more active form, pyridoxal phosphate, by the less active form, pyridoxine. Satur-

ation of the activating enzymes results in paradoxical deficiency of pyridoxine (69).

3.5. Ethambutol

Ethambutol, an anti-tuberculosis bacteriostatic drug, causes both a distal sensory neuropa-

thy and an optic neuropathy. DSP may occur with doses of 20 mg/kg or more. Neuropathy

is less common than optic neuropathy, but can be disabling (71), and may herald the onset

of optic neuropathy (72). Ethambutol can aggravate neurotoxicity of other drugs

commonly used in combination (e.g., INH). Discontinuation of ethambutol is generally

followed by prompt improvement of symptoms.

3.6. Metronidazole

Metronidazole is an antimicrobial used to treat anaerobic infections. DSP has been

reported with doses of 1.5 gm/day or drug usage .1 month (73–75). Symptoms

include numbness, painful paresthesias and dysesthesias in a stocking, and glove distri-

bution. A proposed mechanism is binding of the drug to ribonucleic acid (RNA) in

nerve cells causing inhibition of neuronal protein synthesis leading to peripheral axonal

degeneration (76). Metronidazole neuropathy is generally reversible after dose reduction

or withdrawal, but coasting has been reported (77).

3.7. Dapsone

Dapsone is used for prophylaxis for Pneumocystis carinii pneumonia in patients with sul-

fonamide intolerance (78). Unlike other toxic neuropathies, dapsone-induced peripheral

neuropathy involves primarily motor nerves with less prominent sensory symptoms

(79–85). Progressive muscle weakness of both proximal and distal muscles occurs in

upper and lower extremities. Electrophysiologic findings demonstrate motor axonopathy.

Symptoms begin from 6 weeks to several years after initiation of the drug, and are associ-

ated with cumulated doses from 4 g to 600 g. Withdrawal of the drug results in improve-

ment of symptoms. The mechanism is not known, but may represent an idiosyncratic

reaction, or occur in individuals who have slow acetylation (84).

3.8. Vincristine

Vinca alkaloids are used as chemotherapy for AIDS-related lymphoma and Kaposi’s

sarcoma. DSP is a major dose-limiting effect, occurring with a cumulative dose of

15–20 mg, and particularly with vincristine (86). Symptoms are distal paresthesias,
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with reduced or absent ankle reflexes in early stages, and objective sensory findings and

motor weakness in later stages. Cranial neuropathies and autonomic dysfunction may

also occur (86–88). Vincristine neurotoxicity is thought due to impaired microtube assem-

bly, resulting in disruption of axonal transport.

3.9. Hydroxyurea

Hydroxyurea is an adjunctive agent for HIV infection. It is neurotoxic, particularly when

used in combination with ddI and d4T (89). The high incidence of neuropathy has lead to

reduced use of hydroxyurea.

4. INFLAMMATORY DEMYELINATING POLYNEUROPATHY

4.1. Epidemiology

IDP occurs in acute and chronic forms. The prevalence of IDP in HIV patients is unknown,

but the acute form often presents at the time of HIV seroconversion or primary infection.

4.2. Clinical Manifestations and Examination Findings

The clinical features of the acute form in HIV-positive patients are similar to acute inflam-

matory demyelinating polyradiculoneuropathy (AIDP), or Guillain–Barré syndrome in

non-HIV-infected patients (90). There is rapidly progressive limb weakness and general-

ized areflexia in a symmetric distribution. Sensory symptoms are mild or absent. Cranial

nerve involvement is common, but autonomic dysfunction is rare. Recovery begins within

2–4 weeks from the nadir. Chronic inflammatory demyelinating polyradiculoneuropathy

(CIDP) has a slower course, progressing over weeks to months, and usually has a less

favorable long-term prognosis.

4.3. Laboratory and Electrophysiologic Findings

CSF analysis reveals a cytoalbumin dissociation typical of that seen in non-HIV-infected

AIDP patients, but a lymphocytic pleocytosis (10–50 cells/mm3) is more common in

HIV-infected patients (10). In advanced HIV disease, search for opportunistic infections,

notably CMV, should be considered.

Electrophysiologic findings are similar to those reported in non-HIV-uninfected

patients, and are consistent with a primary demyelinating neuropathy (REF). These

include markedly reduced SNAP and CMAP response amplitudes, prolonged distal and

F-wave latencies, and decreased conduction velocities with evidence for conduction

block. Superimposed axonal loss may coexist, particularly in CIDP.

4.4. Pathogenesis

IDP is likely immune-mediated, particularly early in the course of HIV infection, when

CD4 lymphocyte counts are relatively high. In patients with CD4 counts ,100 cells/
mm3, CMV infection may cause IDP and should be considered in these cases (91). IDP

associated with CMV infection may include more severe sensory involvement (92).

Other laboratory abnormalities that parallel the course of the disease in IDP include

increased CSF levels of soluble CD8 and neopterin and anti-peripheral nerve myelin

antibody titers (93).
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4.5. Treatment

Case series indicate responsiveness to immunomodulating therapy, including as cortico-

steroids, intravenous immunoglobulin (0.5–1.0 gm/kg for 2 days), or plasmapheresis

(four to five exchanges). In patients with advanced HIV infection, antiviral therapy

against CMV may be indicated.

5. PROGRESSIVE POLYRADICULOPATHY

5.1. Epidemiology

PP usually occurs in advanced AIDS as a complication of CMV infection. The use of

HAART is associated with a reduction in both the incidence of systemic CMV infection

and PP. Less common causes of PP should therefore be considered, including neurosyphilis,

herpes radiculitis, tuberculous radiculopathy, and lymphomatous meningoradiculopathy.

5.2. Clinical Manifestations and Examination Findings

The primary manifestations of PP are lower extremity pain and weakness which may pro-

gress rapidly to flaccid paraparesis with sphincter dysfunction (urinary retention or incon-

tinence). Examination findings are weakness in a cauda equina distribution, areflexia in the

legs, sensory loss, and occasionally a thoracic sensory level (94).

5.3. Laboratory and Electrophysiologic Data

Contrast-enhanced lumbar spine MRI may reveal increased T2 signal of the cauda equina

and enhanced, thickened, and clumped lumbosacral roots. In CMV polyradiculopathy,

CSF shows marked polymorphonuclear pleocytosis (mean, 651 cells + 1053 � 106/L),

elevated protein (mean, 2.28 + 1.78 g/L), and decreased glucose (mean CSF : plasma

glucose ratio, 0.48 + 0.17). Detection of CMV by polymerase chain reaction (PCR)

analysis of CSF has 92% sensitivity and 94% specificity in CMV-associated PP (95–

97). For most of the other etiologies of PP, CSF reveals predominantly lymphocytic pleo-

cytosis, and CSF should be assayed for varicella-zoster virus (VZV) PCR, TB PCR,

VDRL, and cytology.

Electrophysiologic evaluation reveals evidence of a lumbosacral polyradiculopathy.

Nerve conduction studies reveal diminished CMAP amplitude, but conduction velocity is

normal. SNAP amplitude is normal. Electromyography reveals widespread denervation

which helps differentiate PP from MM or IDP.

5.4. Pathogenesis

PP is due to opportunistic infections while CMV is the most common pathogen; with the

advent of HAART, other etiologies have been identified, such as treponema pallidum,

herpes zoster, herpes simplex 2, mycobacterium tuberculosis, and lymphoma, and

should be considered. Early recognition and treat is important to minimize irreversible

nerve root damage.

5.5. Treatment

PP secondary to CMV is a neurologic emergency, because untreated mortality is 100%.

Combination therapy with ganciclovir and foscarnet may be more effective (98).

Therapy appropriate for other etiologies include penicillin for syphilitic radiculopathy,
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acyclovir for zoster radiculitis, anti-tuberculosis regimen for tuberculosis radiculopathy,

and radiotherapy and/or chemotherapy for lymphomatous radiculitis.

6. MONONEUROPATHY MULTIPLEX

6.1. Epidemiology

MM can be seen early in the course of HIV infection when CD4 counts are .200 cells/mL

(99). When MM occurs late in the course of HIV infection, it may be a result of CMV

infection (100). A Sjögren’s syndrome-like disease is a rare cause of MM and other

peripheral neuropathies in HIV. It is associated with a diffuse interstitial lymphocytic

syndrome (101).

6.2. Clinical Manifestations and Examination Findings

MM is an accumulation of mononeuropathies, frequently presenting as a wrist drop (radial

nerve palsy) or foot drop (peroneal neuropathy). There may also involvement of cutaneous

nerves with paresthesias and numbness in patchy areas in the trunk or extremities, or with

facial or extraocular muscle weakness (cranial neuropathies) (102).

6.3. Laboratory and Electrophysiologic Findings

CSF in HIV-associated MM is frequently abnormal, but findings are nonspecific, and

include elevated protein and mild mononuclear pleocytosis. When MM occurs in late-

stage of AIDS, PCR for CMV should be performed on CSF. Electrophysiologic studies

are helpful to document asymmetric axonal damage with reduced CMAP and SNAP

amplitudes. Electromyography shows neurogenic denervation in the distribution of indi-

vidual nerves. Nerve biopsy findings range from axonal degeneration with or without

endoneural and epineural perivascular inflammatory infiltrates in early-onset MM, to

numerous polymorphonuclear infiltrates with mixed axonal and demyelinative lesions

in late-onset MM. Vasculitis has been noted in several cases (103). CMV inclusions are

detected in peripheral nerve and in some cases of late-onset MM.

6.4. Pathogenesis

Early-onset MM is thought to be mediated by immune mechanisms and is usually a

self-limited disease (4,104). In the setting of advanced HIV disease, concurrent CMV

infection is implicated (105).

6.5. Treatment

Early-onset MM may resolve spontaneously within weeks to several months (4,104). For

patients with progressive MM or who have incomplete recovery, immunomodulatory

therapies including corticosteroids, plasmaphoresis, and IVIG have all been shown to

be effective in uncontrolled reports. In late-onset MM occurring in advanced HIV infec-

tion, empiric therapy for CMV with ganciclovir, foscarnet or cidofovir should be

considered.
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7. CONCLUSION

Peripheral neuropathies are the most common neurologic complications in HIV infection.

They may result from the HIV infection itself, (directly or indirectly), from neurotoxic

properties of HIV drugs, from opportunistic or other superimposed infections, or from a

combination. DSP is the most common form and is the most disabling. Other neuropathies

are much less common. A summary of the different forms of peripheral neuropathy that

occur in HIV infection is given in Table 16.2. An algorithm summarizing the appropriate

approach to an HIV-infected individual with neuropathy is shown in Fig. 16.1.

Figure 16.1 Algorithm for management of peripheral neuropathy in HIV-infected individuals.
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ABSTRACT

Infectious and granulomatous neuropathies, including those associated with leprosy,

Lyme disease, and sarcoidosis, share a number of clinical features. Asymmetric sensory

and motor nerve involvement are typical, and cranial neuropathies are common, and

help to distinguish infectious and granulomatous neuropathies from more common etiol-

ogies of peripheral nerve injury. Herpes zoster represents a re-activation of latent varicella

zoster infection, and also results in asymmetric sensory loss, and less commonly weak-

ness, in a radicular pattern. The diagnosis of infectious and granulomatous neuropathies

rests on recognition of typical systemic involvement, serologic testing, and appropriate

biopsy material. The diagnosis of herpetic neuropathies is made from the clinical features.

Polymerase chain reaction techniques have an increasingly important role in diagnosis.

Specific treatments are available for most infectious and granulomatous neuropathies

and are generally effective in either reversing nerve damage or preventing further impair-

ment. The prognosis is favorable when the cause is identified early in the disease course,

but if treatment is delayed, permanent axonal damage is common in later stages. Herpetic

neuropathies can be treated and post-herpetic pain successfully managed.

1. LEPROSY

1.1. Introduction

Leprosy or Hansen’s disease is probably the earliest recorded form of infectious neuro-

pathy, and remains a significant cause of morbidity worldwide, especially in developing

countries. The causative organism, Mycobacterium leprae, is an acid-fast bacillus

(AFB) with an affinity for skin and nerves. The organism enters its host via nasal

droplet (1) or perhaps through abraded skin (2). It is carried hematogenously to cooler

regions of the body including skin, superficial nerves, anterior portion of the eye, and

testes. After an incubation period of years, patients develop symptoms of the disease.

1.2. Clinical Features

The initial manifestation, particularly in children, is often a single hypopigmented skin

lesion with indistinct margins. Sensation loss within the lesion may be difficult to demon-

strate. This stage, known as “indeterminate” leprosy, usually heals spontaneously but may

progress to more extensive disease (3). The manifestations of the disease are determined

by the host’s T-cell-mediated immune response to the organism and range on a spectrum

from tuberculoid to lepromatous (4).
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In tuberculoid leprosy, the patient’s strong immune response limits disease to a few

hypopigmented, anesthetic skin lesions. If there is involvement of a nearby nerve trunk, a

mononeuropathy develops. Biopsy of the skin lesion reveals well-formed epithelioid gran-

ulomas from subcutaneous tissue through the dermis (5). AFB are absent or only rarely

detected in biopsy specimens and are not detected in slit-skin (tissue fluid) smears of

the lesion or of earlobes, knees or elbows, which are typical sites of infection. Granulomas

involving nerves may caseate and abscesses occasionally form.

In lepromatous leprosy, the patient fails to mount a cell-mediated immune response

to the organism, and widespread infection occurs. Numerous erythematous macules,

plaques, and nodules may spread over the face, trunk, and extensor surfaces of the extre-

mities, sparing the scalp, crurae, and axillae. Loss of eyelashes and eyebrows (madarosis)

and infiltration of nose and earlobes lead to the characteristic facial deformity (Fig. 17.1).

Nasal congestion is a frequent complaint, and nasal mucus smears stain positive for AFB

(6). Nasal septal perforation is seen in severe cases. A symmetric distal sensory polyneuro-

pathy involving primarily pain, temperature, and autonomic modalities progresses proxi-

mally. A mononeuritis multiplex may become superimposed as larger superficial nerve

trunks become involved. Skin biopsy reveals histiocytic infiltration of the dermis, with

scant lymphocytes (5). Histiocytes are filled with clumps of bacilli (“globi”).

Borderline leprosy patients fall in between these two extremes. These individuals

have more widespread infection than tuberculoid patients, but are able to mount a some-

what greater immune response to the organism than patients at the lepromatous end of the

spectrum. They may be further categorized into borderline tuberculoid, mid-borderline, or

borderline lepromatous, depending on the range of their clinical and histopathological fea-

tures within the spectrum. Skin biopsy shows numerous lymphocytes and macrophages.

Biopsies from borderline tuberculoid patients may contain Langhans and undifferentiated

giant cells, but those of mid-borderline and borderline lepromatous patients do not (5).

Patients in borderline categories are at increased risk of immune-mediated “Type 1”

Figure 17.1 Patient with lepromatous leprosy.
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reactions (discussed subsequently). A small minority of leprosy patients present with pure

neuropathy symptoms, usually a mononeuritis or mononeuritis multiplex, without skin

changes. This form of the disease is termed “neuritic” leprosy.

Complications of leprosy result from the loss of protective sensation and include

bone resorption of phalanges (Fig. 17.2), repeated trauma and ulceration of distal limbs,

and infection leading to osteomyelitis. Weakness of orbicularis oculi muscles and desen-

sitization of the cornea due to infiltration of the ophthalmic division of the trigeminal nerve

lead to repeated corneal abrasions and opacification. Glaucoma may result from iridocy-

clitis, usually occurring as a chronic, low-grade inflammation more common in patients

with a high bacillary load (7). Up to 27% of all leprosy patients present with functional

impairment secondary to neuropathy, and as many as half of multibacillary patients

have neuropathic complications (8).

1.3. Laboratory Evaluation

Biopsy of a skin lesion is usually required for diagnosis. Even in cases of pure neuritic

leprosy, skin biopsy from an anesthetic area may demonstrate inflammation and AFB,

especially if the specimen is thick enough to include dermal nerves (9). However, a

nerve biopsy is often necessary, preferably of an involved sensory nerve such as the

sural, the superficial radial, or the superficial peroneal (Figs. 17.3 and 17.4). When the

biopsy confirms the diagnosis, slit-skin smears are obtained to look for bacteria and aid

in classification of the patient as either “paucibacillary” or “multibacillary” (see Section

1.5.). These require availability of personnel trained in the technique. A small incision is

made in the skin of earlobes, elbows, and knees bilaterally with a scalpel blade. The

inner edges of the incision are scraped to collect tissue fluid, which is then applied to a

microscope slide. Samples of nasal mucus may also be collected via swab. Specimens

are stained for AFB. The number of organisms per high power (oil immersion) field may

be quantitated in log units on a scale from 0 to 6þ (the bacillary index or BI). The BI includes

both viable and nonviable organisms. Smears should be negative in tuberculoid patients, but

are strongly positive in lepromatous patients. Skin smears may be performed yearly for

monitoring response to treatment or may be repeated in cases of suspected relapse. A

decline in the BI of �1 log unit per year is expected with treatment (10).

The morphological index (MI) is the number of viable (solid-staining) organisms

compared to nonviable (granular staining) organisms and can also be determined from

Figure 17.2 Hands of patient with lepromatous leprosy.
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slit-skin smears. Interpretation of biopsy and slit-skin smear specimens is available

through the National Hansen’s Disease Center in Baton Rouge, LA, USA (1-800-642-

2477). Polymerase chain reaction (PCR) for M. leprae may be obtained using nasal

mucus or tissue specimens (11).

Nerve conduction studies (NCS) may be normal in patients with clinical

involvement of only superficial dermal nerves. In patients with more extensive nerve

involvement, NCS reveal slowed conduction velocities, particularly in the ulnar nerve

across the elbow (12,13), the median nerve in the forearm, and the peroneal nerve in

the popliteal fossa (14).

1.4. Differential Diagnosis

Leprosy should be readily recognized when a patient from an endemic area, which

includes Texas and Louisiana in the United States, presents with a typical skin rash and

Figure 17.3 Cross-section of superficial radial nerve in neuritic leprosy demonstrating lympho-

cytic infiltration of the periphery (small arrow) and a few scattered remaining nerve axons (large

arrow).

Figure 17.4 Electron microscopy demonstrating M. leprae (small arrow) within Schwann cell

surrounding a degenerating nerve axon (large arrow).
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a neuropathy. The diagnosis should also be considered in any patient from an endemic area

who presents with neuropathy, particularly mononeuropathy or mononeuritis multiplex,

without skin lesions. Recognition is more challenging in patients with pure neuritic

forms. Preservation of proprioception and deep tendon reflexes are features characteristic

of leprous neuropathy that may help to differentiate it from other causes of neuropathy.

Although the skin manifestations of sarcoidosis, granuloma multiforme, and granuloma

annulare include erythematous raised macules and plaques, they are not anesthetic. Histo-

logically, the granulomas of these other diseases do not typically extend to the epidermal

margin, whereas tuberculoid leprosy does. Conversely, epitheliod granulomas associated

with normal nerve bundles argue against the presence of leprosy (5).

1.5. Management and Prognosis

The number of leprosy cases registered in treatment programs in 82 reporting countries in

1999 was about 730,000 (15), down from 5.4 million in 1991, due primarily to introduc-

tion of multidrug therapy (MDT) by the World Health Organization (WHO) in 1982. To

facilitate the determination of the appropriate treatment regimen by healthcare workers in

leprosy control programs, the classification of patients was simplified. The term “pauci-

bacillary” refers to patients with five or fewer skin lesions. Neuropathy in the paucibacil-

lary classification is limited to involvement of a single nerve trunk and/or anesthesia

within skin lesions. No bacilli may be detected in biopsy of skin lesions or on slit-skin

smears. All other patients are classified as multibacillary.

WHO treatment recommendations are presented in Table 17.1. Prior to initiating

treatment, a glucose-6-phosphate dehydrogenase (G6PD) level should be obtained.

Patients with G6PD deficiency cannot be treated with dapsone due to the risk of hemolysis.

Other drugs such as minocycline, ofloxacin, or clarithromycin, are substituted.

The course of the disease is frequently complicated by immune-mediated reactions

which can produce further nerve damage. These may occur prior to initiation of treatment,

during treatment, or months to years after completing treatment. In Type 1 reactions,

an increase in the immune response within skin and nerve lesions causes swelling

and erythema of skin lesions, increased nerve tenderness, and new numbness or

weakness (Fig. 17.5). Pain is often present but not invariably so. Prompt treatment with

corticosteroids can reverse the symptoms. The corticosteroid dose is slowly tapered

over several weeks. Some patients require the addition of other immunosuppressants,

such as cyclosporine, for management of recurrent reactions or failure to tolerate a

steroid taper.

Table 17.1 World Health Organization Recommendations for Treatment of Hansen’s Disease

Disease classification Antibiotics

Duration of

treatment (months)

Paucibacillary Dapsone 100 mg/day 6

Rifampin 600 mg/month 6

Multibacillary Dapsone 100 mg/day 12

Rifampin 600 mg/month 12

Clofazimine 50 mg/day plus 300 mg/month 12

Note: Antibiotic regimen modifications in US: rifampin 600 mg/day rather than monthly for paucibacillary and

multibacillary; clofazimine 50–100 mg/day and omit monthly dose for multibacillary patients; duration of treat-

ment 12 months for paucibacillary patients and 24 months for multibacillary patients.
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In the majority of cases, reversal reactions occur within the first 6 months of treat-

ment (16). The presence of swollen, inflamed skin lesions or new neuropathy symptoms in

the 6 months prior to diagnosis also suggests a possible reversal reaction at the time of

diagnosis. Consideration should be given to starting prednisone therapy when initiating

antibiotic treatment in these cases. As mentioned earlier, borderline leprosy patients are

at greater risk for development of Type 1 reactions.

Type 2 reactions, or erythema nodosum leprosum (ENL), are the result of deposition

of antigen–antibody complexes in various tissues. Patients at the lepromatous end of

the spectrum are at greatest risk. Symptoms include fever, erythematous and tender

skin nodules, neuritis, arthritis, orchitis, iridocyclitis, and nephritis. Biopsy of skin

nodules reveals polymorphonuclear cells, differentiating this lesion from skin lesions

of reversal reaction (17). Thalidomide 100–300 mg/day in nonpregnant patients is the

treatment of choice. Thalidomide has well-known teratogenic effects, and male as well

as female patients must use adequate contraception, as the drug is present in seminal

fluid. Corticosteroids are also used in the treatment of ENL, especially if neuritis is

present.

With MDT, recurrence rates in leprosy are extremely low. New skin lesions or neu-

ropathy symptoms associated with a twofold or greater increase in the BI of slit-skin

smears suggest relapse. The presence of AFB in skin or nerve biopsy specimens in

treated patients cannot be used as evidence for recurrent infection, as nonviable bacilli

may persist for years before being cleared by the immune system (18,19).

To avoid repeated trauma to insensitive hands and feet, patients must be instructed in

proper foot care and in coping behaviors to prevent burns. Physical therapy and occu-

pational therapy are important, particularly to prevent deformity and contractures.

Regular ophthalmologic examinations are essential for early detection and management

Figure 17.5 Reversal reaction. Patient denied sensory loss on examination until skin lesions

became inflamed, with central anesthesia and hypopigmentation (arrow).
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of ocular complications. After completing treatment, patients with “claw-hand” as a result

of ulnar neuropathy may be candidates for tendon transfer. In the United States, these ser-

vices may be obtained through the National Hansen’s Disease Center (see Section 1.3. for

contact information).

If the diagnosis of leprosy is made early before development of significant neuro-

logic disability, prognosis is excellent for recovery with minimal or no sequelae. Nerve

deficits present prior to initiation of treatment are usually not reversible, unless they

have developed recently or are associated with reversal reaction. In cases of reaction, treat-

ment with corticosteroids may reverse the neuropathy symptoms. Patient compliance with

antibiotic treatment, as well as prompt recognition and treatment of immune-mediated

reactions, can minimize disability.

1.6. Pathophysiology

The neurotropism of M. leprae is well known. Recent work suggests that this is due in part

to the organism’s affinity for laminin-2, a protein present in the basal lamina of Schwann

cells (20). Laminin-2 complexes with a/b-dystroglycan on the surface of Schwann cells,

and the interaction may provide the means of entry for M. leprae into the cells (21).

However, other receptors are probably involved as blocking dystroglycan complex does

not completely inhibit adhesion of the bacillus to Schwann cells (21). It is unclear

whether the organism has a direct pathogenic effect on Schwann cells, but the myco-

bacterium most certainly is involved in inducing damage via both M. leprae-specific

and autoreactive T-cells (22).

The earliest pathological change seen in the nerves of patients with lepromatous

leprosy is edema, with proliferation of Schwann cells and perineurial cells forming an

“onion peel” appearance (23). Infiltration of the perineurium and axons by macrophages

ensues. As Schwann cells degenerate, myelin disruption may occur followed by axonal

degeneration (23). In tuberculoid leprosy, nerve fibers are often completely destroyed

by the prominent inflammatory response.

2. LYME DISEASE

2.1. Introduction

Lyme disease is the most common vector-borne disease in the United States (24). It is a

systemic bacterial infection caused by the spirochete Borrelia burgdorferi and is trans-

mitted to humans by infected Ixodes scapularis and I. pacificus ticks. Deer are the pre-

ferred host of this tick family. The majority of the cases begin in the spring and

summer. Children aged 5–9 and adults aged 45–54 have the highest reported incidence

(25). Annual incidence is 0.5% in endemic areas, which include the Northeast and

upper Midwest of the United States (26).

2.2. Clinical Features

Lyme disease is classified into three stages. Stage 1 consists of erythema migrans (EM),

which occurs at the site of the tick bite. The rash erupts 1–30 days after the tick bite

and is almost pathognomonic for Lyme disease. EM classically appears as a nonpruritic

bull’s-eye lesion with central clearing, although it can also be raised, irregular, vesicular,

or pruritic (27). EM is usually accompanied by malaise, fatigue, headache, arthralgias,

myalgias, fever, and regional lymphadenopathy. Stage 2 follows days to weeks later in
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a disseminated form affecting the nervous system, heart, or joints. Stage 3 follows weeks

to months later and consists of arthritis and/or neurologic features (26,28).

In the early stages of Lyme disease, cranial neuropathy, radiculopathy, or lympho-

cytic meningitis may occur independently or in combination, a disease complex known as

the Garin–Bujadoux–Bannwarth syndrome. A wide variety of cranial neuropathies are

associated with Lyme disease, either as a mononeuropathy or in combination. Facial

nerve palsy occurs most commonly and may be unilateral or bilateral (26,29,30).

The radiculoneuritis seen in early stages of infection is relatively severe, predomi-

nantly axonal, and tends to resolve spontaneously. The interval between the appearance of

cutaneous symptoms and the neurological presentation ranges from 18 days to 2 months

(31). Symptoms consist of asymmetric pain, often in a radicular distribution, followed by

weakness in proximal leg muscles. Reflexes are decreased to absent and sensory loss is

limited to affected nerve roots. Electrophysiologic testing is remarkable for markedly

reduced compound motor action potentials, some prolongation of distal and F-wave

latencies, and reduced amplitudes of sensory responses. Needle EMG reveals rare fibrilla-

tion potentials. Sural nerve biopsies demonstrate loss of myelinated and unmyelinated

fibers and myelin ovoids, consistent with axonal degeneration (31). About one-third of

patients with early Lyme disease have peripheral neuritis. Patterns include thoracic

sensory radiculitis, motor radiculitis, mononeuritis multiplex, mononeuritis, and brachial

plexitis (30). Occasional patients in this early stage may present with acute inflammatory

demyelinating polyneuropathy (32). Other rare neurological complications are phrenic

nerve palsy (33) and autonomic neuropathy (34).

In later stages of Lyme disease, chronic peripheral nerve disorders are common.

Chronic neuropathy occurs in �5% of untreated patients, sometimes after long periods

of latent infection. These neuropathies may affect any limb or an body segment in

either a symmetrical or an asymmetrical pattern. Symptoms usually are reported as par-

esthesias or radicular pain. In one study of patients with Lyme disease and chronic periph-

eral neuropathy, about half presented with distal paresthesias and the other half with

painful radiculopathy. Asymptomatic sensory loss was rarely observed, and some patients

reported only numbness. Radicular pain occurred in cervical, thoracic, or lumbosacral

distributions. For many patients, paresthesias and radicular symptoms were intermittent.

Physical examination revealed sensory loss for both small- and large-fiber modalities.

Weakness and hyporeflexia were less common. Most patients with either radicular pain

or distal paresthesias had needle EMG evidence of proximal nerve segment involvement

with denervation in paraspinal musculature as well as proximal and distal limb muscles.

Isolated conduction block of the peroneal nerve between the ankle and the fibular head

was noted in one patient (29).

Associated central nervous system (CNS) features in late stages of B. burgdorferi

infection include progressive encephalopathy and neuropsychiatric disorders. Acroderma-

titis chronica atrophicans (ACA) is a late manifestation of Lyme disease, occurring in up to

two-thirds (35). It is a cutaneous eruption localized to acral parts of the extremities and

appears as bluish-red skin lesions. In one series, an associated distal sensory polyneuro-

pathy was found in 64% of subjects with ACA (35).

2.3. Laboratory Evaluation

The diagnosis of Lyme disease is usually based on the recognition of the characteristic

clinical findings such as EM, a history of exposure in an endemic area, and antibody

response to B. burgdorferi by enzyme-linked immunosorbent assay (ELISA) and

western blot. Cultivation of B. burdorferi from skin or blood is the gold standard for
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demonstration of active infection, but it is expensive and lacks clinical sensitivity (36).

The urine antigen test is unreliable and not commonly used (26).

There may be little or no detectable serum antibody in many patients during the first

4–6 weeks of the illness. IgM antibodies are first to appear and suggest recent infection.

This is followed 6 weeks later by the detection of IgG antibodies. If antibiotics are given

early in the course of Lyme disease, seroconversion may not occur. Positive IgM serology

alone is not helpful in diagnosing active disease, when the illness has been present longer

than a month due to the high frequency of false-positive results. If serology is negative in

suspected early Lyme disease, paired acute- and convalescent-phase serum samples

should be tested for evidence of seroconversion. False-positive serologies may occur in

patients with other infectious and autoimmune disorders such as syphilis, leptospirosis,

yaws, bejel, malaria, subacute bacterial endocarditis, rheumatoid arthritis, and systemic

lupus erythematosus (26).

IgM or IgG antibody responses to B. burgdorferi may persist for 10–20 years

without indicating the presence of active infection (37). The recombinant OspA Lyme

disease vaccine may give positive IgG results by ELISA, as OspA is the major outer

surface protein expressed in cultured B. burgdorferi. Thus, any seroassay that uses the

whole organism as its antigen source cannot differentiate between vaccinated subjects

and those who are naturally infected. A new sensitive and specific ELISA technique

that utilizes recombinant chimeric borrelia proteins devoid of OspA (rNon-OspA) has

been developed and can differentiate between patients who have been vaccinated and

those with active or prior infection (38).

Cerebrospinal fluid (CSF) can also be tested for the presence of B. burgdorferi anti-

bodies. Nonspecific CSF abnormalities include mononuclear pleocytosis, elevated protein,

and normal glucose.

PCR is a highly sensitive means of detecting microbial DNA or RNA. However,

borrelia DNA or RNA has not been detected reliably in blood, urine, or CSF of patients

with early or late forms of Lyme disease (39). PCR has been found to be the most sensitive

and specific test for detection of B. burgdorferi in skin biopsies from patients with dermato-

borreliosis. For patients with neuroborreliosis, B. burgdorferi DNA was detectable in only

17–21% of CSF samples (40). There was a tendency for the PCR positive rate to be higher

in patients with early neuroborreliosis (,2 weeks) when compared with those with longer

disease duration. Thus, PCR can be helpful in early neuroborreliosis. However, PCR does

not differentiate between the DNA of dead or live spirochetes (36) and will, therefore,

not verify the presence of active infection. False-positive results from poor specimen

handling and contamination must also be considered at the time of interpretation.

2.4. Differential Diagnosis

The differential diagnosis includes other disorders that can present with cranial and peri-

pheral neuropathies. These include a number of other infectious diseases including human

immunodeficiency virus (HIV), syphilis, mycobacteria including leprosy, and fungal

infections. Connective tissue disorders and malignancy, such as lymphoma, should also

be considered.

2.5. Management

Treatment of early Lyme disease usually prevents progression. Most patients with neuro-

borreliosis require parenteral antibiotics. Exceptions are patients with isolated facial nerve

palsy and normal CSF examinations (30,41). These patients can be treated with a number
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of oral agents including doxycycline 100 mg p.o. bid, amoxicillin 500 mg p.o. tid, or

tetracycline 500 mg p.o. tid for 2–4 weeks. Doxycycline is contraindicated during

pregnancy and in children under the age of 8.

In other clinical scenarios, patients are treated with 2–4 weeks of intravenous cef-

triaxone 2 g/day. Other parenteral antibiotics that may be used are intravenous cefotaxime

2 g every 8 h or penicillin G 3.3 million units every 4 h (27). Some authors advocate a

combination of macrolide and hydroxychloroquine to treat late Lyme disease symptoms

(39). Clinical features of acute neuroborreliosis usually resolve within weeks of antibiotic

therapy, but those of chronic neuroborreliosis improve more slowly, over periods of

several months (28). Complete recovery is rare in patients with longstanding disease (42).

2.6. Prevention

Patient education regarding proper clothing, careful inspection for ticks, and avoidance of

infested habitats plays a key role in disease prevention. Chemoprophylaxis with a single

dose of 200 mg doxycycline may be provided within 72 h of exposure to a tick bite

(28,43). For immunoprophylaxis of high-risk individuals in endemic areas, a recombinant

outer-surface protein (rOspA) Lyme disease vaccine (LYMErix) is available. The vaccine

is given intramuscularly at a dose of 30 mg at 0, 1, and 12 months. A 76% efficacy in

preventing infection has been demonstrated after the third dose (44). Booster doses may

be needed every 1–3 years. Only transient mild-to-moderate vaccine-associated adverse

events have been reported. The vaccine is not approved for use in children under the

age of 15 or in pregnant women (45) and is licensed only for persons between 15 and

70 years of age.

2.7. Prognosis

Patients usually do well if diagnosed in early stages of infection after receiving appropriate

antibiotic therapy (27). Response to therapy is less favorable in those with longer disease

duration. Opinions differ on the outcome of chronic neuroborreliosis (42,46). Some have

reported reversal of peripheral nerve manifestations with appropriate antibiotics (46),

whereas others have reported more than a third of patients with chronic neurological mani-

festations that do not improve and about half who have a chronic progressive course (42).

Poor outcomes were attributed to failure to eradicate the spirochete completely despite a 2

week course of intravenous antibiotics or to irreversible nervous system damage.

2.8. Pathophysiology

The pathogenesis of the nerve injury in Lyme disease remains unclear. Although injury

directly related to the spirochete is a possibility, parainfectious immunologic mechanisms

have also been proposed (41,47). Nerve biopsies show meningoradiculitis, lymphocytes,

and plasma cells surrounding many epineurial, perineurial, and endoneurial vessels,

without evidence of vessel wall necrosis. There is loss of both myelinated and unmyeli-

nated fibers. Myelin ovoids consistent with axonal degeneration are seen (31). Sural

nerve biopsy from a patient with chronic neuroborreliosis revealed complement mem-

brane attack complexes and macrophages surrounding epineurial vessels and within the

endoneurium. PCR demonstrated B. burgdorferi DNA from the nerve tissue (48).
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3. SARCOIDOSIS

3.1. Introduction

Sarcoidosis is an immune-mediated, multisystem granulomatous disorder that presents

with hilar adenopathy, pulmonary infiltration, and ocular and skin lesions. Sarcoidoisis

was first recognized in 1869, but the cause remains unknown. No infectious agent has

been identified. Immunoreactivity is enhanced in sarcoidosis with activated T-cells and

macrophages producing a variety of proinflammatory mediators at sites of granuloma for-

mation (49). Environmental exposures are believed to interact with genetic factors in

determining the pattern of presentation, progression, and prognosis (50). Sarcoidosis com-

monly affects young and middle-age adults (51) with a slight female predominance in

symptomatic cases. In the United States, the prevalence rate in African-Americans is

roughly 10 times higher than that in Caucasians (51).

3.2. Clinical Features

The frequency of neurological involvement in sarcoidosis is �5% (52). Most of these

patients have other systemic manifestations of the disease. In two series of neurosarcoido-

sis, 48–65% of patients had neurologic dysfunction as their presenting manifestation

(52,53). Neurologic manifestations are protean and may involve the central or peripheral

nervous system. CNS involvement usually occurs in the early phase of the disease,

whereas peripheral neuromuscular involvement is characteristically seen in the chronic

stages (53).

Neurosarcoid patients may have single or multiple cranial nerve palsies (52), basilar

meningitis, hydrocephalus, parenchymal disease of the nervous system, peripheral neuro-

pathy, or myopathy (Table 17.2). Cranial nerve palsies occur in .50% of patients (54),

with the facial nerve being most commonly affected (55). Most other cranial nerves

may also be involved including I, II, III, IV, V, VI, VIII, IX, and X. The incidence of non-

cranial peripheral neuropathy in sarcoidosis varies from 24% to 40% (54,55). The various

patterns of peripheral neuropathy in sarcoidosis are listed in Table 17.3.

3.3. Polyneuropathy

Chronic sensorimotor polyneuropathy is the most common pattern of peripheral neuro-

pathy in sarcoidosis. The polyneuropathy usually starts months to years after systemic

features first appear (56). Patients typically present with a subacute to chronic progressive

course of paresthesias, burning or shooting pain, and numbness distally in the hands and

feet. Occasional patients develop respiratory failure secondary to diaphragmatic weakness

(56,57). On examination, distal pan-sensory loss consistent with a length-dependent

process, areflexia, and mild distal weakness are seen.

Table 17.2 Comparison of Clinical Manifestations in Neurosarcoidosis

Chapelon et al. (55)

(n ¼ 35) (%)

Stern et al. (52)

(n ¼ 33) (%)

Sharma (54)

(n ¼ 37) (%)

Cranial nerve palsies 37 73 52

Meningitis 40 18 24

Peripheral involvement 40 6 24

Myopathy 26 12 8
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NCS reveal an axonal neuropathy with low-amplitude compound muscle action

potentials and reduced to absent sensory nerve action potentials. Needle EMG may

show active denervation in distal muscles.

3.4. Mononeuropathy and Mononeuritis Multiplex

This type of presentation is more often associated with cranial neuropathies as opposed to

a neuropathy involving the limbs (58). Patients with mononeuropathy present with focal

sensory and motor or sensorimotor symptoms that may include patchy sensory loss over

the trunk (56). Onset is typically subacute with progressive involvement (59).

Electrophysiologic studies typically reveal an axonal pattern of injury. A multifocal

demyelinating pattern has also been reported with asymmetric onset of weakness and

numbness in the distal extremities that was responsive to corticosteroid therapy (59).

Electrophysiologic studies in this report revealed conduction block in the median, ulnar,

and peroneal nerves and a reduced sural amplitude.

3.5. Polyradiculopathy

This pattern is rarely seen in sarcoidosis. Presentation is usually in the fourth decade with

back pain, lower extremity weakness most prominent proximally, sphincter dysfunction,

and areflexia in the lower limbs (60). Thoracic, lumbar, and sacral roots are involved

more frequently than the cervical distribution (55). A concurrent myelopathy may be

present. Radicular involvement may arise from contiguous, hematogenous, or gravita-

tional seeding of nerve root sleeves. Active denervation consistent with a nerve root

localization can be demonstrated on needle EMG.

3.6. Guillain–Barré Syndrome

There have been rare cases of a Guillain–Barré syndrome (GBs)-like presentation in the

setting of sarcoidosis (56). One case describes a young man with sarcoidosis who had

subacute onset of facial and bulbar weakness accompanied by leg weakness. Electrophy-

siologic testing revealed prolonged distal latencies, low-amplitude motor amplitudes,

prolonged late responses in the legs, absent sensory potentials, and prolonged blink

reflexes. He improved with steroids, but had a mild relapse 3 years later. Other cases

can present acutely leading to fulminant respiratory failure (59). Chronic inflammatory

Table 17.3 Patterns of Peripheral Neuropathy in Neurosarcoidosis

† Symmetric polyneuropathy

W Sensorimotor (49,50)

W Pure sensory (49,51)

W Pure motor (55)

† Mononeuritis multiplex

† Mononeuropathy

† Polyradiculopathy (50,52,55)

† Guillain–Barré syndrome (49)

† Lumbosacral plexopathy (49)

† Phrenic neuropathy (53)

† Multifocal sensorimotor neuropathy with conduction block (51)
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demyelinating polyradiculoneuropathy (CIDP) may also occur in association with

sarcoidosis (58).

3.7. Lumbosacral Plexopathy with Chronic
Sensorimotor Polyneuropathy

Proximal involvement is rare. A case report describes a patient with foot drop, ipsilateral

absence of patellar reflex, bilaterally absent achilles reflexes, and vibratory loss in feet.

Electrophysiologic studies demonstrated a left lumbosacral plexopathy superimposed

on a sensorimotor polyneuropathy (56).

3.8. Subclinical Neuropathy

Subclinical mononeuritis multiplex appears to be common in sarcoidosis. In a comparison

study of asymptomatic sarcoid patients to a similar number of age-matched control sub-

jects, abnormal sensory amplitudes in one or more nerves were found in two-thirds of

sarcoid patients when compared with few controls. Mean sensory amplitudes for the

median, ulnar, and sural nerves were lower in patients than in controls. Asymptomatic

compression of nerves by granulomata is the proposed mechanism (61).

3.9. Laboratory Evaluation

The diagnosis of sarcoidosis may be challenging when patients present with neurologic

symptoms in the absence of systemic features. As the incidence of systemic involvement

is high, routine chest radiography and ophthalmologic evaluation must be done to assess

for hilar adenopathy, uveitis, or fundus granulomas (53). Chest radiographs are abnormal

in 78–90% cases (54). Routine chemistry must be performed to exclude involvement of

other organ systems. Hypercalcemia is seen in 17% of cases. Serum angiotensin convert-

ing enzyme (ACE) levels are elevated in 54–65% of cases, but are not highly sensitive or

specific (54,55). Serum lysozyme is also used as a marker of sarcoidosis activity. It has a

higher sensitivity, but lower specificity than ACE levels (62). CSF analysis may be normal

(56) or may reveal an elevated protein (mean value, 326 mg/dL), lymphocytosis (mean

value, 156 cells/mm3), and hypoglycorrhachia (60). These findings, in the absence of

positive cytology and cultures for bacteria, AFB, and fungi, are supportive of neurosarcoi-

dosis. Myelography may demonstrate nerve root thickening and irregularity in patients

with polyradiculopathy.

A definitive diagnosis of sarcoidosis requires histologic confirmation of noncaseat-

ing granulomas in the setting of a compatible clinical or radiologic picture. Muscle, nerve,

skin, lymph node, conjunctival, or minor salivary gland biopsies can be performed for his-

tologic confirmation. Because pulmonary involvement is very common with sarcoidosis,

transbronchial biopsy or mediastinoscopy are options. Gallium scan or computed

tomography of the chest may also be helpful in the evaluation.

3.10. Differential Diagnosis

Sarcoidosis is a multisystem disease and neurologic involvement may occur in isolation

without the typical systemic features. Hence, when patients present with the various

cranial and peripheral manifestations, etiologies such as HIV infection, mycobacterial

and fungal infections including leprosy, lymphoma, syphilis, and Lyme disease must be
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kept in mind. Vasculitides in isolation or in association with connective tissue disorders

should also be considered. Common causes of polyradiculopathy and sensorimotor

polyneuropathy, such as diabetes mellitus, must also be excluded.

3.11. Management and Prognosis

Treatment is not indicated for asymptomatic or minimally symptomatic disease (63), and

these patients may improve spontaneously (53). In patients with more significant disease,

corticosteroids remain the mainstay of treatment. Prednisone is usually sufficient in con-

trolling the underlying inflammatory process (52). Prednisone doses range from 0.5 to

1 mg/kg daily, depending on the clinical scenario. Treatment at this higher dosage

should continue for at least 2 months, with lower doses continued for longer periods to

maintain functional improvement (55,63). In patients with relapses, intravenous cortico-

steroids (solumedrol 1 g/day � 3 days) should be considered. If patients fail to respond

to this regimen, azathioprine, chlorambucil, methotrexate, cyclosporine, or cyclophospha-

mide are options. Decompressive laminectory may be appropriate when there is mass

effect and it also provides tissue for diagnosis (60). Patients presenting with a clinical

picture consistent with GBS or CIDP should be treated with plasma exchange or intra-

venous gammaglobulin (58), as one would in cases not associated with sarcoidosis.

The overall prognosis of neurosarcoidosis is relatively favorable. A positive

outcome has been observed in two-thirds of well-documented episodes of neurologic dys-

function (52). However, outcomes for patients with peripheral nerve involvement are

somewhat less favorable than for neurosarcoidosis of the CNS, two-thirds of patients

with CNS manifestations recovered compared with 42% with peripheral neuropathy

(55). In patients with chronic neurosarcoidosis, the prognosis is relatively poor, with

death occurring in 20% from complications related to sarcoidosis (54).

3.12. Pathophysiology

Nerve biopsy specimens show noncaseating granulomas in the epineurial and perineurial

spaces, periangiitis, panangiitis, and axonal degeneration (64). Axonal degeneration is

probably a result of involvement of the vasa nervorum and direct compression by the

granulomas. Immune dysfunction may also play a role in the pathogenesis as a number

of autoimmune disorders are associated with sarcoidosis.

4. HERPES ZOSTER

4.1. Introduction

Radiculitis or cranial neuritis due to herpes zoster, commonly referred to as “shingles,” is

the result of re-activation of latent varicella zoster virus (VZV) in sensory ganglia.

Decreased immune responsiveness associated with advancing age, malignancy, use of

cytotoxic agents, or infection with HIV increases the risk of developing herpes zoster.

4.2. Clinical Features

A vesicular rash appears in a trigeminal or dermatomal distribution, associated with

radicular pain and paresthesias that usually conform to the same body region. Loss of

pain and temperature sensation is typically patchy within the dermatome. Pain

may precede the rash by a week or more. Fever, malaise, and headache may also occur.
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In nonimmunocompromised patients, the vesicles resolve in 2–3 weeks, usually with no

sequelae.

Patients may develop focal weakness in a radicular distribution. Ramsay–Hunt

syndrome, the development of facial paresis after herpes zoster oticus, is the most

common example. In general, myotomal involvement correlates to the dermatome(s)

affected by rash, although rarely weakness may not coincide anatomically with the

cutaneous eruption (65–68). Weakness progresses over hours or days, then plateaus.

Most of the time, the rash precedes the weakness but rarely, weakness may antedate the rash.

Focal weakness in a spinal nerve root or cranial nerve distribution is rare (5%), with

a latency varying from 1 day to 5 weeks after eruption of the rash (65). Motor involvement

ranges from mild weakness in a single myotome to nearly complete paralysis of an extre-

mity. Deep tendon reflexes are reduced, often out of proportion to the degree of muscle

weakness, consistent with involvement of the afferent arc of the spinal reflex. Oculomotor

paresis, both with and without pupillary involvement, may occur in association with rash

in the distribution of the ophthalmic division of the trigeminal nerve.

Rarely, in both immunocompetent and immunocompromised individuals, focal

sensory and motor symptoms may occur in the absence of the vesicular rash, the so-called

zoster sine herpete (69–71). In the absence of rash, diagnosis is challenging. PCR for VZV

in CSF or detection of VZV antibody in CSF can be helpful in establishing the diagnosis

(70,72). Recurrent polyneuropathies without cutaneous manifestations of herpes zoster

have been diagnosed in the setting of presumed chronic VZV infection that was based

on the presence of VZV antibodies in the CSF (73). Other uncommon neurological com-

plications of VZV are aseptic meningitis, encephalitis, transverse myelitis, and urinary

retention. These complications occur in ,1% of immunocompetent patients, but in as

many as 35% of immunocompromised hosts (74).

Post-herpetic neuralgia (PHN) is a chronic pain syndrome that is seen in greater

frequency in older patients. The number of patients reporting persistent pain �3 months

after resolution of the rash ranges from 11% in patients ,30 years (75) to 39% in patients

.50 years (76,77).

4.3. Laboratory Evaluation

In the setting of the trademark vesicular rash and uncomplicated sensory symptoms, the

diagnosis is straightforward and requires no specific laboratory testing. In cases without

rash or when severe complications arise, further investigation is indicated. Magnetic reson-

ance imaging (MRI), T1-weighted sequences before and after infusion of gadolinium may

show enhancement of spinal nerve roots or cranial nerves (68,78). T2 and proton density

sequences may show high-signal intensity in the spinal cord in cases of myelitis (79) and

in subcortical white matter or brainstem in cases of encephalitis (79–83). However, MRI

may be normal even in cases of encephalitis (81). CSF analysis often shows mild-to-

moderate elevation of protein and a variable lymphocytic pleocytosis with normal

glucose. PCR for VZV in CSF is an important and specific method of detecting infection,

as are immunosorbent assays for IgG and IgM antibodies to VZV in the CSF (84).

In the cases of segmental paresis, NCS reveal normal sensory and motor responses in

most patients (65). However, other studies have shown reduced sensory nerve action

potentials in as many as 52% (85). Motor nerve responses may be normal or have low-

amplitudes (65,85). Needle EMG performed �2 weeks after onset of weakness usually

demonstrates active denervation potentials in clinically weak muscles, but have also

been reported in a myotomal distribution corresponding to the affected dermatomes

even when no clinical weakness is apparent (86).
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4.4. Differential Diagnosis

In cases of zoster sine herpete, the differential diagnosis includes other structural, inflam-

matory, or infectious causes of radiculopathy or cranial neuropathy, including herniated

vertebral disc, diabetes, or Lyme disease. In the setting of myelitis or encephalitis, viral

infection including HIV or lupus or other inflammatory processes should be considered.

4.5. Management and Prognosis

To reduce the time for healing of cutaneous lesions and possibly to reduce the incidence of

segmental paresis (85), immunocompetent patients should be treated with valacyclovir

1000 mg p.o. three times daily for 7 days, famciclovir 500 mg p.o. three times daily for

7 days, or acyclovir 800 mg p.o. five times daily for 7–10 days. Treatment started

within 72 h of onset of the rash is the most advantageous. The incidence of PHN is not

reduced by antiviral therapy, but the duration of pain may be shortened (85,87). Intra-

venous acyclovir is effective in preventing dissemination of herpes zoster in immuno-

compromised individuals. The use of steroids is probably not indicated and should be

avoided in immunocompromised patients.

For PHN, amitriptyline and other tricyclic antidepressants and gabapentin are effec-

tive. Carbamazepine may be especially useful for treating lancinating pain. Short-term use

of narcotics should be considered, especially in refractory patients.

The prognosis for full recovery is good. Even patients who develop focal weakness

usually regain normal strength or have only slight residual numbness or weakness.

4.6. Pathophysiology

With re-activation of VZV, replication and release of the virus occur in dorsal root ganglia

and spread to the entire ganglion. Involved dorsal root ganglia on autopsy show inflam-

mation and necrosis (88). Destruction of sensory neurons leads to temporary or permanent

sensory loss in the corresponding dermatome, but also removes reservoirs for the virus

(89). The active infection explains the pleocytosis seen in CSF. VZV spreads along the

nerve to the skin. Light microscopy demonstrates perivascular lymphocytic infiltration

in the early erythematous cutaneous stage. During the vesicular stage, viral antigens

may be detected in epidermis and in capillary and venule endothelial cells and the peri-

neurium of dermal nerves (90).

The pathogenesis of PHN is not well understood. PHN may arise from structural or

physiologic changes in the DRG (89). Alternatively, C-fiber nociceptors may become sen-

sitized, with development of spontaneous or stimulus-evoked pain. Further, continuous

nociceptor discharge may lead to central hyperexcitability of spinal DRG. These neurons

may have exaggerated responses to input and may contribute to development of allodynia

(91). Skin biopsies of patients with pain 3 months after resolution of HZV rash show

significantly fewer epidermal nerve endings than do biopsies of patients without pain (92).
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ABSTRACT

Weakness is common in patients requiring intensive care and is often attributable to injury

to either peripheral nerves or muscle. Critical illness polyneuropathy (CIP) is a distal

axonal neuropathy observed in severely ill patients with sepsis and multiple organ

system failures. Critical illness myopathy (CIM) is a catabolic injury to skeletal muscle

that occurs in the same setting. There is controversy over the relative contribution of

these two entities to the spectrum of clinical weakness observed in critically ill patients.

Up to 70% of patients receiving intensive care develop weakness associated due to CIP,

CIM, or both. Diagnosis of either entity may be delayed because superimposed medical

problems can obscure clinical weakness. This chapter will review the differential diagno-

sis, clinical and electrodiagnostic features of CIP, and describe the common pathogenesis

shared by CIP and the closely related CIM.
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1. INTRODUCTION

Weakness is common in critically ill patients. In 1984, Bolton et al. (1) formulated the

concept that the attendant metabolic and immune stressors of sepsis and critical illness

cause reversible injury to peripheral nerve and muscle (2). Since that time, there has

been an apparent increased prevalence of critical illness polyneuropathy (CIP) as neuro-

logists and intensive care specialists became familiar with these disorders. Prevalence

figures also depend on diagnostic criteria, with older studies identifying few patients

with severe and protracted weakness, to identification of 70% of patients with electrodiag-

nostic abnormalities consistent with motor-predominant axonal injury (3,4). Recent

studies question whether these patients may in fact have a critical illness myopathy

(CIM) instead of or in addition to, CIP.

It is challenging to detect and diagnose weakness in critically ill patients. They are

usually intubated, often sedated and sometimes paralyzed. Many have altered conscious-

ness or mental status, and questions about weakness or sensory symptoms are limited or

impossible. Physical examination may be restricted by the paraphernalia of critical

illness, including intravenous and arterial lines, endotracheal tubes, splints, and alternating

compression devices. Weakness is often undetected until transfer to convalescent care or

until weakness leads to difficulty weaning from assisted ventilation. Accordingly, ICU

care providers should be attentive to evidence of weakness in critically ill patients and

not mistakenly ascribe weakness to drugs or sedation. It is important to request that neu-

romuscular blocking agents and sedation be held, if possible, before the neurological

examination. Simple resistive strength testing can establish the degree of weakness and

help to distinguish symmetric weakness associated with CIP or CIM from other causes

of weakness.

2. DIFFERENTIAL DIAGNOSIS

The broad differential diagnosis of weakness in this setting includes metabolic abnormal-

ities, disorders of the central nervous system, and disorders of the peripheral nervous

system. Stroke or diffuse anoxic brain injury frequently accompany acute myocardial

infarction or respiratory arrest. Vertebral dissection or traumatic myelopathy can be late

or unrecognized consequences of head and neck trauma (5). Ischemic myelopathy can

be an initially unnoticed complication following major thoracic or abdominal surgical

procedures. Psychomotor retardation from advanced dementia, severe bradykinesia in

parkinsonism, catatonia, and a variety of metabolic abnormalities can mimic neuromuscu-

lar weakness.

The differential diagnosis of neuromuscular causes of weakness includes diseases

that can occur in conjunction with critical illness or are caused by critical illness.

Among, the former is Guillain–Barré Syndrome (GBS) which causes rapidly progressive

ascending limb weakness accompanied by sensory complaints and diffuse back and body

pain. Diaphragmatic weakness impairs ventilation in 20% and requires intubation in

5–10%, leading to ICU admission. Patients with limb weakness that precedes respiratory

compromise usually do not present a diagnostic challenge. However, GBS can also be pre-

cipitated by a critical illness. Although the most common form of GBS, acute inflammatory

demyelinating polyradiculoneuropathy (AIDP), typically causes primary multisegmental

demyelination, axonal forms of GBS are also described. Acute motor and sensory

axonal neuropathy (AMSAN) is recognized as a severe form of GBS with prolonged

weakness and poor prognosis. These AIDP variants are frequently associated with specific
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anti-ganglioside antibodies (anti-GM1 and anti-GD1A) (6,7), but are likely to be difficult to

distinguish from CIP clinically or electrodiagnostically (8).

Exacerbations of myasthenia gravis can lead to respiratory compromise or pneumo-

nia during an exacerbation. Although rare, sepsis, organ failure, or surgery can precipitate

a myasthenic crisis in a patient not known to have the disease. Botulism, acetylcholinester-

ase inhibitors, and a variety of toxins cause precipitous weakness, respiratory failure, and

autonomic dysfunction. Prolonged neuromuscular blockade without evidence of myo-

pathy has been described after withdrawal of neuromuscular blocking agents (especially

vecuronium) and in association with aminoglycosides (9,10). Acute heavy metal intoxi-

cations (thallium and arsenic) and porphyria can precipitate metabolic dysequilibrium

and diffuse neuropathy that occur simultaneously.

CIP and CIM are unique as neuromuscular diseases because they appear to be

directly caused by critical illness. CIP is more common in patients with sepsis and

multiorgan failure, whereas glucocorticoids and neuromuscular blocking agents predis-

pose to CIM. Distinguishing CIM from CIP can be difficult both clinically and electrodiag-

nostically. Because of overlap between the two syndromes in terms of setting, clinical

presentation, electrodiagnostic findings, and pathogenesis, they may be best regarded as

poles in a spectrum of neuromuscular disease associated with critical illness.

3. CLINICAL PRESENTATION OF CIP

CIP is an acute or subacute, axonal, length-dependent neuropathy that occurs in severely

ill patients in proportion to the acuity of systemic disease. The neuropathy is monophasic

and self-limited and generally gradually resolves if the patient survives. Confusion exists

about the clinical boundaries of CIP. The prototypical presentation is rapid development of

profound weakness affecting limbs in a distal to proximal gradient days to weeks after

acquiring a severe illness. Acute axonal injury has been reported to occur within 72 h

after ICU admission (11–13). In severe cases, muscles of respiration are also involved,

resulting in respiratory failure, but more commonly as failure to wean from ventilatory

support. Weakness is accompanied by muscle atrophy and hyporeflexia. Complete

areflexia is rare, even in severely affected patients, distinguishing CIP from AIDP

clinically.

Sensory symptoms should be a key feature in distinguishing CIP from CIM, but

sensory involvement is variable (14). It is often difficult or impossible to clinically evalu-

ate sensory loss in the acute care setting. A forced choice technique, such as joint position

sense testing, has the greatest chance of providing objective data. However, CIP is viewed

as a motor predominant or exclusive disease by most authors (15–18), and this view is

generally borne out by electrodiagnostic testing.

Ancillary laboratory tests are rarely instructive. Creatine phosphokinase (CPK) is

normal or minimally elevated. CPK elevations greater than twice the upper limit of

normal suggest CIM, whereas CPK values .2000 IU/dL more likely reflect myonecrosis.

Cerebral spinal fluid protein is normal (in contrast to findings in GBS) with no elevation of

white blood cells.

Little pathological data are available. A review of autopsy specimens for nine

patients with clinical CIP who died of their critical illness (19) showed primary axonal

degeneration of both motor and sensory nerve fibers, but little or no evidence of inflam-

mation, vascular injury, or demyelination. Skeletal muscle showed extensive atrophy

described as being due to denervation.
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4. ELECTRODIAGNOSIS OF CIP

Electrodiagnostic testing in the ICU has special challenges. Sedation may preclude volun-

tary muscle activation. Bedside instruments and equipment, peripheral edema, and skin

breakdown can limit placement of recording electrodes. Electrical interference can

obscure the detection of low amplitude responses. Interference can be minimized by plug-

ging the EMG machine into the same bank of outlets used for the ventilator, intravenous

pumps, and other patient care machines. This also minimizes the risk of electrical shock to

the patient by eliminating possible differences in ground potentials. If 60 cycle/s inter-

ference significantly obscures the recording, all nonessential equipment should be

turned off during sensory nerve conduction and assessment for abnormal spontaneous

activity during EMG recording. Sensory nerve action potentials (SNAPs) are of low

amplitude (5–30 mV) and can easily be obscured by 60-cycle electrical interference or

blunted by distal limb edema. Assessing the radial sensory response is useful because it

is rarely absent in CIP or other severe axonopathies and serves as a check that a

sensory response can be discerned. Averaging sensory responses is also helpful.

The electrodiagnostic features of CIP are consistent with a distal, motor-predominant

axonal polyneuropathy. Compound motor action potentials (CMAPs) are reduced in ampli-

tude or entirely absent in severe cases. CMAP amplitude reduction is not specific, for CIP,

and can be due to pre-existing polyneuropathy, CIM, AIDP or AMSAN. Features of

demyelination, such as prolongation of distal latency, proximal nerve conduction

slowing, or F-wave latency prolongation are typically not present or mild. Prominent

conduction slowing or block suggests AIDP. Repetitive stimulation should be performed

to exclude unrecognized neuromuscular junction disorders.

Assessment of distal SNAP amplitudes is helpful to distinguish CIM from CIP,

because SNAP amplitude is normal in CIM. However, the degree of sensory nerve invol-

vement in CIP is variable, and mean SNAP amplitudes tend to be normal, whereas mean

CMAP amplitudes are 60% of the lower limit of normal (16,20).

Abnormal spontaneous activity on needle EMG examination develops within 1–3

weeks of the onset of weakness, consistent with an acute axonal injury. If the patient is

able to voluntarily activate muscles, decreased recruitment of normal appearing motor

units is typical early in the disease course. During convalescence, increased motor unit

complexity or size supports re-innervation. A mixture of myopathic and neuropathic elec-

tromyographic features is common and consistent with the frequent coexistence of CIM in

these patients. Data from quantitative motor unit analysis techniques indicate that myo-

pathic features are more common and prominent than neuropathic features (18).

5. CRITICAL ILLNESS MYOPATHY

Myopathy is a recognized complication of critical illness. The term “acute quadriplegic

myopathy” is applied to severely affected patients, but we prefer the more inclusive

term CIM to emphasize the close association with CIP, because most patients probably

have relatively mild weakness (21–24). CIM is recognized clinically in 1–5% of critically

ill patients as rapidly progressive weakness of limbs and diaphragm. Patients are typically

septic, intubated, and receiving nondepolarizing neuromuscular junction blocking agents

to aid ventilation (24). High dose glucocorticoids predispose patients to CIM. As with CIP,

the incidence of CIM diagnosed by clinical observation is an underestimate. CIM was first

recognized as a failure to wean from ventilation in young asthmatics receiving high dose

steroids, and the diagnosis is still often overlooked unless the patient is very weak.
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Biopsy of affected muscle shows severe atrophy of myofibers, especially in type II

fibers, and sarcomeric disruption with profound loss of myosin thick filaments, a condition

often referred to as “sarcomeric disarray” (25). As a result, a low myosin/actin ratio after

electrophoretic separation of muscle proteins has been suggested as a reliable and rapid

method to establish the diagnosis of CIM (26). These changes in sacromeric protein are

similar in form, but more severe, than those recognized in myopathy produced by

chronic glucocorticoid use and underscore the central role of steroid administration to

the pathogenesis of this myopathy (27). In contrast to myopathy associated with chronic

steroid use, myotubular fragmentation and lysis often occur in CIM and results in elevated

serum CPK, abnormal spontaneous activity on electromyography, and evidence of scat-

tered myotubular necrosis on muscle biopsy (24,28). Finally, there is disruption of electri-

cal signaling in affected myotubes. Murine models of CIM combining high dose

intravenous steroids with acute focal denervation confirm the observation in human

patients of electrical inexcitability of many myofibers in CIM (29). These findings

suggest that weakness in CIM results, in part, from reversible changes in sodium and

chloride channels causing inhibition of muscle depolarization (30).

6. DISTINGUISHING CIP AND CIM

The overlap in clinical and electrodiagnostic features, and the common pathogenetic

factors, supports abandoning the polar terms of CIP and CIM in favor of more global

and descriptive terms of “critical illness weakness” or “critical illness polyneuropathy

and myopathy” (31). However, one reason to distinguish between the two polar terms is

that the prognosis for patients with clear CIP appears to be worse than for those with

CIM alone. Routine electromyography is of little value in distinguishing CIP from CIM

in the acute time period, as both diseases feature reduced CMAP amplitudes and abnormal

spontaneous activity on needle EMG, and patients usually cannot voluntarily recruit motor

units to distinguish between neurogenic and myopathic recruitment patterns. Howerver,

special electrodiagnostic testing may help to distinguish between the two (Table 18.1).

In severe CIM, muscle is inexcitable to direct electrical stimulation (29). Conversely, in

CIP, axonal injury prevents neuromuscular junction transmission, but leaves individual

muscle fibers able to be depolarized in response to direct electrical stimulation. Motor

unit number estimation (MUNE) estimates the number of motor units participating in

Table 18.1 Features of CIP and CIM

Parameter CIP CIM

Weakness Rapidly progressive,

distal predominant

Rapidly progressive,

distal and proximal

Diaphragm involvement Occasionally Frequently

Sensory loss Frequently No

Nerve conduction studies Low amplitude or absent CMAPs Low amplitude or absent CMAPs

Low amplitude SNAPs Preserved SNAPs

Normal conduction velocities Normal conduction velocities

Electromyography Abundant ASP ASP

Excitable muscle Inexcitable muscle

CPK Normal to 2� normal Normal to 20� normal

Note: ASP, abnormal spontaneous potentials.
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the CMAP. When weakness is due to a neuropathy MUNE values should be reduced,

whereas when it is due to a myopathy MUNE values will be normal, if a CMAP can be

obtained. Using these special techniques, the prevalence of CIM exceeds that of CIP, or

put another way, myopathic injury is a more common component of critical illness weak-

ness than axonal injury (18,29,32,33).

7. RISK FACTORS AND PATHOGENESIS

CIP occurs in patients with the systemic inflammatory response syndrome (SIRS), which

includes sepsis and multiple organ dysfunction syndrome (MODS, i.e., renal failure).

Sepsis results in more than 200,000 deaths in the United States each year, more than

from breast, colon/rectal, pancreatic, and prostate cancer combined. Severe sepsis,

defined as sepsis accompanied by acute dysfunction of one or more organs (i.e., renal

failure), has a mortality rate of 40% with a high rate of morbidity in the surviours.

SIRS is the generalized inflammatory host response that occurs as a consequence of

severe illness. Clinically, SIRS is heralded by increased heart rate, elevated respiratory

rate, and increased or decreased temperature or leukocyte count (Table 18.2). The SIRS

response is often characterized by uncontrolled inflammation via a variety of “proinflam-

matory” mediators including IL-1, TNF-a, and IL-6 that lead to widespread tissue injury.

Extension of this pathologic inflammatory process to normal organs causes MODS.

Common examples include altered consciousness or depressed mental status, acute respir-

atory failure or distress syndrome (ARDS), and acute liver or renal failure. CIP has been

considered to be organ dysfunction or failure of peripheral nerves.

Up to 70% of patients with sepsis have a length-dependent motor and sensory axonal

neuropathy (4,14,34). Explanations for the development of nerve damage in CIP include

direct physical injury, exposure to toxins, circulating serum factors (IL-1 and IL-6), elec-

trolyte abnormalities, hyperosmolar states, and vascular insufficiency. Inflammation has

been demonstrated in muscle biopsies from patients with CIP or CIM. Evidence of inflam-

mation in nerve biopsies includes perivascular lymphocytic infiltrates, perimysial lympho-

cytes, macrophages, and cytokine expression (IL-1b, INFg, and IL-12) (35). These

changes are consistent with a destructive immune response as a contributor to CIP or

CIM pathogenesis. A single small and uncontrolled clinical study reported that early treat-

ment with intravenous immunoglobulin (IVIG) reduced or prevented the development of

CIP in patients with gram negative sepsis and MODS (36). Unfortunately, no subsequent

prospective trials have evaluated IVIG treatment in the prevention or attenuation of CIP.

Another pathogenic factor for both CIP and CIM is sepsis-induced maldistribution

of microvascular blood flow leading to decreased capillary oxygen extraction and local

ischemia to nerves and muscle. A rat model of sepsis demonstrated a maldistribution of

oxygen transport from two principal mechanisms: stopped or “clogged” blood flow in

low flow capillaries and a twofold increase in diffusion distances across swollen

membranes in regions of tissues containing normal or high flow capillaries (37).

Table 18.2 Diagnostic Criteria for SIRS

Two or more of the following must be present:

Temperature .388C or ,368C
Heart rate .90 beats/min

Respiratory rate .20 breaths/min or PaCo2 ,32 mmHg

Abnormal white blood cell count [.12,000 cells/mm3,

,4000 cells/mm3, or .10% immature (band) forms]
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The maldistribution of microvascular blood flow in tissues is felt to be similar to the

ventilation and perfusion mismatch in the lung observed in many respiratory diseases

including ARDS.

Nutritional status and hyperglycemia likely contribute to the development of CIP.

Serum albumin levels were significantly lower in critically ill patients who developed

CIP (34). Hyperalimentation formulas lacking essential nutrients may lead to a “nutritional

neuropathy” in critically ill patients who receive prolonged total parenteral nutrition (1).

CIP has also been associated with “hyperosmolar” states, including hyperalimentation,

hypernatremia, and hyperglycemia (38). Hyperglycemia is common in sepsis and trauma

and has been identified as an independent risk factor for the development of CIP (34,39).

The concept of acute hyperglycemia-induced neurotoxicity is strengthened by prospective

evidence that tight glycemic control using an insulin infusion reduced the incidence of CIP

in surgical intensive care unit patients by 44% (incidence of 20.5% vs. 26.3%) (39).

8. PROGNOSIS IN CIP AND CIM

CIP occurs in critically ill patients with multiorgan involvement, and thus is a marker for

severe illness. As a consequence, the short-term prognosis is poor due to the underlying

illness. In-hospital mortality for electrodiagnostically confirmed CIP is 84% when com-

pared with 56% mortality for patients matched for age and APACHE score who did not

have axonal injury (40). It is not known whether CIP itself increases mortality, but the

length of mechanical ventilation and hospitalization is significantly longer among patients

with CIP who are discharged alive from the ICU (40).

There are little data on the long-term functional recovery of patients with CIP or

CIM. Approximately 10% have persistent severe limb weakness and ventilator depen-

dency (34). Most, if not all, patients have electrodiagnostic evidence of persistent

axonal injury, and most clinical evidence of persistent weakness 1–2 years after discharge.

However, evidence of any residual myopathy has not been found, and CIM may be associ-

ated with a much better long-term recovery than CIP (41).

9. TREATMENT

No specific treatment has been effective for CIP or CIM. At this stage, the focus must be

on prevention including early and aggressive physical therapy. Recognition and treatment

of risk factors may decrease the incidence of CIP. The use of glucocorticoids and neuro-

muscular blocking agents should be minimized. Rigorous control of hyperglycemia

may also be practical CIP prophylaxis. Maintenance of serum glucose between 80 and

110 mg/dL reduced incidence of CIP by 44% in a large prospective study of surgical

intensive care patients (39). Early and aggressive treatment of sepsis, including surgical

drainage of infectious foci, can limit the severity of severe sepsis and posibly attenuate

CIP. Additional recommendations about prevention and/or treatment of critical illness

weakness are lacking until further work in this area is forthcoming.
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ABSTRACT

Nutritional neuropathies occur in many settings, including alcohol abuse, malnutrition,

fad diets, parenteral nutrition, and gastric surgeries. The challenge for the clinician is to

recognize the historical clues and clinical features associated with the patient’s neuropathy

in order to focus the evaluation. Treatment of nutritional neuropathies involves supple-

mentation for specific deficiencies or abstinence from toxic compounds. Therapy for

individual deficiencies is variably effective ranging from full resolution of symptoms

and signs to arrest of progression. This chapter defines several neuropathy syndromes

associated with individual nutritional deficiencies. The neuropathies related to chronic

alcoholism and pyridoxine toxicity are included in this chapter. The former is closely

tied with malnutrition and specific vitamin deficits, whereas the latter is an essential

vitamin whose toxicity and deficiency result in phenotypically different neuropathies.

Neuropathies that develop in the setting of gastric surgery also will be discussed in the

context of nutritional deficiency.
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1. INTRODUCTION

Nutritional neuropathies continue to be diagnostically challenging and demand a high

clinical suspicion for initial recognition. These neuropathies are preventable and generally

respond best to therapy when diagnosed and treated in the early stages. Neuropathies

arising from nutritional deficiencies were historically recognized among patients suffering

from prolonged caloric restriction or chronic alcoholism. Although malnutrition is now

less common in Western medicine, recent research has identified multiple patient popu-

lations at high risk for specific nutritional neuropathies. Gastric resection, malabsorption

syndromes, fad diets, prolonged parenteral nutrition, genetic disorders, and parasitic infec-

tion can result in neuropathies associated with specific nutritional deficits. Understanding

the neuropathies arising from individual nutritional deficiencies and toxicities provides a

starting point to understand the epidemic neuropathic syndromes that continue to arise

throughout the world.

Neuropathy associated with a specific nutritional deficit commonly presents as a

constellation of neurological and systemic symptoms and signs that can help differentiate

individual nutritional neuropathies from other etiologies. As in all facets of medicine, a

careful history and detailed physical examination can establish the presence of neuropathy

and focus the evaluation that may require serological, electrophysiologic, or histologic

evaluation to identify the underlying etiology. However, many patients who present

with complaints suspicious of a nutritional neuropathy have complex medical conditions

or complicated nutritional histories. A lack of definitive research continues to fuel debate

in many areas discussed in this chapter. Areas of debate include the etiology of alcohol-

associated neuropathy, the existence of neuropathy in the setting of single vitamin

deficiencies, and the biochemical mechanism responsible for many of the neuropathies

discussed. In the text that follows, “neuropathy” is used synonymously with the terms

peripheral neuropathy or polyneuropathy to indicate a peripheral disorder generally

showing a symmetric stocking-glove distribution of sensory loss or weakness.

2. ALCOHOL-ASSOCIATED NEUROPATHY

Neuropathy is commonly associated with evidence of chronic alcoholism, yet the etiology

of the neuropathy is surrounded with controversy. Alcohol-associated neuropathy has been

well described among patients with chronic alcohol exposure who also have poor nutritional

status (68,70). Although the alcoholic population does not often present for medical evalu-

ation, estimates of neuropathy among patients with alcoholism range from 9% (68) to 67%

(7). The higher estimates include evidence of subclinical neuropathy based on use of

electrophysiological tests to evaluate peripheral nerve function. There may be gender differ-

ences, with females more frequently and more severely affected by the neuropathy associ-

ated with alcoholism than males (7,10,44). Because the caloric content of alcohol can

replace food, many patients who abuse alcohol develop multiple nutrient deficiencies.

Alcohol is known to inhibit the absorption and metabolism of thiamine, and alcohol-

associated neuropathy has many similarities to thiamine deficiency neuropathy. Some

argue that alcohol-associated neuropathy is indistinguishable from thiamine neuropathy

(68,70,76). Support for a nutritional cause includes evidence that individuals who

consume excessive amounts of alcohol but also receive nutritional supplements do not

develop neuropathy (70). This view contrasts to the observations of others who report

that a typical alcohol-associated neuropathy may occur in the setting of normal nutrition

(10,44). Extensive research involving humans and laboratory animals has investigated
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whether alcohol has direct toxic effects on peripheral nerves. Although this question

remains unanswered, clinical treatment of alcohol-associated neuropathy should address

both alcohol abstinence and thiamine (vitamin B1) supplementation.

2.1. Clinical Features

The initial symptoms of alcohol-associated neuropathy include painful, burning dysesthe-

sias and lancinating leg pains historically described as “pseudotabes” (68). The pain is

accompanied by subjective numbness that progresses in a stocking-glove pattern. Clinical

signs include distal, symmetric loss of fine touch, pain, temperature, and vibration sen-

sations (19,44,53,76). Reflexes are diminished or absent at the ankles. Weakness of the

distal lower extremities develops late in the course of the neuropathy but can be severe.

Progression of the neuropathy is generally gradual, over months to years, but can also

occur subacutely over months.

Autonomic abnormalities are prominent in alcohol-associated neuropathy. Hyperhy-

drosis, hair loss, and thinning of the skin go along with the distal distribution of sensory

loss. Sympathetic-mediated orthostasis, parasympathetic-mediated cardiac irregularities,

and esophageal dysmotility can be demonstrated in up to one-quarter of patients known

to abuse alcohol (44,53).

Alcohol-associated neuropathy usually is accompanied by other stigmata of chronic

alcoholism that reflect direct alcohol toxicity or concomitant thiamine deficiency. Myopa-

thy is common and presents chronically as diffuse cramps, local pain, and selective loss of

proximal type II muscle fibers. A rare form of acute myopathy also can occur after alcohol

binges (19). Other neurological findings include truncal ataxia with wide-based gait related

to vermal cerebellar degeneration, amblyopia, and the Wernicke–Korsakoff syndrome.

Systemic abnormalities found with chronic alcoholism include evidence of liver damage

that can progress to cirrhosis, anemia, and hypoglycemia with ketoacidosis (Table 19.1).

2.2. Laboratory Evaluation

2.2.1. Serology

Evaluation of serum alcohol levels can be helpful to establish acute intoxication. Chronic

excessive alcohol use can result in elevated transaminases and g glutamyltransferase with

a relative red cell macrocytosis. If liver toxicity has progressed to cirrhosis, transaminases

can be low or normal but liver synthetic activity, evaluated by serum albumin and clotting

factors, will be diminished (19,68,76).

2.2.2. Electrodiagnostic Testing

Nerve conduction studies reveal low amplitude sensory responses, especially in the lower

extremities; motor responses are usually normal early in the course of neuropathy, but may

be of very reduced amplitude, particularly when recorded from weak distal leg muscles

(7,10,44,53). Motor and sensory conduction velocities recorded from the upper and

lower extremities show only mild slowing with prolonged distal latency without conduc-

tion block (7,10,44). The combined findings are those of a sensory or sensorimotor neuro-

pathy of the axonal type. Axonal loss is confirmed by evidence of denervation and

reinnervation on needle EMG examination (10).

2.2.3. Pathologic Features

Recent studies by Koike et al. (44) found reduced myelinated fiber density, especially in

small myelinated and unmyelinated fibers, whereas Behse and Buchthal (10) found a
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substantial loss of large myelinated fibers among patients with excessive alcohol con-

sumption but normal serum thiamine levels. Unmyelinated fibers also showed evidence

of degeneration. Axonal sprouting was noted to be abundant only among patients with

a prolonged (.2 years) course of neuropathy (44). Teased fiber preparations showed

axonal degeneration with rare segmental demyelination (10,44).

2.3. Differential Diagnosis

The differential diagnosis for primary sensory greater than motor neuropathies of the

axonal type is broad and included in Table 19.3. Multiple nutritional neuropathies also

show an axonal predominance with painful dysesthesias. A careful history and accompa-

nying clinical abnormalities should help to focus the neuropathy evaluation. Prescription

Table 19.1 Additional Signs and Symptoms

Associated with Vitamin Deficiencies

Alcohol toxicity

Wernicke’s encephalopathy/Korsakoff syndrome

Cerebellar ataxia/gait disturbances

Myopathy (chronic and acute)

Amblyopia

Liver cirrhosis

Anemia

Thiamine (vitamin B1) deficiency

Wernicke’s encephalopathy/Korsakoff syndrome

Dilated cardiac hypertrophy (acute)

Peripheral edema (acute)

Chorea/myoclonus

Pyridoxine (vitamin B6) deficiency

Lethargy/anorexia/nausea

Dermatological changes

Facial seborrheic dermatitis/cheliosis

Conjunctivitis/glossitis/oral ulcers

Seizures in congenital deficiency state

Cyanocobalamin (vitamin B12) deficiency

Myelopathy (dorsal columns)

Encephalopathy (dementia, memory loss, psychosis)

Altered smell and taste/anosmia

Visual impairment/optic atrophy

Megaloblastic anemia

Glossitis/diarrhea/yellow-pigmented skin and nails

Hypospermia

a-Tocopherol (vitamin E) deficiency

Myelopathy (dorsal columns)

Ataxia

Dysarthria

Tongue fasciculations

Pes cavus and kyphoscoliosis

Phosphate deficiency

Dysarthria

Confusion/obtundation/coma

Seizures

Rhabdomyolysis
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drugs and hereditary causes for neuropathy are often overlooked. Diabetic neuropathy,

amyloidosis, and Fabry’s disease can produce neuropathy with painful dysesthesias and

autonomic symptoms, although Fabry’s disease usually presents in early adulthood.

2.4. Management and Prognosis

Abstinence of alcohol is the primary treatment for alcohol-associated neuropathy. As most

clinical presentations of alcoholic neuropathy are associated with malnutrition, vitamin

supplementation with B complex vitamins is also recommended. Noticeable improvement

in dysesthesias and sensory deficits often requires months to years of abstinence and is

often incomplete (10,44,68,76).

2.5. Pathogenesis

Determination of a patient’s alcohol intake is highly unreliable, but careful retrospective

studies of patients diagnosed with alcoholism demonstrate a good correlation between the

lifetime dose of alcohol and the presence of neuropathy (7,53). These studies suggest that a

cumulative dose .15 kg of alcohol per kilogram of body weight is an independent risk

factor for peripheral and autonomic neuropathies. In practical terms, this equates to

300 mL of distilled spirits daily for 25 years. However, Behse and Buchthal (10) found

neuropathic evidence among patients imbibing �100 mL of alcohol per day for at least

3 years.

The pathogenesis of alcoholic neuropathy is still debated and may relate to a com-

bination of malnutrition with thiamine (vitamin B1) deficiency, direct toxic effects of

alcohol and its metabolites on peripheral nerves, as well as genetic predisposition.

Recent comprehensive reviews and new human data suggest alcohol may play a direct

role in neurotoxicity (10,28,44,68,70,76). However, in the clinical setting where most

patients presenting with alcoholic neuropathy are malnourished, both alcohol abstinence

and thiamine (vitamin B1) supplementation should be stressed.

3. THIAMINE (VITAMIN B1) DEFICIENCY NEUROPATHY

The neuropathy associated with thiamine deficiency was termed beriberi by Western

medicine in 1611 (68). This term translates to extreme weakness, which is a prominent

feature of thiamine deficiency. After multiple epidemics of neuropathy in the next 300

years, it was determined that a diet of white rice stripped of the thiamine-containing peri-

carp resulted in what was, by then, a well-described disease in both humans and domestic

fowl. Research in the early 1900s defined thiamine as the essential agent in this neuropathy

and introduced the concept of the vitamin to medicine (35,68).

Although pure thiamine deficiency is relatively rare, some countries continue to

have endemic beriberi resulting from a diet high in polished rice (21). In the West,

faddiets, chronic dialysis, and surgical gastrectomy have resulted in patients with signs

of both acute or “wet” beriberi and the more chronic or “dry” beriberi, although some of

these syndromes may be related to multiple deficiencies (33,34,43,57,66). Other causes of

thiamine deficiency are listed in Table 19.2 and include diets rich in thiaminase found

in raw fish (72). The acute presentation of thiamine deficiency (wet beriberi) is

associated with dilated cardiomyopathy causing congestive heart failure and resultant

edema in association with neuropathy and other CNS findings. Dry beriberi refers to a

330 Nolan and Albers



Table 19.2 Clinical Conditions Associated with

Metabolic Neuropathies

Thiamine (vitamin B1) deficiency

Alcoholism

Malnutrition

Fad diets

HIV

Cachexia

Malabsorption

Peritoneal dialysis and hemodialysis

Raw fish diet (thiaminases)

Pyridoxine (vitamin B6) deficiency

Isolated deficiency in neonatal formula

Prescription drug inactivation of vitamin

Cycloserine

Hydralazine

Isoniazid

Penicillamine

Phenelzine

Cyanocobalamin (vitamin B12) deficiency

Genetic mutations affecting B12 metabolism

Malabsorption

Intrinsic factor deficiency

Pernicious anemia

Celiac and tropical sprue

Gastric resection

Genetic disorders affecting absorption

Pancreatic insufficiency

Achlorhydria [common in elderly (16–40%)]

Absent terminal ileum (resection or disease)

Consumption of cobalamin

Blind loop syndrome (bacterial overgrowth)

Fish tapeworm infection (D. latum)

Vegetarianism–Veganism

Nitrous oxide exposure (inactivates cobalamin)

a-Tocopherol (vitamin E) deficiency

Genetic mutations affecting vitamin E metabolism

Abetalipoproteinemia (Bassen–Kornzweig syndrome)

Vitamin E transporter deficiency

Malabsorption

Chronic cholestasis/liver disease

Cystic fibrosis

Bowel disease with steatorrhea

Celiac/tropical sprue

Whipple’s disease

Pancreatitis

Inflammatory bowel disease

Parenteral nutrition (chronic)

Postgastrectomy/short bowel syndrome

(continued )
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more gradual development of thiamine deficiency resulting in the same neurological

symptoms without cardiomyopathy and edema.

3.1. Clinical Features

Acute thiamine deficiency in the absence of excessive alcohol use presents with edema,

sensory loss, and extremity weakness. Symptoms related to neuropathy include distal

sensory loss and weakness. In classic thiamine deficiency associated with a diet exclu-

sively of polished white rice, the numbness is associated with tingling paresthesias but

without the lancinating or dysesthetic pain described in alcohol-associated neuropathy

(57,66). Examination reveals diminished lower extremity sensation for all sensory modal-

ities, weakness of foot dorsiflexors and wrist extensors, and depressed or absent patellar

and ankle reflexes.

Distal weakness and sensory loss with or without peripheral edema can appear

within 2–12 months of beginning a thiamine-restricted diet or may develop insidiously

over years without any signs of cardiac abnormalities (33,57,66). Cranial nerve involve-

ment was reported in early accounts of thiamine deficiency neuropathy, characterized

by weakness of laryngeal, facial, and tongue muscles (76). More recent studies of patients

developing neuropathy after consuming exclusive rice diets have not reported cranial

nerve involvement (57,66).

Acute thiamine deficiency can occur in the setting of malnutrition and alcoholism. An

acute alcoholic binge followed by increased metabolic stress can result in Wernicke’s

encephalopathy described as a triad of confusion, impaired extraocular movements with

nystagmus, and truncal ataxia (68). Wernicke’s encephalopathy can develop within hours

or evolve over days. The mental status changes include apathy, confusion, and poor

concentration. Eye movement abnormalities are most often associated with nystagmus

and lateral rectus paresis. Rapid thiamine supplementation is crucial to prevent brainstem

and hypothalamic damage. In 80% of patients presenting with this acute encephalopathy,

retrograde and anterograde amnesia persists. The more chronic mental status abnormality

associated with thiamine deficiency is termed Korsakoff syndrome and consists of an

amnesia that is primarily retrograde. Although confabulation has been included in the

classic description of Korsakoff syndrome, it is not a requisite component.

Recently, patients who were undergoing peritoneal dialysis or hemodialysis were

found to have poor nutritional status, reduced thiamine levels, and many clinical charac-

teristics of thiamine deficiency. Neuropathy and cardiac abnormalities due to other causes

may confuse the presentation among patients undergoing dialysis, but subacute onset of

chorea, confusion, and myoclonus have shown remarkable improvement in association

with thiamine supplementation (33,34). Many of these patients did not show the typical

ataxia and eye movement abnormalities found in classic Wernicke’s encephalopathy.

Table 19.2 Continued

Phosphate deficiency

Carbohydrate infusions

Hyperparathyroidism

Respiratory alkalosis

Phosphate-binding antacids

Extensive burns

Pancreatitis
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Systemic abnormalities associated with thiamine deficiency include congestive heart

failure in the acute syndrome with secondary tachycardia and lower extremity edema.

Heart failure is associated with dilated cardiomyopathy (66) (Table 19.1).

3.2. Laboratory Evaluation

3.2.1. Serology

Modern evaluation of serum thiamine employs whole-blood high performance liquid

chromatography (HPLC) for thiamine level evaluation (43). Thiamine stores can also

be evaluated by assays of blood cell transketolase activity. The response can then be com-

pared with the activity after addition of thiamine pyrophosphate (TPP) (35,72,76). If clini-

cal suspicion for thiamine deficiency is high, prompt supplementation is warranted before

evaluation of vitamin levels.

3.2.2. Electrodiagnostic Testing

Most reports of electrodiagnostic evaluation of patients who have thiamine deficiency are

complicated by secondary vitamin deficiencies or only limited evaluations. Koike et al.

(43) described 17 patients who developed thiamine deficiency and occasional other

vitamin B deficiencies postgastrectomy. In this population, most patients showed

marked reduction of lower limb sensory and motor responses. They also showed only

mild slowing of sensory and motor conduction velocities and distal latencies. These find-

ings are similar to reports of studies in humans with restricted diets of polished rice

(21,66). Further evaluation revealed prolonged H-reflex latencies with only mildly

slowed F-wave latencies (21). Needle EMG evaluation of distal limbs in all studies

reflected neurogenic changes with some evidence of denervation and reinnervation.

3.2.3. Pathologic Features

Sural nerve pathology among patients eating diets of only polished rice demonstrates a

preferential degeneration of large myelinated axons (57,66). Teased fiber preparations

demonstrate rare to absent segmental demyelination and onion bulbs, although one

study in two patients found some segmental demyelination that was attributed to axonal

regeneration (57,66). Studies of patients with thiamine deficiency and occasional other

vitamin deficiencies or alcohol abuse associated with thiamine deficiency show a more

global axonal loss with less preference for large fibers (43,73). These pathological findings

are consistent with the clinical observations of sensory and autonomic symptoms in the

patients studied. Endoneural edema was noted in all nerve biopsy studies performed

before thiamine replacement therapy (43,57,66).

3.3. Differential Diagnosis

As with alcohol-associated neuropathy, the preferential loss of small axons can be seen in

many neuropathies, including multiple vitamin deficiencies (Table 19.3). Microscopic

evaluation of distal innervation in experimental animals deprived of dietary thiamine

shows a “dying back” neuropathy also seen in numerous toxic neuropathies, including

those associated with vincristine and acrylamide. As with all metabolic neuropathies,

the accompanying clinical syndrome (Table 19.1) and a detailed history about diet and

alcohol intake should help to limit the diagnostic evaluation before serological tests are

required.
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3.4. Management and Prognosis

In the acute presentation of Wernicke’s encephalopathy among chronically malnourished

patients who abuse alcohol, rapid administration of 100 mg of thiamine intravenously

usually results in improvement of ataxia, confusion, and eye movement abnormalities

over hours. Thiamine should be administered before glucose, which can increase meta-

bolic stress and produce subsequent metabolic lactic acidosis. If left untreated, these

abnormalities can become irreversible. A dose of 100 mg of thiamine should be continued

intramuscularly for 3–5 days and then continued orally. Oral supplements are then rec-

ommended at doses of 50–100 mg daily thereafter.

The same oral dose also is beneficial for chronic thiamine deficiency and should

probably be continued indefinitely. Parenteral supplementation may be preferred for

patients who have evidence of malabsorption or who are undergoing dialysis. The

response to thiamine supplementation can result in improvement of neuropathy symptoms

in a few weeks and in some cases show complete resolution (57,66). Pathologic studies of

sural nerve show active regeneration in patients with thiamine supplementation (66).

Edema and presumed cardiac pathology can also respond dramatically in acute thiamine

deficiency within weeks (43,57).

3.5. Pathogenesis

Thiamine is a ubiquitous water-soluble vitamin found in many foods, including cereal

grains, meat, yeast, and rice husks. It is converted to TPP and is required for the oxidative

decarboxylation of pyruvate into acetyl CoA. Under conditions of extreme metabolic

Table 19.3 Axonal Neuropathies with Sensory Greater than Motor Loss

Acromegaly

Amyloidosis

Chronic illness neuropathy

Connective tissue disease

Rheumatoid arthritis

Periarteritis nodosa

Churg–Strauss vasculitis

Degenerative disorders

Friedreich’s ataxia

Olivopontocerebellar

atrophy

Gout

Hypothyroidism

Metals

Arsenic

Gold

Lithium

Mercury

Multiple myeloma

Myotonic dystrophy

Nutritional deficiencies

Chromium

Cobalamin (vitamin B12)

Thiamine (vitamin B1)

Pyridoxine (vitamin B6)

Postgastrectomy

Pharmaceuticals

Amitriptyline

Colchicine

Ethambutol

Isonicotine hydrazine

Metronidazole

Nitrous oxide

Phenytoin

Thallium

Vincristine

Polycythemia vera

Sarcoidosis

Toxic

Acrylamide

Carbon disulfide

Ethyl alcohol

Hexacarbons

Organophosphorus esters

Source: Adapted from Donofrio and Albers (1990).
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activity, TPP is also required in the pentose phosphate shunt. In the absence of TPP,

pyruvate can accumulate and result in an increase of lactate in metabolically active

tissues (35). Tissues of the central nervous system, especially brain stem structures, are

most sensitive to acute changes in lactate concentrations (45).

The primary pathology associated with thiamine deficiency neuropathy involves a

preferential loss of the largest myelinated axons. The distal distribution is that of a

dying-back process, consistent with defective axonal transport. As fast axoplasmic trans-

port requires oxidative metabolism for nerve health, a proposed mechanism for thiamine-

induced neuropathy may be related directly to its role in energy metabolism (18,60,66).

4. PYRIDOXINE (VITAMIN B6) DEFICIENCY NEUROPATHY

Pyridoxine is an essential vitamin necessary for the metabolism of many substances,

including proteins, carbohydrates, and fatty acids. The neuropathy associated with

pyridoxine deficiency is rarely encountered in isolation, although it may play an important

role in the neuropathy observed with combined deficiency of the B vitamins in malnu-

trition. Because pyridoxine is an essential vitamin, both the deficiency and toxicity

state, which can result in phenotypically distinct neuropathies, are considered in this

chapter. Because of the ubiquitous nature of pyridoxine in most foods, isolated pyridoxine

deficiency rarely results from dietary restriction. Rather, it is usually encountered in the

setting of pharmacologic therapy. For example, isoniazid competitively inhibits the

action of pyridoxine, and pyridoxine supplementation during isoniazid therapy is necess-

ary to prevent development of a pyridoxine deficiency neuropathy (64).

Since the description of pyridoxine deficiency neuropathy after the introduction

of isoniazid for tuberculosis therapy, it has been related to therapy with cycloserine,

hydralazine, penicillamine, and phenelzine.

4.1. Clinical Features

Pyridoxine deficiency neuropathy is a distal, symmetric, sensorimotor neuropathy. Symp-

toms of lower extremity numbness, tingling, and painful paresthesias dominate the clinical

presentation. Examination reveals decreased lower extremity sensation, mild distal

weakness, and depressed ankle, and occasionally patellar, reflexes (2,30,55). Clinically

evident pyridoxine neuropathy can appear within 4–6 months of initiating isoniazid at

dosages of 200–500 mg/day (2). The rate of progression is related to the dose of isoniazid,

the patient’s nutritional status, and the rate at which the patient inactivates isoniazid (2).

Other medications show a variable rate of presentation of neuropathic symptoms (30,61).

Additional systemic symptoms sometimes attributed to pyridoxine deficiency include

cognitive changes, muscle cramps, skin changes, and glossitis (Table 19.4) (55,71).

4.2. Laboratory Evaluation

4.2.1. Serology

Pyridoxine levels may be directly measured in the clinical setting with HPLC.

