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Because of impulsive violence and severely disorganized
behavior, she needed to be kept in isolation for 4 years of her
hospitalization. At age 27, she gained slight benefit from ECT,
but, her father refused to allow further ECT. She was treated
with monotherapy of antipsychotics including risperidone
(12 mg/day for 3 months), olanzapine (25 mg/day for 2 months),
quetiapine (750 mg/day for 1.5 months), perospirone (48 mg/
day for 0.5 months), or various combined treatments of atypical
and typical antipsychotics including haloperidol 27 +sultopride
1800+ levomepromazine 200 mg/day for 2 months, and
sultopride 1800+ zotepine 450+levomepromazine 200 mg/
day for 7 months. However, these pharmacological treatments
failed to improve her condition. She was diagnosed as chronic,
disorganized, pharmacological treatment-resistant schizophre-
nia, according to the criteria of Kane et al. (1988). She was
transferred to our hospital to receive a clinical trial of clozapine,
which had not been marketed in Japan yet. At this time, only 25
cases in Japan had received a clinical trial of clozapine for
refractory schizophrenia. Unfortunately, her symptoms did not
respond to clozapine, up to 600mg/day, during 8 months of
treatment.

The protocol of the clinical trial of clozapine in Japan did not
permit ECT combined with clozapine. After the discontinuation
of clozapine, we started olanzapine 40 mg and risperidone
10mg again. Her speech was disorganized and she talked
incoherently to others about members of the Imperial family and
famous comedians (word salad). Communication was very
difficult because of loosening of associations. For example, she
talked about being on the Titanic ship or even Jupiter in a
childlike manner. In addition, she exhibited bizarre, childish,
and disorganized behavior. She was not able to take care of
herself in simple matters such as grooming, eating, hygiene and
dressing. She would also squeeze her stool through her fingers,
pull out pubic hairs in public, try to drink cleansers, wash her
hands in the toilet bowl, undress herself with delusions of
pregnancy, pour tea over her head, throw chairs at other people,
scratch her wrist with a fork, and knock on the bed post
continuously injuring her knuckles. Inappropriate emotional
responses also reflected childish attitudes. To improve her
disorganized symptoms, modified ECT for her was performed
in an operating room. As brief-pulse ECT devices were not
approved of in Japan before 2002, we used bilateral sine-wave
treatments with constant-voltage, using atropine, propofol, and
succinylcholine (or vecronium) as anesthetic medications. The
first series of acute ECT, 3 times in the first week and then once
weekly for the following three weeks (six times per total
4 weeks) was done, because the schedule of anesthesiologists
and the operating room was very tight. This first series of 6 ECT
sessions markedly improved her condition: the 18-item Brief
Psychiatric Rating Scale (BPRS) (Overall and Gorham, 1962;
Kolakowska, 1976) score was reduced from 70 to 40. She could
exchange greetings with medical staff and act appropriately in
some or many situations. However, the effect lasted only for
about 2 weeks after the first series of acute ECT, and she
relapsed into disorganization. The second series of 12 ECT
sessions (twice per week) for 6 weeks produced similar marked
effects. This time, we decided to add ECT sessions. The third

series of acute ECT (once a week) for the following 3 weeks
decreased her BPRS score from 56 to 23. In this time-point, she
showed an excellent response and remission for ECT, because
of at least 50% of reduction of the initial score of the BPRS.
Then, the following continuation ECT (once a week) for
6 weeks (the fourth series) resulted in continued improvement.
The patient showed dramatic improvement from 70 to 20 in the
BPRS score after acute ECT and continuation ECT. She could
politely communicate with other people and behave herself well
in a mature manner, not in the childlike manner. In addition, she
was able to take care of herself, read books, listen to music, play
ping-pong and study English. Her emotional responses were
becoming appropriate and stable. Then, risperidone was
decreased to 6 mg with reduction of olanzapine to 20 mg,
which has been continued until now. Another four-month main-
tenance ECT enabled her to stay out of the seclusion room in the
psychiatric ward. Her Global Assessment of Functioning (GAF;
the DSM-IV axis V) score increased from 11 to 45. The interval
between ECT sessions was gradually lengthened to six weeks
after one year of maintenance treatment. Using outpatient ECT,
she was discharged to her home after 7-years hospitalization.

