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Primary cerebral and cerebellar astrocytes display differential sensitivity
to extracellular sodium with significant effects on apoptosis
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Central pontine myelinolysis is one of the idiopathic or iatrogenic brain dysfunction, and the most common cause is excessively rapid cor-
rection of chronic hyponatraemia. While myelin disruption is the main pathology, as the diagnostic name indicates, a previous study has
reported that astrocyte death precedes the destruction of the myelin sheath after the rapid correction of chronic low Na* levels, and interest-
ingly, certain brain regions (cerebral cortex, hippocampus, etc.) are specifically damaged but not cerebellum. Here, using primary astrocyte
cultures derived from rat cerebral cortex and cerebellum, we examined how extracellular Na* alterations affect astrocyte death and whether
the response is different between the two populations of astrocytes. Twice the amount of extracellular [Na*] and voltage-gated Na* channel
opening induced substantial apogtosis in both populations of astrocytes, while, in contrast, one half [Na*] prevented apoptosis in cerebellar
astrocytes, in which the Na*-Ca®" exchanger, NCX2, was highly expressed but not in cerebral astrocytes. Strikingly, the rapid correction of
chronic one half [Na*] exposure significantly increased apoptosis in cerebellar astrocytes but not in cerebral astrocytes. These results indicate
that extracellular [Na*] affects astrocyte apoptosis, and the response to alterations in [Na*] is dependent on the brain region from which the
astrocyte is derived. Copyright © 2014 John Wiley & Sons, Ltd.

KEY WORDS—astrocyte; sodium ion; apoptosis; hyponatraemia; central pontine myelinolysis; schizophrenia

INTRODUCTION calcium ions (Ca®*) from the endoplasmic reticulum.®®
However, recent investigations of brain hypoxia or ischae-
mia have shown that an increase in intracellular sodium
(Na*) may also induce neuronal apoptosis'®~'? indicating
the possibility that [Na'] itself could be a trigger for
apoptosis of neurons and that, surprisingly, astrocyte death
can occur after Na* overload."® Although astrocytes have tra-
ditionally been considered more resistant to ’excitotoxic’
stimuli than neurons,' it has recently been shown that
astrocyte death precedes neuronal death following ischaemic
insults.'>® Because Na* influx in neurons occurs earlier
following ischaemia than Ca®* and can be followed by neuro-
nal death, we hypothesized that the astrocyte death that
occurs prior to neuronal death following ischaemia could be
a result of Na* overload, indicating a potentially critical role
for [Na*] changes in the onset of astrocyte death.

Because there have been a limited number of studies
on the response of astrocytes to alterations in extracellu-
lar Na* concentration, we investigated the impact of
alterations in extracellular Na* concentration on primary
astrocyte cultures in vitro. Furthermore, we also sought
to determine whether there is a brain region-specificity
in the response of astrocytes to alterations in extracellular
Na* concentration because clinical findings suggest that
*Correspondence to: Manabu Makinodan, Department of Psychiatry, Nara astrocyte apoptosis ensues only in selected parts of

Medical University, 840 Shijo-cho Kashihara Nara, 634-8522, Japan. brains such as the Cegebral cortex and hippocampus but
E-mail: mmm@naramed-u.ac.jp not in the cerebellum.

Central pontine myelinolysis (CPM) has routinely been
viewed as a symptom associated with alcoholism or
malnutrition;'* however, it is now widely recognized that
CPM is an iatrogenic disorder that most probably develops
in patients suffering from chronic hyponatraemia that is
followed by an overly rapid correction of the serum sodium
ion concentration.> CPM is also recognized as one of the
more devastating pathologies that can occur in the clinical
psychiatric field because patients with schizophrenia tend
to suffer from polydipsia and chronic hyponatraemia.*®
Although myelin disruption in the pons is the main
pathologic finding of CPM, a recent study revealed that
rapid correction of Na* concentration after chronic hypo-
natraemia induces astrocyte apoptosis prior to myelin
disruption in vivo,’ suggesting that astrocytes could be
more vulnerable to alterations in the extracellular Na*®
concentration than oligodendrocytes. In light of these find-
ings, a primary question arises as to whether altered Na*
concentrations could be a trigger for cell death. Early
studies have revealed that a critical trigger in apoptosis is
the release of cytochrome c¢ from the mitochondria and
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MATERIALS AND METHODS
Astrocyte culture

