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Abstract

Hallucinations are common in neurodegenerative dementias, being present in a significant
proportion of patients. Most of the available studies show that acetylcholinesterase inhibitors
may be beneficial in preventing and treating hallucinations in patients with neurodegenerative
and even psychiatric disorders, even though there are reports that they might also develop
as an adverse effect of such therapy. However, a clear causal relationship for the latter association
was not previously established. Here we describe 2 cases of patients treated with donepezil
who developed complex multimodal hallucinations, which could be causally linked to the drug
by means of a challenge-dechallenge (and rechallenge in one case) paradigm. We also provide
a narrative review of the literature regarding donepezil and hallucinations and propose a
hypothesis to explain the occurrence of this phenomenon.
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Introduction

Hallucinations are listed among the behavioral disorders associated with dementia, and
they are thought to develop in up to 20% of patients suffering from Alzheimer’s disease (AD)
during the natural history of this condition [1]. Hallucinations are also a typical feature of
dementia with Lewy body (DLB), and they are present in other types of neurodegenerative
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dementias as well. Donepezil is an acetylcholinesterase inhibitor widely used in the mild-to-
moderate phases of AD, DLB, and Parkinson’s disease dementia, which seems to prevent and
improve hallucinations and other neuropsychiatric features of dementias [2-7].

However, hallucinations are also reported as adverse events occurring with donepezil
treatment, even though the prescribing information of Aricept (donepezil, reference ID:
4365411), revised in December 2018, states that there are inadequate data to establish
a causal relationship between donepezil and hallucinations. Here we describe 2 cases of patients
with neurodegenerative dementia experiencing the onset of hallucinations after the intro-
duction of donepezil 5 mg QD and their disappearance with discontinuation of such drug,
suggesting a causality relationship, whose nature is yet to be determined.

Case Reports

Case 1

The first patient was an 80-year-old male, complaining of progressive memory deficits in
the last 2 years, with functional impairment. He had no parkinsonism and did not exhibit
symptoms or signs compatible with DLB. Formal neuropsychological testing revealed a
cognitive profile compatible with AD; his MMSE was 15/30, ADL was 4/6, and IADL was 1/8.
A brain CT scan showed diffuse mild supratentorial atrophy and white matter changes. His
history was notable for hypercholesterolemia and prostatic cancer currently on pharmaco-
logical treatment with anti-androgenic therapy, with no focal uptake on a recent total body
FDG-PET. His ECG was unremarkable.

He was started on donepezil 5 mg QD, and soon after the introduction of the drug, he
developed complex visual hallucinations in the evening, claiming to see several persons in his
bedroom and asking them why they were there; such hallucinations were present for 7 days
and abruptly ceased with donepezil withdrawal. He was then treated with memantine 20 mg
QD, with no reported adverse events.

Case 2

The second patient was an 80-year-old female, with progressive linguisticand memory
deficits over the course of the previous year. Her medical history was unremarkable and she
was not on any systemic drug. Upon neurological examination, she had frequent anomia and
paraphasia, attitudinal tremor with tendency toward micrographia, mild plastic right upper
limb hypertonia, and mild dysdiadochokinesia. Brain MRI showed moderate diffuse cortical
atrophy, more evident on anterolateral temporal, inferior-lateral frontal, and superior-lateral
parietal convexities (shown in Fig. 1). Pseudo-continuous arterial spin labeling sequences
showed a relative reduction of cerebral blood flow in the superior-lateral parietal lobe. Brain
FDG-PET revealed moderate left precuneus and bilateral parietal and temporal hypometab-
olism (more evident in the left hemisphere), and milder left prefrontal and occipital hypome-
tabolism, which seemed to be compatible with AD (shown in Fig. 2). Neuropsychological tests
revealed a visuoconstructional deficit, right apraxia, mild semantic fluency and naming deficits,
and a mild dysexecutive syndrome, together with mild anxiety, irritability, and depression; her
MMSE was 16/30, ADL was 6/6, and IADL was 6/8, with a CDR-SB of 0.5. The clinical picture
was judged consistent with a frontal behavioral-spatial syndrome phenotype with features of
possible corticobasal syndrome (CBS; in particular, asymmetriclimb rigidity and apraxia),
according to established diagnostic criteria [8]. Although the preservation of posterior cingulum
on FDG-PET (as shown in Fig. 2) may resemble the “cingulate island sign,” which has a speci-
ficity for DLB ranging from 75 to 100% across different studies [9], and even if the pattern of
cognitive deficits may have pointed toward this diagnosis, she did not meet the core clinical
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Fig. 1. Brain MRI of patient 2, showing diffuse atrophy, more evident on anterolateral temporal, inferior-lateral
frontal, and superior-lateral parietal convexities.

