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Abstract
Ninety four neurologists in the United
Kingdom, China, and West Germany
responded to two structured question-
naires. The first assessed the diagnostic
weighting assigned to a number ofsymp-
toms, signs, and clinical investigations
ascertained from classical descriptions
and case notes of patients with motor
neuron disease (MND). The second tes-
ted the likelihood and consistency of
diagnosis in a series of case summaries
representing the clinical data of 10
patients with clinically and patho-
logically documented motor neuron
disease. There was a wide measure
of agreement concerning the common
clinical features of the disease, especially
regarding fasciculation of the tongue,
fasciculation associated with weakness
seen in more than one limb, and dys-
phagia. In the case summaries, however,
there was clear variation in the ranked
likelihood of the diagnosis of MND and
in the consistency of diagnostic be-
haviour in the different groups of
neurologists. These findings support the
need for internationally agreed criteria
in the diagnosis of MND. Any such
criteria will need to be tested against a
standardised data set to establish their
validity.
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gave a 98% sensitivity and an 86% specificity
when compared against another data set of
246 patients with MND, cervical spondylosis,
multiple sclerosis, and stroke.5 This four step
algorithm allows direct decision making based
on the presence or absence of fasciculation in
arms, legs, or tongue; muscular wasting in the
limbs; sensory loss; and increased tendon
reflexes.5
We studied the process of diagnosis of

MND by neurologists in three different coun-
tries; firstly, by assessing the criteria currently
used by these neurologists and, secondly, by
scoring the ranking- of the likelihood
(probability) of diagnosis of MND and the
consistency of their diagnoses in a standard-
ised set of clinical case summaries taken from
patients in whom this diagnosis had been
established clinically and confirmed at
necropsy examination.

Material and methods
Fifty British neurologists, 50 Chinese
neurologists from the Beijing region, and 25
West German neurologists were invited to
participate in the study. All the neurologists
were fully trained and accredited in their own
country, of consultant or equivalent grade,
with hospital or university affiliations, and
engaged in the full time practice of clinical
neurology in a hospital or academic setting, or
both.
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Research on motor neuron disease (MND)
depends on accurate diagnosis. At present
there is no specific test for the disease, and
diagnosis depends solely on clinical eriteria,
based on positive features regarded as charac-
teristic, especially a clinical syndrome with
fasciculations of arms, legs, or tongue; mus-
cular wasting and weakness; and a progressive
course. The clinical features are usually con-
sistent with one of the major clinical syn-
dromes of MND, that is, amyotrophic lateral
sclerosis, progressive muscular atrophy, or
rarely, progressive spastic paraparesis."
Other possible diagnoses, especially cervical
and lumbar spondylosis with myelopathy,
stroke, multiple sclerosis, spinal muscular
atrophy, multiple mononeuropathy syn-
dromes, polyneuropathy, and polymyositis
must be excluded by appropriate investiga-
tion.l1 In an analysis of the case records of
176 patients, 104 with MND and the remain-
der with cervical spondylosis, multiple
sclerosis, or stroke, we devised a simple, four-
step algorithm for the diagnosis ofMND that

Study one: process of diagnosis ofMND
The first questionnaire listed a number of
symptoms, signs and investigations, the
presence or absence of which are generally
recognised as relevant to the diagnosis of
MND (see figure).`3 Each neurologist was
asked to rate the importance of the presence or
absence of each symptom, sign, or result of
clinical investigation in relation to its impor-
tance in making a diagnosis of MND by
marking a 10 cm analogue scale for each item.
On this scale 0 cm (left edge of line) ranked as
zero weight for this diagnosis and 10 cm (right
edge of line) ranked as maximum weight for
the diagnosis. The data from this study were

analysed by the method of repeated
measurements analysis of variance.6 This stat-
istical method addressed two questions;
firstly, whether there was any difference in
overall weight (importance) between the
variables (that is, symptoms, signs, and inves-
tigations) and, secondly, whether there were
differences in weight for any particular vari-
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able among the neurologists in the three
countries. For this statistical analysis a logit
transformation of the visual analogue scale
measurements was made.