3. Discussion

We observed a patient with treatment-resistant chronic
severe disorganized schizophrenia who responded markedly
to continuation and maintenance ECT plus olanzapine and
risperidone. Combined ECT and neuroleptic therapy is safe and
useful for treatment-resistant schizophrenia (Chanpattana et al.,
1999; Chanpattana and Chakrabhand, 2001; Braga and Petrides,
2005). Moreover, our current case report may indicate that ECT
can be efficacious in clozapine nonresponders suffering from
schizophrenia. This is consistent with an open label study about
the efficacy of ECT as adjunctive treatment in 11 clozapine
nonresponders suffering from schizophrenia (Kho et al., 2004).
Unfortunately, our case could not apply the combination of ECT
and clozapine, because clozapine is not sold in Japan, and
combined ECT and clozapine was not permitted in the protocol
of clinical trial of clozapine. The combination of ECT with
clozapine in treatment-resistant schizophrenia appears to be safe
and effective, and is recommended for the first choice of
clozapine nonresponders. However, the beneficial effects of
acute ECT with clozapine may be short-lived (Kales et al.,
1999). Continuation and maintenance ECT is used to reduce the
risk for relapse and recurrence of severe psychiatric disorder in
patients who fare poorly with continuation and maintenance
medication regimens. Despite the potential value of these ECT
schedules, both are relatively neglected in clinical practice
(McCall, 2001; Andrade and Kurinji, 2002). On the other hand,
several reports (Hoflich et al., 1995; Ucok and Ucok, 1996;
Dean, 2000; Stevens et al., 2001; Chanpattana et al., 1999,
Chanpattana, 2000; Chanpattana and Chakrabhand, 2000;
Chanpattana and Kramer, 2003) showed treatment-resistant
schizophrenia was treated successfully with continuation and
maintenance ECT. Clinicians should consider applying not only
acute ECT, but also continuation and maintenance ECT to
patients with refractory schizophrenia. After ECT, this case had
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no obvious side effects. Further studies will be required in order
to standardize the methods of continuation and maintenance
ECT for treatment-resistant patients with schizophrenia.

4. Conclusion

This case report suggests that pharmacological treatment-
resistant disorganized schizophrenia can respond to continua-
tion and maintenance ECT.
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Abstract

N-Methyl-p-aspartate (NMDA) receptor antagonists are known to induce schizophrenia-like psychotic symptoms and cognitive
deficits in humans, and have been shown to cause neuronal damage in the posterior cingulate gyrus (PCG) of rodents. Patients with
chronic schizophrenia exhibit generalized cognitive deficits, but it remains unclear whether or not the PCG is related to their cog-
nitive dysfunction. To determine what biochemical changes may occur in the PCG of patients with chronic schizophrenia, and to
ascertain whether or not such abnormalities may be related to the incidence of cognitive deficits, we obtained cognitive scores and
proton magnetic resonance spectra (MRS) from the PCG and the left and right medial temporal lobes (MTL) of 19 patients with
schizophrenia and 18 age- and sex-matched normal healthy controls. Compared to the normal controls, the patients with chronic
schizophrenia showed significantly worse cognitive performance on verbal and visual memory tests, verbal fluency tests, and the
Trail Making Test. The ratio of N-acetylaspartate to creatine and phosphocreatine (NAA/Cr) in the PCG of the patients was sig-
nificantly lower than that of the controls. Moreover, the NAA/Cr in the PCG of the healthy controls exhibited age-related decline,
whereas in the patients with schizophrenia, the corresponding values were consistently low, regardless of age. These findings are thus
in accord with current speculation about neuronal dysfunction in the PCG based on the NMDA hypofunction hypothesis regarding
the pathophysiology of chronic schizophrenia.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Cingulate gyrus; Proton magnetic resonance spectroscopy (lH;MRS); Retrosplenial cortex; Schizophrenia; N-Acetylaspartate (NAA);
Wechsler Memory Scale-Revised (WMS-R)

1. Introduction of the first episode (Bilder et al., 1992; Heydebrand et

al., 2004; Mohamed et al., 1999), but also in patients

Cognitive deficits are a key feature of schizophrenia
(Elvevag and Goldberg, 2000; Gold and Weinberger,
1995; Sharma and Antonova, 2003), not only at the time

* Corresponding author. Tel.: +81 43 226 22148; fax: +81 43 226
2150.
E-muil address. eiji@faculty.chiba-u.jp (E. Shimizu).

0022-3956/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jpsychires.2005.04.015

with chronic schizophrenia (Braff et al., 1991; Pantelis
et al., 1997). Impairments of cognitive functions such
as memory, executive function, and attention are char-
acteristic of most patients with schizophrenia (Egan et
al., 2001; Weickert et al., 2000). It remains controversial
whether or not the cognitive deficits observed in patients
with schizophrenia are better characterized as general-
ized features, or as reflective of relatively independent
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deficits in different cognitive domains. Dickinson et al.
(2004) reported that generalized cognitive deficits might
be a core feature of schizophrenia, in contrast to more
specific, independent cognitive deficits. Researchers have
attempted to determine whether or not there is a rela-
tionship between cognitive deficits and localized patho-
logical changes in patients with schizophrenia.
However, the biological basis of such generalized cogni-
tive deficits remains unclear.

Proton magnetic resonance spectroscopy ('H-MRS)
provides a noninvasive means of examining endogenous
brain metabolites, including N-acetylaspartate (NAA),
choline (Cho), and Creatine (Cr). NAA is one of the
most abundant free amino acids in the human brain,
and is synthesized and stored primarily in neurons (Ba-
slow, 2003). Since MRS can readily detect endogenous
NAA in the human brain, NAA has been used as an
intracellular marker of neuronal function (Jenkins et
al., 2000); indeed, NAA appears to be an indirect mea-
sure of neuronal integrity and synaptic abundance in
an expanding number of disorders (Tsai and Coyle,
1995). Cho is a precursor for the neurotransmitter ace-
tylcholine and for the membrane constituent phosphati-
dylcholine. Levels of Cho have been reported to
fluctuate when cellular membranes are degraded or rap-
idly synthesized (Miller, 1991). Cr reflects the total cre-
atine plus phosphocreatine pool. The working memory
function of patients with schizophrenia has been associ-
ated with NAA levels in the dorsolateral prefrontal cor-
tex (Bertolino et al., 2000). Low levels of NAA/creatine
(NAA/Cr) in the medial prefrontal cortex of schizophre-
nia patients subclassified as having a deficit syndrome
have also been detected (Delamillieure et al., 2000).
Although these and related studies have provided evi-
dence of a relationship between prefrontal dysfunction
and poor cognitive performance in patients with schizo-
phrenia, it remains unclear whether pathological abnor-
malities in other brain regions are related to particular
cognitive functions.

