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Background: Rivastigmine enhances cholinergic activity and has been shown in clinical trials to
decrease the rate of deterioration in Alzheimer’s disease. It remains unclear where in the brain it exerts
its effect. Functional magnetic resonance imaging (fMRI) can be used to measure changes in brain
function and relate these to cognition.
Objectives: To use fMRI to study brain activation with rivastigmine treatment.
Methods: The effect on brain activation of a single dose of rivastigmine was tested in seven patients
with mild Alzheimer’s disease using fMRI during face encoding, and in five patients during a paramet-
ric working memory task.
Results: During face encoding, rivastigmine increased bilateral activation in the fusiform gyrus. Brain
activation was also enhanced in the prefrontal cortex in a simple working memory task. When working
memory load was further increased, not only was increased activation seen, but in certain areas there
was also decreased activation.
Conclusions: These findings link the previously observed increase in cognitive performance in
Alzheimer’s disease after treatment with a cholinesterase inhibitor to altered brain activation. Although
the results cannot be generalised to the Alzheimer’s disease population at large, they provide evidence
that in mild Alzheimer’s disease, rivastigmine enhances brain activation in the fusiform and frontal cor-
tices. This is compatible with the concept of cholinergic circuitry.

One of the critical features of Alzheimer’s disease is
degeneration of cholinergic neurones, located in the
basal forebrain nuclei, progressively depriving the

brain of its cholinergic input. This reduces alertness, short
term memory, and learning abilities. Current treatment
strategies in Alzheimer’s disease are aimed at replacing or
enhancing cholinergic activity. Rivastigmine is a drug that
enhances cholinergic activity by inhibiting the enzyme acetyl-
cholinesterase, which otherwise metabolises the neurotrans-
mitter acetylcholine extremely rapidly.

It has been shown in rats that rivastigmine particularly
inhibits acetylcholinesterase in the neocortex and hippocam-
pus, the brain regions most affected in Alzheimer’s disease.1 2

In clinical trials, patients with mild to moderate Alzheimer’s
disease experienced significantly less deterioration in cogni-
tive indices and were found to show improvement in activities
of daily living.1–3 However, these data in humans do not link
brain function and behaviour—that is, it remains unclear
where in the brain rivastigmine exerts its effect on brain func-
tion.

Functional magnetic resonance imaging (fMRI) can be
used to measure changes in brain function and relate these to
cognition. In this pilot study we use fMRI to test the effect of
a single dose of rivastigmine on memory related brain activa-
tion in patients with mild Alzheimer’s disease in two memory
systems: episodic memory and working memory. The first

functional system of interest was assessed by a face encoding

task, the second by a working memory task.

METHODS
Patients and drugs
Eleven patients with Alzheimer’s disease from the memory

outpatient clinic of the Vrije Universiteit Medical Centre/

Alzheimer Centre were asked to participate. Written informed

consent for the fMRI procedure was obtained. The clinical

diagnosis of probable Alzheimer’s disease was made by a sen-

ior neurologist according to the NINCDS-ADRDA criteria

(National Institute of Neurological and Communicative

Disorders and Stroke – Alzheimer’s Disease and Related

Disorders Association).4 Disease severity was assessed accord-

ing to the clinical dementia rating (CDR) scale,5 while cogni-

tive status was expressed independently of the CDR rating by

the mini-mental state examination (MMSE) scores.6

Each patient was studied in two separate sessions, with a

seven day period in between. Half of the patients were

drug-free at the first session, and received a single 3 mg dose

of rivastigmine three hours before scanning for the second

session. The other half received treatment in the reverse order.

The investigators were blinded to the drug administration

schemes. In each scanning session, patients were questioned

for side effects, such as mild dizziness and nausea, both before

and after scanning.

