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INTRODUCTION

Patients with symptoms of weakness are commonly referred for 
a nerve conduction study (NCS) and electromyogram (EMG) to 
look for the one of many different peripheral neuromuscular dis-
orders that may account for their symptoms.  The identifiable eti-
ologies are distributed among myopathies, motor neuron diseases, 
polyradiculoneuropathies, and neuromuscular junction disorders. 

Since identifiable causes of weakness make up only 11% of patients 
seen in an EMG laboratory, a well-defined approach should be 
available when they do appear. A clinical history to define the tem-
poral course, distribution of symptoms, previous testing, previous 
treatments, and treatment outcomes should be combined with a 
focused neurological examination.  Testing cranial nerves, strength, 
gait, tone, reflexes, and sensation before starting the study allows a 
much more focused and efficient study.  Among these weakness is 
particularly important for planning the testing.

Generalized weakness in the outpatient or inpatient settings can 
have very different clinical pictures and approaches to the prob-
lems. Fatigue, weakness, cramps, and myalgia are common com-
plaints in the outpatient setting, often without definitive findings 
on clinical examination.  Hospitalized patients usually have more 
prominent deficits; in the intensive care unit they may be close to 
quadriplegic. Thus careful assessment of the clinical weakness is 
needed to identify the clinical problems that must be considered. 

Patients with weakness are often referred by other physicians for 
EMG and NCS to assess for a specific disorder of concern to them. 
Weakness can occur with both central and peripheral diseases that 
are usually readily distinguished clinically. Occasional patients with 

unrecognized central disorders are referred for an EMG and NCS, 
such as foot drop in a stroke or paraparesis with a spinal cord lesion. 
The electrodiagnostic (EDX) physician should therefore do a limited 
evaluation to assure that the process is not central in origin. 

EMG and NCS are a major part of the full evaluation of a patient 
with each of the peripheral causes of weakness: myopathy, neuro-
muscular junction disorder, peripheral neuropathy, polyradiculopa-
thy, and motor neuron disease.  EMG and NCS include a wide 
range of different tests for these disorders that cannot all be per-
formed on every patient. The EDX physician must select those tests 
that will most reliably and efficiently define the underlying disorder. 
While a referring physician’s concern about specific clinical entities 
must be given high priority in determining the tests to select, the re-
ferring physician usually does not have the expertise and experience 
of an EDX physician. The EDX physician should therefore perform 
a clinical examination to determine the tests that will be performed 
focusing particularly on signs of objective weakness. 

Electrophysiologic Testing in 
Generalized Weakness 

Jasper R. Daube, MD
Department of Neurology

Mayo Clinic
Rochester, Minnesota

TABLE 1 Distribution of electromyography diagnoses during 1 year in 
an academic electromyography laboratory

  No abnormalities   3634  26% 
  Focal nerve disorders  6098  43% 
  Peripheral neuropathy  1934  14% 
  Weakness   1480  11% 
  Myopathy   590  4% 
  Motor neuron disease  377  3% 
  Polyradiculoneuropathy   348  3% 
  Demyelinating neuropathy        101      1% 
  Neuromuscular junction  64     <1%
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CHARACTERIZATION OF OBJECTIVE CLINICAL 
WEAKNESS FOR PLANNING EMG AND NCS TESTING

A neurologic examination is critical to planning the EMG and NCS 
that would most efficiently and accurately define the underlying dis-
order in a patient with weakness. Basic strength testing can guide the 
testing by suggesting the likelihood of possible underlying diseases. 
Reflex and sensory testing are helpful in selected situations. 

Within the group of myopathies, as well as in other neuromuscular 
diseases, there can be quite different clinical pictures. For example, 
a myopathy may be distal as well as proximal, or neuromuscular 
junction diseases may get weaker (myasthenia gravis) or stronger 
(Lambert-Eaton myasthenic syndrome) with exercise. And there 
may be mixtures: polyradiculopathy often occurs in association with 
peripheral neuropathy, and is referred to as a polyradiculoneuropathy. 
The occurrence of such combinations will be identified as equal likeli-
hood of polyradiculopathy and peripheral neuropathy. None the less, 
there is sufficient similarity of the diseases within each of these catego-
ries to classify them separately in defining the appropriate testing.

The distribution of the weakness assists in defining the likelihood 
of each of the major types of peripheral neuromuscular disease. The 
determination of likelihood is based on the usual clinical picture 
of a category of disease and the frequency of its occurrence in the 
population. 

Each of the diseases could present distribution of the weakness 
with any one of the distributions, but the likelihood varies with the 
specific type of disease. The major disease groups will be referred 
to with abbreviations:  myopathy (Myop), neuromuscular junction 
(NMJ), peripheral neuropathy (PN), polyradiculopathy (PolyRad), 
motor neuron disease (MND).  Likelihood is defined by the greater 
than (“>”) signs.

Generalized distribution – clear evidence of weakness in  
many areas

Diffuse = similar weakness in all limb and trunk muscles  
 Myop > PolyRad= PN > NMJ > MND  
Proximal = predominantly in proximal, limb-girdle muscles 
 Myop >> PolyRad > NMJ > MND > PN 
Distal = predominantly in distal limb muscles 
 PN = PolyRad > MND > Myop > NMJ 
Cranial = predominantly in cranial muscles 
 MND > NMJ > Myop > PolyRad > PN 
Asymmetrical = greater weakness on one side, but not focal  
(see below) 
 MND > NMJ > Myop > PolyRad > PN 
Focal = specific, usually unilateral area, not just asymmetrical 
 Focal weakness is most commonly a mononeuropathy,   
 limited to the distribution of individual nerves, such  
 as carpal tunnel syndrome or ulnar neuropathy.  
 Radiculopathies and plexopathies are also typically focal  
 in their distribution, a single root or a component of the  
 brachial or lumbo-sacral plexus.  
Muscle – rarely, focalweakness may be due to a muscle disease

With the exception of certain rare muscle disorders, focal pro-
cesses require specific approaches to EMG and NCS that will not 
be discussed in this manuscript. 

While there are exceptions, the time course of the disease often 
provides clues to the specific nature of a peripheral neuromuscular 
disease. Acute processes suggest toxic neuropathies or myopathies; 
subacute onset over days to weeks is likely an inflammatory dis-
order such as myositis and Guillain-Barre syndrome. Transient 
disorders are often metabolic, while fluctuating weakness is typical 
of myasthenia gravis. Disorders evolving over years generally are 
genetic or “degenerative” such as the dystrophies and MND. 

Patient examples will be used to demonstrate approaches to 
weakness in different clinical settings.

Case 1: 67-year-old woman with leg weakness

•  8-year history of slowly progressive, painless weakness 
 • 8 years ago - trouble arising from floor 
 • 4 years ago - trouble arising from chair 
 • 2 years ago - falls, give way of left leg 
• Denies atrophy, fasciculations, muscle pain, sensory symptoms,   
   or any upper extremity or trunk symptoms 
 • Previous EMG and NCS normal

Clinical Examination: Uses upper extremities to arise from seated 
position.

• -2 weakness quadriceps with mild, bilateral atrophy 
• -1 to -2 weakness left>right finger flexors and wrist flexors 
•  Remainder of neurologic examination is normal, including  
    reflexes and sensory examination

EMG/NCS and report- see insert

This patient demonstrates the importance of the clinical exami-
nation and the information that EDX studies can provide. Each 
of these should be kept in mind in performing EDX studies. An 
EMG report will be enhanced for the referring physician by com-
menting on these. 

•  Confirm clinical impression 
•  Disease type 
•  Disease location 
•  Define severity 
•  Identify subclinical disease 
•  Define course 
•  Identify other associated disease

TOOLS FOR TESTING PERIPHERAL NEUROMUSCULAR 
DISORDERS

A patient with objective weakness in one of the defined distribution 
listed above on clinical examination will help to determine the type 
and extent of testing that is needed.  The following EDX tools should 

2 Electrophysiologic Testing in Generalized Weakness AANEM Course



be considered for testing. Their specific applications are discussed 
separately below. 

•  NCS 
•  Repetitive nerve stimulation 
•  EMG 
•  Single fiber EMG (SFEMG) 
•  Interference analysis  
•  Turns/amplitude

NCS

Motor NCS - Patients with weakness may demonstrate a number 
of abnormalities on motor NCS that assist in localizing the process 
along the peripheral neuraxis.  A low compound muscle action 
potential (CMAP) can occur in any of the neuromuscular diseases, 
but are less common in myopathy and NMJ disorders.  Slow 
conduction, temporal dispersion, or conduction block are signs of 
demyelination that suggest acute or chronic, acquired demyelinating 
polyradiculopathies (AIDP or CIDP) or a multifocal motor neurop-
athy. Repetitive stimulation with exercise often shows the decrement 
and/or facilitation of a defect of neuromuscular transmission.

Late responses - Prolonged F-wave latencies or R1 blink latencies 
are signs of the proximal slowing seen in patients with weakness 
due to polyradiculopathies, particularly early in the course when 
other abnormalities on NCS may not be evident.

Sensory NCS - Low amplitude sensory responses and/or slow con-
duction, especially in the sural or medial plantar nerves in patients 
with weakness without sensory findings, suggest the possibility of 
a subclinical peripheral neuropathy as might occur in diabetes, 
myopathies such as inclusion body myositis.  However, some 
disorders, such as amyloidosis or sarcoidosis, may affect nerve and  
muscle (neuromyopathies).

Repetitive Nerve Stimulation 

Repetitive nerve stimulation testing should be considered in all 
patients who complain of generalized weakness, as they will oc-
casionally identify an unsuspected NMJ disorder.  The extent of 
testing depends on the level of suspicion of a NMJ disorder; if the 
suspicion is high, distal and proximal nerve-muscle testing before and 
after exercise should be performed in the limbs with greatest weak-
ness.   A decrement is evidence of a disorder of the NMJ; repair 2–3 
minutes after exercise suggests myastheniagravis. Marked facilitation 
is typical of Lambert-Eaton myasthenic syndrome, especially if the 
CMAP amplitudes are low. Repetitive CMAP suggest congenital 
which requires more extensive complicated, testing that will not be 
reviewed here.

EMG

Testing muscle with a needle recording electrode is the single most 
useful study of patients with weakness.  Examination of weak 

muscles can define the underlying pathology in most patients.  A 
normal study makes a neuromuscular disorder an unlikely cause 
of weakness.  Short duration, low amplitude motor unit action-
potentials are typical of a myopathy.  Combined with fibrillation 
potentials and an excess of polyphasic MUAPs, these findings 
suggest muscle fiber necroses and/or regeneration, which can occur 
in many myopathies, but especially inflammatory.  Myopathies 
typically show an increased turns/amplitude ratio with interference 
pattern analysis.

Variation in the size and shape of a single MUAP with or without 
short duration is a sign of NMJ disease, but can also occur in 
neurogenic disorders with denervation and ongoing reinnervation. 
Unstable individual MUAPs should be sought in each patient  
with weakness.  

More precise identification of the severity of a disorder is aided 
by quantitation of the duration, amplitude, and phases of 30 or 
more individual MUAPs. Quantitation of an interference pattern 
with a mixture of superimposed MUAPs can be analyzed by  
interference pattern analysis in which the amplitude and turns are 
measured at a fixed force.

Reduced MUAP recruitment with long duration, polyphasic 
MUAPs are evidence of a neurogenic disorder. The presence of 
fibrillation potentials and unstable MUAPs indicate a progressing 
disorder, or less likely, ongoing reinnervation. Neurogenic disorders 
typically show decreased turns/amplitude ratio with interference 
pattern analysis.

SFEMG

Specialized needle EMG recordings with a 500 Hz filter and 
more rapid sweep settings allow the isolated recording of  
individual muscle fibers. Variation in the interval between two 
fibers in a single MUAP (jitter) can provide very sensitive  
evidence of a NMJ disorder. Increased jitter with normal or 
mildly short duration MUAPs is the most sensitive test for NMJ 
disorders, and may be seen in muscles without decrement in  
myasthenia gravis.  Increased jitter with long duration, polyphasic 
MUAPs is evidence of a progressing neurogenic disorder such  
as MND.

Case 2: 20-year-old college student 2 weeks progressive 
generalized weakness 

Day 1   Myalgia, headache, sore throat, fever 
Day 10  Student Health: penicillin for “strep throat”,  
  persistent emesis 
Day 11 Emergency Room - Urinary retention, lethargy, unsteady 
Day 12 Diplopia, mild proximal weakness, brisk deep tendon   
  reflex (DTR), bilateral Babinski 
Day 13 Reduced reflexes, progressive weakness, shortness of   
  breath (SOB), tachycardia 
Day 14  Hospitalized: Head computed tomography  and   
  magnetic resonance imaging scans normal; Cerebrospinal  
  fluid (CSF) cells and protein increased

AANEM Course Current Approaches to Common Neuromuscular Problems 3  



Diagnosis – Guillain–Barré with myelopathy, polyradiculoneu-
ropathy, and autonomic neuropathy 
Treatment Plan: Start 5 days intravenous immunoglobulin (IVIg)  
EMG/NCS #1 and report – see insert 
EMG/NCS #2 and report – see insert 
EMG/NCS #3 and report – see insert

Case 2 demonstrates the evolution of a clinical disorder in which 
EMG provides valuable clinical guidance for both prognosis and 
clinical guidance.  All the EMG/NCS abnormalities found in 
neuromuscular diseases evolve over time. These changes should 
be kept in mind in interpreting findings. The typical evolution of 
EMG findings in a patient with weakness from an acute axonal loss 
is shown in Table 2.

The remainder of this review will include a brief summary of the 
approach to weakness in each of the major groups of neuromus-
cular disease followed by a detailed review of the considerations in 
assessing a patient for possible myopathy.  

TESTS TO CONSIDER IN A PATIENT WITH SUSPECTED 
MND

Evaluation of MND is complicated by the variety of initial presenta-
tions both in distribution and clinical manifestations. Amyotrophic 
lateral sclerosis (ALS), the most common MND, typically presents 
with focal signs that may be one arm, one leg, bulbar, respiratory or 
trunk in that order of frequency. Presentation may be with purely 
lower motor neuron, purely upper motor neuron, or a mixture of 
signs in each area. Two reliable clues to ALS are: presence of motor 
with no sensory findings, EMG abnormalities outside the distribu-
tion of clinical findings. ALS should be considered in every patient 
with focal deficit if there are no sensory findings, such patients 1) 
with foot drop, but no pain or sensory loss, hand weakness, but no 
pain or sensory loss, difficulty swallowing, but no pain or sensory 
loss, etc. Other signs can be helpful in suggesting specific MND. 
Facial fasciculations suggest Kennedy’s disease; very long standing, 
minimally progressive, symmetrical, predominantly proximal weak-
ness suggests a spinal muscular atrophy, Asymmetric distribution of 
widespread neurogenic MUAPs with a minimum of fibrillation can 
be residuals of poliomyelitis. 

EMG

While EMG or NCS testing could be performed first, in a patient 
with suspected MND it is often more efficient to begin with 
EMG testing, sampling weak muscles in the weakest limb in the 
distributions of different nerves and roots. If the abnormalities 
are outside the distribution of a single nerve or root, it is most 
efficient to then move to muscles in another limb, e.g., anterior 
tibial, medial gastrocnemius and vastus medialis in the leg, or first 
dorsal interosseous, biceps, and triceps in the arm. If abnormality 
is found in two limbs, thoracic paraspinal muscles at two levels can 
be sampled with a goal of finding abnormalities at three levels of 
the neuraxis.  If changes are found at only two levels, or if there 
is bulbar weakness, cranial innervated muscles like the trapezius, 
masseter, or tongue should be tested. Unstable, polyphasic MUAPs 
can provide evidence of denervation early in the course of the 
disease when fibrillations may be minimal. If necessary, diaphragm 
EMG should be considered.

NCS

If changes of MND are found on EMG, NCS can be limited to the 
limb with greatest weakness to be sure there is not a superimposed 
mononeuropathy or peripheral neuropathy. A critical finding in 
distinguishing the changes of a mononeuropathy from MND is 
normal sensory potentials with low amplitude motor responses.  

TESTS TO CONSIDER IN A PATIENT WITH SUSPECTED 
POLYRADICULOPATHY

PolyRad are often demyelinating disorders with significant slowing 
of conduction or conduction block. NCS testing provides the most 
definitive evidence of a PolyRad.  NCSs are generally performed 
first with particular attention to motor NCSs.  NCSs in a pure 
axonal PolyRad will be less informative, but necessary to demon-
strate the extent of axonal loss. 

NCS 

Starting with the most involved limb, median, ulnar, peroneal, and 
tibial nerves are tested with particular attention to F-wave latencies and 
distal latencies. If conduction velocity is slowed at all distally, the F-wave 
latency should be compared with an estimated F-latency.  PolyRad will 
typically show more slowing proximally with a longer F-wave latency 
than F-wave latency estimate. If proximal slowing is not clearly shown 
by distal nerve testing, proximal conduction is most efficiently tested 
with blink R1 latency. Although technically more difficult, proximal 
slowing can also be identified by percutaneous, needle stimulation 
of the nerve “root” (spinal nerve) with recording from the hypoth-
enar, biceps, abductor hallucis, or extensor digitorum brevis muscles.  

EMG

If clear evidence of PolyRad is found on NCS, the purpose of EMG 
becomes to determine the extent and distribution of axonal loss 

4 Electrophysiologic Testing in Generalized Weakness AANEM Course

Table 2  Evolution of electromyography findings in an acute neurogenic 
disorder

         1 week       2 weeks      6 weeks     6 months
Fibrillation Potentials       None         Some          Many           None or tiny
                   (severity dependent)

Recruitment        Reduced    Reduced     Reduced     Reduced
Phases         Normal      Polyphasic   Polyphasic  Normal
       (polyphasic)

Duration         Normal      (Long)         Long Long
Other         None         Unstable     Unstable      Complex   
                      Repetitive   
                      Discharge
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(fibrillation potentials). Selected weak muscles in one arm and leg, 
and paraspinal muscles are usually sufficient.

TESTS TO CONSIDER IN A POSSIBLE PERIPHERAL 
NEUROPATHY 

Despite the wide variety of forms of PN the approaches are similar 
with a focus on NCS. Both the axonal and demyelinating forms are 
identified by similar testing. The criteria for distinguishing them 
should be familiar to the EDX physician, but will not be discussed 
in this manuscript.

NCS

Since the disorder is typically distal and length dependent, testing 
the leg on the most involved side first (or the least involved if 
there is severe atrophy) including peroneal/anterior tibial, if there 
are no responses distally. F-wave testing is important to identify 
combined PN and PolyRad. If both disorders are present the 
F-wave latency and F-wave latency estimate will be similar; if 
there is no PolyRad, the F-wave latency will be shorter than the 
estimate.  It is particularly important to compare proximal and 
distal amplitudes and configuration.  Significantly lower ampli-
tude with proximal stimulation can identify a focal conduction 
block (distinct from focal slowing); an irregular spreading of the 
CMAP shape identifies temporal dispersion, another sign of a  
demyelinating process. 

EMG

The purpose of EMG is primarily to confirm the extent and 
distribution of axonal loss (fibrillation potentials), and should 
test distal, proximal and paraspinal muscles if there are any 
clinical or NCS signs of proximal involvement.  EMG of distal 
arm muscles often demonstrates axonal loss with not clinical 
signs, usually only long duration motor unit potentials. If no 
fibrillation potentials are found in standard muscles, intrinsic 
foot muscles (abductor hallucis and dorsal interossei) will often  
show abnormality.

TESTS TO CONSIDER IN A POSSIBLE MYOPATHY WITH A 
FOCUS ON INFLAMMATORY MYOPATHIES

While either EMG or NCS testing could be performed first, in a pos-
sible myography it is often more efficient to begin with EMG testing, 
sampling weak muscles in the weakest limb in the distributions of 
different nerves and roots. 

The following needle EMG protocol is recommended:

•  Test two or three of the weakest muscles and a less involved 
muscle searching for fibrillation potentials, unstable MUAPs and 
short duration and/or polyphasic potentials

•  Examine multiple areas within a muscle since findings may be 
scattered, giving particular attention to superficial layers where ab-
normalities are often more prominent in inflammatory myopathies

•  If abnormalities are not found in the limbs, test thoracic paraspi-
nal muscles at two levels and test cranial muscles with significant 
weakness 

•  If abnormalities are found in one limb, compare at least one 
muscle in the other ipsilateral limb to fully define the distribution

•  Quantitate MUAPs in the weakest muscles if clear abnormalities 
are not found

The following NCS protocol is recommended:

Test the weakest limb with motor NCS and F-waves. If weakness 
is particularly prominent in radial or musculocutaneous innervated 
muscles, test radial and/or musculocutaneous nerves for focal 
slowing or conduction block to exclude multifocal motor neuropa-
thy with conduction block

If there is a history of fatigable weakness, look for NMJ disorders by 
testing repetitive stimulation before and after exercise in clinically 
weak muscles, (e.g., accessory/trapezius, musculocutaneous/biceps, 
axillary/deltoid, femoral/rectus femoris).

Findings in Myopathy

The distribution of abnormality in many myopathies, especially 
inflammatory is proximal and paraspinal, but often with prominent 
changes in the anterior tibial muscle. A few myopathies, especially 
fascio scapulo humeral (FSH) dystrophy and DM2 myotonic dys-
trophy may have different findings in muscles near each other or be 
asymmetrical. These require more sampling to identify. A limited 
number of myopathies have distal weakness, especially the relatively 
common inclusion body myositis (Table 3).

            
        

_o  Inclusion body myositis - usually 
  o  Polymyositis - infrequently 
  o  Centronuclear myopathy (dynamin 2) 
  o  Nebulin distal myopathy 
  o  Central core myopathy 
  o  Myotonic dystrophy 
  o  Distal dystrophies 
  o  Amyloid

MUAPs in a myopathy become shorter in duration and lower 
in amplitude as muscle fibers are destroyed by the disease.  The 
changes are typically proportional to the weakness. In severe disease 
MAUPs may have only a tiny potential from one remaining fiber 
in the MUAP. Increased MUAP turns and phases results from dif-
ferential fiber conduction velocity with loss of synchrony because 
of fiber atrophy or small regenerating fibers. SFEMG also shows 
abnormalities with increased jitter due to reinnervation, and in-

 Table 3 Myopathies with predominantly distal weakness



creased fiber density due to fiber splitting and reinnervation. Early 
in the course of a myopathy, the findings may be patchy or subtle, 
requiring widespread and thorough sampling of muscles.  Keep in 
mind each of the neuromuscular disorders that may show short 
duration MUAPs (Table 4).

EMG is limited in its ability to distinguish between different eti-
ologies.  Although the findings reflect the underlying muscle fiber 
pathology and physiology, pathologic changes in different disorders 
may produce similar EMG changes such that the findings are not 
specific for individual diseases. The absence of abnormal MUAP 
changes in a clearly weak muscle can occur in some endocrine or 
metabolic myopathies, especially steroid myopathy.

Fibrillation potentials occur by a number of mechanisms, including 
segmental necrosis of fibers, fiber splitting, and from regenerating 
muscle fibers. Fibrillation potentials may be few in number and 
scattered. They tend to fire slowly at less that 4 Hz. Positive wave- 
form fibrillation potentials are often seen.  Muscle fiber atrophy 
results in very tiny MUAPs in long-standing disease. Myopathies 
with fibrillation potentials are listed in Table 5. 

The common occurrence of fibrillation potentials in an inflamma-
tory myopathy and the much greater incidence of inflammatory 
myopathy than other myopathies, make inflammatory myopathy 
far more likely in a patient with weakness, short duration MUAPs 
and fibrillation potentials. There are differences in density of fibril-
lation potentials among the myopathies as shown in Table 6. 

Other discharges have varying significance. Complex repetitive 
discharges indicate long duration of disease, but do not suggest a 
specific type.  A limited number of myotonic discharges can be seen 
in many myopathies and in long-standing neurogenic processes. If 
they are more prominent, specific diseases listed in Table 7 should 
be considered.

The two forms of myotonic dystrophies, DM1 and DM2 differ 
clinically with myalgia and asymmetry in DM2.  Differences in 
response to repetitive stimulation and the character of the myo-
tonic discharges allow them to be distinguished from each other 
and more important from an inflammatory myopathy. 

A number of reports have shown that the distribution of myotonic 
discharges in DM2 is more prominent and may be limited to proxi-
mal in the legs. It is therefore important to look there. In addition 
while both DM1 and DM2 have myotonic discharges in DM2 they 
generally wane rather than wax and wane. The end of slow-waning 
discharges in DM2 has characteristics that are similar to fibrillation 
potentials. The limited distribution of DM2 and the difference in 
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o Myopathy with muscle fiber destruction 
o Neuromuscular junction disorders with severe block or end  
 plate destruction 
o Periodic paralysis and other membrane disorders 
o Neuropathy with primarily nerve terminal damage  
o Late stage, severe neurogenic disorder 
o Early regeneration after a severe neurogenic process
MUAPs =  motor unit action potentials

Table 4  Disorders that can result in short duration MUAPs

 
o All inflammatory myopathies 
o Inclusion body myositis - often with a mixture of short and long  
 duration motor unit action potentials 
o Critical illness myopathy  
o Congenital myopathies - centronuclear, nemaline, congenital fiber- 
 type disproportion 
o Muscular dystrophies - dystrophinopathies, fascio scapulo humeral, 
 myotonic dystrophy DM1 and DM2, some limb-girdle muscular  
 dystrophy (LGMD), most distal dystrophies 
o Toxic: acute alcoholic myopathy, lipid lowering drugs 
o Metabolic: acid maltase, other glycogen storage diseases after  
 an attack, hyperkalemic periodic paralysis, paramyotonia,   
 K-sensitive myotonia,  
o Rhabdomyolysis – may be quite prominent 
o Muscle trauma – including previous surgery and injections

Table 5 Myopathies with fibrillation potentials

 
Polymyostis 
Dermatomyositis 
Inclusion body myositis 
Overlap syndromes  
Connective tissue diseases sometimes with neuropathy 
 Scleroderma 
 Sjogrens 
 Systemic lupus erythematosus 
 Rheumatoid  
 Penicillamine 
Amyloid 
Bacterial myositis – Clostridia, tuberculosis, Lyme, syphilis, Whipple’s 
disease 
Viral myositis – human immune deficiency virus, Coxackie, influenza 
Parasitic myositis – trichinosis, toxoplasmosis, cystercycosis, 
echinococcus 
Sarcoid myopathy  
Eosinophilia-myalgia syndrome 
Focal myositis 
Vasculitis

TABLE 6 Major Categories of Inflammatory Myopathies Listed by 
Density of Fibrillation

 
Myotonic dystrophy, both DM1 and DM2 
Paramyotonia congenita 
Myotonia congenita 
Hyperkalemic periodic paralysis 
Potassium sensitive myotonia 
Centronuclear myopathy 
Hypothyroid myopathy 
Statin-associated myopathy 
Acid maltase deficiency 
Amyloid

Table 7 Myopathies with myotonic discharges



pattern can result in a patient having what appears to be fibrillation 
potentials with short duration MUAPs, like an inflammatory myo-
pathy.  A more extensive search for myotonic discharges is needed 
in some patients with myalgia and minimal weakness who might  
have DM2.

The abnormalities in inflammatory myopathy evolve over time. 
Early on the findings are patchy or subtle, requiring thorough-
ness and widespread sampling for the short MUAPs and fi-
brillation potentials.  The MUAPs become more polyphasic 
with disease progression to where they have some features of 
a chronic neurogenic process, including reduced recruitment 
and long-duration MUAPs. In chronic stages, MUAPs become 
more polyphasic with satellite potentials with mixed short-and 
long-duration MUAPs. Mild NCS changes may appear. A long 
standing inflammatory myopathy cannot be readily distinguished 
from inclusion body myositis, whose apparent incidence is in-
creasing as specific biopsy staining for the disorder has become  
more prominent.

Before concluding that a patient’s clinical and EMG/
NCS findings are due to an inflammatory myopathy,  
attempts should be made to assure that other mimicdisorders are  
excluded (Table 8).

NCSs in myopathies are usually normal, or show only low am-
plitude responses if the weakness is sufficiently severe, but others 
should be considered as well (Table 9). 

Slow motor conduction or sensory NCS abnormalities suggest 
the additional presence of a neuropathy.  While long-duration 
MUAPs can occur with chronic myopathies, neuromyopathies 
are disorders that involve both nerve and muscle directly, and  
must be considered when these combinations are found. They 
occur most commonly in connective tissue diseases, but do 
occur in other myopathies, particularly drugs or toxins as listed  
in Table 10.

Among the most difficult muscle problems for the EDX physi-
cian are patients with myalgia and fatigue who have no weakness 
or other clinical deficits.  They are often classified and treated as 
fibromyalgia, but it must be recalled that some myopathies may 
have these as primary symptoms (Table 11). Some of them can be 
readily identified with EMG and muscle biopsy, but others will 
require more specific testing. 
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Other Myopathies 
 Enzyme deficiencies 
 Congenital myopathies 
 Necrotizing myopathies 
 Toxins and drugs 
 Alcohol  
 Ischemia 
 Heat 
 Injections 
 Hypokalemia 
 Paraneoplastic 
Other neuromuscular disease 
 Neuromuscular junction disorders 
 Polyradiculopathy  
 Spinal muscular atrophy  
 Amyotrophic lateral sclerosis 

TABLE 8  Disorders to rule out In a suspected inflammatory myopathy

Inflammatory 
  o  Inclusion body myositis 
  o  Severe polymyositis
Dystrophies 
 o  Distal muscular dystrophies 
 o  Distal myopathies 
 o  Myotonic dystrophy 
 o  Facioscapulohumeral dystrophy 
 o  Emery-Dreifuss muscular dystrophy
Enzyme deficiencies 
 o  Debrancher enzyme deficiency 
 o  Acid maltase deficiency

Other myopathies 
 o  Congenital myopathy 
 o  Nemaline myopathy 
 o  Central core myopathy 
 o  Centronuclear myopathy 
 o  Myofibrillary myopathy

Table 9 Myopathies more likely to have low compound muscle action 
potentials amplitudes on nerve conduction studies 

 
Connective tissue disorders 
  Systenic lupis Eoythematosus 
  Rheumatoid arthritis 
  Mixed connective tissue disease 
  Sjogrens 
  Polyarteritis nodosa

Congenital myopathies 
 Myofibrillary (desmin) 
 Mitochondrial disorders

Metabolic myopathies 
 Acid maltase deficiency 
 Debrancher enzyme deficiency 
 Mitochondrial disorders

Drugs 
 Cyclosporin 
 Vincristine 
 Chloroquine 
 Colchicine

Other 
 Sarcoidosis 
 Amyloid

Table 10 Neuromyopathies



 
Clinical Examples of the Application of These Principles

Case 3: 65–year-old woman with fatigue 

 2 years of difficulty with household chores, “tired” 
 Difficulty squatting during exercise 
 EMG 1 year ago – normal NCS and EMG 
 Limited improvement on Sertaline 
 Examination - mild proximal weakness; normal  
 reflexes, cranial nerves, sensation, gait 
 EMG/NCS and report – see insert

Case 4: 29- year-old woman with muscle aches 

 Healthy - 5 years muscle aches 
 Mild elevations of creatine kinase (300 - 550) 
 Examination normal 
 Mild weakness, limited to left triceps 
 Normal NCS 
 EMG/NCS and report – see insert
Case 5: 45–year-old interior designer with 3 months  
generalized weakness

 Diplopia brain stem astrocytoma-stable 2 yrs after  
 radiation therapy 
 Temporal lobe herpes simplex virus (HSV)  
 encephalitis-better 1 year after Acyclovir 
 Bulbar dysfunction from tumor-dexameth asme  
 and Temazolamide 
 2 mo progressive weakness with no other symptoms  
 or signs 
 CSF and EMG performed at home - axonal and  
 demyelinating neuropathy 
 Hospital transfer - quadriparetic with deep vein  
 thrombosis 
 Normal reflexes and sensation 
 MRI 10 mm mass and residuals of HSV 
 EMG/NCS and report – see insert

Case 6: 84-year-old woman with weakness

 Diabetes mellitus and hypothyroidism with 2 months of  
 painless arm weakness 
 Examination:  Proximal symmetric arm weakness,   
 normal reflexes  
 NCS -  normal 
 EMG/NCS and report - see insert 
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Endocrine 
  Hyperthyroid 
  Hypothyroid

Metabolic 
 Lipid storage 
 Mitochondrial

Drug – cholesterol lowering agents

Inflammatory 
 Polymyositis 
 Trichinosis 
 Sarcoid

Dystrophy 
 Myotoric dystrophy DM2 
 Becker 
 Caveolinopathy  
 Calpainopathy

Table 11 Muscle disorders underlying myalgia and fatigue in some 
patients
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INTRODUCTION

Cervical and lumbosacral radiculopathies are conditions involving 
a pathological process affecting the spinal nerve root. Commonly, 
this is a herniated nucleus pulposis that anatomically compresses a 
nerve root within the spinal canal. Another common etiology for 
radiculopathy is spinal stenosis resulting from a combination of  
degenerative spondylosis, ligament hypertrophy, and spondylolis-
thesis. Inflammatory radiculitis is another pathophysiological 
process that can cause radiculopathy. It is important to remember, 
however, that other more ominous processes such as malignancy 
and infection can manifest the same symptoms and signs of radicu-
lopathy as the more common causes.

This manuscript deals with the clinical approach used in an  
electrodiagnostic (EDX) laboratory to evaluate a person with neck 
pain, lumbar spine pain, or limb symptoms which are suggestive of 
radiculopathy. Given the large differential diagnosis for these symp-
toms, it is important for EDX physicians to develop a conceptual 
framework for evaluating these referrals with a standard focused 
history and physical examination and a tailored EDX approach. 
Accurately identifying radiculopathy by EDX whenever possible 
provides valuable information for treatment and minimizes other 
invasive and expensive diagnostic and therapeutic procedures.

SPINE AND NERVE ROOT ANATOMY: DEVIATIONS FROM 
THE EXPECTED

The anatomy of the bony spine, supporting ligamentous struc-
tures, and neural elements provides a unique biomechanical 
system that allows tremendous strength, yet flexibility. The  
interested reader can consult standard anatomy texts for further 
discussions. The important structural issues that relate to radicu-
lopathy are addressed in this manuscript.

In the lumbar spine, the attachment and shape of the poste-
rior longitudinal ligament predisposes the nucleus pulposis to  
herniation in a posterolateral direction where it is the weakest. The 
dorsal root ganglion (DRG) lies in the intervertebral foramen and 
this anatomical arrangement poses major implications for clinical 
EDX of radiculopathy. Intraspinal lesions can cause weakness due 
to their effects on the motor axons which originate in the ante-
rior and lateral gray matter and pass through the lumbar spine as 
spinal roots. These roots form the “cauda equina,” or horse’s tail, 
the name used to describe this anatomic structure. Intraspinal 
lesions can also produce sensory loss by damaging the dorsal 
roots, which are composed of central processes from the sensory 
nerve cell bodies in the DRG, as they project to the spinal cord. 
Electrophysiologically, severe axonal damage intraspinally results in 
spontaneous activity on needle electromyography (EMG) and possi-
bly reduced compound muscle action potentials (CMAPs). However, 
the sensory nerve action potentials (SNAPs) are preserved. This  
anatomical relationship provides a mechanism for further confirm-
ing whether or not a lesion is radicular (intraspinal). A destructive 
intramedullary (spinal cord) lesion at T11 can produce EMG find-
ings in muscles innervated by any of the lumbosacral nerve roots and 
manifest the precise findings on needle EMG as those seen with a 
herniated nucleus pulposis at any of the lumbar disc levels. For this 
reason, the EDX physician cannot determine for certain the anatomic 
location of the lumbar intraspinal lesion producing distal muscle 
EMG findings in the lower limbs. EMG can only identify the root or 
roots that are physiologically involved, but not the precise anatomic 
site of pathology within the lumbar spinal canal.

In a prospective study of 100 patients with lumbosacral radiculopa-
thy who underwent lumbar laminectomy, EMG precisely identified 
the involved root level 84% of the time.68 EMG failed to accurately 
identify the compressed root in 16% of patients. However, at least 
half of the failures were attributable to anomalies of innervation. 
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Another component to this study involved stimulating the nerve 
roots intraoperatively with simultaneous recording of muscle activ-
ity in the lower limb using surface electrodes. These investigators 
demonstrated variations in root innervations, such as the L5 root 
innervating the soleus and medial gastrocnemius in 16% of a 
sample of 50 patients. Most subjects demonstrated dual innerva-
tions for most muscles.68

Regarding the cervical nerve roots and the brachial plexus, there 
are many anatomic variations. Perneczky described an anatomic 
study of 40 cadavers where in all cases there were deviations 
from accepted cervical root and brachial plexus anatomy.47 Levin, 
Maggiano, and Wilbourn examined the pattern of abnormalities 
on EMG in 50 cases of surgically proven cervical root lesions.39 A 
range of needle EMG patterns was found with EMG demonstrat-
ing less specificity for the C6 root level, but more specificity and 
consistent patterns for C8, C7, and C5 radiculopathies. In subjects 
with C6 radiculopathies, half the patients showed findings similar 
to those with C5 radiculopathies and the other half demonstrated 
C7 patterns.

These findings underscore the limitations of precise localization for 
root lesions by EMG. The EDX physician should maintain an un-
derstanding of these anatomic variations to better convey the level 
of certainty with respect to diagnostic conclusions.

COMMON MUSCULOSKELETAL DISORDERS MIMICKING 
CERVICAL RADICULOPATHY 

The symptoms of radiculopathy are nondescript and not specific 
for radiculopathy. Many other neurologic and musculoskeletal 
conditions can produce pain, weakness, and sensory symptoms. In 
addition to the standard peripheral neurologic examination, one 
of the most helpful maneuvers is to ask the patient where it hurts, 
then carefully palpate that area. If pain is reproduced by this palpa-

tion then the examiner should have a heightened suspicion for a 
musculoskeletal disorder. However, whereas a musculoskeletal dis-
order identified on examination makes a normal EDX study more 
likely, the presence of a musculoskeletal disorder does not exclude 
an abnormal EDX study with reliability or specificity. Common 
musculoskeletal disorders that produce symptoms similar to those 
produced by a cervical radiculopathy are shown in Table 1.

Shoulder impingement, lateral epicondylitis, and de Quervain’s 
tenosynovitis are easily identifiable conditions that are extraordi-
narily common. Even with a positive EDX test showing an entrap-
ment neuropathy or radiculopathy, treatment of a concomitant 
musculoskeletal disorder can often improve overall symptoms.

Common entrapment neuropathies can present with symptoms 
similar to radiculopathy. Median neuropathy at the wrist and 
ulnar neuropathy at the elbow are common conditions for which 
patients are referred for EDX, and complicate the EDX assessment 
for radiculopathy. Plexopathies such as idiopathic brachial neuritis 
can pose diagnostic dilemmas for the EDX consultant as pain, 
weakness, and sensory loss are all common symptoms in both plex-
opathies and radiculopathies.

COMMON MUSCULOSKELETAL DISORDERS MIMICKING 
LUMBOSACRAL RADICULOPATHY

Conditions that present with symptoms similar to those of lum-
bosacral radiculopathy are shown in Table 2. In this author’s 
opinion, one of the most readily treatable, yet under-recognized 
conditions is trochanteric bursitis and illiotibial band syndrome. 
The illiotibial band originates at the illiac crest and has tendinous 
contributions from the gluteus maximus and tensor fascia latae. It 
runs the length of the thigh and crosses the knee joint inserting 
on the lateral condyle of the tibia. This band is part of the fascia 
lata, a layer of dense strong connective tissue enveloping the thigh 

Table 1   Musculoskeletal conditions that commonly mimic cervical radiculopathy

Condition Clinical symptoms/signs
Fibromyalgia syndrome Pain all over, female predominance, often sleep problems, tender to palpation in multiple 
 areas
Polymyalgia rheumatica >50 years old, pain and stiffness in neck shoulders and hips, high ESR
Sternoclavicular joint arthropathy Pain in anterior chest, pain with shoulder movement (adduction), pain on direct palpation
Acromioclavicular joint arthropathy Pain in anterior chest, pain with shoulder movement (adduction), pain on direct palpation
Shoulder bursitis, impingement syndrome,  Pain with palpation, positive impingement signs, pain in C5 distribution 
 bicipital tendonitis
Lateral epicondylitis “tennis elbow” Pain in lateral forearm, pain with palpation and resisted wrist extension
De Quervain’s tenosynovitis Lateral wrist and forearm pain, tender at abductor pollicis longus or extensor pollicis brevis 
 tendons, positive Finkelstein test
Trigger finger, stenosing tenosynovitis  Intermittent pain and locking of a digit in flexion 
 of finger flexor tendons

ESR = erythrocyte sedimentation rate
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like a stocking. It is extremely strong laterally where it becomes the 
illiotibial band. Where it crosses the hip, trochanteric bursitis can 
occur. The lateral femoral condyle of the knee can also be a site of 
tendinitis as well, particularly in runners. Trochanteric bursitis and 
illiotibial band syndrome are two conditions which respond well 
to corticosteroid injections and a rehabilitation program aimed at 
stretching this musculotendinous band. They are commonly mis-
taken for lumbosacral radiculopathy.