The N-methyl-p-aspartate (NMDA) receptor is a li-
gand-gated ion channel that participates in a number
of neurophysiological processes, including learning and
memory (Nakanishi, 1992; Shimizu et al., 2000; Tang
et al., 1999). The NMDA receptor antagonists, phencyc-
lidine (PCP) (Javitt and Zukin, 1991), MK-801, and ket-
amine (Newcomer et al., 1999; Umbricht et al., 2000),
are known to induce psychotic behavior and cognitive
deficits in both animals and humans. Therefore, hypo-
function of the NMDA receptors has been implicated
in the pathophysiology of schizophrenia (Hashimoto
and lyo, 2002; Hashimoto et al., 2003; Olney and Far-
ber, 1995; Tsai and Coyle, 2002). Olney et al. (1989) re-
ported that NMDA receptor antagonists induce
transient neuropathological changes (neurona! vacuoli-
zation) in the posterior cingulate gyrus (PCG)/retrosple-
nial cortex of the rat brain (Fix et al, 1993). Such
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findings suggest, based on the putative pathogenetic role
of NMDA in schizophrenia, that the effects of NMDA
are local rather than generalized, and that MRS could
be a candidate technique for the detection of NMDA-in-
duced damage. Furthermore, pathology of the PCG can
be suspected to be pathogenetically related to cognitive
deficits observed in patients with schizophrenia.

Based on the results of these previous studies, we
hypothesized that metabolic abnormalities in the PCG
play a pivotal role in the cognitive dysfunctions in pa-
tients with schizophrenia. However, to the best of our
knowledge, there have been no reports with a focus on
the relationship between metabolic changes in the
PCG and cognitive dysfunction in patients with schizo-
phrenia. To test our hypothesis regarding the putative
role played by PCG in the cognitive deficits observed
in patients with schizophrenia, we measured metabolic
ratios in three brain regions, namely, in the PCG, and
in the left and right medial temporal lobes (MTL) by
'H-MRS; and we also assessed neuropsychological cog-
nitive function in patients with chronic schizophrenia.

2. Methods
2.1. Subjects

The ethics committee of the Chiba University Grad-
uate School of Medicine approved the present study.
The procedure was fully explained to all of the subjects,
who then provided written informed consent prior to
participation in the study. Handedness was determined
using the Edinburgh Inventory (Oldfield, 1971), and
right-handed subjects underwent the procedure (Table
1). Nineteen patients with schizophrenia (11 men and
8 women) were recruited from Chiba University Hospi-
tal and Kimura Hospital, Chiba, Japan. Eighteen age-
and gender-matched healthy control subjects (12 men
and 6 women) also participated in this study. We se-
lected only healthy control subjects who had neither a
medical nor a psychiatric history or diagnosis according
to our clinical interview. All patients were diagnosed
according to the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV) criteria
(American Psychiatric Association, 1994). Patients with
any other mental or physical illnesses were excluded. At
the time of testing, the patients were taking antipsy-
chotic medication. Sixteen patients were receiving treat-
ment with atypical antipsychotic drugs including
risperidone and olanzapine, while the remaining patients
were being treated with conventional antipsychotic med-
ication. The mean daily chlorpromazine equivalent dose
was 650.5 mg (standard deviation = 536.3). Clinical
symptoms were assessed using the 18-item Brief Psychi-
atric Rating Scale (BPRS) (Kolakowska, 1976; Overall
and Gorham, 1962). The DSM-1V axis V Global Assess-
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Table |
Characteristics of the patients with chronic schizophrenia and the healthy controls
Schizophrenia Healthy controls p value
Age, years 404 = 13.1 349114 0.12¢
Onset, years 241 +£50
Duration, years 16.3+11.9
Subtype 10 Residual, 9 paranoid
BPRS 26.5 £ 6.1
GAF 409 £ 5.1

Normally distributed data are presented as mean + standard deviation (SD).
Abbreviations: BPRS, Brief Psychiatric Rating Scale; GAF, Global Assessment of Functioning.
* Not significant. The comparison between two groups was performed using f-test (two-tailed).

ment of Functioning (GAF) scores (American Psychiat-
ric Association, 1994) were also rated as part of the
examination.

2.2. Cognitive functioning

The subjects performed a battery of tests designed to
assess several domains of cognitive functioning. Verbal
memory was evaluated with the Japanese version
(Sugishita and Omura, 2001) of the Logical Memory I
(immediate) and II (30-min delayed) subtests of the
Wechsler Memory Scale-Revised (WMS-R) (Wechsler,
1987). Visuospatial memory was evaluated with the Vi-
sual Reproduction I (immediate) and I (30-min de-
layed) tests of the WMS-R.