Data acquisition
Imaging was performed on a 1.5 T magnetic resonance unit

with a gradient echo, echo planar imaging (EPI) sequence

with 3 mm in plane resolution, a slice thickness of 5 mm (1

mm gap), a repetition time of 2.48 s, and an echo time of 60

ms. From within the bore of the scanner, patients looked

through a mirror mounted on the head coil to a back

projection screen on which stimuli were projected. In their

right hand, patients held an MRI compatible response box

(Lightwave Medical Industries). For each stimulus, a response

with the right hand was requested by pressing a key with

either the index finger (left button) or the middle finger (right

button).
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Cognitive tasks
Two weeks before scanning, patients received a paper version

of the two tasks, to familiarise themselves with the test proce-

dure. On the day of scanning, both tasks were again explained

in detail and practiced on a computer outside the scanner.

Patients also practiced the tasks inside the scanner. When

necessary, patients wore MRI compatible glasses to correct

visual acuity.
Task 1 was a face encoding task, based on previous studies

on face encoding.7–9 Thirty two faces were presented in four
blocks of eight faces (40 seconds per block). Blocks with faces
alternated with blocks presenting grey rectangles (eight
stimuli per block, 40 seconds per block). Patients were
instructed to remember the faces and knew that they would
be tested for face recognition afterwards. To make sure
patients attended to the stimuli, they had to indicate whether
the faces were male or female (left or right button), or
whether the projected grey rectangles were dark or light grey
(left or right button), indicated by two large arrows at the bot-
tom of the screen. In all, 144 scans were obtained. After com-
pletion of task 2 (see below), face recognition was tested (no
fMRI data acquired) using a two choice forced recognition in
which 16 items were presented, each consisting of two faces
(one seen, one unseen). Test scores were the percentage of
correct answers.

Task 2 was a parametric n-back non-spatial working
memory task.10 11 The task consisted of four different
conditions, randomly presented in blocks: instruction, fixa-
tion, a “target = X” condition (referred to as X), a “1-back”
condition (which we will refer to as “simple working
memory”), and a “2-back” condition (corresponding to
“increased working memory load”). Each of the conditions
started with an instruction that was presented visually for 10
seconds. Letters were then presented sequentially: every two
seconds one letter was presented (1.5 seconds for presenta-
tion, followed by black screen for 0.5 second). In the FIX con-
dition, patients simply had to fixate on a cross projected on the
middle of the screen disappearing and reappearing at the
same rate as the letters. In the X condition, patients had to
press the left button with their index finger when the letter X
appeared on the screen (hit rate: 1 in 5). In the simple work-
ing memory condition, patients had to press the button when
a letter was repeated without any other letter intervening (for

example A . . .A). In the increased working memory load con-

dition, patients had to press the button when a letter was

repeated with one other letter in between (for example

A . . .B . . .A). In the working memory conditions, the hit rate

was also 1 in 5. Conditions were randomly repeated in 12 dif-

ferent blocks (20 letters per block, block duration 40 seconds),

and 245 scans were obtained in all in one session. Reaction

times were recorded and test scores were determined by sub-

tracting the false positive from the true positive rate.

Data analysis
Data were analysed by statistical parametric mapping using a

fixed effects design (SPM99, Wellcome Department of Cogni-

tive Neurology, London, UK).12 All EPI volumes (session 1 and

2, task 1 and 2) were realigned to the first volume of the face

encoding task of experiment 1, after removing the first five

volumes of each task to account for induction of a steady state.

EPI volumes were then normalised to a standard EPI template

volume based on the Montreal Neurological Institute refer-

ence brain in the space of Talairach and Tournoux,13 resliced

using sinc interpolation in space to 3 × 3 × 3 mm voxels, and

spatially smoothed with an 8 mm full width at half maximum

Gaussian kernel.

Data were modelled using a box car design, convolved with

the haemodynamic response function, and both high pass and

low pass frequency filters were applied in the time domain to

remove low and high frequency components. For each condi-

tion, variables were estimated by multiple linear regression

analysis. Specific effects were tested by applying appropriate

linear contrasts to the variable estimates for each condition,

resulting in a t statistic for every voxel. We applied a corrected

probability (p) value of 0.05 based on false discovery rate

statistics,14 with a minimum cluster size of 10 voxels. In task 1,

the effect of interest was signal increase during face encoding.