4.2.2. Electrodiagnostic Testing

The electrophysiological findings depend on the severity of the neuropathy, and some

patients thought to have a mild pyridoxine deficiency neuropathy may demonstrate no
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nerve conduction study abnormalities. The limited published descriptions of abnormal

electrodiagnostic results attributed to pyridoxine deficiency show evidence suggestive

of a general sensorimotor neuropathy (2,30).

4.2.3. Pathologic Features

Microscopic studies of human nerve taken from isoniazid-treated patients with clinically

evident neuropathy reveal axonal degeneration of medium-sized nerve fibers and sparing

of large myelinated fibers (55). Animal studies show similar changes in peripheral nerves

and suggest more severe changes distally in the nerve (2,69).

Table 19.4 Clinical Characteristics of Metabolic Neuropathies

Alcohol toxicity

Poorly defined, distal symmetric sensory loss (pain/temperature . vibration/proprioception)

Severe paresthesias with shooting pains in lower legs (“pseudotabes”)

Calf tenderness on palpation

Autonomic involvement

Hyperhydrosis, hair loss, and thinning skin over affected areas

Orthostasis

Incontinence

Esophageal dysmotility

Thiamine (vitamin B1) deficiency

Distal, symmetric sensory loss (all modalities)

Mild lower extremity paresthesias or burning feet (variable)

Early weakness of foot and wrist extensors with muscle wasting

Cranial nerve involvement (disputed)

Pyridoxine (vitamin B6) deficiency

Distal, symmetric sensory loss (all modalities)

Burning distal paresthesias

Pyridoxine (vitamin B6) toxicity

Rapidly progressive, symmetric sensory loss (all modalities)

Painless

Autonomic involvement in severe cases

Ileus

Urinary retention

Cyanocobalamin (vitamin B12) deficiency

Distal, symmetric sensory loss (vibration/proprioception . pain/temperature)

Tingling paresthesias both upper and lower extremities early

Variable distal deep tendon reflexes (often with plantar extensor reflex)

Autonomic involvement

Orthostasis

Impotence

Incontinence

a-Tocopherol (vitamin E) deficiency

Distal, profound, symmetric sensory loss (vibration/proprioception . pain/temperature)

Painless

Variable distal deep tendon reflexes (often with plantar extensor reflex)

Phosphate deficiency

Mild, distal, symmetric sensory loss (all modalities)

Mild lower extremity and perioral paresthesias

Early, profound, ascending weakness

Ataxia out of proportion to sensory loss
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4.3. Differential Diagnosis

A careful exposure history, including prescription and nonprescription medications and

drug exposure, is required to distinguish this neuropathy from the many other causes of

sensorimotor axonal neuropathies (Table 19.3). The presence of painful paresthesias

may be helpful to differentiate this neuropathy, but the evidence in the literature for the

aforementioned cognitive and dermatological changes is scant. A high degree of suspicion

and confirmatory serum levels of pyridoxine may be helpful at the time of treatment.

4.4. Management and Prognosis

The recommended daily allowance for a normal adult diet is�2.0 mg/day. During isonia-

zid therapy, oral supplementation should be between 50 and 100 mg daily (2). However,

adult supplementation should not exceed 150 mg daily. Response to pyridoxine sup-

plementation can reverse symptoms in early stages but usually only halts progression in

cases showing electromyographic changes (30,61,71).

4.5. Pathogenesis

Pyridoxine is a common water-soluble vitamin found in grains, meats, and vegetables and

fruits. It is especially plentiful in oranges, bananas, and avocados. It is converted by

pyridoxal kinase or pyridoxine phosphate oxidase to pyridoxal phosphate, an essential

coenzyme in both decarboxylation and transamination reactions. Proposed essential reac-

tions associated with neuropathy may relate to the essential role of pyridoxal phosphate in

synthesizing sphingomyelin with serine palmityl transferase (2,59,61). The aldehyde

group on pyridoxal phosphate is available to bond the carbonyl group on isoniazid and

hydralazine as well as the other drugs noted earlier. Formation of a bond forms a hydro-

zone compound that inactivates the coenzyme function of pyridoxal phosphate (30,61,71).

Why a perturbation in the availability of pyridoxal phosphate results in a sensorimotor

axonal neuropathy has not been fully explored.

5. PYRIDOXINE (VITAMIN B6) INTOXICATION NEUROPATHY

Unlike most water-soluble vitamins, pyridoxine is neurotoxic at doses higher than pro-

vided in a normal diet. Following excessive exposure, pyridoxine produces a pure

sensory axonal neuropathy. At relatively low, yet still excessive, exposures to this essen-

tial vitamin, sensory axons degenerate in a length-dependent distribution. At higher exces-

sive doses, the neuronal cell bodies of the dorsal root ganglion (DRG) degenerate,

resulting in a severe sensory neuronopathy.

Pyridoxine intoxication requires ingestion far beyond what can be obtained in a

normal diet; however, modern vitamin supplements allow easy access to toxic levels.

Most patients who present with pyridoxine-induced neuropathy do so in the setting of

self-treatment for water retention, bodybuilding, or fad diets. Occasionally, misinterpreta-

tion of symptoms of pyridoxine intoxication has been confused with the indication for

additional treatment (as in the treatment of some types of mushroom poisoning), prompt-

ing the use of supratherapeutic doses and a resultant poorly reversible sensory neuronopa-

thy (5). Medical trials for schizophrenia and autism have also employed neurotoxic doses

of pyridoxine (62).
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5.1. Clinical Features

The initial symptoms of a pyridoxine-induced neuropathy are lower extremity numbness

and paresthesias. Gait unsteadiness is often the presenting complaint. Occasional patients

describe symptoms consistent with Lhermitte’s sign (12,58). Symptoms can progress to

involve the upper extremities, depending on cumulative dose. Examination reveals

reduced touch, vibratory, and joint position sensations. Sensory ataxia and choreoathetoid

movements (pseudoathetosis) develop in association with decreased proprioceptive

sensation. At this level of sensory impairment, marked functional impairment develops,

and patients are sometimes thought to show motor involvement. Close evaluation

reveals normal strength but with activation limited by poor proprioception. With mild

neuropathy, reflexes may be globally hypoactive or absent only at the ankles. With

increasing severity, areflexia develops, sparing only the masseter reflex. Autonomic

dysfunction has been described in the setting of large, acute doses of pyridoxine (2 g/kg)

(5). Evidence of dysautonomia includes ileus and urinary retention. The severity and

rate of symptom onset are related to the total dosage. Symptoms can occur subacutely

with massive doses extending to gradual onset of symptoms in 36 months at doses of

200 mg/day (5,16,58).

5.2. Laboratory Evaluation

5.2.1. Electrodiagnostic Testing

In early stages, electrodiagnostic testing may give normal results (12). As severity

increases, nerve conduction studies reveal reduced sensory amplitudes progressing to

absent sensory responses in all nerves tested; motor responses remain normal (12,58).

In case reports of profound toxicity, mild motor abnormalities consisting of mildly

reduced amplitude and conduction, presumably attributable to limb disuse have been

described (5). Needle electromyography reveals no abnormalities, even among patients

with severe pyridoxine intoxication.

5.2.2. Pathologic Features

Pyridoxine toxicity results in a sensory neuronopathy at the level of the dorsal root and

trigeminal ganglion. Dose dependence has been demonstrated with careful histological

studies in animals (77). Chronic low-level exposure results in proximal axonal atrophy

in the presence of normal appearing neurons; higher-level exposure results in death of

sensory neurons in the DRG. Humans appear to be the most sensitive to the neurotoxic

effects of pyridoxine on a weight per dose basis of all animals studied (77). The results

of human sural nerve biopsy in pyridoxine intoxication are consistent with pathological

investigations in animals and show moderate reduction in myelinated fiber density

without evidence of segmental demyelination or regeneration (58).

5.3. Differential Diagnosis

The sensory neuronopathy of pyridoxine deficiency has a limited differential diagnosis.

The most common systemic disorders causing a sensory neuronopathy include paraneo-

plastic antineuronal antibodies (Hu or ANNA-1) most often related to small-cell lung

cancer, Sjögren’s syndrome, and idiopathic sensory ganglionopathy. Medications that

produce sensory neuropathy with or without loss of DRG cells include cisplatin, metroni-

dazole, and thalidomide.
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5.4. Management and Prognosis

Therapy involves prompt discontinuation of pyridoxine supplementation. Upon discon-

tinuation of pyridoxine, paresthesias and sensory loss may continue to progress for

many weeks. This phenomenon is termed “coasting” and is observed in many other

toxic neuropathies (12,16). Recovery can be complete if the presenting symptoms are

mild. In the setting of high doses and severe presentation, recovery may only be partial

after pyridoxine discontinuation (4,58).

5.5. Pathogenesis

The dose of pyridoxine required to produce neuropathy in humans has been suggested to

be as low as 200 mg daily. This dose results in an insidious presentation after prolonged

exposure. In contrast, much higher doses of pyridoxine (many grams over a short period of

time) can result in rapid onset of severe neuropathic symptoms. The present theory of

pathogenesis suggests that an overabundance of pyridoxine is directly toxic to neurons.

Support for this theory is the observation that dosage strength results in a differential tox-

icity to DRG neurons (58,77). Further, in the case of extreme doses (2 g/kg), autonomic

abnormalities were noted with profound sensory loss (5). Selective toxicity of the DRG

neurons and, in higher doses, autonomic neurons may be due to reduced permeability

of the blood–nerve barrier at these locations. Pathologic changes occur in the largest

diameter DRG neurons and axons, preferentially. These neurons are purported to have

higher metabolic requirements and may reflect impaired energy metabolism (18,77).

6. COBALAMIN (VITAMIN B12) DEFICIENCY NEUROPATHY

In the early part of the 20th century, the distal sensory loss associated with cobalamin

deficiency was attributed to myelopathy (68). The clinical findings were named subacute

combined degeneration in reference to the degeneration of the dorsal and lateral columns

of the spinal cord. However, the clinical findings of variably depressed reflexes and

electromyographic studies demonstrating peripheral nerve abnormalities suggested a con-

current neuropathy. Neuropathological studies of peripheral nerves later confirmed the

presence of peripheral axonal loss and occasional demyelination (51,76). The frequency

and clinical relevance of myelopathy in relation to the neuropathy associated with

cobalamin deficiency have not been conclusively settled (6,68,76). Most studies have

been limited by sample size (20,68) or limited electrophysiological or histological inves-

tigation of peripheral nerve (29).

Unlike most nutritional neuropathies, cobalamin deficiency typically occurs in

patients with normal caloric intake and no signs of malnutrition. Most causes are related

to gastric malabsorption. The majority of cases (80%) occur in the setting of pernicious

anemia, although as many as 25% of patients with cobalamin deficiency do not have the

expected megaloblastic anemia (29,31,41). Patients with chronic atrophic gastritis and sub-

sequent achlorhydria also are at great risk for cobalamin deficiency (6,29). Other causes of

cobalamin deficiency include genetic defects affecting cobalamin metabolism and compe-

tition for cobalamin stores with intestinal flora and occasional parasites (Table 19.2).

6.1. Clinical Features

Early clinical findings of cobalamin deficiency neuropathy include ill-defined paresthesias

of the extremities. In contrast to typical distal neuropathies that first involve the feet, the

Nutritional Neuropathies 339



hands are reported to be affected equally or more severely than the feet in cobalamin

deficiency neuropathy (31,68,70). Painful, tingling paresthesias can be disabling.

Vibration and position sensations are variably impaired out of proportion to decreased

pain and temperature sensations. Distal leg weakness and gait ataxia typically develop

within 4 months of the initial sensory complaints (29). Reflexes are variable, but may

be depressed from the neuropathy early in the course of disease or brisk with extensor

planter responses reflecting a simultaneous myelopathy (29,31).

The onset of cobalamin deficiency neuropathy is insidious and the clinical signs of

neuropathy exist in the setting of confounding myelopathic findings. In a retrospective

study of patients with cobalamin deficiency, Healton et al. (29) found that 114 of 153

patients had neurologic symptoms at the time of the laboratory diagnosis. Coexisting

signs of neuropathy and myelopathy were present in 41% of these patients, whereas neu-

ropathy alone was present in 25% and myelopathic changes alone were present in 12% of

the patients. A recent large retrospective study of patients with cobalamin deficiency found

that the laboratory diagnosis normally resulted in prompt treatment without electrophysio-

logic testing (29). This common clinical practice may explain the under-representation of

neuropathy in the classic descriptions of cobalamin deficiency.

Symptoms of cobalamin deficiency normally develop gradually. However, patients

with borderline-low cobalamin stores may develop symptoms acutely after exposure to

nitrous oxide (48). Nitrous oxide oxidizes the cobalt in cobalamin, inactivating gastroin-

testinal stores of methylcobalamin. Nitrous oxide is commonly used in surgical and dental

procedures, and it also has illicit recreational usage. Historically, even single exposures

can result in symptoms and should be considered in any postoperative patient with new

extremity paresthesias (40).

Other neurologic manifestations of cobalamin deficiency include autonomic neuro-

pathy with orthostasis, impotence, and bladder dysfunction (29,31,51). Evidence of ortho-

static hypotension may suggest involvement of small unmyelinated axons (51). Cognitive

symptoms and signs, as well as dysgeusia, dysosmia, and visual disturbances occasionally

occur (29,31). Impaired central vision may reflect a bilateral optic neuropathy. Cognitive

abnormalities range from mild short-term memory deficits to clinically evident dementia

with psychomotor slowing. Occasionally, depression and psychosis develop (49). Non-

neurological manifestations include glossitis, diarrhea, and yellow-pigmented skin and

fingernails (26) (Table 19.1).

6.2. Laboratory Evaluation

6.2.1. Serology

The characteristic blood abnormality associated with cobalamin deficiency is a megalo-

blastic anemia. Serum levels of cobalamin can be measured, and levels ,200 pg/mL

should arouse suspicion of a cobalamin deficit. As described subsequently, folate levels

should be measured at the same time. Deficiency of cobalamin is confirmed by demon-

strating elevated serum methylmalonic acid and homocysteine levels, and both should

be evaluated even when cobalamin levels are in the low-normal range (29,41). The

cause of cobalamin deficiency should be first addressed by testing for intrinsic factor-

blocking antibody, although elevated antibody levels are identified only in �50% of

cases of pernicious anemia (41). When intrinsic factor-blocking antibodies are not

found, but there remains a high suspicion for pernicious anemia, a Schilling test can

further differentiate between pernicious anemia and defects involving absorption (terminal

ileum damage) or digestive competition for cobalamin (blind loop or infection with the
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fish tapeworm Diphyllobothrium latum). In pernicious anemia, the Schilling test will be

abnormal after the first administration of radiolabeled cobalamin (Part I). Vegetarians

and patients who have achlorhydria demonstrate a normal response to Part I of the test

because of the purified supply of cobalamin provided in the test. When combined with

intrinsic factor (Part II), absorption is corrected in pernicious anemia. Complications of

intestinal absorption, such as blind loop syndrome, parasite infection, pancreatic

disease, or ileal malabsorption, produce abnormal results of Part II.

6.2.2. Electrodiagnostic Testing

Depending on the severity and duration of symptoms, patients with cobalamin deficiency

may demonstrate no nerve conduction or electromyographic abnormalities (31). Electro-

physiologic evaluation of 20 patients with pernicious anemia identified 13 (65%) who

showed evidence of neuropathy (20). When abnormalities are present, they are consistent

with an axonal neuropathy, although occasional patients have findings suggestive of

demyelination. Most reports include evidence of low amplitude sensory and motor

responses (25,29,31). In contrast, conduction velocities, including F response latencies,

are only mildly slowed, consistent with an axonal neuropathy (20,25,29,31). Severely

slowed nerve conduction and coexisting partial conduction block have been described

as reversible with cobalamin replacement in two individual patients (3,31). Needle

EMG studies show evidence of distal denervation and reinnervation of distal muscles of

patients with severe neuropathy (29).

6.2.3. Pathologic Features

Sural nerve pathology in cobalamin deficiency neuropathy shows predominant axonal loss

of large myelinated fibers (51). McCombe and McLeod found no evidence of primary

demyelination in the three sural nerves evaluated in their study but did note axonal degenera-

tion, which was severe in two of the three cases. Neuropathological studies of spinal cord

demonstrate multifocal axonal loss and demyelination, predominantly in the dorsal and

lateral columns. Similar lesions are found in the cerebrum in late stages of the disease (76).

6.3. Differential Diagnosis

The clinical presentation of cobalamin deficiency is highly variable, and the neuropathy

may be present without evidence of myelopathy or cognitive impairment. The differential

diagnosis for distal paresthesias in the setting of a mild, nonspecific axonal neuropathy is

broad (Table 19.3). In the more classic combined syndrome of myelopathy and neuro-

pathy, with or without cognitive changes, the differential diagnosis includes Friedreich’s

ataxia, a-tocopherol (vitamin E) deficiency, and adrenoleukodystrophy. These disorders

also have neurophysiological and neuropathological findings similar to those of cobalamin

deficiency (25).

6.4. Management and Prognosis

Before cobalamin was purified, Nobel Prize research performed in 1926 demonstrated that

feeding animal liver to patients with subacute combined system disease resulted in clinical

improvement (52). The response to treatment of cobalamin deficiency can be dramatic

if replacement is initiated before significant myelopathy occurs. In the setting of perni-

cious anemia, typical therapy consists of prompt administration of subcutaneous or

intramuscular cobalamin at a dose of 100–1000 mg daily for 5 days, followed by
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100–1000 mg monthly (26). There is also evidence that oral supplementation of coba-

lamin at doses of 2 mg daily in patients with pernicious anemia is as effective as the intra-

muscular 1 mg administered monthly (46). The normalization of serum methylmalonic

acid can be monitored as a therapeutic marker in the setting of normal hematological

parameters. Maximal improvement of neurological symptoms and signs may require up

to 18 months, although paresthesias usually improve rapidly. Clinical symptoms may

respond much more than electrophysiologic parameters, although some studies suggest

abnormal nerve conduction studies improve significantly (20). Autonomic symptoms,

visual changes, and even cognitive changes have been reported to improve or resolve

after cobalamin supplementation (29,49,51). Myelopathy deficits usually do not respond

fully to replacement (29,31,51).

6.5. Pathogenesis

Because of the prevalence of cobalamin in animal-related proteins and a large capacitance of

hepatic stores, cobalamin is present in most diets at adequate levels and deficiency syn-

dromes usually develop slowly. Pernicious anemia is responsible for .70% of cases of coba-

lamin deficiency (29). Other causes are presented in Table 19.2. Cobalamin has a complex

mechanism for absorption. It is initially released from dietary animal proteins in the low-pH

environment of the stomach and binds to salivary proteins. Pancreatic enzymes in the duo-

denum and jejunum cleave the binding proteins and the cobalamin binds with intrinsic factor

secreted from gastric parietal cells. The cobalamin–intrinsic factor complex is absorbed

through a receptor-mediated mechanism in the terminal ileum where it is bound to serum

proteins transcobalamin I and II. The cobalamin bound to transcobalamin II is biologically

active and available for intracellular enzymatic reactions or is stored in the liver. Tissue

stores of cobalamin usually last 3–4 years. Cobalamin acts as a coenzyme for two essential

metabolic reactions. Although significant debate exists, it is unknown which reaction is the

essential mechanism resulting in the neurological abnormalities (9).

7. FOLATE DEFICIENCY NEUROPATHY

The metabolic linkage between folate and cobalamin (vitamin B12) metabolism results in

an interdependence that can mask alternate deficiencies (41). Consequently, folate sup-

plementation in the setting of a cobalamin deficiency can improve a megaloblastic

anemia but may not improve and may even worsen the neurologic symptoms of cobalamin

deficiency (29).

The presence of peripheral neuropathy in the setting of isolated folic acid deficiency

continues to be debated in the literature. The clinical symptoms are reported to be similar

to cobalamin deficiency, often including a myelopathy and neuropathy (6,13). Botez et al.

(13) described two patients who displayed clinical and electrophysiologic evidence of both

myelopathy and peripheral neuropathy and three patients who showed evidence of an iso-

lated neuropathy. All had reduced serum folate levels and all improved or resolved after

folate supplementation. All patients had longstanding gastrointestinal disease and normal

serum cobalamin levels. Other published studies are often complicated by coexisting

vitamin deficiencies or alcoholism limiting the understanding of an isolated deficiency.

8. a-TOCOPHEROL (VITAMIN E) DEFICIENCY NEUROPATHY

The tocopherols (a, b, g, and d) are a group of fat-soluble antioxidants thought to prevent

peroxidation of fatty acids in cell membranes (39). Vitamin E or a-tocopherol is the most
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common and potent antioxidant in this group of compounds. The ubiquitous nature of the

tocopherols makes dietary insufficiency nearly impossible. However, functional defi-

ciencies related to vitamin metabolism and absorption have been described (Table 19.2).

Malabsorption and steatorrhea comprise the most common cause of a-tocopherol

deficiency as observed in celiac disease, Whipple’s disease, and pancreatitis (36).

Genetic defects associated with vitamin metabolism have also been described, including

defects in lipid transport proteins (32).

A well-defined autosomal recessive disorder resulting in a-tocopherol deficiency

is abetalipoproteinemia (Bassen–Kornzweig Syndrome). The congenital absence of

apoprotein B results in deficits in vitamins E and A. The clinical characteristics of

this disease are a progressive ataxia, areflexia, steatorrhea, and retinitis pigmentosa

attributable to both vitamin E and A deficiencies (6,15). A second, autosomal recessive

defect in the a-tocopherol transporter protein results in inadequate incorporation of

a-tocopherol into very low-density lipoproteins in liver cells and in an isolated

a-tocopherol deficiency (32). Patients exhibiting either of these disorders have normal

gastrointestinal function.

8.1. Clinical Features

The neuropathy associated with a-tocopherol deficiency is relatively mild in early stages

and usually not painful. Most often it is limited to the lower extremities. Similar to

the presentation of cobalamin deficiency, it most often presents as a mixed syndrome of

neuropathy and myelopathy. The presentation usually includes an unsteady gait and com-

plaints of lower extremity numbness. The onset of symptoms is insidious and progression

slow. In the setting of genetic defects in metabolism, impaired gait may develop between

the ages of 5 and 10 years (27). When the defect is partial or acquired, abnormalities may

present after intervals of 5–20 years (6,36,76). Examination reveals decreased propriocep-

tion and vibration sensation with preserved pinprick, temperature, and light-touch sen-

sation. Diminished proprioception, when severe, results in pseudoathetosis. Reflexes are

depressed or absent, and the response to plantar stimulation is variable. Truncal and extre-

mity ataxia as well as tremor and dysarthria attributable to cerebellar dysfunction can also

be observed. Opthalmoplegia, retinitis pigmentosa, and optic nerve abnormalities are

common findings in combined fat-soluble vitamin disorders but have not been described

in isolated a-tocopherol deficiency states (11,36,42). Over time, pes cavus and kypho-

scoliosis often develop in the setting of the progressive neuropathy and myelopathy.

8.2. Laboratory Evaluation

8.2.1. Serology

Serum level of a-tocopherol is a reasonable measure of body stores, having a normal range

of 5.5–17.0 mg/L. g- and b-tocopherols also can be assayed. Although the ratio of

a-tocopherol to total serum lipids may be a more accurate measure that corrects for hyper-

lipidemia, in most patients with a-tocopherol deficiency, levels are undetectable. A trial

loading dose of 2–5 g of a-tocopherol can be followed over 5 days to establish the effec-

tiveness of vitamin absorption (76).

8.2.2. Electrodiagnostic Testing

Occasionally, nerve conduction and electromyographic studies may be normal in sympto-

matic a-tocopherol deficiency neuropathy (36,39). As severity of the neuropathy

increases, sensory responses decline in amplitude and may be unobtainable in the legs.
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The accompanying reduction in sensory conduction velocity reflects the loss of sensory

axons. Needle EMG is normal (14,75).

8.2.3. Pathologic Features

Dorsal root neurons appear most sensitive to a-tocopherol deficiency. The results of sural

nerve biopsies can be normal or show retrograde degeneration of large-caliber myelinated

axons (36,54,67). Most patients with abetalipoproteinemia show a marked loss of large-

diameter fibers (75). The distal projection of the central afferents of the dorsal root

neuron shows marked degeneration in the fasciculi gracilis and cuneatus (47,76).

8.3. Differential Diagnosis

As a neuropathy, a-tocopherol deficiency resembles a sensory ganglionopathy with its

painless loss of large-fiber modalities. However, when considering the combined syn-

drome of neuropathy, myelopathy, and ataxia, the differential diagnosis should include

Friedreich’s ataxia, cobalamin (vitamin B12) deficiency, and Refsum’s disease.

8.4. Management and Prognosis

The normal recommended daily allowance of a-tocopherol is 10 mg/day for males and

8 mg/day for females. There have been no reported toxic effects of a-tocopherol, and

doses of 200 mg to 2 g/day have been used for therapeutic replacement in the event of

a demonstrated deficiency. Patients with malabsorption require 1–4 g/day or may

require a water-soluble a-tocopherol preparation (36,39). In abetalipoproteinemia, the rec-

ommended dose of a-tocopherol is 100–200 mg/kg per day in addition to vitamin A and

vitamin K supplementation (39). The goal of all therapy in a-tocopherol deficiency is to

arrest neurologic progression. In the setting of early neuropathy, case reports have

described substantial clinical and electrophysiological improvement after a-tocopherol

supplementation (17,42,50). There is poor evidence for substantial recovery after pro-

gression includes prominent cerebellar dysfunction and other central signs.

8.5. Pathogenesis

Tocopherols are a component of vegetable products, and they are especially concentrated

in vegetable oils and wheat germ. They are solubilized with bile acids and absorbed in the

small intestine as mixed micelles and incorporated into chylomicrons. a-tocopherol is

specifically transferred through a binding protein into LDL and VLDL particles for

systemic use. The mechanism of uptake in neural tissues is unknown, but the loss of

the antioxidant function is thought to result in the pathologic changes associated with

a-tocopherol deficiency (36).

9. PHOSPHATE DEFICIENCY NEUROPATHY

Severe hypophosphatemia can result in a reversible neuropathy that resembles acute

inflammatory demyelinating polyradiculoneuropathy (AIDP). The clinical presentation

includes generalized weakness, perioral paresthesias, acral sensory loss, dysarthria,

ataxia, and absent reflexes (63). Weakness can rapidly progress and result in respiratory

failure and need for assisted ventilation. Electrodiagnostic evaluations have suggested
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the presence of a demyelinating neuropathy with partial conduction block and conduction

slowing. However, the rapid resolution of clinical and electrodiagnostic abnormalities

over days to weeks suggests a metabolic mechanism for the conduction abnormalities.

Hypophosphatemia is most often found in profoundly ill patients in the setting of

poorly supplemented parenteral nutrition. Acute carbohydrate loads can cause a shift of

phosphate to the intracellular space in a patient with already depleted stores resulting in

severe weakness (65). Hypophosphatemia frequently is not recognized, and it can be

caused or worsened by alcoholism, phosphate-binding antacids, severe burns, respiratory

alkalosis, and hyperparathyroidism (65,78). Other manifestations of severe hypophospha-

temia include rhabomyolysis, delirium, seizure, and coma (63,65).

Following intravenous replacement of phosphate, the neuropathy can be reversed

within days to weeks. It is proposed to result from decreased phosphate metabolism and

recruitment of ATP in the largest axons that have the highest metabolism (18,63,74,78).

10. CHROMIUM DEFICIENCY NEUROPATHY

A rare neuropathy related to chromium deficiency has been described in three patients in

the setting of prolonged total parenteral nutrition (37). This syndrome consists of a sensor-

imotor neuropathy and impaired glucose tolerance, which both resolved following

chromium replacement in the parenteral nutrition formulation (37,38).

11. CUBAN EPIDEMIC NEUROPATHY

Between 1991 and 1994, an epidemic of neuropathy and optic neuropathy occurred in

Cuba, with over 50,000 reported cases (23). The “epidemic neuropathy” was initially

thought to represent an exposure to some unrecognized neurotoxicant. However, the epi-

demic appeared in association with acute worsening of the economic situation, and the

syndrome was eventually attributed to acute nutritional deficiencies caused by malnu-

trition, possibly in combination with alcohol consumption (tobacco–alcohol amblyopia)

and exposure to other unidentified substances (56). Support for a deficiency syndrome

hypothesis was provided by disappearance of additional cases after widespread vitamin

supplementation (23).

12. POSTGASTRECTOMY NEUROPATHY

Clinically evident nutritional neuropathies often represent combined deficiencies related

to dietary insufficiency or malabsorption. Because of the presence of overlapping

deficiency syndromes, diagnosis can be challenging. One of the most common presenta-

tions of nutritional neuropathy occurs in the setting of remote gastric resection or diver-

sion. A recent review suggests that �5% of patients undergoing gastric restriction

surgery for morbid obesity developed some neurologic complication (1). The resultant

neuropathy reflects the type of gastric resection and the resultant malabsorption syndrome.

In the setting of gastric resection for carcinoma or severe gastric ulcer disease, the neuro-

pathy presents 5–15 years after the procedure.

The clinical symptoms associated with postgastrectomy neuropathy include distal

dysesthesias and weakness, most severe in the lower limbs. Examination shows distal

sensory loss, weakness, and hypoactive or absent reflexes without signs of corticospinal
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tract dysfunction (8,10,43). Most of the patients described in these studies demonstrated

multiple vitamin deficiencies, including low serum levels of thiamine, pyridoxine,

folate, and cobalamin (8,10,43). Histological evaluations in three sural nerves studied

by Behse and Buchthal (10) showed reduced fiber density, perineural edema, and segmen-

tal demyelination in two nerves. The other study which evaluated sural nerve histology

reported similarly reduced fiber density and perineural edema, but found that segmental

demyelination occurred rarely among the 12 nerves examined (43).

In the setting of neuropathic symptoms and past gastric surgery, evaluation should

include serum levels of the B vitamins and folate with therapy addressing any and all

deficiencies. The index of suspicion for cobalamin deficiency should be high because of

the high prevalence of unrecognized cobalamin deficiency in the general population. In

the setting of steatorrhea, a-tocopherol (vitamin E) also should be included. When mul-

tiple vitamin deficiencies are present, historical reports suggest a mild and incomplete

response to comprehensive vitamin supplementation.

A more severe neuropathy has been described in association with gastric diversion,

banding, or plication in the obese compared with the combined deficiency sensorimotor

neuropathy described earlier. This neuropathy presents acutely, 2–4 months after the sur-

gical procedure, with sensory loss, distal weakness, and hypoactive or absent reflexes. The

neuropathy usually develops in the presence of significant weight loss and frequent vomit-

ing (1). Neuropathological investigation of a single patient who displayed this profile

showed lipofuscin in dorsal root and anterior motor neurons with lipid accumulation in

Schwann cells (24). The neuropathy resembled a form of AIDP but without an elevated

CSF protein level. The coexisting confusional state suggested a diagnosis of Wernicke’s

encephalopathy, which also had been reported to occur within months of gastric restrictive

surgery (1). Vitamin supplementation in this setting should probably include parenteral B

complex vitamins in the high normal range, although the reported response to aggressive

supplementation has been reported to be incomplete (1,24).

13. CONCLUSION

Although Western medicine has substantial experience with neuropathy developing in the

setting of famine and nutritional deficiency, a lack of definitive research promotes con-

fusion about the etiology and presenting characteristics of specific nutritional neuropa-

thies. These neuropathies must be suspected by their clinical presentation and in the

context of a carefully gathered history. Specific nutritional neuropathies can develop in

the setting of malabsorption syndromes, gastric disorders, and some disease states that pre-

dispose to specific nutritional deficiencies. Prescription medications, dietary supplements,

prolonged dialysis, or inadequate parenteral nutrition can also result in iatrogenic neuro-

pathy. More infrequent are neuropathies due to select trace mineral deficiencies and

specific genetic disorders. Therapy involves supportive care and nutrient replacement.
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ABSTRACT

Peripheral neuropathies caused by toxic agents are often misdiagnosed. To make the diag-

nosis of a toxic neuropathy, the physician must have a high index of clinical suspicion and

pursue the history to identify the offending agent. In many cases, there is no specific diag-

nostic test, and diagnosis relies on the clinical and electrodiagnostic evaluation. Given the

very large number of peripheral nerve toxins, it is not possible to review all of them, and this

chapter focuses on the most common toxins that cause clinically relevant peripheral

neuropathy. Characteristic features of each disorder as well as general principles of

neurotoxicology are emphasized. The toxins are organized into three categories: occu-

pational and environmental exposures, recreational substance abuse, and iatrogenic

exposures. Historically, occupational and environmental exposures provided the greatest

risk of toxic neuropathy. However, with improving work conditions and careful pre-

cautions, these have become less frequent. Currently, the principal source of toxic neuropa-

thies is prescription medication. Because of the users’ socio-economic status, neuropathies

from recreational substances have been more difficult to study in a systematic fashion.

1. INTRODUCTION

There are several general principle of neurotoxicology that are important to consider when

evaluating patients with possible toxic neuropathy. Patients frequently question if prior or

ongoing exposure has caused their peripheral neuropathy. In many cases, the agents in ques-

tion have not been systematically studied and it may be impossible to conclusively exclude a

relationship. The Bradford Hill criteria define an organized approach to addressing the issue

of causation (Table 20.1). Before an agent can be judged to cause neuropathy, there must be

a strong association between the potential toxin and neuropathy, appropriate timing of

exposure and signs, a dose response effect, improvement following removal from exposure,

an animal model, a consistent clinical spectrum across studies, and biological plausibility

(is an etiological link consistent with current knowledge) (1,2). Full consideration of

these criteria is useful in the clinical setting. Although it is unlikely that an agent not yet

known to cause neuropathy will fulfill all criteria in a single clinical setting or outbreak, if

many are met, an association or causal relationship becomes more likely, justifying public

health efforts to reduce risk while experimental and epidemiological studies are undertaken.

Recognition of toxic neuropathy depends on a high index of suspicion. In some

cases, a patient’s occupation or a history of using a particular medication or substance

of abuse will suggest the diagnosis. In many instances, however, the exposure history

may not be readily apparent. Furthermore, diagnosis may be complicated by continued

progression of the neuropathy for weeks or even months following cessation of exposure

(coasting). Although the term coasting is most often used to refer to n-hexane neuropathy,

the phenomenon is observed with many other toxins (3–5). Useful clinical features that

suggest a toxic etiology include features atypical for idiopathic or typical metabolic

neuropathies (e.g., diabetes). A subacute time-course or prominent weakness or sensory

loss should prompt a particularly careful search for a toxic etiology.
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The electrodiagnostic evaluation is an important part of the diagnostic evaluation of

toxic neuropathy. Most neurotoxins cause an axonal sensory motor peripheral neuropathy.

Sensory nerve action potential amplitudes are reduced or absent in a length dependent

fashion. Compound muscle action potential amplitudes may be reduced if there is signifi-

cant motor axonal loss. Fibrillations and reduced recruitment of large motor units may be

observed in distal muscles. Rare toxic neuropathies may cause primary demyelination, and

the finding of demyelination of nerve conduction studies is one of the useful diagnostic

clues (Table 20.2).

Table 20.1 The Bradford Hill Criteria Outline an Organized Approach to Determine a Causal

Relationship Between a Potential Toxin and Neuropathy

Strength of association: The stronger the relationship between the neuropathy and the toxic agent,

the less likely it is that the relationship is due to some other variable.

Temporality: The toxic exposure must precede development of neuropathy.

Consistency: Multiple independent observations of an association by different investigators, using

multiple techniques increase the likelihood of a casual association.

Theoretical plausibility: The relationship between neuropathy and the toxic agent should make

theoretical sense.

Coherence: A cause-and-effect relationship is most likely when there is no conflict with what is

known about the toxic agent and exposure and when there are no plausible competing theories or

rival hypotheses.

Specificity in the causes: Ideally, the outcome (the specific type of neuropathy) should have only one

cause. This criterion is uncommonly met in toxic neuropathy. However, the more distinctive the

clinical syndrome, the more likely there is an association.

Dose–response relationship: Larger doses (exposures) should cause more severe neuropathy. The

larger the exposure (dose) the more severe the neuropathy should be.

Experimental evidence: Cell culture and animal models of the toxic neuropathy support a direct

causal relationship.

Analogy: Sometimes a commonly accepted phenomenon in one area can be applied to another area

(e.g., nucleoside analog reverse transcriptase inhibitors).

Note: The more of the criteria are fulfilled, the more likely the association is valid and causative.

Table 20.2 Demyelinating

Toxic Neuropathies:

Demyelinating Neuropathies

are Uncommon

n-Hexane

Suramin

Amiodarone

Perhexiline

Chloroquine

Cytosine arabinoside

Arsenic (rarely in the acute stage)

Tacrolimus

Procainamide

Gold

Note: When encountered, exposure to

these agents should be sought. Toxins

in italics are discussed in further

detail in the text.

Toxic Neuropathy 353



Patients with pre-existing peripheral neuropathy may be at risk to develop signifi-

cant worsening of their neuropathy following exposure to neurotoxic medication (6).

The best example of this phenomenon is the development of a severe motor neuropathy

in patients with unrecognized Charcot–Marie–Tooth disease who receive vincristine

chemotherapy (7). Care should be exercised when prescribing potentially neurotoxic

medication to patients with underlying peripheral neuropathy, and alternative treatments

should be used whenever possible.

2. OCCUPATIONAL AND ENVIRONMENTAL EXPOSURES

Occupational and environmental peripheral nerve toxicity is relatively uncommon in

developed countries. Care must be taken when counseling patients with a possible

exposure given the significant medical legal implications. The Bradford Hill criteria

should be carefully evaluated. A number of chemicals have been studied and their role

in peripheral neuropathy have been established. These include heavy metals, organo-

phosphates, and organic solvents.

2.1. Heavy Metals

Occupational exposure to heavy metals has become increasingly rare with improvements

in worker safety. Currently, the most common source of heavy metal exposure leading to

peripheral neuropathy is intentional poisoning. The diagnosis of heavy metal neuropathy

requires a high degree of suspicion. Although the neuropathy may be non-specific, the

associated systemic features of heavy metal toxicity should suggest the correct diagnosis.

2.1.1. Lead

Because of its ease of malleability lead has historically been a popular agent in metallurgy.

This is despite recognition of its adverse health effects even in antiquity. Lead toxicity

most commonly occurs following ingestion of lead containing paints and from the

mining industry. Toxicity from lead paint occurs in children who ingest paint flakes.

Low socio-economic status is a major risk factor due to inhabitation of older homes

that have not been renovated. Childhood lead toxicity causes an encephalopathy rather

than neuropathy. Lead neuropathy usually occurs following occupational exposure. Indus-

tries at risk include lead smelting and refining, steel and iron factories, gasoline stations,

and battery manufacturing (8). Miners may be exposed via inhalation during the smelting

of ore to extract silver (9). There are several reports of lead neuropathy due to retained

bullet fragments many years after a gunshot wound (10). Fortunately as a result of increas-

ing governmental regulations significant industrial exposure to lead has diminished

considerably.

As with other heavy metals, the systemic manifestations often suggest the diagnosis.

Abdominal pain, constipation, and anemia are prominent in acute lead poisoning (11).

Abdominal pain and constipation may not be as prominent with chronic toxicity.

Occasionally, a lead line may appear in the gingiva of the mouth suggesting chronic

exposure. Lead inhibits d-aminolevulinic acid dehydrase, the rate limiting enzyme in

heme biosynthesis. This results in a microcytic, hypochromic anemia with basophilic stip-

pling. d-Aminolevulinic can be detected in the urine.

Lead neuropathy is classically motor-predominant with little sensory involvement.

In adults, it has a predilection for the upper limbs, in particular the nerves innervating
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wrist and finger extensor muscles. When the legs are involved, the neuropathy affects

ankle dorsiflexors resulting in foot drop. Involvement of the lower extremities is more

likely to occur in children than in adults (12). More recent data have called into question

this classic pattern of weakness and suggest chronic industrial exposure leads to a sensory-

predominant neuropathy primarily involving the legs (13). It seems likely that two forms

of lead neuropathy exist: an acute intoxication leading to the classically described pattern

of wrist drop and a chronic intoxication leading to a length-dependent sensory greater than

motor neuropathy.

Most of the clinical experience predates the development of electromyography, and

the electrophysiological changes are not well described. Similarly, because of

co-morbidities and misdiagnoses, the pathology of the condition also has not been

firmly established in humans. In a rat model of lead neuropathy, segmental demyelination

is prominent (14). In humans, however, the available evidence suggests that the primary

process is axonal loss (15).

The diagnosis of lead neuropathy is usually suggested by a typical pattern of weak-

ness in association with anemia. If exposure is ongoing, the diagnosis may be confirmed by

demonstrating elevated lead levels in the blood or a 24 h urine specimen. d-Aminolevulinic

levels are elevated in the urine of all patients with lead toxicity. If the exposure is not

ongoing, these tests may be normal. It has been suggested that chelation with ethylene-

diaminetetra-acetic acid (EDTA) may mobilize tissue lead that can then be measured

in the urine (16). This approach has not been well studied, however, and diagnosis of

lead neuropathy months after the exposure usually rests on recognition of the typical

neuropathy, a plausible route of exposure, and exclusion of other etiologies.

Treatment must first be directed at removing the patient from the exposure. While

controlled studies are lacking, chelation therapy is generally recommended, particularly

if the blood levels are .10 mg/dL (17). There are several chelating agents available:

dimercaprol (BAL), penicillamine, succimer, and EDTA. Which agent and route of

administration are most effective remains debated.

Lead is believed to have its clinical effects via inhibition of heme synthesis by

blocking the activity of d-aminolevulinic acid dehydratase (18,19). This enzyme converts

d-aminolevulinic acid to porphobilinogen (a pyrole ring). Synthesis of hemoglobin and

heme containing enzymes (e.g., mitochondrial electron transport chain cytochrome

P450 enzymes) is disturbed.

2.1.2. Arsenic

Arsenic has had many uses throughout history. In antiquity, it was used for medicinal

purposes. As recently as the early 20th century arsenic was used to treat syphilis and

other infections because of its antibacterial effects. In more recent years, it has been

used in pesticides and in the lumber industry as a wood preservative. Inorganic

forms of arsenic are far more toxic than the organic form. Most organic exposures to

arsenic are the result of seafood ingestion. Fish and shellfish absorb arsenic from the

water in which they live. Organic exposures are relatively non-toxic and the arsenic

is quickly excreted in the urine. Industrial exposure to inorganic arsenic has been

described in the smelting industry (20,21). Neuropathy may occur following inhalation

of smoke emanating from burning wood preserved with arsenic or from contaminated

dust or soil (22). Exposure to contaminated water via wading or oral consumption

may also result in toxicity (23). However, intentional poisoning, often with a rodenti-

cide, is currently the most common cause of arsenic intoxication in the developed

world (Fig 20.1).

Toxic Neuropathy 355



As with lead, acute arsenic intoxication commonly presents with systemic symp-

toms including severe abdominal pain, nausea, and diarrhea. Acute tubular necrosis may

result in the need for hemodialysis (24). Acute arsenic poisoning often causes hematologic

abnormalities including anemia and pancytopenia (25). In severe cases, vasomotor col-

lapse and death occur within hours. Those that survive the cardiovascular insult

develop a progressive neuropathy over weeks (26). The initial manifestations are distal

pain and sensory loss. Weakness typically follows in a length dependent fashion. When

severe, proximal muscles are also affected. Reflexes are preserved early on, suggesting a

primary axonal rather than demyelinating insult. Given the prodrome of abdominal pain

and diarrhea, acute arsenic poisoning may be confused with the Gullain–Barré syndrome

(acute inflammatory demyelinating polyradiculoneuropathy). Diagnostic clues for arsenic

toxicity include prominent sensory loss, pain, distal predominance, and hematologic

abnormalities.

A variety of cutaneous manifestations of arsenic poisoning have been described.

Acute dermatologic findings include facial edema and desquamation of the palms and

soles (Fig. 20.2) (27). A pale transverse line in the finger and toe nails (Mee’s lines) is

the most commonly recognized finding (28). Mee’s are visible several weeks following

acute intoxication, and are only useful diagnostically later in the disease course, or in

patients with repeated exposures.

Chronic arsenic exposure may also cause slowly progressive distal sensory loss,

pain, and mild weakness. Abdominal pain and diarrhea are not characteristic. Other

systemic features include chronic lung disease and hepatotoxicity due to liver fibrosis.

Dermatologic features include hyperkeratosis and skin cancer (23,29).

The results of electrodiagnostic studies depend on the timing of the study. If per-

formed within the first 1–2 weeks of the illness elements of partial motor conduction

block may be observed (30). This finding is thought to be due to acute axonal injury

rather than segmental demyelination. After several weeks of progression, axonal features

predominate including prominent fibrillation potentials. Pathologic data support primary

axonal loss. There is no specific nerve biopsy change associated with arsenic toxicity (26).

Diagnosis of arsenic intoxication rests on recognition of the systemic features in

association with the characteristic neuropathy. A history of recognized exposure is

usually absent, or difficult to establish, especially before the diagnosis is confirmed.

The diagnosis is confirmed by measuring urinary arsenic in a 24 h sample. Because

arsenic is deposited in hair and nails, it may be detected in these sites for many weeks

or months following exposure. CSF examination reveals elevated protein without

pleocytosis.

The mechanisms underlying arsenic toxicity to nerve are unclear. Arsenic binds to

sulfhydryl groups, resulting in the disruption of over 200 enzymes. Cellular energy

Figure 20.1 The most common source of arsenic is rodenticides. Rough on Rats was a late 19th

century rat poison. A patient with acute arsenic neuropathy attempted suicide by ingesting this

poison.
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systems, including respiratory chain enzymes, are affected and oxidative phosphorylation

is uncoupled. Different mechanisms may underlie carcinogenesis (31).

Treatment is similar to that of lead intoxication. The principal therapy is removal

from the exposure. Chelating agents have been utilized to both increase arsenic excretion

and block its biological effects. Rigorous examination on the effects of chelating agents

has failed to demonstrate clear benefit. In addition, it should be noted that the neuropathy

of arsenic intoxication may continue to worsen for a few weeks after treatment is

begun. The chelating agent of choice remains debated. Traditionally, intramuscular

dimercaprol (BAL) has been used at a dose of 3–5 mg/kg of body weight administered

intramuscularly every 4 h for 2 days, every 6 h for 1 day, and then every 12 h for

10 days (Hu, 2001). Because intramuscular BAL is painful and has a low therapeutic

index, newer chelating agents have been suggested to replace BAL. These include 2,3-

dimercaptopropanesulphonate sodium (DMPS) and meso-2,3-demercaptosuccinic acid

(DMSA). It remains debated if these newer agents result in improved outcomes (32).

In cases of renal failure, hemodialysis may be necessary to remove the chelator-arsenic

compounds. Recovery of the neuropathy following arsenic intoxication is prolonged

and often incomplete.

2.1.3. Thallium

Thallium was utilized in the 1800s as a treatment for tuberculosis and is currently used in

commercial insecticides. As with arsenic, a majority of thallium intoxications today occur

in the form of intentional poisoning. Exposure to thallium can be through skin, inhalation,

or via oral ingestion.

The presentation is very similar to arsenic intoxication. Acute intoxication causes

abdominal pain, nausea, and diarrhea followed by an ascending sensorimotor neuropathy.

Figure 20.2 Arsenic toxicity may cause a variety of cutaneous manifestations, including peeling

of the skin on the hands and feet. Acrylamide toxicity may also cause peeling palms.
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Unlike arsenic neuropathy, cranial nerve involvement with severe thallium intoxication is

not uncommon (33). The hallmark of thallium intoxication is alopecia, which typically

begins �2 weeks after the exposure and involves the scalp more than other areas of

hair growth (34).

The diagnostic approach is the same as for the other metals: confirming increased

level in blood, a 24 h urine sample, or hair and nails. Treatment is similar to the other

metals, with elimination of the source of toxicity as the first step. There is no evidence

that chelating agents are useful (35). Other treatments attempted have included forced

diuresis, dialysis, and Prussian blue therapy, but none are of proven efficacy (35). Treat-

ment at this point is largely supportive. Recovery is slow given the axonal nature to the

neuropathy. If the neuropathy is severe, recovery is often incomplete.

2.1.4. Mercury

Mercury toxicity in the past has generally occurred as an occupational exposure. During

the 19th century, inorganic mercury salts were used in felt hat industry, leading to the

phrase “Mad as a Hatter.” Mercury exposure can come in the form of elemental, inorganic,

or organic mercury. Elemental mercury is poorly absorbed from the gastrointestinal tract,

with nearly all being eliminated in feces. However, vaporized elemental mercury is readily

absorbed by inhalation. Inorganic mercury is principally absorbed via the gastrointestinal

tract or transdermally. Organic mercury can be absorbed via the gastrointestinal tract or

via inhalation (36).

Mercury toxicity primarily affects the central nervous system, resulting in cognitive

disturbance, tremor, and ataxia. Gingivitis may be observed (36). A sensory predominant

peripheral neuropathy is common, although it is nearly always overshadowed by central

nervous system disease. Dorsal root ganglia neurons may be particularly sensitive to

mercury salts (37). The principal pathologic lesions are located within the visual cortex,

cerebellar vermis, and the postcentral cortex (38).

Diagnosis is made by demonstrating increased mercury content in the 24 h urine

sample and confirmed by quantitating mercury content in the blood. Treatment focuses

on removal from the exposure and chelation. The chelation agent of choice depends on

the temporal profile of the exposure. In acute intoxications with mercury salts dimercaprol

(BAL) is preferred (39). N-Acetyl penicillamine was designed specifically as a mercury

chelator and may ultimately be the preferred chelator in humans (40). It may have a

superior side effect profile compared with D, L-penicillamine, and a similar side effect

profile to D-penicillamine with stronger binding of mercury than either. N-Acetyl penicil-

lamine remains experimental and is not widely available for human use (41).

2.2. Organophosphates

Organophosphates are potent inhibitors of acetylcholinesterase, the enzyme responsible

for degrading acetylcholine. Because of this action, these agents have been utilized as pes-

ticides in the agrochemical industry and as agents of chemical warfare. Organophosphates

have industrial application as petroleum additives and softeners in the plastics industry.

Exposure may occur transdermally, via the respiratory tree or from the gastrointestinal

tract. The most common source of exposure is pesticide use in the agricultural industry,

although cases of intentional poisoning may also occur.

Organophosphate intoxication occurs in two phases: an acute syndrome with promi-

nent neuromuscular weakness and autonomic features and a delayed length-dependent

peripheral neuropathy. The acute phase is due to blockade of both muscarinic and nicotinic
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acetylcholine receptors resulting in acute cholinergic overload. Abdominal cramping,

diarrhea, excessive lacrimation and salivation occur within the first few hours following

exposure. Weakness follows due to depolarizing blockade of the post-synaptic neuromus-

cular junction (42). Weakness is generalized, involving proximal, distal, and cranial nerve

innervated muscles. With supportive therapy, weakness resolves in 1–2 weeks.

The acute phase may be followed by a length-dependent peripheral neuropathy.

Onset is usually several weeks following exposure and it may be progressive and

severe (42). Distal weakness and atrophy are prominent and overshadow sensory loss.

Reflexes remain relatively preserved, suggesting that the neuropathy is predominately

axonal.

Diagnosis requires the identification of an appropriate exposure. Quantitation of

erythrocyte acetylcholinesterase or plasma cholinesterase can be used for the confirmation

of acute toxicity. Autonomic symptoms begin at 40–50% enzymatic inhibition and

neuromuscular blockage at 80% inhibition (43). Electrodiagnostic testing may reveal mul-

tiple afterpotentials following the compound muscle action potential due to depolarizing

blockade of post-synaptic acetylcholine receptors. A decremental response to repetitive

nerve stimulation may also be observed, reflecting the defect of neuromuscular trans-

mission that accompanies the acute form of toxicity. These findings are similar to those

seen in some congenital myasthenic syndromes.

Diagnosis of organophosphate-induced neuropathy rests on recognition of an

appropriate exposure in a patient with a progressive motor greater than sensory neuro-

pathy. Electrodiagnostic studies demonstrate an axonal neuropathy. There are no specific

pathologic features and nerve biopsy reveals axonal loss without evidence of

demyelination (44).

Organophosphates neuropathy is thought to be due to inhibition of the enzyme

neurotoxic esterase (45). The organophosphate esters that cause permanent inhibition of

neurotoxic esterase are the most toxic. Less potent agents require repeated or prolonged

exposure before causing neuropathy. Occasionally, neuropathy may occur following a

single large exposure of the more common but less potent agents. There is no known effec-

tive treatment of the organophosphate-induced delayed neuropathy. Only supportive and

symptomatic care is available. Acute toxicity can be treated with atropine to block the

muscarinic effects (symptoms of gastrointestinal distress, excessive lacrimation and

salivation). Atropine does not prevent nicotinic mediated symptoms (neuromuscular

blockade). Pralidoxime (PAM) may prevent weakness if given soon after the exposure.

PAM reactivates acetylcholinesterase if the organophosphates have not yet irreversibly

inactivated the enzyme (43). Randomized controlled clinical trials of PAM in acute

organophosphate poisoning, however, have not performed (46).

2.3. Organic Solvents

Patients often question if their neuropathy could be due to occupational exposure to toxic

chemicals. Concern is often highest among individuals who have a history of exposure to

organic solvents. In considering the question of exposure, the clinician must carefully

evaluate the Bradford Hill criteria. Often, the exposure occurred years before the onset

of symptoms, and an association is doubtful. In other instances, the chemical in question

has not been linked to peripheral neuropathy and examination of other exposed individuals

may be informative. Several organic solvents have been shown to cause neuropathy,

including acrylamide, carbon disulfide, ethylene oxide, and triorthocresylphosphate. For-

tunately, neuropathy secondary to industrial solvent exposure is very rare in the developed

world. N-Hexane is probably the most common neurotoxic solvent. Because exposure
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typically occurs in the setting of recreational drug abuse, this agent is considered in the

following section.

2.3.1. Acrylamide

Acrylamide is used industrially as either a monomer or a polymer. The polymer is widely

used as a flocculator (a substance used to separate suspended solids from liquids) and as a

grouting agent. The polymer itself is generally considered to be nontoxic. However,

acrylamide monomer, which serves as a precursor to the various polymers, is highly

toxic. Acrylamide is absorbed through many routes, including transdermally and trans-

bronchially. The transdermal route is believed to be more important than inhalation in

the development of neuropathy (47).

Acrylamide toxicity causes a length-dependent sensory and motor neuropathy with

distal weakness involving the hands and feet and sensory loss to all modalities. Ataxia and

generalized hyporeflexia are more prominent that in other axonal neuropathies. Data from

animal models suggest that this is due to a direct toxic effect on muscle spindles (48,49).

An important diagnostic clue is the frequent development of an exfoliative dermatitis

involving the hands prior to the onset of neuropathy (50). Patients may develop bother-

some hyperhidrosis of the hands and feet, a finding unusual in other causes of peripheral

neuropathy (51).

The pathology of acrylamide neuropathy has been established primarily in animal

models. There is a loss of large fibers without evidence of demyelination. The character-

istic finding is axonal swellings, particularly at the nerve terminals and the prenodal

spaces. This is the result of accumulation of neurofilaments due to impaired axonal trans-

port (52). This may give the appearance of paranodal demyelination. Limited data from

human pathology is consistent with the animal data (53). There is more recent data

suggesting there is also prominent injury to small unmeylinated cutaneous nerve fibers

and sudomotor fibers (54,55).

In humans, the electrophysiological studies are in keeping with an axonal neuro-

pathy. The sensory nerve action potential and compound muscle action potential ampli-

tudes are reduced with preservation of the conduction velocities and distal latencies.

The findings are in general symmetrical. CSF examination is usually normal (51).

Treatment is limited to removing the offending exposure. Recovery generally

depends on the severity of the deficits. Those with mild deficits may recover without

sequelae. Those with more advanced deficits are typically left with some residual distal

motor and sensory deficits.

2.3.2. Carbon Disulfide

Carbon disulfide is used primarily in the production of synthetic polymers and cellophane.

Toxicity results from inhalation. In acute high-dose exposures, psychosis and delirium are

the principal manifestations. With chronic low dose exposure, a peripheral neuropathy is

common. This may or may not occur in the setting of an extrapyramidal disorder (56).

The neuropathy associated with chronic low-dose exposure is a length-dependent

axonal neuropathy. There is distal loss of sensation to all modalities and weakness in a

symmetrical fashion. The electrophysiological features are consistent with axonal loss.

Peripheral nerve pathology is similar to acrylamide neuropathy including axonal swelling

secondary to neurofilament accumulation. There also appears to be some central effects

with loss of fibers in the spinal cord tracts (57). There is no treatment other than

removal from the exposure. As with acrylamide neuropathy, recovery depends on the

severity of the deficits. Residual deficits are common in more severely affected patients.
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2.3.3. Ethylene Oxide

Ethylene oxide is an epoxide used to sterilize materials that are otherwise heat sensitive

and cannot be sterilized in other manners. Toxic exposure in humans is believed to

occur via inhalation. An outbreak has been reported among operating room staff

exposed to residual ethylene oxide from sterilization of operating room gowns (58). A

sensory and motor neuropathy may be the only manifestation of this agent’s toxicity,

but encephalopathy also occurs (58,59). Residual ethylene oxide within dialyzers follow-

ing sterilization may contribute to the peripheral neuropathy in chronic renal failure

patients undergoing dialysis, and there are some data from cell culture models supporting

this hypothesis (60,61). Electrodiagnostic studies are consistent with an axonal neuro-

pathy. Pathology from animal models demonstrates a distal axonopathy (62,63).

2.3.4. Triorthocresylphosphate

Triorthocresylphosphate (TOCP) is an organophosphate ester. Because of its industrial use

and similarities to the other industrial neurotoxins, it is discussed here rather than with the

organophosphates above. TOCP is used primarily as a softener and a lubricant in industrial

plastics production. Toxic exposure may occur transdermally, via inhalation or through the

gastrointestinal tract. Currently, the most common source of intoxication is by ingestion of

contaminated cooking oil (64). TOCP is of significant historical interest in the USA. In the

early 1930s, there was a large outbreak of paralysis due to ingestion of a ginger extract

(Jamaica Ginger of “Jake”) containing TOCP that was intended to circumvent alcohol pro-

hibition, and many thousands were left with permanent paralysis before the association

with the “Jake” was confirmed (65). Acute exposure may cause gastrointestinal distress

due to cholinergic overactivity, although neuromuscular blockade does not occur. One

to two weeks after exposure, a motor greater than sensory axonal peripheral neuropathy

develops. Spasticity and gait ataxia develop following the neuropathy due to a super-

imposed myelopathy. Although some recovery is possible, most patients are left with

distal weakness and spasticity. As with other organophosphates, TOCPs neurotoxicity

likely due to inhibition of neurotoxic esterase.

3. RECREATIONAL SUBSTANCE ABUSE

Substance abuse commonly causes central nervous system toxicity. However, the fre-

quency and importance of peripheral neuropathy is underappreciated. Several agents

including alcohol, n-hexane, and nitrous oxide have been associated with peripheral

nerve disease. As with most toxic neuropathies, a high index of suspicion and a careful

history will disclose a possible association. The medical history may be particularly chal-

lenging in a suspected substance abuser and establishing a trusting relationship with the

patient is particularly important.

3.1. Alcohol

The association between heavy alcohol use and peripheral neuropathy has been recognized

for over 200 years. It has been estimated that peripheral neuropathy occurs in �10% of

chronic alcoholics (66). The most common form of alcoholic neuropathy is an indolently

progressive sensory predominant axonal neuropathy. Severe dysesthetic pain is common

and sural nerve biopsy confirms prominent small fiber injury (67). As the neuropathy pro-

gresses, motor weakness and atrophy may develop in a length-dependent fashion.
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More recently it has been recognized alcoholics may develop an acute neuropathy

resembling the Guillain–Barré syndrome (67,68). Acute neuropathy is typically painful

and is often associated with other systemic features of malnutrition and hepatic dysfunc-

tion. Differentiation from Guillain–Barré syndrome is made by the spinal fluid findings

(normal protein and cell count with alcohol) and by electrophysiology (axonal loss

rather than demyelination with alcohol) (68). Sural nerve biopsies typically show loss

of large and small myelinated and unmyelinated fibers without evidence of demyelination

or inflammation. In one series, five subjects were treated with oral vitamin supplemen-

tation and abstinence of alcohol and all improved (68).

The etiology of alcoholic neuropathy continues to be debated. Chronic alcohol use is

associated with a number of possible confounding co-morbidities including alcoholic liver

disease and malnutrition. The extent to which neuropathy is directly due to the toxic effects

of alcohol as opposed to chronic illness and malnutrition is unclear. Animal models have

resulted in conflicting evidence. In one rat model, alcohol induces minor axonal

injury when nutritional status is controlled (69). In another rat model, no peripheral nerve

abnormalities could be induced with chronic alcohol ingestion (70). Primate models have

also failed to demonstrate any evidence of neurotoxicity with chronic ethanol ingestion

(71). There is substantial evidence to suggest that in humans malnutrition is a major contri-

butor to the peripheral neuropathy in alcoholics, on the basis of similarities of the clinical

findings between alcoholic neuropathy and beri–beri (66,72,73). The link was further

supported when beri–beri was found to be due to thiamine deficiency and the well

known risk of thiamine deficiency in chronic alcoholics.

More recent clinical and pathological data indicate that patients with alcoholic

neuropathy are clinically and pathologically distinct from non-alcoholic patients with thia-

mine deficiency. The former have prominent pain and small fiber loss on biopsy, whereas

the latter have a more acute, motor predominant neuropathy with large fiber loss on nerve

biopsy. Alcoholic patients with thiamine deficiency have variable pathological and

clinical features (67). These data suggests both direct toxicity and nutritional deficiency

are important clinical factors.

Treatment of alcohol-associated neuropathy is directed at improving nutritional

intake and abstinence from alcohol. In the acute setting, intravenous or intramuscular

vitamin therapy should be given.

3.2. Hexacarbons

N-Hexane is a commonly used organic solvent that has industrial application as a solvent

and degreaser, and household application in glues, rubber cement, and spray paint.

Chronic exposure in an industrial setting leads to a progressive sensory neuropathy fol-

lowed by progressive distal weakness. Pain is common. The electrophysiological features

are those of axonal loss. A wide variety of industries use n-hexane and outbreaks have

been reported in the automotive maintenance, printing, ball manufacturing, roofing, and

shoe industries among others (74–78).

The most common route of exposure of n-hexane is via recreational inhalation of

glue, rubber cement, or spray paint. Abuse of these substances is gaining in popularity

because they are legal and inexpensive. Patients typically present with a subacute pro-

gressive neuropathy with prominent weakness and amyotrophy (3). Workers who are

exposed to large quantities may have neuropathy similar to that seen in huffers. In

extreme cases, there may be confusion with Guillain–Barré syndrome. A characteristic

feature of n-hexane neuropathy is continued progression for weeks after removal from

exposure (coasting) (3).
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In the subacute setting, multifocal conduction block is commonly observed on elec-

trodiagnostic studies, presumably due to thinning of the myelin over areas of axonal enlar-

gements (79,80). A failure to recognize this pattern may lead to a misdiagnosis of acute or

chronic inflammatory demyelinating polyradiculoneuropathy. As the neuropathy pro-

gresses, conduction block resolves and there is a progressive decline in motor amplitudes

are observed because of axonal injury.

The diagnosis should be suspected in any individual with a subacute neuropathy or

in those with a progressive neuropathy and a plausible source of exposure. In the subacute

setting, nerve conduction studies may be very useful. 2–5 Hexanedione, the toxic metab-

olite of n-hexane, may be measured in acid hydrolyzed urine samples (81). This test is only

useful in patients with ongoing exposure. Unlike most other toxic neuropathies, nerve

biopsy is of significant diagnostic utility. In addition to a loss of large myelinated

axons, prominent axonal swellings are observed (Fig. 20.3). These “giant axons” are mor-

phologically similar to those seen in acrylamide and inherited giant axonal neuropathy

(53). They are due to cross linking of intermediate neurofilaments by 2–5 hexanedione.

The crosslinking of neurofilaments leads to neuropathy by disrupting axonal transport.

Treatment of n-hexane neuropathy is directed at removal of the offending inhalant.

As with other forms of substance abuse, this can prove challenging. Recovery from mild

neuropathy is excellent (82). Patients with more severe neuropathy may have incomplete

recovery.

3.3. Nitrous Oxide

Abuse of nitrous oxide, a commonly used inhalational anesthetic, may cause a length-

dependent peripheral neuropathy and myelopathy clinically indistinguishable from the

Figure 20.3 Axonal swellings are observed in several neuropathies, most prominently n-hexane

toxicity and giant axonal neuropathy. Sural nerve biopsy from a patient with n-hexane toxicity

demonstrates axonal enlargements due to accumulation of neurofilaments (arrow).
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severe combined degeneration of vitamin B12 deficiency, despite normal serum B12 levels

(83). Patients presents with progressive sensory loss, myelopathic findings, and other

describe a Lhermitte’s sign (83). It has been proposed that nitrous oxide interferes with

the metabolism or effect of vitamin B12; an animal model supports this hypothesis (84).

Given ease of access, dentists represent the majority of subjects with nitrous oxide

induced neuropathy due to abuse. However, recreation inhalation of nitrous oxide canis-

ters used in whipped cream dispensers represents an increasingly common source of

exposure (85,86). Patients with unrecognized B12 deficiency may be at high risk of

developing a malignant form of severe combined degeneration following nitrous oxide

anesthesia. A complete evaluation for subclinical B12 deficiency should be undertaken

prior to nitric oxide exposure in any individual with symptoms of neuropathy or laboratory

findings suggesting B12 deficiency (mild macrocytosis) (87–90).

Treatment of nitrous oxide myeloneuropathy includes replacement of vitamin B12

in those patients who are deficient. There is one report that methionine therapy may be

beneficial (91).

4. IATROGENIC TOXIC NEUROPATHIES

Peripheral neuropathy is a reported side effect for a large number of medications, and

iatrogenic neuropathies have become increasingly prevalent as the number of pharmaco-

logical agents increases (Table 20.3). The following section focuses on agents for which

the peripheral neuropathy is a prominent complication and, in many instances, the dose-

limiting side effect.

Table 20.3 Commonly Used Drugs Known to

Induce Peripheral Neuropathy

Allopurinol Indomethacin

Amiodarone Isoniazid

Amitriptyline Levamisole

Carbamide Levodopa

Carboplatin Lithium

Chlorambucil Metronidazole

Chloramphenicol Nitrofurantoin

Chloroquine Oxaliplatin

Cisplatin Pentazocine

Colchicine Perhexiline

Cyclobenzaprine Phenelzine

Dapsone Phenytoin

Disopyramide Procainamide

Disulfiram Propafenone

Ethanol Propranolol

Fluorouracil Pyridoxine

Gentamycin Sulfasalazine

Glutethimide Suramin

Gold Thalidomide

Hydralazine Vancomycin

Hydroxyurea Vincristine

Imipramine

364 Sorenson and Smith



4.1. Antineoplastic Agents

Many cancer chemotherapeutic agents cause a peripheral neuropathy. The neuropathy is

frequently dose-dependent and in many cases dose limiting. The neuropathy often

improves following discontinuation of treatment; however, the degree of recovery

depends on the magnitude of the maximal deficit, and in more severe cases recovery is

incomplete.

4.1.1. Platinum Agents

The prototypical agent is cisplatin. Cisplatin exerts its antitumor effects by binding to

DNA and preventing replication. It is commonly used to treat ovarian and other germ

line tumors. Neuropathy is dose-dependent, and the incidence of neuropathy approaches

100% with high doses (92). The clinical features are distinctive. Sensory loss occurs in

a length-dependent fashion, and in severe cases, a gait ataxia results that may leave the

patient wheelchair bound. Weakness does not occur. Neuropathy often worsens for

months after therapy has been discontinued (93). Although most patients improve, residual

signs and symptoms are common. The electrophysiological findings are consistent with an

exclusively sensory axonal neuropathy (reduced amplitude or absent sensory nerve action

potentials).

There are cell culture, animal, and pathologic data suggesting cisplatin is directly

toxic to dorsal root ganglia (94–96). The mechanism of neurotoxicity is unknown but

likely involves binding of platinum to sensory neuron DNA causing apoptotic cell

death (96,97). There is also experiment evidence of abnormal axonal transport and

protein synthesis (96,98,99).

There is interest in preventing cisplatin neuropathy to allow higher doses to be

given. Preclinical data suggest a fragment of adrenal corticotrophic hormone (ACTH

4–9) is effective (100), but clinical trials have provided mixed results (101,102). More

recent data suggest delivery of nerve growth factor (NGF) or neurotrophic factor 3

(NT3) to dorsal root ganglia neurons by infection with a herpes simplex virus vector

may prevent neuropathy in a rat model (103). No controlled human studies of NT3 or

NGF have been performed to date.

Carboplatin is another platinum based anti-tumor agent that also causes peripheral

neuropathy similar to that due to cisplatin, however, it is much less common and less

severe when it occurs. Furthermore, unlike with cisplatin neuropathy, motor involvement

occasionally occurs with carboplatin toxicity (104).

4.1.2. Vinca Alkaloids

Vincristine is the most neurotoxic of the vinca alkaloids. Vincristine is derived from the

periwinkle plant and is used predominately against myelogenous neoplasms. Vincristine

disrupts microtubule assembly and degradation, thus interfering with axonal transport.

The neuropathy associated with vincristine can be severe and may limit its use. The

neuropathy is typically length dependent affecting both motor and sensory modalities.

A prominent feature is the early loss of reflexes due to direct muscle spindle toxicity.

Despite this, the H-reflex is preserved on electrodiagnostic testing, a finding distinct

from other neuropathies (105). Although cranial neuropathies are uncommon, they may

occur (106). The neuropathy typically improves after treatment has been discontinued.

The degree of improvement is dependent on the magnitude of the maximum deficit.

Nerve conduction studies are consistent with an axonal neuropathy. Very early in the
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neuropathy, there is the unique finding of a preserved H-reflex with an absent Achilles

tendon reflex due to isolated muscle spindle injury.

Patients with Charcot–Marie–Tooth disease type 1 may be at risk to develop a very

severe neuropathy when exposed to vincristine (7,107–109). Patients with a family history

of CMT 1 should have genetic testing.

4.1.3. Taxanes

Paclitaxel and its synthetic analog, decetaxel, are taxanes that have tumorcidal properties

against a variety of solid and myelogenous neoplasms. With development of bone marrow

stimulating proteins, peripheral neuropathy has become a dose limiting side effect. Like

vincristine, these agents interfere with microtubule processing. Unlike vincristine, the

neuropathy is sensory-predominant (110). As with cisplatin the neuropathy may progress

after therapy has been discontinued; however, progression typically does not occur beyond

�1 month (111). The electrophysiology is consistent with an axonal sensory greater than

motor peripheral neuropathy.

4.1.4. Suramin

Suramin was initially used as an anti-parasitic agent, but recently it has been used to treat a

variety of cancers. The mechanism of its anti-tumor effects is uncertain but is believed to

be based on its interaction with trophic pathways (112). Its mechanism of neurotoxicity is

unknown. Suramin causes two types of peripheral neuropathy: a more common chronic

axonal length-dependent sensory and motor neuropathy, and an uncommon subacute

demyelinating polyradiculoneuropathy. It is not clear whether the chronic form is a

toxic effect of a high peak level or a cumulative effect of an ongoing exposure, but it is

typically mild and resolves slowly after the suramin is discontinued (113).

The subacute demyelinating polyradiculoneuropathy is more severe and occurs

in �10% of patients treated with suramin (113). The clinical syndrome and pathology

are indistinguishable from acute inflammatory demyelinating polyradiculoneuropathy

(Guillain–Barré syndrome). The response to immunotherapy has been indeterminate

(113–115).

4.1.5. Cytosine Arabinoside

Cytosine Arabinoside, or Ara-C, is an anti-neoplastic agent used to treat myelogenous neo-

plasms. Although neuropathy is a rare complication, it can be severe and disabling. The

peripheral neuropathy typically occurs in one of two forms: a pure sensory neuropathy

or an acute demyelinating polyradiculoneuropathy. The acute demyelinating polyradicu-

loneuropathy may be severe and, as with suramin, is indistinguishable from acute inflam-

matory demyelinating polyradiculoneuropathy (Guillain–Barré syndrome). Sural nerve

biopsy demonstrates segmental demyelination mixed with axonal degeneration with

Wallerian degeneration (116). The mechanism of neurotoxicity is not known.

4.1.6. Thalidomide

Thalidomide was approved in the early 1960s as a sedative. Reports of neurotoxicity at

that time were overshadowed by its teratogenic effects, leading to its withdrawal from

the market in 1962 (117). It is now prescribed for treatment of hematological malignancies

and dermatitis herpetaformis. Peripheral neuropathy is common and is frequently the

dose-limiting side effect (118). In one series, 53% of subjects receiving thalidomide
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had to stop treatment because of peripheral neuropathy (119). The risk for neuropathy

appears to be dose dependent (119,120).

The neuropathy is primarily sensory with distal painful paresthesias. Motor involve-

ment may occur, but is less prominent (121). There is evidence suggesting involvement of

the dorsal root ganglia (122). Recovery following removal of the thalidomide is variable;

in one series of long-term follow-up (4–6 years) approximately one-forth recovered

completely, one-fourth improved with residual deficits and one-half failed to improve

(123). Nerve conduction studies have been proposed as a means to screen for the early

development of peripheral neuropathy. Baseline nerve conduction studies should be

obtained within 3 months of starting and every 3–6 months thereafter. If sensory nerve

action potential amplitudes drop by �50% then the thalidomide should be discontinued

(124). However, in one series clinical features preceded electrophysiological findings in

41% of their subjects, indicating careful clinical examinations are necessary so that

treatment can be discontinued prior to the development of a more clinically significant

neuropathy (119).

4.2. Amphiphilic Cationic Drugs

Amphiphilic cationic drugs are a group of lipophilic agents that are resistant to lysosomal

degradation; drugs in this class include amiodarone, perhexiline, and chloroquine. These

agents may cause a peripheral neuropathy, and while the clinical features vary, each agent

causes the accumulation of osmiophilic lamellar lysosomal inclusions in fibroblasts and

Schwann cells (125). Amiodarone and perhexline are distinctive in that they cause demye-

linating neuropathy, likely because of direct Schwann cell injury due to lysosomal dys-

function (126). Chloroquine primarily causes a prominent myopathy and will not be

discussed further.

4.2.1. Amiodarone

Amiodarone is a potent anti-arrhythmic used in cardiac disease. It is unique in that it has

an extremely long half-life, exceeding 30 days in most individuals. The neuropathy typi-

cally begins months after treatment has begun and because of the long half-life continues

to worsen for months after the drug is discontinued. Numbness and tingling of the feet are

the first symptoms. Progressive weakness may follow and in extreme cases can become

quite severe. Reflexes are reduced or absent. Other manifestations include a tremor and

ataxia (127–130). Unlike most toxic neuropathies, electrophysiologic testing reveals a

demyelinating neuropathy. CSF examination may show mildly elevated protein.

Because of these findings, severe cases of amiodarone induced neuropathy may be con-

fused with CIDP (131). Serum creatinine phosphokinase levels may be increased due to

a concomitant myopathy. Patients may experience significant improvement, although

recovery is slow because of the prolonged half-life.

4.2.2. Perhexiline

Perhexiline is used to treat coronary artery disease. The neuropathy involves both sensory

and motor fibers, and like amiodarone neuropathy it can become very severe, resulting in

both proximal and distal weakness. Facial weakness of papilledema may occur. Electro-

diagnostic testing reveals a demyelinating neuropathy (132–134). Pathologic examination

reveals segmental demyelination in addition to axonal loss. Lysosomal lamellar inclusions

are observed in Schwann cells (135). The neuropathy improves with discontinuation of the

perhexiline.
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4.3. Other Drugs

4.3.1. Anti-human Immunodeficiency Virus Drugs

There are several classes of anti-HIV drugs including nucleoside analog reverse transcriptase

inhibitors, non-nucleoside analog reverse transcriptase inhibitors, and protease inhibitors. All

members of the first class cause peripheral neuropathy, except for zidovudine, which causes a

myopathy (Table 20.4) (136). The neuropathy is clinically similar to the painful sensory neu-

ropathy of HIV. Weight loss, low CD4 count, diabetes, pre-existing neuropathy and substance

use may be predisposing factors (137,138). Symptoms may have a rapid onset, a useful

feature in distinguishing toxic from HIV neuropathy (4). Symptoms improve after discontinu-

ation of the suspected agent, although a several week period of coasting is expected. Electro-

diagnostic testing reveals sensory predominant axonal loss and nerve biopsy has revealed

preferential injury to small nerve fibers. The mechanism of nerve injury is thought to be

related to toxicity to mitochondrial DNA (136,139). Zidovudine, which does not cause a

peripheral neuropathy, causes a myopathy with features of mitochondrial dysfunction.

Non-nucleoside analogs and protease inhibitors do not cause neuropathy. The com-

bination of two reverse transcriptase inhibitors and a protease inhibitors (highly active

antiretroviral therapy—HAART) has resulted in a dramatic reduction in HIV related

disease. HAART therapy may cause a lipodystrophy that consists of central adiposdity

and peripheral fat wasting. Peripheral neuropathy may be observed. A prospective study

of 112 patients suggested the combination of dadanosine (ddI) and stavudine (d4T) may

be particularly prone to cause neuropathy.

4.3.2. Colchicine

Colchicine is a potent inhibitor of microtubule assembly and as a result has anti-mitotic

properties. Its use in high doses commonly causes a unique neuromuscular syndrome con-

sisting of a mild length-dependent sensory and motor peripheral neuropathy in combi-

nation with a severe proximal myopathy (140–142). Electrodiagnostic testing reveals

an axonal neuropathy with fibrillations in proximal muscles where there is increased

recruitment of myopathic appearing motor units (143). Because of the neuropathy and

proximal weakness, the unwary examiner may mistakenly conclude the patient suffers

from a polyradiculopathy. Serum CPK is elevated an muscle biopsy confirms the presence

of the myopathy with vacuolar inclusions distributed centrally within the fibers or in the

subsarcolemma zone. The neuropathy is not a significant cause of disability. Both the

neuropathy and myopathy improve following discontinuation of colchicine.

4.3.3. Pyridoxine

Pyridoxine, vitamin B6, is an over-the-counter nutritional supplement. Pyridoxine has

been prescribed as a treatment for a variety of ailments including carpal tunnel syndrome

Table 20.4 Nucleoside

Analog Reverse Transcriptase

Inhibitors Known to Cause

Peripheral Neuropathy

Stavudine

Fialuridine

Didanosine

Emtricitabine

Lamivudine

Zalcitabine
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and pre-menstrual syndrome. High doses of pyridoxine (grams per day) may cause a

severe sensory ganglionopathy with little recovery after discontinuation of the agent

(144,145). Patients present with rapidly progressive loss of large fiber sensory modalities

including joint position sense resulting in sensory ataxia and pseudoathetosis. The pathol-

ogy demonstrates profound neuronal loss in the dorsal root ganglion the presumed site of

action for the pyridoxine induced toxicity. Chronic lower dose exposure (several hundred

milligram per day) may cause a less severe length-dependent sensory neuropathy. As with

other toxic neuropathy, continued progression of symptoms following discontinuation has

been described (5,146). The mechanism of sensory neuron injury is unknown. Data from a

rat model suggest gene therapy with transfer of NT3 to dorsal root ganglia using herpes

simplex virus is protective (147).

4.3.4. Nitrofurantoin

Nitrofurantoin is a commonly used antibiotic in the treatment of urinary tract infections.

Neuropathy is a rare complication (148). Its importance is out of proportion to its fre-

quency because the neuropathy causes rapidly progressive large fiber sensory loss and

weakness (149,150). Elderly patients with renal failure are at highest risk (151). The

only therapy is withdrawal of the agent. Early recognition of the neuropathy is very

important given recovery is typically incomplete. The mechanism is not known.

5. SUMMARY

Toxins are an important cause of peripheral neuropathy. Exposure can occur in the work-

place, from medical therapy or from substance abuse. Most toxins cause an axonal

sensory predominant neuropathy. In these cases, diagnosis rests on the recognition of

associated systemic features and the history of exposure. Some toxic neuropathies

(e.g., high dose pyridoxine) cause a characteristic clinical syndrome that should

suggest the correct diagnosis. Typically, once the appropriate exposure is recognized,

the diagnosis is easy to confirm. While specific therapy is available for some toxins, treat-

ment for most consists of removing the patient from the offending exposure. Prevention

is the most important approach to toxic neuropathy. Industry and the Federal Government

have made considerable progress in the last 50 years if efforts to protect workers from

occupational exposure to known neurotoxins. Education of medical professionals regard-

ing the neurotoxic side effects of commonly used medications is an important preven-

tative strategy. Future treatment options may include growth factor therapy such as

NT3 or NGF.
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ABSTRACT

Charcot–Marie–Tooth disease (CMT) refers to a spectrum of inherited peripheral neuro-

pathies. They affect approximately one in 2500 people, and are one of the most common

inherited neurological disorders. The genetic mutations follow autosomal dominant, reces-

sive, and X-linked inheritance patterns, and spontaneous mutations also occur. CMT has

been divided into two broad forms based on electrophysiological and morphologic criteria,

with demyelinating forms associated with slow conduction velocities and axonal forms

with normal or mildly slowed conduction velocities. However, this likely represents an

oversimplification as genotyping reveals overlap in conduction velocities in some

families. The clinical features of CMT follow a length-dependent pattern with distal weak-

ness and sensory loss and reduced or absent reflexes. Some patients may be minimally

affected, obscuring a familial pattern without a high index of suspicion. The discovery

of new mutations has focused on physiologic mechanisms, but a clear understanding of

pathologic mechanisms has remained elusive. At this time there is no effective treatment

for CMT.

1. INTRODUCTION

Charcot–Marie–Tooth disease (CMT) refers to inherited peripheral neuropathies named

for three investigators who described them in the late 1800s (1,2). CMT neuropathies

affect approximately one in 2500 people, and are among the most common inherited

neurological disorders. The majority of CMT patients have autosomal dominant inheri-

tance, although X-linked dominant and autosomal recessive forms also exist. Apparent

sporadic cases occur, since dominantly inherited disorders may begin as a new mutation

in a given patient. The majority of CMT neuropathies are demyelinating, although up to

one-third appear to be primary axonal disorders. Most patients have a “typical” CMT phe-

notype characterized by onset in childhood or early adulthood, distal weakness, sensory

loss, foot deformities (pes cavus and hammer toes), and absent reflexes. However, some

patients develop severe disability in infancy (Dejerine–Sottas Disease or congenital hypo-

myelination), while others develop few if any symptoms of disease. Thus far at least 30

genes are known to cause inherited neuropathies, and more than 50 distinct loci have

been identified. A summary of the genes associated with CMT neuropathies can be

found online at http://molgen-www.uia.ac.be/CMTMutations/. Genetic testing for

several forms of CMT is now available, which, in addition to providing accurate diagnosis,

also provides for genotypic–phenotypic correlations. Progress has been made toward

understanding how particular mutations cause disease, but full details are open.

2. CLASSIFICATION

In landmark studies, Dyck and Lambert subdivided hereditary motor and sensory neuro-

pathies (HMSNs) into dominantly inherited demyelinating HMSN I (CMT1) and domi-

nantly inherited axonal HMSN II (CMT2) forms, based on electrophysiological and

neuropathological criteria (3). Other types were then classified as HMSN III–VII,

depending on inheritance pattern and accompanying features. When specific genetic

causes for different forms of CMT began to be identified, the classification had to be

expanded and modified (Table 21.1). In this chapter, we classify CMT into CMT1 if

the patient has an autosomal dominantly inherited demyelinating neuropathy; CMT2 if
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the neuropathy is dominantly inherited and axonal; CMTX if the patient has an X-linked

neuropathy; and CMT4 if the neuropathy is recessive. In addition, cases of CMT1, CMT2,

and CMT4 are further subdivided based on differences in genetic abnormalities or linkage

studies.

Dyck and Lambert classified Dejerine Sottas Disease (DSD) as a severe and dis-

abling neuropathy beginning in infancy with an autosomal recessive inheritance pattern.

Subsequently, it has been shown that many presumed DSD patients have autosomal domi-

nant mutations in genes for peripheral myelin 22 (PMP22), myelin protein zero (MPZ),

and early growth response 2 (EGR2) (see what follows). Although nerve conduction

Table 21.1 Inherited Motor and Sensory Neuropathies

CMT1

CMT1A AD 17p11.2 PMP22 duplication and mutation

CMT1B AD 1q21–23 MPZ

CMT1C AD 16p13.1–12.3 LITAF/SIMPLE

CMT1D AD 10q21–22 EGR2

HNPP AD 17p11.2 PMP22 deletion

CMT2

CMT2A AD 1p35–36 KIF1Bb

CMT2B AD 3q13–22 RAB 7

CMT2C AD 12q23–24 ?

CMT2D AD 7p15 GARS

CMT2E AD 8p21 NF-light

CMTX1 AD Xq13–22 GJB1 (Connexin 32)

DSD AD 1q22–23 MPZ mutation

AD 17p11.2 PMP22 mutation

AD 10q21–22 EGR2 mutation

AR

CMT4

CMT4A (demyelinating form) AR 8q13 GDAP1

AR 8q24 N-my-downstream regulated

gene 1 mutation

?

CMT4B1 AR 11q23 MTMR2

CMT4B2 AR 11p15 SBF2

CMT4C AR 5123–33 KIAA1985

CMT4D AR 8q24 NDRG1

CMT4F AR 19q13.13–13.2 Periaxin

HMSNR AR 10q23.2 ?

Distal hereditary motor neuropathies

dHMN1 AD Unknown ?

dHMN2 AD 12q24.3 dHSP22

dHMN3 AR 1q21–23 ?

dHMNV AD 7p15 GARS

dHMNVI AR Unknown ?

dHMNVII AD Unknown ?

dHMN (also “CMT2F”) AD 7q11–q21 dHSP27

dHMN Jerash AD 9p21.1 ?

ALS4 AD 9q34 SETX

HMN Dynactin AD 2p130 Dynactin
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velocities in DSD patients are usually extremely slow (,15 m/s) some severely disabled

children do not have slow velocities. Moreover, sural nerve biopsies in many DSD

children reveal severe demyelination, while others reveal predominantly axonal loss. To

minimize confusion, we use the term DSD to define patients who have onset by 2 years

of age; delayed motor milestones; and severe motor sensory and skeletal deficits with

frequent extension to proximal muscles; sensory ataxia; and scoliosis.

3. GENETIC, CLINICAL, AND PATHOLOGIC FEATURES

3.1. CMT1

Beginning in 1991, specific genetic mutations were identified that cause distinct forms of

CMT1. As predicted, mutations have been found in genes expressed in myelinating

Schwann cells.

3.1.1. CMT1A

This form is caused by a duplication on chromosome 17, containing the gene encoding

PMP22 (4,5). It is the most common form of CMT, and �60% of CMT1 patients have

this duplication. The function of PMP22 in Schwann cells remains unknown. Evidence

that the duplication of PMP22 causes CMT1A includes:

1. Missense mutations in PMP22 causing the Trembler (Tr) and TremblerJ (TrJ)

naturally occurring mouse models of CMT1.

2. Transgenic mice and rats bearing extra copies of PMP22 developing a CMT1A-

like neuropathy.

3. Some patients with missense mutations in PMP22 also developing a similar

phenotype.

CMT1A represents a “typical” CMT phenotype. Patients are slow runners in child-

hood, develop foot problems in their teenage years due to high arches and hammer toes,

and often require orthotics for ankle support as adults. Variable degrees of hand weakness

occur, typically lagging�10 years behind the development of foot weakness. Sensory loss

is variable and affects both large (vibration and proprioception) and small (pain and temp-

erature) fiber modalities. Almost all patients with CMT1A have absent deep tendon

reflexes. Enlarged nerve trunks may be palpated in the arm. While the combination of

weak ankles and decreased proprioception often leads to problems with balance, the

vast majority of patients remain ambulatory throughout their life, which is not shortened

by their disease (6,7). Additional features, including postural tremor (referred as Roussy–

Levy syndrome) and muscle cramps, may also occur. Occasional patients develop a severe

phenotype in infancy, while others develop minimal disability throughout life. Since

phenotypic variability occurs within the same generation within the same family, it is

not possible to predict who will have more disabling forms of the disease.

There is overlap in the pathology among different forms of CMT1, and their path-

ology will be considered together. Segmental demyelination, remyelination, and axonal

loss are characteristic features. Demyelination is severe in DSD. Onion bulbs of concentric

Schwann cell lamellae are less frequent in children than in adults, and may be the predo-

minate pathology. Axonal loss varies with individual patients. There is a loss of both small

and large diameter myelinated fibers. Some fibers have relatively thickened myelin

sheaths, resulting in lowered mean g ratios (axon diameter/fiber diameter). Focal,

sausage-like thickenings of the myelin sheath (tomaculi) may be present in various

types of CMT1, though their numbers have been said to be higher in patients with
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CMT1B. However, neither disorder has tomaculi present to the extent seen in hereditary

predisposition to pressure palsies (HNPP).

Immuno-electronmicroscopic analysis of sural nerve biopsies from CMT1A patients

demonstrates increased PMP22 labeling when compared with controls. The effect of the

duplication on other myelin proteins is unclear. P0 and myelin basic protein (MBP)

levels were found to be similar to controls in three CMT1A patients, but P0 levels were

reduced by 50% in a fourth patient. In a patient with a PMP22 missense mutation,

causing the formation of a truncated protein, P0 and PMP22 levels were reduced.

Immuno-electronmicroscopic studies on two CMT1B patients demonstrated normal

levels of PMP22 and MBP but reduced levels of P0 (8). The clinical, physiologic, and

pathologic findings suggest that different mutations of the same gene leads to different

clinical phenotypes, and that alterations in expression patterns of other myelin genes

may depend on the particular mutation in question.

3.1.2. CMT1B

CMT1B is due to assorted mutations in the gene encoding MPZ on chromosome 1 (9).

MPZ is the major myelin protein in the peripheral nervous system, and is a member of

the immunoglobulin superfamily. It has a single transmembrane domain, and is necessary

for the adhesion of concentric myelin wraps in the internode.

Patients with CMT1B were initially thought to have the typical CMT phenotype

described for CMT1A patients, but perhaps with more pronounced calf wasting. It is

now evident that patients with MPZ mutations have a wide range of phenotypes, including

very severe forms with congenital hypomyelination, presenting in utero, and DSD present-

ing in infancy, to milder CMT2-like cases, presenting in adulthood (10). The type and

location of the mutation on the MPZ coding region appear to determine the severity of

the neuropathy although genotype–phenotype correlations remain to be performed. In

our experience, many neuropathies caused by MPZ mutations tend to cluster with very

early onset, presenting prior to 1 year of age, or late onset neuropathies, presenting well

into adulthood (11).

3.1.3. CMT1C

CMT1C has been shown to be due to mutations in a putative protein degradation gene

LITAF/SIMPLE (12). There is limited clinical information on these patients, but they

develop distal muscle weakness and atrophy, sensory loss, and slow nerve conduction

velocities in the range of 20–25 m/s (12).

3.1.4. CMT1D

CMT1D is due to mutations in the early growth response 2 (EGR2, also called krox20), on

chromosome 10 (13). EGR2 is a transcription factor involved in the regulations of as yet

unspecified genes in the myelinating Schwann cell. It is associated with variable pheno-

types, probably depending on the site and nature of the specific mutation. Most mutations

cause severe disease, classified as Dejerine–Sottas or congenital hypomyelination, but

recent examples have been described with milder phenotypes which do not present until

adulthood (14,15).

3.2. CMTX1

CMTX1 is the second most common form of CMT, accounting for 10 and 16% of cases. It

is caused by missense mutations in the connexin 32 kd (Cx32) gene, also known as gap
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junction beta one (GJb1), located on the X chromosome (16). Cx32 is localized in uncom-

pacted myelin of the paranodal loops and Schmidt–Lanterman incisures, and presumably

functions as a gap junction protein permitting the passage of small molecules and ions

between adjacent loops of the paranode or incisures. Currently, over 250 different

mutations of Cx32 have been identified. Because they have a single X-chromosome,

men tend to develop CMTX more severely than their female counterparts. Women are

usually affected to a milder degree, probably because of X-inactivation of the abnormal

chromosome (discussed subsequently).

Patients with CMTX usually develop symptoms in late teenage years or young adult-

hood. Several patients we have evaluated have been varsity athletes in high school, though

they were never fast runners. Abnormalities are usually slowly progressive, limited to the

distal legs and hands. Wasting of calf muscles is often more pronounced in CMTX than in

CMT1A patients. Among the many mutations, few if any appear to have severe DSD or

congenital hypomyelination phenotypes. Occasional female patients have presented in

adulthood with a chronic inflammatory demyelinating polyradiculoneuropathy (CIDP)-

like neuropathy (17).

Pathological features are an age-related loss of myelinated nerve axons. The demye-

linating nature of the neuropathies is demonstrated by abnormally thin myelin ensheathing

large caliber axons. Onion bulb formations are infrequent (18). Teased fiber analysis

reveals frequent widening at the nodal gap, paranodal retractions, and, less frequently,

segmental demyelination.

3.3. HNPP

HNPP is interesting in that a duplication of the PMP22 gene causes CMT1A, a deletion of

the same 1.4 Mb region causes HNPP, an entirely different disorder (19). Patients with

HNPP typically present with transient episodes of focal weakness or sensory loss that

lasts from hours to days. Some patients have also been reported to develop symptoms

of length dependent neuropathy, although in our experience this is unusual and is encoun-

tered in older patients. When patients are examined between episodes their neurological

examination is often normal or only minimally abnormal. Occasionally, a brachial plexo-

pathy may be the presenting symptom, but HNPP is distinct from hereditary brachial

plexus neuropathy, which is discussed subsequently.

Segmental demyelination, remyelination, and some loss of large diameter axons

have been described in nerve biopsies. Tomaculi are the hallmark of HNPP, and have

been identified in at least one patient prior to the development of clinical symptoms

(20). Immuno-electronmicroscopic studies of sural nerve biopsies have demonstrated

the predicted under-expression of PMP22 (8).

3.4. CMT2

CMT2 represents axonal forms that are dominantly inherited, and include approximately

one-third of autosomal dominant CMT. CMT2 is heterogeneous, and at least five subtypes

(CMT 2A, B, C, D, E) have been identified by linkage analysis (21). The phenotype is

similar to CMT1, with distal weakness, atrophy, sensory loss, and foot deformities.

CMT2 patients have a wider age range of symptom onset and degree of disability than

those with CMT1, and CMT2 patients are more likely to maintain their deep tendon

reflexes. However, it is not possible to accurately distinguish CMT1 from CMT2

clinically, and electrodiagnostic testing is necessary. Reduced CMAP and SNAP ampli-

tudes with normal or mildly slow conduction velocities are distinguishing features of
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CMT2. Needle EMG shows evidence of active denervation and partial re-innervation. The

electrophysiological features are consistent with pathological findings from sural nerve

biopsies of axonal loss without evidence of demyelination.

