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Introduction: Serotonergic system hyperactivity at 5-HT2A receptors on glutamate neurons in 
the cerebral cortex is one of the pathways that is theoretically linked to psychosis. In addition 
to neurotransmitter dysfunction, volumetric studies have revealed the loss of cortical gray 
matter and ventricular enlargement in patients with schizophrenia, although there is no case-
control research on patients with schizophrenia to evaluate echogenicity of raphe nuclei (RN) 
or diameter of the third ventricle (DTV). To address these issues, the present study assessed 
midbrain RN, as the main source of brain serotonin, and DTV, as an index of atrophy, by 
transcranial sonography (TCS) in a group of patients with schizophrenia.

Methods: Thirty patients with schizophrenia and 30 controls were assessed by TCS for RN 
echogenicity and DTV. TCS was done through a temporal bone window via a phased-array 
ultrasound using a 2.5 MHz transducer in a depth of 14-16 cm. RN echogenicity was assessed 
by a semi-quantitative visual scale and DTV was measured in the thalamic plane.

Results: Twenty-three patients (76.5%) and 15 controls (50 %) showed hypoechogenicity of 
RN, which was marginally significant (P=0.06). DTV was on average larger in the experimental 
group (0.388 cm vs 0.234 cm, P<0.001).

Conclusion: Increased DTV in patients with schizophrenia is consistent with previous 
neuroimaging findings. However, marginally lower echogenicity of midbrain RN on TCS in 
schizophrenia is a new finding that supports the serotonin hypothesis of schizophrenia. 
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1. Introduction

chizophrenia is one of the most disabling psy-
chiatric disorders, with a prevalence of 1% 
worldwide (Charlson et al., 2018). It is char-
acterized by positive (e.g. delusion) and nega-
tive symptoms (e.g. social withdrawal), as 
well as cognitive deficits (Świtaj et al., 2012).

Research has implicated the dysfunction of various 
neurotransmitters in the pathophysiology of schizophre-
nia. Serotonin and dopamine are the major neurotrans-
mitters that have been implicated in schizophrenia. 
Numerous studies have revealed alterations in GABA, 
glutamate, and norepinephrine neurotransmission in sev-
eral brain regions in schizophrenia (Yang & Tsai, 2017).

According to the serotonin theory of psychosis, hyper-
functioning of cortical serotonin/5-hydroxytryptamine 
5-HT2A is associated with psychosis, which leads to hyper-
activation of 5-HT2A receptors on glutamate neurons. This 
over-activity can result in increased release of serotonin 
and/or increased expression of 5-HT2A receptors, which 
leads to glutamate release. The release of glutamate in the 
ventral tegmental area (VTA) might trigger the mesolimbic 
pathway, leading to extra dopamine in the ventral striatum, 
which eventually results in psychotic features (Stahl, 2018). 

The main brain morphological abnormalities noticed in 
patients with schizophrenia include loss of cortical gray 
matter, decreased volume of the amygdala, hippocam-
pus, the frontal and temporal lobes, and ventricular en-
largement suggesting that in addition to neurotransmitter 
dysregulation, a neurodegenerative process is present in 
a subset of patients with schizophrenia, probably those 
with severe cognitive impairment (Barkataki et al., 2006; 
Lauer & Krieg, 1998; Lieberman et al., 2001; Pérez-Neri 
et al., 2006).

Transcranial parenchymal sonography (TCS) displays 
echogenicity of brain tissue through the intact skull and 
is a noninvasive, easily accessible, cost-effective, quick-
ly applicable, and practical method to evaluate basal 
ganglia and midbrain structures, including raphe nuclei 
(RN) and diameter of third ventricle (DTV) and frontal 
horns of the lateral ventricles with a comparable resolu-
tion to magnetic resonance imaging (Walter et al., 2008).

Former TCS studies indicated reduced echogenicity of 
brainstem raphe (BR) in patients with major depression 
(Becker et al., 1994; Ghourchian et al., 2014; Zhang et al., 
2016), depression associated with Parkinson’s disease (Beck-
er et al., 1997) and Wilson’s disease (Walter et al., 2005) but 
not in healthy adults, bipolar affective disorder (Krogias et 
al., 2011), and multiple sclerosis with depression or geriatric 

Highlights 

• 30 patients with schizophrenia and 30 controls were assessed by TCS for RN echogenicity and diameter of the third 
ventricle (DTV). 

• 23 patients (76.5%) and 15(50 %) controls showed hypoechogenicity of RN which was marginally significant (P=0.06)

• DTV was in average larger in the patient’s group (0.388 cm vs 0.234 cm, P<0.001).

• Increased DTV in the patients with schizophrenia is consistent with previous neuroimaging findings

• Marginally lower echogenicity of midbrain RN on TCS in schizophrenia is a new finding that supports the serotonin 
hypothesis of schizophrenia. 