In task 2, there were two effects of interest: (1) signal

increases between “1-back” and “target = X” (1-back > X),

corresponding to simple working memory; (2) signal increase

between “2-back” and “target = X” (2-back > X), corre-

sponding to increased working memory load. The effects of

interest were calculated both in the untreated arm (R−) and in

the rivastigmine arm (R+). Both positive (R+ > R−) and

negative treatment effects (R+ < R−) were tested for each of

the three contrasts outlined above.

A possible danger in testing treatment effects is the

inclusion of regions that show a signal decrease in the

memory test when one is not interested in detecting changes

in negative activation. To exclude such regions in this study,

the contrasts of treatment effects were masked with SPMs of

signal decrease with p < 0.05 (exclusive masking, uncor-

rected) as follows: when testing positive effects (R+ > R−),

the SPM of signal decrease in R− was used for masking (that

is, voxels with a signal decrease in R− were excluded in the

analysis). In this way, we can be sure that positive treatment

effects can only result from increased positive BOLD signal

between R+ and R−, and not from a decrease in negative acti-

vation during R+ compared with R−. Following the same rea-

soning, the negative treatment effect (R+ < R−) was masked

with the SPM of signal decrease in R+.

Based on previous studies employing comparable tasks, and

given our main interest in episodic and working memory, we

limited the analysis for the face encoding task to the medial

temporal lobe (episodic memory) and also the ventral occipi-

tal cortex (fusiform gyrus, higher visual processing).7–9 Analy-

sis of the working memory task was limited to the frontal and

parietal lobes.10 11

RESULTS
Two patients could not participate in the fMRI procedure

because they experienced moderately severe gastrointestinal

side effects of rivastigmine (nausea, vomiting). Two other

patients had to be excluded because of claustrophobia and

neck complaints while lying in the scanner. The other patients

did not complain of any side effect. The remaining patients

(four male, three female, mean (SD) age 71 (8) years) had an

average MMSE score of 24.7 (2.0); all patients had a CDR rat-

ing of 1.

Face encoding
The remaining seven patients successfully completed the face

encoding tasks in the two sessions. Of these, five patients

received rivastigmine in the second session and two in the first

session. Owing to a computer error, test scores were not

recorded in two patients, and reaction times were not recorded

in three. Overall, 93% of male/female decisions were correct

during encoding, with no differences between arms; similarly,

there were no differences in reaction times (table 1). During

face recognition after scanning, patients performed just above

chance and again with no difference between arms.

In both arms (R− and R+), bilateral activation was found

along the ventral route in the fusiform gyrus, but no activation

in the medial temporal lobe (table 2). The contrast R+ > R−
showed enhanced activation in the left and right fusiform

gyrus with rivastigmine (fig 1, table 2). Detailed inspection of

the activation maps showed that the local maximum of the

contrast R+ > R− in the right fusiform gyrus was activated in

both R− and R+ (that is, activation already present in R− was
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enhanced in R+). The local maximum of the contrast
R+ > R− in the left fusiform gyrus did not show a significant
effect in the R− arm. Strictly speaking, this treatment effect in
the left fusiform gyrus was thus introduced by activation in
R+ that was not present in R−. Note, however, that activation
in R− was present near to this voxel (table 2), and that the
variance between patients was very high in R− in that
particular voxel (see also fig 1B). The contrast R− > R+ did
not show any effect.

Although our study was designed such that R+ and R−
drug treatment order was counterbalanced, dropouts caused
an imbalance of the order in the face encoding task: five
patients received rivastigmine in the second session, and two
in the first. Therefore, to test whether the observed signal
increases in the contrast R+ > R− in table 2 could also be
explained by session order rather than by rivastigmine, we ran
an additional analysis testing for interaction between task and
session. There were no regions that showed such an
interaction.

