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Abstract

Core symptoms of psychosis include delusions, hallucinations, motor symptoms, 
and cognitive impairments. The cholinergic system has been increasingly implied 
in the pathophysiology of psychotic disorders. PET and SPECT imaging can be 
useful tools to increase our insight in the role of the neurotransmitter acetylcho-
line in psychosis. In this chapter we will first globally describe cholinergic neu-
rotransmission and the function of the nicotinic and muscarinic receptors. 
Second, we will provide an overview of PET and SPECT studies examining the 
cholinergic system in psychosis. Finally, we will briefly discuss the results of 
these studies as well as future directions.

Abbreviations

Ach	 Acetylcholine
AcCoa	 Acetyl-coenzyme A
AChE	 Acetylcholinesterase
AChE-Is	 Acetylcholinesterase inhibitors
AD	 Alzheimer’s disease
α-BTX	 α-Bungarotoxin
BPND	 Binding potential nondisplaceable
ChAT	 Choline acetyltransferase
Cho	 Choline
CNS	 Central nervous system
DLPFC	 Dorsolateral prefrontal cortex
[18F]FEOBV	 [18F]fluoroethoxybenzovesamicol
[18F]ASEM	 [18F]-JHU82132; 3-(1,4-diazabicyclo[3.2.2]nonan-4-yl)-6-

18F]fluorodibenzo[b,d]thiophene 5,5-dioxide)
2-[18F]F-A-85380	 2-[18F]fluoro-3-(2(S)azetidinylmethoxy)pyridine
[3H]QNB	 [3H](R)-3-quinuclidinylbenzilate
[123I]-IDEX	 [123I]-iododexetimide
[123I]-IBVM	 [123I]-iodobenzovesamicol
[123I]5-IA-85380	 [(123)I]-5-iodo-3-[2(S)-azetidinylmethoxy]pyridine)
mAChRs	 Muscarinic acetylcholine receptors
MRS	 Magnetic resonance spectroscopy
nAChRs	 Nicotinic acetylcholine receptors
OFC	 Orbitofrontal cortex
PD	 Parkinson’s disease
PET	 Positron emission tomography
PNS	 Peripheral nervous system
SPECT	 Single-photon emission computed tomography
VAChT	 Vesicular acetylcholine transporter
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15.1	 �Introduction

Psychosis spectrum disorders, schizophrenia being the most severe form, are highly 
disabling psychiatric disorders characterized by positive (delusions, hallucinations), 
negative (blunted affect, anhedonia), motor, and cognitive symptoms. The preva-
lence of psychotic disorders is estimated at approximately 3% in the Western popu-
lation, (Perälä et al. 2007) and the World Health Organization (WHO) estimates the 
direct costs of schizophrenia alone in Western countries at 1.6–2.6% of total health-
care expenditures (Chong et al. 2016). Current pharmacological treatments reduce 
positive symptoms, but do not target negative and cognitive symptoms and are 
accompanied by (severe) side effects (e.g., parkinsonism). However, alleviation of 
only positive symptoms often does not lead to functional recovery. Research sug-
gests that, with current treatment, less than 15% of patients fully recover in terms of 
daily/social functioning (Remington et al. 2016). Therefore, there is an urgent need 
for treatment of negative and cognitive symptoms. However, the biological mecha-
nisms underlying these symptoms remain largely unknown. A growing body of evi-
dence implicate the cholinergic system in the pathology of psychosis, in particular 
cognitive symptoms (Carruthers et al. 2015; Raedler et al. 2007). Numerous studies 
have shown that receptor antagonist compounds targeting the central cholinergic 
system, such as scopolamine, can induce learning and memory problems, whereas 
cholinergic receptor agonists as well as acetylcholinesterase inhibitors (AChE-Is) 
can enhance these functions (Everitt and Robbins 1997; Fibiger 1991). Therefore, it 
has been suggested that development of pharmacological treatment targeting the 
cholinergic system could improve cognition in psychosis. However, in order to 
develop effective medication, more insight is necessary into the precise role of the 
cholinergic system in psychotic disorders. Positron emission tomography (PET) 
and single-photon emission computed tomography (SPECT) are highly useful tools 
as these imaging techniques allow for chemical characterization of the cholinergic 
system in  vivo. Although choline containing compounds can be measured with 
magnetic resonance spectroscopy (MRS), at present no other noninvasive neuroim-
aging techniques are available.

