
INTRODUCTION

The evaluation of patients with suspected polyneuropathy (subse-
quently referred to as “neuropathy”) is relatively straightforward, 
and consists of a combination of clinical, electrophysiologic, and 
laboratory studies. Evaluation of suspected neuropathy is among 
the most frequent investigations performed in the electromyogra-
phy (EMG) laboratory. The electrodiagnostic (EDX) examination 
includes sensory and motor nerve conduction studies (NCSs), 
evaluation of late responses, and needle EMG (needle EMG). 
In clinically appropriate situations, autonomic testing should be 
performed to assess involvement of the parasympathetic and sym-
pathetic fibers. Clinicians use the EDX evaluation as an extension 
of their neurologic examination to confirm clinical findings, local-
ize abnormalities, and identify the underlying pathophysiology. A 
well-designed electrophysiological evaluation of a patient with neu-
ropathy focuses the differential diagnosis, directs the subsequent 
laboratory evaluation, and often suggests a specific diagnosis or 
class of disorders.

This outline emphasizes a general approach to the evaluation of 
neuropathy and was initially prepared for EDX physicians. Primary 
care physicians also can use the outline with no experience in EDX 
medicine, as a guide to interpretation and evaluation of EDX 
reports on their patients. In most instances, adherence to the clas-

sification presented will suggest a specific diagnosis or reduce the 
differential diagnosis, and at times suggest an unsuspected systemic 
disorder. Exceptions exist to the rules outlined in this manuscript, 
but they form the basis of clinical experience and education.

WHAT TO EXPECT FROM THE ELECTRODIAGNOSTIC 
MEDICINE PHYSICIAN

The EDX physician plays an important role in the evaluation of 
suspected peripheral disorders, and the referring physician should 
expect more information from the consultant than a remark that a 
neuropathy is or is not present. It is not sufficient simply to confirm 
the presence of abnormality or to conclude that the findings are in 
keeping with a neuropathy without suggesting possible etiologies. 
The EDX physician is a neuromuscular specialist with extensive ex-
perience in the evaluation and treatment of patients with neuropa-
thy, who should use the clinical and electrophysiologic information 
to aid the referring physician to focus on a group of disorders or a 
specific diagnosis. Features of the clinical examination particularly 
important to the evaluation of neuropathy are shown in Table 1.

Routine NCSs of motor and sensory nerves primarily test large 
myelinated fibers. By nature of the fibers they assess, NCSs do not 
evaluate the integrity or function of small myelinated or unmyelin-
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ated fibers. Almost all patients with neuropathy demonstrate large 
fiber dysfunction, thus making the EDX examination a powerful 
clinical tool for evaluating suspected neuropathy. Few findings are 
diagnostic of a specific disorder, but a comprehensive EDX exami-
nation is a sensitive indicator of mild peripheral nerve dysfunction. 
Important questions addressed by the EDX study are summarized 
in Table 2. Because the information obtained is only useful when 
collected in a systematic and organized manner, there are some 
components of the EDX examination that a referring physician 
can monitor, as a checklist, to determine the quality of the EDX 
evaluation (Table 3).

While clinical skills are important for documenting the distribution 
and magnitude of abnormality at the bedside, the EDX physician 
carries the evaluation further by helping to identify the underly-
ing pathophysiology. This additional information will focus the 
differential diagnosis to a smaller number of possible conditions 
so that appropriate and cost-wise laboratory investigations can be 
ordered. One of the most important tasks of the EDX physician 
is to distinguish axonal loss lesions from lesions characterized by 
uniform or multifocal demyelination. Identification of multifocal 
demyelination on NCS testing raises awareness for a large group of 
acquired demyelinating neuropathies that may not have been con-
sidered prior to performance of the electrophysiologic testing. This 
group of neuropathies is frequently treatable and may be associated 
with systemic illness. In some cases, neuropathies can be detected 
and classified electrodiagnostically before the systemic disorder 
or causative agent (occupational, metabolic, or pharmacologic) 
is discovered. Good examples of this are paraneoplastic sensory 
neuropathy, mild cases of hereditary motor sensory neuropathy 
type I (HMSN I) (i.e., Charcot-Marie-Tooth [CMT] disease), 
neuropathies associated with monoclonal proteins, and early cases 
of diabetic neuropathy.

The EDX physician also assists the referring physician by exclud-
ing disorders that mimic neuropathy but are difficult to distin-
guish clinically. An important example is the identification of an 
abnormality on needle examination of paraspinal muscles. Such 
an abnormality is characteristic of a radiculopathy or anterior horn 
cell (AHC) disorder, and is not recorded in a neuropathy unless 
another pathologic process is present. The EDX physician also 
helps to distinguish a diffuse symmetric neuropathy from a conflu-
ent mononeuritis multiplex. While clinically difficult, the discovery 
of a mononeuritis multiplex and vasculitis could have crucial thera-
peutic implications for the patient. Other conditions that mimic 
neuropathy but can be differentiated using NCSs and needle EMG 
are distal myopathies, motor neuron disorders, neuromuscular 
junction disorders, and myelopathies.

