
COMMISSARIAT A L'ENERGIE ATOMIQUE 
f ^ D D ^ 

CENTRE D'ETUDES NUCLEAIRES DE SACLAY CEA-CONF — 9675 
Service de Documentation 

F9II9I GIF SUR YVETTE CEDEX N 3 

A SPECIFIC METABOLIC PATTERN REUTED TO THE HALLUCINATORY 
ACTIVITY IN SCHIZOPHRENIA 

HURET J .D . - MARTINOT J .L . - LESUR A. - MAZOYER B.- PAPPATA S. 
SYROTA A . - BARON J .C . - LEMPERIERE T. 

CEA, 91 - Orsay (FR). Service Hospitalier Frederic Jol iot 

Communication presentee à : European Nuclear Medicine Congress 

Milan ( IT ) 
29 Aug - 2 Sep 1988 



A SPECIFIC METABOLIC PATTERN RELATED TO THE HALLUCINATORY 
ACTIVITY IN SCHIZOPHRENIA 
J.D. Huret, J.L. Martinot, A. Lesur, B. Mazoyer, S. Pappata, 
A. Syrota, J.C. Baron, T. Lemperiere 
Serv. Hosp. F. Joliot, CEA, 91406 Orsay,France 
The relationship between brain metabolism and the halluci
nation phenomenon, a key dimension of schizophrenia, has 
never really been investigated. This hallucination phenomenon 
includes not only true hallucinations but also the pseudo-
hallucinations as described by KANDINSKY or by CLERAMBAULT as 
"automatisme mental". The latter are described by the pa
tients as born in their own mind either in an "auditory / 
verbal" or in a "visual" modality as opposed to the true 
hallucinations which are experienced as real perceptions. 
We present a clinical and PET study of schizophrenic patients 
all experiencing hallucinations or pseudo-hallucinations 
using 18-F-fluorodesoxyglucose for measuring local cerebral 
glucose metabolism with the aim of showing a specific pattern 
related to the hallucinatory activity. 

SUBJECTS AND METHODS 
SCHIZOPHRENIC INPATIENTS (N - 12; 4 women and 8 men) 
fulfilled the DSM-III criteria for schizophrenia, including 
subtype classification (disorganized, paranoid, undiffe
rentiated). At the time of the study, all the patients were 
experiencing hallucinatory manifestations, either true or 
pseudo-hallucinations, or both.The exclusion criteria for 
patients were (l)history of other psychiatric disease; 
(2)history of any neurologic disease assessed by history, 
physical examination, electroencephalogram, CT scan or 
Magnetic Resonance Imaging (MRI); (3)history of substance 
abuse as defined DSM-III; (4)age less than 18 years or more 
than 40 years; (5)pregnancy; (6)tardive dyskinesia or/and 
severe parkinsonism; (7)residual schizophrenia. At the time 
of the study, all patients were receiving neuroleptic me
dication and some of them were also receiving anticholinergic 
medication for neuroleptic extrapyramidal symptoms. Duration 
of the neuroleptic treatment was evaluated for each patient 
and the actual therapeutic modalities specified. Age, sex, 
handedness as defined by a laterality questionnaire, duration 
of illness, and evolutive DSM-III subtype, were collected. 
NORMAL CONTROL SUBJECTS (N - 6) were recruited from a pool of 
medically, neurologically, and psychiatrically screened nor
mal volunteers. They were matched by age with patients. CT 
scans or magnetic resonance imaging was within nor ..al limits. 

Methods 
RATING SCALES 
ANDREASEN positive and negative symptoms scales were scored 
from clinical interviews conducted within a week of the stu-
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dy. Each of our schizophrenic patient showed some combination 
of positive and negative symptoms at the time of the study. 

PET METHODOLOGY 
Catheters were inserted, after local anesthesia into the left 
radial artery for blood sampling, and into the right ante-
cubital vein for isotope administration. Using the 18-F-
fluoro-deoxy-glucose method PET studies were performed using 
the LETI time-of-flight positron tomograph. Seven slices were 
obtained simultaneously. Subjects were positioned in a head-
holder so that the loweF'.. tomographic plane was located 10 mm 
above and parallel to the orbito-meatal line. Subjects were 
studied at rest, eyes closed, ears unoccluded. Quantitative 
LCHR Glu images were obtained using the "autoradiographic" 
operational equation developped by Phelps and co-workers. 

PET data analysis 
1-Reqion of Interest (ROI) definition 
A standardized procedure for regional data analysis of CHRGlu 
has been designed in our institute and has been used to the 
present study. This procedure which is applied blind to the 
subject's condition consists of three steps, as follows : 
l)From the seven CMRGlu images, the four middle plane (OM + 
25, OM + 40, OM +55, OM + 70) are selected for analysis, 
according to equivalent brain cuts of an anatomic atlas. 
2)Circular regions-of-interest, (3 cn»2), are systematically 
located tangentially to one another and to an 30% isocontour 
over the whole cortical mantle. The procedure for placement 
of ROIs was standardized for each level. 3) Using the atlas, 
an anatomic localization is assigned to each of the ROI of a 
given slice and, then, several ROIs of different slices which 
we thought to belong to the same functional cortical area are 
grouped together, in this way, several functional cortical 
regions were individualized : An auditory temporal region 
(areas 41 and 42 ) ; A sensori-motor-premotor region including 
the middle inferior parts of the of Brodmann's areas 1, 2, 3, 
4 and 6; A posterior parieto-temporo-occipital association 
region including the Brodmann's areas 39, 40 and the adjacent 
parts of areas 19 and 37 areas; A visual region which con
tains primary and secondary visual Brodmann's area 17 and 18. 

