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Abstract
Objective-To determine the prevalence
and correlates of neuropsychological
impairment in a large cohort (n = 146) of
patients with typical, sporadic (non-
familial) amyotrophic lateral sclerosis.
Methods-A battery of neuropsychologi-
cal tests was administered to patients with
amyotrophic lateral sclerosis who were

attending a monthly outpatient clinic or

who were in hospital undergoing diagnos-
tic tests.
Results-Comparing individual patient's
scores with relevant normative data,
35-6% of the patients displayed evidence
of clinically significant impairment, per-

forming at or below the 5th percentile on

at least two of the eight neuropsycho-
logical measures. Deficits were most
common in the areas of problem solving,
attention/mental control, continuous
visual recognition memory, word genera-

tion, and verbal free recall. Impairment
was most prevalent in patients with
dysarthria (48.5%), but 27-4% of non-

dysarthric patients were also impaired.
Impaired patients had more severe or

widespread symptoms of amyotrophic lat-
eral sclerosis than non-impaired patients,
and had fewer years of education.
Conclusion-Neither the conventional
wisdom that cognition is intact in nearly
all patients with amyotrophic lateral scle-
rosis, nor more recent suggestions that
cognition is often at least mildly impaired
seems to be correct. A minority of
patients with amyotrophic lateral sclero-
sis displayed evidence of significant
impairment. Dysarthria, low education,
and greater severity of motor symptoms
were risk factors for impairment.
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For many years, the conventional wisdom was

that dementia occurred rarely in patients with
sporadic, typical amyotrophic lateral sclerosis,
and that the great majority of patients dis-
played little or no cognitive impairment.'
However, in several neuropathological studies,
it was noted that abnormalities extended
beyond cortical motor areas in some non-

demented patients.23
Neuroimaging4 13 and neuropsychologi-

cal'4-22 studies have also suggested that non-
motor system cerebral dysfunction and cogni-
tive impairment may be more prevalent in
amyotrophic lateral sclerosis than previously
thought. Neuropsychological studies have
shown that patients with amyotrophic lateral
sclerosis perform less well as a group than nor-
mal controls on tests thought to tap frontal
system functioning, such as word generation,
non-verbal fluency, free recall, the Wisconsin
card sorting test, and the Stroop test. By con-
trast, patients showed normal performances
on tests of naming and memory retention.
Findings concerning visuoperceptual and visu-
ospatial functioning have been inconsis-
tent.'0I117 2021 Overall, these findings are most
compatible with mild frontal system dysfunc-
tion rather than with an "Alzheimer's pattern"
of medial temporal lobe and temporal-parietal
cortical involvement. A small percentage of
patients do display a more global cognitive
decline, and these patients may also show
more widespread cortical hypometabolism,
involving the temporal and parietal lobes.'"

Previous neuropsychological studies have all
had sample sizes of 35 or fewer patients with
amyotrophic lateral sclerosis, and only exam-
ined whether group differences between
patients and controls were statistically signifi-
cant. In the present study, we assessed neu-
ropsychological functioning in a large cohort
(n = 146) of patients whose disease progress
was well characterised and examined the per-
formances of individual patients to obtain a
better estimate of the true prevalence and pat-
tern of clinically significant impairment in
these patients. We also investigated possible
correlates of impairment, including age, sex,
educational level, duration of symptoms, bul-
bar versus non-bulbar onset, dysarthria, respi-
ratory function, overall motor impairment,
and depressive symptoms.

Methods
PATIENTS
Patients were recruited from Baylor College of
Medicine Methodist Hospital and from the
monthly MDA-ALS outpatient clinic run by
the department of neurology at Baylor College
of Medicine (for a detailed description of the
total Baylor amyotrophic lateral sclerosis popu-
lation, see Haverkamp et al 23). Laboratory
tests, EMG, and muscle biopsies were per-
formed on all patients. Histories were gathered
through intensive interviews of the patients
and their families. Only patients fulfilling crite-
ria for typical, sporadic (non-familial) amy-
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otrophic lateral sclerosis were selected.23
Consistent with the El Escorial diagnostic cri-
teria,'4 patients with only upper or lower
motor neuron involvement were excluded, as
were patients with possible postpoliomyelitis
syndrome.
Of the 158 patients who were administered

the neuropsychological test battery, 146 com-
pleted testing in either all eight cognitive
domains (n = 118) or seven of them (n =
28). The remaining 12 patients, who had
missing data for two or more domains of the
battery, were excluded.