THE ELECTRODIAGNOSTIC EXAMINATION

Nerve Conduction Studies

Sensory and motor responses (sensory nerve action potentials 
[SNAPs] and compound muscle action potentials [CMAPs]) 

Table 1 		Features	of	the	clinical	examination	important	in	the	
evaluation	of	suspected	neuropathy

General Information
Onset	and	temporal	profile	of	motor,	sensory,	and	autonomic	

complaints
Type	and	distribution	of	paresthesia,	hyperesthesia	and	

hyperpathia
Distribution	of	weakness
Industrial	and	medical	history	for	toxin	or	drug	exposures
Family	history,	especially	bony	deformities	such	as	pes	cavus	or	

hammer	toe
Social	habits	including	recreational	drug	use
Antecedent	illness	or	symptoms	of	underlying	disease	(particularly	

diabetes)

Clinical Examination (anticipated in most neuropathies)
General

Findings	most	prominent	in	distal	lower	extremities
Relative	symmetry
Associated	findings	such	as	ataxia,	tremor,	bony	deformities	
(pes	cavus	or	hammer	toes,	scoliosis)
Palpate	peripheral	nerves	(tenderness,	paresthesia,	
hypertrophy)

Motor	(emphasis	upon	distal	muscles)
Intrinsic	hand	muscles,	finger	and	wrist	extensors
Toe	extensors	and	foot	dorsiflexors

Sensory	(greater	in	feet	than	in	hands)
Demonstrate	distal	to	proximal	sensory	loss	gradient
Identify	involved	modalities

Large	fiber:	vibration,	light-touch,	touch-pressure	
(common);	joint	position	sensation	when	severe
Small	fiber:	temperature,	pin-pain,	deep	pain

Discriminative	sensations	less	helpful	in	peripheral	disorders
Absence	of	sensory	level	on	the	trunk
Vibratory	loss	to	iliac	crest	and	prominent	joint	position	
sensation	loss	suggests	spinal	cord	lesion

Reflexes
Achilles	reflexes	usually	absent
Diffusely	hypoactive	reflexes	not	necessarily	abnormal
Absence	of	pathologic	reflexes	(e.g.,	Babinski	response)

Autonomic	nervous	system
Postural	hypotension
Sluggish	pupillary	reaction	to	light
Abnormality	of	sweating
Bowel,	bladder,	or	sexual	dysfunction
Vasomotor	changes	in	the	feet	more	than	hands
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are recorded using surface electrodes and percutaneous electrical 
stimulation (Figures 1 and 2). Amplitudes and latencies are usually 
measured using electronic cursors, and conduction velocities are 
calculated based upon the distances and time differences between 
stimulation sites. Amplitude measurements of sensory nerves reflect 
the number of intact sensory fibers, whereas the amplitude of the 
motor response or CMAP measures the number and integrity of 
functioning motor nerve and muscle fibers. Latency and conduc-
tion velocity measurements reflect transmission time in the largest 
myelinated nerve fibers. Conduction over an entire motor nerve 
can be evaluated by F-wave latency (Figure 3). F-wave measure-
ments accentuate mild generalized slowing because of the long 
conduction distances (stimulation site to spinal cord and back). 
Most normal values are age-dependent and some vary according 
to patient size. Limb temperature probably is the largest source of 
variability that is important in the evaluation of neuropathy. Its 
measurement is not infrequently skipped or not reported in a busy 
EMG laboratory, thus leading to errors and a major source of mis-
interpretation. Cooling increases distal latency, decreases conduc-
tion velocity, and increases amplitude, a combination of findings 
atypical for any pathologic process. In most patients a 1° C drop in 
temperature leads to a decrease of conduction velocity of 2 m/s and 
a similar prolongation of distal latency.

Needle Electromyography

The needle EMG examination evaluates insertional activity, posi-
tive sharp waves and fibrillation potentials, other activity at rest 

such as fasciculations, myotonia, and complex repetitive discharges, 
and volitional motor unit action potential recruitment, size, and 
configuration. The role of the needle EMG examination in evaluat-
ing neuropathy is limited but important. It is a sensitive indicator 
of denervation and reinnervation (chronic and old), and helps to 
define the distribution of axon loss, especially in muscles not tested 
by commonly-performed NCSs (e.g., paraspinal muscles, cranial 
nerve innervated muscles, and muscles innervated by the brachial 
and lumbosacral plexi).

Electrodiagnostic Examination in 
Suspected Neuropathy

The EDX evaluation is designed to test nerves suspected to be ab-
normal based upon the patient’s history and findings. Initial impres-
sions are confirmed or altered, and the study is modified to accept 
or reject additional considerations until a final diagnosis is achieved. 
Protocols for evaluating neuropathy are straightforward (Table 4). 
When the neuropathy is mild, the study is directed toward the 
most susceptible sites, such as the distal leg and foot. When the 
neuropathy is suspected to be severe, evaluation of less involved 
sites provides more useful information than severely affected areas 
of the body. Because absent responses impart no information 
about the presence or absence of demyelination, responses recorded 
from proximal nerves in the legs and arms can provide data on whether 
the primary pathologic process is axon loss or demyelination. Bilateral 

Table 2 	 	Expectations	for	the	electrodiagnostic	evaluation	
of	neuropathy

Document	evidence	of	a	peripheral	abnormality
Detect	presence
Document	location	(diffuse,	focal,	multifocal)

Identify	peripheral	modalities	involved
Sensory	fibers
Motor	fibers
Autonomic	fibers

Identify	the	predominant	pathophysiology
Axonal	loss	lesions
Uniform	demyelination
Multifocal	demyelination	with	partial	or	complete	conduction	

block
Conduction	slowing	suggestive	of	membranopathy
Combination	of	above

Establish	temporal	profile	when	possible	(acute,	subacute,	chronic,	
old,	ongoing)
Exclude	accompanying	or	alternative	disorders
Determine	prognosis

Table 3			Checklist:	Evaluating	the	electrodiagnostic	report

Clinical	findings	consistent	with	your	evaluation?
Limb	temperatures	monitored	and	recorded?
Cool	limbs	warmed	(31°C-3�°C	minimum)?
Sites	of	recording	and	stimulation	noted	for	each	nerve	tested?
Individual	measures	reported?