Verbal fluency was assessed with the letter fluency test
and the category fluency test. In the former test, the sub-
jects were instructed to generate as many words as pos-
sible beginning with a given letter in Japanese, “Ka”, in
60 s. For the latter test, the subjects were instructed to
name as many animals as they could, according to the
standard protocol (Spreen and Strauss, 1991).

The Trail Making Test (Reitan and Wolfson, 1985)
examines psychomotor speed, attention, and set alterna-
tion. Part A requires the subjects to draw lines to con-
nect 25 consecutively numbered circles on one
worksheet as quickly as possible. In Part B, the subjects

are asked to connect 25 consecutively numbered and let-
tered circles by alternating between the two sequences
(e.g. 1-A-2-B-3 etc.). The time taken to complete Parts
A and B of the Trail Making Test was recorded in
seconds.

2.3. MRS protocol

The subjects and controls were scanned using a 1.5-T
Signa MR scanner (General Electric Medical Systems,
Waukesha, WI) with a standard quadrature head coil
for MR imaging and 'H-MRS. Both the anatomic and
spectroscopic data were obtained within approximately
30 min. All MRI scans were reviewed in order to rule
out any clinically significant abnormalitics. We per-
formed serial axial T1-weighted MR images with a slice
thickness of 10 mm to establish a region of interest
(ROI) for the proton MR spectroscopic studies. MRS
was performed with the automated Proton Brain Exam-
ination (PROBE-p) sequence, which consists of a Point
Resolved Spectroscopy (PRESS) sequence (TE =144
ms, TR =2000 ms) with Chemical-Shift Selective
(CHESS) water suppression, to acquire localized spectra
in the PCG, and in the left and right MTL (including
hippocampal formation) (Fig. 1). The voxel size was
3.375mL (15 % 15 x 15 mm). Voxel placements were car-
ried out by a trained radiologist. All of the data were

Fig. 1. Voxel size and position in the posterior cingulate gyrus (PCG) (a) and left medial temporal lobe (MTL) (b).
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processed using the PROBE/single voxel quantification
tool (Webb et al., 1994). Peaks of NAA (2.0 ppm), Cr
(3.0 ppm), and Cho (3.2 ppm) were identified. Cr is pres-
ent throughout various regions of the brain, and levels
of Cr do not appear to be affected by neuronal fluctua-
tions (Frahm et al., 1989). Therefore, the Cr peak was
used as a reference for comparison with the peaks of
the other substrates. The data reflecting the metabolite
profiles were described as ratios, i.e., NAA/Cr and
Cho/Cr.

2.4. Statistical analyses

Normally distributed data are presented as the
mean + standard deviation (SD); data that were not
normally distributed are reported as medians, with inter-
quartile ranges. Calculations were performed using the
statistical software package SPSS 12.0 base and ad-
vanced systems for Windows (SPSS Inc., Chicago, IL).
Fisher’s exact test was used for categorical variables,
and Student’s r-test was employed for the continuous
variables. As the scores on the cognitive tests were not
found to have normal distributions, the differences be-
tween the two groups (patients and controls) were exam-
ined using the non-parametric Mann—Whitney U-test
with Bonferroni’s correction for multiple comparisons
(Bland and Altman, 1995). A value of p < 0.05 was ta-
ken as the standard for statistical significance. Eight
cognitive tests were conducted. Because of the multiple
comparisons (the number of comparisons was 8), Bon-
ferroni’s correction was applied. With this adjustment,
the critical level for significance, p, was reduced from
the standard value of 0.05 to 0.00625 (i.e., 0.05/8).

Potential differences between patients and controls
were tested separately for each metabolite ratio (NAA/
Cr and Cho/Cr) by repeated-measures multivariate
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analysis of variances (MANOVAs), with region (the
PCG, or the left or right MTL) as the within-group fac-
tor, and diagnosis (patients, controls) as the between-
group factor. A post hoc analysis was performed by Tu-
key’s honest significant difference test. Interactions were
decomposed with a univariate analysis of variance
(ANOVA).

Multiple stepwise regression analyses were used to
determine the relative contribution of the metabolite ra-
tios from the three brain regions as predictors of each
cognitive score or age. On the other hand, the parame-
ters (clinical and cognitive variables) that predicted the
metabolite ratio were determined by multiple stepwise
regression analysis. When association between highly
significant and normally distributed measured variables
was investigated, Pearson’s correlation coefficient was
obtained.

3. Results
3.1. Cognitive performance measures

Compared to the healthy controls, the patients with
schizophrenia showed significant cognitive deficits on
all neuropsychological tests, including the episodic
memory tests (verbal memory, visuospatial memory)
and executive function tests (verbal fluency and the Trail
Making Test) (Fig. 2).

3.2. Metabolite ratios by ' H-MRS

Analysis of the within-group effect revealed a signif-
icant diagnosis-by-region interaction for NAA/Cr
(F(2,35) = 3.588, p=0.033). A significant main effect
of region was found (F(2,35)=42.837, p<0.001).
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Fig. 2. Scores on cognitive tests of patients with chronic schizophrenia and healthy controls: Logical Memory and Visual Reproduction subtests
from the Wechsler Memory Scale-Revised (WMS-R) (I, immediate recall; and II, 30-min delayed recall), verbal fluency (the letter fluency test and the
category fluency test), and the Trail Making Test (Parts A and B). The data are represented as median + interquartile range. The p values were
determined by Mann-Whitney U-test with Bonferroni’s correction on two groups. *Statistically significant difference for p < 0.00625 (corrected for

multiple comparisons).
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Fig. 3. '"H-MRS metabolite ratios in the posterior cingulate gyrus
(PCG) and the left and right medial temporal lobes (MTL) of patients
with chronic schizophrenia and healthy controls. The horizontal bars
represent mean + standard deviation. *Statistically significant
between-group difference (F= 5.31, df = 1,35, p = 0.027).