Primary astrocyte cultures were prepared from rats on
embryonic day 18. Foetuses were removed from deeply
anaesthetized Wistar rats on day 18 of gestation by laparot-
omy under sterile conditions. The cortex and cerebellum of
embryos were removed and immediately placed in cold
Dulbecco’s modified Eagle’s medium (DMEM) (Sigma)
followed by removal of associated meninges, followed by
mechanical disruption by trituration using a Pasteur pipette.
Cell suspensions were diluted with DMEM/F12 (Sigma)
supplemented with 10% heat-inactivated foetal bovine
serum (Gibco), 100Uml™" penicillin and 100 pgml™
streptomycin. After filtration through a 70-pum pore size cell
strainer (Falcon), the cell suspension was centrifuged at
100 g for 5min. Cells were seeded into 75-cm? flasks at a
concentration of 1x107 cells in 20ml of medium.
Astrocytes were cultured to confluence (10days) in an
incubator with 5% CO, at 37 °C. The media were changed
every 2-3days. Upon reaching confluence, cells were
detached using 0.05% trypsin per 0.02% EDTA. The disso-
ciated cells were then washed and collected by centri-
fugation (100 g, 5min) and suspended in growth medium,
and plated at 2 x 10% cells/plate in tissue culture plates pre-
treated with poly-L-lysine and cultured to confluency over
approximately 7days. Cells were then trypsinized and
reseeded at 5x10* cells in 35-mm tissue culture dishes
pre-treated with poly-L-lysine and cultured in growth
medium for 2days. Growth medium was aspirated and
replaced with experimental media (one half Na*; 76 mM,
normal Na*; 153 mM, twice the amount of Na*; 306 mM),
and the cells incubated for 60 h. Following the exposure to
varied [Na*], the medium was replaced with normal Na*
medium, and the cells cultured for an additional 24 h.

Immunocytochemistry

Cells were fixed with 4% paraformaldehyde in PBS for 1h
and then incubated in a blocking buffer containing 0.1%
Triton X-100 and 5% bovine serum albumin in PBS for
1 h at room temperature. Cells were incubated with primary
antibodies, anti-glial acidic fibrillary protein (GFAP)
(1:1000, Calbiochem) and anti-cleaved caspase-3 (1:1000,
Cell Signaling Technology), overnight at 4°C. After
washing, the cells were incubated with the secondary
antibodies, Alexa Fluor 488 goat anti-mouse IgG (H+L)
(1:1500, Life Technologies) and Alexa Fluor 546 goat
anti-rabbit IgG (H+L) (1:1500, Life Technologies), for
40 min at room temperature followed by counterstaining with
4’ 6-diamidino-2-phenylindole (DAPI) in VECTASHIELD
(Vector Laboratories).

Counting of astrocyte death

Cells were examined at 200x magnification using an epiflu-
orescence microscope (Leica Microsystems). For quantifica-
tion, six random fields were captured from each dish, and
labelled cells were manually counted by a researcher
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blinded to the treatments. The rate of astrocyte apoptosis
was calculated as the ratio of caspase-3-positive cells to
the total number of GFAP+/DAPI+ cells.

Quantitative reverse-transcription PCR

RNA was isolated using QIAzol (Qiagen) following the
manufacturer’s protocol. RNA quantity was determined by
absorbance at 260 nm. First-strand complementary DNA
was synthesized from 500 ng of RNA using an iScript kit
(Bio-Rad Laboratories). Real time PCR was performed
using SYBR Green in reactions run on real time PCR sys-
tem (Applied Biosystems).

Statistics

Samples were analysed for statistical significance by either
the Student’s r-test or by one-way analysis of variance
followed by Newman—Keuls multiple comparison test.

RESULTS

Differential effects of extracellular Na™ concentration on
apoptosis rate in cultured cerebral and cerebellar
astrocytes in vitro

After 60-h incubation in twice the amount of Na* media,
the number of cleaved caspase-3-positive cortical and
cerebellar astrocytes (GFAP+, cleaved caspase-3+ and
DAPI+) was significantly higher than in normal Na* media
(Figure 1A, B). A previous study had indicated that Na*-
dependent neuronal death is through voltage-gated Na*
channel;!” therefore, we examined whether high Na*-induced
astrocyte apoptosis is through voltage-gated Na* channels by
treating cultures with the voltage-gated Na* channel blocker
(tetrodotoxin, TTX). While TTX treatment prevented high
Na*-induced apoptosis in cerebral astrocytes, cerebellar
astrocytes were not affected (Figure 1A, B), suggesting that
high Na*-induced apoptosis in cerebral, but not cerebellar,
astrocytes occurs, at least partially, through the activity of
the voltage-gated Na™ channel. To further investigate the
function of voltage-gated Na* channels in astrocyte apopto-
sis, we applied the voltage-gated Na* channel activator, verat-
ridine, to cultured astrocytes in normal media. Veratridine
application significantly increased the apoptosis rate of both
cortical and cerebellar astrocytes (Figure 1C, D). Next, we
also hypothesized that blocking of voltage-gated Na* channel
would prevent apoptosis vice versa. However, the voltage-
gated Na* channel blocker, TTX, failed to decrease the
apoptosis rate of both cortical and cerebellar astrocytes in nor-
mal media (Figure 1C, D). To confirm that low Na* concen-
tration in astrocytes does not affect apoptosis, astrocytes were
grown in DMEM with one half Na* for 60 h and observed.
Interestingly, low Na* concentration significantly suppressed
apoptosis compared with normal Na* in cerebellar astrocytes
(Figure 1E), but cerebral astrocyte apoptosis was comparable
between one half Na* and normal Na* (Figure 1F).
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Extracellular two times Na' exposure for 60 h markedly increased the number of caspase3+/GFAP+/DAPI+ cells in cerebral and cerebellar astro-