3.4.1. CMT2A

CMT2A patients have typical CMT clinical presentations with sensorimotor peripheral

neuropathies. The locus of CMT2A is at chromosome 1p36. Zuchner et al. (22) have

reported that mutations in the nuclear encoded mitochondrial GTPase mitofusin (MFN)

2 cause most cases of CMT2A.

3.4.2. CMT2B

CMT2B is a predominantly sensory disorder and there is debate as to whether cases should

be considered under pure sensory neuropathies. Recently, the gene causing CMT2B has

been shown to be the small GTP-ase late endosomal protein RAB7, on chromosome

3q21 (23).

3.4.3. CMT2C

CMT2C is a rare disorder in which patients have diaphragmatic paresis of vocal cords in

addition to other characteristics of CMT2. Although vocal cord and diaphragmatic paresis

are not unique to CMT2C (e.g., CMT4A), recently linkage has been established to

chromosome 12 in families with CMT2C, suggesting that it is at least a genetically distinct

disorder (24).

3.4.4. CMT2D

CMT2D is a somewhat confusing disorder because some patients appear to have sensori-

motor neuropathies while others have pure motor syndromes characterized as hereditary

motor neuropathy type V (HMNV). At least one family has been described with some indi-

viduals having the pure motor syndrome and others also having sensory loss, suggesting

that the two disorders are likely to be different phenotypes of the same disease (25). The

CMT2D locus is on chromosome 7p14, and the genetic cause of CMT4D (HMNV) has

been identified as mutations in the glycyl tRNA synthetase (GARS) gene, the GARS

protein is involved in ligating glycine to its cognate tRNAs (26).

3.4.5. CMT2E

CMT2E has been established with linkage to chromosome 8p21, and subsequent studies

have identified mutations in the neurofilament light (NF-L) gene (27). Since the NF-L

protein is an important constituent of the neurofilaments used in axonal transport

systems, and neurofilament phosphorylation is known to be abnormal in demyelinating

forms of CMT, CMT2E may provide important clues into mechanisms of axonal

damage not only in CMT2 but also in CMT1 (28).

3.5. CMT4

CMT4 represent recessively inherited forms, and are rare. They have heterogeneous

phenotypes, and usually more severe than the autosomal dominantly inherited disorders.

They may have systemic symptoms, such as cataracts and deafness. CMT4 is separable

into demyelinating (4A and 4B) and axonal (4C) forms.
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3.5.1. CMT4A

CMT4A is linked to 8q13–q21.1, and is caused by mutations in ganglioside-induced differ-

entiation associated protein 1 (GDAP1), a novel protein of unknown function (29,30). The

disorder was first described in four highly inbred families in Tunisia. Clinical onset began in

the first two years of life, with delayed developmental milestones of sitting or walking, and

weakness spreads to proximal muscles by the end of the first decade of life and many patients

became wheelchair dependent. Sensory loss is mild, and deep tendon reflexes absent. Nerve

conduction velocities (NCVs) are slow (average of 30 m/s). Sural nerve biopsies reveal loss

of large diameter myelinated fibers and hypomyelination, but no abnormalities of myelin

folding. Basal lamina onion bulbs, characterized by concentric layers of basal lamina

without intervening regions of Schwann cell cytoplasm, have also been described (31).

The gene was originally identified in a neuronal cell line (32), but MRNA studies suggest

that the GDAP1 gene is expressed in Schwann cells (29,30). The mutations appear to

cause either demyelinating (29) or axonal (30) neuropathies, and may disrupt signaling

between Schwann cells and axons.

3.5.2. CMT4B

CMT4B1 is a recessively inherited disorder characterized clinically by an unique pathologi-

cal feature; the presence of focally folded myelin sheathes in nerve biopsy. The genetic

locus is on chromosome 11q23, and encodes a gene called myotubularin-related protein-

2 (MTMR2) (33). Affected patients become symptomatic early, with an average age of

onset of 34 months, unlike most forms of CMT, proximal as well as distal weakness is pro-

minent. Motor conduction velocities are severely reduced with temporal dispersion,

CMAPs are reduced, and SNAPs are frequently absent. Segmental demyelination is also

found in nerve biopsies.

Four children in a Turkish inbred family were identified with neuropathies charac-

terized by focally folded myelin, a characteristic of CMT4B as described previously.

However homozygosity mapping demonstrated linkage to a distinct locus on chromosome

11p15, leading to the designation of the locus as CMT4B2. Recently, mutations have been

identified in a large, novel gene, named SET binding factor 2 (SBF2), that lies within the

interval on 11p15 and segregates with the neuropathy in affected families, suggesting that

the mutations are responsible for the disease (35). SBF2 is a member of the pseudo-

phosphatase branch of myotubularins with striking homology to MTMR2.

3.5.3. CMT4C

CMT4C is a childhood-onset demyelinating form of hereditary motor and sensory neuro-

pathy associated with an early-onset scoliosis and a distinct Schwann cell pathology.

CMT4C is inherited as an autosomal recessive trait and is caused by homozygous or com-

pound heterozygous mutations in the previously uncharacterized KIAA1985 gene (35).

Scoliosis is prominent early on and may precede weakness or sensory loss. Mean

median motor NCV was 22.6 m/s, and nerve biopsy, when obtained, showed demyelina-

tion, onion bulb formation, and, most typically, large cytoplasmic extensions of Schwann

cells. The translated protein defines a new protein family of unknown function with puta-

tive orthologues in vertebrates. Comparative sequence alignments indicate that members

of this protein family contain multiple SH3 and TPR domains that are likely involved in

the formation of protein complexes.

3.5.4. CMT4D

Kalaydjieva et al. (36) have reported a separate disorder with linkage to chromosome 8q24

in a gypsy population with an autosomal recessive inheritance pattern that is now
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recognized as CMT4D. The neuropathy has presented with distal muscle wasting and weak-

ness, sensory loss, both foot and hand deformities, and the loss of deep tendon reflexes.

Deafness is invariant and usually develops by the third decade. Brainstem auditory

evoked responses (BAERs) are markedly abnormal with prolonged interpeak latencies.

NCVs are severely reduced in younger patients and unobtainable after 15 years of age. A

subsequent study has identified mutations in what is termed the “N-myc downstream-

regulated gene” (NDRG1) in these patients (36). How the gene abnormality leads to the

disorder is unknown.

3.5.5. CMT4F

CMT4F is a severe form of recessive CMT that has been defined in a large Lebanese

family with mutations in the periaxin (PRX ) gene on chromosome 19. PRX is expressed

in Schwann cells and encodes two proteins which contain “PDZ” domains that usually

interact with other PDZ domain-bearing proteins in intracellular signal transduction path-

ways. Binding partners for PRX in Schwann cells have not yet been identified, nor have

the signal transduction pathways involving PRX been delineated. Nerve conduction

studies are markedly slowed and onion bulbs are observed on sural nerve biopsies (37).

3.6. HMSNR

Hereditary motor and sensory neuropathy-Russe (HMSNR) has been localized to 10q23.2, a

small interval telomeric to the EGR2 gene (38). Patients develop primarily severe sensory

loss, although motor conduction velocities are moderately reduced (average: 32 m/s).

4. DISTAL HEREDITARY MOTOR NEURONOPATHIES

Distal HMNs comprise�10% of all HMNs and have been tentatively classified into seven

subtypes based on clinical manifestations, age at onset, and mode of inheritance. Genetic

loci for several subtypes of distal HMN have been identified. Distal HMN II has been

linked in a large Belgian family to chromosome 12q24.3. Patients typically develop weak-

ness in foot dorsiflexion by their late teens and some, but not all, become wheelchair bound

in later years. Occasional patients have been described with decreased vibratory sensation.

NCVs are normal while needle EMG demonstrates evidence of chronic denervation. It has

been recently demonstrated that mutations in the a-crystallin domain of the small heat

shock protein dHSP22 cause dHMN type II (39). Moreover, mutations in the a-crystallin

and C-terminal tail of another sHSP, dHSP27, cause either an additional form of dHMN or

a novel form of CMT2 (40). sHSPs constitute a protein superfamily in which members

share an approximately 85 amino acid residue C-terminal region known as the a-crystallin

domain. Family members typically form oligomers with other members of the superfam-

ily. sHSP function is not well understood, but is thought to involve signal transduction

pathways, protection from apoptosis, and the stabilization of cytoskeletal systems.

Mutations in family members have previously been shown to cause myopathies and con-

genital cataracts. sHSP22 and sHSP27 have previously been found to interact with each

other; therefore both disorders probably involve common mechanisms. What these mecha-

nisms are, however, remains to be elucidated. As both sHSP22 and sHSP27 have

chaperone-like properties, they may participate in processing proteins for intracellular

trafficking, such as discussed earlier. However, they have also been shown to inhibit apop-

tosis and to stabilize cytoskeletal systems. In this regard, it is noteworthy that mutations in

sHSP27 disrupt neurofilament assembly. Mutations in the neurofilament light chain gene
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(NEFL) cause CMT2E. Taken together, these results suggest that the sHSPs may play

critical roles in regulating or maintaining the axonal cytoskeleton and axonal transport.

Upregulation of sHSP27 is also necessary for the survival of injured motor or sensory

neurons, and sHSP27 is overexpressed in motor neurons of the SOD1 mouse model of

familial amyotrophic lateral sclerosis (ALS). Therefore, sHSP-mediated pathways may

also ultimately prove to play important roles in many neurodegenerative disorders.

Distal HMN V has been localized to chromosome 7p. It is the same disorder as

CMT2D, and is caused by mutations in the glycyl tRNA synthetase gene on chromosome

7p15. In a Bulgarian family with 30 affected members, hand weakness and wasting usually

occur in the late teenage years. While foot weakness ultimately develop in 40% of cases,

this was usually mild and patients were still walking by age 60. One branch of the family

had mild pyramidal features including Babinski signs. NCVs were normal except for

reduced CMAP amplitudes in wasted muscles.

A recessive distal HMN has been termed the Jerash type based on a large Jordanian

family with a locus mapped to chromosome 9p21.1–p12. Patients develop gait instability

and foot drop prior to the age of 10 and a few years later develop wasting and weakness of

hand muscles. Occasionally, milder phenotypes have been identified in patients over the

age of 50. Initially, patients have presented with upper motor neuron signs including

hyperreflexia, spasticity and up going toes. Subsequently, ankle reflexes are lost and

plantar responses were described as down going. The ultimate course of this disorder is

relatively benign, with the oldest affected patient ambulatory at age 80.

An additional distal motor syndrome has been mapped to 9q34 and has been classi-

fied as an autosomal dominant form of ALS (ALS4) because most patients have both upper

and lower motor neuron signs including brisk reflexes and upgoing toes. However, the

clinical course of these patients is much milder than typical ALS. The disease is charac-

terized by a clinical onset in childhood, a slow rate of progression and a normal lifespan.

Patients develop distal muscle weakness and atrophy and pyramidal signs but have normal

sensation. The disorder is caused by missense mutations in the senataxin gene (SETX)

(41). The function of SETX is unknown but the gene contains a DNA/RNA helicase

domain with strong homology to human RENT1 and IGHMBP2, two genes encoding

proteins involved in RNA processing. It is hypothesized that mutations in SETX may

cause neuronal degeneration through dysfunction of the helicase activity or other steps

in RNA processing in motor neurons.

Puls and colleagues showed linkage of a lower motor neuron disorder to a region of

4 Mb at chromosome 2p13 (26). Mutation analysis of a gene in this interval that encodes

the largest subunit of the axonal transport protein, dynactin, showed a single base-pair

change resulting in an amino-acid substitution that is predicted to distort the folding of

dynactin’s microtubule-binding domain. Binding assays show decreased binding of the

mutant protein to microtubules, suggesting that dysfunction of dynactin-mediated trans-

port caused the motor neuron degeneration.

5. HEREDITARY BRACHIAL PLEXUS NEUROPATHY

Hereditary brachial plexus neuropathy (HBPN) has been mapped to chromosome 17q24–

25. This unusual autosomal dominant disorder presents with episodes of acute onset pain,

weakness and sensory loss in the upper extremities. Recovery usually occurs, beginning

several weeks to months after the onset of symptoms. Subsequent attacks may occur in

the same or opposite arm. Minor dysmorphic features, including short stature, hypotelor-

isms, epicanthal folds, and cleft palate, are frequent associated findings. Nerve conduction
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studies indicate normal values, entrapment syndromes, or asymmetrically reduced CMAP

and SNAP amplitudes. Nerve biopsies have demonstrated tomaculi leading to the other

name for this disorder, “tomaculous neuropathy.” This disorder is genetically distinct

from HNPP (42,43).

6. DIAGNOSIS

There are several steps in diagnosing an inherited neuropathy. The first is establishing

whether the patient has symptoms and examination findings of length-dependent weakness

and sensory loss in a symmetrical pattern. The neurological examination typically reveals

weakness of foot dorsiflexion and eversion that is out of proportion to plantar flexion and

inversion weakness. Patients often have abnormalities in dorsiflexion their fingers and

performing fine movements of their hands. Muscle wasting in feet and hands is

frequent. Tendon reflexes are often, but not always decreased. Foot abnormalities, such

as pes cavus, and scoliosis are frequent. Autonomic symptoms or signs are usually not

found in most forms of inherited neuropathies, excluding that disorder in which autonomic

abnormalities are part of the disease criteria, such as the Hans.

Nerve conduction studies have an important role in characterizing CMT disorders

since their initial use in separating CMT1 from CMT2 by conduction velocity. In the

early 1980s, Lewis and Sumner (44) demonstrated that most cases of inherited neuro-

pathies had uniformly slow conduction velocities, whereas acquired demyelinating neuro-

pathies had asymmetric slowing with abnormal temporal dispersion. The pattern of

slowing could thus be used, along with a patient’s pedigree, to distinguish between

inherited and acquired neuropathies. Over the past decade, this approach has had to be

qualified. Most CMT1 patients, particularly those with CMT1A, have uniformly slow

conduction velocities of about 20 m/s (although 38 m/s is used as a “cut off” value)

(5). Conduction velocities in CMT1B tend to cluster at ,10 m/s in early onset cases or

.30 m/s in late onset cases (with only occasional examples in the range of 20 m/s)

(11). Asymmetric slowing is characteristic of HNPP, and also may be found in patients

with missense mutations in PMP22, MPZ, EGR-2 and Cx32 (45). Since all of these dis-

orders may present without a clear family history of neuropathy, one must be cautious

in using conduction velocity to distinguish acquired from inherited demyelinating neuro-

pathies. Forms of inherited neuropathies associated with uniform and non-uniformly

slowed conduction velocity are illustrated in Table 21.2 (45).

HNPP is also unique in that distal motor latencies are prolonged, markedly so for the

median and peroneal nerves, and less so for the ulnar and tibial nerves, Conduction vel-

ocities across common sites of nerve entrapment are slow, but velocities over other seg-

ments are normal or near normal (46).

The distinction between demyelinating and axonal features is particularly confusing

in CMTX. Nerve conduction velocities in CMTX patients are faster than in most patients

with CMT1, often with prominent reductions in compound muscle action potential

(CMAP) and sensory nerve action potential (SNAP) amplitudes. Thus, CMTX has been

described as an axonal neuropathy, but analysis of conduction data reveals primary

demyelinating features, and the disease is caused by mutations in Cx32, which is

expressed in the myelinating Schwann cell. Conduction velocities in men are usually

between 30 and 40 m/s, values that would be considered intermediate between CMT1

and CMT2. Distal motor latencies and F-wave latencies are usually prolonged (47,48).

Female carriers usually have normal conduction velocities, but some have slowed

velocities, probably do to inactivation of their mutant X chromosome.

Inherited Peripheral Neuropathies 389



It is important to appreciate that although hereditary neuropathies are classified as

demyelinating and axonal, all forms, including CMT1A, have axonal loss. Patient disability

correlates better with axonal loss than with conduction velocity (6,28). Thus reductions in

CMAP and SNAP amplitudes are found in most CMT1 patients, and in our series of 43

CMT1A patients, 34 had unobtainable peroneal CMAPs and 41 unobtainable sural

SNAPs (6).

Nerve conduction velocities are essential to determine whether patients are likely to

have demyelinating forms of neuropathy. We emphasize the importance of evaluating

nerve conduction studies carefully for subtle signs of demyelination, such as prolonged

distal motor latencies or F-wave latencies in determining whether the underlying cause

is likely to be axonal or demyelinating. In our opinion, sural nerve biopsies are rarely

helpful in diagnosing inherited neuropathies although they may prove invaluable for

future research studies investigating pathogenic mechanisms of disease.

Typically, inherited neuropathies are chronic diseases with symptoms extending

back into childhood although some atypical forms can have their onset in adulthood.

Obtaining a careful pedigree is critical in the diagnosis of inherited neuropathies, not

only to determine that there is an inherited neuropathy but also to determine who is at

risk for developing the neuropathy. Careful pedigrees require going back carefully at

least three generations. Identifying male-to-male transmission is the only way to

exclude X-linked inheritance. While positive pedigrees may prove invaluable, caution

must be taken in interpreting negative pedigrees; even dominantly inherited diseases

can start in a particular patient. Similarly, family histories will usually be negative in

recessive disorders. In some circumstances, genetic testing is necessary to determine

the genetic cause of the neuropathy and to predict at risk family members.

Table 21.2 Electrophysiologic Findings of Inherited Demyelinating

Neuropathies

Inherited disorders with uniform conduction slowing

Charcot–Marie–Tooth 1A

Charcot–Marie–Tooth 1B

Dejerine–Sottas

Metachromatic leukodystrophy

Cocaine’s disease

Krabbe’s

Inherited disorders with multifocal conduction slowing

Hereditary neuropathy with liability to pressure palsies

Charcot–Marie–Tooth X

Charcot–Marie–Tooth 1B

Adrenomyeloneuropathy

Pelizeus–Merzbacher disease with proteolysis protein null mutation

Refsum’s

Inherited disorders with electrophysiology that has not been characterized

PMP 22 point mutations

Adult onset leukodystrophies

Me rosin deficiency

Early growth response 2 (EGR2) gene mutations

Myotubularin related protein 2 mutations

Neurofilament light mutations

LITAF/SIMPLE mutations

Ganglioside induced differentiation associated protein 1
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Genetic testing has therefore become an important tool in the diagnosis of CMT. A

full characterization of the neuropathy is critical for determining whether a genetic test

will be informative. At present, we feel that a reasonable approach is to order testing

when nerve conduction velocities are slow. However, mutations in myelin genes may

have relatively normal conduction velocities. When one family member with CMT1

has been genotyped, it is usually not necessary to test other family members, and they

can be screened by clinical examination and nerve conduction studies.

7. MANAGEMENT

There are no specific cures for inherited neuropathies. Most patients will benefit from of

physical or occupational therapy. Foot care and orthotics, including ankle bracing, is most

important, and if done well, can help patients ambulate independently throughout their

lives. Difficulties with fine movements of the fingers are frequent, and occupational

therapy can help with techniques to aid in buttoning, zippering and other hand movements

requiring dexterity.

Genetic counseling is critical in the management of patients. Many patients are unin-

formed about genetic patterns in CMT, particularly concerning who is at risk in the family

and what reproductive options are available. Genetic counselors can be invaluable in the

time consuming task of obtaining careful pedigrees from patients.

A final point concerns medications and their affects on CMT patients. In general

medications that have clear neurotoxic affects such as vincristine or cis platinum should

be avoided, if medically possible, in CMT patients because they are likely to exacerbate

the already existing neuropathy. There have been reports of severe, Guillain–Barré type

weakness in patients with CMT who were given vincristine (49,50). For other medications

the situation is less clear. The Charcot–Marie–Tooth Association (CMTA) publishes a list

of medications that may exacerbate CMT. The degree of risk varies with the individual

medication and in some cases; the risk may be small compared to the medical need.

Good judgment by the physician on the risk/benefit ratio of a given medication can prob-

ably surmise as a useful guide for the use of these medicines.
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ABSTRACT

Hereditary sensory autonomic neuropathies constitute a rare and heterogeneous group of

disorders. Hereditary patterns are most commonly autosomal dominant, but recessive and

X-linked inheritance is also observed. Clues to the diagnosis come from the history and

examination findings of recurrent distal limb injuries, insensitivity to noxious stimuli, epi-

sodes of acral infections, and autonomic symptoms such as abnormal sweating, skin blotch-

ing, postural hypotension, gastrointestinal disturbances, and loss of normal tearing.

Supportive laboratory testing includes abnormal autonomic and sweat tests and gastrointes-

tinal cinesoradiography and manometry. Treatment is supportive to prevent infections from

acral ulcers and manage autonomic dysfunction. Prognosis is worse for those with promi-

nent autonomic features, but is strongly modified by the quality of supportive care.

Genetic analysis is evolving and is beginning to elucidate pathogenetic mechanisms.

1. INTRODUCTION

Hereditary sensory and autonomic neuropathies (HSAN) are a group of disorders with

primary involvement of neurons subserving sensation and autonomic functions. A classi-

fication system includes five main types based on clinical, electrophysiologic, and patho-

logic features and on modes of inheritance (1). Linkage analysis has been established for

some and associated genes identified for type 1, type 3, and type 4. A sixth type that is

X-linked has been described in a single case (2). Clinical features of the five main

types are similar, with profound loss of sensory modalities with little or no loss of strength,

but specific features of autonomic dysfunction vary according to type.

2. CLINICAL FEATURES

2.1. HSAN1

HSAN type 1 (also referred to as hereditary sensory radicular neuropathy) is the most

common form (3) and is distinguished from other types by its older age of onset. Patients

typically become symptomatic in the second to fourth decades (4), although extremes of

age at onset have been reported (5). Classic symptoms are dissociated sensory loss (predo-

minantly pain and temperature loss with relative preservation of touch) in a distal distri-

bution. In the most severe and neglected cases, the tissue complications from painless

plantar ulcers have led to neurotrophic arthropathy and mutilating acropathy (1,6,7).

Although acral pain sensation is impaired, pain can still occur as a result of secondary osteo-

myelitis or cellulitis (1,6) or as a late manifestation of the neuropathy in the form of lanci-

nating pain (1,4,8). Both anhidrosis and hyperhidrosis occur, with areas of abnormal

sweating corresponding roughly to the regions of sensory loss (“sweaty feet”) (5). Other

autonomic features of orthostasis, sphincter dysfunction, and sexual dysfunction do not

occur in HSAN1. Hearing loss severe enough to cause complete deafness has been

described and is thought to be due to cell loss in the organ of corti and spiral ganglia

(4,8–10). Less consistent findings include spastic gait (11,12) and tonic pupils (13).

On examination, foot deformities, such as thinning of the ankles, peroneal muscle

atrophy (7,14), high arched feet (7,14), steppage gait, frequent ankle injuries (15), and

the presence of calluses or corns (4) with or without pain, may be observed. In severe

cases, mutilation may shorten the feet to the point that the patient can no longer ambulate

(7,14). However, patients who have meticulously cared for their feet may have only mild

pes cavus and hammer toes without plantar ulcers. Joint enlargement, effusion, ligament
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laxity, excessive mobility, and crepitus suggest neurogenic arthropathy (6). Loss of pain

and temperature sensation is profound in a symmetric distribution, predominantly affect-

ing the distal portions of the lower extremities and occasionally the upper extremities.

There is relative preservation of light touch and pressure perception (1). Distal weakness

is minimal. Ankle jerks are reduced or absent, but reflexes are normal elsewhere.

HSAN1 is the only type with an autosomal dominant pattern of inheritance. The

gene has been mapped to chromosome 9 (9q22) and codes for serine palmitoyltransferase,

long-chain base subunit 1 (SPTLC1). SPTLC1 is an enzyme important for the generation

of the sphingolipids ceramide, and sphingomyelin (16,17) and mutation may disrupt a

modulatory function of sphingolipids or, given that ceramide is a signaling factor in pro-

gramed cell death, disrupt apoptosis of differentiating neurons (17,18). There is genetic

heterogeneity within the HSAN1 phenotype as two families with the phenotype have

not been linked to the 9q locus, suggesting at least one additional locus for HSAN1

(2,16,19,20).

2.2. HSAN2

HSAN2 is inherited in an autosomal recessive manner (1,21–23) and presents during

infancy or early childhood. It tends to affect the limbs more proximally as well as the

trunk and involves the upper extremities to a greater extent than the lower extremities

(22–24). Lower extremity manifestations are recurrent foot fractures, pressure point

ulcers, and limb deformations (1,22,24). Autonomic dysfunction becomes prominent

with neurogenic bladder or impotence (22). Tonic pupils have been observed (13). The

autosomal recessive inheritance, early onset, and truncal sensory loss distinguish this

type from HSAN1.

Examination findings include paronychia, painless whitlows, and ulcers of the

fingers and plantar surfaces of the feet. Acral mutilation may be observed in the hands

as well as the feet due to secondary osteomyelitis and may lead to shortened or clubbed

fingers. Sensory loss involves all modalities but touch-pressure and position senses are

affected earlier and more significantly than pain or temperature and occurs in a more prox-

imal distribution than that in HSAN1. Deep tendon reflexes are absent but muscle strength

is preserved. Hearing loss has been reported (22,25).

HSAN2 remains unlinked to a chromosomal locus. Genes for one of the neurotro-

phins, brain derived neurotrophic factor (BDNF), and genes for three of the neurotrophin

receptors [tyrosine kinase A (TRKA), TRKB, and p75] have been screened and excluded

as candidate genes for HSAN2 (26).

2.3. HSAN3

HSAN3 [also referred to as familial dysautonomia or the Riley–Day syndrome] (27) is an

autosomal recessive disorder, which presents in infancy and predominantly in Ashkenazi

Jews (28). This is a severe disorder with marked autonomic symptoms. Infants suffer from

decreased lacrimation (alacrima or “tearless cry”), hyperhidrosis (which may vary from

erratic to excessive sweating), labile blood pressure, skin blotching, and difficulties with

body temperature control (29–31). A set of five criteria have been proposed, which

include (i) lack of axon flare following intradermal histamine administration, (ii) pupillary

miosis following instillation of 2.5% methacholine chloride, (iii) alacrima, (iv) absence of

fungiform papillae on the tongue, and (v) diminished deep tendon reflexes (32).

There are other clinical issues. Infants have difficulties in sucking and swallowing,

failure to thrive, recurrent pulmonary infections, episodic fever, and episodic vomiting.

The oral problems may improve with age, but give way to continued delays in
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development and growth. Alacrima can lead to corneal abrasions (33). Recurrent pulmon-

ary infections are related to autonomic gastrointestinal dysfunction with aspiration. Even

when the gastric symptoms are well managed to minimize aspiration, respiratory control

difficulties occur with abnormal responses to hypercapnia and hypoxia (34). These diffi-

culties may manifest as drowning or near-drowning during underwater swimming,

syncope and convulsions with high altitude or air travel, and cyanosis or decerebrate pos-

turing with breath-holding (34).

Examination findings in older children may include kyphoscoliosis from com-

pression fractures of the vertebra, neurogenic arthropathy relating to recurrent fractures

of the feet and long bones, and absence of fungiform papillae on the tongue (35,36).

Cranial nerve examination may reveal a diminished gag reflex and corneal insensitivity

and abrasions (28,37) as well as defective taste perception and hypersalivation. Pain

and temperature perception is reduced. Strength is normal but deep tendon reflexes are

absent. Autonomic dysfunction is indicated by skin color changes such as generalized

erythema or blotching (the latter related to emotional upset), redness and cold of the

hands (from peripheral vasoconstriction), and rubor of the feet. If the patient is anxious

or agitated, excessive sweating may be noted as well as hypertension and orthostatic hypo-

tension (38). Sphincter and sexual function are usually normal (1).

HSAN3 is linked to chromosome 9q31. Mutations in the gene IKBKAP (inhibitor of

kappa light polypeptide gene enhancer in B cells, kinase complex-associated protein),

which codes for a protein thought to be involved in transcriptional elongation, have

been identified (39,40).

2.4. HSAN4

HSAN4 (also referred to as congenital insensitivity to pain with anhidrosis) is autosomal

recessive with onset at birth or during early childhood. It is characterized by episodic

fever, anhidrosis, absence of response to painful stimuli, oral/acral mutilation (with

associated neurogenic arthropathy), and mental retardation (1,41). The episodic fever is

due to loss of thermoregulation from anhidrosis, and recurrent febrile episodes are

related to exposure to heated environments. The more diffuse nature of the anhidrosis

may help to distinguish HSAN4 from HSAN1 and 2 in which anhidrosis is coincident

with areas of sensory loss. Typical patient reports include “biting off the tip of the

tongue,” “burning the tips of fingers with an automobile lighter,” and “burning hands

and fingers on a hot oven” due to the inability to perceive pain (41). Normal lacrimation

separates HSAN4 from HSAN3. Although the features described earlier are typical for

HSAN4, it may present at any time from birth to the seventh decade with symptoms so

mild as to remain unrecognized by the affected individual (42). Whether this phenotypic

heterogeneity corresponds to genetic heterogeneity has yet to be determined.

Clinical examination may reveal mutilation or loss of fingers, toes, tongue, or ears,

and there may be joint deformities. Responses to superficial pain (pinprick and burning

heat) and deep pain (testicular/tendon compression, ischemia, esophageal balloon dilata-

tion, cold water immersion of a limb) are absent, but touch, vibration, and position sen-

sation are relatively intact. Cranial nerves, strength, and deep tendon reflexes are

normal. There is a risk of spinal cord compression related to compression fractures of

spinal vertebral bodies (43).

HSAN4 is due to mutations of the NTRK1 or TRKA gene on chromosome 1q22.

NTRK1 encodes a receptor (tyrosine kinase) for nerve growth factor and may be important

for the development of small, primary neurons. Nerve growth factor released from target

cells such as skin, muscle, and glandular tissues recognize this receptor in neural crest cells
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and stimulate their survival. Mutations in the receptor disrupt this interaction and result in

the developmental defect responsible for the phenotype (44–46).

2.5. HSAN5

HSAN5 is the least common and well defined of the HSAN types. It is thought to be auto-

somal recessive, but may include dominant inheritance. Clinical features are similar to

HSAN4 with no response to painful stimuli, but is differentiated from other types by an

absence of autonomic dysfunction (particularly anhidrosis) and mental retardation (47).

Symptom onset is at birth or infancy with the typical features of ulceromutilating

changes of the limbs and joints.

Examination reveals acral ulcerations, painless fractures, and neuropathic joint

degeneration. There is absent pain and temperature sensation over the limbs with preser-

vation of other sensory modalities. Muscle strength, tone, and deep tendon reflexes are

normal.

The phenotypes of HSAN5 and HSAN4 are similar with the exception of anhidrosis

and mental retardation, but mutations in the TRKA gene have not been demonstrated (48),

and chromosomal linkage remains to be established.

3. LABORATORY EVALUATION

3.1. Electrodiagnostic Studies

Routine nerve conduction studies should include sensory and motor nerve testing. Needle

EMG is less informative.

3.2. Nerve Biopsy Studies

A nerve biopsy may be indicated. Histologic evaluation should include both a distal lower

extremity nerve (sural nerve) and muscle (such as gastrocnemius). Cryostat sections of

muscle may be taken for standard histochemical reactions and visualization with light

and electron microscopies. Semi-thin sections of nerve should be evaluated by light

microscopy for the density of myelinated fibers. Electron microscopy is necessary to

assess unmyelinated fibers, axonal contents, myelin sheath structure, and the endoneurial

space (49). Histologic changes parallel electrophysiologic changes with marked reduction

of unmyelinated fibers (C-fibers) and milder degrees of loss of small myelinated fibers (A

d-fibers). Large myelinated fibers (A a-fibers) are least affected (50). Fiber loss is greater

distally than proximally in the lower limb (1).

3.3. Autonomic Studies

The history should include inquiries about sweating abnormalities, skin blotching, temp-

erature instability, trouble swallowing, episodic vomiting, bowel/bladder incontinence,

and impotence. Physical examination should include assessment of the skin for blotching,

excessive sweatiness, or dryness as well as assessment for postural hypotension and absent

compensatory tachycardia.

A battery of autonomic tests, which may only be available in special laboratories, will

be reviewed. Figure 22.1 presents an algorithm of the main features of autonomic testing.
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3.3.1. Histamine test

Intradermal histamine injection is used to demonstrate the dermal autonomic response.

The resulting axonal flare may be absent in any disorder with a sensory dysfunction

and therefore lacks specificity, but is useful to establish that sensory dysfunction exists

(51). The test should be performed with dilute (1:10,000) histamine phosphate to avoid

false-normal results with more concentrated solutions (52). Equivocal results may occur

in children ,6 weeks old and in children on antihistamines (51,53).

Histamine Test
(Dilute histamine phosphate 1:10,000)

No axon flare
(constricted reddened area with sharp borders
surrounding the wheal)

Sweating

Increased or decreased

HSAN3 HSAN1 (distal), HSAN4 (truncal), HSAN3

Normal

Consider HSAN2, HSAN5

Blotching

Postural hypotension

HSAN3, HSAN4 HSAN1, HSAN2, HSAN 5
YES NO

HSAN3, HSAN4 HSAN1, HSAN2, HSAN4 HSAN 5
YES NO

Methacholine Chloride Test

Abnormal Normal

HSAN3, HSAN4, ?HSAN2, ?HSAN1 HSAN5

GI motility

Abnormal Normal

HSAN2, HSAN3 HSAN4, HSAN5, HSAN1

Overflow tearing

YES NO

HSAN1, HSAN2 (but may be delayed)
HSAN4, HSAN5

HSAN3 

Normal triple response
(erythema, wheal, axonflare)

Figure 22.1 Algorithm of the main features of autonomic testing in the setting of a suspected

HSAN.
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3.3.2. Sudomotor Function

The pattern of sweating under conditions of stress or agitation can be assessed by four auto-

nomic reflex tests: (i) quantitative sudomotor axon reflex test (QSART) (54,55); (ii) sympath-

etic skin response (SSR) (56); (iii) silastic imprints of sweat glands (57,58); and (iv) the

thermoregulatory sweat test (59). QSART relies on the orthodromic propagation of an

action potential from the unmyelinated post-ganglionic axon of an eccrine sweat gland in

response to iontophoresis of acetylcholine. The sweat response is quantified using a capsule

adherent to the skin that is connected to a sudorometer. The response is obtained at specific

distal and proximal sites on the lower extremity and compared to normative values. Sudo-

motor axon damage is indicated by a reduced or excessive response.

The SSR refers to a change in skin surface voltage as a result of sudomotor activity

in response to deep inspiration or noxious stimuli (60). It can be easily performed during

routine nerve conduction studies using disc electrodes on the dorsal and ventral surfaces of

the hand or foot. Only the absence of a response is considered to be abnormal.

The sweat gland is stimulated directly by inotophoresis of 1% pilocarpine or acetyl-

choline in the silastic imprint test. Silastic is then spread onto the skin and allowed to

harden to obtain a cast of the sweat droplets emerging from the ducts. Because it assesses

the response of the sweat gland itself without relying on the axon reflex, the silastic imprint

test less directly reflects nerve fiber status when compared with QSART.

The thermoregulatory test assesses sweating of the whole body using a covering of ali-

zarin red, cornstarch, and sodium carbonate, while the subject is heated in a hot chamber. The

body pattern of anhidrosis indicates the anatomic distribution of affected efferent sympathetic

nerves (59). Sweating is decreased distally in HSAN1, decreased diffusely in HSAN4,

increased or decreased diffusely in HSAN3, and normal in HSAN2 and HSAN5.

3.3.3. Postural Hypotension

Postural hypotension is defined as a difference of at least 20 mmHg in systolic blood

pressure or 10 mmHg in diastolic blood pressure between reclining and standing.

Although this may be performed in the office, it may be difficult for patients with arthroses

or other orthopedic problems and does not assess sympathetic modulation alone (61). In

the setting of physical disability, cardiac disturbances, or other non-neurologic causes

of postural hypotension (Table 22.1), referral to an autonomic testing laboratory is

Table 22.1 Non-neurologic Causes of Postural Hypotension

Cardiac

Cardiac output block

Mitral valve prolapse

Aortic stenosis

Hypertrophic cardiomyopathy

Cardiac myxoma or thrombus

Cardiac dysrhythmias

Congestive heart failure

Non-cardiac

Effective blood volume

depletion

Dehydration

Hyponatremia

Addison’s disease

Venous pooling

Pregnancy

Varicose veins

Drugs

Endocrine/metabolic disorders

Diabetes

Addison’s disease

Hypopituitarism

Myxedema

Thyrotoxicosis

Pheochromocytoma

Hypokalemia

Carcinoid syndrome

Increased age

Hereditary Sensory Autonomic Neuropathies 401



indicated. The presence of postural hypotension supports the diagnosis of HSAN3 and 4;

its absence suggests HSAN1, 2 or 5, but does not rule out HSAN4.

3.3.4. Pupil Abnormalities

HSAN3, HSAN4, and sometimes HSAN1 result in parasympathetic pupillary denervation.

Application of low dose parasympathetic agents (2.5% methacholine chloride or 0.0625%

pilocarpine) results in pupillary constriction due to denervation supersensitivity. However,

corneal lesions and reduced drug dilution because of lack of tearing may cause false-

abnormal responses (51,62). Pupillary function can also be assessed with infrared

pupillometry.

3.3.5. Gastrointestinal Motility

An early and frequent sign of gastric autonomic dysfunction is oropharyngeal incoordina-

tion. Gastric and esophageal dysmotility as well as oropharyngeal incoordination may be

assessed using cinesophagrams and manometric studies (34).

3.3.6. Lacrimation

Lacrimation can be assessed using Schirmer’s test for eye moisture. In this test,

sterile filter paper is placed over the border of the lower eyelid and the degree of

moisture is measured after 5 min; ,8 mm wetting is abnormal (63). Parenteral methacho-

line can also be used to distinguish whether alacrima is due to neurogenic pathology,

because methacholine will produce tears in a neurogenic lesion but not in a glandular

lesion.

4. LABORATORY FINDINGS

4.1. HSAN1

Nerve conduction studies reveal reduced or absent sensory nerve action potentials with

relatively preserved motor nerve action potentials. Mild slowing of conduction velocities

or prolongation of distal latencies may be seen (3,10,13,64,65). Needle EMG may include

abnormal spontaneous activity and large polyphasic motor units suggestive of chronic

partial denervation (13,64). In vitro study of excised sural nerve segments shows striking

reduction of C-fibers (unmyelinated) and lesser reductions of A a-fibers (large myeli-

nated) and A d-fibers (small myelinated) (50). Histologic changes parallel electrophysio-

logic changes with marked reduction of unmyelinated C-fibers and milder degrees of loss

of small myelinated fibers (A d-fibers). Numbers of large myelinated fibers (A a-fibers)

are least reduced (50). Fiber loss is greater distally than proximally in the lower limb

(1). Anhidrosis is observed in the distribution of sensory loss.

4.2. HSAN2

Nerve conduction findings include absent sensory nerve action potentials with mildly

decreased amplitude and increased latency motor potentials (24,66,67). Mild needle

EMG abnormalities have been reported, including minimal fibrillation potentials and

polyphasic, large motor units, suggesting some chronic motor axon loss. In vivo sural

and superficial peroneal nerve studies reveal undetectable A d- (small myelinated), A

a- (large myelinated), and C (unmyelinated)-fiber potentials (24). Pathologic findings

are marked loss of myelinated fibers with ballooned fibroblasts in the endoneurium
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(1,21,24,65,67). This loss is more pronounced distally with evidence of ongoing segmental

demyelination and remyelination in a small proportion of fibers. Unmyelinated fibers are

also lost but to a variable degree and, in some instances, displaying histological evidence

of abortive regeneration. These findings suggested an active, slowly progressive process

rather than a static, congenital defect (1,24). Sweating is usually absent.

4.3. HSAN3

Nerve conduction studies reveal reduced sensory nerve action potential amplitudes in the

lower extremities with mildly slowed motor nerve conduction velocities (68). Sural nerve

biopsy reveals decreased numbers of nerve fibers of all sizes. Larger unmyelinated nerve

fibers are most severely reduced, whereas the larger myelinated fibers (.12 mm) are

relatively less affected. There is no evidence for fiber degeneration or segmental demye-

lination (68,69). Loss of autonomic, small sensory, and g-motoneurons have been demon-

strated (69–74). Despite near-normal numbers of a-motoneurons, inspection reveals distal

axonal atrophy (73,74). Autopsy studies reported volume loss in the brainstem and cranial

nerves of severely affected children (75,76). Volume loss in neuronal populations without

pathologic hallmarks of active degeneration is a consistent finding and has been inter-

preted as a disturbance in early neuronal differentiation. Sweating may be increased or

decreased.

4.4. HSAN4

Electrodiagnostic evaluation reveals intact sensory and motor responses, although entrap-

ment neuropathies may occur secondary to neurogenic arthropathy and recurrent fractures.

Nerve biopsy shows an absence of unmyelinated afferent sensory neurons (C-fibers) and

an absence of sympathetic fibers to sweat glands, supporting the idea that HSAN4 is due a

defect during neural crest differentiation, rather than a neurodegenerative process (41,77–

80). SSR is absent (81).

4.5. HSAN5

Sensory and motor nerve action potentials are normal (47,82). Sural nerve biopsy reveals

a selective severe decrease in the numbers of small myelinated fibers and a less

severe decrease in the numbers of unmyelinated fibers (47,82,83). Sweating studies are

normal.

5. MANAGEMENT

5.1. Tissue Complications

Plantar ulcerations, fractures, cellulitis, osteomyelitis, osteolysis, and neurogenic arthro-

pathy can be avoided with proper attention to foot care (1). Patients should be advised

to regularly and meticulously examine their feet, seek proper fitting shoes, minimize

activities that will put them at risk for foot injury (excessive standing or walking; heavy

lifting), and seek medical attention early in the event of an ulcer. Patients with HSAN4

may require specific devices to prevent injury to their mouth and tongue, such as soft

polyvinyl mouth guards (84).
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5.2. Pain Control

Lancinating and burning pain should be treated with pharmacologic agents that are appro-

priate for neuropathic pain, whereas pain associated with cellulitis and osteomyelitis is

more appropriately treated with analgesics.

5.3. Autonomic Dysfunction

Anhidrosis can lead to life-threatening hyperthermia and febrile episodes, and individuals

should be advised to avoid heated environments, sun exposure, and intense physical activity.

Oropharyngeal incoordination should be treated with a gastrotomy tube to prevent aspiration

and dehydration. Dysmotility and reflux should be treated conservatively with H2-blockers,

thickened feeds, and appropriate positioning. If these interventions fail, fundoplication

should be considered (85). Vomiting crises may be treated with avoidance of physical or

emotional stress as well as pharmacologically with diazepam (0.2 mg/kg q3h up to

maximum dose of 10 mg) and chloral hydrate suppositories (30 mg/kg q6h up to a

maximum dose of 2 g) (34). Postural hypotension may be alleviated by elastic stockings,

hydration, exercise of the lower extremities, and pharmacologically with fludrocortisone

or midodrine (86). Increased blood pressure can be treated with avoidance of precipitants

(pain and anxiety) but may also be treated with clonidine or diazepam (34). Profound hypo-

tension and cardiac arrest may occur during general anesthesia and this should be performed

only with a knowledgeable anesthetist and with pretreatment with adequate hydration

(34,87). Corneal ulcerations from defective lacrimation and corneal insensitivity can be pre-

vented with good general hydration, artificial tears, and soft contact lenses (which also

promote healing). In refractory cases, procedures that block tear drainage (tear duct

puncta cautery) or tarsorrhaphy may be required (34).

6. PROGNOSIS

Data on prognosis are anecdotal, with the exception of HSAN3 for which there are two

detailed survival studies. HSAN1 is slowly progressive, and survival has been linked to

appropriate and meticulous care of foot ulcers with prevention of secondary severe and

life-threatening infections (1). HSAN2 does not show a clinical progression, but patholo-

gic data point to a slow progression (1). HSAN3 is progressive but survival has been

shown to be longer when patients participate in a specialized clinic (88,89). Sudden

death is common, particularly during sleep, and sudden deaths that occur during the

day are thought to be due to cardiac or vasovagal causes. HSAN4 is a static condition

related to a defect during embryogenesis (3), but episodes of hyperpyrexia may be life-

threatening, especially in the first 3 years of life (90). Data on survival and progression

of disease in HSAN5 is lacking given its rare occurrence.

7. DIFFERENTIAL DIAGNOSIS

The clinical features of HSAN are distinctive, but other diagnoses should be considered in

the setting of mild symptoms (Tables 22.2–22.4). The presence of marked distal weakness

and wasting with ulceromutilation also suggests hereditary motor and sensory neuropathy

(HMSN or CMT) type 2B (91). Marked atrophy and weakness without ulceromutilating

changes suggest CMT. Porphyric neuropathy is a familial disorder and involves both
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small myelinated and unmyelinated nerve fibers, but is characterized by episodic attacks

of psychosis, abdominal pain, weakness, and constipation. Fabry disease is an X-linked

disorder due to the deficiency of a-galactosidase A and presents with burning pain and

dysesthesias along with angiokeratoses of the skin and corneal opacities. Skin biopsy

Table 22.2 Differential Diagnosis of HSAN

Inherited Non-inherited

HSAN1 Autosomal dominant amyloidosis Syringomyelia

CMT2B Diabetes

HSAN3 AIDP

Porphyria Distal small fiber neuropathy

HSAN2 Congenital sesnsory neuropathy with

skeletal dysplasia

Congenital autonomic dysfunction with

universal pain loss

HSAN3 Biemond congenital and familial analgesia

HSAN4

HSAN4 Amyloid neuropathy Fabry disease

Diabetic small fiber neuropathy Tangier disease

Acute pandysautonomia Anhidrotic ectodermal dysplasia

HSAN5

HSAN3

HSAN5 Amyloid neuropathy Fabry disease

Diabetic small fiber neuropathy Tangier disease

Acute pandysautonomia

HSAN4

Anhidrotic ectodermal dysplasia

Table 22.3 Clinical Differentiation of the HSAN Patient

HSAN1 HSAN2 HSAN3 HSAN4 HSAN5

Inheritance AD AR AR AR AR

Fungiform

papillae

of the

tongue

No No Yes May be

present

No

Corneal

reflexes

Yes No No Yes Yes

DTRs Reduced/
absent

Reduced/
absent

Reduced/
absent

(normal

in 5%)

Normal Normal

Visceral pain

appreciation

Normal Abnormal Normal Abnormal Abnormal

Paronychia No Yes No Yes Yes

Sensory loss Pain/
temperature

All Pain/
temperature

Pain/
temperature

Pain/
temperature

Self-mutilation Intermediate Intermediate Rare Prominent Prominent

Mental retardation No Rare No Mild No

Sphincter/sexual

dysfunction

No No May be

present

No No
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shows lipid inclusions in vascular epithelial cells, but the diagnosis is made from measure-

ments of enzyme activity in serum (92). Tangier disease is an autosomal recessive disorder

characterized by progressive sensorimotor neuropathy during childhood in association

with enlarged orange tonsils. Serum lipid analysis shows reduced cholesterol, reduced

high-density lipoproteins, and normal or increased triglycerides. Nerve biopsy may

reveal lipid-laden histiocytes (93).

In the absence of a family history, acquired disorders, such as syringomyelia, can

affect the decussating spinothalamic tract fibers conveying pain and temperature, but

leads to a “cape-like” distribution of anesthesia rather than the typical lower extremity,

distal predominant pattern of HSAN. Orthostatic hypotension, impotence, bladder or

bowel incontinence, and heart rate variability may be seen in diabetes (94,95).
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ABSTRACT

There are a number of rare inherited diseases with prominent peripheral nerve involve-

ment. They include porphyria, leukodystrophies, Krabbe’s disease, Fabry disease, heredi-

tary amyloidosis, giant axonal neuropathy, and Tangier disease. Although uncommon,

each disorder has distinctive features, and familiarity with them aids in their recognition.

Porphyria typically presents in an acute fashion, leukodystrophies include upper motor

neuron findings (spasticity, exaggerated deep tendon reflexes) and some are associated

with a demyelinating polyneuropathy with slowed nerve conduction velocity, whereas

Fabry disease and hereditary amyloidosis preferentially affect small caliber unmyelinated

sensory and autonomic nerves resulting in prominent pain and autonomic dysfunction.

Systemic symptoms or signs of involvement of other organ systems often provide diag-

nostic clues. Abdominal pain and psychosis are common in porphyria, characteristic

skin lesions occur in Fabry disease, and heart and renal failure suggests amyloidosis.

Diagnostic conformation is aided by nerve biopsy, biochemical enzymatic assay, or

genetic testing.

1. INTRODUCTION

Most hereditary neuropathies involve only peripheral nerve, but there are rare hereditary

neuropathies that also involve the central nervous system and other organs. These include
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porphyria, leukodystrophies, Krabbe’s disease (KD), Fabry disease, hereditary amyloido-

sis, giant axonal neuropathy, and Tangier disease. Although they are rare, familiarity with

their clinical features is important. They have distinctive clinical presentation, differential

diagnosis, and diagnostic approaches.

2. PORPHYRIC NEUROPATHY

The term porphyria is derived from the Greek word porphuros, meaning purple, and

refers to the reddish-purple color of urine owing to excessive excretion of pigmented

porphyrins. Although rare, this disease has captured public interest because King

George III and van Gogh may have had porphyria (1,2). The first description of an

acute porphyric attack, occurring secondary to exposure to a sedative drug (sulfonal)

dates to 1889 (3). Two decades later, this disorder was recognized as an inborn

error of metabolism (4). However, a full appreciation of the clinical and biochemical

features did not occur until the mid 20th century with analysis of high prevalence popu-

lations (5–7). The genes coding for enzymes of the porphyrin synthetic pathway have

been identified and sequenced, and genotype–phenotype correlations are clarifying the

pathogenesis (8).

2.1. Clinical Features

Porphyrias are autosomal dominant or autosomal recessive and owing to mutations affect-

ing genes encoding enzymes in the biosynthetic pathway of heme. There are seven types of

porphyria, and the nervous system may be affected in four of them (Table 23.1). Neuro-

porphyrias may be further divided into two groups: 1) neurovisceral porphyrias, including

acute intermittent porphyria (AIP) and d-aminolevulinate dehydratase (ALAD) deficiency

and 2) neurocutaneous porphyrias, including hereditary coproporphyria (HCP) and varie-

gate porphyria (VP) which often cause skin lesions (1), which are absent in the neurovisc-

eral porphyries (Fig. 23.1). AIP is the most common type of porphyria in North America

(prevalence of 1–2 per 100,000), whereas ALAD is extremely rare (nine reported cases).

VP is rare in most regions of the world, but has high prevalence in others, particularly

South Africa (prevalence of 3 per 1000) (9–11).

Regardless of the specific form of porphyria, neuropathy usually presents with single

or intermittent acute attacks. Abdominal pain, vomiting, and constipation are almost

Table 23.1 The Classification of Neuro-Porphyria

Disorder

Defective

enzyme

Gene

location Mutations Porphyrin profile

AIP Porphobilinogen

deaminase

AD 11q24 .90 """ PBG, ALA in urine; normal

in feces.

HCP Coproporphyrinogen

oxidase

3q12 16 "" PBG, ALA, COPRO in urine;

""" COPRO in feces.

VP Protoporphyrinogen

oxidase

1q23 5 "" PBG, ALA, COPRO in urine;

"" PROTO . COPRO

ALAD

deficiency

ALAD 9q34 9 """ ALA, "or normal PBG in

urine; normal in feces.
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universal features during the attacks, often leading to extensive inconclusive gastroenter-

ological evaluations (12,13). Autonomic instability, including tachycardia and hyperten-

sion, is common, but often overlooked.

Acute attacks may progress to include acute motor neuropathy, similar to the acute

motor sensory axonal neuropathy variant of the Guillain–Barré Syndrome (GBS).

However, weakness may start in proximal upper extremity muscles, a pattern atypical

for GBS. After several recurrent attacks, distal weakness may occur. Mild neuropathic

sensory symptoms, such as numbness and tingling, may occur, but usually do not represent

a major complaint. Sensory disturbances often have a “bathing trunk” distribution, with

reduced touch and pin-prick over the trunk and thighs, a pattern atypical for GBS (10).

Deep tendon reflexes may be normal in some patients.

Factors which increase heme synthesis may provoke porphyric attacks. Cytochrome

P450 contains heme, and any substance that stimulates synthesis of this enzyme may

provoke an attack. Drugs are the most common provocative factors, (Table 23.2)

(9,10,14). Estrogen and progesterone compounds induce cytochrome P450, and oral con-

traceptives or pregnancy may also provoke attacks. Reduced caloric intake and stress are

also risk factors (15).

Recognition of dermatological abnormalities may facilitate the diagnosis. Photosen-

sitivity is a hallmark of neurocutaneous porphyrias, with fragile skin and development of

bullous lesions after exposure to sunlight (Fig. 23.2). Facial hypertrichosis and hyper-

pigmentation may also be observed (9,10).

Psychiatric symptoms are common in porphyria, but are frequently ignored. Because

these symptoms are unusual in other acute neuropathies, their recognition may expedite

the diagnosis. Anxiety, restlessness, insomnia, and psychosis are common and may

occur years prior to the acute attack. During the attack, confusion, delusion, hallucinations,

and agitation are common (16). Other central nervous system manifestations including sei-

zures and inappropriate secretion of anti-diuretic hormone (SIADH) (17,18). Care must be

Figure 23.1 The heme biosynthetic pathway. The enzyme defects responsible for the various

forms of porphyria are noted. The neurovisceral porphyrias result in accumulation of water

soluble, upstream, metabolites that may be measured in urine. The neurocutaneous porphyrias

result in accumulation of fat soluble metabolites best measured in stool.
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taken when treating seizures because many anticonvulsants can exacerbate porphyria

(Table 23.2).

2.2. Laboratory Evaluation

Electrodiagnostic evaluation is consistent with an axonal motor polyneuropathy (19–21).

Compound muscle action potential (CMAP) amplitudes are reduced, whereas conduction

velocities are normal or mildly slowed. Sensory nerve action potential amplitudes are

normal or minimally reduced. Needle electromyography (EMG) reveals fibrillations and

positive waves and decreased motor unit recruitment. Denervation changes may be

widespread, including proximal muscles. Differentiation from acute inflammatory demye-

linating polyradiculoneuropathy (AIDP) is straightforward because the electrodiagnostic

features are indicative of a primary acquired demyelinating lesion. However, distinction

from axonal variants of GBS may be difficult on the basis of electrodiagnostic testing alone.

Table 23.2 Drugs that may Precipitate the Acute Porphyria

Unsafe Safe

Barbiturates Narcotic analgesics

Sulfonamide antibiotics Aspirin

Meprobamate Acetaminophen

Glutethimide Phenothiazines

Chlorpropamide Penicillin and derivatives

Diphenylhydantoin Streptomycin

Mephenytoin Glucocorticoids

Succinimide Propranolol

Carbamazepine Digoxin

Valproic acid Bromides

Pyrazolones Insulin

Griseofulvin Atropine

Ergots Diazepam

Synthetic estrogens

and progestins

Diphenhydramine

Ether

Danazol Nitrous oxide

Alcohol Neostigmine

Source: Modified from Barohn et al. (14).

Figure 23.2 Porphyric skin lesions. Neurocutaneous porphyrias case photosensitive skin lesions

that may be bullous (right panel). (Image courtesy of Dr John Zone, University of Utah Department

of Dermatology.)
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Nerve biopsy is not required, and axonal degeneration and regeneration are the

primary pathologic features (21,22).

Laboratory evaluation may reveal leukocytosis during acute attacks. Hyponatremia

may be secondary to SIADH (9,13). Cerebrospinal fluid (CSF) is usually acellular with

normal or elevated protein (9,10). A definitive diagnosis relies on the identification of

excessive porphyrins in urine or feces. The Watson–Schwartz test is a qualitative test

for urinary porphyrins but has low sensitivity, and a negative result does not exclude

the diagnosis. Quantitative porphyrins in a 24 h urine or feces collection should be per-

formed when the diagnosis is suspected. The pattern of porphyrins in urine and feces

may allow differentiation among porphyria types (Table 23.1). Porphyrins in the first

half of the synthetic pathway are water-soluble, and thus appear in the urine, but the

interpretation of urine results may be problematic and measurement of stool levels may

be necessary to make a conclusive diagnosis. Porphyrins from the later half of the

pathway are fat-soluble and may only be measured in stool. Patients with suspected

cutaneous porphyrias should have stool sampled first. Lead may interfere with heme bio-

synthesis, resulting in elevated porphyrins with lead poisoning, and a lead level may need

to be checked when lead poisoning is also being considered (9).

2.3. Genetics

The genes responsible for each relevant enzyme have been identified, cloned, and

sequenced, and leading to mouse models (23,24). Urinary or fecal porphyrins may be

increased in genetically involved, but clinically nonpenetrant, family members (9), and

genetic testing may be the most accurate means of determining if other family members

are affected (8). DNA testing is not available for routine clinical use and is only available

in research laboratories.

2.4. Management and Prognosis

Patients with porphyria may be asymptomatic until a precipitating factor is encountered.

When the disease is known, avoidance of provocative factors is most important. During an

acute attack, hydration is important, but with attention to possible hyponatremia from

SIADH. Fasting increases d-aminolevulinic acid (ALA) synthase activity and carbo-

hydrate intake reduces it, therefore glucose infusion represents a therapy during the

acute attack. Pain is managed with analgesics or opiates. Seizures may be controlled

with safe medications (Table 23.2). Cardiovascular function should be monitored

because of possible dysautonomia. Specific treatment with hematin, a hydroxide of

heme, suppresses the accumulation of porphyrins by down-regulating ALA synthase.

Although a randomized trial did not show significant clinical benefit (25), most clinicians

still use hematin to treat acute porphyric attacks. Hematin is administered intravenously at

a dose of 1–4 mg/kg daily for several days to two weeks depending on response.

Prediction of subsequent attacks is not possible. VP with homozygosity tends to

have an earlier onset and more severe phenotype. In general, recurrent attacks are more

common in AIP than in other types of porphyrias. Porphyrias may be associated with

an increased incidence of hepatocellular carcinoma (9,10).

2.5. Pathogenesis

Porphyrins are intermediate products in the biosynthesis of heme, which is a critical com-

ponent of multiple proteins essential to human life, including cytochrome P-450 oxidase,
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hemoglobin, and myoglobin (Fig. 23.1) (8). Heme biosynthesis starts in the mitochondria.

Glycine and succinyl CoA are converted to ALA, a step catalyzed by the rate-limiting

enzyme ALA synthase. ALA moves to the cytoplasm where additional steps occur.

When coproporphyrinogen III is synthesized, it re-enters the mitochondria, where

protoporphyrin IX is produced. Heme forms with the insertion of an iron into the center

of the protoporphyrin IX ring. Once produced, heme exerts a negative feedback on

ALA synthase activity. For this reason, a defect in any of the synthetic enzymes results

in reduced heme formation and reduced negative feedback, resulting in an increased

activity of ALA synthase. There is overproduction of the porphyrins upstream from the

deficiency and underproduction down-stream.

The pathophysiologic mechanisms in the development of porphyric neuropathy are

unclear, but it is assumed that excessive accumulation of intermediate porphyrins is toxic

to peripheral nerve. Acute porphyric attacks are always accompanied by increased activity

of ALA synthase and excessive urinary excretion of ALA. These biochemical features also

occur in the lead toxicity, which may cause a motor neuropathy with prominent upper

extremity involvement. The toxic porphyrins may be taken up by nerve terminals and

transported to the cell body via retrograde axonal transport. This hypothesis would

explain why proximal upper extremity muscles are preferentially involved because they

are supplied by the shortest motor nerves (26).

The toxic hypothesis does not explain the observation of excessive ALA concen-

trations in asymptomatic patients, and other mechanisms may contribute. Reduced

levels of heme may result in reduced activity of heme containing enzymes relevant for per-

ipheral nerve function.

3. LEUKODYSTROPHIES

Clinically significant peripheral neuropathy may occur in several leukodystrophies, includ-

ing adrenomyeloneuropathy (AMN), metachromatic leukodystrophy (MLD), and KD.

Because peripheral nerves are normal or minimally abnormal in early-onset forms of adre-

noleukodystrophy, only AMN is discussed in this chapter. The leukodystrophies share

several common features (Table 23.3) (27). Motor symptoms or signs, including slowly pro-

gressive spasticity, weakness, ataxia, and pyramidal tract signs, usually dominate the clini-

cal presentation. Patients may manifest cortical abnormalities such as seizures and cognitive

and behavioral disturbances. Urinary symptoms are common. Despite these similarities, the

differences among the leukodystrophies are considerable, and the distinctive features of

each disorder will be reviewed.

The genes responsible for the three leukodystrophies have been characterized, but

genetic testing for these disorders is presently performed only in research laboratories (28).

3.1. Adrenomyeloneuropathy

3.1.1. Clinical Features

AMN is one of the two most common phenotypes of X-linked adrenoleukodystrophy.

Neurological manifestations mainly involve the spinal cord and peripheral nerve. Men

typically present in the third decade with slowly progressive spasticity. Proximal leg

weakness contributes to the gait disturbance. Bowel and bladder dysfunction are

common. Peripheral nerve manifestations are subtle, and symptoms of tingling and pain

are uncommon. Sensation is reduced to all modalities, and proprioceptive loss can be
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severe (27,28). A milder set of symptoms can be seen in 20% of female carriers, with onset

in the fourth or later decades (28).

Central nervous system dysfunction eventually occurs in half of patients in the form

of cognitive impairment (28–30). Occasional patients may present with a progressive

cerebellar disorder imitating spinocerebellar ataxia (SCA) (28).

Microscopic evidence of adrenal involvement is observed in all patients, but in a

substantial number adrenal insufficiency remains asymptomatic. Symptoms of adrenal

insufficiency include weakness, fatigue, weight loss, and dermatological changes, includ-

ing increasing pigmentation of the oral mucosa and skin around the nipples and over the

elbows, knees, and scrotum (28,31). Women carriers do not develop adrenal insufficiency

or hyperpigmentation (28).

3.1.2. Laboratory Evaluation

The diagnosis is suggested by neuroradiologic findings of demyelination affecting pos-

terior white matter on brain MRI in half of patients with AMN (Table 23.3) (28).

Table 23.3 Clinical and Laboratory Features of Leukodystrophies

Leukodystrophies AMN MLD KD

Age of onset 3rd–4th decade Infantile or juvenile or

adult

Infantile (90%) or

juvenileþ adult

(10%)

Inheritance and

gene location

X-linked, Xq28

.406 mutations

AR, ch 22q13

.70 mutations

AR, ch 14q31

.60 mutations

Unique clinical

features

Adrenal insufficiency,

skin

hyperpigmentation,

gynecomastia

Prominent behavior

disturbance and

dementia

Seizures and vision loss

with optic disc pallor

MRI Symmetric increased

signals of

T2-weighted image

in parietal-occipital

region, which may

not occur in AMN

Diffuse and symmetric

high signals in the

deep white matter of

bilateral

hemispheres with

U-fiber sparing

Similar to MLD

Electrophysiology Axonal in most cases Demyelinating with

uniform slowing

Demyelinating with

uniform slowing

CSF Normal or mildly

elevated

Elevated Highly elevated in many

cases

Biochemical

analysis

Serum VLCFA

elevated

Low arylsulfatase-A

activity and

excessive sulfatides

in urine

Low

galactocerebrosidase

activity in leukocytes

or skin fibroblasts

Nerve biopsy Axonal degeneration

as the dominant

feature, may have

some demyelinating

changes

Segmental

demyelination and

remyelination.

“Tuffstone” bodies

and lamellated

inclusions with

periodicity under

EM

Segmental

demyelination and

remyelination.

Nonorientated straight

or curved prismatic

inclusions in Schwann

cells under EM
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Spinal cord imaging usually reveals atrophy of the thoracic cord (32). CSF examination is

normal, differentiating it from multiple sclerosis (33).

Nerve conduction studies reveal evidence for an axonal neuropathy, but some

patients demonstrate features of demyelinating polyneuropathy (34). Somatosensory

evoked potentials are usually abnormal in asymptomatic female carriers. Brainstem audi-

tory evoked potentials are abnormal in most men and 50% of women. Visual evoked

potentials are abnormal in one-fifth of patients (35–37).

Nerve biopsy findings are consistent with axonal loss with some associated demye-

lination (38).

The diagnosis is made by documenting elevated very long chain fatty acids (VLCFA)

in serum (28). Approximately 10% of female carriers have normal VLCFA levels (28).

3.1.3. Differential Diagnosis

Other disorders with chronic spastic paraparesis and peripheral neuropathy include HIV-

induced myelopathy/neuropathy, syphilis myelopathy, HTLV1, vitamin B12 or vitamin E

deficiency, transverse myelitis, and hereditary spastic paraparesis.

3.1.4. Management and Prognosis

Patients without clinical or neuroimaging evidence of CNS involvement may live a normal

lifespan, although wheelchair dependency is common. Patients with cognitive deficits and

an abnormal brain MRI scan may have a more aggressive course, reminiscent of childhood

adrenoleukodystrophy. Female carriers have a benign course (28).

There is no effective treatment for AMN. Bone marrow transplantation (BMT)

results in normalization of VLCFA levels, with encouraging results in patients with adre-

noleukodystrophy without cerebral involvement, but the risks of BMT are significant.

Patients with more severe manifestations may not be appropriate candidates because

they may not tolerate the risk of BMT (39,40).

Dietary modification with restricted VLCFA intake and glyceroltrioleate sup-

plementation (“Lorenzo’s oil”) has been evaluated in both childhood adrenoleukodystro-

phy and AMN. Although the treatment results in significant reduction of VLCFA levels,

there is no effect on clinical manifestations or progression (41). Treatment of adrenal

insufficiency with steroids is essential (28).

3.1.5. Pathogenesis

The ALD protein is a peroxisomal membrane protein belonging to the ATP-binding cas-

sette (ABC) protein family. ALD protein may be involved in the transportation of VLCFA

into peroxisomes, where VLCFA are oxidized. Mutation of the ALD gene may impair the

degradation of VLCFA and lead to the accumulation of VLCFA (42). Although VLCFA

levels correlate with adrenal dysfunction, there is a poor correlation with neurologic mani-

festations (43,44). A variety of immunologic derangements have been described, but

treatment with immune modulating therapy has been unsuccessful, suggesting these find-

ings may be a secondary process (45,46).

3.2. Metachromatic Leukodystrophy

3.2.1. Clinical Features

MLD has three broad phenotypes, infantile, the juvenile, and the adult forms. The infantile

form presents with progressive mental regression and ataxia, and features of a myelopathy

that are similar to those in adrenoleukodystrophy. Peripheral neuropathy occurs in almost
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every case, resulting in decreased or absent deep tendon reflexes (27,31). Clinical mani-

festations in the juvenile and adult forms are similar to the infantile form, except for sever-

ity and age of onset. MLD may present with isolated peripheral neuropathy, resulting in

slowly progressive distal weakness, sensory loss, and pes cavus (47).

3.2.2. Laboratory Evaluation

Brain MRI is useful in diagnosing MLD, showing diffuse, symmetric demyelination with

sparing of U fibers. Nerve conduction studies reveal uniformly slow conduction velocities

which differs from the multifocal pattern observed with acquired demyelinating neuropa-

thies, such as CIDP (48). Characteristic abnormalities are segmental demyelination and

remyelination and metachromic aggregates in Schwann cells apparent with toluidine

blue staining, and “tuffstone” bodies and lamellated inclusions with periodicity observed

with electron microscopy (Fig. 23.3) (38).

Patients with MLD have excessive sulfatides in urine, and arylsulfatase-A activity is

absent or reduced in leukocytes. However, the activity of arylsulfatase-A may be reduced

in patients with arylsulfatase-A pseudodeficiency, a condition caused by mutations affect-

ing the polyadenylation of the arylsulfatase-A mRNA. Patients with pseudodeficiency are

usually normal clinically. A definitive diagnosis of MLD may be more easily established

by nerve biopsy.

3.2.3. Differential Diagnosis

Peripheral neuropathy is not usually a dominant feature in patients with early onset MLD,

and the differential diagnosis for these patients includes many hereditary neurodegenerative

Figure 23.3 Metachromatic leukodystrophy pathology. Semithin transverse (�400) and

longitudinal (�1000) sections stained with toluidine blue show a mild reduction in myelinated

fibers, many thinly myelinated fibers, and Schwann cell inclusions (arrows). (C) Electron

microscopy demonstrates prismatic inclusions within a Schwann cell (�39,000 before reduction).

(D) At higher magnification, these inclusions show a periodicity of 5.6–5.8 nm (�73,000 before

reduction). [From Felice et al. (110) with permission.]

420 Li and Smith



and metabolic disorders. The diagnosis of MLD should be considered in an adult patient

with dementia, psychiatric disturbances, spasticity, and peripheral neuropathy. The differ-

ential diagnosis is similar to that for AMN. Occasionally, MLD causes an isolated peripheral

neuropathy, and consideration should be given to demyelinating forms of Charcot–Marie–

Tooth (CMT1) disease (47).

3.2.4. Management and Prognosis

There is no specific treatment available for MLD. Management is mainly symptomatic

with physical therapy and orthotics. Psychiatric treatment is often required. BMT is

under investigation (49).

3.2.5. Pathogenesis

Mutations of arylsulfatase-A are causative for MLD. Impairment of arylsulfatase-A results

in the accumulation of excessive sulfatides, which lead to neuronal degeneration and

demyelination by unknown mechanisms (50).

3.3. Krabbe’s Disease

3.3.1. Clinical Features

KD has four phenotypes: infantile, late-infantile, juvenile, and adult-onset forms. The

infantile form represents 90%, and affected children are irritable and rigid with tonic

spasms, and gradually develop spasticity, dysarthria, weakness, visual loss, seizures,

and mental regression. Peripheral neuropathy is common, resulting in reduced or absent

deep tendon reflexes, but is clinically over-shadowed by manifestations of central

nervous system involvement. Late-onset forms have a similar presentation, but long

track signs may be more prominent (27,31). Several cases of KD have been described

with slowly progressive isolated peripheral neuropathy with pes cavus deformities (51).

3.3.2. Laboratory Evaluation

Nerve conduction studies reveal uniform slowing of motor conduction velocity, differen-

tiating it from acquired demyelinating neuropathies (38,48). CSF protein is very high

(52). Nerve biopsy is helpful with the finding of nonorientated straight or curved pris-

matic inclusions in Schwann cells visualized with electron microscopy (Fig. 23.4) (38).

Figure 23.4 KD. (A) A transverse section of the sural nerve reveals moderate reduction in

myelinated fibers and with uniformly thin myelin sheaths. The interstitial space in the endoneurium

is enlarged. (B) An electron micrograph of Schwann cell cytoplasm reveals curvilinear lamellar

inclusions, with low density granular material. [From Matsumoto (111) with permission.]
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Biochemical diagnosis is by demonstrating deficient b-galactocerebrosidase (GALC)

activity (27,31).

3.3.3. Differential Diagnosis

The differential diagnosis includes other types of leukodystrophies, inherited neurodegen-

erative, and metabolic diseases. For patients with isolated peripheral neuropathy, the

phenotype is similar to, but distinguished from CMT1 by genetic testing (51,53).

3.3.4. Management and Prognosis

There is no specific treatment available for KD, but BMT is investigational.

3.3.5. Pathogenesis

KD is caused by the mutations of GALC gene. Dysfunction of GALC leads the accumu-

lation of excessive galactosylceramides, which may cause neuronal degeneration and

demyelination (31).

4. FABRY DISEASE AND HEREDITARY AMYLOIDOSIS

Fabry disease and hereditary amyloidosis are distinct in that they are small fiber neuro-

pathies. In both, pain is a cardinal feature, and autonomic dysfunction is common.

4.1. Fabry Disease (FD)

4.1.1. Clinical Features

FD is an X-linked disorder that usually presents in childhood with attacks of severe

burning pain with elevation of temperature and associated with anhidrosis or hypohidrosis.

The distribution of symptoms does not follow a length-dependent nerve pattern, and pain

may occur in any location, including the trunk or face. Heat intolerance is common. Motor

nerve function is spared. Neurologic examination is surprisingly normal aside from subtle

sensory findings, reduced ankle reflexes and diminished sweating (54,55).

Systemic manifestations are common and of diagnostic importance. Cutaneous

angiokeratomas are small reddish lesions that may be slightly raised, and do not blanch

with pressure. Lesions are most frequent in a “bathing trunk” distribution, including the

periumbilical, gluteal, and perineal regions (Fig. 23.5). Their density increases with

age. A variety of characteristic eye findings may also herald the diagnosis. Corneal glyo-

sphingolipid deposits forming whorls are seen in most patients and carriers. Characteristic

lens deposits forming “spokes” or “propellers” may be observed, but do not cause symp-

tomatic visual loss (56,57).

Symptomatic involvement of other organ systems develops with disease progression,

and may occasionally represent the presenting complaint. Cerebral small vessel disease

develops at a young age and may result in strokes similar to those associated with diabetes

and hypertension (55,58,59). Renal failure develops with age. Late in the disease,

glycosphingolipids accumulate within neurons, resulting in cognitive decline (60).

Occasional patients with residual a-galactosidase-A activity present later in life with

a milder phenotype, sometimes with isolated cardiac involvement (61,62). Occasional

female carriers develop sensory complaints or cardiomyopathy (63).
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4.1.2. Laboratory Evaluation

Nerve conduction studies are usually normal or conduction velocity may be mildly

reduced (64). Sympathetic skin response may be diminished or absent. Other autonomic

testing may reveal evidence of orthostatic tachycardia and abnormal sweating (65),

suggesting a small fiber axonal sensory polyneuropathy that can be confirmed by skin

biopsy showing reduced epidermal nerve fiber density (64,66).

Nerve biopsy reveals axonal loss. Electron microscopy demonstrates lamellar

inclusions in pericytes and endothelial, smooth muscle and perineurial cells (Fig. 23.6).

Similar inclusions may also be demonstrated in other tissues including muscle and

kidney (38,54,58).

A definitive diagnosis is usually made by measuring a-galactosidase-A activity in

serum, plasma, leukocytes, or skin fibroblasts. The diagnosis is strengthened with the dem-

onstration of accumulation of globotriaosylceramides, the most redundant metabolites in

FD (54,58). The enzymatic activity is usually absent in hemizygotes (affected males), but

may have some activity in heterozygotes (female carriers). Occasional male patients may

have a mutation allowing expression of some a-galactosidase-A. Genetic testing may be

necessary to confirm the diagnosis in manifesting carriers or males with atypical

mutations, but DNA testing is limited to research laboratories (66).

Figure 23.5 Angiokeratomas: Angiokeratomas are small red lesions, typically located in a

“bathing trunk” distribution (umbilicus, gluteal cleft, scrotum). Although many may be observed

in one location (upper panel), isolated lesions occur, and a detailed skin examination should be per-

formed on every patient with a painful sensory neuropathy, particularly those of young age.
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4.1.3. Differential Diagnosis

Neuropathies that affect small fibers include hereditary sensory autonomic neuropathy

(HSAN), diabetic neuropathy, and idiopathic painful sensory neuropathy. The age of

onset, clinical and electrodiagnostic features usually allow easy differentiation from

diabetic neuropathy. Every patient with a painful sensory neuropathy should undergo a

thorough dermatologic examination for angiokeratomas. Ophthalmologic evaluation

may also be illustrative. Biochemical testing should be pursued in selected patients.

Nerve biopsy and genetic testing may be helpful in rare individuals.

4.1.4. Management and Prognosis

Neuropathic pain may be debilitating and should be aggressively treated. Because of sys-

temic involvement, cardiac and renal consultation is important, and many patients may

require dialysis or renal transplantation (58,59).

There has been progress in the enzymatic treatment of FD. Replacement with recom-

binant a-galactosidase-A has been evaluated in a double-blind trial with successful

removal of microvascular endothelial deposits of globotriaosylceramide from the

kidneys, heart, and skin (67).

4.1.5. Pathogenesis

Mutations are distributed in all exons and are usually unique to a specific family. A hemi-

zygous male manifests typical FD, whereas a heterozygous carrier may or may not be

symptomatic depending on the lyonization (random inactivation) of the X chromosome

(66). When the enzyme is deficient, glycosphingolipids accumulates in different tissues.

The primary deposit is globotriaosylceramide, whereas galabiosylceramide is less

common. These deposits may injury organs and cause abnormalities, such as neuropathy,

renal insufficiency, or vascular endothelial cell damage (54,59,67).

Figure 23.6 Fabry disease pathology. An electron micrograph reveals lamellar osmiophilic

inclusions in glomerular visceral epithelial cell (arrowheads). Similar inclusions may be seen in a

sural nerve biopsy (original magnification�20,000). [From Branton et al., Medicine 2002, with per-

mission.] Lower: Depiction of the bluish-purple, macular rash in the “bathing trunk” distribution

typical of Fabry disease. [From Menkes (112) with permission.]
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5. HEREDITARY AMYLOIDOSIS

Amyloidosis as a diagnostic entity may cause confusion, partly because the term

“amyloidosis” is used to refer to a variety of acquired and genetic disorders. Further,

the nomenclature of genetic amyloidosis is confusing because of recent advances in the

understanding of the genetic basis of the different forms. Although this chapter will

focus on hereditary amyloidosis, a brief review of amyloidosis in general will provide a

useful foundation.

All forms of amyloidosis involve deposition of fibrillary protein aggregates in the

extracellular space of multiple tissues. Amyloid deposits may be comprised of a

number of proteins, and 18 amyloidogenic proteins have been identified so far (68). All

forms of amyloid share a similar beta pleated sheet conformation, and it is this confor-

mation that explains the affinity of amyloid for Congo red dye as well as its birefringence

under polarized light (Fig. 23.7). There are different forms of amyloidosis. Acquired

Figure 23.7 Hereditary amyloidosis pathology: This sural nerve biopsy demonstrates endoneurial

deposits of amyloid using both H&E staining (A) and Congo red staining with polarized views (B).

[From Yazaki et al. (82) with permission.]
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amyloidosis is due to light chain disease (AL), and has been termed primary amyloidosis.

Reactive systemic amyloidosis (AA) refers to amyloid deposition secondary to a systemic

inflammatory condition, and does not result in peripheral nerve injury.

Hereditary amyloidosis refers to a group of autosomal dominant genetic disorders

involving alterations to proteins resulting in the formation and deposition of amyloid in

various organs. Like amyloidosis in general, the nomenclature of hereditary amyloidosis

is confusing. Traditionally, different forms were named for the geographic area where the

particular forms were endemic. A different classification system based on clinical syn-

dromes has also been used, and divides forms involving peripheral nerve into familial

amyloid polyneuropathy (FAP) types I–IV. Although this classification has advantages

over the geographic designations, it also has drawbacks. For example, not every patient

with a mutation known to cause a particular type of FAP has polyneuropathy. There is

also significant phenotypic overlap. Now that the genetic and protein products underlying

each form are better understood, the preferred classification system is based on the protein

name itself with reference to the specific mutation. Although recognition of the different

clinical patterns is important, this system is most reflective of the underlying pathophysiol-

ogy. Table 23.4 summarizes the different classification systems and the salient clinical fea-

tures of each clinical subtype. The overwhelming majority of patients with hereditary

amyloidosis have mutations in the transthyretin (TTR) gene. This section will focus on

TTR, but other forms will be briefly reviewed.

The prevalence of hereditary amyloidosis varies geographically. In northern Portu-

gal, gene frequency is estimated at 1/538, whereas in the USA it is between 1/100,000

and 1/1,000,000 (69). However, hereditary amyloidosis may be frequently misdiagnosed

as AL amyloidosis, and in one series of patients who carried the diagnosis of AL, 10%

were found to have hereditary amyloidosis.

Table 23.4 Hereditary Amyloidosis

Protein Gene Protein function Syndrome Geography Clinical features

Transthyretin 18q11.2 Transports

thyroxine and

retinol

FAP I Portuguese

Swedish

Japanese

Painful neuropathy,

autonomic

dysfunction

CTS, cardiac,

vitreous opacity

FAP II Indiana

Maryland

Swiss

German

Painful neuropathy,

CTS, early

vitreous opacity,

cardiac

Apolipoprotein A1 11q23 Major apoprotein

of HDL

Transports

cholesterol

from tissue to

the liver

FAP III Iowa Renal failure,

gastric ulcer,

neuropathy

Gelsolin 9q34 Calcium binding

protein that

helps clear

actin from

plasma

FAP IV Finnish Cranial

neuropathies,

corneal lattice

dystrophy,

neuropathy
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5.1. Transthyretin Amyloidosis (TTR)

5.1.1. Clinical Features

TTR amyloidosis usually presents in early adulthood (third to fourth decade) with a

painful sensory neuropathy. The syndrome is relentlessly progressive, leading to death

in 10–15 years without treatment. In the Portuguese population, the mean age of onset

is 33 years of age, although 10% present during their 40s or 50s or later (70). Late

onset is more frequently observed in sporadic cases and in other endemic regions, includ-

ing Sweden, France, and the UK (69). Unlike FD, sensory symptoms are length-depen-

dent. Symptomatic carpal tunnel syndrome is common. The neuropathy progresses over

years, eventually involving motor nerves as well. Autonomic dysfunction is very

common, consistent with prominent early small fiber injury. Autonomic gastrointestinal

symptoms include alternating diarrhea and constipation, severe constipation, and gastro-

paresis. Orthostatic hypotension may be severe. Impotence occurs early and other

bladder complaints may follow later in the disease (69,71,72).

Nonneurologic manifestations are common. Cardiac dysfunction includes arrhyth-

mias and direct cardiac involvement with congestive heart failure. Patients may present

with an isolated cardiomyopathy (73–75). Mild renal impairment is rare in TTR. Vitreous

opacities may also be observed early in the disease course.

In rare instances, amyloid deposition may occur in the meninges and brain, and

dementia, strokes, ataxia and seizures have been described (76–78).

There is great phenotypic variability among patients from distinct endemic regions,

with specific mutations tending to have similar syndromes. Patients from Portugal,

Sweden, and Japan (FAP I) present as described earlier, whereas cardiac disease and

vitreous opacities are more frequently observed in kindreds from Indiana and Maryland

(FAP II). However, even within one kindred, phenotypic manifestations may overlap

substantially.

5.1.2. Other Forms of Hereditary Amyloidosis

Hereditary amyloidosis can be due to abnormalities of proteins unrelated to TTR.

Mutations in the gene for apolipoprotein A1 (FAP III) results in a progressive peripheral

neuropathy similar to that seen with TTR mutations, but with prominent gastric ulcers and

renal involvement (79). Mutations in the gene encoding gelsolin, a calcium binding

protein important in the clearing of actin filaments, results in a characteristic syndrome

of cranial polyneuropathy, starting with weakness of the upper part of the face. Corneal

lattice dystrophy occurs due to amyloid deposition in corneal nerves (69,80). Other

forms that do not involve the peripheral nervous system resulting from mutations in a

variety of unrelated genes (Fibrinogen Aa, lysozyme, amyloid precursor protein, and

cystatin C).

5.1.3. Laboratory Evaluation

Nerve conduction studies reveal reduced sensory and motor amplitudes with normal or

mildly slowed conduction velocities (81,82). Needle EMG reveals signs of denervation

and reinnervation that may involve distal and proximal limb muscles, supporting a poly-

radiculopathy likely due to meningeal amyloid deposition. Cardiovagal and sudomotor

testing may also be abnormal, supporting small fiber involvement (81).

Definitive testing requires demonstration of amyloid deposition or identification of a

causative mutation. Although nerve biopsy is the logical choice in a patient with peripheral

neuropathy, diagnostic sensitivity may not be as high as other tissues (83). Full
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thickness rectal biopsy may be the most sensitive procedure and should be performed if

nerve biopsy fails to reveal amyloid deposition (69). Aspiration of abdominal fat pad

tissue provides a noninvasive diagnostic test. Tissue amyloid deposition is demonstrated

by Congo red staining with an “apple green” birefringence when viewed under polarized

light (Fig. 23.4). Scintigraphy with specific ligand to amyloids can be used to confirm

cardiac or hepatic accumulation of amyloids (72).

Histologic tests do not distinguish between different forms of amyloidosis (82,84).

Genetic testing is commercially available. For the TTR gene, a substitution of methionine

for valine at position 30 is the most prevalent mutation, although other mutations have

been identified. Mutations for Apolipoprotein A-I or Gelsolin-related amyloidosis are rela-

tively few (69,85,86). In certain situations, genetic testing may be used as the first line

diagnostic test. Patients who are from an endemic area, have a suggestive clinical scenario

or positive family history should undergo genetic testing.

5.1.4. Differential Diagnosis

Amyloid neuropathy must be differentiated from other causes of predominantly small fiber

neuropathy, including HSAN, diabetic neuropathy, and idiopathic painful sensory neuro-

pathy. Prominent autonomic dysfunction is usually seen only in diabetes and amyloidosis.

5.1.5. Management and Prognosis

Liver transplantation is the only therapy currently available that directly influences disease

progression, and has been used primarily in patients with TTR amyloidosis (69,87). TTR is

synthesized in the liver, and transplantation results in normalization of serum TTR levels

within days (87). The survival rates in the several years following transplantation are

between 60% and 80%, with most deaths resulting from cardiac or septic complications

(69,87). Transplantation results in stabilization of peripheral neuropathy and improved

overall outcome, but cardiac disease and autonomic dysfunction do not respond

(87–89). Neuropathic pain and orthostatic hypotension should be aggressively treated.

Cardiovascular and renal function should be monitored and treated (72,90). Vitrectomy

in patients with vitreous opacities may restore vision.

5.1.6. Pathogenesis

The mechanisms of protein aggregation and amyloid deposition, and how amyloid depos-

its result in tissue injury are unknown (69,72,91). Vascular deposition may result in nerve

ischemia (71). A variety of biochemical and immunologic derangements may contribute to

axonal loss, and TTR amyloid deposits result in oxidative stress and stimulation of the

receptor for advanced glycation end products (92,93). There is also evidence of comp-

lement deposition on amyloid deposits in peripheral nerve (94).

6. GIANT AXONAL NEUROPATHY

6.1. Clinical Features

Giant axonal neuropathy (GAN) is an autosomal recessive disorder that usually presents

prior to age seven with clumsy gait, poor motor skills and imbalance. Distal weakness

and impaired sensation develop along with reduced or absent tendon reflexes. Cranial

nerves may be affected with facial weakness, ptosis or vocal cord paralysis. Central

nervous system involvement occurs later with dysarthria, tremor, nystagmus, seizures
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and cognitive decline. Pale and tightly curled hair (“kinky hair”) is distinctive, but is not

always present.

6.2. Laboratory Evaluation

Nerve conduction studies show significantly reduced sensory and motor amplitudes with

preserved conduction velocities, consistent with an axonal sensory motor neuropathy

(95–98). Brain MRI scan may show scattered areas of dysmyelination. Most cases have

mild to moderated cerebral atrophy (97–99).

Nerve biopsy shows “giant” swollen axons. The axonal enlargements tend to occur

at paranoidal regions, and overlying myelin is absent or thin. Large axons are filled with

packed neurofilaments displacing other axonal organelles to the peripheral areas of

axoplasm (Fig. 23.8) (95,97–99).

6.3. Management and Prognosis

There is no specific treatment. Pain should be treated aggressively. The disease is relent-

lessly progressive and most patients die by the third decade (95–99).

Figure 23.8 Giant axonal neuropathy pathology: (A) Semithin sections reveal numerous giant

axons (original magnification �100). (B) An electron micrograph reveals a giant axon filled

with neurofilaments: no myelin sheath is visible (bar ¼ 5 mm). [From Zemmouri et al. (97) with

permission.]
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6.4. Pathogenesis

GAN is due to mutations in the gene coding for gigaxonin, on chromosome 16q24

(96,100). Gigaxonin belongs to the kelch-repeat superfamily and is thought to have

roles in the sidearm orientation of intermediate filaments (100–102).

7. TANGIER DISEASE

7.1. Clinical Features

Tangier disease (TD) is an autosomal recessive disorder with onset from first to seventh

decades, and peripheral neuropathies occurs in about two-thirds of cases. Multiple patterns

of neuropathy have been reported, including mononeuropathy (oculomotor, long thoracic,

limb nerves), mononeuropathy multiplex, (brachial plexus), and a unique syringomyelia-

like syndrome. A mild symmetric sensorimotor polyneuropathy may concur, but is usually

over-shadowed by the symptoms in arms and trunk (103,104).

Non-neurological manifestations are unusual, and include enlarged tonsils with a

yellowish lobulated appearance (but many patients have had a prior tonsillectomy), sple-

nomegaly and atherosclerosis leading to cardiovascular diseases at young age (103–105).

7.2. Laboratory Evaluation

Electrodiagnostic studies show evidence for sensorimotor axonal loss, with controversy

over demyelination (103). Complete blood counts may reveal thrombocytopenia and

CSF protein may be elevated. Nerve biopsy confirms axonal loss and lipid accumulation

in nonmembrane-bound vacuoles (104,106,107). Definitive diagnosis relies on serum lipid

assay with absent or reduced HDL, reduced cholesterol, elevated triglycerides and reduced

apolipoprotein A-I (103,105).

7.3. Management and Prognosis

The role of lipid lowering agents in the disease is unclear.

7.4. Pathogenesis

The gene for TD is an ATP binding cassette transporter 1 (ABC) gene located on chromo-

some 9q31 (108,109). ABC1 protein forms a channel-like structure across the cellular

membrane, and is required for the transportation of cholesterol from cells to HDL.

Mutations of the ABC1 gene impair cholesterol clearance. Excessive cholesterol accumu-

lates in tissues or cells resulting in premature atherosclerotic disease (105). The mechan-

ism underlying the neuropathy is unknown, but biopsy findings of lipid deposits in

Schwann cells suggests that impaired lipid clearance from Schwann cells and neurons

may result in toxicity and axonal loss (107).
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ABSTRACT

Pain in the neck, low back, and limbs are common clinical complaints. Presentations may

be acute or chronic with weakness and sensory loss. It is important to distinguish among

those diverse symptoms that are related to radiculopathies and those that are not, and

those that are emergencies. Distinctions can be reliably made through a thoughtful

history and examination with help from carefully selected diagnostic tests. An orderly

and efficient approach is presented to evaluate spine and limb pain.

1. INTRODUCTION

Radiculopathy is defined as disease of spinal nerve roots, which typically results in back or

neck pain that radiates down the extremities, and is associated with neurological signs and

symptoms that follow a dermatomal or myotomal pattern. Dermatome in Greek means a

skin slice and refers to a specific area of skin supplied by a single nerve root, while a
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myotome is the motor equivalent to a dermatome and is used to refer to a group of muscles

innervated by one root.

Back and neck pain is the most common cause of disability in individuals ,45 years

of age and is the second leading cause of physician visits and the third leading cause of

work absenteeism (1–3). Lumbosacral (LS) radiculopathy is the most common type

and accounts for almost two-third of cases, while cervical (C) radiculopathy is less

common and accounts for about one-third of cases, and thoracic (T) nerve roots are

rarely involved (,1%). The thoracic spine is more stable because of its mechanical con-

nection to the chest wall. L5 and S1 roots together represent .90% of cases in the LS

spine, while C7 followed by C6 roots represent .85% of cases in the cervical spine,

and T11 and T12 roots have the highest incidence of lesions in the thoracic spine.

The most common etiology of radiculopathy in young patients is herniation of a

single soft intervertebral disc. In adults .50 years of age, the most common etiology is

degenerative changes from spondylosis and osteophyte formation. These changes even-

tually result in spinal canal stenosis and narrowing of the intervertebral foramina.

Despite the frequency of symptomatic disk and degenerative disease other less

common but more serious etiologies must also be considered in individual patients. These

include infectious, inflammatory, traumatic, vasculitic, metabolic, and neoplastic pathologies.

Diabetes mellitus and herpes are two disorders that cause focal thoracic radiculopathies.

Table 24.1 includes a full differential diagnosis of radiculopathy.

2. ANATOMY AND PHYSIOLOGY

The spinal cord is incased in the vertebral column, which is a rigid bony canal made of 33

vertebrae. It forms 31 pairs of nerve root segments: eight cervical, 12 thoracic, five lumbar,

five sacral, and one coccygeal. Cervical and lumbar roots are the largest. Every segment is

made of ventral and dorsal nerve roots. Ventral roots are made of motor fibers from the

anterior horn of the spinal cord gray matter. In the thoracic and upper lumbar segments,

ventral roots also include preganglionic sympathetic fibers from the intermediolateral

horn, while lateral cells in the sacral area supply preganglionic parasympathetic fibers.

Dorsal roots are made of sensory fibers from dorsal root ganglia (DRG) cells that lie

outside of the spinal cord in the dorsal root ganglia. The ganglia are located in the inter-

vertebral foramina that are bordered superiorly and inferiorly by pedicles of vertebral

bodies, and anteriorly by intervertebral discs and vertebral bodies. Posteriorly, they are

bordered by the facet joints, and laterally by the denticulate ligament which is part of

the pia mater located midline between the ventral and dorsal roots.

Ventral and dorsal nerve roots of the same level join to form a short spinal nerve that

emerges through the intervertebral foramen giving rise to recurrent meningeal branches

before dividing into two rami. The larger ventral ramus forms the plexuses and ultimately

innervates the extremities and trunk including the intercostal and abdominal wall muscles.

The lesser dorsal ramus innervates paraspinal muscles, the skin of neck, trunk, and gluteal

area, and the soft tissue structures surrounding the nerve roots including the periosteum,

the joint capsule, and the ligaments.

The spinal nerve roots receive their blood supply from a network of capillaries

formed from radicular arteries that enter the spinal canal through the intervertebral fora-

mina and then divide, passing along the ventral and dorsal nerve roots, within a common

sheath that is continuous with the covering meningeal layers. The major portion of the

venous drainage is carried out through the intervertebral foramina corresponding in part

to the arterial supply.
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The vertebrae are separated by fibrocartilagenous plates called discs, that are present

at all levels, except between C1 and C2 and below S1. The discs are made of an internal

gelatinous core called nucleus pulposus that absorbs compressive forces, distributing

them equally to an external fibrous surrounding structure called the annulus fibrosus,

which provides tensile strength.

Early in life, the nucleus pulposus is well hydrated, but with time, the water content

is lost. Degenerative changes in combination with underlying genetic factors alter the way

compressive forces are transmitted. The transmission of forces may become asymmetric,

resulting in weakening, tearing, and fissuring of the annulus through which the nucleus

pulposus can protrude. In addition, by early adulthood, most of the disc loses its blood

and nerve supply, sparing only a thin outer layer of the annulus fibrosus. Thus, if herniation

takes place, it may not produce pain from within the nucleus because of the loss of nerve

supply. The pain produced may result from either mechanical compression on the spared

outer layer of the disc or compression of nearby nerve roots. Chemical irritation of

roots may also occur, because the constituents of the nucleus pulposus can serve as

inflammatory mediators, or can stimulate such mediators to act.