Fig. 2. Brain FDG-PET of patient 2, revealing moderate temporal and parietal hypometabolism.

features of the recently proposed criteria of MCI due to DLB (which do not include the cingulate
island sign), while the striking lateralization of apraxia and rigidity was judged coherent with
the CBScriteria[8,10]. We performed alumbar puncture, whichrevealed decreased amyloid-[342
(337 pg/mL, normalvalues >599 pg/mL),and the normal total-tau, phospho-tau,amyloid-f42 /40
ratio, amyloid-B42/phospho-tau ratio. Taken together, these findings suggested a possible
corticobasal degeneration with coexistent amyloid pathology [8].

She was started on donepezil 5 mg QD but developed complex multimodal (visual and
acoustic) hallucinations immediately afterward: she reported seeing a woman dressed in
white, which she thought was an angel, who seemed to call her and with whom she interacted
at times. She was also hearing undistinguishable voices and noises, and after walking
around the house at night to look for the origin of such sounds, she would eventually go
to bed and cover her head with the blankets attempting to avoid seeing and hearing.
These visions typically happened in the evening and during the night, persisted when the
donepezil dose was augmented to 10 mg QD, and immediately ceased after donepezil
withdrawal. After 2 weeks, we performed a rechallenge and started again donepezil 5 mg
QD, with the prompt reappearance of similar hallucinations, which stopped again after
the interruption of the drug.
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Discussion/Conclusion

To the best of our knowledge, there is only one previous study reporting donepezil-
induced complex hallucinations, in which a 60-year-old man with probable AD developed
hypnopompic visual hallucinations of insects, which did not worsen when the donepezil dose
was augmented to 10 mg QD [1]. The authors noted that up to 20% of AD patients experience
hallucinations, but it should be noticed that these figures were derived from papers written
in the early 1990s, when DLB criteria were yet to be published [1, 11]. Moreover, hypno-
pompichallucinations mightbe favored by donepezil-related sleep disturbances [1]. However,
since donepezil is known to induce nightmares, it is possible that in past reports hallucina-
tions might have been underreported and/or confused with nightmares.

Ali and colleagues [12] analyzed two pharmacovigilance databases from the USA and Canada,
showing that hallucinations are present in around 3% of adverse events reports with acetylcho-
linesterase inhibitors, with less than 250 total reports; however, no further information about
these data was provided in the text, and the same consideration made about causality may apply
here. Another study by Winblad showed that hallucinations were more frequent in patients with
severe AD treated with donepezil compared to placebo [13]. However, two considerations need to
be made: first, there is currently no established indication for donepezil treatment in severe AD,
in which hallucinations may be part of the natural history of the disease [1]. Second, out of 8 cases
of hallucinations (128 patients on donepezil), only 4 were possibly treatment-related, while
3 were present before the start of the study [13]. Another study by the same authors on patients
with mild-to-moderate AD treated with either donepezil continuously for 3 years or with 1 year
placebo and 2 years donepezil showed that hallucinations were less present with donepezil during
the first year (donepezil n = 1 vs. placebo n = 3) and more present with donepezil during the
following 2 years (donepezil n = 6 vs. delayed-donepezil n = 4). However, drawing conclusions
from these data is difficult, and no statistical comparison has been performed by the authors [14].
The previously cited study by Winblad is also the only study included in a Cochrane review by
Birks, which reports an odds ratio of 4.68 for hallucinations with donepezil, but does not analyze
the possible biases and confounding factors we pointed out [15].

