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Abstract: Background: Although structural and functional abnormalities have been found in patients with schizophrenia, 
very few studies have investigated neuroimaging features in delusional disorder patients. We conducted a review of the 
literature to assess the evidence for specific neuroimaging changes in delusional disorder on brain structures and 
functions. 

Method: We reviewed the literature on structural and functional neuroimaging studies of delusional disorder between 
1980 and April 2014. The search was conducted through MEDLINE, Pubmed and Web of Knowledge, using the 
following key words: delusional disorder, neuroimaging, brain imaging, magnetic resonance, MRI, computerized 
tomography, TC, single photon emission tomography, SPECT, functional magnetic resonance, fMRI, positron emission 
tomography, PET and spectroscopy.  

Results: According to our inclusion criteria, 15 studies were included in the review. 14 studies reported structural brain 
data, and 10 studies reported functional findings. Due to the heterogeneity of the neuroimaging techniques, a meta-
analysis could not be conducted. The vast majority of structural neuroimaging studies found brain atrophy and white 
matter lesions in DD patients, particularly in the temporoparietal or frontal lobes. Functional neuroimaging studies pointed 
to the temporal and parietal lobes, as well as the basal ganglia, as potential brain areas implicated in the clinical 
manifestation of DD, particularly in those patients affected with the somatic type, and as potential neuroimaging markers 
of clinical response in these populations. 

Conclusion: Temporo-parietal, prefrontal, and basal ganglia dysfunction, as well as dysfunctions in other specific brain 
regions, may be implicated in the core symptoms of delusional patients. More complex functional brain network analyses 
and multivariate statistics would provide higher evidence in future research.  
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INTRODUCTION 
 In recent years, neuroimaging studies have revealed that 
schizophrenia is characterized by structural [1-3] and 
functional focal abnormalities [4, 5]. 
 A recent meta-analysis found grey matter reduction and 
volume reductions in the caudate nucleus and thalamus in 
over 18,000 subjects diagnosed with schizophrenia [3], and 
the brain loss is thought to be associated with neurodeve-
lopmental processes and disease progression. Further, 
Ahmed and colleagues highlighted that neuroimaging has 
linked the neurotoxic and neuroprotective effects of 
antipsychotics with brain abnormalities in the clinical 
management of schizophrenia patients [2]. Additionally, 
structural neuroimaging has supported the notion that 
multiple brain circuits are impaired in these patients, and  
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focal abnormalities might not explain the heterogeneity of 
phenotypes in schizophrenia patients [1]. 
 On the other hand, increasing evidence is available 
regarding the predictive value of neuroimaging in the 
development of psychosis within high-risk subjects, 
particularly for abnormalities in prefrontal, anterior 
cingulate, and medial temporal areas [6, 7]. However, these 
studies should be replicated and include larger studies with 
greater sample sizes. 
 When focusing on functional neuroimaging studies, a 
meta-analysis concluded that, although the dualism between 
hypofrontality and hyperfrontality in explaining cognitive 
deficits is not yet resolved, the reliability of functional 
neuroimaging studies has been confirmed [5]. Similarly, a 
recent review suggested that the combination of diffusion 
tensor imaging and functional neuroimaging studies would 
provide new data regarding the dysconnectivity theory of 
schizophrenia [4]. 
 In spite of the extensive evidence in schizophrenia 
patients, few studies have focused on delusional disorder 
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(DD) patients, and no reviews have summarized findings 
from structural and functional neuroimaging studies 
regarding these populations. 
 Therefore, we aimed to review the literature to assess the 
evidence for specific neuroimaging changes in DD on brain 
structures and functions. 

METHOD 

Search Strategy 

 We searched for studies reporting structural and 
functional neuroimaging findings in patients diagnosed with 
DD. We performed electronic searches through MEDLINE, 
Pubmed and Web of Knowledge databases from January 
1980 to April 2014 using the following keywords: delusional 
disorder, neuroimaging, brain imaging, magnetic resonance, 
MRI, computerized tomography, TC, single photon emission 
tomography, SPECT, functional magnetic resonance, fMRI, 
positron emission tomography, PET, and spectroscopy.  

Selection Criteria 

 Studies were included in this review if they met our 
inclusion criteria: (1) diagnosis of DD according to the 
Diagnostic and Statistic Manual of Mental Disorders DSM-
III-TR, DSM-IV, or ICD-10 criteria, (2) being an original 
research study in a peer-reviewed journal, (2) reporting basic 
sociodemographic and clinical data on DD patients, and (3) 
showing positive or negative data on structural and/or 
functional neuroimaging techniques in DD. Studies that did 
not report DSM-III-R, DSM-IV, or ICD-10 criteria, as well 
as those that contained organic delusional disorder cases, 
were excluded. 
 Restrictions on publication type or design of the study 
were not applied, and all relevant papers in English, German, 
and Spanish were included. Furthermore, all relevant 
abstracts and references related to the aforementioned search 
terms were obtained and examined to identify potential 
additional studies.  

RESULTS 

Identified Studies 

 Our findings using the search terms previously 
mentioned and the number of studies included according to 
the inclusion criteria are described as follows: 
 “Delusional disorder and neuroimaging”: 114 journal 
articles were found. Seven articles were identified as 
containing data on neuroimaging in DD patients. After 
analysing these studies, three studies were excluded for two 
reasons: (1) DSM-III-R or DSM-IV diagnostic criteria were 
not specified in one case [8], and (2) organic DD was 
diagnosed in patients [9, 10]. 
 “Delusional disorder and brain imaging”: 241 articles 
were found, with thirteen articles containing data on 
neuroimaging in DD. From the identified articles, seven 
studies were selected, and six studies were excluded due to 
several reasons: (1) one study was based on a neurological 
patient who was diagnosed as having organic DD [11], (2) 