Table 24.1 Differential Diagnosis of Radiculopathy

Mechanicala

Disc herniation (soft or hard)

Spinal canal stenosis (ideopathic or acquired)

Spondylosis or spondylolesthesis

Ligamental hypertrophy

Trauma

Infectionsb

Viral: herpes simplex, herpes zoster, cytomegalovirus, Epstein–Barr virus

Lyme disease

Neurosyphilis

Tuberculosis (Potts disease)

Mycoplasma

Tumors

Intradurala: astrocytoma, ependymoma, schwannoma, meningioma, neurofibroma

Extraduralb: metastasis, lymphoma, multiple myeloma, sarcoma

Inflammatory

Guillain–Barré syndromec

Sarcoidosisb

Vasculitisb

Ankylosing Spondylitisa

Arachnoiditisa

Pachymeningitisa

Radiculitisa

Metabolic

Diabetes Mellitusb

Adrenal insufficiencyc

Vitamin B12 defficiencyb

Porphyriac

Arteriovenous malformationsa

Spinal radiationa

aCould be associated with myelopathy.
bCould be associated with both myelopathy and neuropathy.
cCould be associated with neuropathy.
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Ordinarily, when disk protrusion occurs, it tends to do so through the weakest point

of the surrounding tissues, which is the posterolateral portion of the annulus fibrosus and

posterior longitudinal ligament. Less frequently, protrusion or herniation is central or

medial, which usually has more serious consequences involving the spinal cord with resul-

tant myelopathy due to compression of the ascending and descending tracts.

The spinal cord extends from the foramen magnum as a continuation of the medulla

oblongata, and ends in most adults between the L1 and L2 vertebrae. Accordingly, LS

spinal nerve roots below L2 descend down almost vertically in the spinal canal to exit

through their corresponding intervertebral foramina. The descending bundle of nerve

roots is called the cauda equina.

It is important to remember that cervical nerve roots exit through intervertebral for-

amina above their matching vertebrae, for example, C6 nerve root exits between C5 and

C6, but the C8 nerve root exits between C7 and T1 vertebrae because there are only seven

cervical vertebrae. Below this level, roots emerge below the level of their corresponding

vertebrae, for example, L4 nerve root exits between L4 and L5.

Another relevant point is that protrusion of an intervertebral disc tends to compress

the nerve root originating one level below, especially if the protrusion is medial, for

example, a disc that protrudes between L4 and L5 vertebrae may affect L5 nerve root

rather than the L4 root that exits at the L4–L5 level.

3. APPROACH AND EVALUATION

Five questions should be addressed in a suspected radiculopathy. The most important is

whether the patient’s symptoms could be related to a serious and critical cause that

requires urgent or emergent management. The second is whether the patient’s symptoms

represent disease of the spine or are they related to peripheral structures, like joints, peri-

pheral nerves, or muscles. If the symptoms originate from the spine, the third question is

whether they generated by a neurogenic or a nonneurogenic event. The fourth, relates to

the level of the pathology. A final question that always needs to be considered is whether a

patient’s symptoms could be related to a functional rather than an organic cause.

These questions can be readily answered in most cases from a complete and

thorough clinical history and comprehensive but focused physical examination. Labor-

atory workup, imaging studies, and neurophysiologic tests should be chosen based on

information from history and examination, and their results interpreted to correlate with

the clinical presentation.

3.1. Clinical History

The classic chief complaint with a radiculopathy is radicular pain emanating from the neck

or back. This pain is usually intermittent with properties described as lancinating, stab-

bing, aching, or shooting in nature that radiate down the extremities in a partial or com-

plete dermatomal pattern depending on the nerve root involved. For example, in L5 or

S1 radiculopathies, pain usually radiates down the posterior and lateral aspects of the

thigh extending below the knee. Some patients describe neurogenic intermittent claudi-

cation or pseudoclaudication especially if an underlying spinal stenosis is present. In

L1–L3 radiculopathies, pain radiates over the anterior and proximal medial parts of the

thigh, usually terminating above the knee. Pain can be more marked in the leg than in

the back. When pain is bilateral and symmetrically affects the trunk, it is called girdle pain.
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Pain frequently worsens with spinal extension, walking, sitting, and conditions that

can increase the intraspinal pressure such as coughing, sneezing, laughing, crying, or

strained lifting. Pain tends to lessen with flexion of the spine, standing upright, and

leaning forward. In particular, a patient may report that the pain is markedly relieved

when leaning over a shopping cart. Pain frequently is less with lateral bending or rotation

to the opposite direction from the involved nerve root ascribed to increasing the interver-

tebral foraminal space available for the root to pass through, and thus decreasing the

degree of compression and irritation.

Spinal pain is often associated with other positive sensory symptoms such as tin-

gling, pins and needles, and burning, or negative symptoms as numbness. These symptoms

are in a dermatomal distribution, especially distally in the hands or feet where pain is

usually minimal.

Less frequently, patients complain of weakness in certain muscles of the same

myotome. Overall, sensory and motor symptoms are usually mild with lesions involving

a single root, due to the fact that dermatomes and myotomes are usually innervated by

multiple nerve roots.

Autonomic sympathetic fibers may be involved. If the lesion is at the C8–T1 level,

a Horner’s syndrome may occur (ptosis, meiosis, enophthalmus, and anhydrosis). In

the thoracolumbar area, there may be a loss of sweating with increased skin temperature.

If L1–L3 roots are affected, ejaculation may be impaired; lesions at the S3–S4 level may

result in parasympathetic dysfunction with loss of erection and dysfunctional bladder.

Symptoms suggestive of a central disc herniation causing a myelopathy or cauda

equina syndrome are important to recognize. They include recent urinary frequency,

urgency, or incontinence, constipation, impotence, saddle area (rectal and genital) pain

or tingling, gait disturbance, and progressively worsening motor or sensory changes.

Constitutional symptoms such as fever, chills, night sweats, unexplained weight

loss, fatigue, persistent severe pain at night, skin rash, and involvement of other joints

or other body organs raise the possibility of underlying systemic diseases like infections,

malignancies with possible metastasis, or connective tissue diseases. Other historical fea-

tures of possible importance are trauma with the possibility of a fracture, alcohol or intra-

venous drug abuse, recurrent infections suggesting an immune compromised state,

previous malignancies, medicines that might accelerate osteoporosis. These features

have been published as “red flags” by the Agency for Health Care Policy and Research

on December 1994. Table 24.2 includes a complete list.

It should kept in mind that neck or back pain can be referred from extraspinal

sources. Referred pain to the neck includes posterior lower lobe pneumonia, pericarditis,

or coronary artery disease. Referred pain from the abdomen to the thoracic spine includes

kidney and gall bladder infections or stones, ruptured aortic aneurysms, retroperitoneal

bleeding, or malignancies. Pelvic sources referred to the LS spine are prostatitis or endo-

metriosis. Pain from joint pathology and arthralgias can be referred to the spine and mis-

interpreted as originating from the spine.

An inquiry into a patient’s social and work situations and any psychiatric history

may reveal emotional issues that might influence the patient’s views of their pain and

outcome. Finally, a history of doctor “shopping” for pain medications is an indication

of a functional component.

3.2. Physical Examination

The goal of the physical examination is to focus on the diagnostic process by confirming

findings predicted from the history and determining the level of spinal nerve root
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pathology. Determination of the level of the lesion is facilitated by knowledge of root

anatomy and associated symptoms and signs (Table 24.3).

The physical exam should include the general appearance, vital signs, and general

neurologic examination to exclude a serious underlying condition with referred symptoms

to the spine or secondary involvement of the spine.

Focusing on true root lesions, initial examination of station and gait provides infor-

mation. Alteration in stance or posture may include leaning away or flexing the spine from

the affected root. Similarly, when sitting, flexion of the knees or resting weight on the

opposite buttock may open disk spaces. Neri’s sign is flexion at the knees while

bending forward to alleviate the pain induced by stretching of nerves. Minor’s sign is

bending the affected leg while supporting the body on the unaffected side upon rising

from seated position (12). Trendelenburg gait is secondary to weakness of the gluteus

medius muscle on one side, which results in failure to raise the pelvis on the contralateral

side during standing. Sometimes there may be no significant weakness, but walking will be

with caution to avoid or alleviate the pain with short slow steps with semiflexed knees, or

walking on toes to avoid dorsiflexion of the foot (antalgic or analgesic gait).

General inspection should include the neck and back for alignment, signs of trauma,

surgery, infections, inflammations, or developmental disorders like midline sinuses or café

au lait spots. Loss of normal cervical or lumbar lordosis due to involuntary spasm of para-

spinal muscles is not specific. Similarly, palpation or percussion for tender points is not

specific but point tenderness may be encountered with infectious, metastatic, or traumatic

lesions. Other signs that can be caused by root lesions are muscle atrophy and fascicula-

tions in muscles supplied by that root.

Motor examination should focus on finding a myotomal pattern of involvement, and

this can be achieved by examining different muscles innervated by the same spinal nerve

Table 24.2 Red Flags for Potentially Serious Conditions Causing Neck or Back Pain

From medical history

Possible fracture

Major trauma, such as vehicle accident or fall from height

Minor trauma or even strenuous lifting (in older or potentially osteoporotic patient)

Possible tumor or infection

Age .50 or ,20

History of cancer

Constitutional symptoms, such as recent fever or chills or unexplained weight loss

Risk factors for spinal infection: recent bacterial infection (e.g., urinary tract infection); IV drug

abuse; or immune suppression (from steroids, transplant, or HIV)

Pain that worsens when supine; severe nighttime pain

Possible cauda equina syndrome

Saddle anesthesia

Recent onset of bladder dysfunction, such as urinary retention, increased frequency, or overflow

incontinence

Severe or progressive neurologic deficit in the lower extremity

From physical examination

Possible cauda equina syndrome

Unexpected laxity of the anal sphincter

Perianal/perineal sensory loss

Major motor weakness: quadriceps (knee extension weakness); ankle plantar flexors, evertors, and

dorsiflexors (foot drop)

Source: Bigos et al. (13).
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Table 24.3 Common Clinical Features Associated with Specific Root Lesions

C5

Sensory disturbance: shoulder, lateral arm

Motor deficit: subclavius, rhomboids, rotator cuff muscles except subscapularis, (biceps, deltoid)a

Stretch reflex: (scapulohumeral, deltoid)b, biceps, brachioradialis

Superficial reflex: interscapular

C6

Sensory disturbance: lateral forearm, thumb and index

Motor deficit: biceps, brachioradialis, serratus anterior, subscapularis, coracobrachialis, teres

major, latissimus dorsi, pectoralis, (deltoid, pronator teres, triceps)a

Stretch reflex: biceps, brachioradialis, (deltoid, pectoralis)b

Superficial reflex: palmar

C7

Sensory disturbance: volar and dorsal forearm, middle finger

Motor deficit: triceps, pronator teres, forearm extensors, serratus anterior, latissimus dorsi,

pectoralis, anconeus

Stretch reflex: triceps, (pectoralis, pronator)b

Superficial reflex: palmar

C8 & T1

Sensory disturbance: medial 2 fingers and hypothenar area (C8), and medial forearm (T1)

Motor deficit: forearm flexors, hand muscles, pectoralis

Stretch reflex: triceps, (wrist extension/flexion, thumb flexion, pectoralis)b

Superficial reflex: palmar

L1–L2

Sensory disturbance: inguinal region, inner proximal thigh

Motor deficit: iliopsoas, pectineus, graciles, iliacus

Stretch reflex: patellar (minimal)

Superficial reflex: cremasteric, hypogastric (Bechterew’s)

L3–4

Sensory disturbance: anterior thigh (L3), lateral thigh and medial leg (L4)

Motor deficit: quadriceps femoris, adductors, obturator externus, (iliopsoas, tibialis anterior)a

Stretch reflex: patellar, thigh adductorb

Superficial reflex: gluteal, plantar

L5

Sensory disturbance: lateral leg, medial dorsum of foot including big toe

Motor deficit: gluteus medius/minimus, tibialis anterior, obturator internus, semitendinosus,

semimembranosus, peroneus longus/brevis, tibilais posterior, toes extensors

Stretch reflex: (tibialis posterior, medial hamstring)b

Superficial reflex: gluteal, plantar

S1

Sensory disturbance: lateral dorsum and sole of foot, little toe, distal dorsal leg

Motor deficit: hamstrings, gastrocnemius, soleus, obturator internus, gemelli, toes extensors,

peronei

Stretch reflex: achilles

Superficial reflex: gluteal, plantar

S2

Sensory disturbance: middle dorsal leg and thigh

Motor deficit: toes flexors, gastrocnemius, soleus

Stretch reflex: achilles

Superficial reflex: bulbocavernous, clitorocavernous, anal sphincter

Note: Clinical features vary in existence and severity secondary to the overlap among dermatomes and myotomes.
aThese muscles may be affected but to a lesser extent.
bThese reflexes may be absent in normal individuals.
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root but by different peripheral nerves. However, weakness is not common in root lesions

due to the overlap of myotomes with multiple roots innervating the same muscle. When

weakness is found, both distal and proximal muscles that belong to the same myotome

should be studied to confirm that the lesion is proximal to the origin of a peripheral

nerve and cannot be explained by an injury to that nerve.

Common motor deficits noted in specific root lesions include the following weak-

ness C5 and C6: weakness of arm abduction and external rotation plus scapular instability;

C4: weakness of the diaphragm that can be life threatening if ventilation is compromised;

and C7: weakness of arm adduction, and extension of arm, wrist, and fingers. Beevor’s

sign is upward movement of the umbilicus with attempted sit up due to weakness of

inferior abdominal wall muscles. It is typically observed with thoracic myelopathies.

Thoracic segments: weakness of abdominal muscles detected by bulging of the affected

portion of the abdominal wall. Beevor’s sign is movement of the umbilicus with tightening

of the abdominal muscles. L1–L4: weakness of hip flexion and adduction and leg exten-

sion; L5 and S1: weakness of hip extension, knee flexion, and foot dorsi/plantarflexion

(mild L5 weakness can be detected by difficulty heel walking and mild S1 weakness by

difficulty with toe walking); S2: weakness of small muscles of the foot; and S3 and S4:

weakness of bladder and bowel sphincters and erectile dysfunction.

The sensory examination can confirm a dermatomal pattern but is limited by root

overlap and by the subjective nature of sensory perception. Sensory loss can involve

some modalities and spare others. Common sensory deficits include the following. C6:

sensory abnormalities along the lateral forearm and thumb; C7: sensory loss of middle

finger; C8 sensory loss along medial forearm and little finger; T3–T5: sensory loss at

the level of the nipples; T9–T11: sensory loss in periumbilical area; L4: sensory loss

along medial thigh. L5: sensory loss over medial dorsum of foot and big toe; S1: loss

over little toe and sole of the foot.

Muscle stretch reflexes examination is valuable for demonstrating asymmetry

variation because radiculopathies are commonly unilateral. Informative reflexes include

the following. C4–C5: scapulohumeral (rhomboids); C5–T1: pectoralis; C6: biceps and

brachioradialis; C7: triceps. L2–L3: thigh adductors; L4: patellar; L5: medial hamstring;

and S1: ankle.

Superficial skin reflexes may be abnormal in ipsilateral root lesions, especially if the

spinal cord is also involved. C4–C5: interscapular reflex (scratching the skin over the

interscapular area results in contraction of scapular muscles); C6–T1: palmar reflex

(stroking the palm of hand results in flexion of fingers); T5–T11: superficial abdominal

reflexes may be divided into epigastric (T5–T7), supraumbilical (T7–T9), umbilical

(T9–T11), and infraumbilical (T11–L1). Bechterew’s hypogastric reflex (T11 through

L2) is elicited by stroking the inner surface of thigh leading to contraction of lower

abdominal muscles on the same side. L1–L2: cremasteric reflex; L4–S2: gluteal reflex

(contraction of gluteal muscles by scratching the skin of the buttocks) and plantar

reflex; S2–S3: anal sphincter reflex and bulbocavernous reflex.

Special maneuvers can be performed to induce pain related to nerve root irritation or

compression. Tests for cervical nerve roots include the following. Spurling maneuver is

extending, tilting, and rotating the head toward the suspected nerve root to reproduce or

aggravate pain. A test to relieve pain is abduction of the shoulder ipsilateral to the diseased

nerve root. Lhermitte’s sign is defined as an electrical shock down the body elicited by

neck flexion secondary to either intrinsic (e.g. multiple sclerosis) or extrinsic (spondylosis)

cervical spinal cord compression. Tests for LS roots include the following. Laseque sign

is defined as radicular leg pain elicited by elevation of the leg while in the supine position.

A more specific but less sensitive test than straight leg raising is the crossed straight leg

446 Saleh and Pourmand



raising test that is considered positive when pain is induced in the leg by lifting the

opposite asymptomatic leg. Pain can be aggravated by dorsiflexion of ankle or big toe

and also by adduction and internally rotating thigh and leg. Buckling sign represents

the involuntary knee flexion while carrying out the straight leg raising test to decrease

the tension and stretching of nerve roots.

It is important during the examination to be alert to signs indicating a myelopathy

requiring more urgent and aggressive management. Signs include progressively worsening

motor or sensory deficits, hyperreflexia, Babinski or Hoffmann signs, spastic gait, clumsi-

ness and loss of coordination, rectal sphincter dysfunction, and urinary retention with

overflow incontinence (assessed by measuring the post void bladder residual volume).

When the history and examination do not support a radiculopathy or other cause a

functional etiology should be considered. Waddell signs are common indicators of a fac-

titious or a malingering patient (13) and include tenderness to superficial palpation, reac-

tion to simulation tests as if they are real, loss of positive tests with distraction,

overreaction, and examination findings that do not follow neuroanatomical distributions.

Additional signs include camptospasm (static forward flexion of trunk) and coccygodynia

(pain in the coccyx region) (11).

3.3. Workup

A differential diagnosis should be clear after completing the history and physical examin-

ation, and the workup will depend upon specific questions that need to be answered.

3.3.1. Laboratory Tests

Tests that focus on causes of radiculopathy are few. Fasting and 2-h glucose tolerance tests

screen for undiagnosed diabetes that can present as a thoracic radiculopathy. A spinal tap

for CSF analysis is helpful if Lyme disease or neurosyphilis is suspected.

3.3.2. Imaging Studies

Plain spine X-ray is helpful in diagnosing bony deformities or congenital defects, sublaxa-

tion, fractures, malignment lesions, or infectious processes. Degenerative changes with

narrowing of the intervertebral foramina have high false positive rates since almost half

the patients who show these findings are asymptomatic.

MRI is the most informative imaging study for showing spinal soft tissue details

including disc herniation, degenerative changes, annular tears, and changes associated

with infectious, malignant, or demyelination processes. In addition, MRI is helpful in

differentiating postsurgical scarring from recurrent disc disease, particularly if gadolinium

is used.

CT-scan is better than MRI for detecting boney details and abnormalities. When

combined with myelography, it provides more anatomical details than MRI for nerve

roots at the level of the intervertebral foramina. Drawbacks that limit its use include the

invasive lumbar puncture with possible side effects of headache and hematoma, and

risk of reaction to contrast material. However, it is an alternative when implanted metal

hardware and claustrophobia are contraindications to MRI.

Both MRI and CT with myelography have comparable false positive findings in

up to one-third of patients .60 years of age (12–14). Further, the size of the herniated

disc does not always correlate with the severity of signs and symptoms.

Other imaging modalities are used infrequently. Bone scan may be helpful for

assessing malignant, ischemic, infectious, or traumatic changes. Single-photon emission
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computed tomography (SPECT) scanning is similar to bone scan but provides three-

dimensional images.

3.3.3. Electrophysiological Studies

An electrophysiologic workup includes nerve conduction studies (NCS), electromyogra-

phy (EMG), and infrequently somatosensory evoked potentials (SSEP). These studies

do not have the ability to define the underlying pathology, but can confirm the presence

of a lesion, determine the level and severity of axonal damage, and differentiate radiculo-

pathy from peripheral neuropathy or plexopathy. They can be used for postoperative

follow up evaluation, and in determining the age and severity of a radiculopathy, which

can be important in medico-legal cases.

NCS assess the distal portion of sensory nerves and both the distal and proximal

portions of motor fibers. In a radiculopathy, NCS are usually normal for several

reasons. The lesion site in a radiculopathy is proximal to the dorsal root ganglion, and

the distal segment of sensory nerves will be unaffected. The distal portion of motor

nerve conduction lesion will be normal because the severity of denervation in one root

is insufficient to reduce the motor potential. The proximal portion of motor nerves

is assessed by F-wave and H-wave testing, but the region of nerve damage from a

radiculopathy is usually too small to demonstrably prolong either response and can be

abnormal in any lesion along the way.

The needle EMG is the most important electrophysiological test because it is sensi-

tive to motor nerve damage and can be applied to any muscle to delimit radicular involve-

ment. The principles are to demonstrate denervation in several muscles innervated by the

suspected root and not by a single nerve. There are temporal factors to consider with

needle EMG. The first EMG finding in an acute radiculopathy is decreased motor unit

recruitment. Within 1–2 weeks, denervation changes consisting of fibrillation potentials

and positive sharp waves occur in paraspinal muscles, with gradual spread over the

next 2–3 weeks to distal muscles. Within 1–2 months, reinnervation begins, marked by

complex (polyphasic) motor unit potentials. These changes occur in the same order,

from proximal to distal. In chronic radiculopathies, fibrillation potentials and positive

sharp waves will be reduced or absent and motor units will be of high amplitude. Although

sensitive for denervation, the degree of damage may be mild and not detectable. In some

situations, comparison with the unaffected side may reveal subtle changes.

SSEP’s are used to evaluate large sensory nerve fiber pathways from the level of the

peripheral nerve through the nerve root, spinal cord, and brain. In general, they are not

useful in the evaluation of radiculopathy because the nerves stimulated carry

nerve fibers originating at several spinal root levels. Furthermore, the length of nerve

compression represents only a very short segment of the much longer sensory pathway,

resulting in only minimal slowing of the response.

4. MANAGEMENT AND PROGNOSIS

Management of a radiculopathy must consider a large number of variables. No precise

management protocol covers all variables, and the main issue is indications for surgery

(Table 24.4). Fortunately, 80–90% of patients recover completely and spontaneously

with conservative management, within 6 weeks (1,2). However, relapse may occur in a

certain percentage of patients, and a low but significant percentage of patients continue
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to have symptoms despite all measures, and they may eventually develop chronic pain

syndrome.

After excluding serious etiologies that might need a more aggressive approach or

special treatment modalities, pain and conservative rehabilitation are appropriate. Initial

bed rest or limiting mobility to decrease mechanical root irritation is appropriate. Com-

plete bed rest for more than few days, however, should be discouraged and the patient

should be advised to resume activities as soon as possible, if tolerated (25). Spine

immobilization via neck collars or back corsets or braces can be used, but for not much

more than few weeks to prevent deconditioning and dependence on such devices.

Nonsteroidal anti-inflammatory drugs are appropriate for their analgesic as well as

their anti-inflammatory effects. Others that target neuropathic pain, such as gabapentin or

tricyclic antidepressants, are used. Opiate use should be restricted secondary to the risk of

tolerance and dependence. Muscle relaxants, including botulinum toxin, may help relieve

paraspinal muscle spasm that is believed to be a significant source of pain. A short course

of oral steroids to help decrease nerve root edema may be effective. A more aggressive

approach includes epidural injections of steroids or local anesthetics to speed up the

resolution of inflammation and reduce pain.

Physical therapy modalities including hot pads, ultrasound, electrical stimulation,

and massaging can be helpful, in conjunction with exercises aimed at strengthening

spinal muscles may be helpful with pain relief and aid mobility. Chiropractic maneuvers

should be discouraged in the acute phase because they could result in worsening of disc

herniation and further compression of nerve roots with possible serious consequences,

especially in the cervical region.

Emergent surgical assessment and intervention is indicated when neurologic deficits

are progressively and rapidly deteriorating or there are signs of cauda equina syndrome.

Elective surgery is governed by the degree of disc herniation and bone formation in the

canal and foramena in conjunction with muscle weakness, sensory loss, and needle

EMG changes. Surgery for persistent and severe pain is most uncertain. Spinal surgery

is not without risk, which include arachnoiditis and fibrosis of nerve roots which may

lead to recurrence of symptoms and failure of surgery. Other common possible causes

of surgery failure are listed in Table 24.5.

Table 24.4 Common Indications for Surgery in Radiculopathy

Progressive neurological deficit(s)a

Cauda equina syndromea

Persistent neurologic deficits and/or pain that significantly interfere with patients daily function, and

fail to improve despite all possible non-surgical measures

Positive imaging studies that correlate with the patient’s clinical presentation

aUsually requires emergent surgical intervention.

Table 24.5 Possible Causes of Spinal Surgery Failure

Recurrent disc herniation at operation level, or at a close level with similar symptoms

Surgical complications including arachnoiditis, bleeding, infection, scarring, or direct root injury

Wrong diagnosis

Technical errors and instruments failure

Spinal instability or failure to fuse

Underlying functional, non-organic etiology

Inappropriate postoperative rehabilitation and physical therapy process
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ABSTRACT

Plexopathies are lesions that affect the major interchanging segments between the nerve

roots and the peripheral nerves. Plexopathy should be considered when the pattern of

nerve dysfunction cannot be explained by a lesion of a single nerve root or peripheral

nerve. Plexopathies usually occur as recognizable syndromes. In most instances the

diagnosis is made clinically, with support from electrodiagnostic and imaging studies.

Treatment and prognosis depend on the underlying condition.
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1. INTRODUCTION

The diagnosis of a plexopathy can be challenging because of the complexity of the

underlying axonal interchanges. A firm grasp of anatomy is essential. However, the

basic diagnostic principle is to distinguish radicular and peripheral nerve trunk lesions.

There are clinical patterns of neuropathy that can be recognized as likely reflecting a

plexopathy, and will be outlined subsequently.

Electrodiagnostic studies have an important role in making these distinctions. The

lesion site in plexopathies is distal to the sensory ganglion cell, and both motor (compound

muscle action potential: CMAP) and sensory (sensory nerve action potential: SNAP)

responses will be reduced or absent. Lesions proximal to the level of the sensory ganglion

cells, such as radiculopathies or nerve root avulsions, affect the CMAP but not the SNAP.

Needle EMG examination in a plexopathy will usually be abnormal in anterior myotomes

(limb muscles), but normal in posterior myotomes (paraspinal muscles). Plexopathies can

also include damage to nerve roots, in the settings of trauma, and diabetes. Needle EMG is

essential in determining the territory of involvement, and can help estimate severity,

chronology, prognosis. In acute plexopathies, it may take up to 4 weeks for the full

extent of denervation to become evident. Low amplitude polyphasic, unstable motor

unit potentials indicate re-innervation. Long duration, high amplitude, stable configuration

motor unit potentials indicate complete re-innervation. Mixed populations of complex and

simple potentials suggest ongoing denervation and re-innervation. Myokymic discharges,

in the appropriate clinical context, support radiation-induced plexopathy.

Magnetic resonance imaging (MRI) may identify lesion sites within the plexus

either by hyperintense signals in the nerve or by demonstrating compressive structures

such as hematomas or neoplasm (1). Spinal MRI or myelography followed by a postmye-

logram CT is helpful to determine whether radiculopathy is present.

2. BRACHIAL PLEXUS

2.1. Anatomy and Function

The brachial plexus is formed from axons arising from the ventral rami of C5–T1 spinal

levels (Fig. 25.1). The innervation of dermatomes follows an orderly pattern through the

trunks and cords of the plexus. The C5 root innervates the radial side of the forearm and C6

root the thumb and index finger. The axons pass through the upper trunk and lateral or pos-

terior cords of the plexus. The C7 root innervates in the middle and ring fingers, and axons

pass through the middle trunk and lateral cord. The C8 root supplies the fifth finger and

ulnar side of the hand and T1 the ulnar side of the forearm. The axons pass through the

lower trunk and medial cord.

The innervation of myotomes is less logical, but conforms to an understandable

pattern. The long thoracic nerve originates directly from C5–C7 roots (proximal to the

plexus) and innervates the serratus anterior muscle, which stabilizes the shoulder blade.

The dorsal scapular, suprascapular, axillary, and musculocutaneous nerves originate

from C5–C6 roots and innervate muscles that control shoulder motion and elbow

flexion. These nerves are derivatives of the upper trunk. The median and radial nerves

originate from C6–C7 roots and innervate muscles that extend and flex the wrist.

Axons pass through the upper and middle trunks and the lateral and posterior cords.

The C7 root is the major innervation of elbow extension. Axons pass through the

middle trunk and posterior cord into the radial nerve. The median and radial nerves

innervate the muscles that flex and extend the fingers, respectively, and are innervated
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by C7–C8 roots, the axons pass through the middle and lower trunks and posterior and

medial cords. The median and ulnar nerves innervate intrinsic hand muscles. They are

supplied by C8–T1 roots and derived from lower trunk and medial cord.

2.2. Brachial Plexopathies

Etiologies of brachial plexus lesions include trauma, inflammation, genetic, neoplastic

infiltration, prior therapeutic radiation, and thoracic outlet syndrome (2,3).

2.2.1. Traumatic Causes

Obstetric brachial plexus palsy is the most common traumatic cause, with an incidence of

0.5–2.0 per thousand births. Weakness is detected at or shortly after birth when an arm is

noted not to move properly (4,5). Patterns of plexus injury may involve the upper, middle

or lower trunks. Upper trunk lesions, Erb’s palsy, produce deficits in abduction of the

shoulder, external rotation of the arm, and flexion of the elbow. Deficits of both upper

and middle trunk function are common in this setting. Lower plexus lesions, Klumpke’s

palsy, produce impairment of finger function. Isolated deficits of this type are rare, and

impairment of finger function are more often encountered with pan-plexus lesions.

Traumatic plexopathies can be caused by motor vehicle accidents, falls associated

with shoulder dislocations, and penetrating knife or gun shot wounds (2,3). Any portion

of the plexus is susceptible in such circumstances. Surgical procedures which require

the arm to be positioned in an externally rotated and abducted posture while the head is

rotated to the opposite side may damage the plexus. Lower trunk deficits can occur

after median sternotomy. These can be confused initially with postoperative ulnar neuro-

pathy, but abnormalities of median and ulnar-innervated hand muscles confirm a lower

trunk pattern. Plexopathies can develop during the postoperative period, when positioning

Figure 25.1 Anatomy of the brachial plexus.
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or the operative site are not factors. The clinical course is similar to that of an idiopathic

inflammatory type plexopathy.

“Stingers or burners” are another type of traumatic plexopathy, occurring most often

during contact sports, like football (6). The player performing a block or tackle experi-

ences sudden downward force on the shoulder and reports an immediate stinging or

burning sensation in the arm. Sensory and motor symptoms tend to clear over a few

minutes. Motor deficits in shoulder abduction and elbow flexion may occur, but long-

lasting sensory and motor deficits are unusual.

Heavy, improperly fitting back packs worn for several consecutive days can cause

plexopathy by combined downward and retracting forces on the shoulders and plexus.

With acute skeletal and penetrating injuries, neurological deficits may not be fully

assessable in the immediate medical setting. Plain X-ray films can identify fractures

and dislocations of the vertebrae, upper ribs, and shoulders that may impinge on the

plexus. The scope of neurological deficit should be defined as soon as conditions

permit. Pain should be managed with appropriate levels of analgesics.

Pathologic features vary with the nature of the injury. Traction forces act on myelin

sheaths, axons, perineurium and epineurium, and vasculature structures of the plexus.

In some circumstances, forces act maximally at the nerve root level, rather than in the

plexus, and avulsion of nerve rootlets from the spinal cord may occur in extreme circum-

stances. Severe lesions may produce a combination of plexus and nerve root injury.

The course of recovery varies based on the etiology. Myelin sheath damage tends to

clear over days to weeks, and recovery will likely be good. Axonal injury requires months

to years to improve, and may not be complete. Deficits due to nerve root avulsion do not

improve. Penetrating injures due to a sharp object may be considered for early surgical

exploration and repair. Blunt force and traction type injuries are usually observed for

several months before surgical intervention is considered. Obstetric palsies which have

not shown improvement by 3 months should be considered for surgical intervention. If

motor and sensory deficits are still present 2–3 weeks after onset, electrodiagnostic

studies can help to determine the extent and nature of the lesions. Needle EMG can

also be helpful for following the course by detecting signs of re-innervation.

Occupational and physical therapy for maintaining range of joint motion is import-

ant for enhancing recovery. Splinting may be required to prevent contracture and to maxi-

mize the function of other portions of the involved limb. Active exercise should be started

as soon as recovery of strength permits.

2.2.2. Inflammatory Causes

Brachial plexopathy arising secondary to systemic inflammatory responses has been given

the eponym Parsonage–Turner syndrome or neuralgic amyotrophy (7,8). These plexopa-

thies begin most often with spontaneous pain in the upper and posterior regions of the

shoulder and proximal arm. The pain, which may be excruciating, increases over a few

days to weeks, may worsen with arm and shoulder motion, but not with coughing, sneez-

ing, or straining. The pain is bilateral in one-third of cases.

Weakness and sensory symptoms become apparent between a few days or weeks

after onset. Weakness is most often found in shoulder abduction, external rotation, and

elbow flexion. Scapular winging is common. Localization is usually to several nerves

of the upper portion of the plexus, but occasionally one nerve is affected in apparent

isolation. Sensory loss is most often along the radial side of the forearm or hand and in

the distribution of the axillary nerve.
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Pain severity lessens over weeks to several months, but some degree of pain may

linger for months, and may be at least partly related to shoulder motion abnormalities

that have developed secondary to weakness. Motor and sensory deficits tend to improve

over several months to several years. A small percent of patients have permanent deficits.

Recurrence is rare and raises the question of an inherited form of brachial plexopathy.

Cervical radiculopathy and lesions of the shoulder joint are the main considerations.

The onset of weakness and sensory symptoms concurrent with pain somewhat favors acute

radiculopathy over plexopathy. Significant worsening of pain with active or passive

motions of the shoulder favors an intrinsic shoulder lesion over plexopathy. A confident

diagnosis of an idiopathic plexopathy may require several weeks for the typical syndrome

of pain and then weakness plus sensory loss to evolve.

Sensory nerve conduction studies may reveal postganglion involvement, but the

nerve affected may be challenging to study. Needle EMG provides information on the dis-

tribution and severity of denervation. Muscles showing the greatest abnormality in the

symptomatic limb should be sampled contralaterally, as bilateral involvement may be

present at a subclinical level. Follow-up studies in several months can help define progno-

sis by demonstrating signs of re-innervation. MRI or myelogram can exclude a radicular

lesion that could produce the same clinical deficits. MRI may directly support the diagno-

sis of plexopathy by showing local enlargement and increased T2 signals in the involved

portions of the plexus (1).

There are no controlled trials for the use of immune modulating therapy such as

corticosteroids. One challenge in assessing treatment is that a secure diagnosis often

cannot be made until several weeks after onset, thus missing a therapeutic time window.

If steroid therapy is used, a high dose intravenous regimen similar to that used for an

acute attack of multiple sclerosis, followed by an oral taper should likely be chosen.

Management focuses on treating the pain and maintaining range of motion. Narcotic

analgesics are frequently needed, but may be only partly effective. Pain may severely

limit the patient’s willingness to move the involved limb. Active strengthening therapy

should be started when signs of recovery appear.

The pathogenesis is presumed to be an autoimmune inflammatory attack on the plexus.

There are no abnormalities in serum characteristic of an inflammatory process. Support

for an inflammatory etiology is the acute onset and that in a number of patients, the onset

is within days to weeks after a systemic infection or vaccination. Plexopathies with these

same clinical characteristics may also occur after an episode of overly vigorous exertion,

or after a surgical procedure in which limb positioning cannot be easily linked to the

lesion. The primary target of the inflammatory response is presumed to be the vascular

supply of the plexus or intramuscular nerves. It has been suggested that it is a localized

form of mononeuritis multiplex which affects individual nerves arising from the plexus.

2.2.3. Inherited Brachial Plexopathy

A familial form of brachial plexopathy occurs as a dominantly inherited disorder (9).

There are associated mild dysmorphic features including hypotelorism and epicanthal

folds. The clinical characteristics of acute episodes are similar to those described earlier

for inflammatory plexopathies. Systemic infections or overly vigorous exertion, and

women giving birth, can precipitate an attack. Recurrences are unique to this form of

plexopathy. This entity is distinguished clinically from hereditary liability to pressure

palsy, where weakness involves individual nerves, and is usually in association with main-

tenance of a position that compresses the nerve. There is much less pain than in the

plexopathy.
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Biopsies of upper extremity nerves during an attack show inflammatory changes in

vascular structures and axonal degeneration. The genetic basis of this type of plexopathy

has not yet been fully established. Linkage with a locus on chromosome 17 has been

demonstrated in some but not in all families (10).

When the diagnosis of hereditary plexopathy is established, immune modulating

treatment can be started much earlier than in the sporadic form. Treatment with high

dose intravenous methylprednisolone has shown some benefit in terms of lessening the

pain (11). It is not clear, though, whether this treatment alters the course of the motor

and sensory deficits. A case report describes benefit from intravenous gamma globulin

treatment in this condition (12).

2.2.4. Neoplastic Causes

Primary nerve tumors of the brachial plexus are exceedingly rare, but metastatic spread

occurs primarily from breast and lung cancers (13). A neoplastic plexopathy may

develop at any time as part of the original symptom complex, or months to years later

as a tumor recurrence. The inferior portion of the plexus tends to be most often involved,

and pain is an early symptom, usually located in the axilla, medial arm, or shoulder. The

pain tends to be less severe compared with idiopathic plexopathies. Weakness occurs in

both ulnar and median innervated intrinsic hand muscles and forearm muscles. Sensory

symptoms of parasthesia and numbness occur in the fourth and fifth fingers and the

medial forearm. A Horner’s syndrome may be present.

The diagnosis may be suspected in the setting of a known cancer. Plain X-ray films

of the spine can detect signs of bone erosion, as the vertebral body is a common site of

metastasis. CT and MRI can demonstrate a mass lesion in the plexus, and contrast

enhancement may identify the lesion site. Electrodiagnostic studies can help differentiate

between lesions of the nerve root, lower plexus, and ulnar nerve. Lower plexus lesions

may result in reduced or absent SNAP responses in the ulnar and medial antebrachial

cutaneous nerves. Ulnar and median motor conduction studies tend to show mild

diffuse slowing of velocity and more marked reduction in CMAP amplitude. Needle

EMG should show denervation in limb muscles supplied by the involved portion of the

plexus but spare paraspinal muscles.

If a mass lesion is demonstrated in the plexus by imaging and a primary neoplasm

has not been found, or if the primary is thought to be in remission, biopsy of the plexus

lesion may be required to clarify the diagnosis.

The differential diagnosis includes cervical radiculopathy at the C8 or T1 level, com-

bined ulnar and median neuropathy, and lesions of the shoulder joint. The latter does not

produce neurological signs, but can cause shoulder, axillary, and arm pain. When a plexo-

pathy develops years after previous treatment of the neoplasm, both tumor recurrence and

plexopathy secondary to previous radiation treatment should be considered.

Management is dictated by the biology of the primary neoplasm. Additional

chemotherapy and local radiation therapy may be options. Evaluation and treatment by

the rehabilitation services will help improve the patient’s ability to deal with the deficits.

The pathogenesis of neoplastic plexopathy is most often direct invasion of the

plexus from adjacent structures such as the apex of the lung or a vertebral body, or by

metastatic spread through the lymphatics.

2.2.5. Postradiation Causes

Therapeutic radiation treatment can cause a brachial plexopathy, with a latency of 5–10

years (14,15). The condition is characterized by insidious progressive weakness, muscle
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atrophy, fasciculations, and sensory loss. Pain is usually not severe. The upper trunk is

most often involved, with weakness most prominent in shoulder and elbow flexor

muscles. Sensory loss is most often located in the musculocutaneous, superficial radial,

and median sensory areas. These features can inexorably worsen over years to complete

limb dysfunction.

Laboratory evaluation is directed to determine whether there is recurrent tumor or a

radiculopathy. The absence of anatomic findings on MRI of the plexus and neck is against

these and for post-radiation plexopathy. Needle EMG is supportive of a postradiation

cause if myokymic discharges can be demonstrated. Myokymic discharges are spon-

taneous, time-locked groups of motor unit potential discharges that recur in a rhythmic

pattern.

The pathogenesis is thought to be a small caliber vasculopathy affecting the vasa

nervorum of the nerves located in the radiation portals. Susceptibility of the upper trunk

is not understood, and can occur when treatment is within accepted radiation dosage

ranges. A similar process can involve the lumbo-sacral plexus. There is no direct treatment

for this condition at this time.

2.2.6. Thoracic Outlet Syndrome

This is a loosely defined entity, often invoked to account for otherwise unexplainable

activity-related pain, weakness, fatigability, and sensory disturbance in the arm. Within

this symptom complex is a clearly definable entity termed true neurogenic thoracic

outlet syndrome (1,2,16). This is a very rare condition, but has a consistent, clinical,

and electrodiagnostic pattern. It typically occurs in women, and includes a long history

of unilateral axillary and medial arm pain. Weakness and atrophy of intrinsic hand and

medial forearm muscles is obvious, with greater weakness of median-innervated thenar

muscles than ulnar-innervated muscles. Many patients have had carpal tunnel surgery,

without benefit. Sensory loss occurs in the ulnar aspect of the hand and the medial forearm.

Electrodiagnostic evaluation is remarkable for reduced or absent SNAP responses in

ulnar and medial antebrachial nerves, but normal median nerve SNAP responses. Median

CMAP responses are lower than ulnar responses. Needle EMG shows chronic neurogenic

abnormalities in median, ulnar, and radial muscles innervated by the lower trunk of the

plexus.

Plain X-rays of the neck demonstrate either a cervical rib or an elongated transverse

process of the seventh cervical vertebra. These anatomic variations are usually present

bilaterally but may be somewhat asymmetric. The cervical rib, or a fibrous band which

extends from the elongated transverse process to the first rib, impinges abnormally on

the lower portion of the plexus.

Surgical removal of the cervical rib, or the fibrous band which extends from the ver-

tebral body’s lateral process down to the first rib, may improve pain, but usually does not

improve motor or sensory deficits. One reason for the relatively poor response to surgery

may be that the deficits have accumulated over a many year time span and have produced

significant axonal pathology.

3. LUMBO-SACRAL PLEXUS

3.1. Anatomy and Function

The lumbar and sacral plexes arise on different sides of the pelvic brim and have some

what distinct functions, see Fig. 25.2. Motor functions of the lumbar plexus are hip
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flexion, leg adduction, and knee extension. The psoas and iliacus muscles are the major

flexors of hip flexion, and rectus femoris a lessor flexor. The psoas is innervated by

branches arising at the most proximal aspect of the plexus, whereas the iliacus is supplied

by branches from the proximal portion of the femoral nerve in the pelvis. The rectus

femoris is supplied by the femoral nerve distal to the inguinal ligament. Leg adduction

is controlled by the adductor muscle group via the obturator nerve. All of these muscles

are innervated by roots from L2, L3, and L4. Knee extension is controlled by the quadri-

ceps muscle group which is innervated by the femoral nerve L3 and L4 nerve roots.

Dermatomes of the lumbar plexus begin in the groin with the illio-inguinal and

genito-femoral nerves, which are from L1 and L2 roots. The lateral surface of the thigh

is innervated by the lateral cutaneous nerve, which is from L2 and L3 roots. This nerve

passes under the inguinal ligament. The anterior and anterior-medial aspects of the

thigh are supplied by the femoral nerve. A portion of the medial aspect of the thigh is

also innervated by the obturator nerve. The saphenous branch of the femoral nerve innerv-

ates the medial aspect of the lower leg down to about the level of the medial mallelous.

The sensory portion of the femoral nerve is predominantly L3 and L4 in origin.

The L5, and to some degree L4 nerve root, make major contributions to the nerves

which arise from the sacral portion of the plexus. The lumbo-sacral trunk conveys the

lumbar nerve root component into the sacral plexus. The motor functions of the sacral

plexus are hip abduction and extension, knee flexion, ankle extension and flexion, foot

eversion and inversion, and toe flexion and extension. Hip abduction and external rotation

are done by the gluteus medius, minimus, and tensor fasciae lata muscles all of which are

Figure 25.2 Anatomy of the lumbosacral plexus. The lumbar portion arises for L2–L4, whereas

the sacral portion arises for L4–S2. The lumbosacral trunk carries lumbar axons into the sacral

plexus.
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innervated by the superior gluteal nerve. This nerve arises directly from the plexus and is

predominatly L5. Hip extension is done by the gluteus maximus which is supplied by the

inferior gluteal nerve. This nerve also arises directly from the plexus and is mainly of

S1 origin.

The sacral plexus then gives rise to the sciatic nerve which contains components

from the L4 through S2 nerve roots. The sciatic nerve contains axons which will

become the peroneal and posterior tibial nerves. In the upper leg the sciatic nerve innerv-

ates the hamstring muscles. The peroneal division of the sciatic nerve supplies the short

head of the biceps femoris muscle, whereas the other hamstring muscles are innervated

by the posterior tibial division. L5 is the predominant nerve root supplying these

muscles except for the short head of biceps femoris, which some consider to be predomi-

nantly S1 innervated. Proximal to the knee the peroneal and posterior tibial divisions sep-

arate into individual nerves. The peroneal nerve controls ankle and toe extension, and

ankle eversion. L5 and S1 are the major nerve roots. The posterior tibial nerve controls

ankle flexion and inversion, and toe flexion. L5–S2 are the contributing nerve roots.

The sensory pattern of the sacral plexus derived nerves include the posterior aspect

of the thigh, the lateral and posterior areas of the lower leg, and both the dorsal and plantar

aspects of the foot.

3.2. Lumbo-Sacral Plexopathies

Etiologies include trauma, gun shot wounds, pelvic fractures, compression by hematomas,

inflammation with or without concomitant diabetes, invasion by neoplasms, and damage

from prior therapeutic radiation (17,18).

3.2.1. Traumatic Causes

Major trauma to the abdomen or pelvis can also injure the lumbo-sacral plexus (19–21).

Neurological deficits may not be apparent initially in the setting of severe injury. Gun shot

wounds tend to involve the lumbar portion of the plexus and produce deficits of femoral

and obturator nerve function. A shielding effect of the bony pelvis may explain why the

sacral portion of the plexus is less likely to be involved. Crush injuries of the pelvis can

produce deficits in both the lumbar and sacral plexus, with the latter being more commonly

involved. Pelvic fractures in the region of the sacro-illiac joint can involve axons of the

sacral plexus with weakness in the distribution of L4–S1 roots.

Plain X-rays can assess fractures, but CT or MRI is necessary to assess soft tissue

lesions. Electrodiagnostic evaluation can help define the distribution and severity of

plexus involvement, but will not be informative until about 2–4 weeks after the injury.

Follow-up studies at several month intervals can also be helpful for defining the longer

term prognosis and course of recovery.

3.2.2. Hematoma

Hematoma in the retroperitoneal space can produce lumbar plexopathy (22,23). Anticoa-

gulated patients with therapeutic levels are the most susceptible, and hemophiliacs are also

at risk. Bleeding may be spontaneous, associated with minor trauma, or follow diagnostic

procedures which require vascular access through the femoral vessels. Unilateral pain in

the back, lower abdomen, or groin is the initial symptom. Pain may intensify over hours to

a day or so. Movement of the hip, active or passive, often worsens the pain. Unilateral

weakness of hip flexion, knee extension, and often hip adduction appears in the same time-

frame. The patellar reflex is reduced or is absent. Sensory loss and parasthesia occur in the
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anterior thigh and medial lower leg. Signs of hypovolemia and anemia due to blood loss

from the hemorrhage may be present.

Diagnosis is confirmed by CT or MRI studies of the pelvis. Anti-coagulation therapy

should be stopped. Transfusion may be required. It is not clear if surgical evacuation of the

hematoma improves the neurological outcome. The level of pain can be significant and

should be treated with appropriate analgesics. Electrodiagnostic studies performed

3–4 weeks after onset can define prognosis. Evaluation by rehabilitative services is appro-

priate as soon as stability of the clinical status permits. The neurological deficits tend to

improve but may be long lasting in some.

The pathogenesis is compression of the lumbar plexus or femoral nerve secondary to

the hematoma formation. A combination of demyelination and axonopathy likely

occurs.The hematoma forms in the retroperitoneal space either within the psoas muscle,

or beneath the illiacus fascia in the groove between the psoas and illiacus muscles in

the pelvis. The proximal lesion tends to produce deficits in both femoral and obturator

nerve territories, whereas the more distal one involves only the femoral territory.

3.2.3. Inflammatory Causes

Lumbo-sacral plexopathies can arise secondary to a presumed inflammatory attack on the

plexus, as in the brachial plexus (24–26). The clinical features are similar to those

described subsequently for diabetes-associated plexopathy. The upper, lower, or both

portions of the plexus can be involved.

Patients may have an elevated sedimentation rate, and some will have evidence of a

systemic process like Wegener’s granulomatosis or polyarteritis nodosa. Biopsy of the

sural, superficial peroneal, or lateral femoral cutaneous nerves may aid the diagnosis by

showing inflammatory cells in epineural vessels. The electrodiagnostic findings are

similar to those of diabetes-associated plexitis described in the following section.

Weakness improves spontaneously over months. There is some support for treat-

ment with immune-modulating drugs. As with inflammatory brachial plexitis there may

be a several week delay between onset and the confirmation of the diagnosis, making it

difficult to judge the efficacy of therapy. The choice of agents is dictated by whether a

systemic condition is present, and corticosteroids plus cyclophosphamide may be required.

If the inflammatory process appears to be limited to the plexus alone, single agent treat-

ment with a corticosteroid or intravenous gamma globulin may be adequate.

3.2.4. Diabetes-Associated Plexopathy

Diabetic plexopathy is the most common lumbosacral plexopathy. Symptoms usually

begin with spontaneous pain in the back, hip, or proximal leg (27–29). The pain is per-

ceived “deep in the muscles or bone,” and tends to be unilateral initially. It intensifies

over days to weeks, and often reaches a very high level that is incompletely responsive

to major oral analgesics. The intensity decreases after 2–6 weeks, and can linger at a

lower level for several months.

Within a few weeks after onset of the pain, weakness and sensory loss develop in the

affected limb. Weakness is most commonly in the territory of the lumbar plexus, and pro-

duces deficits of hip flexion, adduction, and knee extension. Weakness can also occur more

caudally and produce a sciatic distribution deficit. Occasionally, both lumbar and sacral

territories are involved concurrently. Weakness evolves for several months, often to a

severe degree, and significant muscle atrophy occurs. Patients may become wheelchair

bound due to the severe proximal weakness. Muscle stretch reflexes are reduced or lost
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in the involved territories. Sensory deficits occur most often in the anterior thigh and

medial lower leg. Loss of sensation tends to be more prominent than paresthesia.

Some patients develop a similar syndrome on the opposite side several months later.

Thoracic radiculopathies, characterized by band-like truncal pain and sensory loss, may

also develop in the same time frame as the leg symptoms. Symptoms and signs of

polyneuropathy are often absent or present to only a minimal degree.

Patients may experience significant anorexia and weight loss during the period of

maximum pain. It is not clear whether this is an indirect effect of the severe pain or due

to a concomitant enteropathy. It is possible that poor blood glucose control prior to

onset of the plexopathy explains the associated weight loss. The onset of the plexopathy

may occur shortly after the diagnosis of diabetes, or later when enhanced efforts at

blood sugar control have been instituted. Overall, patients who experience this type of

plexopathy do not have worse blood glucose control (29).

The type of plexopathy is common and readily recognized. Laboratory studies

should be directed towards establishing the status of glucose control, and identifying sys-

temic inflammatory conditions. When studied, spinal fluid protein level is usually mildly

elevated. Electrodiagnostic studies demonstrate active denervation in clinically involved

muscles. Contralateral muscles should also be evaluated, as subclinical involvement

may be present. Interestingly, the lumbar paraspinals also often show active denervation

at multiple levels, supporting a combined radicular and plexus process rather than a

plexopathy alone. Nerve conduction studies usually show axonal type abnormalities in

the involved nerves.

The condition tends to improve spontaneously over months to �2 years, but signifi-

cant motor deficits may persist. Traditionally, management has been limited to pain

control and rehabilitation. Treatment with immuno-modulators like corticosteroids or

intravenous gamma globulin though may lessen the evolution of the deficits and shorten

the course. Both oral and intravenous steroid treatment has been used.

The pathogenesis of this lesion is not completely established. Type II diabetics are

much more commonly afflicted than Type I patients. Metabolic, ischemic, and inflamma-

tory etiologies have been postulated. A multifocal vasculitis affecting small caliber vessels

in the nerve roots and plexus is the current hypothesis, but the relationship of glucose and

immune-mediated process is not currently understood.

3.2.5. Neoplastic Causes

The lumbo-sacral plexus can be infiltrated by neoplasms that arise locally from the colon,

cervix, or bladder (30,31). Retroperitoneal lymphomas and sarcomas can also invade the

plexus. Less common are metastatic lesions from breast cancers or melanomas. The cancer

is usually known, and rarely the initial manifestation.

Pain is usually the initial symptom, and is located in the back, hip, or proximal leg.

The intensity increases over days to a few weeks. Weakness and sensory loss usually

develop several weeks later. The distribution of these signs corresponds with the

portion of the plexus involved, lumbar, sacral, or diffuse. The lumbar portion is more

often involved when the neoplasm directly infiltrates the plexus, whereas metastatic

lesions tend to involve the sacral portion. Bilateral involvement occurs in �25% of

cases. Leg edema may be present and is due to venous or lymphatic compromise.

The diagnosis is confirmed by CT or MRI imaging of the pelvis. MRI has a higher

yield than CT. Biopsy may be required to determine the specific tissue type if the primary

is not known. Electrodiagnostic testing will show a pattern of acute or subacute axonopa-

thy in the involved territories.
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Management is dictated by the biology of the neoplasm, and its responsiveness to

chemotherapy and radiation. Input from rehabilitation services may help ease the physical

burdens imposed by the lesions.

3.2.6. Postradiation Causes

Prior therapeutic radiation can cause lumbo-sacral plexopathy (30). The characteristics are

similar to those described for postradiation brachial plexopathy. Weakness and sensory

disturbance are the initial manifestations. Pain is also present but tends to be less promi-

nent than with neoplastic infiltration of the plexus. Bilateral involvement is common. The

mean time delay between radiation treatment and onset of the plexopathy is 5 years, but

the range is 1–30 years. The most common tumors treated with radiation are lymphomas,

gynecological, and testicular.

The differential diagnosis is recurrence of the original neoplasm, and an unrelated

lesion such as a lumbar radiculopathy from disc disease, should be considered. Imaging

and electrodiagnostic studies are helpful in making the diagnosis. Absence of a mass

lesion in the plexus favors a post-radiation case. Myokymic discharges on EMG testing

of clinically involved muscles strongly supports radiation plexopathy, but their absence

is not exclusionary.

There is no direct treatment for the radiation related plexopathies. Management is

only symptomatic.
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ABSTRACT

The median nerve is the most frequently injured nerve. Median mononeuropathy at the

wrist (carpal tunnel syndrome) is one of the most common referral questions for electro-

diagnostic testing, and is a major cause of work-related disability. The median nerve may

also be injured in the forearm, in the region of the pronator teres muscle, but the pronator

syndrome is controversial. The anterior interosseous nerve may also be injured in the

forearm. More proximal lesions of the median nerve in the arm and axilla are less

common. This chapter reviews the anatomy of the median nerve and discusses the most

common clinical syndromes. The role of electrodiagnostic testing and appropriate treat-

ment are emphasized.

1. ANATOMY

The median nerve is formed by the C6-T1 nerve roots. The lateral and medial cords of the

brachial plexus contribute to the median nerve in the lateral axilla. The nerve travels down
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the medial arm adjacent to the brachial artery and after crossing into the forearm dives

between the heads of the pronator teres muscle. After innervating the pronator teres,

flexor carpi radialis, and flexor digitorum superficialis muscles, the nerve passes

through a fibrous arch in the flexor digitorum profundus (the “sublimus bridge”). The

anterior interosseous nerve branches off in this region and innervates the flexor policus

longus, flexor digitorum profudus (digits 2–3), and pronator quadratus muscles as well

as providing sensory supply to the wrist joint. The anterior interosseous nerve may

become entrapped as it passes under the sublimus bridge. The next branch, the palmar

cutaneous branch, arises in the distal forearm and supplies sensation to the thenar

region. This is the final branch before the median nerve traverses the carpal tunnel. The

carpal bones form the floor of the carpal tunnel and the transverse carpal ligament

forms the roof. The tendons of the flexor digitorum profundus, flexor digitorum superifi-

cialis, and the flexor pollicis longus muscles travel through the tunnel with the median

nerve. Immediately after entering the palm, the nerve branches into the terminal motor

branch that supplies the abductor pollicis brevis, opponens pollicis, and a portion of the

flexor pollicis brevis. The remaining sensory fibers branch into two common palmar

digital nerves, which then divide into the digital nerves supplying the first three and a

half digits of the hand. Figure 26.1 summarizes median nerve anatomy schematically

including common sites of injury and entrapment.

There are several normal anatomic variants of the median nerve. Appreciation of

these anomalies is important in the interpretation of electrodiagnostic studies. The most

common variants are the Martin–Gruber anastamoses, which involve the crossing-over

Figure 26.1 Median nerve anatomy. This schematic representation of the median nerve demon-

strates major nerve branches, the muscles they innervate, and common sites of injury. Important

causes for median mononeuropathy are listed by anatomic site.
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of fibers from the median to the ulnar nerve. Martin–Gruber anastamoses have an esti-

mated prevalence of �30% based on careful electrophysiologic evaluation (1), but are

observed much less frequently during routine electrodiagonstic testing. There are

several subtypes, all of which include a branch from the median nerve in the forearm in

the region of the anterior interosseous nerve that joins the ulnar nerve in the forearm.

The crossed fibers usually cross back to the median nerve after the wrist and supply

thenar muscles. They may also supply hypothenar muscles. Patients with Martin–

Gruber anastamoses supplying hyopthenar muscles may develop unexpected hand intrin-

sic weakness with lesions of the anterior interosseous nerve (2). Martin–Gruber anasta-

moses may create some confusion in the electrodiagnostic evaluation of carpal tunnel

syndrome (CTS). When the crossed fibers innervate thenar muscles via the ulnar nerve,

they are not slowed at the wrist. This results in inappropriately fast median motor conduc-

tion velocity in the forearm. Because the muscles innervated by the crossed fibers are

usually not directly under the recording electrode, a small positive deflection may be

seen when the median nerve is stimulated at the elbow. Observation of either pattern

should prompt a careful evaluation for CTS. Crossovers in the palm innervating intrinsic

hand muscles (Riche–Cannieu anastamoses) are less common.

2. CARPAL TUNNEL SYNDROME

Median nerve entrapment at the wrist, CTS, is the most common entrapment neuropathy

and �2–3% of the population suffers from CTS (3). Variability in prevalence data is

likely due to variations in occupational and industrial work exposure. A majority of

patients attribute their CTS to work exposure and CTS is a significant cause of work-

related morbidity; 90% have a good treatment outcome and are able to return from

work, but 10% are permanently disabled (4).

2.1. Clinical Features

CTS typically presents with paresthesias, numbness, and pain involving the wrist hand and

fingers. Symptoms often awaken the patient and are worse in the morning. They are exacer-

bated by provocative activities involving repetitive flexion and/or extension of the wrist.

Shaking of the hands often relieves the numbness and paresthesias (5). Driving, typing,

writing, or using hand tools may worsen symptoms. Individuals working in industries that

involve repetitive forceful wrist flexion and extension are at increased risk (6,7).

Most patients appreciate more significant symptoms in the first three digits.

However, over half describe paresthesias involving the fifth digit and 40% have pain or

paresthesias in the forearm or above, with a significant minority (7%) experiencing

shoulder pain (Fig. 26.2) (8). Numbness may be limited to only one digit. Therefore,

differentiation of CTS from other causes of limb pain can be problematic and careful phys-

ical and electrodiagnostic evaluation are of significant help.

Many patients also experience subjective hand weakness. This is typically described

as a tendency to drop objects or a sense of incoordination with fine motor tasks. The weak-

ness is often due to pain inhibition or sensory loss that impairs fine motor control.

The physical examination may be normal, particularly in mild CTS. Many patients

have reduced sensation to pinprick in a median nerve sensory distribution. The finding of

reduced pin on the lateral side of the fourth digit compared with the medial side is helpful,

although not observed in all patients because the median nerve sometimes innervated both

sides of the fourth finger. Typically, the skin over the thenar eminence has normal
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sensation because the palmar cutaneous branch of the median nerve, which arises proximal

to the carpal tunnel, provides sensory innervation to this region. Care must be taken not to

over-interpret the sensory examination, as there is significant normal variation in sensory

distributions. Furthermore, the sensory examination is inherently subjective, and patients

may describe reduced sensation in unexpected areas (8). The finding of subjective sensory

change in regions not supplied by the median nerve should not exclude the diagnosis or

discourage further diagnostic evaluation in a patient with suggestive symptoms. Patients

with more severe disease have weakness of thumb abduction and opposition and those

with advanced disease have thenar atrophy. Elderly patients may present with thenar

atrophy and weakness without significant sensory complaints or pain.

A variety of provocative physical examination maneuvers have been described. The

most commonly sought is the Tinel’s sign. Tinel first described paresthesias with nerve

percussion in patients recovering from nerve injury (9). The “flick sign” refers to a

history of shaking the hands after awakening with numbness or pain. Paresthesias

provoked by arm extension and wrist flexion is termed the Phalen’s sign. Other signs

Figure 26.2 Distribution of sensory symptoms in CTS. This figure, modified from Stevens et al. (8),

illustrates patterns of sensory complaints in patients with CTS. A patient completed each drawing. (A)

Sensory symptoms may be limited to the median nerve distribution, or (B) may occur in a glove pattern

or (C) ulnar nerve distribution. [Reproduced from Stevens et al. (8) with permission.]
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focus on reproduction of symptoms with compression over the carpal tunnel. The diagnos-

tic accuracy of these various maneuvers is poor and their positive and negative predictive

values are low (10). In one study of 142 patients referred for possible CTS, the negative

predictive values were all ,40% (11). Because many normal individuals have these signs,

and many CTS patients do not, their clinical value is limited.

2.2. Diagnostic Evaluation

The diagnosis of CTS is complicated by neurologic co-morbidity. Patients with an under-

lying peripheral neuropathy are challenging because they often describe hand numbness

that is worse at night, but they also have an increased risk of developing CTS. Patients

with superimposed cervical spine disease or ulnar mononeuropathy also pose a clinical

challenge because they have numbness, pain, and weakness that extends out of the

median nerve distribution. Given the variability in clinical findings and complaints

among patients with suspected CTS, supportive diagnostic studies play a very important

role in the evaluation. Electrodiagnostic evaluation with nerve conduction studies

(NCS) and electromyography (EMG) is the most commonly used study. A large variety

of specific electrodiagnostic techniques have been described. This review focuses on

the general principles and the most commonly employed techniques.

The earliest electrophysiological changes in CTS are due to demyelination of large

sensory nerve fibers. Median sensory conduction velocity across the carpal tunnel is

slowed, and thus the median sensory distal latency becomes prolonged. Diagnostic criteria

are based on the difference between the median and ulnar sensory distal latency or conduc-

tion velocity (Fig. 26.3). The median sensory response may be recorded antidromically by

stimulating proximal to the wrist and recording the sensory nerve action potential at the

digit, or orthodromically by stimulating at the digit or in the palm, and recording above

the wrist (Fig. 26.4). Use of a short segment orthodromic technique, stimulating at the

palm and recording at the wrist, maximizes diagnostic sensitivity because the area of

nerve conduction slowing across the carpal tunnel region represents a larger fraction of

the total length of the nerve examined compared with studies investigating longer segments

(12,13). Focal slowing can be detected by stimulating the nerve in 1 cm increments starting

proximal to the wrist and extending into the palm (“inching”). Sensory nerve action potential

amplitude may be reduced due to sensory conduction block at the wrist (which can be

detected by inching). With more severe lesions, there is injury to the axons themselves.

This is recognized as diminished sensory amplitudes, even when stimulating distally.

Motor NCS are usually normal in mild CTS. In more moderate disease, there is pro-

longation of the motor distal latency due to demyelination of motor nerve fibers. With

severe CTS, there is a decline in the compound muscle action potential amplitude due

to axonal injury. Because of the effects of reinnervation, the motor amplitude remains

normal for some time despite ongoing axonal injury. For this reason, needle EMG is

useful to demonstrate the presence of axonal loss.

A variety of specific NCS diagnostic criteria for CTS have been proposed. In general,

NCS are reproducible and have a high sensitivity (.85%) and specificity (.95%) (14). A

review of the literature demonstrated that the most sensitive and specific parameter was

median sensory or mixed nerve conduction study from the palm to the wrist over a

short distance (7–8 cm). The American Association of Neuromuscular Electrodiagnostic

Medicine CTS Practice Parameter recommends starting the evaluation with a median

sensory NCS across the wrist using a distance of 14 cm. If this is normal, the more sensitive

palm to wrist study should be performed (14). It has been suggested that a combination

of multiple median nerve studies maximizes diagnostic accuracy (15). However, if any

individual parameter is significant abnormal (orthodromic palmar median versus ulnar
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difference of .0.3 ms or antidromic ring difference of .0.4), further sensory studies are

not necessary (16).

Electrodiagnostic studies serve several purposes in the diagnostic evaluation of sus-

pected CTS. The first is to confirm the diagnosis of CTS. They are also used to exclude

Figure 26.3 Median sensory nerve conduction technique. (A) An orthodromic sensory nerve con-

duction study over a short segment (8 cm) is the most sensitive technique for detection of slowing

across the wrist. The nerve is stimulated in the palm and the response recorded immediately proximal

to the wrist. (B) A standard antidromic sensory study over a longer segment (14 cm) is often used as a

screening study.

Figure 26.4 Sensory nerve conduction in CTS. Median (top) and ulnar (bottom) sensory nerve

action potentials from (A) a normal subject, (B) a patient with moderate CTS with reduced

median sensory amplitude (17 mV compared with 37 mV for the ulnar response) and prolonged

distal latency (peak latency of 4.8 ms compared with 3.1 ms for the ulnar response), and (C) a

patient with more severe CTS and an absent median sensory response.
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other disorders (neuropathy, radiculopathy, other mononeuropathies). It is very important

that the results of the electrodiagnostic study be interpreted in clinical context. The finding

of slowed median nerve conduction across the wrist on NCS does not necessarily imply

that CTS is the cause for the patient’s symptoms. The electrodiagnostic consultant

should try to place the findings in context and make a judgement concerning their clinical

relevance. Electrodiagnostic studies can be used for prognostic purposes and to direct

therapy. Mild CTS with pure sensory demyelination is likely to be more responsive to con-

servative therapy than more severe disease. Conversely, those with reduced motor ampli-

tude and axonal loss on EMG have a poorer prognosis and should be treated aggressively.

The electrodiagnostic evaluation for suspected CTS should therefore include motor

conduction studies and needle examination of multiple limb muscles in order to

exclude a superimposed radiculopathy or ulnar or radial mononeuropathy (14).

Although NCS are very useful, up to 25% of patients with clinically suspected CTS

may have a normal study (17). Some authors, particularly in the surgical literature, have

suggested NCS are not very useful because of this observation (18). A prospective study

of sequential patients referred for CTS addressed this question. When the clinical history

and examination were strongly suggestive of CTS, the NCS results were typically abnor-

mal (92%). However, when the clinical data was less definitive, but CTS was still sus-

pected (e.g., mild CTS), NCS results could not be predicted based on clinical data

(positive predictive value of 67%). NCS were therefore often necessary to confirm the

diagnosis of CTS (17). There is also evidence that patients with clinically suspected

CTS but normal NCS are less likely to experience resolution of symptoms following sur-

gical release (51%) when compared with those with abnormal NCS (65–77%). Patients

with moderate CTS are most likely to respond and those with severe CTS are least likely

to respond (19). This suggests many patients with suspected CTS but normal NCS prob-

ably do not have CTS. Although patients with normal NCS may still have true CTS, sur-

gical intervention should only be considered in those who have failed conservative

therapy and have a classic syndrome. A repeat NCS may be useful in patients whose

initial NCS was normal.

Other procedures have been assessed for the diagnosis of suspected CTS. A variety

of quantitative sensory testing devices have been studied and have been found to have a

low diagnostic accuracy (20–22). Quantitative sensory testing is a psychophysiological

test and results are significantly influenced by patient bias. For example, normal subjects

without any training, can simulate neuropathic sensory loss (23).

Radiologic evaluation for CTS has shown greater promise. MRI of the carpal tunnel

may be used to evaluate structural or anatomic abnormalities, although it is not necessary

for the routine evaluation of idiopathic CTS (24). Patients with a mass in the wrist, trauma,

or persistent symptoms following surgical evaluation may benefit from MRI. There are

also data suggesting that ultrasound may be a useful diagnostic technique. Ultrasound typi-

cally demonstrates nerve swelling proximal to the site of compression with flattening dis-

tally (25). Careful measurement of nerve area may have a sensitivity of up to 67% with a

specificity of 97% (26).

2.3. Prognosis and Management

Treatment of CTS should start by identification and modification of activities that provoke

or exacerbate symptoms. Treatment of underlying diseases associated with CTS (rheuma-

toid arthritis, hypothyroidism) may result in improvement. Up to 10% or more of pregnant

individuals develop CTS, presumably due to hand swelling or hypertension. Conservative

therapy is generally warranted given most patients have complete resolution of symptoms
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within weeks of delivery (27,28). Most patients with idiopathic CTS of mild to moderate

severity also respond to conservative therapy. However, patients with more severe symp-

toms, and particularly those with thenar atrophy, weakness, or denervation on electrodiag-

nostic testing should be referred for definitive surgical therapy.

The most commonly employed conservative therapy for CTS is wrist splinting. Up

to 80% of patients with CTS have resolution of their symptoms within days to weeks of

using splints at nighttime (29). A variety of off-the-shelf and custom wrist splints are avail-

able. Splinting in the neutral position reduces nocturnal intra-carpal tunnel pressures more

than splinting in relative extension (30). Any wrist splint that is comfortable and in the

neutral position is acceptable.

A course of nonsteroidal anti-inflammatory medication is often prescribed in com-

bination with wrist splinting. However, this treatment has not been well studied. There has

been only one randomized study comparing placebo, nonsteroidal anti-inflammatory

medication, diuretic, and oral prednisolone. Only the prednisolone group, which took

20 mg daily for 2 weeks and 10 mg daily for 2 weeks noted a significant benefit. Patients

were only followed for 4 weeks, so the long term outcome is unknown (31). Vitamin B6

(pyridoxine) has been suggested in the past but small studies suggest a lack of efficacy

(32). Use of pyridoxine is discouraged, as high doses may result in a sensory neuropathy

that can be very severe (33). Small studies of diuretics alone also failed to show evidence

for efficacy (32).

For patients who fail neutral wrist splinting, local steroid injection into the carpal

tunnel is a therapeutic option. It has been suggested that this approach is limited by a rela-

tively low rate of long term success (34). However, several studies suggest a significant

fraction of patients with mild to moderate disease have sustained benefit (35,36). One pro-

spective study demonstrated that 10% of patients remained symptom free at 1 year (37).

In another study patients, one-third had normal NCS at 1 year (38). There is a very small

risk of injuring the median nerve during the injection. Local steroid injection is an appro-

priate therapy for patients with mild to moderate disease who wish to avoid carpal tunnel

release. For those who have recurrent symptoms, up to 3 injections yearly may be safely

performed (39). Because it is less invasive than surgery, steroid injection may also be more

appropriate for patients with an uncertain diagnosis and can serve as a diagnostic pro-

cedure, for those who respond are more likely to respond to carpal tunnel release than

those who do not respond (40). Iontophoresis of dexamethasone may be an effective

and safe therapy. It involves applying a small electrical current to an electrode containing

a medication, which propels it through the skin. In a prospective study of 19 patients who

had failed splinting and anti-inflammatory medication, 58% had benefit at 6 months, a rate

superior to that in most studies of local injection (41). Because repeat iontophoresis treat-

ments are well tolerated and inexpensive, this therapy holds significant promise and

deserves more careful study.

Patients who have failed conservative management, have severe disease with axonal

injury, or wish immediate definitive therapy should be referred for carpal tunnel release.

Surgical release is highly successful, with 90% of patients experiencing a successful

outcome (42). A variety of techniques have been described, including endoscopic

approaches and “mini” open release. Each technique works well. Proponents of

endoscopic release argue that it results in an earlier return to work. However, there may

also be a higher risk of injury to the median nerve (39). A recent meta-analysis of the lit-

erature suggests the various techniques may be essentially equivalent, both for long-term

side effects and efficacy (43). The most prudent approach is to refer the patient to a surgeon

with significant expertise in carpal tunnel release.
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2.4. Pathophysiology

There are two general mechanisms underlying CTS: a reduced canal size and a predisposition

to nerve compression. Any lesion within the carpal tunnel may compress the median nerve.

Medical causes include rheumatoid arthritis and sarcoidosis. Structural causes include

ganglion cysts, tumors, and vascular malformations. Wrist fractures or hematomas may

result in acute CTS. A variety of medical conditions may predispose the median nerve to

compression, including peripheral neuropathy, particularly that associated with diabetes

(Table 26.1). As many as one in three patients with CTS have a predisposing condition (44).

It has been suggested that proximal nerve compression predisposes to a more distal

injury along the nerve’s course (the “double crush” hypothesis) (45). Although there has

been significant debate about the double crush hypothesis, there is no convincing animal or

clinical data to support it (46,47). An EMG examination to exclude a radiculopathy as a

confounding clinical feature is suggested, but routine neuroimaging of the cervical

spine is not recommended.

The etiology of idiopathic CTS is unknown. There has been significant debate as to

whether patients with CTS have a congenitally smaller canal than those who do not.

Although there are some data to support this concept (48), most evidence suggests conge-

nital canal narrowing is not a predisposing factor (49,50). Occupational exposure is

important, and repetitive forceful extension and flexion of the wrist places individuals

at increased risk.

3. MEDIAN MONONEUROPATHIES IN THE REGION OF
THE ELBOW

The second most common site for median nerve injury is in the proximal forearm and near

the elbow. Supracondylar humeral fractures may injure the median nerve proximal to the

elbow. Often, only the fascicles supplying the anterior interosseous nerve are involved

(51). A significant minority of individuals have a bony spur above the medial humeral

condyle (surpacondylar spur). There may be a ligament that runs from the spur to the

humerus (ligament of Struthers) that can compress the median nerve (Fig. 26.5). In this

instance, surgical removal of the ligament and spur may be necessary. Caution should

be exercised when considering the diagnosis of median mononeuropathy due to

Table 26.1 Medical Conditions

Associated with Carpal Tunnel

Syndrome

Diabetes mellitus

Peripheral neuropathy

Hypothyroidism

Amyloidosis

Sarcoidosis

Gout

Rheumatoid arthritis

Pregnancy

Tumor

Fractures

Occupational exposures
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compression by a ligament of Struthers, for the rarity of the clinical syndrome is well

exceeded by the frequency of the anatomic variant (2%).

Procedures in the antecubital fossa can injure the median nerve. Cardiac catheteri-

zation via the brachial artery may cause a severe median neuropathy (52). Poorly per-

formed venipuncture may also injure the median nerve in this region. Often, only the

fibers supplying the anterior interosseous nerve are involved. A variety of neuropathic

complications of anterior-venous dialysis shunts have been described. Sometimes the

median nerve may be affected in isolation, although other nerves are often involved.

Injury may occur by direct compression or ischemia (53–55).

3.1. Pronator Teres Syndrome

The “pronator teres syndrome” is a confusing clinical entity. Most reports of this entity

emphasize aching pain in the flexor forearm that becomes worse with repeated pronation

or following several specific provocative maneuvers (56). Proponents of the syndrome

suggest that the pain is due to compression of the median nerve as it passes through the

two heads of the pronator teres muscle. Reports of true neurogenic pronator teres syn-

drome are rare however. In one series, 39 patients underwent a thorough electrodiagnostic

evaluation, and mild median nerve injury was found in only two individuals. Despite this,

surgical decompression resulted in good improvement in 28, fair improvement in five, and

no change in three patients (57). The explanation for the clinical improvement following

decompression despite a lack of evidence for median nerve injury is uncertain. It has been

suggested that pronator teres syndrome is really a forearm compartment syndrome rather

than a nerve compression syndrome, and that release of the median nerve in the region is

effective because the procedure includes a fasciotomy (58). Patients with suspected

pronator teres syndrome should undergo a careful electrodiagnostic study. If there is

evidence of median nerve injury, MRI neurography of the region may be useful and

surgical decompression is a reasonable therapeutic option if there is significant axonal

injury. In the absence of median nerve injury, conservative therapy should be pursued,

and surgical intervention reserved for patients with severe symptoms refractory to this

approach. Any surgical approach should include a fasciotomy.

Figure 26.5 Supracondylar spur and ligament of Struthers. A reproduction of Struthers’ original

sketch demonstrates the bony and ligamentous anatomy (A). The brachial artery and median nerve

may travel between the humerus and ligament (B). [With permission from Stewart (63).]
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3.2. Anterior Interosseous Neuropathy

Anterior interrosseous mononeuropathies are the second most common median mono-

neuropathy following CTS. As already noted, lesions in the elbow or distal arm may

cause preferential injury to the fibers supplying the anterior interosseous nerve. Direct

trauma to the nerve may also occur, as described earlier. External compression by a

cast has also been described (59). The most common cause of anterior interosseous

neuropathy is idiopathic. Patients may experience forearm pain due to involvement of

sensory nerves supplying the wrist joint. However, the primary complaint is weakness

of flexion of the first two fingers and the thumb affecting pinching. When patients

attempt to make an O with their thumb and first finger, they are unable to do so. The

distal thumb and first finger collapse against one another, forming a tear drop shape

(the “pinch sign”) (Fig. 26.6). Weakness of the third muscle supplied by the nerve, the pro-

nator quadratus, does not cause clinical findings. In patients who have a Martin–Gruber

anastamosis, intrinsic hand muscles may be weak because fibers innervating ulnar hand

muscles travel with the crossed fibers in the anterior interosseous nerve (2). The cause

for spontaneous anterior interosseous neuropathy is often difficult to define. The nerve

may become compressed as it passes through the tendons of the pronator teres and flexor

digitorum superficialis. Idiopathic brachial plexus neuropathy (“Parsonage–Turner

Syndrome” or “brachial plexitis”) may cause preferential injury to the anterior interos-

seous nerve (60). Clues to this diagnosis include patchy involvement of other muscles

in the arm and the presence of shoulder pain. Most patients experience spontaneous

improvement over several months. If there is no improvement, MRI of the region may

be necessary to exclude an anatomic or structural abnormality. It is important to remember

that more proximal lesions may cause isolated anterior interosseous injury, so exclusion of

a ligament of Struthers and imaging of the entire median nerve course may be necessary.

4. OTHER CAUSES OF MEDIAN MONONEUROPATHY

The median nerve may be injured in the axilla. Generally, however, multiple nerves are

involved and isolated median mononeuropathy is rare. Distal median nerve branches

may also be injured. The recurrent motor branch of the median nerve arises just distal

to the carpal tunnel and supplies thenar muscles. It may be compressed by the transverse

Figure 26.6 The pinch sign. Patients with anterior interosseous neuropathy are unable to form an

O with the thumb and first finger due to weakness of deep finger and thumb flexors.
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carpal ligament or by ganglion cysts (61). Electrodiagnostic studies demonstrate normal

sensory nerve function in the presence of abnormal median motor nerve conduction and

thenar EMG examination. Surgical exploration should be considered. The digital nerves

in the palm may also be injured by local trauma, compression, or local anatomic abnorm-

alities. For example, musicians may experience digital neuropathies due to overuse com-

pression (62).

REFERENCES

1. Amoiridis G. Median–ulnar nerve communications and anomalous innervation of the intrinsic

hand muscles: an electrophysiological study. Muscle Nerve 1992; 15(5):576–579.

2. Spinner M. The anterior interosseous-nerve syndrome, with special attention to its variations.

J Bone Joint Surg Am 1970; 52(1):84–94.

3. Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam J, Rosen I. Prevalence of carpal

tunnel syndrome in a general population. JAMA 1999; 282(2):153–158.

4. Bekkelund SI, Pierre-Jerome C, Torbergsen T, Ingebrigtsen T. Impact of occupational vari-

ables in carpal tunnel syndrome. Acta Neurol Scand 2001; 103(3):193–197.

5. Pryse-Phillips WE. Validation of a diagnostic sign in carpal tunnel syndrome. J Neurol

Neurosurg Psychiatry 1984; 47(8):870–872.

6. Hales TR, Bernard BP. Epidemiology of work-related musculoskeletal disorders. Orthop Clin

North Am 1996; 27(4):679–709.

7. Roquelaure Y, Mechali S, Dano C et al. Occupational and personal risk factors for

carpal tunnel syndrome in industrial workers. Scand J Work Environ Health 1997;

23(5):364–369.

8. Stevens JC, Smith BE, Weaver AL, Bosch EP, Deen HG Jr, Wilkens JA. Symptoms of 100

patients with electromyographically verified carpal tunnel syndrome. Muscle Nerve 1999;

22(10):1448–1456.

9. Stewart JD, Eisen A. Tinel’s sign and the carpal tunnel syndrome. Br Med J 1978;

2(6145):1125–1126.

10. Katz JN, Larson MG, Sabra A et al. The carpal tunnel syndrome: diagnostic utility of the

history and physical examination findings. Ann Intern Med 1990; 112(5):321–327.

11. Hansen PA, Micklesen P, Robinson LR. Clinical utility of the flick maneuver in diagnosing

carpal tunnel syndrome. Am J Phys Med Rehabil 2004; 83(5):363–367.

12. Kimura J. The carpal tunnel syndrome: localization of conduction abnormalities within the

distal segment of the median nerve. Brain 1979; 102(3):619–635.

13. Ross MA, Kimura J. AAEM case report #2: the carpal tunnel syndrome. Muscle Nerve 1995;

18(6):567–573.

14. Practice parameter for electrodiagnostic studies in carpal tunnel syndrome: summary

statement. Muscle Nerve 2002; 25(6):918–922.

15. Robinson LR, Micklesen PJ, Wang L. Strategies for analyzing nerve conduction data: super-

iority of a summary index over single tests. Muscle Nerve 1998; 21(9):1166–1171.

16. Kaul MP, Pagel KJ, Dryden JD. When to use the combined sensory index. Muscle Nerve 2001;

24(8):1078–1082.

17. Witt JC, Hentz JG, Stevens JC. Carpal tunnel syndrome with normal nerve conduction studies.

Muscle Nerve 2004; 29(4):515–522.

18. Szabo RM, Slater RR Jr, Farver TB, Stanton DB, Sharman WK. The value of diagnostic testing

in carpal tunnel syndrome. J Hand Surg [Am] 1999; 24(4):704–714.

19. Bland JD. Do nerve conduction studies predict the outcome of carpal tunnel decompression?

Muscle Nerve 2001; 24(7):935–940.

20. Werner RA, Franzblau A, Johnston E. Comparison of multiple frequency vibrometry testing

and sensory nerve conduction measures in screening for carpal tunnel syndrome in an industrial

setting. Am J Phys Med Rehabil 1995; 74(2):101–106.

478 Smith



21. Werner RA, Franzblau A, Johnston E. Quantitative vibrometry and electrophysiological

assessment in screening for carpal tunnel syndrome among industrial workers: a comparison.

Arch Phys Med Rehabil 1994; 75(11):1228–1232.

22. Franzblau A, Werner RA, Johnston E, Torrey S. Evaluation of current perception threshold

testing as a screening procedure for carpal tunnel syndrome among industrial workers. J

Occup Med 1994; 36(9):1015–1021.

23. Freeman R, Chase K, Risk M. Quantitative sensory testing cannot differentiate simulated

sensory loss from sensory neuropathy. Neurology 2003; 60:465–470.

24. Cosgrove J. Magnetic resonance imaging in the evaluation of carpal tunnel syndrome: a litera-

ture review. J Clin Neuromusc Dis 2000; 1:175–180.

25. Buchberger W, Schon G, Strasser K, Jungwirth W. High-resolution ultrasonography of the

carpal tunnel. J Ultrasound Med 1991; 10(10):531–537.

26. Nakamichi K, Tachibana S. Ultrasonographic measurement of median nerve cross-sectional area

in idiopathic carpal tunnel syndrome: Diagnostic accuracy. Muscle Nerve 2002; 26(6):798–803.

27. McLennan HG, Oats JN, Walstab JE. Survey of hand symptoms in pregnancy. Med J Aust

1987; 147(11–12):542–544.

28. Wand JS. Carpal tunnel syndrome in pregnancy and lactation. J Hand Surg [Br] 1990;

15(1):93–95.

29. Burke DT, Burke MM, Stewart GW, Cambre A. Splinting for carpal tunnel syndrome: in

search of the optimal angle. Arch Phys Med Rehabil 1994; 75(11):1241–1244.

30. Gelberman RH, Hergenroeder PT, Hargens AR, Lundborg GN, Akeson WH. The carpal tunnel

syndrome. A study of carpal canal pressures. J Bone Joint Surg Am 1981; 63(3):380–383.

31. Chang MH, Chiang HT, Lee SS, Ger LP, Lo YK. Oral drug of choice in carpal tunnel

syndrome. Neurology 1998; 51(2):390–393.

32. O’Connor D, Marshall S, Massy-Westropp N. Non-surgical treatment (other than steroid injec-

tion) for carpal tunnel syndrome. Cochrane Database Syst Rev 2003(1):CD003219.

33. Schaumburg H, Kaplan J, Windebank A et al. Sensory neuropathy from pyridoxine abuse a

new megavitamin syndrome. N Engl J Med 1983; 309:445–448.

34. Demirci S, Kutluhan S, Koyuncuoglu HR et al. Comparison of open carpal tunnel release and

local steroid treatment outcomes in idiopathic carpal tunnel syndrome. Rheumatol Int 2002;

22(1):33–37.

35. Dammers JW, Veering MM, Vermeulen M. Injection with methylprednisolone proximal to the

carpal tunnel: randomised double blind trial. BMJ 1999; 319(7214):884–886.

36. Ayhan-Ardic FF, Erdem HR. Long-term clinical and electrophysiological results of local

steroid injection in patients with carpal tunnel syndrome. Funct Neurol 2000; 15(3):157–165.

37. Graham RG, Hudson DA, Solomons M, Singer M. A prospective study to assess the outcome

of steroid injections and wrist splinting for the treatment of carpal tunnel syndrome. Plast

Reconstr Surg 2004; 113(2):550–556.

38. Hagebeuk EE, de Weerd AW. Clinical and electrophysiological follow-up after local steroid

injection in the carpal tunnel syndrome. Clin Neurophysiol 2004; 115(6):1464–1468.

39. Katz JN, Simmons BP. Clinical practice. Carpal tunnel syndrome. N Engl J Med 2002;

346(23):1807–1812.

40. Edgell SE, McCabe SJ, Breidenbach WC, LaJoie AS, Abell TD. Predicting the outcome of

carpal tunnel release. J Hand Surg [Am] 2003; 28(2):255–261.

41. Banta CA, Bland JD, You H et al. A prospective, nonrandomized study of iontophoresis, wrist

splinting, and antiinflammatory medication in the treatment of early-mild carpal tunnel syn-

drome. J Occup Med 1994; 36(2):166–168.

42. Scholten RJ, Gerritsen AA, Uitdehaag BM, van Geldere D, de Vet HC, Bouter LM. Surgical

treatment options for carpal tunnel syndrome. Cochrane Database Syst Rev 2002(4):CD003905.

43. Thoma A, Veltri K, Haines T, Duku E. A systematic review of reviews comparing the effec-

tiveness of endoscopic and open carpal tunnel decompression. Plast Reconstr Surg 2004;

113(4):1184–1191.

44. Atcheson SG, Ward JR, Lowe W. Concurrent medical disease in work-related carpal tunnel

syndrome. Arch Intern Med 1998; 158(14):1506–1512.

Median Mononeuropathies 479



45. Upton AR, McComas AJ. The double crush in nerve entrapment syndromes. Lancet 1973;

2(7825):359–362.

46. Morgan G, Wilbourn AJ. Cervical radiculopathy and coexisting distal entrapment neuro-

pathies: double-crush syndromes? Neurology 1998; 50(1):78–83.

47. Wilbourn AJ, Gilliatt RW. Double-crush syndrome: a critical analysis. Neurology 1997;

49(1):21–29.

48. Horch RE, Allmann KH, Laubenberger J, Langer M, Stark GB. Median nerve compression can

be detected by magnetic resonance imaging of the carpal tunnel. Neurosurgery 1997;

41(1):76–82.

49. Cobb TK, Bond JR, Cooney WP, Metcalf BJ. Assessment of the ratio of carpal contents to

carpal tunnel volume in patients with carpal tunnel syndrome: a preliminary report. J Hand

Surg [Am] 1997; 22(4):635–639.

50. Pierre-Jerome C, Bekkelund SI, Mellgren SI, Nordstrom R. Quantitative MRI and

electrophysiology of preoperative carpal tunnel syndrome in a female population. Ergonomics

1997; 40(6):642–649.

51. Spinner M, Schreiber SN. Anterior interosseous-nerve paralysis as a complication of supra-

condylar fractures of the humerus in children. J Bone Joint Surg Am 1969; 51(8):1584–1590.

52. Kennedy AM, Grocott M, Schwartz MS, Modarres H, Scott M, Schon F. Median nerve injury:

an underrecognised complication of brachial artery cardiac catheterisation? J Neurol Neuro-

surg Psychiatry 1997; 63(4):542–546.

53. Redfern AB, Zimmerman NB. Neurologic and ischemic complications of upper extremity

vascular access for dialysis. J Hand Surg [Am] 1995; 20(2):199–204.

54. Ergungor MF, Kars HZ, Yalin R. Median neuralgia caused by brachial pseudoaneurysm.

Neurosurgery 1989; 24(6):924–925.

55. Bolton CF, Driedger AA, Lindsay RM. Ischaemic neuropathy in uraemic patients caused by

bovine arteriovenous shunt. J Neurol Neurosurg Psychiatry 1979; 42(9):810–814.

56. Tetro AM, Pichora DR. High median nerve entrapments. An obscure cause of upper-extremity

pain. Hand Clin 1996; 12(4):691–703.

57. Hartz CR, Linscheid RL, Gramse RR, Daube JR. The pronator teres syndrome: compressive

neuropathy of the median nerve. J Bone Joint Surg Am 1981; 63(6):885–890.

58. Stewart J, Jablecki C. Median nerve. In: Brown W, Bolton C, Aminoff MJ, eds. Neuromuscular

Function and Disease Basic Clinical and Electrodiagnostic Aspects. 1st ed. Philadelphia: W.B.

Saunders, 2002:873.

59. Gardner-Thorpe C. Anterior interosseous nerve palsy: spontaneous recovery in two patients.

J Neurol Neurosurg Psychiatry 1974; 37(10):1146–1150.

60. Rennels GD, Ochoa J. Neuralgic amyotrophy manifesting as anterior interosseous nerve palsy.

Muscle Nerve 1980; 3(2):160–164.

61. Bennett JB, Crouch CC. Compression syndrome of the recurrent motor branch of the median

nerve. J Hand Surg [Am] 1982; 7(4):407–409.

62. Lederman RJ. Neuromuscular and musculoskeletal problems in instrumental musicians.

Muscle Nerve 2003; 27(5):549–561.

63. Stewart JD. Focal Peripheral Neuropathies. 2nd ed. New York: Raven Press, 1993:164.

480 Smith



27
Radial Neuropathy

Michael Stanton
University of Rochester Medical Center, Rochester, New York, USA

Abstract 481

1. Radial Nerve Anatomy 481

2. Clinical Features 482

3. Evaluation 483

4. Etiologies 483

5. Treatment 484

References 484

ABSTRACT

Radial neuropathies are relatively infrequent, and may result from multiple causes.

Depending on the site of lesion, they result in numbness in the arm, forearm, and hand

in addition to weakness of extensor movements of the elbow, wrist, and digits. Knowledge

of radial nerve anatomy aids in localizing lesion sites, and is aided by electrodiagnostic

studies. Treatment depends upon underlying causes.

1. RADIAL NERVE ANATOMY

The radial nerve (1–3) is derived from C5 to C8 and occasionally T1 nerve roots. Fibers

from these roots traverse the upper, middle, and lower trunks, and the posterior divisions

of the brachial plexus (Fig. 27.1). In the infra-clavicular region, the fibers contribute to

the posterior cord, which is named for its anatomic relationship to the axillary artery. The

proper radial nerve arises from the posterior cord in the lower part of the axilla. The

nerve descends into the arm along the junction of the latassimus dorsi and the long head

of the triceps muscles. It then passes medially between the long and medial heads of the

triceps muscle. The spiral groove is located at mid-humerus, and it is here that the radial

nerve passes from the medial to lateral side of the arm. Below the spiral groove, the

nerve pierces the lateral intermuscular septum, crossing the elbow joint anterior to the

lateral epicondyle in its path, through the supinator muscle. The path from the lateral inter-

muscular septum to the supinator muscle is known as the radial tunnel.
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The afferent fibers from the posterior cutaneous nerve of the arm join the radial nerve

at the junction of the arm and axilla. Afferent fibers from the posterior cutaneous nerve of the

forearm join the radial nerve just proximal to the spiral groove. The lower lateral cutaneous

nerve of the arm joins the radial nerve at the spiral groove or in common with the posterior

cutaneous nerve of the forearm. Afferent fibers from the posterior and lateral cutaneous

nerves of the forearm join the radial nerve in the radial tunnel. In the distal portion of the

radial tunnel (4,5), the afferent fibers of the superficial radial nerve join the efferent

motor fibers of the posterior interosseous nerve. The superficial radial nerve remains anterior

to the supinator. It receives cutaneous afferents from the dorsum of the lateral hand, postero-

lateral thumb, and proximal dorsal surface of digits (6–8).

The triceps is innervated by several branches of the nerve between the axilla and

the upper arm, proximal to the spiral groove. Motor branches to the brachialis muscle,

the brachioradialis muscle, and the extensor carpi longus muscle arise in the radial

tunnel. The extensor carpi brevis has a variable innervation in the radial tunnel from

either the radial nerve, posterior interosseous nerve or arising from the superficial radial

nerve (9). The supinator muscle receives branches proximal to and within the supinator

(9). The posterior interosseous nerve pierces the supinator muscle through a fibrous

opening, the Arcade of Frohse (10,11). It then innervates the extensor digitorum com-

munis, extensor carpi ulnaris, extensor digiti minimi, abductor pollicis longus, extensor

pollicis longus and brevis, and the extensor indicis muscles.

2. CLINICAL FEATURES

Injury to the radial nerve in the axilla results in weakness in elbow extension, forearm

supination, wrist extension, digit extension, and thumb abduction (Fig. 27.1). Sensation

is lost in the dorsolateral hand and dorsal forearm, and dorsolateral arm. Injury to the

Figure 27.1 Diagram of radial nerve showing major points and branches to individual muscles.

Major entrapment sites marked by gray bars, and associated numbers refer to table with differential

diagnoses and causes.
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nerve at the spiral groove results in weakness in wrist extension, elbow supination, digit

extension, and thumb abduction. Sensation is lost as described earlier. Injury to the pos-

terior interosseous nerve at the Arcade of Frohse results in mild wrist extensor weakness,

with radial deviation, digit extension weakness, and thumb abduction weakness. There is

no sensory loss. Injury to the superficial radial nerve in the forearm causes loss of sensation

in the dorsolateral hand.