MEASURES
We constructed a neuropsychological test bat-
tery to tap a broad range of cognitive func-
tions, while attempting to minimise motor
demands, particularly writing, drawing, and
other manual manipulation, which would
unduly handicap and stress many patients. We
selected tests on which patients with amy-
otrophic lateral sclerosis have been found to be
impaired (word generation, free recall), as well
as tests on which they have displayed normal
performance (naming, visuoperception). We
did not administer the Wisconsin card sorting
test, due to time constraints, but substituted
another problem solving test, the short cate-
gory test. The tests which were selected
seemed to have adequate and comparable nor-
mative samples. It would be desirable to have
normative data for all tests which were derived
from a single, large, sample, but such data
were not available (with the possible exception
of the Halstead-Reitan battery, which is not
appropriate for patients with amyotrophic lat-
eral sclerosis). With limited resources, we
could not conduct such a large scale normative
study ourselves, but as noted by Lezak," the
use of tests with different, but comparable,
normative samples is not a serious hardship,
for the normative data generally serve their
purpose adequately.

Patients were given tests of problem solving
(short category booklet test26); visuoperception
(judgment of line orientation27); verbal learn-
ing and memory (California verbal learning
test, CVLT,'8 total recall across the five learn-
ing trials); visual recognition memory (contin-
uous recognition memory test, CRMT,'9 total
accuracy, taking into account hit rate and false
positive rate); attention/mental control (verbal
series attention test (VSAT,'0 time to com-
plete), which includes reciting the alphabet,
counting backwards from 20, reciting the days
of the week and months of the year in forward
and reverse order, counting backward from
100 by threes, and alternately saying numbers
and letters in ascending order (1-A-2-B, etc);
confrontation naming (Boston naming test3l);
word generation (FAS test,32 saying as many
words as possible beginning with the letters F,
A, and S in one minute periods); psychomotor
speed (symbol digit modalities test, SDMT;
written and oral versions,33 number of correct
responses in 90 seconds); reading of irregu-
larly spelled words (American version of the
national adult reading test, ANART34), and a
118 item self report questionnaire of depres-

sive symptomatology (multiscore depression
inventory, MDI35). Thus the VSAT, FAS, and
SDMT tests had a time (speed) component,
and the remaining tests did not. Raw scores
were converted to standard scores or per-
centile scores using relevant normative data,
correcting for age group on all measures
except the ANART; for educational level on
the VSAT, FAS, and SDMT measures; and
for sex on the JLO, CVLT, SDMT, and MDI
measures. Normative data from the test manu-
als were used for all measures except the FAS
test, for which an auxiliary source was used.'6
A dysarthria rating (absent, mild, moderate, or
severe) was given to 139 patients at the time of
neuropsychological testing. Finally, 78
patients were scored with our amyotrophic lat-
eral sclerosis rating scale2337 assessing bulbar
function, respiratory function, muscle
strength, and upper and lower limb function.
This rating scale has been shown to reliably
reflect deterioration of motor systems as amy-
otrophic lateral sclerosis progresses, and the
rate of decrement of patients' scores is an
effective predictor of survival time." The rat-
ing and the neuropsychological evaluation
were sometimes not done close together in
time, so we only included ratings of patients
(n = 78) that were made within 90 days of the
neuropsychological evaluation; the mean time
interval was 23-6 days and the median time
interval was 10-5 days. The patients who had
ratings were significantly younger, had shorter
durations of illness, and were less likely to be
dysarthric than were patients without ratings.
This reflects the fact that patients whose
motor systems were less affected were more
likely to be involved in (unsuccessful) treat-
ment trials involving monthly clinic visits, at
which times they could be given both neu-
ropsychological testing and the amyotrophic
lateral sclerosis rating. Interestingly, the
groups did not differ significantly on any neu-
ropsychological measure, and did not differ in
the total number of scores in the impaired
range.

