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Abstract
Background: The study investigated whether donepezil exerts symptomatic benefit in patients with posterior cortical
atrophy (PCA), an atypical variant of Alzheimer’s disease.
Methods: A single-centre, double-blind, placebo-controlled, cross-over clinical trial was performed to assess the efficacy
of donepezil in patients with PCA. Each patient received either donepezil (5 mg once daily in the first 6 weeks and 10 mg
once daily in the second 6 weeks) or placebo for 12 weeks. After a 2-week washout period, each patient received the
other treatment arm during the following 12 weeks followed by another 2-week washout period. The primary outcome
was the Mini-Mental State Examination (MMSE) at 12 weeks. Secondary outcome measures were five
neuropsychological tests reflecting parieto-occipital function. Intention-to-treat analysis was used. For each
outcome measure, carry-over effects were first assessed. If present, then analysis was restricted to the first 12week period. Otherwise, the standard approach to the analysis of a 2 × 2 cross-over trial was used.
Results: Eighteen patients (13 females) were recruited (mean age 61.6 years). There was a protocol violation in one
patient, who subsequently withdrew from the study due to gastrointestinal side effects. There was statistically significant
(p < 0.05) evidence of a carry-over effect on MMSE. Therefore, the analysis of treatment effect on MMSE was restricted to
the first 12-week period. Treatment effect at 6 weeks was statistically significant (difference = 2.5 in favour of donepezil,
95% CI 0.1 to 5.0, p < 0.05). Treatment effect at 12 weeks was close, but not statistically significant (difference = 2.0 in
favour of donepezil, 95% CI –0.1 to 4.5, p > 0.05). There were no statistically significant treatment effects on any of the
five neuropsychological tests, except for digit span at 12 weeks (higher by 0.5 digits in favour of placebo, 95% CI 0.1 to 0.
9). Gastrointestinal side effects occurred most frequently, affecting 13/18 subjects (72%), and were the cause of study
discontinuation in one subject. Nightmares and vivid dreams occurred in 8/18 subjects (44%), and were statistically more
frequent during treatment with donepezil.
Conclusions: In this small study, there was no statistically significant treatment effect of donepezil on the primary
outcome measure (MMSE score at 12 weeks) in PCA patients, who appear to be particularly susceptible to the
development of nightmares and vivid dreams when treated.
Trial registration: Trial registration: Current Controlled Trials ISRCTN22636071. Retrospectively registered 19 May 2010
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Background
Alzheimer’s disease (AD) typically presents with progressive impairment of episodic memory as a result of degeneration of medial temporal lobe structures before the
involvement of other cortical regions causing widespread
global cognitive impairment. Cholinesterase inhibitors
(AChEI) have been shown to provide symptomatic benefit in patients with mild to moderate AD [1]. A small
but significant proportion of patients with AD-type
pathology present with visual perceptual or visual spatial
dysfunction, apraxia, dyscalculia or alexia reflecting posterior cortical dysfunction, with relative preservation of
episodic memory. Structural brain imaging in these patients reveals parieto-occipital atrophy (posterior cortical
atrophy (PCA)) [2]. Only one case report suggested potential therapeutic benefit from taking AChEI in a patient with PCA [3]. Otherwise, there have been no
studies assessing the effectiveness of AChEI specifically
in patients with PCA due to underlying AD.
Methods
Study aim

This study assessed the efficacy of donepezil, a licensed
AChEI, in patients with PCA due to underlying AD.
Study design

