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Investigation of peripheral neuropathy
J

G McLeod

Peripheral neuropathy is a common condition
that is associated with many systemic diseases. Its exact prevalence in the community
is not known although epidemiological studies have established the frequency of certain
subtypes-for example, Guillain-Barre syndrome,' diabetic neuropathy,' and CharcotMarie-Tooth disease.3 Because of the
numerous causes (well over 100) of peripheral neuropathy and the likelihood of finding
an underlying treatable condition, it is important to take a systematic approach to the
diagnosis. Diagnostic algorithms for evaluation of neuropathies have been published.4
Although it used to be believed that in more
than half the cases a cause was not found,6
several large series have shown that after
intensive investigation only about 20% of
cases remain undiagnosed and these tend to
have a relatively good prognosis.7-

Pathological types of peripheral
neuropathy
There are three major pathological processes
that affect the peripheral nervous system:
axonal degeneration, segmental demyelination, and neuronopathy. It is important in the
investigation of a peripheral neuropathy to be
able to recognise the underlying pathological
nature of the condition as it influences subsequent management. Axonal degeneration is the
most common pathology seen in systemic,
metabolic, toxic, and nutritional disorders. It
characteristically has a predilection for large
diameter and long fibres-distal axonopathy
or dying back neuropathy. Segmental demyelination is primary destruction of the myelin
sheath leaving the axon intact, although
axonal degeneration may also be present in
demyelinating neuropathies and secondary
segmental demyelination may be seen in
axonal degeneration. Electrophysiological
studies are helpful in differentiating primary
demyelination from axonal degeneration.
Neuronopathies are those conditions in which
the cell bodies of axons-anterior horn cells
or dorsal root ganglia are primarily affected.
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Clinical evaluation
The most important parts of the investigation
of suspected peripheral neuropathy are the
taking of an accurate history and the performance of a careful clinical examination.

Sensory symptoms are usually the presenting
features of neuropathy and include numbness, tingling, pins and needles in the hands
and feet, burning sensations, pain in the
extremities, sensations of walking on cotton
wool, band like sensations around the wrists
or ankles, unsteadiness on the feet, or stumbling. Motor symptoms are usually those of
weakness and patients may find it difficult to
turn keys in locks, unfasten buttons, and
remove the tops of bottles and jars. In the
early stages of peripheral neuropathy, weakness is usually distal; however, early proximal
weakness is a feature of inflammatory neuropathies and porphyric neuropathy.
Autonomic symptoms, particularly postural
hypotension, impotence, sphincter disturbances, diarrhoea, constipation, and dryness
or excessive sweating of the extremities point
to damage of small myelinated and unmyelinated fibres. In the history, attention should
be paid to recent upper respiratory tract or
other infections, alcohol and drug intake,
diet, possible exposure to industrial and environmental toxins, family history, and symptoms of systemic diseases. It is important to
note the tempo of the disease-acute, subacute or insidious onset; rapid or slow progression; progressive, stepwise or relapsing and
remitting course. Table 1 shows some of the
more common causes of peripheral neuropathy with acute onset.
Signs are usually those of distal muscle
wasting and weakness, and sensory impairment, predominantly over distal regions and
often in a glove and stocking distribution. In
distal axonopathies, particularly in diabetes,
there may be loss of sensation over the ventral
regions of the trunk due to distal degeneration of the intercostal nerves. A truncal neuropathy, with a dermatomal distribution of
dysaesthesia and sensory loss, may also be
seen in diabetes'0 as well as in Lyme disease"
and Sjogren's syndrome'2 (table 1). In conditions that affect predominantly small fibres
(amyloid neuropathy, Tangier disease, and
some cases of diabetic neuropathy) there may
be dissociated loss of sensation with loss of
pain and temperature sensation and preservation of tactile sensation. Reflexes are usually
depressed or absent but in mild cases, in
small fibre neuropathies, and when peripheral
neuropathy is associated with pyramidal tract
lesions, reflexes may be preserved. Careful
general examination should seek evidence of
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Cryoglobulinaemia
Lyme disease
Paraneoplastic sensory neuropathy
Vasculitic neuropathies

investigation will depend on the results of
these initial studies.
GENERAL LABORATORY TESTS

Basic laboratory investigations that should be
performed on all patients with peripheral
neuropathy of undetermined aetiology
include urinalysis, haemoglobin, white cell
count, platelets, erythrocyte sedimentation
rate, fasting blood glucose, serum electrolytes, serum proteins, serum protein electrophoresis and immunoelectrophoresis,
serum creatinine, liver function tests, chest
radiographs, and electrophysiological studies
(see later). If these do not provide a diagnosis, other special investigations may include
thyroid function tests, serum vitamin E concentrations, serum cholesterol and triglycerides, cryoglobulins, urinary heavy metals
and porphyrins, antinuclear antibodies,
rheumatoid factor, Sj6gren's syndrome (SS)
antibodies, (SS-A (anti-Ro) and SS-B (antiLa)), serology for Lyme disease and HIV,
antiganglioside GM1 antibodies, Schirmer's
test, and screening for occult malignancy with
endoscopic and radiological examinations
including skeletal surveys (table 3).
NERVE CONDUCTION STUDIES

skeletal deformities,
lesions, arthritis, dry
mucous membranes, and enlargement of
liver, spleen, and lymph glands.
The clinical features of the neuropathy
may indicate the underlying cause and enable
the most appropriate investigations to be
undertaken (table 1). Mononeuropathy is
usually due to direct compression or entrapment but may be the first manifestation of
diabetic or vasculitic neuropathy. Mononeuritis multiplex (multiple mononeuropathy) is caused by vasculitis, leprosy,
sarcoidosis, and some other conditions (table
2).
pes

or other
nerves, skin

cavus

enlarged

Laboratory investigations
General laboratory tests and nerve conduction studies will be performed as the first
stage of investigation in all patients unless the
diagnosis is clinically obvious-for example,
diabetic or alcoholic neuropathy; subsequent
Table 2 Causes of mononeuritis multiplex
Vascular:
Diabetes