15.2	 �Cholinergic Neurotransmission

Acetylcholine (Ach) is the first discovered neurotransmitter and plays a role in 
many central nervous system (CNS) functions, including motor function, sleep, 
learning, and memory (Sofuoglu and Mooney 2009). Ach is synthesized in the pre-
synaptic nerve terminal from a reaction between acetyl-coenzyme A and choline 
(Cho) and catalyzed by choline acetyltransferase (ChAT), an enzyme primarily 
expressed by cholinergic neurons, and stored in the synaptic vesicles (Sofuoglu and 
Mooney 2009; Sarter and Parikh 2005). Ach is released into the synaptic cleft where 
it is degraded into the inactive metabolites Cho and acetate by acetylcholinesterase 
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(AChE) (Sarter and Parikh 2005). Subsequently, Cho is transported back into the 
axon terminal for synthesis of more Ach (Sarter and Parikh 2005). Ach binds to two 
major classes of cholinergic receptors: nicotinic (ionotropic) and muscarinic 
(metabotropic) receptors.

15.2.1	 �Nicotinic Receptors

Nicotinic acetylcholine receptors (nAChRs) are ligand-gated ion channel (inotro-
pic) receptors with fast responses and excitatory effects (Sofuoglu and Mooney 
2009; Dani and Bertrand 2007). Nicotinic receptors are expressed both in the 
peripheral nervous system (PNS) and the CNS and composed of ligand binding 
subunits, α2–α10 (Jones et  al. 2012), and structural subunits, β2–β4 (Gu 2002). 
Nicotinic AChRs are localized at post-, pre-, peri-, and extra-synaptic sites of cho-
linergic and other neurons (Dani and Bertrand 2007). Presynaptically located 
nAChRs regulate release of endogenous ACh (Sofuoglu and Mooney 2009; Jones 
et al. 2012), whereas postsynaptic nAChRs contribute a small minority of fast excit-
atory transmission, and non-synaptic nAChRs influence neuronal excitability, 
thereby modulating multiple neurotransmitter systems (Dani and Bertrand 2007). 
Their ability to modulate activity-dependent events underlies nAChR involvement 
in fundamental aspects of synaptic plasticity, attention, learning, and memory (Dani 
and Bertrand 2007; Albuquerque et al. 1997). Disruptions in central nicotinic modu-
lated cholinergic transmission have been implicated in a variety of disorders includ-
ing schizophrenia (Dani and Bertrand 2007; Jones et al. 2012).

15.2.2	 �Muscarinic Receptors

Muscarinic acetylcholine receptors (mAChRs) are G-protein-coupled (metabo-
tropic) cholinergic receptors that can have either excitatory or inhibitory effects and 
have a longer onset latency (Gu 2002). Muscarinic AChRs are expressed both in the 
CNS and PNS and account for approximately 90% of all cholinergic receptors 
(Sofuoglu and Mooney 2009). At least five different subtypes can be distinguished, 
labeled M1–M5 (Bymaster et al. 2003), that can be divided into two classes based on 
their G-protein-coupling mechanism: M1, M3, and M5 versus M2 and M4 (Caulfield 
and Birdsall 1998; Eglen 2006; Ryan et al. 2019). The first group, referred to as the 
“M1-like” subtypes are located postsynaptically and have excitatory downstream 
effects, whereas the second group, referred to as the “M2-like” subtypes, are located 
pre- and postsynaptically and have predominantly inhibitory effects (Jones et  al. 
2012; Ryan et al. 2019). In addition to a “classic” agonist binding site, muscarinic 
receptors also have allosteric binding sites enabling the modulation of agonist acti-
vation. Of all mAChRs, the M1 receptor has the highest expression rate in the CNS, 
in particular in the cortex, hippocampus, and striatum, and is increasingly impli-
cated in cognitive processes (Eglen 2006) and considered a potential target for treat-
ment of cognitive symptoms in psychiatric and neurological disorders including 
schizophrenia.
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15.3	 �Cholinergic System in Psychosis