Study two: likelihood and consistency of
diagnosis ofMND
In the second study the neurologists were
presented with a set of 15 brief case sum-
maries. These summaries consisted of 10 data
sets of patients known from clinical and
pathological evidence to have died from
MND, obtained from the case records of the
Royal London Hospital and the Radcliffe
Infirmary, Oxford. Five of these data sets
were given twice but disguised only by a
change of sex and age (no less than one or
more than five years). The data sets were re-
ordered and presented on separate sheets;
thus there were 15 apparently different case
summaries. Each summary consisted of the
clinical data including medical history and the
results of investigations from onset to death,
presented in conventional narrative form. The
neurologists were asked to use a 10 cm visual
analogue scale to mark the strength (relative
likelihood) of a diagnosis of MND in each
case. The left edge represented conviction
that the diagnosis was not MND and the right
edge certainty that the diagnosis was MND.
No indication was given in the proforma on
the diagnosis or even as to whether all or only
some of the summaries represented patients
with MND.
The data from study 2 were analysed with

respect to likelihood and consistency of diag-
nosis from the analogue score measurements.
In the likelihood analysis a score of 5 or more
was considered as "likely to be MND" and a
score of less than 5 as "unlikely to be MND".
We used the terms "likely" and "unlikely"
because they most closely resemble the usual
process of clinical diagnosis in which a diag-
nosis is simply regarded as likely or unlikely
and different items of information are used in
a relatively non-probabalistic way in achieving
a working diagnosis (see discussion). Consis-
tency of diagnosis was assessed by considering
how respondents classified each pair of
duplicate case summaries. For each pair of
duplicated cases a two-way table was con-
structed with four cells; one in which both
cases were classified as "likely to be MND",
one in which both were classified as "unlikely
to be MND", one in which the first was
"likely" and the second "unlikely", and one
in which the first was "unlikely" and the
second "likely". In this way the binary
observations were standardised so that we
could assess the proportion of observers who
made the same observation twice (consistent
responders) and those who did not.

Results
Responses were obtained from 39 of 50 British
neurologists, 40 of 50 Chinese neurologists,
and 15 of 25 West German neurologists,
representing a 75% overall response rate.

Study 1: process of diagnosis ofMND
The neurologists in all three countries consis-
tently rated motor symptoms, especially fas-
ciculation, weakness, dysphagia, and dysarthia,
as important in diagnosing MND, but there
were differences in emphasis of certain symp-
toms. British and West German neurologists
assigned less importance to difficulty in writ-
ing, rapid fatigue, and muscle spasm than
Chinese neurologists. There was a clear recog-
nition (p = 00001) of the importance of these
motor symptoms compared with incontinence,
seizures, diplopia, sensory loss, and visual loss,
all of which were regarded as inconsistent with
a diagnosis ofMND (figure), although Chinese
neurologists placed less weight on this than
their European colleagues (p = 0-0001).
Absence of rapid fatigue and, to a lesser extent,
absence of muscle cramps, muscle spasm, and
fasciculations in more than one limb, were
regarded by British neurologists as making the
diagnosis of MND unlikely, but the Chinese
and West German neurologists placed less
negative emphasis on the absence of these
features.

Physical signs, graded in rank order in rela-
tion to the diagnosis of MND, ranged from
fasciculation of the tongue and of muscles in
more than one limb, representing signs with
high ranking for the diagnosis of MND, to
sensory loss, a sign ranking very low in relation
to a diagnosis of MND. Other characteristic
features of lower motor neuron lesions and
signs ofupper motor neuron lesion were ranked
as less important than fasciculation, although
there was some disagreement among the three
groups, particularly with regard to spasticity
which was rated much more characteristic of
MND by British and West German neurolo-
gists than by Chinese neurologists. Absence of
these physical signs was assessed with similar
emphasis as moderately inconsistent with the
diagnosis of MND (scores ranging from 3 to 5)
by all three groups of neurologists.
The assessment of the results of clinical

investigations showed that the presence of
neurogenic change in a muscle biopsy
specimen was universally regarded as an
important positive feature, and the presence of
cervical spinal canal stenosis as an important
negative feature, while all the other investiga-
tions were generally regarded as less relevant
(p = 0-0001). There were, however, clear
differences in the ratings ascribed to these other
investigations, particularly with regard to
cervical and lumbar spondylosis and a normal
EMG, which were rated as more important
negative features in China than in Britain or
West Germany. A raised CSF protein con-
veyed more negative bias than a normal CSF
protein, and a slightly raised blood CK level
(195 IU/1) was rated as of intermediate diag-
nostic importance.