three studies reported findings in patients diagnosed with DD 
after suffering from an ischaemic cerebrovascular disease 
[10, 12, 13], and (3) two studies failed to report diagnostic 
criteria for primary DD [14, 15]. 
 “Delusional disorder and magnetic resonance”: 175 
journal articles were found in a first search performance, 
from which eighteen were identified. Seven works fulfilled 
our inclusion criteria. Six studies were excluded because 
they reported findings in organic DD patients [10-12, 16-18]. 
Further, five studies were excluded due to the following 
reasons: (1) no diagnostic criteria (DSM-III-R, DSM-IV) for 
DD were specified [8, 14, 15, 19, 20], and (2) no 
neuroimaging findings were reported [20]. 
 “Delusional disorder and MRI”: 180 journal articles were 
found, from which twenty were identified as potentially 
reporting MRI findings in DD. Ten journal articles fulfilled 
our inclusion criteria. Studies that were not included and the 
reasons for exclusion are as follows: (1) five studies reported 
diagnostic criteria for organic DD [11, 12, 16-18], (2) one 
article was based on a review [21], and (3) four studies failed 
to report DSM-III-R or DSM-IV diagnostic criteria [8, 19, 
22, 23]. 
 “Delusional disorder and computerised tomography”: 75 
studies were found, from which one was identified as being 
relevant. This journal article was excluded because a case of 
organic DD was reported [13]. 
 “Delusional disorder and CT”: 82 journal articles can be 
found, from which three potentially focused on DD patients. 
These three articles were excluded due to several reasons: (1) 
one article was written in Croatian [24], (2) one article in 
Polish [25], and (3) the third article failed to reported 
diagnostic criteria for DD [26]. 
 “Delusional disorder and single photon emission 
tomography”: 40 journal articles were found, from which 8 
were identified as relevant to our review. From these studies, 
six articles were selected, and two articles were excluded 
because patients were diagnosed as having an organic DD 
[12, 18]. 
 “Delusional disorder and SPECT”: 42 studies were 
found. Ten studies were identified as containing SPECT data 
on DD patients, and 8 studies were selected. Two journal 
articles were rejected as the samples contained organic DD 
[12, 18]. 
 “Delusional disorder and functional magnetic 
resonance”: 64 journal articles were found. Four articles 
were identified, from which one article was excluded 
because a case of a DD after an ischaemic cerebrovascular 
disease was reported [13]. 
 “Delusional disorder and fMRI: 172 studies were found 
through this search strategy, 21 studies were identified as 
potentially containing f MRI data on DD patients, and 8 
studies were selected for inclusion in the review. Several  
 
journal articles were excluded due to the following reasons: 
(1) failing to report DD criteria according to DSM-III-R or 
DSM-IV [14, 22, 23, 27], (2) presenting organic DD cases 
[10-13, 16-18, 28], and (3) reporting no neuroimaging 
findings [20]. 
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 “Delusional disorder and positron emission tomography”: 
32 studies were found; however, only one of these studies 
met our inclusion criteria. 
 “Delusional disorder and PET: 35 articles were found, 
and 2 were identified as containing PET data on DD patiebts, 
from which one article was excluded because no 
standardized diagnostic criteria was reported [8]. 
 “Delusional disorder and spectroscopy”: 72 journal 
studies were found, but none of them reported cases of 
primary DD. 
 A total of 15 journal articles were included, whereas 14 
studies reported structural neuroimaging findings, and 10 
studies were focused on functional brain imaging. Statistical 
analysis could not be conducted due to the heterogeneity of 
the neuroimaging techniques that were used in these studies. 
 The main demographic and clinical characteristics, as 
well as the neuroimaging findings, of the reviewed studies 
can be found in Tables 1 and 2. 

Structural Neuroimaging Studies 

 In a prospective study on 27 patients diagnosed with late-
onset psychosis, Miller and co-workers [29] investigated 
structural brain lesions in 5 patients using computerised 
tomography (CT). Three of the elderly patients fulfilled the 
DSM-III-R criteria for DD, one patient met the criteria for 
schizophrenia, and one patient was diagnosed as having a 
manic episode with psychotic features. All DD patients had 
multiple subcortical white-matter lesions. In the first case, 
CT showed diffuse cerebral atrophy with lacunar infarcts. In 
the second and third cases, several lacunar infarcts were 
found in the basal ganglia. These three patients did not 
respond to pharmacological treatment. 
 In a study carried out by Howard et al. [30], fifty elderly 
paraphrenics and 35 healthy controls underwent structural 
brain magnetic resonance imaging (MRI) in a coronal plane. 
Of the total sample, neuroimaging findings were described in 
16 DD patients. The authors reported that the volume of the 
left lateral ventricle was greater than the right ventricle in 
DD patients compared to schizophrenia patients and healthy 
controls. Moreover, third ventricles were larger in DD 
patients than the other groups. 
 The case of a woman suffering from a DD, somatic type, 
was reported by Wada and co-workers [31]. Diffuse cortical 
atrophy with predominance in the bilateral frontal lobes was 
found in MRI, in addition to multiple bilateral white matter 
lesions that the authors considered normal, according to the 
age of the patient. 
 On the other hand, a case of a DDST man was reported 
by Ota and co-workers [32]. The authors reported no 
structural neuroimaging findings in the MRI before and after 
treatment with modified electroconvulsive therapy. 
 Hayashi and colleagues [33] reported the case of a 77-
year-old housewife, who was admitted to a psychiatric ward. 
The patient was given 10 mg/day of paroxetine for 7 days, 
and the dosage was increased to 20 mg/day after 8 days of 
treatment. MRI on day 17 revealed multiple bilateral lacunar 
infarcts in the deep white matter.  