2-Variables 
First, we formulated specific hypothesis concerning the 
hallucinatory metabolic pattern : We proposed to study the 
balance between the posterior parietal association cortex and 
the non-association sensory cortices. Arguments may be advan
ced to predict that this balance might be favorable to the 
non-association sensory cortices. Second, apart from (1) the 
absolute value of regional cerebral metabolic rate of glucose 
Tn each of the "functional" region, we defined also and 
computed two types of index variables : 
(2)"metabolic" indices which represent the ratio of LCMP. Glu 
of a specific cortical region to the whole studied cortex; 
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(3)"specific" indices which were defined in order to serve as 
representative variables of the hypothesis to be tested : 
"Non-association / association" indices which represent the 
ratio of LCMRGlu of each of the non-association sensory cor
tical regions (visual, auditory, sensori-motor) to the pos
terior parietal association cortex and the ratio of LCMRGlu 
of the whole non-association sensory cortical regions to the 
parietal association cortex. 

3-Statistical PET data analysis 
Given the large number of variables, the following strategy 
was then applied in order to reduce the number of tests to be 
performed and thus to avoid type I error. First, a multi
variate t-test (Hotelling T2) was performed. Only when T2 was 
found significant at the .05 confidence level, were indivi
dual comparisons performed for each variable of the set of 
the selected hypothesis. This methodology was applied for the 
comparison of the control and the schizophrenic population. 
Difference in variance populations was tested using Levene's 
t-test. Computations were carried out using the BMDP 
statistical package (1987 release) running on a Vax 8350. 

RESULTS 
The CHRGlu was decreased in all cortical regions that have 
been analysed, in schizophrenics as compared to the controls, 
specially in the parietal association cortex (p «.01). 
However, the metabolic index of this region did not 
significantly differ between the groups while very 
significant increased metabolic indices were found for the 
visual cortex and the whole non-association cortex. 
Specific index analysis reveals that the most sensitive index 
is non-association visual cortex / parietal association 
cortex. Posterior non-association cortex / parietal associa
tion cortex Index analysis reveals a marked increase 
(p - .004) in the schizophrenic group. 

DISCUSSION 
The schizophrenic group presented a particular imbalance 
between the metabolism of the parietal association cortex and 
the sensory non-associative cortices winch could be summari
zed as a large increase of the sensory non-association / pa
rietal association Index. Several arguments let us assume 
that this particular metabolic pattern is related to the hal
lucinatory activity : (l)Both hallucinations or pseudo-hallu
cinations, have a sensory dimension and these symptoms may 
involve sensory pathways. In this way, posterior cortices are 
more directly concerned by perception than other cortices. 
Several experimental and neuropsychological works concerning 
the parietal association area provide evidence for its in-
volvment in the organization of such "higher cortical func
tions" as selective attention, sensory and spatial percep
tions, and, even, affective behavior. (2)The cognitive and 
phenomenological analysis of hallucinations is important in 
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itself because possibly generating hypotheses on a functional 
organisation of the hallucinatory condition. Classically, 
since early descriptions of Esquirol, hallucinations are des
cribed as perceptions that occur in the absence of a corres
ponding external stimulus and thus, as a perception disorder. 
This definition agrees with the subjective impression of the 
patients but ignores the fact that hallucination is not a 
perception. A more accurate approach would consider halluci
nation as a "released" or "desinhibited" self-generated 
sensory thought. It goes beyong doubt that schizophrenic 
patients really experience a particular cognition of percep
tion, not only in the various sensory modalities but also in 
the endogeneous somesthetic field of perceptions concerning 
their own body. This peculiar cognition of perception, inti
mately associated with the hallucinating condition, could be 
described as an integrative impediment of sensations. These 
clinical ana phenomenological considerations are akin to 
West's theoretical reflexions about hallucinatory phenomena. 
This author considers that during wakefulness the input of 
information through the sensory pathways serves as a basic 
function in maintaining the organization of "the scanning and 
screening" activity. As long as it is working well, "scanning 
and screening" exclude from awareness not only information 
from the internal and external environments that is undesi
rable but also the vast bulk of information already stored 
within the brain in the form of perceptual traces. In schi
zophrenic patients, the integrative impediment of sensations 
wether or not associated to a situational diminished sensory 
input may favor this release of perceptual traces that leads 
to hallucinations. In other words, the first step of the hal
lucinatory phenomena could be a decrease in "screening and 
scanning" activity that leads to a decrease in sensory input 
integration. This decrease would lead to an hypoactivity of 
the posterior association cortex (and to a reduced CMRGlu) in 
this cortical region. In this condition, perceptual thoughts 
may be reexperienced as hallucinations or pseudo-hallucina
tions. This release of perceptual traces may be associated 
with an increased resting neuronal activity of primary and 
secondary sensory cortical areas. (3)This hypothesis is sup
ported by results of an electrophysiological study using 
evoked cortical potentials in subjects submitted to low doses 
of LSD that showed an inhibition of the synaptic transmission 
specially in the posterior association cortex. 
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