Sensory	studies	(amp,	DL,	CV)
Motor	studies	(amp,	DL,	CV,	F-wave	latency)
Needle	examination	(insertional	activity,	fibrillation	potentials,	

positive	sharp	waves,	MUAP	recruitment,	amp,	and	%	poly)
Presence	or	absence	of	partial	or	complete	conduction	block,	
temporal	dispersion	described?
Normal	values	provided?
Design	and	comprehensiveness	of	the	EDX	study	sufficient	to:

Document	the	problem?
Exclude	alternative	explanations	(avoid	errors	of	omission)?

Appropriated	negative	findings	described?
Interpretation	consistent	with	clinical	findings?

amp	=	amplitude;	CV	=	conduction	velocity;	DL	=	distal	latency;	EDX	=	
electrodiagnosic;	MUAP	=	motor	unit	action	potential;	%	poly	=	percent	
polyphasic	MUAPs
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studies are performed on some nerves to evaluate for symmetry of the 
neuropathy and to eliminate the possibility of a super-imposed multifo-
cal process such as mononeuritis multiplex.

The initial goal of nerve conduction testing is to determine whether 
sensory or motor axons are involved. Lesions proximal to the dorsal 
root ganglia produce abnormalities detected on the sensory exami-
nation (often in a radicular pattern), but all sensory nerve conduc-
tion parameters such as amplitude and distal latency remain normal 
in nerves subserving the areas of sensory loss. Abnormal sensory 
amplitudes imply peripheral involvement distal to the dorsal root 
ganglion either in the plexus, peripheral nerve, or digital nerves. 
Weakness and atrophy in combination with low motor amplitudes 
reflect abnormality of the lower motor neuron, but cannot localize 
the lesion more precisely. Additional evaluation is required to place 
the abnormality at the level of the motor neuron, nerve root, axon, 
neuromuscular junction, or muscle.

The second goal in performing NCSs to assess a neuropathy is to 
identify whether the primary pathophysiology is axonal degenera-
tion or demyelination. Axonal degeneration results whenever the 
cell body (neuronopathy) or axon (axonopathy) is affected. Axon 
loss lesions give rise to reduced amplitudes (sensory or motor), yet 
little or no changes to the distal latency or conduction velocity. 
Amplitudes are reduced proportional to the amount of axonal loss, 
but conduction along intact axons is only reduced to the extent 

Figure 1  	Representative	sensory	nerve	conduction	study.	Sensory	nerve	
action	potentials	recorded	from	the	fifth	digit	following	ulnar	nerve	stimula-
tion	at	the	wrist	and	elbow.	Calibration:	1	ms	and	�0	µV.	(Reproduced	with	
permission	from	Albers	JW,	Leonard	JA	Jr.	Nerve	conduction	and	electro-
myography.	In:	Crockard	A,	Hayward	R,	Hoff	JT,	editors.	Neurosurgery:	the	
scientific	basis	of	clinical	practice,	�nd	edition.	Oxford,	England:	Blackwell	
Scientific	Publications	Ltd;	199�.	Vol	�,	p	735-757,	chap	44.)

Figure 3 		Representative	F	waves	following	antidromic	peroneal	nerve	
stimulation.	 (Reproduced	 with	 permission	 from	 Albers	 JW,	 Leonard	 JA	
Jr.	 Nerve	 conduction	 and	 electromyography.	 In:	 Crockard	A,	 Hayward	 R,	
Hoff	JT,	editors.	Neurosurgery:	the	scientific	basis	of	clinical	practice,	�nd	
edition.	 Oxford,	 England:	 Blackwell	 Scientific	 Publications	 Ltd,	 199�.	 Vol	
�,	p	735-757,	chap	44.)

Figure 2  	 Representative	 motor	 nerve	 conduction	 study.	 Compound	
muscle	action	potentials	recorded	from	hypothenar	muscles	following	ulnar	
nerve	 stimulation	at	 the	wrist,	 elbow,	and	clavicle.	Calibration:	 �	ms	and	
5	mV.	(Modified	and	reproduced	with	permission	from	Albers	JW,	Leonard	
JA	Jr.	Nerve	conduction	and	electromyography.	 In:	Crockard	A,	Hayward	
R,	Hoff	 JT,	editors.	Neurosurgery:	 the	scientific	basis	of	 clinical	practice,	
�nd	edition.	Oxford,	England:	Blackwell	Scientific	Publications	Ltd;	199�.	
Vol	�,	p	735-757,	chap	44.)
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that large myelinated axons are lost. On needle EMG, voluntary 
motor unit recruitment decreases and increased insertional activ-
ity, fibrillation potentials, and positive waves appear in response to 
hypersensitivity to acetylcholine and proliferation and migration of 
extrajunctional acetylcholine receptors. Some denervated muscle 
fibers become reinnervated by collateral sprouts from surviving 
axons, producing large motor units. A reduction in the CMAPs 
does not always imply damage to the AHC or peripheral motor 
nerve. Compound muscle action potentials can be reduced when 
muscle fibers are lost due to a myopathic process or local trauma. In 
the latter two conditions, the motor distal latency and conduction 
velocity will be normal.

