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Abstract.

Background: Perfusion imaging has the potential to identify neurodegenerative disorders in a preclinical stage. However, to
correctly interpret perfusion-derived parameters, the impact of perfusion modifiers should be evaluated.

Objective: In this systematic review, the impact of acute and chronic intake of four acetylcholinesterase inhibitors (AChEIs)
on cerebral perfusion in adults was investigated: physostigmine, donepezil, galantamine, and rivastigmine.

Results: Chronic AChEI treatment results in an increase of cerebral perfusion in treatment-responsive patients with
Alzheimer’s disease, dementia with Lewy bodies, and Parkinson’s disease dementia in the frontal, parietal, temporal, and
occipital lobes, as well as the cingulate gyrus. These effects appear to be temporary, dose-related, and consistent across
populations and different AChEI types. On the contrary, further perfusion decline was reported in patients not receiving
AChEIs or not responding to the treatment.

Conclusion: AChEIs appear to be a potential perfusion modifier in neurodegenerative patients. More research focused on
quantitative perfusion in both patients with and without a cholinergic deficit is needed to draw conclusions on whether AChEI
intake should be considered when analyzing perfusion data.
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INTRODUCTION as early as possible [2]. Unfortunately, diagnostic

uncertainty currently entails a delay of about one

Dementia is an undeniable concern for aging soci-
eties, with a predicted doubling of cases within
the next quarter of the century, accompanied by
an enormous personal and financial burden on
patients, family, and society [1]. Dementia patients
are expected to benefit from therapy that intervenes
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year from symptom onset to diagnosis, preventing
early treatment [3-5]. On top of that, research shows
dementia-related cerebral changes up to twenty years
before the start of the first symptoms [6]. There-
fore, evaluation of clinical endpoints to start treatment
might not be adequate if degeneration is no longer
salvageable at that stage.

With this in mind, quantifiable and easily accessi-
ble biomarkers could play an important role in the
early detection, monitoring of disease progression
and the assessment of treatment response [7]. A grow-
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ing arsenal of biomarkers, such as perfusion imaging,
provides new insights into dementia pathology and
etiology [6, 8]. Perfusion imaging techniques have
been available for more than 20 years, but widespread
use in routine clinical practice has never been
achieved. This is partially due to the large between-
and within-subject variability in perfusion due to
physiology, lifestyle and medication use, which
might confound pathology at very early stages [9].

To interpret and quantify perfusion-derived param-
eters, the impact of those perfusion modifiers should
be evaluated, ensuring the presence of true disease-
related changes. Recently, Clement et al. (2018)
enlisted and evaluated the impact of non-medication-
related perfusion modifiers on cerebral perfusion and
proposed a standard operating procedure to take those
into account. However, perfusion changes caused by
medication were not yet included [9].

Therefore, this systematic review aims to inves-
tigate the impact of acute and chronic intake of
acetylcholinesterase inhibitors (AChEIs) on global
and regional cerebral perfusion in patients with mild
cognitive impairment (MCI), Alzheimer’s disease
(AD), and healthy controls. AChEIs inhibit the break-
down of acetylcholine, which is known to play an
important role in the modulation of regional cerebral
perfusion (rCBF). The purpose is to evaluate the per-
fusion modifying effects of AChEIs, we refer to the
review of Versijpt et al. [10] for an in-depth overview
of the cognitive effects of AChEIs.

METHODS

A systematic review was conducted, after reg-
istration on PROSPERO (Registration number:
CRD42020158625) [11]. The review was completed
according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) [12].

Table 1

Eligibility criteria

Studies evaluating perfusion changes in patients
taking AChEIs were included. The main inclusion
and exclusion criteria are described in Table 1.