Working memory
Five patients performed the working memory task success-

fully in both sessions. Of these, four received rivastigmine in

the second session. As the working memory system was more

stressed, the test scores decreased, as expected, while reaction

times increased, both in R− and R+ (table 1).

The contrast for simple working memory (1-back > X)

showed brain activation in the R− arm in the inferior and mid-

dle frontal gyrus bilaterally, and in the right superior frontal

gyrus (table 3). In the R+ arm, the bilateral inferior, middle,

superior, and medial frontal gyrus, the left inferior parietal lobe,

the precentral gyrus bilaterally, and the right postcentral gyrus

were activated. The contrast R+ > R− showed a significant

increase in brain activation with rivastigmine in the left middle

and left superior frontal gyri (fig 2). These local maxima were

not significantly activated in R− (see table 3 and fig 2). The con-

trast R− > R+ (decrease in brain activation with rivastigmine)

did not show a significant effect in any area.

Table 1 Test scores and reaction times of the face encoding and working memory
task in the rivastigmine arm (R+) and the rivastigmine-free arm (R−)

Rivastigmine (R+) No rivastigmine (R-)

Face encoding
Test score (%) (n=5) 92 (2) 94 (6)
Reaction time (s) (n=4) 1.17 (0.16) 1.09 (0.08)

Working memory task
X 1-back 2-back X 1-back 2-back

Test score (n=5) 0.98 (0.04) 0.84 (0.17) 0.67 (0.32) 0.95 (0.06) 0.93 (0.11) 0.75 (0.34)
Reaction time (s) (n=5) 0.64 (0.09) 0.71 (0.09) 0.90 (0.04) 0.61 (0.06) 0.65 (0.05) 0.88 (0.05)

The working memory task has three conditions: “target = X”, “1-back” (simple working memory), and
“2-back” (increased working memory load).

Table 2 Talairach coordinates of local maxima and sizes of activated clusters in the
face encoding task in the rivastigmine-free arm, the rivastigmine arm, and the
comparison of these two

Talairach coordinates

Side Site Size (mm3)x y z

No rivastigmine (R−) 42 −54 −18 R Fusiform gyrus 918
−36 −74 −14 L Fusiform gyrus 270
−36 −51 −18 L Fusiform gyrus 270

Rivastigmine (R+) 42 −51 −20 R Fusiform gyrus 1269
−42 −51 −20 L Fusiform gyrus 1890
42 −68 −12 R Fusiform gyrus 297

R+ > R− −42 −51 −20 L Fusiform gyrus 432
42 −48 −18 R Fusiform gyrus 297

L, left; R, right.

Figure 1 (A) Transverse section in standard coordinate space (left in picture is left in brain) showing an increase in brain activation with
rivastigmine treatment during the face encoding task in the left and right fusiform gyri (white areas; p < 0.05, corrected). (B) Mean relative
signal change with standard error between baseline and face encoding without treatment (R−) and during treatment with rivastigmine (R+) of
the two local maxima in the left and right fusiform gyri of panel A.
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The contrast for increased working memory load (2-

back > X) showed activation in the R− arm bilaterally in the

inferior, middle, and superior frontal gyri, precuneus, and the

superior parietal lobule (table 3). In the R+ arm, the right

inferior frontal gyrus, left middle frontal gyrus, left medial

frontal gyrus, superior frontal gyrus bilaterally, right supra-

marginal gyrus, left inferior parietal lobule, left precuneus,

and superior parietal lobule were activated. The contrast

Table 3 Talairach coordinates of all local maxima, including maxima within the same cluster, and sizes of activated
clusters during simple working memory (1-back v X) and increased working memory load (2-back v X)

Cluster No

Talairach coordinates

Side Site Size (mm3)x y z

Simple working memory
No rivastigmine (R−) 1 −50 31 −12 L Inferior frontal gyrus 1053