Conduction slowing results from several processes, including loss 
of large axons, demyelination (hereditary or acquired), and altered 
sodium channels at the nodes of Ranvier. The amount of slowing 
after selective loss of large axons is relatively mild, whereas primary 
demyelination typically produces substantial slowing, depending on 
the severity and distribution of the demyelination. Demyelination 
does not alter muscle membrane excitability, but most demyelinat-
ing neuropathies are associated with some superimposed axonal 
degeneration. When conduction slowing is identified, the EDX 
physician first must determine whether an inherited or an acquired 
disorder exists. Hereditary disorders typically produce uniform in-
volvement of the myelin sheath, uniform slowing in all fibers, and 
uniform slowing in all segments of the nerve both proximally and 
distally. Slowing of conduction velocity is recorded in the setting 
of relatively preserved amplitudes and in the absence of abnormal 
temporal dispersion or conduction block. Acquired demyelinating 
neuropathies produce abnormalities on nerve conduction testing 
which are characteristically multifocal and nonuniform. Greater 
involvement of some fibers and fiber segments compared to others 
leads to long-duration CMAPs with partial conduction block and 
differential slowing because of transmission failure along some 
axons. Abnormal dispersion of the CMAP and/or conduction 
block is observed when proximal sites are stimulated and the wave-
forms compared to those recorded on distal stimulation (Figure 4). 
Markedly different waveform morphologies can be observed when 
the motor nerve is stimulated at multiple sites.

Interpretation

Interpreting EDX data is usually not difficult, but it requires an 
organized approach, a knowledge of normal reference values for the 
laboratory, a thorough understanding of peripheral nerve anatomy, 
and an appreciation of technical variables that affect the recording 
and results of the testing procedures. Several nerve conduction 
“pearls” must be kept in mind when evaluating patients with neu-
ropathy. The most important is recognition that sensory responses 
remain normal in disorders affecting the nerve roots because 

Table 4	 	 	Proposed	electrodiagnostic	studies	 in	evaluating	
neuropathy

Strategy	differs	depending	upon	severity	of	the	suspected	
neuropathy

Test	most	involved	site	if	mild	or	moderate
Test	least	involved	site	if	severe

Peroneal	motor	nerve	(extensor	digitorum	brevis	muscle);	If	no	
response:

Tibial	motor	nerve	(abductor	hallucis	muscle)
If	no	peroneal	or	tibial	responses	are	recorded,	study:

Peroneal	motor	nerve,	recording	from	the	anterior	tibial	muscle
Ulnar	motor	nerve	(abductor	digit	minimi	muscle)
Median	motor	nerve	(abductor	pollicis	brevis	muscle)

Sural	sensory	nerve	(ankle)
Median	sensory	nerve	(index	finger)
Test	additional	nerves	if	findings	equivocal	(e.g.,	radial	sensory,	
musculocutaneous)
Definite	abnormalities	should	result	in	testing	of:

Opposite	extremity
Evaluation	of	suspected	superimposed	focal	or	multifocal	

process

Figure 4	 	 	 Compound	 muscle	 action	 potentials	 recorded	 from	 hypo-
thenar	 muscles	 following	 ulnar	 nerve	 stimulation	 at	 distal	 and	 proximal	
sites.	Responses	from	patient	with	an	acquired	demyelinating	neuropathy,	
demonstrating	abnormal	temporal	dispersion	with	partial	conduction	block,	
increased	duration,	and	decreased	conduction	velocity.	(Reproduced	with	
permission	 from	Albers	JW,	Kelly	 JJ	Jr.	Acquired	 inflammatory	demyelin-
ating	 polyneuropathies:	 clinical	 and	 electrodiagnostic	 features.	 Muscle	
Nerve	1989;1�:508-513.)
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lesions proximal to the dorsal root ganglia do not interfere with 
the sensory evoked response. In nerve root lesions, the dorsal root 
ganglion remains intact, thus preserving distal sensory metabolism 
and elicitable SNAPs. Therefore, the combination of profound 
sensory loss, areflexia, and normal sensory responses is inconsistent 
with a diagnosis of neuropathy. This constellation is suggestive of a 
nerve root process. Second, sensory responses are abnormal in any 
disorder producing an interruption of axon conduction between 
the dorsal root ganglion and the distal nerve. Abnormal sensory 
responses will be recorded in a generalized neuropathy, a plexus 
lesion, or isolated mononeuropathy. Third, a single abnormal 
sensory response is insufficient to diagnose neuropathy. An absent 
sural response is not necessarily diagnostic of any abnormality, 
particularly in older or obese patients, in whom sural responses are 
sometimes difficult to record. Conversely, a normal sural response 
virtually excludes a clinically significant neuropathy because the 
sural response disappears whenever a relatively small proportion of 
axons are damaged. Exceptions occur in early acute Guillain-Barré 
syndrome (GBS) and in small fiber neuropathy.