Search strategy

An extensive, electronic literature search was
conducted using the Cochrane Central Register
of Controlled Trials, MEDLINE via the PubMed
interface, EMBASE via the Embase interface, and
Web of Science. The search strategy (Supplemen-
tary Material 1) included the following categories:
cerebral perfusion imaging, AChEIs and adults.
Keywords and MeSH terms relating to these cat-
egories were used to optimize the search strategy.
All reports published up to October 4, 2022 were
considered. To identify additional published, unpub-
lished, and ongoing trials, the US National Institutes
of Health Ongoing Trials Register, the Clinical-
Trials.gov (http://www.clinicaltrials.gov ; searched
March 21, 2022) and the World Health Organiza-
tion International Clinical Trials Registry Platform
(WHO ICTRP) (http://apps.who.int/trialsearch )
were searched (last search date: March 21, 2022).
Additionally, experts and authors in the field were
contacted to provide unpublished results. Finally, the
reference lists of the identified studies and the Sci-
ence Citation Index Cited Reference were explored
for forward tracking of included studies.

Study selection and inclusion criteria

The titles and abstracts of all published and unpub-
lished reports were evaluated for eligibility by two
investigators independently, using Rayyan QCRI
(Qatar Computing Research Institute, Doha, Qatar).
Observer differences were resolved by consensus.

In- and exclusion criteria applied to the full texts of the published and unpublished reports

Category Inclusion criteria

Exclusion criteria

Population Adults, both healthy individuals as patients

with AD or MCIL.
Intervention Licensed acetylcholinesterase inhibitors.
Acute and chronic intake, as well as the

termination of intake (withdrawal effects)

Comparator Placebo, baseline measurement or other
acetylcholinesterase inhibitors
Outcome Global and/or regional cerebral perfusion in

rest (micro- and macrovascular level).

Study types All types of studies will be included

Children and adolescents younger than 18 years, animal
research and studies involving only a subset of relevant
participants.

studies involving only a subset of relevant participants, if results
cannot be assessed separately and studies assessing perfusion
during cognitive tasks
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Next, the full text of the remaining reports was eval-
uated for eligibility. No publication year, language,
study design or type of perfusion measurement tech-
nique restrictions were applied.

Data extraction and risk of bias analysis

The following details of the included studies
were extracted by a trained investigator, using a
pilot-tested, review-specific data-extraction form:
report and study design, participants eligibility,
group-specific intervention, perfusion measuring
methods, outcome, and risk of bias. The primary
outcome was global and regional cerebral perfusion
changes, caused by acute or chronic AChEIs treat-
ment, and withdrawal after treatment termination,
compared to baseline or placebo treatment, for each
specific AChEI (i.e., physostigmine, donepezil,
rivastigmine, galantamine). The secondary outcome
was the relationship between these effects and
clinical treatment response.

Risk of bias (ROB) was assessed using the
‘Risk of Bias in Non-Randomised Studies — of
interventions’ (ROBINS-I) for non-randomized and
observational studies [13, 14] and implemented in

Records retrieved through database search
(Platform: Pubmed, Embase, Central, WoS)
(Nreports = 1254)

the data-extraction form. Each study was assessed
for potential bias, as low, moderate, serious, or criti-
cal risk (Supplementary Material 2). No articles were
excluded based on the ROB.

Synthesis and analysis

A qualitative analysis was performed by evaluat-
ing the results of each report in a structured manner
in accordance with the review of Clement et al. [9].
This systematic review includes both AChEIs elicited
perfusion changes, and their effect on cognition.

The narrative synthesis is ordered in different lev-
els: 1) intake frequency (acute versus chronic intake);
2) study time point (baseline versus follow-up); and 3)
rCBF change per brain region. Additionally, the cog-
nitive response, the role of treatment responsiveness,
duration and dosage was also assessed for chronic
AChEIs intake.

RESULTS

A total of 1,254 studies were identified in the
initial literature search. A flow diagram of the
study selection process is shown in Fig. 1. An

A

1 potentially relevant
report retrieved from

\4

Remaining records after duplicates removed
(nrepons = 1095)

other sources (grey
literature)

Records excluded for

A

A\ 4

Full-text assessed for eligibility
(nrepor!s = 91 )

being irrelevant
(Neeports = 1004)

63 records excluded:
-Outcome (nrepons = 13)
-Drug (neepons =7)

\4

review (Nreports = 28)

Final number of studies included in systematic

-Publication type (nepos = 14)
-Abstract-only publications (nrepons = 2)
-Intervention (nepors = 13)