Pain at the bottom of the foot with symptoms of burning and 
tingling is frequently plantar fasciitis. Dorsiflexing the foot and pal-
pating the plantar fascia will identify taut painful tendinous bands 
if plantar fasciitis is present.

Neuralgic amyotrophy from diabetes is a condition that is often 
difficult to distinguish from lumbosacral radiculopathy. It often 
presents with thigh pain and on EMG appears more like proximal 
lumbosacral plexus mononeuropathies with frequent involvement 
of the femoral nerve. Diabetic thoracic radiculopathy is a distinct 
syndrome with abdominal wall or thoracic wall pain, and weight 
loss, but has a good prognosis. In diabetic thoracic radiculopathy, 
intra-abdominal and intra-thoracic conditions must first be ex-
cluded. The EMG findings of denervation in the abdominal or 
thoracic wall musculature are consistent with this clinical entity.

Mononeuropathies such as peroneal, tibial, and femoral, pose 
diagnostic challenges and the EDX consultant should sample 
enough muscles with EMG in different peripheral nerve distri-
butions to confirm that findings are not localized to a particular 
peripheral nerve distribution.

PHYSICAL EXAMINATION

The EDX examination is an extension of the standard clinical 
examination. The history and physical examination are vital initial 
steps in determining what conditions may be causing the patient’s 

symptoms. Most radiculopathies present with symptoms in one 
limb. Multiple radiculopathies such as are seen in cervical spinal 
stenosis or lumbar stenosis, may cause symptoms in more than one 
limb. A focused neuromuscular examination that assesses strength, 
reflexes, and sensation in the affected limb and the contralateral 
limb provides a framework for EDX assessment.

An algorithmic approach to utilizing physical examination and 
symptom information to tailor the EDX evaluation is shown in 
Figure 1. In this approach, the patient’s symptoms, and physical 
examination signs of sensory loss and weakness create a conceptual 
framework for approaching these sometimes daunting problems. 
Admittedly, there are many exceptions to this approach with 
considerable overlap in conditions which might fall in multiple 
categories. Radiculopathies and entrapment neuropathies are ex-
amples of such conditions with a variety of clinical presentations 
and physical examination findings, such that they are included 
in both focal symptom categories with and without sensory loss. 
In the case of a person with lumbosacral radiculopathy, a positive 
straight leg raise test may be noted in the absence of motor, reflex, 
or sensory changes. Conditions such as myopathies and polyneu-
ropathies better fit this algorithmic approach given that symptoms 
and physical examination signs are somewhat more specific. Figure 
1 also contains musculoskeletal disorders and denotes how they fall into 
this conceptual framework. The EDX physician must be willing to 
modify the EDX examination in response to nerve conduction and 
EMG findings and adjust the focus of the examination in light of 
new information.

The implications of symptoms and signs on EDX findings were 
investigated by Lauder and colleagues for cohorts of patients with 
upper or lower limb symptoms as well suspected cervical and lum-
bosacral radiculopathies.35,36 Even though physical examination 
findings were better at predicting who would have a radiculopathy, 
many patients with normal examinations had abnormal EMG 
studies, indicating that clinicians should not curtail EDX testing 
simply because the physical examination is normal. For lower limb 

Table 2  Common musculoskeletal disorders mimicking lumbosacral radiculopathy

Condition Clinical symptoms/signs
Fibromyalgia syndrome and polymyalgia rheumatica  As in Table 1
Hip arthritis Pain in groin, anterior thigh, pain with weight bearing, positive Patrick’s test
Trochanteric bursitis Lateral hip pain, pain with palpation on lateral and posterior hip
Illiotibial band syndrome Pain along outer thigh, pain with palpation
Knee arthritis Pain with weight bearing
Patellofemoral pain Anterior knee pain, worsen with prolonged sitting
Pes anserinus bursitis Medial proximal tibia pain, tender to palpation
Hamstring tendinitis, chronic strain Posterior knee and thigh pain, can mimic positive straight leg raise, common in runners
Baker’s cyst Posterior knee pain and swelling
Plantar fasciitis Pain in sole of foot, worsened with weight bearing activities, tender to palpation
Gastrocnemius-soleus tendinitis  Calf pain, worsened with sports activities, usually limited range of motion compared  
 to asymptomatic limb, chronic strain
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symptoms, loss of a reflex or weakness dramatically increased the 
likelihood of having a radiculopathy by EMG. Losing the Achilles 
reflex for instance, resulted in an odds ratio of 8.4 (p<0.01)—8 times 
the likelihood of having a radiculopathy (S1 level) by EMG with this 
physical examination finding.35 Weakness in any leg muscle group 
resulted in about 2.5 times greater chance of identifying a lum-
bosacral radiculopathy on EMG.35

Similar findings were noted for upper limb symptoms. For in-
stance, if a reflex was lost or weakness was noted, the likelihood of 
having a cervical radiculopathy confirmed by EMG was about 4 
times more likely.36 Combinations of findings, particularly weak-
ness plus reflex changes, resulted in a 9-fold greater likelihood of 
cervical radiculopathy.36

Guidelines for Radiculopathy Evaluation

The American Association of Neuromuscular & Electrodiagnostic 
Medicine’s (AANEM) guidelines recommend that for an optimal 
evaluation of a patient with suspected radiculopathy, a needle EMG 
screen of a sufficient number of muscles and at least one motor and 
one sensory nerve conduction study (NCS) should be performed 
in the involved limb.1 The NCSs are necessary to exclude polyneu-
ropathy. The sufficiency of the EMG screen and a recommended 

number of muscles is discussed in detail below. An EMG study is 
considered confirmatory for a radiculopathy if EMG abnormalities 
are found in two or more muscles innervated by the same nerve 
root and different peripheral nerves, yet muscles innervated by ad-
jacent nerve roots are normal.66 This definition assumes that other 
generalized conditions such as polyneuropathy are not present.

Bilateral limbs are often necessary to study, particularly if a single 
limb shows EMG findings suggestive of radiculopathy and the 
patient has symptoms in both the studied and the contralateral limb. 
If bilateral limbs are involved, the EDX physician should have a low 
threshold for studying selected muscles in an upper limb (if the lower 
limbs are abnormal on EMG) or a lower limb (if both upper limbs 
are abnormal), to exclude a generalized process such as polyneuropa-
thy or motor neuron disease. Likewise, additional NCSs are appro-
priate to exclude other suspected conditions and the EDX consultant 
should have a low threshold for expanding the study.

H REFLEXES, F WAVES, AND NCSs

NCSs, H reflexes, and F waves are not very useful for confirming 
radiculopathy. They are useful, however, to exclude polyneuropathy 
or mononeuropathies.

Figure 1  Algorithmic approach to structuring the electrodiagnostic examination based upon physical examination signs and the location of the patient’s 
symptoms. Focal symptoms refer to single limb symptoms whereas generalized symptoms are present when the patient complains of symptoms affecting more  
than one limb. (Modified from Dillingham TR. Electrodiagnostic approach to patients with suspected radiculopathy. Phys Med Rehabil Clin N Am 
2002;13:567-588, with permission.)
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H Reflexes

H reflexes have commonly been used to determine whether a ra-
diculopathy demonstrates S1 involvement.65 It is a monosynaptic 
reflex that is an S1 mediated response and can differentiate to some 
extent L5 from S1 radiculopathy. Many researchers have evalu-
ated their sensitivity and specificity with respect to lumbosacral 
radiculopathies and generally found a range of sensitivities from 
32-88%.31,38,40,43,51,66 However, many of these studies suffered 
from lack of a control group, imprecise inclusion criteria, or small 
sample sizes.

Marin and colleagues43 prospectively examined the H reflex and the 
extensor digitorum brevis reflex in 53 normal subjects, 17 patients 
with L5, and 18 patients with S1 radiculopathy. Patients included 
in the study had all of the following: (1) radiating low back pain 
into the leg; (2) reduced sensation or weakness or positive straight 
leg raise test; and (3) either EMG evidence of radiculopathy or 
structural causes of radiculopathy on magnetic resonance imaging 
(MRI) or computed tomography (CT) imaging. The H-reflex 
maximal side-to-side latency difference was 1.8 ms as derived from 
the normal group. They analyzed the sensitivity of the H reflex for 
side-to-side differences greater than 1.8 ms or a unilaterally absent 
H reflex on the affected side. The H reflex only demonstrated a 
50% sensitivity for S1 radiculopathy and 6% for L5 radiculopathy, 
but had a 91% specificity. Amplitudes were not assessed in this 
study. These results suggest that the H reflex has a low sensitivity 
for S1 root level involvement.

H reflexes may be useful to identify subtle S1 radiculopathy, yet 
there are a number of shortcomings related to these responses. They 
can be normal with radiculopathies,43 and because they are medi-
ated over such a long physiological pathway, they can be abnormal 
due to polyneuropathy, sciatic neuropathy, or plexopathy.66 They 
are most useful in the assessment for polyneuropathy.

In order to interpret a latency or amplitude value and render 
a judgement as to the probability that it is abnormal, precise 
population-based normative values encompassing a large age- 
range of normal subjects must be available for NCS comparisons. 
Falco and colleagues18 demonstrated in a group of healthy elderly 
subjects (60-88 years old), that the tibial H reflex was present and 
recorded bilaterally in 92%. Most elderly subjects are expected to 
have normal H-reflex studies and when abnormalities are found in 
these persons, the EDX consultant should critically evaluate these 
findings and the clinical scenario before attributing H-reflex abnor-
malities to the aging process.

F Waves

F waves are late responses involving the motor axons and axonal 
pool at the spinal cord level. They can be assessed and classified 
by using the minimal latency, mean latency, and chronodispersion 
or scatter.66 As in the case of H reflexes, they demonstrate low 
sensitivities and are not specific for radiculopathy, rather they are a 
better screen for polyneuropathy. Published sensitivities range from 
13-69%, however these studies suffer from many of the shortcom-
ings described for H-reflex studies.31,52,59

London and England41 reported two cases of persons with neuro-
genic claudication from lumbosacral spinal stenosis. They dem-
onstrated that the F-wave responses could be reversibly changed 
after 15 minutes of ambulation which provoked symptoms. This 
suggested an ischemia-induced conduction block in proximal 
motor neurons. A larger scale study of this type might find a use 
for F waves in the identification of lumbosacral spinal stenosis and 
delineate neurogenic from vascular claudication.

Motor and Sensory NCSs

Standard motor and sensory NCSs may not be helpful in identify-
ing a cervical or lumbosacral radiculopathy, however they should 
be performed to screen for polyneuropathy and exclude common 
entrapment neuropathies if the patient’s symptoms could be ex-
plained by a focal entrapment.

Plexopathies often pose a diagnostic challenge, as they are similar 
to radiculopathies in symptoms and signs. In order to distinguish 
plexopathy from radiculopathy, sensory responses which are ac-
cessible in a limb should be tested. In plexopathy, they are likely 
to be reduced in amplitude, whereas in radiculopathy they are 
generally normal. If substantial axonal loss has occurred at the 
root level, the CMAP recorded in muscles innervated by that 
root may be reduced in both plexopathies and radiculopathies. 
This is usually when severe axonal loss has occurred such as with 
cauda equina lesions or penetrating trauma that severely injures 
a nerve root. The distal motor latencies and conduction ve-
locities are usually preserved as they reflect the fastest conducting  
nerve fibers.66

SOMATOSENSORY EVOKED POTENTIALS, DERMATOMAL 
SOMATOSENSORY EVOKED POTENTIALS, AND 
MAGNETIC EVOKED POTENTIALS

The AANEM guidelines examined the literature and concluded 
that somatosensory evoked potentials (SEPs) may be useful for cer-
vical spondylosis with cord compression. Likewise, in lumbosacral 
spinal stenosis, dermatomal somatosensory evoked potentials 
(DSEPs) may be useful in defining levels of deficits.1

Physiological evidence of multiple or single root involvement in 
lumbosacral spinal stenosis can be documented with DESPs and 
may be useful in the case where spinal canal narrowing is minimal 
and the patient has symptoms. This testing also complements 
standard needle EMG. Snowden and colleagues found that for 
single and multilevel lumbosacral spinal stenosis, DSEPs revealed 
78% sensitivity relative to spinal imaging.55 In this well-designed 
prospective study, DSEP criteria as well as inclusion criteria 
were precisely defined. The predictive value for a positive test  
was 93%.

Yiannikas, Shahani, and Young demonstrated that SEPs may be 
useful for cervical myelopathy.67 In this study, in 10 patients with 
clinical signs of myelopathy, all 10 had abnormal peroneal SEPs 
and 7 had abnormal median SEPs. 
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Maertens de Noordhout and colleagues examined motor and SEPs 
in 55 persons with unequivocal signs and symptoms of cervical 
spinal myelopathy.42 In this group 87% showed gait disturbances, 
and 82% showed hyperreflexia. MRI was not the diagnostic stan-
dard as these authors felt that MRI was prone to overdiagnosis; 
metrizamide myelography showed unequivocal signs of cervical 
cord compression for all patients. Magnetic stimulation of the 
cortex was performed and the responses measured with surface 
electrodes. In these subjects 89% demonstrated abnormalities 
in motor evoked potentials (MEP) to the first dorsal interosseus 
muscle and 93% had one MEP abnormality. At least one SEP 
abnormality was noted in 73%. This study demonstrated the po-
tential usefulness of these techniques for identifying subtle cord 
compression.

Tavy and colleagues examined whether MEPs or SEPs assisted 
in identifying persons with radiological evidence of cervical cord 
compression but who were without clinical markers for myelopa-
thy.60 All patients had clinical symptoms of cervical radiculopa-
thy, but not myelopathy. In this group MEPs were normal in 92% 
and SEPs were normal in 96%. These investigators concluded 
that MEPs and SEPs are normal in most cases of persons with 
asymptomatic cervical stenosis. This indicates that abnormal 
MEPs and SEPs are likely to be true positive findings and not 
false positives related to mild asymptomatic cord compression. 
It is important to remember that cervical spondylosis is a process 
that causes a continuum of problems including both radiculopa-
thy and myelopathy.

The inherent variability and difficulty in determinations as to 
what constitutes normal evoked potentials prompted investiga-
tion. Dumitru and colleagues examined the variations in latencies 
with SEPs.17 In 29 normal subjects, they examined the ipsilateral 
intertrial variations, arithmetic mean side-to-side differences and 
maximum potential side-to-side differences with stimulation of 
the superficial peroneal sensory nerve, sural nerve and L5 and 
S1 dermatomes with respect to P1 and N1 latencies and peak-
to-peak amplitudes. Considerable ipsilateral intertrial variation 
was observed and side-to-side comparisons revealed a further 
increase in this inherent variation regarding the above measured 
parameters. They suggested an additional parameter with which 
to evaluate SEPs: the maximum side-to-side latency difference. 

Dumitru and colleagues, in a study involving persons with 
unilateral and unilevel L5 and S1 radiculopathies, evaluated der-
matomal and segmental SEPs.15 History, physical examination, 
imaging studies, and EDX medicine evaluations clearly defined 
patients with unilateral/unilevel L5 or S1 nerve root compromise. 
Regression equation analysis for cortical P1 latencies evaluating 
age and height based on comparable patient and control refer-
ence populations revealed segmental and dermatomal sensitivities 
for L5 radiculopathies to be 70% and 50%, respectively, at 90% 
confidence intervals. Similar sensitivities were obtained for 2 stan-
dard deviation mean cortical P1 latencies. Side-to-side cortical P1 
latency difference data revealed segmental and dermatomal sensi-
tivities for S1 radiculopathies to be 50% and 10%, respectively, at 
2 standard deviations. These investigators questioned the clinical 

utility of both segmental and dermatomal SEPs in the evaluation 
of patients with suspected unilateral/unilevel L5 and S1 nerve 
root compromise, finding little utility for these tests in persons 
with single level lumbosacral radiculopathy.

PURPOSE OF EDX TESTING

EDX testing is expensive and uncomfortable for patients, therefore, 
it is important to understand why it is performed and the expected 
outcomes. EDX testing serves several important purposes:

= It effectively excludes other conditions that mimic radicul-
opathy such as polyneuropathy or entrapment neuropathy. 
Haig and colleagues demonstrated that the referring diagnostic 
impression is often altered with EDX testing.23

= EDX testing can to some extent suggest severity, or extent of the 
disorder beyond the clinical symptoms. Involvement of other 
extremities can be delineated or the involvement of multiple 
roots may be demonstrated, such as in the case of lumbosacral 
spinal stenosis.

= There is utility in solidifying a diagnosis. An unequivocal 
radiculopathy on EMG in an elderly patient with nonspecific 
or mild lumbar spondylosis or stenosis on MRI reduces diag-
nostic uncertainty and identifies avenues of management such 
as lumbar corticosteroid injections or decompression surgery in 
certain situations. 

= Outcome prediction may be possible. If surgical intervention 
is planned for a lumbosacral radiculopathy, a positive EMG 
preoperatively improves the likelihood of a successful outcome 
postoperatively. This is an area that deserves more research 
attention.57,58

EMG AND DIAGNOSTIC SENSITIVITIES 

The need for EMG, particularly in relationship to imaging 
of the spine, has been recently highlighted.49 Needle EMG 
is particularly helpful in view of the fact that the false posi-
tive rates for MRI of the lumbar spine are high, with 27% 
of normal subjects having a disc protrusion.26 For the cervi-
cal spine the false positive rate for MRI is much lower with 
19% of subjects demonstrating an abnormality, but only 10% 
showing a herniated or bulging disc.3 Radiculopathies can 
occur without structural findings on MRI, and likewise without 
EMG findings. The EMG only evaluates motor axonal loss or 
motor axon conduction block and for these reasons a radicul-
opathy affecting the sensory root will not yield abnormalities 
by EMG. If the rate of denervation is balanced by reinnerva-
tion in the muscle, then spontaneous activity is less likely to  
be found. 
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The sensitivity of EMG for cervical and lumbosacral radiculopa-
thies has been examined in a number of studies. The results of some 
of these studies are tabulated in Table 3. Table 3 lists the “gold stan-
dards” against which these EMG findings were compared. Studies 
using a clinical standard may reflect a less severe group, whereas 
those using a surgical confirmation may indicate a more severely 
involved group. The sensitivity for EMG is unimpressive, ranging 
from 49-92% in these studies. EMG is not a sensitive test, yet it 
likely has a higher specificity. The issue of specificity and its value 
in EDX was underscored by Robinson.49 It is apparent that EMG is 
not a good screening test. In terms of screening tests, MRI is better 
for identifying subtle structural abnormalities, with EMG to assess 
their clinical relevance and exclude other disorders.

PARASPINAL MUSCLE EXAMINATION

Paraspinal muscles (PM) are important to study for a variety of 
reasons but there are some important caveats regarding their ex-
amination. In one study, Date and colleagues demonstrated that 
lumbar paraspinal muscles in asymptomatic subjects over 40 years 
old showed denervation potentials approximately 30% of the 
time.7 Nardin and colleagues similarly noted up to 48% of normal 
subjects having fibrillations or positive sharp waves in at least one 
site with the prevalence higher for those over 40 years of age.44

In sharp contrast to these findings, Dumitru, Diaz, and King exam-
ined the lumbosacral paraspinal muscles and intrinsic foot muscles 
with monopolar EMG.15 These investigators recorded potentials and 
found that there were irregularly firing potentials with similar wave-
form characteristics as fibrillations and positive sharp waves (PSW). 
By excluding irregularly firing potentials (atypical endplate spikes) 
they found much lower false positive paraspinal findings than the 
investigators above, with only 4% of their normal subjects showing 
regularly firing fibrillations or PSW potentials. They felt that the 
higher prevalences of spontaneous activity previously reported were 
due to not fully appreciating the similarity between innervated and 
denervated spontaneous single muscle fiber discharges. This quantita-
tive study underscores the need to assess both firing rate and rhythm 
as well as discharge morphology when evaluating for fibrillations and 
positive waves in the lumbar paraspinal muscles. EDX physicians 
should take care not to over-diagnose paraspinal muscle EMG find-
ings by mistaking irregularly firing endplate spikes for fibrillations.

PM may be abnormal in patients with spinal cancers,4,32,33 or 
amyotrophic lateral sclerosis,30 and following spinal surgery54 or 
lumbar puncture.7

Investigations over the last decade have provided insights into 
better quantification and examination of lumbosacral PMs. The 
lumbar PM examination has been refined through investigations 
that used a grading scale for the findings.19,20,21,22 The “mini PM” 
score provides a quantitative means of deriving the degree of PM 
denervation.19 It distinguishes normal findings from EMG find-
ings in persons with radiculopathy. This novel and quantitative 
technique may prove to identify subtle radiculopathies or spinal 
stenosis with greater precision. 

IDENTIFICATION AS A SEPARATE CONCEPT FROM 
SENSITIVITY

Because EDX is a composite assessment composed of various tests, 
a fundamental question is when the point of diminishing returns 
has been reached. Some radiculopathies cannot be confirmed by 
needle EMG, even though the signs and symptoms along with 
imaging results suggest that radiculopathy is the correct diagnosis. 
A screening EMG study involves determining whether or not the 
radiculopathy can be confirmed by EMG. If the radiculopathy 
cannot be confirmed, then presumably no amount of muscles can 
identify the radiculopathy. If it can be confirmed, then the screen 
should identify this possibility with a high probability. The process 
of identification can be conceptualized as a conditional probabil-
ity: Given that a radiculopathy can be confirmed by needle EMG, 
what is the minimum number of muscles which must be examined 
in order to confidently recognize or exclude this possibility? This 
is a fundamentally different concept from sensitivity. It involves 
understanding and defining the limitations of a composite test 
(group of muscles).

HOW MANY AND WHICH MUSCLES TO STUDY 

The concept of a screening EMG encompasses identifying the pos-
sibility of an EDX-confirmable radiculopathy. If one of the muscles 
in the screen is abnormal, the screen must be expanded to exclude 
other diagnoses, and to fully delineate the radiculopathy level. 
Because of the screening nature of the EMG examination, EDX 
physicians with experience should look for more subtle signs of 
denervation, and if present in the screening muscles, then expand 
the study to determine if these findings are limited to a single 
myotome or peripheral nerve distribution. If they are limited to a 
single muscle, the clinical significance is uncertain. 

The Cervical Radiculopathy Screen

Dillingham and colleagues conducted a prospective multi-center 
study evaluating patients referred to participating EDX laboratories 
with suspected cervical radiculopathy.10 A standard set of muscles 
were examined by needle EMG for all patients. Those with elec-
trodiagnostically confirmed cervical radiculopathies, based upon 
EMG findings, were selected for analysis. The EMG findings in 
this prospective study also encompassed other neuropathic findings: 
(1) positive sharp waves, (2) fibrillation potentials, (3) complex 
repetitive discharges, (4) high-amplitude, long-duration motor 
unit action potentials, (5) increased polyphasic motor unit action 
potentials, or (6) reduced recruitment. There were 101 patients 
with EDX confirmed cervical radiculopathies representing all cer-
vical root levels. When paraspinal muscles were one of the screen-
ing muscles and neuropathic findings were assessed, five muscle 
screens identified 90-98% of radiculopathies, 6 muscle screens 
identified 94-99% and seven muscle screens identified 96-100%  
(Tables 4 and 5). When paraspinal muscles were not part of the 
screen, eight distal limb muscles recognized 92-95% of radicul-
opathies. Without paraspinal muscles, the identification rates were 
consistently lower. If one only considers fibrillations and positive 
sharp waves in the EMG assessment, identification rates are lower. 
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Six muscle screens including paraspinal muscles yielded consistently 
high identification rates and studying additional muscles lead to mar-
ginal increases in identification. Individual screens useful to the EDX 
physician are listed in Tables 4 and 5. In some instances a particular 
muscle cannot be studied due to wounds, skin grafts, dressings, or 
infections. In such cases the EDX physician can use an alternative 

screen with equally high identification. These findings were consis-
tent with those derived from a large retrospective study.33

The Lumbosacral Radiculopathy Screen

A prospective multicenter study was conducted at five institutions 
by Dillingham and colleagues.10 Patients referred to participating 
EDX laboratories with suspected lumbosacral radiculopathy were 
recruited and a standard set of muscles examined by needle EMG. 
Patients with EDX-confirmed lumbosacral radiculopathies were 
selected for analysis. As described above for the prospective cervical 
study, neuropathic findings were analyzed along with spontaneous 
activity. There were 102 patients with EDX confirmed lumbosacral 
radiculopathies representing all lumbosacral root levels. When 
paraspinal muscles were one of the screening muscles, 4 muscle 
screens identified 88-97%, 5 muscle screens identified 94-98%, 
and 6 muscle screens 98-100% (Tables 6, 7, and 8). When paraspi-
nal muscles were not part of the screen, identification rates were 
lower for all screens and eight distal muscles were necessary to 
identify 90%. As with cervical radiculopathy screens, assessing 
for neuropathic findings increases identification rates. If only four 
muscles can be tested due to limited patient tolerance, as seen in 
Table 6, and if one of these muscles are the paraspinals, few EDX-
confirmable radiculopathies will be missed. A large retrospective 
study noted similar findings, concluding that five muscles identi-
fied most electrodiagnostically confirmable radiculopathies.37

Dillingham and Dasher9 re-analyzed data from a study published 
by Knutsson almost 40 years earlier.29 In this detailed study, 206 
patients with sciatica, underwent lumbar surgical exploration. All 
subjects underwent a standardized 14 muscle EMG evaluation by 
the author (Knutsson) using concentric needles. The examiner was 
blinded to other test results and physical examination findings. In 
addition to the EMG and surgical information, myelogram and 
physical examination data were derived. In this re-analysis, screens 
of four muscles with one being the lumbosacral paraspinal muscle 
yielded (1) an identification rate of 100%, (2) a 92% sensitivity 
with respect to the intraoperative anatomical nerve root compres-
sions, and (3) an 89% sensitivity with respect to the clinical inclu-
sion criteria.9 This study, using data from 4 decades ago, confirmed 
that a 4 muscle screen provides high identification. These findings 
are consistent with contemporary work showing that screens with 
relatively few muscles (five or six) are sufficient. 

As described above, recent research efforts were undertaken to 
refine and streamline the EMG examination. The strongest studies, 
contemporary prospective multicenter investigations, provide the 
best estimates of a sufficient number of muscles.10,11 In summary, 
for both cervical and lumbosacral radiculopathy screens the optimal 
number of muscles appears to be six muscles which include the 
paraspinal muscles and represent all root level innervations. When 
paraspinal muscles are not reliable, then eight nonparaspinal 
muscles must be examined. 

Another way to think of this: 
To minimize harm, six in the leg and six in the arm.

Table 3   Selected studies evaluating the sensitivity of EMG 
relative to various “gold standards.” Unless otherwise stated the 
EMG parameters used in sensitivity calculations were fibrillation 
potentials.

 STUDY SAMPLE GOLD  EMG  
  SIZE STANDARD SENSITIVITY

LUMBOSACRAL  
(RADICULOPATHY)
Weber and Albert64 42 Clinical + Imaging  60% 
      HNP

Nardin and colleagues45 47 Clinical 55%

Kuruoglu and colleagues31 100 Clinical 86%

Khatri and colleagues28 95 Clinical 64%

Tonzola and colleagues62 57 Clinical 49%

Schoedinger53  100 Surgically proven 56%

Knutsson27 206 Surgically proven 79%

Young and colleagues68 100 Clinical and imaging 84% *

Linden and Berlit40 19 Myelography and CT 78% 

LUMBOSACRAL  
(SPINAL STENOSIS)
Hall and colleagues24 68 Clinical + myelogram 92%

Johnson and colleagues27 64 Clinical + myelogram 88% †

CERVICAL 
(RADICULOPATHY)
Berger and colleagues2 18 Clinical 61%

Partanen and colleagues46 77 Intraoperative 67%

Leblhuber and colleagues38 24 Clinical + myelogram 67%

So and colleagues56 14 Clinical 71%

Yiannikas and  20 Clinical and/ 50% 
colleagues67       or radiographic

Tackman and Radu59 20 Clinical 95%

Hong, Lee, and Lum25 108 Clinical 51%

* Both fibrillations or large motor units >8 mV were considered 
 positive. 
† This study assessed EMG parameters and used quantitative 
 EMG with a unique grading scale not used in clinical  
 practice. Fibrillations were infrequent. This limits the  
 generalizability of this otherwise strong study.

CT = computerized tomography; EMG = electromyography; HNP = herniated 
nucleus pulposis
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If one of the six muscles studied in the screen is positive with a neu-
ropathic finding, there exists the possibility of confirming EDX that 
a radiculopathy is present. In this case, the examiner must study ad-
ditional muscles. Nerve conductions should be undertaken as well to 
determine if this muscle finding is due to a mononeuropathy. If more 
extensive EMG testing reveals that the findings are limited to a single 
muscle, and NCSs exclude mononeuropathy, then the single muscle 
finding remains inconclusive and of uncertain clinical relevance. 

If none of the six muscles are abnormal, the examiner can be con-
fident in not missing the opportunity to confirm by EDX that a 
radiculopathy is present, and can curtail additional painful EMG 
studies. The patient may still have a radiculopathy, but other tests 
such as MRI will be necessary to confirm this clinical suspicion. This 
logic is illustrated in Figure 2.

LUMBAR SPINAL STENOSIS

There are fewer studies examining spinal stenosis and EMG. 
For lumbosacral spinal stenosis, Hall and colleagues showed that 
92% of persons with imaging confirmed stenosis had a positive 
EMG.24 They also underscored the fact that 46% of persons 
with a positive EMG study did not demonstrate PM abnormali-
ties, only distal muscle findings. For 76% of patients, the EMG 
showed bilateral myotomal involvement.24

LIMITATIONS OF THE NEEDLE EMG SCREEN

These cervical and lumbosacral muscle screens should  
not substitute for a clinical evaluation and differential diagnosis  
formulation by the EDX physician. Rather, the information  
from investigations described earlier in the article allows  
the EDX consultant to streamline the EMG evaluation and 
make more informed clinical decisions regarding the probability 
of missing an EDX-confirmable radiculopathy when a given  
set of muscles are studied. Performing a focused history and physical 

Table 4  Five muscle screen identifications of patients with 
cervical radiculopathies

MUSCLE SCREEN NEUROPATHIC SPONTANEOUS  
    ACTIVITY
Without Paraspinals
deltoid, APB, FCU, 92% 65% 
triceps, PT  
biceps, triceps, 85% 54% 
EDC, FCR, FDI 
deltoid, triceps, 84% 58% 
EDC, FDI, FCR 
biceps, triceps, 91% 60% 
PT, APB, FCU
With Paraspinals
deltoid, triceps, PT, 98% 80% 
APB, PSM 
biceps, triceps, EDC, 95% 73% 
FDI, PSM 
deltoid, EDC, FDI, 90% 73% 
PSM, FCU 
biceps, FCR, APB 95% 77% 
PT, PSM

The screen detected the patient with cervical radiculopathy if any muscle 
in the screen was one of the muscles which were abnormal for that patient. 
Neuropathic findings for non-paraspinal muscles included positive waves, fibril-
lations, increased polyphasic potentials, neuropathic recruitment, increased 
insertional activity, CRDs, or large amplitude long duration motor unit action 
potentials. For paraspinal muscles the neuropathic category included fibrillations, 
increased insertional activity, positive waves, or CRDs. Spontaneous activity 
referred only to fibrillations or positive sharp waves.

APB = abductor pollicis brevis; CRD = complex repetitive discharge; EDC = 
extensor digitorum communis; FCR = flexor carpi radialis; FCU = flexor carpi 
ulnaris;  FDI = first dorsal interosseous; PSM = cervical paraspinal muscles; 
PT = pronator teres. (Adapted with permission, Dillingham and colleagues. 
Identification of cervical radiculopathies: optimizing the electromyographic screen. Am J 
Phys Med Rehabil 2001;80:84-91.) 10

Table 5   Six muscle screen identifications of the patients with 
cervical radiculopathies (muscle identification criteria described 
in Table 2)

MUSCLE SCREEN NEUROPATHIC SPONTANEOUS 
  ACTIVITY
Without Paraspinals
deltoid, APB, FCU, 93% 66%
triceps, PT, FCR
biceps, triceps, FCU, 87% 55%
EDC, FCR, FDI
deltoid, triceps, 89% 64%
EDC, FDI, FCR, PT
biceps, triceps, EDC, 94% 64%
PT, APB, FCU
With Paraspinals
deltoid, triceps, PT, 99% 83%
APB, EDC, PSM
biceps, triceps, EDC, 96% 75%
FDI, FCU, PSM
deltoid, EDC, FDI, 94% 77%
PSM, FCU, triceps
biceps, FCR, APB, 98% 79%
PT, PSM, triceps

APB = abductor pollicis brevis; CRD = complex repetitive discharge; EDC = 
extensor digitorum communis; FCR = flexor carpi radialis; FCU = flexor carpi 
ulnaris; FDI = first dorsal interosseous; PSM = lumbosacral paraspinal muscles;               
PT = pronator teres.
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examination is essential, and these screens should not supplant such  
clinical assessments or a more detailed EDX study when circum-
stances dictate. 

It is important to remember that the EMG screens for cervi-
cal and lumbosacral radiculopathies were validated in a group 
of patients with limb symptoms suggestive of radiculopathies. 
These screens will not provide sufficient screening power if a 
brachial plexopathy is present or if a focal mononeuropathy 
such as a suprascapular neuropathy is the cause of the patient’s 
symptoms. The EDX physician should always perform EMG on 
weak muscles to increase the diagnostic yield. The six muscle 
EMG tests do not sufficiently screen for myopathies or motor 
neuron disease. It is incumbent upon the EDX physician to for-
mulate a differential diagnosis and methodically evaluate for the 
diagnostic possibilities, further refining the examination as data  
are acquired.

SPECIFICITY OF THE EMG SCREEN

Tong and colleagues,61 examined the specificity in persons age 55 and 
older who were asymptomatic.  A standardized EDX study was con-
ducted by a blinded EDX physician using a monopolar needle to assess 
five leg muscles and the paraspinal muscles.

There were 30 subjects with a mean age of 65.4 yrs (SD 8.0). When 
only positive sharp waves or fibrillations were counted as abnormal,  
(two limb muscles plus associated lumbar paraspinal muscle abnor-
mal, two limb muscles abnormal, or one limb muscle plus associated 
lumbar paraspinal muscle abnormal) a 100% specificity was noted 
in most of the diagnostic criteria.  When at least 30% polyphasia in 
the limb muscles was considered as abnormal, the respective speci-
ficities were 97%, 90%, and 87%.  The specificity for plexopathy was 
100% when only positive sharp waves or fibrillations were used, 
and it remained 100% when increased polyphasia was added.  This 
study  demonstrated that needle EMG  has excellent specificity for 
lumbosacral radiculopathy and plexopathy when the appropriate diag-
nostic criteria are used. 61  

SYMPTOM DURATION AND THE PROBABILITY OF 
FIBRILLATIONS

Previously,  a well-defined temporal course of events was thought to 
occur with radiculopathies despite the absence of studies that support 
such a relationship between symptom duration and the probability 
of spontaneous activity in a muscle. It was a common belief that in 
acute lumbosacral radiculopathies, the paraspinal muscles denervated 
first, followed by distal muscles, and that later reinnervation began 
with paraspinal muscles and then with distal muscles. This paradigm 

Table 6   Four muscle screen identifications of patients with 
lumbosacral radiculopathies. 

muscle Screen  Neuropathic Spontaneous  
      Activity
Four Muscles 
Without Paraspinals
ATIB, PTIB, MGAS, RFEM 85% 75%
VMED, TFL, LGAS, PTIB 75% 58%
VLAT, SHBF, LGAS, ADD 52% 35%
ADD, TFL, MGAS, PTIB 80% 67%
Four Muscles 
With Paraspinals
ATIB, PTIB, MGAS, PSM 97% 90%
VMED, LGAS, PTIB, PSM 91% 81%
VLAT, TFL, LGAS, PSM 88% 77%
ADD, MGAS, PTIB, PSM 94% 86%

The screen identified the patient if any muscle in the screen was abnormal for 
that patient. The muscle either demonstrated neuropathic findings or spontane-
ous activity. Neuropathic findings for non-paraspinal muscles included positive 
waves, fibrillations, increased polyphasic potentials, neuropathic recruitment, 
increased insertional activity, CRDs, or large amplitude long duration motor unit 
action potentials. Spontaneous activity referred only to fibrillations or positive 
sharp waves. For paraspinal muscles the neuropathic category included fibrilla-
tions, increased insertional activity, positive waves, or CRDs. 
 
ADD = adductor longus; ATIB = anterior tibialis; CRD = complex repetitive 
discharge; LGAS = lateral gastrocnemius; MGAS = medial gastrocnemius;             
PSM = lumbosacral paraspinal muscles; PTIB = posterior tibialis; RFEM = 
rectus femoris; SHBF = short head biceps femoris; TFL = tensor fascia lata; 
VLAT = vastus lateralis; VMED = vastus medialis. (Adapted with permission 
from Dillingham and colleagues. Identification of cervical radiculopathies: opti-
mizing the electromyographic screen. Am J Phys Med Rehabil 2001;80: 
84-91) 10

Table 7   Five muscle screen identifications of patients with 
lumbosacral radiculopathies

 Screen Neuropathic Spontaneous 
   Activity
Five Muscles Without Paraspinals
ATIB, PTIB, MGAS, RFEM, SHBF 88% 77%
VMED, TFL, LGAS, PTIB, ADD 76% 59%
VLAT, SHBF, LGAS, ADD, TFL 68% 50%
ADD, TFL, MGAS, PTIB, ATIB 86% 78%
Five Muscles With Paraspinals
ATIB, PTIB, MGAS, PSM, VMED 98% 91%
VMED, LGAS, PTIB, PSM, SHBF 97% 84%
VLAT, TFL, LGAS, PSM, ATIB 97% 86%
ADD, MGAS, PTIB, PSM, VLAT 94% 86%

ADD = adductor longus; ATIB = anterior tibialis; CRD = complex repetitive dis-
charge; LGAS = lateral gastrocnemius; MGAS = medial gastrocnemius; PSM 
= lumbosacral paraspinal muscles; PTIB = posterior tibialis; RFEM = rectus 
femoris; SHBF = short head biceps femoris; TFL = tensor fascia lata; VLAT = 
vastus lateralis; VMED = vastus medialis.
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was recently challenged by a series of investigations.12,13,14,48 For both 
EDX-confirmed lumbosacral and cervical radiculopathies, symptom 
duration had no significant relationship to the probability of finding 
spontaneous activity in paraspinal or limb muscles.

The findings from these investigations underscored the fact that the 
pathophysiological processes involved with cervical and lumbosacral 
radiculopathies are complex.12,13,14,48 Diagnostic EMG findings, mani-
fested as a result of these processes, cannot be predicted by this overly 
simplistic, symptom-duration explanation. Symptom duration should 
not be invoked to explain the presence or absence of paraspinal or 
limb muscle spontaneous activity in persons suspected of having a 
radiculopathy. 

IMPLICATIONS OF AN ELECTRODIAGNOSTICALLY 
CONFIRMED RADICULOPATHY

It is important that the EDX physician not forget that EMG does 
not indicate the exact cause of the symptoms, only that axonal loss 
is taking place. A spine tumor, herniated disc, bony spinal stenosis, 
inflammatory radiculitis, or severe spondylolisthesis can all yield the 
same EMG findings. This underscores the need to image the spine 
with MRI to assess for significant structural causes of electrodiagnosti-
cally confirmed radiculopathy. A negative EMG test should not curtail 
obtaining an MRI if clinical suspicion for radiculopathy is high. Given 
the low sensitivities of needle EMG, it is not an optimal screening test, 
but rather a confirmatory and complementary test to spinal imaging.

There are few studies that examine outcomes and the usefulness 
of EDX in predicting treatment success, the exception being sur-
gical outcomes for lumbar discectomy. Tullberg and colleagues 
evaluated 20 patients with lumbosacral radicular syndromes who 
underwent unilevel surgery for disc herniations.63 They evaluated 
these patients before surgery and 1 year later with lower limb 
EMG, NCS, F waves, and SEPs. They showed that the EDX find-
ings did not correlate with the level defined by computerized to-
mography for 15 patients. However, those patients in whom EDX 
testing preoperatively was normal were significantly more likely 
to have a poor surgical outcome (p<0.01). In spite of the fact that 
the sample size in this study was small, the significant correlation 
of a normal EDX study with poor outcome suggests that this may 
be a true relationship.

Spengler and Freeman described an objective approach to  
the assessment of patients preoperatively for laminectomy and 
discectomy for lumbosacral radiculopathy.57 Spengler and col-
leagues confirmed and underscored these previous findings regard-
ing objective methods to assess the probability of surgical success 
preoperatively.58 In this preoperative screening evaluation, the 
EMG findings were combined with imaging, clinical, and psycho-
logical assessments. The EMG findings figured prominently (one 
quarter of the scale) — those patients with positive EMGs were 
more likely to have better surgical outcomes. This was particularly 
true when the EMG findings correlated with the spinal imaging 
findings in a person without psychological or dysfunctional  
personality issues. 