Comparison of the main effect showed that the NAA/
Cr ratios of the patients with schizophrenia
(2.07 + 0.28) were significantly (p = 0.027, Bonferroni)
lower than those (2.30 £+ 0.38) of the healthy controls
in the PCG (Fig. 3). MANOQVA revealed a significantly
simple main effect in each group for NAA/Cr, respec-

tively. (patients: Wilks’s lambda 0.373, F2,34)= .

28.62, p<0.001; controls: Wilks’s lambda 0.618,
F2,34)=10.509, p<0.001). Finally, follow-up
ANOVA was carried out to analyze the interactions
in terms of NAA/Cr; this analysis revealed a signifi-
cantly simple main effect of diagnosis in the PCG
(F(1,35) =5.313, p =0.027).

Comparison of the main effect showed no significant
differences of the Cho/Cr ratios between the patients
and controls in any of the three regions studied (Fig.
3). Moreover, follow-up ANOVA for the analysis of
interactions in terms of Cho/Cr revealed that there
was no significantly simple main effect of diagnosis in
any of the regions studied.

3.3. Multivariate stepwise linear regression analyses

When the metabolite ratios were considered sepa-
rately as the PCG and the left and right MTL values
in a multivariate stepwise linear regression model, the
NAA/Cr ratio in the PCG alone reflected 18.0% of Log-
ical Memory I (= 0.425, p =0.010), 20.3% of Logical
Memory II (f=0.451, P=10.006), and 16.3% of age
(8 =-0.403, p=0.013) parameters in all subjects,
respectively. A multiple stepwise linear regression model
was designed with the NAA/Cr in the PCG as the inde-
pendent variables with respect to the dependent clinical
and cognitive valuables. Only Logical Memory II was
accepted by the model, and it significantly accounted

for 16.5% of the NAA/Cr ratio in the PCG (B = 0.406,
P =0.015) in all subjects.

Due to the lack of a significant correlation between
the NAA/Cr in the PCC and Logical Memory II in
the controls (r =+0.195, p = 0.453) and in the patients
(r = 1+0.347, p = 0.148), a significant positive correlation
(r =+0.451, p = 0.006) in all subjects was interpreted as
a possible indicator of artificially stretched variance.
Age-associated memory impairment appeared likely to
be a phenomenon of normal aging. Therefore, the Log-
ical Memory scores were excluded from the following se-
lected correlation analysis. A significant negative
correlation was found between the NAA/Cr in the
PCG and age in all subjects (r = —0.403, p =0.013),
and also between the NAA/Cr in the PCG in the con-
trols (r =—0.470, p = 0.049), whereas no correlation
was detected among the patients only (r= -0.217,
p =0.371) (Fig. 4).
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Fig. 4. Scatterplot and least regression line illustrating the relationship
between the NAA/Cr ratio in the posterior cingulate gyrus (PCG) and
age in all of the subjects (a), in patients with schizophrenia (b), and in
healthy controls (c).
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4. Discussion

Our results revealed decreased NAA/Cr ratios in the
PCG of patients with chronic schizophrenia exhibiting
generalized cognitive deficits, as compared to the
healthy controls. Moreover, we found that the NAA/
Cr of the PCG in healthy controls exhibited age-related
decline, whereas corresponding value in patients with
schizophrenia were consistently low, regardless of age.
The lack of healthy, aging-related decline among the pa-
tients with schizophrenia suggested disease-associated
neuronal pathology in the PCG. These observations
suggested that a reduced NAA/Cr ratio in the PCG
might be associated with the pathophysioclogy of chronic
schizophrenia with generalized cognitive deficits.

Valenstein et al. (1987) reported a male case of retro-
splenial amnesia following hemorrhage from an arterio-
venous malformation. Using positron emission
tomography (PET), several researchers reported that
the use of the PCG was common to episodic memory
{Andreasen et al., 1995; Desgranges et al., 1998; Nyberg
et al., 1996; Shallice et al., 1994). Using PET, Mino-
shima et al. (1994, 1997) also demonstrated the func-
tional importance of the PCG in impairments of
learning and memory, which is a feature of very early
Alzheimer’s disease and mild cognitive impairment. In
addition, the NAA/Cr ratios in the PCG have been
shown to be decreased in cases of mild cognitive impair-
ment, Alzheimer’s disease (Kantarci et al., 2000), and
non-demented Parkinson’s disease (Camicioli et al.,
2004). Taken together, these results suggest that cogni-
tive decline is associated with hypofunction of the
PCG. Our regression analysis data, which revealed a
relationship between the NAA/Cr in the PCG and the
verbal memory of all subjects, suggested that the
NAA/Cr in the PCG might be related to episodic mem-
ory function. .