The cholinergic system has been broadly related to neurodegenerative disorders 
characterized by cognitive decline and/or motor symptoms including Alzheimer’s 
disease (AD) and Parkinson’s disease (PD), partly because of its close relation with 
the dopaminergic system (McCluskey et al. 2019). Since psychotic disorders are 
also associated with cognitive decline, the cholinergic system became of interest for 
these disorders as well. Nevertheless, to date, studies examining the cholinergic 
system in patients with a psychotic disorder are limited, and most of the evidence is 
derived from preclinical and post-mortem studies.

15.3.1	 �Nicotinic PET/SPECT Imaging in Psychosis

15.3.1.1	 �Post-Mortem Studies
Most evidence for changes in nAChRs availability in psychotic patients comes from 
post-mortem studies. Several studies have demonstrated decreased expression of 
nicotinic receptors in schizophrenia (Vingerhoets et al. 2019a; Court et al. 1999; 
Freedman et al. 1995; Marutle et al. 2001). Freedman et al. (Freedman et al. 1995) 
used both [125I]-α-bungarotoxin (α-BTX), an α-neurotoxin with a binding site at 
nicotinic α7, α8, and α9 subunits (Court et al. 1999; Chen and Patrick 1997), and 
[3H]-cytisine, a nicotinic agonist with high affinity predominantly for the α4β2 sub-
units, to assess nicotinic receptor binding in schizophrenia. They report a decrease 
in the number of nicotinic receptors in hippocampal brain tissue of eight patients 
with schizophrenia compared to eight age-matched controls. In line with these 
results, Court et al. (1999) found reduced [125I]-α-BTX binding in the thalamus of 
schizophrenia patients compared to controls. Contrary, the authors did not find a 
reduction of [3H]-nicotine binding. Similarly, using [125I]-α-BTX, Guan et al. (1999) 
found a decrease of nicotinic α7 subunits in the frontal cortex of schizophrenia 
patients. Finally, the laminar distribution of nicotinic receptors were examined in 12 
post-mortem brains of schizophrenia patients using [125I]-α-BTX, [3H]-cytisine, and 
[3H]-epibatidine (high affinity for α3 and α4 subunits) (Marutle et al. 2001). Patients 
with schizophrenia had fewer [125I]-α-BTX binding sites in the cingulate cortex 
compared to smoking control subjects, but not when compared to all control sub-
jects. In the orbitofrontal and temporal cortex, results did not reach significance, 
although a trend for decreased [125I]-α-BTX binding in the orbitofrontal cortex and 
increased [125I]-α-BTX binding in the temporal cortex was found. Moreover, 
[3H]-cytisine binding was increased in the cingulate cortex of schizophrenia patients 
compared to the total sample of controls as well as only the smoking controls. In the 
same region, higher [3H]-cytisine binding was observed in all layers with the excep-
tion of layer 1 in schizophrenia compared to controls that smoked.