-Population (nrepons = 14)

Fig. 1. The PRISMA flow diagram of the selection of studies included in this systematic review. WoS, Web Of Science, nreports, number of

reports.
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Fig. 2. Visual representation of characteristics of the 28 included studies. A total of 485 participants were identified, 3 imaging techniques and
4 drugs have been used to evaluate perfusion. Perfusion was assessed, either after a one-off intake of a single dose or after a long-term intake
of AChEIs. AD, Alzheimer’s disease; MCI, mild cognitive impairment; ASL, arterial spin labeling; PET, positron emission tomography;
SPECT, single-photon emission computerized tomography; n, number.

overview of study characteristics is provided in
Fig. 2.

Perfusion was mainly assessed, either after an
on-off intake of a single dose (number of reports
(Nreports) =3, 10.7%) [15-17] of AChEI, represent-
ing the acute effects on perfusion, or after long-term
AChEIs intake (nreports = 25, 89.3%) [18—42], investi-
gating the chronic effects. No articles on withdrawal
were found. When assessing acute effects, the
impact of physostigmine on cerebral perfusion was
investigated, 10 min to 2h after treatment (aver-
age follow-up (FU): 32 min) [15-17]. The chronic
effects of donepezil (nyeports =20) [18-22, 28-42],
rivastigmine (geports = 6) [19, 21, 24-27], and galan-
tamine (Dgeports =6) [18-23], were investigated with
an average waiting time of 8.7 months (ranging
between three and 18 months). 21 studies [18, 20,
21,23-36, 38, 40-42] investigated and compared the
cerebral perfusion effects of a single drug, whereas
4 studies [19-22] compared the effects of differ-
ent AChEIs by using multiple treatment groups.
Only results with a significance level of 0.05 were
reported.

Three imaging techniques have been utilized to
evaluate cerebral perfusion: arterial spin labeling
magnetic resonance imaging (ASL MRI) (neports =4)
[19, 28, 29, 32], positron emission tomography
(PET) (ngeports =2) [17, 23], and technetium-99m
hexamethyl propylenamine oxime single photon

emission tomography (SPECT) (neeports =21) [16,
18, 20-22, 24-27, 29, 31, 33-42]. The imaging
technique was not specified in one publications
[15].

The risk of bias of the included studies was high
due to pre-selection of the study population or the
lack of analysis methods for the control of (baseline)
confounding factors.

Acute perfusion modifying effects of AChEIs

Three studies investigated the effects of physostig-
mine on cerebral perfusion in patients with AD
[15-17] and in healthy individuals [16]. Each partici-
pant was scanned before and after the administration
of a single dose of physostigmine. Physostigmine
induced a small, but significant, perfusion increase
in the frontal cortex. A significant, larger perfusion
increase in the parietal and temporal cortices was seen
in AD patients [15—17], but not in healthy individuals
[16]. One study reported an increase in the occipi-
tal cortex in AD patients, and in the cerebellum, the
striatum, and the thalamus [17].

Effects of chronic intake of acetylcholinesterase
inhibitors

Twenty-five studies investigated the effects of
chronic AChEI intake on rCBF in healthy individ-
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uals (npatients = 138) [19-21, 23, 26, 27, 29, 36] and
AD patients (npagients =455) [18—42]. Perfusion was
measured both at baseline and after a FU period.

Baseline cerebral perfusion

Atbaseline, a significant regional hypoperfusion in
the temporoparietal cortices was observed, extending
to the bilateral posterior cingulate gyri in AD patients
compared to healthy individuals. Additional frontal
lobe involvement was reported in more advanced dis-
ease stages [19, 20, 22, 24, 30, 34, 40, 41].