NEUROPATHY CLASSIFICATION BASED UPON 
ELECTRODIAGNOSTIC FINDINGS

The peripheral nerve responds in a limited number of ways to a 
pathologic insult. Those include axon degeneration, demyelination, 
and metabolic changes that alter nerve conduction. The classifica-
tion of peripheral neuropathy that follows is based upon the limited 
number of ways that peripheral nerve responds to disease and 
separates peripheral disorders into broad categories based upon the 
presence or absence of sensory abnormalities, motor abnormalities, 
and conduction slowing.

Motor or Motor Greater Than Sensory Axonal Loss

Many of the presumably “idiopathic neuropathies” referred to ter-
tiary medical centers are found to be hereditary. The axonal form of 
CMT disease is known as hereditary motor sensory neuropathy type 
II (HMSN II), and it is the prototype of axonal motor greater than 
sensory neuropathy (Table 5). This autosomal dominant disorder is 
characterized by progressive distal weakness and sensory loss begin-
ning in the third or fourth decade. Distal atrophy may be severe, 
producing an inverted champagne bottle appearance to the legs, in 
association with pes cavus, hammer toes, hyporeflexia, and mild 
sensory loss. On nerve conduction testing, motor amplitudes are 
reduced in the setting of normal or minimally slowed conduction 
velocities. Sensory responses are absent in approximately 50% of 
patients with HMSN II. When present, differentiating HMSN 
II from a familial progressive muscular atrophy can be difficult. As 
expected, the needle examination demonstrates neurogenic changes 
which have a distal predilection (increased insertional activity, posi-
tive sharp waves and fibrillation potentials, and reduced recruit-
ment of chronic denervated motor units).

The hepatic porphyrias include acute intermittent porphyria, he-
reditary coproporphyria, and variegate porphyria; all demonstrate 
overproduction of porphyrin precursors and porphyrins. Clinical 

abnormalities include the triad of abdominal pain, psychosis, and 
neuropathy. Porphyric neuropathy resembles GBS with its subacute 
onset of weakness, areflexia, dysautonomia, and elevated cerebro-
spinal fluid (CSF) protein. Mental status changes, asymmetry, 
proximal weakness initially, and biochemical evidence of abnormal 
porphyrin metabolism help to distinguish the two conditions. 
Expected nerve conduction abnormalities include reduced CMAP 
amplitudes, essentially normal conduction velocities, fibrillation 
potentials, and decreased MUAP recruitment. Sensory responses 
occasionally are spared.

Other axonal motor greater than sensory neuropathies include 
acute motor axonal neuropathy (AMAN), the axonal form of GBS, 
as well as a variety of toxic and drug-induced neuropathies and 
the remote effect motor neuropathy associated with lymphoma 
or carcinoma. Vincristine toxicity typically produces a chronic 
axonal sensorimotor neuropathy, but occasionally results in rapidly 
progressive weakness with little increase in sensory involvement, re-
sembling a “pure motor” neuropathy or neuronopathy. Vincristine 
prescription can be particularly problematic in a patient with a 
previously existing polyneuropathy such as one of the hereditary 
motor and sensory neuropathies. In this clinical setting, the resul-
tant superimposed neuropathy can be rapid in onset and severe 
leading to quadriplegia.

Motor Greater Than Sensory Uniform Conduction 
Slowing

Charcot-Marie-Tooth disease type I (HMSN I), is characterized 
by uniform demyelination pathologically and nerve conduction 
slowing electrophysiologically (Table 6). It represents the proto-
type of a uniformly demyelinating neuropathy. This dominantly 
inherited hypertrophic neuropathy presents in early adult life with 
distal weakness, areflexia, and foot deformities. Other clinical 
findings include palpably enlarged nerves, hammer toes and pes 
cavus, abnormal vibratory sensation in the toes, and hyporeflexia. 

Table 5 		Motor	or	motor	greater	than	sensory	axonal	loss

Axonal	form	of	Charcot-Marie-Tooth	disease	(hereditary	motor	
sensory	neuropathy	type	II)
Dapsone	toxicity
Disulfiram	toxicity
Acute	motor	axonal	neuropathy
Acute	motor	sensory	axonal	neuropathy	
Hyperinsulinism
Nitrofurantoin	toxicity
Organophosphate	poisoning
Porphyria
Paraneoplastic	motor	neuropathy	(lymphoma	or	carcinoma)
Vincristine	toxicity
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Conduction velocities are markedly reduced, often as low as 25 
m/s or less.

In adults, reference values for motor conduction velocity typically 
exceed 50 m/s in the arms and 40 m/s in the legs. Conduction 
velocities less than 70% of the lower limit of normal are indicative 
of demyelination or membranopathy and are inconsistent with 
axonal loss alone because the approximate conduction velocity of 
the smallest recordable myelinated axons lay between 70% and 
100% of the lower limits of normal. Therefore, an abnormality of 
the myelin sheath or the membrane must be present to account for 
the markedly reduced velocities. Pathologically, the distribution of 
demyelination in HMSN I is uniform throughout the nerve. Thus, 
conduction velocity slowing is uniform from segment to segment 
and abnormal temporal dispersion and partial conduction block, 
hallmarks of acquired multifocal demyelination, are not usually 
recorded. CMAP amplitudes and morphology remain unchanged 
between distal and proximal stimulation sites.