NMDA receptor antagonists are known to induce
neuronal damage in the rodent PCG; these antagonists
are thought to be responsible for psychotomimetic activ-
ity in humans (Olney and Farber, 1995). Newcomer et
al. (1999) reported dose-dependent increases in ketamine
in healthy males exhibiting schizophrenia-like symp-
toms, as well as robust dose-dependent decreases in ver-
bal declarative memory performance. Our data
indicating PCG dysfunction in patients with chronic
schizophrenia with generalized cognitive deficits provide
support for the NMDA receptor hypofunction hypoth-
esis that suggests a link between cognitive impairments
and schizophrenia-like symptoms.

Several previous proton MRS studies have demon-
strated decreased NAA/Cr ratios in the MTL of chron-
ically medicated patients with schizophrenia (Bertolino
et al., 1996, 1998; Deicken et al., 1998; Fukuzako et
al., 1995; Maier et al., 1995; Nasrallah et al., 1994;
Yurgelun-Todd et al., 1996), while other researchers
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have reported no such significant alterations (Buckley
et al., 1994; Delamillieure et al., 2002; Heimberg et al.,
1998). Our results regarding the NAA/Cr in the MTL
were consistent with those of the latter group of studies.
On the other hand, the results of the present study show-
ing no significant changes in Cho/Cr in the MTL were
consistent with those of other studies (Bertolino et al.,
1996; Deicken et al., 1998; Delamillicure et al., 2002;
Maier et al., 1995; Yurgelun-Todd et al., 1996). One
possible explanation for the inconsistency regarding
NAA alterations among medicated patients with
chronic schizophrenia may be the differential effects
associated with atypical vs. typical antipsychotic medi-
cations (Bertolino et al., 2001; Fannon et al., 2003;
Heimberg et al, 1998). The longitudinal changes in
brain chemistry after long-term treatment with antipsy-

chotic agents remain undetermined at the present time.

A number of limitations merit further consideration
in this context. As our sample size may be regarded as
a weakness of the present study, these results will need
to be confirmed using a much larger sample. In addition,
because we focused on the relationship between cogni-
tive function and the PCG or the MTL, MRS of the pre-
frontal cortex and anterior cingulate gyrus was not
performed in the current study. Instead of the single-
voxel approach used here, further studies using the
MRS imaging technique should be conducted to clarify
the involvement of other brain regions in schizophrenic
patients with generalized cognitive deficits. An addi-
tional limitation of the present study was that we de-
rived our conclusions based on metabolite ratios,
instead of absolute concentrations. In our study, no sig-
nificant correlation was found between the NAA/Cr in
the PCG and the duration of illness. This finding, when
taken together with the finding of a lack of a physiolog-
ical age-related decline in patients with chronic schizo-
phrenia, suggests the possibility that the NAA/Cr in
the PCG might decrease during the initial years of ill-
ness, rather than reflect linear neurodegenerative pro-
cesses. Whether or not the reduced NAA/Cr in the
PCG reflects a basic underlying pathophysiological pro-
cess that is present at the onset of illness, and then pro-
gresses during the course of the iliness remains unclear.
Follow-up MRS examinations for several years, not
only in patients with chronic schizophrenia, but also in
first-episode patients, will be necessary to clarify the role
of the PCG during the disease process in schizophrenia.

In the present study, patients with schizophrenia
exhibited not only memory deficits, but also executive
dysfunction. Schizophrenia appears to be an amalgama-
tion of many different disorders. For example, Wexler et
al. (1998) found a selective deficit in the working mem-
ory of a subgroup of patients with schizophrenia who
performed as well as healthy controls on a screening test
of attention and auditory perception. Moreover, the
existence of a subgroup of patients with schizophrenia
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having a specific verbal memory deficit was reported
(Bruder et al., 2004). Further MRS studies on a sub-
group with only specific verbal memory deficits will be
necessary in order to confirm the relationship between
the NAA/Cr in the PCC and verbal memory in patients
with schizophrenia. ‘

In conclusion, a significant disease-specific decrease
in the NAA/Cr ratio in the PCG, beyond a physiological
age-related decline, was revealed in the present study.
These findings are consistent with current speculation
focusing on neuronal dysfunction in the PCG based
on the NMDA hypofunction hypothesis regarding the
pathophysiology of chronic schizophrenia.
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Letter to the Editor (Case report)

_ W N e

Fluvoxamine as a sigma-1 receptor agonist improved cognitive A ten-month treatment with rispen'done at a dose ranging from 17
impairments in a patient with schizophrenia 4 to 8 mg almost completely ehmmated her psychotic symptoms, 18
and she was again able to go shopp thh her mother several 19