2 48 26 −14 R Inferior frontal gyrus 1026
3 48 25 37 R Middle frontal gyrus 972
4 21 64 5 R Superior frontal gyrus 945
5 −45 33 26 L Middle frontal gyrus 675
6 50 32 7 R Inferior frontal gyrus 351

Rivastigmine (R+) 1 45 27 7 R Inferior frontal gyrus 7803
2 −39 16 32 L Middle frontal gyrus 5346
3 27 34 45 R Middle frontal gyrus 4185
4 −30 39 31 L Superior frontal gyrus 1404
5 −45 −9 47 L Precentral gyrus 1053
6 −9 62 16 L Superior frontal gyrus 1026
7 9 55 −10 R Medial frontal gyrus 999
8 −39 −39 41 L Inferior parietal lobule 945
9 −48 32 7 L Inferior frontal gyrus 594
10 45 0 8 R Precentral gyrus 486
11 −18 58 −3 L Medial frontal gyrus 459
12 9 39 31 R Medial frontal gyrus 405
13 −3 40 42 L Medial frontal gyrus 297
14 65 −11 20 R Postcentral gyrus 297

R+ > R− 1 −9 62 16 L Superior frontal gyrus 648
−15 57 28 L Superior frontal gyrus

2* −36 19 29 L Middle frontal gyrus 270

Increased working memory load
No rivastigmine (R−) 1 48 25 35 R Middle frontal gyrus 8721

15 65 13 R Superior frontal gyrus
2 −56 20 2 L Inferior frontal gyrus 5832
3 42 20 −9 R Inferior frontal gyrus 2079
4 24 −70 50 R Precuneus 1215
5 12 −67 56 R Superior parietal lobule
6 −39 46 −10 L Middle frontal gyrus 1134
7 45 40 −7 R Middle frontal gyrus 891
8 50 32 7 R Inferior frontal gyrus 675
9 6 −71 39 R Precuneus 432
10 −3 −53 44 L Precuneus 270
11 −30 −62 34 L Precuneus 270

−30 −62 50 L Superior parietal lobule

Rivastigmine (R+) 1 15 18 60 R Superior frontal gyrus 14931
2 45 23 −14 R Inferior frontal gyrus 7776
3 −39 39 26 L Middle frontal gyrus 2511
4 39 −42 33 R Supramarginal gyrus 2160
5 30 46 −15 R Superior frontal gyrus 2052
6 −3 −8 64 L Medial frontal gyrus 2052
7 −45 46 −12 L Middle frontal gyrus 1863

−33 46 −17 L Superior frontal gyrus
8 −6 −52 58 L Precuneus 1215

−18 −67 56 L Superior parietal lobule
9 −42 −36 46 L Inferior parietal lobule 1026
10 −30 −6 61 L Middle frontal gyrus 810
11 −9 62 19 L Superior frontal gyrus 729

R+ > R− 1* −42 17 41 L Middle frontal gyrus 999
* −33 20 46 L Middle frontal gyrus
* −53 13 30 L Middle frontal gyrus
2 45 26 1 R Inferior frontal gyrus 729
3 30 43 −15 R Superior frontal gyrus 486
4* 12 17 57 R Superior frontal gyrus 405

R− > R+ 1 15 65 13 R Superior frontal gyrus 972
24 59 19 R Middle frontal gyrus

2 36 45 28 R Middle frontal gyrus 459

*Cluster showing a rivastigmine × task interaction that does not survive a masking operation (exclusive) with session × task interaction.
L, left; R, right.
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R+ > R− showed increased activation in the left middle fron-

tal gyrus, right superior frontal gyrus, and right inferior fron-

tal gyrus (fig 3). None of these local maxima showed a signifi-

cant effect in R− (see table 3 and fig 4). The contrast R− > R+

showed decreased activation in the right middle and superior

frontal gyri (fig 4), local maxima that were not significantly

activated in R+ (table 3, fig 4).