This is a single-centre, double-blind, placebo-controlled,
cross-over clinical trial assessing the efficacy of donepezil in patients with PCA presumed to be due to underlying AD. The study was approved by the Local Ethics
Committee and was subject to inspection by the Medicines and Healthcare Products Regulatory Agency in the
UK. The study was conducted during the period April
2003–December 2011. Both patients and clinical investigators remained blinded to study treatment for the
whole duration of the study, even after the statistical
analysis of the whole study was completed.
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The study timeline is shown in Fig. 1. During the first
treatment period (weeks 1–12), patients were randomised to receive either donepezil or placebo. During the
first 6 weeks of the first treatment period (weeks 1–6),
patients received either donepezil 5 mg once daily or
placebo once daily (level-one treatment). During the following 6 weeks of the first treatment period (weeks 7–
12), the dose of donepezil was increased to 10 mg once
daily in the active treatment arm or patients were continued on placebo in the placebo arm (level-two treatment). The first treatment period was followed by a 2week washout period (weeks 13–14). During the second
treatment period (weeks 15–26) the treatment arms
were crossed over using a similar dose escalation as in
the first treatment period: that is, level-one treatment
during the first 6 weeks (weeks 15–20) and level-two
treatment during the following 6 weeks (weeks 21–26).
The second treatment period was followed by a second
2-week washout period (weeks 27–28).

Study participants

Patients with a clinical diagnosis of PCA due to underlying AD were recruited from the Cognitive Disorders
Clinic at the National Hospital for Neurology and
Neurosurgery, London, UK. Patients with clinical features or work-up suggestive of an underlying pathology
other than AD (dementia with Lewy bodies, corticobasal
degeneration, prion disease) were excluded (e.g. visual
hallucinations, reduplicative phenomena, parkinsonism,
alien limb syndrome, asymmetric dystonia and myoclonus, ataxia). All patients signed consent forms with
assent from the next of kin. At the time of study design,
there were no published clinical criteria for the diagnosis
of PCA. Instead, all patients met the inclusion and exclusion criteria presented in Table 1. Retrospectively, all
patients met the Mendez et al. and Tang-Wai et al. criteria for PCA [4, 5].

Fig. 1 DONIPAD study timeline. DONIPAD DONepezil In Posterior cortical atrophy due to underlying Alzheimer’s Disease

Ridha et al. Alzheimer's Research & Therapy (2018) 10:44

Table 1 Inclusion and exclusion criteria
Inclusion criteria
1. Clinical diagnosis of PCA based on clinical presentation and formal
neuropsychological assessment suggestive of significant visuoperceptual or visuo-spatial disturbance, visual disorientation, apraxia,
dysgraphia or dyscalculia in the context of relatively preserved memory
2. Performance below the 5th percentile on two of the following four
tests of parietal lobe function:
• Jackson and Warrington calculation test [21]
• number location visual spatial test [9]
• object decision visual perceptual test [9]
• Baxter and Warrington spelling test [22]
3. Verbal memory test score above the 5th percentile on a
neuropsychological assessment such as the verbal recognition
memory test [23]
4. Absence of alternative cause of cognitive impairment based on
clinical history and examination, and available investigations including
blood tests, electroencephalograph, MRI of brain and formal
neuropsychological assessment
Exclusion criteria
1. Significant neurological or psychiatric disease that may affect
cognition other than Alzheimer’s disease
2. Significant systemic disease that may deteriorate or affect the
patient’s safety or the ability to cooperate with the study protocol
3. Medications with the potential to affect cognition unless maintained
on a stable dose for at least 3 months prior to week 0 visit
4. Patients with lactose intolerance
5. Known hypersensitivity to donepezil hydrochloride, piperidine
derivatives, or to any excipients used in the formulations
MRI magnetic resonance imaging, PCA posterior cortical atrophy