3. EVALUATION

Electrophysiologic evaluation is useful in the localization and has the ability to distinguish

between weakness predominantly due to conduction block from that due to axonal

injury. Evaluation includes sensory and motor nerve conduction studies and needle

electromyography.

Motor nerve conduction studies can be carried out recording from the following

muscles: extensor digitorum, extensor indicis proprius, middle of the abductor pollicis

lungus, and extensor pollicis longus and stimulation can be carried out at the following

sites (1,12–14): the elbow between the brachioradialis muscle and biceps tendon,

below the spiral groove over the lateral humerus at approximately the distal one-third

of the arm, above the spiral groove over the medial humerus at approximately the proximal

one-third of the arm, and at Erb’s point. Sensory responses are evaluated by distal stimu-

lation of the radial sensory nerve along the lateral radius with recording from the snuff box

(1). Assessment of the degree of axonal loss is made by side-to-side comparisons of distal

sensory nerve action potential and compound muscle action potential amplitudes (15).

Acute and subacute conduction block can be demonstrated by motor studies (12,15). Con-

sensus criteria for partial conduction block requires either a 50% amplitude reduction or a

40% area reduction if there is mild temporal dispersion and .60% amplitude or 50% area

if moderate temporal dispersion is present (16). Intra-operative nerve action potentials

(NAPs) are useful in assessing axonal continuity for surgical intervention (17,18).

Ultrasound has been used to evaluate continuity of the nerve in the setting of

humeral shaft fracture (19). MRI has been used to evaluate radial neuropathies at the

elbow (20). Its advantage is that it can evaluate for intrinsic and extrinsic mass lesions.

Focal and diffuse thickening and increased T2 signal are associated with nerve injury.

4. ETIOLOGIES

Etiologies of radial mononeuropathy and its branches include trauma, prolonged com-

pression, entrapment, systemic illness, and neoplasia.

Trauma is the main cause of radial neuropathy proximal to the spiral groove. Trau-

matic injury to the radial nerve in the axilla can occur from stretch, contusion, or gunshot

wound (17,18,21). Traumatic injury of the radial nerve at the arm or elbow can occur

with mid-shaft and distal humerus fracture (22–25), blunt contusion, laceration, or

gunshot wound. Risk of radial nerve transection is increased with oblique fracture of the

distal one-third of the humerus (22). The radial nerve and posterior interosseous nerves

can be injured from fracture near the head of the radius (3,17,21,25–27) and by a Monteggia

lesion, a fracture of the proximal ulna with radial head dislocation (2,27,28). Entrapment in

callus formation and at the lateral intermuscular septum can occur as a sequelae of humerus

fracture (17,22,29). In the supinator syndrome, there is entrapment of the posterior inteross-

eous nerve at the Arcade of Frohse either spontaneously (2,10,11,17,26,28), after trauma
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(2,28), or in the setting of rheumatoid arthritis (30). Handcuff neuropathy most commonly

involves the superficial radial nerve (31). Radial neuropathy in the arm is reported in athletes

who use their arms in repetitive, strenuous activities (32–34).

Iatrogenic injury of the radial nerve has occurred from hematoma following trans-

arterial axillary block (35), injection injury in the upper arm (21,28,36), and compression

in the arm by automatic blood pressure cuffs (37). Venipuncture of the cephalic vein in the

distal forearm can cause injury to the superficial radial nerve (38,39).

Acute retrohumeral radial neuropathy following prolonged compression is most

commonly localized to the spiral groove (2,12,28). The key feature is marked conduction

block and reduced conduction velocity across the injury (12).

Mononeuropathy has been described as an early component of immune or inflam-

matory mediated diseases of the peripheral nervous system such as vasculitis (40), neuro-

sarcoidosis (41), multifocal motor neuropathy with conduction block (42), Lewis–Sumner

neuropathy or multifocal acquired demyelinating sensory and motor neuropathy (43), and

in early Guillain–Barre Syndrome (44). Historically, radial neuropathy was described in

lead toxicity (45). Mononeuropathy can be secondary to intrinsic tumor, and compression

by extrinsic tumors (10,17,26,28), and tumor-like masses in focal inflammatory myositis

(6), and amyloidosis. Arteriovenous shunts can cause neuropathy (7,46). It is also

described in individuals with hereditary neuropathy with pressure palsy (3,37).

5. TREATMENT

Good spontaneous recovery, within days to weeks, usually occurs in patients with radial

palsy secondary to compression at the spiral groove; however, incomplete and prolonged

recovery may take place when electrophysiologic studies are suggestive of significant

axonal injury (12). With traumatic injury, repair of sharp transection has been recom-

mended within 72 h, whereas for blunt transections delay of weeks to delineate the

margin of injury is recommended (17). When the nerve is not transected, a high rate of

spontaneous recovery does occur (17,18). When sufficient recovery does not occur,

intra-operative NAPs can be used to determine whether neurolysis or resection is necess-

ary for nerve repair (17,21). With arm level injuries, surgical treatment often results in

good proximal function but digit and thumb extension may remain poor and require

tendon transfer (17,18,47). Surgery for entrapment of the posterior interosseous nerve is

reported to result in a high rate of good return of digit extension, although thumb extension

may require tendon transfer (18,26). Painful neuralgia after injury to the superficial radial

nerve can often be treated by resection with the proximal end left beneath the brachio-

radialis muscle (17,18). Radial tunnel syndrome (1,48–50) as a pain syndrome is contro-

versial and recent studies have not shown benefit from surgical release (8,51).

Immunotherapy is indicated for inflammatory causes (42,43).
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ABSTRACT

The ulnar nerve is the major nerve to the hand and is susceptible to injury at the elbow and

wrist. Injury to the nerve may be associated with pain at the site of the lesion, although

insidious atrophy and/or weakness of ulnar innervated muscles is common. Ulnar mono-

neuropathy should be considered when the fifth or fourth and fifth digits of the hand

develop altered sensation; or when intrinsic hand muscles become weak and/or atrophic.

Documentation of nerve injury and localization are aided by electrodiagnostic evaluation.

The most common cause of injury is compression at the elbow, which generally responds

well to conservative or simple decompressive interventions. Other disorders can be

confused with ulnar neuropathies. Underlying metabolic, genetic, or acquired illnesses

may be exacerbating factors.

1. INTRODUCTION

Ulnar mononeuropathies are common, and compression at the elbow is second in fre-

quency to median nerve compression at the wrist. Compression of the ulnar nerve can

also occur at other sites. There are a number of pathological processes that may injure

the nerve. An understanding of normal ulnar nerve anatomy and common anatomic
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variants is important for correct interpretation of the clinical and electrodiagnostic exam-

ination, facilitates accurate lesion localization, and leads to a better understanding of

underlying causes.

2. ANATOMY

The ulnar nerve is a mixed motor and sensory nerve. Motor fibers originate from cell bodies

located in the cervical spinal cord, at the C8 and T1 levels. Sensory fibers originate from

dorsal root ganglia at levels C7–8 and T1. Both motor and sensory fibers from C8 and

T1 combine to form the lower trunk of the brachial plexus, whereas C7 fibers form the

middle trunk (Fig. 28.1). Variations occur rarely (3–5%) and are associated with a prefixed

or post-fixed brachial plexus. In these situations, the spinal root levels contributing to the

brachial plexus and its branches may be one higher or one lower, respectively.

The anterior division of the lower trunk combines with C7 fibers from the middle

trunk to form the medial cord, with the ulnar nerve proper as the largest branch. The

nerve then travels through the axilla by crossing under the pectoralis minor and traverses

along the medial arm to pass through the ulnar groove and then the cubital tunnel at the

elbow. The latter structure is a fairly restrictive canal, bounded above by the aponeurosis

between the olecranon and the medial epicondyle (the humeral–ulnar aponeurosis, com-

posed of the tendinous arch of the two heads of the flexor carpi ulnaris) and below by the

medial ligament of the elbow (Fig. 28.2). Movement at the elbow (especially flexion)

narrows this canal and is an important mechanism for local nerve compression. The

first two branches of the ulnar nerve arise at or below this point and provide innervation

to the flexor carpi ulnaris and flexor digitorum profundus III and IV (proximal and distal

branches, respectively). The nerve then continues through the forearm, crossing the wrist

lateral to the tendon of the flexor carpi ulnaris, and enters the hand through Guyon’s canal,

which is a boney canal bounded medially by the pisiform, and laterally by the hook of the

hamate. Sensory branches usually leave the nerve proximal to Guyon’s canal, whereas the

remaining motor nerve branches occur within or distal to the canal.

Figure 28.1 Diagram of ulnar nerve showing branches to individual muscles. Major entrapment

sites marked by gray bars and associated numbers refer to table with differential diagnoses and causes.
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The ulnar nerve innervates 10 muscles. Branches to the flexor carpi ulnaris and flexor

digitorum profundus III and IV leave the nerve just below the elbow, distal to or within the

cubital tunnel. All other muscular branches are given off distal to the wrist, in or near

Guyon’s canal. The hypothenar group consists of the abductor, opponens, and flexor

digiti minimi. The thenar group consists of the adductor pollicis and deep head of the

flexor pollicis brevis. The remaining muscles are the dorsal and volar interossei, lumbricals

III, IV, and the palmaris brevis. All distal muscles are innervated by C8 and T1 roots, with

the exception of the flexor carpi ulnaris and flexor digitorum profundus III and IV which

have C7 and C8 fibers. The flexor carpi ulnaris also has variable T1 contributions.

Ulnar-to-median (1) and median-to-ulnar (Martin–Gruber anastamosis) communi-

cation in the forearm occur in �17% of people (2). There are four variations of the

Martin–Gruber anastamosis. Type I (60%) has median-to-ulnar motor crossover, with

preservation of standard median and ulnar muscle innervation. Type II (35%) has

median-to-ulnar motor crossover, with resultant median fibers innervating ulnar

muscles. Type III (3%) and IV (1%) send motor fibers from the ulnar to the median

nerve with ulnar innervation of median muscles (III) or ulnar innervation of ulnar

muscles (IV) (3). There are occasional examples of ulnar-to-median communication of

sensory fibers as variations to the pattern noted earlier (4).

Sensory branches of the ulnar nerve include (from proximal to distal) the palmar

cutaneous, dorsal cutaneous [which arises an average of 5.5 cm proximal to the head of

the ulna (5)], and superficial terminal branches. Similar to the distal motor branches,

sensory nerves are largely of fibers of C8 origin. They mediate sensation to the skin over-

lying the hypothenar eminence, the dorsal ulnar portion of the hand, including half of the

fourth and all the fifth digits, and palmar aspect of the fifth and half of the fourth digits.

3. CLINICAL FEATURES

Clinical symptoms and examination findings are dependent upon the location of the lesion

(Fig. 28.1) (6). In the cubital syndrome, sensory symptoms predominate with paresthesias

occurring in most patients but pain in less than half, whereas motor symptoms are noted in

two-thirds. Physical examination findings parallel symptoms, with sensory deficits and

motor weakness noted in 75–80% and atrophy noted in two-thirds (7). Early presentations

may be restricted to motor symptoms with ill-defined loss of strength and dexterity.

Figure 28.2 Diagram of the ulnar nerve at the elbow showing the cubital tunnel.
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Cold may exacerbate symptoms, and nonmotor symptoms may fluctuate or even disappear for

periods of time. Severe injury to the ulnar nerve at or above the elbow may result in a “claw

hand” deformity (main en griffe) with intrinsic muscle atrophy, hyperextension of the fourth

and fifth digits (and sometimes the third digit) at the metacarpophalangeal joint and flexion at

the interphalangeal joints, loss of ulnar flexion, and altered sensation over the ulnar aspect of

the hand. Mild injury at the elbow can result in sparing of flexor carpi ulnaris function. Lesions

in the forearm or hand may cause findings similar to those of more proximal lesions (i.e., be

associated with intrinsic muscle wasting etc.), but will spare the flexor carpi ulnaris and flexor

digitorum profundus III and IV, with variable sparing of ulnar sensation. Excluding post-

operative or immediately post-traumatic situations, compressive etiologies are usually due

to repetitive insults, such as in over-use syndromes, with manual labor activities. Tardy

ulnar palsy refers to situations of remote trauma to the elbow that is thought to trigger arthritic

changes, which in turn lead to compression at the elbow. With compression at Guyon’s canal

there may be similar symptoms and signs, but typically without sensory disturbance. Lesions

to the ulnar nerve in the hand result in variable involvement of distal motor branches, thereby

having a range of clinical presentations, which may include finger tremor (8). Some authors

separate compressive lesions of the ulnar nerve in the hand into three (9) or four (10) groups

based upon location of the compression relative to Guyon’s canal. Group I refers to proximal

lesions in Guyon’s canal, with resultant muscle weakness in all innervated hand muscles and

involvement of the superficial terminal branches of the ulnar nerve before they branch. Group

II is divided into IIa and IIb by different authors (10). These groups are characterized by more

distal lesions within Guyon’s canal, resulting in weakness of ulnar innervated muscles but

without sensory nerve involvement (group II or IIb) or weakness that spares hypothenar

muscles (group IIa). The former involves lesions of the proximal portion of the deep motor

branch of the nerve, and the latter involves more distal lesions after the branch to hypothenar

muscles. Group III is very distal in Guyon’s canal and involves only superficial terminal

sensory nerves.

Historical factors are relevant in deciphering the etiology; repetitive movements

associated with ulnar neuropathy include Nordic skiing (11), meat packing (12), wheel-

chair athletes (13), some types of video game playing (14), and playing musical

instruments [15–17], carrying mail (18), unusual sleep positions (19), telesales represen-

tatives (20), use of an axillary crutch (21), bicycling (22–24), and driving (25). Surgery is

thought to be a risk factor, attributed to positioning during the procedure and tilting the

patient (26), but a retrospective review of over 1 million patients undergoing diagnostic

and noncardiac procedures at one institution (Mayo Clinic) revealed a rate of persistent

(.3 months) ulnar neuropathy of 1 per 2729 patients. There was no relation to the type

of anesthetic technique or patient positioning. Both very thin and obese body habitus

were positive risk factors (27). Cardiac procedures were excluded from the study, as

sternal splitting procedures are associated with a 5–37% rate of post-operative nerve

damage, with 40% having an ulnar neuropathy, 40% a brachial plexopathy, and 20%

both neuropathies (28,29). Fortunately, up to 92% (range 57–93%) of patients had full

recovery by 3 months after surgery (30). Other iatrogenic causes of ulnar neuropathy

include arteriovenous fistula for dialysis (31,32), injections (33), subdermal contraceptive

implantation (34), liquid nitrogen cryotherapy (35), and one case of ulnar neuropathy of

the hand after high pressure air injection (36).

4. LABORATORY EVALUATION

The electrodiagnostic evaluation is the first step in further evaluation. Nerve con-

duction practices have been reviewed and delineated by the American Association of
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Neuromuscular Electrodiagnostic Medicine and the American Academy of Neurology

(37). When performing studies, care should be taken to exclude measurement errors

(38). The elbow should be in a position of moderate flexion (70–908 from horizontal),

with stimulation and measurement performed in the same positions. Across-elbow dis-

tances should be�10 cm, and stimulation of the ulnar nerve .3 cm distal to the medial epi-

condyle should be avoided as the nerve usually lies deep at this point. The diagnosis of a

focal ulnar nerve lesion at the elbow is most convincing when several internally consistent

abnormalities are noted, rather than an isolated abnormality (38). Abnormalities supportive

of a lesion include: an absolute motor nerve conduction velocity (NCV) across the elbow of

,50 m/s; NCV across the elbow segment that is at least 10 m/s slower than the NCV from

below the elbow to the wrist segment; and a compound muscle action potential amplitude

across the elbow segment that is at least 20% lower than that recorded at the wrist.

Needle EMG examination should include the first dorsal interosseous muscle, as this

is the most frequent muscle to demonstrate abnormalities in ulnar nerve lesions. In

addition, ulnar innervated forearm muscles, nonulnar C8 innervated muscles of the

hand, and cervical paraspinous muscles may be tested in order to exclude a process invol-

ving the medial cord or lower trunk of the brachial plexus, cervical (C8) roots, or motor

neurons. Note that changes limited to the first dorsal interosseous (i.e., sparing the

forearm muscles) do not exclude an ulnar nerve lesion at or above the elbow.

Because of the long list of possible causes for compressive ulnar mononeuropathies

(either at the elbow or at the wrist), imaging studies may be of use. Magnetic resonance

imaging (MRI) may help to delineate a typical compression due to repetitive movements

from other entities such as tophaceous gout or calcium pyrophosphate crystal deposition,

intraneural or extraneural growths, accessory muscles, or other described entities. In ordin-

ary compressive neuropathy, there is increased ulnar nerve signal within 3–4 cm of the

compressed region in almost all cases and no signal change in normal controls (39).

5. DIFFERENTIAL DIAGNOSIS

The diagnosis of ulnar neuropathy may appear straightforward, but a wide range of entities

can masquerade as or contribute to ulnar mononeuropathy. There is a wide range of etiol-

ogies. One large study of ulnar mononeuropathy at the elbow revealed that 33% had local

or systemic factors contributing to or responsible for the lesion (7). Identified factors

included diabetes, alcohol abuse, and polyneuropathy of uncertain cause. Compressive

ulnar neuropathy is a common manifestation of hereditary neuropathy with a liability to

pressure palsy, and other forms of hypertrophic neuropathies (40) including focal demye-

linating neuropathy of the ulnar nerve presenting with a Guyon’s canal compressive

neuropathy (41). A painful ulnar neuropathy as paraneoplastic process has been described

(42). Other systemic processes include systemic scleroderma (43), drug induced lupus

syndrome with antiphospholipid antibodies (44), and cutaneous anthrax (45).

When symptoms are of sudden onset, especially when there is pain, vasculitic or

ischemic process such as mononeuritis multiplex, diabetes, or acute trauma should be con-

sidered. These processes occur less commonly at sites of compression and are more likely

in the forearm or above the elbow.

Local factors reported to be associated with the development of ulnar neuropathy are

lipomas (46–48), ganglion cysts (49–51), accessory or anomalous muscles (52–54),

schwannoma (55,56), lepromatous lesions (57), intraneural mucoid pseudocysts (58),

medial triceps dislocation (59,60), intraneural cysts (61,62), tumoral calcium deposition

processes (63,64), gouty tophi (65,66), intraneural metastases (67), intramuscular hemor-

rhage (68), ulnar artery aneurysm (69), and thrombosed ulnar vein (70), among others.
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Remote causes mimicking ulnar neuropathy include, cervical syrinx (71), small

infarcts of the hand knob of the precentral gyrus (72), injury to the teres minor through

a conjectured referral pain pattern (73), and small localized tumors of the precentral

gyrus (unpublished observation). Injuries to the C8 nerve root or lower trunk and/or

medial cord of the brachial plexus have been addressed previously in this chapter, but

must remain on the list of differential diagnostic possibilities.

6. MANAGEMENT AND PROGNOSIS

Addressing the cause of compression can result in a resolution or an arrest of progression.

For some types of local factors, surgical decompression is effective. In one series, ulnar

neurolysis was effective for pain relief, and 50% of patients had some sensory recovery,

whereas 90% of patients had improvement or arrest of progression of loss of motor func-

tion (74). A management dilemma is what to do for uncomplicated ulnar neuropathy at the

elbow, and there are few large prospective trials for guidance. Observational data suggest

that symptomatic ulnar neuropathy at the elbow without physical examination findings or

electrodiagnostic abnormalities can be effectively managed with conservative therapy;

padding the elbow, reducing repetitive flexion and extension movements, use of anti-

inflammatories, and reducing the amount of time spent with elbows flexed. Conservative

management techniques will effectively prevent the need for surgery in up to 90% (75).

Those with motor findings or evidence for denervation on electrodiagnostic evalu-

ations generally do not respond adequately to conservative therapy and will require surgi-

cal intervention. Despite surgery, the clinical outcome in one study was improvement in

only 70% (76). Different types of surgical procedures do not clearly predict the

outcome, although utilizing a stabilized subcutaneous ulnar nerve transposition with

immediate range of motion allows patients to return to their occupation sooner than

other methods; and 2 year follow-up data suggests that up to 70% have an excellent clini-

cal outcome, with another 20% having a good outcome (77).

7. CONCLUSIONS

Ulnar neuropathy is common. Although there are many causes for compression, the most

common are related to the anatomical constraints of the cubital tunnel and Guyon’s canal,

with repetitive flexion movements most typically the culprit for compression. In these con-

ditions, electrodiagnostic evaluation is able to differentiate ulnar neuropathy from other

conditions. MRI can help clarify the picture in unusual cases. Electrodiagnostic findings

help guide decisions regarding conservative vs. surgical therapy. Patients with symptoms

only, or nonlocalizing electrodiagnostic findings, can often be successfully managed with

conservative measures. Early surgical decompression with anterior transposition is rec-

ommended for any patient with motor findings on physical examination or electrodiagnos-

tic evaluation. Those who have surgery have a good to excellent outcome post-operatively.
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ABSTRACT

Focal neuropathy of the shoulder girdle is often unrecognized as a cause of upper extre-

mity pain and disability. Proximal mononeuropathy is a diagnostic consideration in

patients with pain and weakness of the shoulder girdle. Isolated lesions of the long thor-

acic, spinal accessory, suprascapular, axillary, or musculocutaneous nerves may be diffi-

cult to distinguish from more commonly encountered neurologic and musculoskeletal

conditions, such as cervical radiculopathy, brachial plexopathy, neuralgic amyotrophy,

and rotator cuff tendinopathy. Compromise of peripheral nerves occurs as a result of

direct trauma, compression or traction. In many cases, the mechanism of injury is

unique to a specific nerve. A carefully history and physical examination, and an electro-

diagnostic evaluation can identify these neuropathies, facilitating appropriate and timely

treatment. Patients with mild or incomplete lesions usually improve with relative rest

and physical therapy. Surgical management is often necessary in severe axon loss injuries.

1. INTRODUCTION

Proximal mononeuropathies constitute a relatively small cause of shoulder pain and weak-

ness. These lesions are often obscured by other soft tissue injuries and may masquerade as

myriad other musculoskeletal or neurologic conditions. Injuries to peripheral nerves occur in

isolation or in combination with root, plexus, and other nerve lesions, further complicating

the clinical diagnosis. Accordingly, it is important to maintain an awareness of these injuries

to insure prompt diagnosis and effective treatment. The clinical and electrophysiologic fea-

tures of isolated injuries to the long thoracic, spinal accessory, suprascapular, axillary, and

musculocutaneous nerves are reviewed in this chapter. Etiologies of these lesions are pre-

sented, emphasizing anatomic risk factors and unique mechanisms of injury for each

nerve. Finally, conservative and surgical management of these conditions are described.

2. LONG THORACIC NEUROPATHY

2.1. Anatomy

The long thoracic nerve is a purely motor nerve that supplies the serratus anterior muscle. It

usually arises from branches of the fifth, sixth, and seventh cervical nerve roots shortly after

they exit the intervertebral foramina, proximal to the formation of the brachial plexus

(Fig. 29.1). The largest and most consistent contribution comes from the sixth nerve
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root. The branch from the seventh nerve root is absent in �8% of patients and the nerve

occasionally receives a contribution from the eighth cervical root (1). The branches from

the fifth and sixth roots unite immediately after piercing the scalenus medius muscle.

The branch arising from the seventh root joins the nerve as it travels across the scalenus pos-

terior. The nerve then courses downward and laterally just posterior to the midaxillary line,

supplying each digitation of the serratus anterior as it progresses. The lower portion of the

serratus is innervated by intercostal nerves in �20% of individuals (1).

2.2. Clinical Features

Patients with a long thoracic neuropathy typically present with a dull, aching sensation in

the periscapular area, and difficulty reaching overhead. The distinguishing clinical feature

of serratus anterior weakness is scapular winging. Sitting in a hard-backed chair is often

uncomfortable, owing to scapular prominence. In many cases, patients are unaware of the

winging until it is brought to their attention. Scapular winging from serratus anterior weak-

ness has characteristic findings on physical examination. At rest, there is often a slight

outward flaring of the inferior angle of the scapula (Fig. 29.2). Flexion of the arms

forward produces winging of the entire medial scapular border (Fig. 29.3). The serratus

functions primarily as a scapular stabilizer and is unique in its ability to maintain the

medial border of the scapula against the thorax as the arms are thrust forward. This move-

ment results in a posteriorly directed force upon the scapula that cannot be counter-

balanced if the serratus is weak. Winging of this type is accentuated by resisted scapular

protraction, pressing against a wall, or performing a push-up. There is little if any trans-

location of the scapula laterally because of the stabilizing action of the middle trapezius.

The serratus anterior also functions as an upward rotator of the scapula; consequently,

active abduction of the affected arm is often limited. However, abduction may be full

due to compensatory action of the upper trapezius (2,3). Scapulohumeral rhythm is

Figure 29.1 Long thoracic nerve. [From Haymaker and Woodhall (24).]
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uniformly abnormal in these patients. The comparative features of serratus and trapezius

winging are listed in Table 29.1.

2.3. Laboratory Evaluation

Although injury to the long thoracic nerve is usually apparent on clinical evaluation, the

diagnosis is confirmed by electrodiagnostic studies demonstrating isolated involvement of

the nerve and excluding other causes of scapular winging, such as brachial plexopathy,

Figure 29.2 Winging of the right scapula at rest. Note prominence of the inferior scapular angle.

Figure 29.3 Winging of the right scapula with the arms thrust forward.
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spinal accessory neuropathy, and neuralgic amyotrophy. The degree of axon damage can

be determined, which assists in prognostication.

The long thoracic nerve is readily accessible to nerve conduction studies. The super-

ficial location of the serratus anterior muscle allows surface electrode recording, although

may be technically difficult in obese individuals (4). The most common finding is a

decreased or absent compound motor action potential (CMAP) when recording from the

serratus anterior muscle. The distal latency is prolonged in some cases. As most labora-

tories do not have established normal values for long thoracic conduction studies, it is

important to obtain comparative data from the uninvolved side. It is essential to establish

that the spinal accessory nerve conduction studies are normal, as injury to this nerve may

also cause scapular winging. Median, radial, and lateral antebrachial cutaneous sensory

conduction studies are useful in excluding upper trunk brachial plexopathy.

Needle EMG demonstrates isolated denervation of the serratus anterior muscle.

Sampling of the upper and middle portions of the muscle is recommended because the

lower digitations are often innervated by the intercostal nerves and a false negative exam-

ination may be recorded if only inferior portions are studied. Examination of the trapezius

and other limb muscles excludes lesions of the spinal accessory nerve and brachial plexus.

2.4. Differential Diagnosis

The differential diagnosis of long thoracic neuropathy is listed in Table 29.2. Among nerve

injuries, spinal accessory neuropathies cause scapular winging, but with a different clinical

picture from serratus anterior winging (Table 29.1). Traction injuries to the brachial plexus

with root avulsion or involvement of preganglionic fibers may also result in scapular

Table 29.1 Comparative Features of Serratus Anterior and Trapezius Scapular Winging

Serratus anterior winging Trapezius scapular winging

Muscle atrophy Minimal Often prominent in upper

trapezius

Appearance at rest Flaring of the inferior

scapular angle

Drooped shoulder on

affected side

Winging accentuated by Forward flexion and

resisted protraction

Abduction

Winging minimized by Abduction Forward flexion

Lateral translocation

of scapula

Minimal Often pronounced

Table 29.2 Differential

Diagnosis of Long Thoracic

Neuropathy

Spinal accessory neuropathy

Dorsal scapular neuropathy

Brachial plexopathy

C7 radiculopathy

Neuralgic amyotrophy

Fascioscapulohumeral dystrophy

Scapuloperoneal dystrophy

Limb-girdle dystrophy

Hypermobility syndromes
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winging, but clinical and electrophysiologic abnormalities are not limited to the long thor-

acic nerve. Winging is occasionally seen as a manifestation of C7 radiculopathy (5).

Neuralgic amyotrophy should be considered with winging of the scapula, especially

when preceded by acute severe and sharp pain in the shoulder girdle unassociated with a

specific event or activity or a symptom free interval following trauma. This condition is

characterized by single or multiple upper extremity mononeuropathies and patchy involve-

ment of the brachial plexus. The most common nerves affected are the long thoracic, axillary,

and suprascapular (6). When needle EMG abnormalities are isolated to the long thoracic

nerve, a careful history will distinguish between neuralgic amyotrophy and other etiologies.

Various types of muscular dystrophy are associated with scapular winging, notably

fascioscapulohumeral (FSH), scapuloperoneal, and limb-girdle types. These disorders are

easily distinguished from long thoracic nerve injury by family history, other associated

findings, and histopathologic features. Rarely, winging not associated with pain is seen

as a normal variant in patients with hypermobility syndromes.

2.5. Management

Initial treatment includes relative rest and avoidance of activities that cause overstretching

of the serratus anterior muscle, especially those that require the arm to assume a forward

flexed position. A properly designed scapular orthotic device may be helpful (7–9). Active

range of motion exercises are performed in the supine position, utilizing the weight of the

body to stabilize the scapula and prevent serratus overstretch (10). Much of the pain results

from biomechanical overload and contracture of periscapular and antagonist muscles.

Accordingly, attention is given to stretching the latissimus dorsi, levator scapulae pector-

alis minor, and rhomboid muscles. Serratus strengthening is initiated as pain and range of

motion improve. Other stabilizers of the scapula, especially the upper and lower trapezius

must also be strengthened. Exercising these muscles in their capacity as scapular rotators,

such as raising the arm overhead while supine is recommended in the early stages of recovery

(7). As strength improves, more advanced closed chain exercises such as push-ups are

prescribed to enhance dynamic stability of the shoulder girdle (11).

Surgical exploration and neurolysis is considered with severe axon loss. Neurolysis of

the supraclavicular portion of the nerve has been successful in patients with compressive

lesions in the scalene muscles (12). Different surgical procedures have been proposed to

substitute for the weak serratus anterior and stabilize the scapula against the thorax. The

optimal procedure is transfer of the sternal head of the pectoralis major to the inferior

angle of the scapula (13,14). Transposition of the pectoralis minor, rhomboid, or teres

major muscles has also been performed (15–17). Scapular fixation to the chest wall utilizing

fascial slings is less successful, as it fails to provide dynamic stability to the shoulder (14).

Prognosis is largely dependent upon the mechanism of injury. Traction injuries have

a favorable outcome, with recovery rates of 90–100% (2,10,11,18). Although patients

typically regain full functional use, and a mild degree of scapular winging may persist

(2,11,19). Prognosis in traumatic axon loss lesions is generally poor, with maximum

recovery 6 months–2 years, (average time, 9 months) (2,10,11). If there is no electrophy-

siologic evidence of nerve function at 2 years, the prognosis for spontaneous recovery is

poor and surgical stabilization of the scapula is recommended (11).

2.6. Pathogenesis

Long thoracic mononeuropathy has been attributed to many causes (Table 29.3). The

superficial location of the nerve in the lateral thorax renders it susceptible to direct
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trauma, including motor vehicle accidents (3,20), carrying a knapsack (21), lifting (20),

sleeping on an outstretched arm (19), cervical chiropractic manipulation (22), and electric

shock (14,23). Surgical procedures in the axillary region may also damage the nerve,

including mastectomy (24), axillary node dissection (10), and minimally invasive mitral

valve surgery (25). The proximal portion of the nerve is relatively fixed by the scalenus

medius muscle and is subject to traction when the arm is raised overhead or outstretched

(11,26). A tight fascial band extending from the middle scalene to the first rib has been

described such that abduction and external rotation of the arm may cause the long thoracic

nerve to “bow string” over the fascial band, resulting in a stretch injury to the nerve (27).

Thus, stretch-induced injury, including cases involving a single strenuous exertion, appears

to play a significant causative role and may be the primary mechanism of injury in patients

Table 29.3 Causes of Long

Thoracic Neuropathy

Direct trauma

Motor vehicle crashes

Falls

Carrying knapsack

Post surgical

Thoracotomy

First rib resection

Radical mastectomy

Axillary lymph node

dissection

Indirect trauma

Electrocution

Chopping wood

Sleeping on outstretched arm

Carrying tray overhead

Sports-related

Tennis

Weightlifting

Football

Hockey

Golf

Baseball

Basketball

Gymnastics

Wrestling

Archery

Discus

Bowling

Ballet

Target shooting

Nontraumatic

Post infectious

Post immunization

Post partum

Familial

Neuralgic amyotrophy

Idiopathic
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without a history of direct trauma (2,11,19). However, when there is shoulder pain in the

setting of minor trauma, neuralgic amyotrophy should be considered (28).

Athletic activities have been associated with long thoracic neuropathy. The most

common is tennis, especially with serving (2,11,28–30). Other sports include weightlift-

ing (2,11), baseball (2), football (31,32), wrestling (3), basketball (32), golf (2), archery

(28), shooting a rifle (33), gymnastics, bowling, hockey, and soccer (11).

Isolated injuries to the long thoracic nerve have been reported to occur after infec-

tion (3,7,19,28), immunization (3,7,31), childbirth, and cold exposure (31). Occasionally,

a causative agent cannot be identified, and most likely represent a variant of neuralgic

amyotrophy (6,7,19,28,30,31,34). There is a familial neuralgic amyotrophy that includes

recurrent long thoracic neuropathies (35).

3. SPINAL ACCESSORY NEUROPATHY

3.1. Anatomy

The spinal accessory, or eleventh cranial nerve, is a motor nerve that supplies the sterno-

cleidomastoid and trapezius muscles. The spinal portion of the nerve is formed by efferent

branches of the first five cervical nerve roots which ascend and enter the skull through the

foramen magnum, where they briefly unite with the bulbar portion of the nerve. The spinal

portion then exits the skull through the jugular foramen together with the glossopharygeal

and vagus nerves. Initially, the nerve lies in close proximity to the internal carotid artery

and inferior jugular vein, then descends obliquely in the posterolateral neck to innervate

the sternocleidomastoid muscle. The nerve continues deep to this muscle and crosses

the posterior triangle of the neck. Here, the nerve lies in a superficial location, rendering

it susceptible to trauma. It first supplies the upper trapezius and then runs on the deep

surface of this muscle to innervate the middle and lower portions.

Although the spinal accessory nerve does not contain sensory fibers, the ventral rami

of C3 and C4 from the cervical plexus often provide proprioceptive innervation from

the upper trapezius (36). C2 and occasionally C3 give off sensory branches to the sternoclei-

domastoid. The trapezius may also receive an efferent contribution from C3 and C4 (37,38).

3.2. Clinical Features

Shoulder pain and weakness are the presenting complaints. Pain is variable and results

from contracture and overload on other musculotendinous structures in the neck and

shoulder girdle. Shoulder weakness is usually pronounced and typically causes more

disability than that seen in serratus anterior paresis due to the trapezius’ greater role in

scapular stabilization. Weakness manifests primarily as inability to fully abduct the

arm, and patients have significant difficulty performing overhead activities. Intracranial

or intraspinal involvement of the nerve also results in weakness and atrophy of the

sternocleidomastoid resulting in difficulty turning the head to the opposite side.

Atrophy of the trapezius is most noticeable in the relatively thick upper portion of

the muscle, resulting in a loss of normal contour of the top of the shoulder. When

atrophy is severe, the superior border of the scapula is visible above the shoulder when

viewed from the front, which has been termed “moonrise scapula” (39). The upper

fibers of the trapezius are the only muscle capable of elevating the point of the shoulder.

When this muscle is nonfunctional, the lateral angle of the scapula is left unsupported and

pulled downward by the weight of the limb. Clinically, this results in a drooped shoulder

on the affected side. The most consistent feature of spinal accessory neuropathy is scapular
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winging which differs from that associated with long thoracic nerve injury. With trapezius

weakness, abduction of the involved shoulder results in winging of the entire medial

border of the scapula (Fig. 29.4). This is in contrast to serratus anterior winging which

is most prominent at the inferior angle and is precipitated upon forward flexion. The tra-

pezius as a whole, acts to retract the scapula, and weakness of this muscle together with

unopposed action of the serratus and pectoralis muscles results in lateral translocation

of the scapula during the act of abduction. Additionally, active abduction is limited to

�908 due to the pivotal role played by the upper and lower fibers of the trapezius in

upward rotation of the scapula. Shoulder shrug is minimally affected because of the

action of the levator scapulae.

3.3. Differential Diagnosis

Scapular winging is also a prominent clinical feature of long thoracic neuropathy;

however, this results in a different clinical picture that should not be confused with

spinal accessory neuropathy (Table 29.1). Other conditions that can cause winging of

the scapula are listed in Table 29.2. Scapular winging that occurs following surgical

procedures in the neck is far more likely to be due to spinal accessory nerve damage.

3.4. Laboratory Evaluation

The diagnosis of spinal accessory neuropathy is confirmed by electrodiagnostic studies.

A CMAP can be obtained by stimulating the nerve along the posterior border of the ster-

nocleidomastoid with recording over the upper, middle, or lower portions of the trapezius

(4,37,40). As most injuries are axonal, the most constant finding is a reduced CMAP (41).

A prolonged distal latency is occasionally observed in focal compression of the nerve.

Comparative values from the uninvolved side are necessary to determine the significance

of any abnormalities seen.

Needle EMG demonstrates denervation in the trapezius. Examination of all three

portions of the muscle is helpful when looking for signs of recovery following a complete

Figure 29.4 Winging of the right scapula with abduction.
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injury. Involvement of the sternocleidomastoid indicates an intracranial or intraspinal

lesion. It is important to examine the serratus anterior and other scapular muscles to

confirm that the abnormalities are isolated to the trapezius. In cases where intracranial

involvement is suspected, cranial computerized tomography (CT) or magnetic resonance

imaging (MRI) is recommended (42).

3.5. Management

Early treatment consists of stretching of the rhomboids, levator scapulae, latissimus dorsi,

and pectoralis minor, which have a tendency to become contracted and painful. Bracing

may offer pain relief in some patients by stabilizing the scapula. Exercises to strengthen

the serratus anterior, the other primary upward rotator of the scapula are given in an

effort to compensate for the nonfunctional trapezius. Specific strengthening of the trape-

zius can begin once reinnervation is evident on electrodiagnostic studies.

Surgical exploration and neurolysis is considered in severe closed injuries if no

recovery is seen after several months. Exploration is occasionally done earlier when the

nerve is injured as a result of a surgical complication. Cable grafting utilizing the

greater auricular nerve is often performed when the nerve is unavoidably sacrificed

during radical neck dissection (38,43). Muscle transfer utilizing the levator scapulae

and rhomboid muscles is successful in decreasing pain and improving function in many

patients who fail or are not candidates for nerve repair (44–46).

3.6. Pathogenesis

Causes of spinal accessory neuropathy are listed in Table 29.4. The majority of injuries

involve the peripheral portion of the nerve as it courses through the neck. Lesions of

the intracranial portion are rare and typically result from meningioma, schwanoma, or

metastases to the base of the skull (47–49). In the Vernet syndrome, the spinal accessory,

glossopharygeal and vagus nerves are damaged as they pass through the jugular foramen.

Patients with carotid body tumors may also present with accessory neuropathy (50).

The majority of spinal accessory neuropathies are iatrogenic, resulting from surgical

procedures in the posterior triangle of the neck. Injury to the nerve can occur as a compli-

cation of lymph node biopsy (51–53), carotid endarterectomy (54–56), facelift (57), cor-

onary artery bypass grafting (58), and internal jugular vein cannulation (59,60). The spinal

accessory nerve is deliberately sacrificed during radical neck dissection, and may be

injured during modified neck dissection (61,62). Intraoperative monitoring of the nerve

can decrease the risk of injury (63). Blunt trauma to the neck, such as slashing in

hockey or lacrosse can damage the nerve. Acute and chronic stretch injuries to the

nerve have also been reported (64–66). Whiplash-type injury may also damage the

nerve (67). Uncommon etiologies include suicide attempts by hanging (52), radiation

(68), and penetrating trauma (42). Spinal accessory neuropathy is a rare manifestation

of neuralgic amyotrophy.

4. SUPRASCAPULAR NEUROPATHY

4.1. Anatomy

The suprascapular nerve is derived from the fifth and sixth cervical nerve roots and usually

arises directly from the upper trunk of the brachial plexus (Fig. 29.5). It may also arise

directly from the fifth cervical root and occasionally receives a contribution from C4.
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It courses behind the brachial plexus between the fascia of the middle and the anterior

scalene muscles, then travels deep to the omohyoid and trapezius to reach the superior

border of the scapula. Here, it passes through the suprascapular foramen, a true fibro-

osseous tunnel, formed by the scapular notch and overlying superior transverse scapular

ligament. It first gives off a motor branch to the supraspinatus then two small sensory

twigs to the acromioclavicular and glenohumeral joints. It also supplies sensory and sym-

pathetic fibers to the spinatii and periarticular tissues. The nerve then continues downward

and laterally in the supraspinatus fossa, then makes a sharp turn to pass through the spino-

glenoid notch of the scapular spine, which may be covered by an inferior transverse

scapular (spinoglenoid) ligament. It terminates in the infraspinatus muscle.

4.2. Clinical Features

The diagnosis of suprascapular neuropathy is often delayed or unrecognized due to the

diffuse and insidious nature of symptoms. Posterior shoulder pain and weakness are the

primary presenting complaints. Pain ranges from mild to severe, depending on the degree

of afferent branch involvement. Pain is typically aggravated with overhead activities.

Athletes engaged in throwing or overhead sports, such as baseball pitchers, volleyball,

and tennis players, complain of increased pain in the cocking and release phases.

Table 29.4 Causes of Spinal

Accessory Neuropathy

Intracranial

Meningioma

Schwannoma

Sarcoidosis

Vernet syndrome

Metastases to base of skull

Intraspinal

Tumor

Syringomyelia

Motor neuron disease

Poliomyelitis

Peripheral

Idiopathic

Neck dissection

Lymph node biopsy

Facelift

Carotid endarterectomy

Coronary artery bypass grafting

Internal jugular vein cannulation

Blunt Trauma

Slashing in hockey

Lacrosse

Attempted suicide by hanging

Traction

Rowing

Backpack

Shoulder dislocation

Radiation

Idiopathic
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Weakness and atrophy of the infraspinatus are the principal physical findings, and

the majority of patients will demonstrates weakness of external rotation of the shoulder.

Supraspinatus atrophy is often masked by the overlying upper fibers of the trapezius.

Weakness of the supraspinatus can be overlooked with a normally functioning deltoid,

as the latter muscle is a much more powerful abductor of the arm. Sensory examination

is normal, as the nerve has no cutaneous distribution. Forced adduction of the arm

places the nerve on stretch and elicits pain in some patients (69,70). Tenderness over

the suprascapular notch is a common finding in many patients with entrapment at this

site (69). Occasionally, patients demonstrate tenderness over the spinoglenoid notch.

Scapular winging is notably absent in these individuals.

4.3. Laboratory Evaluation

Suprascapular nerve conduction studies are generally less helpful than needle electromyo-

graphy. Conduction studies to the supraspinatus and infraspinatus are obtained by stimu-

lating the nerve at Erb’s point, but because of the overlying trapezius muscle, surface

electrode recording is not reliable (71). Consequently, nerve conduction studies using

an intramuscular needle recording electrode can be used. CMAP amplitude obtained in

this manner is of little diagnostic utility, owing to the limited recording area of a needle

electrode. Conduction velocities are likewise of doubtful validity, due to difficulties

obtaining accurate measurements in the shoulder. Thus, distal latency is the most useful

Figure 29.5 Suprascapular nerve. [From Haymaker and Woodhall (24).]
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parameter. The latency to the infraspinatus may be prolonged, although there is no

consensus as to what constitutes a clinically significant delay or side-to-side difference.

A difference of .0.4 ms correlates with denervation on needle EMG (72). Median,

radial, and lateral antebrachial cutaneous sensory nerve action potential (SNAP) ampli-

tudes are helpful in excluding upper trunk brachial plexopathy.

Needle EMG can confirm the diagnosis and differentiate from other neurologic con-

ditions that may mimic suprascapular neuropathy (73). Abnormalities are found in the

infraspinatus when the lesion is localized to either the suprascapular notch or spinoglenoid

notch, whereas the supraspinatus is involved in most suprascapular notch injuries but is

spared in spinoglenoid entrapment. The supraspinatus is occasionally spared in proven

lesions at the scapular notch, presumably because the branch to the supraspinatus was

given off proximal to the scapular notch (74). Alternatively, partial lesions of the nerve

may selectively affect those fascicles that supply the infraspinatus while sparing those

that supply the supraspinatus (73,75). Examination of other shoulder girdle muscles, ser-

ratus anterior, and paraspinals will distinguish isolated suprascapular neuropathy from C5

or C6 radiculopathy, upper trunk brachial plexopathy, and neuralgic amyotrophy.

Radiographs of the scapula may reveal fractures or excessive callus formation in

traumatic cases. MRI is the study of choice for the evaluation of cystic lesions or other

compressive etiologies, and is particularly useful when no apparent cause can be ident-

ified. Additionally, MRI can assess denervation atrophy of the spinati muscles, and there-

fore be of value when electrophysiologic studies are normal (76).

4.4. Differential Diagnosis

Injury to the suprascapular nerve should be considered in the differential diagnosis of

rotator cuff tendinopathies, glenohumeral disorders, and myofascial pain syndrome

(Table 29.5). Supraspinatus tendinosis also causes shoulder pain and weakness and is

exceedingly common in athletes. Complete avulsion of the rotator cuff at its insertion typi-

cally results in disuse atrophy of the supraspinatus and infraspinatus and profound

shoulder weakness. Patients with chronic adhesive capsulitis will also manifest scapular

atrophy with restricted external rotation and abduction.

Patients with C5 or C6 radiculopathy or upper trunk plexopathy have a similar clini-

cal picture; however, sensory and reflex abnormalities should differentiate these lesions

from suprascapular neuropathy. Spinal accessory neuropathy causes scapular winging,

while suprascapular nerve injury does not. Abrupt onset of severe sharp pain followed

by weakness without a clear inciting event should raise concern for neuralgic amyotrophy.

Table 29.5 Differential

Diagnosis of Suprascapular

Neuropathy

C5, C6 radiculopathy

Upper trunk brachial plexopathy

Spinal accessory neuropathy

Neuralgic amyotrophy

Rotator cuff tendinopathy/tear

Glenohumeral disorders

Myofascial pain syndrome
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4.5. Management

Conservative treatment is successful in most patients without a compressive lesion. Rela-

tive rest and range of motion exercises are prescribed in the early stage following supras-

capular nerve injury. Activities that cause increased traction on the nerve, such as

repetitive or sustained adduction or external rotation should be limited. Physical

therapy is recommended for strengthening and to address other painful biomechanical dys-

functions of the shoulder. Suprascapular nerve block at the suprascapular notch is helpful

in alleviating pain in some patients. Patients with a documented axon loss lesion in the

absence of a space-occupying lesion who fail to improve with conservative measures

should be referred for surgical exploration and decompression of the scapular or spinogle-

noid notch (77–80). Sectioning of the transverse scapular ligament and widening of the

notch has results in a favorable outcome in the majority of patients (69,70,81). Ganglion

cysts may be aspirated under CT guidance or resected arthroscopically, however, large or

invasive lesions usually require open excision (82,83).

4.6. Pathogenesis

A variety of causes of suprascapular neuropathy have been reported (Table 29.6). Blunt

trauma, such as scapular fractures, acromioclavicular separation, and rotator cuff tears

are believed to cause acute traction injury to the nerve (84–88). The suprascapular

Table 29.6 Causes of Suprascapular Neuropathy

Blunt trauma

Scapular fracture

Shoulder dislocation

Acromioclavicular separation

Fracture of proximal humerus

Post surgical

Rotator cuff repair

Radical neck dissection

Supraclavicular lymph node biopsy

Distal clavicle resection

Traction

Sustained shoulder adduction

Forcible shoulder depression

Repetitive external rotation

Anabolic steroid use

Sports-related

Volleyball

Baseball

Tennis

Football

Weightlifting

Wrestling

Mass lesions

Ganglion cysts

Chondrosarcoma

Synovialsarcoma

Ewing’s sarcoma

Metastatic disease
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nerve is damaged with surprising frequency in anterior dislocation of the shoulder

(86,89,90). Suprascapular neuropathy occurs as an infrequent complication of surgical

procedures involving the neck and shoulder girdle (91,92).

Chronic repetitive traction, especially in athletes, is one mechanism. Sustained

shoulder adduction is thought to cause a stretch injury to the proximal portion of the

nerve, which is tethered at the suprascapular notch (84). Suprascapular neuropathy

isolated to the infraspinatus muscle has been described in throwing and overhead athletes.

Most of these have been reported to occur in the dominant arm of elite volleyball

players (93–96), baseball pitchers (74,77,97), tennis players (87,98), weightlifters

(69,81,97–100), a dancer (101), a fencer (102), and a skeet shooter (97). Many of these

injuries were postulated to occur from repetitive stretch to the terminal portion of the

nerve as it makes a sharp turn around the lateral aspect of the scapular spine and the rela-

tive fixation of the nerve at the spinoglenoid notch (78,102). Alternatively, repetitive

throwing may cause intimal damage to the suprascapular or axillary arteries, leading to

microembolization of the vaso nervorum and ultimately nerve damage (74). One case

was attributed to intramuscular compression of the terminal branches from rapid hyper-

trophy associated with anabolic steroid use (100).

True entrapment of the suprascapular nerve can occur at the suprascapular and spino-

glenoid foramina. On the basis of the relative dimensions and shape of the notch and

foramen, six distinct types of suprascapular notches have been described (103). Patients

with a deep, V-shaped notch are at higher risk of developing entrapment at the supra-

scapular notch (103). Other anatomic risk factors include hypertrophy or ossification of

the superior and inferior transverse scapular ligaments and a small diameter foramen

(79,102–105). Entrapment of the nerve has also been found to occur proximally between

the fascia of the anterior and middle scalene muscles, between the omyhyoid and sub-

clavius fascia and distally within the suprascapular fossa, and between the suprascapular

fascia and base of the coracoid process (74).

Compression of the suprascapular nerve also occurs from space-occupying lesions,

such as a ganglion cyst, which are being identified with increasing frequency, due in large

part to the routine use of MRI in the evaluation of shoulder pain (82,83,106–108). Cysts

are also seen in asymptomatic patients and rarely become clinically significant unless

they compress the suprascapular nerve (109). The etiology of these cysts is controversial.

The proximity of many ganglion cysts to the glenohumeral joint has led some investigators

to theorize that the cysts are formed by the leakage of joint fluid from glenoid labrial tears

(110). Additionally, ganglia are typically located in the posterior superior aspect of the

joint space, corresponding to the relative weakness of the capsule above the posterior

band of the inferior glenohumeral ligament, thereby allowing extravasation of joint fluid

into the suprascapular and spinoglenoid foramina (110). Other malignant masses reported

to cause suprascapular nerve compression include chondrosarcoma, synoviosarcoma,

Ewing’s sarcoma, and metastatic renal cell carcinoma, although these are quite rare (82).

5. AXILLARY NEUROPATHY

5.1. Anatomy

The axillary nerve is a mixed nerve that carries fibers from the fifth and sixth cervical roots

and arises directly from the posterior cord of the brachial plexus at the level of the coracoid

process (Fig. 29.6). It courses under the coracoid along the anterior surface of the subsca-

pularis then passes through the quadrilateral space accompanied by the posterior circum-

flex humeral artery. The quadrilateral space is bounded superiorly by the teres minor and
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subscapularis, laterally by the surgical neck of the humerus, inferiorly by the teres major

and medial by the long head of the triceps tendon. Here, the nerve divides into posterior

and anterior branches. The posterior branch innervates the posterior deltoid and teres

minor, then continues as the lateral brachial cutaneous nerve which supplies cutaneous

sensation to the lateral aspect of the shoulder. The anterior branch wraps around the sur-

gical neck of the humerus to supply the middle and anterior deltoid and provides sensory

branches to the glenohumeral joint.

5.2. Clinical Features

The principal findings are atrophy and weakness of the deltoid. Wasting of the deltoid

results in loss of the normal contour of the shoulder and upper arm. In some cases, the

acromion and humeral head are visible, giving the shoulder a “squared” appearance

(24). Abduction weakness is the major functional deficit. Full abduction is possible

with complete paralysis of the deltoid due to the action of the supraspinatus muscle.

The teres minor externally rotates the arm; however, weakness of this muscle is difficult

to detect clinically as the infraspinatus is much more efficient in performing this action.

Sensory loss over the lateral shoulder is present in many but not all patients.

5.3. Laboratory Evaluation

Electrophysiologic studies are valuable in confirming the diagnosis and assessing the

extent of axon loss. Axillary CMAP latencies and amplitudes are reliably obtained by

Figure 29.6 Axillary nerve. [From Haymaker and Woodhall (24).]
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stimulating at Erb’s point and surface electrode recording over the lateral deltoid (71).

A decreased CMAP amplitude and prolonged latency are the expected abnormalities.

Comparative values from the contralateral side should be obtained. No reliable technique

for obtaining an axillary SNAP has been described. Median, radial, and lateral ante-

brachial cutaneous SNAPs are helpful in excluding an upper trunk or posterior cord lesion.

Needle EMG abnormalities are found in the deltoid and teres minor. Examination of

all three portions of the deltoid is beneficial when performing serial studies of severe

axonal injuries, as reinnervation typically proceeds in a posterior to anterior fashion.

It is important to study the paraspinal muscles and other shoulder girdle muscles to rule

out a C5 radiculopathy or upper trunk brachial plexopathy. The rhomboids receive their

innervation exclusively from C5 prior to the formation of the upper trunk, therefore are

particularly useful in excluding both of these diagnoses. Additionally, sampling of the

latissimus dorsi and radial innervated muscles allow an isolated axillary nerve injury to

be distinguished from a posterior cord lesion.

5.4. Differential Diagnosis

Axillary neuropathy can mimic other neurologic conditions that cause shoulder pain and

weakness (Table 29.7). These disorders are often difficult to distinguish solely on clinical

grounds, highlighting the importance of the electrodiagnostic examination in the evalu-

ation of these patients. Moreover, axillary nerve lesions commonly occur in combination

with injuries of the brachial plexus and other peripheral nerve, further complicating the

clinical diagnosis.

An important diagnostic consideration in patients with deltoid weakness is C5 radi-

culopathy. In contrast to isolated axillary nerve injury, weakness, and atrophy are rarely

severe in radiculopathy. Additionally, neck pain and a diminished biceps reflex are typi-

cally associated with C5 root lesions. Patients with upper trunk lesions demonstrate more

widespread weakness of the shoulder girdle and biceps as well as sensory loss in the

thumb. As noted above, lesions of the posterior cord also result in deltoid weakness;

however, involvement of radial innervated muscles is also a feature of this disorder. As

it the case with other nerves arising from the brachial plexus, the axillary nerve is com-

monly involved in neuralgic amyotrophy. This diagnosis is considered when pain is

severe and no distinct injury has occurred. Shoulder pain and abduction weakness are

seen in patients with rotator cuff tears and adhesive capsulitis, although these disorders

do not result in isolated atrophy and weakness of the deltoid.

5.5. Management

Treatment is guided by the severity of injury as determined by clinical and electrophysio-

logic examination (42). If the injury is mild, then physical therapy is appropriate for range

Table 29.7 Differential

Diagnosis of Axillary

Neuropathy

C5, C6 radiculopathy

Upper trunk brachial plexopathy

Posterior cord plexopathy

Neuralgic amyotrophy

Rotator cuff tendinopathy

Adhesive capsulitis of shoulder
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of motion and strengthening. The prognosis for spontaneous recovery in these cases is

good (111). Patients with severe axonal damage should be assessed monthly for signs

of improvement (42). If there is no evidence of recovery by 3–4 months, surgical explora-

tion is recommended (112–115). Given the short distance between the site of injury and

the deltoid, the prognosis for spontaneous recovery beyond this time is poor. Surgical

options include neurolysis, neurotization, and nerve grafting, which result in a good

outcome in the majority of patients (112,113,115).

5.6. Pathogenesis

Causes of axillary neuropathy are listed in Table 29.8. Injury to the nerve is most likely to

result from shoulder dislocation and fracture of the surgical neck of the humerus

(86,89,116). In one large series, the incidence of axillary nerve injuries in patients with

these conditions was 37% (89). Isolated damage to the axillary nerve was found in 8%;

the remaining injuries occurred in various combinations with the suprascapular, musculo-

cutaneous and radial nerves (89). Elderly patients and those with hematoma formation

after shoulder trauma appear to be at higher risk of injuring the axillary nerve (89).

Reduction of a shoulder dislocation has been reported to damage the nerve (117). Blunt

trauma to the deltoid without dislocation can also damage the axillary nerve (118).

Various sports have been reported to injure the nerve in this manner, including football,

hockey, wrestling, boxing, and basketball (119,120). The nerve is also injured from

penetrating trauma to the shoulder girdle. Injury to the anterior branch of the axillary

nerve has been reported in a paraplegic patient following vigorous exercise (121). Hyper-

trophy of the muscles of the quadrilateral space were theorized to compress the nerve in

this patient, thus this may represent the first reported case of quadrilateral space syndrome

Table 29.8 Causes of Axillary Neuropathy

Traumatic

Shoulder dislocation

Proximal humerus fracture

Shoulder contusion

Vigorous exercise

Sleeping on a firm mattress

Penetrating injuries

Iatrogenic

Intramuscular injection

Reduction of shoulder dislocation

Shoulder arthroscopy

Anterior shoulder surgery

Radiofrequency capsulorrhaphy

Sports-related

Football

Hockey

Basketball

Wrestling

Boxing

Quadrilateral space syndrome

Neuralgic amyotrophy
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(discussed subsequently). Compression of the anterior branch from sleeping on a firm

mattress has also been described in a patient with hereditary neuropathy with liability

to pressure palsies (122).

Iatrogenic causes have also been described, including complication of shoulder

arthroscopy (123), anterior shoulder surgery (124), and intramuscular injection into the

deltoid (125). Axillary neuropathy is occasionally seen following radiofrequency capsular

shrinkage of the shoulder (126). Indirect thermal injury to the nerve from heating of sur-

rounding tissues was believed to be the cause in these cases.

A controversial cause of axillary neuropathy has been reported to occur in the quad-

rilateral space. In this syndrome, it is hypothesized that muscle hypertrophy and repeated

external rotation and abduction of the arm common in throwing athletes results in a

decrease in the size of the quadrilateral space, thereby compressing the axillary nerve

and posterior circumflex humeral artery between surrounding muscle and proximal

humerus (127). Fibrous bands have also been found to compress the nerve in the space

(128). Clinically, patients with this syndrome present with localized tenderness in the

quadrilateral space and provocation of symptoms with sustained abduction and external

rotation of the affected limb. In initial reports of the syndrome, all patients had abnormal

dynamic subclavian arteriograms, demonstrating occlusion of the posterior circumflex

humeral artery with the arm abducted and externally rotated (128–130). Neurologic

and electromyographic examinations were normal in all cases. Nevertheless, injury to

the axillary nerve as felt to be a defining characteristic of the disorder (128). Most of

these patients underwent decompression of the quadrilateral space with axillary neurolysis

being performed in one case (128,130). In another series, EMG abnormalities were found

in 3 of 5 patients presumed to have the syndrome; however, other associated peripheral

nerve lesions were also observed (131). It is probable that these patients actually had

neuralgic amyotrophy rather than axillary nerve compression (42). Evidence for isolated

involvement of the axillary nerve in the quadrilateral space was provided in a report of two

elite volleyball players who presented with painless weakness and atrophy of the deltoid

muscle (127). Both had decreased axillary CMAP amplitudes and isolated denervation

of the deltoid on electrophysiologic studies. Complete recovery occurred with rest and

conservative measures. This suggests that the quadrilateral space syndrome is a vascular

phenomenon in the majority of patients and compression of the axillary nerve in the quad-

rilateral space is exceedingly rare.

6. MUSCULOCUTANEOUS NEUROPATHY

6.1. Anatomy

The musculocutaneous nerve usually originates from the lateral cord of the brachial plexus

and carries fibers from the C5, C6, and occasionally C7 nerve roots (Fig. 29.7). Rarely, it

comes off directly from the median nerve or posterior cord. Immediately after supplying

the coracobracialis muscle, the nerve pierces this muscle and comes to lie between the

biceps and the brachialis muscles. It innervates both heads of the biceps and brachialis

then continues distally as the lateral antebrachial cutaneous nerve. The brachialis often

receives an additional branch from the radial nerve. The musculocutaneous nerve

occasionally gives off a branch to the pronator teres and flexor carpi radialis. The

lateral antebrachial cutaneous nerve travels lateral to the biceps tendon in the antecubital

fossa, then pierces the brachial fascia. It divides into anterior and posterior branches sup-

plying sensation to the radial aspect of the forearm.
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6.2. Clinical Features

The typical presentation is painless weakness of the arm flexors (132), although severe

pain can occur in some patients (133). Sensory abnormalities in the radial forearm are

commonly found. Atrophy of the biceps and brachialis can be impressive in chronic inju-

ries. Weakness of the arm flexion and supination are the most prominent deficits; however,

elbow flexion is usually preserved even in complete paralysis of these muscles owing to

the actions of the brachioradialis and pronator teres. Weakness of the coracobrachialis

is difficult to detect clinically. It assists in flexion of the arm at the shoulder; however,

the anterior deltoid is the chief mover and can effectively mask a paralyzed coracobrachialis

muscle. Similarly, the coracobrachialis is a weak adductor of the arm, although this action

is brought about primarily by the pectoralis major, latissimus dorsi, and teres major.

A diminished biceps reflex is frequently seen.

6.3. Laboratory Evaluation

Electrodiagnostic examination will confirm involvement of the musculocutaneous nerve,

provide information regarding extent of injury and exclude other neurologic conditions

Figure 29.7 Musculocutaneous nerve. [From Haymaker and Woodhall (24).]
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that produce a similar clinical picture. A musculocutaneous SNAP can reliably be obtained

from the lateral antebrachial cutaneous nerve (134,135). A reduced or absent SNAP

amplitude is expected in musculocutaneous neuropathy and upper trunk plexopathy.

Radial and median SNAPs recording from the thumb are useful in excluding the latter

possibility. The lateral antebrachial cutaneous SNAP will be normal in patients with C6

radiculopathy. The musculocutaneous CMAP amplitude, obtained by surface recording

over the biceps and stimulating at Erb’s point (71), or axilla (134), is decreased in axon

loss injuries to the nerve.

Needle EMG findings are found in the coracobrachialis, biceps, and brachialis,

although sparing of the coracobrachialis is seen in distal lesions. Examination of other

shoulder girdle and paraspinal muscles will discriminate isolated musculocutaneous neu-

ropathy from C6 radiculopathy and upper trunk plexopathy. Sampling of the pronator teres

and flexor carpi radialis is useful in excluding a lesion of the lateral cord.

6.4. Differential Diagnosis

The differential diagnosis of musculocutaneous neuropathy is listed in Table 29.9. Weak-

ness of arm flexion and a decreased biceps reflex are commonly seen in patients with C6

radiculopathy; however associated weakness of the deltoid and brachioradialis should

differentiate this from musculocutaneous neuropathy. Upper trunk and lateral cord injuries

are ruled out by electrodiagnostic studies. The musculocutaneous nerve is commonly

involved in neuralgic amyotrophy in association with other peripheral nerves. The clinical

presentation of neuralgic amyotrophy is distinctive and contrasts with isolated musculo-

cutaneous injury, in which pain is generally not a prominent feature. Spontaneous

rupture of the long head of the biceps tendon also produces painless weakness of arm

flexion and loss of the biceps reflex. In this disorder, attempted arm flexion at the elbow

causes the biceps to bunch up into a spherical shape distally, producing a very character-

istic appearance. Because the brachialis and other arm flexors remain functional, rupture

of the tendon results in less weakness than does musculocutaneous neuropathy. Addition-

ally, sensation in the radial forearm is normal in patients with a ruptured biceps tendon.

6.5. Management

Patients with partial lesions of the musculocutaneous nerve benefit from relative rest and

physical therapy. Emphasis is placed on maintaining range of motion and strengthening of

the involved muscles. The prognosis for recovery is good (132,136–140). In severe closed

injuries, serial physical and electrodiagnostic examinations should be performed to

monitor for recovery. If no electrophysiologic evidence of recovery is seen in 3–4

months, surgical exploration is warranted, and neurolysis or nerve grafting considered,

Table 29.9 Differential

Diagnosis of Musculocutaneous

Neuropathy

C6 radiculopathy

Upper trunk plexopathy

Lateral cord plexopathy

Neuralgic amyotrophy

Rupture of biceps tendon
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with good results reported with grafting (141). Initial treatment of patients with isolated

injury to the lateral antebrachial cutaneous nerve consists of analgesics, splinting, and

corticosteroid injections. Surgical decompression of the biceps aponeurosis in the ante-

cubital fossa is indicated when conservative measures fail, with a favorable outcome

reported in most patients (142,143).

6.6. Pathogenesis

Most injuries to the musculocutaneous nerve result from traction, compression, or a com-

bination of both (Table 29.10). It is more common for the nerve to be injured in conjunc-

tion with the upper trunk and lateral cord than in isolation. Blunt trauma to the anterior

shoulder resulting in contusions, proximal humeral, or clavicular fractures can cause

direct injury to the nerve (137,144,145). Penetrating trauma such as stab or bullet

wounds may also damage the nerve (42,146). Musculocutaneous neuropathy occurs in

association with shoulder dislocation (89,116). Strenuous physical activity and violent

elbow extension have been reported to injure the nerve (132–134,138,146). The coraco-

brachialis was spared in these cases, indicating compression of the nerve within this

muscle, possibly due to forceful contraction or hypertrophy (132). An additional case of

intramuscular compression has been reported in a weightlifter, which was believed to

be due to rapid hypertrophy from anabolic steroid use (100). An unusual case of muscu-

locutaneous neuropathy from carrying rolls of carpet has been reported (139).

Iatrogenic musculocutaneous neuropathy occurs as a complication of surgical pro-

cedures of the shoulder (123,124,140). The musculocutaneous nerve is at risk during

shoulder arthroscopy (123). Three mechanisms of injury unique to this procedure have

been described, including excessive glenohumeral distraction from longitudinal traction

on the arm, massive extravasation of fluid in the anterior shoulder, and direct injury to

the nerve via the anterior portal (123). Prolonged positioning of the arm in hyperextension,

external rotation, or abduction during surgical procedures has been reported to damage the

musculocutaneous nerve (136,147–149). Compression from a blood pressure cuff was

hypothesized to be a contributing factor in one case (149). Musculocutaneous neuropathy

occurs in association with neuralgic amyotrophy but rarely as an isolated finding.

Isolated lateral antebrachial cutaneous nerve injury is most commonly seen from

compression or direct trauma in the antecubital fossa. Many of these are iatrogenic, includ-

ing venipuncture of the cephalic vein and radial artery bypass in coronary artery bypass

operations (150–154). Compression of the nerve by the biceps tendon and aponeurosis

has been described (142,143,155,156). Lateral antebrachial nerve compression has been

reported in quadriplegics (157), and from carrying a heavy handbag (158), or food tray

Table 29.10 Causes of

Musculocutaneous Neuropathy

Blunt trauma to shoulder

Shoulder dislocation

Strenuous physical activity

Violent elbow extension

Anabolic steroid use

Shoulder surgery

Shoulder arthroscopy

General anesthesia

Blood pressure cuff
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(159) across the forearm. Vigorous extension and pronation of the forearm (160) and

cryotherapy (161) may also damage the nerve.

7. CONCLUSIONS

Focal neuropathy of the shoulder is a frequently overlooked cause of upper extremity pain

and dysfunction. These lesions often mimic other soft tissue and neurologic disorders,

highlighting the critical role of EMG in establishing the diagnosis. Additionally, EMG

is unique in its ability to assess pathophysiology and severity of injury, providing valuable

information to guide clinical decision-making. As many of these conditions occur in dis-

tinctive settings or as a result of specific activities, it is important to obtain an accurate

injury history. With prompt recognition, most proximal neuropathies respond favorably

to conservative measures, although surgical management is necessary in some cases.

REFERENCES

1. Horwitz MT, Tocantins LM. An anatomic study of the role of the long thoracic nerve and the

related scapular bursae in the pathogenesis of local paralysis of the serratus anterior muscle.

Anat Rec 1938; 71:375–385.

2. Schultz JS, Leonard JA. Long thoracic neuropathy from athletic activity. Arch Phys Med

Rehabil 1992; 73:87–90.

3. Goodman CE, Kenrick MM, Blum MV. Long thoracic nerve palsy: a follow-up study.

Arch Phys Med Rehabil 1975; 56:352–355.

4. Liveson JA, Ma DM. Laboratory Reference for Clinical Neurophysiology. Philadelphia:

FA Davis, 1992:48–52.

5. Makin GV, Brown WF, Ebers GC. C7 radiculopathy: importance of scapular winging in clini-

cal diagnosis. J Neurol Neurosurg Psychiatry 1986; 49:640–644.

6. Parsonage MJ, Turner JA. Neuralgic amyotrophy: the shoulder-girdle syndrome. Lancet

1948; 1:973–978.

7. Johnson JH, Kendall HO. Isolated paralysis of the serratus anterior muscle. J Bone Joint Surg

(Am) 1955; 37:567–574.

8. Truong XT, Rippel DV. Orthotic devices for serratus anterior palsy: some biomechanical con-

siderations. Arch Phys Med Rehabil 1979; 60:66–69.

9. Marin R. Scapula winger’s brace: a case series on the management of long thoracic nerve

palsy. Arch Phys Med Rehabil 1998; 79:1226–1230.

10. Duncan MA, Lotze MT, Gerber LH, Rosenberg SA. Incidence, recover, and management of

serratus anterior muscle palsy after axilary node dissection. Phys Ther 1983; 63:1243–1247.

11. Gregg JR, Labosky D. Harty M, Lotke, P, Ecker M, DiStefano V, Das M. Serratus anterior

paralysis in the young athlete. J Bone Joint Surg (Am) 1979; 61:825–832.

12. Disa JJ, Wang B, Dellon AL. Correction of scapular winging by supraclavicular neurolysis of

the long thoracic nerve. J Reconstr Microsurg 2001; 17(2):79–84.

13. Wiater JM, Flatow EL. Long thoracic nerve injury. Clin Orthop 1999; 368:17–27.

14. Marmor L, Bechtol CO. Paralysis of the serratus anterior due to electric shock relieved by

transplantation of the pectoralis major muscle. J Bone Joint Surg (Am) 1963; 45:156–160.

15. Rapp IH. Seratus anterior paralysis treated by transplantation of the pectoralis minor. J Bone

Joint Surg (Am) 1954; 36:852–854.

16. Herzmark MH. Traumatic paralysis of the serratus anterior relieved by transplantation of the

rhomboidei. J Bone Joint Surg (Am) 1951; 33:235–238.

17. Harmon PH. Surgical reconstruction of the paralytic shoulder by multiple muscle trans-

plantations. J Bone Joint Surg (Am) 1950; 32:583–595.

Other Upper Extremity Neuropathies 519



18. Fardin P, Negrin P, Dainese R. The isolated paralysis of the serratus anterior muscle: clinical

and electromyographical follow-up of 10 cases. Electromyogr Clin Neurophysiol 1978;

18:379–386.

19. Overpeck DO, Ghormley RK. Paralysis of the serratus magnus muscle caused by lesions of

the long thoracic nerve. J Am Med Assoc 1940; 114:1994–1996.

20. Hauser CU, Martin WF. Two additional cases of traumatic winged scapula occurring in the

armed forces. J Am Med Assoc 1943; 121:667–668.

21. Ilfeld FW, Holder HG. Winged scapula: case occurring in a soldier from a knapsack. J Am

Med Assoc 1942; 120:448–449.

22. Oware A, Herskovitz S. Berger AR. Long thoracic nerve palsy following cervical chiropractic

manipulation. Muscle Nerve 1995; 18:1351.

23. Still JM, Law EJ, Duncan JW, Hughes HF. Long thoracic nerve injury due to an electric burn.

J Burn Care Rehabil 1996; 17:562–564.

24. Haymaker W, Woodhall B. Peripheral Nerve Injuries: Principles of Diagnosis. 2nd ed.

Philadelphia: WB Saunders, 1953:222–238.

25. Chaney MA, Morales M, Bakhos M. Severe incisional pain and long thoracic nerve injury after

port-access minimally invasive mitral valve surgery. Anesth Analg 2000; 91:288–290.

26. Ebraheim NA, Lu J, Porshinsky B, Heck BE, Yeasting RA. Vulnerability of long thoracic

nerve: an anatomic study. J Shoulder Elbow Surg 1998; 7:458–461.

27. Hester P, Caborn DN, Nyland J. Cause of long thoracic nerve palsy: a possible dynamic

fascial sling cause. J Shoulder Elbow Surg 2000; 9:31–35.

28. Foo CL, Swann M. Isolated paralysis of the serratus anterior. J Bone Joint Surg (Br) 1983;

65:552–556.

29. Foucar HO. The “clover leaf” sling in paralysis of the serratus magnus. Br Med J

1933; 2:865–866.

30. Goodman CE. Unusual nerve injuries in recreational activities. Am J Sports Med 1983;

11:224–227.

31. Hannson KG. Serratus magnus paralysis. Arch Phys Med Rehabil 1948; 29:156–161.

32. Kaplan PE. Electrodiagnostic confirmation of long thoracic nerve palsy. J Neurol Neurosurg

Psychiatry 1980; 43:50–52.

33. Woodhead AB III. Paralysis of the serratus anterior in a world class marksman: a case study.

Am J Sports Med 1985; 13:359–362.

34. Lederman RJ. Long thoracic neuropathy in instrumental musicians: an often unrecognized

cause of shoulder pain. Med Probl Perform Art 1996; 11:116–119.

35. Phillips LH. Familial long thoracic nerve palsy: a manifestation of brachial plexus neuro-

pathy. Neurology 1986; 36:1251–1253.

36. Jenkins DB. Hollinshead’s Functional Anatomy of the Limbs and Back. 6th ed. Philadelphia:

WB Saunders, 1991:91.

37. Fahrer J, Ludin HP, Mumenthaler M, Neiger M. The innervation of the trapezius muscle: an

electrophysiologic study. J Neurol 1974; 207:183–188.

38. Weisberger EC. The efferent supply of the trapezius muscle: a neuroanatomic basis for the

preservation of shoulder function during neck dissection. Laryngoscope 1987; 97:435–445.

39. Nelson KR, Bicknell JM. Oblique pectoral crease and moonrise scapula as signs of trapezius

muscle weakness. Neurology 1985; 35(suppl 1):334.

40. Green RF, Brien M. Accessory nerve latency to the middle and lower trapezius. Arch Phys

Med Rehabil 1985; 66:23–24.

41. Dimitru D, Zwarts M, Amato A. Electrodiagnostic Medicine. 2nd ed. Philadelphia: Hanley

and Belfus, 2002:692.

42. Stewart JD. Focal Peripheral Neuropathies. 3rd ed. Philadelphia: Lippincott, 2000:88–91,

157–181.

43. Anderson R, Flowers RS. Free grafts of the spinal accessory nerve during radical neck dissec-

tion. Am J Surg 1969; 118:796–799.

44. Bigliani LU, Compito CA, Duralde XA, Wolfe IN. Transfer of the levator scapulae, rhomboid

major and rhomboid minor for paralysis of the trapezius. J Bone Joint Surg 1996; 78:1534–1540.

520 Schultz



45. Coessens BC, Wood MB. Levator scapulae transfer and fascia lata fasciodesis for chronic

spinal accessory nerve palsy. J Reconstr Microsurg 1995; 11:277–280.

46. Wiater JM, Bigliani LU. Spinal accessory nerve injury. Clin Orthop 1999; 368:5–16.

47. Greenberg HS. Metastasis to the base of the skull: clinical findings in 43 patients. Neurology

1981; 31:530–537.

48. Kaye AH. Jugular foramen schwannomas. J Neurosurg 1984; 60:1045–1053.

49. Ortiz O, Reed L. Spinal accessory nerve schwannoma involving the jugular foramen. Am J

Neuroradiol 1995; 16(suppl 4):986–989.

50. Clark AJ, Chalmers RT. Bilateral carotid body tumours presenting with accessory nerve

palsy. Eur J Vas Endovasc Surg 2002; 23:87–88.

51. Norden A. Peripheral injuries to the spinal accessory nerve. Acta Chir Scand 1946;

94:515–531.

52. Berry H, MacDonald EA, Mrazek AC. Accessory nerve palsy: a review of 23 cases. Can J

Neurol Sci 1991; 18:337–341.

53. King RJ, Motta G. Iatrogenic spinal accessory nerve palsy. Ann R Coll Surg Engl 1983;

65:35–37.

54. Sweeney PJ, Wilbourn AJ. Spinal accessory (11th) nerve palsy following carotid endarte-

rectomy. Neurology 1992; 42:674–675.

55. Yagnik PM, Chong PS. Spinal accessory nerve injury: a complication of carotid endarte-

rectomy. Muscle Nerve 1996; 19:907–909.

56. Swann KW, Heros RC. Accessory nerve palsy following carotid endarterectomy: report of

two cases. J Neurosurg 1985; 63:630–632.

57. Blackwell KE, Landman MD, Calceterra TC. Spinal accessory nerve palsy: an unusual com-

plication of rhytidectomy. Head Neck 1994; 16:181–185.

58. Marini SG, Rook JL, Green RF, Nagler W. Spinal accessory nerve palsy: an unusual compli-

cation of coronary artery bypass. Arch Phys Med Rehabil 1991; 72:247–249.

59. Hoffman JC. Permanent paralysis of the accessory nerve after cannulation of the internal

jugular vein. Anesthesiology 1984; 58:583–584.

60. Burns S, Herbison GJ. Spinal accessory nerve injury as a complication of internal jugular vein

cannulation. Ann Int Med 1996; 125:700.

61. Ewing MR, Martin H. Disability following “radical neck dissection”: an assessment based on

the postoperative evaluation of 100 patients. Cancer 1952; 5:873–883.

62. Remmler D, Byers R, Scheetz J, Shell B, White G, Zimmerman S, Goepfert H. A prospective

study of shoulder disability resulting from radical and modified neck dissections. Head Neck

Surg 1986; 8:280–286.

63. Midwinter K, Willatt D. Accessory nerve monitoring and stimulation during neck surgery.

J Laryngol Otol 2002; 116:272–274.

64. Logigian EL, McInnes JM, Berger AR, Busis NA, Lehrich JR, Shahani BT. Stretch-induced

spinal accessory nerve palsy. Muscle Nerve 1988; 11:146–150.

65. Dellon AL, Campbell JN, Cornblath D. Stretch palsy of the spinal accessory nerve: case

report. J Neurosurg 1990; 72:500–502.

66. Cohn BT, Brahms MA, Cohn M. Injury to the eleventh cranial nerve in a high school wrestler.

Orthop Rev 1986; 15:590–595.

67. Bodack MP, Tunkel RS, Marini SG, Nagler W. Spinal accessory nerve palsy as a cause of

pain after whiplash injury: case report. J Pain Symptom Manage 1998; 15:321–328.

68. Berger PS, Bataini JP. Radiation-induced cranial nerve palsy. Cancer 1977; 40:152–155.

69. Callahan JD, Scully TB, Shapiro SA, Worth RM. Suprascapular nerve entrapment: a series of

27 cases. J Neurosurg 1991; 74:893–896.

70. Antoniadis G, Richter HP, Rath S, Braun V, Moese G. Suprascapular nerve entrapment:

experience with 28 cases. J Neurosurg 1996; 85:1020–1025.

71. Kraft GH. Axillary, musculocutaneous and suprascapular nerve latency studies. Arch Phys

Med Rehabil 1972; 53:383–387.

72. Edgar TS, Lotz BP. A nerve conduction technique for the evaluation of suprascapular neuro-

pathies. Muscle Nerve 1998; 21:1580.

Other Upper Extremity Neuropathies 521



73. Bird SJ, Williams GR, Iannotti JP. Clinical and EMG features of suprascapular neuropathy.

Muscle Nerve 1997; 20:1063.

74. Ringel SP, Treihaft M, Carry M, Fisher R, Jacobs P. Suprascapular neuropathy in pitchers.

Am J Sports Med 1990; 18:80–86.

75. Stewart JD. Suprascapular neuropathies. 2000 AAEM Course C: Unusual Mononeuropathies.

Philadelphia, PA: American Association of Electrodiagnostic Medicine 47th Annual Scienti-

fic Meeting, 2000.

76. Zeiss J, Woldenberg LS, Saddemi SR, Ebraheim NA. MRI of suprascapular neuropathy in a

weight lifter. J Comput Assist Tomogr 1993; 17:303–308.

77. Cummins CA, Bowen M, Anderson K, Messer T. Suprascapular nerve entrapment at the

spinogelnoid notch in a professional baseball pitcher. Am J Sports Med 1999; 27:810–812.

78. Rengarchary SS, Neff J, Singer PA, Brackett CE. Suprascapular entrapment neuropathy: a

clinical, anatomical, and comparative study. Part 1: clinical study. Neurosurgery 1979;

5:441–446.

79. Garcia G, McQueen D. Bilateral suprascapular-nerve entrapment syndrome. Case report and

review of the literature. J Bone Joint Surg 1981; 63A:491–492.

80. Clein LJ. Suprascapular entrapment neuropathy. J Neurosurg 1975; 43:337–342.

81. Berry H, Kong K, Hudson AR, Moulton RJ. Isolated suprascapular nerve palsy: a review of

nine cases. Can J Neurol Sci 1995; 22:301–304.

82. Fritz RC, Helms CA, Steinbach LS, Genant HK. Suprascapular nerve entrapment: evaluation

with MR imaging. Radiology 1992; 182:437–444.

83. Iannotti JP, Ramsey ML. Arthroscopic decompression of a ganglion cyst causing suprascap-

ular nerve compression. Arthroscopy 1996; 12:739–745.

84. Kopell HP, Thompson WA. Peripheral Entrapment Neuropathies. 2nd ed. Huntington,

New York: Krieger, 1976:147–159.

85. Kaplan PE, Kernahan WT. Rotator cuff rupture: management with suprascapular neuropathy.

Arch Phys Med Rehabil 1984; 65:273–275.

86. Wardner JM, Leonard JA, Schultz JS, Jackson MD. Concurrent suprascapular and axillary

mononeuropathies. Arch Phys Med Rehabil 1989; 70.

87. Yoon TN, Grabois M, Guillen M. Suprascapular nerve injury following trauma to the

shoulder. J Trauma 1981; 21:652–655.

88. Brown TD, Newton PM, Steinman SP, Levine WN, Bigliani LU. Rotator cuff tears and

associated nerve injuries. Orthopedics 2000; 23:329–332.

89. DeLaat ET, Visser CJ, Coene LM, Pahlplatz PM, Tavy DJ. Nerve lesions in primary shoulder

dislocations and humeral neck fractures. J Bone Joint Surg 1994; 76-B:381–383.

90. Zoltan JD. Injury to the suprascapular nerve associated with anterior dislocation of the

shoulder: case report and review of the literature. J Trauma 1979; 19:203–206.

91. Zanotti RM, Carpenter JE, Blaiser RB, Greenfield ML, Adler RS, Bromberg MB. The low

incidence of suprascapular nerve injury after primary repair of massive rotator cuff tears.

J Shoulder Elbow Surg 1997; 6:258–264.

92. Mallon WJ, Bronec PR, Spinner RJ, Levin LS. Suprascapular neuropathy after distal clavicle

excision. Clin Orthop 1996; 207–211.

93. Ferretti A, Cerullo G, Russo G. Suprascapular neuropathy in volleyball players. J Bone Joint

Surg 1987; 69-A:260–263.

94. Montagna P, Colonna S. Suprascapular neuropathy restricted to the infraspinatus muscle in

volleyball players. Acta Neurol Scand 1993; 87:248–250.

95. Holzgraefe M, Kukowski B, Eggert S. Prevalence of latent and manifest suprascapular neuro-

pathy in high-performance volleyball players. Br J Sport Med 1994; 28:177–179.

96. Mittal S, Turcinovic M, Gould ES, Vishnubhakat SM. Acute isolated suprascapular nerve

palsy limited to the infraspinatus muscle: a case report. Arch Phys Med Rehabil 2002;

83:565–567.

97. Liveson JA, Bronson MJ, Pollack MA. Suprascapular nerve lesions at the spinoglenoid notch:

report of three cases and review of the literature. J Neurol Neurosurg Psychiatry 1991;

54:241–243.

522 Schultz



98. Black KP, Lombardo JA. Suprascapular nerve injuries with isolated paralysis of the infra-

pinatus. Am J Sports Med 1990; 18:225–228.

99. Agree JC, Ash N, Cameron MC, House J. Suprascapular neuropathy after intensive progres-

sive resistive exercise: case report. Arch Phys Med Rehabil 1986; 68:236–238.

100. Bird SJ, Brown MJ. Acute focal neuropathy in male weightlifters. Muscle Nerve 1996;

19:897–899.

101. Kukowski B. Suprascapular nerve lesion as an occupational neuropathy in a semiprofessional

dancer. Arch Phys Med Rehabil 1993; 74:768–769.

102. Aiello I, Serra G, Traina GC, Tugnoli V. Entrapment of the suprascapular nerve at the spino-

glenoid notch. Ann Neurol 1982; 12:314–316.

103. Rengachary SS, Burr D, Lucas S, Hassanein KM, Mohn MP, Matzke H. Suprascapular

entrapment neuropathy: a clinical, anatomical, and comparative study. Part 2: anatomical

study. Neurosurgery 1979; 5:447–451.

104. Kiss G, Komar J. Suprascapular nerve compression at the spinogelnoid notch. Muscle Nerve

1990; 13:556–557.

105. Kapsi A, Yanai J, Pick CG et al. Entrapment of the distal suprascapular nerve. An anatomical

study. Int Orthop 1988; 12:273–275.

106. Ganzhorn RW, Hocker JT, Horowitz M, Switzer HE. Suprascapular nerve entrapment. A case

report. J Bone Joint Surg 1981; 63-A:492–494.

107. McCluskey L, Feinberg D, Dolinskas C. Suprascapular neuropathy related to a glenohumeral

joint cyst. Muscle Nerve 1999; 22:772–777.

108. Fehrman DA, Orwin JF, Jennings RM. Suprascapular nerve entrapment by ganglion cysts: a

report of six cases with arthroscopic findings and review of the literature. Arthroscopy 1995;

1:727–734.

109. Catalono JB, Fenlin JM. Ganglion cysts about the shoulder girdle in the absence of supra-

scapular nerve involvement. J Shoulder Elbow Surg 1995; 3:34–41.

110. Tirman PF, Feller JF, Janzen DL, Peterfy CG, Bergman AG. Association of glenoid labral

cysts with labral tears and glenohumeral instability: radiologic findings and clinical signifi-

cance. Radiology 1994; 190:653–658.

111. Quan K, Iannotti JP, Williams GR, Bird SJ. Clinical and prognostic features of isolated axil-

lary neuropathy. Muscle Nerve 1998; 21:1572.

112. Petrucci FS, Morelli A, Raimondi PL. Axillary nerve injuries-21 cases treated by nerve graft

and neurolysis. J Hand Surg 1982; 7:271–278.

113. Steinman SP, Moran EA. Axillary nerve injury: diagnosis and treatment. J Amer Acad Orthop

Surg 2001; 9:328–335.

114. Perlmutter GS, Apruzzese W. Axillary nerve injuries in contact sports: recommendations for

treatment and rehabilitation. Sports Med 1998; 26:351–361.

115. Bonnard C, Anastakis DJ, VanMelle G, Narakas AO. Isolated and combined lesions of the

axillary nerve. A review of 146 cases. J Bone Joint Surg 1999; 81-B:212–217.

116. Liveson JA. Nerve lesions associated with shoulder dislocation; an electrodiagnostic study of

11 cases. J Neurol Neurosurg Psychiatry 1984; 47:742–744.

117. Wilbourn A, Lederman R, Sweeney P. Brachial plexopathy: a complication of closed

reduction of shoulder dislocation. Can J Neurol Sci 1992; 19:300.

118. Berry J, Bril V. Axillary nerve palsy following blunt trauma to the shoulder region:

a clinical and electrophysiological review. J Neurol Neurosurg Psychiatry 1982;

45:1027–1032.

119. Wilbourn AJ. Electrodiagnostic testing of neurologic injuries in athletes. Clin Sports Med

1990; 9:229–245.

120. Perlmutter GS, Leffert RD, Zarins B. Direct injury to the axillary nerve in athletes playing

contact sports. Am J Sports Med 1997; 25:65–68.

121. Kirby JF, Kraft GH. Entrapment neuropathy of anterior branch of axillary nerve: report of a

case. Arch Phys Med Rehabil 1972; 53:338–340.

122. Simonetti S. Lesion of the anterior branch of axillary nerve in a patient with hereditary neuro-

pathy with liability to pressure palsies. Eur J Neurol 2000; 7:577–579.

Other Upper Extremity Neuropathies 523



123. Stanish WD. Peterson DC. Shoulder arthroscopy and nerve injury: pitfalls and prevention.

Arthroscopy 1995; 11:458–466.

124. Richard RR, Hudson AR, Bertoia JT, Urbaniak JR, Waddell JP. Injury to the brachial plexus

during Putti-platt and Bristow procedures. Am J Sports Med 1987; 15:374–380.

125. Choi HR, Kondo S, Mishima S, Shimizu T, Hasegawa Y, Hirayama M, Iwata H. Axillary

nerve injury caused by intradeltoid muscular injection: a case report. J Shoulder Elbow

Surg 2001; 10:493–495.

126. Gries PE, Burks RT, Schickendantz MS, Sandmeier R. Axillary nerve injury after thermal

capsular shrinkage of the shoulder. J Shoulder Elbow Surg 2001; 10:231–235.

127. Paladini D, Dellantonio R, Cinti A, Angeleri F. Axillary neuropathy in volleyball players:

report of two cases and literature review. J Neurol Neurosurg Psychiatry 1996; 60:345–347.

128. Cahill BR, Palmer RE. Quadrilateral space syndrome. J Hand Surg 1983; 8:65–69.

129. Redler MR, Ruland LJ, McCue FC. Quadrilateral space syndrome in a throwing athlete. Am J

Sports Med 1986; 14:511–513.

130. McKowen HC, Voories RM. Axillary nerve entrapment in the quadrilateral space. Case

report. J Neurosurg 1987; 66:932–934.

131. Francel TJ, Dellon AL, Campbell JN. Quadrilateral space syndrome: diagnosis and operative

decompression technique. Plast Reconst Surg 1991; 87:911–916.

132. Braddom RL, Wolfe C. Musculocutaneous nerve injury after heavy exercise. Arch Phys Med

Rehabil 1978; 59:290–293.

133. Kim SM, Goodrich JA. Isolated musculocutaneous nerve palsy: case report. Arch Phys Med

Rehabil 1984; 65:735–736.

134. Trojaborg W. Motor and senory conduction in musculocutaneous nerve. J Neurol Neurosurg

Psychiatry 1976; 39:890–899.

135. Izzo KL, Aravabhumi S, Jafri A, Sobel E, Demopoulos JT. Medial and lateral antebrachial

cutaneous nerves: standardization of technique, reliability and age effect on healthy subjects.

Arch Phys Med Rehabil 1985; 66:592–597.

136. Karakousis CP, Hena MA, Emrich LJ, Driscoll DL. Axillary node dissection in malignant

melanoma: results and complications. Surgery 1990; 108:10–17.

137. Bateman JE. Nerve injuries about the shoulder in sports. J Bone Joint Surg 1967; 49-A:785–792.

138. Simonetti S. Musculocutaneous nerve lesion after strenuous physical activity. Muscle Nerve

1999; 22:647–649.

139. Sander HW, Quinto CM, Elinzano H, Chokroverty S. Carpet carrier’s palsy: musculocuta-

neous neuropathy. Neurology 1997; 48:1731–1732.

140. Capsi I, Ezra E, Nerubay J, Horoszovski H. Musculocutaneous nerve injury after coracoid

process transfer for clavicle instability. Report of three cases. Acta Orthop Scand 1987;

294–295.

141. Osborne AW, Birch RM, Munshi P, Bonney G. The musculocutaneous nerve. J Bone Joint

Surg 2000; 82-B:1140–1142.

142. Bassett FH, Nunley JA. Compression of the musculocutaneous nerve at the elbow. J Bone

Joint Surg 1982; 64-A:1050–1052.

143. Davidson JJ, Bassett FH, Nunley JA. Musculocutaneous nerve entrapment revisited.

J Shoulder Elbow Surg 1998; 7:250–255.

144. Kuhlman KA, Batley RJ. Bilateral musculocutaneous nerve palsy. A case report. Am J Phys

Med Rehabil 1996; 75:227–231.

145. Bartosh RA, Dugdale TW, Nielsen R. Isolated musculocutaneous nerve injury complicating

closed fracture of the clavicle. A case report. Am J Sports Med 1992; 20:356–359.

146. Mumenthaler M, Schliack H. Peripheral Nerve Lesions. Diagnosis and Therapy. New York:

Thieme, 1991:223–224.

147. Dundore DE, DeLisa JA. Musculocutaneous nerve palsy: an isolated complication of surgery.

Arch Phys Med Rehabil 1979; 60:130–133.

148. Lachman E, Rosenberg P, Gino G, Levine S, Goldberg S, Borstein M. Axonal damage to the

left musculocutaneous nerve of the left biceps muscle during laparoscopic surgery. J Am

Assoc Gyn Laparoscop 2001; 8:453–455.

524 Schultz



149. Heitzner J, Miller TA. Infrequently reported vulnerability of the musculocutaneous nerve to

routine activities. Muscle Nerve 1998; 21:1571.

150. Yuan RT, Cohen MJ. Lateral antebrachial cutaneous nerve injury as a complication of

phlebotomy. Plast Reconstr Surg 1985; 76:299–300.

151. Stitik TP, Foye PM, Nadler SF, Brachman GO. Phlebotomy-related lateral antebrachial

cutaneous nerve injury. Am J Phys Med Rehabil 2001; 80:230–234.

152. Berry PR, Walls WE. Venipuncture nerve injuries. Lancet 1977; 1:1236–1237.

153. Horowitz SH. Peripheral nerve injury and causalgia secondary to routine venipuncture.

Neurology 1994; 44:962–964.

154. Brodman RF, Frame R, Camacho M, Hu E, Chen A, Hollinger I. Routine use of unilateral and

bilateral radial arteries for coronary artery bypass graft surgery. J Am Coll Cardiology 1996;

28:959–963.

155. Gillingham BL, Mack GR. Compression of the lateral antebrachial cutaneous nerve by the

biceps tendon. J Shoulder Elbow Surg 1996; 5:330–332.

156. Dailiana ZH, Roulot E, Le Viet D. Surgical treatment of compression of the lateral ante-

brachial cutaneous nerve. J Bone Joint Surg 2000; 82-B:420–423.

157. Farrage JR, Salcido R, Atchison JW, Haglund BL. Compression syndrome involving the

lateral antebrachial cutaneous nerve in high level quadriplegia. J Am Paraplegia Soc 1994;

17:12–14.