 Along these lines, brain magnetic resonance imaging 
revealed white matter lesions on the right temporoparietal 
regions and atrophy of the frontal lobe in a DD, somatic type 
patient [34]. 
 Nine patients diagnosed with delusional parasitosis were 
assessed by cranial MRI in a study carried out by Huber et 
al. [35]. Of the total sample, only one patient met diagnostic 
criteria for DD, primary form, who presented with 
generalized brain atrophy without focal cortical white matter 
and basal ganglia lesions.  
 In contrast, no structural brain abnormalities were found 
by Akahane and co-workers [36] in the case of a man 
suffering from DD, somatic type, who was successfully 
treated with risperidone 2-3 mg/day. 
 Freudenmann and colleagues [37] carried out a case-
control study on neuroimaging findings in delusional 
infestation (DI). Two patients were diagnosed as having a 
DI: the first patient had the somatic type of DD, and the 
second patient was diagnosed with DI secondary to mild 
vascular encephalopathy. These patients were compared to 
seven healthy controls. No structural brain abnormalities 
were found with MRI in the primary DD patient. 
 A case of a 42-year-old woman diagnosed with DD, 
somatic type, was reported by Hayashi et al. [38], and her 
MRI revealed no structural brain abnormalities on the first 
admission. At her first psychiatric contact and after recovery, 
a SPECT analysis using technetium-ethyl cysteinate dimer 
was also performed. 
 Uezato et al. [39] reported the case of a DD, somatic 
type, successfully treated with modified electroconvulsive 
therapy. The authors did not find structural brain 
abnormalities. 
 Along these lines, Umezaki et al. [40] found no structural 
brain abnormalities in 8 patients diagnosed with DD, somatic 
type. 
 Wolf and colleagues [41] carried out a structural MRI 
study and voxel-based morphometry in 16 patients suffering 
from delusional infestation and compared the patients with 
16 healthy controls. From the 16 cases, 6 patients were 
diagnosed with DD, somatic type, according to DMS-IV-TR 
criteria. Although neuroimaging findings were not presented 
using primary or secondary delusional infestation categories, 
patients showed lower grey matter volume than controls in 
the following regions: frontal, temporal, right caudate and 
putamen, left thalamus, and other grey matter regions. When 
analysing white matter volumes, patients showed higher 
volumes in several areas, such as the right middle cingulate 
and bilateral striatum, even after adjustment for the illness 
duration. The authors concluded that the aforementioned 
areas were common in both groups of patients affected by a 
delusional parasitosis, those patients diagnosed with primary 
DD and those patients suffering from a secondary delusional 
parasitosis. Further, the same authors [42] conducted a 
source-based morphometry study to investigate structural 
brain abnormalities in delusional infestation patients by 
dividing the groups according to illness aetiology. The final 
sample comprised 16 cases, with 6 DD patients, 3 patients 
exhibiting diagnostic criteria for psychotic depression, and  
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Table 1. Structural neuroimaging studies on delusional disorder (n=14). 
 

Authors and 
Year of 

Publication 
Study Design Imaging 

Method 

DD 
Sample 
Size (n) 

Sample Size 
Comparison 
Group (n) 

Age DD Type Main Findings 

Miller et al., 
1989 [29] Prospective CT 3 

Schizophrenia 
(n=1) 

Bipolar disorder 
(n=1) 

Case 1: 
86 

Case 2: 
72 

Case 3: 
62 

Case 1: Persecutory 
Case 2: Persecutory 

Case 3: 
Persecutory 

Case 1. CT: diffuse cerebral atrophy, 
scattered lacunar infarcts and diminished 

attenuation in deep white matter (frontal and 
parietal cortex). 

Case 2. CT: multiple subcortical white-
matter lesions and lacunar infarcts in basal 

ganglia. 
Case 3. CT: multiple lacunar infarcts in 

white-matter and basal ganglia. 

Howard et al. 
1994 [30] 

Cross-
sectional MRI 16 

Schizophrenia 
(n=31) 

Controls  
(n=33) 

83.19 
(mean) NA 

MRI: right and left lateral ventricle volumes 
in delusional disorder were greater than 
those of patients with schizophrenia or 
healthy controls (p=0.015; p=0.006). 

Wada et al. 
1999 [31] Case report MRI 1 0 78 Somatic 

(hypochondriac) 

During treatment with clomipramine (41st 
day): mild diffuse cortical atrophy mainly in 

bilateral frontal lobes. Multiple small 
infarctions in the bilateral white matter. 

Ota et al. 2003 
[32] Case report 

MRI 
MRA 

1 0 72 Somatic 
(hypochondriac) 

MRI: no atrophy or focal lesions.  
MRA: no abnormalities. 

Hayashi et al. 
2004 [33] Case report MRI 1 0 77 Somatic 

(hypochondriac) 
MRI: multiple small infarctions in the 

bilateral white matter. 

Narumoto et 
al., 2006 [34] Case report MRI 1 0 82 Somatic (parasitosis) 

MRI: ventricular increased volumes, atrophy 
of the frontal lobe and right temporoparietal 

white matter lesion. 

Huber et al. 
2008 [35] 

Consecutive 
case-series 

MRI (T1, T2, 
FLAIR) 1 

Medical 
secondary DP 

(n=5) 
Psychiatric 

secondary DP 
(n=3) 

75 
Somatic (parasitosis) 

1; (100) 
DD: slight atrophy. No focal lesions. 

Akahane et al., 
2009 [36] Case report - 1 0 54 Somatic 

(hypochondriac) No structural brain abnormalities. 

Freudenmann 
et al., 2010 [37] Prospective MRI 1 

Medical 
secondary DP 

(n=1) 
27 Somatic (parasitosis) MRI: unremarkable. 

Hayashi et al., 
2010 [38] Case report MRI 1 0 42 Somatic (oils and foul 

odour) MRI: unremarkable. 

Uezato et al., 
2012 [39] Case report MRI 1 0 53 Somatic (oral) No structural brain abnormalities. 