Polyarteritis nodosa
Rheumatoid arthritis
Systemic lupus erythematosus
Wegener's granulomatosis
Sjogren's syndrome
Non-systemic vasculitis
Inflammatory:
Leprosy
Sarcoidosis
Lyme disease
Infiltrations:
Malignancy
Amyloidosis
Immune reactions:
Immunisation, foreign serum and proteins
Trauma:

Multiple nerve injuries

Nerve conduction studies play a key part in
confirming the presence of peripheral neuropathy and in establishing its cause. They
assist in determining whether the patient has
a mononeuropathy, mononeuritis multiplex,
or a generalised peripheral neuropathy, and if
so, whether it is symmetric or asymmetric,
whether both sensory and motor fibres are
affected, and whether the underlying pathology is that of axonal degeneration or segmental demyelination as there is a correlation
between the conduction velocity and the
underlying pathological process."1'7 Table 4
shows the causes of segmental demyelination
and conduction velocities in the demyelinating range.
Nerve conduction studies should be performed on nerves that are clinically unaffected as well as those that are clinically
affected. In general, several nerves should be
studied in upper and lower limbs-for example, motor and sensory conduction in median
and ulnar nerves, motor conduction in common peroneal and posterior tibial nerves, and
sensory conduction in sural nerves. In some
cases it may be appropriate to perform sensory conduction on radial, tibial, and saphenous nerves and to record mixed nerve action
potentials in ulnar and common peroneal
nerves. Every clinical neurophysiology laboratory should have established its own control
values. The age of the patient needs to be
taken into account because nerve conduction
velocities in full term infants are about half
the adult values but increase to the adult
range at 3 to 5 years of age; there is also a
reduction in conduction velocity after the age
of 40. Temperature of the limbs must be controlled or a temperature correction applied
because the conduction velocity changes by
2-4 m/s/IC from 29 to 380C.'8-19
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Table 1 Clinical types ofperipheral neuropathy
Acute onset:
Guillain-Barre syndrome
Porphyria
Toxic (for example, arsenic, nitrofurantoin)
Serum sickness (postimmunisation)
Diphtheria
Malignancy
Critical illness polyneuropathy
Diabetes, uraemia (rarely)
Predominantly motor:
Guillain-Barre syndrome
Porphyria
Diphtheria
Lead
Charcot-Marie-Tooth disease
Diabetes (diabetic amyotrophy)
Predominantly sensory:
Leprosy
Diabetes (distal sensory polyneuropathy)
Vitamin B 12 or thiamine deficiency
Malignancy
Hereditary sensory and autonomic neuropathy
Primary of familial amyloidosis
Uraemia
Lyme disease
Sj6gren's syndrome
Radicular:
Diabetic truncal neuropathy
Lyme disease
Sjogren's syndrome
Painful neuropathies:
Alcohol, nutritional deficiencies
Diabetes (acute painful neuropathy)
Hereditary sensory and autonomic neuropathy
(HSAN type 1)
Arsenic
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Metabolic:
Diabetes

Urinalysis, fasting blood glucose, glucose
tolerance test
Fasting blood glucose, serum insulin, or
C peptide concentrations
Blood urea, serum creatine, urinalysis
Urinary porphyrins, ALA, porphobilinogen.
Total faecal porphyrins. Erythrocyte
porphobilinogen deaminase
Serum free thyroxine, serum TSH
Serum growth hormone concentrations

Hypoglycaemia
Uraemia
Porphyria

Hypothyroidism
Acromegaly
Deficiencies:
B 1 (thiamine)
Vitamin B6 (pyridoxine)

Vitamin B 12
Vitamin E
Toxic:
Arsenic, lead, mercury, thallium
Paraproteinaemias, dysproteinaemias:
Multiple myeloma, Waldenstrom's

macroglobulinaemia, cryoglobulinaemia,
monoclonal gammopathy of uncertain
significance

Connective tissue disorders:
Systemic lupus erythematosus, mixed
connective tissue disease, scleroderma,
rheumatoid arthritis, polyarteritis
nodosa, Sjogren's syndrome,
Wegener's granulomatosis
Sjogren's syndrome

Inflammatory neuropathies:
Acute inflammatory neuropathy
Chronic inflammatory demyelinating
polyradiculoneuropathy
Infections:
HIV
Lyme disease
Leprosy

Hereditary neuropathies with known
biochemical abnormalities:
Primary amyloid neuropathy
Familial amyloid polyneuropathy
Metachromatic leukodystrophy

Krabbe's disease
(globoid cell leukodystrophy)
A ,B lipoproteinaemia (Bassen-

Kornzweig disease)

An a lipoproteinaemia (Tangier disease)

Refsum's disease
Hb

=

haemoglobin; WCC

Table 4

=

Erythrocyte transketolase activity +
enhancement with thiamine pyrophosphate
Erythrocyte aspartate amino transferase +
enhancement with pyridoxal-5-phosphate
Serum B 12, Schilling test
Serum vitamin E

24 hour urinary heavy metals

Hb, WCC, platelets, ESR, plasma
immunoelectrophoresis, urinary BenceJones protein, radiological skeletal
survey, bone marrow biopsy, plasma

Demyelinating neuropathies

Inflammatory neuropathies:
Guillain-Barre Syndrome
Chronic inflammatory demyelinating
polyradiculoneuropathy
Motor neuropathy with multifocal conduction block
Chronic inflammatory neuropathy associated with
paraproteinaemia
Inflammatory neuropathy associated with HIV infection
Hereditary neuropathies:

HMSN type I
HMSN type III
Refsum's syndrome
Metachromatic leukodystrophy
Krabbe's disease
Metabolic neuropathies:
Diabetes (sometimes)
Uraemia (sometimes)
Toxic neuropathies:
Perhexiline maleate
Amiodorone
Hexacarbons
Infections:

Diphtheria
Malignancy
Some acute or subacute neuropathies
Iymphoma, carcinoma

associated with

cryoglobulins

Hb, WCC, platelets, ESR, serum
immunoelectrophoresis, antinuclear
antibodies, antidouble stranded
DNA antibodies, rheumatoid factor, serum
complement (C3, C4, CH50),
antineutrophil cytoplasmic antibodies
All above + anti-Sjogren's syndrome
antibodies, Schirmer's test, lip biopsy
HIV, blood glucose, urinary porphyrins,
Epstein-Barr virus, Campylobacter
infections, cytomegalovirus, mycoplasma
ESR, serum immunoelectrophoresis, antiganglioside GMI antibodies, antinuclear
antibodies, antineutrophil
cytoplasmic antibodies
HIV serology
Lyme serology
Lepromin tests; skin, nasal scrapings;
skin, nerve biopsy
Rectal, liver, renal, abdominal fat, nerve
biopsy; serum immunoelectrophoresis;
urinary Bence-Jones protein
Serum, tissue transthyretin
Blood leucocyte, skin fibroblast
arylsulphatase
Blood leucocyte, skin fibroblast
galactosylceramide ,B galactisidase
Acanthocytes in blood, serum cholesterol,
plasma low density and very low density
lipoproteins

Serum cholesterol
Plasma high density lipoproteins
Serum phytanic acid. a oxidation of
phytanic acid in skin fibroblasts

white cell count; ESR = erythrocyte sedimentation

rate.

Motor conduction velocities should be
recorded from surface electrodes to measure
the amplitudes of the muscle action potential
after stimulation at distal and proximal sites;
reduced amplitude of the muscle action
potential at distal stimulation sites is indicative of axonal degeneration, or, rarely,
demyelination in distal motor fibres. A significant reduction in the amplitude of the muscle
action potential on moving the stimulating
electrode from a distal to a more proximal
site is supportive evidence of conduction
block.20 Conduction block is suspected if
there is greater than 20% reduction in amplitude (provided there is less than a 15%
change in duration of the muscle action
potential between proximal and distal sites of
stimulation2' as dispersion and polyphasic
action potentials can cause phase cancella-

tion).22 Abrupt change in

area, or amplitude,
both over a short segment of nerve, rather
than a gradual reduction over a longer distance, is strong evidence of conduction
block.22 Further evidence of demyelination is
temporal dispersion (increased duration of
the muscle action potential), prolonged distal
latencies, and reduction in conduction velocity to less than 80% of the lower limit of normal in two or more motor nerves.2' 23
In axonal degeneration there is normal or
only mild slowing of conduction due to fall
out of the damaged large diameter fibres, the
remaining intact fibres having normal conduction velocities. Other evidence of axonal
degeneration is a reduced muscle action
potential and electromyographic evidence of
denervation. It should be noted that mild
degrees of slowing of conduction do not
exclude the possibility of underlying segmental demyelination in peripheral nerves.'5 17
Sensory conduction is usually impaired, with
reduced amplitudes of action potentials in
both axonal degeneration and segmental
demyelination. Although sensory action
potentials are difficult to record over long distances in diseased nerves, slowed conduction
and dispersion of the action potentials can be
recorded in segmental demyelination with
appropriate techniques. Because motor and
sensory conductions are routinely measured
only in large diameter fibres with standard
nerve conduction techniques, they may be
normal in small fibre neuropathies.
or

F waves
F waves are late waves that can be recorded
from muscles after supramaximal stimulation
of the nerve and result from antidromic nerve
impulses causing anterior horn cells to backfire.24 They provide a measure of conduction
over the whole length of the motor nerve and
are therefore a useful way of recording conduction in proximal segments.'9
H reflex
The H reflex measures the conduction
through afferent and efferent fibres in the
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useful in detecting early sensory abnormalities in people exposed to occupational and
environmental toxins, in controlled clinical
trials, and in epidemiological studies.3'

Needle electromyography
When muscles are denervated, spontaneous
fibrillation, positive sharp waves, and a
reduced interference pattern are recorded on
needle electromyography. Electromyography
is useful in confirming the presence of axonal
degeneration in the Guillain-Barre syndrome.25 It should be borne in mind that denervation potentials may not appear until three
weeks after the onset of axonal degeneration.

AUTONOMIC FUNCTION STUDIES

Somatosensory evoked potentials
Somatosensory potentials may be useful in
detecting abnormalities of conduction in
proximal segments when conventional nerve
conduction studies are normal.25 Walsh et a P6
found them more useful than the F waves in
the Guillain-Barre syndrome although others
have had a different experience.27
EXAMINATION OF CSF

A lumbar puncture with examination of CSF
is unrewarding in most cases of axonal neuropathy but should be performed in demyelinating neuropathies. In the Guillain-Barre
syndrome the CSF protein rises during the
first week. The white cell count varies with
the time of lumbar puncture and is raised in
about 10% of cases.2829 An increased white
cell count raises the possibility of HIV infection or Lyme disease.2830 CSF protein is also
raised in chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP) and may
help to distinguish this condition from hereditary demyelinating neuropathies. A high CSF
protein suggests inflammatory causes and
demyelination of spinal roots or both. In my
experience, oligoclonal IgG bands are present
in the CSF of about 6% of cases of GuillainBarre syndrome, and 16% of cases of CIDP.
QUANTITATTVE SENSORY TESTING

Quantitative sensory testing is the use of psychophysical methods for measuring abnormalities of the different modalities of
sensation. With these techniques, quantitative
values for thresholds of vibration, touchpressure, and warm and cold sensation may
be obtained on individual patients and compared with control values. These investigations are not routinely employed in the
investigation of peripheral neuropathy but are