Outcome measures

The primary end point was change in the Mini-Mental
State Examination (MMSE) score at 12 weeks [6]. The
MMSE has been used as a cognitive outcome measure
in studies assessing the efficacy of cholinesterase inhibitors in AD [7]. The MMSE has also been used clinically
to assess eligibility for treatment with a cholinesterase
inhibitor [8]. The MMSE is relatively short to administer
and so can be conveniently administered repeatedly over
a 28-week study period. We used the same three words
for testing word repetition and verbal recall throughout.
Although this increases the risk of learning effects on repeated testing, it maintains consistency in the level of
test difficulty throughout the study. Secondary end
points were five tests reflecting parieto-occipital function: number location test [9]; simple calculation test
(unpublished data); letter cancellation test [10]; dot
counting test [9]; and digit span [11]. The tests were performed at baseline (week 0) and at the end of weeks 6,
12, 14, 20, 26 and 28 (Fig. 1). Adverse events were
recorded throughout the study to monitor safety.
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are not normally distributed, bias-corrected and accelerated bootstrap confidence intervals (CIs) calculated from
2000 bootstrap samples were used throughout and used
to assess whether results were statistically significant.
For each variable, two tests for carry-over were performed prior to assessing treatment efficacy. First, a test
for carry-over was carried out using the baseline values
immediately prior to each period alone. Second, a standard test of a direct treatment-by-period interaction
(which can also be interpreted as a test for carry-over)
was carried out using the changes from baseline to 12
weeks.
If either of the tests for carry-over was statistically significant (p < 0.05, two-sided, assessed from the bootstrap
CI), then tests of treatment efficacy were carried out by
comparing changes from baseline in the first period
alone. The primary analysis was a t test (with bootstrap
CI) comparing changes from baseline to 12 weeks in the
donepezil and placebo groups. A secondary analysis
compared analogous changes from baseline to 6 weeks.
If neither of the tests for carry-over yielded statistically
significant results, then the treatment effect was estimated ignoring the baseline measures and using the
standard approach to the analysis of a 2 × 2 cross-over
trial. This standard approach used a repeated-measures
two-way analysis of variance model (with bootstrap CI)
with period and treatment as the predictor variables.
This permits a within-subject, period-adjusted treatment
effect to be estimated. The primary analysis used the 12week data alone and a secondary analysis used the 6week data alone.

Results
Participant characteristics

Eighteen patients were screened and met the inclusion
and exclusion criteria. The mean age was 61.6 years
(range 50–74), and the male:female ratio was 5:13.
Table 2 presents baseline characteristics according to the
randomisation group.
AD pathology was confirmed at post-mortem in two
patients who completed the study and donated their
brain to the Queen Square Brain Bank for Neurological
Disorders, UCL Institute of Neurology, London, UK.
Lumbar puncture done during clinical diagnostic workup on one of the patients revealed normal total CSF Tau
concentration at 566 ng/ml and low CSF Aβ1–42 concentration at 206 ng/ml, supportive of the presence of AD
pathology.

Statistical analysis

Analysis of each outcome variable was pre-specified and
followed the principles described by Jones and Kenward
[12] for the analysis of 2 × 2 cross-over trials with a
baseline measurement in each period. Since a number of
the outcome variables have floor and ceiling effects and

Protocol violation and participant withdrawal

The protocol was not followed correctly for one female
participant aged 58 years. Instead of increasing the dose
from level-one treatment to level-two treatment during
the first treatment period at the end of week 6, the
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Table 2 Baseline characteristics of randomised groups
Placebo then donepezil
(n = 10)

Donepezil then placebo
(n = 8)

Gender

4 male, 6 female

1 male, 7 female

Handedness

10 right

3 left, 5 right

Age (years)

60.2 (7.3)

62.9 (6.0)

Disease duration
(years)

3.3 (1.9)a

3.7 (1.5)

MMSE

23.9 (4.0)

22.6 (3.2)

b
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donepezil, 95% CI –0.1 to 4.5), whilst that at 6 weeks
was just statistically significant (2.5 in favour of donepezil, 95% CI 0.1 to 5.0) (Table 3, Fig. 2a).
Simple calculation test

There was statistically significant evidence of carry-over
from the comparison of values immediately prior to each
treatment period (Table 3). Therefore, treatment effects
were assessed by comparing changes in the first treatment period only. Treatment effects at 6 and 12 weeks
were not statistically significant (Table 3, Fig. 2b).