Umezaki et al., 
2013 [40] Case series MRI 8 8 - Somatic (oral) No structural brain abnormalities. 

Wolf et al., 
2013 [41] 

Cross-
sectional 

MRI, voxel-
based 

morphometry 

6 (from 
16 DP) 16 controls - Somatic (parasitosis) 

Lower grey matter volumes in patients in 
frontal, temporal areas, right striatum and 

left thalamus. 
Higher white matter volumes in bilateral 

striatum. 

Wolf et al., 
2014 [42] 

Cross-
sectional 

Source based 
morphometry 

(MRI) 

6 (from 
16 DP) 16 controls - Somatic (parasitosis) 

Lower grey matter volumes in temporal and 
prefrontal areas, and thalamus and parietal 

regions. 
No white matter abnormalities. 

Abbreviations: CT: Computerised Tomography, DD: Delusional Disorder, DP: Delusional Parasitosis, FLAIR: Fluid Attenuated Inversion Recovery, HC: Healthy Controls, LOPP: 
Late-Onset Paranoid Psychosis, LOP+: Late-Onset Psychosis with somatic delusions, LOP-: Late-Onset Psychosis without somatic delusions, MRI: Magnetic Resonance Imaging, 
MRA: Magnetic Resonance Angiography, NOS: Not Otherwise Specified, PSCH: Early-Onset Paranoid Schizophrenia. 
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7 organic DD patients. Lower grey matter volumes were 
found in primary DD patients, affective patients, and those 
cases showing an organic DD, somatic type. However, in 
contrast with these findings, higher white matter volumes 
were detected in organic DD patients but not in primary DD 
cases or affective patients. 

 

Functional Neuroimaging Studies 

 Wada and colleagues [31] reported a case of a woman 
diagnosed with DD, somatic type, who was successfully 
treated with clomipramine 20-100 mg/day. Before treatment, 
the Xe-133 SPECT analysis revealed a reduced r CBF in the  
left temporal and parietal lobes and a marked improvement 
in r CBF after the clinical remission. 

Table 2. Functional neuroimaging studies on delusional disorder (n=10). 
 

Authors and Year of 
Publication 

Study 
Design Imaging Method Sample 

Size (n) 

Sample Size 
Comparison 
Group (n) 

Mean Age, 
Years (SD) 

DD Type 
n; (%) Main Findings 

Wada et al. 1999 [31] Case 
report 

133 Xe-SPECT 1 0 78 Somatic 
(hypochondriac) 

During treatment with clomipramine (19th 
day): reduced regional cerebral blood flow 

in the left temporal and parietal lobes.  
After total remission (96th day): improved.  

Ota et al. 2003 [32] Case 
report 

99 m Tc -ECD SPECT 1 0 72 Somatic 
(hypochondriac) 

Before treatment with m-ECT: decreased 
perfusion in the left temporal and parietal 

lobes. 
After treatment with m-ECT: improvement 

of blood flow in these lobes. 

Hayashi et al. 2004 
[33] 

Case 
report 

133 Xe-SPECT 1 0 77 Somatic 
(hypochondriac) 

During treatment with paroxetine (day 9): 
reduced regional cerebral blood flow in the 

left temporal and parietal lobes. 
After treatment with paroxetine (day 60): 

normalized. 

Narumoto et al., 2006 
[34] 

Case 
report 

123 I SPECT 1 0 82 Somatic 
(parasitosis) 

Before treatment with risperidone: global 
decrease in r CBF. 

After treatment with risperidone: increase 
of r CBF in the bilateral basal ganglia, the 
bilateral frontal and left temporoparietal 

lobes. 

Akahane et al., 2009 
[36] 

Case 
report SPECT 1 0 54 Somatic 

(hypochondriac) 
Hypoperfusion in the temporal and parietal 

lobes. 

Freudenmann et al. 
2010 [37] 

Prospecti
ve 

18 F-6-fluorodopa-
PET 

123 I-FP-CIT-SPECT 
IBZM-SPECT  

FDG-PET 

1 1 27 
Somatic 

(parasitosis) 
 

FDOPA- PET: reduced presynaptic striatal 
dopamine turnover right + left. 

FP-CIT-SPECT: DaT availability normal 
except for the left putamen. 

IBZM-SPECT: D2R availability reduced in 
the left striatum. 

FDG-PET: before treatment with 
aripiprazole: left glucose metabolism> 
right in putamen und thalamus; after 

treatment: putamen unchanged, inverted 
metabolism in thalamus (right>left). 

Hayashi et al. 2010 
[38] 

Case 
report 

99 m Tc -ECD SPECT 1 0 42 
Somatic 

(halitosis, 
parasitosis) 

Before treatment with paroxetine: reduced 
regional cerebral blood flow in the left 

temporal and parietal lobes. 
After treatment with paroxetine: 

hypoperfusion normalized. 

Uezato et al., 2012 
[39] 

Case 
report SPECT 1 0 53 Somatic (oral) 

Hyperperfusion in the right temporal lobe 
normalized after modified 
electroconvulsive therapy. 

Umezaki et al., 2013 
[40] 

Case 
series 

99 m Tc -ECD SPECT 8 8 - Somatic (oral) Cerebral blood flow asymmetry in frontal 
and temporal areas. 