Results
PATIENT CHARACTERISTICS
Table 1 shows the demographic and disease
related characteristics of the study patients.
On average, the patients had a relatively high
level of premorbid functioning, as indicated by
their mean of 13-6 years of education and
above average mean ANART score (which is
highly correlated with premorbid verbal intel-
lectual ability). The men to women ratio of 1-7
is similar to previous reports. Nearly half of
the patients were rated as exhibiting some
dysarthria, but only 20-1% had moderate or
severe dysarthria.The mean amyotrophic lat-
eral sclerosis motor score of 60 is indicative of
mild to moderate dysfunction.37 About a quar-
ter of patients who received an amyotrophic
lateral sclerosis rating scale score showed mild
respiratory dysfunction. As noted in table 1,
the patients' mean T score on the MDI ques-
tionnaire was 45-2, which indicates that on
average, patients did not report experiencing a
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Table 1 Demographic and disease related characteristics

No Mean (SD)

Age 146 591 (129)
Education (y)) 146 13-6 (3-1
ANART score 141 109-4 (9-5)
% Men 146 63-7
Symptom duration (months) 146 15 7 (14-8)
% Bulbar onset 146 19-2
Dysarthria 139
% Absent 52-5
% Mild 27-3
% Moderate 15-1
% Severe 5-0

ALS Rating scale score 78 60-1 (17-6)
% Respiratory dysfunction 78 26-0
MDI T score 138 45-2 (7 9)

significant number of depressive symptoms (a
T score of 50 signifies a score at the 50th per-
centile in the normative group). Nine of the
138 patients (6&5%) obtained a T score
between 61 and 83, which indicates depres-
sion of "moderate" severity35 and no patient
scored above 83, indicative of "severe" depres-
sion.

MEAN NEUROPSYCHOLOGICAL TEST
PERFORMANCES
Table 2 shows the patients' neuropsychological
test performances. Normative data for the neu-
ropsychological measures yield percentile
scores for the short category test, judgment of
line orientation, and the CRMT; and z scores
for the remaining measures. To compare per-
formances across measures, the z scores were
converted to percentile scores using the cumula-
tive probabilities of z scores in a normal distrib-
ution.

As shown in table 2, the patients, as a group,
performed below expectations, obtaining mean
percentile scores in the 20s on three measures,
and in the 30s on seven measures. Considering
these patients' likely above average premorbid
intellectual levels (as indicated by their educa-
tional attainment and ANART scores), mean
scores should have exceeded the 50th per-
centile, but did so on only one measure-judg-
ment of line orientation. The patients' poorest
performances occurred on word generation

Table 2 Neuropsychological test performances

No Mean percentile

Line orientation 146 56-3
CVLT Recognition accuracy 145 38-6
VSAT Errors 146 37-8
Boston naming test 146 37-1
CRMT Accuracy 143 35-8
Symbol digit: oral 143 34-8
Symbol digit: written 136 33-0
Short category test 134 31-6
VSAT Time 146 25-1
CVLT Learning trials 1-5 145 22-1
FAS Word generation 146 22-1

Table 3 Percentages ofpatients performing below cut offpoints on neuropsychological
measures

At or below 5th At or below I Oth
percentile (% patients) percentile (% patients)

Short category test 26-9 35-8
VSAT Time 24-0 31 5
CRMT Accuracy 22-4 28 1
FAS Word generation 21 2 35-0
CVLT Learning trials 1-5 20-0 29-0
Boston naming test 11-7 15-8
Line orientation 8-2 13-0
Symbol digit 7-4 12 5

(FAS), immediate free recall performance dur-
ing the five learning trials of the CVLT, and
time to complete the VSAT attention/mental
control tasks. By contrast with their relatively
poor CVLT free recall, the group performed
better on the CVLT recognition memory test,
suggesting that retrieval difficulties contributed
to their free recall problems. In addition,
although they were slow to complete the VSAT
tasks, they did not make many errors.

RATES OF IMPAIRMENT ON
NEUROPSYCHOLOGICAL MEASURES
We also tabulated the frequencies of patients
who showed clinically significant deficits on
eight key measures (the most important mea-
sure from each of the eight neuropsychological
tests). There were five measures on which at
least 20% of the patients performed at or below
the 5th percentile. Using a less stringent crite-
rion of impairment-performance at or below
the 10th percentile-at least 28% of the
patients scored below this cut off point on the
same five measures (table 3). This set of five
scores included the three measures on which
the group as a whole had the lowest mean per-
formances (word generation, CVLT immediate
free recall, and VSAT time), as well as two
additional measures, the short category test and
CRMT accuracy. Thus on these last two mea-
sures, although the group as a whole did not
perform particularly poorly, there was consider-
able variability, and a significant proportion of
patients did show deficient performance.