Amiodarone use is associated with a slowly progressive motor neu-
ropathy and in some patients prominent conduction slowing often 
is in the range of 20 to 30 m/s. Abnormal temporal dispersion 
and partial conduction block are not features of this neuropathy, 
and slowing is related to preferential loss of the largest myelinated 
fibers. The motor abnormalities are associated with low-amplitude 
sensory responses when the neuropathy is severe. In other patients, 
the EDX features of amiodarone induced neuropathy are those of 
an axonal loss neuropathy or axonopathy.

Neurotoxins that block sodium channels include tetrodotoxin 
derived from the puffer fish and saxitoxin whose source is the con-
taminated shellfish (red tide). Sodium channel blockade impedes 
the rapidly changing local currents needed to propagate saltatory 
nerve conduction. The effect of these neurotoxins is similar to 
that seen with cooling temperature, thereby slowing conduction 
velocity. Motor amplitudes are reduced, but no abnormal temporal 
dispersion or partial conduction block is observed.

Several hexacarbon solvents and glues are implicated in causing 
neuropathy after occupational or recreational exposures. N-hexane 
and methyl n-butyl ketone are metabolized to 2,5-hexanedione, 
the likely neurotoxic agent. The neuropathy is characterized by 
progressive distal sensory loss, reduced or absent reflexes, eventual 
weakness and atrophy, and sometimes autonomic dysfunction. Patients 
who voluntarily inhale n-hexane sometime develop a rapidly progres-
sive motor greater than sensory neuropathy. Motor and sensory am-
plitudes are reduced and conduction slowed, suggestive of primary 
demyelination; however, in this case, the slowing is due to second-
ary myelin damage resulting from giant axonal swellings. Positive 
waves and fibrillation potentials are recorded on needle EMG, as 
well as reduced recruitment of enlarged motor units, abnormalities 
expected from axon loss.

Motor Greater Than Sensory Multifocal Conduction 
Slowing 

Inflammatory demyelinating polyneuropathies are acquired 
immune diseases that include acute GBS, chronic inflammatory 
demyelinating polyneuropathy (CIDP), and other chronic disim-
mune neuropathies which mimic CIDP (Table 7). Chronic inflam-
matory demyelinating polyneuropathy is an example of a relatively 
common, treatable, and reversible neuropathy that was rarely 
recognized 25 years ago. Because it is frequently associated with an 
underlying systemic illness (plasma cell dyscrasia, Waldenstrom’s 
macroglobulinemia, gamma heavy chain disease, cryoglobuline-
mia, lymphoma, systemic lupus erythematous, Castleman’s disease, 
occult malignancy, and human immunodeficiency virus infec-
tion), recognition is important. The inflammatory demyelinating 
neuropathies typically present with progressive weakness, areflexia, 
decreased sensation, dysautonomia, and elevated CSF protein.

Abnormal temporal dispersion and/or partial conduction block 
of CMAP responses, slowed nerve conduction velocities, and 
prolonged distal latencies and F-wave latencies characterize the 
acquired demyelinating neuropathies (Figure 4). In general, undue 
emphasis and importance should not be placed on mild conduc-
tion slowing as it is often observed in axon loss conditions. The 
electrophysiologic evaluation should be sufficiently extensive, when 
possible, to include motor nerves with reasonably preserved distal 
amplitudes. If responses cannot be elicited from motor nerves in 
the legs and distal upper extremities, the EDX physician should 
test proximal motor nerves such as the musculocutaneous and the 
spinal accessory. In general, conduction velocities less than 70% of 
the lower limit of normal can be attributed to primary demyelin-
ation. In some patients, marked prolongation of distal latencies will 
be recorded at a time when routine nerve conduction velocities are 
normal or only slightly slowed. Absent F responses alone may be 
recorded in the first week of an acute demyelinating neuropathy 
and may be the earliest finding in GBS. The needle EMG ex-
amination has a secondary role in the assessment of demyelinating 
polyneuropathies and is performed to document the degree of 
accompanying axon loss, the distribution of denervation, and the 
duration of the disease. It is a relatively insensitive measure of sever-

Table 6 	 	 Motor	 greater	 than	 sensory	 uniform	 conduction	
slowing

Amiodarone
Charcot-Marie-Tooth	disease	type	I	(hereditary	motor	sensory	
neuropathy	type	I)
Cytosine	arabinoside	(ara-C)
Dejerine-Sottas	disease	(hereditary	motor	sensory	neuropathy	type	
III)
Hexacarbons
Perhexiline	maleate
Sodium	channel	blockers
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ity and prognosis. In GBS, the needle examination is usually not 
performed until the fourth week or later of illness at a time when 
axon loss, if present, would be recordable.