Oflaz et al., 2014 [43] 
Case 

control 
study 

f MRI 9 9 - Persecutory 
(majority) 

Impairment in the prefrontal, temporal and 
limbic brain regions during working 

memory performance tasks.  
Abbreviations: DD: Delusional Disorder, DaT: Striatal Dopamine Transporter, D2R: D2 Receptor, f MRI: Functional Magnetic Resonance Imaging, HC: Healthy Controls, NA: Not 
Available, HMPAO: Hexamethylpropyleneamine Oxime, PET: Positron Emission Tomography, r CBF: Regional Cerebral Blood Flow, SPECT: Single Photon Emission Computed 
Tomography. 
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 Ota et al. [32] reported the case of a man diagnosed with 
DD, somatic type, who received treatment with modified 
electroconvulsive therapy. After treatment, an improvement 
of regional cerebral blood flow (r CBF) was shown in the left 
temporal and parietal lobes by SPECT.  
 SPECT using Xe-133 was performed twice in a 77-year-
old woman who suffered from a hypochondriacal delusion 
[33]. On day 9, SPECT revealed reduced regional cerebral 
blood flow in the left and parietal lobes. However, after 60 
days of treatment with paroxetine, no cerebral blood flow 
abnormalities were reported. 
 On the other hand, Narumoto and colleagues [34] 
reported the case of a man diagnosed with DD, somatic type, 
who received risperidone (1-2 mg/day) for at least 6 weeks, 
and an [123I]-IMP SPECT analysis investigating regional 
cerebral blood flow (r CBF) was performed before and after 
treatment. Before treatment, the patient presented with a 
decrease in r CBF, which showed an increase in the bilateral 
frontal and left temporoparietal lobes and the bilateral basal 
ganglia. 
 Akahane and co-workers [36] reported a case of DD, 
somatic type. The authors highlighted an association in this 
population between risperidone treatment effectiveness and 
hypoperfusion in the temporal and parietal lobes. 
 Freudenmann and co-workers [37] studied dopaminergic 
neurotransmission and glucose metabolism in a case of 
primary DD, somatic type before and after treatment with 
aripiprazole using PET and SPECT techniques. Before 
receiving aripiprazole, the FDOPA-PET revealed reduced 
bilateral striatal dopamine transmission in the caudate and 
the putamen, but no signs of postsynaptic neuronal 
degeneration were shown in the IBZM-SPECT. On the other 
hand, FDG-PET showed stronger cerebral glucose 
metabolism in the left putamen and thalamus. After 
treatment with aripiprazole, IBZM-SPECT revealed no focal 
abnormalities in the striatum, FDG-PET showed an inversion 
of the left thalamic glucose metabolism to the right side, and 
the left-dominant glucose metabolism remained unchanged 
when compared to the pre-treatment FDG-PET. The authors 
concluded that this study provided unique evidence for the 
role of the fronto-striato-thalamo-parietal brain regions on 
the physiopathology of delusional parasitosis. 
 Hayashi and colleagues [38] reported the case of a 
woman suffering from a DD, somatic type. Before treatment 
with paroxetine, the 99 m Tc -ECD SPECT revealed reduced 
regional cerebral blood flow in the left temporal and parietal 
lobes. After treatment with paroxetine and a full recovery, 
the previously mentioned hypoperfusion was normalized. 
 Uezato et al. [39] reported the case of a Japanese woman 
affected by a treatment-resistant delusional disorder, somatic 
type, who was given modified electroconvulsive therapy. 
Before treatment, right temporal hyperperfusion was 
detected in SPECT images, which were normalized after 10 
sessions of treatment. 
 Regional brain perfusion was investigated by Umezaki 
and colleagues [40] in eight patients suffering from oral 
cenesthopathy and 8 healthy controls using SPECT. 
Qualitative analyses of the SPECT images revealed 
perfusion asymmetry in patients, particularly in the frontal, 

temporal, and thalamic areas. On the other hand, quantitative 
analyses involving cerebral blood flow confirmed the 
perfusion asymmetry in frontal and temporal areas. 
 Oflaz et al. [43] carried out a case-control study in 9 DD 
patients and 9 healthy controls by investigating functional 
magnetic resonance imaging (f MRI) during cognitive 
assessment. The authors found that DD patients showed 
significant impairment in the prefrontal, temporal, and limbic 
brain areas during working memory performance tasks.  

DISCUSSION 
 The vast majority of scientific literature, systematic 
reviews, and meta-analyses have been focused on 
neuroimaging findings in patients who are at risk for 
psychoses, patients experiencing a first-episode of psychosis, 
and patients with chronic schizophrenia [1, 7]. However, 
there is a lack of information regarding delusional disorder 
(DD) patients. 
 For this reason, we aimed to search for studies containing 
structural and functional neuroimaging findings in patients 
diagnosed with DD to provide a review on its clinical 
relevance and therapeutic implications. 
 Fourteen studies were found that reported structural 
neuroimaging findings in DD patients. In three cases of DD, 
somatic type, no structural brain findings were detected by 
MRI [32, 36, 37, 39]. Diffuse cerebral atrophy was found in 
several studies [29, 31, 35], and lateral ventricle volumes in 
DD patients were found to be greater than those of 
schizophrenia patients and healthy controls in a previous 
study [30]. In contrast, increased ventricular volumes were 
detected in one case [34]. When searching for brain areas 
involved in structural brain lesions in the white matter, 
controversial results were found. Brain lesions underlying 
the frontal lobe were reported in three cases [29,31], white 
matter lesions underlying the parietal lobe were reported in 
two cases [29], and white matter abnormalities of the right 
temporoparietal lobe were reported in one case [34]. 
Furthermore, a recent study [41] found lower grey matter 
volumes in delusional infestation patients in the frontal and 
temporal areas, as well as in the right striatum and left 
thalamus, and higher white matter volumes in patients 
compared to controls. Further, the same authors found these 
differences to be related to the illness aetiology. When the 
authors divided the sample into two groups (group 1: 
psychiatric cases and group 2: organic cases), differences in 
grey matter volumes remained significant in the whole 
psychiatric group, and higher white matter volumes were 
only confirmed for those patients diagnosed as having an 
organic delusional infestation [42]. 
 In relationship with functional neuroimaging, 10 studies 
report several findings in DD patients. 
 Pre- and postsynaptic dopaminergic neurotransmission 
alterations were detected in the striatum and the left putamen 
in one case of DD [37], and a global decrease of regional 
cerebral blood flow (r CBF) was reported by Narumoto and 
colleagues [34]. 
 When searching for specific neuroimaging brain areas, 
hypoperfusion in the temporal and parietal lobes have been 
described in five cases [31-33, 36, 38], right hyperperfusion 



Delusional Disorder and Neuroimaging The Open Psychiatry Journal, 2015, Volume 9    23 

in the temporal lobe was described in one case [39], and 
global asymmetry involving both the frontal and temporal 
lobes [40]. On the other hand, prefrontal dysfunction was 
described in 9 DD patients after fMRI assessment [43]. 

