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Summary
This study was set up to evaluate retro-
spectively the eYcacy of a standard
diagnostic procedure, including non-
invasive and invasive (spinal tap, nerve/
muscle biopsy) investigations, in the
diagnosis of peripheral neuropathy. The
medical records of 171 in-patients with the
final diagnosis of peripheral neuropathy
of determined or undetermined cause
were reviewed and each individual diag-
nostic work-up was analysed. Basic inves-
tigations included the patient’s history, a
clinical examination and basic laboratory
tests. Depending on the individual presen-
tation, course, and severity, further non-
invasive and invasive examinations were
added according to the department’s
standard diagnostic procedure. The aeti-
ology could be clarified in 124 patients
(73%) and remained unclear in 47 cases.
Excluding cases with acute and chronic
inflammatory polyneuropathy (n=14), the
number of idiopathic peripheral neuropa-
thies dropped to 33. Non-invasive investi-
gations were suYcient to reveal the
underlying aetiology in 114 cases (83 %). It
is concluded that, with the application of a
standard procedure for the diagnosis of
peripheral neuropathy, the aetiology can
be clarified in 81% of patients. In the other
19% of patients the aetiology remains
idiopathic. In the majority of cases, non-
invasive investigations were suYcient for
diagnosis.
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Peripheral neuropathies are among the most
common neurological diseases. They are either
inherited or acquired and are often associated
with various systemic disorders.1 2 Since they
may lead to major disability and handicap, a
careful diagnostic clarification is a prerequisite
for appropriate treatment.3–5 Recent studies
have shown that, by costly and partially
invasive investigations, the proportion of un-
classified (idiopathic) peripheral neuropathies
can be substantially decreased.2 4 6–8 Detailed
diagnostic procedures for evaluation of periph-
eral neuropathies have been proposed, but a
uniform, systematic, diagnostic approach is not
available.9–12 In order to elaborate guidelines for
an eYcient diagnostic work-up of peripheral
neuropathies, we reviewed the clinical, labora-

tory, electrophysiological and nerve/muscle
biopsy findings of 171 consecutive in-patients
with an established diagnosis of peripheral
neuropathy referred to our department during
a 5-year period.

Materials and methods

We evaluated the medical records of all patients
who attended the Department of the Neuro-
logical Hospital Rosenhügel, Vienna, between
1992 and 1996 and were discharged with a
final diagnosis of a peripheral neuropathy.
Included were 171 patients (97 males, 74
females), aged 28 to 93 years, who were
referred by general practitioners or specialists
for suspected peripheral neuropathy or other
neurological disorders. In all subjects, a
detailed general and neurological history had
been taken and all had undergone a full clinical
examination and basic laboratory investiga-
tions that included erythrocyte sedimentation
rate, serum glucose, glycated haemoglobin,
C-reactive protein, a complete blood cell
count, cholesterol, triglycerides, liver enzymes,
bilirubin, thyroid function tests, serum electro-
phoresis, creatinine, urea nitrogen, VDRL and
FTA-ABS, HIV and urine analysis.

Further diagnostic tests (additional labora-
tory tests, electrophysiological examinations,
and invasive investigations (spinal tap, nerve/
muscle biopsy)) were ordered individually,
depending on the patient’s history, the clinical
examination, and the basic laboratory tests.
Additional laboratory tests included estimation
of vitamin B1, B6, B12, folic acid, a Schilling
test, immunoelectrophoresis, antinuclear anti-
bodies, antineutrocyte-cytoplasm antibodies,
circulating immune complexes, rheumatoid
factors, antibodies against ganglioside GM1
and tumour markers (carcino-embryonic anti-
gen, alpha-fetoprotein, carcinoid antigen 19-9,
125, 15-3, and 72-4, tissue polypeptide anti-
gen, neuron-specific enolase, prostate-specific
antigen, prostatic acid phosphatase, squamous
cell carcinoma, â-human chorionic gonadotro-
pin, calcitonin and mucous-cell antigen).

Electrophysiological investigations included
nerve conduction studies and needle electro-
myography according to established
guidelines.13 For motor nerve conduction stud-
ies, surface electrodes were used. For antidro-
mic and orthodromic sensory nerve conduc-
tion studies, surface ring electrodes and
unipolar needle electrodes were used, respec-
tively. Evaluated variables were the distal motor
latency, motor and sensory nerve conduction
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velocity and amplitude of the compound mus-
cle and nerve action potential. The variables
were considered abnormal when they exceeded
the mean ±2SD, established in our laboratory.
A demyelinating neuropathy was assumed if
the conduction velocity was <28 m/s and the
compound muscle action potential >1 mV. An
axonal neuropathy was assumed if the com-
pound muscle action potential was below 1 mV
and the nerve conduction velocity >28 m/s.14

Needle electromyography was carried out with
concentric needle electrodes qualitatively (as-
sessment of insertion activity, spontaneous
activity, interference pattern) and quantita-
tively (calculation of mean motor unit action
potential duration out of 20 potentials).