For the working memory task, dropouts also resulted in an

imbalance in the drug treatment order: four patients received

rivastigmine in the second session and only one in the first. As

in the face encoding task, we ran additional analyses to test

whether the observed signal changes in the contrast R+ > R−
might also be explained by session order rather than by

rivastigmine. For simple working memory, there was a signifi-

cant interaction between test and session in the prefrontal

cortex. As a next step, these regional interactions were then

included in the mask of the contrast R+ > R− in order to

exclude the possibility of session × task interactions causing

the effects presented in table 3. This showed that the left mid-

dle frontal gyrus did not survive this operation, while the left

superior frontal gyrus did (table 3).

For increased working memory load, there was also a

significant task × session interaction in the prefrontal cortex.

Masking the R+ > R− contrast with session × task interaction

had the effect that only the right inferior and superior frontal

gyri survived the test for the contrast R+ > R−, while the

contrast R− > R+ was unchanged.

DISCUSSION
In this study, we examined the effect of the cholinesterase

inhibitor rivastigmine on brain activation using fMRI in

patients with Alzheimer’s disease. Using a face encoding task,

we found increases in brain activation during treatment in the

fusiform gyrus bilaterally, and no decreases. Using a working

memory task, we found signal increases particularly in the

frontal lobe during simple working memory, but there were

areas with both increased and decreased activation with

increased working memory load. These findings link for the

first time the clinically observed increase in cognitive

performance after treatment with a cholinesterase inhibitor in

other studies1–3 to altered brain activation in the current study,

suggesting that modified firing rates reflect altered neuro-

transmitter status in the brain.

During face encoding we observed activation in the ventral

occipital cortex, in agreement with other studies of face

encoding,7 8 but not in the medial temporal lobe, while other

Figure 2 (A) A transverse section showing an increased response with rivastigmine treatment during simple working memory in the left
superior frontal gyrus (area in white; p < 0.05 corrected). (B) Mean relative signal change with standard error during simple and increased
working memory load compared with “target = X” (baseline) in the local maximum in the left superior frontal gyrus in panel A, showing a
treatment effect for simple working memory. Note that there is no activation in R−.

Figure 3 (A) A transverse section showing an increased response with rivastigmine during increased working memory load in the right
inferior frontal gyrus (area in white; p < 0.05 corrected). (B) Mean relative signal change with standard error during simple and increased
working memory load compared with “target = X” (baseline) in the local maximum in the right inferior frontal gyrus in panel A.

Figure 4 (A) A transverse section showing a decreased response with rivastigmine during increased working memory load in the right middle
and superior frontal gyrus (areas in white; p < 0.05 corrected). (B) Mean relative signal change during simple and increased working memory
load compared with “target = X” (baseline) in the local maximum in the right superior frontal gyrus in panel A.
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studies have shown activation in the medial temporal lobe in
healthy subjects,7 9 elderly subjects with memory decline,9 and
to a lesser extent also patients with Alzheimer’s disease.9 The
lack of activation in the medial temporal lobe in the current
study might therefore reflect the Alzheimer process, given the
fact that the male/female responses during encoding were
correctly performed (presumably reflecting the observed acti-
vation in the fusiform gyrus), while face recognition was per-
formed at or just above chance level, probably explaining the
lack of medial temporal lobe activation during face encoding.
Although rivastigmine has been reported to be hippocampus
specific,12 we did not find evidence for increased activation in
the medial temporal lobe during rivastigmine administration.
Interestingly, there was an increase in activation in the
fusiform gyrus, which might reflect enhancement of visual
face processing on cholinergic enhancement. Such an effect
has also been observed by Furey et al,15 who found that the
cholinesterase inhibitor physostigmine increased face selec-
tive responses in the ventral occipital cortex in healthy
subjects. The explanation that the signal increase we observed
can be explained by enhanced face processing is further sup-
ported by an fMRI study involving drug treatment that
induces memory impairment: using a face–name associative
encoding paradigm in healthy controls it was found that acti-
vation in the fusiform gyrus, and also in the hippocampus and
inferior prefrontal cortices, was reduced during pharmaco-
logical memory impairment compared with placebo.16