As expected, few patients exhibited any
notable difficulties on the tests of semantic pro-
cessing (Boston naming test) and visuopercep-
tual processing (judgment of line orientation).
Perhaps the most surprising result shown in
table 3 is the low percentage of patients falling
below the cut off points on the symbol digit
tasks. In calculating these percentages, we
labelled patients as showing impairment if they
fell below the cut off point on both the written
and oral versions, because we were interested in
the psychomotor aspects of this task (so
patients who were possibly handicapped in one
response mode by their motor impairment had a
chance to exceed the cut off point in the other
mode). If impairment had been defined as per-
formance at or below the 5th percentile on the
written or oral versions, the percentage of
impaired patients would have risen from 7 4 to
19-2.

EFFECT OF DYSARTHRIA
We examined whether dysarthria was an impor-
tant variable in mediating the likelihood of
impairment on the eight key measures. Two
factors could be relevant: firstly, dysarthria itself
could interfere with performance on some
tasks; and secondly, dysarthria could be a
marker of greater cerebral involvement. We
compared rates of impairment on the neuropsy-
chological measures in the 66 patients who
were rated as displaying any dysarthria (mild,
moderate, or severe) with the rates in the 73
patients who were rated as displaying no
dysarthria. Table 4 shows that the presence of
dysarthria had a large impact on only one mea-
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Table 4 Percentages of dysarthric and non-dysarthric patients performing at or below the
5th percentile on neuropsychological measures

Dysarthric Non-dysarthric
(% patients) (% patients)

Short category test 30 5 25 0
VSAT Time 34-8* 16-4
CRMT Accuracy 24-6 21-1
FAS Word generation 22-7 19-2
CVLT Learning trials 1-5 23-1 19-2
Boston naming test 13-6 11-0
Line orientation 10-6 6-8
Symbol digit 10-5* 5-6

*P < 0.05; X2.

sure, VSAT time. This is expected, as speed of
verbal response (for example, saying the alpha-
bet quickly) is important on this task. However,
16-4% of non-dysarthric patients were also
impaired on this measure. Impairment rates
differed significantly on only one other mea-
sure, the symbol digit modalities test, but the
rates were quite low in both the dysarthric and
non-dysarthric groups. Dysarthria was not
associated with impairment on either con-
frontation naming or word generation. Also,
impairment rates in the non-dysarthric group
ranged from 16&4% to 25-0% on the five mea-
sures which were most impaired in the total
sample.

BREADTH OF IMPAIRMENT
To investigate the breadth of individual
patients' neuropsychological deficits, we tabu-
lated the number of the eight key measures on
which each patient performed at or below the
5th percentile and at or below the 10th per-
centile. As table 5 shows, 64-4% of the patients
exhibited little or no evidence of neuropsycho-
logical impairment across tests, scoring at or
below the 5th percentile on one or no mea-
sures. The remaining 35-6% of patients did dis-
play some notable impairment, performing at
or below the 5th percentile on two or more of
the eight measures. If a more stringent cut off
point of breadth of impairment is adopted (per-
formance at or below the 5th percentile on

Table 5 Number of key measures on which individual patients performed below cut off
points

At or below 5th percentile At or below IOth percentile
No of measures (% patients) (% patients)

0 36-3 20-5
1 28-1 28-8
2 18-5 18-5
3 4-8 15-1
4 6-2 6-8
5 3-4 4-1
6 2-1 4-1
7 07 2-1

Table 6 Characteristics of non-impaired and impaired patients

Non-impaired Impaired
Mean (SD) Mean (SD)

Age 60-3 (12-5) 56-9 (13-6)
Education (y) 14-0* (3-1) 12-7 (2-7)
ANART 112-3** (8-3) 103-7 (9 1)
% Men 63-2 64-7
Symptom duration (months) 16-1 (16-0) 15-0 (12-4)
% Bulbar onset 16-8 23-5
% Dysarthric 39-8* 60-8
ALS Motor score 57-0* (12-8) 66-5 (23-5)
% Respiratory dysfunction 21-6 34-6

MDI T score 45-2 (7*9) 47-7 (8 9)

*P < 0-05, two tailed t test or X2; **p < 0-01, two tailed t test.

three or more measures), then 17-2% of
patients would be considered impaired. There
seemed to be variability among the impaired
patients regarding which particular tests were
impaired; we are currently investigating this
issue using cluster analytical techniques.
When considering a milder level of impair-

ment (performance at or below the 10th per-
centile), we increased to three the number of
scores which had to fall below the cut off point
when classifying patients as impaired or non-
impaired (less depth, but greater breadth of
impairment). Using this cut off point, 32-2% of
the patients would be classified as impaired
(table 5). Using the more stringent cut off point
of four or more scores at or below the 10th per-
centile, 17-1% of the patients would be classi-
fied as impaired.