cytes compared with normal Na* (A, B). Two times Na*-dependent apoptosis was partially blocked by TTX in cerebral astrocytes but not in cerebellar astro-
cytes (A, B). TTX application for 60h in itself had no effect on apoptosis in either cerebral or cerebellar astrocytes in normal media (C, D). Veratridine
application for 60 h substantially increased astrocyte apoptosis in cerebral and cerebellar astrocytes in normal media (C, D). Extracellular one half Na" exposure
for 60 h reduced astrocyte apoptosis in cerebellar astrocytes but not in cerebral astrocytes (E, F). *, p <0.05; **, p < 0.01; ***, p <0.001

Exposure to low extracellular Na* increases Na*-Ca®*
exchanger expression in cerebellar but not in cerebral
astrocytes

In light of the differences observed previously, we wished to
define potential cellular means by which the difference in
response between cerebral and cerebellar astrocytes to low
extracellular Na™ occurred. Given the absence of an effect
of TTX on astrocyte apoptosis (Figure 1C, D), we hypothe-
sized that Na*-dependent glutamate transporter (GLAST
and GLT1) and/or Na*™—Ca®* exchanger (NCX1, NCX2

Copyright © 2014 John Wiley & Sons, Ltd.

289

and NCX3) would be involved in the prevention of low
extracellular Na*-induced apoptosis in cerebellar astrocytes,
in part, because of earlier work reporting a contribution of
the Na'-dependent glutamate transporter and Na*—Ca>*
exchan%er function in astrocyte death after mechanical
injury.1 First, we measured mRNA expression of GLAST,
GLTI1, NCX1, NCX2 and NCX3 in both cerebral and cere-
bellar astrocytes cultured in normal media. Interestingly,
GLAST and GLT1 expression levels were much lower in
cerebellar astrocytes as compared with those in cerebral
astrocytes (Figure 2A, B). In contrast, NCX2 expression

Cell Biochem Funct 2014; 32: 395-400.
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Figure 2. GLAST and GLT! expression was much higher in cerebral astrocytes than in cerebellar astrocytes (A, B). In contrast, NCX2 expression in cere-
bellar astrocytes was three times as high as in cerebral astrocytes (C). NCX3 expression was comparable between cerebral and cerebellar astrocytes (D). In
these experiments, astrocytes were cultured in normal media (A-D). While one half Na” exposure for 60h had no effect on the expression of GLAST,
GLTI, NCX2 and NCX3 in cerebral astrocytes (E); only NCX2 was significantly increased in cerebellar astrocytes but not GLAST, GLT1 or NCX3 (F). *,

p <0.05; #*F, p<0.01; ## p<0.001

was higher in cerebellar astrocytes than in cerebral astro-
cytes (Figure 2C), while NCX3 expression showed no
difference between the two kinds of astrocytes (Figure 2D),
and NCX1 could not be detected in either. Next, we exam-
ined the effects of one half Na* exposure on the expression
of GLAST, GLT1, NCX2 and NCX3 in both cerebral and
cerebellar astrocytes. While reduced extracellular Na*
caused a significant increase in NCX2 expression in cerebel-
lar astrocytes but not in cerebral cortical astrocytes
(Figure 2F), GLAST, GLT1 and NCX3 expression was
not different between the two conditions (Figure 2E, F).

Rapid Na* correction after low extracellular Na* exposure
induces apoptosis of cerebellar, not cerebral, astrocytes
in vitro

With CPM occurring, in many cases, because of
overaggressive correction of hyponatraemia leading to
astrocyte apoptosis followed by myelinolysis,” we examined
whether Na*-correction to normal levels would lead to astro-
cyte apoptosis in vitro as well as in vivo. As expected, rapid
correction of one half Na* to normal Na* levels significantly
increased the apoptosis rate in cultured cerebellar astrocytes
(Figure 3B) but unexpectedly showed no such effect in
cultured cerebral astrocytes (Figure 3A). In addition, TTX
application failed to suppress the apoptosis of cerebellar
astrocytes (Figure 3A, B).