Cerebral perfusion after chronic intake of
AChEIs

Perfusion changes were reported in the frontal
cortex (Drepors =19/25, 18 4, 1 ), parietal
cortexX (Dreports=7/25, 5 1, 2 ), temporal cor-
tex (Mpeports =12/25, 9 1, 3 |), occipital cortex
(Nreports = 10/25, 9 1, 1 ), anterior cingulate cortex
(ACC) (npeports =5/25, 3 1, 2 ), posterior cingu-
late cortex (PCC) (ngeports = 8/25, 6 1, 2 | ), thalamus

@ Perfusionincrease
@ Perfusion decrease
No perfusion change

(Dreports = 2/25, 2 1), and cerebellum (nyepores = 1/25, 1
7). A summary of these results is displayed in Fig. 3.

Frontal cortex

18 (72% of articles discussing chronic AChEI
intake (Achronic)) [19-25, 27-29, 32-36, 38, 40, 41]
reported an rCBF increase, more specifically, in the
inferior frontal, orbital, subcallosal and rectal gyri,
and the paracentral lobule. Only one study (4%) [31]
reported a decrease in the frontal cortex rCBF after
AChEI treatment. Six studies (24%) observed no per-
fusion changes [18, 26, 30, 37, 39, 42].

Parietal cortex

Five (20% of Achronic) [24, 26, 29, 39, 40] reported
an increase and two (8%) a decrease [22, 41] in the
parietal cortex, while 18 did not observe any changes
in cerebral perfusion (68%) [18-21, 23, 25, 27, 28,
30-38, 42].

Temporal cortex
One third of the studies (32% of Achronic) demon-
strated that long-term AChEI treatment increases

Fig. 3. Overview of the percentage of articles that found a significant (p <0.05) regional cerebral perfusion change after long-term
acetylcholinesterase-inhibitor treatment in patients with Alzheimer’s disease. ACC, anterior cingulate cortex; PCC, posterior cingulate

cortex.
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the temporal lobe perfusion [20, 24-26, 29, 31, 38,
40, 41], while half of the studies reported no per-
fusion changes (52%) [18, 19, 22, 23, 27, 28, 30,
32-37]. Only three studies (12%) reported a perfusion
decrease in the temporal cortex [21, 35, 37].

Occipital lobe

The majority of the studies did not observe any
changes in the occipital perfusion (56% of Achronic)
[18,19,21-25,27,28, 33-35, 38, 40]. However, nine
studies (36%) reported an increase [20, 21, 29, 31, 36,
37, 39-41] and one (4%) reported a decrease in the
occipital perfusion [42].

Regional perfusion

rCBF increases in the ACC and PCC were observed
in respectively four (16% of Achronic) [21-23, 34] and
six studies (31%) [19,21-23, 28, 32]. On the contrary,
perfusion decreases were reported in both the ACC
and PCC in two reports (10%) [21, 41]. No changes
in the ACC and PCC were reported in respectively 15
(76%) [18-20, 24, 25, 27-29, 31-33, 35, 36, 38, 40]
and 11 (57%) studies [20, 24, 25, 27, 29, 31, 33, 35,
36, 38, 40]. Finally, in two studies (8%) a perfusion
increase was observed in the thalamus [17, 21] and
in one (4%) in the cerebellum [31].

In contrast, in patients without AChEI treatment,
a deterioration of the rCBF in the frontal, parietal
and occipital lobes, as well as in the cingulate gyrus
was observed, representing the natural course of the
disease [33, 35]. No perfusion changes were observed
in healthy individuals after chronic AChEI intake [19,
23].

Treatment responsiveness

Six studies classified the included Alzheimer’s dis-
ease patients into responders and non-responders [26,
30, 37, 39, 42, 43] based on the Mini-Mental State
Examination (MMSE) score evolution. Within the
studies, cognitive treatment response was defined as
an increase of >1 in MMSE scores after at least six
months of therapy.

During baseline testing, no significant differences
in MMSE scores nor perfusion between both sub-
groups were reported [35, 37]. After at least six
months of AChEI treatment, the mean increase in
MSSE score in responders was 2.05+0.45, and a sig-
nificant (p <0.05) perfusion increase in the frontal
lobe [26, 35, 37, 39, 44], the parietal lobe [26, 35,
37, 42, 43], the temporal lobe [26, 35, 37, 42, 43]
and in the cingulate gyrus [30, 37] were observed

(Table 2). In non-responders, however, the MMSE
score decreased by 3.85+0.7 points and a widespread
perfusion decrease was noted.