Cerebrospinal fluid (CSF) examination in-
cluded tests for total protein, lactate, glucose,
protein electrophoresis, total cell count, cell
analysis and search for antibodies against bor-
reliae, bacteria and neurotropic viruses. Biop-
sies were taken from the sural nerve and
gastrocnemial muscle, for morphological, his-
tochemical, immunohistochemical and bio-
chemical analyses.

Results

Purely motor manifestations were found in 23
cases, purely sensory manifestations in 20, and
both sensory and motor involvement in 128
cases. The neuropathy was proximally accentu-
ated in 10 cases (diabetes mellitus, vitamin B
deficiency, inflammatory polyarthritis, idio-
pathic) and distally pronounced in the remain-
ing cases. Distribution of the lesion was asym-
metric in five cases (diabetes mellitus,
idiopathic) and symmetric in the remaining
166 patients. The time course was acute (<3
weeks) in 10 cases, subacute (<3 months) in 41
cases and chronic (>3 months) in the remain-
ing 120 cases. Painful sensations were reported
from 58 patients (diabetes, idiopathic, alcohol,
gammopathy, paraneoplastic, borreliosis, sar-
coidosis, hyperthyroidism, hypothyroidism,
Sneddon’s syndrome, Crohn’s disease, chronic
polyarthritis, solvents, benign gammopathy
and paraproteinaemia).

Additional laboratory tests were performed
in the following frequencies: vitamin B1
(n=21), B6 (n=18), B12 (n=111), folic acid
(n=113), Schilling test (n=108), immunoelec-
trophoresis (n=114), antinuclear antibodies
(n=98), antineutrocyte-cytoplasm antibodies
(n=79), circulating immune complexes
(n=85), rheumatoid factors (n=69), antibodies
to ganglioside GM1 (n=6) and tumour mark-
ers (n=114). The results of these investigations
are given in the table.

Electrophysiological investigations were car-
ried out in 147 patients. Nerve conduction
studies were performed in 145 patients and
electromyography in 59 patients. Electroneurog-
raphy was abnormal in 141 patients and electro-
myography was abnormal in 40 patients. Demy-
elination was found in 17 cases (acute
inflammatory demyelinating polyneuropathy
(Guillain-Barre syndrome (GBS)), chronic in-
flammatory demyelinating polyneuropathy
(CIDP), diabetes mellitus, idiopathic), an ax-

onal lesion in 16 cases (diabetes mellitus,
sarcoidosis, hyperthyroidism, idiopathic), and a
mixed lesion in the remaining tested cases. In 19
patients with normal electromyography, the
electroneurography confirmed the presence of a
peripheral neuropathy. Both electroneuro-
graphic and electromyographic investigations
were performed in 57 patients, ascertaining the
diagnosis of peripheral neuropathy in each case.

Spinal taps were performed in 74 patients.
CSF investigation revealed neuroborreliosis in
seven patients and was compatible with GBS in
nine and with CIDP in five cases. A biopsy of the
sural nerve and/or of the gastrocnemial muscle
was carried out in 27 individuals. Twenty-one
patients had a combination of nerve and muscle
biopsy, four had only nerve, and two only mus-
cle biopsy, respectively. In three subjects, a
vasculitis was diagnosed. The remaining 24
biopsies were unspecifically abnormal.

Overall, the underlying cause could be
ascertained in 124 cases (73%). When patients
with GBS and CIDP were included (n=14),
this number increased to 138 (81%). Non-
invasive investigations were suYcient to specify
the underlying aetiology in 114 cases (83%). In
24 cases (17%) invasive procedures (spinal tap,
nerve/muscle biopsy) were necessary to reach
the final diagnosis. In 89 patients, a single aeti-
ology could be specified, while in 34 subjects,
more than one cause was detected. The most
frequent aetiologies found in our cohort are
listed in the table.