CORRELATES OF IMPAIRMENT
We examined patient characteristics that could
be associated with neuropsychological impair-
ment. Table 6 outlines the demographic and
disease related characteristics of the 94 patients
who we considered non-impaired (performance
at or below the 5th percentile on one or no
measures) and the 52 patients who were con-
sidered impaired (performance at or below the
5th percentile on two or more measures).
The groups did not differ significantly in age,

sex distribution, estimated duration of motor
symptoms, or bulbar versus non-bulbar onset.
Despite their similar duration of symptoms, the
impaired group had higher (more impaired)
amyotrophic lateral sclerosis rating scale scores
than the non-impaired group. Considering only
the sample of 78 patients who received physical
examinations and were assigned amyotrophic
lateral sclerosis motor scores near the time of
neuropsychological testing, mean duration was
10-4 months in the non-impaired group and
11 1 months in the impaired group, a non- sig-
nificant difference (P > 0 60). This pattern of
findings suggests that the impaired patients
may have had a more rapidly progressive dis-
ease.

Table 6 shows that the non-impaired group
had significantly higher educational levels and
higher ANART scores, suggesting that they had
somewhat higher premorbid abilities. Also,
dysarthria was more prevalent in the impaired
group than in the non-impaired group.
However, 51*5% of dysarthric patients were not
impaired, and 27-4% of non-dysarthric patients
were impaired. Although respiratory dysfunc-
tion tended to be more prevalent in the
impaired than in non-impaired patients, the dif-
ference in relative frequencies was not signifi-
cant (P > 0 20).

Regarding the possible role of depression in
causing or contributing to deficits in patients
with amyotrophic lateral sclerosis, mean MDI
scores did not differ significantly between the
two groups (table 6). We also examined the
percentages of patients who obtained MDI T
scores indicative of at least "moderate" depres-
sion (> 60), and found that five of 48 (10-4%)
impaired patients and four of 90 (4 4%) non-
impaired patients scored in this range, a non-
significant group difference (Fisher's exact test,
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one tailed, P = 016). Finally, we conducted
analyses of covariance with MDI score and
education as the covariates, and found that all
differences between the impaired and non-
impaired groups on the neuropsychological
measures remained significant. These findings
suggest that depressive symptomatology was
not a key mediating variable associated with
neuropsychological impairment.

Discussion
Most (64A4%) of the 146 patients with amy-
otrophic lateral sclerosis did not display notable
neuropsychological deficits, but a significant
minority (35 6%) did. Thus neither the con-
ventional wisdom that cognition is intact in
most patients with amyotrophic lateral sclero-
sis, nor the more recent suggestions that cogni-
tion is commonly impaired, seems to be
correct.

Impaired patients exhibited the most diffi-
culty on tests of problem solving, attention/
mental control, continuous visual recognition
memory, word generation, and verbal free
recall; but showed normal or near normal con-
frontation naming, visual perception, and
delayed verbal recognition memory. This pat-
tern of performance is most compatible with
frontal system dysfunction, as indicated by
recent neuroimaging studies. ' 12 21 22

Patients' impairment on the continuous
visual recognition memory test might suggest a
memory disorder and medial temporal lobe
dysfunction, but this is a difficult task that has
considerable attentional demands, so atten-
tional deficits may have contributed to deficient
performance. Performance on the delayed ver-
bal recognition memory test was good, even in
the impaired patients, which indicates that the
patients did not have a generalised amnesic dis-
order. Patients' difficulties on the free recall
learning trials of the CVLT were likely due to
retrieval problems and perhaps to inefficient
use of active, effective learning strategies. This
pattem of verbal learning and memory perfor-
mance has been described in others with frontal
system dysfunction, such as patients with
Huntington's disease.38
The one finding which was inconsistent with