DISCUSSION

In the current study, we provide the first evidence that
extracellular Na™ level can be a critical factor in the induc-
tion of astrocyte apoptosis. Both exposure to high extracel-
lular [Na*] and voltage-gated Na* channel opening caused

Copyright © 2014 John Wiley & Sons, Ltd.
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Figure 3. Rapid correction of one half Na* exposure for 60h (one half

Na™ to normal Na*) had no effect on the number of caspase3+/GEAP+/
DAPI+ cells in cerebral astrocytes (A). The number of caspase3+/GFAP
+/DAPI+ cells in cerebellar astrocytes was remarkably increased after rapid
correction of one half Na* exposure for 60h (B). TTX application had no
effect on the rapid correction-induced apoptosis in either cerebral or cere-
bellar astrocytes (A, B). *#, p <0.01

apoptosis in both cerebral and cerebellar astrocytes, while
pharmacologic blockade of voltage-gated Na* channels
prevented enhanced apoptosis with high extracellular Na*
in cerebral astrocytes only. These findings suggest that high
intracellular Na* can play a role in the induction of astrocyte
apoptosis and that activation of the voltage-gated Na*
channel, at least partially, may be a critical participant in this
pathway. In contrast, low extracellular Na* reduced apopto-
sis in cultured cerebellar astrocytes, without affecting
cerebrum-derived cells, and interestingly, TTX application
did not diminish apoptosis in either cerebral or cerebellar

Cell Biochem Funct 2014; 32: 395-400.
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astrocytes. These results suggest that TTX-sensitive voltage-
gated Na* channel function is not involved in the causal
steps associated with low extracellular Na®-dependent
prevention of cerebellar astrocyte apoptosis, implying the
contribution of TTX-resistant voltage-gated Na* channels
such as Navl.5, Navl.8 and Nav1.9.'82° Alternatively,
because it has been shown that the Na*-dependent glutamate
transporters, GLAST and GLT1, are differentially expressed
in cerebral and cerebellar astrocytes,?' we hypothesized that
different responses of GLAST and GLT1 to low extracellu-
lar Na* would lead to variant consequences in apoptosis.
However, neither GLAST nor GLT1 expression was
altered after exposure to low extracellular Na*. On the
other hand, the expression of NCX2, but not NCX3, was
increased after low extracellular Na* exposure. Because
GLAST and GLT1 expression is much lower and NCX2
expression is higher in cerebellar astrocytes than in cerebral
astrocytes (Figure 2A, B, C), the Na*—Ca** exchanger might
play a more pronounced role in Na*-dependent astrocyte
apoptosis rather than the Na*-dependent glutamate trans-
porter in cerebellar astrocytes, particularly, in view of the
increased expression of NCX2 in cerebellar astrocytes after
one half Na* exposure. Mechanistically, increased expression
of NCX2 in cerebellar astrocytes might exclude more Ca** in
media with one half Na* than in cerebral astrocytes, which
might suppress astrocyte apoptosis.

Central pontine myelinolysis is known as a fatal condition
of myelin impairment ensuing after overly rapid serum Na*
correction, whereas myelination in other brain regions such
as the cerebral cortex and hippocampus, even including the
cerebellum, can also be damaged in additional similar condi-
tions in humans, referred to as extrapontine myelinolysis.”> >
Clinically, there appears to be region-specific differences in
myelinolytic susceptibility in each human case” In a
published rat model, there was also brain region-specificity
in both astrocyte and myelin disturbances, the cerebral cortex
and hippocampus being damaged but not the cerebellum,
implying that cerebellar astrocytes and myelin are relatively
resistant to extracellular Na* alteration in vivo. In contrast,
our findings suggest that cerebellar astrocytes are more
susceptible to extracellular Na* alteration than cerebral astro-
cytes in vitro. This controversy might be because of differen-
tial expression of Na*-related channels or transporters when
astrocytes are cultured. In fact, GLT1 is predominantly
expressed in the cerebral cortex and hippocampus, and
GLAST is expressed in the cerebellum in vivo,?" whereas
our current study revealed much lower expression of both
transporters in cerebellar astrocytes than in cerebral ones
in vitro. Although the mechanism of differential astrocyte
apoptosis in vivo needs to be studied, it is clear that cerebral
and cerebellar astrocytes display differential sensitivity to
extracellular Na* alteration. Here, we have found that
chronic one half Na* exposure increases NCX2 expression
only in cerebellar astrocytes already intrinsically express-
ing relatively high NCX2, which suggests that further
potentiated NCX2 function might lead to low one half
Na*-induced apoptosis prevention and might also be
involved in the marked astrocyte death that occurs after
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rapid Na* correction of chronic hyponatraemia in vitro
and possibly in vivo. The mechanism in which even normal
[Na*] increases the apoptosis rate of cerebellar astrocytes