Simple calculation

6.9 (1.4)

7.3 (1.0)a

Number location

3.9 (2.8)

3.8 (2.9)

Letter cancellation

59.8 (21.5)

91.9 (19.7)

Number location spatial test

Dot counting

5.3 (2.6)a

5.1 (3.6)a

Tests for carry-over were not statistically significant
(Table 3). Therefore, treatment effects were estimated
using the standard approach to the analysis of a crossover trial. There was no statistically significant difference
at 6 or 12 weeks of treatment (Table 3, Fig. 2c).

Digit span

13.4 (3.0)

a

a

13.6 (4.4)

Data presented as mean (standard deviation) unless otherwise stated
MMSE Mini-Mental State Examination
a
One missing value
b
Two missing values

patient was erroneously given level-one treatment of the
cross-over second treatment period. The error was discovered at the week 14 visit. A decision was taken to
maintain her on level-two treatment of the second treatment period over the following 6 weeks. The intention
was to repeat level-one and level-two treatments of the
first treatment period of the study after a 2-week washout period. However, the patient decided to withdraw
from the trial due to the development of gastrointestinal
side effects soon after repeating level-one treatment of
the first treatment period.
We present the results analysed according to the principles of intention to treat (ITT) with the patient’s data
included up to the point at which she withdrew and analysed according to the treatment that she should have
received at each visit. We also performed per-protocol
analysis with this patient’s data omitted from the point
at which the wrong treatment was given. As there was
no significant difference between the two analysis
methods, only the ITT analysis will be presented.
Mini-Mental State Examination

There was statistically significant (p < 0.05) evidence of
carry-over from the comparison of values immediately
prior to each treatment period (Table 3). Mean baseline
MMSE score of patients randomised to placebo in the
first treatment period was 23.9, and at the end of the
washout period was 23.7. Mean baseline MMSE score of
patients randomised to donepezil in the first treatment
period was 22.6, and at the end of the washout prior to
starting placebo was 25.1 (Figs. 2a and 3).
Because of this evidence of carry-over, efficacy was
assessed by comparing changes in the first treatment
period only. The treatment effect at 12 weeks was not
statistically significant but close (2.0 in favour of

Letter cancellation test

Tests for carry-over were not statistically significant
(Table 3). Therefore, treatment effects were estimated in
the standard approach to the analysis of a cross-over
trial. There was no statistically significant difference at 6
or 12 weeks of treatment (Table 3, Fig. 2d).
Dot counting test

Tests for carry-over were not statistically significant
(Table 3). Therefore, treatment effects were estimated in
the standard approach to the analysis of a cross-over
trial. There was no statistically significant difference at 6
or 12 weeks of treatment (Table 3, Fig. 2e).
Digit span

Tests for carry-over were not statistically significant
(Table 3). Therefore, treatment effects were estimated in
the standard approach to the analysis of a cross-over
trial. There was no statistically significant difference at 6
weeks of treatment. After adjusting for period effects,
the mean digit span was 0.5 digits higher at 12 weeks
when patients were receiving placebo (Table 3, Fig. 2f ).
Safety results

There were no serious adverse reactions reported. One
patient discontinued the study due to abdominal cramps
and nausea.
The following side effects were reported and are presented in order of frequency:
1. Gastrointestinal side effects (nausea, abdominal
cramps, diarrhoea) occurred in 13 subjects (72%):
seven (39%) only whilst on donepezil, four (22%)
only whilst on placebo and two (11%) during both
treatment periods. One of these two subjects was

0.3 (1.5)b

Digit span

0.0 (1.3)b

0.3 (−0.9, 2.0)d

0.7 (−1.4, 2.3)

−1.0 (2.4)
b

−2 (−22, 19)a
a

2 (21)

−0.1 (−1.7, 1.5)

−1.5 (−2.6, –0.8)c

1.5 (2.7)