Figure 2   Implications of a positive or negative electromyography (EMG) screening evaluation. Note that a positive result will usually warrant further EMG 
testing to fully define the pathology, and a negative test could lead to nerve conduction or other testing to consider other diagnoses. PSM = paraspinal muscles;  
MRI = magnetic resonance imaging. (Modified from Dillingham TR. Electrodiagnostic approach to patients with suspected radiculopathy. Phys Med Rehabil 
Clin N Am 2002;13:567-588, with permission.)
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It has become apparent over the last 2 decades that the natural 
history of both lumbosacral radiculopathy and cervical radiculopa-
thy, with or without structural findings on MRI, is very favorable. 
A classic investigation by Henrik Weber64 showed that surgery for 
a herniated nucleus pulposis causing sciatica was more effective at 
pain control at 1 year, but beyond that conservative treatment had 
equal results compared to the surgically managed group. Of partic-
ular note was the fact that weakness did not correlate with outcome 
and even for persons with motor weakness, a good outcome with 
conservative treatment was the norm, and surgery did not improve 
motor return. Other investigators in cohort outcome studies dem-
onstrated that the majority of persons suffering lumbosacral radicu-
lopathy can resolve their symptoms.5,27,40,61 In fact, on follow-up 
MRI studies, lumbosacral disc herniations and disc fragments 
resolve in 76% of patients.5

The outcomes for cervical radiculopathy are generally good in the 
absence of myelopathy.50

Saal, Saal, and Yurth demonstrated that persons with cervical disc 
herniations have a similar favorable clinical course as persons with 
lumbosacral radiculopathy.50 These patients were managed with 
pain management strategies incorporating medications, rehabilitation 
with cervical traction and exercises, and epidural or selective nerve 
root injections if medications failed to control pain. In this series, the 
majority of patients (24 of 26) achieved successful outcomes.

SUMMARY

One cannot minimize the importance of the clinical evaluation and 
differential diagnosis formulation by the EDX physician to guide 
testing. The needle EMG examination is the most useful EDX test 
but is limited in sensitivity. EMG screening examinations using 
six muscles are possible that optimize identification yet minimize 
patient discomfort. EMG findings must be interpreted relative to 
the patient’s clinical presentation, and the consultant should tailor 
the EDX study to the clinical situation. EMG complements spinal 
imaging and often raises other diagnostic possibilities in addition 
to confirming clinical suspicians.
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INTRODUCTION

Symptoms of numbness and tingling are common neurologic com-
plaints. The evaluation of a peripheral neuropathy (PN) can seem 
daunting given the long list of potential causes and the number 
of available diagnostic tests, including antibody and genetic test 
panels. However, the evaluation is manageable using a structured 
approach. This manuscript presents elements of such an approach 
based on a systematic evaluation of symptoms and signs and elec-
trodiagnostic (EDX) findings (Table 1). Clinical characterization 
is achieved by asking direct historical questions and conducting 
thoughtful clinical tests. The role of EDX testing is stressed because 
it provides unique information on the pathologic features of the 
neuropathy not otherwise available from symptoms and clinical 
signs. The process is divided into 7 steps. With a full characteriza-
tion, the list of potential causes becomes shorter and the appropri-
ate selection of informative tests more manageable. This approach, 
in various forms, has been described elsewhere.11,12,14 

As clinical features are elicited, it is important to appreciate that not 
all symptoms of numbness, sensory loss, and weakness are due to 
peripheral nerve disease. The exercise of neurologic localization is 
an essential element to assure peripheral nervous system (PNS) pa-
thology. The most common errors in localization are failure to di-
agnose central nervous system pathology and somatization. Clinical 
features suggestive of a myelopathy include numbness that does 
not follow a stocking-glove or dermatomal distribution (numbness 
involving both legs to the waist or above), numbness affecting one 
limb or side of the body, and pathologic tendon reflexes. In these 
circumstances, other diagnostic tests can help confirm central 
nervous system involvement. 

Sensory symptoms attributable to somatization are common but 
challenging because the clinician does not want to miss a neurologi-

cal disease. However, it is equally inappropriate to carry forward a 
tentative neurologic diagnosis that is not tenable. One approach 
is to determine whether the symptoms make sense anatomically 
(based on the organization of the peripheral or central nervous 
systems) or pathophysiologically (based on types of peripheral 
nerve and central nervous system pathology). EDX studies can 
determine the presence of PNS involvement. If there is no evidence 
for a neurologic basis for the symptoms, a gentle but frank discus-
sion into issues in a patient’s life is appropriate.

This manuscript will focus on peripheral neuropathies. Disorders 
primarily affecting other portions of the PNS, such as radiculopa-
thies and plexopathies, will not be considered. 

PERTINENT PNS ANATOMY

A simple working view of PNS anatomy is useful when evaluating 
for a peripheral neuropathy. The PNS can be divided into auto-
nomic and somatic components. Autonomic nerve fibers markedly 
outnumber somatic fibers, but symptoms and signs of autonomic 
nerve dysfunction are rare compared to those associated with 
somatic nerve dysfunction. When present, prominent autonomic 
signs provide an important clue to specific causes of a neuropathy, 
but most diagnostic efforts focus on somatic nerves. 

Step 1

The first step when evaluating a patient with suspected PN is de-
termining if there is involvement of sensory nerves, motor nerves, 
or both. The distribution of nerve involvement may not be obvious 
from symptoms, but can be determined accurately by EDX studies. 
This can be explained by the fact that damage to sensory nerves 
results in more frequent symptoms than damage to motor nerves. 
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Damage to sensory nerves disrupts connections between receptors 
and nerve endings leading to altered function and sensory symp-
toms. The same degree of damage to motor nerves may not affect 
strength because collateral reinnervation of denervated muscle fibers 
preserves motor function and obscures symptoms. Furthermore, 
most neuropathies affect distal lower extremity muscles first, and 
weakness of toe flexion will not be readily apparent to the patient. 
An additional factor is that sensory nerves have both peripheral and 
central branches, and damage to distal portions of sensory fibers 
represents a double disconnection.

Many neuropathies are described by their symptoms, at times em-
phatically so (“a pure sensory or pure motor neuropathy”), when 
in fact there may be evidence for both motor and sensory nerve 
involvement. It is important for the physician to gather all the data 
and assess and classify neuropathies based on their pathological 
involvement and not solely on symptoms.8

Step 2

The second step is determining the distribution of involvement 
(Table 2). Peripheral neuropathies (PNs) most commonly follow 
one of several general patterns. Polyneuropathies are roughly 
symmetric in distribution and tend to affect nerves in a length 
dependent manner, with longest nerves first (stocking-glove distri-
bution).21 Polyradiculoneuropathies include nerve roots as well as 
peripheral nerves, leading to diffuse symptoms in both proximal 
and distal distributions. Mononeuropathies involve the distribu-
tion of a single nerve with motor and sensory disturbance in a 
nerve distribution. Mononeuritis multiplex may become confluent 
and relatively symmetric, but a step-wise progression can usually 
be elicited from the history. Neuropathies that do not follow these 
patterns are important to recognize, and the pathology may be 
identifiable based on their unusual pattern. 

TIME COURSE

Step 3

Every disease has a momentum or time course. The third step is  
determining the time course to help focus the differential diagnosis 
(Table 3). Acute neuropathies progress over days to several weeks, 
while chronic neuropathies progress over many months to years, 
and may have an insidious onset. 

Table 1   Questions to address in a structured approach to 
evaluating peripheral neuropathies

Step 1:
Which parts of the peripheral 
nervous system?

Somatic, autonomic, both
Motor, sensory, both

Step 2:
What is the distribution? Distal predominant

Distal and proximal
Dermatomal
Radicular
Plexopathy

Step 3:
What is the time course? Rate of progression (acute, 

chronic, insidious)
Step 4:
What are the clinic findings? Symptoms

Signs
Physical features (high arches, 
hammer toes
Medical conditions (contributing 
diseases, drugs
Family history

Step 5:
What is the underlying pathology? Primary axonal, primary 

demyelinating (conduction 
block)

Step 6:
Are there underlying medical 
conditions?

Diseases (diabetes, renal 
failure, collegan vascular)
Surgeries (barosurgery)

Step 7:
Is there a family history of a 
polyneuropathy?

History of foot deformities or 
gait difficulties
Examination of suspected 
family members

Table 2   Patterns of peripheral nerve involvement and examples 
of neuropathies.

Symmetric, length dependent 
distribution

Diabetes
Drugs
Toxins
Metabolic

Symmetric, proximal and distal 
distribution

Acute inflammatory 
demyelinating 
polyradiculoneuropathy
Chronic inflammatory 
demyelinating 
polyradiculoneuropathy 

Asymmetric, nerve or plexus 
distribution

Diabetic amyotrophy 
Idiopathic plexopathy 
Mononeuritis multiplex

Asymmetric, unusual Porphyria
Leprosy
Tangier disease
Multifocal motor conduction 
block neuropathy

Autonomic, unusual Amyloidosis
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SUMMARY OF DIAGNOSTIC STEPS 1-3

The site of initial involvement, the distribution of involvement, 
and the pattern of progression can be combined. For example, 
a pattern suggesting acute inflammatory demyelinating polyra-
diculoneuropathy (AIDP), also known as Guillain-Barré syndrome, 
includes symptoms involving both distal and proximal limbs with 
progression over 2 to 4 weeks.20 A similar distribution of distal and 
proximal symptoms and signs, but progressing over several months, 
suggests chronic inflammatory demyelinating polyradiculoneurop-
athy (CIDP). Acute onset of asymmetric painful proximal neuropa-
thy in the setting of symmetric distal sensory loss suggests diabetic 
proximal amyotrophy with a polyneuropathy.3 Mononeuritis 
multiplex is suggested by a stepwise progression involving single 
nerve distributions. The majority of neuropathies will be chronic. 
A symmetric motor and sensory neuropathy with an ill-defined 
insidious onset raises the question of a familial neuropathy, and 
it is important to seek evidence for involvement in childhood and 
other family members. 

CLINICAL FEATURES

Step 4

The fourth step in the evaluation is determining the clinical 
features, including symptoms and signs, physical aspects, identi-
fication of potential underlying medical conditions, drug use, and 
family history.

Symptoms

Elicitation of a full spectrum of symptoms is helpful in narrow-
ing diagnostic possibilities and guiding symptomatic treatment. 
Neuropathic symptoms may be positive or negative in nature (Table 
4).24,27 Positive symptoms imply spontaneous discharges in nerve 
fibers, while negative symptoms imply loss of normally conducted 

discharges. Positive sensory symptoms are easily recognized and are 
frequently volunteered by the patient as chief complaints. Positive 
motor symptoms may not be recognized by the patient, and should 
be actively sought because they may be the only clinical manifesta-
tion of motor nerve involvement. The discrepancy between patient 
perception of sensory and motor symptoms is due to two factors. 
First, collateral reinnervation occurs with loss of motor fibers, which 
tends to preserve muscle strength, whereas the same degree of sensory 
fiber loss is essentially permanent and symptomatic. Second, mild 
weakness of distal muscles (intrinsic foot muscles) does not usually 
affect motor function to a noticeable degree.

Sensory Signs

Clinical testing of sensory function is a subjective endeavor. Although 
attempts are made to assess a number of individual sensory modali-
ties and nerve fiber types, distinctions between modalities and fiber 
types may be more apparent than real. While there are examples of 
large fiber neuropathies (Friedreich's ataxia) and small fiber neu-
ropathies (Tangier's disease), most sensory modalities (light touch 
through pain) can be conveyed by both large and small diameter 
fibers. Further, clinical testing (light touch, stroking, sharp instru-
ments) usually activates a variety of receptor types. An important 
clinical variable is patient attention. It is advisable to develop an 
individual set of tests that are informative. It is important to not 
become bogged down in incongruities during the examination with 
a large battery of tests. 

The following information is offered as a guide to selecting a set of 
clinical sensory tests. Findings from formal psychophysical labora-
tory testing of sensory perception should be combined with a set of 
informative clinical tests of sensory function.10 A variety of cutaneous 
receptor types subserve low-threshold mechanoreception, and mech-
anoreceptors are most sensitive to moving stimuli. In formal testing, 
controlled stimuli are applied to restricted areas of skin. In contrast, 
clinical testing of mechanoreception may include touch or stroking, 
and likely activates a variety of receptor types. Psychophysical testing 
for vibration perception confirms equal sensitivity for frequencies 
from 64 Hz to 512 Hz. Nociceptive stimulation is perhaps the most 
challenging. It is difficult to separate stimulus properties of nocicep-
tion from pressure and it is possible for a subject to distinguish a 
sharp from a dull stimulus without feeling pain. Nociceptive stimuli 
are felt to be conveyed by “small fibers,” but some nociceptive  

Table 3   Examples of acute and chronic neuropathies

Acute (days to weeks) Acute inflammatory demyelinating 
polyradiculoneuropathy
Porphyria
Acute toxic exposure (arsenic)
Mononeuritis multiplex
Proximal diabetic neuropathy
Idiopathic plexopathy
Paraneoplastic sensory 
neuronopathy

Chronic (months to years) Diabetic polyneuropathy
Chronic inflammatory demyelinating 
polyradiculoneuropathy
Charcot-Marie-Tooth hereditary 
neuropathy
Idiopathic

Table 4   Examples of positive and negative sensory and motor 
symptoms

SENSORY  
SYMPTOMS

MOTOR 
SYMPTOMS

Positive Paresthesias
Pain (burning, squeezing, 
electric-like, hyper sensitivity)

Fasciculations
Cramps

Negative Numbness
Reduced or lack of sensation
Postural instability

Weakness
Atrophy



26 An Approach to the Patient With Peripheral Neuropathy AANEM Course

receptors are innervated by myelinated fibers. Formal testing of 
noxious stimuli has been by hot and cold stimuli using special equip-
ment, and it is not clear how well temperature detection can be as-
sessed with clinical testing using the cold end of a tuning fork. 

Reliable and informative results can be obtained from the clinical 
tests listed below.

Touch threshold. Patient detection of the lightest touch or strok-
ing on the dorsum of the hand and foot represents a measure of 
low threshold sensory perception. Use of a 10 g filament is another 
method to distinguish light touch thresholds. 

Vibration threshold. Patient perception of when a tuning fork 
applied to a finger or toe dies out is a measure of vibration threshold. 
Vibration perception is felt to represent large fiber function. A 128 
Hz tuning fork dies out more slowly than a 256 Hz fork and is easier 
to use. The patient must understand the need to indicate complete 
disappearance. The time interval (in seconds) from when the vibra-
tion extinguishes in the patient compared to the observer is a measure 
of impairment. 

Sharp stimulus threshold. A patient’s ability to distinguish between 
the lightly applied “pokey” feeling from the sharp end of a safety pin 
compared to the similarly lightly applied dull end likely represents 
discrimination of more noxious stimuli from light touch. 

Position threshold. Patient perception of changes in joint position 
is usually exquisite. Any errors in direction, or false perception of 
movement, are abnormal. 

The tests of light touch, the distinguishing the sharp end of the safety 
pin, and position sense should be performed with the patient blinded 
to the exercise.

The sensory examination can be focused to answer several useful clini-
cal questions. Most information about the neuropathy should come 
from the patient’s history, and the sensory examination should be con-
firmatory. Two questions to consider for a symmetric polyneuropathy 
are the presence of a distal-to-proximal gradient, and the severity of 
nerve damage. Patients can contribute to determining sensory gradi-
ent and severity. It is surprising how readily a patient can mark a point 
on their limb below which sensation is abnormal and above which it 
is normal. The gradient can be confirmed clinically by asking if light 
touch is perceived less strongly at a distal point compared to a proxi-
mal point. Severity of light touch loss can be addressed by asking the 
patient to estimate the relative percent value of light touch sensation 
at the involved site compared to the face. Severity of vibration loss can 
be estimated by the time difference between vibration extinguishing 
for the patient compared to the examiner. 

Questions to consider for an asymmetric neuropathy are whether the 
sensory loss follows a nerve distribution, a radicular distribution, or 
a complex pattern best explained by a plexopathy.

Tendon reflexes. An objective measure of sensory nerve function is 
the deep tendon reflex. The deep tendon reflex is a monosynaptic 

reflex arc with sensory and motor nerve components, but the arc 
is much more vulnerable to sensory nerve damage. As an example, 
ankle plantar flexion strength is relatively preserved in all but 
the most severe neuropathies, yet ankle reflexes are lost early on. 
Accordingly, an absent Achilles tendon reflex is an objective indica-
tion of a significant degree of sensory nerve damage. It is important 
to be assured that the reflex is truly absent by performing a number 
of reinforcing maneuvers while testing.

Motor Signs

Motor signs include muscle atrophy and weakness. Mild distal 
atrophy can be appreciated by assessing the prominence of exten-
sor tendons in the feet and finding a thin foot. Prominent tendons 
and thin feet suggest loss of intrinsic foot muscle bulk. A certain 
amount of denervation and atrophy occur with age, which must be 
considered. Weakness can be appreciated by testing muscles that 
can be just overcome in normal individuals. Accordingly, flexion 
and extension of the lesser toes and extension of the great toe are 
informative when weakness is subtle. Ankle dorsiflexion weakness 
will occur with greater severity of the neuropathy, but it is rare for 
plantar flexion to be weak until very late in a neuropathy. The angle 
between the shin and the foot is a clue to distal weakness: in normal 
individuals it is about 130 degrees, but with weakness of anterior 
muscles, the angle increases and can be 180 degrees in the setting 
of a neuropathy. Fallen arches also suggest intrinsic foot weakness. 
In the hands, atrophy of the first dorsal interosseous muscle and 
weakness of finger abduction are informative.

Orthopedic Signs

Inspection of the foot for high arches and hammertoes is informa-
tive because it suggests a long-standing neuropathy. The shape of 
the foot is determined by the interplay of muscular forces acting on 
the various bones in the foot. Weakness of extensor muscles leads to 
a foreshortened foot (high arches) and hammertoes.22

Autonomic Signs

As discussed earlier, autonomic nerve fibers make up the major-
ity of fibers in a nerve but account for a minority of symptoms. 
Evidence for autonomic nerve dysfunction comes from symptoms 
of orthostatic dizziness and impotence in men. Clinical signs of 
autonomic dysfunction are an orthostatic blood pressure change. 
Dry and scaly skin on the feet is a clue to autonomic dysfunction. 
Dry eyes and mouth (sicca syndrome) represent reduced tear and 
salivary gland activity, and raise the question of Sjögren's syndrome 
that can be associated with sensory neuropathies.

PN NERVE PATHOLOGY

Step 5

Underlying pathologic processes are poorly understood for most 
neuropathies. However, the consequences of the processes can be 
viewed clinically as causing three patterns of PN damage: primary 
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axonal, primary demyelinating, and a combination of the two. 
The fifth step is determining the predominant pathologic process. 
Primary axonal damage usually follows a distal predominant 
pattern because longer nerves tend to be affected first.21 This results 
in symptoms and signs in a distal-to-proximal gradient that can be 
demonstrated clinically by a stocking-glove distribution, with more 
pronounced abnormalities distally than proximally within a limb, 
and more in legs than in arms. Primary demyelination can occur at 
multiple foci along nerves, leading to both distal and proximal in-
volvement at onset or early in the course, that can be demonstrated 
clinically by finding both distal and proximal weakness and sensory 
disturbance.21 In addition, demyelinating polyradiculoneuropathies 
involve roots of nerves innervating both proximal and distal muscles 
and skin. Demyelinating neuropathies usually include a variable 
degree of axonal damage, and the distinction between primary 
demyelination and a combination of demyelination and axonal 
damage can be challenging. EDX studies are helpful in making  
this distinction.

Mononeuropathies generally have axonal pathology. An excep-
tion is asymmetric neuropathies characterized by focal conduc-
tion block. The distinction between axonal and conduction block 
mononeuropathies can be made with EDX testing.

Collateral reinnervation represents an important compensatory 
mechanism in peripheral neuropathies. Loss of motor nerve axons 
initiates sprouting of terminal branches from intact axons to rein-
nervate denervated muscle fibers. This compensates and preserves 
muscle strength until 50% or more motor axons degenerate, at 
which time reinnervation can not keep up and the muscle becomes 
clinically weak. This means that muscle strength is not a sensitive 
measure of whether motor nerves are involved in a peripheral neu-
ropathy. Needle electromyography (EMG), however, is sensitive to 
the process of reinnervation. 

EDX Features

Perhaps the most important element in the diagnostic evalua-
tion is EDX testing because nerve conduction and needle EMG 
studies provide objective information on the peripheral nervous 
system not available from the history and clinical examination. 
Characterization by EDX features can thus narrow the differ-
ential diagnostic list.8 EDX test results are considered from two 
directions: by the EDX physician conducting the study, and by 
the consultant reviewing an existing study. The performance 
and interpretation of EDX studies can be optimized for both 
the performer and reviewer by following several principles. The 
EDX test should be used as a direct extension of the neurologic 
examination to answer specific questions: (1) Confirm which 
portions of the PNS are involved; sensory only, motor only, or 
both. In this regard, step 5 complements step 1; (2) Confirm the 
distribution of involvement: symmetric polyneuropathy, single 
nerves, or another pattern; (3) Determine the pathologic mecha-
nism: primary axonal, primary demyelination, or a mixture; (4) 
Determine the severity and time course: mild or severe, recent  
or chronic.

Nerve Conduction Studies

Primary axonal loss and demyelination. The question of underlying 
pathology is the most challenging question to answer. Distinctions 
are based primarily on motor nerve conduction velocity values. 
Nerve conduction measures of distal latency, conduction velocity 
and F-wave latency focus on the fastest conducting fibers. Experience 
indicates that severe axonal loss has relatively little effect on nerve 
conduction. Changes in conduction can be expressed as percentages 
of the laboratory limits of normal: lower limits of normal (LLN) for 
conduction velocity, and upper limits of normal (ULN) for distal 
latency and F-wave latency. Thus in amyotrophic lateral sclerosis, 
as an example of a pure and severe axonal motor neuropathy, distal 
latencies are rarely longer than 125% of the ULN, conduction veloci-
ties rarely slower than 70% of the LLN, and F-wave latencies rarely 
longer than 125% of the ULN.7 

The distinction between demyelinating and axonal pathology is 
based on showing a degree of slowed conduction greater than ex-
pected for axonal loss alone. Just how slow is slower than expected 
has been the subject of controversy. Several sets of nerve conduction 
limits for primary demyelination have been proposed and tested.6 
The problem of sensitivity and specificity looms large because some 
demyelinating neuropathies are mild, and nerve conduction values 
will over lap with normal values and abnormal values encountered 
in axonal neuropathies. Table 5 lists nerve conduction guidelines for 
considering primary demyelination.

Demyelination and conduction block. Although distal latency, 
conduction velocity, and F-wave latency measure the speed of the 
fastest conducting fibers, it is possible to assess the conduction 
speed of the remainder of the fibers in the response by looking for 
abnormal temporal dispersion. Quantitatively, temporal dispersion 
can be assessed by the duration of the negative compound muscle 
action potential (CMAP) waveform. Temporal dispersion represents 
the spectrum of arrival times of nerve impulses from the range of 
nerve fiber conduction velocities. Abnormal temporal dispersion is 
caused by a greater degree of slowing of individual nerve fibers due to  

Table 5 Nerve conduction value guidelines to help distinguish 
primary axonal from primary demyelinating neuropathies 

Limits of Axonal 
Pathology

Limits of Demyelinating 
Pathology

Distal latency <120% ULN >130% ULN

Conduction velocity >70% ULN <70% ULN

Proximal: distal 
amplitude

<50% >50%

Abnormal temporal 
dispersion

Smooth waveform Irregular waveform

F-wave latency <130% ULN >130% ULN

ULN = upper limit of laboratory normal values; LLN = lower limit of laboratory 
normal values
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demyelination. Abnormal temporal dispersion leads to a greater 
degree of phase cancellation in the waveform leading to a reduction of 
the amplitude of the CMAP to more proximal stimulation compared 
to the amplitude following more distal stimulation. If individual 
nerve fibers slow to a halt, i.e., conduction block, there will also be 
a reduction of the CMAP amplitude to more proximal stimulation, 
and thus a drop in amplitude of the proximal response by greater 
than 50% indicates increased temporal dispersion and greater phase 
cancellation, or conduction block, or both. There are guidelines to 
help distinguish between abnormal temporal dispersion and conduc-
tion block (Table 6).17,28 In abnormal temporal dispersion there will 
be an amplitude reduction of the proximal response but little change 
in the areas of the response. In addition, there will be a prolonga-
tion of the negative peak duration. In conduction block there will 
be a reduction of both amplitude and area with little change in the 
negative peak duration. However, many clinical examples include 
a combination of abnormal temporal dispersion and conduction 
block. What is most important is that abnormal temporal dispersion 
and conduction block suggests a demyelinating pathology. 

Abnormal temporal dispersion can be assessed qualitatively 
because it will also affect the smooth shape of the CMAP wave-
form, and wave form irregularities should be sought by inspection 
(Figure 1). Assessing for abnormal temporal dispersion is impor-
tant because a group of hereditary neuropathies, Charcot-Marie-
Tooth type 1, are characterized by slow conduction velocity but 
no abnormal temporal dispersion (Figure 2).18 

Needle EMG

The needle EMG examination is important because it is the most 
sensitive measure of motor nerve involvement. CMAP amplitude 
is a measure of axonal loss, but collateral reinnervation will com-
pensate early for mild degrees of loss, and CMAP amplitude will 
not be a sensitive measure of early loss. The presence of abnormal 
temporal dispersion (fibrillation potentials and positive waves) is 
sensitive signs of denervation. Reduced motor unit recruitment 
indicates a neuropathic cause of denervation. The chronicity of 

Table 6   Nerve conduction value guidelines to help distinguish 
between abnormal temporal dispersion, conduction block, or a 
combination of the two 

CMAP 
Amplitude

CMAP Negative 
Peak Area

CMAP Negative 
Peak Duration

Conduction block <50% <50% ≤30%

Conduction block/ 
Abnormal temporal 
dispersion

<50% <50% >30%

Temporal 
dispersion

<50% >50% >30%

CMAP = compound muscle action potential.  Lange D, Trojaborg W, Latov N, 
Hays A, Younger D, Uncini A, Blake D, Hirano M, Burns S, Lovelace R, Rowland 
L. Multifocal motor neuropathy with conduction block: Is it a distinct clinical 
entity? Neurology 1992;42:497-505.17

Figure 1   Differences between normal and abnormal temporal dis-
persion stimulating at the wrist, elbow, and axilla.  
 
Left set of waveforms: Normal changes in motor responses with 
greater conduction distances due to normal temporal dispersion. Right 
set of waveforms: Marked changes in motor responses with greater 
conduction distances due to abnormal temporal dispersion. Note initial 
low response amplitude with further loss with greater conduction dis-
tances, and irregularities of the waveform. Oscilloscope settings: 5 ms/
div and 5 mV/div.

Figure 2   Motor nerve conduction study stimulating at the wrist 
and elbow showing slow conduction velocity with normal tempo-
ral dispersion in Charcot-Marie-Tooth hereditary neuropathy type 1A.  
 
Top set of waveforms: Slow velocity (18 m/s) from subject with Charcot-
Marie-Tooth hereditary neuropathy type 1A with normal changes in wave-
forms reflecting normal temporal dispersion. Bottom set of waveforms: 
Normal velocity (52 m/s) with normal changes in waveforms reflecting normal 
temporal dispersion. Oscilloscope settings: 5 ms/div and 5 mV/div.
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motor nerve loss can be assessed by the degree of complexity of the 
motor unit action potentials; highly complex or polyphonic poten-
tials support an ongoing enervating process, while high amplitude 
but simple potentials support a very longstanding enervating 
process. In the latter situation, a longstanding and slowly progres-
sive denervation lends support for a hereditary neuropathy.

SUMMARY OF DIAGNOSTIC STEPS 1-5

At the conclusion of the clinical and EDX evaluation (steps 1-5), 
a full characterization of the peripheral neuropathy should emerge 
(Table 7). The differential diagnostic list is relatively short under 
each type of neuropathy.8 At this point, a review of the medical 
and family histories can be incorporated to give a complete 
characterization and a meaningful series of laboratory tests can  
be ordered. 

MEDICAL HISTORY

Step 6

There are long lists of medical conditions and drugs that cause 
or predispose to peripheral neuropathy, but careful review 
reveals that some associations are rare and may reflect chance 
occurrences. Step 6 is to assess possible factors. In practical 
terms, a limited number of systemic diseases relate to periph-
eral neuropathies. Diabetes is the most common underlying 
disease, not only for frank diabetes, but also for undocumented 
diabetes (impaired glucose tolerance).23 Renal failure is also a 
cause of neuropathy, but not until the creatinine level is over 
5 mg/dl.2 Diseases of the gastrointestinal tract are uncom-
monly associated with PNs, and inflammatory bowel diseases 

are rarely a factor.1 Gastric resection or stapling procedures  
may predispose to vitamin B12 deficiency.1,15 Other vitamin 
deficiencies are rare in North America. On the other hand, 
vitamin B6 toxicity can occur at doses readily available to 
health and nutrition enthusiasts.5 Ethanol as a neurotoxin in a  
well-nourished individual is controversial, and is probably uncom-
mon in all but chronic heavy users.13,16 Thyroid dysfunction is also  
controversial. Hypothyroidism is common, but there are few well- 
documented examples of polyneuropathy attributed to mild thyroid  
dysfunction.26 Rheumatologic disorders can be associated with  
vasculitic neuropathies. 

Medication use, both current and past, should be sought for a 
number of compounds. Cancer chemotherapeutic drugs such 
as cisplatin, vincristine, and the taxols are neurotoxic. There is a 
question whether previous exposure to neurotoxic chemothera-
peutic drugs can be a predisposing factor for neuropathies from 
another cause, and has been shown to occur for vincristine in 
the setting of Charcot-Marie-Tooth type 1A hereditary neuropa-
thies.14 Among commonly used drugs, nitrofurantoin and amio-
darone can be neurotoxic. Infrequently used neurotoxic drugs 
include disulfiram, gold, and isoniazid. Recreational inhaled 
compounds, including n-hexane in glue sniffing should also  
be considered.25

FAMILY HISTORY

Step 7

It is likely that hereditary neuropathies account for a larger than 
appreciated percentage of mild and very chronic idiopathic neu-
ropathies. Step 7 assesses this possibility.9 Interestingly, among 
large families with known hereditary neuropathies, only 20% of 
affected family members seek medical attention because of symp-
toms. Accordingly, a full family history with detailed queries to 
the patient and relatives (if necessary over the telephone) about 
symptoms and signs that may suggest a hereditary neuropathy can 
be fruitful (Table 8).

Table 7   Clinical and electrodiagnostic characteristics of 
peripheral neuropathies

Clinical characteristics Acute
Chronic
Familial
Symmetric
Asymmetric

Electrodiagnostic 
characteristics

Uniform demyelinating, mixed 
sensorimotor polyneuropathy
Segmental demyelinating, motor > 
sensory polyneuropathy
Axon loss, motor > sensory 
polyneuropathy
Axon loss, sensory neuropathy or 
neuronopathy
Axon loss, mixed sensorimotor 
polyneuropathy
Axon loss, motor neuropathy or 
neuronopathy
Mixed axon and demyelinating 
sensorimotor polyneuropathy

Table 8   Questions pertinent to a long-standing (familial) 
neuropathy

Difficulty with running, sports, or military activities
High arched feet
Hammer or curled-up toes
Surgery for hammer toes
Claw hands
Wasting of muscles
Foot troubles, foot ulcers
Use of braces
Arthritis or poliomyelitis (incorrect diagnosis)
Difficulty walking on heels and toes
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OTHER DIAGNOSTIC TESTS

A number of ancillary diagnostic tests are available for special cir-
cumstances. These tests should be used when there is evidence from 
the history and examination findings that they will be informa-
tive. Lumbar puncture for cerebral spinal fluid can be informative 
for evidence of breakdown of the blood-nerve barrier by elevated 
protein when root involvement is suspected, as in AIDP and CIDP. 
Abnormal cells can suggest other processes, such as an infectious 
process. Peripheral nerve biopsy can provide evidence for vasculitis, 
amyloidosis, and infiltrative conditions. Skin biopsies can confirm 
damage to intraepidermal nerve endings.19 Recently, tests for anti-
bodies against various gangliosides and for paraneoplastic conditions 
have become widely available. Antibody tests should be ordered with 
caution because the diagnostic yield of these tests is low.29

SUMMARY

At the conclusion of the evaluation that includes a full charac-
terization and a rational set of diagnostic tests a diagnosis should 
be forthcoming. However, it should be kept in mind that despite 
best efforts, it is important to appreciate that a good percentage of 
neuropathies, perhaps 20%, will remain undiagnosed despite an 
exhaustive evaluation.9 Ordering more laboratory tests is seldom 
informative, and may lead to false positive findings. A periodic 
review of a patient’s history and inquiry for new symptoms may 
be helpful.
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LOCALIZATION OF THE PROBLEM USING HISTORY  
AND EXAMINATION

Numbness can be the result of a disease process located in the central 
nervous system (CNS) or the peripheral nervous system (PNS). It 
can often be localized by the patient’s history alone. It is important 
to recognize both the timing and onset of the patient’s symptoms 
and the distribution of the patient’s signs and symptoms. Localizing 
a patient’s deficits to a specific area of the nervous system frequently 
can be accomplished with attention to the distribution of symptoms 
(e.g., right versus left, arm versus leg, proximal versus distal, sym-
metric versus asymmetric, and the presence of facial involvement). 
Determining the characterstics of symptoms (sensory and motor 
or sensory) and the temporal features (acute or chronic, or static or 
progressive) is also helpful.

Obtaining a clear history is important. The patient’s complaints 
of “numbness” can include a range of sensory disturbances. The 
patient can describe “tingling,” “burning,” or a true loss of sensa-
tion simply as “numbness.” It is important to be specific when 
questioning the patient to clearly define the range of symptoms. 
This will help in identifying the etiology of the disease process. The 
simultaneous evaluation of the distribution of these complaints 
can significantly refine the differential diagnosis. Recognition of 
the common symptoms may have a major impact on appropriate 
treatment and may allow early management which can minimize 
long-term residual deficits for the patient. The use of a question-
naire with a human figure is helpful in defining the symptoms and 
their distribution (Figure 1).

 The extent and characteristics of the patient’s symptoms are related 
to the specific portion of the nervous system injured. Different 

populations of neurons are vulnerable in specific disease processes. 
The vulnerability may arise from the effect of a disease on a spe-
cific vascular territory (e.g., stroke, vasculitis, aneurysm), a space 
occupying lesion (e.g., tumor, herniated disk) or an autoimmune, 
inflammatory attack on the nervous system. Taking the patient's 
history can frequently help the physician determine the localization  
(Tables 1 and 2).

A Practical Approach to the Patient 
Presenting With Numbness

Robert A. Werner, MD, MS
Professor and Chief

Department of Physical Medicine and Rehabilitation
Ann Arbor VA Medical Center

Ann Arbor, Michigan

Figure 1  Human figure.  The patient can mark location of each of 
these symptoms: pain (xxx), numbness (///) and tingling (\\\) on the 
figures.
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The distribution of lesions affecting the CNS are usually distinct 
from those affecting the PNS (Table 3).  

This manuscript explores the possible disorders that can cause 
numbness along the neuroaxis, starting at the brain and moving 
out to the spinal cord and then peripheral nerves.

BRAIN

Numbness may be secondary to a lesion of the parietal lobe 
or thalamus (ventral posteromedial nucleus). Thalamic lesions 
produce contralateral sensory loss and numbness, but these may 
be painful. An abrupt onset suggests a cerebral vascular event 
and may be seen with lacunar infarcts secondary to hypertension. 
The patient would typically have sudden onset of contralateral 
sensory loss without other weakness. A magnetic resonance 

imaging (MRI) scan may confirm the presence of a lacunar 
infarct or a hemorrhagic infarction. Relative to other brain 
regions, the thalamus is more vulnerable to hemorrhage resulting 
from hypertension in the brain.

Parietal lobe lesions cause contralateral numbness associated 
with loss of discriminatory sensation.  The patient may feel 
touch but may not localize it well.  Patients may experience 
weakness as well as numbness but sensory complaints are  
more prominent.  

SPINAL CORD

Lesions in the spinal cord resulting only in numbness  
are not common. Most cause both numbness and weak-
ness. This is due to the close proximity of motor and sensory 
neurons and their pathways in the spinal cord and exist-
ing nerve roots. Inflammatory lesions can selectively affect 
sensory pathways. This can result in profound sensory  
disturbances that are typically bilateral. Disorders such as 
acute myelitis and multiple sclerosis can present as primarily  
sensory disturbances.  

NERVE ROOT/DORSAL ROOT GANGLION

Sensory and motor nerve roots are separate as they exit the 
spinal cord but combine at the level of the dorsal root gan-
glion. The most common cause of nerve root injury is due 
to a herniated vertebral disk. This typically results in radi-
ating pain frequently with both motor and sensory fibers 
involved. The involvement in the dermatome of multiple 
nerve roots suggests a problem other than a structural lesion. 
Consideration must be given to an inflammatory, neoplastic, or  
infectious process.

Selective involvement of the dorsal root ganglion cells causes a 
profound sensory loss.   The differential diagnosis of a dorsal root 
ganglionopathy is a short list which includes heavy metals and 
paraneoplastic syndromes. 

Table 1 Patient’s description of sensory loss likelihood of the 
localization

Tingling  PNS > CNS
Burning  PNS > CNS
Total loss of feeling CNS* > PNS**
Poor coordination*** CNS = PNS

CNS = central nervous system; PNS = peripheral nervous system

* Localization to the central nervous system would most commonly involve uni-
lateral signs and symptoms except with spinal cord lesions where symptoms are 
usually bilateral.

** Peripheral nervous system lesions can be either multifocal or, commonly, bilat-
eral and symmetric. Early signs in a neuropathy may involve only one extremity 
(usually the feet) but peripheral involvement would be much less likely with all 
unilateral complaints.

*** Poor coordination can result from either central (cerebellar, brainstem) or pe-
ripheral (impaired proprioception, nerve, dorsal root ganglion) pathology.

Table 2 Distribution and characteristics of patient complaints along the neuraxis

 Distribution  Facial Involvement  Characteristic  Pain

Brain  Unilateral often  sensory + motor  no

Spinal Cord  Bilateral  no  sensory + motor  poss.

Nerve Root  Unilateral no  sensory + motor  yes

Nerve  Unilateral or possible sensory, motor, 
 Bilateral  autonomic or combo yes

Neuromuscular 
Junction often bilateral yes, but not always  motor no

Muscle  Bilateral  rare  motor  rare          
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PERIPHERAL NERVE

Peripheral nerve injury is the most common reason for sensory dis-
turbances, especially numbness. However, peripheral nerve injury 
frequently presents with both motor and sensory symptoms. The 
causes for a predominantly sensory neuropathy can be better under-
stood if upon presentation the salient features of the patient’s sensory 
complaints are recognized. The goal is to distinguish between small 
fiber sensation (e.g., light touch, pain, and temperature) and large 
fiber sensation (e.g., position sensation and partial vibratory sensation). 
The list of possible etiologies that result in sensory neuropathy is long. 
It is also important to recognize some distinguishing features of the 
patient’s sensory disturbance, such as past history and family history. 
Diabetes, alcohol abuse, chronic use of medication or vitamins, and 
history of similar sensory problems in the family are significant clues to 
identifying a proper etiology. In the United States and many European 
countries, diabetes is the most common cause of neuropathy. However, 
leprosy remains the most common cause of neuropathy worldwide. The 
etiologies can be categorized as toxic, immune, metabolic, inherited,  
or mechanical.

HISTORY OF THE PRESENT ILLNESS

Knowing the timing of the onset of the symptoms as well as the 
family history and any occupational exposures can be helpful in 
understanding the disease process and fine-tuning the evaluation.

Onset

A slow, progressive numbness or sensory disturbance is frequently 
described as distal numbness or tingling in the toes. This may 
progress proximally into the feet and then up the legs and involve 
the hands as well (i.e., a stocking/glove distribution). The most 
distal segments of the nerve are most dependent upon axonal 
transport for delivery of vital proteins and neurotransmitters. Any 
process that interrupts axonal flow will be recognized by the patient 

as a symptom in the most distal aspects of the affected nerve. A 
slow progression from distal to proximal would strongly suggest 
a peripheral neuropathy in the differential diagnosis. Sensory 
complaints due to nerve root compression or irritation can also 
progress slowly. However, these lesions are commonly characterized 
by pain in the affected root  distribution. The sensory complaints 
from a nerve root injury or generalized neuropathy can be episodic, 
particularly earlier in their course. Sensory disturbances from brain 
or spinal cord injury (typically vascular events) usually evolve more 
acutely. Numbness or paresthesias due to multiple sclerosis typically 
happens over days and may be episodic.

An acute or subacute onset with rapid progression of sensory 
complaints, accompanied usually by weakness, is consistent with 
localization to the brain, spinal cord, nerve root, or nerve. Typically, 
ischemic injury is associated with sudden onset of sensory symp-
toms. Inflammatory disorders can develop quickly and progress 
over several days and can affect any part of the neuraxis. In the 
brain, acute onset of sensory symptoms is typically accompanied by 
weakness and/or encephalopathy. The differential diagnoses would 
include stroke, multiple sclerosis, cancer (lymphoma, metastasis), 
and infection. In the nerve root, acute sensory symptoms are likely 
due to compression from a disk or trauma. In the peripheral nerve, 
the possible etiologies are more extensive but some require timely 
and appropriate management. Acute inflammatory demyelinating 
polyneuropathy often requires prompt management to maintain 
the airway and initiate treatment. Arsenic, thallium, tick paralysis, 
and porphyria are other problems that start with numbness but 
may result in a rapidly progressive disability for the patient and 
require urgent treatment (Table 4).