6 1. Introduction times a week. However, she snIl repo distressing cognmve 50

impairments. Therefore, we added 20-mg paroxetine in order to 5

Patients with schizophrenia exhibit positive and negative ~ reduce her anxiety over- theunpaumeg@ A five-month treatment 52
symptoms, and these symptoms have been targets for the  With paroxetine did not improye t ‘the distress or the cognitive 53
development of new antipsychotics. In recent years, cognitive ~ impairments, but rather wgmened her anxiety. We therefore stop- 54
10 impairments in these patients, which may persist across cycles ~ pedthe paroxetme and; 3 monthstater, added 50 mg fluvoxamine. s:
11 in other aspects of the illness and may be strongly related to the ~ One month aﬁer The gtartaf-fluvoxamine, she reported that her 56
12 functional outcome, have drawn considerable attention (Hughes  ability to follow the RIOIS of television dramas had improved, 57
13 etal, 2003; Harvey et al., 2001). It has been reported that the  along w1th‘heg qmckness ‘of mind and concentration. Two weeks 58
14 patients themselves are aware of and experience distress due to  later, she began’ ﬁo help her mother with housework, including 59
15 their cognitive impairments (Ginsberg et al., 2005). Some of the 00010“8 and cleanmg rooms, and she stated that these changes 6o
16 new atypical antipsychotics can improve the impairments, but werg due to%ler improved concentration. She is now 25 years old 61
17 such amelioration generally remains unsatisfying, and the - &nd h3$ been treated with the two drugs for 18 months. Her 62
18 development of more effective drugs is still necessary (Lehman ° g cogmtlve fimction remains improved and she continues to help 63

O 0 =1

19 et al., 1995). Recently, we reported on the efficacy of ﬂuvo. e mother with the housework and to search for a suitable job. 61
20 xamine, a potent sigma-1 receptor agonist, in improving cognitive’. i
21 impairments in an animal model of schizophrenia (Hashlmoto 3 Dlscussmn 65
22 et al, 2007). In the present report, cognitive 1mpa1rments ina_.
23 female patient with schizophrenia were dramatically lmproved by We have presented the case of a young patient with schizo- ¢s

21 adjunctive treatment of fluvoxamine added to nspendone S phrenia whose psychotic symptoms were improved by treatment 67
with risperidone, one of the new antipsychotics. Her improve- 68

ment was complicated by cognitive impairments and resulting 69
- stress. Her cognitive impairments were consistent with those 70
26 A 19-year-old female college sruden begfrﬁ'~ ) experience often observed in schizophrenia, i.e., impairments in quickness 71
27 auditory hallucinations, including a v‘q;ce a ing her to  of mind, concentration, memory and executive function, which 72
28 kill herself, and delusions of pmtxommd reference She generally appear early and persist regardless of the phase of the 73

25 2. Case report

29 responded by withdrawing soclally and engaging in various illness. 74
30 impulsive behaviors, mclu% “mst-cuttmg Her mother took Paroxetine was administered in the hope of eliminating her 75
31 her to a mental clinic, whqre she was dlagnosed with borderline  anxiety and possibly her cognitive impairments, but it did not 6
32 personality disorder. S%e pres"_ tibed zotepine 50 mg and  improve either even after 5 months of treatment. On the other 77
33 haloperidol 1.25 mg_ or\aappngjn{ately 6 months, but her  hand, fluvoxamine prominently and quickly improved her cog- 78

31 withdrawal and nnplilswe.ﬁghavwrs did not improve, and she  nitive impairments as measured both subjectively and objectively. 79
35  was referred to OU¥; osp{gil at the age of 20. No abnormalities It has been reported that the combination therapy of fluvoxamine, so
36  were found lnhcr ge Iaboratory examinations or brain CT. but not paroxetine, and antipsychotics improves negative 81
37 She reported hawit coxylstent pathological experiences, such ~ symptoms (Silver, 2004). The improvement of the cognitive 82
38 as hallucination ant*delusions, and was diagnosed with impairments in the present patient may have been partly cor- 83
30  schizophrenia according to the DSM-IV criteria. We discon-  related with an improvement in negative symptoms, although the 31
10 tinued her previous medications and started her on risperidone  patient felt anxiety rather than loss of affect at the impairments, 85
11 4 mg. She quickly stopped hearing voices and cutting her wrists. which disturbed her motivation. Both fluvoxamine and parox- s6

12 However, she continued to suffer from impairments of con-  etine are serotonin reuptake inhibitors. However, only fluvox- 87
13 centration, attention and memory, which she reported having  amine exhibits sigma-1 receptor agonism, i.e., the affinity of a3
11 experienced for several years, and felt distress as these im-  fluvoxamine is more than 50 times higher than that of paroxetine 89
15 pairments often disturbed her motivation to watch TV, read a  (Narita et al., 1996), and we have previously shown that fluvo- 90
16 book or help her mother with housework. xamine, but not paroxetine, improved cognitive dysfunction in a1

0278-5846/$ - see front matter © 2008 Published by Elsevier Inc.
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phencyclidine-treated mice via its sigma-1 agonistic activity
(Hashimoto et al., 2007). Therefore, one of the possible ex-
planations for the improvement of cognitive impairments in the
present case may be the sigma-1 agonism of fluvoxamine, rather
than the antidepressant effects of serotonin reuptake inhibition,
although there are still many other possibilities as well, including
modulation of the GABA system (Chertkow et al., 2006). None-
theless, our results suggest that sigma-1 receptor agonists, in-
cluding fluvoxamine, may be one of the candidates for treating
cognitive impairments in schizophrenia.