Treatment duration

The influence of treatment duration on cerebral
perfusion changes was evaluated in patients with
AD at baseline, after short-term (3—6 months) and
long-term treatment (12—18 months) in three studies
(Table 3) [18, 30, 40, 42]). At baseline, the patients
showed a global perfusion decrease compared to
healthy individuals [18]. After 3—6 months of treat-
ment, either no perfusion changes were observed [18,
30] or either an increase in cerebral perfusion was
reported, mainly in the frontal [40], temporal [40],
and parietal lobe [40], as well as the PCC [30]. After
12—18 months of treatment, two out of three studies
found a decrease in cerebral perfusion in the temporal
lobe [18] and PCC [30]. The pattern of hypoperfu-
sion was even more remarkable than at baseline [30,
40, 42]. However, in one study, perfusion after treat-
ment still appeared to be slightly increased compared
to baseline [40]. These results were in line with the
MMSE scores, ameliorating during the first three to
six months, after which cognitive decline resumed
[40].

Dosage

Only one study [45] specifically examined the
effects of the dosage of donepezil. Initially, the (mild)
AD patients were treated with 5 mg donepezil/day.
After showing disease progression, the dosage
was increased to 10 mg/day. This dosage increase
appeared to result in a perfusion increase in the left
and right frontal lobe, and a small portion of the right
parietal lobe. On the other hand, significant decreases
in perfusion were observed in the left frontal lobe, a
minimal portion of the right frontal lobe, and a portion
of the right parietal lobe [45].

Different types of AChEIs

Only two studies compared the impact of different
AChEIs on cerebral perfusion [21, 46]. One study
enrolled eighteen patients with Parkinson’s disease
dementia, of which eleven treated with rivastig-
mine (6 mg/d, twice daily), and seven with donepezil
(10mg/d, daily). No significant differences in the
regional perfusion pattern were observed after six
months of treatment between the two groups [46].
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Table 2
Summary of significant (p <0.05) cerebral perfusion changes in cognitive (non-)responders after acetylcholinesterase-inhibitor treatment in
patients with Alzheimer’s disease. Cognitive treatment response was defined as an increase of > 1 in MMSE scores after at least six months
of therapy. A significant perfusion increase was observed in most of the responders, whereas an overall significant perfusion decrease was
reported in clinical non-responders, illustrating a potential relation between perfusion (change) and cognition (change). *p <0.01. n°, number
of participants. Only qualitative perfusion data could be obtained

Response n° Author Brain Region
Frontal Parietal Temporal Occipital ACC pPCC
Responder 36 Tizuka et al. [30] 1T
25 Nobili et al. [35]
55 Shimizu et al. [21] f
23 Tepmongkol et al. [39] T i T
18 Venneri et al. [26] T T T
29 Yoshida et al. [42] T i
Non-Responder 36 lizuka et al. [30]
25 Nobili et al. [35] U U U U
55 Shimizu et al. [21] T U s U
23 Tepmongkol et al. [39] 4
18 Venneri et al. [26] 4 U U s
29 Yoshida et al. [42] U U U

f=Significant perfusion increase compared to baseline (p <0.05). |=Significant perfusion decrease compared to baseline (p <0.05) White

box, No significant perfusion change compared to baseline.

Table 3

Summary of the significant (p<0.05) cerebral perfusion changes after short-term (0-12 months) and long-term (> 12 months)

acetylcholinesterase-inhibitor treatment in patients with Alzheimer’s disease, dementia with Lewy bodies, and Parkinson’s disease dementia.

ST, short-term; LT, long-term; Du, duration; ACC, anterior cingulate cortex; PCC, posterior cingulate cortex; D, donepezil; G, galantamine;
n°, number of participants. Only qualitative perfusion data could be obtained

ST versus LT Author Drug Du n° Brain Region
Frontal Parietal Temporal Occipital ACC PCC
Short-term Ushuijima et al. [40] D 3 17 T f T
Tizuka et al. [30] D 6 36 f
Araki et al. [18] D 11 11 U
G 11 13
Long-term Ushuijima et al. [40] D 12 17 i T i
lizuka et al. [30] D 18 39 U
Araki et al. [18] D 13 11
G 13 13 U

f=Significant perfusion increase compared to baseline (p <0.05) |}=Significant perfusion decrease compared to baseline (p <0.05) White

box, No significant perfusion change compared to baseline.