15.3.1.2	 �In Vivo Studies
Nicotine is considered the most addictive component of tobacco (Brody et al. 2006). 
NAChRs in the brain mediate nicotine’s action, of which those containing α4β2 are 
the most abundant in the brain, have the highest affinity for nicotine, and are 
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instrumental in mediating nicotine’s reinforcing properties (D’Souza et al. 2012). 
Human post-mortem studies in “healthy” tobacco users demonstrated an increase in 
nicotinic binding sites (Benwell et al. 1988). In vivo, an upregulation of the nACh 
α4β2 receptor subtype has been reported in healthy smokers compared to nonsmok-
ers using 2-[18F]fluoro-3-(2(S)azetidinylmethoxy)pyridine (2-[18F]F-A-85380) pos-
itron emission tomography (PET) (Wüllner et  al. 2008). The vast majority of 
patients with a psychotic disorder smoke tobacco (Myles et al. 2012; Lucatch et al. 
2018), and most patients use tobacco excessively (Barnes et al. 2006; Vingerhoets 
et al. 2019b), suggesting altered nAChR binding in these patients. Indeed, thalamic 
2-[18F]F-A-85380 binding potential nondisplaceable (BPND) was found to be lower 
in tobacco using patients with paranoid schizophrenia and one tobacco using healthy 
control subject compared to four nonsmoking healthy controls (Brašić et al. 2012). 
It must be noted though that all tobacco-using participants had smoked shortly 
before scanning. Therefore, it is likely that many of the nAChRs were already occu-
pied by nicotine.

The SPECT ligand [(123)I]-5-iodo-3-[2(S)-azetidinylmethoxy]pyridine) 
([123I]5-IA-85380) has been used for in vivo quantification of the nicotinic receptors 
with high affinity for β2 subunits. Using this tracer, earlier post-mortem findings of 
lower β2

*-nicotinic receptor availability in tobacco using schizophrenia patients 
compared to smokers without schizophrenia were confirmed in the frontal cortex, 
parietal cortex, and thalamus (D’Souza et al. 2012). Moreover, β2

*-nicotinic recep-
tor availability was inversely correlated with negative symptoms. Elaborating on 
these findings, β2

*-nicotinic receptor availability was compared between tobacco 
and non-tobacco-using patients with schizophrenia as well as healthy controls 
matched for smoking, age, and sex (Esterlis et al. 2014). The total sample of schizo-
phrenia patients displayed lower β2

*-nicotinic receptor availability relative to the 
total control group, and, overall, nonsmokers had lower β2

*-nicotinic receptor avail-
ability compared to smokers. Interestingly, there was no smoking by diagnosis 
interaction effect, but smoking schizophrenia patients had higher β2

*-nicotinic 
receptor availability opposed to nonsmoking schizophrenia patients. Higher β2

*-
nicotinic receptor availability was associated with less negative symptoms and bet-
ter executive control, and chronic use of antipsychotics did not appear to be related 
to β2

*-nicotinic receptor availability.
Another nAChR subtype strongly associated with tobacco use is the α7 receptor 

which consists entirely of α7 subunits (Lucatch et  al. 2018). Of all the nicotinic 
receptors, this subtype has been studied most frequently in relation with psychotic 
disorders, and like the nACh α4β2 receptor, this subtype has been linked to excessive 
tobacco use in schizophrenia (Tregellas and Wylie 2019). Because of its relatively 
low expression rate in the human brain, it has been proven difficult to develop PET/
SPECT tracers to image this receptor subtype in the brain (Marutle et  al. 2001; 
Coughlin et al. 2019). Recently, quantification of the nicotinic α7 receptor has been 
feasible using the PET tracer [18F]JHU82132; 3-(1,4-diazabicyclo[3.2.2]nonan-4-
yl)-6-[18F]fluorodibenzo[b,d]thiophene 5,5-dioxide ([18F]ASEM) (Wong et  al. 
2014). Using [18F]ASEM PET, Wong et al. (Wong et al. 2006) found reduced bind-
ing in the cingulate cortex, frontal cortex, and hippocampus in five out of six 
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schizophrenia patients compared to controls (Wong et al. 2018). Moreover, a small 
pilot study in nonsmoking patients with recent-onset psychosis showed lower 
[18F]ASEM binding in the hippocampus than control subjects, in particular those 
patients with non-affective psychosis (Coughlin et  al. 2018). In addition, lower 
[18F]ASEM binding was associated with worse verbal memory and processing 
speed, implying a role of het nicotinic α7 receptor in cognitive deficits in psychotic 
disorders.