4. Conclusion

We reported here a female case of schizophrenia with cog-
nitive impairments. The cognitive impairments were dramati-
cally improved with adjunctive treatment of fluvoxamine added
to risperidone, possibly due to the potent sigma-1 receptor ago-
nism of fluvoxamine.
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R BEELGARBECH T IBIEEEDEH (CIEk2)
Variable Group Means (SDs) F Score Significance
Schizophrenia Healthy Control Subjects
(n=97) (n=87)
Full-Scale IQ 90.6 (16.2) 105.4 (14.8) 37.91 $<.001
Vocabulary 9.1 (3.4) 11.0 (3.5) 8.00 p=.005
Similarities 9.2 (2.8) 11.0 3.1) 12.97 $<.001
Information 9.7 (2.8) 11.1 (3.2) 3.10 p=.08, ns
Picture Completion 8.5 (3.5) 10.3 (2.9) 10. 92 »=.001
Block Design 9.2 3.2) 10.7 (3.0) 5.62 p=.019
Matrix Reasoning 9.1 (3.5) 11.6 (3.0) 20. 67 £<.001
Letter~Number Sequencing 7.6 (2.9) 10.5 (2.8) 40. 35 $<.001
Spatial Span 8.6 (2.9 10.3 (2.8) 14.15 $<.001
Digit Symbol 7.2 (2.3) 10.4 (2.7) 68.47 $<.001
Symbol Search 7.1 (2.6) 10.4 (2.4) 69. 84 $»<.001
Logical Memory 1 8.1 (3.5) 11.2 (2.9) 34.80 $<.001
Verbal Pairs 1 8.0 (2.9) 10.2 2.7) 22.97 $<.001
Logical Memory II 8.6 (3.3) 11.1 3.1 25.27 $<.001
Verbal Pairs II 8.3 (2.9) 11.0 (3.5) 22.03 - p<.001
" Facial Recogniton I 8.7 (2.8 10.3 (3.2) 10. 33 p=.002
Family Pictures I 6.9 (3.0 10.7 (3.2) 63.10 $<.001
Facial Recognition I 8.8 (2.5) 10.2 (2.9) 6.80 =.01
Family Pictures II 6.8 (3.1) 10.5 (2.7) 61.55 »<.001

WAIS : Wechsler Adult Intelligence Scale, WMS : Wechsler Memory Scale
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%2 BABHERBOABICLSFEROEV (XKS8)
(CN : cognitively normal, CI : cognitively impaired patients)
CN patients CI patients Degrees of Test P
(N =20) (N =83) freedom (two—tailed)
Course of illness
No relapse 65% 52%
Relapse after inclusion 30% 41% 2 x*=1.133 n.s.
Chronic psychotic 5% 7%
9% of time psychotic 27 (36) 33 (33) 102 F=0.575
9 of time full remission 27 (35) 24 (31) 102 F=0.241
Social disability
Total GSDS score* 0.79 (0.91) 0.83 (0.59) 102 F=0.062 n.s.
Self-care® 26.3 20.0 1 x:=0. 366 n.s.
Family role 36.8 56.8 1 x'=2.458 n.s.
Kinship role 52.6 48.8 1 x*=0.933 n.s.
Partner role 47.4 64.6 1 x*=1.906 n.s.
Citizen role 47.4 65.4 1 y'=2.131 n.s.
Social role 52.6 58.0 1 %x*=0.183 n.s.
Work role 42.1 74.1 1 x*=17.228 0. 007
Need for care
Number of needs 2.5 (2.1) 3.8 (2.6) 102 F =3.967 0.049
Mental health care 0.17 (0.15) 0.28 (0.19) 102 F=6.453 0.013
ADL 0.05 (0.10) 0.11 (0.21) 102 F=1.689 n.s.
Rehabilitation 0.20 (0.30) 0.26 (0.36) 102 F=0.481 n.s.
Services 0.07 (0.12) 0.15 (0.23) 102 F=1.991 n.s.
Competitive employment* 40 16 1 x*=5.734 0.017

*Standardized GSDS (Groningen Social Disabilities Schedule) ratings ranging from (0) no disability to (3) extreme

disability.

>Percentage of subjects showing disability. °Percentage of subjects with competitive employment.
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£3 3»ARV6HADHMHPREARICL FMAER O 38%)
Summary of Scores .Change From l.3ase1ine
Symptom (adjusted for baseline values)
Domain 3 Months 6 Months 3 Months 6 Months
Mean SD Mean SD Mean SEM Mean SEM
Over all
Olanzapine 3.16 1.09 2.79 1.12 -1.08*** 0.04 -1.44%%% 0. 04
Quetiapine 3.66 1.16 3.20 -1.24 -0.58% 0.08 -1.02 0.09
Risperidone 3.28 1.03 2.96 1.07 -0.90* 0.05 -1.24" 0.05
Haloperidol 3.54 0.97 3.39 1.08 —0.68 - 0.07 -0.87° 0.08
Cognitive
Olanzapine 2.82 1.22 2.52 1.17 —~0.80%%" 0.04 —-1.05%%* 0.04
Quetiapine 3.16 1.22 2.91 1.26 —0.43 0.08 —-0.61 0.09
Risperidone 2.96 1.18 2.72 1.17 -0.62" 0.05 -0.83" 0.05
Haloperidol 3.24 1.28 3.04 1.26 -0.36° 0.07 -0.54% 0.08

According to the Clinical Global Impressions—Severity of Illness rating scale (1 =normal to 7 = extremely ill)

*p<.001vs. quetiapine, *p<.001vs. risperidone, *p<.001vs. haloperidol
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