Study 2: likelihood and consistency of diagnosis
ofMND
There was a reasonable level of diagnostic
agreement between the neurologists in the
three countries in all except four cases. Two of
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Figure Study 1: mean ranks ascribed to various physical signs (A), symptoms (B), and results of clinical
investigations (C) in diagnosis of motor neuron disease (MND). Ordinate represents rankings marked by respondent
neurologists from three countries on 10 cm analogue scale, where 10 cm represented maximum weight and 0 cm
minimum weightfor diagnosis ofMND.

A physical signs
[a] fasciculation of tongue

[b] fasciculation in more than one
limb

[c] dysarthria
[d] dysphagia
[el increased tendon
[fl bilateral extensor plantar

responses
[g] fasciculation in one limb reflexes
[hl asymmetrical wasting
[i] decreased tendon reflexes

[j] spasticity
[k] sensory impairment

B symptoms

[a] fasciculation in more than one
limb

[b] weakness of muscles

[c] difficulty swallowing
[d] difficulty speaking
[e] difficulty writing
[fl difficulty walking

[g] fasciculation in one limb
[h] rapid fatigue
[i] muscle spasms

[j] muscle cramps
[k] incontinence
[I] seizures
[m] diplopia
[n] sensory loss
[o] visual loss

C results of clinical investigations
[a] muscle biopsy specimen;

neurogenic change
[b] myelogram; cervical canal stenosis

[c] x ray; lumbar spine normal
[dl x ray; cervical spine normal
[e] thyroid function normal
[f] CSF normal

[g] creatine kinase 195 IU/I
[h] CT brain; normal
[i] EMG; widespread neurogenic

change
[j] thyroid function abnormal
[ki creatine kinase normal
[1i muscle biopsy; normal
[m] CSF protein 100 mg/l
[n] myelogram normal
[o] diabetes mellitus
[p] CSF serology + ve
[q] x ray; cervical spondylosis
[r] x ray; lumbo-sacral spondylosis
[s] EMG; normal
[t] serum B,2 170 pg/ml
[u] CT brain; tumour
[v] CT brain; cerebrovascular disease

these four cases consisted of a duplicated pair of
summaries. One case occupied an equivocal
position. There was consistency among the
respondents in relation to two duplicated cases

in which the clinical syndrome of MND was

fully expressed, as recognised in standard des-
criptions of the clinical features of the dis-
ease.`13 In three pairs of duplicated cases in
which the clinical syndrome was less fully
developed, however, differences in diagnostic
behaviour among the neurologists in the three
countries were distinct. In four of the 10
unduplicated cases there was a consensus about
the unlikelihood of a diagnosis of MND. For
each of the five pairs of duplicated cases the
degree of consistency in diagnosis was 96%,
94%, 77%, 72%, and 65%.

Discussion
These two investigations were designed to

assess the importance ascribed to various com-
mon symptoms, signs, and clinical investiga-

tions in establishing a diagnosis of MND by
neurologists in Britain, West Germany, and
China (study 1) and, in a series of case sum-

maries of patients known to have MND, to
assess the probability and consistency of the
diagnostic process (study 2). The neurologists
in the three countries were all of equivalent
status in relation to their affiliations, appoint-
ments, and experience. In study 1 most of the
neurologists agreed on the importance of fas-
ciculation of the tongue, fasciculation in more
than one limb, weakness, dysphagia, and dysar-
thria in the diagnostic process." Less specific
clinical features-for example, the presence of
upper motor neuron signs-were accorded less
weight. Clinical investigation seemed to be
assessed critically-for example, neurogenic
change in a muscle biopsy specimen and the
presence of canal stenosis in radiographs of the
cervical or lumbar spine were regarded as

relevant positive and negative features respec-
tively. A raised CSF protein provoked suspi-
cion of another diagnosis, and a mildly raised
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blood creatine kinase level was regarded as

consistent with the diagnosis but not as a

feature of major diagnostic importance. Other
features such as cervical spondylosis were rated
as important negative features in Britain and
Germany, but seemed to have a more negative
emphasis in China. Many of the investigations
commonly employed achieved rankings sug-

gesting that the information they revealed
contributed neither positively nor negatively to
the diagnosis.