Plain Language Summary

 Schizophrenia is a disabling psychiatric disorder. Various neurotransmitters have a role in the pathophysiology of 
schizophrenia including Serotonin and dopamine. This study assessed the echogenicity of raphe nuclei (RN), as the 
main source of brain serotonin, and the diameter of the third ventricle (DTV), as an index of atrophy, by transcranial 
sonography (TCS) method in 30 patients with schizophrenia and 30 healthy controls. Based on the results, 23 patients 
(76.5%) and 15 controls (50%) showed decreased echogenicity of RN. There was a significant difference between 
the two groups in terms of the echogenicity of RN. Moreover, the DTV diameter was significantly larger in patients 
compared to controls.
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depression (Berg et al., 2000; Şenel et al., 2020). A previous 
study investigated echogenicity of the substantia nigra (SN) 
in different schizophrenic subforms by TCS amongst patients 
with schizophrenic spectrum psychoses treated with neuro-
leptic drugs, although there is no case-control research on pa-
tients with schizophrenia in order to evaluate echogenicity of 
RN or DTV (Jabs et al., 2001). Also, a review article suggest-
ed more investigations using this tool among patients with 
psychiatric disorders (Drepper et al., 2018). According to the 
serotonin hypothesis and the relatively similar pathogenesis 
of depression and schizophrenia, it can be considered to have 
same findings on raphe echogenicity.

In the present study, we evaluated the echogenicity of 
BR nuclei and DTV in a group of schizophrenia patients 
and compared them with healthy controls. 

2. Material and methods

Subjects

Thirty patients with schizophrenia were selected from 
Iran Psychiatric Hospital and 30 control subjects of the 
same age and sex were enrolled from the hospital staff. 
Exclusion criteria for the case group were an acute phase 
of illness and other psychiatric comorbidities, like major 
depressive disorder, as well as poor temporal window for 
TCS. The control group was evaluated by a psychiatrist 
to rule out possible psychiatric disorders. Schizophre-
nia was diagnosed based on the diagnostic and statisti-
cal manual of mental disorders, fifth edition (DSM-5) 
(American Psychological Association, 2013). 

Transcranial sonography

An experienced neurologist performed the TCS, who was 
blind to the diagnosis. We used a phased-array ultrasound 
system (Osnos 5500 Ultrasound System, Sonsite), with a 2.5 
MHz probe (S3 probe) and penetration depth of 14-16 cm, 
through the temporal bone window in the midbrain plane for 
the assessment of BR and thalamic plane for measuring DTV. 
For the latter, we assessed the distance between the lead-
ing edges of the brain-ventricle interfaces in axial imaging 
planes. In the mesencephalic plane, the BR was recognized 
within the borders of the midbrain surrounded by the basal 
cisterns. RN echogenicity was graded as normal (continuous) 
and abnormal (non-continuous and absent) 

Statistical analysis

SPSS software, version 18 was used to analyze the 
data. We calculated Mean±SD for quantitative and fre-
quency percentages for qualitative variables. We used a 

chi-square test to compare decreased echogenicity be-
tween the two groups. In this study, we considered a type 
II error of less than 0.05 as significant.

3. Results

A total of 30 patients with schizophrenia and 30 controls 
participated in the study. The mean age of patients with 
schizophrenia and controls was 37.37±8.8 and 37.20±9.8 
years, respectively (Table 1). In the case group, 23 pa-
tients showed decreased echogenicity of brainstem RN 
(76.5%), whereas, in the control group, only 15 indi-
viduals (50%) had a decreased echogenicity. There was a 
marginally significant difference between the two groups 
in terms of the echogenicity of RN (P=0.06).

Comparing the two groups for DTV, it was signifi-
cantly higher in the case group, (0.388 cm vs 0.234 
cm, P<0.001). Also, there was a significant correlation 
between age and DTV, with older participants having 
larger ventricles (P=0.003) (Figure 1).

Overall, DTV and age had a statistically significant cor-
relation (P=0.003); however, when we investigated this 
correlation separately in patients and controls, although 
there still was a significant correlation between age and 
DTV in the case group (P=0.001), this correlation was 
not statistically significant in controls (P=0.091). None-
theless, as is evident with the fit lines in Figure 1, in both 
groups, older people tended to have larger DTVs.

4. Discussion

Ultrasound (US) imaging may provide biomarkers and 
therapeutic options for psychiatric disorders. TCS is use-
ful in determining vascular, structural, and functional brain 
changes in mental disorders. Some studies have shown 
changes in BR echogenicity with TCS in psychiatric dis-
orders (Siragusa et al., 2020). We assessed BR nuclei and 
DTV in patients with schizophrenia as representatives of 
the serotonin system and brain atrophy, respectively.

As far as we know, this is the first study evaluating RN 
echogenicity and DTV in patients with schizophrenia 
using TCS. The results revealed no significant BR echo-
genicity change in patients with schizophrenia compared 
to the healthy control group; however, DTV increased.