Table 3   Etiologic classifications affecting the central versus. 
peripheral nervous system

   Peripheral Nervous  
Etiology Central Nervous System System

Vascular  stroke, arterial-venous  peripheral vascular  
 malformation claudication disease

Structural  tumor, disk  tumor, disk 
Inflammatory  infection, vasculitis  neuropathy, vasculitis,  
  infection, myositis

Genetic  myopathy, motor neuron disease neuropathy 
Immune- 

Mediated Multiple sclerosis, myelopathy neuropathy,  
  neuromuscular 
  junction disease

Table 4   Considerations of differential diagnosis for neuropathy 
in patients with sensory complaints using the onset and 
progression as criteria

 ACUTE (Days)  CHRONIC (Weeks - Months)
Immune  Guillain-Barré & variants, Chronic demyelinating  
 Vasculitis neuropathy

Toxins  Botulism, Buckthorn,  Heavy Metals 
 Diphtheria;Tick; Arsenic; Environmental Chemicals  
 Organophosphates;  
 Thallium; Vacor

Drugs Captopril (few case reports); 
 Chemotherapeutic Agents 
 Gangliosides; Gold;  
 Nitrofurantoin; Suramin;  
 Zimeldine

Metabolic  Porphyria Porphyria, Diabetes

Nutritional  Vitamin toxicity or deficiency

Hereditary   Hereditary motor and sensory  
  neuropathy  
  hereditary  
  sensory neuropathy)



34 A Practical Approach to the Patient Presenting With Numbness AANEM Course

Family History

Family history can be helpful in identifying the etiology of neuropathy, 
particularly if a family member has had symptoms similar to the pa-
tient's problems. The genetics of inherited neuropathy has significantly 
improved over the last decade and has increased the  understanding of 
the normal biology of nerve tissue. The hereditary motor and sensory 
neuropathies (i.e., Charcot-Marie-Tooth neuropathies) are now better 
understood and represent a group of disorders with overlapping 
clinical characteristics but distinct pathology. Some can be identified 
by currently available commercial laboratory tests. Inherited disorders 
affecting only sensation (e.g., hereditary sensory neuropathy) are quite 
rare. They may involve either small fiber sensory loss (pain and tem-
perature) or loss of larger sensory fibers (proprioception, vibration). 
Identifying the type of sensory loss on examination can help refine the  
differential diagnosis.  

Occupational Exposure

Incidental exposure to agents that are toxic to nerve may be 
easily missed on a routine history and review of systems. Contact 
with solvents, glues, fertilizer, oils, and lubricants can result in 
a neuropathy that cannot be distinguished from other causes of 
idiopathic or hereditary etiology.

Medications

Injury to nerve caused by medications or vitamins is sometimes 
overlooked. Over-the-counter oral preparations can result in a 
predominantly sensory neuropathy (even at therapeutic doses). 
Patients with a neuropathy from some other cause may have 
an exacerbation of their symptoms when taking some over-the-
counter medications (Table 5).

EXAMINATION

In addition to the body diagram, the physical examination can be 
helpful in localizing the site of injury. Evaluation of deep tendon 
reflexes examines both an afferent component to carry input from 
the muscle tendon to the spinal cord and an efferent component 
to produce a muscle twitch during a reflex. The reflex is affected 
by descending cortical-spinal inputs that mitigate or enhance the 
reflex arc. The arc reflects a specific root level and can be helpful 
in the localization of the process.   

Pathology in the CNS is characterized by pathologically brisk re-
flexes and extensor plantar reflexes. Additionally there can be in-
creased tone and spasticity. Pathology in the PNS would result in 
diminished or absent reflexes along with atrophy and/or reduced 
muscle tone. Asymmetric or absent reflexes suggest a focal neu-
ropathy or radiculopathy. In a predominantly sensory neuropathy, 
the type of sensory loss can help indicate the nerve fibers involved 
(i.e., small fiber versus large fiber, or a mixed picture). The mo-
dalities of sensory loss which should be tested include those listed  
in Table 6.  

The most useful information from the sensory examination results 
from the distribution of the deficit (symmetric versus asymmetric) 
and the quality of the sensory loss.

Sensory loss and neuropathy frequently can be associated with 
systemic diseases such as diabetes and several connective tissue dis-
orders. Clinical signs on the general examination can be helpful if 
there is evidence of multiple organ systems disorders. Autoimmune, 
inflammatory, metabolic, and neoplastic disease are some of the 
types of systemic illness which can present with peripheral nerve 
involvement resulting in numbness, paresthesia, and/or weakness. 
Careful attention to key clinical signs on general examination 
can result in the underlying disease as well as the etiology for  
the neuropathy.

Evaluation: Work-Up

One of the primary goals in patient work-up is to identify a treat-
able underlying process. Evaluation should include serologic and 
radiographic evaluation where appropriate to clarify the differential 
diagnosis and treatment plan (Table 7).

CNS

Sensory loss or numbness localized to the CNS is most typically 
associated with stroke or inflammatory disease.  Evaluation of a 
patient with a suspected stroke, primarily involving sensation, 
should include screening risk factors such as hypertension, diabetes, 
cholesterol, tobacco use, and arrhythmia. An MRI of the brain is 
usually indicated. Ischemic or inflammatory disease thought to 
be localized to the spinal cord should be evaluated by an MRI 

Table 5   Selected medications associated with a sensory or 
a sensory predominant neuropathy which should be avoided in 
patients with a pre-existing peripheral neuropathy

chloramphenicol  metronidazole  phenytoin nitrofurantoin
cisplatin  nitrous oxide  pyridoxine  taxol
ethambutol  nucleosides  thalidomide
glutethemide  didianoside  dapsone
hydralazine  dideoxycytosine disulfram
isoniazid   stavudine   

Table 6   Sensory modalities which should be included on a 
thorough examination and their anatomic correlates

Modality  Fiber type (Periphery)  Tract (Central)
Light touch  small fiber  Spinothalamic
Temperature  small fiber  Spinothalamic
Pinprick  small fiber  Spinothalamic
2-point discrimination small fiber Spinothalamic
  (parietal)
Proprioception  large fiber  Dorsal columns
Vibration  both small and large fiber
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and a lumbar puncture. The presence of elevated protein and an 
increased number of white blood cells in the cerebrospinal fluid 
suggests inflammation (myelitis). It is more difficult to define 
the specific etiology. Viral pathogens such as varicella, human T 
cell lymphotropic virus type 1, and human immunodeficiency 
virus have been demonstrated by high viral titers. Multiple scle-
rosis is a clinical diagnosis requiring multiple signs and symp-
toms at more than one point in time and MRI frequently can  
demonstrate plaques.  

Electrodiagnosis 

The evaluation of the functional health of peripheral nerves by 
nerve conduction studies (NCSs) and of affected muscles by needle 
electromyography (EMG) is often an essential component of the 

work-up. These tests can help localize nerve/muscle pathology 
and suggest an etiology. NCSs especially are helpful in identifying 
treatable causes of neuropathy by demonstrating primary demyeli-
nating processes. Impairment of conduction velocity or evidence 
of conduction block in a focal region or in multiple regions can 
help define a demyelinating neuropathy. On the other hand, a 
reduced amplitude of the evoked response is more characteristic of 
an axonal neuropathy. It is important to note that axonal loss can 
be the result of a primary pathologic process attacking the axon or 
may be secondary to demyelination. 

The EMG examination assesses the rate, amplitude, and frequency 
of electrical impulses being transmitted by the muscle. While NCSs 
can differentiate demyelinating versus axonal, the EMG is able to 
distinguish between the presence of denervation versus a primary 
muscle disease (myopathic process). The role of EMG in assessing 
a patient with only numbness is limited since it is only testing the 
motor nerves. However, a patient complaining of sensory loss in 
a radicular pattern may not be aware of any motor weakness (and 
the physical examination may be normal), but the EMG may 
demonstrate some motor axon involvement as the EMG can detect 
abnormalities with much greater sensitivity than the physical exam-
ination. It would take a 50% loss motor fibers to detect weakness 
on physical examination while a loss of only 5% can be detected by 
EMG. The added sensitivity in detecting abnormalities of motor 
units can implicate a combined motor-sensory etiology.  
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Table 7   Initial screening evaluation for suspected lesions based 
upon the localization of sensory loss

Localization  Laboratory tests    Radiology      Other
Brain  Hb-A1c , lipid    MRI with contrast     EKG, ECHO 
 profile, ESR, ANA,    Transcranial Doppler possible 
 CBC, electrolytes,    Carotid doppler      Holter 
 RPR  
Spinal cord  Routine laboratory screen   MRI with contrast      LP with  
 Evaluating    pressure, protein     opening 
 underlying illness,    chemistry and     cytology 
 B12

Nerve Root  Not usually    CT or MRI of the      NCS and  
 Indicated    suspected area      EMG
Nerve  Hb-A1c , ESR,    Not usually indicated NCS and 
 ANA, CBC,    Possible nerve &      EMG 
 electrolytes, RPR,    muscle biopsy 
 SPEP, 
 immunofixation, B12 
 As indicated: 
 ANCA, cryoglobulins

ANA = antinuclear antibody; ANCA = anti-neutrophil cytoplasmic autoantibodies; 
CBC = complete blood count; CT = computed tomography; ECHO = echocardio-
gram; EKG = electrocardiogram; EMG = electromyography; ESR = erythrocyte 
sedimentation rate; LP = lumbar puncture; MRI = magnetic resonance imaging; 
NCS = nerve conduction study; RPR = rapid plasma reagin; SPEP = serum protein 
electrophoresis



GENERALIZED WEAKENSS CLINICAL CASE FINDINGS

Case 1 – 67-year-old woman with leg weakness

8-year history of slowly progressive, painless weakness

	 •			8	years	ago	-	trouble	arising	from	floor 
	 •			4	years	ago	-	trouble	arising	from	chair 
	 •			2	years	ago	-	falls,	give	way	of	left	leg

			•	 Denies	 atrophy,	 fasciculations,	 muscle	 pain,	 sensory	 
	 symptoms,	or	any	upper	extremity	or	trunk	symptoms

			•	 Previous	 needle	 electromyography	 (EMG)	 and	 nerve	 
	 conduction	studies	(NCSs)	normal

Clinical	Examination:	Uses	upper	extremities	to	arise	from	seated

			•	 -2	weakness	quadriceps	with	mild,	bilateral	atrophy 
			•	 -1	to	-2	weakness	left>right	finger	flexors	and	wrist	flexors 
			•	 Remainder	of	neurologic	examination	is	normal,	 
	 including	reflexes	and	sensory	examination

NCS	–	normal	peroneal,	tibial,	and	sural

COMMENT

Scattered,	mytonic	discharges	in	mulitple	muscles

REPORT

Summary	-	NCSs	are	normal.		Needle	EMG	shows	fibrillation	po-
tentials	and	myotonic	discharges	with	a	mixture	of	 short	and	 long	
duration,	polyphasic,	rapidly	recruited	motor	unit	action	potentials	
(MUAPs)	in	proximal	and	distal	muscles.

Interpretation	–	The	 findings	 are	 those	of	 a	 chronic,	 severe,	diffuse	
myopathy.		Fibrillation	potentials	in	myopathic	disorders	may	indicate	
the	presence	of	necrosis,	 splitting,	or	vacuolization	of	muscle	 fibers.		
Mixed	MUAPs	can	be	 seen	 in	disorders	 that	 affect	both	nerve	 and	
muscle	or	in	very	chronic	myopathies	such	as	inclusion	body	myositis	
(IBM),	chronic	polymyositis	or	 some	muscular	dystrophies.	 IBM	is	
most	likely	with	this	combination	of	EMG	and	clinical	findings.

MUSCLE BIOPSY – IBM 

COMMENT

The	distribution	of	weakness	is	an	important	clue	to	IBM.	Mixed	MUAP	
changes	are	also	typical,	but	can	be	seen	in	very	chronic	myositis.	

Electrophysiologic Testing in 
Generalized Weakness 

Insert 

Jasper Daube, MD
Department of Neurology
Mayo College of Medicine

Rochester, Minnesota

EMG         Fibrillation  Recruit    Duration   Amplitude   Phases
Biceps brachii       0   reduced    + long +short    +low      25%
FDI                 0      +long +short         +low      15%
FCR                ++  reduced        +long +short     +low   25% 
Medial gastroc.     +  reduced         +long +short       +high +low  25%
TA              +  reduced        +long              +high     15%
Vastus medialis     +  rapid    +short         +low   50%
TFL    +          +long
Paraspinal  +          +long +short   +low   25%

EMG = electromyogrphy; FCR = flexor carpi radials; FDI = first dorsal interosseous; TA = tendon achilles; TFL = tensor fasciae latae



Case 2: 20-year-old college student 2 weeks pro-
gressive generalized weakness

Day 
1.	 Myalgia,	headache,	sore	throat,	fever 
10.			 Student	Health:	penicillin	for	“strep	throat”,	persistent	emesis 
11.	 Emergency	Room	-	Urinary	retention,	lethargy,	unsteady 
12.	 Diplopia,	mild	proximal	weakness,	brisk	deep	tendon	 
	 reflex,	bilateral	Babinski 
13.	 Reduced	reflexes,	progressive	weakness,	shortness	of	  
	 breath,	tachycardia 
14.			 Hospitalized:	Head	computed	tomography	and	magnetic	 
	 resonance	imaging(MRI)	normal;	Cerebrospinal	fluid	(CSF) 
	 cells	&	protein	increased

Diagnosis	 –	 Guillain–Barré	 with	 myelopathy,	 polyradiculoneu-
ropathy,	and	autonomic	neuropathy

Treatment Plan:	Start	5	days	intravenous	immunoglobulin	(IVIg)

Day 14

NCS

All	motor	amplitudes	were	low	with	no	dispersion 
Median	motor	and	peroneal	responses	absent 
No	F	waves	 
Conduction	velocities	and	blink	reflexes	normal 
Repetitive	stimulation	normal	

EMG 

Poor	or	no	activation 
Two	muscles	with	reduced	recruitment 
No	fibrillation	potentials

REPORT

Acute,	severe,	diffuse,	axonal	polyradiculopathy.	A	severe	motor	neu-
ropathy	with	distal	conduction	block	cannot	be	excluded,	but	is	less	
likely.		Repeat	study	in	7	-	10	days	for	more	definitive	information.

Day 21	 Total	 paralysis.	 Pulse	 dose	 methylprednisolone;	 tracheo-
stomy;	 percutaneous	 endoscopic	 gastrostomy	 (PEG);	 C.	 dificile	
colitis;	GM1	(monosialotetrahexosylganglioside)	<	250;		viral	t/c	(-)	

NCS

Motor	and	sensory	responses	all	showed	marked	reduction	from	
the	study	of	9	days	ago,	despite	high-intensity	stimulation.	The	
remaining,	 very	 low-amplitude	 responses	 had	 markedly	 long	
distal	latencies	and	reduction	in	amplitude	with	proximal	stimu-
lation.	No	blink	reflexes	couldbe	recorded.	

EMG

No	 voluntary	 MUAPs	 could	 be	 activated	 in	 any	 muscle	 tested.	
Minimal	 fibrillation	 potentials	 were	 recorded	 only	 in	 hand	 and	
cervical	paraspinal	muscles.		

REPORT

There	has	been	marked	progression	of	the	disorder.	There	is	now	
much	clearer	evidence	of	a	widespread,	demyelinating	neuropathy	
with	distal	involvement	that	could	account	for	the	paralysis.	

Day 23 	IVIg	5	days	-	slow	improvement;	antibiotics	continued

Day 60

NCS

NCSs	reveal	markedly	reduced	or	absent	compound	muscle	action	
potentials	throughout	with	markedly	slowed	conduction	velocities	
and	prolonged	distal	latencies.		There	is	an	ulnar	conduction	block	
in	the	forearm	on	the	left.		The	blink	reflex	was	present,	but	mark-
edly	prolonged.		

EMG

There	are	fibrillation	potentials	throughout,	but	with	clear	MUAP	ac-
tivation	of	normal	or	mildly	long	duration	in	the	proximal	upper	limb.

REPORT

The	 findings	 are	 now	 those	 of	 a	 severe	 polyradiculopathy	 with	
prominent	demyelination,	as	well	as	moderate	axon	loss.	There	has	
been	improvement	since	the	previous	study.	Fibrillation	potentials	
are	more	 prominent,	 but	 this	 reflects	 the	Wallerian	 degeneration	
that	has	occurred,	and	does	not	indicate	a	worsening.	

3 months	–	Reflexes	return;	trachiostomy	and	PEG	out 
6 months	–	Return	to	school	with	good	limb	strength

COMMENT

The	distinction	between	an	axonal	motor	neuropahty	and	an	
acute	demyelinating	neuropathy	is	not	always	easy.		Every	attempt	
should	be	made	to	define	the	diagnosis	and	stop	specific	therapy	
too	soon.

Case 3: 65 –year-old woman with fatigue 

			•	 2	years	of	difficulty	with	household	chores,	“tired” 
			•	 Difficulty	squatting	at	“Curves”s 
			•	 EMG	1	year	ago	–	normal	NCS	and	EMG 
			•	 Limited	improvement	on	sertraline	hydrochloride 
			•	 Examination	-	mild	proximal	weakness	including	difficulty	 
	 swallowing.		Normal	reflexes,	cranial	nerves,	sensation,	 
	 and	gait 

NCS 

Motor	and	sensory	NCSs	are	normal	in	the	arm	and	leg,	including	
F-wave	latencies.	Slow	repetitive	stimulation	of	ulnar/hypothenar,	



accessory/trapezius,	and	peroneal/anterior	tibial	muscles	before	and	
after	exercise	is	normal.	

EMG

Needle	EMG	showed	short	duration	MUAPs	in	several	proximal	
muscles,	including	the	genioglossus.	A	few	fibrillation	potentials	
were	seen	in	the	thoracic	paraspinals.

REPORT 

The	 findings	 are	 those	 of	 a	 very	 proximal	 myopathy.	 The	
absence	of	many	fibrillation	potentials	argues	against,	but	does	
not	exclude,	an	active	inflammatory	myopathy.	

BIOPSY

Sarcoidosis

COMMENT

While	 the	 clinical	 and	 EMG	 picture	 make	 an	 inflammatory	
myopathy	most	 likely,	 a	muscle	 biopsy	 should	 always	 be	 con-
sidered	to	obtain	a	more	definitive	diagnosis.	 	Sarcoidosis	may	
present	initially	with	muscle	involvement

Case 4: 29-year-old woman with muscle aching

			•	 Healthy	-	5	years	muscle	aching 
			•	 Mild	elevations	of	creatine	kinase	(CK)	(300	-	550) 
			•	 Examination	normal 
			•	 Mild	weakness,	limited	to	left	triceps 

NCS

Motor	and	sensory	NCSs	normal	in	arm	and	leg.	Normal	repetitive	
stimulation.	

EMG

Short	duration	MUAPs	with	mild,	scattered	fibrillation	potentials	
in	proximal	muscles.

REPORT 

The	findings	are	mild,	but	consistent	with	a	proximal	myopathy,	
possibly	inflammatory.

BIOPSY

Scattered,	small,	atrophic	fibers	with	rare	necrotic	fibers.	Consider	
myotonic	dystrophy,	Type	2.

GENE TEST

Myotonic	dystrophy	type	2	(DM2)	showed	CCTG	repeat	expan-
sions	(>12,100	bp).	Confirmed	in	relatives.

COMMENT 

Myotonic	discharges	 in	DM2	are	more	prominent	proximal,	pre-
dominantly	wane,	and	may	be	few	and	far	between.

Case 5: 45 –year-old interior designer with 3 months 
generalized weakness

			•	 Brain	stem	astrocytoma-stable	2	yrs	after	  
	 radiation	therapy 
			•	 Temporal	lobe	herpes	simplex	virus	(HSV)	encephalitis- 
	 better	year	after	acyclovir 
			•	 Bulbar	dysfunction	from	tumor-dexamethasone	 
	 and	temazolamide 
			•	 2	mo	progressive	weakness	with	no	other	symptoms	or	signs 
			•	 CSF	and	EMG	performed	at	home	-	axonal	and	 
	 demyelinating	neuropathy 
   •	 Hospital	transfer	–	flaccid	quadriparesis	with	mild	facial	 
	 weakness	and	dyspnea 
			•	 Other	cranial	nerves,	reflexes	and	sensation	normal 
			•	 MRI	10	mm	mass	and	residuals	of	HSV;	with	deep 
	 vein	thrombosis	

EMG

Short	duration,	polyphasic,	stable	MUAPs	with	rapid	recruitment	
in	all	muscles.	Scattered	fibrillation	potentials

NCS 

CMAPs	 are	 low	 amplitude	 and	markedly	 long	 duration	without	
dispersion.	 F-wave	 latencies	 are	 normal,	 but	 F	 waves	 are	 small.	
Normal	sensory	NCSs.		Normal	repetitive	stimulation.		

ADDITIONAL STUDIES

Low	 amplitude	 MUAP	 with	 direct	 muscle	 stimulation.	 Normal	
motor	unit	number	estimates.

REPORT 

The	 findings	 are	 those	 of	 a	 severe,	 generalized	 myopathy	 of	 the	
type	seen	with	critical	illness.	This	pattern	can	occur	with	high	dose	
steroid	medication.	

No	 evidence	 of	 an	 additional,	 neurogenic	 process	 or	 defect	 of	 
neuromuscular	transmission	was	found.

FOLLOW-UP

Full	return	of	strength	after	4	months

COMMENT 

Critical	illness	myopathy	can	be	difficult	to	distinguish	from	neu-
ropathy.		Prolonged	CMAP	without	dispersion	and	small	MUAPs	
are	important	distinguishing	features.		



Case 6: 64- year-old woman with 3 years progres-
sive spastic dysarthria and dysphagia

			•	 History 
								o	 1st	year	-	normal	EMG	and	head	MRI	 
								o	 2nd	year	–	progressive	bilateral	leg	weakness	and	slow	 
	 walking	–	Diagnosis	(Dx)	–	primary	lateral	sclerosis	(PLS) 
								o	 3rd	year	–	muscle	cramps,	dyspnea	and	pseudobulbar	affect 
 

		•	 REFERED FOR POSSIBLE ALS 

   • Neurologic examination: 
							o	 Moderate	spastic/flaccid	dysarthria 
							o	 Poor	cough	with	weak	tongue	but	no	atrophy 
							o	 Mild	proximal	muscle	weakness	with	increased	 
	 tone	throughout 
							o	 Markedly	hyperactive	reflexes	with	bilateral	Babinski 
							o	 Mild	distal	sensory	loss 

			•	 Basic laboratory studies -	all	normal 

			•	 Motor and sensory NCSs –	normal	in	arm	and	leg 

			•	 Needle EMG– widespread	fibrillation	potentials	with	 
	 long	duration,	polyphasic	MUAP	in	arm,	leg	and	 
	 thoracic	paraspinal	muscles

Which	of	the	following	additional	laboratory	studies	would	
you	perform? 
	 CK 
	 Lyme	titer 
	 Anti-GM1	antibody	  
	 Glutamic	acid	decarboxylase	(GAD)65	antibody 
	 Ceruloplasmin 
	 Spinal	fluid 
	 Muscle	biopsy 
	 MRI 
	 None

LABORATORY STUDIES ALL NORMAL ExCEPT

 CK	–	184	(<	176);	Serum	GAD	65	antibody-284	(<0.02);	cerebral	
spinal	fluid	GAD65	antibody	0.49	(<0.2)	=	autoimmune	disorder

SUBSEqUENT EvALUATION 

Axial	and	neck	rigidity.	Normal	startle	testing

TREATMENT

Intravenous	methylprednisolone	 (IVMP)	1	gram	daily	 for	3	days	
followed	by	4	weeks	of	pulse	Rx.	Maintained	on	monthly	IVMP	
with	azathioprine	75	twice	daily.	

No	neurologic	progression	over	the	next	15	months	with	improved	
speech	and	swallowing.	

REPEAT EMG 18 MONThS 

No	 fibrillation	 potentials	 anywhere.	 MUAP	 unchanged.	 NCS	
normal.

PLS	 is	 excluded	 by	 the	 prominent	 signs	 of	 denervation,	making	
amyotrophic	 lateral	 sclerosis	 (ALS)	 highly	 likely.	 However	 the	
laboratory	findings	indicate	a	unique,	autoimmune	motor	neuron	
disease.	 Other	 autoimmune	 disorders	 associated	 with	 markedly	
elevated	GAD	65	antibodies	have	been	misdiagnosed	as	multiple	
system	 atrophy,	 progressive	 supranuclear	 palsy,	 and	 myelopathy.	
Voltage	 gated	potassium	channel	 autoimmunity	provides	 another	
example	 of	 immunotherpapy	 responsive	 neurologic	 disorders	
misdiagnosed	 as	neurodegenerative.	 	Autoimmune	motor	neuron	
disease	should	be	suspected	in	atypical	ALS-like	syndromes	(sym-
metry,	long-time	course,	axial	rigidity,	limited	atrophy,	ataxia	and	
hypothyroidism	 or	 other	 auto-immune	 disorders).	 A	 short	 trial	
of	IVMP	(over	a	4-6	week	period)	may	serve	as	a	diagnostic	tool	
regardless	of	serological	or	spinal	fluid	findings.
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INTRODUCTION

Chronic inflammatory demyelinating polyneuropathy (CIDP) is 
an acquired, immune-mediated condition affecting the peripheral 
nervous system.1-5,7 The pathogenesis of CIDP is incompletely 
understood and includes several humoral and cell-mediated mecha-
nisms.7 Pathological studies have shown that there is endoneurial 
inflammation and nerve demyelination mediated by complement 
pathways and antibodies directed against antigenic components of 
the myelin sheath.4 

The classic form of the disorder is characterized by: (1) progressive 
limb weakness, usually with a predilection for proximal muscles, 
sensory loss, and areflexia with a relapsing or progressive course; (2) 
electrophysiological features of demyelination, including prolonged 
distal motor and F-wave latencies, reduced conduction velocities, 
and conduction block and temporal dispersion; (3) laboratory 
features of albumino-cytological dissociation in the cerebrospinal 
fluid (CSF); and (4) inflammation, demyelination and remyeli-
nation on nerve biopsy.1-5,7,14 Increasingly the diagnosis can be 
confidently established by clinical and electromyography (EMG) 
criteria. Nerve biopsy is required less often, but can be helpful in  
selected cases. 

Numerous clinical trials have established the short-term efficacy 
of immune therapies such as corticosteroids, plasma exchange 
(PE), and intravenous immune globulin (IVIg), making them the 
mainstays of treatment for CIDP. Several reports also indicate the 
promise of novel immune therapies.2,6-9,11-12,15 Although guidelines 
for the diagnosis and treatment of CIDP have been developed, the 
large variety of clinical and electrophysiological variants, associated 
systemic conditions, and lack of sustained improvement with stan-

dard treatments in up to a third of cases provide challenges to the 
clinician in practice. 

This manuscript will focus on clinical features of CIDP, its clinical 
variants, concurrent diseases, including diabetes, and prognosis. It 
will also discuss laboratory evaluations, electrodiagnostic (EDX) 
criteria, the role of validated diagnostic criteria, pathology, differen-
tial diagnoses, treatment, alternative immunosuppresive regimens, 
and supportive therapies. 

CLINICAL FEATURES

CIDP is one in a spectrum of acquired immune-mediated demy-
elinating neuropathies that differ from each other mainly in their 
time course and clinical features. The two traditional categories 
of acute inflammatory demyelinating polyneuropathy (AIDP) or 
Guillain-Barre´ syndrome (GBS) and CIDP have similar presenta-
tions, except the symptoms peak in less than 4 weeks in AIDP and 
are monophasic, while in CIDP, they progress for 8 weeks or more. 
For an illness that reaches its nadir between 4 and 8 weeks, the term 
subacute demyelinating neuropathy has been used. 

The natural history of the latter group can follow the pattern of 
either AIDP (monophasic course with a plateau and then recovery) 
or CIDP (progressive or relapsing). In a large series, CIDP repre-
sented approximately 20% of initially undiagnosed neuropathies 
and accounted for approximately 10% of all patients referred to 
neuromuscular clinics.7 The disorder most commonly occurs in 
adults between 40 and 60 years, but can affect the elderly and chil-
dren. There is a slight predilection for men. 
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The prevalence of CIDP is approximately 2 to 5 cases per 100,000 
individuals, comparable to the frequency of AIDP. Two-thirds of 
cases are progressive, with the remainder relapsing. In the modern 
era, “relapses” often reflect treatment withdrawal (e.g., IVIg or 
rapid tapering of prednisone. They may also be triggered by infec-
tions or other systemic illnesses. Spontaneous relapses tend to affect 
younger individuals.7

In its classic form, the initial symptoms of CIDP are progressive, 
symmetric limb weakness and sensory loss that usually begin in the 
legs. Patients report difficulty walking, climbing stairs, and arising 
from a chair. They may fall, or complain of reduced manual dexter-
ity (e.g., trouble buttoning shirts, pulling up zippers) if hand weak-
ness is present. A core clinical feature is proximal limb weakness, 
indicating a non-length-dependent neuropathy that implies proxi-
mal nerve demyelination and distinguishes such cases from the far 
more commonly encountered distal axonal polyneuropathies. 

The majority of patients also have sensory features, with complaints 
of numbness, tingling, or buzzing of the acral extremities (paresthe-
sias), and gait unsteadiness reflecting a sensory ataxia. Neuropathic 
pain is less common. The examination shows symmetric proximal 
and distal limb weakness, generalized hypo- or areflexia, and distal 
sensory loss with large fiber modalities (joint position, vibration) 
disproportionately affected.

Another useful clinical sign of CIDP in the early stages of the con-
dition is the discrepancy between the degree of weakness and lack 
of atrophy in affected muscles; this strongly implicates nerve demy-
elination rather than axonal loss. Facial, oropharyngeal, and ocular 
involvement occur in less than 15% of patients, and autonomic 
dysfunction and ventilatory failure develop in fewer than 10% of 
cases. Unusual features associated with CIDP, mostly noted in case 
reports, include prominent vertigo, papilledema, and head drop. 

CLINICAL VARIANTS

Several reports have highlighted a variety of unusual clinical pat-
terns that probably represent variants of CIDP and are accepted 
under the same umbrella term because they share most of the 
clinical, electrophysiological, and cerebrospinal fluid findings  
(Table 1).9-10,14 Like AIDP, for example, certain forms may be clas-
sified as “functional” variants, with pure motor, pure sensory, and 
ataxic patterns. In several large series, up to 15% of patients had a 
pure sensory syndrome clinically. Many such cases have prominent 
demyelinating motor abnormalities on EMG studies, whereas 
others may simulate a ganglionopathy, with absent sensory poten-
tials and normal motor studies. Nerve biopsy may be required to 
establish the diagnosis. 

A rare but striking variant is a pure sensory, large fiber ataxic 
form manifest by inflammation and demyelination isolated to 
the sensory roots. Routine EDX studies are usually normal. 
Somatasensory evoked potentials demonstrate slowing at the level 
of the lumbar roots. The CSF protein level is elevated, and lumbar 
rootlet biopsy demonstrates characteristic pathological features of 

CIDP. This pattern has been termed chronic inflammatory sensory 
polyradiculopathy (CISP). The converse of this pattern, a general-
ized, pure motor demyelinating neuropathy, can be distinguished 
from multifocal motor neuropathy (MMN) by the presence of 
widespread proximal and distal limb weakness, relative symmetry, 
and response to corticosteroids. 

In contrast, a number of "regional" variants have also been recognized, 
including the multifocal forms that simulate mononeuritis multiplex 
(Lewis-Sumner syndrome [L-SS] and multifocal acquired demyelinat-
ing sensory and motor neuropathy).10 These are purely upper limb 
demyelinating neuropathies that may be strikingly focal. A paraparetic 
form is associated with regional leg weakness and sensory loss, nerve 
root hypertrophy on magnetic resonance imaging (MRI) studies, and 
symptoms emulating a progressive cauda equina syndrome. A few 
patients have prominent or isolated cranial nerve palsies. 

Experts have also identified a predominantly sensory demyelinating 
polyneuropathy that is rare, distal, and symmetric. Distal acquired 
demyelinating symmetrical neuropathy14 is quite similar to the 
polyneuropathy associated with an IgM monoclonal protein and el-
evated anti-myelin associated glycoprotein antibodies. This variant 
simulates a distal axonopathy and can be missed without careful 
EDX evaluation, especially if an M-protein is not present.

Other similar illnesses have been distinguished from typical CIDP 
based on temporal course or severity of the disorder. For example, 
investigators have identified patients with a time course between 
AIDP and CIDP. Occasionally, the initial manifestations of CIDP 

Table 1  Clinical Variants of CIDP

Temporal Course
 Subacute inflammatory demyelinating polyneuropathy (SIDP)
 Relapsing Guillain-Barre´ syndrome pattern
Severity
 "Minimal" CIDP
Regional Variants
 Distal Pattern (DADS)
 Paraparetic pattern
           Upper limb pattern
           Focal or multifocal CIDP (L-SS, MADSAM)
 Isolated cranial neuropathies
Functional Variants
 Pure motor CIDP
 Pure sensory CIDP
 Ataxic CIDP
 CISP

CIDP = chronic inflammatory demyelinating polyneuropathy; CISP = chronic 
inflammatory sensory polyradiculopathy; DADS = distal acquired demyelinating 
symmetric neuropathy; L-SS = Lewis-Sumner Syndrome; MADSAM = multifocal 
acquired demyelinating sensory and motor neuropathy.
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may mimic the acute onset of GBS followed by slower progression, 
or with a chronic, relapsing course. Such cases may be reclassified as 
CIDP only after 3 or more relapses or progression beyond 9 weeks. 
Rare forms of CIDP include those with mild distal paresthesias, 
demyelinating NCSs, and an elevated CSF level. Termed “minimal 
CIDP” to reflect the limited nature of the illnesses, these regional 
and functional variants seem to respond to the conventional thera-
pies for CIDP with about the same frequency, but have never been 
carefully subjected to controlled study. 

CIDP AND CONCURRENT DISEASES

A number of medical conditions occur simultaneously with CIDP 
and are implicated in its pathogenesis. Most large series of CIDP, 
for example, show that approximately 15-20% of patients have a 
monoclonal gammopathy detected by serum immunofixation.7 
Some of these patients have a malignant plasma cell dyscrasia 
(multiple myeloma, polyneuropathy, organomegaly, endocrinopa-
thy, M-spike, skin changes [POEMS] syndrome, lymphoma, 
or Waldenström's macroglobulinemia), but the majority have a 
monoclonal gammopathy of undetermined significance (MGUS). 

These patients are generally managed no differently than those with 
classical CIDP once a plasma cell disorder has been excluded. In most 
of those who have CIDP-MGUS and an immunoglobulin G (IgG)  
or IgA monoclonal protein, their disorder is indistinguishable from 
idiopathic CIDP, including improvement with immune therapies.7 

In contrast, those with IgM-MGUS usually have greater sensory loss, 
tremor, more severe distal demyelinating abnormalities on EMG 
studies, increased frequency of anti-myelin associated glycoprotein 
(anti-MAG) or other pathogenic anti-neuronal antibodies, and are less 
responsive to standard treatments for CIDP. 

Approximately 10-15% of patients with CIDP have an associated 
systemic medical disorder, although the precise relationship of 
the underlying illness to the neuropathy varies from case to case  
(Table 2).2,4-5,7 In essence, these cases may reflect “secondary 
symptomatic” inflammatory demyelinating neuropathies, as distin-
guished from the idiopathic variety. These include several autoim-
mune or connective tissue disorders (systemic lupus erythematosus, 
thyroid disease, rheumatoid arthritis, glomerulonephritis, Sjögren 
syndrome, myasthenia gravis, and sarcoidosis). Other conditions 
associated with CIDP include chronic infections (human im-
munodeficiency virus [HIV], human T-cell lymphotropic virus  
type 1 [HTLV I], hepatitis B and C); organ transplantation; various 
malignancies; diabetes mellitus; and renal insufficiency. CIDP can 
also be superimposed on a hereditary neuropathy or associated with 
multiple sclerosis.

It is not known if one of these concurrent illnesses alters the re-
sponse to therapy or the prognosis of patients with CIDP. However, 
identifying these associated conditions may facilitate the initial 
choice of therapy (e.g., corticosteroids in patients with CIDP and 
systemic lupus erythematosus). It certainly has important implica-
tions for the patient (e.g., CIDP associated with HIV infection or 
lymphoma). 

In many cases of acquired demyelinating polyneuropathy associ-
ated with systemic illness, the pathophysiology of the nerve damage 
may differ from idiopathic CIDP, but the clinical and electrophysi-
ological features often overlap. CDIP may also be associated with 

Table 2  Concurrent diseases associated with inflammatory 
demyelinating polyneuropathy (“secondary” CIDP)

Chronic Infections           
 HIV infection
 HTLV I    Medications
 Lyme disease    Interferon alpha 
 Cat scratch disease   Procainamide
 Epstein-Barr infection   Tacrolimus
 Hepatitis C
Connective tissue and auto-immune disorders  Vaccinations
 Systemic lupus erythematosus
 Sjögren syndrome   Solid organ
 Rheumatoid disease   transplantation
 Giant cell arteriti    Hereditary neuropathy
 Inflammatory bowel disease   (CIDP and CMT)
 Myasthenia Gravis
 Chronic active hepatitis
 Multiple sclerosis
Systemic Medical Disorders
 Diabetes Mellitus
 Thyrotoxicosis
 Chronic renal failure requiring dialysis
 Membranous glomerulonephropathy
Malignancy
 Hepatocellular carcinoma
 Melanoma
 Pancreatic carcinoma
 Colon adenocarcinoma
 Lymphoma
 Paraneoplastic demyelinating neuropathy
Paraprotein associated disorders
 Monoclonal gammopathy of undetermined significance (MGUS)
 Osteosclerotic myeloma (POEMS syndrome)
 Multiple myeloma
 Waldenström’s macroglobulinemia
 Amyloidosis
 Castleman's disease

CIDP = chronic inflammatory demyelinating polyneuropathy; CMT = Charcot-Marie-
Tooth disease; HIV = human immunodeficiency virus; HTLVI = human T-cell lym-
photropic virus type 2;  POEMS = Polyneuropathy, Organomegaly, Endocrinopathy, 
monoclonal gammopathies, Skin changes. 



medications (procainamide, interferon alpha) or any number of 
vaccinations (although a relationship between CIDP and a specific 
vaccine has never been established). 

CIDP and DIABETES MELLITUS

Patients with diabetes mellitus and a polyneuropathy frequently 
have elements of demyelination on EMG studies, and many have 
an elevated CSF protein level. Furthermore, nerve biopsy may 
reveal modest demyelinating changes and even inflammatory cell 
infiltration. Irrespective of a diagnosis of concurrent diabetes mel-
litus and a distal, symmetric sensory polyneuropathy, most experts 
attribute the illness to CIDP if the clinical and laboratory features 
(EMG and spinal fluid studies) support the diagnosis. This is 
predicated on the fact that most patients with a distal diabetic 
polyneuropathy lack proximal or generalized weakness, a progres-
sive course over a few months, conduction block (at sites not prone 
to entrapment), or other widespread unequivocal demyelinating 
features on EMG studies. 

The possibility that diabetic patients are more predisposed to devel-
oping CIDP has yet to be established by rigorous epidemiological 
studies, and remains controversial. In uncertain cases, a therapeu-
tic trial of IVIg or PE is warranted. In a patient with diabetes, a 
substantial and rapid objective clinical improvement supports a 
diagnosis of CIDP.

LABORATORY EVALUATION

The laboratory tests indicated for suspected CIDP patients include: 
complete blood count, serum chemistries, blood urea nitrogen, 
creatinine, HIV titer, fasting blood glucose and glycosylated he-
moglobin, anti-nuclear antibodies, and most importantly, serum 
and urine immunofixation electrophoresis to exclude a monoclonal 
protein. The detection of a monoclonal protein warrants investiga-
tion for a malignant plasma cell dyscrasia before concluding that 
the M-spike represents MGUS. An M-protein level greater than 
3 g/dl is virtually always indicative of a malignant plasma cell dis-
order, whereas a level less than 1.5 g/dl is more often observed in 
patients who have MGUS. 

When an M-protein has been detected, other useful tests include 
serum cryoglobulins, β-2 microglobulin, and viscosity (for IgM 
cases) when > 3 g/dl of monoclonal protein is detected. A bone scan 
and bone marrow biopsy are necessary in patients who have > 3 g/l 
of monoclonal protein and systemic features suggesting multiple 
myeloma (fatigue, bone pain, weight loss, anemia, hypercalcemia, 
renal failure). A skeletal bone survey also is required in most cases 
to exclude bone lesions associated with osteosclerotic myeloma 
and the POEMS syndrome, especially if there is an IgG, IgA, or 
lambda light chain monoclonal protein. Suspicious sclerotic bone 
lesions should be biopsied. Chest and abdominal computed to-
mography scanning can be useful in selected cases when lymphoma 
or the POEMS syndrome associated with Castleman’s disease  
is considered. 