Acute arsenical neuropathy is one component of a systemic illness 
characterized by nausea, vomiting, diarrhea, dermatitis, cardiomy-
opathy, pancytopenia with basophilic stippling, and abnormal liver 
function tests. The temporal profile of a gastrointestinal illness 
followed by a rapidly evolving neuropathy suggests the diagnosis 
of GBS, and acute arsenic poisoning is frequently misdiagnosed as 
GBS. Mees’ lines, a delayed hallmark of severe poisoning, do not 
appear on the nails until 6 to 8 weeks after exposure and, conse-
quently, are not helpful during the initial phase of the evaluation 
when recognition of the poisoning and treatment is crucial. As in 
GBS, CSF protein becomes elevated several weeks after the onset 
of arsenical neuropathy, but other laboratory abnormalities such 
as pancytopenia, basophilic stippling of red blood cells, elevated 
liver function tests, and cardiomegaly suggest a toxic etiology. 
Determining arsenic in a 24-hour urine collection is often the 
most sensitive test for confirming the diagnosis. Blood arsenic levels 
are often normal by the time the diagnosis of arsenic poisoning is 
considered. Initial EDX studies in acute arsenic poisoning show 
reduced conduction velocity, increased temporal dispersion, partial 
conduction block, and low-amplitude or absent sensory responses. 
Serial studies usually demonstrate a dying-back neuropathy with 
progressive axonal degeneration, suggesting that the initial electro-
physiologic findings probably relate to generalized axonal failure 
rather than a primary demyelinating process. Clinically, acute 

arsenic poisoning evolves into a severe, irreversible, chronic motor 
and sensory polyneuropathy with prominent weakness and neuro-
pathic pain.

Sensory Axonal Loss (Neuropathy or Neuronopathy)

Sensory symptoms and signs are usually the earliest features of 
most sensorimotor neuropathies. Much less common are polyneu-
ropathies that begin with a sensory presentation and remain sensory 
in their manifestation. The most common axonal sensory neu-
ropathies or neuronopathies are listed in Table 8. These disorders 
typically present subacutely with paresthesias, impaired vibration 
and joint position sensation, and areflexia. As the diseases progress, 
patients often develop impaired coordination, involuntary move-
ments, and gait disorders—all features betraying large fiber sensory 
dysfunction in the limbs.

Pyridoxine (vitamin B6) can produce a neuropathy when deficient 
in the diet or when taken in excess. Vitamin fanatics occasionally 
take pyridoxine in “megadoses” to treat a variety of conditions 
which include premenstrual syndrome, carpal tunnel syndrome, 
schizophrenia, fibromyalgia, autism, and hyperkinesis. Dose-related 
neurotoxicity can develop from long-term cumulative exposure or 
after short-term administration of large doses. Sensory loss may be 
complete and irreversible, and is sometimes associated with cho-
reoathetoid movements. Cisplatin produces a dose-related sensory 
neuronopathy indistinguishable from the paraneoplastic sensory 
neuronopathy associated with small cell lung carcinoma and an-
tineuronal antibodies. In many patients, the unusual electrophysi-
ologic constellation includes normal motor studies and completely 
absent sensory responses (in the arms and legs). This pattern of 
abnormalities is atypical for an early sensorimotor neuropathy and 
is more in keeping with a sensory neuronopathy from pathology in 
the dorsal root ganglia diffusely.

Sensory Greater Than Motor Axonal Loss

This classification constitutes the largest number of neuropathies. 
Many of these sensorimotor neuropathies present with predomi-
nantly sensory abnormalities and mild, often subclinical, motor 
changes (Table 9). The latter are frequently apparent on needle 
EMG examination only, without clinical evidence of weakness. 
These neuropathies include most toxic and metabolic neuropathies, 
nutritional disorders, connective tissues disorders, and some de-
generative conditions. Most toxic-metabolic polyneuropathies are 
characterized by distal axonal degeneration (dying-back) of sensory 
and motor axons. Most are physiologically similar and cannot be 
distinguished without laboratory testing. Sensory symptoms and 
signs predominate with dysesthesias, paresthesias, distal sensory 
loss, and loss of distal reflexes being the most common clinical 
presentation. Weakness and atrophy of distal muscles often develop 
later in the illness. In most patients with a sensorimotor axonal loss 
neuropathy, sensory amplitudes are abnormal early in the course of 
disease at a time when sensory distal latencies and conduction ve-
locities are normal or slightly abnormal. Compound muscle action 
potential amplitudes become abnormal later in the illness, first in 
distal leg nerves. Conduction velocities, motor distal latencies, and 

Table 7   Motor	greater	than	sensory	multifocal	conduction	
slowing

Arsenic	(acute	intoxication)
Guillain-Barré	syndrome
Subacute	inflammatory	demyelinating	polyneuropathy
Chronic	inflammatory	demyelinating	polyneuropathy	
Chronic	disimmune	polyneuropathy

Monoclonal	gammopathy	of	undetermined	significance	
Osteosclerotic	myeloma
Multiple	myeloma	(substantial	proportions	are	axonal)
Systemic	lupus	erythematous
Waldenstrom’s	macroglobulinemia
Gamma	heavy	chain	disease
Cryoglobulinemia
Castleman’s	disease
Lymphoma
Carcinoma
Human	immunodeficiency	virus

Multifocal	motor	neuropathy	with	conduction	block
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F-wave latencies remain essentially normal unless extensive axon 
loss ensues which affects the large diameter motor fibers. On needle 
examination, increased insertional activity, fibrillation potentials, 
positive waves, and decreased recruitment of reinnervated motor 
units are seen distally.