15.3.2	 �Muscarinic PET/SPECT Imaging in Psychosis

15.3.2.1	 �Post-Mortem Studies
Accumulating evidence suggests that altered or deficient muscarinic signaling 
underlies the clinical symptoms of psychosis, including cognitive deficits (Carruthers 
et al. 2015; Ryan et al. 2019; Vingerhoets et al. 2019a; Bakker et al. 2018). Evidence 
for involvement of the cholinergic muscarinic receptors in psychosis has mainly 
been gained from studying CNS tissue obtained post-mortem (Raedler et al. 2007). 
These post-mortem studies have yielded mixed results. An early study using the 
nonselective tracer [3H](R)-3-quinuclidinylbenzilate ([3H]QNB) reported reduced 
levels of muscarinic receptor binding in the frontal cortex of schizophrenia patients 
compared to control subjects (Bennett et al. 1979). In a different study also using 
[3H]QNB, an increased number of muscarinic receptors were found in the orbito-
frontal (OFC) and medial frontal cortex in medicated patients with schizophrenia 
compared to controls (Watanabe et al. 1983). Contrary, unmedicated patients did 
not differ from controls, suggesting an effect of long-term antipsychotic use. 
However, this discrepancy in findings could also be associated with the nonselec-
tiveness of [3H]QNB. Later studies have reported differences using more selective 
ligands such as [3H]pirenzepine and found a significant decrease of muscarinic M1 
and M4 receptors in the striatum (Dean et al. 1996; Crook et al. 1999), hippocampus 
(Crook et al. 2000), and PFC (Crook et al. 2001; Dean et al. 2002) of schizophrenia 
patients but not in the parietal cortex (Dean et al. 2002). In addition, these changes 
in M1 receptor density appear to be characteristic for schizophrenia since no changes 
were found in bipolar and depressive disorders (Zavitsanou et al. 2004). However, 
other studies did find altered numbers of M2 and M3 receptors in schizophrenia 
(Raedler et al. 2007; Zavitsanou et al. 2004; Scarr et al. 2006).

A more recent post-mortem study using [3H]pirenzepine reported a decrease of 
muscarinic M1 receptors up to 74% in the dorsolateral prefrontal cortex (DLPFC) in 
subgroup of patients with schizophrenia comprising approximately 25% of the sam-
ple (Scarr et  al. 2009). The authors labeled this subgroup “muscarinic receptor-
deficit schizophrenia” (MRDS) and hypothesized that this may be a subgroup of 
patients displaying more severe cognitive symptoms, given the role of M1 receptors 
in several cognitive functions, although data of cognitive function were not avail-
able. Interestingly, this so-called MRDS subgroup did not differ from other schizo-
phrenia patients in terms of clinical characteristics including gender, age, duration 
of illness, or any particular drug treatment (Scarr et al. 2009).
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15.3.2.2	 �In Vivo Studies
The number of in vivo studies examining changes in muscarinic receptor density in 
psychosis is still limited. Nevertheless, these studies support the post-mortem find-
ings of reduced M1 receptor density in patients with a psychotic disorder. In a 
[123I]IQNB SPECT study by Raedler et  al. (Raedler et  al. 2003a), patients with 
schizophrenia who were medication-free at time of scanning displayed decreased 
muscarinic receptor availability in the cortex and basal ganglia. Muscarinic receptor 
occupancy was decreased up to 35% in schizophrenia patients compared to matched 
control subjects in this sample of 12 patients. Unfortunately, [123I]IQNB binds with 
very high affinity to all subtypes of the muscarinic receptors (Raedler et al. 2007). 
Therefore, it is unknown whether this decreased availability reflects predominantly 
a reduction in M1 receptors.