Additional laboratory studies that may be indicated in certain 
cases that suggest a connective tissue or chronic infectious disor-
der include: serum antineutrophil cytoplasmic antibodies level; 
rheumatoid factor; angiotensin converting enzyme; anti-SSA/SSB 
antibodies; and hepatitis B and C, HTLV I, HIV and Lyme serolo-
gies. For patients suspected of having an inherited neuropathy and 
in young patients with only slowed conduction velocities on EDX 
studies, genetic studies for Charcot-Marie-Tooth (CMT) disease 
types IA, IB, and X can exclude these conditions. Brain and spinal 
cord MRI studies should also be obtained when the neurological 
history or findings suggest concomitant central nervous system de-
myelination. In those individuals with constitutional features (e.g., 
unexplained weight loss, fevers, adenopathy, anemia), a search for a 
malignancy is warranted.

A lumbar puncture is also indicated in patients suspected of having 
CIDP. An elevated CSF protein level (> 45 mg/dl) is detected in at 
least 80% of patients. However, the diagnosis of CIDP should not 
be excluded based only upon a normal CSF protein concentration. 
The cell count is usually normal, but as many 10% of patients 
have greater than 5 lymphocytes/mm.3 The American Academy of 
Neurology (AAN) criteria indicate that there should be fewer than 
10 cells in the spinal fluid, and fewer than 50 in patients with HIV 
infection.3 Accordingly, the presence of a CSF pleocytosis should 
prompt an evaluation for HIV infection as well as Lyme disease, 
lymphomatous meningitis, and sarcoidosis. Oligoclonal bands are 
found in the CSF in approximately 65% of cases and do not appear 
to be of any consequence. 

EDX CRITERIA

Nerve conduction studies (NCSs) establish the diagnosis of CIDP 
with confidence in the majority of cases. Several EDX criteria have 
been proposed. All require some combination of: (1) reduced con-
duction velocities (CV), i.e., < 80% of the lower limit of normal 
(LLN) if the distal motor amplitude is normal, and < 70% of 
LLN if the amplitude is substantially reduced; (2) prolonged distal 
motor latencies; (3) prolonged F wave latencies, i.e., > 125% of 
the upper limit of normal (ULN) if the distal motor amplitude 
is normal, and > 150% of ULN if the amplitude is reduced for 
distal latencies and Fwaves; and (4) conduction block (CB)/tem-
poral dispersion (TB), i.e., CB is > 50% reduction of proximal/
distal (p/d) amplitude and abnormal TD is > 130% increase of  
p/d duration.3 

According to the AAN criteria, the presence of three of the 
four criteria in two or more nerves establishes the electro-
physiological diagnosis of CIDP for research purposes.3 For the 
practicing clinician, these various schemes are contrived since 
only 50-60% of patients with typical clinical features of CIDP 
fulfill these strict EDX criteria. Accordingly, over the last 15 
years at least 10 alternative EMG criteria have been proposed, 
with varying degrees of greater sensitivity without sacrificing 
specificity (Table 3). None, however, have been validated in 
a rigorous manner, thus contributing to further controversy  
and confusion.1-3,5,9,13-14 

4 Chronic Inflammatory Demyelinating Polyradiculoneuropathy AANEM Course



AANEM Course CROSSFIRES: Controversies in Neuromuscular and Electrodiagnostic Medicine 5

Because demyelination in CIDP is frequently a multifocal process, 
study of multiple nerves (at least four and probably more) is 
necessary. Similarly, proximal nerve and root stimulation may be 
required in some cases to confirm proximal CB when this finding is 
not detected in distal segments. Care must be taken to ensure that 
nerve stimulation is supramaximal. 

Computer simulation studies have demonstrated that up to a 
50% amplitude reduction between proximal and distal points of 
stimulation may occur in normal motor nerves. This phenom-
enon is termed "pseudo-conduction block,” and is attributed to 
interphase cancellation of motor potential waveforms. Therefore, 

the criterion for definite CB has been increased from 20% (initial 
AAN criteria) to 50% amplitude reduction following proximal 
nerve stimulation, especially with studies of very proximal nerve or  
root segments.

Abnormalities of the sensory nerve action potentials (SNAPs) 
have not been addressed in any of the published EMG criteria 
for CIDP. Most CIDP patients have low or absent SNAPs. When 
sensory potentials can be obtained, the distal latencies or conduc-
tion velocities are usually slowed and in the demyelinating range. A 
characteristic finding of absent or reduced median or ulnar SNAPs 
with normal sural sensory potentials ("sural sparing") indicates a 

Set 1: AAN Ad hoc subcommittee; 3 of 4 criteria must be fulfilled
1. Reduction in motor nerve conduction velocity (MNCV) in two or motor nerves:

 a. <80% of lower limit of normal (LLN) if amplitude >80% of LLN
 b. <70% of LLN if amplitude is <80% of LLN

2. Partial conduction block (CB) in one or more motor nerves defined as <15% 
change in duration between proximal and distal sites and >20% drop in 
negative peak (−p) are or peak-to-peak (p–p) area or peak-to-peak (p–p) 
amplitude between proximal and distal sites.

3. Prolonged distal latencies (DL) in two or more nerves:
 a. >125% of upper limit or normal (ULN) if amplitude is >80% of LLN
 b. >150% of ULN if amplitude is <80% of LLN

4. Absent F-waves or prolonged minimum F-wave latencies in two or more 
motor nerves:
 a. >120% of ULN if amplitude >80% of LLN
 b. >150% of ULN if amplitude <80% of LLN

Set 2: Albers and Kelly; 3 of 4 criteria must be fulfilled1 
1. Reduced MNCV in 2 or more nerves: <75% of LLN
2. Prolonged DML in 2 or more nerves: >130% of ULN
3. Partial conduction block (CB) or abnormal temporal dispersion in 1 or more  

nerves: >30% drop in amplitude between proximal and distal sites
4. Prolonged F-wave latency in 1 or more nerves: >130% of ULN

Set 3: Bromberg et al.; 3 of 4 criteria must be fulfilled 
1. Reduced MNCV in 1 or more nerves: <70% of LLN
2. Prolonged DML in 2 or more nerves: >130% of ULN
3. Partial conduction block (CB) or abnormal temporal dispersion in 1 or more 

nerves: >30% drop in amplitude between proximal and distal sites
4. Prolonged F-wave latency in 1 or more nerves: >130% of ULN

Set 4: Saperstein et al.;  2 of 4 criteria must be fulfilled14

1. Partial conduction block (CB) in one or more motor nerves defined as 
>50% drop in negative peak amplitude between proximal and distal sites 
for median and ulnar nerves and >60% drop in negative peak amplitude 
between proximal and distal sites for tibial and peroneal nerves.

2. Reduction in conduction velocity (MNCV) in two or motor nerves:

Set 4: 2 of 4 criteria must be fulfilled (continued)
 <80% of lower limit of normal (LLN) if amplitude >80% of LLN
 <70% of LLN if amplitude is <80% of LLN

3. Prolonged distal latencies (DML) in two or more nerves:
 >125% of upper limit or normal (ULN) if amplitude is >80% of LLN
 >150% of ULN if amplitude is <80% of LLN

4. Absent F-waves or prolonged minimum F-wave latencies in two or more 
motor nerves:
 >120% of ULN if amplitude >80% of LLN
 >150% of ULN if amplitude <80% of LLN

Set 5: Inflammatory Neuropathy Cause and Treatment (INCAT) group 
diagnostic criteria 

1. Partial conduction block or abnormal temporal dispersion of conduction 
must be present in at least 2 nerves, and there must be significantly 
reduced conduction velocity, or significantly prolonged distal motor latency, 
or absent or significantly prolonged minimum F-wave latency in at least 1 
other nerve. or, 

2.  In the absence of block or dispersion, significantly reduced conduction 
velocity, or significantly prolonged distal motor latency, or absent or significantly 
prolonged minimum F-wave latency must be present in at least 3 nerves, or,

3. In the presence of significant neurophysiologic abnormalities in only 2 
nerves, unequivocal histological evidence of demyelinated nerve fibers in a 
nerve biopsy must also be present

Set 6: Nicolas et al.  Electrodiagnostic Criteria for CIDP13

1. CB/TD must be present in at least 3 different nerves with abnormal 
conduction values suggestive of demyelination in at least 1 nerve (including 
one of the nerves with CB/TD).

2. CB/TD must be present in 2 different nerves and abnormal conduction 
values in at least 1 other nerve.

3.  CB/TD must be present in 1 nerve and abnormal conduction values in at 
least 2 other nerves.

4. No CB/TD, but abnormal conduction values must be present in 3 different nerves

Set 7: Barohn et al.  Electrodiagnostic Criteria for CIDP2

1. Reduction of motor nerve conduction velocities in 2 or more nerves < 70% 
of the lower limit of the normal (LLN)

Table 3  Proposed Published Electrodiagnostic Criteria for CIDP
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nonlength dependent pattern that suggests a demyelinating neu-
ropathy. In contrast, the SNAPs are invariably normal in those 
with the CISP variant, as the pathology is found at the level of the  
sensory roots.

Needle electrode examination in those with a pure demyelinat-
ing form of CIDP shows reduced recruitment patterns of motor 
units without active or chronic denervation. The presence of 
abnormal spontaneous activity (fibrillation potentials) or large 
amplitude, long duration motor unit action potentials (MUAPs) 
indicates chronic partial denervation; reinnervation signifies an 
axonal component. These axonal changes are present in varying 
degrees in approximately 67% of cases.

EDX studies have several important shortcomings in establishing 
the diagnosis of CIDP: (1) patients may accrue substantial axonal 
loss with absent or greatly reduced MUAPs, and therefore, nerve 
conduction abnormalities may not fulfill criteria for demyelination; 
(2) those with a pure sensory variant may have absent SNAPs and 
relatively normal motor potentials; (3) a few patients have EDX 
abnormalities limited to proximal motor nerve segments that are 
detected only with motor root or Erb's point stimulation; and 
(4) in clinical practice, there are a large group of patients without 
axon loss who do not fulfill any of the proposed EMG criteria and 
yet may still benefit from treatment. In these patients, spinal fluid 
analysis and nerve biopsy may be especially helpful to confirm the 
diagnosis. In those who do not fulfill strict EDX criteria, a thera-
peutic trial may be warranted.

Set 8: European Federation of Neurological Societies (EFNS)/Peripheral 
Nerve Society Guideline Electrodiagnostic Criteria
I. Definite: at least one of the following :
 A.  At least 50% prolongation of motor distal latency above the upper limit 

of normal values in two nerves, or 
 B.  At least 30% reduction of motor conduction velocity below the lower 

limit of normal values in two nerves, or 
 C.  At least 20% prolongation of F-wave latency above the upper limit of 

normal values in two nerves (>50% if amplitude of distal negative peak 
compound muscle action potential [CMAP] <80% of lower limit of normal 
values), or 

 D.  Absence of F-waves in two nerves if these nerves have amlitudes of 
distal negative peak CMAPs at least 20% of lower limit of normal values + 
at least one other demyelinating parameter  in at least one other nerve, or 

 E.  Partial motor conduction block: at least 50% amplitude reduction of 
the proximal negative peak CMAP relative to distal, if distal negative peak 
CMAP at least 20% of lower limit of normal values, in two nerves, or in one 
nerve + at least one other demyelinating parameter in at least one other 
nerve, or 

 F. Abnormal temporal dispersion (>30% duration increase between the 
proximal and distal negative peak CMAP) in at least two nerves, or 

 G.   Distal CMAP duration (interval between onset of the first negative 
peak and return to baseline of the last negative peak) of at least 9 ms in 
at least one nerve + at least one other demyelinating parameter in at least 
one other nerve

II. Probable 
At least 30% amplitude reduction of the proximal negative peak CMAP 
relative to distal, excluding the posterior tibial nerve, if distal negative 
peak CMAP at least 20% of lower
limit of normal values, in two nerves, or in one nerve + at least one 
other demyelinating parameter in at least one other nerve

III. Possible 
As in 'I' but in only one nerve

Set 9: Thaisetthawatkul et al. Electrodiagnostic criteria 
Distal CMAP duration > 9 msec in 1 or more of 4 motor nerves.

 Set 10: Magda et al. Electrodiagnostic Criteria
Abnormalities in at least 3 nerves with at least 1 from category A or B
Category A* (demyelinating-range abnormalities)

F-wave minimal latency
120% ULN if CMAP _80% LLN
150% ULN if CMAP _80% LLN
Tibial H-reflex minimal latency 120% ULN

Conduction velocity
80% LLN if CMAP _80% LLN
70% LLN if CMAP _80% LLN

Distal Latency
125% ULN if CMAP _80% LLN
150% ULN if CMAP _80% LLN

Distal CMAP duration > 9 ms

Proximal CMAP Temporal dispersion > 30% (median, ulnar, or peroneal nerve)
Absent F waves with CMAP amplitudes  > 75% LLN (median or ulnar)

Category B (possible partial conduction block)

Proximal-distal CMAP amplitude decline of > 30% (median nerve
wrist−elbow, ulnar nerve wrist−below elbow, or peroneal nerve
ankle−fibular head segments)†

Category C (other abnormalities)

CMAP amplitude, DL, CV, F-wave or H-reflex minimal latency 
abnormalities not meeting category A or B definitions

Table 3  (Continued) Proposed Published Electrodiagnostic Criteria for CIDP
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THE ROLE OF VALIDATED DIAGNOSTIC CRITERIA

Due to a lack of consensus regarding the “best” diagnostic criteria 
for CIDP, an expert committee was convened under the auspices 
of the Medical Advisory Board of the Guillain-Barré Syndrome /
Chronic Inflammatory Demyelinating Polyneuropathy Foundation 
International.9 The CIDP Criteria Working Group included 13 neu-
romuscular neurologists from the United States, Canada, and Europe, 
an epidemiologist, and a biostatistician. In the first step, Koski and 
colleagues generated a set of candidate variables to be evaluated as po-
tential diagnostic criteria based upon published literature and clinical 
expertise that could plausibly be expected to distinguish CIDP from 
other polyneuropathies. The selected candidate variables included 
aspects of the history, neurologic examination, EDX data, and ancillary 
laboratory studies.9 

The second step entailed detailed case descriptions, including the 
initial evaluation, EMG studies, laboratory data, CSF examination, 
genetic tests, and nerve biopsy information. These were submit-
ted on 267 patients with CIDP, chronic acquired demyelinating 
neuropathies, such as L-SS, paraprotein associated neuropathies, 
MMN, and “other” neuropathies (e.g., diabetes mellitus, toxic and 
familial neuropathies). A consensus diagnosis was established for 
each case when 11 or more of 13 expert reviewers agreed on the case 
classification (this consensus was defined as the “gold standard”). 
Information on candidate variables was abstracted from the case 
descriptions (Figure 1).9

Cases with consensus were divided into a “derivation sample” 
used to derive the classification rule, and a “validation sample” 

used to validate it. Validation of a classification rule in a second used to validate it. Validation of a classification rule in a second 
sample is important because a more accurate estimate of a sample is important because a more accurate estimate of a 
rule’s performance is obtained when it is applied to a separate rule’s performance is obtained when it is applied to a separate 
sample. To derive the rule, a classification and regression tree sample. To derive the rule, a classification and regression tree 
statistical approach was used. This involved considering all pos-
sible partitions of the cases based on all candidate variables to 
identify the partition that best distinguished between CIDP 
and non-CIDP cases. Once we made an initial partition, the 
process was performed repeatedly in resulting subgroups to 
identify groups of patients that are relatively homogeneous with identify groups of patients that are relatively homogeneous with 
respect to CIDP status. The derived diagnostic rule is shown  
in Figure 2.

In a patient with a chronic polyneuropathy progressive for more In a patient with a chronic polyneuropathy progressive for more 
than 8 weeks, without a serum paraprotein or a genetic neuropa-
thy, the diagnosis of CIDP would require one of the following: thy, the diagnosis of CIDP would require one of the following: 
(1) in at least 75% of the motor nerves studied electrophysiologi-
cally—a recordable compound muscle action potential and either 
an abnormal distal latency in > 50% of nerves, or an abnormal 
motor CV in > 50% of nerves, or an abnormal F-wave latency in motor CV in > 50% of nerves, or an abnormal F-wave latency in 
> 50% of nerves; OR 2) a symmetrical onset of motor symptoms > 50% of nerves; OR 2) a symmetrical onset of motor symptoms 
and symmetrical weakness of all four limbs, with proximal weak-
ness in at least one limb.9

The sensitivity for these diagnostic criteria (Koski and colleagues)
was 83%; the specificity 97% (Table 4). Importantly, the Koski 
criteria had much greater sensitivity when compared to several 
previously published criteria listed above (Table 5). The Koski 
criteria are best applied when an odd number of nerves are studied 
by EMG, and nerves that are likely to be absent (based on clinical by EMG, and nerves that are likely to be absent (based on clinical 
assessment) are not sampled.9

Figure 1  Development of validated diagnostic criteria for CIDP.
CADP = chronic acquired demyelinating polyneuropathies;  CADP = chronic acquired demyelinating polyneuropathies;  
CIDP = chronic inflammatory demyelinating polyneuropathyCIDP = chronic inflammatory demyelinating polyneuropathy

Patients with a chronic polyneuropathy, progressive for at least 8 weeks, 
would be classified as having CIDP if:
• No serum paraprotein and
• No documented genetic abnormality

AND EITHER
a) At least 75% of motor nerves tested had recordable response 

   AND one of the following conditions is satisfied:
i) more than 50% of the motor nerves tested had abnormal 
distal latency1, or
ii) more than 50% of the motor nerves tested had abnormal  
conduction velocity1, or 
iii) more than 50% of the motor nerves tested had abnormal  
F-latency.1 

OR
b) i) Symmetric onset or symmetric exam, and

  ii) Weakness in all four limbs, and  
  iii) At least one limb with proximal weakness

1 According to AAN criteria

Figure 2   Criteria for classification of patients with CIDP9

AAN = American Academy of Neurology;
CIDP = chronic inflammatory demyelinating polyneuropathy

AANEM CourseAANEM CourseAANEM CourseAANEM CourseAANEM Course Dysimmune Neuropathies 7
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PATHOLOGY

The classic pathological features of CIDP include demyelination, 
remyelination (onion bulbs), endoneurial edema, and inflamma-
tory cell infiltrates in the epineurium and endoneurium, usually 
with preferential involvement of the nerve roots. Chronically 
demyelinated and remyelinated nerve fibers form onion bulbs, 
identical to but less numerous than in hereditary demyelinating 
polyneuropathy (e.g., CMT disease type I). Routine toluidine blue, 
semi-thin plastic sections typically show an excess of large, thinly 
myelinated nerve fibers usually associated with varying degrees of 
acute axonal degeneration and reduced axonal density.2,4,7 Because 
CIDP is a multifocal process, nerve biopsy often does not yield 
a confirmatory diagnosis. Recent large series have demonstrated 
inflammatory changes in 10-50% of specimens, features of only 
axonal degeneration in 20-40%, and normal biopsies in approxi-
mately 20% of cases.2 

Inflammatory infiltrates are composed primarily of CD8+ and 
CD4+ lymphocytes and macrophages within the endoneurium. 
Analysis of teased fibers is probably the most sensitive method of 
demonstrating demyelinating changes, which are found in 50-80% 
of nerve biopsy specimens.4 However, the procedure is cumbersome 
and time-consuming and is performed primarily at specialized 
centers. This may be a problem for some clinicians due to limited 
regional availability. The utility of nerve biopsy in CIDP continues 
to engender controversy. Many experts endorse the value of routine 
nerve biopsy and teased fiber studies, in particular, in patients with 

suspected CIDP, while others have shown that the procedure adds 
little if other clinical and EDX features support the diagnosis. One 
study, not surprisingly, has suggested that the presence of axonal 
loss on nerve biopsy implies a less favorable response to treatment. 

DIFFERENTIAL DIAGNOSES

Several chronic demyelinating neuropathies may simulate CIDP 
and should be excluded before considering treatment. In many 
cases, non-CIDP forms of acquired demyelinating neuropathy may 
also be immune-mediated. Therefore, some of the treatments may 
overlap with therapies for CIDP. However, important distinctions 
exist (e.g., the lack of response to corticosteroids in patients MMN 
and anti-MAG neuropathy).14 In patients younger than 40 years, it 
is prudent to use deoxyribonucleic acid analysis to exclude heredi-
tary demyelinating neuropathy (CMT1A, CMT1B, and CMTX) 
and hereditary neuropathy with liability to pressure palsies.

The latter disorders usually manifest in adolescence or young adult-
hood, and most patients have a positive family history and slower 
progression than CIDP. High arches, hammer toes, and palpably 
enlarged nerves are characteristic findings on examination. In 
contrast to CIDP, there is usually uniform conduction slowing in 
patients with CMT and generally no CB or TD. However, adding 
further to diagnostic confusion, several recent studies have demon-
strated the presence of CB in patients with connexin 32 mutations 
associated with CMTX. 

Acquired demyelinating neuropathies that should be distinguished 
from CIDP include IgM-MGUS associated neuropathies with anti-
myelin associated glycoprotein (MAG) or anti-GD1b antibodies, as 
noted previously. Many experts have stressed that in IgM-MGUS 
neuropathy, the differences in the clinical presentation (distal, pre-
dominantly sensory pattern), electrophysiological features (distal 
demyelination, CB is less common), and lack of response to 
certain therapies (e.g., corticosteroids ) warrant a distinction from 
idiopathic CIDP. For example, most patients with IgM-MGUS 
neuropathies, especially with elevated anti-MAG antibodies, have 
a chronic, slowly progressive and indolent course, and substantially 
prolonged distal motor latencies.

A randomized controlled trial demonstrated statistically significant 
and clinically meaningful efficacy of rituximab in this particular con-
dition. Because this trial provided the highest level of evidence (Class 
I) for patients with IgM-MGUS neuropathy and elevated anti-MAG 
antibodies, rituximab should now be considered the initial treatment 
of choice in these cases, despite its off-label indication. 

Similarly, MMN is an entity that should be distinguished from CIDP 
due to the focal or multifocal pattern, upper limb predominance, 
restricted involvement of motor fibers, and general lack of response 
to corticosteroids. Although intravenous immunoglobulin (IVIg) 
 is an effective therapy for the majority of patients with CIDP and 
MMN, cyclophosphamide is the preferred second line therapy in 
MMN patients who do not respond to IVIg. Currently, a large, 
randomized, controlled trial to demonstrate efficacy of IVIg in 
MMN is underway. 

Table 4   Sensitivity and specificity of the proposed rule in the 
derivation and validation samples9

Sample   Sensitivity* Specificity**
Derivation sample (n=150) 56/58 (96%) 87/92 (95%)
Validation sample (n=117) 40/48 (83%) 67/69 (97%)

*Sensitivity: Among cases that were chronic inflammatory demyelinating polyneu-
ropathy (CIDP) by consensus diagnosis, proportion that were classified as CIDP by 
proposed rule 
**Specificity: Among cases that were non-CIDP by consensus diagnosis, proportion 
that were classified as non-CIDP by proposed rule

Table 5   Sensitivity and specificity of previously published 
diagnostic criteria, as applied to the Koski et al. cohort (n=267)9

Diagnostic criteria Sensitivity*( based on 106  Specificity**(based on 161
   consensus non-CIDP profiles) consensus CIDP profiles)
Barohn et al., 1988  27%   94%
AAN Ad Hoc  11%   98%
Subcommittee, 1991
INCAT 2001  64%   75%
EFNS (2005)  34%   99%

AAN = American Academy of Neurology; CIDP = chronic inflammatory demyelinating 
polyneuropathy; EFNS = European Federation of Neurological Societies; INCAT = the 
Rotterdam Inflammatory Neuropathy Cause and Treatment Group
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Other diagnostic considerations that should be ruled out include 
toxin and medication-induced demyelinating neuropathies (e.g, 
solvents [glue-sniffing neuropathy], arsenic poisoning, amio-
darone). A recent case report of some interest also indicated 
that Lyme disease caused a CIDP-like illness that responded  
to antibiotics.

TREATMENT 

The primary goal of treatment is to reduce symptoms (weakness, 
sensory loss, imbalance and pain), improve functional status, and 
if possible, maintain long-term remission in patients with CIDP. 
Conventional therapy has included corticosteroids, PE, and intra-
venous infusion of IVIg (Table 6). 

Improvement can be expected in 60-80% of patients with one 
of the standard treatments (steroids, IVIg, PE). Each of these has 
proven superior to placebo in randomized, double-blind, placebo-
controlled studies. Accordingly, insurance reimbursement in the 
United States should no longer be a problem. Furthermore, ran-

domized, prospective clinical trials have shown that PE and IVIg, 
and IVIg and prednisolone, have similar short-term efficacy. 

The practical issues associated with these agents are the lack of 
a durable response in many patients and the difficulties of using 
ideally short-term therapies for long-term management of a chronic 
disease. IVIg is expensive, time-consuming, and may have limited 
availability. PE can be invasive for those who require central 
venous catheters, and requires well-trained personnel at special-
ized centers. Corticosteroids have a large number of potentially 
serious side effects and are often poorly tolerated when used as a  
long-term therapy.

Prednisone

There are numerous anecdotal reports demonstrating the efficacy 
of prednisone in CIDP, with response rates ranging from 40-95%. 
In a 3-month, randomized, placebo-controlled trial of alternate-
day, high-dose prednisone (120 mg) in 28 patients, corticosteroids 
were found to be more effective than placebo.11 The effect was 
similar between patients with a progressive and a relapsing course. 
The average time to induce a response with prednisone (60 mg/
day) was approximately 2 months, with maximal improvement not 
observed until after 6 months. One study showed improvement in 
disability scores within 2 weeks of starting 60 mg of daily predni-
solone.11 A minority of patients have remained in remission after 
tapering steroids, but most (up to 70%) have relapsed after discon-
tinuing treatment and have required repeated courses of prednisone 
or alternative immunotherapy. 

In some patients the addition of azathioprine, cyclosporine A, 
mycophenolate mofetil, methotrexate, or other so-called “steroid-
sparing” agents may sustain a remission and reduce or eliminate 
the requirement for high dose prednisone, but this benefit has 
not been confirmed in randomized controlled trials. Young age at 
onset, duration of symptoms less than 6 months, slight neurologic 
impairment, and mild slowing of nerve conduction velocities have 
been associated with a favorable response to corticosteroids. Rapid 
tapering of prednisone may increase the risk of relapse.

Most patients observe improvement in strength and sensory 
symptoms after several weeks of treatment. Maximal improve-
ment occurs after 3 to 6 months of therapy, and only a minority 
of patients experience further recovery after 6 months. The stan-
dard dosage of prednisone is 1-1.5 mg/kg/day, administered as a 
single morning dosage. Weekly high-dose pulse intravenous or oral 
methylprednisolone or pulse weekly oral dexamethasone may be an 
effective alternative regimen with fewer side effects, but this has yet 
to be confirmed in large controlled trials. 

Those who experience substantial clinical improvement after taking 
prednisone daily may reduce the dosage by switching to an alter-
nate day regimen after 2 or 3 months and tapering by 5-10 mg 
on the alternate day, every 2 to 4 weeks, as gauged by the patient’s 
clinical state. If the patient deteriorates, the dosage should be 
increased to the minimum that induces improvement. Anecdotal 
reports suggest that adding an alternative treatment (PE, IVIg, 

Table 6  Therapy for CIDP

Proven Therapies from randomized controlled trials (Class I evidence):
IVIg
Prednisone
Plasma exchange

Therapies probably ineffective based upon randomized controlled trials 
(Class I evidence); These studies all had difficulties in trial design:

Azathioprine
Interferon B1a
Methotrexate

Therapies of unproven benefit but probably helpful as steroid sparing 
agents, based upon clinical experience, and > 1 case series (Class IV 
evidence)

Cyclosporine A
Cyclophosphamide
Azathioprine

Other therapies of unproven benefit (Class IV evidence)
Mycophenolate mofetil
Pulse weekly oral prednisolone
Pulse weekly oral dexamethasone
Pulse weekly intravenous methylprednisolone
Rituximab
Interferon alpha 2a
Etanercept
Alemtuzumab
Hematopoietic stem cell transplantation

CIDP = chronic inflammatory demyelinating polyneuropathy; IVIg = intravenous 
immunoglobulin.
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azathioprine, cyclophosphamide, or cyclosporine A) should be con-
sidered in patients who develop adverse effects, relapse repeatedly 
following reduction of prednisone dosage, or require more than 35 
mg of prednisone every other day. 

Prednisone is best suited for younger patients with CIDP who have 
few other medical illnesses. Long-term prednisone therapy is gener-
ally poorly tolerated in the elderly and those who have concurrent 
medical conditions (e.g., hypertension, diabetes mellitus, obesity, 
peptic ulcer disease, osteoporosis). Weight, blood pressure, blood 
glucose, electrolytes, ophthalmological evaluation, and stool guaiac 
require regular monitoring. In addition, periodic bone density mea-
surements and a regimen to prevent steroid induced osteoporosis 
should be instituted. 

Plasma Exchange 

Two short-term randomized, placebo-controlled trials have dem-
onstrated that PE is superior to placebo, with response rates 
ranging from 33-80%.7 Improvement was observed in the mean 
Neurologic Disability Score, grip strength, and clinical disability 
grade. Summated mean motor potential amplitudes and CVs also 
increased after treatment. Patients improved within 4 weeks after 
initiating therapy, and those with a chronic progressive course 
responded as well as patients with relapsing disease. Although the 
short-term efficacy of PE has been convincingly demonstrated, 
50-67% of patients have deteriorated weeks to months after 
treatment and have required repeated exchanges or an alternative 
therapy to maintain improvement. 

Long-term outpatient PE can be used successfully in selected pa-
tients with peripheral access maintained with an arteriovenous fistula 
(Richard Barohn, MD, personal communication). Alternatively, 
combining prednisone or other immunosuppressive agents with PE 
may induce a prolonged remission. Those with a short duration of 
disease, and EMG or pathological features of a primary demyeli-
nating neuropathy (without axonal loss) are more likely to respond 
to PE. Dyck and colleagues have established that the short-term 
efficacy of PE is similar to IVIg.11

The beneficial effect of PE presumably results from the removal 
of pathogenic humoral factors, such as circulating immunoglobu-
lins or auto-antibodies. A single exchange removes 3 to 5 liters of 
plasma and reduces intravascular IgG by approximately 45%, so 
that 3 to 5 exchanges are required to remove approximately 90% 
of IgG. The exchanged plasma is replaced with 5% albumin and 
saline, sometimes supplemented with calcium, and acid-citrate 
dextrose or heparin. 

Although no specific guidelines have been established for the fre-
quency or schedule of treatment, the frequency of PE can be guided 
by the duration of a clinical response. For example, those with 
severe disability (e.g., nonambulatory) are generally treated with 
5 exchanges (each exchange 250 cc/kg) performed over a period 
of 7 to 10 days. Improvement usually occurs within several weeks 
followed by a stable phase of weeks to months. Exchanges may be 
repeated periodically in a similar fashion as necessary to maintain 

improvement. Those who have mild or moderate disability and 
remain ambulatory may benefit from 2 or 3 exchanges per week 
over a period of 2 to 3 weeks, followed by once or twice weekly 
exchanges for an additional 3 weeks. 

Intravenous Immunoglobulin 

IVIg has been introduced as the main therapy for CIDP over the 
last decade. Although early studies showed variable results, five 
well-controlled studies have demonstrated that approximately 
50-70% of patients respond to IVIg.8,12,15 Improvement occurs 
within a few weeks; rarely, recovery may be dramatic, within 1 or 2 
days after completing the infusion. Usually the benefit is transient 
(1 to 6 weeks) with 50% of patients relapsing within weeks to 
months, and subsequently requiring regular infusions to maintain 
maximum improvement. Patients with a progressive course or 
predominantly sensory deficits with tremor may be less likely to 
improve. Mendell and colleagues showed that 11 of 29 treatment 
naïve patients with CIDP improved 1 or more disability grades 
after receiving 1 g/kg/day of IVIg at baseline and after 3 weeks 
compared to 2 of 21 patients who received placebo; 76% of IVIg 
treated patients had improved strength.12 Improvement was noted 
as early as 10 days after therapy.

The recently published Immune Globulin Intravenous CIDP 
Efficacy trial (ICE trial) was the largest and longest randomized, 
double-blind placebo-controlled study demonstrating sustained ef-
ficacy of 1 gm/kg of IVIg administered every 3 weeks for 6 months 
in patients with CIDP.- Outcomes showed that 54% of treated 
patients responded with substantial improvement in measures of 
strength, functional disability, and quality of life compared to pla-
cebo-treated patients. These outcomes, in conjunction with prior 
IVIg treatment trials, have established that IVIg is the standard of 
care and should be the initial treatment of choice for patients with 
CIDP. IVIg has been granted a Food and Drug Administration 
indication for this condition. 

As with PE, anecdotal reports suggest that combining IVIg with 
prednisone or other immunosuppressive medications may further 
augment the duration of remission and reduce the frequency of 
IVIg infusions. Most future clinical trials in CIDP will incorporate 
IVIg therapy as standard of care treatment in the trial design.

The standard dosage is 2 gm/kg administered intravenously over 2 
to 5 days. For patients who relapse and require periodic treatment 
at intervals from 1 to 4 weeks to maintain improvement, the addi-
tion of an oral immunosuppressant can be offered to decrease the 
frequency of IVIg administration. The ICE trial demonstrated that 
clinical stability can be achieved with 1 gm/kg of IVIg administered 
every 3 weeks. Once the patient has stabilized, most tolerate dosage 
reduction or increase of the treatment interval and still maintain 
clinical stability. In a few cases, subcutaneous IVIg has also been 
administered successfully as maintenance therapy. 

IVIg is contraindicated in patients with absolute IgA deficiency or a 
history of a previous allergic reaction following exposure to human 
immune globulin. Minor side effects are common and include 
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headache, malaise, fatigue, and fever. Other adverse effects include: 
aseptic meningitis; rigors; myalgias; flushing; fluid overload with 
edema or congestive heart failure; renal insufficiency (presumably 
due to hyperosmolarity); transient neutropenia; back, chest, leg, or 
abdominal pain; and eczematous rash. Rarely, IVIg induces a hy-
perviscosity syndrome with increased risk for deep venous throm-
bosis, myocardial ischemia, or stroke. 

ALTERNATIVE IMMUNOSUPPRESSIVE REGIMENS

The indications for considering alternative immunosuppressive 
agents for patients with CIDP are: (1) no improvement with 
sequential or combined trials of conventional therapies that have 
demonstrated efficacy in randomized controlled trials; (2) improve-
ment with these treatments, but with frequent relapses that make 
continued therapy cumbersome, time-consuming, and costly; or 
(3) intolerable adverse effects with the proven therapies. Single case 
reports, open label case series, and retrospective reviews have shown 
that most of the agents reviewed in this section are effective in some 
patients with CIDP. Few of them, however, have been submitted 
to rigorous clinical trials that establish efficacy. In other cases, some 
of the agents (e.g., azathioprine, methotrexate, interferon B1a) 
have been carefully studied in larger controlled trials and proven 
ineffective. 

There are several explanations why these drug trials were nega-
tive, including lack of appropriate duration of treatment (e.g., 
for azathioprine, the endpoint of the trial was 9 months, but it 
was subsequently recognized that benefit may not be observed for 
12-18 months); complex trial design (e.g., in the methotrexate trial, 
patients were on varying tapering doses of IVIg or prednisone); 
lack of adequate power to detect a significant response due to small 
sample size (azathioprine, interferon B1a); and a surprisingly high 
placebo response in patients assigned to the placebo arm of several 
studies (up to 40% in the methotrexate and interferon B1a trials), 
suggesting that many patients did not relapse as anticipated when 
IVIg was discontinued. 

The last, and perhaps most important conclusion, is that these agents 
simply may not be effective treatments for CIDP. Accordingly, it is 
prudent to advise patients that they are unlikely to be more effec-
tive than proven therapies, and to maintain realistic expectations 
about recovery. This is particularly true in those with a prolonged 
disease course and concomitant severe axon loss, in whom the 
neurological deficit may be irreversible. For those individuals, a 
reasonable expectation would be to stabilize the condition and halt 
further progression. 

Azathioprine

Although anecdotal reports have indicated that azathioprine is 
an effective therapy for CIDP, one randomized study of only 9 
months duration showed that the degree of improvement with 
azathioprine combined with prednisone was similar to prednisone 
alone.7 However, the immunosuppressive effects of this agent may 
not occur for over one year, as previously noted, and therefore, the 

duration of this trial was too short to exclude benefit. Others have 
found that azathioprine is helpful in some patients not only for 
stabilizing the disease course, but more importantly, for allowing 
reduction of prednisone dosage. Therefore, azathioprine is ideally 
used as a steroid-sparing adjunctive agent for CIDP treatment. 

The usual dosage is 2-3 mg/kg/day administered orally as a single 
daily dose. A test dose of 50 mg/day may be given for the first week. 
If this is tolerated, the dose can be gradually increased by 50 mg 
every few days. A complete blood count and liver enzymes should 
be monitored monthly for 6 months, and then every 3 months 
thereafter. An acute hypersensitivity reaction may occur in the first 
several days to weeks of therapy, characterized by severe nausea and 
vomiting, diarrhea, fever, malaise and myalgias, rash, elevation in 
liver enzymes, and pancreatitis. These adverse effects are reversible 
upon discontinuation of the drug. 

Cyclosporine A

Patients with refractory CIDP may improve with cyclosporine 
A. Although published experience with this drug is restricted to 
several small case series, response rates have ranged from 40-90%. 
Patients improved within weeks of initiating treatment, and several 
discontinued prednisone without clinical deterioration. The initial 
dosage is 5 mg/kg/day orally, in 2 divided dosages, and adjustments 
are made by following target blood levels. Once the patient has 
stabilized, the dosage should be titrated to the lowest dose required 
to maintain improvement. 

Cyclosporine A is contraindicated in patients with systemic infec-
tion, history of previous hypersensitivity reaction, abnormal renal 
function, uncontrolled hypertension, and malignancy. Blood 
pressure, renal function (including creatinine clearance), serum 
lipids, magnesium, and potassium levels require regular monitor-
ing. Checking trough serum cyclosporine levels may minimize 
toxicity. The recommendation is for a trough level between 100 
and 200 ng/mL. The main side effects of cyclosporine A are renal 
insufficiency, hypertension, hirsutism, tremor, gingival hyperplasia, 
increased risk of opportunistic infection, sepsis, nausea, vomiting, 
hepatotoxicity, headache, and cramps.

Mycophenolate Mofetil 

Mycophenolate mofetil (MMF) is a novel immunosuppressant that 
has been used successfully for prevention of organ rejection after 
renal transplantation, and may be appropriate for the treatment of 
immune-mediated neuromuscular diseases. MMF inhibits the de 
novo pathway of purine nucleotide synthesis, thereby blocking the 
proliferation of B and T-cell lymphocytes. MMF produces immu-
nosuppression that is comparable to azathioprine without causing 
major bone marrow suppression. Several open-label, unblinded 
case series have reported improved strength, clinical stability, and 
successful tapering of prednisone or IVIg in patients with CIDP. 
Larger, randomized, controlled trials may further clarify the role of 
this agent in CIDP. The drug is appealing because it is easy to use, 
well-tolerated, and has few long-term adverse effects.
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Cyclophosphamide

Oral cyclophosphamide has also proven beneficial for patients with 
CIDP when administered for several months as monotherapy or 
in combination with prednisone. Uncontrolled case series suggest 
monthly, pulse intravenous cyclophosphamide is effective when 
combined with prednisone or administered after cycles of PE. 
Good and colleagues reported that 12 of 15 CIDP patients who 
were refractory to PE, IVIg, or steroids improved with monthly 
intravenous pulse cyclophosphamide (1 g/m2); the average time 
to sustained improvement was 8.5 months.6 Complications in-
cluded nausea, headache, rash, and an anticipated leukopenia. No 
patient developed severe bone marrow suppression or malignancy 
with an average follow-up of 3 years. 

Other reports have highlighted a treatment response fol-
lowing high-dose cyclophosphamide and myeloablative che-
motherapy with autologous stem cell rescue. Because of the 
potential for serious adverse effects, particularly immuno-
suppression and risk for opportunistic infection and sepsis, 
cyclophosphamide has traditionally been reserved for pa-
tients with CIDP who fail conventional immunotherapy 
and has been administered in conjunction with prednisone,  
IVIg, or PE. 

With increasing experience, this agent has been used effectively 
as monotherapy and may be especially effective in those with 
severe disability or frequent relapses despite conventional therapy. 
It is exceptionally well-tolerated when administered as monthly 
intravenous pulse therapy; many patients have preferred this ap-
proach to long-term daily prednisone. The response rate has been 
reported to be as high as 80% in retrospective case series. 

Leukopenia is a common adverse effect and a compete blood 
count with differential, platelet count, and urinalysis should 
be checked 2 weeks after intravenous administration. The 
dosage should be adjusted by 25% increments to produce a 
transient reduction of the white blood cell count to 1-2 K/
uL. Significant nausea can be avoided by administering on-
dansetron hydrochloride (8 mg by mouth, twice daily) or other 
antiemetics, and at least 3 liters of intravenous fluid should be 
given prior to and during the infusion to reduce the risk or  
hemorrhagic cystitis.