158. Hale BR. Handbag paresthesia. Lancet 1976; 2:470.

159. Young AW, Redmond D, Belandres PV. Isolated lesion of the lateral cutaneous nerve of the

forearm. Arch Phys Med Rehabil 1990; 71:251–252.

160. Felsenthal G, Mondell DL, Reischer MA, Mack RH. Forearm pain secondary to compression

of the lateral cutaneous nerve of the forearm. Arch Phys Med Rehabil 1984; 65:139–141.

161. Bassett FH, Kirkpatrick JS, Engelhardt DL, Malone TR. Cryotherapy-induced nerve injury.

Am J Sports Med 1992; 20:516–518.

Other Upper Extremity Neuropathies 525





30
Sciatic Neuropathy

A. Mouaz Sbei
University of Utah, Salt Lake City, Utah, USA

Abstract 528

1. Sciatic Nerve Anatomy 528

1.1. Sciatic Mononeuropathies 529

1.1.1. Intrapelvic Region 529

1.1.2. Compromise at the Sciatic Notch 530

1.1.3. Focal Involvement in the Thigh 530

1.1.4. Symptoms 530

1.1.5. Examination Findings 531

1.1.6. Differential Diagnosis 531

1.1.7. Management and Prognosis 532

2. Peroneal Nerve Anatomy 532

2.1. Common Peroneal Mononeuropathies 533

2.1.1. Compressive Neuropathies 533

2.1.2. Trauma 534

2.1.3. Popliteal Masses 534

2.1.4. Mononeuropathy Multiplex Syndrome 534

2.1.5. Anterior Compartment Syndrome 534

2.1.6. Lateral Compartment Syndrome 535

2.1.7. Anterior Tarsal Tunnel Syndrome 535

2.1.8. Differential Diagnosis 535

2.1.9. Management and Prognosis 535

3. Tibial Nerve Anatomy 536

3.1. Tibial Mononeuropathies 536

3.1.1. Above the Ankle 536

3.1.2. Tarsal Tunnel Syndrome 537

3.1.3. Morton’s Neuroma 537

3.1.4. Sural Neuropathy 538

3.1.5. Diagnosis 538

3.1.6. Management and Prognosis 538

References 538

527



ABSTRACT

The sciatic nerve is the largest nerve in the lower extremity and receives fibers from L4 to

S3 nerve roots. It is composed of tibial and peroneal components, and each division can be

involved in a number of mononeuropathies. Knowledge of nerve anatomy and pathophy-

siology are aided by electrodiagnostic evaluation to localize lesion site, which guides

further diagnostic testing and leads to accurate prognosis.

1. SCIATIC NERVE ANATOMY

The sciatic nerve composes the major portion of the lumbosacral plexus and leaves the

pelvis through the sciatic notch (the greater sciatic foramen). The nerve consists of two

trunks in a common sheath, the lateral or peroneal division and the medial or tibial divi-

sion. The nerve is covered by the piriformis muscle in the pelvis (and occasionally runs

through it), by the gluteus maximus muscle in the buttock, and then passes over the obtura-

tor internus muscle. After exiting from the gluteal compartment, the sciatic nerve runs pos-

terior and medial to the hip joint and courses deeply through the thigh. At the mid-thigh

level, it branches into the common peroneal and tibial nerves (Fig. 30.1).

Figure 30.1 Posterior view of the course and branches of the sciatic and tibial nerves.

528 Sbei



The sciatic nerve has no sensory branches above the popliteal area. It is responsible

for the sensory innervation below the knee, except for the medial aspect of the leg and foot

supplied by the saphenous nerve, a terminal branch of the femoral nerve. The sciatic nerve

is responsible for the motor innervation of the hamstring muscles and all the muscles

below the knee. All the hamstring muscles are innervated by the medial trunk (tibial

nerve) except for the short head of the biceps femoris muscle, which is supplied by the

lateral trunk (common peroneal nerve). The adductor magnus muscle is mainly innervated

by the obturator nerve, but also receives some innervation from the medial trunk of the

sciatic nerve.

1.1. Sciatic Mononeuropathies

Sciatic nerve injuries can be divided into three regions: (1) intrapelvic, (2) at the sciatic

notch, and (3) in the thigh. In some cases, localization is uncertain despite appropriate

diagnostic testing.

1.1.1. Intrapelvic Region

Trauma is the most frequent cause of sciatic nerve damage in this region. Motor vehicle

accidents result in fractures and/or posterior dislocations of the hip or the sacroiliac joint

and are felt to represent stretch injuries. A less common cause is a post-traumatic osseous

tunnel (7).

The frequency of sciatic neuropathy associated with total hip arthroplasty is

0.7–3.7% (17,18). Specific surgical procedures are acetabular reconstruction in congenital

dysplasia and revision arthroplasties. Other nerves that can also be injured after total hip

arthroplasty are the superior gluteal, femoral, and obturator nerves (14). The mechanism of

injury is unknown, but stretch and direct nerve trauma appear to have roles. Although

sciatic neuropathies usually develop days to weeks after arthroplastic surgeries, they

can be delayed by months or years after surgery (19,1). Operations that do not involve

the hip joint or the nerve itself, but that are done in the lithotomy position with prolonged

hip flexion, may infrequently cause stretch and compression of the sciatic nerve in the

gluteal region resulting in sciatic neuropathy (16).

Tumors, including neurofibromas, lymphomas, and lipomas, can compress the

sciatic nerve in the pelvis and elsewhere along its course. Less common compressive

sciatic nerve injuries result from intramuscular hematomas in the gluteal muscles

(surgical, spontaneous, traumatic, or anticoagulant related) and iliac arteries aneurysms.

The piriformis syndrome is a very rare and vaguely defined syndrome, and is over-

diagnosed. It is thought to be due to proximal sciatic nerve compression by the piriformis

muscle as the nerve passes under it or between its tendons (5). However, these anatomic

findings are noted in 20% of people at autopsy (11). Moreover, some patients given a diag-

nosis of a piriformis syndrome based on piriformis muscle hypertrophy by imaging studies

are subsequently found to have lumbosacral radiculopathies or sacral plexopathies on sur-

gical exploration (13). Pain is the most common presentation ascribed to this syndrome.

Tenderness of the sciatic nerve on deep palpation in the buttock area is often found in

patients with lumbosacral radiculopathies or tumors and does not necessarily define a pir-

iformis syndrome. If weakness and parasthesia in the sciatic nerve distribution are present

at all, they are usually very mild. The Freiberg and Pace maneuvers have been advocated

as having diagnostic value (8). The Freiberg maneuver is performed by passive internal

rotation and adduction of the thigh (stretching of the piriformis muscle against the

sciatic nerve) (10). The Pace test is active external rotation and abduction of the thigh
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against resistance (active contraction of the piriformis muscle) (10). The best method has

yet to be clearly established, and it is prudent, therefore, to exclude all other well-defined

causes of sciatic neuropathy and posterior leg pain. Surgical intervention should only be

pursued if aggressive conservative therapy fails.

1.1.2. Compromise at the Sciatic Notch

Injection palsy of the sciatic nerve can result from intramusclar injections in the buttock,

but is now rare (4). Nerve damage can result from a direct toxic effect of the injected drug

or the sequelae of repeated injections at the same site with resultant muscle fibrosis

(delayed compressive injection palsy). Injuries to other notch nerves, the gluteal nerve

or posterior cutaneous nerve of the thigh, may also be seen with buttock injections (3).

Causalgia usually appears immediately after the injection and most patients recover

poorly (2). Endometriosis is an infrequent cause of sciatic neuropathy most commonly

by nerve compression at the sciatic notch (7). The accompanying radiating posterior leg

pain may vary with the menstrual cycle (catamenial sciatica). Other reported causes

include delayed effect from pelvic irradiation and nerve infarction due to vasulitis, dia-

betes mellitus, or atherosclerosis of the iliac artery (6,7,16).

1.1.3. Focal Involvement in the Thigh

Traumatic lacerations (open femur fracture or knife wounds) and compression (hemato-

mas) are frequent causes (20). Treatment of open femur fractures may lead to nerve

entrapment by slow encapsulation by fibrosis (21). Less commonly, the nerve can

become damaged from external compression from the use of a thigh tourniquet. External

compression of the sciatic nerve with prolonged immobilization in comatose patients may

result in sciatic neuropathy from mechanical or ischemic disruption or, less commonly, as

a result of muscle necrosis as seen in the posterior compartment syndrome (7). Other

causes of external compression include prolonged operations with the patient in a

sitting or supine position and prolonged sitting on a hard edge seat (27). The sciatic

nerve can be injured as a result of the hemodynamic instability and hypotension

with reduced capillary perfusion as seen in prolonged surgeries (cardiac surgeries) (9).

Entrapment by a myofascial band and tumors are also rare etiologies (16,22).

1.1.4. Symptoms

The lateral trunk of the sciatic nerve, which eventually constitutes the common peroneal

nerve, is more susceptible to damage (especially when associated with hip replacement)

than the medial trunk (the tibial portion). Explanations for this greater susceptibility

include: (1) the lateral trunk has larger and fewer fascicles with less supportive connective

tissue, (2) it is more securely fixed and angulated at the sciatic notch and the fibular neck

and more likely to be compressed by stretch injury, and (3) the peroneal division lies

superficial to the tibial division in the hip region.

The clinical presentation of sciatic neuropathy includes pain, numbness, and weak-

ness. Almost, all patients with sciatic neuropathies complain of pain at some point during

the course. The pain may be felt immediately or within weeks to months after the injury.

This dysesthetic pain (burning sensation or sharp pain) is usually in the posterior aspect of

the thigh and leg and extends to the foot. Less commonly, pain is predominantly in the

foot. There may be associated low back pain. In patients with tumors, pain may be promi-

nently nocturnal. Numbness or paresthesia may be present along the sciatic cutaneous

distribution. Foot drop is usually the most prominent motor symptom because of tibialis
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anterior muscle weakness. Complete isolated injury of the proximal sciatic nerve is very

rare and may result in severe paralysis (flail lower leg) and sensory loss.

1.1.5. Examination Findings

Physical findings vary depending on the lesion site. The straight leg raising test, although

not specific, may intensify pain. Weakness (most commonly toe flexion/extension weak-

ness followed by ankle plantar/dorsiflexion), diminished or absent ankle reflexes, and

varying sensory deficits may be found. Hamstring muscles are relatively spared owing

to the fact that they are the most proximal innervated muscles by the sciatic nerve and

will be involved only with proximal lesions, and the medial trunk of the sciatic nerve

(which innervates most of the hamstring muscles) is less susceptible to injury than the

lateral trunk. Tenderness along the sciatic nerve may be seen in infiltrative tumors.

1.1.6. Differential Diagnosis

The differential diagnosis of sciatic mononeuropathies includes: (1) lumbosacral radiculo-

pathies, (2) lumbosacral plexopathy, (3) common peroneal mononeuropathy, and (4) tibial

mononeuropathy. The clinical distinction between the earlier entities and a sciatic mono-

neuropathy is not always readily apparent. As a result, electrodiagnostic tests and imaging

studies are often required to distinguish between these conditions.

Electrodiagnostic Tests. Motor conduction studies of the common peroneal nerve

are helpful for detecting conduction block across the fibular head. Sensory conduction

studies of the sural and superficial peroneal sensory nerve may show post-ganglionic

axonal damage with reduced amplitudes in sciatic mononeuropathy and lumbosacral

plexopathy. An attempt to establish an objective method for the diagnosis of the piriformis

syndrome is based on the H-reflex. Prolongation of the latency with hip flexion, adduction,

and internal rotation (FAIR test) has been reported to have a sensitivity of 0.88 and a speci-

ficity of 0.83 (13). Another electrodiagnostic method is based on showing an increased

latency of cauda equina action potentials recorded with epidural electrodes at L3–4

after stimulation of the peroneal nerve at the fibular head (12).

Needle electromyography (EMG) is most helpful in localizing the site of the nerve

lesion by recording abnormal spontaneous activity (positive waves and fibrillation poten-

tials), reflecting denervation, and motor units with reduced recruitment, increased ampli-

tude, and greater complexity, reflecting collateral reinnervation. Gluteal muscle

involvement indicates either a very proximal sciatic nerve injury at the sciatic notch

level (where coexisting gluteal nerves lesions could occur as they emerge from the

notch) or a lesion proximal to the origin of the sciatic nerve (L5–S1 radiculopathy or a

lumbosacral plexopathy). Involvement of the short head of the biceps femoris muscle con-

firms that the lateral trunk of the sciatic nerve is injured, rather than the common peroneal

nerve, a distinction that is sometimes difficult to make clinically. The needle EMG exam-

ination should also include the femoral nerve-innervated muscles and lumbosacral para-

spinal muscles (to exclude a radiculopathy or more diffuse process) (23).

Imaging Studies. Magnetic resonance (MR) neurogram provides the best resol-

ution in investigating sciatic neuropathy and lumbosacral plexopathy and can be particu-

larly helpful in identifying masses and infiltrating lesions such as tumors and

neurosarcoidosis. Computed tomography (CT) may be helpful in investigating compres-

sive lesions associated with surgery or coagulopathic hematomas and bony abnormalities.

If an arterial aneurysm or thrombosis is suspected, interventional angiography is indicated.

Laboratory Tests. Laboratory tests should be selected on the basis of the history,

physical examination, and electrodiagnostic testing. If noncompressive nerve lesions, such
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as vasculitis (a rare cause of sciatic neuropathy), are possible, appropriate serologic and

pathologic evaluation should be pursued.

1.1.7. Management and Prognosis

Dysesthetic sciatic neuropathy pain, regardless of etiology, is usually responsive to

pharmacological therapy (tricyclic antidepressants, carbamazepine, or gabapentin) or

topical medications (lidocaine patch). Foot drop can be compensated for by an

ankle-foot orthoses (AFO). Additional treatment depends on the type of the lesion, the

etiology, and needle EMG findings. Evidence of re-enervation suggests that spontaneous

recovery is expected and, as such, a waiting approach is recommended. Early surgical

exploration of the sciatic nerve should be carried out for resection of any compressive

lesions such as hematoma, tumor, osseous or fibrosis formation, or endometriosis. Full

recovery of a complete sciatic nerve palsy occurring after an open femur fracture was

reported with neurolysis of scars around the sciatic nerve (21). The appropriate

medical management should be focused on the suspected predisposing factors such as

diabetes mellitus.

Treatment of the piriformis syndrome includes steroid and botulinum toxin injec-

tions of the piriformis muscle (15). Results are variable, and conservative and surgical out-

comes are similar in a 10 year study with two-thirds of patients diagnosed with piriformis

syndrome clinically or using the FAIR test.

The prognosis of sciatic mononeuropathy is largely dependent on the etiology, the

severity of the nerve injury, and the ability to remove any triggering factors. In general,

sciatic neuropathy as a complication of total hip arthroplasty carries a relatively good

prognosis, and a nearly full recovery is expected to 2–3 years after the injury. The

worst prognosis is seen in patients with complete motor and sensory deficits and in patients

with causalgic pain. A favorable prognosis can be predicted when a compound motor

action potential can be recorded from the extensor digitorum brevis muscle 3 weeks

after injury, because it signifies the presence of uninterrupted axons.

2. PERONEAL NERVE ANATOMY

The lateral trunk of the sciatic nerve becomes the common peroneal nerve at the level of

the upper popliteal fossa. Two sensory nerves branches form at the upper popliteal fossa:

(1) a sural communicating branch joins the main sural nerve from the tibial nerve and (2)

the lateral cutaneous nerve of the calf. The common peroneal nerve then winds around the

fibular neck, where it is covered mainly by skin. It then pierces the superficial head of the

peroneus longus muscle, through a tendinous tunnel between the edge of the peroneus

longus muscle and the fibula (the fibular tunnel), to reach the anterior compartment of

the leg. The nerve divides into two main branches as it exits from the fibular tunnel, the

superficial peroneal nerve and the deep peroneal nerve (Fig. 30.2).

The superficial peroneal nerve passes through the lateral compartment of the leg

along the shaft of the fibula to the lateral malleolus, where it pierces the deep fascia

and divides into: (1) sensory branches to the skin of the anterolateral aspect of the

lower leg; (2) motor supply to the peroneus longus and brevis muscle; (3) accessory

deep peroneal nerve, an anomalous branch found as a normal variant in �30% of

people, that supplies all or part of the extensor digitorum brevis muscle (which usually

receives innervation from the deep peroneal nerve only); and (4) medial and lateral
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terminal cutanous branches that supply the dorsal aspect of the foot, except for a web

between the first and the second toes.

The deep peroneal nerve passes through the anterior compartment of the leg to the

ankle where it passes under a thin extensor retinaculum and gives rise to lateral and medial

branches which supply: (1) motor innervation of the anterior tibialis, extensor hallucis

longus, extensor digitorum longus, and peroneus tertius muscles; (2) lateral motor terminal

branch to the extensor digitorum brevis muscle; and (3) medial sensory branch, which

passes under the tendon of the extensor hallucis brevis muscle, which supplies the web

space between the first and the second toe.

2.1. Common Peroneal Mononeuropathies

2.1.1. Compressive Neuropathies

Compressive neuropathy of the common peroneal occurs more commonly at the fibular

head (where it is covered with skin for �10 cm) or rarely at the fibular tunnel. Symptoms

include acute or subacute foot drop, ankle instability, and paresthesias over the antero-

lateral leg and the dorsum of the foot. Pain is uncommon, and when present, is vague

and deeply aching at the knee. Physical findings include weakness restricted to the

ankle dorsiflexion and toe extension and to a lesser degree foot eversion due to innervation

from the superficial branch. The superficial peroneal nerve is usually less involved than the

deep peroneal nerve due to the topographical anatomical arrangement of the common per-

oneal nerve. At the fibular head, the deep peroneal nerve fascicles are placed medially and

in direct contact with the fibular bone, whereas the superficial peroneal branch is located

laterally away from direct pressure. Testing foot inversion in the setting of a complete foot

Figure 30.2 Anterolateral view of the course and branches of the common peroneal nerve.
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drop should be done with the ankle passively dorsiflexed to 908 to avoid apparent but false

ankle inversion weakness. Deep tendon reflexes in the lower extremity are usually normal.

A sensory deficit over the anterolateral leg and the dorsum of the foot is commonly

elicited.

External compression at the fibular head occurs in a number of situations, including

prolonged bed positioning (comatose patients), long operations with side positioning or

when the leg is held to the table by a support beside the knee, below-the-knee casts or

orthotic devices, and use of knee supports during labor and delivery. It is also observed

in patients who are unaware of parasthesias, as occurs during sleep or as a result of exces-

sive alcohol or drugs, and crossing of the legs for prolonged periods of time. Leg crossing

causing subacute peroneal mononeuropathy is frequently associated with marked weight

loss, which presumably reduces the thin protective tissues over the nerve at the fibular

head. Observing a slight depression in the soft tissues over the fibular head supports the

diagnosis of leg crossing as a possible cause of peroneal neuropathy (16).

Internal pressure and entrapment of the peroneal nerve (within the fibular tunnel or

between tendons of anterior compartment muscles and the head of the fibula) is a rare

cause.

Factors that may predispose to the external and internal compressive etiologies are

the presence of underlying peripheral neuropathy, diabetes, dieting resulting in marked

weight loss, and squatting for long periods of time.

2.1.2. Trauma

Direct blows and lacerations, dislocation of the knee, fracture of the head or neck of the

fibula, and surgical and arthroscopic knee procedures are common causes. Acute

plantar flexion–inversion injuries at the ankle due to excessive stretching of the peroneus

longus muscle or the common peroneal nerve itself (e.g., while skiing) have been

described (24).

2.1.3. Popliteal Masses

Baker’s cysts arising from the gastrocnemius-semimembranosus bursa are common

causes, whereas nerve sheath tumors, lipomas, callus from old bone fractures, and hema-

tomas are rare.

2.1.4. Mononeuropathy Multiplex Syndrome

The common peroneal nerve is the most frequently involved nerve in vasculitis and other

causes including diabetes and leprosy.

2.1.5. Anterior Compartment Syndrome

Acute compartmental syndromes usually result from bleeding, trauma, post-ischemia, or

spontaneously after excessive exercise and represent an emergency syndrome that requires

rapid diagnosis and treatment. Clinical findings are (1) severe spontaneous pain and ten-

derness to palpation over the anterior leg compartment, (2) pain with passive foot plantar

flexion and toe flexion, and (3) weakness of the anterior compartment muscles (tibialis

anterior, extensor hallicis longus, and extensor digitorum longus) manifesting by foot

drop or less commonly, an isolated “toe drop.” The deep peroneal nerve may or may

not be involved, and the extensor digitorum brevis muscle (located distal to the compart-

ment) becomes weakened only when the deep peroneal nerve is involved by ischemia as a
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result of the syndrome. As ischemia of the deep peroneal nerve evolves, a sensory deficit

manifests itself in the web between the first and the second toes.

2.1.6. Lateral Compartment Syndrome

The superficial peroneal nerve is primarily involved in this rather uncommon syndrome.

Clinical findings include pain and tenderness over the lateral aspect of the leg, pain

with passive foot inversion, and ankle eversion weakness (due to involvement of the

peronei muscles). When the superficial peroneal nerve becomes involved, sensory loss

over develops over the dorsum of the foot.

2.1.7. Anterior Tarsal Tunnel Syndrome

This extremely rare syndrome is observed when there is involvement of the distal portion

of the deep peroneal nerve at the ankle and results from ankle injuries associated with

swelling. Predisposing factors are tight boots or high-heeled shoes with a tight strap or

a high top. The most common symptoms are pain and dysesthesia in the ankle and

dorsum of the foot with nocturnal exacerbation. Walking usually provides a partial

relief. Weakness is often restricted to the extensor digitorum brevis (24,25,27).

2.1.8. Differential Diagnosis

The differential diagnosis includes: (1) common peroneal nerve mononeuropathy (and less

commonly, isolated deep peroneal mononeuropathy), (2) sciatic mononeuropathy, (3)

lumbosacral plexopathy, and (4) lumbar radiculopathy (L5 and rarely L4). Less

common causes are motor neuron disease (ALS), peripheral polyneuropathy (especially

hereditary types), muscular dystrophies with distal involvement and distal myopathies,

upper motor neuron weakness (parasagital cerebral or thoraco-lumbar lesions), and

focal foot dystonia.

Electrodiagnostic Tests. In peroneal mononeuropathies, the sural response

should be normal, but the superficial peroneal sensory response will be absent or

reduced in amplitude. Peroneal motor nerve conduction studies across the fibular head

are informative in localizing the site of a lesion. Recordings should be made from the

anterior tibialis muscle, if the response from the extensor digitorum muscle is absent.

Needle EMG is very sensitive to denervation and can localize lesions when nerve

conduction studies are normal. Muscles that distinguish among radiculopathies, proximal

sciatic neuropathies, and peroneal neuropathies are anterior tibialis muscle (L4–5 radicu-

lopathy, deep peroneal nerve injury), peroneal muscles (L5–S1 radiculopathy, superficial

peroneal nerve), short head of the biceps femoris (injury to the lateral trunk of the sciatic

nerve—common peroneal above knee), posterior tibialis muscle (L4–5 radiculopathy,

tibial nerve injury), gluteal muscles, tensor facia lata (L5–S1 radiculopathy, nonperoneal,

and nontibial nerves injured), and lumbosacral paraspinal muscles (lumbosacral radiculo-

pathy) (25,26).

Imaging Studies. Magnetic resonance imaging (MRI) and MR neurograms can

detect compressing or infiltrative masses (cysts, bony lesions, ganglia, and tumors), hema-

tomas, or vascular lesions.

2.1.9. Management and Prognosis

Conduction slowing or block across the fibular head indicates a compressive neuropathy at

that site. These lesions are caused by segmental demyelination and, with removal of the

causative compression, prognosis is excellent and usually, recovery is expected in 2–3
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months (16,26). The prognosis with axonal damage depends upon the degree of axonal

loss and may result in a degree of permanent ankle dorsiflexion weakness. AFOs or

high boots are helpful. If no improvement is observed .4–6 months (no evidence of

re-innervation in tibialis anterior or peroneus longus muscles by needle EMG), surgical

exploration should be considered even in the absence of structural lesions on imaging

studies. An immediate surgical intervention is warranted if a complete transection is

suggested by lacerating trauma and in the setting of acute compartment syndrome.

When the transection is incomplete or in the case of blunt trauma, the likely injury is

neurapraxia or axonotmesis and a waiting approach for spontaneous improvement is

recommended.

3. TIBIAL NERVE ANATOMY

The tibial nerve is the continuation of the medial trunk of the sciatic nerve (L5, S1, and S2

roots). This nerve separates from the sciatic nerve above the popliteal fossa, passes

through the fossa, and then runs deep to the calf muscles. At the foot, the nerve runs

under the flexor retinaculum (the roof of the tarsal tunnel) before giving off the calcaneal

branch and the two plantar nerves (medial and lateral). In�30% of people, these branches

come off within the tarsal tunnel itself. The flexor retinaculum, unlike the thick volar

carpal tunnel ligament, is a thin fibrous band. The plantar nerves end by dividing into

the interdigital nerves that pass between the distal heads of the metatarsal bones, crossing

the deep transverse metatarsal ligaments (Fig. 30.1). The tibial nerve innervates the

following: (1) Popliteal fossa. The sural nerve (which also receives a communicating

branch from the common peroneal nerve) descends in the midline of the calf and passes

behind the lateral malleolus to supply the skin over the lateral aspect of the ankle and

the foot up to the base of the fifth toe. (2) Calf. Motor branches supply the plantaris, popli-

teus, gastrocnemius, soleus, tibialis posterior, flexor digitorum longus, and flexor hallucis

longus muscles. (3) Tarsal tunnel. (a) The calcaneal branch provides sensation to the

medial portion of the heel and part of the calcaneus. (b) The medial plantar nerve supplies

sensory branches (the interdigital nerves and the medial plantar proper digital nerve) to the

anterior two-thirds of the medial aspect of the sole of the foot, and to the first three toes,

plus half of the fourth toe. It also supplies the abductor hallucis, flexor digitorum brevis,

and flexor hallicus brevis muscles. (c) The lateral plantar nerve supplies sensation to the

anterior two-thirds of the lateral aspect of the sole of the foot and to the fifth toe and lateral

half of the fourth toe. It also supplies abductor digiti quinti, abductor hallucis, flexor digiti

quinti, interossei, and quadratous plantae muscles.

3.1. Tibial Mononeuropathies

Tibial nerve entrapment neuropathies are relatively rare compared with sciatic and pero-

neal neuropathies, in part because it lies deep in the leg. Tibial entrapment neuropathies

can be divided by lesion site.

3.1.1. Above the Ankle

Deep posterior compartment syndromes are characterized by pain localizing to the distal

posteromedial leg, tenderness over the distal posteromedial leg, pain with passive foot dor-

siflexion and toe extension, and weakness of plantar flexion/foot inversion/toes flexion

and intrinsic foot muscles weakness. Other etiologies are external trauma to the knee
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and leg or fracture, localized hypertrophic mononeuropathy, and stretching injury from

ankle sprains.

3.1.2. Tarsal Tunnel Syndrome

Although frequently linked to ankle and foot paresethias and pain, true tibial nerve injury

within the tarsal tunnel is uncommon. The tarsal tunnel is located behind and below the

medial malleolus. Any space occupying or narrowing lesions within this fibro-osseous

tunnel can compress the tibial nerve and result in the tarsal tunnel syndrome (TTS).

Trauma is the most common etiology and includes ankle fractures and dislocations,

severe ankle twisting, and post-traumatic fibrosis. Vessel abnormalities in the form of

dilated or varicose veins constricting the tibial nerve branches, account for 17% of the

TTS cases. Other causes include external compression (tight shoes or casts), idiopathic

thickening of the flexor retinaculum, tendon cysts “ganglia,” the presence of an accessory

or hypertrophied abductor hallucis muscle, rheumatoid arthritis of the foot joints, teno-

synovitis, and, more rarely, nerve sheath tumors.

Common symptoms include burning pain and paresthesias in the toes and the sole of

the foot with occasional radiation to the calf. Symptoms may be exacerbated at night

(15–42% of cases), aggravated by ambulation, and relieved by rest and removal of the

shoes. Examination may reveal tenderness to palpation over the flexor retinaculum and

sensory deficit over the cutaneous distribution of the tibial nerve or its branches. A positive

Tinel’s sign over the tibial nerve (percussion behind the medial malleolus) is positive in

nearly all cases. Although weakness is almost never elicited, atrophy of the abductor

hallucis muscle may be detected (30,31).

Most patients with a presumptive diagnosis of TTS are found to have distal sensory

neuropathy, especially when symptoms are bilateral. In true TTS, there should be no

objective sensory loss over the dorsum of the foot. Additional diagnostic considerations

are plantar fascitis, in which pain tends to occur in the morning and improves with activity,

calcaneal bursitis, and tenosynovitis.

3.1.3. Morton’s Neuroma

Plantar interdigital nerves may be damaged between the heads of adjacent metatarsal

bones before they divide into two digital nerves. Although it is referred to as a

neuroma, it is mostly made up of fibrous nodule rather than neural tissue. The most com-

monly involved interdigital nerve is between the third and the fourth metatarsal bones.

Women are more frequently affected than men, possible related to narrow shoes. Repeated

trauma, resulting in a fixed hyperextended metatarsophalangeal joint, is the most common

accepted mechanism. Predisposing factors include barefoot running on a hard surface,

shortened heel cord, rheumatoid arthritis, high-heeled shoes, work related stooping, inter-

phalangeal fracture, and finally, gait disturbances with fanning and hyperextension of the

toes at the metatarsophalangeal joints. Another mechanism is entrapment of the interdigi-

tal nerve by the deep transverse metatarsal ligament.

The presenting symptom is localized pain on the plantar aspect between two meta-

tarsal heads (typically third and fourth). Pain often radiates to the toes and may also extend

proximally. Pain is first triggered by walking and relived by removing the shoes, but then

progresses to nocturnal pain. There may be an associated numbness of one or two toes. The

diagnosis is mainly by clinical examination. The web-space compression test is com-

pression of the web space with the thumb and the index fingers which produces severe

pain. The “Mulder sign” (palpable click on compression) is characteristic.
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3.1.4. Sural Neuropathy

Sural neuropathies are associated with lateral ankle pain and concomitant loss of sensation

in the sural nerve distribution (the lateral aspect of the ankle and foot) (29). The most

common cause is iatrogenic from sural nerve biopsy, and the area of sensory loss

diminishes in size over few weeks. The most common noniatrogenic etiology is trauma

from prolonged resting of the leg against a hard surface or by repeated job-related blunt

trauma. Occasionally, a Baker’s cyst in the popliteal fossa may press on the nerve.

3.1.5. Diagnosis

Electrodiagnostic Tests. Nerve conduction studies of the sural nerve may reveal a

reduced or absent response. Studies of the medial and the lateral plantar nerves can be

helpful in confirming true plantar neuropathies, either within or distal to the tarsal

tunnel with either absence of the response or a slowed conduction (25,30).

Needle EMG study can be used to determine the distribution of involvement, and

should include peroneal innervated muscles, the hamstrings, gluteal, and lumbosacral

paraspinal muscles. Needle EMG is of a limited value in confirming the diagnosis of

TTS, because mild dennervation in the intrinsic foot muscles is not an infrequent obser-

vation in normal individuals.

Imaging Studies. MRI and CT are useful to detect structural lesions proximal to

the ankle and to detect the majority of Morton’s neuromas. Imaging studies are rarely

helpful in cases of TTS (32,33).

3.1.6. Management and Prognosis

In true TTS, conservative management is appropriate before surgery (16,30,34). This

includes changing from high-heeled to flat and wider shoes, and the use of shoes pads.

Nonsteroidal anti-inflammatory medications and local injections of corticosteroids and/
or anesthetics at the tarsal tunnel may relieve symptoms and may also be a supportive

diagnostic test. Immobilizing the ankle with a lightweight plastic orthosis may help

some patients (31). However, even when the cause of TTS is unknown, 75% of patients

will report improvement in their symptoms with surgical decompression (28). Conserva-

tive therapy is less effective for Morton’s neuromas and surgical decompression by incis-

ing the deep transverse metatarsal ligament without excising the neuroma.
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ABSTRACT

Mononeuropathies in proximal lower extremities are rare, with the exception of the lateral

femoral cutaneous nerve of the thigh (meralgia paresthetica). Electrodiagnosis has a pro-

minent role in confirming which nerve is involved, localizing the site of the lesion and

understanding the type and extent of nerve injury. The major nerves of the lower extremity

are reviewed.

1. FOCAL NEUROPATHIES OF THE FEMORAL NERVE

1.1. Anatomy

The femoral nerve is a mixed nerve, containing both motor and sensory fibers. It orig-

inates from the posterior divisions of the ventral rami of L2-4 spinal nerves. As it

emerges from the lumbar plexus, it runs between psosas and iliacus muscles (L2-3),

innervating both of them (Fig. 31.1) (1,2). It then descends beneath the inguinal ligament,

lateral to the femoral artery, and enters the thigh. The femoral nerve then divides into

anterior and posterior divisions within the femoral triangle. The anterior division divides

into a muscular branch, which supplies the sartorius muscle (L2-3), and a sensory branch,

the medial cutaneous nerve of the thigh (Fig. 31.2). The posterior division divides into

muscular branches supplying the pectineus (L2-3) and the quadriceps femoris complex

(rectus femoris, vastus interomedialis, vastus lateralis, and vastus medialis—L2-4), and

a sensory branch, the saphenous nerve. The saphenous nerve descends with the femoral

artery along the medial thigh through Hunter’s canal. The nerve gives off the infra-

patellar branch and then descends along the lower leg to innervate the skin of the

medial foreleg.

Figure 31.1 Origin and course of the femoral, obturator, and lateral femoral cutaneous nerves.

[From Stewart (2), p. 458, with permission.]
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1.2. Clinical Features and Differential Diagnosis

The clinical features of femoral mononeuropathy depend on the site of injury (1,2).

Lesions of the proximal segment in the lumbar plexus or within the pelvis are associated

with weakness of hip flexion (psoas, iliacus, and rectus femoris involvement), knee exten-

sion (quadriceps involvement), and lateral thigh rotation (sartorius involvement). Sensory

loss and paresthesias occur along the anteromedial thigh and inner foreleg. The patellar

reflex is hypoactive or absent. Quadriceps muscle atrophy may occur within weeks,

especially with axonal nerve injuries. Lesions at or near the ilioinguinal ligament spare

hip flexion because motor branches to the psoas and the iliacus come off more proximally.

Lesions within the femoral triangle or upper thigh may cause selective motor or sensory

symptoms. Sensory symptoms limited to the medial knee and foreleg may result from iso-

lated lesions of the saphenous nerve in thigh or knee. Damage to the infrapatellar branch

of the saphenous nerve results in numbness and paresthesias in the skin over the patella

(gonyalgia paresthetica) (3). Other localization considerations in patients with weakness

or sensory symptoms in the distribution of the femoral nerve include lesions of the

lumbar plexus, L2-4 spinal roots or segments, and lateral femoral cutaneous nerve.

1.3. Etiologies

Trauma is the most common cause (Table 31.1) (1,2,4). Many traumatic cases are iatro-

genic from nerve injury sustained during surgical procedures (5–7). The mechanisms

of femoral nerve injury in these cases include compression, blunt trauma, stretch, and

laceration. Other causes include noniatrogenic trauma (compression from hematoma,

abscess, tumors, or pseudoaneurysm), diabetes mellitus, localized hypertrophic neuro-

pathy, vasculitis, radiation-induced neuropathy, and idiopathic neuropathy (1,2,8–13).

Unilateral or bilateral femoral mononeuropathies may occur in surgical or obstetric

patients while in the lithotomy position, presumedly due to nerve compression against

the inguinal ligament or excessive stretch of the nerve (14). Isolated injury of the saphe-

nous nerve may occur in thigh, knee, or foreleg (Table 31.2). Iatrogenic trauma caused by

Figure 31.2 Innervation of the skin of the inguinal area and upper thigh. [From Stewart (2),

p. 491, with permission.]
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knee surgeries, arthroscopy, and saphenous vein harvesting are the most common causes

of saphenous mononeuropathy (1,2,15–18).

1.4. Diagnostic Studies

The clinical examination is most informative for localization of femoral nerve lesions.

Electrodiagnostic studies are useful to verify the clinical diagnosis and exclude other

sites of injury (e.g., femoral neuropathy vs. L2-4 radiculopathy), to provide more

precise localization (e.g., femoral neuropathy proximal vs. distal to the innervation of

the iliacus), to determine the type of nerve injury (e.g., axonal, demyelinating, or

mixed), to determine whether or not surgical intervention is necessary, and to predict

recovery and prognosis. Routine electrodiagnostic studies include nerve conduction

studies (NCS) and needle electromyography (EMG). General knowledge of the pathophy-

siology and electrodiagnostic features of focal demyelinating injury, Wallerian degener-

ation, and reinnervation via both collateral sprouting and axonal regeneration is

necessary in order to accurately interpret these studies (19,20). Saphenous sensory and

femoral motor NCS are optimally performed 10 days following an acute nerve injury.

Techniques for performing these studies have been reported (21–23). As Wallerian

degeneration is complete at this point, such studies are better able to distinguish among

focal demyelinating, axonal, and mixed nerve injuries. A preserved saphenous sensory

nerve action potential (SNAP) at day 10 post-injury in a patient with a suspected

Table 31.1 Causes of Femoral Neuropathy

Trauma

Iatrogenic

Inguinal herniorrhaphy

Total hip replacement

Intraabdominal surgeries

Gynecological surgeries

Lumbar sympathectomy

Laparoscopic procedures

Other trauma

Bullet and stab wounds

Blunt trauma

Hip and pelvic fractures

Stretch injuries

Lithotomy position

Childbirth

Surgical procedures

Compression

Hematoma

Abscess

Tumors

Pseudoaneurysm

Diabetes mellitus

Localized hypertrophic neuropathy

Vasculitis

Radiation-induced

Idiopathic
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femoral neuropathy suggests either selective injury to the femoral nerve without involve-

ment of saphenous sensory fibers, or proximal focal demyelinating injury to the femoral

nerve, or nerve injury proximal to the dorsal root ganglion cells (e.g., L2-4 radiculopathy).

At day 10 post-injury, a preserved femoral compound muscle action potential (CMAP)

from a paralyzed rectus femoris muscle also attests to a primary demyelinating injury,

and predicts a good recovery and prognosis. Attenuated or absent saphenous SNAP and

femoral CMAP responses are consistent with axonal or mixed injuries, and predict a pro-

longed recovery. EMG provides information about active axonal injury (e.g., presence of

fibrillations and positive sharp waves) and extent of nerve repair (e.g., nascent motor unit

action potentials suggest repair via axonal regeneration).

Neuroimaging, including ultrasound computed tomography and magnetic resonance

imaging (MRI), may be used to assess for compressive or infiltrative nerve lesions

(e.g., hemorrhage and metastases), nerve sheath tumors, focal edema, and sources of

nerve entrapment (24). In general, MRI provides the best soft tissue contrast and anatom-

ical detail among imaging modalities. In addition, the recent technique of magnetic

imaging neurography can identify small focal areas of nerve edema, entrapment, or

compression (24–26).

1.5. Management

Initial management of femoral nerve injuries is depends on the suspected type of injury

(2). With mild to moderate nerve injuries (e.g., blunt trauma and stretch), restitution by

remyelination, collateral sprouting, or both may be evident within weeks to months.

Severe axonal injuries require reinnervation by axonal regeneration and repair may not

be evident for 6–12 months. If complete disruption (e.g., laceration) of the nerve is sus-

pected, early exploration and surgical repair is indicated. EMG studies can document

Table 31.2 Causes of Saphenous Neuropathy

Thigh

Compression

Fibrous bands

Branches of femoral vessels

Entrapment at subsartorial canal exit

Lacerations

Arterial surgery

Nerve tumors

Knee

Knee surgery and arthroscopy

External compression (e.g., surfer’s neuropathy)

Meniscal cyst

Foreleg

Saphenous vein harvest for coronary artery bypass surgery

Saphenous vein cannulation

Ankle injuries

Trauma

Lacerations

Infrapatellar branch

Blunt trauma, compression, and lacerations

Knee surgery and arthroscopy

Entrapment at the sartorius tendon
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nerve continuity or discontinuity, and serial studies can assess early (subclinical) axonal

regeneration. Management of iliacus hematomas includes reversal of anticoagulation

and treatment of pain (2). Surgical evacuation should be considered in patients with

large hematomas and substantial clinical deficits (9,11).

2. FOCAL NEUROPATHIES OF THE OBTURATOR NERVE

2.1. Anatomy

The obturator nerve is a mixed nerve that originates from the anterior divisions of the

ventral rami of the L2-4 spinal nerves and traverses the lumbar plexus (Fig. 31.1) (1,2).

The nerve passes through the pelvis via the obturator canal, and within the canal supplies

the obturator externus muscle (L2-4). Outside of the canal, it divides into the anterior and

posterior divisions which descend along the medial thigh. The anterior division supplies

the pectineus (L2-4), adductor longus (L2-4), adductor brevis (L2-4), and gracilis (L2-4).

The anterior division terminates in a sensory branch that innervates the skin along the

medial thigh (Fig. 31.2). The posterior division supplies the obturator externus (L2-4),

adductor magnus (L2-4) (which also receives innervation from the sciatic nerve), and

adductor brevis muscle (L2-4).

2.2. Clinical Features and Differential Diagnosis

Lesions of the obturator nerve cause weakness of thigh adduction, wasting of the medial

thigh muscles (with axonal injuries), and sensory loss or paresthesias affecting the medial

thigh. Patients usually note difficulties with hip and thigh stabilization, especially during

certain activities (e.g., squatting and sexual intercourse). Other localization sites to con-

sider in patients with weakness or sensory symptoms in the distribution of the obturator

nerve include lesions of the lumbar plexus, or L2-4 spinal roots or segments.

2.3. Etiologies

Causes of obturator mononeuropathy include trauma, compression, nerve tumors, entrap-

ment within the obturator foramen, diabetes mellitus, myositis ossificans, and idiopathic

injury (Table 31.3) (1,2,4,27–32). Within the lumbar plexus, the obturator nerve may

be damaged during pelvic surgical or laparoscopic procedures, and by compression or

infiltration from metastatic disease or endometriosis (28,32). Damage may result from

obturator hernias, following cancer surgery in the pelvis, iliopsoas hemorrhage, pelvic

fractures, or during hip surgery. Prolonged hip flexion during certain urological surgical

procedures may stretch the nerve at the bony obturator foramen. Obturator mononeuro-

pathy may result from prolonged labor or difficult childbirth due to compression of the

nerve between the fetal head and the bony pelvis (30). Nerve entrapment by thickened

fascia overlying the adductor brevis muscle has been described in athletes (31). We

recently evaluated a unilateral obturator mononeuropathy attributed to stretch or com-

pression during an endoscopic hysterectomy.

2.4. Diagnostic Studies

There are no NCS techniques for evaluating the obturator nerve (21) and electrodiagnostic

evaluation is limited to needle EMG of hip adductor muscles. Focal demyelinating lesions

or neurapraxic injury of the obturator nerve can be inferred by reduced recruitment (higher
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discharge rates) and from normal-appearing motor unit action potentials in hip adductor

muscles. In distinction, mixed and axonal injuries from noniatrogenic trauma would be

associated with fibrillation potentials and positive sharp waves during the subacute to

early chronic phase of injury, and motor unit action potentials (nascent units) reflecting

reinnervation during the chronic phase. MRI of the thigh may provide additional infor-

mation in selected situations. For example, prominent atrophy of the hip adductor

muscles would be consistent with severe axonal or mixed nerve injury, whereas

normal-appearing or mildly atrophic muscles assessed several months post-injury would

be more consistent with neuropraxic nerve injury.

2.5. Management

Good clinical outcome is reported in most patients regardless of etiology (27). Patients

with partial injuries should be observed because recovery by remyelination or collateral

reinnervation occurs over a period of several months. Severe or complete injuries may

require early surgical exploration and nerve grafting (34). Obturator neuropathy following

hip arthroplasty may be caused by nerve encasement in surgical cement, early surgical

exploration is indicated. Surgical exploration for possible nerve entrapment within the

obturator canal, nerve infiltration by metastatic disease, or endometriosis should be con-

sidered in patients with progressive and unexplained symptoms.

3. FOCAL NEUROPATHIES OF THE LATERAL FEMORAL
CUTANEOUS NERVE

3.1. Anatomy

The lateral femoral cutaneous nerve of the thigh (LFCN) originates from the anterior

primary rami of the L2-3 spinal roots within the psoas muscle (Fig. 31.1) (1,2).

Table 31.3 Causes of

Obturator Neuropathy

Trauma

Iatrogenic

Pelvic surgery

Hip surgery

Laparoscopic surgery

Femoral artery procedures

Pelvic fractures

Compression

Tumors

Endometriosis

Obturator hernias

Fibrous bands

Childbirth

Nerve tumors

Entrapment in obturator foramen

Diabetes mellitus

Myositis ossificans

Idiopathic
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The nerve emerges from the lateral border of the psoas muscle, crosses the iliacus muscle,

passes under the lateral part of the inguinal ligament medial to the anterior superior iliac

spine, and enters the upper thigh beneath the fascia lata. In the upper thigh, the LFCN

divides into anterior and posterior divisions. The anterior division innervates the skin of

the anterior thigh to the knee whereas the posterior division supplies the skin along the

upper and lateral aspects of the thigh (Fig. 31.2).

3.2. Clinical Features and Differential Diagnosis

LFCN lesions cause sensory loss, paresthesias, or pain involving the anterolateral thigh

(meralgia paresthetica). Symptoms are worsened when standing or walking, especially

in obese patients, presumably due to compression of the nerve along the anterior superior

iliac spine by the protuberant abdomen. Other localization considerations in patients with

symptoms of meralgia paresthetica include lesions of the femoral nerve, lumbar plexus, or

L2-4 spinal roots or segments.

3.3. Etiologies

There are multiple sites for nerve injury, including the abdomen, pelvis, inguinal ligament,

and thigh (Table 31.4). In the abdomen, the LFCN may be compressed by psoas

hemorrhage, abscess, or tumor (2,4,35). Surgical trauma may result from renal transplants,

hysterectomies, or other surgeries (36–38). Procurement of iliac bone for grafting may

injure the LFCN in the pelvis (39). Obesity and constricting garments or belts are potential

causes of external compression of the nerve near the anterior superior iliac spine or the

inguinal ligament, and can be associated with bilateral meralgia paresthetica (2,4,40,41).

Table 31.4 Causes of Lateral Femoral Cutaneous Neuropathy

Abdomen

Iliopsoas hemorrhage

Psoas tumor

Surgery (e.g., renal transplants and abdominal hysterectomy)

Pelvis

Iliac bone procurement for grafting

Surgery in the iliac fossa

Inguinal ligament

External compression and angulation

Corsets, belts, and other constricting garments

Prolonged sitting in the lotus position

Protuberant abdomen in obese patient

Seat-belt trauma

Entrapment

Trauma

Surgical Injury

Idiopathic

Thigh

External compression

Trauma

Lacerations

Injections

Surgical injury
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Other causes are trauma, compression, lacerations, injection injuries, and surgical

injuries (42,43).

3.4. Diagnostic Studies

Several techniques are available for recording the LFCN sensory nerve action potentials

(21,44,45). The nerve is stimulated with either surface or needle electrodes just medial

to the anterior superior iliac spine and the SNAP is recorded along the anterolateral

thigh. However, NCS of the LFCN are technically difficult to perform in normal subjects,

and particularly in obese subjects. A major limitation is that the SNAP is of low amplitude

(2–10 mV) and usually requires signal averaging. Comparative studies on the asympto-

matic side are required in an patient found to have an absent LFCN response in the symp-

tomatic limb. Given these limitations, lateral femoral cutaneous mononeuropathy remains

primarily a clinical diagnosis. When appropriate, imaging studies of the retroperitoneal

space and pelvis are needed to assess for metastatic disease or hemorrhage.

3.5. Management

In most patients, symptoms resolve spontaneously within weeks to months (2,46), and

conservative management of idiopathic meralgia paresthetica is appropriate. Patients

should be educated on potential causes (e.g., obesity and constricting garments or belts)

of meralgia paresthetica and instructed on appropriate modifications. Analgesics and

medications for neuropathic pain may be appropriate for patients with especially bother-

some symptoms. Local anesthetics and corticosteroids may provide pain relief and can be

repeated at intervals (46,47). Surgical decompression of the nerve at the inguinal ligament

may be appropriate for patients with recalcitrant pain symptoms (46). Nerve transection is

preferred over decompression by some surgeons; however, the paucity of reported cases

hampers comparative analyses (48).

4. FOCAL NEUROPATHIES OF OTHER NERVES OF
THIGH AND PELVIS

4.1. Posterior Femoral Cutaneous Nerve of the Thigh

Sensory nerve fibers of the posterior femoral cutaneous nerve of the thigh (PFCN) orig-

inate from the anterior primary rami of S1-3 spinal roots (Fig. 31.3) (1,2). The PFCN

exits the pelvis via the greater sciatic notch and descends the posterior thigh. The nerve

is initially deep to the gluteus maximus muscle, but descends superficially down the

back of the thigh to the knee. The PFCN innervates the skin of lower buttock, posterior

thigh, and popliteal fossa, and lesions cause paresthesias or sensory loss in these areas.

The PFCN may be damaged in sacral plexus, greater sciatic foramen, buttocks, or upper

thigh (Table 31.5). Posterior femoral cutaneous neuropathy may be due to compression or

infiltration (malignancies), trauma (falls on the buttock), injection injuries, compression

from bicycle seat, and lacerations (1,2,49–52).

4.2. Iliohypogastric Nerve

The iliohypogastric nerve is a mixed nerve originating from the anterior primary rami of

T12-L1 spinal roots. It emerges from the lateral border of the psoas muscle (Fig. 31.4)

(1,2) and traverses with the ilioinguinal nerve around the abdominal wall and along the
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upper border of the iliac crest. In the abdomen, the iliohypogastric and ilioinguinal nerves

provide motor branches to the internal oblique and transversus abdominis muscles. The

terminal branches of the iliohypogastric nerve are the lateral and anterior cutaneous

sensory branches. The lateral branch supplies the skin along the upper aspect of the

buttock and the anterior branch supplies a small patch of skin over the pubis

(Fig. 31.2). Lesions of the iliohypogastric nerve are associated with sensory loss, paresthe-

sias, or pain in the distribution of the lateral and anterior branches. Iliohypogastric neuro-

pathies may result from lesions in the lumbar plexus or abdomen (Table 31.6). Damage

may be caused by compression or infiltration by tumors, surgical incisions, trauma,

or compression (1,2).

4.3. Ilioinguinal Nerve

The ilioinguinal nerve is a mixed nerve originating from the anterior primary rami of the

L1 spinal root (Fig. 31.4) (1,2), and travels just below and parallel to the iliohypogastric

nerve in the abdomen. The nerve pierces the internal oblique and transversus abdominis

muscles, and supplies motor branches to these muscles, and then enters the inguinal

canal and passes through the superficial inguinal ring together with the spermatic cord

in men or round ligament in woman. Sensory fibers emerge from the canal to supply

the skin along the medial thigh below the inguinal ligament, symphysis pubis and external

genitalia (Fig. 31.2). Lesions of the ilioinguinal nerve are associated with lower abdominal

Figure 31.3 Course of the posterior femoral cutaneous nerve. [From Stewart (2), p. 377, with

permission.]

Table 31.5 Causes of Posterior

Femoral Cutaneous Neuropathy

Sacral plexus

Malignancy

Buttocks

Falls on to the buttocks

Injections

Prolonged sitting (e.g., bicycle riding)

Trauma

Lacerations
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pain, sensory loss or paresthesias in this distribution, and tenderness below the anterior

superior iliac spine. The ilioinguinal nerve may be injured in the lumbar plexus,

abdomen, and inguinal canal (Table 31.7) (1,2). In the lumbar plexus or retroperitoneal

space, the ilioinguinal nerve may be damaged by tumor compression, infiltration, or sur-

gical injuries (53,54). Along the anterior abdominal wall, the nerve may be damaged by

surgical incisions, trauma, or entrapment within abdominal muscles (55). The inguinal

canal is a potential site for injury due to hernia surgery, or compression by endometriosis,

lipoma, or leiomyoma. Neuropathy may occur after childbirth due to stretching of the

nerve (2,56). Ilioinguinal neuropathy or neuralgia may be idiopathic.

4.4. Genitofemoral Nerve

Mixed nerve fibers of the genitofemoral nerve originate from the anterior primary rami of

L1-2 spinal roots (Fig. 31.4) (1,2). The nerve passes through the psoas muscle and travels

downward to the inguinal ligament where is divides into the external spermatic (genital)

and lumboinguinal (femoral) branches. The genital branch enters the deep inguinal ring

and traverses the inguinal canal where it terminates in a motor branch innervating the

cremaster muscle and sensory branch supplying the skin along the scrotum (or labia majoris)

Figure 31.4 Course of the iliohypogastric, ilioinguinal, and genitofemoral nerves. [From Stewart

(2), p. 490, with permission.]

Table 31.6 Causes of Iliohypogastric

Neuropathy

Lumbar plexus or retroperitoneal space

Tumors

Surgical incisions (e.g., nephrectomy)

Abdomen

Surgical incisions (e.g., appendectomy)

Trauma

Compression
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and adjacent medial thigh (Fig. 31.2). The femoral branch passes under the inguinal liga-

ment and supplies the skin along the upper thigh and the femoral triangle. Lesions of the

genitofemoral nerve are associated with sensory loss, paresthesias, or pain along the

medial inguinal area, upper thigh, and lateral aspect of scrotum or labia. Standing or

extending the hip may worsen the symptoms. There is often tenderness along the inguinal

canal. The cremaster reflex is an unreliable sign of nerve function. The genitofemoral

nerve may be damaged in the lumbar plexus, abdomen, or inguinal area (Table 31.8)

(1,2,57,58). In the lumbar plexus or retroperitoneal space, the genitofemoral nerve may

be injured by tumor compression, infiltration, or surgical trauma. Surgical incisions and

trauma are causes of injury in the abdomen and inguinal area.

4.5. Pudendal Nerve

Mixed nerve fibers of the pudendal nerve originate from the anterior primary rami of S1-4

spinal roots (Fig. 31.5) (1,2). The nerve exits the pelvis through the greater sciatic notch to

reach the perineum. The three major branches of the pudendal nerve include the inferior

rectal nerve, perineal nerve, and dorsal nerve of the penis (or clitoris) (Fig. 31.6). The

inferior rectal nerve innervates the external anal sphincter and provides sensory branches

to the lower anal canal and perianal skin. The perineal nerve innervates the perineum,

Table 31.7 Causes of Ilioinguinal Neuropathy

Lumbar plexus or retroperitoneal space

Tumors

Surgery

Anterior abdominal wall

Surgical incisions

Entrapment within the abdominal layers

Lower abdominal surgeries (e.g., appendectomy)

Inguinal canal

Herniorrhaphy

Endometriosis

Lipoma

Leiomyoma

Unknown site

After childbirth

Idiopathic

Table 31.8 Causes of Genitofemoral Neuropathy

Lumbar plexus or retroperitoneal space

Tumors

Surgery

Abdomen

Surgical incisions

Inguinal area

Inguinal herniorrhaphy

Appendectomy

Cesarean section
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erectile tissue of the penis, external urethral sphincter, and skin of the perineum, scrotum

(or labia). The dorsal nerve supplies sensation to the penis (or clitoris). Lesions of the

pudendal nerve are associated with sensory loss or paresthesias in the distribution of the

nerve, difficulty with bladder and bowel control, and erectile impotence. Causes of puden-

dal neuropathy include pelvic and hip fractures, hip surgeries, buttock injections, surgical

compressions, entrapment from surgical sutures, and compression from long distance

bicycle riding (Table 31.9) (1,2,59–62).

Figure 31.5 Origin of the pudendal nerve. [From Stewart (2), p. 376, with permission.]

Figure 31.6 View of the perineum showing the course and branches of the pudendal nerve. [From

Stewart (2), p. 378, with permission.]
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4.6. Diagnostic Studies

Neurophysiology techniques are available for the PFCN, ilioinguinal nerve, and pudendal

nerve (63–71). These studies are technically challenging, however, as they either require

specialized equipment (e.g., pudendal nerve conduction study) or the compound nerve

action potentials are of low-amplitude and difficult to discern. Computed tomographic

or MRI scans are warranted when hemorrhage or tumor infiltration are suspected causes

of nerve injury.

4.7. Management

Management of these uncommon focal neuropathies includes etiologic identification, sur-

gical exploration or decompression if applicable, resection of painful neuromas, and

symptomatic management. Local anesthetic or corticosteroid nerve blocks may be

especially helpful to alleviate the neuropathic pain associated with ilioinguinal, iliohypo-

gastric, and genitofemoral neuropathies (2). Carbamazepine and other medications for

neuropathic pain have also been used successfully for symptomatic treatment (2,72).
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ABSTRACT

The management of traumatic mononeuropathies begins with recognition of nerve injury,

which can be difficult in the setting of multiple traumatic injuries and fractures, particularly

if there is poor patient cooperation due to brain injury. Knowledge of regional anatomy

increases the suspicion of nerve injuries associated with various fractures, lacerations, or dis-

locations as well as iatrogenic causes. When nerve injury is suspected, clinical, electrodiag-

nostic evaluation or imaging studies can confirm nerves involved and determine severity.

A decision for operative intervention in the form of exploration and repair or grafting

procedures must be made. Nonoperative lesions can be managed with rehabilitation.

1. CLINICAL FEATURES/DIFFERENTIAL DIAGNOSIS

1.1. Clinical Findings and Classification System of Nerve Injuries

Nerves may be damaged primarily during the initial injury or secondarily as a result of

edema, infection, ischemia, or scar formation (Table 32.1). Nerve root avulsion occurs

when traction is placed on a nerve root sufficient to separate it from the spinal cord.

Stretch injuries to peripheral segments are associated with open and closed fractures as

well as soft tissue injuries. Nerve transections are associated with open injuries and some-

times with displacement of fracture fragments. Crush injuries are caused by acute or pro-

longed pressure. Nerves can also be damaged by ischemia as part of compartment

syndrome or by vascular compromise.

The response of nerves to injury is limited, regardless of the mechanism of injury.

Crush and angulation injuries preferentially affect myelin, and the predominant mechan-

ism of tissue damage is localized ischemia. If ischemia is severe or prolonged, axons can

be affected. In laceration or stretch injuries, axons and structural components are injured

and Wallerian degeneration results.

560 DiPonio, Leonard, and McGillicuddy



Wallerian degeneration is the hallmark of axonal injury regardless of the mechan-

ism. Seddon’s classification of nerve injury describes three degrees of severity of nerve

injury (1). Neurapraxia refers to focal demyelination that is sufficient to interrupt saltatory

nerve conduction. The clinical result is sensory or motor loss despite axonal continuity.

Symptoms in the acute phase are as severe as those from nerve transection, but prognosis

for spontaneous recovery is excellent. Axonotmesis refers to loss of axonal continuity with

preservation of structural and supportive neural tubules. It also carries a good prognosis for

spontaneous recovery, although not as quickly as neurapraxia. Neurotmesis refers to dis-

continuity of the axons as well as their supporting structures. This carries a worse progno-

sis and is the only injury benefiting from surgical repair or grafting.

An updated classification proposed by Sunderland has five degrees of injury (2).

Sunderland’s first-degree injury is identical to Seddon’s neurapraxia. Sunderland’s

second, third, and fourth-degree injuries correspond to different severities of Seddon’s

axonotmesis. A second-degree injury is axonal disruption but sparing of endoneurium,

perineurium, and epineurium. A third-degree injury is sparing of perineurium and epineur-

ium, and a fourth-degree injury is sparing of epineurium only. Sunderland’s fifth-degree of

injury is identical to Seddon’s neurotmesis.

1.2. Anatomic Correlates

1.2.1. Spinal Accessory Nerve

This is the sole motor innervation to the trapezius muscle, and also innervates the sterno-

cleidomastoid muscle. It has a superficial location in the subcutaneous tissue on the floor

of the posterior cervical triangle which is bordered by the trapezius posteriorly, the ster-

nocleidomastoid anteriorly, and the clavicle inferiorly. It is most commonly injured

during surgical procedures, but is susceptible to trauma by blunt or penetrating injuries

to the neck or by traction injury from dislocations of the sternoclavicular or acromiocla-

vicular joints. The trapezius muscle serves to elevate, retract, and rotate the scapula, and

Table 32.1 Orthopedic Injuries and Commonly Associated Peripheral

Nerve Injuries

Orthopedic injury

Commonly associated

nerve injury

Shoulder dislocation Axillary

Humerus fracture Radial

Elbow dislocation Median

Monteggia fracture Radial

Wrist Median, ulnar, or radial

Pelvis Cauda equina, radicular, plexus

Acetabular fracture Sciatic

Hip dislocation Femoral, sciatic

Femur fracture Sciatic, tibial/peroneal components

Distal femur fracture Tibial (medial), peroneal (lateral)

Tibial fracture Tibial, deep peroneal

Fibular fracture Common or superficial peroneal

Medial malleolus (tibia) Tibial

Lateral malleolus (fibula) Sural

Metatarsals Interdigital nerves
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disruption leads to lateral winging of the scapula and weakness of arm abduction past 908.
This nerve has no cutaneous innervation (Table 32.2).

1.2.2. Suprascapular Nerve

This nerve originates from the upper trunk of the brachial plexus and carries fibers from C5

and C6. It travels behind the plexus, under the trapezius muscle, to the scapula, where it

passes through the suprascapular notch and innervates the supraspinatus muscle, and then

around the lateral edge of the scapular spine to innervate the infraspinatus muscle. The

nerve can be injured by scapular fracture, blunt trauma to the shoulder girdle, or traction

through the nerve by a longitudinal pull on the upper extremity. The supraspinatus muscle

helps elevate the arm over the first 908 and the infraspinatus muscle assists in external

rotation of the arm. It has no cutaneous sensory innervation.

1.2.3. Axillary Nerve

This is a branch of the posterior cord and contains fibers from C5 and C6. It branches from

the posterior cord near the lateral scapular border and sends a branch to teres minor. It then

bifurcates into cutaneous and motor branches and courses posteriorly around the proximal

humerus, supplies the posterior, middle, and anterior deltoid muscle. The sensory branch

goes on to supply a small cutaneous segment in the lateral upper arm.

Axillary mononeuropathy results in weakness of shoulder abduction or sensory loss

on the lateral upper arm. Injury occurs with proximal humeral fractures and, less com-

monly, with scapular fractures. The nerve is susceptible to traction injury of the plexus

because it is tethered to the deltoid muscle close to the shoulder. The nerve can also be

injured from scar tissue formation in the quadrilateral space (formed by the teres major

muscle, triceps, humerus, and teres minor) through which the nerve passes or when

other injuries occur, which require the use of axillary crutches (crutch paralysis).

1.2.4. Radial Nerve

This is the continuation of the posterior cord and carries fibers from C5, C6, C7, and C8.

After leaving the plexus, the nerve travels posterior to the axillary artery and gives

branches to the posterior cutaneous nerve of the arm and the triceps and anconeus

muscles. At this level the nerve may be damaged by traction or tourniquet application.

It then travels in the spiral groove of the humerus where it is vulnerable to damage

related to humeral fractures or compression. Distal to the spiral groove, it pierces the

lateral intermuscular septum and travels anterior to the lateral condyle of the humerus,

giving branches to the brachialis, brachioradialis, and extensor carpi radialis longus

muscles. At this point, it bifurcates into the posterior interosseous nerve (PIN) and the

superficial branch. The PIN passes through the arcade of Frohse and then travels along

the posterior interosseous membrane, where it innervates the other extensors muscles of

the forearm. It travels along with the posterior interosseous artery and may be compressed

by a traumatic aneurysm. It may also be injured by proximal radial fractures or penetrating

injuries. The superficial branch continues superficially along the lateral border of the

forearm where it is vulnerable to injuries associated with fractures of the distal and

proximal radius or forced wrist hyperpronation.

Lesions in the axilla or proximal to the spiral groove may lead to sensory loss on the

posterior arm above the elbow (posterior cutaneous nerve of arm) and weakness and

dropped triceps reflex. Lesions within the spiral groove lead to sensory loss on the extensor

surface of the forearm (posterior cutaneous nerve of forearm) and complete wrist drop.
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Lesions distal to the spiral groove, but proximal to the elbow, such as can be seen with a

distal fracture of the humerus, may lead to wrist drop with radial deviation and sparing of

the forearm sensation and the brachioradialis reflex. Lesions involving the PIN give a

purely motor syndrome of finger drop with radial deviation (due to the sparing of the

extensor carpi radialis branch located proximal to the elbow). Lesions involving the super-

ficial branch of the radial nerve would give a purely sensory syndrome affecting the dorsal

radial hand, also known as cheiralgia paresthetica.

1.2.5. Musculocutaneous Nerve

The musculocutaneous nerve is a branch of the lateral cord containing fibers from C5 and

C6. It travels between the axillary artery and median nerve, enters the coracobrachialis

muscle which it supplies, and descends between the biceps and brachialis muscles

which it also supplies. As it travels past the shoulder, it is relatively protected from

injury related to humeral fractures because of its location between these muscles.

Sensory fibers of the nerve continue distally past the elbow in the antecubital fossa

where it could be injured by venipuncture or cutdown procedures due to its location

directly under the median cubital vein. The nerve continues as the lateral antebrachial

cutaneous nerve where it supplies cutaneous sensation to the lateral forearm.

The musculocutaneous nerve is often damaged in plexus injuries involving the

lateral cord. Diagnosis of musculocutaneous mononeuropathy is suspected when there

is a penetrating injury to the arm. A lesion in the upper arm leads to weakness of elbow

flexion, especially with the forearm supinated. The brachioradialis is a strong flexor of

the elbow, which is innervated by the radial nerve, and can mask biceps weakness.

Lesions of the musculocutaneous nerve also produce sensory loss in the lateral forearm.

Lesions located closer to the elbow, such as in the cubital fossa, produce a purely

sensory syndrome with loss at the lateral forearm.

1.2.6. Median Nerve

This nerve forms in the axilla from branches of the lateral cord (containing C6 and C7

fibers) and the medial cord (containing C8 and T1 fibers). The nerve travels down the

medial side of the arm in close proximity to the brachial artery into the cubital fossa. It

is vulnerable to injury from penetrating injuries or sheath hemorrhage. No branches are

given off proximal to the elbow, making it impossible to determine the location of a

nerve injury in the shoulder or upper arm based on the sensorimotor findings alone.

After crossing into the forearm between the two heads of the pronator teres muscle, it

sends a branch, the anterior interosseous nerve (AIN). The AIN travels along the inteross-

eous membrane and gives branches to the flexor digitorum profundus, flexor pollicis

longus, and pronator quadratus muscles. Pseudo-AIN syndrome is a condition where

median nerve injuries at the elbow preferentially affect the fibers of the AIN. This

occurs with supracondylar humeral fractures, proximal radial fractures, and trauma

from venipuncture or cut down at the cubital fossa. The symptoms of pseudo-AIN

syndrome are similar to AIN syndrome (discussed subsequently), with relative sparing

of the other motor branches, but there may be subtle median sensory changes in the hand.

The AIN travels along the interosseous membrane and is susceptible to injury from

penetrating injuries or secondarily due to scar tissue formation in the anterior forearm.

After the AIN branch, the median nerve continues in the volar forearm. Proximal to the

flexor retinaculum, it gives off the palmar cutaneous branch, and then passes through

the flexor retinaculum into the hand where it divides into the terminal sensory and

motor branches. The palmar cutaneous branch can be damaged by lacerations in the

forearm. In �15% of individuals, anomalous innervation between the median and ulnar
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nerves occurs in the forearm (Martin–Gruber anastamosis). Most cases involve motor

branches from the median to the ulnar nerve that innervate hand muscles that are normally

median innervated. In this case, a median nerve injury in the forearm distal to the anasta-

mosis would spare some of the median innervated muscles in the hand. Martin–Gruber

anastamosis can also involve motor branches sent from the median to the ulnar nerve

that go on to innervate hand muscles that are normally ulnar innervated. In this case, a

median nerve injury proximal to the anastamosis would involve ulnar innervated

muscles in the hand. Less commonly, fibers can be sent from the ulnar to the median

nerve that sometimes innervate median and sometimes ulnar muscles. Anomalous inner-

vations involving the median and ulnar nerves also occur in the hand. In as many as 2% of

individuals, the abductor pollicis brevis and flexor pollicis brevis are innervated by the

ulnar nerve, and in as many individuals, the adductor pollicis is innervated by the

median nerve. In 1% of individuals, the first dorsal interosseous muscle is innervated

by the median nerve. Awareness of common anomalous innervations can help avoid

mistaken diagnosis.

Median mononeuropathy is suspected when there is sensory loss in the thenar aspect

of the palm and the volar first through third digits, together with weakness of wrist prona-

tion, flexion of the distal phalanges of the thumb, index and middle finger, and abduction

and opposition of the thumb. These latter two movements are relatively easily substituted

for by other ulnar innervated muscles of the hand, and to exclude a median neuropathy,

careful examination, including palpation for contractions of the muscles in question, is

required. Lesions at or proximal to the elbow produce all of the symptoms described.

Lesions of the AIN produce weakness of flexion of the distal phalanges and thumb,

making it difficult for the patient to form the “OK” sign. Lesions in the distal forearm

will produce weakness of thenar opposition and abduction. Palmar sensation is spared if

the lesion is distal to the palmar cutaneous branch in the forearm. Lesions of the digital

sensory branches in the hand commonly occur from lacerations in the palm or fingers.

Digital nerve lacerations in the palm cause sensory loss of the adjacent sides of two

fingers, or if distal, the side of one finger.

1.2.7. Ulnar Nerve

The ulnar nerve is a branch of the medial cord of the brachial plexus and carries fibers from

C7, C8, and T1. It leaves the axilla and travels in the upper arm medial to the brachial artery.

At the elbow, it enters the cubital tunnel formed by the medial ligament of the elbow joint

and the aponeurosis between the olecranon and medial epicondyle of the humerus. In the

arm, the nerve is vulnerable to traction injuries. At the elbow, it is vulnerable to injury

related to distal humeral fractures or fracture or dislocation of the elbow. Distal to the

elbow, it sends motor branches to the flexor carpi ulnaris and flexor digitorum profundus

muscles. The former muscle is a wrist flexor with ulnar deviation and the latter flexes the

distal phalanges of the fourth and fifth digits. In the forearm, it is vulnerable to injuries

from forearm fractures (Colles’ fracture). In the mid to distal forearm, two sensory branches

are given off, the palmar cutaneous and the dorsal cutaneous, which supply sensory inner-

vation to the palmar and dorsal hand, respectively. The nerve then passes through a tunnel

formed by the pisiform and hamate bones of the wrist (Guyon’s Canal) and enters the hand.

There it divides into a superficial sensory branch which supplies the fourth and fifth digits

and a deep motor branch which innervates the muscles of the hand.

Ulnar nerve lesions are suspected when there is sensory loss on the lateral hand and

weakness of finger abduction and adduction. Ulnar nerve lesions can be confused with C8

radiculopathies because of similar sensory distributions, but are differentiated by lack of

weakness of distal index and middle finger flexors (median nerve) and extension of the
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index finger (radial nerve), or the presence of Froment’s sign (discussed subsequently).

Lesions at or proximal to the elbow cannot be localized based on sensorimotor physical

examination findings alone because the nerve gives no branches proximal to the elbow.

Lesions just distal to mid forearm spare the flexor carpi ulnaris and flexor digitorum pro-

fundus muscles but may involve the palmar or dorsal cutaneous branches, depending on

the location. Lesions at or distal to the wrist spare cutaneous sensation on the hypothenar

aspects of the palm and dorsal hand. Froment’s prehensile test is a test for weakness of

ulnar muscles in the hand. To demonstrate, the patient is given a sheet of paper and

told to hold it between the thumbs and index fingers of both hands and pull laterally.

Because of weakness of the first dorsal interosseous muscle, the median innervated

flexor pollicis longus muscle will substitute for it. The result is extension of the proximal

phalynx of the thumb and flexion of the distal phalynx, which is known clinically as

Froment’s sign.

1.2.8. Femoral Nerve

The femoral nerve arises from the posterior rami of L2, L3, and L4. It forms within the

psoas and travels between the psoas and iliacus muscles, both of which it supplies. It

then descends underneath the inguinal ligament, lateral to the femoral artery, into the

thigh. After passing the inguinal ligament it bifurcates into anterior and posterior div-

isions. The anterior division supplies the sartorius muscle (a thigh flexor and external

rotator) and continues as the medial cutaneous nerve of the thigh. The posterior division

divides in the proximal thigh into the saphenous sensory nerve, which travels posteriome-

dial to the knee and provides sensory innervation to the medial leg, and motor branches

which supply the pectineus and quadriceps muscles (knee extensors). The most

common cause of femoral neuropathy is trauma, usually iatrogenic from hip replacement

or attempts at femoral artery cannulation. The nerve is vulnerable to injury from traction

placed for pelvic, acetabular or femoral fractures. It can also be damaged or compressed

from iliopsoas hemorrhage. Femoral mononeuropathy is diagnosed by weakness of knee

extension and loss of the patellar reflex. It is accompanied by sensory loss on the medial

leg as far as the ankle.

1.2.9. Obturator Nerve

The obturator nerve arises from the anterior rami of L2, L3, and L4. It travels near the

midline of the pelvis through the obturator canal, where it is vulnerable to injury from

pelvic fractures or iliopsoas hemorrhage. Obturator mononeuropathy causes weakness

of thigh adduction with the leg extended and sensory loss of the distal medial thigh.

1.2.10. Gluteal Nerves

The superior gluteal nerve arises from L4, L5, and S1, leaves the pelvis via the sciatic notch,

and supplies the tensor fascia lata, the gluteus minimus, and the gluteus medius muscles, all of

which abduct and internally rotate the thigh. This nerve is vulnerable to injury from posterior

pelvic fractures and with hip fracture and dislocation. A lesion of this nerve produces a

Trendelenberg sign during gait, which is a drop of the contralateral side of the pelvis while

the contralateral leg is elevated. The inferior gluteal nerve arises from L5, S1, and S2 and

travels under the piriformis muscle, after which it innervates the gluteus maximus muscle.

It can be injured by pelvic fractures especially near the sciatic foramen. A lesion to the inferior

gluteal nerve causes weakness of hip extension that may not become apparent until the patient

attempts to get up from a low chair or climb stairs.
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1.2.11. Sciatic Nerve

The sciatic nerve arises from L4, L5, S1, and S2 roots. After leaving the sacral plexus, it

exits the pelvis under the piriformis muscle and enters the thigh. It travels through the pos-

terior thigh, where it sends branches to the hamstring muscles (semimembranosis,

semitendonosis, and biceps femoris, which are knee flexors). Proximal to the popliteal

fossa, it bifurcates into the tibial nerve (posterolaterally) and the peroneal nerve (medially).

The sciatic nerve in the proximal thigh is vulnerable to injury from hip fracture dis-

location, gluteal hemorrhage, or blunt trauma. In the mid or distal thigh, the nerve is

vulnerable to injury from femur fractures or penetrating injuries. Sciatic nerve lesions

in the proximal thigh lead to weakness of knee flexion, sensory loss on the medial leg

and the entire foot, and a flail foot.

1.2.12. Tibial Nerve

The tibial nerve leaves the sciatic nerve just above the popliteal fossa. As it passes through

the popliteal fossa, it is vulnerable to trauma from popliteal hemorrhage or knee dislocation.

The tibial nerve gives off the medial sural cutaneous nerve, which supplies the posterolat-

eral proximal calf and later joins the lateral sural cutaneous nerve (branch of the common

peroneal nerve) to form the sural nerve. Distal to the popliteal fossa, the tibial nerve supplies

the gastrocnemius and soleus, popliteus and plantaris muscles. It then travels distally

between the gastroc-soleus and posterior tibialis muscles in the deep posterior compartment

of the leg. There it supplies the posterior tibialis, flexor digitorum longus, and flexor hallicis

longus muscles. Then, along with the tendons of these muscles and the posterior tibial

artery, it enters the tarsal tunnel, an irregularly shaped, fibroosseous tunnel formed by

the medial malleolus, calcaneous, deltoid ligaments, and flexor retinaculum of the

medial ankle. Here, the nerve is vulnerable to compression or damage from hyperpronation,

inversion injuries, fractures, or dislocations. It can also be compressed secondarily by an ill-

fitting cast. In the distal tunnel, the nerve divides into medial and lateral plantar branches

and also sends a small, medial calcaneal branch which supplies the medial heel. The

medial plantar nerve supplies the skin on the medial two-thirds of the sole of the foot and

the first and second lumbricals, abductor hallicis, flexor digitorum brevis, and flexor hallicis

brevis muscles. The lateral plantar nerve supplies the skin on the lateral one-third of the

sole, the abductor digiti minimi, flexor digiti minimi, adductor hallicis, interossei, and

third and fourth lumbrical muscles. The medial and lateral plantar nerves are vulnerable

to damage by tarsal and metatarsal fractures.

Tibial mononeuropathy is suspected when there is weakness of ankle plantarflexion

and inversion with sparing of dorsiflexion and eversion. Sensory changes occur on the sole

of the foot and medial heel. Tibial mononeuropathy at the tarsal tunnel leads to sensory

loss or burning paresthesias of the sole of the foot and weakness of foot intrinsics, with

sparing of plantarflexion and inversion strength. Tibial compression at the tarsal tunnel

may preferentially affect the medial or lateral plantar nerve branches within the tunnel.

Compression of the medial or lateral plantar nerves in the foot leads to weakness of

foot intrinsics medially or laterally and sensory loss or paresthesias on the medial or

lateral sole of the foot.

1.2.13. Peroneal Nerve

The common peroneal nerve leaves the sciatic nerve just proximal to the popliteal fossa. It

travels in the lateral part of the fossa where it gives off a sensory branch, the lateral sural

cutaneous nerve, and subsequently the lateral cutaneous nerve of the calf. The common
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peroneal nerve continues to move laterally and hooks around the fibular head, where it is

vulnerable to external compression because of its superficial position. From there, it enters

the lateral compartment peroneus longus muscle where it bifurcates into superficial and

deep branches.

The superficial branch continues through the lateral compartment of the leg, where it is

vulnerable to damage from fibular fractures or compartment pressures and supplies the

peroneus longus and brevis muscles. It then exits the lateral compartment and forms two ter-

minal sensory branches, the intermediate and medial dorsal cutaneous branches which supply

the dorsum of the foot, excepting the lateral most portion and the web space between the first

and second toes. In about one-fourth of individuals, an accessory peroneal nerve branches

from the superficial peroneal nerve to innervate the extensor digitorum brevis muscle.

The deep peroneal nerve enters the anterior compartment where it travels along the

interosseous membrane with the anterior tibial artery and veins. It shares the anterior com-

partment with the tibialis anterior, extensor hallicis longus, and extensor digitorum longus

muscles, which it supplies. It is vulnerable to injury from tibial fractures or compartment

syndrome. It continues under the extensor retinaculum where it then innervates the exten-

sor hallicis brevis and extensor digitorum brevis muscles, then continues as a sensory

nerve to supply the web space between the first and second toes.

Peroneal mononeuropathy is suspected when there is foot drop with sensory loss on the

dorsum of the foot. Common peroneal mononeuropathies produce loss of sensation and weak-

ness in the entire peroneal distribution and weakness of dorsiflexion and eversion. Lesions of

the superficial branch would eversion weakness and sensory loss on the dorsum of the foot.

Damage to the terminal superficial branch, vulnerable to laceration on the anterior lower leg,

causes sensory loss on the dorsum (sparing the web space between the first and second toes)

without eversion weakness. A lesion of the deep peroneal nerve, as seen in anterior compart-

ment syndrome, causes weakness of ankle dorsiflexion with sparing of eversion and sensory

loss confined to the web space between the first and second toes.

Peroneal mononeuropathy can be difficult to differentiate from L5 radiculopathy

because of the high representation of L5 fibers in the peroneal nerve. It is helpful to

know certain anatomical tests. A peroneal mononeuropathy affects ankle eversion and

not inversion, whereas an L5 radiculopathy affects both. This may be difficult to differen-

tiate, however, because of the ability of the medial gastrocnemius to substitute for the

action of the posterior tibialis. A peroneal mononeuropathy does not affect knee flexion

or hip abduction, which may be affected by an L5 radiculopathy. A peroneal mononeuro-

pathy may produce a Tinel’s sign at the fibular head. Ultimately, further laboratory evalu-

ation including an electrodiagnostic study is helpful.

1.3. Screening Tests

Simple screening tests for peripheral nerve injuries can be administrated in the field. In the

upper extremity, the ability to make the “OK sign” (thumb and index finger form a circle)

and intact sensation on the volar index finger suggests neuronal continuity of the median

nerve and medial cord of the plexus. However, thumb opposition can often be accom-

plished with a median nerve lesion by substitution, and is therefore not a reliable indicator

of median nerve continuity unless contraction of the opponens pollicis is palpated. Abduc-

tion of the fifth and index fingers (especially including palpation of first dorsal inteross-

eous muscle contraction) indicates continuity of the ulnar nerve and lower trunk of the

plexus. Distal phalanx extension or the “hitchhiker’s sign” (extension of the thumb) indi-

cates continuity of the radial nerve and posterior cord. In the lower extremity, extension

and flexion of the great toe indicates continuity of the peroneal and tibial branches of
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the sciatic nerve. Intact sensation on the medial ankle, or the ability to extend the knee

actively, indicates continuity of the femoral nerve.

2. PATHOGENESIS AND NERVE RESPONSE TO INJURY

2.1. Neural Injury in Neurotmesis or Sunderland’s Fifth-Degree Lesion

Following a complete nerve transection, the nerve ends retract due to the elasticity of

endoneurium. All components of the axon, including the epineurium, perineurium, and

endoneurial tubes, are disrupted. Within hours, the fragment distal to the site of injury

shows disintegration of neurofibrils, and within 24–48 h the axons begin to fragment,

beginning at the nodes of Ranvier and progressing to the internodal segments. Schwann

cells are also affected, and myelin is retracted beginning at the nodes of Ranvier, first at

the portion just distal to the site of injury, and progressing further distally over the next

24–36 h. Schwann cells show an increase in size of the cell’s nucleus. By 72 h, the

myelin sheath forms segmented myelin ovoids and an increase in the Schwann cell

nucleus mitotic activity occurs. Over the next several days, Schwann cells continue to pro-

liferate, engulfing and breaking down the residual components of the axons within the

endoneurial tubes. There is profound proliferation at the proximal end of the severed

nerve, perhaps attempting to bridge the gap that was formed by the transection and retrac-

tion. By the 10th day postinjury, the entire axon distal to the transection consists of a series

of myelin ovoids and by the 35th day, all axonal material has been removed and digested

by these myelin ovoids. The residual endoneurial tubes shrink in diameter but can remain

intact throughout the nerve distal to the injury for several months, waiting for some axonal

regrowth from a proximal segment of the nerve.

Proximal to the site of injury, axonal degeneration takes place as well. If the endoneurial

tube is disrupted, axonal degeneration can progress several centimeters proximally. In

addition, if the nerve is severely injured, reactions affecting the cell body may occur. Proximal

and sensory nerves are more likely than distal and motor nerves to experience axonal reaction.

When this reaction occurs, the first phase is known as the reactive phase. During this period,

the cell body and the nucleus become swollen and begin producing substances needed for

regeneration. Most peripheral nerve cells then enter a recovery phase over the next 10–20

weeks, during which the cell body returns to normal. Full recovery is dependent upon the

ability of the proximal severed nerve ending to bridge the gap and establish axonal continuity

with the end organ. If axonal continuity does not occur, the cell body is more likely to enter a

degenerative phase and eventually disintegrate over weeks to several months.

2.2. Neural Regeneration After Sunderland’s Neurotmesis or
Fifth-Degree Lesions

In some cases, within days proliferating Schwann cells and fibroblasts at the proximal end

of the severed nerve are able to close the gap. This bridge of Schwann cells, debris, and

fibroblasts is referred to as the bands of Bunger. The proximal axons send out collateral

sprouts which penetrate the bands of Bunger in a disorganized fashion. If a sprout encoun-

ters scar tissue, blood clot, and so on, it may change direction, double back, bifurcate, or

form a terminal bulb. If an axonal sprout is able to reach an endoneurial tube, the

Schwann cells align about the advancing axon and the myelin sheath is reformed from

the myelin ovoids. The formation of the myelin sheath takes several days longer than

the advancement of the axon, and therefore remyelination lags behind axonal regrowth.

Full maturation can take a year or more.
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The success of the regeneration process has several factors. These include patient

age, length of the gap, length of time since the injury, amount and severity of bleeding

and scar tissue formation in the area, and location of the nerve injury. The closer the

injury is to the cell body, the faster the rate of axonal sprout advancement. Therefore, inju-

ries that are more proximal have faster rates of axonal regrowth. In true neurotmesis,

however, functional recovery in the absence of surgical intervention is rare. The axonal

reaction limits the number of surviving cell bodies capable of supporting any axons.

The axons that do survive have limited chance of locating an endoneurial tube to enter,

particularly if there is a true separation of nerve ends or significant clot or scarring.

Even if axons do find endoneurial tubes to enter, many will enter an inappropriate type

of tube, that is, a motor axon entering sensory nerve endoneurial tube, resulting in a

nerve that is in continuity but not functional.

If a nerve is surgically grafted, the regeneration process takes place at the proximal

end of the graft and the proximal end of the distal nerve stump. Thus, there is twice the

opportunity for advancing neurites both to get lost in clot or scar tissue and to enter inap-

propriate endoneurial tubes. For successful recovery to take place after a graft, a neurite

must find and enter an endoneurial tube in the graft, and the same axon from the distal

end of the graft needs to enter the endoneurial tube of the same type of axon at the

distal nerve stump. Studies suggest that inappropriate regeneration (neurites entering

the wrong type of endoneurial tube) is more of a problem than lack of regeneration (3).

2.3. Neural Injury and Regeneration in Sunderland’s Fourth- and
Third-Degree Lesions

In fourth- and third-degree lesions, the endoneurium remains intact. In third-degree

lesions, perineurium and epineurium are spared, and in fourth-degree lesions, epineurium

is spared. Response to injury is similar to that in neurotmesis, but with continuity of

perineurium and/or epineurium, some of the funincular organization of the nerve is

spared. This may improve the chance of advancing neurites for successful regeneration.

Particularly in fourth-degree lesions, advancing neurites can be blocked by scar or clot

and form a tangle of disorganized neurites (neurofibrillar brush) and form a neuroma in

continuity. This is histologically similar to a neuroma at a severed nerve end, but the

presence of intact epineurial and/or perineurial structures cause the nerve to appear to

be in continuity. Palpation of the nerve at this location during surgical exploration

reveals a focal increase in nerve diameter, raising the suspicion of a neuroma in continuity.

2.4. Neural Injury and Regeneration in Axonotmesis or
Sunderland’s Second-Degree Lesion

With axonotmesis, endoneurial tubes are intact. The previously described events of

Wallerian degeneration occur proximally and distally to the site of injury. However,

when entering the regeneration phase, the advancing neuritis simply follow the intact

endoneurial tubes to reinnervate the distal segments and eventually reach the appropriate

end organs with no chance of aberrant innervation.

2.5. Neural Injury and Regeneration in Neurapraxia

In Neurapraxia, segmental demyelination occurs but axons and their supporting structures

are intact. The electrophysiologic correlate of neurapraxia is conduction block, or the loss

of saltatory conduction across a segment of nerve, resulting in loss of motor and/sensory
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function. In the mildest cases, neurapraxia involves only focal nerve ischemia which is

reversible within minutes to hours. More severe cases of neurapraxia involve moderate

or severe demyelination, and remyelination occurs spontaneously. Moderate cases will

resolve within 4 weeks, but more severe cases may take 3–6 months. When remyelination

is prolonged, secondary axonal loss can occur at the site of demyelination. Overall,

however, the prognosis for recovery in neurapraxia is excellent.

3. LABORATORY EVALUATION

3.1. Blood and Serum Testing

Blood and serum testing is minimally helpful in diagnosing traumatic mononeuropathies.

Evidence for a superimposed neuropathy might be detected from fasting glucose,

hemoglobin A1C, and vitamin B12.

3.2. Imaging Studies

Radiographs are useful in the initial workup in the setting of multiple trauma when nerve

damage is suspected. Soft tissues and other structures are not adequately visualized on

plain radiographs, and nerve or other soft tissue trauma certainly cannot be excluded

based on normal radiographs. A chest radiograph may be helpful to look for a clavicle

fracture (which may lead to lateral divisional brachial plexopathy), diaphragmatic paraly-

sis (suggesting pathology of proximal roots of C3, C4, or C5), or fracture of the first or

second rib. Myelography is useful if root avulsion is suspected. Magnetic resonance

neurography can visualize peripheral nerves and demonstrate nerve discontinuity,

abnormal enlargement, and abnormal signal in peripheral nerves (4). It is not, however,

a substitute for a clinical examination. Traditional magnetic resonance imaging techniques

can also be used to demonstrate soft tissue swelling or injury in the vicinity of peripheral

nerves.

High resolution ultrasound can detect abnormalities in soft tissue and nerves, and

can identify nerve compression, entrapment, and discontinuity of nerves (Fig. 32.1).

3.3. Electrodiagnostic Evaluation

Electrodiagnostic studies are valuable because they assess the continuity of nerves. The

major limitation in the setting of acute traumatic mononeuropathies is that electrodiagno-

sis cannot provide information about the pathology of the lesion, and full characterization

of the severity of a nerve injury is not possible until 3 weeks have elapsed.

Electrodiagnostic studies are divided into nerve conduction studies (NCS) and

needle electromyography (EMG). NCS can document nerve damage, but during the first

several days may not be able to differentiate between neurapraxia (conduction block),

axonotmesis, and neurotmesis. They can be useful at localizing a site of injury using

the “inching” technique. With a complete nerve transection, this technique is less useful,

because after the first 24–48 h, Wallerian degeneration makes it impossible to stimulate

the nerve at or distal to the injury to allow for localization.

Serial electrodiagnostic evaluations performed every 1–3 months following the

injury can provide information pertinent to management. With neurapraxia, an EMG

study several weeks after injury will reveal no abnormal spontaneous activity in the

affected nerve’s distribution, supporting an excellent prognosis of spontaneous recovery.

With axonotmesis, abnormal spontaneous activity will be seen, and the presence of
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recruited motor units with voluntary activation signifies axonal regrowth into the muscle.

With neurotmesis, the continued presence of abnormal spontaneous activity and absence

of recruitable motor unit potentials suggests no active regrowth and surgical repair or

nerve graft (or other intervention) should be considered.

Intraoperative electrodiagnostic studies provide information about axonal continuity

that cannot be determined from surface recording. Intraoperative recording is useful in the

acute setting to determine if axonal continuity is present, and in the subacute setting to see

if axonal regrowth has begun to take place. Because the nerves can be studied at a very

Figure 32.1 A 28-year-old female with radial nerve transection after humeral fracture. (A) Sono-

gram longitudinal to the radial nerve shows the retracted, enlarged, and abnormally hypoechoic

stump of the radial nerve (arrow) at the site of the humerus fracture (curved arrow). (B) Sonogram

distal to (A) shows the separation of the proximal and distal stump radial nerve stumps (between

crosshairs). Ultrasound images courtesy of Jon Jacobson, University of Michigan Medical Center,

Department of Radiology.
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proximal location, axonal regrowth can be detected before there are clinical signs of recov-

ery. Surgically exposed nerves are directly stimulated and responses recorded across a sus-

pected lesion before and after neurolysis. This technique is useful in all but Sunderland’s

fifth-degree lesions. A nerve that has the external appearance of continuity may have endo-

neurial or perineurial disruption and may not regenerate. Conversely, a nerve that appears

unhealthy on direct inspection may have regenerated. The intraoperative study can also be

used to detect the proximal margin of a nerve lesion. Often hemorrhage, ischemia, or

infection may lead to fibrosis that may extend a considerable distance proximal to the

obvious lesion. Moving the electrodes proximally until a normal section of nerve is

located will allow the identification of the distal-most segment of undamaged nerve.

Unfortunately, Wallerian degeneration prevents the distal margin of injury from being

similarly identified electrodiagnostically.

4. SURGICAL AND NONSURGICAL MANAGEMENT

4.1. Open Injuries

Traumatic nerve injury in the setting of an open wound requires immediate surgical explora-

tion, provided there are no contraindications from other injuries or the patient’s overall

status. If the nerve is transected, and the two ends identified, immediate end-to-end repair

offers the best opportunity for nerve recovery. If the transection resulted in jagged nerve

endings, they must be trimmed back to a clean normal appearing nerve before anastamosis

can be attempted. With retraction and trimming of a damaged nerve end, it may not be poss-

ible to approximate the ends for a repair, and a nerve graft will be required. Sural nerve is

typically used as the graft donor. Grafting a gap of .14 cm will not likely result in good

recovery of nerve function. Repair of transected nerve, even delayed repair, at the earliest

surgically appropriate time will yield the best recovery results. A 2–4 week delay after tran-

section results in the loss of nerve elasticity with greater difficulty approximating the ends

for primary repair without putting significant tension on the sutures (5).

If the wound is contaminated or the patient’s overall status does not permit, the nerve

cannot be repaired acutely. In this case, the ends of the transected nerve, if identified, can

be marked with surgical clips to facilitate repair at a later date. It is also possible that

during surgery, the suspect peripheral nerve may appear to be in continuity and even

normal in appearance. In this situation, the nerve injury may represent neurapraxia or

axonotmesis, and should be left alone.

Later exploration and repair is often made complex by retraction of the transected

nerve endings and scar formation at the previous operative field/injury site. If the nerve

was cleanly transected, but the ends have retracted, dissection of the nerve endings

from surrounding scar as well as along the course of the nerve proximally and distally

will likely be required to free up the sufficient nerve to allow approximation and suturing

with as little tension at the suture line as possible.

4.2. Closed Injuries

Closed peripheral nerve injuries present more diagnostic and management challenges than

open injuries. Examination at presentation in the emergency room may identify a nerve

injury and even the likely anatomic location, but the mechanism or degree of injury may

be uncertain. Electrodiagnostic studies and somatosensory evoked potential studies are

useful to help assess the degree of nerve injury, whether neurapraxia, axonotmesis, or

neurotmesis. They can determine whether there is continuity of the nerve and to what
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degree. Serial studies can also determine evidence of early recovery. They can also provide

some information about prognosis for functional recovery that will help guide decisions to

pursue nonoperative or operative treatment strategies. Imaging techniques are able to

provide additional information about the anatomy of the peripheral nerve complementing

the functional and physiologic information of the clinical and electrodiagnostic examination.