remains elusive. Because the direction of the Na*—Ca®*

exchanger (forward; Na},—~CaZ’, reverse; Naj,—CaZt) can

be reversed by Na* influx,?® rapid correction of [Na*] even
to a normal level might reverse the Na*-Ca®* exchanger
direction (Na},—Ca%' to Naj,—CaZ,) leading to Ca* influx
and the subsequent apoptosis together with elevated
expression of NCX2. Although further studies are needed,
these findings could shed light on important approaches for
the prevention or mitigation of CPM.
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Profiling Psychiatric Inpatient Suicide Attempts in Japan
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ABSTRACT: Suicide is an adverse event that can occur even when patient are hospitalized in psychiatric facilities. This study
delineates the demographic characteristics of suicide attempts in mental hospitals and psychiatric wards of general hospitals in
Japan, a country where the suicide rate is remarkably high. Analyses of incident reports on serious suicide attempts in psychiatric
inpatients were performed using prefectural incident records between April 1, 2001, and December31, 2012. Suicide reports were
included for 35 incidents that occurred over 1lyears, and demonstrated that 83% of patients (n=29) committed suicide and 17%
(n=6) survived their attempt with serious aftereffects, such as cognitive impairment or persistent vegetative state. The male/female
ratio of inpatient suicide was 1.5:1. The mean age of the attempters was 50.5 years (SD = 18.2). The most common psychiatric
diagnoses for those with suicide incident reports were schizophrenia spectrum disorders (51.4%) and affective disorders (40%).
Hanging (60%) was the most common method of suicide attempt, followed by jumping in front of moving objects (14.3%) and
Jjumping from height (11.4%). Fifty-four percent of suicides (n=19) occurred within hospital sites and the remainder (46%, n=16)
occurred outside hospital sites (e.g., on medical leave or elopement) while they were still inpatients.

Key words: Inpatient, suicide, Psychiatry, Japan

INTRODUCTION during hospitalization between April 1, 2001 and December 31,
S . ) . ) 2012. We obtained personal data from incident reports provided by
Suicide is a worldwide public health issue. According to a World the Nara Preventive Health Division of the Nara Prefecture Office.

Health Organization (WHO) report, one million people per year
commit suicide throughout the world (WHO, 2013). It is noteworthy
that in Japan, more than 30,000 suicide incidents have occurred per
year for 14 consecutive years since 1998 (Cabinet Office, Government
of Japan, 2013). Although the number of suicides has slightly
decreased in the last two years, the suicide rate is still remarkably PROCEDURES
high at approximately 22 per 100,000 persons (WHO, 2013). In the
Nara prefecture of Japan, approximately 250 people (roughly 18
per 100,000 persons) commit suicide every year (National Police
Agency, 2013). Compared with other countries the rate of suicide
in Japan is higher than the rate in the United States (11 per 100,000
in 2002) (Mann et al., 2005) and the average world rate (14.5 per
100,000) (Hawton & Heeringen, 2009).

The incident reports were submitted from nine mental hospitals and
one psychiatric ward of a general hospital in Nara, for a total of 2,700
psychiatric inpatient beds.

Incident reports were submitted to the prefecture office from
mental health hospitals when a serious incident occurred. We
retrospectively investigated and analyzed the data regarding serious
suicide attempts in psychiatric inpatients using these reports. We
collected clinical data and demographic characteristics: age, sex,
diagnosis, method of suicide attempt, time and location of incident,
and outcome. Psychiatric diagnoses from medical records were based

There is a strong association between suicide and psychiatric on the International Classification of Diseases, Tenth Revision (ICD-10).
disorders, and studies show that more than 90% of all completed
suicides fulfill the criteria for at least one psychiatric diagnosis

(Conwell et al., 1996; Foster, Gillespie & McCelland, 1997; Isometsa RESULTS

et al., 1995). Psychiatric inpatients are known to be at high risk for Thirty-five incidents of attempted suicide were reported over the
suicide (Appleby, 1992) with a prevalence rate of 13.7 per 10,000 eleven-year period. The inpatient and suicide attempt characteristics
admissions (0.137%) (Powell, Geddes, Deeks, et al., 2000). While are summarized in Table 1. The number of suicide attempts was

suicide is the sec.ond most c%rlxm})n‘ adC\:/erse event i;oil;spiltlals, higher in males (60%; #=21) than females (40%; n=14), and the mean
foll;)wmfu (\;fronggif I;ehztz:gee%inecei hg;n:talonilr{](;zsilr?;:iems ir)x’ dt t:le age of the attempters was 50.5years (SD=18.2) (males, 51.6 years,
are low studies whie priaL suich o SD=17.8; females, 48.8 years, SD=19.3). The age ranges in which the

In this report, we define the demographic characteristics of suicide b o
attempts that occur in inpatient psychiatric settings in Nara Japan. ighest number of suicide attem}?ts t‘ook. place was 40—49 and 60-69
years. The most common psychiatric diagnoses were schizophrenia
spectrum disorders (51.4%; »=18) and affective disorders (40%;
MATERIALS AND METHODS n=14). With regard to when suicides took place, 31% (n=11) occurred
during the night (20:00-8:00) and 66% (n=23) occurred during the
day (8:00-20:00). Fifty-eight percent (n=11) and 42% (#=8) of the
The study participants were inpatients who attempted suicide incidents which took place within hospital sites occurred during the
day (8:00-20:00) and night (20:00-8:00), respectively. There were
also 16 suicide attempts that occurred outside hospital sites.

