
Subjects n Age  
(mean ± S.D.) 

Mean educational 
levela 

Mean duration 
of illness 

BPRS 
scaleb 

PANSS 
scaleb 

PSYRATS 
scaleb 

Schizophrenics 30 42 ± 11 3.9 15.2 ± 10.0 
years 

44.0 ± 11.2 
(24-67) 

62.3 ± 17.1 
(34-103) 

30.2 ± 5.1 
(22-39) 

hallucinators 19 40 ± 8 3.6 15.6 ± 7.2 
years 

47.7 ± 10.4 
(29-67) 

66.3 ± 17.1 
(39-103) 

30.2 ± 5.1 
(22-39) 

no hallucinators 11 44 ± 15 4.4 14.5 ± 14.0 
years 

38.8 ± 10.5 
(24-60) 

55.3 ± 15.4 
(34-87) - 

Controls 28 33 ± 11 5 - - - - 
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Introduction 
The causes of auditory hallucinations (AH) in psychotic patients are not yet completely understood. In fact, auditory verbal hallucinations are known to be 
multidimensional and probably have different neural underpinnings that can help to explain such a complex event beyond a single-deficit theory. Currently AH are 
considered as a failure of attribution of emitter source, so that patients perceive as external their own inner speech. So, AH may be related to the pathways in which 
real auditory stimuli are involved. Thus, fMRI (functional MRI) has revealed the activation of right inferior colliculus (IC), among other brain structures, with AH 
in schizophrenics. Moreover, a recent study in 28 schizophrenics found volume reduction of right IC, compared with controls, suggesting that a structural 
abnormality of IC in schizophrenics may be involved in the auditory cognitive dysfunction of schizophrenia.  MR spectroscopy (MRS) has shown metabolic 
changes in several brain regions in schizophrenic patients [1, 2].The IC is a nucleus integrated in the auditory pathway that modulates the auditory stimulus and, 
with other nuclei, contributes to the spatial location of sound. As far as we are concerned, there is no previous spectroscopy study of IC in schizophrenia.  
Purpose 
The aim of this work is to study the biochemical changes in IC, which is involved in auditory pathway, in chronic right-handed adult schizophrenics suffering and 
not suffering AH and its comparison with a healthy group. Possible associations with psychotic symptoms and AH (globally and dimensionally assessed) will also 
be investigated. 
Material and Methods 
The study included 30 male right-handed patients who met DSM-IV (American Psychiatric Association 1994) criteria for schizophrenia (19 chronically-
hallucinating and 11 not hallucinatory). All patients were clinically assessed for the presence and dimensions of AH by the Spanish version of the Psychotic 
Symptom Rating Scale (PYRATS). This scale assesses 11 different parameters: frequency, duration, location, loudness, belief re-origin, amount of negative 
content, degree of negative content, amount of distress, intensity of distress, disruption and grade of control. They were also clinically assessed with the 24-item 
Brief Psychiatric Rating Scale (BPRS), in order to control for the presence of general psychopathology in this psychotic patients. All of them were under 
antipsychotic treatment at the time of evaluation (Table 1). Control group was comprised of 28 healthy male right-handed volunteers (Table 1). Subjects with a 
psychiatric history or presence of perceptual abnormalities were excluded. All participants gave written informed consent for study participation and the study was 
approved by the local ethical committee. MR imaging and spectroscopic imaging (MRI/MRSI) studies were performed at 1.5T using a standard head coil. MRI and 
MRSI protocols were described elsewhere [1]. In the analysis of MRSI one element of volume representative of each IC (9.2x9.2x23mm, 1.93cc) was chosen in 
the lower slice (Figure 1). Both, right and left IC were evaluated separately. The areas of N-acetylaspartate (NAA), Creatine (Cr) and Choline (Cho) resonances 
were integrated with jMRUI program. SPSS 14.0 program (SPSS Inc. Chicago, USA) was used for statistical analysis.   
Results 
IC showed reduction of NAA/Cr in both sides in schizophrenics compared to controls but with statistical significance exclusively for right IC (right: p=0.003; left: 
p=0.056). Comparing among groups, NAA/Cr showed significant differences in right IC (p=0.013) and post-hoc Tukey analysis showed significance between 
hallucinators and controls (p=0.027). The comparison of the two types of schizophrenics did not show significant differences in this location. In controls, Wilcoxon 
test showed statistical differences between right and left IC (NAA/Cho, p=0.026). There were no significant correlations between metabolic data and BPRS, 
duration of illness, age of onset of AH, Chlorpromazine equivalents doses and PSYRATS (Table 2). However, several dimensions of AH (amount and degree of 
negative content, amount and intensity of distress) were strongly correlated with metabolic data (Table 2). 
Discussion/Conclusion 
The main findings of this study are: a) presence of metabolic differences between controls and schizophrenics with AH in right IC, b) loss of physiological 
metabolic laterality in these patients and c) association between right IC metabolic abnormalities and emotional component of AH. The presence of metabolic 
abnormalities in right IC of a sample of chronically-hallucinating patients with schizophrenia presumably comes along the same way of thalamus abnormalities [2]. 
This study shows metabolic neuronal damage in right IC of schizophrenics and a loss of physiological laterality in favour of the right ear and left temporal lobe 
which is dominant in the processing of speech in most right-handed subjects. This metabolic alteration on IC might not only reflect attention deficits but also filter-
perception disorder of the sound source. The neuronal damage, probably related to toxicity associated with increase of Glu, might be responsible for the AH. 
Finally, the association of these abnormalities with a greater distress caused by AH suggests a failure in the auditory-mediated defense system. 
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Table1.- Subjects studied by 1H MRS showing the clinic diagnosis, sex and age.                                                                                                                                                      . 

 
 
 
 
 
 
 
 

Table 2.- Correlations between dimensions of auditory hallucinations  
and inferior colliculus metabolic ratios  

 
                     
 
 
 
  
 
                Figure 1.- Localization of MRSI slice and spectra of the voxels that include                  
                                 the inferior colliculus in both hemispheres. 
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