Neurapraxic lesions have an excellent functional recovery. Management is directed

toward avoiding complications such as contracture and additional trauma to insensate or

unstable body parts. If there is incomplete axon loss, the amplitudes of the motor and

sensory evoked responses on NCS provide an approximation percentage of preserved

nerve function. The time course of recovery depends upon the site of the lesion and the dis-

tance to the various motor branches of the involved nerve distal to the site of the lesion. Gen-

erally, recovery of motor and sensory function occurs in a sequential order from proximal to

distal if complete reinnervation/recovery occurs. Regenerating axons are said to grow

approximately one millimeter per day. An additional factor in motor recovery is terminal col-

lateral sprouting from the remaining intact axons. This process typically takes 6–12 weeks

and is documented during EMG by an increase in motor unit potential complexity amplitude.

Treatment interventions will be required for longer periods of time and the need for splinting

or orthotics is more likely to compensate for altered function or to prevent additional com-

plications while awaiting recovery. After a sufficient period of time, generally 6 months

(depending on the nerve and site of injury), if there has been little or no evidence of recovery

or improvement in function, surgical exploration should be considered to determine if scar,

neuroma in continuity, or surgically improvable lesion is present.

A complete lesion, based on clinical examination and electrodiagnostic testing,

should be followed for evidence of recovery with serial examinations. In the absence of

any recovery .3 months, surgical exploration of the nerve to look for a repairable

lesion should be considered. External neurolysis and direct visual evaluation of the

nerve fascicle-by-fascicle, further assisted by direct intraoperative electrophysiologic

evaluation of the individual nerve bundles, can identify functioning and nonfunctioning

fascicles. An increase in the diameter of a nerve suggests a neuroma in continuity.

Those which demonstrate the presence of recordable nerve action potentials need not be

repaired or grafted and those that demonstrate no response can be repaired in the hopes

of improving recovery and function.

When considering delayed repair and grafting procedures, appropriate timing can

maximize a patient’s chances of functional recovery. Surgery and grafting performed

too early, before it is determined that neurotmesis is truly present, can negate the oppor-

tunity for spontaneous recovery. If done too late, axonal stenosis can affect distal segments

before the axonal regeneration reaches them, making it difficult for regenerating axons to

reach their end organs. Contraindications to surgical repair include neurapraxia or

axonotmesis, nerve root avulsion, spinal cord injury or other lesion that would impede

functional recovery, and if .2 years have passed since the initial injury.

Poor functional outcome following nerve grafting is more likely to be from aberrant

regeneration rather than from a lack of regeneration. This is why it is appropriate to allow

time for axonotmetic lesions to show signs of recovery. If there is any chance that there is

axonotmesis and not neurotmesis, graft should not be attempted because the aberrant

regeneration will cause significant functional loss.

4.3. Physical and Occupational Therapy

The same therapies are appropriate for both open and closed injuries. Physical and occu-

pational therapy may be necessary to maintain range of motion and strength, or provide
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strategies to deal with altered mobility or activities of daily living. Splinting in the upper

extremities or bracing in the lower extremities may be required for protection or stabiliz-

ation, especially if there are other associated injuries such as fractures in the involved

extremity.

4.4. Compensatory Surgical Options

When functional recovery does not occur, with or without surgical interventions, consider-

ation can be given to reconstructive surgery such as muscle or tendon transfer or joint

stabilization. This is especially appropriate in the upper extremity.

4.5. Compensatory Orthotic Options

4.5.1. Axillary Neuropathy

A deltoid aid, Swedish sling, overhead sling, or counterbalance arm sling can help position

the arm for exercise activities in therapy. Elbow and wrist straps can be suspended from

overhead support that can be freestanding or attached to a wheelchair or table which

allows the arm to swing as a pendulum to support a weak deltoid. The bulk of this

system makes its use outside of an institutional setting impractical. To reduce pain from

a chronically distracted shoulder, an arm sling such as a figure of eight or universal

sling can be considered.

4.5.2. Musculocutaneous Neuropathy

A circumferential humeral proximal forearm cuffs suspended from a shoulder saddle by

straps and/or a Bowden cable can compensate for elbow flexion weakness. The elbow

locking and unlocking mechanism can be operated via a chest strap [Fig. 32.2(A and B)].

4.5.3. Radial Neuropathy

Compensation for triceps muscle weakness is usually not indicated for everyday function.

The major problem is lack of forearm and finger extensors causes a weak grip. A forearm-

wrist extension assist orthosis can compensate by assisting with extensor strength of the

Figure 32.2 The elbow locking and unlocking mechanism: (A) side view; (B) frontal view.
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fingers (Fig. 32.3). Neutral resting hand splints are helpful in preventing or reducing

flexion contractures and overstretching of the extensors of the wrist and fingers.

4.5.4. Median and Ulnar Neuropathies

A tenodesis orthosis can use the strength of the radial wrist extensors to create opposition of

the thumb and index fingers to compensate for loss of grip and fine motor control (Figs. 32.4

and 32.5). In median neuropathies, a hand-based thumb opponens splint (Figs. 32.6 and

32.7) assists thenar opposition. In ulnar neuropathies, a metatarsophalangeal (MP)-blocking

figure eight splint [Fig. 32.8(A and B)] which blocks the MP joints at 70–908 of flexion, can

allow extension of the proximal and distal interphalangeal joints in the absence of ulnar

intrinsic hand muscles. If ulnar nerve repair in the forearm is performed, an ulnar gutter

splint to digits 4 and 5 positions the forearm, wrist, and hand for prevention of contractures.

4.5.5. Gluteal Neuropathy

Orthotic compensation for hip abduction weakness and a Trendelenberg gait, or drop of

the contralateral buttock during stance phase would involve a bulky and uncomfortable

brace that is not commonly accepted by patients. Less cumbersome is a cane in the con-

tralateral hand with placement during heel strike on the weak side. Only a few pounds of

pressure placed on the cane is able to correct the drop. Inferior gluteal mononeuropathy

Figure 32.3 Forearm-wrist extension assist orthosis.

Figure 32.4 Tenodesis orthosis using radial wrist extensors.
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leads to weakness of hip extension which may not become apparent until the patient tries

to climb stairs or a steep hill. The most useful intervention is a handrail to allow the patient

to use the upper extremities to assist with ascending the stairs.

4.5.6. Femoral Neuropathy

Without intervention, the patient will compensate by snapping the knee straight during late

swing phase (genu recurvatum) and will begin heel strike with a straight knee. A ground

reaction ankle foot orthosis (AFO) is an AFO with plantarflexion assist. During heel strike,

this device will apply an extension moment to the knee to stabilize it during heel strike and

stance phases. The ground reaction AFO is useful with mild or moderate knee extension

weakness such as with incomplete nerve injuries. In severe or complete femoral neuro-

pathies, the knee will need to be stabilized with a knee ankle foot orthosis (KAFO)

with either an extension assist or a knee locking mechanism.

4.5.7. Sciatic Neuropathy

An insensate and flail foot with weakness of both dorsiflexion and plantarflexion can be helped

by a double action AFO which will assist with both dorsiflexion and plantarflexion. Usually,

these devices consist of a calf cuff and double metal upright sides with spring loaded ankle

joints and stirrups to attach the device to the outside of a shoe. If the patient has a strong

preference for a lower profile polypropylene device, the orthosis should be custom molded

and covered with a soft material to protect the insensate foot from skin breakdown.

Figure 32.5 Tenodesis orthosis using radial wrist extensors.

Figure 32.6 A hand-based thumb opponens splint.
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4.5.8. Tibial Neuropathy

An AFO in neutral position assists with toe-off will assist with weakness of ankle plantar-

flexion and inversion. If a polypropylene device is selected, it should be custom molded

and have a soft cover to protect the insensate sole against skin breakdown.

4.5.9. Peroneal Neuropathy

An AFO with dorsiflexion assistance prevents foot drop and tripping, and the compensa-

tory hip-hike gait that may lead to hip and knee pathology over time. When fitting the

AFO, the orthotist must be careful not to fit a calf cuff that puts excessive pressure at

Figure 32.7 Hand-based thumb opponens splint.

Figure 32.8 Metatarsophalongeal-blocking figure light splint.
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the fibular neck, as this could further compress the peroneal nerve and prevent functional

recovery that would otherwise happen.

5. PROGNOSIS

Prognosis varies according to the mechanism and location of injury. The most important

prognosticating factor is the severity of nerve injury, and few reports include the severities

of nerve injuries according to the Seddon or Sunderland classifications. When taking into

account all the injuries, however, spontaneous recovery is the rule rather than the excep-

tion (7). Closed injuries have better prognosis for spontaneous recovery than do open inju-

ries. Seddon (8) reported 83.5% spontaneous recovery in cases of neuropathy associated

with closed upper extremity fracture, but only 17% in those associated with open fracture.

Nerve injuries associated with joint dislocations have poorer prognosis than those associ-

ated with fractures, because the tight fascial envelopes that hold nerves close to joints

cause excessive traction on nerves when the joints dislocate. The radial nerve is the

most commonly injured nerve (9). Omer (10) reported a 70% rate of spontaneous recovery

after radial nerve paralysis associated with humeral fractures. Shaw and Sakellarides (11)

reported spontaneous recovery in radial nerve palsies in 40% of cases of primary injury

and in 100% of cases of secondary injury where the paralysis resulted from manipulation

or open reduction. Hunter (12) reported 83% spontaneous recovery of sciatic nerve

lesions, and Seddon (9) reported 73% recovery. Peroneal nerve injuries have been reported

to have lower incidences of spontaneous recovery. Meyers et al. (13) reported functional

recovery of only 2 of 14 cases of peroneal palsies that occurred after traumatic dislocation

of knee joints. Ottolenghi and Traversa (14) described recovery in 12 of 22 cases of

common peroneal nerve injury.

Less is known about the long-term results following operative nerve repair or grafting.

Gaul (15) reported that recovery can continue for 24 or even .50 months. However, several

factors can be useful in predicting the chances of recovery after peripheral nerve repair. The

most important is patient age. Patients younger than 12 have a good chance of functional

recovery, and this chance diminishes in patients .50 years of age, and very old patients

experience poorer functional recovery (7). Another factor is the type of nerve involved.

Nerves that contain a single type of fiber have higher incidence of recovery than mixed

nerves, explained by the high incidence of aberrant regeneration possible in mixed nerves.

Other factors include the type of trauma that caused the neuropathy. Crush injuries that

include injury to neural vascular support, contaminated or infected wounds do worse than

cleanly transected nerves. The time of repair of a primary laceration will also affect recovery,

as nerve retraction will affect the amount of tension placed on the sutures. When jagged nerve

endings have to be trimmed back to allow for end-to-end repair, the resulting end-to-end gap

will result in increased tension on the sutures and more chance of fibrous scarring at the site.

When a gap is present that is greater than a few centimeters, nerve grafting will achieve better

results than end-to-end repair due to the necessary tension to close such a gap.

The ultimate prognosis for both conservatively and operatively managed nerve inju-

ries will be improved by a rehabilitative program designed to increase the patient’s ability

to use new or altered patterns of activation. Prognosis is dependent not only on neural

regeneration and correct reinnervation, but also on the patient’s age, health, social

support, motivation, beliefs, perseverance, and activity level. Nerve regeneration and col-

lateral sprouting can occur up to 3 years after an injury. However, reorganization and

refinement of central neural pathways and coordination of movement can continue for

at least 5 years and longer in the young patient.
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APPENDIX: TREATMENT ALGORITHM FOR TRAUMATIC
MONONEUROPATHIES

Identification of Nerve Injury by 
Clinical Functional Deficit

Primary 
Repair if 
Possible

Primary 
Repair
not 
possible

explore

Therapy,
Splinting,
Prevention of 
Contractures

Serial EMG and 
Clinical 
Examinations 
every 1-3 months 
for 3-12 Months

Evidence of Nerve 
Recovery

No Evidence of Nerve 
Recovery

Consider 
Delayed Repair 
or Graft

Ongoing Therapy 
and Splinting as 
Needed

Consider 
Muscle/Tendon 
Transfer

Open exploration, 
intraoperative EMG

Evidence of Nerve 
Recovery

No or inadequate 
Evidence of Nerve 
Recovery

Delayed Repair or 
Graft

open closed

Identification of Nerve Injury by 
Clinical Functional Deficit

Primary 
Repair if 
Possible

Primary 
Repair
not 
possible

explore

Therapy,
Splinting,
Prevention of 
Contractures

Serial EMG and 
Clinical 
Examinations 
every 1-3 months 
for 3-12 Months

Evidence of Nerve 
Recovery

No Evidence of Nerve 
Recovery

Consider 
Delayed Repair 
or Graft

Ongoing Therapy 
and Splinting as 
Needed

Consider 
Muscle/Tendon 
Transfer

Open exploration, 
intraoperative EMG

Evidence of Nerve 
Recovery

No or inadequate 
Evidence of Nerve 
Recovery

Delayed Repair or 
Graft

open closed
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ABSTRACT

Cranial nerve (CN) mononeuropathies are an uncommon form of peripheral neuropathy.

When symptoms occur suddenly there is concern for a stroke, which often leads to an

extensive workup. However, isolated cranial mononeuropathies are distinct clinical enti-

ties. Although a cause can be identified in many patients, in a large number the cause

remains unknown and is considered to be idiopathic. This chapter reviews acute onset

acquired mononeuropathies affecting the peripheral component of CN III–XII. Paroxys-

mal cranial neuropathies will not be considered in detail.

1. CN III, IV, AND VI (OCULOMOTOR, TROCHLEAR,
AND ABDUCENS)

1.1. Anatomy

The extramedullary course of CN III (oculomotor) begins as rootlets along the ventral

surface of the mesencephalon, merging into a nerve trunk of about 15,000 large myeli-

nated fibers (two-thirds from the ipsilateral nuclear complex and one-third from the con-

tralateral complex) and a lesser number of small myelinated parasympathetic fibers from

the Edinger–Westphal nucleus. The nerve passes between the posterior cerebral and

superior cerebellar arteries, and travels forward and passes through the cavernous sinus.

The nerve then enters the orbit through the superior orbital fissure and divides into superior

and inferior divisions. The superior division innervates the superior rectus and the levator

palpebare muscles, whereas the inferior division innervates the inferior rectus, medial

rectus, and superior oblique muscles.
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CN IV (trochlear) includes about 2500 fibers from the contralateral nucleus and

leaves the dorsal brainstem below the inferior cerebellar peducles and curves around

the brainstem. It passes between the posterior cerebral and superior cerebellar arteries.

It also passes through the cavernous sinus and enters the orbit through the superior

orbital fissure to innervate the superior oblique muscle.

CN VI (abducens) rootlets arise from the pontomedullary junction and join to form a

nerve trunk of about 7000 fibers. It passes through the cavernous sinus and enters the orbit

through the superior orbital fissure to innervate the lateral rectus muscle.

Within the cavernous sinus, CN III, IV, and VI and the ophthalmic and maxillary

divisions of CN V are in close proximity.

1.2. Symptoms and Signs

Neuropathies of these nerves result in diplopia and ptosis ipsilateral to the lesion. Note,

lesions of CN IV may rarely be associated with contralateral ptosis. Lesions of CN III

lead to diplopia with inability to adduct or look down and up, and as a consequence,

the eye assumes a position of downward abduction. There is also ptosis and a dilated

pupil. Lesions of CN IV lead to diplopia with inability to rotate the eye down and out,

and the eye assumes a slightly elevated position. The patient can easily compensate for

weakness of the superior oblique muscle by rotating (tilting) the head to the opposite

side. Lesions of CN VI lead to diplopia because of inability to abduct the eye.

1.3. Causes

Head trauma is the cause of double vision in 15% of cases, affecting CN VI most com-

monly, followed by CN III, with CN IV being the least affected (1,2). There is controversy

whether CN VI’s greater susceptibility to injury is solely due to its greater intracranial

length (3).

Tumors are the cause of another 15% of diplopia, and most commonly affect CN VI,

alone or in combination (1,2). Primary brainstem tumors and metastatic tumors are equally

represented, and affect intramedullary nerve tracts. Pituitary tumors affect these nerves as

they pass through the cavernous sinus, and pituitary apoplexy causes loss of vision as well

as diplopia. Isolated tumors of CN III, IV, and VI are rare. Disorders affecting the caver-

nous sinus may involve multiple CNs, and are discussed with CN V.

Vascular disease is felt to be the cause in 15% of neuropathies affecting CN III, IV,

and VI (1,2). The collateral blood supply is relatively poor, and atherosclerosis associated

with hypertension and hyperlipidemia is felt to lead to nerve ischemia, and ocular palsies

are therefore more common in the elderly. Diabetic-based ocular palsies are perhaps the

most common cause, and have a classic presentation of sudden onset associated with

severe retro-orbital pain and weakness attributed to CN III and VI and less frequently

to CN IV (1). Pupillary function is spared in three-quarters of patients. Clinical features

are similar for patients with impaired glucose tolerance (4). The lesion appears to be

primary demyelinating, with lesser axonal damage (5).

An aneurysm is a classic cause of CN III palsy, and is usually associated with pupil-

lary dysfunction; however, with normal pupillary function minimal palsy has also been

described (1,6). The aneurysm is most commonly in the internal carotid artery, in the

region of the posterior communicating artery. Nerve palsy may result from direct mass

effects in unruptured aneurysms or the effects of the hemorrhage in ruptured aneurysms.

Historically, syphilis was a common cause of ocular palsies (7). Lyme borreliosis

may involve CN III, IV, and VI as the only neurologic manifestation of infection (8).
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The Tolosa–Hunt syndrome includes recurrent unilateral retro-orbital pain followed

by paresis of CN III, IV, VI, and the ophthalmic division of CN V with spontaneous res-

olution (9). Pathologic investigation indicates granulomatous tissue in the cavernous sinus.

Neurosarcoidosis less commonly involves CN III, IV, and VII than CN VII (10).

Approximately 25% of neuropathies involving CN III, IV, and VI are of undeter-

mined cause (1,2). There is also a benign CN VI palsy described in children (11).

1.4. Diagnostic Testing

Clinical assessment of eye movements is the most useful test to distinguish among nerves

causing diplopia, and the diagnostic palsies are described earlier. Imaging studies (MRI, CT,

and ultrasound) can help isolate the site of the lesion and suggest causes (12,13). Among

patients with known vascular risks, imaging studies identify an alternative cause in 15% (13).

1.5. Treatment and Prognosis

In the setting of trauma, the nature of the injuries determines the degree of CN damage.

Complete nerve avulsion has a poor prognosis. Lesser injuries lead to spontaneous recov-

ery within weeks, and axonal injuries take 4–6 months. Neuropathies attributed to vascu-

lar causes improve without treatment, and those due to diabetes have a good recovery

because of the demyelinating nature of the lesion. For the same reasons, idiopathic neuro-

pathies also have a favorable prognosis.

Associated movements are those that are outside of the intended activation pattern.

This can lead to chronic diplopia in certain directions of gaze. One explanation is aberrant

(anomalous) regeneration from axonal damage leading to inappropriate re-innervation of

muscles, whereas another is based on central (nuclear) reorganization or release (14). With

neuropathies due to tumor, the nature and treatment of the underlying tumor are the most

important prognostic factors.

2. CN V (TRIGEMINAL)

2.1. Anatomy

CN V has prominent sensory and motor functions. The sensory component supplies the

face and is organized into three divisions: ophthalmic, maxillary, and mandibular. The

pathways from the receptors mainly are as follows. The ophthalmic division (CN V1)

supplies sensation to the forehead, cornea, and sinuses. The nerve passes through the

superior orbital fissure and cavernous sinus. The maxillary division (CN V2) supplies sen-

sation to the middle portion of the face. The nerve passes through the cavernous sinus and

the foramen rotundum. The mandibular division (CN V3) provides sensation from the jaw,

teeth, and anterior two-thirds of the tongue. It passes through the foramen ovale. All three

divisions join at the trigeminal ganglion, which enters the brainstem at the pons.

The motor division is much smaller, and supplies primarily the muscles of masti-

cation. It arises from the lateral portion of the pons, where it joins the sensory fibers of the

mandibular division and passes through the foramen ovale to innervate the tensor palatini

and tensor tympani, the medial pterygoid, the masseter, the lateral pterygoid, and finally

the temporalis muscle.

2.2. Symptoms and Signs

Numbness, and less so pain, in the distribution of one or more branches is the most common

presenting symptom, whereas weakness of mastication is less common (15). There may be
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an alteration in taste (16,17). The rate of progression of symptoms is largely dependent

upon the pathophysiologic process and its location along the three pathways of CN V. In

progressive conditions, numbness may begin in one division and spread to others.

The maxillary and mandibular divisions appear to be more commonly affected than the

ophthalmic division. Symptoms may also start on one side and spread to the other side.

2.3. Causes

There is an association with connective tissue diseases, including undifferentiated sclero-

derma and Sjögren syndrome (16,18). Because only sensory function is involved with con-

nective tissue diseases, a ganglionopathy is postulated. Primary neoplasms include

cerebellopontine angle neuromas and meningiomas. An interesting presentation of meta-

static neoplasms is initial involvement of the mental nerve branch, giving rise to a numb

chin. Chin numbness may herald the diagnosis of cancer, and primary tumor types cover a

wide spectrum (19). Undiagnosed or idiopathic trigeminal neuropathies frequently

develop suddenly with facial numbness, which may spread from one division to another.

2.4. Diagnostic Testing

Initial diagnosis is by clinical examination. Electrophysiologic testing with blink reflexes

can help define CN V involvement of the ophthalmic division, but the reflex may be

normal (16). MRI is appropriate because of the high frequency of underlying neoplasms.

2.5. Treatment and Prognosis

For patients with connective tissue diseases, treatment of the underlying disease does not

reliably result in lessening of symptoms (18). Among those with no identifiable cause, half

experienced a clinical remission without treatment (17). Corticosteroids have been tried

with variable success, but there are no controlled trials.

2.6. Cavernous Sinus Syndrome

CN III, IV, V1 and V2, and VI pass through the cavernous sinus, and all but CN V2 also

pass through the superior orbital fissure. Thus, it is difficult to precisely localize a lesion to

either of these two structures by clinical examination. Symptoms include ptosis, diplopia,

and small and poorly reactive pupils. There is also frequent retro-orbital pain, conjunctival

rubor, and proptosis. Causes of cavernous sinus syndrome include aneurysms, menin-

giomas, pituitary tumors, and infectious and inflammatory processes. Diagnostic evaluation

includes MRI or CT to further localize the lesion and help determine pathology type.

Treatment is based on the pathological processes.

3. CN VII (FACIAL)

3.1. Anatomy

CN VII leaves the brainstem at the cerebellopontine angle and enters the internal auditory

meatus with CN VIII. It follows a tortuous pathway in the temporal bone. Initially, it lies in

the internal auditory canal for 7–8 mm, and then enters the facial canal for 3–4 mm. It

makes a sharp turn and travels 12–13 mm close to the middle ear. The geniculate ganglion

is in this segment and supplies fibers to mucus membranes and lacrimal glands via the

greater superficial petrosal nerve. There follows a 10–14 mm mastoid segment where

Cranial Mononeuropathies 587



the motor nerve to the stapedius muscle branches off. The chorda tympani conveys taste

from the anterior two-thirds of the tongue and joins CN VII in this segment. The nerve

leaves the skull at the stylomastoid foramen, and the first motor branches are to the pos-

terior belly of the stylohyoid, digastric, and occipital muscles. The nerve then travels

through the parotid gland, and terminal motor branches are the temporal, zygomatic,

buccal, mandibular and cervical to innervate muscles of facial expression.

3.2. Symptoms and Signs

The primary symptom is facial weakness. This condition was first written about by Sir Charles

Bell in 1829, when he described a benign condition that was already familiar to contemporary

clinicians. Clinical features are an acute onset, or progression over several hours, of unilateral

weakness of facial muscles that is complete in 70% and partial in 30% of patients. There are

also manifestations of loss of other functions subserved by CN VII, such as decreased lacri-

mation, and altered taste (20). Abnormal sensation also occurs, including dysesthesias in the

trigeminal and glossopharyngeal nerve distributions. There may be pain on the affected side

of the face and temporary alterations in hearing (21). The incidence of Bell palsy is

�20/100,000 in the general population, affecting adults more than children (22). It

appears to be three times more common in pregnant women (23).

CN VII weakness may occur in the setting of a rash involving the external auditory

meatus, the Ramsay Hunt syndrome (24). Slow progressive facial weakness (over days) is

less consistent with Bell palsy.

3.3. Causes

The majority of cases of CN VII palsies, which include Bell palsy, are classified as idio-

pathic, and nerve damage probably occurs secondary to compression from edema within

the confines of the boney canal. There are data implicating an underlying viral infection as

the cause for these cases (25). Evidence for herpes simplex virus in association with 80%

of idiopathic Bell palsy is from DNA analysis by polymerase chain reaction followed by

hybridization with Southern blot analysis of endoneurial fluid at the time of decompres-

sion surgery (26). The most clearly defined viral cause of CN VII neuropathy is the

Ramsay Hunt syndrome, facial weakness with erythematous vesicular rash in the ear (24).

An associated underlying condition or cause is found in the minority of patients. The

incidence of diabetes mellitus is high, leading to the conclusion that Bell palsy may rep-

resent a diabetic mononeuropathy in these patients (27). Otitis media is a rare cause. Bell

palsy occurs more frequently in the setting of Lyme disease, and Borellia burgdorferi may

account for 25% of cases in endemic areas, many without other clinical features of Lyme

disease (28). Neurosarcoid presenting as an isolated CN VII palsy is less common than in

association with other cranial neuropathies (10). Surgical trauma to CN VII may occur

during procedures on the temporal bone. Close head trauma resulting in fractures of the

temporal bone is another cause.

The degree of nerve fiber damage ranges from neurapraxia to axonotemesis. Within

a patient there may be varying proportions of each process, which probably account for the

range of clinical outcomes (20).

3.4. Diagnostic Testing

Functional tests include measurement of submandibular salivary flow and electrodiagnos-

tic testing. Measurements of salivary flow require cannulation of Wharton ducts and is
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technically difficult. Nerve conduction measurements focus on the nerve segment distal to

the site of nerve damage in the temporal bone. The evoked response to activation of the

nerve at the level of the parotid gland will be within the normal range for the first 2

days after acute onset of weakness, even if there is complete axonal damage (29). After

the third day, if there is significant axonal damage (axotemesis lesion), the evoked

motor response will fall in proportion to the number of viable axons. Nerve fibers affected

by conduction block (neurapraxic lesion) will contribute to the evoked potential, but not to

voluntary activation. If the evoked response is .10% of the contralateral (normal) side,

prognosis is favorable because this indicates that there are a significant number of

viable fibers. Needle EMG assesses the distribution of denervation in the form of abnormal

spontaneous activity (positive sharp waves and fibrillation potentials). However, it takes

�5 days for abnormal spontaneous activity to appear. Imaging studies using quantitative

MRI suggest some degree of prognostication, with poorer results among patients with

greater signal abnormalities (30).

3.5. Treatment and Prognosis

The proposed inflammatory pathology has led to the use of corticosteroids, and the pro-

posed viral pathogenesis has led to the use of anti-viral agents. Although some reports

have favored these agents, the Cochrane Database Systematic Review has analyzed data

for corticosteroids and acyclovir or valaciclovir. The Cochrane Review selects random-

ized or quasirandomized trials for the various agents, as sole agent or in combination.

Appropriately conducted trials are reviewed and meta-analyses are preformed. Improved

outcome has not been demonstrated for any of the agents, either alone or in combination

(31,32). A Cochrane Review of acupuncture indicated that acupuncture alone might be

more associated with a better outcome than medications or the combination, but methodo-

logical differences among trials prevented a meta-analysis (33).

The inaccessible site of pathology means that a clinical determination of the degree

of neurapraxia and axonotemesis by electrodiagnostic testing cannot be determined until

after the fourth day of onset. The full extent of nerve damage has probably occurred by this

time, and surgical intervention is unwarranted (20,29).

Overall prognosis from retrospective reviews indicates that 80–85% of patients

have a full or satisfactory return of strength (22). There may be residual symptoms that

include crocodile tears and other forms of aberrant re-innervation such as lower facial

muscle twitching with eye blinking (synkensis) (14,34). Prognostic factors have been chal-

lenging to identify, but age .55 years, complete paralysis, and hypertension are negative

factors.

4. CN VIII (ACOUSTIC AND VESTIBULAR)

4.1. Anatomy

There are two divisions, one serving the vestibular system and the other the auditory

system. The vestibular division originates from the hair cells in the semicircular canals

and the macula of the utricle and saccule, whereas the cochlear division originates from

hair cells in the organ of Corti. The vestibular nerve contains about 20,000 fibers and

the cochlear nerve about 30,000 fibers. Both divisions lie in the temporal bone in close

association with CN VII. CN VIII leaves the skull through the internal auditory meatus

and joins the brainstem at the pontomedullary junction in the cerebellopontine angle.

The intracranial portion of the nerve includes a junctional zone between the proximal
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segment, which is a central fiber tract with neuroglial support cells and a more distal

segment, which is a peripheral nerve with Schwann cell support cells.

4.2. Symptoms and Signs

Damage to the nerve can result in both hearing loss and tinnitus and vertigo in various pro-

portions. Acute causes tend to include symptoms in both divisions, whereas slow progres-

sive causes tend to present with hearing loss. The Ramsay Hunt syndrome begins with

deep ear pain, followed in several days by vesicular eruptions in the external auditory

canal eventually leading to hearing loss and vertigo (24). CN VII is frequently involved.

Acute labrynthitis is associated with vertigo with spontaneous nystagmus (35). Vestibular

symptoms may be associated with other cranial neuropathies (CN V, VII, X, XI) (36).

4.3. Causes

Trauma involving the temporal bone can damage both CN VIII and CN VII. The injury

can be a stretching of the nerve on a complete severance. Acoustic nerve Schwannomas

tend to arise within the internal auditor meatus because the junction between the proximal

extension of the neuroglial investment of the nerve and the distal Schwann cell invest-

ment is close to the meatus. Up to 10% of unilateral tumors are associated with

neurofibromatosis.

Viral infections may affect the labrynth (labrynthitis) or the nerve, although direct

evidence for this etiology is often lacking because of the isolated location of the nerve.

The Ramsay Hunt syndrome is due to herpes zoster (24).

The consensus is that diabetes mellitus does not contribute to acute hearing loss (15).

Sarcoidosis uncommonly affects CN VII in isolation (10). Evidence for borrelia infection

has been found in patients with vertigo (37).

4.4. Diagnostic Testing

Batteries of tests for cochlear and vestibular functions require special equipment and

include audiograms, tone decay, evoked responses, and electronystagrams with provo-

cative tests (vestibulo-ocular, caloric) (38). Imaging tests are important to exclude tumors.

4.5. Treatment and Prognosis

Surgical and radiation treatments of tumors are appropriate with outcome dependent upon

many variables (39). Vertigo associated with presumed viral etiology resolve spon-

taneously (36).

5. CN IX (GLOSSOPHARYNGEAL)

5.1. Anatomy

The nerve arises from a line of rootlets in a sulcus along the lateral border of the medulla.

The nerve is associated with CN X, and both pass through the jugular foramen and into the

neck. Motor fibers innervate the stylopharyngeus muscle. Sensory fibers subserve taste

along the posterior two-thirds of the tongue and sensation of the soft palate and related

structures, and a branch supplies sensation to part of the external ear and the tympanic
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membrane. There are parasympathetic fibers in the lesser superficial petrosal nerve that

controls secretions of the parotid gland. The carotid sinus nerve is a branch of CN IX.

5.2. Symptoms and Signs

Because of its close proximity with CN X, lesions usually involve both nerves, and symp-

toms are more often related to that nerve. There may be difficulties in swallowing and

impaired taste from posterior portions of the tongue. Glosspharyngeal neuralgia refers

to episodes of sudden onset of lancinating unilateral pain at the base of the tongue and

faucial region with similarities to trigeminal neuralgia.

5.3. Causes

Cerebropontine angle tumors may also affect CN IX. Lesions in the jugular foramen may

affect both CN IX and X, giving rise to a jugular foramen syndrome (Vernet syndrome).

Causes include glomus tumors and other neoplasms.

5.4. Diagnostic Testing

Assessment of taste perception of the posterior portion of the tongue can be performed.

Cutaneous stimulation for the gag reflex is supplied by this nerve, and can be tested by

lightly stroking the posterior pharynx.

5.5. Treatment and Prognosis

These are dependent upon underlying causes, especially in the setting of tumors. Crocodile

tears (paroxysmal lacrimation with gustatory stimuli) may occur after injury or surgery on

the ear or after CN VII neuropathies. This is due to the close proximity of fibers in the inner

ear and cross-innervation of sprouting fibers that involve the lesser superficial petrosal

nerve which supplies the parotid gland (34).

6. CN X (VAGUS)

6.1. Anatomy

The nerve is formed from rootlets emerging from a lateral sulcus of the medulla. The nerve

is joined by fibers from CN XI that have ascended through the foramen magnum, although

they remain as a discrete fascicle. The combined nerve passes through the jugular foramen.

In the neck, the pharyngeal nerve supplies all pharyngeal constrictor muscles except the

stylopharynegeus and tensor palati, as well as the palatoglossus muscle of the tongue.

The superior laryngeal nerve also innervates constrictor muscles and the cricothyroid

muscle. The recurrent laryngeal nerve follows an asymmetric course to supply the remain-

ing muscles of the larynx. Visceral afferent fibers supply sensation from the pharynx,

larynx, trachea, esophagus, and viscera. Visceral efferent fibers supply the heart and visc-

eral organs.

6.2. Symptoms and Signs

Unilateral lesions usually include both CN IX and X and result in voice hoarseness and

difficulty swallowing and nasal regurgitation due to weakness of soft palate elevation
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which normally closes off the nasopharynx during swallowing. Lesions of the recurrent

laryngeal nerve also cause voice hoarseness.

6.3. Causes

Isolated lesions may result from tumors affecting the base of the skull and the jugular vein.

Recurrent laryngeal nerve lesions occur most commonly in association with surgery of the

carotid artery, the thyroid, and thoracic cavity (40). One-quarter to one-third of cases are

thought to be idiopathic (40,41). Men are more often affected than women, and the left

recurrent laryngeal nerve more than the right, perhaps because of its greater length. Con-

current diabetes may be a contributing factor in a small percentage (41). Idiopathic

superior laryngeal nerve palsies are felt to be common and are due to reactivation of

herpes simplex infection (42).

6.4. Diagnostic Testing

Inspection reveals asymmetry of the soft palate, lower on the affected side, and deviation

of the uvula to the opposite side. Indirect laryngoscopy can detect abnormal vocal cord

function. Needle EMG can distinguish between superior laryngeal and recurrent laryngeal

lesions (41). Testing of cardiac autonomic function will not be discussed.

6.5. Treatment and Prognosis

Lesions associated with cancers have a variable prognosis (43). Lesions associated with

carotid and thyroid surgery may recover spontaneously, and are thus presumed to be

due to tissue swelling. With idiopathic recurrent laryngeal neuropathies, 85% show

some degree of spontaneous recovery and 35% resolve completely (43,44).

7. CN XI (SPINAL ACCESSORY)

7.1. Anatomy

Rootlets contributing to CN IX include the most caudal region of the mesencephalon and

the first five to seven cervical segments. The cervical rootlets form a nerve that ascends

through the foramen magnum and joins with the cranial rootlets and CN X. The combined

nerves pass through the jugular foramen. CN XI descends in the carotid sheath, but leaves

it and penetrates the sternocleidomastoid muscle which it supplies. The nerve then crosses

the posterior triangle of the neck to reach the trapezius muscle and supplies the upper

one-third.

7.2. Symptoms and Signs

Lesions of the deep, proximal portion, result in weakness of the sternocleidomastoid

muscle affecting head rotation to the opposite side and weakness of the upper trapezius

with poor shoulder and arm elevation above the horizontal axis on the same side.

Lesions of the superficial, distal portion in the posterior triangle result in weakness only

of the trapezius muscle. There may be mild winging of the scapula.
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7.3. Causes

The portion of the nerve in the jugular foramen and carotid sheath may be affected by

tumors. The most common causes of nerve injury in the neck are from surgical procedures,

notably radical neck dissections and cervical lymph node biopsy, but neuropathies can also

occur when the nerve is in continuity (45). Delayed weakness after surgical procedures

suggests lesions from scar tissue (45). Less common causes are carotid endarterectomy

and central line placement. Weakness attributed to focal radiation for cancer may occur

years after treatment (46). Idiopathic lesions occur and may be heralded by pain along

the posterior border of the sternocleidomastoid muscle (47).

7.4. Diagnostic Testing

Needle EMG can document denervation of the sternocleidomastoid and upper trapezius

muscles.

7.5. Treatment and Prognosis

Varying degrees of spontaneous improvement may occur when damage is due to surgery,

but some patients accept a certain degree of weakness (45). Surgical grafting following

injury from radical neck surgery has been reported to be successful (48). Spontaneous

neuropathies may or may not show improvement with time (47).

8. CN XII (HYPOGLOSSAL)

8.1. Anatomy

The nerve arises from rootlets along the medulla, merging to form two bundles that pass

through the hypoglossal foramen. It passes down from the angle of the jaw and innervates

the thyrohyoid muscle and intrinsic muscles of the tongue (hyoglossus, styloglossus,

genioglossus, and geniohyoid muscles).

8.2. Symptoms and Signs

Unilateral lesions result in tongue deviation to the side of the lesion. Atrophy of the

affected half may occur. Swallowing is affected to a greater degree than speech. Glosso-

dynia is a syndrome with burning pain in the tongue or the oral cavity, which may be

similar to trigeminal neuralgia.

8.3. Causes

Tumors in the region of the hypoglossal foramen or neck are rare causes as are also trauma

and dental extractions. Idiopathic mononeuropathies are described (49).

8.4. Diagnostic Testing

Needle EMG demonstrates denervation.
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8.5. Treatment and Prognosis

Prognosis depends upon underlying causes. Idiopathic forms frequently resolve without

specific treatment (49).

9. SUMMARY

CN mononeuropathies are due to many causes, but two are noteworthy. A progressive

mononeuropathy may be related to cancer and predate the diagnosis. Accordingly, an

imaging study is appropriate even when there is an apparent cause. Idiopathic CN mono-

neuropathies, those without identifiable cause, are common and the prognosis is generally

favorable without specific treatment.
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ABSTRACT

Painful neuropathies are a common and heterogeneous group of disorders. Although many

patients with neuropathies experience pain, for some it is the cardinal symptom and con-

tributes substantially toward their disability. The presence and quality of neuropathic pain

cannot predict the etiology of the peripheral neuropathy, but consideration of the severity,

distribution, temporal profile, and other neurologic factors can help diagnostically. This

chapter discusses the clinical features, pathophysiology, and management of neuropathic

pain. A diagnostic approach is presented, and therapeutic options for treatment are

included.

1. WHAT IS NEUROPATHIC PAIN?

The term denotes pain that originates from a primary lesion or injury to neural pathways

(1–3). It may originate in either the central nervous system (CNS) or the peripheral

nervous system (PNS). Neuropathic pain is contrasted with adaptive or physiologic pain

and inflammatory pain. In health, physiologic pain occurs when peripheral nociceptors

and intact sensory pathways are transiently stimulated by noxious stimuli. Inflammatory

pain originates from tissue injury or inflammatory mediators stimulating peripheral

nociceptors. In contrast, peripheral neuropathic pain evolves from combinations of stimu-

lus independent (spontaneous) and stimulus dependent pain. Patients with painful

neuropathies may use several descriptors of pain simultaneously, and the terms and

quality of pain symptoms may evolve over time. Spontaneous manifestations of neuro-

pathic pain include intermittent or persistent “burning,” “aching,” “jabbing,” and “lancinating”

pains. Stimulus-evoked neuropathic pain comprises hyperalgesia (an exaggerated pain

response to a normally noxious stimulus), allodynia (pain to innocuous stimuli, such as

touch or temperature), and temporal summation (repetitive application of a single

noxious stimulus is perceived as increasing pain sensation). Hyperalgesia and allodynia

may be mechanical, thermal, or chemical in type (4). Pain and sensory loss in a known

peripheral nerve distribution is a clue to a peripheral neuropathic origin. Although neuro-

pathic and inflammatory pain are conceptually distinct entities, they may be difficult to

distinguish clinically, and may coexist in the same patient (e.g., in acute radiculopathies).
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Neuropathic pain descriptors may also resemble those associated with musculoskeletal

disorders (e.g., “cramping” or “deep aching” pain). Inflammatory pain, like neuropathic

pain may manifest with regional hypersensitivity, and the pain response may extend

beyond the primary area of tissue injury (5). Nonetheless, the distinction between inflam-

matory and neuropathic pain components is important, as they may show differential

responses to treatment. Nonsteroidal anti-inflammatory agents are very effective in con-

trolling inflammatory pain, but have a limited effect upon neuropathic pain.

2. PATHOPHYSIOLOGY OF NEUROPATHIC PAIN

The mechanisms of neuropathic pain include both central and peripheral nerves (1–3).

Pain is a feature of predominantly small fiber peripheral neuropathies, reflecting the

unique role of damaged, small diameter unmyelinated nociceptive afferents (C-fibers)

in mediating neuropathic pain (6). The role of small diameter sensory fibers is supported

by associations of neuropathic pain intensity with the degree of loss of unmyelinated

intra-epidermal nerve endings on punch skin biopsy (7). However, the diameter of

sensory fiber involvement is not tightly linked to the presence of neuropathic pain (8).

Some small fiber neuropathies may be painless, whereas large fiber axonal neuropathies

may be painful (8). Primary axonal neuropathies are more likely to be painful than

primary demyelinating ones (8), but this is not always the case, as in radicular pain in

Guillain–Barré syndrome (GBS). Axonal regeneration appears to be a factor for the

development of neuropathic pain (8), and neuropathic pain may persist despite resolution

of sensory deficits.

Animals models of neuropathic pain and micro-neurography have shown that after

peripheral nerve injury, a complex series of morphological and chemical changes occur in

the PNS and CNS that underlie the development and maintenance of neuropathic pain.

2.1. Peripheral Nervous System Alterations

“Sensitization” of primary sensory afferents (unmyelinated, high threshold polymodal

C-fibers, and lightly myelinated A-d fibers) is a key occurrence. This results in enhanced

nerve excitability with increased spontaneous discharges, and ectopic discharges from

the dorsal root ganglia (DRG), damaged sensory terminals, and neuromas of injured

nerves. Ephaptic transmission may also occur between adjacent regions of damaged or

demyelinated sensory afferents. Alterations in ion channel expression, in particular Na-

channels, are a major contributor to peripheral sensitization (9). There are at least six dis-

tinct voltage-gated Na-channels expressed on primary sensory neurons within the DRG.

They may be divided into tetrodotoxin (TTX)-resistant and TTX-sensitive groups. After

peripheral nerve injury, expression of two subtypes of TTX-resistant Naþ-channels

(Nav 1.9 and Nav 1.8) in the DRG decreases with a concomitant redistribution of the

Nav 1.8 channel to neuromas and axon terminals of injured small diameter DRG

neurons. There is also de novo expression of TTX-sensitive type III channels on small diam-

eter nociceptive neurons that do not normally express type III channels (9). These changes

are thought to contribute to neuronal/axonal hyperexcitability and neuropathic pain (2,9).

Other factors for sensitization of peripheral nociceptors include release of inflammatory

mediators (e.g., PGE2, bradykinin, epinephrine) and cytokines [e.g., tumor necrosis

factor (TNF)-a], even in noninflammatory painful human neuropathies (10).

Enhanced peripheral nociceptive input to dorsal horn neurons induces a series of

functional alterations in the CNS, including sustained increase in the excitability of
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second order dorsal horn neurons (central sensitization), and suppression of CNS

anti-nociceptive pathways.

2.2. Central Nervous System Alterations

Central sensitization reflects a persistent state of hyperexcitability of dorsal horn neurons

induced through activation of peripheral nociceptive neurons and a concomitant inhibition

of anti-nociceptive GABA-ergic, opiate and glycine pathways in the spinal cord. One

aspect of central sensitization, demonstrated in animal models of neuropathic pain, is

the phenomenon of “wind up”. This is a state of increasing responsiveness of nociceptive

DRG neurons to ongoing or repeated peripheral nociceptive C-fiber firing (1). Central sen-

sitization contributes to an enhanced pain response to noxious stimuli and a pain response

to ordinarily innocuous stimuli in neuropathic pain states (allodynia). Further, receptive

fields of dorsal horn pain neurons increase in size, and the repertoire of stimuli that

induces their activation also increases.

Central sensitization is mediated through activation of N-methyl-D-aspartate (NMDA)

and alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors on

dorsal horn pain neurons by glutamate. Further, substance P, acting at the G protein-

coupled postsynaptic neurokinin-1 receptor with signaling through protein kinase C activates

NMDA receptors, facilitates excitatory synaptic responses (4). Sensitization of dorsal horn

pain neurons also increases intracellular calcium through AMPA receptors (4). Another

factor enhancing central sensitization is the inhibition of antinociceptive CNS pathways by

a number of mechanisms. NMDA receptor activation mediates depression of inhibitory

GABA-ergic and glycinergic neurons in lamina II of the dorsal horn (4). Expression

of micro-opioid receptors on the presynaptic terminal of primary nociceptive afferents

in the dorsal horn is down-regulated in most neuropathic pain models, whereas there is

up-regulation of the endogenous opioid antagonist cholecystokinin (CCK) in peripheral

nerve and increased staining of CCK-B receptors in the dorsal horn.

2.3. Dorsal Horn Alterations

There is controversial evidence that central terminals of axotomized DRG neurons

undergo aberrant sprouting into lamina II of the dorsal horn, an area that normally only

receives C-fiber nociceptive input. It is hypothesized that the development of synaptic con-

nections between low threshold ordinarily nonnociceptive A-b-fibers with lamina II cells

that ordinarily receive nociceptive fiber input promotes painful responses to nonnoxious

stimuli (11,12). It is also believed that injury to and ectopic activity within first order

nociceptive neurons results in death of some inhibitory interneurons in the dorsal horn

and down-regulation of neurotransmitters and receptors critical to antinociceptive

responses.

2.4. Sympathetic Nervous System Alterations

Sympathetic neurons are believed to sprout into the DRG (13). Functional linkage

between the sympathetic and the sensory nervous systems also occurs through expression

of alpha-adrenergic receptors on injured sensory neurons, and the sensitization of nocicep-

tive C-terminals by release of inflammatory mediators from sympathetic nerve terminals

(1) contributing to sympathetically maintained neuropathic pain (14). An immunohisto-

chemical study of sural nerve reported an increased density of surviving sympathetic

fibers when compared with somatic sensory fibers in painful neuropathies (15).
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3. CLINICAL ASPECTS OF PAINFUL NEUROPATHIES

The clinical aspects of painful neuropathies can be used to guide the choice of test, and an

algorithm is outlined in Fig. 34.1.

3.1. Clinical Characterization

Symptoms of a painful neuropathy can be characterized by spatial distribution [focal,

multifocal, or diffuse (symmetric)] (Table 34.1) and temporal profile (acute, subacute or

chronic, progressive, relapsing, or monophasic courses) (Table 34.2). Other helpful fea-

tures include: (i) pattern of nerve fiber (sensory small fiber, large fiber predominant,

small and large fibers, motor fiber involvement, autonomic involvement), (ii) pathophy-

siology (primarily axonal or primarily demyelinating), (iii) sporadic or familial, and

(iv) associated comorbidity (medical conditions, medications, toxins) (16). Painful neuro-

pathies that are markedly asymmetric in distribution (either focal or multifocal) are almost

always acquired and have a limited differential diagnosis, which includes vasculitis

(mononeuritis multiplex), compressive, infiltrative (neoplasisms) infectious, or traumatic

etiologies. Symmetric painful neuropathies are more common and raise a broader set of

differential diagnoses. Most symmetric painful neuropathies predominantly affect

sensory axons, but predominantly demyelinative and motor neuropathies (e.g., acquired

inflammatory demyelinating polyneuropathy, anti-MAG neuropathy, and perhexiline tox-

icity) may also be painful. Although the primary pathophysiology (axonal or demyelina-

tive) may be inferred to some extent from the clinical findings, electrodiagnostic studies

are essential in most instances to clarify the likely primary pathophysiology and to

assess the symmetry of the neuropathy.

Consideration of the pattern of nerve fiber class involvement is used diagnostically

(Table 34.3). Relatively pure small fiber sensory involvement, as suggested by a presen-

tation comprising burning and lancinating pain (with or without demonstrable abnormal-

ities on pinprick or thermal testing), and normal reflexes, position sense and strength

testing, suggests a very narrow list of possibilities, most commonly, impaired glucose tol-

erance (IGT) or mild diabetes associated distal polyneuropathy, idiopathic small fiber

sensory neuropathy and rarely connective tissue disease or toxin exposure. Painful

sensory neuropathies with prominent cardiac dysautonomia (e.g., orthostatic hypotension)

suggest diabetes mellitus, acquired or familial amyloidosis, paraneoplasia, or a toxic

neuropathy (e.g., cisplatin). In some instances, specialized tests of small fiber function

are helpful to characterize the pattern of nerve fiber class involvement.

The medical and family history, and inquiry regarding potentially neurotoxic pre-

scription and nonprescription medications, toxin exposure, and alcohol abuse is critical.

Although inherited neuropathies are traditionally regarded as not associated with positive

sensory phenomena or pain, pain may be a prominent feature of hereditary sensory and

autonomic neuropathy (HSAN) type I, familial burning feet syndrome, Fabry disease,

familial amyloidosis, and is an under recognized component (but not the dominant

feature) of Charcot–Marie–Tooth disease (17). The clinical examination should

include assessment for foot deformity (suggestive of a genetically determined neuro-

pathy), signs of connective tissue disease (rash, arthropathy/joint deformity, sicca,

Raynaud’s phenomenon), stigmata of toxic neuropathy (Mees lines in arsenic and thallium

poisoning), hair loss (thallium poisoning), hyperlipidemia, and adenopathy (HIV infec-

tion). Patients rarely volunteer a detailed drug exposure history, and questioning should

be specific and direct in this regard.
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3.2. Diagnostic Testing

Electrodiagnostic testing consists of nerve conduction studies (NCS) and needle EMG and

is largely limited to assessment of large fibers. It can confirm the presence of a neuropathy

and evaluate the symmetry, pattern of nerve fiber class involvement, pathophysiology

(axonal or demyelinative), severity, and distribution. Electrodiagnostic testing may fail

to disclose the presence of a neuropathy when small diameter sensory or autonomic

fibers are exclusively involved. However, the majority of painful neuropathies include

some large fiber involvement, and electrodiagnostic testing is useful (16,18,19). For

patients with suspected pure small fiber neuropathy, specific tests of small fiber function

include quantitative sensory testing (QST) (cooling and heat-pain detection thresholds),

quantitative sudomotor axon reflex testing, thermoregulatory sweat testing, and punch

skin biopsy with assessment of epidermal nerve fiber density and morphology (16,19).

Assessments of epidermal innervation at the distal leg and thigh are objective, minimally

invasive, and more sensitive than sural nerve biopsy in the detection of somatic unmyeli-

nated C-fiber loss (6,20). As not all instances of burning feet are due to small fiber neuro-

pathy, and normal epidermal innervation warrants consideration of alternative etiologies

(CNS demyelinating disease). The major limitation of skin biopsy testing is that it does

not offer an etiologic diagnosis.

Cutaneous nerve biopsy (sural nerve) is useful to confirm suspected PNS vasculitis. A

simultaneous muscle and nerve biopsy is advocated in the evaluation of PNS vasculitis and

increases diagnostic sensitivity by 25% (21). A pattern of focal perineurial inflammation

(perineuritis) may also be seen in this group of patients and, while often, idiopathic may

be associated with underlying sarcoidosis, cryoglobulinemia, or occult malignancy (22).

3.3. Laboratory Testing

The choice of laboratory studies should be based on a considered approach (22). When the

history and physical examination do not provide a clue to the presence of a systemic

disease associated with neuropathy, screening tests designed to detect their presence is

usually negative (22). Screening antibody panels without regard for the type of neuropathy

is not cost effective (18,22). Reasonable studies include: a complete blood count, serum

electrolytes, creatinine and BUN, liver enzymes, vitamin B12 deficiency, and an oral

glucose tolerance test (OGTT). Patients with chronic painful sensorimotor polyneuropa-

thies should be screened for paraproteinemia with serum immunofixation, as standard

serum protein electrophoresis may not identify small monoclonal spikes. Testing for para-

neoplastic antibodies (Anti-Hu) and imaging (chest CT) for an occult neoplasm in the

setting of a sensory neuronopathy should be considered in patients with a history of

Table 34.1 Spatial Pattern of Peripheral Neuropathies

Focal (asymmetric) Multifocal (asymmetric) Diffuse (symmetric)

Mononeuropathy Multiple mononeuropathies Polyneuropathy

Monoradiculopathy Polyradiculopathy Dorsal root ganglionopathy

Brachial plexopathy Motor neuropathy Motor neuronopathy

Lumbosacral plexopathy Motor neuronopathy

Motor neuronopathy

Dorsal root ganglionopathy

Source: Modified with permission from Herrmann and Logigian (22).
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Table 34.2 Classification of Painful Neuropathies

Axonal Demyelinating

Symmetric painful neuropathies

Acute

Alcoholic/nutritional GBS

Vasculitis

Arsenic (rarely demyelinating)

Idiopathic sensory neuronopathy

(can also be asymmetric)

Thallium

Subacute/chronic

Idiopathic sensory neuropathy CIDP (rarely with axonal abnormality)

Amyloidosis Perhexiline

Uremia (mixed axonal/demyelinative) Suramin

Diabetes mellitus

(mixed axonal/demyelinative)

Paraprotein-associated

Sarcoidosis

PNS vasculitis

Lyme disease

Fabry disease

Tangier disease

HIV-associated

HSAN

Familial burning feet syndrome

Paraneoplastic

Medication

HMG-CoA reductase inhibitor (?)

Taxol

Cisplatin

Isoniazid

Gold (mixed axonal/demyelinating)

Disulfiram

Antiretroviral (stavudine, didanosine,

zalcitabine)

Metronidazole

Thalidomide

Vincristine

n-Hexane (mixed axonal/demyelinating)

Asymmetric painful neuropathies

Acute

Vasculitis GBS (rarely asymmetric)

Lyme disease

Perineuritis

Diabetes (truncal neuropathy)

Carcinomatous

Trigeminal neuropathy

Subacute/chronic

Vasculitis, isolated PNS CIDP (rare)

Vasculitis, systemic

Vasculitis, connective tissue disease

Vasculitis with infection

Diabetes mellitus

Sarcoidosis
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smoking and in those who develop unexplained painful progressive sensorimotor

polyneuropathies .3–5 years.

4. CAUSES OF PAINFUL NEUROPATHIES

4.1. Drugs

Pain is a prominent feature of the toxic neuropathies associated with metronidazole, tha-

lidomide, taxol, cisplatin, perhexiline, isoniazid, gold, disulfiram, suramin, and antiretro-

viral di-deoxynucleoside inhibitors (stavudine, didanosine, zalcitabine). Statins have

received recent attention as possibly being associated with peripheral neuropathies (23).

4.2. Alcoholic/Nutritional Neuropathy

Painful distally dominant axonal neuropathy with degeneration of myelinated and

unmyelinated fibers and segmental demyelination on nerve biopsy is associated with

alcohol (24). However, alcohol-associated neuropathy is often clinically indistinguishable

from that attributed to malnutrition (thiamine and niacin deficiencies). There has been a

longstanding controversy as to whether the pathophysiology of alcohol-associated neuro-

pathy is a direct toxic effect of alcohol or whether it is referable to malnutrition and hypo-

vitaminosis. The occurrence of painful alcoholic polyneuropathy with predominantly

small-fiber loss and normal thiamine status has been reported, and contrasted with the

polyneuropathy due to thiamine deficiency states in which diffuse axon loss occurs (25).

4.3. Arsenic

Acute exposure manifests as nausea, vomiting, diarrhea, mental status change, and poten-

tially death within 24 h. If the patient survives, chronic manifestations appear within 7–10

days such as gray discoloration of the skin, and peripheral neuropathy. Mee’s lines may

appear up to weeks or months following exposure. The peripheral neuropathy may

resemble GBS clinically and electrophysiologically at the outset. Pain and paresthesias

in the distal legs are a hallmark and are followed by an ascending sensorimotor poly-

neuropathy (26).

Table 34.3 Painful Small Fiber Neuropathy

Acute

Diabetes mellitus (e.g., insulin initiation)

Acute idiopathic small-fiber sensory neuropathy

Chronic

Impaired glucose tolerance (?)

HIV-associated neuropathy

Chronic idiopathic small-fiber sensory neuropathy

Primary amyloidosis

Familial amyloidosis

Fabry’s disease

Tangier disease

Familial burning feet syndrome

Hereditary sensory and autonomic neuropathies (types I, III, IV, V)
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4.4. Thallium

Acute poisoning causes abdominal pain, nausea, vomiting, and diarrhea. Neurologic

symptoms of mental status changes and polyneuropathy typically develop within

several days. Painful distal lower extremity dysesthesias predominate initially, followed

by the progression of sensory symptoms to more proximal portions of the limbs and

even to cranial nerves. Motor manifestations develop somewhat later. Other chronic mani-

festations include scalp alopecia, visual, and cardiac dysfunction (26).

4.5. Diabetes

Pain is often the dominant symptom of diabetic neuropathy (27,28). Painful asymmetric

diabetic neuropathies include acute opthalmoplegia, thoracic (truncal) neuropathy, and

lumbosacral radiculo-plexo-neuropathy (diabetic amyotrophy). Painful symmetric dia-

betic neuropathies range from pure acute or chronic small fiber involvement to sensorimo-

tor polyneuropathies. Up to one-third of diabetic neuropathy patients develop pain in the

feet and legs. Pain is a less frequent feature of type 1 diabetes than of type 2 diabetes. The

mechanisms of pain in diabetic neuropathy are unclear. Electrodiagnostic, QST, and sural

nerve biopsy fails to differentiate patients with painful and painless diabetic distal poly-

neuropathies (29). There is growing evidence that patients with IGT detected by OGTT

may also develop painful predominantly small fiber sensory neuropathies (30). It has

yet to be determined whether intervention with diet or with oral hypoglycemic agents

affects the natural history of this entity.

4.6. Hyperlipidemia

There are conflicting data that marked hypertriglyceridemia may be associated with mild

slowly progressive polyneuropathies with foot pain (31–33).

4.7. Uremic Neuropathy

Painful dysesthesias and burning feet may herald the development of symptomatic distal

sensory neuropathies in patients with endstage renal disease. The neuropathic pain usually

resolves with dialysis, however, electrophysiologic abnormalities often persist.

4.8. HIV

Painful distal symmetrical polyneuropathy (DSP) is now the most prevalent neurological

complication of HIV infection, occurring in 20% to 35% of patients with HIV (34). HIV

DSP is a predominantly small fiber sensory disorder characterized by debilitating length-

dependent pain, decreased pinprick and temperature sensations chiefly in the distal aspects

of the lower extremities, diminished reflexes, and sparse motor involvement (e.g., weak

intrinsic foot muscles). The pathophysiology of painful HIV DSP remains uncertain,

but evidence favors HIV-triggered immune dysregulation, macrophage infiltration, and

cytokine neurotoxicity within the DRG and peripheral nerves (35,36).

4.9. Hereditary Sensory and Autonomic Neuropathy

Among the six major types of HSAN, pain is most often associated with type 1. This

autosomal dominant disorder is characterized by distal sensory loss in the legs, skin ulcers,
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Charcot joint formation, and foot deformities. Despite a severe loss of sensation, patients

in some kindreds report lancinating pain in the feet. The clinical expression of HSAN I

may be restricted to lancinating pains in some affected individuals.

4.10. Fabry Disease

Fabry disease is an X-linked recessive lysosomal storage disease caused by deficiency

of a-galactosidase. Patients develop angiokeratomas, corneal opacities, acral burning,

dysautonomia, strokes, and subsequently renal failure. It is a painful small fiber sensory

neuropathy with sparse or no sensory deficits on examination that may manifest as

young as 5 years of age, and in female carriers (37). Patients experience intermittent

bouts of burning and aching pain in the hands and feet. Pain may be accompanied by

an elevation of body temperature. Anticonvulsants, in particular, often relieve the neuro-

pathic pain, and there has been recent report of the efficacy of enzyme replacement therapy

in treating the small fiber neuropathy (37,38).

4.11. Amyloid Neuropathies

Primary and various forms of familial amyloid polyneuropathies are associated with neu-

ropathic pain. Clinically and pathologically, small diameter sensory fibers are most

affected at the outset, and manifestations include painful, distal symmetric sensorimotor

polyneuropathy with prominent pain, and temperature sensation loss (39). Other prominent

neurologic manifestations include carpal tunnel syndrome and autonomic dysfunction.

4.12. Inherited Burning Feet Syndrome

An autosomal dominant burning feet syndrome has been reported in two German families

characterized by burning, tingling, and a dull ache in the feet and legs (40). Onset of symp-

toms ranged between 12 and 40 years of age. Affected individuals had a normal neurological

examination and normal or only mildly abnormal finding on electrodiagnostic tests, but a

marked loss of unmyelinated nerve fibers on sural nerve biopsy. No linkage to any HSAN

genetic locus has been found. Twenty-six percent of patients had foot deformities, and

26% of the patients had an affected first-degree relative, suggesting an inherited basis (41).

4.13. Tangier Disease

Tangier disease is characterized by large orange-yellow tonsils, adenopathy, hepato-

splenomegaly, and an increased risk of developing coronary artery disease with absent

or very low HDL levels. One-third express signs of polyneuropathy, including a slowly

progressive, symmetric, predominantly upper extremity neuropathy with symptoms

similar to those of syringomyelia (42).

4.14. Guillain–Barré Syndrome

Pain may be a presenting symptom of GBS. In a prospective series, 86% described pain on

admission, and half reported sensory symptoms preceding weakness by approximately one

week (43). The quality of pain varies, and is most commonly described as a “radicular

type” back and leg pain; however, patients may complain of painful dysesthesias, myal-

gias, and joint pain. Almost 50% of patients in this study reported moderate-severe pain

requiring oral and parenteral analgesics. The etiology of the pain is multifactorial, and
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includes inflammatory responses to roots and peripheral nerves, immobility, poor posture

due to paraspinal weakness.

4.15. Chronic Inflammatory Demyelinating Polyneuropathy

Chronic inflammatory demyelinating polyneuropathy (CIDP) causes pain in up to 40% of

patients. Pain is occasionally an initial and disabling symptom (44). The quality of pain

varies, and includes burning dysesthesias, radicular pain, aching or cramping muscle

pain, and lancinating pain. Rarely, CIDP patients may develop low back and radicular

pain due to compression of hypertrophic nerve roots (45).

4.16. Paraproteins

A minority of patients with monoclonal gammopathy associated neuropathies, especially

multiple myeloma, cryoglobulinemia, and macroglobulinemia, develop painful dysesthe-

sias (46). An association between polyclonal antibodies to sulfatide moieties and a distal

painful predominantly sensory polyneuropathy has been suggested (47), but the strength

of the association is not sufficiently strong to warrant screening for anti-sulfatide

antibodies (18,19).

4.17. Sensory Ganglionopathies

Idiopathic and secondary ganglionopathies (e.g., paraneoplastic, toxic, Sjögrens syn-

drome), while often painless, may manifest with numbness, painful dysesthesias, and lan-

cinating pains in one limb with progression to involve all limbs, the trunk and face (48).

Rarely, in idiopathic cases patients do develop an acute, patchy cutaneous burning and

hyperalgesia syndrome that is believed to represent a purely small fiber sensory ganglio-

nopathy (6)

4.18. Peripheral Nervous System Vasculitis

Vasculitic neuropathies are traditionally associated with focal or multifocal neuropathic

pain (49). The origin of pain appears to be multifactorial and may be explained by dysre-

gulation of neurotrophic factors in vasculitic nerve tissues leading to changes in pain per-

ception (50), as well as an inflammatory reaction to necrotic tissue.

4.19. Cryptogenic or Idiopathic Polyneuropathies

Despite an exhaustive work-up, an etiologic diagnosis is not established in 10–35% of

patients with sensory-predominantly polyneuropathies (18). Cryptogenic sensory

polyneuropathies typically manifest in mid-to-late adulthood as a slowly progressive,

distal painful polyneuropathy. Pain is often disabling. A subset of patients with crypto-

genic sensory polyneuropathies, have a relatively pure small fiber sensory presentation,

with burning, throbbing, and lancinating pains in the feet and hands, but normal strength,

deep tendon reflexes, proprioception, and normal or only mild vibratory loss (6,18,19).

Such patients, because of the paucity of abnormalities on examination and NCS, are

occasionally misdiagnosed and inappropriately managed as having a musculoskeletal

(e.g., plantar fasciitis) or psychiatric disorder.
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5. TREATMENT OF NEUROPATHIC PAIN

The effective management of painful neuropathies consists of disease modifying interven-

tions (e.g., immunotherapy) removal of exacerbating or provocative factors (e.g., alcohol,

toxins, malnutrition) and symptomatic therapies (pharmacologic and nonpharmacologic).

A list of pain-relieving agents is included in Table 34.4, and an algorithm in Table 34.5.

5.1. Tricyclic Antidepressants

Tricyclic antidepressants (TCAs) are the most widely studied agents for neuropathic pain

(51–53) and include imipramine and nortriptyline, which are serotonin/norepinephrine

reuptake inhibitors, and desipramine which is a relatively selective norepinephrine

reuptake inhibitor. TCAs have pleiotropic effects on neuropathic pain, including Na-channel

blockade of ectopic discharges in the PNS, and alteration of 5-hydroxytryptamine (5-HT)

and norepinephrine activity in the CNS nociceptive-modulation system (52). Differences

in efficacy among the various TCAs are minimal, despite varying pharmacology, and effi-

cacy in terms of number needed to treat (NNT) to have one patient with a .50% reduction

in pain intensity is comparable to that of various anticonvulsant agents (Fig. 34.2) (53).

TCAs are limited by their adverse effects including constipation, dry mouth, cognitive

change, urinary hesitancy, somnolence, orthostatic hypotension, and weight gain. Nortryp-

tiline and desipramine are less sedating and have fewer anticholinergic side effects. Ami-

tryptiline remains an excellent choice where sleep disruption is present and cost is an issue.

TCAs are contraindicated in patients with closed-angle glaucoma, prostatic hypertrophy,

and acute myocardial infarction. Slow titration is a key to their successful application.

Several newer antidepressants show promise as adjunctive therapy. Venlafaxine is a

5-HT and norepinephrine reuptake inhibitor, and animal and uncontrolled human studies

have shown therapeutic potential for neuropathic pain (54). Bupropion, a nontricyclic

antidepressant is a specific inhibitor of neuronal norepinephrine reuptake and a weak

inhibitor of dopamine reuptake. A controlled trial using a sustained-release preparation

(Bupropion SR 150–300 mg/day) showed a therapeutic effect in neuropathic pain (55).

Selective serotonin reuptake inhibitors (SSRIs) have generally been disappointing

(52,56,57). Fluoxetine has shown little efficacy in neuropathic pain, whereas more consist-

ent efficacy has been suggested for paroxetene.

5.2. Anticonvulsants

Anticonvulsant drugs have been used for the treatment of neuropathic pain with an efficacy

similar to the TCAs (53). Carbamazepine and phenytoin nonspecifically block

Naþ-channels. Sodium valproate’s therapeutic effect is thought to be mediated through

potentiation of GABA-ergic neurons by increasing GABA synthesis and release. An

uncontrolled study in patients with cancer-related neuropathic pain reported efficacy for

sodium valproate (58). Sodium valproate is well tolerated, but adverse effects include

hair loss, gastrointestinal distress, skin rash, hepatic dysfunction, bone marrow suppres-

sion, weight gain, tremor, and parkinsonism. Gabapentin has a more favorable side

effect profile and does not require laboratory monitoring for toxicity. Several double-

blind randomized controlled studies (mostly in diabetic neuropathy) confirm gabapentin’s

efficacy for neuropathic pain (59,60). Although its mechanism of action is uncertain, it

may act in part by binding to the a2d subunit of N-type Ca2þ-channels and stabilized neur-

onal excitability (61). Overall, the efficacy of gabapentin appears to be slightly less than

that of the TCAs (53), but because of its favorable side effect profile and a lack of drug
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interactions, gabapentin is a first-line agent in the treatment of neuropathic pain. An initial

dose of 100–300 mg at bedtime, with slow titration by 300 mg every 5–7 days to a TID

schedule is appropriate. Most patients show a response between 300 and 900 mg TID, and

there is little evidence that supports use of doses .3000 mg/day for neuropathic pain (59).

Drowsiness or dizziness may occur if titration is too rapid. Occasional patients develop

unacceptable pedal edema, and the agent requires a dose reduction in those with moderate

renal dysfunction (GFR ,50 mL/min). A drawback of gabapentin is its cost and three

times/day dosing.

Lamotrigine stabilizes the slow inactivated conformation of a subtype of an

Na-channel and inhibits glutamate release as well as modulating calcium and potassium

currents. Randomized controlled trials show a therapeutic effect of lamotrigine in

painful diabetic and HIV-associated neuropathies (62,63). In most studies, lamotrigine

has been well tolerated, although its application is limited by a need for slow titration.

Table 34.5 Algorithm for Management of Neuropathic Pain

Comments

First-line therapy

Gabapentin Generally well-tolerated if titrated properly, more expensive than

tricyclics.

Amitriptyline Suitable for patients with limited budget, with insomnia, with no

contraindications (e.g., cardiac conduction block, closed-angle

glaucoma, concurrent autonomic neuropathy). Anticholinergic

effects may limit its use.

Nortriptyline/
Desipramine

Suitable for patients with therapeutic effect by amitriptyline, but

limited tolerance due to its anticholinergic side effects. May

have weaker therapeutic effect than amitriptyline.

Second-line therapy

Tramadol To be avoided to patients with potential for abuse.

Lidocaine patch Suitable for patients with focal areas of neuropathic pain, with

severe nocturnal pain or daily fluctuation.

Randomized clinical trials are lacking.

Third-line therapy

Lamotrigine Requires slow titration.

Oxcarbazepine Generally considered to be safe. Double blind study is lacking.

Topiramate Especially suitable for obese patients with pain due to its effect on

losing weight.

Phenytoin

Carbamazepine

)
Potential for toxicity. Side effect profiles less favorable than those

of “newer” anticonvulsants.

Duloxetine Effective in depressive patients with pain. Also effective in stress

urinary incontinence.

Pregabalin Also effective on sleep.

Mexiletine Contraindicated to patients with cardiac conduction abnormality.

Periodic EKG required.

SSRI Suitable for patients with depression.

TENS unit
)

Biofeedback/
coping skills

Evidence mostly anecdotal. Should be individualized.

Fourth-line therapy

Long-acting narcotics

(e.g., MScontin)

Consider in combination with other agents.
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5.3. Local Anesthetics

Transdermal drug delivery has several advantages in the treatment of neuropathic pain in

that it limits systemic side effects and directs therapy to the symptomatic sites. Lidocaine,

a local anesthetic and antiarrhythmic drug exerts effects on neuropathic pain by nonspecific

stabilization of Na-channels. An open-label studies of a topical 5% lidocaine-impregnated

patch demonstrated significant pain relief in the majority of subjects (64). The lidocaine

patch is approved by the FDA in the treatment of post herpetic neuralgia (65).

5.4. Systemic Anti-Arrhythmic Agents/Na-Channel Blockers

Mexiletine is an anti-arrhythmic Naþ-channel blocker that has been tried in painful dia-

betic polyneuropathy with mixed results (66–68). The largest study showed significant

pain relief only at high dose (675 mg/day) therapy (68).

5.5. Opioids

Tramadol is a centrally acting, synthetic, nonnarcotic analgesic with low-affinity binding

to micro-opioid receptors and weak inhibition of norepinephrine and serotonin reuptake. It

has been found to be efficacious in several double-blind randomized controlled trials in

painful neuropathy (69,70). It has a relatively low addictive potential, particularly in

patients with chronic neuropathic pain, and is a useful and well tolerated second-line

agent for treatment of painful neuropathy, alone or in combination with an antidepressant

or anticonvulsant. Tramadol is started in a dose of 50 mg at bedtime and titrated in 50 mg

increments to a maximum of 400 mg in 3–4 divided doses. A lowered threshold for

seizures is a consideration when higher doses of tramadol are used in combination with

TCAs or SSRIs. Tramadol use may be accompanied by constipation, drowsiness, or

rarely respiratory depression.

Figure 34.2 NNT to obtain one patient with .50% pain relief calculated for combined data.

[With permission from Sindrup and Jensen (53).]
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Stronger opiates have historically been felt to be relatively ineffective for neuro-

pathic pain, and there has been reluctance to prescribe them for chronic neuropathic

pain. There is a lack of randomized controlled studies in the setting of severe painful poly-

neuropathy. They are used in combination with first line agents, for severe and intractable

neuropathic pain (52). Longer acting opiates (extended-release morphine, methadone) are

preferred because of lower addictive potential.

5.6. NMDA Antagonists

NMDA antagonists may have a role in modulating the effect of excitatory amino acids on

neuropathic pain (1,2). A controlled trial of dextromethorphan showed a modest beneficial

effect in painful diabetic neuropathy and post herpetic neuralgia (71). Side effects of seda-

tion, ataxia, nausea, and vomiting may limit its use. Riluzole has anticonvulsive, neuropro-

tective, and antinociceptive effects in animal studies, but a small, controlled study did not

find efficacy in painful peripheral poly- and mono-neuropathies of various etiologies (72).

5.7. Other Agents

Capsaicin is a topical natural alkaloid derived from chillies, and exhibits antinociceptive

effects chiefly by depletion of substance P at sensory nerve terminals. Although approved

for the management of postherpetic neuralgia, studies have been contradictory in terms of

its efficacy in painful polyneuropathies (73,74). Its use is limited by skin irritation during

the first few weeks of topical application, often requiring pretreatment with an anesthetic

spray. Moreover, recent animal and human studies have demonstrated that topical cap-

saicin activation produces profound reversible, epidermal denervation in normal indi-

viduals with concurrent loss of thermal and of pain sensation (75).

5.8. Psychological and Behavioral Approaches

Pain perception is modified by a patient’s psychological state and coping skills, and

patients with painful neuropathies report significantly more anxiety and depression

(76,77). There have been case series of successful treatment of neuropathic pain

with biofeedback (77). Multidisciplinary approaches, including biofeedback, operant-

behavioral, and cognitive-behavioral interventions, may be considered as an adjunct to

pharmacological options (76).

5.9. Acupuncture and Electrical Nerve Stimulation

Acupuncture, transcutaneous electrical nerve stimulation and its variants [percutaneous

electrical nerve stimulation (PENS)] are based on the gate-control theory of Melzack

and Wall (78,79). Despite several smaller studies claiming a therapeutic effect of

acupuncture in neuropathic pain syndromes, a recent large-scale randomized trial in

HIV-associated painful neuropathy failed to confirm efficacy (80). There have been thera-

peutic effects of electrical nerve stimulation reported by smaller studies (81,82).

5.10. Future Therapeutic Directions

As cellular and molecular mechanisms of neuropathic pain are elucidated, novel thera-

peutic approaches directly targeting molecules that modulate pain are being considered.

Candidate molecules include, TNF-a, bradykinin, nerve growth factor (NGF), selective
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Naþ-channel blockade (e.g., Nav 1.8 channel blockade), and endogenous opioids. Clinical

trials of subcutaneous NGF, in diabetic and HIV-related neuropathies failed to confirm an

effect of NGF upon progression of these neuropathies, however, an effect upon pain was

evident in HIV neuropathy (83–85).

6. FOLLOW-UP OF NEUROPATHIC PAIN IN THE CLINIC

The quality and intensity of neuropathic pain should ideally be assessed and followed

using validated measures to determine adequacy of pain management. Pain intensity is

readily assessed by a 0–10 Likert visual analog scale. The McGill pain scale, neuropathic

pain scale, and Gracely pain scales are among those that may be used to more rigorously

assess both the intensity and the quality of neuropathic pain.
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ABSTRACT

Intravenous immunoglobulin is used in the treatment of autoimmune disorders including

peripheral neuropathies. Clinical benefit is shown in Guillain-Barré syndrome, chronic

inflammatory demyelinating polyradiculoneuropathy, multifocal motor neuropathy.

Other neuropathies have been less well studied. Clinical pharmacology, dosing and pre-

cautions, and clinical experience are reviewed in this chapter.

1. INTRODUCTION

Immunoglobulins (Igs) were initially administered by intramuscular injection, but later

modified for intravenous administration and called intravenous immunoglobulin (IVIg).

The initial use was replacement therapy for various immunodeficiency states. The first

indication for autoimmune disorders was to treat elevated platelet counts in hypogamma-

globulinemia and immune thyrombocytopenia (1). Subsequent clinical and experimental

evidence has confirmed the immunomodulatory effects of IVIg in autoimmune disorders

and its use in peripheral neuropathies.

2. IMMUNOGLOBULINS

Igs are glycoproteins synthesized by B lymphocytes and are either expressed on B cell sur-

faces or secreted as soluble factors. Circulating Igs are also referred to as antibodies. They

constitute 25% of serum protein and represent the gamma band (or gamma globulin band)

on an electrophoretic plate. Each Ig molecule is composed of two heavy (H) chains and

two light (L) chains held together by covalent and noncovalent bonds. The carboxy terminal

of the H chains is the Fc region of the Ig: crystallizable region. The N terminal of both H and L

chains form the Fab region: antigen-binding region (Fig. 35.1). Igs are classified into five iso-

types on the basis of the H chain. In order of their serum concentrations, these are IgG, IgA,

IgM, IgD, and IgE. IgG and IgA are further subdivided into allotypes on the basis of specific

H chain antigens: IgG1, IgG2, IgG3, and IgG4 and IgA1 and IgA2. There are two types of L

chains: kappa and lamda. Each B cell clone produces one Ig allotype and one type of L chain.

Ig idiotypes are based on the Fab region that is specific for a certain antigen.

IgG constitutes most of the circulating Ig in the blood and cerebrospinal fluid. Its

half-life is �23 days. IgA exists as a dimer and is the main Ig present in the mucous

622 Bunyan



membranes. It is also secreted in milk and tears. IgM exists as a pentamer and is mostly in

blood. It has a short half-life of 2–5 days and has a role in the primary immune response.

IgD functions as a surface receptor on mature B cells. IgE plays a role in allergic reactions

and immune responses to parasitic infestations.

3. AUTOIMMUNITY

Autoimmunity results from reactivity of the immune system against self. It is a result of a

breakdown in the normal mechanisms of self-tolerance. Most autoimmune disorders are

multifactorial and result from complex interactions between genetic and environmental

factors. Some of these disorders result from autoantibody production, whereas others

result from abnormal self-reactive T cell responses. While most autoimmune disorders

run a chronic course, some are monophasic and seldom recur (e.g., Guillain-Barré

syndrome—GBS).

Myelin components are a common target of autoimmune responses. This may be

partly explained by the natural sequestration of neural structures by the blood–brain

and blood–nerve barriers. Antigenic components of certain infectious agents are similar

to myelin. This explains post-infectious autoimmune GBS following infection by Campy-

lobacter jejuni bacteria.

Treatment of autoimmune disorders is by administering immune modulating or

immunosuppressive agents. Most of these agents are nonspecific and exert their effect

on the entire immune system.

4. COMPARISON BETWEEN PLASMA EXCHANGE AND IVIg

Plasma exchange (PE) or plasma apheresis is a process of separating blood into cellular

components and plasma. Plasma is then discarded and replaced by a suitable colloid to

Figure 35.1 Basic antibody components.
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reconstitute blood. The mechanism of action of PE relates to discarding the humoral

factors involved in the autoimmune process. Although this therapeutic modality is para-

doxically the opposite of IVIg, both are often used to achieve rapid and aggressive recov-

ery in similar immune conditions. In addition, neither is associated with long-term toxic

manifestations of immunosuppressant drugs and both have similar costs. IVIg has the

advantage of ease of administration via a peripheral intravenous access, whereas PE

requires either large bore peripheral intravenous lines or a central vascular access. PE

depends on equipment availability that is often only at larger medical centers.

5. INTRAVENOUS IMMUNE GLOBULIN

IVIg is an intravenous solution composed of heterogenous human IgG and trace amounts

of IgA and IgM. IVIg is prepared by cold ethanol fractionation of Ig pooled from a number

of donors ranging between 3000 and 10,000 (2). All samples undergo testing for antibodies

against HIV1, HIV2, HIV p24 antigen, hepatitis B surface antigen, hepatitis C, syphilis,

and liver transaminases. The amount of IgG subtypes (allotypes) parallels that in

human plasma, although different products differ in titers against specific antigens.

6. IVIg PHARMACOLOGY

6.1. Route of Administration

IVIg is prepared for intravenous administration using a peripheral intravenous line. Some

IVIg preparations require reconstitution prior to administration. Preparations differ in their

compatibility with intravenous fluids, concentration, amount of IgA, sodium and sugar

contents, pH, the need for reconstitution, and cost. The infusion is usually started at a

slow rate of �50 mL/h. The rate is increased on the basis of patient tolerance and

usually does not exceed 200 mL/h.

6.2. Kinetics

Ig blood concentrations peak immediately after infusion and are dose-related. Blood levels

correlate with the administered dose. Sixty percent of the administered dose remains in the

intravascular compartment and the rest in the extravascular compartment. Within 24 h of

administration, 30% of the given dose is removed by catabolism and distribution. Serum

IgG levels return to normal within 3–4 weeks (Fig. 35.2). The metabolic fate of IVIg is not

known; the serum half-life varies between 21 and 29 days depending on the product, but

the biological half-life is not known. IVIg crosses the placenta and is excreted in breast

milk. IVIg also penetrates the blood–brain barrier, and CSF IgG levels double in the

first 48 h after administration and return to baseline levels in 1 week (3).

6.3. Interactions

Manufacturers recommend that patients not receive live vaccines during the time period of

14 days prior to and 3 months after receiving IVIg. This is because IVIg contains anti-

bodies that inactivate certain live vaccines such as the MMR (measles/mumps/rubella),

rotavirus vaccine, and varicella live vaccine.
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6.4. Monitoring

There are no uniform guidelines for monitoring IVIg in the treatment of autoimmune

disease. We recommend baseline laboratory studies to include complete blood count

and renal function tests. The need to screen for IgA deficiency prior to the use of IVIg

is debated because reactions to IgA are extremely rare. Serum protein electrophoresis

and immunofixation results are altered after IVIg infusion and thus should be obtained

either prior to administration or .4 weeks after the last dose.

7. MECHANISM OF ACTION

The mechanism of action of IVIg in autoimmune diseases is unknown, and multiple mech-

anisms probably play a role (Table 35.1). Some mechanisms are likely more important

than others and may vary among autoimmune diseases.

7.1. Anti-idiotypes

The Fab portion of the Ig contains the variable region that determines Ig specificity. These

are called idiotypes. Sera from normal individuals contain Ig against some of these

Figure 35.2 Serum and CSF IgG 3 days after infusion of IVIg. IgG increases fivefold in serum

and twofold in the CSF. Rapid diffusion into the extravascular space follows (3).

Table 35.1 Mechanisms of

Action of IVIg

Fab anti-idiotypic Ab

Fc Receptor blockade

Suppression of pathogenic cytokines

Inhibition of complement

Accelerated Ab clearance

Remyelination
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variable regions and are called anti-idiotypes, that is, antibodies to antibodies. In contrast

to IgG from a single individual, 40% of IVIg’s IgG is in the dimeric form as a result of two

IgG molecules specifically binding to each other at the Fab region (2). This proportion is

higher with a higher number of donors and indicates the wider variety of anti-idiotypes.

Anti-idiotypic antibodies bind and neutralize circulating autoantibodies. They also

down-regulate their production by B cells. This mechanism of action plays an important

role in antibody-mediated disease like anti-myelin associated glycoprotein (MAG) Ab

neuropathy, antiGM1 Ab neuropathy, and Lambert Eaton Myasthenic Syndrome. In a

small study using IVIg to treat pemphigus foliaceus, IVIg therapy resulted in a selective

drop of autoantibody titers (anti-desmoglein 1 antibodies) (4).

7.2. Fc Receptor

The Fc portions of IgG saturate surface Ig receptors on macrophages, resulting in

nonspecific macrophage Fc receptor blockade. This leads to the inhibition of macro-

phage-mediated phagocytosis. This mechanism plays an important role in idiopathic

thrombocytopenic purpura (ITP) by inhibiting platelet uptake by macrophages. It may

also play a role in macrophage-mediated myelin destruction.

7.3. Complement

IgG Fc portions bind complement, resulting in inability of the available C3 molecules to

further activate the remainder of the complement cascade and the formation of the

membranolytic attack complex. This role of IVIg is important in dermatomyosits which

includes complement-mediated vascular damage, and there is a .90% disappearance of

complement from the tissue after IVIg administration in this disease (5).

7.4. Cytokines

Non-specific binding of Fc portion of IgG with macrophages inhibits the production of IL-

1 and TNFa. This plays a role in controlling vascular inflammation in Kawasaki disease.

Controlling the production of pro-inflammatory cytokines is an important mechanism of

action in most autoimmune processes.

7.5. Accelerated Antibody Clearance

In vitro studies reveal that IVIg infusion results in a drop in the level of endogenous IgG by

�40%, 3 days after a single infusion. Computational studies to predict this effect in humans

reveal a possible maximal reduction by 25% 3–4 weeks after administering a 2 g/kg dose.

This prolonged and sustained effect is attributed to accelerated clearance of IgG (6).

7.6. Remyelination

In vitro experimental allergic encephalitis models show that polyclonal Ig promotes

remyelination (7,8). This might explain some of the effects of IgG in demyelinating

disease. The exact mechanism of enhancing remyelination is not known.

8. DOSE

The dose generally used in the treatment of autoimmune disorders is 2 g/kg divided over

2–5 days. This is the dose used in the initial trial of IVIg in ITP (1). Dose–response
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relationships likely vary among autoimmune disorders. The required maintenance dose

and frequency is not known. Dosing schedules vary, with some clinicians using fixed

dose and variable dosing intervals and others using fixed intervals and reduced doses.

This variability arises from lack of knowledge of the biological half-life and the likelihood

that maintenance doses vary between disease states.

9. VIRAL SAFETY

IVIg is a blood product derived from donor plasma. Donor screening includes a medical

history and physical examination. Plasma processing takes place when all tests prove nega-

tive and after 60 days of quarantine (9). At that point viral inactivation and removal methods

are used to eliminate possible contaminants and ensure safety. Viral inactivation methods

vary among manufacturers and include physical methods (such as dry heat, pasteurization)

and chemical methods (such as solvents, detergents, low pH incubation, caprylate). Viral

removal takes place by using physical methods such as partitioning, chromatography, or fil-

tration. IVIg is generally a safe product and has a good viral safety record. Apart from the

outbreak of hepatitis C in 1992–1993, no other cases were identified (10,11).

10. CONTRAINDICATIONS

IVIg is contraindicated in patients with IgA deficiency. These patients carry the risk of

anaphylaxis by circulating IgE antibodies against IgA. The incidence of IgA deficiency

is approximately 1:700, but reported anaphylactic reactions are rare (9). Preparations

devoid of IgA are available and suitable for these patients. Relative contraindications

include conditions that predispose to renal toxicity or a hypercoagulable state (Table 35.2).

11. SIDE EFFECTS

Most side effects to IVIg are mild, self-limited, and easy to treat (Table 35.3). Headache is

the commonest side effect and occurs more often in patients with a history of migraine

headaches. Others include fever, malaise, body aches, and chills.

Renal failure is a serious adverse reaction to the use of IVIg. In most cases, this is

attributed to osmolar renal tubular damage. Sucrose and maltose-containing preparations

Table 35.2 Contraindications to the Use of IVIg

Absolute IgA deficiency

Relative Agammaglobulinemia

Hypogammaglobulinemia

Dehydration

Pregnancy

Lactation

Renal disease

Cardiac disease

Cerebrovascular disease

Diabetes mellitus
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are associated with a higher frequency of renal impairment. It is often reversible. BUN and

creatinine levels return to baseline values in �20 days.

Vascular adverse reactions include cardiovascular and cerebrovascular thrombosis

as a result of increased serum viscosity. Caution should be taken when treating patients

with risk factors to thrombotic disease. The American Red Cross guidelines indicate

using IVIg at concentrations of 5% or less in patients with signs of thrombosis. A low

concentration and slow rate of infusion is recommended to avoid thrombotic events in

high-risk patients.

Anaphylactic reactions due to IgA deficiency are rare and occur at a rate of

1.3:1,000,000 transfusions of blood or blood products in the USA. The infusion should

be stopped immediately at the earliest sign of anaphylaxis. IgA depleted IVIg is a suitable

alternative for these patients.

Aseptic meningitis is an uncommon reaction to IVIg. This, too, is reported to occur

more frequently in patients with a history of migraine headaches. It is characterized by a

severe headache and meningismus. CSF studies are those of aseptic meningitis. Treatment

is symptomatic.

A number of rare reactions to IVIg are reported, such as hemolytic anemia (12) and

cryoglobulinemic vasculitis (13).

12. INDICATIONS

IVIg is generally used for three purposes: as a replacement therapy, to treat immunodefi-

ciency states, and to treat autoimmune disorders (Table 35.4).

Table 35.3 Side Effects of IVIg

Serious Anaphylactic shock

Renal tubular necrosis

Osmotic nephrosis

Stroke

Myocardial infarction

Stevens Johnson syndrome

Hemolytic anemia

Less serious Headache

Fever

Chills

Diaphoresis

Hypotension

Nausea

Vomiting

Back pain

Arthralgia

Myalgia

Aseptic meningitis

Chest pain

Rash

Injection site reactions

Phlebitis

Pruritus
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13. THERAPEUTIC USES OF IVIg FOR PERIPHERAL
NEUROPATHY

IVIg has been shown to be effective in the treatment of autoimmune disorders of the

peripheral nerve.

13.1. Guillain–Barré Syndrome

GBS is a syndrome of acute areflexic quadriparesis. The most common type is acute

inflammatory demyelinating polyradiculoneuropathy (AIDP). Other types include Fisher

syndrome and axonal GBS.

A number of trials of IVIg in GBS have been conducted (Table 35.5). In the 1980s,

two large randomized controlled trials showed the efficacy of PE in treatment of AIDP

(14,15). Several randomized double blind placebo-controlled trials comparing IVIg to

PE, confirmed that IVIg (at a dose of 0.4 g/kg/day for 5 days) is equally effective as

PE (16,17). Another study compared IVIg alone, PE alone, and PE followed by IVIg.

Recovery rates in all groups were similar after 4 weeks, with no additional benefit in

the combination group (18).

A small study compared IVIg and 500 mg of methylprednisolone (MP) intrave-

nously with IVIg alone. Although this group was not randomized and controlled, the

group receiving both IVIg and MP showed a more rapid recovery (19). Another small ran-

domized study included PE alone, selective Ig adsorption by extracorporeal elimination, or

a combination of Ig absorption and IVIg. The combination was more efficacious (20).

A double-blind placebo-controlled comparison of two doses of IVIg in AIDP

patients with contraindications to PE in Ref. (21). A dose of 0.4 g/kg per day for 3

days vs. the same dose for 6 days showed a trend toward a better outcome in the group

Table 35.4 Uses of IVIg

Immunodeficiency

Agammaglobulinemia/hypogammaglobulinemia

Bacterial infection

Bone marrow transplantation

Autoimmune disease

Guillain–Barré syndrome

Chronic inflammatory demyelinating polyneuropathy

Multifocal motor neuropathy

Graft vs. host disease

Dermatomyositis

Polymyositis

Kawasaki disease

Myasthenia gravis

Lambert Eaton myasthenic syndrome

Systemic lupus erythematosus

Antiphospholipid syndrome

Vasculitis

Stiff person syndrome

Multiple sclerosis

Rasmussen’s encephalitis

Intractable epilepsy in children

Idiopathic thrombocytopenic purpura
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that was treated for 6 days. This difference was statistically significant in patients requiring

mechanical ventilation, which comprised approximately half of the patients.

Some patients with GBS have antiganglioside antibodies to GM1 (usually of the IgG

or IgA type). The role of these antibodies remains unclear; however, their presence

probably predicts quick reversibility of the demyelinating process with early therapy. In

a nonrandomized uncontrolled study patients with GBS and anti-GM1 Ab were treated

with either IVIg or PE. The groups treated with IVIg had a faster recovery (22). IVIg

might be the treatment of choice in this subgroup of GBS.

13.1.1. GBS Variants

Variants of GBS have been less systematically studied due to their lower incidence. The

axonal form of GBS is strongly associated with exposure to Campylobacter jejuni

infection and has a poor prognosis regardless of the modality of treatment (23).

The Fisher variant is generally considered a milder form with fewer patients requir-

ing mechanical ventilation. A case of a 3-year-old child with a severe course improved

with IVIg (24).

13.1.2. Treatment Failure and Relapses

Patients with GBS who do not respond to IVIg or PE are considered treatment failures. The

rate of treatment failure with PE and IVIg are probably similar. Though uncommon, GBS

can recur months or years after the initial illness. Relapses occur with similar frequencies

in patients treated with PE or IVIg (25).

13.2. Chronic Inflammatory Demyelinating Polyradiculoneuropathy

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is a chronic auto-

immune demyelinating polyneuropathy. Even though both AIDP and CIDP are acquired

inflammatory demyelinating neuropathies, CIDP is considered a different disease and not

simply a chronic form of GBS. Clinically, CIDP runs a chronic course with sensorimotor

and/or autonomic symptoms lasting .8 weeks. Patients may have relapses and remis-

sions. In distinction to GBS, CIDP is responsive to corticosteroids. CIDP is also responsive

to PE, IVIg, and other immunosuppressants.

Several randomized controlled trials showed the efficacy of IVIg in CIDP

(Table 35.6). Mendell et al. conducted a multicenter, randomized, double-blind placebo-

controlled trial of IVIg in untreated patients with CIDP using 1 g/kg per day on days 1

and 2 then 1 g/kg on day 21 compared with 5% albumin. Seventy-six percent of patients

showed improvement as early as 10 days after the first infusion (30). Another smaller cross-

over trial comparing oral prednisolone and IVIg showed that both arms were equally effica-

cious, with the IVIg limb showing slightly greater short-term efficacy (31). Long-term

effects of IVIg have been studied, and two out of three responders to IVIg had benefits

up to 6 and 12 months after a single treatment of 0.4 g/kg for 5 days (29).

13.2.1. CIDP in Diabetes Mellitus

CIDP may occur at a higher frequency in patients with diabetes mellitus (DM) than in non-

diabetics (32,33). There appears to be no epidemiologic or clinical differences in CIDP

between diabetics and nondiabetics (34). In an uncontrolled trial of IVIg in patients

with diabetic demyelinating polyneuropathy, clinically significant improvement was

seen in 21 out of 26 patients (35). However, diabetics are more prone to developing
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renal impairment. Whether diabetics should receive IVIg with low sucrose or maltose to

prevent renal toxicity was not confirmed by clinical studies.

13.3. Multifocal Motor Neuropathy

Multifocal motor neuropathy (MMN) is an acquired inflammatory demyelinating poly-

neuropathy that has both similarities and differences from CIDP (36). Patients with

MMN develop a chronic asymmetric, predominantly distal, lower motor neuron syndrome

with electrodiagnostic findings of demyelination. This disorder is uncommon, but there

have been four small randomized, double-blind, placebo-controlled trials confirming the

efficacy of IVIg (37–40). Patients with MMN often have anti-GM1 antibody (usually

IgM), but neither the presence nor the titer predict response to therapy.