0.6 (1.9)

1.3 (1.8)

−7 (39)

0.8 (1.8)
a

0.1 (1.6)

−0.2 (1.3)

−3 (15)

0.2 (1.5)

a

0.4 (−0.4, 1.2)

0.5 (−0.2, 1.2)

−5 (−19, 8)

0.5 (− 0.1, 1.5)

0.0 (1.0)a

1.3 (0.8)

a

−14 (35)a

0.0 (2.4)a

0.6 (−0.1, 1.1)a
−0.5 (−0.9, −0.1)a

−1 (0.8)

−8 (−23, 4)a

0.4 (−0.8, 1.4)a

Combined (n = 18),
mean (95% CI)

−0.4 (−1.4, 0.8)c

2.0 (−0.1, 4.5)

Difference
(95% CI)

−0.1 (1.7)

−1 (14)

0.7 (2.4)

Placebo first (n = 10),
mean (SD)

Donepezil vs placebo 12-week comparison

0.4 (1.1)b

−0.5 (2.4)

Placebo
(n = 10),
mean (SD)

Donepezil first
(n = 8), mean (SD)

–0.0 (−0.7, 0.8)c 0.0 (1.3)a

2.5 (0.1, 5.0)

Donepezil
(n = 8),
mean (SD)

Donepezil first
Placebo first
Combined
(n = 8), mean (SD) (n = 10), mean (SD) (n = 18), mean
(95% CI)

− 0.1 (0.8)b

−1.5 (2.4)

Difference
(95% CI)

First treatment period: change from baseline visit to week 12 visit

Donepezil vs placebo 6-week comparison

−0.1 (0.7)a

1.0 (3.1)

CI confidence interval, MMSE Mini-Mental State Examination, SD standard deviation
a
One missing value
b
Two missing values
c
Three missing values
d
Four missing values

−0.3 (1.5)

Dot counting

a

−0.9 (1.3)

−1.0 (2.2)

Number location

Letter cancellation −0 (25)a

0.6 (1.1)b

−0.9 (0.7)a

Simple calculation

2.7 (1.3, 4.0)

−0.2 (1.7)

2.5 (1.4)

MMSE

Placebo
(n = 10),
mean (SD)

Donepezil
(n = 8),
mean (SD)

Difference
(95% CI)

Donepezil
(n = 8),
mean (SD)

Placebo
(n = 10),
mean (SD)

First treatment period: change from baseline visit
to week 6 visit

Change from baseline of first treatment period to
baseline visit of second treatment period (test of
carry-over from baseline values)

Table 3 Summary of data analysis of changes in MMSE and five neuropsychometric tests reflecting parieto-occipital function
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a

b

c

d

e

f

Fig. 2 Mean value of outcome measures at different time points: (a) MMSE, (b) simple calculation test, (c) number location test, (d) letter
cancellation test, (e) dot counting, (f) digit span. MMSE Mini-Mental State Examination

the one in whom the protocol was not followed
correctly. The subject only reported gastrointestinal
side effects whilst on donepezil, and ultimately
discontinued because of these.
2. Nightmares and vivid dreams occurred in eight
(44%) subjects: seven (39%) only whilst on donepezil,

one (6%) during both treatment periods and none
only whilst on placebo.
3. Anxiety/low mood occurred in six (33%) subjects:
three (17%) only whilst on donepezil, one (6%) only
whilst on placebo and two (11%) during both
treatment periods.
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Fig. 3 Individual MMSE trajectories. MMSE Mini-Mental State Examination

4. Headache occurred in five (28%) subjects: one (6%)
only whilst on donepezil, two (11%) only whilst on
placebo and two (11%) during both treatment
periods.
5. Dizziness occurred in three (17%) subjects: one (6%)
whilst on donepezil, one (6%) only whilst on placebo
and one (1%) during both treatment periods.
6. Muscular aches, pains and/or jerking movements
occurred in three (17%) subjects: two (11%) only
whilst on donepezil and one (6%) only whilst on
placebo.
Out of these, the only statistically significant side effect
was nightmares and vivid dreams, which occurred more
frequently during donepezil than placebo treatment periods (p = 0.02, McNemar’s test, Fisher’s exact p value).