Participants

Correspondence regarding this article should be directed to:
mmm@naramed-u.ac.jp Eleven of 16 attempts occurred while patients were on a
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Figure 1. The time of suicide attempt. (A) The number of incidents every two hours. (B) In total, 66%and 33% of incidents occurred during the day and
night, respectively, and 3% were unknown. (C) Within hospital sites, 58% and 42% of suicide attempts occurred during the day and night, respectively.
Outside hospital sites, 75% and 19% of incidents took place during the day and night, respectively, and 6% were unknown.

Table 1
Characteristics of psychiatric inpatients and methods of suicide attempt
Male Female All
n=21 (%) n=14 (%) n=35 (%)
Mean Age (S.D.) 51.6 (17.8) 48.8 (19.3) 50.5 (18.2)
Age
10-19 0(0) 1(7) 1(3)
20-29 3(14.2) 1(7) 4 (11)
30-39 3(14.2) 2(14) 5(14)
40-49 3(14.2) 4 (29) 7 (20)
50-59 3(14.2) 3(22) 6 (17)
60-69 5 (24) 2 (14) 7 (20)
70-79 3(14.2) 0(0) 3(9)
80-89 1(5) 1(7) 2 (6)
Diagnosis (ICD-10)
F1 1(5) 0(0) 1(3)
F2 10 (47) 8 (57) 18 (51)
F3 9 (43) 5 (36) 14 (40)
F4 1(5) 0(0) 1(3)
F5 0(0) 1(7) 1(3)
Suicide Method
Hanging 10 (47) 11(79) 21 (60)
Jumping in front of a moving vehicle 4(19) 1(7) 5(14)
Jumping from height 3(14) 1(7) 4 (11)
Head injury 1(5) 0 (0) 1(3)
Cutting 1(5) 0(0) 1(3)
Drowning 1(5) 0(0) 1)
Gas-poisoning 1(5) 0(0) 1(3)
Suffocation 0(0) 1(7) 1(3)
Suicide Location
Within hospital site 8 (38) 11(79) 19 (54)
Outside hospital site 13 (62) 3(21) 16 (46)

F1: Mental and behavioural disorders due to psychoactive substance use

F2: Schizophrenia, schizotypal and delusional disorders

F3: Mood disorders

F4: Neurotic, stress-related and somatoform disorders

F5: Behavioural syndromes associated with physiological disturbances and physical factors
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medical leave from the hospital and the other five occurred after
patients eloped. Suicide attempts outside hospital sites occurred
predominantly during the day (75%; n=12) versus the night (19%;
n=3), with one occurring at an unknown time (Figure 1). Hanging
(60%; n=21) was the most common method of suicide attempt
followed by jumping in front of moving objects (14.3%; »=5), and
jumping from height (11.4%; n=4) (Table 1). The relation between
suicide locations and methods is shown in Table 2. Fifty-four percent
(n=19) of these suicide attempts occurred within hospital sites, 79%
(n=15) of which were completed by hanging. Of the 46% (#=16)
of suicides that occurred outside hospital sites, 37.5% (n=6), 31.3%
(n=5), and 18.8% (#=3) were completed by hanging, jumping in
front of moving objects, and jumping from height, respectively.
Hanging with a towel or belt on a doorknob or a bedside rail was the
most common method of suicide in hospital rooms (data not shown).
With regard to outcome, 80% of the incidents (»=28) resulted in
completed suicide and 17% (n=6) survived with serious aftereffects
such as cognitive impairment and persistent vegetative state; one
case was unknown (Figure 2).

DISCUSSION

While suicide attempts in hospitals seem rare (Crammer, 1984),
the prevalence rate in hospitalized patients is three times higher than
that in the general population (Dhossche, 2001). As noted, completed
suicide is the second most common adverse event in hospitals
(Dhossche, 2001), and incidents typically result in the medical staff
feeling guilty (Bowers, Banda & Nijman, 2010). Because previous
studies have reported that psychiatric inpatients are at high risk for
suicide (Appleby, 1992; Powell, 2000), and since there have been no
studies on suicide attempts in psychiatric inpatients in Japan where
the prevalence rate is very high, we retrospectively investigated the
clinical characteristics of suicide attempts in psychiatric inpatients in
the Nara prefecture over eleven years.

The results of our study are very similar to those from other

Outcome
Compleate suicide 80 %
with severe aftereffects 17 %

unknown B3 %

100

0 20 40 60 80
Percentage (%)
Figure 2.
Suicide attempt outcomes. In total, 80% and 17% of incidents resulted
in complete suicide and survival with severe aftereffects, respectively.
The outcome of 3% was unknown.