Therapeutic Implications 

 With regard to the therapeutic implications of 
neuroimaging studies, particularly those with functional 
findings, several considerations should be mentioned. 
 Miller and colleagues [29] found multiple lacunar 
infarcts in three non-responder patients diagnosed with DD, 
suggesting that the presence of brain lesions might be a 
marker of non-response in this type of population. We 
consider that these findings are of special interest in several 
aspects, in particular, in terms of prognosis and treatment 
decision making in patients showing structural brain lesions, 
as neuroimaging findings might be useful clinical predictors 
of antipsychotic response.  
 When focusing on cerebral blood flow, several authors 
report a significant improvement in hypoperfusion of several 
brain regions after antidepressant treatment. First, Wada and 
coworkers [31] reported normalized blood flow in the 
temporal and parietal lobes after treatment with 
clomipramine. Similarly, Hayashi and colleagues [33, 38] 
highlighted the effectiveness of paroxetine in increasing a 
reduced cerebral blood flow in temporal and parietal brain 
areas in two cases of DD, somatic type.  
 With respect to antipsychotics, two authors provided data 
of the effectiveness of risperidone in ameliorating 
hypoperfusion in the temporal and parietal lobes and the 
basal ganglia [34, 36]. In agreement with these findings, 
Freudenmann et al. [37] found no abnormalities in the 
striatum after treatment with aripiprazole in comparison with 
pre-treatment SPECT techniques. 
 In a further step, two case reports can be found regarding 
the effectiveness of modified electroconvulsive therapy in 
decreasing hypoperfusion in DD patients [32, 39]. 

LIMITATIONS AND STRENGTHS 

 The findings presented in our review contain several 
methodological limitations, including the heterogeneity of 
neuroimaging techniques used in the research of brain 
changes in DD patients. This could have limited the 
generalization of results and the comparison of studies, and 
for this reason, meta-analytic methods could not be 
performed.  
 Regarding other methodological limitations, it should be 
noted that the vast majority of included studies had small 
sample sizes or were case reports, a fact that is important to 
improve in future studies. 
 However, we hope this review will encourage researchers 
to design neuroimaging studies and include prospective 
populations, as few studies have been focused on these 
patients. Another strength of this review is that we 
summarized the influence of some therapeutic approaches on 
the structure and function of brain areas in DD patients. 

CONCLUSION 

 To date, no systematic reviews and meta-analyses have 
been conducted regarding the structural and functional 
neuroimaging findings in DD patients. However, in the last 
decades, several studies and case reports have focused on 
this population, particularly on those suffering from the 
somatic type. Although robust clinical conclusions can not 
be drawn from our review, we should emphasize that 
evidence from structural and functional imaging studies 
suggests that fronto-temporo-parietal areas, as well as the 
basal ganglia, may be regions of interest or targets to better 
explain the physiopathology of delusions and to study 
potential correlations between brain network dysfunction and 
the effects of antipsychotics. On the other hand, functional 
neuroimaging studies support the notion that serotonergic 
and dopaminergic transmission systems are involved in the 
pathophysiology in these patients, which is in line with the 
"serotonin-dopamine" hypothesis of schizophrenia.  

FUTURE PERSPECTIVES 

 As we mentioned above, further research using consistent 
methodology is required for a better understanding of the 
neurobiological factors involved in delusional disorder and 
for a successful approach to the use of neuroimaging 
techniques for predicting outcomes or clinical trajectories in 
these patients. 
 Recent contributions to neuroscience have highlighted 
the potential utility of advanced Magnetic Resonance 
Imaging to identify new biomarkers and neuroimaging 
predictors of outcomes in neuropsychiatric disorders. In 
particular, these methods can be appropriately combined 
with volumetric/morphometric analyses of specific brain 
areas and with the assessment of brain network dysfunctions 
revealed by connectome studies. Furthermore, the 
application of multivariate and more complex statistics 
would be useful for the clarification of such heterogeneity of 
findings.  
 From our point of view, future neuroimaging studies in 
delusional disorder patients should focus on the analysis of 
complex functional brain networks using multivariate 
statistics. Along these lines, Schmidt and coworkers [44] 
found that dysfunctional brain connectivity in first-episode 
psychosis patients was normalized by treatment with 
antipsychotics, and these pharmacotherapies are a potential 
tool for restoring these dysfunctions in the integration of 
several brain regions. The same authors [45] emphasized that 
brain connectivity abnormalities, including dysfunctional 
connectivity within the fronto-parietal (FP) network, are 
potential targets for future research in psychosis. 
 Therefore, we encourage researchers to conduct 
neuroimaging studies with the aim of detecting 
neuroanatomical dysconnectivity in delusional disorder 
patients and to elucidate the potential correlation of these 
dysfunctions with a clinical response to antipsychotics. The 
homogeneity of techniques would lead to the possibility of 
conducting meta-analyses and systematic reviews with more 
robust findings and conclusions. 
 