Discussion
All patients screened met the inclusion and exclusion
criteria. Patients with PCA due to underlying AD were
already known to the clinical investigators as they were
under their clinical care. This allowed rigorous prescreening based on their clinical assessment, and so only
patients who were highly likely to fulfil the study criteria
were invited to participate.
The study was conducted over a long period (8.7
years). This reflected the relative rarity of this atypical
variant of AD and the difficulties in identifying drugnaïve subjects who have not yet been started on a cholinesterase inhibitor.
As would be anticipated in a small trial, some baseline
imbalances were seen, with the imbalance in baseline letter cancellation scores being the most marked. Since this

is a cross-over trial, with each patient acting as their
own control, these imbalances matter much less than
would be the case in a parallel-group trial. In our analysis we could have additionally adjusted for the baseline
values made immediately prior to each period, but did
not do so, preferring to use the method we had prespecified in our statistical analysis plan as recommended
in the then current edition of Jones and Kenward [12].
In our primary analysis there was no statistically significant treatment effect of donepezil on the primary
outcome measure: change in MMSE at 12 weeks. However, since this is a small cross-over trial, all of our results, both positive and negative, must be interpreted
cautiously. Some of our results do provide evidence for a
beneficial effect of donepezil on MMSE in patients with
PCA due to underlying AD. Firstly, there was statistically
significant evidence of a carry-over effect suggesting that
the effect of donepezil may have continued after the 2week washout period, with the largest effects only being
seen after the washout period. Secondly, during the first
treatment period, there was statistically significant difference in the change in the MMSE at 6 weeks (MMSE
difference = 2.5, 95% CI 0.1 to 5.0, p < 0.05). We reiterate, however, that the small sample size, the borderline
nature of the statistical results, and the fact that the direction of the baseline imbalance coupled with regression
to the mean are likely to have exaggerated the differences and mean that the results should be interpreted
cautiously.
There was no statistically significant improvement in
any of the neuropsychological tests relating to parietooccipital function as a result of treatment with donepezil
in patients with PCA due to underlying AD. In fact,
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there was statistically significant evidence for a slight
reduction of digit span by 0.5 digits (p < 0.05) after 12
weeks of treatment with donepezil. However, this result
should be interpreted cautiously in view of the number
of statistical tests carried out and the consequent
increased risk of false positive findings.
The most commonly reported adverse events were
gastrointestinal (nausea, abdominal cramps or diarrhoea), affecting 67% of patients. These are wellrecognised side effects of donepezil. Safety data from
one phase II trial and three phase III trials revealed that
gastrointestinal side effects occurred in 44% of patients
receiving 10 mg donepezil compared to 22% of patients
receiving placebo [13].
A study by Farlow et al. [14] identified an increased
incidence of adverse events in patients with weight
below 55 kg compared with those with higher weights.
Although our study used significantly lower daily doses
of donepezil of 5 mg and 10 mg, it would have been
helpful to have recorded subjects’ weights in case weight
still influenced the risk of developing side effects at these
lower doses.
Nightmares and vivid dreams have been reported to
occur in AD patients who have been prescribed donepezil, particularly if taken close to bedtime, and resolved
once discontinued or when dosing time was changed to
the morning [15–17].
Of our patients with PCA due to underlying AD, 44%
experienced nightmares or vivid dream whilst taking
donepezil and none during the placebo period alone.
Singer et al. [17] reported nightmares to occur in eight
out of 103 (8%) AD patients. Previous clinical trials of
donepezil in AD found that insomnia and other sleeprelated symptoms occurred in 8–18% of patients receiving donepezil compared with 4–6% of patients receiving
placebo [18–20]. The higher incidence of nightmare and
vivid dreams in our study may indicate that patients with
PCA due to underlying AD may be particularly susceptible for the development of nightmares and vivid
dreams due to disproportionate parieto-occipital dysfunction in this patient group.
There are several limitations to this study. The sample
size of the study is small. PCA is relatively rare so it was
challenging to find patients fulfilling the specified inclusion/exclusion criteria at a single site. AD is not the only
cause of a clinical presentation of PCA; therefore the
diagnosis of AD as the underlying cause of PCA is at
best probable. With one exception, participating patients
did not have CSF Tau and Aβ1–42 measurement or amyloid PET imaging as in-vivo biomarkers for the presence
of AD pathology. However, AD was pathologically
confirmed in two of the participating patients who subsequently died. Other conditions that can present with
PCA include dementia with Lewy bodies, corticobasal
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degeneration and prion disease. None of our patients
exhibited any neurological features to suggest any of
these. Although this was a double-blind trial, the frequent occurrence of predictable side effects such as
gastrointestinal side effects may have caused patients
and clinical investigators to sometimes guess what treatment they were on. The washout period may have been
too short, as evidenced by the carry-over effect on the
MMSE and simple calculation test. The outcome measures are relatively crude, variable and influenced by
patient and rater factors. In addition, learning may have
occurred due to repeated testing over a short study
period. The improvement in the MMSE rather than specific tests of biparietal function may relate to subtle
improvements in relatively spared cognitive domains
such as episodic memory and orientation, which are the
MMSE’s predominant focus.