In this study, the sample size was small and the p-value 
was borderline (P=0.06); thus, the results may not be 
representative of patients with schizophrenia and indi-
cates the necessity of further investigations with larger 
sample sizes.
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It should be noted that several studies have revealed 
decreased echogenicity of BR nuclei in depressive 
disorders (Ghourchian et al., 2014). It seems that hy-
poechogenicity of BR in major depression is related to 
basal limbic system dysfunction; however, the exact 
etiology of altered echogenicity of brainstem RN is not 
still clear. The decreased echogenicity of the brainstem 
RN in TCS may reflect the decreased level of sero-
tonin in major depressed patients (Ghourchian et al., 
2014). The better response of depressed patients with 
hypoechogenicity of the brainstem RN to selective se-
rotonin reuptake inhibitors (SSRIs) may support this 
hypothesis as well (Walter et al., 2007).

The serotonin hypothesis of psychosis in schizophre-
nia is somewhat different from that of major depressive 
disorder. Psychosis can be associated with hyperactiva-
tion of 5-HT2A receptors on glutamate neurons. This 
hyperactivation may be caused by excess serotonin, 
upregulated 5-HT2A receptors, or a psychedelic hallu-
cinogenic 5-HT2A agonist (Carhart-Harris et al., 2016), 
which all can result in a decrease in glutamate. The re-
lease of glutamate in the ventral tegmental area activates 
the mesolimbic dopamine pathway in turn and results in 
psychosis (Ghajar et al., 2018; Stahl, 2018). Consider-
ing the different serotonergic disorders in depression 
and schizophrenia, it is logical to obtain different results 
from an ultrasound examination of the RN in these two 
entities.

Table 1. Comparison of transcranial sonography findings in schizophrenia patients and control group

Variables
Mean±SD/No. (%)

P
SCZ (n=30) HC (n=30)

Sex
Male

Female
≥8

≥22
≥8

≥22
Matched

Age (y) 37.3±8.8 37.2±9.8 0.945

Brainstem raphe echogenicity Normal 7(23.3) 15(50) 0.06

Reduced 23(26.6) 15(50)

3rd ventricle (cm) 0.38 0.23 <0.001

SCZ: Schizophrenia; HC: Healthy control.

Figure 1. Simple scatter with fit line of diameter of third ventricle by age.
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Positive symptoms of psychosis are attributable to do-
pamine excess in the mesolimbic pathway. Therefore, 
we expect that blockade of dopamine D2 receptors result 
in treatment. However, antagonism of 5HT2A (without 
D2 antagonism) has shown acceptable antipsychotic 
effects in patients with Parkinson’s disease, and some 
preliminary evidence for efficacy exists in patients with 
psychosis and dementia (Stahl, 2016).

In addition, dysregulation of the serotonin system plays 
a major role in the etiology of obsessive-compulsive dis-
order (OCD). Changes in the serotonergic brainstem 
RN have been shown in major depressive disorder and 
depressed patients with Parkinson’s disease and Hun-
tington’s disease. Although decreased echogenicity of 
midbrain RN is observed in patients with major depres-
sive disorder, it has been reported in patients with OCD, 
which can be explained by the involvement of RN pro-
jections rather than RN serotonergic neurons (Moham-
madzade et al., 2018).

Another finding of this study was a larger DTV of pa-
tients with schizophrenia. Şenel et al. reported increased 
DTV measured by TCS in geriatric depression (Şenel 
et al., 2020). Ventricular enlargement is apparent in pa-
tients with chronic schizophrenia but is not a feature at 
the earliest stages of the illness (Berger et al., 2017).

Regarding the pathophysiology of schizophrenia, 
neurodevelopmental and neurodegenerative theories 
are the most popular and there are studies supporting 
the role of both mechanisms together (Berger et al., 
2017). Longitudinal cohort studies on patients with 
schizophrenia have revealed a progressive loss of cere-
bral grey matter, more apparent in the frontal and tem-
poral lobes (Dell’Osso et al., 2018).

The main brain morphological abnormalities observed 
in patients with schizophrenia are loss of cortical gray 
matter, decreased volume of the amygdala, hippocam-
pus, frontal and temporal lobes, and ventricular enlarge-
ment (Pérez-Neri et al., 2006). In addition, our findings 
showed that DTV is significantly correlated with age in 
both groups, which is consistent with other studies using 
TCS among patients with other neurodegenerative neu-
ropsychiatric disorders (Almasi-Dooghaee et al., 2021). 
Therefore, our results are consistent with previous find-
ings that brain atrophy reflects some possible neurode-
generative processes in schizophrenia.

Limitations of the present study are the lack of other 
neuroimaging techniques, such as magnetic resonance 
imaging (MRI), and the small sample size. We recom-
mend considering these points for future studies.

5. Conclusion

Increased DTV in patients with schizophrenia is con-
sistent with previous neuroimaging findings. However, 
marginally lower echogenicity of midbrain RN on TCS 
in schizophrenia is a new finding that supports the se-
rotonin hypothesis of schizophrenia. Further studies are 
required in this regard.
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