The standard intravenous dosage is 1 gm/m2 administered 
monthly for 6 to 12 months. Other protocols include oral 
daily cyclophosphamide at dose of 1-2 mg/kg/day or high 
dose myeloablative therapy at 200 mg/kg over 4 days. The 
latter regimen is highly toxic and should only be considered 
by experts in CIDP who have experience with this protocol. 
The main side effects of cyclophosphamide are dose-depen-
dent bone marrow suppression, consequent reduced resis-
tance to infection, hemorrhagic cystitis, infertility, teratogenic 
effects, amenorrhea, nausea, vomiting, anorexia, alopecia, and 
malaise. A history of previous bone marrow suppression or 
myelodysplastic syndrome is a contraindication to treatment  
with cyclophosphamide. 

Interferons

Interferons have complex immunomodulating effects and may 
influence the levels of proinflammatory cytokines, especially 
tumor necrosis factor alpha, interleukin-2, and interferon 
gamma, which have a role in the development of inflamma-
tory demyelination. Several case reports and one prospective, 
unblinded pilot study indicated that interferon alpha 2a was 
effective in patients with CIDP who were refractory to conven-
tional immunomodulating agents. No randomized controlled 
trials with this agent have been conducted, and significant 
adverse effects, including fever, malaise, and flu-like symptoms 
following each injection often preclude its long-term use in 
some patients.

Similarly, initial reports indicated that interferon B1a was effec-
tive in several patients with CIDP who did not improve after 
trials of prednisone, PE, cyclosporine A, IVIg, and azathioprine. 
A prospective, multicenter, open-label trial of interferon B1a (30 
ug intramuscular weekly) for 6 months in 20 patients with CIDP 
showed significant improvement in the neurological disability score 
and clinical grading scale compared to baseline measures. However, 
a prospective, randomized, double-blind, placebo controlled trial 
of interferon B1a (30 or 60 ug twice weekly for 4 months) in 
67 IVIg-dependent CIDP patients did not show clinical im-
provement or reduced IVIg dosing in treated patients compared  
to placebo.

Post-hoc analysis indicated that a subset of more severely af-
fected patients who required higher doses of IVIg at baseline did 
improve. Furthermore, the conclusions regarding lack of efficacy 
of interferon B1a cannot be considered definitive as the study was 
underpowered due to poor patient recruitment, and there was a 
surprisingly high rate (40%) of placebo responders. 

Methotrexate

Methotrexate has been a safe and effective agent for patients with 
inflammatory myopathies and other connective tissue disorders 
and has been used as a steroid sparing drug for decades. Several 
open-label case reports and series have suggested a beneficial role in 
CIDP. However, a randomized, double-blind, placebo-controlled 
trial of escalating doses of methotrexate in steroid or IVIg treated 
CIDP patients showed no benefit over placebo. The trial design 
was complicated, the placebo response was high, and the maximum 
dose of methotrexate (15 mg/week) was low. Therefore, the role of 
this agent as a steroid or IVIg sparing agent in patients with CIDP 
remains uncertain.

Other Immunosupressants

Case reports or small series have indicated potential efficacy of 
rituximab, etanercept, alemtuzumab, and hematopoietic stem cell 
transplantation in treatment refractory CIDP. Until more data are 
available, these treatments should be considered experimental.
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SUPPORTIVE THERAPIES

Patients certainly benefit from walking sticks, walkers, ankle-foot 
orthotics, and other rehabilitation devices and strategies to assist 
ambulation and other activities of daily living. Physical and oc-
cupational therapy may help maintain range of motion, prevent 
joint contractures in paretic limbs, and assist in gait retraining. A 
moderate exercise regimen may help reduce physical fatigue and 
increase endurance. 

CONCLUSION

Initial descriptions of this disease highlighted the substantial dis-
ability that accrued in most patients. With earlier recognition of 
the disorder by neurologists and more effective and aggressive 
management strategies, the overall prognosis is probably more fa-
vorable. With treatment, more than two-thirds of patients remain 
independent and able to work. Others have reported that as many 
as 90% improve with therapy, but 50% relapse within a few years 
and fewer than 33% remain in remission without therapy.

Recent experience suggests that approximately 10-15% of patients 
have a complete remission with a normal neurological examination 
and no functional disability. Conversely, several large series have 
suggested that approximately 5-10% of patients die from their 
illness or the complications of treatment. Greater disability and 
a poorer long-term prognosis have been correlated with an older 
age of onset (> 30 years), four limb weakness at onset, progressive 
course, central nervous system involvement, and prominent axonal 
loss on nerve biopsy. Clinical experience suggests that the two most 
clinically important negative prognostic factors are severe axon loss 
with prominent atrophy on examination and long duration of the 
disease course.
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INTRODUCTION

An area of peripheral neuropathy (PN) that poses great concern 
to patient and clinician alike is paraprotein-associated neuropathy. 
Notably, peripheral disorders associated with monoclonal gammopa-
thies are usually discovered in about 10% of patients presenting with 
complaints diagnosed as PN. This discovery warrants further evalua-
tion for underlying plasma cell dyscrasias, some of which signify life 
threatening disease, but most of which are benign. The most frequent 
monoclonal disorders associated with neuropathy are smoldering 
myeloma, multiple myeloma(MM), Waldenström macroglobu-
linemia (WM), solitary plasmacytoma, systemic immunoglobulin 
light chain amyloidosis (AL), polyneuropathy, organomegaly, endo-
crinopathy, monoclonal gammopathy, and skin changes (POEMS), 
and cryoglobulinemia. If these ominous conditions are excluded by 
careful evaluation, the patient is classified as having monoclonal gam-
mopathy of undetermined significance. Diagnostic criteria for these 
disorders, risk factors to determine prognosis, and current manage-
ment principles will be further discussed. 

Paraproteinemia Associated Neuropathy

Plasma cell dyscrasias, known as paraproteinemias or monoclonal 
gammopathies, are further classified by the proliferation of individ-
ual clones of β lymphocytes that secrete excess monoclonal antibod-
ies. This excess production of plasma cells can be either neoplastic 
or a low grade, potentially neoplastic process. Monoclonal proteins 
can be found in approximately 3% of the population 50 years or 
older with rates increasing with age. Prevalence rates are higher for 
men than women and African Americans have a three-fold higher 
age-adjusted prevalence rate than those who are Caucasian.1,2

These paraproteinemias are usually asymptomatic and are found on 
routine blood testing without associated abnormalities. Nevertheless, 
certain disease associations occur more often than by chance and 
include: (1) monoclonal gammopathies of undetermined signifi-
cance (MGUS), biclonal gammopathies, idiopathic Bence Jones 
proteinuria; (2) the malignant monoclonal gammopathies of MM, 
smoldering multiple myeloma (SMM), WM, uncommon malig-
nant disorders of solitary plasmacytoma and POEMS syndrome; 
(3) systemic immunoglobulin AL amyloidosis; (4) cryoglobu-
linemia; and (5) heavy chain diseases.3 When clinical features are 
present, they can vary from fatigue, weight loss purpura, congestive 
heart failure, nephrotic syndrome, PN and orthostatic hypoten-
sion, to mucocutaneous bleeding.3

 Paraprotein associated neuropathies have become recognized as an 
important category of late onset chronic polyneuropathies, war-
ranting further evaluation for an underlying plasma cell dyscrasia.4 

In patients presenting with PN of unknown cause, 10% will have 
a monoclonal protein, the majority of whom will be found to 
have MGUS. This is of even greater importance in patients with 
patterns of nerve conduction abnormality suggestive of demyelina-
tion, autonomic dysfunction, predominantly motor neuropathy, 
or lower motor neuron (MN) findings. The plasma cells disorders 
most often associated with neuropathy include MGUS, SMM, 
MM, WM, solitary plasmacytoma, systemic AL amyloidosis, and 
POEMS.5

It is helpful to distinguish between a monoclonal or a polyclonal 
process in plasma cell disorders because unlike the monoclonal 
process, a reactive or inflammatory process commonly causes the 
polyclonal increase in immunoglobulin (Ig).6 Polyclonal Igs are 
produced by many clones of plasma cells. Blood levels of polyclonal 
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gamma globulin of 3g/dL or more are associated with liver disease, 
connective tissue diseases, chronic infections, and nonhematologic 
malignancies.7

On the other hand, and in particular for the physician caring for 
patients with neuropathy, the monoclonal process is more often 
associated with premalignant or malignant disease than its poly-
clonal counterpart. There can be an overlap in antibody mediated 
pathogenic mechanisms among these different monoclonal and 
polyclonal antibodies.8

Monoclonal proteins (also called M proteins, myeloma proteins, or 
paraproteins) consist of two heavy polypeptide chains of the same 
class and subclass, and two light polypeptide chains of the same 
type. The different monoclonal proteins are known by letters that 
correspond to the class of their heavy chains, which are designated 
by Greek alphabet characters: γ (gamma) in IgG, α (alpha) in IgA, 
μ (mu) in IgM, δ (delta) in IgD, and ε (epsilon) in IgE. There are 
four subclasses for IgG, two subclasses for IgA, and no subclasses 
for IgM, IgD, or IgE. The light chain types are kappa (κ) and 
lambda (λ). Each of these monoclonal proteins is produced by a 
proliferation of single clonal population of plasma cells in the bone 
marrow. The mechanism of monoclonal expansion of a single Ig 
secreting plasma cell population is unknown in most instances.4 

However, a review of the data by Kyle and Rajkumar9 suggests 
that in at least 50% of MGUS cases, there is evidence of genomic 
instability on molecular genetic testing that includes primary chro-
mosomal translocations at the Ig heavy chain locus 14q32 (50%), 
hyperdiploidy (40%), or unknown (10%).8,10-12 The cause for this 
genomic instability is uncertain. However, current evidence sug-
gests that antigenic stimulation related to infection and immune 
dysregulation may be an important factor.9 Additional contribu-
tors to the progression of MGUS to multiple myeloma are under 
study and include changes in the micro environment via induction 
of angiogenesis, suppression of cell-mediated immunity, adhesions 
of myeloma cells to stroma, alteration of adhesion molecules, and 
stromal cytokine over expression.9

Increased osteoclast activation and receptor activator of nuclear 
factor kappa beta B ligand and decreased levels of osteoprotogerin 
result in lytic bone lesions and osteoporosis.7,9,12 The pathogenic 
link between the monoclonal proteins and nerve damage is known 
only in a few instances. In the IgM class, it is thought that neu-
ropathy is related to the reactivity of the circulating antibodies 
that are directed against specific neural antigens expressed on the 
peripheral nerves such as myelin-associated glycoprotein (MAG), 
chondrotin sulfate, and sulfatide with consequential complement 
dependent nerve damage.8 Although it remains unproven, find-
ings have shown the deposition of IgM protein within the myelin 
in both large and small myelinated fibers may have a role in the 
pathogenesis of neuropathy.5,13,14

Discovery of Monoclonal Proteins 

The best methods of identifying M proteins are serum protein 
electrophoresis techniques. The immunofixation process distin-

guishes the Ig class and type of light chain. Densitometry is used 
to measure the monoclonal protein that is visible on serum electro-
phoresis and has replaced the use of nephelometry as a more reliable 
way to measure Ig levels. A 24 hour analysis of urine for protein 
excretion and a urine protein electrophoresis and immunofixation 
is warranted to detect and quantify the monoclonal protein in the 
urine. To date, this has been the standard recommendation.15 A 
recent study by Katzmann and colleagues suggests this may not 
be necessary due to the highly sensitive serum free light chain 
assay now available.16 Measurement of β2 –microglobulin has not 
proved predictive of malignant transformation and is no longer 
recommended. If a monoclonal protein is found, additional he-
matological studies, (serum calcium, complete blood count, and 
serum creatinine) are needed. While a skeletal survey and aspirated 
bone marrow biopsy are generally performed to rule out myeloma, 
they are not considered necessary when other laboratory tests are 
normal and the serum monoclonal spike is less than 1.5 g per dL 
and other laboratory test are normal.15 If abnormalities are detected 
on these tests, appropriate tissue biopsy is recommended to exclude 
amyloidosis. When no monoclonal protein is uncovered, patients 
with motor polyradiculoneuropathy with demyelinating features 
on nerve conduction studies (NCSs) should have cerebrospinal 
fluid examination (CSF) , skeletal bone survey, and sural nerve 
biopsy (Figure 1). Sural nerve biopsy has shown mixed pathology 
(fiber loss, segmental demyelination, and axonal degeneration). 
In the IgM class, a predominantly demyelinating process is often 
observed. Patients with progressive axonal neuropathies with au-
tonomic dysfunction require biopsy of one or more appropriate 
tissues to rule out or confirm amloydoisis.17

Electrodiagnostic Studies 

Plasma cell disorders demonstrate abnormalities consistent with 
both peripheral demyelination and axonal degeneration (Table 1). 
NCSs are typically abnormal in motor and sensory fibers in the 
both the upper extremities (UEs) and lower extremities. Motor 
nerve conduction velocities (MNCV) are often decreased below 
the lower limits of normal by 20% or more. Sensory nerve action 
potentials (SNAPs) are consistently reduced in amplitude or are 
unobtainable, with more pronounced changes in the lower limb 
nerves. Frequently F-wave latencies are prolonged, but not out of 
proportion to the degree of peripheral nerve conduction slowing. 
In IgM neuropathies, the nerve conduction abnormalities tend to 
be more severe than in cases involving other protein classes. Needle 
electromyography (EMG) examination demonstrates changes con-
sistent with active denervation (increased insertional activity with 
fibrillation potentials) in over 80% of patients. Evidence of con-
committant demyelination and axonopathy is very common. The 
sural sensory nerve more often shows damage than the median 
sensory nerve.4 

Monoclonal Gammopathy of Undetermined Significance 

Typically presenting asymptomatically after the fifth decade of 
life, MGUS is the most common plasma cell dyscrasia found in 
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the general population.18 It is considered a premalignant disorder 
characterized by low grade monoclonal plasma cell proliferation in 
the bone marrow and the absence of end-organ damage. In de novo 
paraproteinemia, about two-thirds of the time after exclusion of 
amyloidosis, MM, or osteosclerotic myeloma, WM, lymphoma or 
lymphoproliferative disease, no identifiable cause is found and the 
disorder by exclusion is classified as MGUS. While characterized 
as premalignant, it is not strictly “benign” in that it is epidemio-
logically linked to a lifelong risk of progression to multiple myeloma 
or related disorders, requiring lifelong follow up necessary in  
all persons.19 

In addition to those with MGUS, an M protein is found in 3 to 4% 
of patients with a diffuse lymphoproliferative process, in the sera 
of patients with chronic lymphocytic leukemia with no recogniz-
able effect on the clinical course, in the dermatological diseases of 
lichen myxedematosus, pyoderma gangrenosum, and necrobiotic 
xanthogranuloma and more often in the peripheral neurological 
disorders sensorimotor PN and chronic inflammatory demyelinat-
ing polyneuropathy (CIDP). MGUS occurs in approximately 5 to 
10 % of adult patients with chronic idiopathic axonal polyneuropa-
thy , which represents a six-fold increase over the rate found in the 
general population.20 

The most common clinical presentations of MGUS polyneu-
ropathy are often similar among the different classes of protein and 

usually begin in the sixth decade, progressing in a slow insidious 
pattern as distal symmetrical sensorimotor polyneuropathy. Sensory 
deficits begin in the toes and extend up the lower limbs to a greater 
extent then the UEs. Muscle stretch reflexes are globally diminished 
or absent with almost universal sparing of cranial nerve function. 
Paresthesia, ataxia, and pain may be significant, but seldom lead to 
complete inability to walk. The neuropathy in MGUS tends to be 
more relentlessly progressive than the typical relapsing remitting 
course of CIDP. Differentiating a patient with MGUS from one 
with another plasma cell disorder is difficult on clinical grounds 
alone. Use of laboratory and additional diagnostic study findings 
are often helpful in this regard. The recommended diagnostic cri-
teria in patients with suspected MGUS are summarized in Table 2.  
The initial studies to include are a compete blood count, serum 
creatinine, and serum calcium. If irregularities are identified in 
any of these tests, a plain film x-ray bone survey including long 
bones (the humerus and femur bilaterally) is performed. A bone 
marrow aspirate and biopsy are recommended if the M-protein 
value is > 1.5g/dL, an IgA or an IgM MGUS is identified, or 
a patient with an abnormal serum free light chain (FLC) ratio  
is encountered.21

Electrophysiological studies in paraprotenemic neuropathy often 
show findings suggesting demyelination or both demyelination 
and axonal degeneration. In such cases, MNCVs are reduced below 
the lower limits of normal and SNAPs are consistently reduced 

History and Physical Examination Suggestive of a Paraprotein Disorder 
(Weakness, ataxia, autonomic symptoms, sensory loss and limb pain) 

SPEP Nerve conduction Studies and Needle examination 

Serum immunofixation, serum free 
light chain, ± 24 hour urine (UPEP), 
urine immunofixation  

M protein < 
1.5g/L 

Amyloidosis 

Skeletal survey, Bone marrow aspirate, 
Tissue biopsy, Consider CSF analysis 

M protein 
found 

M protein 
not found 

Evidence of 
neuropathy found 

M protein >1.5g/L 

MGUS 

Close follow-up 

No evidence of 
neuropathy found 

(Hemoglobin, Serum 
calcium, Creatinine 
concentrations 

Waldenström Macroglobulinemia POEMSMM

Figure 1  Skeletal bone survey, and sural nerve biopsy 
CSF = cerebrospinal fluid; MGUS = monoclonal gammopathies of underlined significance; MM = multiple mononeuropathies; POEMS = polyneuropathy, organomegaly, endo-
crinopathy, monoclonal gammopathies, and skin changes 



or unobtainable. Needle EMG often shows changes consistent 
with denervation. CSF protein elevation can be seen, but there 
is no pleocytosis. Sural nerve biopsy studies of patients with all 
three monoclonal classes associated with neuropathy have shown  
mixed pathology.5

The monoclonal proteins associated with MGUS and polyneu-
ropathy belong to the IgM, IgG, and IgA heavy chain classes. The 
classes are often considered separately in research protocols and in 
clinical practice because the clinical and laboratory features of IgG 
and IgA MGUS neuropathies may distinguish these conditions 
and their response to treatment.4 IgM MGUS is distinguished 

from IgG and IgA by several features: it is over represented in the 
neuropathy group when compared with the other classes, sensory 
ataxia occurs more frequently, NCSs are more often demyelinat-
ing, are significantly worse, and are more frequently accompanied 
by dispersion of motor responses. Additionally, within the IgM 
MGUS group, there is interest in the role that frequently associ-
ated antibodies (anti MAG antibody occurs in about 50% of the 
patients with IgM MGUS) may play in these neuropathies. If 
these antibodies prove to be pathogenic, treatments directed at 
antibody reduction may be efficacious. Additional monoclonal 
IgM antibodies react to other peripheral nerve antigens, including 
chondroitin sulfate C, sulfatide, cytoskeletal proteins, trisulfated 
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Disorder Disease  definition
MGUS Serum monoclonal protein level < 3 g /dL, bone marrow plasma cells < 10% and absence of end-organ 

damage, such as lytic bone lesions, anemia, hypercalcemia or renal failure that can be attributed to a plasma 
cell proliferative disorder.

SMM Serum monoclonal protein (IgG or IgA) level > 3g/dL and/ or bone marrow plasma cells > 10%, absence of 
end such as lytic bone lesions, anemia, hypercalcemia or renal failure that can be attributed to a plasma cell 
proliferative disorder.

Multiple Myeloma Bone marrow plasma cells > 10%, presence of serum and/or urinary monoclonal protein (except in patients with 
true nonsecretory multiple myeloma), plus evidence of lytic bone lesions, anemia, hypercalcemia or renal failure 
that can e attributed to a plasma cell proliferative disorder.

Waldenström macroglobulinemia IgM monoclonal gammopathy (regardless of the size of the M protein) with > 10% bone marrow 
lymphoplasmacytic infiltration (usually intertrabecular) by small lymphocytes that exhibit plasmacytoid or plasma 
cell differentiation a  typical immunophenotype (eg. surface IgM+, CD5+/-, CD10-, CD19+, CD20+, CD23-, that 
satisfactorily excludes other lymphoproliferative disorder, including chronic leukemia and mantle cell lymphoma. 
Note: IgM MGUS is defined as serum IgM monoclonal protein level < 3g/dL, bone marrow lymphoplasmacytic 
infiltration < 10%  and no evidence of anemia, constitutional symptoms, hyperviscosity, lymphadenopathy 
or hepatosplenomegaly, Smoldering Waldenström macroglobulinemia (also referred to as indolent or 
asymptomatic Waldenström macroglobulinemia) is defined as serum IgM monoclonal protein level >3 g/dL and /
or bone marrow lymphoplasmacytic infiltration > 10% and no evidence of end-organ damage, such as anemia, 
constitutional symptoms, hyperviscosity, lymphadenopathy or hepatosplenomegaly that can be attributed to a 
plasma cell proliferative disorder.

Solitary plasmacytoma Biopsy-proven solitary lesion of bone or soft tissue with evidence of clonal plasma cells, normal bone marrow 
with no evidence of clonal plasma cells, normal skeletal survey and MRI of spine and pelvis, a absence of end-
organ damage, such as lytic bone lesions, anemia, hypercalcemia or renal failure that can be attributed to a 
plasma cell proliferative disorder.

Systemic AL amyloidosis Presence of an amyloid-related systemic syndrome (such as renal, liver, heart, gastrointestinal tract, peripheral 
nerve, or muscle involvement) with positive amyloid staining by Congo red in any tissue (eg fat, aspiration bone 
marrow or tissue biopsy), plus evidence that amyloid is light chain related established by direct examination 
of the amyloid (immunoperoxidase staining, direct sequencing, etc). plus evidence of a monoclonal plasma 
cell proliferative disorder (serum and urine M protein, abnormal free light chain ratio, or clonal plasma cells in 
the bone marrow) Note: Approximately 2-3% of patients with AL amyloidosis will not meet the requirement for 
evidence of a monoclonal plasma cell disorder ; the diagnosis of AL amyloidosis must be made with caution in 
these patients.

POEMS syndrome Presence of a monoclonal plasma cell disorder, peripheral neuropathy and at least 1 of the following 7 
features: osteosclerotic myeloma, Castleman disease, organomegaly, endocrinopathy ( excluding diabetes 
mellitus or hypothyroidism) edema, typical skin changes and papilledema, Note Not every patient who meets 
these criteria will have POEMS  syndrome; the features should have a temporal relationship to each other 
and no other attributable cause, The absence of either osteosclerotic myeloma or Castleman disease should 
make the diagnosis suspect. Elevation in plasma or serum levels of vascular endothelial growth factor and 
thrombocytyosis are common features of the syndrome and are helpful when the diagnosis is difficult. 

Table 1  Mayo Clinic Diagnostic Criteria for Selected Clonal Plasma Cell Disorders

AL = light chain; Ig = immunoglobulin; MGUS = monoclonal gammopathy of undetermined significance; MRI = magnetic resonace imaging: SMM = smoldering multiple myeloma;  
POEMS = polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathies , and skin changes; Used with permission from Rajkumar SV, Dispenzieri A, & Kyle RA. (2006).



heparin disaccharide, and various ganglioside moieties. These 
distinct characteristics raise the possibility of an antibody medi-
ated neuropathy. In the heavy chain class of IgG or IgA MGUS, 
clinical features can resemble CIDP, but because monoclonal 
proteins are not found in CIDP, they are usually considered to be 
separate entities. Nonetheless, patients with IgG and IgA MGUS 
have responded to plasma exchange, but those with IgM MGUS 
have not.21

Even though MGUS is a common finding in clinical prac-
tice, determining whether it will remain stable or progress 
to multiple myeloma is a significant challenge. The rate of 
malignant progression is about 1% per year. When other 
causes of death are factored in, it is approximately 11% at 
25 years of age. A risk stratification system (see Table 3)  
can predict the risk to progression of MGUS based on three 
factors: size of the M protein value being the most important 
predictor (the risk of progression of a serum M-protein of 1.5 g/L 
being twice the risk of progression with a value of 5g/L); the type 
of Ig and the serum FLC ratio.6,18,22 Patients with MGUS need 
indefinite monitoring with repeat short latency somatosensory 
evoked potentials every 6 to 12 months. Although the natural 
history of evolution of MGUS to malignancy is unknown, genetic 
changes, bone marrow angiogenesis, and various cytokines related 
to myeloma bone disease and possibly infectious agents may all 
play a part. The treatment for MGUS neuropathy is unclear. 
A decision to treat is dependent on the severity and temporal 
path of the neuropathy. An indolent course and minor deficits 
may mandate watchful waiting. However, if the neuropathy is 
severe and meets diagnostic criteria for CIDP, the patient may 
respond to immunomodulatory therapies. The response rates 
to plasmapheresis, intravenous immunoglobulin (IVIg), pred-
nisone or combinations have been promising. A double blind 
placebo controlled trial of intermittent cyclophosphamide with 
prednisone over a 6 month study period in IgM MGUS neu-
ropathy failed to show beneficial effects on functional scales but 
did appear to measurably enhance muscle strength and sensa-
tion.41 A more recent randomized placebo controlled clinical 
trial of rituximab in IgM anti myelin associated glycoprotein 

demyelinating neuropathy with small patient numbers dem-
onstrated a significant improvement in time of a 10 m walk in 
the rituximab group.42 Despite treatment, when there is a rapid 
clinical deterioration of the neuropathy , reevaluation for un-
derlying malignant lymphoproliferative disorders or amyloidosis  
is prudent.5

Multiple Myeloma and Smoldering Multiple Myeloma 

SMM accounts for 15% of all cases of newly diagnosed multiple 
myeloma. Similarly to MGUS, SMM is classified as an asymp-
tomatic premalignant condition. MGUS and SMM are distin-
guished from each other based on the size of the serum M protein 
and bone marrow plasma cell percentage. Unlike MGUS, the risk 
to progression to MM is much higher in SMM: 1% in MGUS 
versus 10 to 20% in SMM. Most patients with SMM progress to 
MM in 3 to 4 years with some variability.23 Like MGUS, treat-
ment for SMM is based on observation alone, but with more 
frequent follow up: typically every 3 to 4 months.24

MM is distinguished by the propagation of a single clone of 
plasma cells engaged in the production of a specific Ig. MM 
evolves from a premalignant state of MGUS through unknown 
mechanisms. This neoplastic process occurs in the bone marrow 
and invades adjacent bone causing skeletal destruction.24 Bone 
pain (particularly in the back or chest), weakness, pallor, and 
fatigue are the typical presenting clinical features. Renal insuf-
ficiency, hypercalcemia, and anemia are other key clinical flags. 
Organ involvement includes the kidneys, less commonly, the 
liver, and there is an increased propensity for neurological in-
volvement that is most often in the form of compression of ad-
jacent neural structures. Neurological complications are usually 
related to compression of the spinal cord or roots from lytic ver-
tebral lesions and symptoms are localized.25 PN associated with 
MM is rare and occurs in about 5% of patients, usually presenting 
as a distal sensorimotor polyneuropathy. NCSs and sural nerve 
biopsy are typically consistent with an axonal process with a loss 
of myelinated fibers.25
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Risk Group No. of patients Relative Risk Absolute risk of progression 
at 20 y (%) 

 Absolute risk of progression at 
20 y accounting for death as a 
competing risk  (%)

Low risk (serum M protein level 
< 1.5 g/dL, IgG subtype, normal 
free light chain ratio [0.26-1.65])

449 1.0 5 2

Low to intermediate risk (any 1 
factor abnormal)

420 5.4 21 10

High to intermediate risk (any 2 
factors abnormal)

226 10.1 37 18

High Risk (all 3 factors abnormal) 53 20.8 58 27

Table 2  Risk Stratification Model to Predict progression of Monoclonal Gammopathy of Undetermined Significance to Myeloma  
or Related Disorders*

IgG = immunoglobulin G; Used with permission Rajkumar SV, Kyle RA, Therneau TM, et al. Serum free light chain ratio is an independent risk factor for progression in monoclo-
nal gammopathy of undetermined significance. Blood. Aug 1 2005;106(3):812-817.
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The incidence of MM is approximately 4 per 100,000 per year 
and accounts for 1% of all malignant disease.26 Diagnostic 
criteria for MM includes the presence of bone marrow plasma 
cells > 10%, presence of M-protein, and evidence of lytic bone 
lesions or other underlying organ failure that can be attributed 
to an underlying plasma cell disorder (Table 2). Because AL 
amyloidosis complicates MM in 30 to 40% of cases, it is rec-
ommended that patients with MM have tissue or nerve biopsy 
performed to identify amyloidosis. Treatment for MM consists 
of radiation therapy, chemotherapy, autologous peripheral stem 
cell transplantation with conventional therapy, and novel targeted  
research trials.27

OTHER FORMS OF MULTIPLE MYELOMA

Solitary Plasmacytoma 

Solitary plasmacytoma (SP) may be confined to bone or arise in ex-
tramedullary sites. There are a few reports of an association between 
solitary myelomas and PN.21 The presence of biopsy proven soli-
tary lesion of bone or tissue with evidence of clonal plasma cells and 
the absence of end organ damage is suggestive of plasmacytoma (see 
further diagnostic criteria in Table 2). A magnetic resonance scan 
scan of the spine and pelvis should be performed in addition to a 
skeletal survey because one third of SP patients may have additional 

Disorder Anatomical Pattern Nerve 
conduction 
changes

Pathological features Paraprotein Clinical features Treatment

MGUS DS, DSSP Axonal Axonal degenereration IgM-κ or IgG-κ Asymptomatic, 
neuropathy,

Surveillance

Smoldering Multiple 
Myeloma

DS, DSSP Axonal Axonal degeneration , 
with or without amyloid 
deposition

IgM-κ or IgG-κ Asymptomatic, 
neuropathy,

Surveillance

Multiple Myeloma DS, DSSP Axonal Axonal degeneration , 
with or without amyloid 
deposition 

IgM-κ or IgG-κ Bone pain, fatigue, 
anemia, polyneuropathy, 
hypercalcemia, renal 
insufficiency

Irradiation, chotherapy, 
autologous stem cell 
transplantation and novel 
drug trials (Thaldomide)

Solitary 
Plasmacytoma

DS, DSSP Axonal Axonal degeneration , 
with or without amyloid 
deposition 

Polyneuropathy, bone pain 
, solitary bone lesion

Resection and irradiation

POEMS DS, DSSP  areflexia 
simulates CIDP

Axonal, 
Demyelinating , 
similar to CIDP

Axonal, sclerotic bone 
lesions

IgG- λ or IgA-λ Polyneuropathy, 
organomegaly, 
endocrinopathy, skin 
changes, peripheral 
edema, faigue, 
papilledema, lymph node 
hyperplasia 

Irradiation, autologous 
stem cell transplantation, 
Melphalan plus 
prednisone

Waldenstron 
macrogloblunimia

DS, DSSP  a 
simulates CIDP

Axonal , 
demyelinating

IgM-κ Fatigue, weight loss, 
oronasal bleeding, 
visual blurring, dyspnea, 
polyneuropathy 
encephalopathy

Rituximab, nucleoside 
analogues, alkator 
agents,  

Systemic AL 
Amyloidosis

S, A Axonal Axonal degeneration, 
with  amyloid 
deposition

IgG- λ or IgA-λ Chronic painful 
polyneuropathies, 
systemic organ 
involvement

Melphalan plus 
prednisone

MMN S, SM M Lower motor neuron IgM- GM1 Limb weakness, wasting 
predominantly in the arms

IVIg

Cryoglobulinemia S, M, DSSP, SM, 
MM

Axonal Axonal degeneration, 
vasculitis, 
inflammatory infiltrate

IgM or IgG Arthralgias, purpura, 
leg ulcers, Raynaud’s 
phenomenon, 
hepatosplenomegaly, 
painful polyneuropathies,

For mild conservative 
measures. For severe 
plasma exchange, 
Prednisone, cytotoxic 
therapy

Table 3  Neuromuscular Axonal  Disorders associated with Paraproteinenemias*

A= autonomic neuropathy; CIDP chronic inflammatory demyelinating polyneuropathy; D = distal; DSSP = distal symmetric sensorimotor polyneuropathies; Ig = immunoglobulin;  
M = motor neuropathy, MM = multiple mononeuropathies; MGUS = monoclonal gammopathy of undetermined significance; POEMS  = polyneuropathy, organomegaly, endo-
crinopathy, monoclonal gammopathies and  skin changes; S = sensory; SN = sensory neuronopathy or ganglionopathy 
Adapted with permission from Ropper AH and Gorson KC38
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occult lesions. Surgical removal and irradiation of the involved site 
is the treatment of choice. Follow up with close surveillance is man-
datory due to the increased risk of full blown MM.6

POEMS Syndrome

POEMS syndrome is a rare atypical plasma cell proliferative disor-
der which can present as single or multiple plasmacytomas with one 
or more osteosclerotic lesions. The syndrome is important to rec-
ognize among the plasma cell disorders because it is treatable. The 
more common acronym POEMS is used to describe major clinical 
manifestations of the syndrome. However, variable additional key 
features including Castleman disease (giant lymph node hyperpla-
sia, angiofollicular lymph node hyperplasia), papilledema, periph-
eral edema, ascites, polycythemia, thrombocytyosis, and fatigue 
and clubbing are not included in the acronym. POEMS syndrome 
has been referred to as osteosclerotic myeloma, Crow-Fukase syn-
drome, plasma cell dyscrasias, endocrinopathy, and polyneuropathy 
syndrome, and Takatsuki syndrome.28

While POEMS syndrome occurs in about 2% of patients with MM 
this neuropathy differs from that associated with MM in several 
aspects. It occurs at an earlier age (median age of 51 years), is more 
commonly seen in men, POEMS neuropathy is more frequently 
a demyelinating predominantly motor neuropathy with slowed 
MNCVs and elevated CSF protein levels. An M protein is found 
in 90% of cases, and is most often composed of λ light chains as-
sociated with IgG and IgA heavy chains. Approximately 85% of 
these patients present with a PN, bearing a striking resemblance 
to CIDP with symmetrical proximal, distal weakness, and vari-
able sensory loss. The clinical and electrophysiological similarities 
between CIDP and POEMS reinforce the importance of M protein 
screening on all patients presenting with acquired demyelinating 
neuropathy.28

Additional clinical features include sclerotic bone lesions (primarily 
in the axial skeleton), a varying spectrum of the aforementioned 
associated clinical abnormalities, and respiratory problems. The 
pathogenesis is unclear, but is believed to be due in part to be 
cytokine mediated with elevated vascular endothelial growth factor 
levels. The clinical course may vary from indolent to fulminat-
ing. Focused radiation therapy to the sclerotic lesion(s) produces 
substantial improvement of clinical symptoms in more than 50% 
of patients in the dosage range of 40 to 50 cGy, with half of the 
patients showing improvement in their neuropathy symptoms. 
Unlike CIDP, plasmapheresis and IVIg do not reliably show 
clinical benefit. For widespread involvement, autologous stem cell 
transplantation has proven to be helpful, as has chemotherapy with 
mephalan and prednisone.29

Waldenström Macroglobulinemia

WM is the consequence of uncontrolled malignant proliferation of 
lymphocytes and plasma cells that secrete large quantities of mono-
clonal protein IgM. This condition is nearly 10 to 20% as common 
as MM and affects males slightly more often than females. The 

median age of onset is 65 years with a preponderance of Caucasians 
more affected than blacks. Presenting clinical symptoms include 
weakness, fatigue, and symptoms of hyperviscosity syndrome (oro-
nasal bleeding, blurred vision, dizziness, and dyspnea).30

About one third of the patients with WM will have symptoms of 
PN.31 The typical neurologic presentation is chronic symmetric, 
predominantly sensory polyneuropathy, similar to the neuropathy 
associated with MGUS. Pure sensory polyneuropathy, multiple 
mononeuropathies and painful predominately sensory neuropathy 
with prominent dysautonomia often associated with disordered 
gait are other clinical presentations. The central nervous system is 
rarely affected. When IgM binds to MAG or sulfatide, there is an 
associated increase in the frequency and severity of peripheral nerve 
involvement.31 In about half of this group of patients, NCSs show 
slowed MNCVs and prolonged distal latencies consistent with de-
myelinating neuropathy.

The serum protein electrophoresis shows an IgM monoclonal 
spike of >3 g/dL, with 75% of these proteins having κ light chain. 
Reduced IgG and IgA protein titers are often associated. A small 
monoclonal light chain is detected in the urine of the majority of 
patients. The diagnosis of WM requires evidence of bone marrow 
infiltration by lymphoplasmacytoid lymphoma with the detection 
of serum IgM monoclonal protein (Table 2). The bone marrow 
aspirate is hypocellular, but biopsy specimens are hypercellular with 
an increase in lymphocytes and plasma cells. Most patients will have 
a moderate to severe normocytic, normochromic anemia. Nerve 
biopsy findings are similar to those seen in IgM MGUS.6,7,15

The reported median survival for WM is approximately 5 years. 
However, being of an age older than 70, having a hemoglobin level 
less than 9 g/dL, weight loss, and cryoglobulinemia are adverse 
predictive factors.6 Asymptomatic patients without evidence of end 
organ damage are considered to have smoldering WM and imme-
diate therapy is not required.15 Anemia or thrombocytopenia and 
constitutional symptoms related to WM are considered to be in-
dications for therapy. Current treatment options for WM include: 
rituximab, nucleoside analogues, alkylating agents alone or ritux-
imab in combination with nucleoside analogs, nucleoside analogs 
plus alkylating agents, or combination chemotherapies. Therapy is 
determined based on the patient’s age and the aggressiveness of the 
presentation. Since no randomized data exist to determine the best 
option, patients are preferably treated in clinical trials.6,32

Systemic AL Amyloidosis 

Amyloidosis is a multisystem disorder characterized by extracel-
lular deposition of fibrillar proteins that can be deposited in 
various organs and tissues throughout the body. Diagnosis is based 
on the recognition of amyloid deposits in the affected organs  
(Table 4).6 Amyloid can be detected when tissue is stained with 
Congo red dye, which displays a characteristic apple green birefrin-
gence under polarized light and a characteristic ultrastructural ap-
pearance when examined under electron microscopy. The use of the 
protein composition of the amyloid material has allowed for clas-
sification of several distinct types of amyloidosis (Table 4) which 
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may be localized or systemic.6 Systemic AL amyloidosis is referred 
to as primary systemic amyloidosis or primary amyloidosis. AL (Ig 
light chain) amyloidosis refers to the type of amyloidosis resulting 
from the amino terminus variable segment of Ig light chain. This 
variety commonly presents in the absence of a malignant plasma 
cell dyscrasia, but may occur in association with MM or WM. 
Although the pathogenesis of AL amyloidosis is poorly understood, 
one hypothesis involves an uncontrolled expansion of a clone of 
either malignant or nonproliferative plasma cells that secrete amy-
loidogenic light chain polypeptides.33

AL amyloidosis typically presents with polyneuropathy, autonomic 
symptoms, and much less often as proximal muscle weakness. Over 
half of the patients will have systemic organ involvement (nephrotic 
syndrome, cardiac failure, chronic diarrhea with wasting, hypoalbu-
minemia, cutaneous purpura, macroglossia and hepatomegaly).33

PN occurs in 15 to 30% of patients with AL amyloidosis and is the 
presenting feature in 10 % of the cases. The neuropathy has a slow, 
painful, distal progressive course. Loss of small fiber modalities is 
initially seen with loss of light touch or vibratory sensation. Most 
patients will go on to develop autonomic dysfunction. Carpal tunnel 
syndrome due to amyloid infiltration of the flexor retinaculum at 
the wrist will occur in about 25 % of patients. Electrodiagnostic 
studies are consistent with axonal neuropathy. NCSs show low 
amplitude to absent SNAP, low amplitude, CMAPs , but preserved 
MNCVs. Distal motor latencies are normal. Needle examination 
frequently provides evidence of active denervation. 