Conclusions
This small, double-blind, placebo-controlled, cross-over
study found no statistically significant treatment effect
on the MMSE at 12 weeks (primary outcome measure)
in patients with PCA.
Known common gastrointestinal side effects of donepezil occurred in the course of the study. The frequency
of nightmares and vivid dreams occurred significantly
more commonly in association with donepezil treatment, and possibly more commonly than reported previously in patients with the typical amnestic presentation
of AD. Patients with PCA may be particularly vulnerable
to these side effects.
Abbreviations
AChEI: Acetylcholinesterase inhibitor; AD: Alzheimer’s disease; CI: Confidence
interval; DONIPAD: DONepezil In Posterior cortical atrophy due to underlying
Alzheimer’s Disease; MMSE: Mini-Mental State Examination; PCA: Posterior
cortical atrophy
Acknowledgements
Mrs Claire Bloomfield is thanked for help with preparing the manuscript.
Funding
The study was funded by the Dementia Research Centre, UCL Institute of
Neurology, and by a grant from Eisai Limited and Pfizer Limited.
Eisai Limited and Pfizer Limited provided the study medication and
matching placebo free of charge.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
BHR and NE wrote the first draft of the manuscript. CF performed the statistical
analysis. EKW and SC designed the neuropsychological tests used. BHR, SB, SC,
RK and MNR set up and supervised the conduct of the study. BHR, WK, JD and
RK supervised the study visits. SC and DC performed the neuropsychological
testing. MNR supervised the conduct of the whole study and edited the
manuscript. All authors read and approved the final manuscript.

Ridha et al. Alzheimer's Research & Therapy (2018) 10:44

Ethics approval and consent to participate
The study was reviewed and approved by the London Queen Square
Research Ethics Committee (REC), London, UK (REC reference 03/N025).
Consent for publication
Each participant received an information sheet in which the intention to publish
results was described with no identifiable information. Each participant signed a
consent confirming that they have read and agreed to the information provided
in the information sheet.