Ethyl alcohol is thought to be one of the most common causes of 
neuropathy in the United States. It is associated with several other 
neurological disorders that are related either to the direct neuro-
toxic effects of alcohol or its metabolites, secondary nutritional 
disorders, genetic predisposition, or a combination of these factors. 
The role of ethyl alcohol as the toxin that produces neuropathy is 
controversial because most individuals who consume large amounts 
of alcohol are also nutritionally compromised. Clinically similar 
neuropathies to that seen in alcohol abuse occur in vitamin defi-
ciency states (e.g., thiamine and other B vitamins). Many scientists 
and physicians believe that alcohol-induced neuropathy occurs in 
the setting of normal nutrition, perhaps because of impaired axonal 
transport. Paresthesias and painful distal dysesthesias are common 
early symptoms. The neuropathy is slowly progressive, and distal 
weakness, unsteady gait, and areflexia commonly appear, often 
along with dysautonomia.

The EDX physician’s role in the evaluation of a sensorimotor 
axonal loss neuropathy lay in confirming the presence of sensory 
and motor involvement, documenting the extent and severity of 
axon loss, eliminating uniform or multifocal demyelination, and 
testing for any superimposed neuropathic process such as a mono-
neuropathy, mononeuritis multiplex, or a polyradiculopathy. By 
combining the EDX results with the clinical findings, the EDX 
physician may assist the referring physician in reaching a specific 
diagnosis. Examples include identifying a painful neuropathy and 
superimposed bilateral carpal tunnel syndrome in a patient with 
amyloidosis, correlating a tremor and neuropathy with lithium or 
mercury intoxication, noting the preservation of reflexes and ab-
normal corticospinal tract signs in a patient with vitamin B12 defi-
ciency, and detecting the coexistence of neuropathy and myopathy 
in a patient taking colchicine for a prolonged period of time.

Table 8			Sensory	axonal	loss

Cisplatin	 	 	 	 Pyridoxine	toxicity
Congenital	 	 	 Sjögren’s	syndrome
Metronidazole	 	 	 Styrene	poisoning
Paraneoplastic	sensory	neuronopathy	 Thalidomide

Table 9			Sensory	greater	than	motor	axonal	loss

Acromegaly
Amyloidosis
Chronic	illness	neuropathy
Connective	tissue	diseases

Rheumatoid	arthritis
Periarteritis	nodosa
Churg-Strauss	vasculitis

Degenerative	disorders
Friedreich’s	ataxia
Olivopontocerebellar

Gout
Hypothyroidism
Metals

Arsenic	(chronic)
Gold
Lithium
Mercury

Multiple	myeloma
Myotonic	dystrophy
Nutrition

B1�	deficiency
Folate	deficiency
Post-gastrectomy
Thiamine	deficiency

Pharmaceuticals
Amiodarone

Amitriptyline
Chloroquine
Colchicine
Ethambutol
Gold
Hydralazine
Isonicotine	hydrazine
Lithium
Metronidazole
Nitrous	oxide
Phenytoin
Sulfapyridine
Sulfasalazine
Statins
Thalidomide
Thallium
Vincristine

Polycythemia	vera
Sarcoidosis
Toxic

Acrylamide
Carbon	disulfide
Ethyl	alcohol
Hexacarbons	(glue	sniffing)
Organophosphorous	esters

Table 10   Mixed	 sensory	 and	 motor	 conduction	 slowing	 and	
axonal	loss

Diabetes	mellitus	 	 End-stage	renal	disease
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Mixed Sensory and Motor Conduction Slowing and 
Axonal Loss

In early symmetric diabetic neuropathy, sensory symptoms and 
signs usually predominate over motor complaints (Table 10). 
Weakness eventually develops usually manifesting initially as toe 
and ankle dorsiflexion impairment. Neurological signs include 
decreased vibration and pain sensation in a stocking distribution. 
Joint position sense may be impaired in a severe neuropathy. Ankle 
reflexes are usually absent and other reflexes hypoactive. Atrophy 
and weakness spreads to other distal muscles, later followed by 
more proximal involvement.

Even asymptomatic, neurologically intact diabetic patients can have 
nerve conduction abnormalities. Conduction velocities at the lower 
limit of normal are common. With increasing severity, CMAP am-
plitudes become reduced and nerve conduction velocities become 
slower. Abnormal temporal dispersion and partial conduction block 
to a small degree can be recorded, but are not prominent. Most pa-
tients with isolated sensory abnormalities and all patients with gen-
eralized sensorimotor diabetic neuropathy have electrophysiologic 
features reflecting active and chronic denervation distally.

Patients with renal failure independent of diabetes mellitus develop 
a sensorimotor neuropathy characterized by low-amplitude motor 
and sensory responses, sometimes in association with pronounced 
conduction slowing. This is most apparent in patients with end-
stage renal disease (ESRD). The magnitude of slowing is greater 
than expected from axonal loss, and chronic demyelination and 
remyelination plus membrane changes contribute to the slowing. 
Although NCSs can play an important role in making the diagnosis 
of ESRD neuropathy, they are not required or useful to evaluate 
the effectiveness of dialysis. Determining the adequacy of dialysis 
is complicated, and the best indicators of effective treatment are 
clinical, not electrodiagnostic. Dialysis and renal transplantation 
are generally effective treatments for reversing the neuropathy of 
ESRD, but EDX improvement is a late finding.

In summary, patients with clinical features of neuropathy can be 
categorized using NCSs into convenient classifications. The group-
ing described in this review separates neuropathies into those that 
are sensory, motor, or both, and into conditions which are pre-
dominately axonal loss or demyelinating (uniform or multifocal). 
In many patients, proper application of the principles outlined in 
this article can direct the referring physician towards a specific and 
potentially treatable cause of the neuropathy.
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