As a second test, we applied a parametric non-spatial
n-back working memory task. This n-back task has been used
to study working memory in healthy subjects.10 11 To the best of
our knowledge, fMRI studies using this task in Alzheimer’s
disease patients have not been reported. During the working
memory task, we found activation in the inferior, middle, and
superior frontal gyrus, pre- and postcentral gyri, parietal lobe,
and precuneus. This is fairly consistent with other studies that
used the n-back task in young healthy subjects,10 11 17 reflecting
processes of maintenance and manipulation of items.
Although it was not the goal of this study to compare working
memory activation between controls and patients with
Alzheimer’s disease, our data do indicate that activation of the
working memory functional system in these Alzheimer
patients more closely resembles young healthy subjects than
activation of the face encoding memory system. This is in
agreement with the well known relation between medial tem-
poral lobe atrophy and Alzheimer’s disease, observed in
various region of interest based studies,18 while such a relation
with atrophy in the frontal and parietal cortex has not been
reported. Recent work analysing grey matter loss in the whole
brain in mild Alzheimer’s disease showed that atrophy is most
severe in the medial temporal lobe, while parietal and particu-
larly frontal atrophy is much less severe or even absent.19 20

During the simple working memory condition (1-back), we
detected signal increases on rivastigmine treatment in the left
middle and left superior frontal gyri, but no signal decreases.
As in the face encoding task, this can be explained by
enhancement of processing in the frontal cortex. When the
working memory load is increased and the system is stressed
to a higher extent (2-back), we observed both signal increases
and signal decreases in the frontal cortex on treatment.

We aimed to study rivastigmine effects in 11 patients. As
could be expected in an elderly and demented sample,
dropouts occurred, distorting our counterbalanced drug
administration scheme (R+ and R−) and session order. Addi-
tional statistical tests showed that there was no session × task
interaction for face encoding. Therefore we can reliably
conclude that the increased response in the fusiform gyrus is
better explained by a drug treatment effect than by session
order. For the working memory task, significant task × session
interactions occurred for the contrast R+ > R− during both
simple working memory and increased working memory load.
Excluding these regions showed that for the contrast

R+ > R−, during simple working memory the left superior

frontal gyrus survived this masking operation, as did the right

inferior and superior frontal gyri during increased working

memory load. The contrast R− > R+ was unaffected. There-

fore, despite the imbalance resulting in regional task × session

interactions, regions could be identified with a signal change

better explained by drug effects than by session effects.

Although the behavioural data show that patients were able

to perform the tasks and revealed the expected task perform-

ance in the working memory task (that is, more errors during

increased working memory load), we cannot reliably link the

change in brain activation after rivastigmine intake to behav-

ioural data owing to our relatively small sample size and

incomplete behavioural data recording.

For both face encoding and working memory, this fMRI

study was set up to detect acute effects three hours after the

intake of a single dose of rivastigmine, and these were found

in the fusiform gyrus and the prefrontal cortex. Studies test-

ing cognition in Alzheimer’s disease during rivastigmine

treatment have shown significant long term improvement

(that is, after 12, 18, and 26 weeks of treatment).21 The

(expected) accompanying long term effects of rivastigmine on

regional brain activation might not be the same as the acute

effects in the current study. To address the question of long

term effects on brain activation, fMRI studies specifically

designed for this purpose should be done.

Owing to patient dropout, our results cannot be generalised

to a large Alzheimer’s disease population. However, we did find

an effect on brain activation in memory related areas in this

specific Alzheimer’s disease cohort when performing memory

tasks. Because of the small sample size, it was not possible to

determine whether these functional changes were reflected in

significant changes in task performance. Nevertheless, our

data suggest enhanced processing (in the fusiform gyrus dur-

ing face encoding and in the frontal cortex during working

memory) in patients with Alzheimer’s disease after rivastig-

mine, linking metabolic intervention, enhanced circuitry, and

clinical improvement.
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HISTORICAL NOTE...........................................................................................