In study 2 there were 10 case summaries
comprising known cases of MND, with five
duplicate cases disguised only by a change of
sex and age. There were clear differences in
rating of diagnostic likelihood between the
neurologists in the three countries, including
both unduplicated and duplicated cases. Thus
there was lack of agreement between neurolo-
gists in different countries in the same cases,

and in three cases ofMND the diagnosis was

regarded as unlikely. In study 2 the neurolo-
gists were not given any indication as to study
design and may well have been expecting some
of the patients to have some other neurological
diagnosis, an expectation which resembles the
reality of clinical practice. There was consis-
tency among the respondents in relation to two
duplicated cases in which the clinical syndrome
ofMND was fully expressed, as recognised in
standard descriptions of the clinical features of
the disease."' On the other hand, in three pairs
of duplicated cases in which the clinical syn-

drome was less fully developed differences in
diagnostic behaviour among the neurologists in
the three countries were distinct.
The disparity between the wide measure of

agreement in relation to the clinical features of
the disease that have diagnostic importance and
the results of the analysis of probability of
diagnosis and of consistency of diagnostic
behaviour in the case summaries, suggest that
the respondent neurologists agreed with each
other in theoretical terms, but that they acted
differently when asked to make diagnostic
judgements. That is, they utilised their diag-
nostic database in different ways. This is par-

ticularly shown by the inconsistent diagnostic
responses given in study 2 when there was

conflict within the clinical data. Although this
analysis of diagnostic behaviour in paper cases

might be considered a theoretical exercise,
Kirwan et al showed that assessments based on
case summaries correlate highly (r = + 0-9)
with those made on the equivalent real
patients.7 In real life clinical practice, when
confronted with a potentially serious diagnosis
such as MND with its implications of untreat-
ability and early death, most neurologists
actively consider alternative diagnoses in order
not to miss a treatable condition. In this
situation therefore the neurologist might be
expected to adopt a strategy of differential
diagnosis rather than of a single diagnosis. In

study 2, however, the degree of inconsistency
in diagnostic behaviour between cases was

distinct, and even extended across matching
pairs of cases. There seems to have been
conflict in the minds of the respondent neuro-

logists between a desire to make a unitary
diagnosis and an attempt to keep diagnostic
options open by allowing uncertainty. The

reasoning process utilised in clinical diagnosis
are complex and poorly understood. Kassirer
concluded that probabilistic reasoning, using
statistical relationships between clinical find-
ings and diagnosis, causal reasoning, in which
the clinical findings are assessed for coherency
in relation to a physiological model of the
disease, and deterministic reasoning, in which a
set of compiled rules, based on previous
experience is followed, are all utilised in the
process of diagnosis in clinical practice.8 These
methods are probably complementary, and
current understanding of their application and
of their interrelationships is imprecise. In clin-
ical practice probabilistic methods are prob-
ably little used.8 In study 2 we used the rating of
diagnostic strength as a means of assigning the
likelihood or unlikelihood of the diagnosis of
MND. This interpretation supposes that the
neurologists would assume the diagnosis to be
likely or unlikely and that they would not take
up an intermediate position. This accords with
the use of either a non-probabilistic or deter-
ministic pattern of diagnostic behaviour. In the
latter, however, different weights might have
been applied to certain items of information.
Our study did not address this problem, and we
therefore preferred not to apply any arbitrary
sub-divisions to the scores given by the marks
placed on the 10 cm scales.
Our results illustrate the need, not only to

define clearly the criteria used for the diagnosis
of MND but also to understand more com-
pletely the ways in which these criteria are used
in different diagnostic situations. For example,
in clinical situations in which the data-base is
incomplete, perhaps because the clinical syn-
drome is incompletely developed or because
there are unusual features. The inherent con-
flict in the data seems to be dealt with by
different neurologists in different ways, leading
to apparently different diagnostic behaviours.
Any agreed set of criteria for diagnosis of
MND, as currently under consideration by the
World Federation ofNeurology, will need to be
validated prospectively. These criteria could be
tested against a data-set of case summaries with
a similar analytical design to the one we have
employed.

This work was supported by the Wellcome Trust, and the Motor
Neurone Disease Association. We thank the 85 neurologists in
Britain, West Germany, and China who responded to our
questionnaires. Dr Mark Chaput de Saintonge and Professor
W B Matthews gave helpful advice in planning the two studies.
Full details of the numerical results are available on request
from MS.
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