24    The Open Psychiatry Journal, 2015, Volume 9 González-Rodríguez et al. 

CONFLICT OF INTEREST 

 Prof. Miquel Bernardo has been a consultant for, received 
grant/research support and honoraria from, and been on the 
speakers/advisory board of ABBiotics, Adamed, AMGEN, 
Eli Lilly, Ferrer, Forum Pharmaceuticals, Gedeon, Hersill, 
Janssen-Cilag, Lundbeck, Otsuka, Pfizer, Roche, and 
Servier. Alexandre González-Rodríguez and Oriol Molina-
Andreu have received honoraria or paid-for travels from 
Pfizer, Janssen, Lundbeck-Otsuka and Ferrer. Rafael 
Penadés has received honoraria or paid-for travels from 
Otsuka-Lundbeck. Rosa Catalán has received honoraria or 
paid-for travels from Lilly, Lundbeck, Janssen, Ferrer, Pfizer 
and Bristol. 

ACKNOWLEDGEMENTS 
 Alexandre González-Rodríguez has received the First 
Juan José López-Ibor Research Grant for Young 
Researchers. This study was supported by the Ministerio de 
Economía y Competitividad. Instituto de Salud Carlos III- 
Fondo Europeo de Desarrollo Regional, Unión Europea, Un 
manera de hacer Europa, Centro de Investigación Biomédica 
en Red de salud Mental, CIBERSAM, by the Government of 
Catalonia, and Secretaria d’Universitats i Recerca del 
Departament d’Economia i Coneixement (2014SGR441). 
This work was developed (in part) at the Centro Esther 
Koplowitz (Barcelona). 

REFERENCES 

[1] Wheeler AL, Voineskos AN. A review of structural neuroimaging 
in schizophrenia: from connectivity to connectomics. Front Hum 
Neurosci 2014; 8: 653.  

[2] Ahmed AO, Buckley PF, Hanna M. Neuroimaging schizophrenia: a 
picture is worth a thousand words, but is it saying anything 
important? Curr Psychiatry Rep 2013; 15: 345.  

[3] Haijma SV, Van Haren N, Cahn W, et al. Brain volumes in 
schizophrenia: a meta-analysis in over 18000 subjects. Schizophr 
Bull 2013; 39: 1129-38. 

[4] Fitzsimmons J, Kubicki M, Shenton ME. Review of functional and 
anatomical brain connectivity findings in schizophrenia. Curr Opin 
Psychiatry 2013; 26: 172-87. 

[5] Minzenberg MJ, Laird AR, Thelen S, et al. Meta-analysis of 41 
functional neuroimaging studies of executive function in 
schizophrenia. Arch Gen Psychiatry 2009; 66: 811-22.  

[6] Smieskova R, Fusar-Poli P, Allen P, et al. Neuroimaging predictors 
of transition to psychosis--a systematic review and meta-analysis. 
Neurosci Biobehav Rev 2010; 34: 1207-22.  

[7] Bois C, Whalley H, McIntosh A, et al. Structural magnetic 
resonance imaging markers of susceptibility and transition to 
schizophrenia: A review of familial and clinical high risk 
population studies. J Psychopharmacol 2015; 29: 144-54. 

 [8] Paillère-Martinot ML, Dao-Castellana MH, Masure MC, Pillon B, 
Martinot JL. Delusional misidentification: a clinical, 
neuropsychological and brain imaging case study. Psychopathology 
1994; 27: 200-10. 

[9] Luauté JP, Saladini O, Luauté J. Neuroimaging correlates of 
chronic delusional jealousy after right cerebral infarction. J 
Neuropsychiatry Clin Neurosci 2008; 20: 245-7.  

[10] Su KP, Hsu CY, Hsieh SC, et al. Magnetic resonance imaging 
findings in patients with delusional disorder due to diffuse 
cerebrovascular disease: a report of seven cases. Psychiatry Clin 
Neurosci 2001; 55: 121-6. 

[11] Ortigue S, Bianchi-Demicheli F. Intention, false beliefs, and 
delusional jealousy: insights into the right hemisphere from 
neurological patients and neuroimaging studies. Med Sci Monit 
2011; 17: 1-11. 

[12] Kumral E. Paranoid (delusional) disorder associated with 
tuberothalamic artery territory infarction. Cerebrovasc Dis 2001; 
11: 137-8. 

[13] Flynn FG, Cummings JL, Scheibel J, et al. Monosymptomatic 
delusions of parasitosis associated with ischemic cerebrovascular 
disease. J Geriatr Psychiatry Neurol 1989; 2: 134-9. 

[14] Tonkonogy JM, Geller JL. Late-onset paranoid psychosis as a 
distinct clinicopathologic entity: magnetic resonance imaging data 
in elderly patients with paranoid psychosis of late onset and 
schizophrenia of early onset. Neuropsychiatry Neuropsychol Behav 
Neurol 1999; 12: 230-5. 

[15] Rockwell E, Krull AJ, Dimsdale J, et al. Late-onset psychosis with 
somatic delusions. Psychosomatics 1994; 35: 66-72. 

[16] Spyridi S, Diakogiannis I, Michaelides M, et al. Delusional 
disorder and alcohol abuse in a patient with Wilson's disease. Gen 
Hosp Psychiatry 2008; 30: 585-6.  

[17] Muffatti R, Scarone S, Gambini O. An olfactory reference 
syndrome successfully treated by aripiprazole augmentation of 
antidepressant therapy. Cogn Behav Neurol 2008; 21: 258-60.  

[18] Wichowicz HM, Cubała WJ, Sławek J. Wilson's disease associated 
with delusional disorder. Psychiatry Clin Neurosci 2006; 60: 758-
60. 

[19] Jibiki I, Kagara Y, Kishizawa S, et al. Case study of 
monosymptomatic delusion of unpleasant body odor with structural 
frontal abnormality. Neuropsychobiology 1994; 30: 7-10. 

[20] Maeda K, Yamamoto Y, Yasuda M, et al. Delusions of oral 
parasitosis. Prog Neuropsychopharmacol Biol Psychiatry 1998; 22: 
243-8. 

[21] Knobel A, Heinz A, Voss M. Imaging the deluded brain. Eur Arch 
Psychiatry Clin Neurosci 2008; 258 Suppl 5: 76-80.  