Autonomic dysfunction is a common complication of peripheral neuropathies although
often it is mild and of little relevance. In some
conditions, however, there may be profound
disturbance of autonomic function including
orthostatic hypotension, impairment of blood
pressure, heart rate and bladder control, and
impotence. Diseases that primarily affect
small fibres in peripheral nerves or cause
acute demyelination of small myelinated
fibres are those most likely to cause autonomic dysfunction. These include acute
dysautonomia, familial and primary amyloidosis, Guillain-Barre syndrome, diabetes,
porphyria, Chagas' disease, and some hereditary sensory and autonomic neuropathies.'2"
There are many available tests from which
to select; tests of both sympathetic and
parasympathetic function should be included
and it is generally necessary to find abnormalities in two or more of these tests to confirm
the presence of autonomic dysfunction.33
Tests of autonomic function that can be readily undertaken in the clinical neurophysiology
laboratory are heart rate variation with respiration, Valsalva ratio, heart rate response to
standing or tilting, blood pressure response to
sustained hand grip, and the sympathetic skin
response.34 Autonomic function studies,
together with quantitative sensory testing and
sural nerve biopsy, are the most useful ways
of confirming a diagnosis of small fibre

neuropathy.'6
MOLECULAR GENETICS

There are now several hereditary neuropathies in which the gene locus has been
identified and the number is rapidly increasing with advances in recombinant DNA technology. The types of genetic analysis available
to the clinician fall into two groups: linkage
studies for conditions in which the region of
the gene on the chromosome has been identified but the defective gene has not been
cloned, and mutation analysis or positional
cloning in those conditions in which the gene
has been cloned.'7-'9
Table 5 shows the hereditary peripheral
neuropathies in which the gene has been
identified.
SURAL NERVE BIOPSY

Table S Genetic tests for hereditary neuropathies
Chromosome

Disease

CMT Ia (HMSN Isa)

location

17pl 1.2-12

CMT Tb (HMSN Ib)
1q21.2, 23
CMT X (HMSN-X)
Xql3
1 7p. 1 1.2,12
Hereditary liability to pressure
palsies (Tomaculous
neuropathy)
Familial amyloid polyneuropathy 18ql 1.2,12.1
(most types)

Gene
product

PMP22

Genetic defect
Duplication

Po
Connexin-32

Point mutation
Point mutation
Point mutation
Deletion
Point mutation

Transthyretin, Apo Al
+ 2 unidentified genes

Point mutations

PMP22

on chromosomes 9 and 11

Nerve biopsy is a valuable method for establishing a cause of peripheral neuropathy in
specific circumstances.'404' It should not be
performed simply to establish the presence of
peripheral neuropathy as clinical evaluation
and nerve conduction studies are nearly
always adequate for this purpose. It should
only be undertaken where the biopsy can be
evaluated by a laboratory experienced in the
techniques of light and electron microscopy,
teased fibre studies, and the use of immunohistochemical methods of staining. Biopsies
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(25-45 m/s) and intermediate changes on
nerve biopsy. It is likely that some of these
cases were CMT-X as slow conduction velocities are found in affected males with CMT-X
(< 40 m/s) and intermediate range motor conduction velocities (> 40 mIs) in affected or
obligate female carriers.75 In HMSN III
(Dejerine-Sottas disease) motor conduction
velocities are typically grossly slowed (< 12
m/s). 47 487 It may be a genetically heterogeneous condition.76
Sural nerve biopsy-Sural nerve biopsy is helpful in distinguishing the different types of
HMSN when they are not clearly separated on
the basis of electrophysiological studies.44 487
In HMSN la and b there is a reduction in the
density of fibres, evidence of segmental
demyelination on light and electron microscopy and teased nerve fibres, and in most
myelinated fibres the myelin sheath is of
appropriate diameter for the axon. In HMSN
II there is a reduction in the density of myelinated fibres but no evidence of demyelination.
In HMSN III onion bulbs are prominent and
the myelin sheath is abnormally thin relative to
the axon diameter.
Genetic studies-Most cases of HMSN I are
type la, which is linked to chromosome 17.
There is usually a duplication on
17pll.2-1279-8' in which region the PMP22
gene is located. In some cases of the disease, a
point mutation of the coding region of PMP22
has been demonstrated where an identical
mutation also occurs in the trembler
mouse.8-84 Duplication in this region has also
been shown in nine out of 10 sporadic cases
that had been considered to be recessive.85 It
has been suggested that overdosage of PMP22
caused by the DNA duplication is the mechanism for producing the HMSNIa phenotype.
A deletion in the same region that is duplicated in HMSNIa is found in hereditary neuwith liability to pressure palsies.8687 It
ropathy
to
specific
investigations
Application of
has been shown that the gene involved is also
types of peripheral neuropathy
PMP22. A frame shift or null mutation was
HEREDITARY NEUROPATHIES
found, indicating that underdosage of PMP22
Charcot-Marie-Tooth disease (hereditary motor
is the cause of this condition.88
and sensory neuropathy, peroneal muscular
The gene mutation in HMSN lb has been
atrophy)
Charcot-Marie-Tooth disease (CMT) is a located near the Duffy locus on chromosome
genetically heterogeneous disorder. There are 1 where HMSN Ib was originally mapped by
four major types: HMSN I (CMT la and lb), linkage analysis.8990 A point mutation in the
HMSN II (CMT 2), X linked (CMT-X), and gene for Po (1q21 .2q23) was subsequently
HMSN III (Dej&rine-Sottas disease).3 HMSN found when Po was mapped to this region.91
HMSN type II is genetically heterogeI and II are usually dominant although some
autosomal recessive cases have been described. neous; the gene for one of the forms of autoDej&rine-Sottas disease (HMSN III) is autoso- somal dominant HMSN II (CMT 2) has
been localised to chromosome lp36.92
mal recessive.
The gap junction protein connexin-32 has
Nerve conduction studies-Nerve conduction
studies are of considerable value in the initial been identified for the gene mutation in
categorisation of Charcot-Marie-Tooth disease CMT X (Xql3).93
Dejerine-Sottas disease (HMSN III) now
into different subtypes. Although there is some
overlap, motor conduction velocities in both seems to be a heterogeneous disorder. Cases
HMSN Ia and b are greatly slowed (median have been reported with mutations of PMP22
motor conduction velocity < 38 m/s) and sen- and Po genes.94
sory conduction is impaired. By contrast, there
is only mildly impaired or normal motor con- Amyloid neuropathy
duction velocity in HMSN II.3 4446 71-74 Bradley Peripheral neuropathy is a feature of primary
et a145 suggested that there was also an inter- amyloidosis and several types of familial amymediate type of Charcot-Marie-Tooth disease loid polyneuropathy. Dysaesthesiae, loss of
with intermediate conduction velocities pain and temperature sensation in the