Amyloid myopathy is rare and is more often associated with AL 
type than familial amyloidosis. It is often overlooked, although 
there are clinical clues that include progressive proximal limb 
weakness, macroglossia, skeletal muscle hypertrophy, and palpable 
abnormality within muscle tissue, as well as associated polyneu-
ropathy symptoms.34,35 The frequency of making a diagnosis of 
amyloid myopathy increases with the addition of Congo red and 
methyl violet staining of muscle biopsy specimens. While amyloid 

myopathy is uncommon, it should be considered in patients with 
proximal weakness of uncertain cause.35

The clinical prognosis is poor, with about 80% of patients suc-
cumbing within 36 months of diagnosis, and about 50% with 12 
months. Since mortality is primarily due to cardiac failure, those 
patients without cardiac and renal involvement have a better prog-
nosis.36

Melphalan and prednisone have been the mainstay of therapy with 
unsatisfactory results. Stem cell transplantation is offered to some 
eligible patients in addition to novel trials with thalidomide.36

MISCELLANEOUS DISORDERS

Lower Motor Neuron Syndromes 

Multifocal motor neuropathy (MMN) is another lower MN syn-
drome associated with increased titers of serum IgM autoantibodies 
to the ganglioside GM1, and to a lesser extent, other glycolipids. 
It is distinguished by its characteristic clinical picture, specific 
electrodiagnostic abnormalities, and frequent favorable response to 
IVIg. Patients typically present with a slowly progressive, predomi-
nantly distal asymmetric limb weakness and wasting, primarily in 
the arms. Deep tendon reflexes may be preserved early in the course 
of disease. NCSs show evidence of multifocal motor conduction 
block (defined as a reduction of amplitude of 50% or more at 
proximal as compared with distal sites of stimulation) in one or 
more nerves. The disorder is confined to motor axons with sparing 
of sensory axons.37 The presence of antiGM1 antibodies is the 
most typical laboratory finding associated with MMN, although 
the proportion of affected patients with the antibodies varies from 
30 to 80%, and the degree of titer elevation ranges markedly.38,39 

MMN is a rare condition that affects 1 or 2 persons per 100,000. It 
occurs more frequently in men than in women, and has a mean age 
of onset around 40 years of age.27 The effectiveness of IVIg therapy 
has been demonstrated in several studies and is widely considered 

Types of amyloidosis Major protein Component Clinical presentation
AL amyloidosis κ or λ light chains Primary or localized 
AA amyloidosis Serum  amyloid A protein Chronic inflammatory conditions; typically acquired but hereditary in case of 

familial Mediterranean fever; renal presentaiton most common
ATTR  amyloidosis 
Mutant TTR Mutated transthyretin Hereditary: peripheral neuropathy and/or cardiomyopathy
Normal TTR (senile amyloidosis) Normal transthyretin Restrictive cardiomyopathy; carpal tunnel 
Β2-microglobulin amyloidosis Β2-microglobulin Carpal tunnel 
Aβ amyloidosis Aβ protein precursor Alzheimer syndrome
A fibrinogen Fibrinogen α-chain Renal presentation
Lysozyme Lysozyme Renal presentation most common
Apolipoprotein A-I Apolipoprotein A-I Renal presentation most common

Table 4 Classification of Amyloidosis

AA = amyloid associated; AL = light chain; Aβ = β amyloid; ATTR = transthyretin 
Used with permission from Rajkumar SV, Dispenzieri A, & Kyle RA. (2006).
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the gold standard of treatment for MMN.36 It is interesting to 
note that even after salutary treatment responses, the antiglycolipid 
levels often remain unchanged. This observation raises questions 
regarding the pathogenic role these antibodies play in MMN.28 

In the mid 1990s, a subset of patients were identified that had 
purely axonal motor neuropathy with raised anti-GM1 antibody 
titers, but no conduction block or other features suggesting de-
myelination and variable response to immunosuppressive therapy. 
The term multifocal acquired motor axonopathy (MAMA) was 
proposed for this group of patients.27 An axonal NCS pattern 
of spontaneous activity and chronic neurogenic in limb muscles 
normal paraspinal muscle EMG and increased anti-GD1 antibody 
titers was found in the group responsive to IVIg therapy.27

Because of immunocytochemical studies showing binding of an-
tiganglioside antibodies antigens on MN cell bodies and axons at 
nodes of Ranvier and motor end-plates, an association between 
MAMA and MN disease has been questioned. Although cases of 
high titers of IgM and anti-GM1, ganglioside antibodies have been 
reported in this disorder, there is little evidence of a causal link.4 

Cryoglobulinemia

Proteins (IgG or IgM) that precipitate when cooled then redissolve 
after warming and circulate as immune complexes in the blood 
stream are known as cyroglobulins. The Ig may be monoclonal, 
polyclonal, or both. Cryoglobulinemia is divided into three types 
based on the composition of the cryoprecipitate: type 1 - isolated 
monoclonal Igs; type II‒a monoclonal mixture of an M-protein and 
polyclonal Igs (IgG) in the setting of lymphoproliferative disease or 
hepatitis C; and type III‒polyclonal Igs in the setting of a collage 
vascular or chronic inflammatory disease.5 Cryoglobulinemia clas-
sically presents with purpura, arthralgias, asthenia, renal disease, 
and neuropathy. The disorder has most often been associated with 
hepatitis C. Less common associations include lymphoproliferative 
disorders, connective tissue disease, and other chronic infections. 
PN is reported in 17 to 56% of patients. This neuropathy may 
appear as either an acute or subacute distal symmetrical or asym-
metrical sensorimotor polyneuropathy, or as mononeuropathy 
multiplex. Sensory symptoms usually precede motor manifesta-
tions. Axonal predominates most often, although evidence suggest-
ing demyelination may be present.40 

The therapeutic approach to mildly symptomatic cryoglobulinemia 
consists of conservative measures such as bedrest, avoidance of 
cold, use of analgesics, and consideration of low dose steroids. For 
more severe forms complicated by glomerulonephritis, motor neu-
ropathy and systemic vasculitis, plasmapheresis, high-dose steroids 
and cytotoxic therapy may be warranted. The potential benefits 
of agents such as melphalan, cyclophosphamide, or chlorambucil 
must be weighed against the risk of myelodysplastic syndromes or 
acute leukemia. Interferon has been reported to be of benefit to 
those with hepatitis C, although a majority relapse 6 months after 
discontinuation of this agent. While purpuric lesions and liver 
function abnormalities show a rapid response, the neuropathy and 

nephropathy are slower to improve. Rituximab has recently been 
suggested as an alternative to traditional chemotherapy.5

CONCLUSION

The last two decades have witnessed a growing awareness of the 
clinical importance of PNs associated with plasma cell dycrasias. 
At least 10 % of de novo neuropathy patients have an M-protein. 
Despite the fact that discovery of an associated serious or frankly 
malignant diseases such as MM, WM, POEMS, lymphoma and 
AL amyloidosis are uncommon in this group, these individuals 
require investigation for an underlying cause. The majority are 
ultimately designated as having MGUS. The evaluation of parapro-
teinemias includes recognition of the M protein through a variety 
of biochemical studies and additional testing including a skeletal 
survey, or aspirated bone marrow biopsy. Because the 25-year risk 
for progression to myeloma in MGUS is 30%, annual follow up 
is recommended with measurement of total protein concentration 
and electrophoresis of serum and urine. While no treatment is 
indicated for mild or subclinical MGUS, research in the arena of 
neoplastic plasma cell diseases has lead to new therapies includ-
ing stem cell transplantation. Innovative research protocols are 
underway at a number of centers. Recognition of the syndromes 
associated with monoclonal gammopathies and PN is essential 
for clinicians caring for these patients, as is familiarity with treat-
ment options which may prove to be beneficial for many selected 
individuals. A number of recent reviews provided the basis for  
this summary.43-48
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INTRODUCTION

The various forms of vasculitis make up a heterogenous group 
of disorders that can affect different organ systems and blood 
vessel calibers. They frequently affect the peripheral nervous 
system (PNS). This manuscript will discuss the causes of, and 
treatment approaches for, the most common forms of vasculitic 
neuropathy.1

CLASSIFICATION

Classification of the vasculitides has become increasingly so-
phisticated over the past half-century.2,3  For the neurologist 
or physiatrist, it helps to conceptualize these classifications by  
(1) clinical characteristics (systemic or nonsystemic, chronic or 
acute, or monophasic), and (2) histopathologic features (nerve 
large arteriole vasculitis or nerve microvasculitis).1 This construct 
has the limitations inherent in any attempt to divide a continuum 
into a binary classification scheme. Marked overlap in vessel-size 
involvement among the various vasculitides must also be consid-
ered. Nonetheless, classification based on clinical and histopatho-
logic features has merit. It allows us to characterize an individual’s 
vasculitic neuropathy in ways that facilitate prognosis, and serve 
as a blueprint for treatment and management. 

Clinically, vasculitis of nerve is either systemic or nonsystemic.1 
Systemic conditions are commonly divided into primary systemic 
vasculitis with no known cause, and secondary systemic vasculitis 
where a virus, drug, or connective tissue disease is responsible for 
vessel wall inflammation.4  Vasculitides are further classified by 

the kind and size of blood vessels and organs involved, disease 
associations, underlying mechanisms, and sometimes, autoanti-
body profiles.5 The primary systemic vasculitides most likely to 
cause vasculitic neuropathy include polyarteritis nodosa (PAN), 
Wegener’s granulomatosis, Churg-Strauss syndrome, and micro-
scopic polyangiitis.2,4,6  Of these, microscopic polyangiitis(MPA) 
is perhaps the most frequent cause.6 

Secondary causes of systemic vasculitis involving peripheral nerves 
include connective tissue diseases, such as rheumatoid arthritis 
(RA), systemic lupus erythematosis, and Sjögren’s syndrome 
(SS).7 Mixed, type II cryoglobulinemic vasculitis associated with 
hepatitis C infection is another secondary form of vasculitis. 
Other viruses associated with the condition are human immuno-
deficiency virus (HIV) and cytomegalovirus (CMV). Sarcoidosis 
affecting nerve may also cause an angiitis.8 The classic name for 
vasculitis confined to nerve and muscle is nonsystemic vasculitic 
neuropathy (NSVN).9-13 

Unlike NSVN, untreated systemic vasculitic neuropathy (SVN) 
is often fatal.11  Early on,  it may be difficult to distinguish 
NSVN from SVN; in approximately 10% of cases, what initially 
appears to be NSVN ultimately becomes systemic vasculitis.10,14  

Thus, early phase evaluation should be for SVN. However, some 
investigators suggest that NSVN is simply part of a continuum 
in the spectrum of systemic vasculitis. The demonstration of 
clinicopathologic and pathologic similarities between NSVN and 
MPA give credence to this view. On the other hand, NSVN and 
MPA differ in age of onset, severity, and presence of perinuclear 
neutrophil cytoplasmic antibody (p-ANCA), which is absent in 
NSVN.12 
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In terms of peripheral nerve histopathology, nerve vasculitis can be 
organized into two groups—large arteriole and microvasculitis.15,1  
The difference is based on the size of vessels involved, associated 
diseases, and course and treatment considerations. As before, clas-
sification by vessel size is limited by the known overlap of vessel in-
volvement in vasculitis.5 Large arteriole vasculitis of nerve involves 
small arteries, large arterioles, and some smaller vessels.15  In large 
arteriole SVN, pathologic changes are typically found in epineural 
and perineural vessels 75-200 μm in diameter.11,16  Almost all nerve 
vessels are small. Thus, nerve “large arteriole” vasculitis is still a 
“small vessel” disease; the nerve vessels involved, although small, 
are larger than those in “nerve microvasculitis.”  

Nerve large arteriole vasculitis is usually associated with RA, 
PAN, Churg-Strauss syndrome, or Wegener’s granulomatosis. 
Nerve microvasculitis is less well-defined, with vessels that usually 
include smaller arterioles (ie, <40 μm), microvessels, and venules. 
It occurs in NSVN, MPA, and immune sensorimotor polyneu-
ropathies sometimes associated with sicca, classical SS, and virus-
associated neuropathies (e.g., some cases of HIV, cytomegalic, 
and hepatitis C). 

Many autoimmune, monophasic, or relapsing plexopathies (ra-
diculoplexus neuropathies) should also be classified as nerve mi-
crovasculitides. These include diabetic lumbosacral radiculoplexus 
neuropathy (DLRPN or diabetic amyotrophy), nondiabetic 
lumbosacral radiculoplexus neuropathy (LRPN), and immune 
and inherited brachial plexus neuropathies (BPN) (or neuralgic 
amyotrophy and hereditary neuralgic amyotrophy). 

Histopathology of LRPN shows features that suggest nerve mi-
crovasculitis. The pathology of BPN (e.g., cervical radiculoplexus 
neuropathy [RPN]) hasn’t been as well studied as LRPN, but some 
cases also suggest nerve microvasculitis.17,18,19  RPN doesn’t neatly 
fit into the “systemic versus nonsystemic” classification scheme. 
It probably shares more features with NSVN, including vessels of 
similar size and involvement, primarily confined to nerves (but 
unexplained weight loss in RPN indicates some effects outside of 
the PNS). Neither disorder is fatal, but RPN is monophasic and 
differs from NSVN in the distribution of nerve involvement. In 
the treatment of RPN (and BPN), the unique temporal profile 
calls for acute intervention rather than relapse prevention.   

CLINICAL AND DIAGNOSTIC FEATURES OF VACSULITIC 
NEUROPATHY

Patients who develop vasculitic neuropathy tend to be over the 
age of 50.7,20 The typical clinical features are acute to subacute 
onset of painful sensory or sensorimotor deficits.21,22  The usual 
presentations are of an asymmetric polyneuropathy or multiple 
mononeuropathies (often overlapping).7,11,16,23-30 Commonly, 
the progression of mononeuropathies is so rapid that the defi-
cits appear confluent. This  makes it imperative to question the 
patient in detail about the clinical course of the initial deficit and 
all subsequent ones.  

Most SVN and NSVN patients experience their first symptoms 
in the lower extremities, typically the peroneal or tibial divisions 
of the sciatic nerve, but any nerve can be affected. Vasculitic neu-
ropathy may infrequently present as a distal, symmetric polyneu-
ropathy, which is much less common. Systemic symptoms may 
include myalgias, arthralgias, weight loss, respiratory symptoms, 
hematuria, abdominal pain, rash, or night sweats. Early on, these 
may be minimal or absent.1  Table 1 lists the clinical characteris-
tics of six common forms of systemic vasculitic neuropathy. 

Electrodiagnostic (EDX) studies often reveal characteristic vas-
culitic neuropathy findings, including acute-to-subacute axonal 
loss of sensory and motor nerve fibers, often in a patchy, mul-
tifocal, or asymmetric pattern.31  Only conduction slowing or 
block at common entrapment sites (e.g., median neuropathy at 
the wrist or peroneal neuropathy across the fibular head) suggest 
other etiologies, particularly those that increase the likelihood for 
compression neuropathies. These include some forms of diabetic 
neuropathies (carpal tunnel syndrome and ulnar neuropathy at 
the elbow), non-vasculitic  RA, or hereditary neuropathy with 
liability to pressure palsies (HNPP).    

Laboratory evaluation of suspected cases of vasculitic neuropathy 
should almost always include a complete blood count (CBC), 
metabolic panel (electrolytes, blood urea nitrogen, creatinine, 
and glucose), erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), antinuclear antibody, rheumatoid factor, PR3/c-
ANCA and MPO/p-ANCA, hepatitis B and C panel, and cryo-
globulins.20,1 Serum complement determinations are appropriate 
in suspected mixed cryoglobulinemia or systemic lupus syn-
dromes. In many instances, it is also appropriate to check extract-
able nuclear antigens, serum angiotensin converting enzyme level, 
serum protein electrophoresis, and HIV.

Cerebrospinal fluid analysis is usually not helpful, unless the phy-
sician is also investigating mimickers, including infectious (e.g., 
Lyme) or other inflammatory etiologies (e.g., carcinomatous root 
involvement). Serologic testing is abnormal in SVN; this helps 
further define the etiology or syndrome (Table 1). In NSVN, 
the ESR or CRP may be slightly elevated, but other markers of 
inflammation or systemic disease are usually normal.  

Because of the need for long-term treatment with potentially toxic 
medications, the diagnosis of vasculitis—especially SVN—usually 
warrants histologic confirmation. One exception might be PAN. 
It affects larger vessels, and can sometimes be diagnosed with the 
aid of angiography. In general, the sensitivity of a nerve, or nerve 
and muscle biopsy, is approximately 60% for vasculitis (if inflam-
mation and vessel wall destruction are mandatory criteria).29,32  

Sensitivity of nerve biopsy increases, but specificity decreases if 
other features, such as ischemic injury (multifocal nerve fiber 
loss) with inflammation but without vessel wall destruction, 
are considered sufficient for diagnosis.26,29,32 Some investigators 
recommend biopsy of both nerve and muscle; for example, the 
superficial peroneal nerve and ipsilateral peroneus brevis muscle. 
The sensitivity of a nerve biopsy depends on several factors, 
including patient selection, which nerve is biopsied, timing 

26 Vasculitic Neuropathies AANEM Course



AANEM Course Dysimmune Neuropathies 27

Characteristic Wegener 
Granulomatosis

Churg-Strauss 
syndrome

Polyarteritis nodosa Microscopic 
polyangiitis

Rheumatoid 
vasculitis

Mixed 
cryoglobulinemia

Peripheral nerve 
disease

40% – 50% 65% – 80% 35% – 75% 60% – 70% 50% (of cases of 
rheumatoid vasculitis 
-- a secondary 
vasculitis that occurs 
in 5% - 15% of 
cases of rheumatoid 
arthritis)

20% - 90%

Upper airway disease 95% 50% – 60% No No No
Pulmonary disease, 
radiographic nodule/
infiltrates

70% – 85% 40% – 70% No 15% – 70% 5% - 30% No

Glomerulonephritis 70% – 80% 10% – 40% No 75% – 90% 10% - 25% 33% - 55%
Gastrointestinal <5% 30% – 50% 15% – 55% 30% 10% - 30% < 20%
Arthralgia/arthritis 60% – 70% 40% – 50% 50% – 75% 40% – 60% 90% - 100% 20% - 90%
Cardiac 10% – 25% 10% – 40% 5% – 30% 10% – 15% 10% – 30% No
Skin 40% – 50% 50% – 55% 25% – 60% 50% – 65% 30% - 90% 60% - 100% (eg, 

palpable purpura)
Central nervous system 5% – 10% 5% – 30% 3% – 30% 10% – 15% 5% - 15% No
c-ANCA (PR3) 75% – 90% 3% – 35% Rare 10% – 50% No
p-ANCA (MPO) 5% – 20% 2% – 50% Rare 50% – 80% No
Vessel size involved small to medium 

vessels (eg, 
capillaries, venules, 
arterioles, arteries)

small to medium 
vessels

medium to small 
arteries (not arterioles, 
capillaries or venules)

small vessels 
(eg, capillaries, 
arterioles, venules)

Medium to 
small arteries 
(histologically 
indistinguishable 
from polyarteritis 
nodosa)

Small (eg, 
capillaries, 
arterioles, venules)

Other features asthma, fever, 
hypereosinophilia

Fever, hypertension Fever Elevated serum 
rheumatoid factor 
(RF) and ESR, 
extraarticular disease 
(e.g. nodules) fever, 
weight loss, scleritis

Hepatitis C 
infection, mixed 
cryoglobulins, 
fatigue, Raynaud’s 
phenomenon, 
leg ulcers, Sicca 
syndrome

Treatment Glucocorticoid plus 
cytotoxic agent

Glucocorticoid. Add 
cyclophosphamide 
if life-threatening 
disease. 

Glucocorticoid. Add 
cyclophosphamide 
if life-threatening 
disease

Glucocorticoid plus 
cytotoxic t such as 
cyclophosphamide

Glucocorticoid. Add 
cyclophosphamide 
if life-threatening 
vasculitis or if 
not responsive to 
steroids alone. 

Pegylated 
interferon alpha 
+/- Ribavirin. 
Plasma exchange 
in fulminent 
cases. Monitor 
for interferon 
alpha-associated 
exacerbation of 
vasculitis.

Viral association? Sometimes associated 
with hepatitis B, 
hepatitis C or HIV. If 
so, antiviral agent and/
or plasmapheresis 
should be considered.

Hepatitis C > 80%

Table 1  A partial list of clinical characteristics and treatments for six common forms of systemic vasculitis affecting small and/or medium-sized vessels of nerve

c-ANCA = anti-neutrophil cytoplasmic antibody with cytoplasmic immunofluorescence pattern directed against the neutrophil serine protease proteinase 3 (PR3); ESR = erythrocyte 
sedimentation rate; HIV = human immunodeficiency virus; p-ANCA =  anti-neutrophil cytoplasmic antibody, with perinuclear immunofluorescence pattern, directed against my-
eloperoxidase (MPO)



in relation to symptoms, and the histologic criteria required  
for diagnosis.  

In large arteriole SVN, pathologic changes are typically found 
in epineural and perineural vessels 75-200 μm in diameter.11,16  
The vessels involved in microvasculitis are usually smaller 
arterioles without an internal elastic lamina (i.e., < 40 μm), 
microvessels, and venules. In nerve large arteriole vasculitis, 
fibrinoid necrosis of the tunica media is often prominent and 
characteristic. Obvious fibrinoid necrosis is usually not found 
in nerve microvasculitis, but there is inflammation of the vessel 
wall, with separation, fragmentation, and necrosis of the thin 
tunica media. 

Both groups of necrotizing vasculitis often show evidence of 
ischemic injury or repair (i.e.,  multifocal fiber loss, injury 
neuroma, neovasculatization, and perineurial thickening). 
Inflammatory cells separate muscle layers. Muscle leaflets sepa-
rate with increased severity, becoming fragmented and separated 
from the microvessel. Obvious occlusion of vessels is not usually 
seen, but recent or prior bleeding (hemosiderin in macrophages) 
is typical. 

Hemosiderin is typically found adjacent to affected microvessels. 
Fibrinoid degeneration of the media is almost never observed in 
microvasculitis, but is common in large arteriole SVN. It can 
be seen to advantage in Trichrome stain in paraffin sections 
in nerve large arteriole vasculitis. Angioneogenesis—closely 
spaced, thin-walled microvessels in regions of previously isch-
emic areas—is typical of vessel inflammation. 

Microvasculitis has been associated with all stages of perineurial 
injury—from acute fibrinoid degeneration to thickening and 
scarring and regrowth of microfasciculi through the perineu-
rium into the epineurium (injury neuroma). Segmental demy-
elination may be found in acute ischemic injury, usually at the 
borders of ischemic injury, and may relate to axonal atrophy 
(distal to sites of axonal stasis) or to sites of axonal enlargement. 
Immune complex deposition in vessel walls is commonly seen in 
both SVN and NSVN.  

CLINICAL FEATURES OF LUMBROSACRAL AND 
CERVICAL RPN

Both diabetic and nondiabetic LRPN are unique forms of 
vasculitic neuropathy, with stereotypic presentation, relatively 
confined distribution of nerve injury, frequent weight loss, and 
monophasic course. Both forms (diabetic and nondiabetic) of 
LRPN present with acute or subacute pain, followed by weak-
ness in the lower extremities (both proximal and distal seg-
ments). Weakness typically starts unilaterally but often spreads 
to the other lower extremity. Pain is usually severe. 

A concomitant thoracic radiculopathy that presents with a band 
and pain in the abdomen or chest and weakness of abdominal 
wall musculature is common. A cervicobrachial plexus neuropa-

thy BPN may accompany LRPN in up to 15% of cases, although 
upper extremity manifestations are greatly overshadowed by the 
lower extremity neuropathic symptoms, impairments, and dis-
ability.33  In contrast to most other cases of NSVN, the LRPNs 
are monophasic illnesses. Progression lasts weeks or months, and 
rarely, years; recovery of motor function is slow and incomplete.  
Although the disorder is more prevalent in diabetes mellitus, 
glycemic exposure does not appear to be the direct metabolic 
cause. Frequently associated weight loss may indicate systemic 
involvement. 

Dyck and colleagues17 reported inflammation and microvasculi-
tis in some cases of noninherited and inherited immune BPN (a 
cervical radiculoplexus neuropathy), but data on the pathologic 
basis of these conditions are sparse. Some cases of hereditary 
BPN (also called hereditary neuralgic amyotrophy) are caused 
by a mutation in the SEPT9 gene.34 Biopsy of a superficial 
radial nerve during an attack has shown changes that suggest 
microvasculitis.35

GENERAL COMMENTS ABOUT TREATMENT

Assessment of clinical response, especially neuropathic impair-
ment, by neurologists or physiatrists plays an important role 
in management of vasculitic neuropathy. Reliable endpoints 
include routine examination of muscle power, deep-tendon 
reflexes, sensory thresholds, functional rating scores, and EDX 
testing. Worsening pain is a less reliable endpoint. If new neuro-
logical deficits develop in the course of treatment,  more aggres-
sive therapy is indicated. Treatment decisions should be made 
in consultation with a rheumatologist or internist, and based, 
in part, on the form of systemic vasculitis, extent and degree of 
organ involvement, prior responsiveness to any treatments, and 
presence or absence of viral infection.21  For example, chronic 
immunosuppressive agents, which may be first-line therapy for 
nonviral vasculitis, are often relatively contraindicated in viral-
associated SVN.  

COMMENTS ABOUT THE TREATMENT OF SVN

Vasculitic Neuropathy Not Associated With Virus

Corticosteroids are usually the initial therapy for nonviral 
SVN. Treatment strategies  to rapidly stop inflammatory 
damage (induction) are followed by safer long-term suppression 
(maintenance). Corticosteroids plus an additional immunosup-
pressant, such as cyclophosphamide, are usually required to 
treat microscopic polyangiitis or Wegener’s granulomatosis.20,36  
In life-threatening cases of PAN and Churg-Strauss syn-
drome—such as those with cardiac, gastrointestinal, or central 
nervous system (CNS) involvement—cyclophosphamide should 
be added. Some Wegener’s granulomatosis or MPA patients 
will require long-term immunosuppression due to relapsing  
disease.20,37,38 
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Drug Partial List of  Potential Side Effects Management of Potential Side Effects
Steroids
Initially daily 1 – 1.5 
mg/kg, subsequent 
transition to 
alternate day dosing 
and gradual taper

Acute:  Increased susceptibility to infections, hyperglycemia, 
increased appetite and weight gain, anxiety, confusion, 
insomnia, impaired wound healing, electrolyte disturbances.
Chronic:  Avascular necrosis of the femoral heads, 
hyperlipoproteinemia, accelerated atherosclerosis, osteoporosis, 
myopathy, alteration in fat deposition, peptic ulcer disease, 
cataracts.

Patients should start or continue an exercise program, monitoring their 
diet and weight.
Blood glucose monitoring periodically during treatment.
Bone mineral density testing baseline and annually.
Consider bisphosphonates for prophylaxis of steroid-induced 
osteoporosis (avoid during pregnancy).

Cyclophosphamide
Oral 
cyclophosphamide 
at 2 mg/kg as a 
once daily dose

Hemorrhagic cystitis, transitional cell carcinoma of the bladder, 
oncogenicity, bone marrow suppression, gonadal toxicity, 
teratogenicity.About one-half of patients will develop hematuria, 
usually due to cystitis.
 
 

 
 
Dose-related bone marrow suppression is common, with an 
increased risk of infection associated with leucopenia.
 
 
 
 
Nausea and vomiting.
 
 
Increased risk of Pneumocystis carinii pneumonia (PCP), 
especially with combined steroids and cytotoxic therapy.
 
Potential increased risk of other malignancies, including myelo- 
and lymphoproliferative disorders, years after its discontinuation.
Permanent infertility may also occur due to its ability to interfere 
with spermatogenesis and oogenesis, which is related to its 
cumulative dose. Teratogenicity may occur.

Hematuria is a sensitive marker for cyclophosphamide-induced bladder 
injury.  Injury is due to acrolein, a toxic metabolite which is excreted into the 
urine.  Shortening the duration of acrolein exposure to the bladder epithelium 
may minimize the risk of toxicity.  Hence, oral administration should be QD, 
usually in the morning, followed by a large amount of fluids.  TCCA, when it 
develops, almost always does so after episodes of hematuria.
Urinalyses q 3 to 6 months, even after discontinuation, as TCCA may 
develop decades after cyclophosphamide is stopped.  In cases of 
hematuria, discontinuation and referral to a urologist is necessary.
CBC with plts weekly the first month, then q month while on treatment.  
Total leukocyte counts below 3500/mL or absolute neutrophil counts below 
1500/mL mandate titration or suspension of the drug.  Lower neutrophil 
counts may warrant admission to the hospital and perhaps treatment with 
broad-spectrum antibiotics.  A precipitous drop in cell counts also warrants 
more aggressive intervention, including cessation of cyclophosphamide.
Taking oral cyclophosphamide with or after a meal lessons the likelihood 
of nausea and vomiting.  Consider anti-nausea medications.  IV monthly 
cyclophosphamide also shortens the time patients experience nausea.
Patients not allergic to sulfa who are on combination therapy may be 
treated with “low-dose” oral trimethoprim (160 mg) and sulfamethoxazole 
(800 mg) TIW.
Counseling and birth control measures.

Methotrexate
Often used for 
maintenance 
therapy, once SVN 
is in remission.
In patients with 
SVN, starting dose 
is 0.3 mg/kg p.o. ( 
not exceeding 15 
mg p.o.) per week.  
If tolerated, the dose 
can be gradually 
increased to 20-25 
mg/week.

Bone marrow toxicity
 
 
Hepatic Fibrosis and cirrhosis; elevated LFT’s
 
 
 
Nephrotoxicity
 
 
Increased risk for opportunistic infections
 
Stevens-Johnson Syndrome, erythema multiforme, and toxic 
epidermal necrolysis
Pulmonary fibrosis (rare)
 
 
 
Lowers seizure threshold

Baseline CBC with platelets should be obtained prior to initiation (usually 
done as part of VN evaluation) and every three months thereafter. Repeat 
testing with fever, rash, or mouth ulcers.
Baseline LFTs should be obtained prior to initiation of therapy and at least 
every three months.  Repeat testing with fever, rash, or jaundice, especially 
within the first three months of treatment.  Consider other adjuvant therapy 
in patients with hepatitis or frequent alcohol consumption.
Relatively uncommon, but extra caution should be used in patients with 
baseline renal impairment.  A baseline BUN and creatinine is probably 
sufficient, provided the vasculitis itself does not involve the kidneys.
Prophylactic trimethoprim/ sulfamethoxazole (160mg/800mg) TIW is 
recommended.
Discontinue the drug in suspected rash secondary to methotrexate.
 
Baseline PFTs in those with rheumatoid vasculopathy may be helpful 
for comparison if symptoms develop; PFTs not helpful for subclinical 
detection.  Discontinue drug in cases of new or worsening pulmonary 
function.
Consider other adjuvant therapies in patients with seizures.

Azathioprine
May be used for 
maintenance, once 
SVN is in remission.

See table 5 See Table 5

CBC = complete blood count; IV = intravenous; LFT = liver function test; PFT = pulmonary function test; QD = one day; SVN = systemic vasculitic neuropathy; TCCA 1,2,3,4-tet-
rahydro- -carboline-3-carboxylic acid; TIW = three times a week;

Table 2   Treatment options, potential side effects, and suggested measures to monitor for and manage side effects for nonviral systemic vasculitic neuropathy 21
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Corticosteroids

In general, corticosteroids, either alone or with other immuno-
suppressants, remain the first-line therapy for systemic vasculitis 
(Table 2). Dosage titration should be based on the patient’s 
disease severity and response to treatment.  In severe cases, in-
travenous methylprednisolone (IVMP) may be appropriate for 
initial therapy (e.g., 1000 mg IV daily for 3 to 5 days, followed 
by daily oral prednisone). Daily oral steroids should be continued 
until the patient has shown a clear response. During the subacute 
phase of treatment, usually after 6 to 8 weeks, the patient may 
be transitioned to alternate-day dosing, either at the same or at 
a lower averaged daily dose. At this time, or after another 1 to 2 
months of observation, the physician should begin to taper the 
steroid dose; for example, by 5-10 mg per day per month, perhaps 
with lesser decrements occurring near the end of the taper. Table 
2 lists the potential adverse effects of steroid therapy.  

Immunosuppresant Adjuvant Therapies

The decision to add or withhold a cytotoxic or corticosteroid-
sparing agent (e.g.,  cyclophosphamide, methotrexate, azathio-
prine, or mycophenolate mofetil) is an important one, preferably 
made by a rheumatologist or internist with more experience 
caring for patients with SVN. In general, most experts recom-
mend starting a cytotoxic agent in cases of Wegener’s granuloma-
tosis or microscopic polyangiitis.4,20,37 Cytotoxic agents are also 
indicated in patients with other forms of systemic vasculitis who 
progress despite corticosteroid therapy, or who have severe mul-
tiorgan involvement, such as pulmonary-renal syndrome, rapidly 
progressive necrotizing glomerulonephritis, or life-threatening 
organ or CNS involvement. The physician must keep in mind 
that adjuvant therapies have a delayed onset of action, often 
weeks to months. Table 2 lists some of these agents, typical doses, 
and a partial list of side effects. 

Regardless of the treatment, it is important that physicians 
monitor for, and promptly identify, any life-threatening organ in-
volvement by vasculitis, including the gastrointestinal tract, heart, 
or CNS.4,38  The involvement of these systems should prompt 
the physician to add an adjuvant therapy (if not already done) or 
escalate the doses of existing therapy. However, worsening subjec-
tive constitutional symptoms may not reliably signify relapse, 
so clinical and laboratory parameters must be closely followed.   
These include a thorough general and neurologic examination 
and surveillance, CBC, chemistries, ESR, and urinalysis at least 
every 3 months, with chest radiograph at least annually.38  

Cyclophosphamide is an effective drug for induction and for pro-
longing survival in nonviral systemic vasculitides. Patients usually 
require between 3 and 12 months of induction therapy before 
they can be switched to a maintenance immunosuppressant.4,20,36 

Oral cyclophosphamide is typically dosed at 2 mg/kg per day. 
Current data suggest that pulse-dosing cyclophosphamide results 
in fewer adverse effects, but might be associated with an increased 
risk for relapse compared to oral cyclophosphamide.23 

Methotrexate has been most commonly used for remission main-
tenance after cyclophosphamide induction.20 A typical approach 
is to use cyclophosphamide as the adjuvant agent until remission, 
then switch to methotrexate or azathioprine for maintenance.39 

Once the vasculitis is in remission, it is reasonable to continue 
maintenance therapy for at least a year before attempting to taper 
the methotrexate or azathioprine. Methotrexate dosing in the 
range of 15-25 mg once weekly is used for systemic vasculitis.4,36 

Azathioprine may be considered for patients unable to tolerate 
cyclophosphamide therapy.4,20,37,40 It may be as effective as cyclo-
phosphamide in maintaining remission in Wegener’s granuloma-
tosis or microscopic polyangiitis.40 Azathioprine is initially dosed 
at 50-100 mg or 1 mg/kg p.o., usually divided twice daily. The 
dose is then increased by 50 mg per day every 4 weeks to a goal 
dose of 2-2.5 mg/kg/day divided twice daily. 

Pilot studies suggest that mycophenolate mofetil and leflunomide 
can be potentially useful for maintaining remission after cyclo-
phosphamide induction in Wegener’s granulomatosis.20,41,42

Intravenous immunoglobulin (IVIg) has been used in nonvascu-
litic immune-mediated neuropathies. It generally has a benign 
safety profile, making it an attractive adjuvant therapy. Small, 
open label trials of IVIg in SVN suggest clinical benefit.43, 44 

Rituximab, a chimeric anti-CD20 antibody, has shown promise 
in the treatment of cryoglobulinemic vasculitis and RA.45 

VASCULITIC NEUROPATHY ASSOCIATED WITH HEPATITIS  
B or C  

It is necessary to determine whether the vasculitic neuropathy is 
associated with a virus, such as hepatitis B or C, or HIV. A detailed 
discussion of treatment of viral-associated vasculitis is beyond the 
scope of this review. A physician experienced in treating viral 
hepatitis, a hepatologist for example, should make the treatment 
decisions and manage such patients. In general, chronic im-
munosuppression is relatively contraindicated in viral-associated 
vasculitides because such treatment may increase viremia. Shorter 
courses of immunosuppression, however, are still sometimes em-
ployed for PAN associated with hepatitis B. Corticosteroids are 
typically followed by a longer course of an antiviral agent (either 
interferon-α2b [IFN-α 2b] or the nucleoside analogue, lamivu-
dine), often with concomitant plasma exchange.46-48  Treatment 
of hepatitis C typically involves pegylated INF-α 2a or 2b, often 
with ribavirin.49,50 

INF-α treatment has been associated with clinical improvement 
in patients with hepatitis C-cryoglobulinemic vasculitic neuropa-
thy.51-53 The clinician must be aware, however, that exacerbation 
of vasculitic neuropathy subsequent to initiation of pegIFN-α is 
an infrequent but widely reported complication of treatment.54,55 
In such cases, drug discontinuation may lead to improvement and 
should be considered. Rituximab may hold promise for treatment 
of patients with hepatitis C-cryoglobulinemic vasculitic neuropa-
thy.56 Plasma exchange should be considered in fulminant cases.
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COMMENTS ABOUT THE TREATMENT OF NSVN, LRPN, 
AND OTHER RPNs

When considering treatment options for NSVN and RPN, there 
are a number of things to keep in mind. First, NSVN and RPN 
are almost always not fatal, and thus, differ from  untreated 
systemic vasculitis. DLRPN and LRPN are usually monophasic, 
whereas other forms of NSVN are often chronic. Also, neurologi-
cal deficits seen with NSVN often gradually resolve without treat-
ment, and NSVN disease activity may remit for years, or even 
decades, before relapsing. Immunosuppressive treatment may not 
be indicated for NSVN patients with either mild or improving 
neuropathy. On the other hand, treatment is indicated for more 
fulminant disease. Patients with active and severe DLRPN or 
LRPN are often treated with either IVIg or IVMP. 

IMMUNOSUPPRESSIVE TREATMENT OF NSVN

Corticosteroids 

For cases of NSVN that warrant treatment, oral prednisone 
therapy is the usual first-line agent. Most experts recommend 
either 40-60 mg per day or 1 mg/kg/day for 2 to 3 months, fol-
lowed by steroid taper and transition to alternate-day dosing if 
the patient has a clinical response. Others, however, think that 
smaller doses suffice.10  

Adjuvant Therapies 

Based on statistically significant improvements in response rates 
and disability scores, a  relatively recent retrospective study on 
NSVN (not DLRPN or LRPN) argued for both corticosteroids 
and cytotoxic adjuvant therapy.9 However, patients exposed to 
immunosuppressant therapy also experienced significantly more 
episodes of pneumonia, varicella zoster, and sepsis. A prospective, 
randomized trial would be ideal, but seems impractical given the 
infrequency of NSVN.

Weekly methotrexate is another option in the adjuvant treatment 
of NSVN. It is probably not necessary to use the higher doses 
often required in SVN. A starting dose of 7.5 mg by mouth per 
week, gradually increasing to 15-20 mg per week, is one option. 

Azathioprine is another option in the adjuvant therapy of NSVN, 
one probably better suited for patients with infrequent monon-
europathies. Its therapeutic onset is delayed up to 8 months 
after initiating therapy; this should be considered when tapering 
corticosteroids. 

TREATMENT OF DLRPN and LRPN

There is no proven course-altering therapy for DLRPN or LRPN, 
and only one randomized, controlled trial has been done.18,33  

However, based on anecdotal case reports, patients with DLRPN 
or LRPN are often treated with IV corticosteroids or 

IVIg.57,58  One noncontrolled study of a series of LRPN patients 
treated with IV corticosteroids showed that they all improved, 
many to a marked degree, but the authors warned that the results 
should be viewed with caution since the monophasic disease 
improves spontaneously.59 Treatment should be considered for 
patients in the acute phase or those in the subacute phase who do 
not appear to be improving. 

This author tends to use IVMP because steroids have been first-
line therapy for other forms of microvasculitis. Patients treated 
with steroids (e.g., DLRPN patients) must be closely monitored 
for hyperglycemia. A randomized, controlled trial comparing 
IVMP to IV placebo in DLRPN has been completed, but all of 
the data have yet to be analyzed.18  

Summary

The various forms of vasculitis affect different organ systems and 
blood vessel calibers. Classification of the vasculitides has become 
sophisticated and treatment options vary depending on the clas-
sification.
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INTRODUCTION

Multifocal motor neuropathy (MMN) and multifocal sensorimotor 
demyelinating neuropathy (MSMDN) with persistent 
conduction block (CB) are two immune-mediated disorders that 
present as multifocal dysimmune demyelinating neuropathies 
(mononeuropathy multiplex). The term Lewis-Sumner syndrome 
(L-SS) has been used interchangeably to describe both conditions. 

MMN is a variant of chronic immune-mediated demyelinating 
polyneuropathies, while L-SS falls under the category of “classic” 
chronic inflammatory demyelinating polyneuropathy (CIDP) 
(Table 1). This manuscript considers MMN and L-SS separately, 
using the latter to describe only the sensorimotor disorder. It 
reviews CB, then discusses clinical, electrodiagnostic (EDX), and 
laboratory features of the two conditions, as well as treatments.  

MONONEUROPATHY MULTIPLEX

A 1982 landmark report1 in five patients with sensorimotor 
mononeuropathy multiplex found not only Wallerian 
degeneration—the expected outcome in vasculitic mononeuritis 
multiplex—but striking and persistent multifocal CB and 
segmental demyelation. Two patients treated with prednisone 
responded in a time frame consistent with recovery from 
CB rather than the slower course of recovery from Wallerian 
degeneration. 

In contrast, two reports in 19882,3 found that patients thought 
to have lower motor neuron (LMN) forms of amyotrophic lateral 
sclerosis (ALS) actually had a pure motor mononeuropathy 
multiplex related to CB. Since then, a number of studies have 
described patients with MMN and MSMDN (or L-SS). 

Whether those with MMN and MSMDN (L-SS) have the same 
disorder with varying degrees of sensory involvement has been 
debated. Recent reports suggest significant differences between these 
two disorders; differences that might have important therapeutic 
and pathophysiologic significance.

CONDUCTION BLOCK

CB is the defining feature of both MMN and L-SS. The 
term describes the physiologic phenomenon in which saltatory 
conduction is stopped but the axon remains intact. This is in 
contrast to conduction failure, where conduction is lost due to 
Wallerian degeneration. 