Table 2

countries (Elizabeth, David, Julia, et al., 2001; Proulx, Lesage &
Grunberg, 1997). The male/female ratio was 1.5:1 in our study,
which is similar to those in most previous studies (Elizabeth et al.,
2001, Proulx et al., 1997). The most common psychiatric diagnoses
were schizophrenia spectrum disorders (51.4%) followed by
affective disorders (40%), which is also similar to those in previous
reports (Proulx et al., 1997). These studies, including ours, suggest
that clinicians should give more attention to suicide risk in patients
with schizophrenia spectrum disorders and affective disorders.

With regard to the method used for suicide attempts, hanging
was the most frequent means in nearly all reports, including ours
(Elizabeth et al., 2001; Proulx et al., 1997), and seems to be a typical
means of inpatient suicide. Similar to a previous report (Proulx et al.,
1997), the rate of hanging in our study was much higher in hospital
sites (79%) than outside of them (37.5%), indicating that hangings in
hospital sites could possibly be prevented by removing likely means.
Whereas one study suggests that the time during which the risk for
suicide is the greatest is between the hours of 15:00-18:00 (Vollen,
et al., 1975), another study shows that 08:00—12:00 is the riskiest
period (Powell et al., 2000).

We had expected the risk of suicide attempts would increase
during the night when fewer staff were working. However, our study
revealed that only 31% (»=11) of all incidents occurred during the
night (20:00-8:00) and more than double (66%; #n=23), during the
day (8:00-20:00). In addition, our investigation on the time and
location of the incidents showed that suicide attempts occurred more
frequently during the day than the night, regardless of whether they
took place inside or outside hospital sites. These results suggest
that even during the day when many staff can observe and care
for inpatients, it is necessary to pay attention to the risk of suicide
attempts. As for the tools used for hanging, towels and belts on
doorknobs and bedside rails were the most common, seemingly due
to their ease of access, even in locked wards. Therefore, removing
towels and belts as much as possible, particularly within hospital
sites, and refurbishing hospital rooms without doorknobs or bedside
rails could possibly reduce the number of suicides among psychiatric
inpatients.

Despite the compelling results from this study, there were some
limitations that should be noted. First, this study relies on a small

amount of data retrospectively collected through incident reports.
Second, we were unable to assess some key information, for example
length of stay and noted stressors. Finally, although we used data
from several sites, our results cannot be generalized to all Japanese
facilities. Therefore, an increased number of prospective samples
in larger areas is needed to better delineate the characterization of
suicide attempts in psychiatric inpatients. Although the ability to
predict suicide accurately is limited, we may be able to prevent some
fatal outcomes by understanding more characteristics of psychiatric
inpatient suicide attempts.

Relationship between Location and Methods

Within hospital site

Outside hospital site

n=19 (54 %) n=16 (46 %)
Hanging 15 (78.9 %) 6 (37.5 %)
Jumping in front of a moving vehicle 0 (0 %) 5(31.3 %)
Jumping from height 1(6.3%) 3(18.8 %)
Head injury 1(5.3%) 0 (0 %)
Cutting 1(5.3%) 0(0 %)
Drowning 0 (0 %) 1(6.3 %)
Gas-poisoning 0 (0 %) 1(6.3%)
Suffocation 1(5.3 %) 0 (0 %)

Bold number: percentage of total incidents

Italic number: percentage of incidents either within hospital site or outside hospital site
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TdHhdo FHMHEREIHRELE L CHOTEWICESLZ &AF
%L, BEPSBIICES T TEYISEORIIIREL VD
nTws 1,

20094 B2 ) DEROEHIHEEIMRE L LT, HARIHEAN
2 h 1 A2 ¥— (Near-infrared spectroscopy; NIRS) % v /-5
NRZTG 7 4 —BEPBEEFEHEICEEERSE LTETEA
7oo NIRSITIEFRISEE W COREROBRL MET 23T,
M FEDEEANE SO Y VIRE (Joxy-Hb]) nE{LEZREL,
MEMICRMREEFRETERLEINTYE Q. XN FEST
T 4 A TIE, NIRS % v TE MW ILE (Verbal fluency