SPECT imaging was also used to examine the effects of antipsychotic medica-
tion on the cholinergic muscarinic system. Raedler et al. (Raedler et al. 2000) used 
[123I]IQNB SPECT to study the effects of the antipsychotic olanzapine at a daily 
dose of 5 and 20 mg, respectively, on the cholinergic muscarinic receptors in the 
cortex, striatum, thalamus, and the pons of schizophrenia patients. At both a low and 
high dosage of olanzapine, [123I]IQNB binding was significantly lower compared to 
[123I]IQNB binding in medication-free subjects in all brain regions except the stria-
tum. Moreover, in these same brain areas, [123I]IQNB binding was significantly 
lower at a dose of 20 mg compared to 5 mg indicating that olanzapine blocks mus-
carinic receptors in vivo significantly, possibly explaining the low incidence of anti-
cholinergic side effects. In a different study by Raedler et al. (Raedler et al. 2003b), 
and also using [123I]IQNB SPECT, the impact of low to moderate dosages of the 
antipsychotic clozapine on muscarinic receptors in the basal ganglia, cortex, thala-
mus, and pons was examined. Compared to medication-free psychotic subjects, 
[123I]IQNB binding was lower in all examined brain areas, and decreases in binding 
were observed with increasing dose. In a separate study, the authors compared the 
previously reported effects of olanzapine and clozapine directly and concluded that 
clozapine treatment resulted in a stronger muscarinic receptor blockade than olan-
zapine (Raedler 2007).

The effects of antipsychotic treatment on cholinergic muscarinic receptors were 
also examined with the SPECT ligand [123I]-iododexetimide ([123I]IDEX). This 
ligand predominantly binds to the M1 subtype, although it also has relatively high 
affinity for the M4 subtype, but not for M2,3,5 receptors (Bakker et al. 2015). In this 
study by Lavalaye and co-workers (Lavalaye et al. 2001), [123I]IDEX binding in the 
cortex and striatum of patients stabilized on the antipsychotics olanzapine or ris-
peridone was compared directly as well as to healthy control subjects. Patients 
treated with olanzapine displayed lower binding ratios in both the cortex and stria-
tum than patients treated with risperidone as well as control subjects, reflecting 
higher levels of muscarinic receptor occupancy by olanzapine. Moreover, patients 
treated with risperidone also showed lower binding ratios compared to controls, but 
this was only significant in the striatum.

In a more recent study also using [123I]IDEX SPECT imaging, Bakker et  al. 
(Bakker et al. 2018), found a link between lower M1 receptor binding in the DLPFC 
and poorer performance on a verbal learning and memory task. Moreover, lower M1 

C. Vingerhoets et al.



533

binding in the hippocampus was associated with worse delayed recognition of ver-
bal information. In addition, higher negative symptom severity was associated with 
lower M1 binding in the hippocampus. Since in this study no healthy control sub-
jects were included, it remains unknown whether these findings are specific for 
patients with a psychotic disorder. Indeed, administration of a muscarinic M1 antag-
onist produced cognitive impairments in subjects with a psychotic disorder 
(Vingerhoets et al. 2017; Veselinović et al. 2015). Figure 15.1 displays [123I]IDEX 
binding in the brain of a patient with a psychotic disorder.