Page 9 of 9

19. Burns A, et al. The effects of donepezil in Alzheimer’s disease—results
from a multinational trial. Dement Geriatr Cogn Disord. 1999;10(3):237–44.
20. Pratt RD, et al. Donepezil: tolerability and safety in Alzheimer's disease.
Int J Clin Pract. 2002;56(9):710–7.
21. Jackson M, Warrington EK. Arithmetic skills in patients with unilateral
cerebral lesions. Cortex. 1986;22(4):611–20.
22. Baxter DM, Warrington EK. Measuring dysgraphia: a graded-difficulty
spelling test. Behav Neurol. 1994;7(3):107–16.
23. Warrington EK. Recognition Memory Test. Windsor: NFER-Nelson; 1984.

Competing interests
The study received a grant from Eisai Limited and Pfizer Limited. Eisai Limited
and Pfizer Limited provided the study medication and matching placebo free
of charge. The authors declare there they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Dementia Research Centre, UCL Institute of Neurology, Queen Square,
London WC1N 3BG, UK. 2London School of Hygiene and Tropical Medicine,
University of London, London, UK.
Received: 7 September 2017 Accepted: 26 February 2018

References
1. Di Santo SG, et al. A meta-analysis of the efficacy of donepezil, rivastigmine,
galantamine, and memantine in relation to severity of Alzheimer's disease. J
Alzheimers Dis. 2013;35(2):349–61.
2. Crutch SJ, et al. Posterior cortical atrophy. Lancet Neurol. 2012;11(2):170–8.
3. Kim E, et al. A case with cholinesterase inhibitor responsive asymmetric
posterior cortical atrophy. Clin Neurol Neurosurg. 2005;108(1):97–101.
4. Mendez MF, Ghajarania M, Perryman KM. Posterior cortical atrophy:
clinical characteristics and differences compared to Alzheimer's disease.
Dement Geriatr Cogn Disord. 2002;14(1):33–40.
5. Tang-Wai DF, et al. Clinical, genetic, and neuropathologic characteristics
of posterior cortical atrophy. Neurology. 2004;63(7):1168–74.
6. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189–98.
7. Blasko I, et al. Efficacy of donepezil treatment in Alzheimer patients with
and without subcortical vascular lesions. Pharmacology. 2004;72(1):1–5.
8. NICE. Donepezil, galantamine, rivastigmine and memantine for the
treatment of Alzheimer's disease. 2011. Available from: https://www.nice.
org.uk/guidance/ta217. Accessed 10 Mar 2018.
9. Warrington EK, James M. A new test of object decision: 2D silhouettes
featuring a minimal view. Cortex. 1991;27(3):377–83.
10. Willison JR, Warrington EK. Cognitive retardation in a patient with
preservation of psychomotor speed. Behav Neurol. 1992;5(2):113–6.
11. Wechsler D. Manual for the Wechsler Memory Scale-Revised. San Antonio:
The Psychological Corporation; 1987.
12. Jones B, Kenward MG. Design and analysis of cross-over trials. In:
Chapman & Hall/CRC Monographs on Statistics & Applied Probability.
2nd ed. London: Chapman and Hall; 2003.
13. Pratt RD, et al. Donepezil: tolerability and Safety in Alzheimer's disease. Int J
Clin Pract. 2002;56(9):710–7.
14. Farlow M, et al. Safety and tolerability of donepezil 23 mg in moderate
to severe Alzheimer's disease. BMC Neurol. 2011;11:57. https://doi.org/
10.1186/1471-2377-11-57.
15. Ross JS, Shua-Haim JR. Aricept-induced nightmares in Alzheimer's
disease: 2 case reports. J Am Geriatr Soc. 1998;46(1):119–20.
16. Kitabayashi Y, et al. Donepezil-induced nightmares in mild cognitive
impairment. Psychiatry Clin Neurosci. 2006;60(1):123–4.
17. Singer M, et al. Albträume bei Patienten mit Alzheimer-Demenz durch
Donepezil. Nervenarzt. 2005;76(9):1127–9.
18. Rogers SL, et al. Donepezil improves cognition and global function in
alzheimer disease: a 15-week, double-blind, placebo-controlled study.
Arch Intern Med. 1998;158(9):1021–31.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