CB is synonymous with the term neurapraxia, which is part of 
the classic Seddon classification of nerve injury.4  Segmental 
demyelination can cause CB. This is apparent when current leakage 
from internodal myelin reduces the driving current to activate 
subsequent nodes of Ranvier. However, data show that it only 
takes paranodal retraction to produce CB. This has a profound 
effect on capacitance in the region to an extent that can explain  
the CB.5,6  

The understanding of the structure of the nodal, paranodal, 
juxtaparanodal, and internodal regions has become more 
sophisticated in the past few years. In myelinated nerve fibers, the 
fast potassium channels in the juxtaparanodal region are normally 
inactive, but become activated when there is paranodal retraction. 
This shortens the duration of the action potential and reduces the 
driving current, potentially leading to CB at the next node. Other 
aspects of maintaining the resting membrane potential are crucial 
to understanding normal nerve function and what happens under 
pathologic conditions.
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CB can occur with segmental demyelination, paranodal retraction, 
and other disorders of the Schwann cell and myelin. It can also 
occur without any myelin change. The CB due to local anesthetics, 
such as lidocaine, and acute motor axonal neuropathy (AMAN) are 
two examples. This may be particularly relevant to MMN, which 
has many parallels to AMAN. 

The prognosis for return of function after CB is considered very 
good no matter what the cause. Saida and colleagues7 studied the 
time course for restoration of conduction by following physiologic 
and pathologic changes after intraneural injection of immune 
sera.  The injection caused CB within 60 minutes and segmental 
demyelination within 24 hours. Remyelination started by day 
eight, and by day 10, conduction began to be restored coincident 
with 2 to 8 myelin wraps around the axon. At 37 days, myelin 
thickness was about one-third of controls, and conduction velocity 
was almost normal. Thus, it takes only a few wraps of myelin to 
restore conduction to a nerve fiber, and normal conduction does 
not require full myelin thickness.

CLINICAL DETERMINATION OF CB

CB is a physiologic finding of individual nerve fibers, but clinical 
nerve conduction testing is performed on whole nerve trunks 
comprised of hundreds to thousands of nerve fibers. Nerve 

conduction studies determine what is happening to individual nerve 
fibers based on observations on a population of fibers. To determine 
CB, the amplitude on proximal stimulation is compared to that on 
distal stimulation. When a normal reduction in amplitude on 
proximal stimulation occurs due to temporal dispersion and phase 
cancellation, most nerves do not have all fibers undergoing block. 
Some may be spared, and some may have Wallerian degeneration. 
Proximal stimulation that produces reduced but not absent 
response is known as partial conduction block.

A number of pitfalls in determining CB include submaximal 
stimulus proximally, excessive stimulus distally, and failure to 
recognize anatomic variations. Many criteria have been established 
to determine CB. The range of amplitude/area reductions on 
proximal stimulation compared to distal range from 20-50%.8-16  
The shorter the segment of nerve studied, the smaller the reduction 
of amplitude needed to determine CB. Thus, a 20% reduction of 
amplitude over 10 cm rather than 40 cm is more likely to accurately 
reflect block. Many attempts have been made to standardize criteria. 
In general, the lower the amplitude drop required to determine 
CB, the more sensitive and less specific the criteria are likely to 
be. Many authors, particularly for research purposes, recommend 
criteria of approximately 50% reduction in both amplitude and 
area to determine CB with less than 20% increase in duration. 

Clinical improvement of function in most disorders in which CB 
plays a role, such as Guillain-Barré syndrome (GBS) and acute 
compressive neuropathies, follows the time course of conduction 
restoration seen in experimental models. However, in MMN and 
L-SS, CB can persist for months and even years. The reasons for this 
remain unclear, but recent studies of axonal excitability are shedding 
light on the nodal and paranodal changes in these disorders, and 
may eventually explain why CB can persist for so long.  This unique 
aspect of MNN and L-SS warrants particular attention.

MULTIFOCAL SENSORIMOTOR DEMYELINATING 
NEUROPATHY (L-SS)  

Prior to the 1982 report by  Lewis, Sumner, Brown and Asbury,1 
only CIDP and the demyelinating neuropathy associated with 
multiple myeloma were considered chronic immune-mediated 
demyelinating neuropathies.  Currently, there are over 10 different 
disorders that fall under this heading (Table 2).  

CIDP remains the prototypic chronic immune-mediated 
neuropathy. It is characterized by greater weakness than sensory 
loss involving symmetric proximal and distal regions. The 5 
patients in the 1982 report1 had a sensorimotor mononeuropathy 
multiplex, but rather than evidence of only Wallerian degeneration, 
they also had electrophysiologic changes that suggested segmental 
demyelination. The most striking feature was evidence of partial 
motor CB, which in some instances, persisted for many years. 

This latter finding was inconsistent with the prevailing concept of 
CB as a time-limited process with recovery in a few weeks to months. 
This was certainly the case in acute compression neuropathies, and 
most likely in GBS. Thus, this report was unique in two ways: the 

Table 1 Chronic Immune-Mediated Demyelinating 
Polyneuropathies (CIMDP)

CIDP (Chronic Inflammatory Demyelinating Polyneuropathy)
CIDP Variants
 Sensory Predominant
 Associated with multiple myeloma
 Associated with Paraprotein
  IgA and IgG
Associated with CNS demyelination
Associated with systemic disorders
Multifocal Sensorimotor Demyelinating Polyneuropathy with persistent   
conduction block (Lewis-Sumner Syndrome; MADSAM)
CIMDP 
Distinct from CIDP
Polyneuropathy Organomegaly Endocrinopathy M-Proteins Skin (POEMS)
 Demyelinating Neuropathies Associated with IgM MGUS    
    With anti-MAG antibodies 
  Without anti-MAG
Chronic Ataxic Neuropathy Ophthalmoplegia M-protein Agglutination  
 Disialosyl antibodies (CANOMAD)
Multifocal Motor Neuropathy (MMN) with persistent conduction block

Anti-MAG = anti-myelin associated glycoprotein; CNS = central nervous system; 
IgA = immunoglobulin A; IgG = immunoglobulin G; IgM = immunoglobulin M; 
MADSAM = multifocal acquired demyelinating sensory and motor neuropathy; 
MGUS = monoclonal gammopathy of undetermined significance.
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finding of a demyelinating mononeuropathy multiplex and the 
persistent CB. These patients had MSMDN, a variant of CIDP 
that had previously been described as a symmetric disorder. 

The naming of MSMDN has been controversial. L-SS has been used 
by many authors and speakers. Saperstein and colleagues17 suggested 
MADSAM, the initials of Multifocal Acquired Demyelinating 
Sensory and Motor neuropathy. Van den Berg-Vos and colleagues have 
suggested “multifocal inflammatory demyelinating neuropathy.”18  
This is only slightly less awkward than the original title,1 and does 
not truly separate MSMDN from MMN. In this manuscript, L-SS 
will be the preferred name for MSMDN.  

CLINICAL FEATURES

The five patients in the 1982 report1 had symptoms that included 
pain and numbness as well as weakness in multiple nerve 
distributions. Motor neuron disease was not considered in the 
differential diagnosis of any of these patients. Two of them had 
episodes of optic neuritis with central scotomas, afferent pupillary 
defects, and prolonged visual evoked responses. Cerebrospinal 
fluid (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. 

Since then, well over 100 patients described in the literature have 
had the same clinical features. They presented with sensorimotor 
symptoms, frequently with neuropathic pain, in the distribution 
of individual nerves—a true mononeuropathy multiplex. When 
severe,  mononeuropathies become confluent, and individual nerve 
abnormalities may not be detectable with examination.  How 
frequently this happens in L-SS is unclear; some authors have 
labeled disorders in CIDP patients with the varying degrees of 
asymmetry  as L-SS. But in this author’s experience, L-SS tends to 
stay strikingly multifocal, and labeling asymmetric but generalized 
CIDP as L-SS may cause confusion.

Studies describe cranial nerve abnormalities, including facial, 
trigeminal, and hypoglossal nerve palsies. Central nervous system 
abnormalities have been mentioned, but not as commonly as one 
would expect given the two patients with optic neuropathy in the 
original 1982 cohort.1 Tinel signs at sites of CB are common. 
No predisposing factors are known, but L-SS has been seen in 
patients with hepatitis B and/or C, with treatment with etanercept 
or infliximab associated with CIDP. A number of reports of L-SS 
or MMN with infliximab raise the question of whether these 
multifocal disorders are seen, in particular, with this tumor necrosis 
factor-alpha monoclonal antibody. If true, this may be a clue as to 
the restricted nature of these disorders. 

CSF protein is normal or mildly increased, usually less than 
100 mg. This is consistent with the idea that the disorder 
does not have a predilection for the nerve roots. There are no 
specific laboratory abnormalities. In particular, antibodies to 
ganglioside (anti-GM1) and other anti-ganglioside antibodies 
are not usually detected, or are found in low titers. To this 
author's knowledge, no L-SS patient has had strikingly high  
anti-GM1 antibodies.

EDX findings in L-SS are similar to those in CIDP, although 
more nerve segments are normal. The multifocal aspect of L-SS 
is more striking than that of CIDP, and the partial motor CB is a 
more prominent feature. Nerve biopsies have shown evidence of 
segmental demyelination and inflammatory infiltrates. 

Treatment of L-SS has also mirrored that of CIDP. Intravenous 
immunoglobulin  (IVIg), plasmapheresis, and corticosteroids are all 
effective in a majority of patients, but no single therapy has been 
found to benefit all. 

Table 2   Mononeuropathy Multiplex

Demyelinating Neuropathies
Multifocal Motor Neuropathy with Persistent Conduction Block
Multifocal Sensorimotor Demyelinating Neuropathy with Persistent 
Conduction Block (Lewis-Sumner Syndrome)
Hereditary Neuropathy with Predisposition to Pressure Palsies
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

HIV = human immunodeficiency virus
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Both L-SS and CIDP are sensorimotor demyelinating neuropathies 
evidenced by  electrophysiology and pathology. Neither disorder 
has been clearly associated with a specific antigen-antibody, and 
their pathophysiologies remain unclear. The disorders have a similar 
response to immunosuppression or immunomodulation. Therefore, 
it is reasonable to consider L-SS a multifocal variant of CIDP.

MMN WITH PERSISTENT CB

Background

Two landmark reports in 1988 by Parry and Clarke2 and  Pestronk 
and colleagues3  identified MMN.  However, various aspects of the 
disorder were described in other studies that preceded these.19-22  

The 1988 patients were initially diagnosed with LMN forms of ALS, 
but were later found to have a multifocal neuropathy. All patients 
in the two studies (five in Parry and Clarke and two in Pestronk 
and colleagues) presented with multifocal weakness, atrophy, 
cramps, and fasciculations without significant sensory complaints. 
Symptoms began in the arms, reflexes were usually normal or lost 
focally, CSF protein was normal or minimally increased, and the 
course was slowly progressive. Treatment responses varied. Two 
patients had a poor response to plasmapheresis or prednisone; the 
others had mixed results with cyclophosphamide. 

Cardinal features of the disorder were multifocal CB and slowing 
confined to motor nerve fibers.  Distal sensory responses were 
normal, as were somatosensory evoked potentials (SEPs) and 
compound nerve action potentials across the regions of motor 
block. Sural nerve biopsies in the two Pestronk and colleagues 
cases were normal in one patient and showed mild Wallerian-like 
degeneration in the other.  A motor point biopsy showed axonal 
loss and demyelination of the remaining axons.  Both of the 
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 symptoms, but no significant 
abnormality on clinical examination. Sensory conduction studies  
were normal. 

Since these studies, a number of case reports and small series have 
defined the clinical syndrome and the electrophysiological 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 IVIg and/
or cyclophosphamide in the treatment of MMN.

CLINICAL FEATURES

MMN is a very rare motor disorder affecting no more than 1 
person per 100,000, and is more common in men than women, 
with at least a 2:1 ratio.17,23-25  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.23,25  However, more aggressive cases have 
been reported.3,22,24   

Patients may be misdiagnosed with an LMN form of ALS. They 
present with usually painless, asymmetric weakness, atrophy, and 
fasciculations of the upper extremities; the distribution may be 
isolated to one or two nerves. While the legs may become involved, 
they are rarely the first limbs to do so. The disease is usually less 
severe in the legs. Patient may remain ambulatory despite severe 
upper extremity weakness. 

The degree of sensory involvement is controversial. Many patients 
describe vague sensory phenomena or intermittent mild sensory 
symptoms, but there are no discrete sensory symptoms in the 
distribution of the motor abnormalities.  Sensory examination is 
almost always normal, even in patients with symptoms.  However, 
some reports mention distal vibration sense reduction3 or sensory 
symptoms later in the course of the disease.2 Recent studies 
describe development of electrophysiologic sensory abnormalities 
over time. MMN seems to affect predominantly motor nerve 
fibers, but some sensory nerves may become damaged over time 
or with severe disease.  In a nerve with both motor and sensory 
fibers, motor disorder should be strikingly more severe than 
sensory disorder.

Atrophy, fasciculations, myokymia, and cramps are seen in various 
combinations.22,25  Tinel signs at the sites of the CB have not been 
mentioned. Studies describe focal hemiatrophy of the tongue,26 

but bulbar and pseudobulbar dysfunction have not been reported.  
Deep tendon reflexes tend to be preserved out of proportion to the 
weakness. They can be lost focally, particularly in the arms, but it 
is unusual to have complete areflexia unless the weakness becomes 
generalized and profound.   

Some reports mention relative hyperreflexia,3 but Babinski responses or 
sustained clonus pointing to upper motor neuron (UMN) involvement 
have not been seen. A study in 69 patients with motor neuron disease 
assessed whether UMN signs can clinically distinguish ALS from 
MMN.14  Seventeen patients had either motor CB (10 patients) 
or focal temporal dispersion (7 patients). Findings suggest that the 
patients with temporal dispersion were more likely to have UMN 
signs, and that partial motor CB (PMCB) may distinguish MMN 
from ALS. The authors also noted that the diagnosis of MMN should 
be questioned in patients with otherwise unexplained UMN signs.  

EDX FEATURES  

While CB is the defining EDX feature of MMN, other EDX 
features of segmental demyelination have been noted.24,27-30   In 
most of these studies, strict criteria for MMN (compared to L-SS) 
were not clear. Other demyelinating features described included 
prolonged distal motor and F-wave latencies, multifocally slow 
motor conduction velocities, and temporal dispersion. In most 
instances, CB was detected in at least one nerve, along with the 
other features of demyelination. 

These findings may be in nerves without CB. Whether the 
diagnosis of MMN can be made without evidence of CB remains 
controversial. Most criteria for the diagnosis of MMN require 
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PMCB and a pure motor disorder.31,61 However, some reports 
suggest that patients with otherwise typical MMN, but without 
PMCB, have similar clinical findings and response to IVIg.18  

Earlier studies found response to treatment was not as good in 
patients without block compared to those with CB.32-34 Virtually 
all MMN diagnostic criteria published to date require PMCB in 
at least two nerves. Still, questions remain on whether there is any 
difference between MMN with PMCB and MMN without it. 

A number of reasons explain why CB may not be detected. Most 
lesions that cause PMCB have some degree of associated axonal 
loss. If severe, CB in other nerve fibers may not be detected. 
Depending on the duration and severity of the illness, PMCB 
lesions may evolve into axonal loss. In addition, PMCB in a 
segment of nerve that cannot be easily tested may be missed. In 
patients with an appropriate clinical picture and EDX evidence of 
segmental demyelination (but without CB), it is it is reasonable to 
strongly consider MMN. 

Electrophysiologic findings also raise other questions. Are the 
nerve lesions of MMN due to primary demyelination or a primary 
disorder of the nodal and axolemmal membrane?  It is not clear 
in MMN, as opposed to L-SS, whether other EDX signs of 
demyelination are prominent in regions without block. 

Pathologic findings of segmental demyelination are also not 
prominent. Data show that sural nerve biopsies are usually normal 
and fascicular biopsies at the site of PMCB do not consistently 
demonstrate demyelination.35,36

Sensory conduction studies are normal in MMN. Investigations 
into sensory conduction changes in the regions of motor block have 
yet to detect any abnormality in compound nerve action potentials 
and SEPs.2,26,27,35  

LABORATORY FEATURES

CSF protein is normal or mildly elevated in MMN,17 reflecting 
the minimal involvement of nerve roots. No other significant 
abnormalities appear on routine spinal fluid or serum testing.

Elevated titers of antibody against GM1 ganglioside are the most 
significant, albeit controversial, laboratory finding in MMN.  
GM1 is one of a number of gangliosides, or constituents of cell 
membranes, that have been implicated in neuroimmunologic 
disorders. The GM1 epitope is present in motor neurons and 
their axons, and to a lesser extent in dorsal root ganglion cells 
and sensory axons,37 but there may be differences in the ceramide 
composition of GM1 in motor and sensory axons.38   

While the amount of GM1 in peripheral nerves is minimal, it is a 
major peripheral nerve antigen found at nodes of Ranvier and on 
the axolemma.39  The mechanisms by which anti-GM1 antibodies 
might cause CB remain unclear. The possibility that they cause 
blockade of sodium channels40 has been challenged.37 An  alternate 

explanation of nerve fiber membrane hyperpolarization 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  
20-80%.  The discrepancy is multifactorial.  It is unclear how high 
titers must be to be considered significant, but specificity only 
increases with very high titers. Analytic techniques vary among 
laboratories, and not all labs use the same disease controls. This 
makes it difficult to compare results from different laboratories. 

Pestronk and Choksi41 found that 85% of patients with MMN 
had elevated titers of GM1 combined with other lipids, including 
galactocerebroside and cholesterol, while none with ALS did.  
However, Carpo and colleagues,42 using the same technique, 
noted elevated titers in only 35% of patients with MMN. Thus, 
the sensitivity of IgM anti-GM1 antibodies remains variable, and 
possibly laboratory-dependent. 

Specificity has also been variable, but most of the recent studies 
have found high titers primarily in MMN, and very rarely in ALS, 
CIDP, or other neurologic disorders.   However, because MMN is 
rare compared to ALS, the predictive value of high GM1 titers is 
unclear. At best, they may support the diagnosis of MMN when 
clinical and/or electrophysiologic findings are unclear.43

Thus, current data point to a correlation between high-titer anti-
GM1 antibodies and MMN. High titer antibodies in patients 
with other diagnoses might encourage clinicians to reevaluate the 
situation and reconsider MMN. On occasion, the detection of high 
titer antibody may suggest an empirical trial of immunotherapy 
in a patient with an otherwise untreatable condition. It may be 
very difficult for a physician not to consider IVIg in a patient with 
possible or probable ALS who also has high titers of anti-GM1 
antibodies. 

A number of investigations32-34 have found no response to treatment 
in patients with LMN disorders (LMND) without block. One 
report,44 on the other hand, noted improvement with plasmapheresis 
and cyclophosphamide in four patients with LMND and high titer 
anti-GM1 antibodies without CB. While it is enticing to consider 
immunomodulating and/or immunosuppressant treatment in 
atypical cases of LMND, experience to date suggests that one 
cannot be overly optimistic about success.

Anti-GM1 antibodies appear to have limited utility as a routine 
diagnostic tool. In patients with typical clinical presentation and 
electrophysiologic 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 situation where 
it might be helpful (and this requires further study) is in patients 
with a LMN syndrome without CB.  In this unusual situation, the 
presence of IgM anti-GM1 antibodies may suggest that the patient 
has MMN and might respond to therapy.

Thus, the diagnosis of MMN depends on the combination of 
clinical findings. These include weakness without sensory loss or 
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UMN signs, EDX abnormalities of motor CB, and normal sensory 
conduction studies.  

TREATMENT 

IVIg

IVIg is the only effective therapy in randomized, double-blind, 
placebo controlled trials.45-48  More than 50% of patients show 
improvement after the initial treatment of 2 gm/kg usually 
administered in divided doses over 2 to 5 days.  However, less 
than 10% maintain a benefit over a year after one treatment, and 
the majority of patients require intermittent dosing to sustain 
functional recovery.49-52  

Patients with definite or probable CB (more clearly defined MMN), 
less severe disease of shorter duration, and less axonal degeneration 
are more likely to respond to IVIg.53-55  As already mentioned, 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 clinical status. 

Determining whether treatment is effective requires realistic 
expectations on the part of  physician and patient. If new symptoms 
and signs occur after a full course of treatment, it is unlikely that 
IVIg is going to be beneficial. But lack of improvement may not 
mean treatment failure. Muscle with severe atrophy and denervation 
may not have the capability of recovery. Most clinicians would treat 
for 6 to 12 weeks

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 functional assessments may be helpful.  Repeat EDX 
studies frequently show at least partial reversal of the CB. Some 
discrepancy between clinical and electrophysiologic improvement 
has been noted, although it is difficult to understand how strength 
could improve without CB doing so as well.   

Unfortunately, not all patients benefit from IVIg, and new 
regions of CB or progressive  axonal loss during treatment have 
been documented.47,49 Alternative treatments with documented 
benefit are relatively few.  Both oral and high dose intravenous 
corticosteroid treatment have been remarkably ineffective.56-59 The 

few reports using  plasmapheresis without other medications have 
not been encouraging either.2 

Cyclophosphamide is the only immunosuppressant proven 
effective.44,51,59  There is no consensus on optimal treatment.  
Nobile-Orazio and colleagues53 used relatively low-dose (1.5-3 
mg/kg/d) oral cyclophosphamide in 2 patients and felt that the 
frequency of IVIg treatments could be reduced. In a review article 
without published data,  Pestronk59  recommended 6 monthly 
treatments at 1 gm/m2 preceded by 2 plasma exchanges. This 
approach reduced the serum anti-GM1 titer in 60-80% of patients, 
with functional benefit in some of them. He found remission of 1 
to 3 years, but relapse frequently occurred, with potential need for 
retreatment. 

The risks of cyclophosphamide include bone marrow suppression, 
risk of opportunistic infection, and increased risk of neoplasia.  It 
is important to determine whether the possible benefits outweigh 
the risks of cyclophosphamide treatment.

Recently, there has been interest in the possible efficacy of 
rituximab, a monoclonal antibody directed against the CD20 
antigen on the surface of β-cells. Originally used as a treatment 
against β-cell lymphomas, this intravenous therapy depletes the 
β-cells that produce the immunoglobulins.  It has therefore been 
considered for neuropathies associated with IgM monoclonal 
gammopathies, including MMN. Reports have been encouraging 
on the use of rituximab in IgM-related neuropathies, and some 
patients with MMN have seemed to respond. But the response has 
not been robust, and several recent series have been discouraging. 

More effective and long lasting therapies are needed for MMN. 
These will require investigation in multicenter randomized 
controlled trials. 

MMN VERSUS L-SS

Prior to 1995, L-SS was mostly either ignored or lumped with 
MMN.  But recently, there have been a few more series of patients 
with sensorimotor symptoms.17,18,60  These reports, consistent with 
the 1982 cohort,1 suggest differences between patients with pure 
motor symptoms and those with sensory and motor symptoms 
(Table 3).  The increased incidence of MMN in males is not seen 
in L-SS.  Pain, paresthesias, and Tinel signs are only seen in patients 
with sensory symptoms. 

High titers of GM1 antibodies have not been reported in LSS, 
although Oh and colleagues60 noted 1 patient out of 16 with mildly 
elevated titers. CSF protein, while not very elevated, tended to be 
higher than in patients with MMN, suggesting that nerve roots 
may be more involved in L-SS.

A significant number of patients with L-SS respond to corticosteroids; 
50% (3 of 6) in Saperstein and colleagues’ series,17 and 79% (11 
of 14) in Oh and colleagues report.60 This is in contrast to patients 
with MMN, in whom corticosteroids have no effect. Most patients 
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with MMN who respond to corticosteroids have sensory signs or 
symptoms, and on closer view, are more likely to have L-SS.  

The motor CBs in L-SS are indistinguishable from those in MMN, 
but whether there are changes in segmental demyelination is less clear. 
Are distal latencies, temporal dispersion seen in regions outside the 
block, in both disorders?  Unlike MMN, which shows normal sensory 
conduction through areas of motor block, there is now at least one case 
of L-SS demonstrating sensory CB that improved with treatment.61  

Sural nerve biopsies of patients with L-SS reveal significantly more 
abnormalities consistent with a demyelinating neuropathy than do 
those of patients with MMN.62  Fascicular biopsies at the site of 
CB appear to be different in the two disorders. In L-SS, segmental 
demyelination and inflammatory cell infiltrates are prominent, but 
in at least one report in MMN, no inflammation was seen and 
limited abnormalities of myelin were noted.36  If these findings are 
confirmed, it would suggest that MMN is a disorder of the axon and 
node of Ranvier, a chronic version of AMAN, whereas L-SS is a CIDP 
variant. This would explain the difference in treatment response to 
corticosteroids.

Some patients fall into a “gray zone” where they cannot be easily labeled 
as having MMN or L-SS. Reports show some who present with a pure 
motor syndrome but then develop sensory symptoms years later.62 
Some patients have a few sensory symptoms or minor changes on 
sensory conduction studies, and it becomes difficult to decide whether 
these changes are significant enough to warrant a diagnosis of L-SS.  

These are reasons why some investigators suggest “lumping” 
MMN and MSMDN together as a single entity.  To find out if the 
distinctions mentioned above are significant, it will be necessary to 
identify more patients with both MMN and L-SS. Until then, it 
seems prudent to separate the two disorders. 

Combining the two disorders might confuse the issue of GM1 
antibodies. The true incidence of these in MMN will never be known 
if patients with L-SS are included in studies. More importantly, the 
response to corticosteroid therapy differs radically.  The potential 
benefits of long-term prednisone in L-SS may outweigh the risks. 

However, there is currently no evidence on which to base the use 
of corticosteroids in MMN, and growing evidence to suggest that 
corticosteroids may exacerbate the disease.

SUMMARY

L-SS is a demyelinating neuropathy that is a mononeuropathy 
multiplex variant of CIDP. MMN is a disorder that may be 
considered the chronic form of L-SS, with similar physiology, 
laboratory features, and possibly pathology. Despite some overlap, 
L-SS and MMN appear to be pathophysiologically distinct entities 
with persistent CB in common.

NOTES

Aspects of this manuscript have been published previously.

Lewis RA. Multifocal Inflammatory Neuropathies. In: Bromberg 
M, Smith GA. Handbook of Peripheral Neuropathies. Taylor & 
Francis. Boca Raton: Fl. 2005.

Lewis RA. Neuropathies associated with conduction block. Current 
Opinions in Neurology. 2007.

REFERENCES

1. Lewis RA, Sumner AJ, Brown MJ, Asbury AK. Multifocal demy-
elinating neuropathy with persistent conduction block. Neurology 
1982;32:958-962

2. Parry GJ, Clarke S. Multifocal acquired demyelinating neuropathy 
masquerading as motor neuron disease. Muscle Nerve 1988;11:103-
107.

3. Pestronk A, Cornblath DR, Ilyas AA, Baba H et al. A treatable mul-
tifocal neuropathy with antibodies to GM1 ganglioside. Ann Neurol 
1988;24:73-78.

4. Seddon HJ: Three types of  nerve injury. Brain 66:237–288, 1943
5. Sumner AJ, Saida K, Saida T et al. Ann Neurol 1982;
6. Lafontaine S, Rasminsky M, Sumner AJ. J Physiol 1982;323:287-306
7. Saida K, Sumner AJ, Saida T et al Ann Neurol 1980;8:12-24.
8. Ad hoc subcommittee of  the American Academy of  Neurology 

AIDS task force. Research criteria for the diagnosis of  chronic in-
flammatory demyelinating polyradiculoneuropathy. 1991;41:617-618

9. Saperstein DS, Katz JS, Amato AA, Barohn RJ. The clinical spectrum 
of  chronic acquired demyelinating polyneuropathy. Muscle Nerve 
2001; 24:311.

10. American Association of  Electrodiagnostic Medicine. Consensus 
criteria for the diagnosis of  partial conduction block. Muscle Nerve 
1999;22:S225-S229.

11.  Hughes R, Bensa S, Willison, H et al. Randomized controlled trial 
of  intravenous Immunoglobulin versus oral prednisolone in chronic 
inflammatory demyelinating polyradiculoneuropathy. Ann Neurol 
2001;50:195-201. 

12.  Joint task force of  the EFNS and PNS. European Federation of  
Neurological Societies/ Peripheral Nerve Society guideline on man-
agement of  chronic inflammatory demyelinating polyradiculoneu-
ropathy. J Periph Nerv Syst 2005;10:220-228

13.  Magda P, Latov N, Brannagan TH 3rd, Weimer LH, Chin RL, Sander 
HW. Comparison of  electrodiagnostic abnormalities and criteria in a 

Table 3   Multifocal Motor Neuropathy (MMN) vs. Lewis-Sumner 
Syndrome (L-SS)

   MMN   L-SS
Gender  Male> Female (.2:1)  Male = Female
Sensory symptoms No   Yes
Pain and Tinel’s  No   Yes
Sensory conduction  Normal   Abnormal
Anti-GM-1 Abs High titers in 35 –80% Normal 
CSF Protein Minimal increase   Mild to mod 
Prednisone Poor response  Good response

Anti-GM =  antibodies to ganglioside GM1; CSF = cerebrospinal fluid

AANEM Course Dysimmune Neuropathies 41



cohort of  patients with chronic inflammatory demyelinating poly-
neuropathy.Arch Neurol. 2003;60:1755-9.

14.  van den Bergh PYK, Piéret F. Electrodiagnostic criteria for acute and 
chronic inflammatory demyelinating polyradiculoneuropathy. Muscle 
Nerve 2004;29:565-574.

15.  Rajabally YA, Jacob S, Hbahbih M. Optimizing the use of  electro-
physiology in the diagnosis of  chronic inflammatory demyelinat-
ing polyneuropathy: a study of  20 cases. J Periph Nervous System 
2005;10:282-292.

16.  Oh SJ, Kim DE, Kuruguolu HR. What is the best diagnostic index 
of  conduction block and temporal dispersion? Muscle Nerve 
1994;17:489-493

17.  Saperstein DS, Amato AA, Wolfe GI, Katz JS, Nations SP, Jackson 
CE, Bryan WW,  Burns DK, Barohn RJ. Multifocal acquired demyeli-
nating sensory and motor neuropathy: the Lewis- Sumner Syndrome. 
Muscle Nerve 1999;22:560-566.

18.  Van den Berg-Vos RM, Van den berg LH, Franssen H, Vermeulen 
M, Witkamp TD, Jansen GH, Van Es HW, Kerkhoff  H, Wokke JH. 
Multifocal inflammatory demyelinating neuropathy: a distinct clinical 
entity? Neurology 2000;54:26-32.

19.  Chad DA, Hammer K, Sargent J. Slow resolution of  multifocal 
weakness and fasciculation: a reversible motor neuron syndrome. 
Neurology 1982;32:958-64.

20.  Engel WK, Hopkins LC, Rosenberg BJ. Fasciculating progressive 
muscular atrophy (F- PMA) remarkably responsive to antidysim-
mune treatment (ADIT)- a possible clue to more ordinary ALS? 
Neurology 1985; 335(Suppl 1b):72. 

21. Freddo L, Yu RK, Latov N, Donofrio PD, Hays AP, Greenberg HS, 
Albers JW, Allessi AG, Keren D. Gangliosides GM1 and GD1b are 
antigens for IgM M-protein in a patient with motor neuron disease. 
Neurology 1986;36:454-458.

22. Roth G, Rohr J, Magistris MR, Oschner F. Motor neuropathy with 
proximal multifocal persistent block, fasciculations and myokymia. 
Evolution to tetraplegia. Eur Neurol. 1986;25:416-23.

23. Bouche P, Moulonguet A, Ben Younes-Chennnoufi A, Adams D, 
Baumann N, Meninger V, Lèger J-M, Said G. Multifocal motor 
neuropathy with conduction block: a study of  24 patients. J Neurol 
Neurosurg Psych 1995;59:38-44.

24. Comi G, Amadio S, Galardi G, Fazio R, Nemni R. Clinical and neu-
rophysiological assessment of  immunoglobulin therapy in five pa-
tients with multifocal motor neuropathy. J Neurol Neurosurg Psych 
1994;57(suppl):35-37.

25. Leger J-M, Younes-Chennoufi AB, Chassande B, Davila G Bouche 
P, Baumannn N, Brunet P. Human immunoglobulin treatment 
of  multifocal motor neuropathy and polyneuropathy associ-
ated with monoclonal gammopathy. J Neurol Neurosurg Psych 
1994;57(suppl):46-49.

26. Kaji R, Shibasaki H, Kimura J. Multifocal demyelinating motor 
neuropathy: cranial nerve involvement and immunoglobulin therapy. 
Neurology 1992;42: 506-509.

27. Chaudhry V, Cornblath DR, Griffin JW, Corse AM, Kuncl RW, 
Freimer ML, Griffin JW. Multifocal motor neuropathy: electrodiag-
nostic features. Muscle Nerve 1994;17:198-205.

28. Katz JS, Wolfe GI, Bryan WW, Jackson CE, Amato AA, Barohn 
RJ. Electrophysiologic findings in multifocal motor neuropathy. 
Neurology 1997;48:700-707.

29. Pakiam AS, Parry GJ. Multifocal motor neuropathy without overt 
conduction block. Muscle Nerve 1998;21:243-245.

30. WeimerLH, Grewal RP, Lange DJ. Electrophysiologic abnormalities 
other than conduction block in multifocal motor neuropathy. Muscle 
Nerve 1994;9:A1089

31. Olney RK, Lewis RA, Putnam TD, Campellone, Jr. JV. Consensus 
criteria for the diagnosis of  multifocal motor neuropathy. Muscle 
Nerve 2003;27:117-121

32. Van den Berg LH, Franssen H, Van Doorn PA, Wokke JH. 
Intravenous immunoglobulin treatment in lower motor neuron 
disease associated with highly raised anti-GM1 antibodies. J Neurol 
Neurosurg Psych 1997;63:674-677.

33. Azulay JP, Blin O, Pouget J, Boucrat J, Bille-Turc F, Carles G, 
Serratrice G. Intravenous immunoglobulin treatment in patients with 
motor neuron syndromes associated with anti-GM1 antibodies: a 
double-blind, placebo controlled study. Neurology 1994;44:429-432.

34. Tsai CP, Lin KP, Liao KK, Wang SJ, Wang V, Kao KP, Wu ZA. 
Immunosuppressive treatment in lower motor neuron syndrome 
with autoantibodies against GM1. European Neurology 1993;33:446-
449.

35. Kaji R, Oka N, Tsuji T, Mezaki T, Nishio T, Akiguchi I, Kimura J. 
Pathological findings at the site of  conduction block in multifocal 
motor neuropathy. Ann Neurol 1993;33:152-158.

36. Taylor BV, Dyck PJ, Engelstad J, Gruener G, Grant I, Dyck PJ. 
Multifocal motor neuropathy: pathologic alterations at the site of  
conduction block. J Neuropathol Exp Neurol. 2004;63:129-37.

37. Kaji R, Kimura J. Facts and fallacies on anti-GM1 antibodies: physiol-
ogy of  motor neuropathies. Brain 1999;122:797-8.

38. Ogawa-Goto K, Funamoto N, Abe T et al. Different ceramide com-
positions of  gangliosides between human motor and sensory nerves. 
J Neurochem 1990;55:1486-1493.

39. Sheikh KA, Deerinck TJ, Ellisman MH, Griffin JW. The distribution 
of  ganglioside-like moieties in peripheral nerves. Brain 1999;122:449-
460.

40. Waxman SG. Sodium channel blockade by antibodies: a new mecha-
nism of  neurological disease? Ann Neurol 1995;37:421-423.

41. Pestronk A, Choksi R. Multifocal motor neuropathy. Serum IgM 
anti-GM1 ganglioside antibodies in most patients detected using 
covalent linkage of  GM1 to ELISA plates. Neurology 1997;49:1289-
1292.

42. Carpo M, Allaria S, Scarlato G, Nobile-Orazio E. Anti-GM1 IgM an-
tibodies in multifocal motor neuropathy: slightly improved detection 
with covalink ELISA technique. Neurology 1999;53:2206-2207.

43. Van Schaik IN, Bossuyt PM, Brand A, Vermeulen M. Diagnostic 
value of  GM1 antibodies in motor neuron disorders and neuropa-
thies: a meta-analysis. Neurology 1995;45:1570-1577.

44. Pestronk A, Lopate G, Kornberg AJ, Elliott JL, Blume G, Yee WC, 
Goodnough LT. Distal lower motor neuron syndrome with high-titer 
serum IgM anti-GM1 antibodies: improvement following immuno-
therapy with monthly plasma exchange and intravenous cyclophos-
phamide. Neurology 1994;44:2027-2031.

45. Van den Berg LH, Franssen H, Wokke JHJ. Improvement of  mul-
tifocal motor neuropathy during long-term weekly treatment with 
human immunoglobulin. Neurology 1995;45:987-988.

46. Van den Berg LH , Kerkhoff  H, Oey PL, Franssen H, Mollee I, 
Vermeulen M, Jennekens FG, Wokke JH. Treatment of  multifocal 
motor neuropathy with high dose intravenous immunoglobulin:a 
double blind, placebo controlled study. J Neurol Neurosurg Psych 
1995;59:248-252.

47. Federico P, Zochodne DW, Hahn AF, Brown WF, Feasby TE. 
Multifocal motor neuropathy improved by IVIg. Randomized, dou-
ble-blind, pacebo-controlled, study. Neurology 2000;55:1257-1262.

48. Léger J-M, Chassande B, Musset L, Meininger V, Bouche P, Bauman 
N. Intravenous immunoglobulin therapy in multifocal motor neu-
ropathy: a double- blind placebo- controlled study. Brain 2001; 
124:145-153.

42 Multifocal Dysimmune Demyelinating Neuropathies AANEM Course



AANEM Course CROSSFIRES: Controversies in Neuromuscular and Electrodiagnostic Medicine 43

49. Van den Berg LH, Franssen H, Wokke JHJ. The long term effect of  
intravenous immunoglobulin treatment in multifocal motor neuropa-
thy. Brain 1998;121:421-428.

50. Azulay J-Ph, Rihet P, Pouget J, Cador F, Blin O, Boucraut J, Serratrice 
G. Long term follow up of  multifocal motor neuropathy with 
conduction block under treatment. J Neurol Neurosurg Psych 
1997;62:391-394.

51. Meucci N, Cappellari A, Barbieri S, Scarlato G, Nobile-Orazio E. 
Long term effect of  intravenous immunoglobulins and oral cyclo-
phosphamide in multifocal motor neruopathy. J Neurol Neurosurg 
Psych. 1997;63:765-769.

52. Van den Berg-Vos RM, Franssen H, Wokke JHJ, Van den Berg 
LH.Multifocal motor neruopathy: long-term clinical and elctrophysi-
ological assessment of  intravenous immunoglobulin maintenance 
treatment. Brain 2002;125:1875-1886.

53. Nobile-Orazio E, Meucci N, Carpo M et al. Multifocal motor 
neuropathy:clinical and immunological features and response to IVIg 
in relation to the presence and degree of  motor conduction block. J 
Neurol Neurosuurg Psych 2002;72:761-766.

54. Van den Bergh P, Franssen H, Wokke JHJ, Van Es HV, Van den Berg 
LH. Multifocal motor neuropathy: diagnostic criteria that predict the 
response to immunoglobulin. Neurology 2000;48:919-926.

55. Van den Berg-Vos RM, Franssen H, Visser J et al. Disease severity in 
multifocal motor neuropathy and its association with the response to 
immunoglobulin treatmetn J Neurol 2002;249-336.

56. Donaghy M, Mills KR, Boniface SJ, Simmons J, Wright I, Gregson 
N, Jacobs J. Pure motor demyelinating neuropathy: deterioration after 
steroid treatment and improvement with intravenous immunoglobu-
lin. J Neurol Neurosurg Psych 1994;57:778-783.

57. Feldman EL, Bromberg MB, Albers JW, Pestronk A. 
Immunosuppressive treatment in multifocal motor neuropathy. Ann 
Neurol 1991;30:397-401.

58. Van den Berg LH, Lokhorst H, Wokke JHJ. Pulsed high-dose dexam-
ethasone is not effective in patients with multifocal motor neuropa-
thy. Neurology 1997;48:1135

59. Pestronk A. Multifocal motor neuropathy: diagnosis and treatment. 
Neurology 1998;51(suppl 5):S22-24.

60. Oh SJ, Claussen GC, Kim DS. Motor and sensory demyelinating 
mononeuropathy multiplex (Multifocal motor and sensory demyeli-
nating neuropathy): a separate entity or a variant of  chronic inflam-
matory demyelinating polyneuropathy. J Periph Nervous System 
1997;2:362-369.

61. Nikhar NJ, Lewis RA. Multifocal sensorimotor demyelinating neu-
ropathy with persistent conduction block is distinct from multifocal 
motor neuropathy. Neurology 1998;50(Suppl):A206

62. Corse AM, Chaudhry V, Crawford TO, Cornblath DR, Kuncl RW, 
Griffin JW. Sensory nerve pathology in multifocal motor neuropathy. 
Ann Neurol 1996;39:319-325.

AANEM Course Dysimmune Neuropathies 43