should only be undertaken after full clinical
and electrophysiological assessment and
when other laboratory investigations have
been completed. It is usually performed on
the sural nerve but sometimes the radial sensory nerve is more appropriate. Whole nerve
or fascicular biopsies are undertaken in different centres. Although not required in those
cases where the diagnosis is certain from family history or from other investigations, nerve
biopsy may confirm a diagnosis of chronic
inflammatory demyelinating polyradiculoneuropathy (CIDP),42 43 hereditary motor and
sensory neuropathy (HMSN),448 hereditary
neuropathy
autonomic
and
sensory
(HSAN),49 primary and familial amyloid neuropathy,50-53 vasculitis,54 57 sarcoidosis,98 giant
axonal neuropathy,5960 hereditary liability to
pressure palsies (tomaculous neuropathy),6'
and hexacarbon (n-hexane and methyl nbutyl ketone) neuropathy.62 Specific appearances may be seen in the nerve biopsy in IgM
K paraproteinaemic neuropathy,63 metachromatic leukodystrophy,64 66 Krabbe's disease,6667 Fabry's disease,6869 and Friedreich's
ataxia.70 In some cases of vasculitis, sarcoidosis, amyloidosis, sensory perineuritis, and
chronic inflammatory neuropathy, the biopsy
is essential for diagnosis.
In general, nerve biopsy is of little diagnostic value in metabolic disorders and alcoholic
and nutritional neuropathies, in which the
appearances are non-specific. There is a case
for performing biopsies in patients with
chronic neuropathies of undetermined cause
when all other investigations have been completed. The morphometry of peripheral
nerves is related to age and every laboratory
should have its own established control values
for different age groups.
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Hereditary disorders of lipid metabolism
Metachromatic
leukodystrophy-Metachromatic leukodystrophy is associated with
peripheral neuropathy that may sometimes be
a presenting feature in adult cases. Nerve
conduction studies are consistent with the
segmental demyelination that is seen on sural
nerve biopsy together with metachromatic
granular inclusions in Schwann cells.6466
Diagnosis may be established in the laboratory by determination of reduced arylsulphatase concentrations in blood leucocytes
and skin fibroblasts, and by the finding of
intracellular deposits of metachromatic material on microscopic examination of urinary
sediment.66 There is a mutation of the gene
encoding for arylsulphatase A on chromo-

22q-13qter.'8
Krabbe's disease (globoid cell leukodystrophy)some

Krabbe's disease is autosomal recessive,
affects children in the first year of life, and is
associated with peripheral neuropathy. Nerve
biopsy shows loss of myelinated fibres, and
inclusions in Schwann cells and macrophages
that are diagnostic.6667 Assay of the enzyme
galactosylceramide ,B galactosidase in leucocytes, serum, or cultured fibroblasts will
establish the diagnosis without the need for
biopsy.66
A-fl lipoproteinaemia (Bassen-Kornzweig disease)-Peripheral neuropathy is associated
with a progressive ataxia resembling
Friedreich's ataxia.45 There is moderate slow-

ing of motor conduction, and nerve biopsy
shows segmental demyelination and loss of
large diameter fibres. The diagnosis can be
confirmed by laboratory investigations which
show acanthocytes in the peripheral blood,
low serum cholesterol and low density and
very low density lipoproteins. Genetic testing
is not available.
An-a lipoproteinaemia (Tangier disease)Peripheral neuropathy is usually present. The
presence of large orange tonsils is characteristic. Sural nerve biopsy shows reduced numbers of myelinated and unmyelinated fibres
and lipid droplets may be seen in Schwann
cells.96 Plasma high density lipoproteins are
greatly reduced.
Fabry's disease-This is associated with a
painful neuropathy and a selective loss of
small myelinated and unmyelinated fibres
may be seen in the sural nerve biopsy.68 69 It is
an X linked recessive disorder. Glycolipid
granules may be seen in perineurial and
endothelial cells in peripheral nerve.68 There
is a deficiency of the enzyme ceramidetrihexsosidase that results in the accumulation of
ceramidetrihexaside in tissues. Diagnosis may
be established by enzyme assay of a galactosidase which is reduced on leucocyte and skin
fibroblast preparations.97
Refsum's disease-Refsum's disease is a rare
autosomal recessive disorder characterised by
demyelinating hypertrophic neuropathy,
retinitis pigmentosa, ataxia, ichthyosis, and
deafness. Motor nerve conduction is very
slow due to demyelination; with onion bulb
formation that may be seen on sural nerve
biopsies. There is impaired a-oxidation of
phytanic acid causing an accumulation of
phytanic acid in the tissues.98 Diagnosis is
made from the clinical picture and by
increased serum phytanic acid and defective
a oxidation of phytanic acid by skin fibroblasts.
Friedreich's ataxia-Friedreich's ataxia is associated with a sensory neuropathy.
Electrophysiological studies typically show
small or absent sensory potentials and normal
motor conduction and on sural nerve biopsy
there is a selective loss of large diameter
fibres.70 Other spinocerebellar degenerations
may be associated with a mild neuropathy
affecting myelinated fibres of all diameters.99
INFLAMMATORY NEUROPATHIES