Conversely, most studies report that donepezil (and acetylcholinesterase inhibitors in
general) improves hallucinations in AD and DLB [2-7], and even in Charles-Bonnet visual and
musical hallucinations [16, 17]. Other studies report that either donepezil ameliorates hallu-
cinations in Parkinson’s disease dementia [18], or there is at most no difference with respect
to placebo [19]. Indeed, hallucinations might be related to a cholinergic deficit or dysfunction,
which may explain the efficacy of this drug in their treatment [6, 7, 16].

[t might be intriguing to notice that donepezil-induced hallucinations might be due to
neurodegenerative diseases other than AD; therefore, it is of great importance to obtain a
biomarker-based diagnosis for correct treatment. In our second case, PET, MRI, and NPS tests
might have classified the case as a CBS due to AD, but some concerns about the underlying
pathology exist. According to the established criteria, the clinical picture was consistent with
corticobasal degeneration [8], while the role of the underlying AD pathology is debatable,
depending on the definition of AD.

There are at least three different approaches to define AD according to CSF biomarkers: the
firstone emphasizes the superiority of the amyloid-§3-42 /phospho-tau ratio [20], while the recom-
mendations of the Alzheimer’s Biomarker Standardization Initiative (ABSI) and biomarkers for
AD and Parkinson’s disease (BIDOMARKAPD) define AD as a combination of a reduced amyloid-342
and increased phospho-tau and total-tau (all other cases are defined as “non-AD”) [21, 22].
According to these approaches, our case would have not been definitely classified as AD, but at
most as an intermediate likelihood of AD pathology [21]. The approach proposed by the
NIA-AA Research Framework would instead classify the case as “Alzheimer’s and suspected
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non-Alzheimer’s pathologic change”, due to the presence of an amyloid (A) pathology biomarker,
normal tau (T) pathology biomarker, and positive neurodegeneration (N) biomarkers [23].

A recent work by Constantinides shows that these biomarker-based interpretation diffi-
culties are indeed quite common in CBD patients. The authors found that the ATN criteria clas-
sified 50% of “probable CBD” patients as AD; however, from neuropathological studies, it seems
thatthe application of ABSI/BIOMARKAPD and the amyloid-42/phospho-tauratio criteria,
which tend to exclude AD in our case, might be more accurate [24]. Moreover, donepezil should
not be prescribed for patients with suspected CBS, as the pathology of this syndrome is not
based on loss of cholinergic neurons, like AD and DLB, and there have been no clinical trials
on CBS patients to show that donepezil is either safe or effective for them.

In conclusion, our cases are the only ones that seem to prove a causal relationship between
donepezil and complex multimodal hallucinations, as we performed a challenge-dechallenge
and a challenge-dechallenge-rechallenge paradigm in the first and second cases, respectively.
The implications of this association might open the possibility that either the cholinergic
deficitis not the only determinant of hallucinations, or that there was not a significant cholin-
ergicdysfunction in our cases (if AD pathology was indeed not present). This latter hypothesis
might be similar to the one provided by Richter in a study on the effect of rivastigmine in AD
patients and healthy controls, which reports that the response to cholinergic stimulation might
depend on the integrity of the cholinergic system in analogy to the Yerkes-Dodson law [25]:
namely, in patients with preserved cholinergic function, the effect of adding acetylcholine
would be an increase in arousal, resulting in poorer cognitive performances and, as in our
cases, development of hallucinations. However, further studies are warranted to confirm these
findings and establish a biological explanation for this phenomenon.
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