13.4. Peripheral Neuropathy Associated with Monoclonal
Gammopathy

Autoimmune peripheral neuropathies may be associated with monoclonal antibodies. In

most situations, these neuropathies are acquired demyelinating polyneuropathies and

are considered special subtypes of CIDP.

13.4.1. Anti-MAG Ab

Anti-MAG antibody neuropathy is a chronic predominantly sensory slowly progressive

symmetric neuropathy. MAG is a protein essential in keeping the myelin sheath tightly

wound around the axon. This neuropathy responds poorly to IVIg in no more than 18%

of patients and may be less effective than PE (41,42).

13.4.2. Anti-GM1 Ab

Anti-ganglioside GM1 antibodies are present in patients with MMN (usually of the IgM

type) and in some patients with GBS (usually of the IgG or IgA type). Patients with

MMN respond to IVIg, but the presence of antibody does not seem to predict responsive-

ness to therapy (discussed earlier). GBS associated with anti-GM1 antibodies has a good

prognosis when treated with IVIg (22).

13.4.3. Monoclonal Gammopathy of Undetermined Significance

Neuropathies associated with monoclonal gammopathy of undetermined significance

(MGUS) are variable in clinical and electrodiagnostic features. Patients often have a

slowly progressive, distal, predominantly sensory symmetric polyneuropathy. MGUS-

associated neuropathies associated with IgG and IgA are more responsive to therapy

with IVIg than those associated with IgM (43).

13.4.4. Multiple Myeloma

Multiple myeloma (MM) is a plasma cell malignancy resulting in the production of large

amounts of monoclonal antibody. Overall, peripheral neuropathy associated with MM is

rare. Osteosclerotic myeloma (OM) is an uncommon type of MM characterized by sclero-

tic bony lesions. Up to half of these patients have a demyelinating peripheral neuropathy

with predominantly distal symmetric motor deficits. IVIg is not generally useful in the

treatment of OM associated neuropathy; but there is a report of a rapidly progressive

neuropathy that responded to IVIg (44).
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Peripheral neuropathy can occur in the setting of multiple organ disorders. The

POEMS syndrome includes polyneuropathy, organomegaly, endocrinopathy, M protein,

and skin changes. This neuropathy often responds to treatment of the primary disease,

but not to IVIg.

13.5. Paraneoplastic Neuropathy

Paraneoplastic neuropathies may be clinically isolated or in association with other neuro-

logic manifestations, such as encephalitis or cerebellar degeneration. A few case reports

indicate responsiveness to treatment with IVIg such as that reported by Mowzoon and

Bradley (45).

13.6. Vasculitic Neuropathy

There are no clinical trials assessing IVIg in vasculitic neuropathy. IVIg has, however,

been effective in the treatment of vasculitic disorders such as Kawasaki disease (46,47),

SLE (48,49), systemic vasculitis (50) and ANCA positive Wegener’s granulomatosis

(51), and Churg–Strauss syndrome (52).

14. PREGNANCY

The treatment of autoimmune neuropathy during pregnancy is challenging. IVIg is used

during pregnancy to treat other autoimmune disorders. As an example: weekly doses of

1–2 g/kg are used to treat alloimmune thrombocytopenia (maternal–fetal platelet Ab

incompatibility) with no significant maternal or fetal adverse events (53). There is limited

published experience treating GBS. Regimens have included the combinations of PE and

IVIg at a dose of 5 g/day for 6 days or IVIg 0.4 g/kg per day for 5 days alone and results

have varied (54,55). The disease process itself is apparently not different when complicating

pregnancy than otherwise. No maternal or fetal adverse reactions were reported.

15. CHILDREN AND ELDERLY

IVIg has been used in patients from 2- to 93-year-old with no age-related side effects

(56,57). In a retrospective study of patients 60 years or older that allowed a comparison

between IVIg and PE, there were more side effects from PE (58).

16. SUMMARY

IVIg provides a form of immunotherapy with rapid onset of action, simple route of admin-

istration, and few significant adverse reactions. It is a first line agent in the treatment of

GBS, CIDP, and MMN.
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ABSTRACT

Pharmacologic treatment of peripheral neuropathies is challenging and has largely been

effective only for immune-mediated neuropathies. Although animal models of immune-

mediated neuropathies have provided insight into pathophysiology, our understanding

of initiating and perpetuating immune factors remains incomplete. Most drugs used for

immune-mediated neuropathies were originally developed for connective tissue diseases.

There are few randomized controlled trials for neuropathies, and most data on efficacy are

from case series. Despite these limitations, there are useful empiric data on dosing, effi-

cacy, and side effects for a range of immunomodulating and immunosuppressing

agents. This chapter reviews how to use commonly prescribed agents, focusing on

dosing, pharmacokinetics, and dynamics, and side effects. The indications for use are

briefly reviewed; detailed discussions of specific indications are contained in the relevant

chapters.
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1. PREDNISONE

1.1. Efficacy

Prednisone was demonstrated to be effective in a case of a relapsing neuropathy that failed

to respond to placebo (1). Subsequent open-label, and retrospective reviews, and one con-

trolled trial have confirmed the efficacy of prednisone in chronic inflammatory demyeli-

nating polyradiculopathy (CIDP) (2–6).

Prednisone is ineffective for acute inflammatory demyelinating polyradiculo-

pathy (AIDP) and multifocal motor neuropathy, even though they are felt to be immune-

mediated (7–11).

1.2. Dosing

There are little data on optimal dosing, duration of high dose, and taper rates for CIDP

(12). Most reports start with doses of �60 mg/day, and the only controlled trial started

with 120 mg QOD. High doses are usually maintained for 4 weeks and then converted

to alternate-day schedule before tapering. Taper schedules vary markedly and are com-

monly adjusted on the basis of patient response, with temporary increases if the patient’s

condition relapses (2,4,6,13).

1.3. Pharmacodynamics

The therapeutic mechanism of prednisone is poorly understood, and there are multiple

possible sites of action. Corticosteroids inhibit T-cell proliferation, T-cell dependent

immunity, and cytokine gene transcription (including the IL-1, IL-2, IL-6, interferon g,

and tumor necrosis factor-a genes). They prevent macrophage activation, antigen presen-

tation, IL-1 production, and inhibit their function as effector cells. Corticosteroids inhibit

the generation of cytotoxic T-cells. They have a less marked effect on B-cell function.

(14–16).

1.4. Pharmacokinetics

Prednisone is a pro-drug, and equilibrium strongly favors the formation of prednisolone,

the active agent (17). Conversion is achieved largely on first-pass metabolism through the

liver (18). Small variations in the rate of prednisolone availability are unlikely to be of

clinical significance because of its multiple sites of action and long-term immunologic

effects (19,20).

Prednisolone is bound reversibly to albumin and to alpha-1 glycoprotein, a corticos-

teroid-binding globulin (transcortin). Protein binding is concentration-dependent and is

diminished in hypoproteinemic states. Prednisolone is primarily eliminated by hydroxy-

lation and conjugation, and only 2.5% of a dose of prednisone appears in the urine in

its unmetabolized form. The mean half-life of prednisolone is 2.6–5 h (21). There is cir-

cadian variation in the clearance of prednisolone and is responsible for a greater effect per

dose when taken in the morning. This is due to higher morning cortisol concentrations,

resulting in a competitive decrease in the metabolism of prednisolone, leading to its

decreased clearance (22). These circadian effects favor the choice of morning doses

rather than evening doses (22).

Enzyme inducing drugs, including barbiturate agents, phenytoin, and rifampin, sig-

nificantly increase the metabolic clearance of corticosteroid agents. The steroid dosage

should be increased during concomitant administration (18,23,24).
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1.5. Side Effects

The medical complications of glucocorticoid therapy are listed in Table 36.1 (12). The

risks are theoretically dose- and time-dependent. Alternate-day dosing is felt to reduce

side effects, but controlled trials are lacking (12,25). Doses up to 100 mg of prednisone

daily may be taken for up to 3 weeks without significant risk for major adverse effects.

It is not possible to stipulate a daily dose at which the risk of side effects is nonexistent.

In adults, it is likely that 10 mg daily of prednisone will eventually lead to some side

effects (26). Even, smaller daily doses of 7.5 mg, if taken in the long-term, are still associ-

ated with complications in the elderly (26).

1.5.1. Central Nervous System

Mild euphoria, depression, and insomnia may occur within the first 1–2 weeks of therapy.

Other central nervous system side effects include insomnia, personality changes, mania,

and hallucinations. A dose reduction results in abatement within 2 weeks in 50% of

patients (27). Severe depression and psychosis rarely occurs at doses of .40 mg/day

(5% risk) (28,29). Preexisting psychological problems increase the risk for adverse

Table 36.1 Medical Complications of

Corticosteroids

Early

Insomnia

Emotional lability

Enhanced appetite and weight gain

With co-morbidities

Hypertension

Diabetes mellitus

Peptic ulcer disease

Acne vulgaris

With sustained treatment

Cushingoid habitus

Hypothalamic-pituitary–adrenal suppression

Infection diathesis

Osteonecrosis

Myopathy

Impaired wound healing

Insidious and delayed (dose related)

Osteoporosis

Skin atrophy

Cataracts

Atheroscerlosis

Growth retardation

Fatty liver

Rare and unpredictable

Psychosis

Pseudotumor cerebri

Glaucoma

Epidural lipomatosis

Pancreatitis

Source: Adapted from Boumpas (14).
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psychiatric reactions (30). If there is no therapeutic alternative, steroid psychosis can be

managed with phenothiazines or lithium carbonate.

1.5.2. Hypertension

Fluid retention, enhancement of the vasoconstrictor effects of endogenous substances, and

increased concentrations of renin substrate lead to hypertension (31).

1.5.3. Electrolyte Disturbances

Prednisone increases the distal renal tubular reabsorption of sodium in exchange for

potassium, hydrogen, and ammonium ions, leading to hypernatremia and hypokalemic

alkalosis in some individuals (32).

1.5.4. Osteoporosis

Osteoporosis occurs in up to 50% of patients on long-term glucocorticoid therapy and is

due to decreased bone formation through direct inhibition of osteoblastic activity and

increased bone resorption. Resorption is a consequence of secondary hyperparathyroidism

caused by corticosteroid-induced hypercalciuria and inhibition of intestinal calcium

absorption, as well as increased urinary calcium excretion (33). Trabecular bone in the

spine and ribs is preferentially affected (34). Postmenopausal women and elderly or

immobilized patients are at greater risk. Bone loss is more prominent in the early stages

of corticosteroid therapy. Alternate-day treatment appears to have no advantage over

daily use (35).

Guidelines for preventing steroid-induced osteoporosis are similar to idiopathic

osteoporosis and focus on exercise and adequate diet. Recommendations for calcium

and vitamin D intake (dietary and supplemental) are 1200–1500 mg/day of calcium

and 800 IU of vitamin D. Higher vitamin D doses are not recommended for routine use

because of propensity for calcium urolithiasis (36). Baseline bone density scans are rec-

ommended for patients utilizing corticosteroids for long-term therapy. If osteopenia or

osteoporosis is present, treatment with bisphosphanates is warranted (37–39).

1.5.5. Cutaneous Effects

Easy bruising, purpura, and ecchymoses are common in older patients on long-term cor-

ticosteroid treatment. These complications are attributed to diminished phagocytosis of

extravasated blood and changes in connective tissue. Hirsutism occurs in �10% of

patients on long-term therapy (31,32).

1.5.6. Glucose Intolerance

Corticosteroids impair carbohydrate metabolism by increasing hepatic gluconeogenesis

and by decreasing peripheral tissue utilization of glucose. There is also evidence for a

component of insulin resistance (40). Steroid-induced diabetes is usually mild and can

be managed by diet and oral hypoglycemic agents. Overt diabetes is unusual and

usually resolves with discontinuance of steroid. Individuals with preexisting diabetes

are at greatest risk for developing diabetes (40,41).

1.5.7. Aseptic Necrosis

Corticosteroids can cause aseptic necrosis of the femoral head. Fat microemboli are

thought to occlude subchrondral end-arterioles leading to bone-cell death (42). Necrosis
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is heralded by pain and diagnosed by MRI showing a lucent area between the collapsed

bone and the overlying cartilage (42). Hyperuricemia, alcoholism, hyperlipidemia, and

polycythemia are predisposing risk factors (42).

1.5.8. Peptic Ulcer Disease

There is a small but significant association between corticosteroid therapy and peptic

ulceration (43). Multivariate analysis demonstrated that risk factors for developing

ulcers are previous history of peptic ulcer disease, cumulative prednisone dose of

.1000 mg or therapy .30 days, and concurrent nonsteroidal anti-inflammatory drug

(NSAID) therapy (43,44). Prophylaxis with a histamine H2-receptor antagonist is appro-

priate if two or more risk factors are present or if the patient is receiving concurrent treat-

ment with a NSAID (44).

1.5.9. Infections

Corticosteroids impair cell-mediated immunity and inhibit monocyte responsiveness to

chemotactic factors. However, the degree of increased susceptibility to infections is diffi-

cult to assess on the basis of clinical trials but is likely low (45). The risk may be higher for

patients receiving corticosteroids in combination with other immunosuppressant agents.

1.5.10. Ocular Effects

The risk of posterior subcapsular cataracts increases with corticosteroid therapy .1 year

or doses .10 mg of prednisone per day. Other ocular effects include increased intraocular

pressure, more often in patients with myopia or diabetes mellitus (46,47).

1.5.11. Adrenal Suppression

Interruption of adrenal function occurs after a few days of high-dose corticosteroid

therapy, and long-term daily therapy may suppress hypothalamic–pituitary–adrenal func-

tion for 9–12 months after cessation of treatment (48,49). However, examples of clinical

adrenal suppression are rare. Traditional taper schedules appear to be reasonable, but

supplemental administration of corticosteroid therapy during physiological stress is

reasonable (50).

1.6. Pregnancy Issues

The risk for human teratogenesis is low with corticosteroids. This is due to inactivation of

prednisolone in the placenta, allowing only 10% of the active drug to reach the fetus (51).

2. AZATHIOPRINE

2.1. Efficacy

Only one randomized controlled study comparing prednisone alone or with azathioprine in

CIDP has been performed, and it did not show a benefit to additional azathioprine (52).

However, there are uncontrolled trials supporting its use as a steroid-sparing agent

(2,53). An uncontrolled trial in AIDP yielded inconclusive results (54).
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2.2. Dosing

Doses of 1.5–3 mg/kg per day in divided doses to minimize gastrointestinal side effects are

common, but optimum dosing has not been established for CIDP. A mild leukopenia has

been used as a therapeutic guide, although it is not required for a beneficial effect (2,55).

2.3. Pharmacodynamics

Azathioprine, a purine analog, inhibits cellular proliferation by serving as a purine anta-

gonist. Its greatest effect is on rapidly dividing cell lines such as the bone marrow.

2.4. Pharmacokinetics

Azathioprine has a half-life of 4.5–5 h. Inactive metabolites are excreted in the urine (56).

It is metabolized by xanthine oxidase, and concomitant administration of allopurinol, a

xanthine oxidase inhibitor, delays its activation, potentially causing bone marrow suppres-

sion. The dose of azathioprine should be reduced to one-fourth when administered

together with allopurinol (57).

2.5. Side Effects

2.5.1. Hematologic

Bone marrow suppression can occur at any dose and time during therapy, although it is

most common 7–14 days after the initiation of therapy (15).

Mild leukopenia and macrocytosis are the most commonly seen side effects, and

occasionally, anemia, thrombocytopenia, and pancytopenia may be noted. Macrocytosis

correlates poorly with the dose of azathioprine, and hepatic enzymes, folate, and B12

levels are usually normal (58–60).

Generally, even mild leukopenia should be monitored closely. The dose should be

lowered when WBC falls below 4000/mm, and therapy should be discontinued when

counts reach 2500/mm, or if the absolute neutrophil count falls below 1000/mm (61).

Therapy may be re-initiated after 2–3 weeks provided the practitioner monitors therapy

closely.

2.5.2. Hepatotoxicity

Elevated alkaline phosphatase and total bilirubin levels are markers of azathioprine hepato-

toxicity, but elevations in AST and ALT also occur, usually early in the course of therapy.

Levels more than three times the upper limit of normal should prompt discontinuation of

therapy. The etiology of hepatic dysfunction has been difficult to ascertain, but enzymes

return to normal with discontinuation of therapy. Severe hepatic toxicity leading to

liver failure is very rare (62).

2.5.3. Gastrointestinal

Nausea and vomiting are common side effects, particularly at the onset of therapy with

azathioprine. Usually, these side effects are not bothersome enough to discontinue

therapy, and they generally abate with time. Increasing the number of daily doses and

taking azathioprine after meals often abolishes this discomfort (63). An idiosyncratic reac-

tion of azathioprine occurs in �15% of patients and is heralded by nausea and vomiting.

Rechallenge is rarely successful (63–65).
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2.5.4. Carcinoma

The degree to which azathioprine increases the risk of malignancy remains unclear given

the underlying disorder may also increase risk (63). Neoplasias reported include transi-

tional cell carcinoma of the bladder, adrenocortical carcinoma, acute leukemia, and cervi-

cal atypia in women.

2.6. Pregnancy Issues

Active metabolites may cross the placenta (66), and there are reports of chromosomal

aberrations and neonatal lymphopenia and thrombocytopenia in children born to

women receiving azathioprine (67). Small amounts appear in breast, but harmful effects

have not been reported (67).

3. CYCLOPHOSPHAMIDE

3.1. Efficacy

Efficacy in CIDP has been limited to open-label studies. Combinations of oral pulse cyclo-

phosphamide and prednisone have been effective in CIDP associated with a monoclonal

gammopathy of undetermined significance (68). A good response to monthly pulse IV

cyclophosphamide treatment has been reported in patients refractory to other treatment

modalities (69). Cyclophosphamide (both oral and intravenous) has been used with

success in multifocal motor neuropathy (8) and peripheral nerve vasculitis (70).

3.2. Dosing

Doses range from 2 mg/kg orally daily for 6–12 months (71) to 1 g/m2 intravenously

monthly for 6 months (69). Another regimen is 200 mg/kg intravenously over 4 days

accompanied by forced diuresis and mesna (72). Pulse dosing is better tolerated.

3.3. Pharmacodynamics

Cyclophosphamide covalently bonds with nucleophilic cellular substances (alkylation)

leading to disruption of the nucleic acids of DNA and abnormal cell replication (73).

Pharmacologic activity requires metabolism by hepatic microsomal enzymes to form

the active derivatives including phosphoramide mustard. The effects of cyclophosphamide

upon immunologically competent cells include depletion of lymphocytes and changes in

function of remaining cells. It is toxic to lymphocytes and reduces B-lymphocyte function

(74,75). Cyclophosphamide has immunopotentiating properties which include selective

inhibition of T-suppressor cells (76). Cyclophosphamide inhibits the inflammatory

response in addition to its immunosuppressant actions (77).

3.4. Pharmacokinetics

Oral cyclophosphamide is metabolized by the liver into active metabolites (phosphora-

mide mustard) and inactive metabolites (4-keto cyclophosphamide, carboxyphospramide,

acroelein). Inactive metabolites are excreted in the urine (56). Acrolein contributes to

hemorrhagic cystitis (78).
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3.5. Side Effects

3.5.1. Hematologic

Cyclophosphamide causes a dose-related leukopenia, with the nadir between 7 and 14

days following treatment and recovery between 21 and 25 days (79). Thrombocytopenia

may rarely occur.

3.5.2. Gastrointestinal

Nausea and vomiting are prominent, especially with intravenous therapy, due to direct

stimulation of the chemoreceptor trigger zone in the medulla (80). Individual patient tol-

erance varies greatly with psychological preconditioning playing a large role (80). Oral

cyclophosphamide is better tolerated after a meal consisting of cold food.

3.5.3. Hair

Scalp hair loss occurs in 20–50% of patients, and axillary, extremity, and pubic hair loss

may occur with long-term therapy. Hair loss occurs within 1–2 weeks and is maximal at

1–2 months and may be minimized by gentle scalp care including short-term tourniquets

or ice bag application. Alopecia is generally reversible with cessation of therapy.

Regrowth may be preceded by unusual texture and different shade but often returns to

normal after therapy ends (79).

3.5.4. Genitourinary

Hemorrhagic cystitis occurs in up to 20–30% of subjects receiving cyclophosphamide due

to acrolein. Aggressive hydration prior to cyclophosphamide therapy reduces accumu-

lation (79). Sodium-2-mercaptoethane sulfonate (mesna) has been shown to reduce the

risk of hemorrhagic cystitis. There is an increased frequency of bladder fibrosis and car-

cinoma, which may be unrelated to cystitis (79).

3.5.5. Carcinoma

The most ominous side effect is an elevated long-term risk of cancer including transitional

cell bladder cancer and lymphoma. Risk is related to the cumulative dose over time and

previous exposure to cytotoxic therapy (79).

3.5.6. Pulmonary

Interstitial pneumonitis and pulmonary fibrosis are rare but can be life-threatening (81,82).

3.5.7. Infections

Leukopenia and granulocytopenia, especially during the nadir, can predispose to infections.

3.6. Pregnancy Issues

The frequency of infertility increases with the duration of therapy. In postpubertal males,

cyclophosphamide causes a selective inhibition of spermatogenesis, with little or no effect

on testosterone production (56,79). Postpubertal females can experience a medication-

induced menopause associated with decreased serum and urinary estrogen levels and

increased levels of urinary gonadotrophins. There is an absence of ova, loss of follicular

maturation, and fibrosis. Although there have been reports of renewed fertility in males
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and females following cessation of therapy (especially after short courses of cyclopho-

sphamide), the loss of fertility is usually permanent. If cyclophosphamide is used

before the onset of puberty, testicular and ovarian tissues generally mature and function

normally. Patients of childbearing age may be offered sperm or egg banking prior to

initiation of therapy.

It is currently unclear whether cyclophosphamide is teratogenic. Its use during the

second and third trimesters does not appear to be associated with neurologic abnormalities

or birth defects, although transient infantile bone marrow suppression has been reported

(51). Cytotoxic material may also appear in the breast milk and may induce leukopenia

in breast-fed infants.

4. MYCOPHENOLATE MOFETIL

4.1. Efficacy

Mycophenolate mofetil is commonly used to prevent organ rejection in transplant patients.

Data from neuromuscular diseases are scarce. Small case series with CIDP have shown

moderate improvements in strength and the ability to reduce steroid requirements (83,84).

4.2. Dosing

In neuromuscular disease, the common starting dose is 500 mg daily, with an increase to

1 g twice daily over 2–3 weeks (83). In renal transplant patients, higher doses do not

result in better outcomes and often lead to an increased incidence of adverse effects.

Dosages should be interrupted or reduced in patients with an absolute neutrophil count

,1.3 � 103/mm3.

4.3. Pharmacodynamics

Mycophenolate mofetil inhibits the proliferation of B and T lymphocytes through non-

competitive, reversible inhibition of inosine monophosphate dehydrogenase, a key

enzyme in the de novo synthetic pathway of guanine nucleotides. There are two pathways

for purine biosynthesis, a de novo pathway and a salvage pathway. Lymphocytes can only

use the de novo pathway, whereas other cells use both pathways. Mycophenolate blocks

the synthesis of guanosine and enhances the synthesis of adenosine, resulting in inhibition

of purine synthesis only in lymphocytes (16,85–87).

4.4. Pharmacokinetics

Mycophenolate mofetil is hydrolyzed in the liver to its biologically active metabolite,

mycophenolic acid (MPA). MPA subsequently undergoes glucuronidation in the liver

and kidney to form an inactive metabolite which is excreted in the urine and bile.

The intestinal microfloral B-glucuronidase deconjugates the inactive metabolite in the

GI tract to form MPA, leading to a second plasma peak at 6–12 h. MPA is highly

protein bound to albumin and displays an elimination half-life of �17 h. Severe

renal impairment decreases binding of MPA to albumin, therefore, increasing its free

fraction in serum.

Studies of drug interactions with mycophenolate mofetil are limited. The absorption

of mycophenolate mofetil is decreased with administration of cholestyramine and antacids
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containing magnesium and aluminum; therefore, mycophenolate should not be simul-

taneously administered with these agents (85).

4.5. Side Effects

Adverse effects are mild and rarely require discontinuation of therapy. The most common

adverse effects seen at dose of 1 g twice daily in renal transplant patients are gastrointes-

tinal (diarrhea, abdominal pain, nausea, dyspepsia, vomiting), hematologic (leukopenia,

anemia, thrombocytopenia, pancytopenia), and opportunistic infections (CMV, herpes

simplex, candida). Lymphomas were rare (0.6%) and occurred less frequently compared

with rates seen with azathioprine. Gastrointestinal complaints may respond to a dose div-

ision of three or four times per day. Hematologic adverse effects generally reverse within a

week of discontinuation.

5. CYCLOSPORINE

5.1. Efficacy

There are no controlled studies in CIDP. The largest case series included an initial high

dose of 3–10 mg/kg per day, which was tapered to a maintenance dose 2–5 mg/kg per

day. Most patients had an improvement by at least one functional grade or a reduction

in annual relapse rates. Side effects were common and included nephrotoxicity, hyperten-

sion, nausea, hirsutism, and edema, which are consistent with known limiting side effects

of cyclosporine (88–90).

5.2. Dosing

Common starting doses are 3–5 mg/kg per day, with maintenance doses of 2 mg/kg per

day with periodic serum concentration monitoring. Empiric data indicate doses .7 mg/kg

per day are associated with higher incidence of side effects (89). The dose of cyclosporine

should be divided to limit toxicity.

5.3. Pharmacodynamics

The mechanism of action depends on the formation of a heterodimeric complex with

cyclophilin. The complex binds calcineurin and inhibits its phosphatase activity,

thereby inhibiting de novo expression of nuclear regulatory proteins and helper T-

cell activation genes encoding for IL-2. This results in inhibition of the induction

phase of the immune response in a dose-related fashion by blocking gene transcription

and production of IL-2 by helper T-cells, preventing IL-2-driven clonal expansion. The

combination of protein kinase C activation and increased intracellular calcium ions is

responsible for full T-cell activation. Cyclosporine may interfere with these calcium-

mediated pathways. Reduced IL-2 expression inhibits production of a wide range of

other cytokines, including gamma interferon, thus blocking recruitment and activation

of macrophages (16,91).

5.4. Pharmacokinetics

Oral cyclosporine absorption exhibits large intra- and inter-patient variability. Low

absorption may be due to the presence of cytochrome P-450 enzymes and P-glycoprotein
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(a transport protein responsible for preventing drugs from penetrating the cell) in the

gastrointestinal tract. Absorption also varies with type of cyclosporine formulation.

Fatty food decreases the area under the curve; therefore, cyclosporine should be taken

on a consistent basis with regard to food. Cyclosporine is 90% protein bound primarily

to lipoproteins. It undergoes extensive hepatic metabolism through the CYP 3A4

enzyme, with minor gut and kidney metabolism. It is widely excreted through bile and dis-

plays a serum half-life of 8 h (range 5–15 h). Cyclosporine is an inhibitor of 3A4 and

P-glycoprotein, therefore, drugs that are substrates for these display altered concen-

trations. Both inhibitors and inducers of the CYP 3A4 enzyme and P-glycoprotein signi-

ficantly alter cyclosporine levels. Increased cyclosporine concentrations occur with

inhibitors of 3A4 such as antifungal agents (ketoconazole, fluconazole, itraconazole),

antibiotics (clarithromycin, erythromycin), selective serotonin re-uptake inhibitors

(fluvoxamine, sertraline), calcium channel blockers (diltiazem, verapamil), HMG CoA

reductase inhibitors (atorvastatin, simvastatin, losartan), and grapefruit juice. Decreased

cyclosporine levels occur during co-administration with inducers of 3A4 or P-glycoprotein

such as carbamazepine, phenobarbital, phenytoin, rifamin, and St. John’s wort (92,93).

5.5. Side Effects

Nephrotoxicity and hypertension are the most serious side effects. Patients with preexist-

ing moderate or severe renal impairment should be excluded from therapy; serum creati-

nine, creatinine clearance, and cyclosporine levels should be monitored and an effort made

to maintain the lowest effective dose. Nausea, edema, and hirsutism are less serious and

did not lead to discontinuation of therapy in clinical studies.

5.6. Pregnancy Issues

Cyclosporine is extensively excreted in breast milk and should therefore be avoided during

breastfeeding (94). Reviews of case series of pregnancies in women receiving cyclospor-

ine after liver transplantation found no increased risk of congenital malformations or

maternal complications (95,96). Development did not appear to be adversely affected in

the offspring (children up to 8 years old), although longer-term consequences are not

known. In several case reports, cyclosporine use after transplantation did not result in

fetal anomalies (51,67).

6. RITUXIMAB

A few case series of rituximab therapy in anti-MAG and other antibody-related polyneuro-

pathies have provided encouraging results (97–99) with few side effects. The dose of

rituximab used is 375 mg/m2 weekly for 4 weeks and may be continued once every 10

weeks thereafter (98). Pretreatment with acetaminophen and diphenhydramine limits

infusion-related side effects and reactions.

Rituximab is a chimeric mouse–human monoclonal antibody that specifically binds

the surface membrane protein CD20 on B-lymphocytes, thus eliminating B-cells from the

circulation. It induces antibody-dependent cell and complement-mediated cytotoxicity in

these cells (100). The half-life ranges from 59 h (after the first infusion) to 174 h (after the

fourth infusion). Rituximab is detected in serum up to 3–6 months after completion of

therapy. As its effects on the fetus and infant are unknown, it should be avoided during

pregnancy and breastfeeding.
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Common side effects are related to infusion and include hypotension, nausea, vomit-

ing, rash, fever, and chills. Others include anemia and thrombocytopenia, necessitating

monitoring complete blood counts with differentials at regular intervals throughout

therapy.

7. OTHER IMMUNOSUPPRESSANT AGENTS

A number of other immunosuppressive agents, including methotrexate and interferons,

have been given to patients who are refractory to conventional drugs. All data are from

small trials and case reports. Methotrexate does not appear to be effective in immune-

mediated neuropathies. Both interferon beta (101,102) and interferon alpha (103) have

been used in neuropathy with some success (104).

Table 36.2 delineates appropriate monitoring parameters as well as management of

common complications from immunosuppressant agents.

Table 36.2 Monitoring and Management of Immunosuppressant Therapies

Agent Complication Monitoring/management

Corticosteroids Adrenal suppression Taper slowly after prolonged therapy

Fluid/electrolyte

disturbances

Monitor electrolytes

Cataracts Regular eye exams

Peptic ulcer GI protection

H2 blockers

Proton pump inhibitors

Osteoporosis Periodic bone density scans

Bisphosphanates for treatment

or prevention

Diabetes mellitus Periodic fasting/random blood

glucose monitoring

Azathioprine Leukopenia,

thrombocytopenia

Monitor WBC and adjust dose

Liver toxicity Monitor LFTs

D/C if 2X upper normal limit or

3X baseline levels

Cyclosporine Nephrotoxicity Therapeutic drug monitoring

Monitor serum creatinine

Evaluate drug interactions

Cyclophosphamide Neutropenia Monitor WBC

Periodic dose cycling

Gastrointestinal Administer at bedtime with sedative

Administer oral therapy with food

Utilize antiemetic therapy

Urotoxicity Administer with mesna

Proper hydration

Periodic urine cytology

Mycophenolate

mofetil

Neutropenia Monitor WBC

Gastrointestinal Divide oral doses

Source: Adapted from Min and Monaco (15), Matell (63), and Frasier et al. (79).
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ABSTRACT

Peripheral neuropathy is frequently associated with skin and joint complications which

can progress to lower extremity ulceration, Charcot arthropathy, and eventual limb loss.

A classification of the complications is presented that is based on the sensorimotor periph-

eral neuropathy associated with diabetes mellitus. Medical management focuses on pre-

vention of skin, soft tissue, and bone complication while preserving normal foot

anatomy and function. Treatment interventions focus on orthoses, shoe modifications,

and physical therapy.

1. INTRODUCTION

Peripheral neuropathy is a relatively common problem, and health care costs associated

with neuropathy exceeds several billion dollars per year in the USA. Neuropathy from
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diabetes mellitus is the most common form, and 50% of diabetics who have had the

disease for .15 years are affected (1). Diabetic neuropathy is, therefore, used as the

prototype for the nonsurgical management of the skin and joint complications of peri-

pheral neuropathies. Goals are to provide a rational treatment plan for the complications

of neuropathy that emphasizes interventions prior to foot ulceration or limb loss.

Control of locomotion is dependent not only upon efferent nerve activity, but also on

the quality of afferent information reaching the central nervous system. The autonomic

nervous system is also important in tissue homeostasis. In peripheral neuropathies, effer-

ent, afferent, and autonomic dysfunction can occur. In diabetic neuropathy, sensory loss

includes the modalities of pain, proprioception, and thermal perception and leads to the

patient unknowingly subjecting their feet and lower extremities to repeated mechanic,

chemical, or thermal trauma. In addition, the overall importance of the foot is often over-

looked in primary care settings. The anatomy of the foot is complex, reflecting its bio-

mechanical functions of weight bearing, sensory feedback, balance, shock absorption,

and propulsion of the body during gait. Pertinent factors include:

1. The lateral foot, composed of the fourth and fifth metatarsal, toes, cuboid, and

calcaneus, provides stability for stance and balance.

2. The medial foot includes the longitudinal arch, which is created by the cunie-

form bones, the navicular and talus, provides energy storing, torque, and

energy transfer for forward propulsion for gait.

3. The ligaments of the foot passively support the arch of the foot.

4. The toes add balance and length to the foot’s lever arm for forward propulsion.

5. Intrinsic and extrinsic foot muscles function to provide motor strength and

control. Intrinsics muscles of the foot act to modulate the actions of larger and

stronger extrinsics muscles to create a stable, but flexible weight bearing limb.

2. CLINICAL FEATURES AND TREATMENT

A clinical classification of soft tissue and joint complications that aids clinical decision

making is presented in Table 37.1 and a treatment algorithm in Table 37.2.

2.1. Type I Foot

A type I foot includes impaired sensation when testing for large and small fiber nerve func-

tions, but skin is intact and there is normal range of motion (ROM) and foot architecture.

Some individuals have premorbid foot abnormalities such as pes planus and hallux valgus.

The evidence of autonomic dysfunction is often present at this early stage, in the form of

anhydrosis, leading to dry skin and progressive fissuring of the skin which can predispose

to ulcers and other complications.

Clinical goals include soft tissue protection and maintenance of the normal shape

and architecture of the foot. Management includes custom or off-the-shelf foot orthoses

(FOs) to protect the skin from shear and stress forces. Patients with premorbid deformities

often require custom orthoses. Orthoses made of soft materials, rather than rigid materials,

are indicated.

Patients must be educated in foot care, including moisturizing skin, selecting appro-

priate shoe wear, and learning the risks associated with peripheral neuropathy. It has been

reported that 70% of those with diabetic neuropathy had not had their feet measured for

shoes in 10 years (2).
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Table 37.1 Clinical Classification of Neuropathic

Foot Pathology

Type I

Impaired sensation

Skin intact with normal architecture

Type II

Soft tissue stiffness

Joint contracture

Impaired sensation

Intact skin

Type III

A Atrophy of soft tissue

Callus formation

B Biomechanical and bone deformities

C Combination deformity

Moderate skin, soft tissue, and bone

Type IV

A Ulcer formation

Wagner classification of ulcers

B Acute Charcot joint deformity

C End stage limb

Severe deformity of skin, soft tissue, and bone

Table 37.2 Treatment of Neuropathic Foot Deformities

Type I foot

Goal: soft tissue protection and maintenance of the normal shape and architecture

of the foot

Treatment

Foot orthosis (FO) to correct or accommodate premorbid foot deformities

Protect the skin

Education regarding peripheral neuropathy

FO with a soft bed

Moisturizing and other foot hygiene

Shoe wear

Type II foot

Goal: maintain normal foot and ankle range of motion (ROM) and strength

Treatment

Physical therapy for exercise instruction in ROM, strengthening and balance

Custom FOs may be needed

Type III foot

Goal: correct and normalize pressure distribution over the foot

Accommodate bony abnormalities and abnormal biomechanics

Reduce/eliminate callus and ulcer formation

Prevent further deterioration of the foot function and architecture

Treatment

Accommodative custom FOs

Callus reduction and removal

Shoe modifications or custom shoes

(continued )
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2.2. Type II Foot

Type II foot adds loss of normal ROM of the foot and ankle to sensory loss. Movement

deficits include loss of dorsiflexion, great toe extension, and subtalar motion emerge.

Early signs of foot intrinsic muscle wasting may be seen.

Loss of normal joint motion or abnormal motion increases the risk of soft tissue

trauma. Contracture of the subtalar joint and the ankle increases plantar pressures. Limi-

tations of the shock absorbing function of the ankle and subtalar joint can lead to

inadequate dissipation of the vertical and shear forces of walking. As a result, reduction

of ankle dorsiflexion to ,58 of neutral and subtalar motion to ,308 are associated with

a significant increase in skin breakdown (3–5).

Another early finding is atrophy of the metatarsal fat pad and migration away from

the metatarsal heads. The metatarsal heads are subsequently exposed to the forces of

weight bearing. Increased pressure over the plantar surface of the metatarsal heads is

highly correlated with foot ulcers (6), particularly at the first metatarsal (7,8).

In diabetics, biomechanical properties of the skin change (9). The stability of

collagen and keratin in the stratum corneum, attributed to secondary nonenzymatic glyco-

sylation, increases the stiffness and thickening of skin and other soft tissues, including

Table 37.2 Continued

Type IV A foot

Goal: healing and prevention of further ulceration

Eventual return to accommodative custom orthotics and shoes

Treatment: Meticulous wound care

Sharp and mechanical debridement

Antibiotics as needed

Reducing pressure at the site of the ulcer to facilitate:

Custom bivalved ambulatory ankle foot orthosis (AFO)

Total contact cast (TCC)

Other devices

Type IV B: acute Charcot deformity and/or fractures occur

Goal: osseous healing

Maintaining foot architecture and function

Return to ambulation

Accommodative custom orthoses and foot wear

Treatment of acute phase

Rest, nonweight bearing and immobilization of the foot

Custom bivalved AFO

Treat pain if present

Treatment of the sub acute reparative phase

Begin weight bearing on limited basis

Gradual weaning from AFO

Wean to appropriate orthotics and shoe wear

Custom shoe may be necessary

Type IV C: end stage deterioration of the foot

Goal: Amputation with functional residual limb

Maximize remaining lower extremity function

Protection of the remaining foot and limb

Treatment

Aggressive care of remaining lower extremity and foot

Prosthetic restoration and rehabilitation
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tendon and joint structures. This is particularly notable in areas where the stratum corneum

of the skin is thick, such as the plantar surface of feet.

Initial treatment goals are restoration of normal ROM and protection of soft tissues.

Sensorimotor neuropathy affects static and dynamic balance. Physical therapy consul-

tation is appropriate for ROM and for balance exercises to achieve unipedal stance of

10 s or greater to help prevent falls and foot and ankle injuries. Exercises are appropriate

for stretching of the hind foot in subtalar neutral position to avoid abnormal stretching of

ligaments of the medial foot as well as strengthening of the foot intrinsic muscles. These

exercises must ultimately be performed at home on an ongoing basis.

Once ROM is normal or has plateaued, custom corrective FOs are indicated to pre-

serve the ROM gained and protect soft tissues, ligamentous and bony architecture of the

foot. The overall goal is to place and maintain the foot in a normal, or as normal as possible

position, to avoid abnormal pressure distribution on the foot, particularly the plantar

aspect, the most common site of ulcer formation. Areas of high-pressure sites are often

precursors to ulcer formation, FOs should re-distribute the pressure to achieve even

pressure distribution. In the case where normal dorsiflexion has been achieved but a per-

sistent pes planus is present, the orthosis should position the foot with a medial longitudi-

nal arch. The orthosis is made to facilitate the normal longitudinal arch by controlling the

position of the sustentaculum tali rather than creating a mound of orthotic materials to lift

the arch. If normal ROM cannot be achieved, orthoses which compensate for the fixed

deformities are appropriate. For example, the patient with a fixed pes planus deformity

requires that the orthosis be fabricated to the shape of their foot rather than trying to

correct the deformity.

2.3. Type III and Type IV Feet

These are clinically more complicated and are subclassified. Subtype A reflects patients

whose problems are primarily the result of muscle atrophy and loss of other soft tissue

functions. Subtype B includes patients with predominantly bony architecture changes

and complications. Subtype C combines soft tissue and bone involvement.

2.3.1. Type III A Foot

Damage is due to pressure and shear forces. Normal skin responds to chronic pressure and

shear with hyperkeratosis and callus formation. Callus is associated with increased risk of

ulceration and is more predictive of ulcer formation than increased plantar pressure alone.

The first and fifth toes are the most common sites of callus and subsequent ulceration.

Callus increases local pressure by 29% and increases ulceration risk by 11-fold (10).

Progressive intrinsic muscle leads to hammer and claw toe deformities. The dorsal

surfaces of the toes, specifically the interphalangeal joints, are exposed to shear from the

toe box of a shoe with inadequate toe box depth. Callus formation or evidence of shear

requires prompt intervention as the soft tissue coverage of the interphalangeal joint is

thin and a septic joint can readily occur resulting in toe loss. In addition to metatarsal

plantar foot atrophy and migration, the imbalance of the pull of the extrinsic foot

muscles over-power the foot intrinsic muscles causes disproportionate weight bearing

on the plantar surface of the metatarsal heads. It is not surprising that the majority of

plantar ulcers occur over the metatarsal joints (7,8).

Treatment involves decreasing abnormal stresses. This includes sharp debridement

of callus, teaching patients to use pumice to reduce callus, and prescription for custom

orthoses that evenly distribute plantar weight bearing pressure. Simple callus removal
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or reduction is associated with decreased pressure. At times, callus removal reveals an

underlying ulcer referred to as a malperforans ulcer. Callus with hemosiderin staining

also suggest an underlying ulcer (11).

Custom orthoses require meticulous fitting by the orthotist or pedorthotist. FOs need

regular evaluation and inspection. Replacement may be required as often as every

6 months. To optimize custom FOs, the patient must be fitted with shoes that act synergis-

tically with the FOs. For example, the patient experiencing too much pressure over the

metatarsal heads may benefit from a rocker sole that decreases stance time over the meta-

tarsal heads facilitating push off. As shoe needs become more specific, the orthotist or

pedorthotist can order special shoes not available in typical shoe stores.

2.3.2. Type III B Foot

Deterioration of the bony architecture of the foot is typically seen first in the midfoot. The

longitudinal arch begins to collapse and the navicula becomes increasingly prominent and

descends. As the navicula descends, callus develops over the navicula. The keystone of the

midfoot is the second metatarsal base recessed in the intercuneiform mortise. This is

subject to deterioration, allowing the metatarsals to displace laterally precipitating

cuboid and cuneiform collapse. The hind foot also becomes involved. With progression,

the navicula drops further and becomes coplanar with the calcaneus and metatarsal

heads. This causes the foot to be flat and rigid. Navicular changes can be very severe

with the navicula descending below the plane of the foot creating a rocker foot deformity.

The key is to prevent further deterioration and architectural stabilization to prevent

further bone disruption. Mild changes are managed with custom FOs and appropriate

shoes. As the foot architecture deteriorates, regular follow up and monitoring for

callus and ulcers become increasingly important. FOs may require more frequent replace-

ment and custom made shoes may be required to prevent soft tissue and further bone

changes.

2.3.3. Type III C Foot

Clinical changes affect both the soft and the bony tissues of the foot and ankle. The triad of

increased plantar foot pressure, bony abnormalities, and impaired joint mobility are

associated with ulceration and limb loss (12,13). Static plantar foot pressures can be

measured using many devices, including the Harris mat or foot plate. Approximately

35% of the patients with foot pressures .12.3 kg/cm2 (static pressure) developed foot

ulcers (13).

Aggressive follow up is necessary to prevent further deterioration and limb loss.

Custom FOs with creative use of thermoplastic materials to prevent ulceration are critical.

Materials such as selective use of silicone can reduce shear. Socks with silicon between

layers decreases shear, but many patients complain that the silicone layer further disrupts

their balance.

2.3.4. Type IV A Foot

Foot ulcers distinguish a type IV A foot. A common classification system includes the fol-

lowing grades (14). Grade 1: ulcers are superficial and do not invade subcutaneous tissue.

Grade 2: ulcers expose tendons, capsules, or bone, but there is no abscess or osteomyelitis.

Grade 3: ulcers invade the joint space with abscess, tendon infection, or osteomyelitis

present and are threatening to limb and life threatening. Grade 4: localized gangrene is

present. Grade 5: wound severity precludes any possibility of limb salvage.
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Meticulous wound management is essential. Blood glucose must be well controlled.

Antibiotics are indicated for the infected ulcers. Local debridement of surrounding callus

or devitalized tissue is needed on a regular basis and can be done in the clinic or after

hydrotherapy. Hydrotherapy will mechanically debride loose tissues and soften other

tissues to make debridement more effective. Trained physical therapists and nurse prac-

titioners can provide wound care between physician visits in selected patients. Growth

factors and specialized wound healing devices, such as the vacuum wound healing

devices, are available, although scientific literature supporting their use is limited.

Reducing weight-bearing time on an ulcer facilitates wound healing. The time

required for healing is related to high pressure at the site of the wound (3,15,16). There

are limited studies to validate the effectiveness of the many and various offloading

devices for ulcers, but clinical experience indicates that the most effective methods

include bivalved ambulatory ankle foot orthosis (AFO) and total contact casts (TCCs).

The bivalved ambulatory AFOs encase the entire lower leg and foot, with weight

bearing distributed over the entire area of contact. This reduces the vertical and shear

forces associated with ambulation. Areas of specific relief can be included in the design

to off-load the ulcer. The bivalved AFO is durable, easily removed for wound care, and

readily withstands the forces of ambulation over long periods. When fitting a patient

with this type of AFO, one must make sure that the height of shoe on the other foot is cor-

rected if a leg length discrepancy is created, because a leg length discrepancy may precipi-

tate back pain or disrupt balance. Other disadvantages include cost and require an

experienced orthotist to fit and fabricate. TCCs are based on the principles of decreasing

motion and redistributing pressures. TCCs are relatively inexpensive but are effective for

the patient who is not compliant. These need frequent removal for wound care. With use of

the bivalved AFO or the TCCs, patients with impaired balance may require the use of a

walker or cane until the devices are discontinued.

Commercial off the shelf devices are available, but it is difficult to achieve the

control and off loading afforded by the bivalved AFO or the TCCs. However, these are

valuable for interim use while a bivalved AFO is made. Additional temporizing options

include commercially available shoes that do not allow weight bearing over affected

areas of the foot. These shoes may have the sole designed such that it is open under the

fore foot or heel.

Long-term studies indicate that once an ulcer has healed, the patient who returns to

normal foot wear has a 90% chance of ulcer recurrence. Patients prescribed modified shoes

and orthoses; however, have a recurrence rate of 19% (17,18). If ulcers are recurrent or

protracted, the physician should prepare the patient for the possibility that the ulcer

may not heal, may advance, and be life threatening. Patients need to be aware that

surgery may be required, including major limb amputation.

2.3.5. Type IV B Foot

Charcot arthropathy or foot fractures characterize the type IV B foot. Charcot arthro-

pathies occurs abruptly: the foot or ankle is erythematous, warm and swollen, and patients

may or may not experience pain. Inexperienced clinicians may misdiagnoses this con-

dition as cellutitis, osteomyelitis, acute inflammatory arthritis, or other infectious

process, and patients may undergo bone biopsy when they do not respond to antibiotics

leading to chronic deep nonhealing wounds. Blood studies demonstrate normal or slightly

elevated white blood counts, but without a left shift. The sedimentation rate and acute

phase reactants will be elevated. Bone scans are not often helpful in distinguishing

between infection and Charcot arthropathy. X-ray, MRI, or CT imaging studies reveal
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osteopenia, joint destruction, and/or subluxation. Bone or cartilage debris is often seen.

The acute process of bone fracturing is associated with bone resorption, increasing the

risk of further bone destruction by weight bearing or minimal trauma.

Management is similar to that for an acute fracture, with rest and immobilization.

Continued weight bearing leads to further foot destruction. A custom bivalved ambulatory

orthosis should be prescribed to immobilize the foot, control edema, and maintain the bony

structures in a normal architecture as possible. For the patient with pain, fitting with the

AFO or off loading the limb often brings significant relief. If not, analgesics are indicated.

Patients will need a cane (ergonomically designed grips are preferred to avoid median

mononeuropathy at the wrist) or crutches for nonweight bearing, and physical therapy

should be consulted for proper use.

During the reparative subacute phase of Charcot arthropathy, bone repair and remo-

deling are occurring. Bone scan can be used to follow the repair and will show decreasing

activity in the affected areas. As the bones of the foot or ankle heal, edema resolves and the

foot begins to take its final shape. During this period, frequent follow up is necessary to

modify the AFO to minimize foot and ankle motion within the AFO and to correct for

limb volume loss from the resolution of edema and development of muscle atrophy.

The patient can resume activity, including ambulation, once in the subacute phase is

well underway, but activity should be increased incrementally. The patient should be pre-

scribed foot and ankle strengthening and balance exercises to regain strength and control

resulting from immobilization.

Once healed, the bone scan will be normal. The foot will no longer be warm, ede-

matous, or erythematous. However, healing may have resulted in an abnormally shaped

joint. The patient should be weaned to a custom FO, and custom shoes will be needed

for significant deformities when they cannot be accommodated with standard commercial

therapeutic shoes.

2.3.6. Type IV C Foot

This is characterized by chronic ulcers and severe bone deformities. Despite aggressive

care, limb loss is typically unavoidable. Meticulous wound care and foot protection

taken time until amputation is needed. At this stage, the physician should have already

introduced the concept of amputation, prosthetic limb restoration, and rehabilitation.
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ABSTRACT

West Nile virus is a mosquito-borne flavivirus initially identified in Africa and associated

with recurring epidemics in Eastern Europe, Africa, and Israel. The virus first appeared in

the United States in 1999 and has spread to 47 states. Among infected patients, 80% will

be asymptomatic and 20% will be symptomatic, but neurological complications occur in

�1%. Three major neurological syndromes are described, which may occur individually

or in combination: (i) lymphocytic meningitis; (ii) encephalitis; and (iii) myelitis with

destruction of anterior horn cells. Prognosis for complete recovery from meningitis is

excellent, is guarded with encephalitis, and poor for recovery of motor function following

significant infection of anterior horn cells.
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1. INTRODUCTION

West Nile virus (WNV) is a single-stranded RNA virus first isolated from a febrile woman

in the West Nile district of Uganda in 1937 (1). The virus belongs to the Japanese

encephalitis virus (JEV) antigenic complex of the family Flaviviridae (2,3). WNV is

not primarily a human agent but is maintained in a “bird–mosquito–bird” cycle (4).

Surveillance work revealed that WNV infects 36 species of mosquitoes, 27 mammalian

species, and over 160 species of birds. The avian family most severely affected is Corvidae

(crows, jays, magpies, ravens), and large “die-offs” of Corvids have been reported to

precede some WNV outbreaks in humans. Culex species mosquitoes (predominantly

Culex tarsalis and Culex pipiens) serve as the primary vector for human infection, and

the virus is capable of vertical transmission within its mosquito host (4,5). Although a

large volume of scientific work exists on WNV infection, many aspects of transmission

and spread remain poorly understood. Despite the lack of detailed information, it is

clear that humans are a “dead-end host,” incapable of maintaining the life cycle of

WNV (6).

The ancestral home of WNV is believed to be the tripartite region of Eastern Africa,

Southwestern Asia, and the Middle East. The apparent long-standing endemicity of

WNV in this area resulted in occasional reports of human outbreaks. Israel in

particular, for reasons not clearly understood, though perhaps related to its location on

a major bird migration route, has reported eight large WNV outbreaks between 1941

and 2000 (7–11).

The first large outbreak of WNV in Europe occurred in Romania in 1996.

Between July and October of that year, 393 cases of WNV infection requiring hospitaliz-

ation were reported (12). Following this outbreak, the Volgograd region of Russia reported

an outbreak in 1999 during which 480 persons with WNV were hospitalized (13). These

two outbreaks, coupled with the 1999 New York City outbreak and the large Israeli out-

break of 2000, highlight an apparent change in the tropism or virulence of WNV. In prior

outbreaks, there was a mild flu-like illness with only a rare case of neuroinvasive disease,

in contrast to recent outbreaks which have a marked increase in both the occurrence and

the severity of neuroinvasive disease (10,14–16).

WNV first appeared in the United States in 1999, with infection appearing in birds,

exotic animals in zoos, and humans in close temporal proximity (10,14,17). Since arriving

in North America, WNV has marched inexorably across the continent. In the United

States, after first appearing in humans in New York state in 1999, WNV caused human

disease in three states in 2000, 10 states in 2001, 41 states in 2002, and 47 states by the

end of 2004 (Alaska, Hawaii, and Washington had not reported human WNV disease as

of mid-2005). In Canada, a similar pattern has emerged, with WNV first appearing in

the province of Ontario in 2001, then marching progressively westward to affect six of

the 10 provinces by the end of 2004 (18). Data from Mexico are less complete, and

although no confirmed human cases of WNV (i.e., without a travel history to an affected

area) have been reported in Mexico, evidence exists for widespread circulation of the virus

in horses since at least 2002 (19,20).

WNV is most commonly acquired from the bite of an infected mosquito. However,

transmission has been documented from organ transplantation, transfusion (blood, stem

cell, and bone marrow), and breast-feeding (21–24). Intrauterine WNV infection has

occurred in isolated cases, resulting in severe congenital disease (25,26). In most

instances, however, WNV infection during pregnancy does not appear to result in fetal

illness (27,28).
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2. CLINICAL FEATURES

The incubation period for WNV human infection is 2–14 days. Present data suggest that

80% of all human WNV infections are clinically silent (29). Symptomatic human WNV

infection usually presents as one of four clinical syndromes: West Nile fever (WNF),

West Nile meningitis (WNM), West Nile encephalitis (WNE), and acute flaccid paralysis.

These syndromes may occur individually or in combination. A fifth category, which

encompasses a wide variety of neurological presentations, will be discussed separately.

Approximately 20% of symptomatic WNV cases present as WNF. Less than 1% of

WNV infections manifest as neuroinvasive disease (e.g., meningitis, encephalitis, acute

flaccid paralysis). The CDC case definition for WNV infection is found in Table 38.1.

Clinical features of each of the neurological syndromes associated with WNV infection

are as follows.

2.1. West Nile Fever

WNF is an acute flu-like illness manifested by the sudden onset of malaise, fatigue, anorexia,

headache, nausea, vomiting, myalgia, fever, eye pain, and a nonspecific maculopapular rash.

Typically, these symptoms last ,7 days, although recent reports have indicated that a min-

ority of patients may remain symptomatic for as long as 6 weeks (2) (Ned Calonge, MD,

MPH, Colorado State Epidemiologist, personal communications, 2003–2004).

2.2. West Nile Meningitis

WNM presents with meningismus (fever, headache, and nuchal rigidity), nausea, vomit-

ing, and weakness. There are no unique clinical features that allow it to be distinguished

from other viral meningitides (2,30).

2.3. West Nile Encephalitis

WNE typically presents as a diffuse encephalitis with fever, headache abnormal mental

status, and in more severe cases, altered level of consciousness, abnormal mental state,

Table 38.1 CDC Diagnostic Criteria for WNV Infection

Case Classification

A clinically compatible illness, plus:

Confirmed

1. Fourfold or greater change in WNV-specific serum antibody titer.

2. Isolation of WNV from or demonstration of specific WN viral antigen or genomic sequences in

tissue, blood, CSF, or other bodily fluid.

3. WNV-specific IgM antibodies demonstrated in serum by antibody-capture enzyme immunoassay

and confirmed by demonstration of WNV-specific serum neutralizing antibodies in the same or a

later specimen.

Probable

1. WNV-specific serum IgM antibodies detected by antibody-capture enzyme immunoassay but

with no available results of a confirmatory test for WNV-specific serum neutralizing antibodies in

the same or a later specimen.

Source: http://www.cdc.gov/ncidod/dvbid/westnile/clinicians/surveillance.htm#casedef.
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and focal or diffuse neurological signs. WNE may present with focal neurological deficits

including cerebellar ataxia and movement disorders indicative of basal ganglia involve-

ment including tremor, myoclonus, and parkinsonian symptoms (30–33). Asthenia,

fatigue, muscle pain, and weakness may persist for months (30). Severe weakness and

gastrointestinal tract symptoms have been reported with WNE and may provide a clinical

clue to WNV as the etiologic agent of the encephalitis (2,4,30).

2.4. Acute Flaccid Paralysis

Flaccid paralysis is a serious complication presenting as a neuromuscular rather than

central nervous system syndrome. Infection of spinal motor neurons, resulting in a syn-

drome similar to poliovirus infection, have been reported in other flavivirus infections,

in particular Japanese encephalitis (34). Soon after WNV appeared in this country, it

was recognized that a minority of patients developed a flaccid paralysis suggestive of

the Guillain–Barré syndrome (GBS) (35). Although the condition can mimic GBS syn-

drome, patients often present with flaccid paralysis involving a single extremity (36).

Additionally, although lymphocytic infiltration of spinal nerve roots has been reported

in a patient with WNV infection, axonal or demyelinating changes typical of GBS have

not been identified, and the common pathology in patients with acute flaccid paralysis

has been spinal cord infection with destruction of anterior horn cells (36–41).

2.5. Other Neurological Manifestations

Other neurological manifestations include encephalitis complicated by focal findings includ-

ing movement disorders and cerebellar ataxia. WNV may also involve the eye to produce

chorioretinitis or vitritis (39,42–45). Stiff-person syndrome with antibodies to glutamic

acid decarboxylase has been described (46). A GenBank search revealed a 12 amino acid

sequence in the NS1 protein of WNV which has extensive homology with the GAD65

region, suggesting immunological cross-reactivity between WNV and GAD (46).

3. LABORATORY EVALUATION

The diagnosis of WNV infection is dependent upon a compatible clinical presentation,

occurring at the appropriate time of year, and confirmed by thoughtful laboratory

testing. WNV infection should be suspected in any individual developing meningitis,

encephalitis, or a syndrome of flaccid paralysis, especially in areas in which cases of

WNV are being actively reported. In much of North America, the time period of greatest

WNV transmission is from July to October. More temperate areas of the continent (e.g.,

Mexico and the southern United States) may have an extended WNV season owing to per-

sistent mosquito activity, and WNV infection may occur throughout the year.

The laboratory evaluation of WNV infection involves three phases: (i) tests to docu-

ment the presence of meningitis or encephalitis; (ii) tests to delineate areas of involvement

within the central nervous system and to document the presence of CNS inflammation; and

(iii) serological confirmation of WNV infection (which, currently, is accomplished by

detection of antiviral antibodies).

3.1. Routine Laboratory Studies

Laboratory studies to detect CNS infection: a mild leukocytosis is frequently reported, but

leukopenia with thrombocytopenia may also be seen, as well as a relative lymphopenia (3).
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Blood chemistry may be normal, although a mild elevation in liver transaminases may be

seen, and hyponatremia may be present in patients with inappropriate secretion of anti-

diuretic hormone (47). Cerebrospinal fluid (CSF) examination typically shows a mild

elevation in pressure (,250 mm CSF), lymphocytic pleocytosis, mild elevation of

protein, and a normal ratio of blood glucose to CSF glucose. Cell count is usually

50–260 cells/mm3, but may reach 2600 cells/mm3. Cells may be polymorphonuclear

leukocytes, and at presentation, these may account for the majority of cells (3,48).

In one series of West Nile myelitis, cell count was normal in 20% of the patients (49).

In occasional patients, oligoclonal bands may be present.

3.2. Neurologic Studies

Tests to delineate the extent and localization of neurological disease include imaging and

electrodiagnosis. CT scans are not usually helpful. Experience with magnetic resonance

imaging (MRI) changes is inconclusive, and there is a recommendation for an MRI registry

of WNV cases (50) MRI may be normal, particularly early in the disease. In individual

cases, areas of altered signal have been detected in the substantia nigra, basal ganglia,

and thalamus (51,52). Other abnormalities include subcortical or leptomeningeal enhance-

ment and abnormal signals in the cervical spinal cord (53–55). In cases with acute flaccid

paralysis, nerve conduction studies show normal sensory nerve action potentials, whereas

compound motor action potentials are normal or of reduced amplitude, but conduction velo-

cities are normal. This pattern is distinct from that seen in GBS. Electromyography in acute

flaccid paralysis shows fibrillation potentials and decreased motor unit recruitment (55,56).

3.3. Diagnosis of WNV Infection

A single, acute, CSF specimen positive for WNV-specific IgM antibodies is diagnostic of

current WNV infection (2,57). Paired sera positive for WNV-specific IgM antibodies

(fourfold or greater rise in titer in a convalescent serum sample obtained 14–21 days

after illness onset compared with acute serum sample obtained 0–7 days after symptom

onset) will also suffice as serological confirmation. Although serological testing is

readily available in the private sector, it must be noted that acute and convalescent

testing will not result in a timely diagnosis of WNV infection. There is a recent report

detecting IgM antibodies to WNV in CSF up to 199 days after clinical presentation, indi-

cating that detection of IgM antibodies in CSF is not invariably indicative of the acute

phase of disease (58). WNV genomic sequences have been identified by polymerase

chain reaction (PCR) in blood or in CSF (59–61). Standardized PCR methods are not uni-

formly available, however, and detection of IgM antibodies remains the diagnostic method

of choice. Viral culture methods are not routinely available, and WNV may be inactivated

during transportation at ambient temperature (62).

4. DIFFERENTIAL DIAGNOSIS

WNV infection should be suspected in any individual developing meningitis, encephalitis,

or a syndrome of flaccid paralysis, especially in areas in which cases of WNV are being

actively reported. In patients presenting with meningeal involvement, however, bacterial

meningitis must be excluded. Enteroviral meningoencephalitis has the same seasonal pre-

dominance as WNV meningoencephalitis, as do the older arthropod-borne encephalitides

in the United States, which include St. Louis encephalitis, Eastern equine encephalitis,
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Western equine encephalitis, and California-LaCrosse encephalitis. Herpes simplex ence-

phalitis, which has no seasonal predilection, may be indistinguishable from severe cases of

WNV encephalitis. In patients with a history of travel outside the United States, consider-

ation should be given to other arthropod-borne agents, whose likelihood will be dependent

upon the region of travel (e.g. Japanese encephalitis or Murray Valley encephalitis in indi-

viduals traveling to Africa, Asia, or Australasia). Rapidly ascending weakness in a pre-

viously healthy patient may represent GBS rather than WNV myelitis. Rabies, which

may also cause an ascending flaccid paralysis, should be considered with known exposure

to potentially infected animals or with a history of travel to areas where rabies vaccination

is not used. It should be kept in mind, however, that a history of animal bite is often absent.

A wide range of potentially treatable agents may mimic viral meningoencephalitis, which

includes a large number of bacterial agents, spirochetal agents such as Lyme disease,

Mycoplasma, fungi, Rickettsial agents, and Ehrlichia, as well as postinfectious illnesses

and a variety of noninfectious systemic disorders (3).

5. MANAGEMENT AND PROGNOSIS

Management is supportive. Specific therapy has not been developed. For the majority of

West Nile fever cases, simple measures such as rest, analgesics, and antipyretic medi-

cations suffice. Cases of meningitis and, in particular encephalitis and acute flaccid paraly-

sis, require hospitalization. In cases of flaccid paralysis, the possibility of respiratory

failure must be considered. Ribavirin has not been proven effective in treatment of

WNV encephalitis or flaccid paralysis. A multicenter study employing intravenous immu-

noglobulin G containing high titers of anti-WNV antibody is in progress. A vaccine is

available for use in horses, but is not yet available for humans.

The prognosis of WNV infection is determined by the degree of involvement.

Patients with WNF uniformly return to their baseline level of functioning, usually

within a few weeks of presentation. Patients with WNM respond similarly, with return

to baseline functioning within several months. Those patients with WNE appear to fare

much worse, and in one study, only six of eight patients returned to their premorbid

level of functioning at 6 months and five of the eight had significant postural or kinetic

tremor at 8 months (30). Additionally, most had persistent fatigue and myalgias, and

50% had persistent cognitive deficits at 8 months from presentation. Data from the

1999 New York epidemic noted that only 37% of patients with CNS involvement had

returned to baseline by 1 year. The prognosis for recovery is significantly worse in the

elderly, and age of .75 is an independent risk factor for death from WNV (14). Prognosis

for recovery in patients with acute flaccid paralysis is poor, similar to that in poliomyelitis,

and is unlikely if significant numbers of motor neurons have been lost (30,55).

6. PATHOGENESIS

WNV infection in nature begins with introduction of the virus into its human host through

the bite of a mosquito, but infection may also be transmitted by blood transfusion or breast

milk. The virus is believed to replicate initially in the skin and regional lymph nodes. This

replication produces a primary viremia that ultimately reaches the reticuloendothelial

system (RES). A secondary viremia from this “seeding” of the RES may then lead to

spread throughout the body, including the central nervous system (4). At the tissue

level, the pathogenesis of WNV infection is poorly understood. Perivascular inflammatory
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infiltrates and microglial nodules have been observed in fatal cases of encephalitis

(4,18,63). Cases of acute flaccid paralysis reveal anterior horn cell loss, gliosis, patchy

neuronophagia, and infiltrates of lymphocytes and macrophages (4,40,64). The respective

roles of humoral and cell-mediated immune response in control of WNV infection have

not been fully defined. Animal models of WNV infection suggest that antibodies are essen-

tial in preventing dissemination to the central nervous system and that CD8þ lymphocytes

play an important role in eradication of viral infection and prevention of viral persistence

(65–67). The occurrence of severe WNV infection in transplant patients suggest that

lymphocyte-mediated immune response may well be essential for successful eradication

of the virus in man, as well.
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35. Ahmed S, Libman R et al. Guillain–Barré syndrome: an unusual presentation of West Nile

virus infection. Neurology 2000; 55(1):144–146.

36. Leis AA, Stokic DS et al. Clinical spectrum of muscle weakness in human West Nile virus

infection. Muscle Nerve 2003; 28(3):302–308.

37. Fratkin JD, Leis AA et al. Spinal cord neuropathology in human West Nile virus infection.

Arch Pathol Lab Med 2004; 128(5):533–537.

38. Omalu BI, Shakir AA et al. Fatal fulminant pan-meningo-polioencephalitis due to West Nile

virus. Brain Pathol 2003; 13(4):465–472.

39. Doron SI, Dashe JF et al. Histopathologically proven poliomyelitis with quadriplegia and loss

of brainstem function due to West Nile virus infection. Clin Infect Dis 2003; 37(5):e74–e77.

40. Sejvar JJ, Leis AA et al. Acute flaccid paralysis and West Nile virus infection. Emerg Infect

Dis 2003; 9(7):788–793.

41. Bouffard JP, Riudavets MA et al. Neuropathology of the brain and spinal cord in human

West Nile virus infection. Clin Neuropathol 2004; 23(2):59–61.

42. Anninger WV, Lomeo MD et al. West Nile virus-associated optic neuritis and chorioretinitis.

Am J Ophthalmol 2003; 136(6):1183–1185.

43. Bains HS, Jampol LM et al. Vitritis and chorioretinitis in a patient with West Nile virus infec-

tion. Arch Ophthalmol 2003; 121(2):205–207.

44. Hershberger VS, Augsburger JJ et al. Chorioretinal lesions in nonfatal cases of West Nile virus

infection. Ophthalmology 2003; 110(9):1732–1736.

45. Vandenbelt S, Shaikh S et al. Multifocal choroiditis associated with West Nile virus encepha-

litis. Retina 2003; 23(1):97–99.

46. Hassin-Baer S, Kirson ED et al. Stiff-person syndrome following West Nile fever. Arch Neurol

2004; 61(6):938–941.

674 Luedtke and Greenlee



47. Jeha LE, Sila CA et al. West Nile virus infection: a new acute paralytic illness. Neurology

2003; 61(1):55–59.

48. Tyler KL. Viral myelitis. In: Scheld WM, Whitley RJ, Marra CM, eds. Infections of the Central

Nervous System. Philadelphia: Lippincott Williams & Wilkins, 2004:323–330.

49. Leis AA, Stokic DS et al. A poliomyelitis-like syndrome from West Nile virus infection. N

Engl J Med 2002; 347(16):1279–1280.

50. Robertson HJ, Sejvar JJ. The need for a West Nile virus MRI registry. Am J Neuroradiol 2003;

24(9):1741–1742.

51. Rosas H, Wippold FJ. West Nile virus: case report with MR imaging findings. Am J Neuro-

radiol 2003; 24(7):1376–1378.

52. Bosanko CM, Gilroy J et al. West Nile virus encephalitis involving the substantia nigra:

neuroimaging and pathologic findings with literature review. Arch Neurol 2003;

60(10):1448–1452.

53. Brilla R, Block M et al. Clinical and neuroradiologic features of 39 consecutive cases of West

Nile virus meningoencephalitis. J Neurol Sci 2004; 220(1–2):37–40.

54. Olsan AD, Milburn JM et al. Leptomeningeal enhancement in a patient with proven West Nile

virus infection. Am J Roentgenol 2003; 181(2):591–592.

55. Al Shekhlee A, Katirji B. Electrodiagnostic features of acute paralytic poliomyelitis associated

with West Nile virus infection. Muscle Nerve 2004; 29(3):376–380.

56. Li J, Loeb JA et al. Asymmetric flaccid paralysis: a neuromuscular presentation of West Nile

virus infection. Ann Neurol 2003; 53(6):703–710.

57. Shi PY, Wong SJ. Serologic diagnosis of West Nile virus infection. Expert Rev Mol Diagn

2003; 3(6):733–741.

58. Kapoor AH, Signs BK et al. Persistence of West Nile Virus (WNV) IgM antibodies in cere-

brospinal fluid from patients with CNS disease. J Clin Virol 2004; 31(4):289–291.

59. Huang C, Slater B et al. First isolation of West Nile virus from a patient with encephalitis in the

United States. Emerg Infect Dis 2002; 8(12):1367–1371.

60. Lanciotti RS, Kerst AJ et al. Rapid detection of West Nile virus from human clinical speci-

mens, field-collected mosquitoes, and avian samples by a TaqMan reverse transcriptase–

PCR assay. J Clin Microbiol 2000; 38(11):4066–4071.

61. Briese T, Glass WG et al. Detection of West Nile virus sequences in cerebrospinal fluid. Lancet

2000; 355(9215):1614–1615.

62. Mayo DR, Beckwith WH III. Inactivation of West Nile virus during serologic testing and trans-

port. J Clin Microbiol 2002; 40(8):3044–3046.

63. Sampson BA, Armbrustmacher V. West Nile encephalitis: the neuropathology of four fatal-

ities. Ann NY Acad Sci 2001; 951:172–178.

64. Kelley TW, Prayson RA et al. Spinal cord disease in West Nile virus infection. N Engl J Med

2003; 348(6):564–566.

65. Shrestha B, Diamond MS. Role of CD8þ T cells in control of West Nile virus infection. J Virol

2004; 78(15):8312–8321.

66. Wang Y, Lobigs M et al. CD8þ T cells mediate recovery and immunopathology in West Nile

virus encephalitis. J Virol 2003; 77(24):13323–13334.

67. Diamond MS, Shrestha B et al. Innate and adaptive immune responses determine protection

against disseminated infection by West Nile encephalitis virus. Viral Immunol 2003;

16(3):259–278.

West Nile Virus 675





39
Diagnostic Yield for Peripheral Neuropathy

A. Gordon Smith
University of Utah, Salt Lake City, Utah, USA

Abstract 677

1. Introduction 677

2. Confirmation of Peripheral Neuropathy 678

3. Classification of Peripheral Neuropathy 680

4. The Evaluation of Prototypic Neuropathy 680

5. Idiopathic Neuropathy 683

6. Summary 684

References 684

ABSTRACT

Accurate and efficient diagnosis of peripheral neuropathy requires an organized approach.

Use of a standardized set of laboratory tests for all patients with suspected peripheral

neuropathy is expensive, often misses the correct diagnosis, and frequently leads to

false positive tests. Use of a rational diagnostic algorithm maximizes diagnostic yield

and minimizes risk of misdiagnosis. Patients with chronic distal symmetric sensory pre-

dominant neuropathy require relatively few routine diagnostic tests.

1. INTRODUCTION

The diagnostic evaluation of peripheral neuropathy may provoke feelings of diagnostic

nihilism if one is not familiar with peripheral nerve disease. There are hundreds of

causes for peripheral neuropathy and the range of symptoms referable to peripheral

nerve dysfunction is limited. Consequently, a “shotgun” diagnostic approach is often

used, employing a standard set of diagnostic tests (Table 39.1). Such an approach may

miss the diagnosis because the particular diagnostic test may not be on the “shotgun”

panel. On the other hand, false positive diagnostic tests are not uncommon. Because of

the large number of tests, several of which must be sent to specific reference laboratories,
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this approach is expensive. However, although expensive, the sensitivity and specificity of

this panel are low. There are several tests that are only relevant for specific patient popu-

lations. For example, antiganglioside antibody panels may include anti-GM1 antibodies,

antimyelin associated glycoprotein antibodies, or both. The former is relevant only for

motor neuropathies, particularly multifocal motor neuropathy with conduction block,

and the later is relevant only for a subset of patients with chronic inflammatory demyeli-

nating polyradiculoneuropathy (CIDP). These antibodies may be detectable in low levels

in normal subjects or patients with unrelated neuropathies, leading the unwary clinician to

wrongly associate the false positive laboratory test with the clinical syndrome.

Experienced clinicians often arrive at a diagnosis using a pattern recognition

approach. Particular patterns of disease are recognized and the diagnostic approach is

limited to few diagnostic tests. When successful, this diagnostic approach is very efficient

and cost effective. However, pattern recognition may only be employed by those with both

excellent clinical skills and a wealth of experience with peripheral nerve disease. If the

particular disorder has not been previously observed, if there is an atypical presentation,

or if the clinician (despite excellent skills) does not have a great deal of experience, the

pattern may not be recognized and the diagnosis missed.

For most clinicians, including experienced peripheral nerve experts encountering an

unusual disorder, a rational diagnostic approach is necessary. Several well-reasoned

approaches to the diagnosis of peripheral neuropathy have been suggested and each is

appropriate (1–5). This chapter will outline an organized approach to the classification

of peripheral neuropathies and will review the evidence for the routine use of commonly

ordered diagnostic tests in the evaluation of distal symmetric sensory predominant

neuropathy.

2. CONFIRMATION OF PERIPHERAL NEUROPATHY

The first step in the evaluation of a patient with a peripheral nerve disorder is confirmation

of the localization. The diagnosis of peripheral neuropathy is usually straightforward.

However, patients with isolated foot pain and numbness may present a diagnostic

challenge. There are many different causes for foot pain including orthopedic issues

Table 39.1 The “Shotgun” Approach to Peripheral

Neuropathy Consists of the Routine Measurement of a

Standardized Panel of Diagnostic Tests in all Patients

Vitamin B12

Folate

RPR

Thyroid stimulating hormone

Sedimentation rate

Rheumatoid factor

Antinuclear antibodies

Extractible nuclear antibodies

Serum protein electrophoresis

Antiganglioside antibody titers

Paraneoplastic antibody titers

Note: This is a list of tests often included in a shotgun panel. This

approach is expensive and inefficient, and it carries significant risk

of false positives.
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and central nervous system dysfunction; differentiation from small fiber predominant neu-

ropathy may be difficult on clinical grounds alone. Confirmation of a suspected diagnosis

of peripheral neuropathy depends on one of several supportive diagnostic tests. Nerve

conduction studies are the most commonly used test for peripheral neuropathy. Nerve con-

duction studies primarily reflect large fiber function and are therefore insensitive to small

fiber injury. The sympathetic skin response may be used to assess small fiber function, but

is relatively insensitive. Therefore, other tests must often be used to confirm the presence

of a suspected small fiber predominant neuropathy.

Quantitative sensory testing (QST) is an accurate and reproducible method to deter-

mine the threshold for perceiving vibratory or cooling stimuli. Vibration threshold

measures large fiber function and cooling reflects small, lightly myelinated nerve function.

QST is abnormal in 57–72% of patients with small fiber neuropathy (6,7). QST is non-

specific in that other causes of sensory loss (e.g., radiculopathy, central nervous system

processes) can increase perception thresholds. QST also requires patient cooperation

and meticulous attention to the testing environment (e.g., temperature, noise, and other

distractions). Unlike Nerve Conduction Studies (NCS), QST is a psychophysiologic

measure, rather than a physiologic measure. As a result, QST is unable to differentiate

between true sensory loss and simulated sensory loss (8). Therefore, QST should not be

used as the primary means of differentiating functional sensory symptoms or signs from

peripheral neuropathy.

Some degree of autonomic dysfunction is demonstrable in most patients with painful

peripheral neuropathy. Autonomic testing provides a sensitive means of diagnosing small

fiber nerve injury (Chapter 4). The most commonly available, and most sensitive tests

measure sudomotor (sweat gland) function. Quantitative sudomotor axon reflex testing

(QSART) is the easiest and most widely available procedure. A small circular chamber

is placed on the skin. Acetylcholine is iontophoresed into the skin and stimulates terminal

unmyelinated axons supplying sweat glands, resulting in reflex activation of surrounding

sweat glands. The resulting sweat volume is measured quantitatively. QSART is abnormal

in 70% of painful neuropathy patients (9). Unlike QST, QSART is specific for postgang-

lionic adrenergic autonomic function. As with QST, special equipment is necessary, and

careful attention must be paid to the testing protocol in order to obtain reliable results.

The only test that directly evaluates unmyelinated somatic sensory fibers is skin

biopsy. A 3 mm punch biopsy is performed and the tissue stained with an antibody that

stains peripheral nerve axons (Chapter 6). Unmeylinated axons subserving pain sensation

may be easily observed coursing through the epidermis in normal subjects. In those with

neuropathy, these fibers are depleted at distal sites. Like QSART, skin biopsy is both

sensitive and specific (6). Skin biopsy of the distal leg is abnormal in subjects whose symp-

toms are limited to the feet. Unlike nerve biopsy, skin biopsy is minimally invasive, and

often better tolerated than NCS. There is a minimal risk of infection, and no significant

complications are reported in the literature. The biopsy site heals within 1–2 weeks in

most subjects (similar to abrasion wounds) (10). The biopsy results in a scar that usually

fades and may disappear after several months. The biopsy procedure is simple and rapidly

performed (�10–15 min). When tissue processing and analysis require skill and time, the

tissue may be easily shipped to a central processing laboratory.

The choice of which test to perform in a patient with suspected peripheral neuro-

pathy and normal nerve conduction studies is based on patient symptoms and which equip-

ment is available. If QST and QSART equipments are not available, a skin biopsy may be

performed and shipped to a laboratory where the tissue can be processed. Overall, there is

a poor correlation among QSART, QST and skin biopsy, suggesting that they measure

separate functions (7). Patients may have an abnormality on one but not on the others.
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Nerve biopsy is never indicated solely for the purpose of confirming a diagnosis of

peripheral neuropathy. Even when electron microscopy is performed for analysis of small

unmyelinated nerve fibers, nerve biopsy may be normal when other specific and less inva-

sive tests, such as skin biopsy, are abnormal (11). Nerve biopsy should only be performed

when there is suspicion of certain disorders, particularly amyloidosis, vasculitis, and tumor

infiltration. Nerve biopsy is rarely necessary for the diagnosis of CIDP and should

primarily be used to exclude other etiologies.

3. CLASSIFICATION OF PERIPHERAL NEUROPATHY

Most books of peripheral neuropathy (including this one) classify neuropathies based on

underlying pathophysiology (inflammatory, metabolic, neoplastic, toxic etc.). This organi-

zation is useful for the reader interested in learning about a particular diagnosis. For the

clinician attempting to diagnose an individual patient with an unknown peripheral neuro-

pathy, this classification scheme is less useful. In the clinical setting, an algorithmic

approach to the classification of individual peripheral neuropathies is necessary to limit

the differential diagnosis and permit a reasoned and focused diagnostic evaluation.

Peripheral neuropathies can be classified based on system involvement (sensory,

motor, and autonomic), anatomic pattern (distal, proximal, and asymmetric), temporal

course (acute, subacute, and chronic), electrodiagnostic features (axonal, demyelinating,

and mixed), or the presence of severe pain or positive family history (Table 39.2). Most

patients with peripheral neuropathy have a chronic, distal predominant, sensory greater

than motor neuropathy with positive sensory symptoms (tingling, prickling, and burning)

and at least some degree of discomfort or pain. This prototypic pattern of neuropathy

represents one of the most common problems seen by general neurologists and requires

only a focused diagnostic evaluation that will be outlined suceedingly. However, recog-

nition of the prototypic pattern necessitates a careful search for any atypical features

suggestive of a different neuropathy pattern. These features, and selected disorders

which characteristically cause them, are outlined in Table 39.2.

4. THE EVALUATION OF PROTOTYPIC NEUROPATHY

Patients with prototypic neuropathy comprise a relatively homogeneous group, presenting

with numbness, positive sensory symptoms, and discomfort. Symptoms often develop over

a period of months, then stabilize or progress slowly over years. Numbness and pain are

distal predominant, primarily involving the feet and distal leg. While mild weakness of

toe extension and ankle dorsiflexion may be observed, significant weakness is uncommon.

Pain may be severe. Autonomic dysfunction is usually limited to sudomotor dysfunction in

the feet, which often have a red or purple discoloration, and erectile dysfunction (9). The

presence of bony abnormalities such as high arches, hammer toes, or neurogenic arthro-

pathy (Charcot joint) should prompt an evaluation for an inherited neuropathy.

Once this pattern is recognized, the evaluation may be focused. All patients with

suspected peripheral neuropathy should have a thorough medical history and require a

careful general physical examination. Subtle historical details or examination findings

may be very helpful in focusing the diagnostic evaluation, regardless of the neuropathy

pattern. For example, several small angiokeratoma on a young male patient with a

painful neuropathy suggest the diagnosis of Fabry disease. For patients with prototypic neu-

ropathy, a careful search should be made for clinical evidence of toxic exposure, connective

680 Smith



tissue disease, or endocrine dysfunction. A differential diagnosis of prototypic neuropathy

is displayed in Table 39.3, with symptoms or signs suggestive of each diagnosis.

While the differential diagnosis of prototypic neuropathy appears lengthy, in patients

lacking clinical features suggestive of any particular disorder, the list of potential diagnos-

tic possibilities is much shorter. The laboratory evaluation includes tests for disorders that

directly cause nerve dysfunction or injury (e.g., vitamin B12 and diabetes) as well as tests

for conditions that may be associated with neuropathy but are not necessarily causative

(monoclonal gammopathy). Several studies have addressed the diagnostic yield of labora-

tory evaluation among this patient population. Among 93 patients with distal pain, numb-

ness or tingling without symptoms of motor weakness, the only abnormality identified after

Table 39.2 The Differential Diagnosis can be Focused by Recognizing Atypical Features

Prominent Motor Involvement Prominent Sensory Involvement

Charcot Marie Tooth

CIDP and variants (e.g., distal

acquired demyelinating

peripheral neuropathy)

Lead

Dapsone

Porphyria

Multifocal motor neuropathy

Motor neuron disease

Prominent Autonomic Involvement

Diabetes

Amyloidosis

Hereditary sensory autonomic

neuropathy

Severe Pain

Idiopathic

Diabetes

HIV

Amyloidosis

Fabry

Vasculitis

Proximal Involvement

(non-length dependent)

CIDP

Diabetic and non-diabetic lumbosacral

radiculoplexus neuropathies

(“diabetic amyotrophy”)

Porphyria

Infliltrative or infectious polyradiculitis

(e.g., carcinoma)

Dorsal root ganglionopathy

Paraneoplastic

Idiopathic

Idiopathic

Diabetes

Vitamin B12 deficiency

Pyridoxine toxicity

Drug toxicity (e.g., nucleoside analogs

Cisplatin

Dorsal root ganglionopathy

Paraneoplastic

Idiopathic

Sjogrens

HIV

Leprosy

Hereditary sensory

autonomic neuropathy

Amyloidosis

Asymmetry

Vasculitis

Primary peripheral nerve

Systemic vasculitis

Hereditary neuropathy with

predisposition to pressure palsies

Diabetic and non-diabetic lumbosacral

radiculoplexus neuropathies

(“diabetic amyotrophy”)

CIDP (“Lewis Sumner” variant)

Multifocal motor neuropathy

Leprosy

Acute or Subacute Timecourse

Inflammatory

Guillain Barre Syndrome

Vasculitis

Toxic Exposure

Metals (e.g., arsenic)

Solvents (e.g., n-Hexane)

Porphyria

Infectious neuropathies

Note: A selected list of diagnoses suggested by each atypical feature is provided.
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extensive laboratory evaluation was a monoclonal gammopathy in 4/83 (5%) (12). The

recommendation was that CBC, sedimentation rate, serum chemistry panel, serum

protein electrophoresis (SPEP) and immunofixation (IFIX), and vitamin B12 levels be

measured in all patients (1). In another study of 117 patients with sensory neuropathy,

the only laboratory abnormalities were hypertryglyceridemia (34%), hypercholestoreamia

(28%), monoclonal gammopathy in 4 (3.4%), positive extractible nuclear antigens (ENA)

consistent with Sjögren’s disease in 2 (0.2%), and positive antiribonucleoprotein (RNP)

antibody consistent with mixed connective tissue disease in 1 (0.1%). Two patients had

amyloidosis (one primary and one inherited) and both had symtpomatic orthostatic hypo-

tension (7). Our data is consistent with these series. Among 138 consecutive patients with

prototypic neuropathy, 1.6% had a low B12 level, and 2.8% had a monoclonal gammopathy

of uncertain significance (MGUS). The most frequent abnormality was impaired glucose

tolerance (IGT) defined as a serum glucose of 140–200, 2 h after a 75 g ahydrous dextrose

oral load. Among 87 patients who underwent the recommended oral glucose tolerance test,

39 (45%) had IGT and 12 (13%) frank diabetes (13). This is consistent with retrospective

data suggesting over one-third of patients with otherwise idiopathic neuropathy have IGT

(14,15). The other neuropathy patient series described earlier did not include routine OGTT.

The studies outlined earlier suggest only selected laboratory tests need to be routinely

performed in patients with prototypic neuropathy who lack signs or symptoms suggesting a

systemic disorder. All patients should undergo an oral glucose tolerance test to exclude dia-

betes or IGT. The Diabetes Control and Complications Trial demonstrated that glycemic

control slows progression of diabetic neuropathy and the Diabetes Prevention Program

demonstrated that diet and exercise intervention reduces the risk of progression of IGT

to frank diabetes (16,17). Research is underway to determine if similar lifestyle interven-

tion slows the rate of progression of neuropathy associated with IGT. Peripheral neuropathy

caused by diabetes and IGT is reviewed in Chapter 11. IGT is part of the Metabolic Syn-

drome of insulin resistance, obesity, hyperlipidemia, and hypertension, and is associated

Table 39.3 The Differential Diagnosis of Prototypic

Peripheral Neuropathy

Idiopathic Neuropathy

Diabetes

Impaired Glucose Tolerance

Vitamin B12 Deficiency

Connective tissue disease

Sjogren’s Syndrome

Rheumatoid Arthritisa

Systemic Lupus Erythematosisa

Hypothyroidisma

Toxic Exposure

Medications

Chemotherapeutic agents (vincristine, taxol, platinum)

Pyridoxine (high dose causes ganglionopathy)

Macrodantin

Metronidazole

Amiodarone

Solvents (chronic low level)

Familial

aRarely the presenting symptom
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with increased risk of large vessel atherosclerotic disease. The high incidence of hyperli-

pidemia in patients with painful sensory neuropathy suggests a high likelihood of insulin

resistance (7). Because the Metabolic Syndrome may contribute to peripheral neuropathy

and is a significant risk factor for coronary artery and cerebrovascular disease, all neuro-

pathy patients should be have serum lipids and cholesterol measured.

A serum B12 level should be measured in all patients. Those with borderline serum

levels (200–300 pg/mL) should also have methylmalonic acid and homocysteine levels

tested to exclude a mild deficiency state (18).

Other tests are of less certain yield in the absence of clinical features suggesting a

systemic disorder. Routine testing of thyroid function failed to reveal an abnormality in

the neuropathy series reviewed. However, neuromuscular complaints are common among

patients with hypothyroidism (19). Signs and symptoms of hypothyroidism should be

carefully sought in all patients with peripheral neuropathy and diagnostic testing

performed only when found.

Monoclonal gammopathy of unknown significance (MGUS) is associated with CIDP,

but the relationship between MGUS and axonal neuropathy and is less certain. The population

prevalence of MGUS rises to 3% among those over 70 years of age (20,21). In the neuropathy

patient series described previously, the prevalence of MGUS ranged 1–5%, a rate not much

higher than the population prevalence. There are no clinical differences between patients with

idiopathic neuropathy and those with axonal neuropathy associated with MGUS (22). One

argument in favor of screening neuropathy patients is that over 20 years of follow-up,

�20% of patients with MGUS develop a malignant lymphoproliferative disorder (21,23).

However, the impact of early diagnosis of MGUS on ultimate outcome is unknown.

While systemic evidence of a connective tissue disease, such as rash, inflammatory

arthritis, or keratoconjunctivitis sicca should prompt a careful serologic evaluation, routine

testing for serum autoantibodies is of very low diagnostic yield. Up to 12% of healthy blood

donors have a positive antinuclear antibody (ANA) at a low titer (24,25). Abnormal ANA

tests in neuropathy subjects are usually of low titer and are of doubtful significance.

A history of dry eyes or mouth raises the question of Sjögren’s syndrome and serum

SSA and SSB antibodies should be measured. While specific, these antibodies are absent

in most patients with neuropathy due to Sjögren’s syndrome and a minor salivary gland

biopsy may be necessary to confirm the diagnosis (26).

There is significant commercial pressure to order antibody panels on patients with

peripheral neuropathy. These panels typically include various combinations of antigan-

glioside and paraneoplastic antibodies. With the exception of antibodies associated with

multifocal motor neuropathy (GM1), the Fisher variant of Guillain Barre Syndrome

(GQ1b), defined paraneoplastic syndromes such as sensory ganglionopathy (Hu) and

certain patients with CIDP (MAG), there is no benefit to the routine ordering of these

tests. Antisulfatide antibodies in particular are of uncertain clinical significance (27). It

is usually best to order only the specific antibody of clinical relevance, as the marketed

panels may include several antibody tests that are not relevant. Panels may include

antibodies associated with both motor (GM1) and sensory (MAG, Hu) neuropathies. Anti-

bodies may be positive in a patient for whom the laboratory finding is clinically irrelevant,

occasionally leading to inappropriate therapy.

5. IDIOPATHIC NEUROPATHY

The percentage of patients for whom no abnormality is found (e.g., idiopathic neuropathy)

varies depending on the inclusion criteria of the particular study. In general, �30% of
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patients with prototypic neuropathy have idiopathic neuropathy. Idiopathic neuropathy is

more common among older patients, although it is not exclusively a disease of old age.

The etiology of idiopathic neuropathy is unknown. Patients with idiopathic neuropathy

share several characteristics in common with those who have glucose dysregulation.

Both groups have a high prevalence of obesity and its complications. For example, the

mean body-mass index of patients with idiopathic neuropathy is not different from that

of patients with impaired glucose tolerance (14). Preliminary data suggest at least some

patients with idiopathic neuropathy have abnormalities of microvascular reactivity

similar to diabetes (28). These observations suggest obesity may be a common risk

factor for diabetic, IGT, and idiopathic neuropathies.

While the diagnosis of idiopathic neuropathy may seem unsatisfying to the prac-

titioner, it provides very useful prognostic information for the patient. Patients with

neuropathy often have substantial fear of future disability and appropriate education is

therefore very reassuring and often represents the most important therapeutic intervention.

The natural history of idiopathic neuropathy is of very slow progression without disability

beyond pain. Furthermore, the development of severe pain in patients who do not initially

present with significant pain is rare.

Once a diagnosis of idiopathic neuropathy has been made, reevaluation is unnecess-

ary unless the clinical scenario changes. Among 75 subjects with idiopathic neuropathy

evaluated yearly for five years, no metabolic or toxic cause was identified and no

patient developed a monoclonal gammopathy (29).

6. SUMMARY

The evaluation of patients with peripheral nerve disease can be efficient and informative

when a rational and organized approach is used. One must first localize the neurologic

lesion, confirm the presence of peripheral neuropathy, and characterize its features clini-

cally and electrophysiologically. If nerve conduction studies are normal, QST, QSART, or

skin biopsy are useful means of confirming the diagnosis. Patients with prototypic, distal,

axonal sensorimotor neuropathy should undergo an OGTT and have their serum vitamin

B12 level measured. Other tests should be performed if there are features suggesting

another disorder. Those with atypical features (asymmetry, proximal involvement, pure

motor or sensory, or autonomic involvement) should be evaluating for conditions

known to cause the particular pattern. In patients with particularly confusing or unusual

presentations, referral to a tertiary care neuromuscular center is frequently more useful

than reverting to a shotgun diagnostic approach.
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pharmacology, 626

Cytosine arabinoside, 366
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history, 190

laboratory evaluation, 191–192
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clinical features, 294–296
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focal entrapment neuropathies, 37

ischemic neuropathies, 37

Mononeuropathy multiplex neuropathies,

162–163, 534

clinical features, 217–221, 284

demyelinating, 163
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Musculocutaneous neuropathy, 515–519

clinical features, 516

compensatory orthotic options, 575

differential diagnosis, 517

laboratory evaluation, 516–517

management, 517–518

pathogenesis, 518–519

Mycophenolate mofetil, immune-mediated
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causes, 607–610

central nervous system alterations, 602

chronic inflammatory demyelinating

polyneuropathy, 610

classifications, 606

clinical aspects, 603–607

cytogenic polyneuropathies, 610

definition, 600–601

diabetes, 608

diagnosis and treatment, 600–616

dorsal horn alterations, 602

Fabry disease, 609
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paraproteins, 610

pathophysiology, 601–602

peripheral nervous system alterations,

601–602

sensory ganglionopathies, 610

sympathic nervous system alterations,

602

Tangier disease, 609

thallium, 608

treatment, 611–616

uremic neuropathy, 608

vasculitis, 610

Neuropathy
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Platinum, 365

Plexopathies, 37–38, 453–464

brachial, 246, 454–459

differential diagnosis, 247–248

direct tumor involvement, 246–248

evaluation, 246
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musculocutaneous neuropathy, 515–519

spinal accessory neuropathy, 504–506

suprascapular neuropathy, 506–511

Psychological approaches, for neuropathic

pain, 615

Pudendal nerve, 552–553
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rheumatologic diseases, 228

screening tests, 226

Symmetry, as nerve conduction value, 21

Sympathetic skin responses (SSR), 57
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