15.4	 �Conclusion and Future Directions

To summarize, cholinergic alterations are increasingly linked to psychosis. Both 
post-mortem and in  vivo PET and SPECT studies provided evidence for altered 
nicotinic and muscarinic receptors in psychosis, suggesting that reductions of cho-
linergic receptors, in particular nicotinic α4β2 and α7 as well as muscarinic M1 recep-
tors, could be identifiable biomarkers for psychotic disorders. These results are 
supported by findings of altered brain choline concentrations in MRS studies (Kirtaş 
et al. 2016; Bustillo et al. 2002, 2014; Plitman et al. 2016) and pharmacological 
(challenge) studies reporting memory deficits after administration of anticholiner-
gics in psychotic patients (Vingerhoets et al. 2017; Veselinović et al. 2015). Overall, 
this may suggest that a subgroup of psychotic patients may benefit from cholinergic 
pharmacological treatment. However, results of pharmacological interventions tar-
geting the cholinergic system have been mixed. For example, AChE-Is have overall 
not yielded much positive results (Vingerhoets et  al. 2013; Santos et  al. 2018), 
although some studies have found improvement in speed of processing after AChE-I 
add-on treatment in schizophrenia (Santos et  al. 2018). These limited beneficial 
effects of AChE-Is are likely due to the fact that AChE-Is may not affect AChR 
function directly. Contrary, monotherapy with xanomeline, a muscarinic M1 ago-
nist, has shown to improve both positive and negative as well as cognitive symptoms 
in patients with schizophrenia (Shekhar et al. 2008). This may suggest that selective 
targeting of cholinergic receptors may be a more successful strategy than increasing 
ACh levels per se. Nevertheless, muscarinic drugs cause a variety of PNS-related 
side effects (particularly related to the gastrointestinal tract), possibly because lack 
of selectivity for the M1 subtype, and currently no M1 agonists are approved for 
treatment of psychosis. Since PET and SPECT have the potency to identify chemi-
cal signatures, these techniques may be useful tools for identification of biomarkers 
and examining medication response. Moreover, PET and SPECT have the potential 
to become useful tools in stratification of patients in order to inform treatment deci-
sions, if validated further (Coughlin et al. 2019). In particular patients with first-
episode psychosis may benefit from methods allowing identification of personalized 
effective treatments. At present, finding an effective treatment can be a search which 
burdens affected (young) patients by unnecessary prolongation of symptoms and 
unwanted side effects. Moreover, this could lead to nonadherence of future treat-
ment. Stratification of psychotic patients can guide personalized medicine which is 
beneficial for patients, their environment, and the broader society.
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15.4.1	 �Cholinergic Transporter Imaging

In addition to targeting nicotinic and muscarinic cholinergic receptors, there are 
developments to target the vesicular acetylcholine transporter (VAChT). VAChT 
activity is distinct from the therapeutic site of AChE-I and has been described as a 
more pure indication of presynaptic cholinergic terminal density compared to other 
cholinergic targets (McCluskey et al. 2019; Bohnen et al. 2018). Although [123I]iodo-
benzovesamicol ([123I]IBVM) SPECT has been available for imaging VAChT for 
decades (Kuhl et al. 1994), no studies using this technique to examine patients with 
psychotic disorders have been performed. In recent years, new PET tracers have 
been developed to study VAChT. One of these tracers is [18F]fluoroethoxybenzo-
vesamicol ([18F]FEOBV). As compared to the SPECT tracer [123I]IBVM, this PET 
tracer offers the possibility to in vivo examine smaller brain regions (Petrou et al. 
2014). Although at present, no [18F]FEOBV PET studies have been performed in 
psychotic disorders, decreased [18F]FEOBV binding has recently been demon-
strated in cortical and subcortical brain areas involved in cognition functioning in 
disorders characterized by cognitive deficits, namely, dementia with Lewy bodies 
and AD (Nejad-Davarani et al. 2019; Aghourian et al. 2017). Therefore, and consid-
ering the increasing evidence of involvement of the cholinergic system in psychotic 
disorder and efforts of developing cholinergic treatments for these disorders, 
[18F]FEOBV PET may be a useful tool to increase our knowledge of cholinergic 
abnormalities in psychosis. Potentially, it can be used to stratify patients and guide 
clinical decision-making in the future.

15.5	 �Concluding Remarks

To conclude, both post-mortem and in vivo SPECT and PET studies demonstrated 
cholinergic alterations in patients with psychotic disorders which may be linked to 
negative and cognitive symptoms. Therefore, a subgroup of patients could possibly 
benefit from cholinergic treatment. Cholinergic PET and SPECT imaging can 
potentially be used to stratify patients with cholinergic abnormalities in the future in 
order to guide clinical decision-making and personalized medicine and to optimize 
treatment outcome for psychotic patients.
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