Guillain-Barre syndrome
In the first instance, a clinical diagnosis of
peripheral neuropathy must be established
and other conditions such as transverse
myelitis, spinal cord compression, botulism
(pure motor features), and myasthenia gravis
(pure motor features) must be excluded.
Other causes of acute neuropathy (toxins,
drugs, nutritional deficiencies, porphyria,
Lyme disease, acute neuropathy of the critically ill, vasculitis, and malignancy) are eliminated by clinical evaluation and appropriate
tests. Antecedent precipitating factors (for
Campylobacter,
immunisation,
example,
Epstein-Barr virus, and mycoplasma infections) should be sought. The CSF may show
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extremities, and autonomic dysfunction (postural hypotension, impotence, impaired
sweating, bladder disturbance) are characteristic features. Distal sensory loss, predominantly of pain and temperature sense, are
found on examination. Nerve conduction
studies and electromyography are consistent
with axonal neuropathy. Autonomic function
studies are abnormal. Sural nerve biopsy is
usually diagnostic and shows amyloid
deposits in blood vessels and endoneurium
on Congo red staining and there is selective
loss of small myelinated and unmyelinated
fibres. The diagnosis of amyloidosis may also
be established by abdominal fat, rectum, kidney, and liver biopsy.50 53 A high proportion of
patients with primary amyloidosis have monoclonal proteins on immunoelectrophoresis of
urine and blood, and some have multiple
myeloma. Immunohistochemical staining of
tissue amyloid identifies protein specific
types-AL in primary amyloidosis and AF in
familial types. The amyloid in familial
polyneuropathy is not derived from immunoglobulin and therefore abnormal immunoglobulins are not present in the serum. In
most, but not all, types of familial polyneuropathy (Portuguese, Indian, German
and Jewish, and Appalachian types), there
is a prealbumin (transthyretin) fraction in
the serum and a point mutation in the
transthyretin gene (chromosome 1 8q. 11.2,
q12. 1). The Finnish type of amyloidosis has
been located on 9q33 and the Iowa type on
1 1q33-q24. The Van Allen type is due to a
genetic defect of apolipoprotein Al.35
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Chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP)
Typically the onset is subacute, the peak of
disability being reached later than four weeks;
however, it may have a more rapid onset. The
diagnosis is confirmed by evidence of
demyelination from nerve conduction
studies.4243 101 These may help differentiate it
from the demyelination seen in hereditary
demyelinating neuropathies HMSN types I
and III and Refsum's syndrome in which the
conduction velocities are uniformly slow in all
nerves and conduction block and dispersion
of the action potential are uncommon. 102
Protein in CSF is usually increased.4243 101
Other types of demyelinating neuropathy
(paraproteinemic, vasculitic, leprosy, Lyme
disease, HIV infections) must be excluded by
appropriate investigations. If there is doubt
about the diagnosis, confirmation should be
obtained from sural nerve biopsy as the
patient is likely to be committed to a long
course of immunotherapy with its attendant
risks.103 The progress can be monitored by
nerve conduction studies although the
changes of improvement or deterioration will
lag behind those of the clinical features.
Paraproteinemic neuropathies
Paraproteins may be found on immunoelectrophoresis during the investigation of patients
with peripheral neuropathy, and the finding
should arouse suspicion of multiple myeloma,
Waldenstrom macroglobulinaemia, cryoglobulinaemia, primary amyloidosis, and other dysproteinaemias. Bone marrow aspiration,
examination for urinary Bence-Jones protein,
and radiological skeletal survey should be performed; if these investigations are normal it is
likely that the patient has a benign monoclonal
gammopathy, or monoclonal gammopathy of
undetermined significance.'04

Benign monoclonal gammopathy-There is an
association between benign monoclonal paraproteins in the blood and peripheral neuropathy. 105 IgM paraproteins are particularly
associated with a chronic demyelinating sensorimotor neuropathy, tending to occur in older
people and being accompanied by a postural
tremor.62 Sural nerve biopsy often shows
demyelination with widely spaced myelin
lamellae being seen on electron microscopy,
particularly in the presence of IgM K.62 IgA
and IgG proteins may also be associated with
demyelinating neuropathies. The relation
between paraproteinemia and CIDP is uncertain. 106 107
Multifocal motor neuropathy with persistent
conduction block
This is a rare condition in which there is an
asymmetric chronic demyelinating neuropathy affecting predominantly motor nerves and
clear electrical evidence of conduction block.
It presents with asymmetric weakness and
wasting with a motor neuron disease-like picture and increased antiganglioside GM1 antibodies in about 80% of cases.'08 109 Motor
nerve conduction studies show conduction
block and slowing localised to sharply circumscribed areas in nerve trunks.1"0 Sensory
conduction is normal, at least in the early
stages of the disease, and sural nerve biopsy
shows only minor changes.'08 1 11 112 Biopsy of
affected segments of nerves show subperineurial oedema, onion bulb formations, and
demyelinated and remyelinated axons.1"3 The
relation of this condition to CIDP is unclear.
Vasculitic neuropathy
Vasculitic neuropathies (polyarteritis nodosa,
Churg-Strauss syndrome, Waldenstrom's
macroglobulinaemia, rheumatoid arthritis,
mixed connective tissue diseases, Sjogren's
syndrome, non-systemic vasculitis, systemic
lupus erythematosus) classically present as
mononeuritis multiplex although about half
the patients have a clinical picture of asymmetric or symmetric generalised sensorimotor
polyneuropathy.54 In most cases there will be
evidence of systemic disease and raised erythrocyte sedimentation rate; the presence of
increased titres of antinuclear antibodies and
rheumatoid factor will confirm the diagnosis.
Nerve conduction studies are consistent with
an axonal neuropathy. Nerve biopsy usually
shows pathological changes of vasculitis in
small vessels in the endoneurium and perineurium and acute severe axonal degeneration. Non-systemic vasculitic neuropathy is
being increasingly recognised; up to 30% of
all vasculitic neuropathies fall into this
group.54-57 Some cases may have increased
erythrocyte sedimentation rate and antinuclear antibodies titres but in most there are
no serological markers and diagnosis can be
made only on sural nerve biopsy.