Additionally, a 3-arm 12-month clinical trial, includ-
ing donepezil, rivastigmine, and galantamine, was
carried out in 55 patients with AD. Similarly, no sig-
nificant perfusion differences were found between the
groups [21].

DISCUSSION

This systematic review suggests an increase in
cerebral perfusion after both short- and long-term
intake of AChEIs, in the frontal, parietal, temporal,
and occipital lobes, as well as the cingulate gyrus
in patients with Alzheimer’s disease, dementia with
Lewy bodies, and Parkinson’s disease dementia, but
not in healthy individuals. These effects appear to be
dose-related, related to clinical treatment response,

and consistent across patient populations and types
of AChEIs.

The exact mechanisms underlying these rCBF
changes are not yet fully understood. However,
increasing evidence indicates that the inhibition
of acetylcholine breakdown partially correct the
cholinergic deficit and contributes to localized arte-
rial dilatation, thus increasing perfusion. This is
referred to as the cholinergic-vascular hypothesis [47,
48]. Therefore, AChEIs not only boost cholinergic
neurotransmission and compensate for the loss of
functioning brain cells as illustrated in Fig. 4, but
also appear to alter the vascular tone [16]. However,
for the included studies, it is difficult to disentangle
the direct effects of AChEIs on CBF from the indi-
rect effects that might be caused by AChEIs-induced
changes in neuronal activity in AD patients. We refer
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Fig. 4. Mechanism of action of acetylcholinesterase inhibitors. A cholinergic neuron and the three targets of AChEIs: acetylcholinesterase,
butyrylcholinesterase (BuChE), and nicotinic cholinergic receptors. Acetylcholinesterase breaks down acetylcholine (ACh) presynaptically,
postsynaptically, as well as extracellularly. All four AChEIs block this enzyme, and this causes ACh levels to increase. BuChE, which is
found in glial cells that are located near neurons, is a second enzyme that breaks down ACh. Both rivastigmine and physostigmine inhibit
this enzyme. Galantamine also allosterically modulates pre- and postsynaptic nicotinic receptors, which play a key role in focusing attention

and memory.

to the articles of Claassen et al. [47] and Van Beek
et al. [48] for a more detailed overview of the role of
cholinergic innervation in AD.

Both the effects of acute and chronic AChEI intake
have been studied. However, as the clinical relevance
of acute intake is limited to the treatment of glaucoma
and anticholinergic toxicity, the majority of inves-
tigations focuses on chronic AChEI intake. 67.6%
percent of the studies investigating the long-term
effect of AChEIs reported a significant increase after
treatment in the frontal lobes. To a lesser extent, sim-
ilar increases were observed in the temporal (41.2%),
parietal (23.5%), and occipital (30%) lobe and in
the (20%) cingulate gyrus (ACC: 14%; PCC: 28%).
In contrast, a widespread perfusion decrease was
observed in non-treated dementia patients, represent-
ing the natural course of the disease. Cholinergic
neurons are widely distributed throughout the brain,
explaining the global character of these effects [49]).
Moreover, the preferential frontal response could be
related to the denser representation of cholinergic
projections from the brainstem to this region, or to
the fact that the frontal cortex is relatively spared in
the early stages of AD [21].

Some studies also indicate that patients who clini-
cally respond to AChEIs show either an improvement
or stabilization of perfusion in the above-mentioned
regions, whereas non-responders show a progressive
decline. These observations may indicate a relation
between rCBF and clinical treatment response [50].
Moreover, several studies suggest a role for perfusion
measurements in the early evaluation of treatment
responsiveness [30, 37, 42]. However, large-scale
post hoc analyses of rCBF as a predictor for treatment
response is lacking [51]. Treatment responsiveness is
usually limited to the evaluation of cognitive func-
tioning, while other important outcome parameters,
such as daily functioning, were not considered [50].