Amyotrophic lateral sclerosis

In America, amyotrophic lateral sclerosis (ALS) is often referred to as
Lou Gehrig’s disease, after the famous baseball player who in 1939
retired because of the disease.1 ALS is also known as Charcot’s dis-

ease (vide infra); but many famous neurologists figure in its history.
GBA Duchenne (1806–1875) described a case of the related

progressive muscular atrophy (PMA) in 1849, but delayed publishing
until 1861.2 Aran published the case3 and acknowledged:

“I owe a thousand thanks to my friend Duchenne de
Boulogne who freely put at my disposal all his mate-
rial . . .”
Luys reported in 1860, the underlying anterior horn cell degenera-

tion; and in the same year Duchenne reported progressive bulbar palsy
as “glosso-labial-laryngeal paralysis”.4 Not until 1883 did Dejerine
connect the disorder with ALS.5

Charcot’s major account in 1865, presented to the Société Médicale
des Hôpitaux de Paris, was a woman initially diagnosed as an hysteric
who had developed progressive weakness, and increased muscle tone,
with contractures of all four limbs. At autopsy, he found no anterior
horn cell disease, but he clearly identified lateral column degeneration
and sclerosis in the cord6:

“On careful examination of the surface of the spinal
cord, on both sides in the lateral areas, there are two
brownish-grey streak marks produced by sclerotic
changes. These greyish bands begin outside the line
of insertion of the posterior roots and their anterior
border approaches, but do not include, the entrance
area of the anterior roots. They are visible throughout
the thoracic region and continue though greatly thin-
ning out, up to the widening point of the cervical
cord. Below, they are barely visible in the
thoraco-lumbar region. Transverse sections taken at
different levels allow one to see that the lateral
columns have in their most superficial and posterior
regions, a grey, semitransparent appearance, rather
gelatinous .... At no point does the diseased tissue
penetrate the gray matter which remains unaffected.”
In later cases, he found histological changes in both lateral columns

and anterior spinal nerve roots which enabled him to identify both the
upper and lower motor neurone motor pathways. He summarised the
clinical accompaniments7:

‘’Paresis without anaesthesia, of the upper extremi-
ties, accompanied by rapid emaciation of the muscu-
lar masses and often preceded by numbness and for-
mication. Spasmodic rigidity seizes, at a given

period, on the paralysed and wasted muscles and
determines permanent deformations by contracture.
The lower extremities are invaded in their turn . . . . A
third period . . . the appearance of bulbar
symptoms”.

Charcot then demonstrated lesions in the brain stem associated with
weakness of the muscles of the face, mouth, and tongue. In 1871–2,
his student Albert Gombault (1844–1904) showed symmetrical
sclerosis of the lateral columns and of the bulbar pyramids.8 In Char-
cot’s laboratory, Aleksei Yakovlevich Kozhevnikov (1836–1902)
importantly showed that the spinal degeneration could be traced to
the motor cortex. Charcot commented that many investigators had
previously tried without success to correlate a primary lesion of the
grey matter of the medulla with the clinical signs known as
glosso-labial-laryngeal paralysis.

The term amyotrophic lateral sclerosis was first used in 1874 in
Charcot’s two lectures.7 A year later Erb reported primary lateral
sclerosis—that was to cause continuing nosological confusion. It was
Gowers who combined PMA, progressive bulbar palsy, and ALS as
“Motor Neurone disease” in 1892; in the US, the customary name is
“Combined System disease”.

Recent experiments in transgenic mice suggest that in ALS there
may be cytoskeletal abnormalities including abnormal inclusions
containing neurofilaments and/or peripherin, reduced mRNA levels
for the NF light protein, and mutations in the NF heavy gene.9
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