Sjogren's syndrome
Sjogren's syndrome is often difficult to diagnose in the early stages as it may present as a
symmetric or asymmetric predominantly
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the typical abnormalities of increased protein
and low white cell count; a high white cell
count raises the suspicion of HIV, Lyme disease, and other infections.28 30 100 Nerve conduction studies are essential for diagnosis but
may be normal in the early stages in which
case recording of F waves and somatosensory
evoked potentials should be undertaken to
seek evidence of impairment of proximal conduction. Three or more nerves should be
studied in upper and lower limbs as the
peripheral nerve demyelination may be asymmetric and patchy.25 Serial studies should be
undertaken if the diagnosis is in doubt.
Electromyography should be performed after
two or three weeks if recovery is slow, or
muscle wasting has developed, to ascertain
the extent of axonal degeneration. Nerve conduction studies should be repeated if recovery
is delayed; persistent slowing of conduction,
conduction block, and dispersion should raise
the suspicion of chronic inflammatory
demyelinating polyneuropathy with acute
onset but it should be borne in mind that
electrophysiological evidence of demyelination may persist in typical Guillain-Barre syndrome for many weeks.
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HIV infections
Symptomatic neuropathy affects about 5% to
10% of patients infected with HIV. Acute
inflammatory polyneuropathy of the GuillainBarre type most often occurs at the time of
seroconversion.'00 117 The CSF cell count may
be raised.100117 Subacute multifocal neuropathy of a demyelinating type with inflammatory pathology is the most common pattern of
neuropathy before the onset of cellular
immunosuppression."7 The CSF may be normal or show increased protein or white cell
count. At the late stage of HIV infections an
acute lumbrosacral polyradiculopathy or multifocal neuropathy may be caused by
cytomegalovirus infection. It is important to
diagnose cytomegalovirus neuropathy as it is
treatable."7 118
Leprosy
Leprosy should be considered in mononeuropathy or multiple mononeuropathy with
predominantly sensory symptoms in patients
who live or have lived in endemic regions.
Nerve biopsy is useful in the diagnosis and
nerve conduction studies are helpful in identifying affected nerves."7 119
1 Alter M. The epidemiology of Guillain-Barre Syndrome.
Ann Neurol 1990;27(suppl):S7-12.
2 Melton LJ, Dyck PJ. Epidemiology. In: Dyck PJ,
Thomas PK, Asbury AK, Winegrad AI, Porte D, eds.
Diabetic neuropathy. Philadelphia: WB Saunders,1987:
27-35.
3 Dyck PJ, Chance PF, Lebo RV, Carney JA. Hereditary
motor and sensory neuropathies. In: Dyck PJ, Thomas
PK, Griffin JW, Low P, Poduslo JF, eds. Peripheral
neuropathy 3rd ed. Philadelphia: WB Saunders,
1993:1094-136.
4 Asbury AK, Gilliatt RW, eds. Peripheral nerve disorders.
London: Butterworths, 1984:12.
5 Schaumburg HH, Berger AR, Thomas PK. Disorders of
the penipheral nerves. 2nd ed. Philadelphia: FA Davis,
1992:26-32.
6 Miller H. Polyneuritis. BMJ 1966;2:1219-25.
7 Dyck PJ, Oviatt RF, Lambert EH. Intensive evaluation
of referred unclassified neuropathies yields improved
diagnosis. Ann Neurol 1981;10:222-6.
8 McLeod JG, Tuck RR, Pollard JD, Cameron JC, Walsh
JC. Chronic polyneuropathy of undetermined cause. Jf
Neurol Neurosurg Psychiatry 1984;47:530-5.
9 Notermans NC, Wokke JHJ, Franssen H, van der Graaf
Y, Vermeulen M, van den Berg LH, et al. Chronic
idiopathic polyneuropathy presenting in middle or old
age: a clinical and electrophysiological study of 75
patients. Jf Neurol Neurosurg Psychiatry 1993;56:
1066-71.
10 Stewart JD. Diabetic truncal neuropathy: Topography of
the sensory deficit. Ann Neurol 1989;25:233-8.
11 Pachner AR, Steere AC. The triad of neurologic manifestations of Lyme disease: meningitis, cranial neuritis
and radiculoneuritis. Neurology 1985;35:47-53.
12 Malinow K, Yannakakis GD, Glusman SM, Edlow DW,
Griffin J, Pestronk A, et al. Subacute sensory neuronopathy secondary to dorsal root ganglionitis in primary Sjogren's syndrome. Ann Neurol 1986;20:535-7.
13 Gilliatt RW. Nerve conduction in human and experimental neuropathies. Proceedings of the Royal Society of
Medicine 1966;59:989-93.
14 Thomas PK. The morphological basis for alterations in
nerve conduction in peripheral neuropathy. Proceedings
of the Royal Society of Medicine 1971;64:295-8.