frontal or subcortical involvement was the
patients' relatively good performance on the
symbol digit modalities test, which requires
psychomotor speed, and has been reported to
be impaired in patients with subcortical dys-
function, as in multiple sclerosis.3" This task
does contain considerable external structure,
in that the response choices are visually present
at all times to the patient, who must choose
among them. Patients with involvement of the
frontal system can often perform relatively well
on tasks in which external cues can be used to
guide the response. The impaired patients with
amyotrophic lateral sclerosis did perform
poorly on two other tests requiring rapid
responding-the VSAT and FAS word genera-
tion test. These tasks require the patient to use
internal cues ("working memory") to initiate
and guide performance, and patients with
damage to the frontal system often have diffi-

culty generating and using such internal cues.4
An additional concern is the degree to which

dysarthria contributed to impaired perfor-
mance on tasks requiring a verbal response.
Firstly, it should be noted that dysarthria was
only mild in most of the patients in whom it
was identified. Secondly, we found that
dysarthria was associated with a substantially
increased rate of impairment on only one test,
the VSAT. Impairment rates on other tasks
requiring verbal responses, even rapid ones
(word generation, symbol digit test: oral ver-
sion), were not greatly affected by the presence
of dysarthria.

Dysarthria was associated with an increased
risk of being classified as impaired on our test
battery, but this could reflect the possibility
that dysarthria is associated with greater cere-
bral involvement, rather than being responsible
directly for impaired performance. Over half of
the dysarthric patients were not impaired, and
more than a quarter of non-dysarthric patients
were impaired. Thus although the presence of
dysarthria increased the risk of being classified
as impaired, it was far from a sufficient or nec-
essary condition of impairment. It should be
noted, however, that we did clinical ratings of
dysarthria, not psychoacoustical analyses,
which might detect more subtle articulation
difficulties.

Greater severity of overall motor symptoms
of amyotrophic lateral sclerosis was associated
with likelihood of impairment. Impaired
patients had more severe motor deficits than
non-impaired patients, despite having similar
durations of deficits. In addition, lower educa-
tional level and ANART scores were associated
with greater likelihood of impairment. It might
be argued that patients with higher premorbid
abilities may be more likely to seek evaluation
of their initial symptoms of amyotrophic lateral
sclerosis more quickly, and so may be at an
earlier stage in the course of disease. We found
that years of education correlated negatively
with duration (r = -0-33, P < 0 01).
However, duration of symptoms itself did not
differ significantly in the impaired and non-
impaired groups, and duration was not corre-
lated significantly with any neuropsychological
test score (P > 0-15 for all correlations).
Patients with lower premorbid ability levels
may have less "brain reserve capacity"4' than
persons with higher levels, so when these per-
sons develop amyotrophic lateral sclerosis, they
more quickly reach some critical threshold at
which cognitive deficits appear. This finding
parallels the evidence reported for another
neurodegenerative disorder, Alzheimer's dis-
ease-namely, that low education is a risk factor
for displaying the cognitive impairments char-
acteristic of this disease.42 43

Other possible correlates of cognitive
impairment, including age, sex, duration of
motor symptoms, bulbar onset, and respiratory
dysfunction, were not predictive of impair-
ment. By self report, depressive symptoms (or
a paradoxical absence of depressive symptoms)
were not associated with neuropsychological
deficits.
The characterisation of amyotrophic lateral
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sclerosis as a disease entirely confined to motor
systems has long been known as an oversimpli-
fication. Although damage to other portions of
the CNS and resulting functional impairment
may be minor by comparison with the relent-
lessly devastating effects on motor function,
this "incidental" damage should not be over-
looked when considering either patient care or
aetiology of the disease. Although cognitive
impairment is measurable in only a minority of
patients, we have found that minority to be a
significant one. The further demonstration of a
significant relation between severity of motor
impairment and cognitive decline supports the
hypothesis that a single underlying process
may be responsible for both. The recent find-
ing44 of the physiological absence of the
calcium binding proteins calbindin and parval-
bumin in selectively vulnerable spinal motor
neurons would suggest the possible absence of
these same constituents in neurons mediating
the frontal lobe dysfunction presented here.
Regardless of the aetiological explanation,
amyotrophic lateral sclerosis is not exclusively
a motor neuron disease, but a disease of the
nervous system, with multiple functional
effects which may be masked by, or ignored
because of, the overwhelming sensitivity and
destruction of the motor system.
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