Some studies suggest that the perfusion increase
after AChEI treatment is only temporary [18, 30,
40]. More specifically, an increase in perfusion and
cognitive functioning was reported after six months
of treatment, which disappeared again after eighteen
months. These temporary effects explain the modest
clinical efficacy of AChEIs against cognitive decline
and behavioral symptoms of dementia, only for a lim-
ited period of time. This is not surprising as AChEIs
are incapable of arresting neuronal degeneration, but
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temporarily delay clinical progression by improving
perfusion and cholinergic signaling. The observed
decrease in cognitive functioning and perfusion after
long-term treatment might reflect the irreversibility
of the nerve degeneration [40].

Additionally, AChEI dosage appears to impact
the effects on perfusion. Lower doses of donepezil
(5mg/d) tend to be less beneficial in patients with
moderate to severe AD. However, these patients,
who are presumed to have a greater loss of cholin-
ergic function, can still achieve therapeutic benefits
from higher doses (> 10 mg/d) of AChEIs. Therefore,
higher doses could be considered when lower doses
show no clinical improvement [52].

This systematic review has been performed rig-
orously following a predefined protocol; however,
several limitations impede drawing conclusions. The
main limitation arises from the methodological het-
erogeneity of the included studies. More specifically,
the variety of the included patient population char-
acteristics, poly drug use, the interventional dosage,
duration of follow-up, imaging modalities, and
outcome measures, complicate comparison across
studies. In addition, current evidence is limited to
methodological studies with a high risk of bias, while
randomized controlled trials are lacking. Further-
more, the extracted study results are generally limited
to qualitative perfusion information in bigger brain
regions, after a relatively short observation period in
specific populations. Moreover, there has never been
a comparison with a control placebo group. There-
fore, we cannot assess how much of the outcomes
may be due to placebo effect. No firm conclusions
can be drawn about the effects of AChEIs in pop-
ulations without a perfusion deficit, since only two
studies investigated the effects of AChEIs in healthy
individuals. All remaining perfusion information of
healthy individuals was used as a control group to
interpret perfusion changes in the patient populations.
The lack of quantitative perfusion information con-
ceals the magnitude of these effects on perfusion, and
hampers conducting a meta-analysis. Also, lobular
perfusion was investigated in most available studies,
while information on perfusion changes in smaller
cerebral regions is lacking. Additionally, there is
no evidence of the long-term perfusion effects of
ACHhEIs, as the majority of the studies were limited to
12 months of observation. Finally, the study popula-
tion consisted of AD patients, treated with donepezil,
rendering the conclusions not generalizable to other
patient populations. Although it is difficult to over-
come all these limitations, there is a need to set up

well-designed studies focusing on local, quantitative
perfusion measurements in different study popula-
tions, using different AChEI types and dosages.

Despite these limitations, current evidence indi-
cates that the intake of AChEIs influences cerebral
perfusion, thus confounding perfusion measure-
ments. Therefore, AChEIs should be considered as
a perfusion modifier, and be taken into account when
interpreting or analyzing perfusion images [9]. How-
ever, additional research is required to assess the true
impact of AChEIs, compared to important perfusion
modifiers such as exercise, age, and sleep, mainly in
terms of effect size [9].

Conclusion

This systematic review provides an overview of
the reported effects of AChEIs on cerebral perfusion.
Overall, a perfusion increase was observed follow-
ing chronic AChEI treatment in treatment-responsive
patients with Alzheimer’s disease, dementia with
Lewy bodies, and Parkinson’s disease dementia in
the frontal, parietal, temporal, and occipital lobes, as
well as in the cingulate gyrus. On the contrary, further
perfusion decline was reported in patients not receiv-
ing AChEIs or not responding to the treatment. These
effects appear to be temporary, dose-related, and con-
sistent across populations and different AChEI types.
More research focused on quantitative perfusion
information in both patients and healthy individu-
als is required to draw conclusions about whether
AChEI intake should be considered when analyzing
perfusion data.
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