15 McLeod JG, Prineas JW, Walsh JC. The relationship of
conduction velocity to pathology in peripheral nerves: a
study of the sural nerve in 90 patients. In: Desmedt JE,
ed. New developments in electromyography and clinical
neurophysiology. Vol 2. Basel: Karger, 1973:248-58.
16 Behse F, Buchthal F. Sensory action potentials and
biopsy of the sural nerve in neuropathy. Brain 1978;
101:473-93.
17 Logigian EL, Kelly JJ, Adelman S. Nerve conduction
and biopsy correlation in over 100 consecutive patients
with suspected polyneuropathy. Muscle Nerve
1994;17: 101-20.
18 Daube JR. Nerve conduction studies. In: Aminoff M, ed.
Electrodiagnosis in clinical neurology. 3rd ed. New York:
Churchill Livingstone, 1992:283-326.
19 Kimura J. Nerve conduction studies and electromyography. In: Dyck PJ, Thomas PK, Low PA, Griffin JW,
Poduslo JF, eds. Peripheral neuropathy. 3rd ed.
Philadelphia: WB Saunders, 1993:598-644.
20 Cornblath DR, Sumner AJ, Daube G, Gilliatt RW,
Brown WF, Parry GJ, et al. Conduction block in clinical practice. Muscle Nerve 1991;14:869-71.
21 Cornblath DR. Electrophysiology in Guillain-Barre syndrome. Ann Neurol 1990;27(suppl):S17-20.
22 Asbury AK, Comblath DR. Assessment of current diagnostic criteria for Guillain-Barre syndrome. Ann Neurol
1990;27(suppl):S21-4.
23 Sumner AJ. Electrophysiology of the inflammatory
demyelinating polyneuropathies. In: McLeod JG, ed.
Inflammatory neuropathies. Bailliere's Clinical Neurology
3:1. London: Bailliere Tindall, 1994:25-44.
24 McLeod JG, Wray SH. An experimental study of the Fwave in the baboon. Jf Neurol Neurosurg Psychiatry
1966;29: 196-200.
25 McLeod JG. Electrophysiological studies in the GuillainBarre syndrome. Ann Neurol 1981;9(suppl):20-7.
26 Walsh JC, Yiannikas C, McLeod JG. Abnormalities of
proximal conduction in acute idiopathic polyneuritis:
comparison of short latency evoked potentials and
F-waves. Jf Neurol Neurosurg Psychiatry 1984;47:
197-200.
27 Olney K, Aminoff MJ. Electrodiagnostic features of the
Guillain-Barre syndrome. The relative sensitivity of different techniques. Neurology 1990;40:471-5.
28 Hughes RAC. Guillain-Barri syndrome. Heidelberg:
Springer-Verlag, 1990.
29 McLeod JG, Walsh JC, Prineas JW, Pollard JD. Acute
idiopathic polyneuritis. A clinical and electrophysiological study. J Neurol Sci 1976;27:145-62.
30 Ropper AH, Wijdicks EFM, Truax BT. Guillain-Barri
syndrome. Philadelphia: FA Davis, 1991.
31 Dyck PJ, Kames J, O'Brien PC, Zimmerman IR.
Detection thresholds of cutaneous sensation in
humans. In: Dyck PJ, Thomas PK, Griffin JW, Low
PA, Poduslo JF, eds. Peripheral neuropathy 3rd ed.
Philadelphia: WB Saunders, 1993:706-28.
32 McLeod JG, Tuck RR. Disorders of the autonomic nervous system: Part I. Pathophysiology and clinical features. Ann Neurol 1987;21:419-23.
33 McLeod JG, Tuck RR. Disorders of the autonomic nervous system: Part II. Investigation and treatment. Ann
Neurol 1987;21:519-29.
34 McLeod JG. Autonomic dysfunction in peripheral nerve
disease. J Clin Neurophysiol 1993;10:51-60.
35 Low PA, McLeod JG. The autonomic neuropathies. In:
Low PA, ed. Clinical autonomic disorders. Boston: Little
Brown, 1993:395-421.
36 Stewart JD, Low PA. Small-fiber neuropathy. In: Low
PA, ed. Clinical autonomic disorders. Boston: Little
Brown, 1993:653-66.
37 Harding AE. The DNA laboratory and neurological
practice. Jf Neurol Neurosurg Psychiatry 1993;56:
229-33.
38 Martin JB. Molecular genetics in neurology. Ann Neurol
1993;34:757-73.
39 MacMillan JC, Harper PS. Clinical genetics in neurological disease. J Neurol Neurosurg Psychiatry 1994;57:
7-15.
40 McLeod JG, Walsh JC, Little JM. Sural nerve biopsy.
MedJAust 1969;1:1092-6.
41 Dyck PJ, Gianni C, Lais A. Pathologic alterations of
nerve. In: Dyck PJ, Thomas PK, Griffin JW, Low PA,
Poduslo JF, eds. Peripheral neuropathy. 3rd ed.
Philadelphia: WB Saunders, 1993:514-95.
42 Dyck PJ, Lais AC, Ohta M, Bastron JA, Okazaki H,
Groover RV. Chronic inflammatory polyradiculoneuropathy. Mayo Clin Proc 1975;50:621-37.
43 Prineas JW, McLeod JG. Chronic relapsing polyneuritis.
J Neurol Sci 1976;27:427-58.
44 Buchthal F, Behse F. Peroneal muscular atrophy and
related disorders I. Clinical manifestations as related to
nerve biopsy findings, nerve conduction and electromyography. Brain 1977;l00:41-66.
45 Bradley WG, Madrid R, Davis CJF. The peroneal muscular atrophy syndrome-clinical, genetic, electrophysiological and nerve biopsy findings Part 3. Clinical
electrophysiological and pathological correlations. j
Neurol Sci 1977;32:123-36.
46 Low PA, McLeod JG, Prineas JW. Hypertrophic
Charcot-Marie-Tooth disease. Light and electron
microscope studies of the sural nerve. Jf Neurol Sci
1978;35:93-1 15.
47 Dyck PJ, Lambert EH, Sanders K, O'Brien PC. Severe
hypomyelination and marked abnormality of conduction in Dejerine Sottas hypertrophic neuropathy:

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.58.3.274 on 1 March 1995. Downloaded from http://jnnp.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

sensory neuropathy in which there is evidence
of vasculitis on sural biopsy57 114115 before
systemic symptoms of dry eyes, arthritis, and
other manifestations of the disease become
obvious and before titres of autoantibodies to
Ro(SS-A) and La(SSB) become raised.
Another manifestation of Sj6gren's syndrome
may be an ataxic sensory neuronopathy in
which the primary pathology is dorsal root
ganglionitis."5 116
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NEUROLOGICAL STAMP
Atropa belladonna (deadly nightshade)
Atropa belladonna is a member of the nightshade family
solanaceae. Its botanical name is derived from Atropos
who, in Greek mythology, cut the thread of life. The red
sap enlarges the pupils of the eye. The plant was named
at the time of the Italian Renaissance in the days of the
infamous Borgia family, when the ready availability of
poison was popular. The ladies of the court used one of
these poisons, belladonna, not to kill their rivals but to
beautify and enlarge their pupils.
The solanaceous alkaloids are among the earliest effective treatments for parkinsonism. Belladonna contains
atropine, scopolamine, and hyoscyamine. The ripe
berries are sweet tasting and poisonous and attractive to
children.
A medicinal plant series published and produced by
Yugoslavia in 1965 shows the belladonna flower (Stanley
Gibbons 1161, Scott 775).
L F HAAS
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