Discussion

A systematic approach to the diagnosis of
peripheral neuropathies is important because
of the likelihood of finding an underlying treat-
able cause. Though detailed diagnostic proce-

Table Frequency of causal factors in 124 clarified
peripheral neuropathies and 14 patients with acute and
chronic inflammatory demyelinating polyneuropathy
(GBS, CIDP)

Cause Single* Additional**

Diabetes mellitus 26 14
Alcohol 20 9
Vitamin B1 deficiency 0 17
Vitamin B6 deficiency 5 8
Vitamin B12 deficiency 7 5
GBS 9 0
Gammopathy/paraproteinemia 6 3
Hypothyroidism 5 2
Borreliosis 6 1
Paraneoplasia 4 3
CIDP 5 0
Hereditary 3 2
Hyperthyroidism 3 1
Critical illness 2 1
Vasculitis 3 0
Sarcoidosis 1 0
Vincristine 1 0
Azathioprine 1 0
Refsum’s disease 1 0
Sneddon’s syndrome 1 0
Ehlers-Danlos syndrome 1 0
Crohn’s disease 1 0
Inflammatory polyarthritis 1 0
Folic acid deficiency 1 0
Solvents 1 0

*: number of patients in whom the given cause was the only one;
**: number of patients in whom, in addition to the given cause,
at least one other was found
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dures for the evaluation of peripheral neuropa-
thies have been proposed, a uniform systematic
diagnostic approach is still not
available.1 2 10 15 16 Recent studies have shown
that the aetiology can be ascertained in about
80% of cases, a figure confirmed by the present
study. The remaining idiopathic peripheral
neuropathies tend to have a relatively good
prognosis.5 8 17

At the beginning of the diagnostic work-up, a
detailed patient and family history was taken.
Special attention was paid to symptoms and
signs of general diseases, antecedent infections
or immunising procedures, alcohol and drug
abuse, medical history and possible exposure
to industrial or environmental toxins. The
exact time-course and the characteristics of the
evolution of the neurological symptoms were
analysed. The full neurological and general
examination then focused on any aspects that
have been gleaned from the history. Special
attention was paid to the presence of auto-
nomic symptoms, a pes cavus or other skeletal
deformity, enlarged nerves, lymph nodes,
enlarged liver or spleen, skin lesions, joint
deformities, eye disorders or dry mucous
membranes. From the patient history and the
results of the clinical examination, the type of
neuropathy could be assessed in broad terms
(ie, symmetric or assymetric, focal, multifocal
or generalised, sensory, motor or mixed, proxi-
mal, distal or diVuse, whether autonomic
involvement was present and whether the neu-
ropathy was painful or not).11 18 20 When the
results of the basic laboratory investigations
were available, the underlying aetiology of the
neuropathy could be assessed in some indi-
viduals as being toxic, alimentary, metabolic,
inherited or inflammatory.21–23

The selection of additional laboratory investi-
gations in a particular patient was defined by the
individual clinical picture. Nevertheless, a
‘check-list’ of laboratory tests was almost
uniformly performed as the next step in the
diagnostic work-up, when the basic tests had not
been helpful in clarifying the underlying aeti-
ology. A number of useful assays for neuropa-
thies are available, as outlined above.5 10 24 How-
ever, many of these tests were useful only in
selected patients, and thus cannot be recom-
mended as a general screening procedure.
Applying these tests, the most common causes
of a chronic peripheral neuropathy, such as
diabetes mellitus, alcoholism and vitamin-B
deficiency, could be ascertained in our patients.

In all tested subjects, electrophysiological
investigations were helpful in confirming the
presence of a peripheral neuropathy.5 7 10 13–15 25–27

In particular, they assisted in determining
whether the patient had a generalised, multifocal
or focal neuropathy, whether it was symmetric or
asymmetric, whether both sensory and/or motor
fibres were aVected, and whether the underlying
pathology was an axonal degeneration or a seg-
mental (CIDP or multifocal motor neuropathy)
or diVuse (hereditary neuropathy) demyelina-
tion. However, electrodiagnostic studies were
not performed when the cause and the extent of
the neuropathy was clinically evident.

If an aetiologic classification of the neu-
ropathy was not possible after all these
non-invasive investigations, invasive investiga-
tions (spinal tap, nerve/muscle biopsy) were
carried out in more severe and progressive
cases. Unfortunately, a lumbar puncture with
examination of the CSF was diagnostically
unrewarding in most cases of axonal neu-
ropathy. In contrast, it was substantially helpful
in the demyelinating peripheral neuropathies
and in neuroborreliosis, and helped to exclude
another chronic inflammatory genesis in the
remaining cases.