[22] Graff-Radford J, Whitwell JL, Geda YE, et al. Clinical and 
imaging features of Othello's syndrome. Eur J Neurol 2012; 19: 38-
46.  

[23] Breitner JC, Husain MM, Figiel GS, et al. Cerebral white matter 
disease in late-onset paranoid psychosis. Biol Psychiatry 1990; 28: 
266-74. 

[24] Begovac B, Begovac I, Paladino J. Delusional disorder of the 
paranoid type and unruptured intracerebral aneurysm--is there an 
association?. Acta Med Croatica 2008; 62: 61-4. 

[25] Grzywa A, Karakuła H, Górecka J, et al. Delusional disorders in 
the course of tick-born encephalitis and borreliosis in patients with 
hemophilia A and posttraumatic epilepsy--diagnostic and 
therapeutic difficulties. Pol Merkur Lekarski 2004; 16: 60-3. 

[26] Fleminger S, Burns A. The delusional misidentification syndromes 
in patients with and without evidence of organic cerebral disorder: 
a structured review of case reports. Biol Psychiatry 1993; 33: 22-
32. 

[27] Luca M, Bordone A, Luca A, et al. Clinical features and imaging 
findings in a case of Capgras syndrome. Neuropsychiatr Dis Treat 
2013; 9: 1095-9.  

[28] Kato Y, Muramatsu T, Kato M, et al. Cortical reorganization and 
somatic delusional psychosis: a magnetoencephalographic study. 
Psychiatry Res 2006; 146: 91-5.  

[29] Miller BL, Lesser IM, Boone K, et al. Brain white-matter lesions 
and psychosis. Br J Psychiatry 1989; 155: 73-8. 

[30] Howard RJ, Almeida O, Levy R, et al. Quantitative magnetic 
resonance imaging volumetry distinguishes delusional disorder 
from late-onset schizophrenia. Br J Psychiatry 1994; 165: 474-80. 

[31] Wada T, Kawakatsu S, Komatani A, et al. Possible association 
between delusional disorder, somatic type and reduced regional 
cerebral blood flow. Prog Neuropsychopharmacol Biol Psychiatry 
1999; 23: 353-7. 

[32] Ota M, Mizukami K, Katano T, et al. A case of delusional disorder, 
somatic type with remarkable improvement of clinical symptoms 
and single photon emission computed tomograpy findings 
following modified electroconvulsive therapy. Prog 
Neuropsychopharmacol Biol Psychiatry 2003; 27: 881-4. 

[33] Hayashi H, Oshino S, Ishikawa J, et al. Paroxetine treatment of 
delusional disorder, somatic type. Hum Psychopharmacol 2004; 19: 
351-2. 

[34] Narumoto J, Ueda H, Tsuchida H, et al. Regional cerebral blood 
flow changes in a patient with delusional parasitosis before and 
after successful treatment with risperidone: a case report. Prog 
Neuropsychopharmacol Biol Psychiatry 2006; 30: 737-40.  



Delusional Disorder and Neuroimaging The Open Psychiatry Journal, 2015, Volume 9    25 

[35] Huber M, Karner M, Kirchler E, et al. Striatal lesions in delusional 
parasitosis revealed by magnetic resonance imaging. Prog 
Neuropsychopharmacol Biol Psychiatry 2008; 32: 1967-71.  

[36] Akahane T, Hayashi H, Suzuki H, et al. Extremely grotesque 
somatic delusions in a patient of delusional disorder and its 
response to risperidone treatment. Gen Hosp Psychiatry 2009; 31: 
185-6.  

[37] Freudenmann RW, Kölle M, Huwe A, et al. Delusional infestation: 
neural correlates and antipsychotic therapy investigated by 
multimodal neuroimaging. Prog Neuropsychopharmacol Biol 
Psychiatry 2010; 34: 1215-22.  

[38] Hayashi H, Akahane T, Suzuki H, et al. Successful treatment by 
paroxetine of delusional disorder, somatic type, accompanied by 
severe secondary depression. Clin Neuropharmacol 2010; 33: 48-9. 

[39] Uezato A, Yamamoto N, Kurumaji A, et al. Improvement of 
asymmetrical temporal blood flow in refractory oral somatic 
delusion after successful electroconvulsive therapy. J ECT 2012; 
28: 50-1. 

[40] Umezaki Y, Katagiri A, Watanabe M, et al. Brain perfusion 
asymmetry in patients with oral somatic delusions. Eur Arch 
Psychiatry Clin Neurosci 2013; 263: 315-23.  

[41] Wolf RC, Huber M, Depping MS, et al. Abnormal gray and white 
matter volume in delusional infestation. Prog 
Neuropsychopharmacol Biol Psychiatry 2013; 46: 19-24.  

[42] Wolf RCh, Huber M, Lepping P, et al. Source-based morphometry 
reveals distinct patterns of aberrant brain volume in delusional 
infestation. Prog Neuropsychopharmacol Biol Psychiatry 2014; 48: 
112-6.  

[43] Oflaz S, Akyuz F, Hamamci A, et al. Working memory 
dysfunction in delusional disorders: An fMRI investigation. J 
Psychiatr Res 2014; 56: 43-9. 

[44] Schmidt A, Smieskova R, Aston J, et al. Brain connectivity 
abnormalities predating the onset of psychosis: correlation with the 
effect of medication. JAMA Psychiatry 2013; 70: 903-12.  

[45] Schmidt A, Diwadkar VA, Smieskova R, et al. Approaching a 
network connectivity-driven classification of the psychosis 
continuum: a selective review and suggestions for future research. 
Front Hum Neurosci 2015; 8: 1047.  

 
 

Received: December 15, 2014 Revised: August 5, 2015 Accepted: August 8, 2015 
 
© González-Rodríguez et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/ 
3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

 