If the aetiology of the neuropathy was still
unclear, a nerve and muscle biopsy was
performed. Nerve biopsy is often regarded as a
valuable method for establishing a cause of
peripheral neuropathy under specific
circumstances.14 15 24 28–31 Several investigators
advise cautious and selective use of sural nerve
biopsy. Others have a more general approach,
proposing that the biopsy should be performed
to establish the diagnosis of a peripheral
neuropathy, to characterise the neuropathy,
and to reach a definite pathological diagnosis.2

In general, nerve biopsy is reported to be of lit-
tle diagnostic value in metabolic disorders and
nutritional neuropathies, in which the histo-
logical findings are non-specific,4 stressing the
fact that a biopsy should be considered only
when the basic diagnostic eVort was inconclu-
sive and when detailed laboratory investiga-
tions have been completed. Important excep-
tions are disorders such as vasculitis, CIDP,
amyloidosis, sarcoidosis, leprosy and tumour
infiltration. Biopsy was also shown to be useful
in the identification of inherited myelinopa-
thies and in some axonopathies.16 32 In our
patients, the biopsy always confirmed the pres-
ence of a peripheral neuropathy when the diag-
nosis had already been established by clinical
examination and electrophysiological studies.
Except for the vasculopathic neuropathies in
three cases, the biopsy was of little diagnostic
value in our series, as only unspecific findings
were obtained.33 Accordingly, biopsy seems to
be of limited help in patients with peripheral
neuropathy.

By means of the presented diagnostic
approach, the underlying aetiology could be
specified in a total of 124 patients (73%), leav-
ing the remaining 47 patients with a diagnosis
of an idiopathic peripheral neuropathy. How-
ever, this group of idiopathic peripheral
neuropathies also included patients with GBS
and CIDP (n=14), in which the underlying
causes can rarely be established. Excluding
these cases, 33 patients remained with the defi-
nite diagnosis of an idiopathic peripheral
neuropathy (19%). This figure is in agreement
with previously published studies (24, 13 and
14%), in which patients with GBS and CIDP
were also excluded from further aetiologic
classification.2 4 8 If a patient with a peripheral
neuropathy is carefully and systematically
evaluated, as outlined here, idiopathic periph-
eral neuropathy will be an uncommon diagno-
sis, although in some cases such a diagnosis will
be inevitable despite a complete diagnostic
work-up. Advances in molecular genetics32 and
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the immunopathology of peripheral nerve
disorders33 are likely to reveal the underlying
aetiology of some of the peripheral neuropa-
thies that are currently diagnosed as idiopathic
in the near future.

In conclusion, we could show diabetes melli-
tus and alcohol abuse to be the most frequent
causes of peripheral neuropathies in our popula-
tion. The majority (69%) of our patients were
diagnosed using ‘basic’ diagnostic tools, and
another 20% could be diagnosed by means of
additional laboratory investigations. In the
remaining cases (17%), invasive procedures
(spinal tap, nerve/muscle biopsy) were necessary
to reach the final aetiologic classification (GBS,
CIDP, neuroborreliosis, vasculitis). Hence, the
vast majority of diagnoses could be confirmed
using non-invasive procedures. More invasive
investigations are of minor importance for clari-
fying the aetiology of peripheral neuropathies.
These findings clearly favour a primarily non-
invasive, ‘basic’ diagnostic approach. Invasive
procedures should be performed only in care-
fully selected individuals. A summary of these
diagnostic procedures is given in the box.

We are grateful to the Verein zur Erforschung der Muskel-
krankheiten, Vienna, Austria.
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Medical Anniversary

Ludwig van Beethoven, 17 December 1770

Ludwig van Beethoven (1770−1827) was born in Bonn but the family moved to Vienna in
1792. There is still considerable controversy over his mysterious illnesses. The deafness has
been attributed to Paget’s disease and auditory neuropathic otosclerosis whereas others
have extended it into a multisystem systemic disorder due to systemic lupus erythematosus,
sarcoidosis or Whipple’s disease. Gastroenterologists have argued in favour of ulcerative
colitis, Crohn’s enteritis, chronic active hepatitis or alcoholic cirrhosis.

The reader is invited to develop his own diagnosis based on these features − deafness,
chronic diarrhoea, abdominal pain, arthralgias and weight loss. He died from pneumonia,
extensive dropsy, jaundice and terminal coma. Professor Karl von Rokitansky carried out an
autopsy on 28 March 1827, but the features were non-specific and hence the continuing
conjecture about his ill-health. — DG James
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