FIRERRFERFEREL IR RER 2
BB ACER SR R 11
FR2641 A 31 HZHE

26

test; VET) ki 2 0 [oxy-Hb] 8 LB % WIsE L, [HEiEE)
OIRERGE] #RTE3IN2BoEL, THEESHORER
o] 2 RTESNDZELMEEL V) 20DINT A —F —%HH
L, S5 miiiioFigERer s, MES oS HPE
WL AEMTATY) X82h b0, oMK E  Q1dE)
T AR GALT) TH AE /ST — o O EIRRE (54
Phl, 114k) TERAEIREGLE W R)TH L REEREE
Ry =, FEDMEIVNE  (I3LLE, 54k B OMEA R (54
UTF)YTharKI) DNy — 2, Bo@EHFNSEA3LE,
Fifl) BAMEAHIEGL L YV R) THAMAEKFE T -, W
FTIUILHTIEFE SR VIEREISY — v D52 KFIT HET,
3 DEEROEZ R (LT, NIRSEZH) A TEBEINT
W5 (36)o 2 F N MARMEREE (2 B\WTiE, BRI HIRIEL -
THESEB WD TEAUREMAI M TEZEEL S, L2L, BH
SOENTN T ALIEFICHESTORSIKRLTEY,
BB TO ROV T ORENEA v VETHROREEERD R
B, BEEBLR) OWRUESE, BREEE MEeRRELY
DREMELSEELELOLETIE, EEEEREIZVLOD,
EoE(RERGE) CEEEPTED LN, HEEEO [oxy-Hb] &
ILEFBEHEERENRA ) — o v VREBELERLEZLNT
BY (@), VFT L AEROBFTRPHEET L Z EATREINT WA,
—FT, EOBEIEENEROMSFERSTEY, F
THIBEEEIRRANIIETEESHET 2 REELEESS
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NIRS % AV 72 BUB IR & O R IREME OIS

W ENTWVE (B12), REEBHEDOS > NBEEZEE T,
FEEBEOZVWIBEBESE B L CHENLEL, BX
E BHREREEESSVR CERFEELRERNFH L
PREEINTBY (1315, FULHABREEETLRELERENE
ECEYENERERIEL LT REEY? D 2,

E512, BETUERAERTES COBEEHMREEERTS
T EEREABERENEHINTYED, BBERETY,
K OF|, BENWE, BE BEREFLEY - FowvFhiiBnT
YEEZINMBREZENALIL, FOHE0WLOPIRESTH
RELTOLRBERTLLEENTVS 16). 29 LA WEERE
EORMBHESEMEISCHFEL AN, TEV - F2E 1)K
FTIZONTEATLLOHELH2H°(18), LT LL—FLT
Bo¥, FEERUEL FOBEHNEROBENEZ LN TV,

ZF07-0, BREHEEOMEIIERZBIIERTRTHY,
NIRSZHIIZO—Bc 2B L EZ BN TWA, FEbIbh
X, BBEEESREEBEOTETEYFNTRERICEN
HEMPEIDERELPICTHIEREWE LT, EWSEiyiis
BLLTHMRI I 74— BEMREOBELRE L. T4
b, BERDHE NIRSEH G —H L - BER T FEEELED
HET2BRIIHIT, BEESF7 4 —BRETES NS HIFEL
oLl LB ERERGE), E0E@ERCE) 1
ERE L7z, e TERCBRIM L COFRETF, BREK
& OFHBI D ARET L 720

B A &E
1. % &

#:B% % 14 Diagnostic and Statistical Manual of Mental Disorder,
4th edition (DSM-IV) THBERECBRIRZ T+ 1572324
(B:14%, 7:18%, F19:39.7x114m%) & L7z, FEHIZ20%
~59FOEEE L. €flENENEEBANECALRE*BES
ELTwi,

FERT T 7 4 —REOREEIBERAS, HES 0L EF
HETREBENTVS [54=HoH<114, 54 <H.LMH] %W
7L (6). 25z, BEETHRNR LB O REEE S —
UERTHERE SR L L7, Structured Clinical Interview for
DSM-IV Axis I Disorder (SCID-) # W TEEE L WV REKEF
FEE L, DSM-IVCTBE SN BHEROBREESCTFEESS
o B1EHESHDZVIIE2EHRIEIC, RO OREEE, WE
HEENBIZE-RENSIAL LIS ET RELRED D
EL, RELBESS LT, RIELEER) L REERE
A WEE (LT, FREMIE) 0 o, BEREIREMmICIE, 5
DHEREMR E £ L CStructured Interview Guide for the
Hamilton Depression Rating Scale (SIGH-D), £Af%ayfEi#EEsT
{li R B & L T Global Assessment of functioning (GAF), #§5:2
HARER AR E & L T Japanese Adult Reading Test JART) % H
Wioo BRYVER X, MEREMEER, WMEER LIS ER
BEOBRE, TLa—-LeERORLARE, BMEHR BEHA

DIEBAITOELEE L7, BBEIISFSRER REREE
RHT, I OEH L VIEIETREEICLBMEL )T T,
REMRENRAIL 7 oL 7o v Y VIRE (CPIBRE) 2175 72
BRAMEOEOEDSZE V- F bR RS T 7 1 —EF
TOMEE Lz,
2. EEEE

BIEEEREIZSuto & (19) D FEIIZ R S WVFT # Hwv /2, VET
ITEMREE, ABNRBEORESN, BFHNE, FiTRiERY
ZL ORMBEIESTHEEL LN TS, VET 2 Hv 728k
FUFHEEIIBET 2RENS, AERHET IHRERD
VS, FBEEIZL B VETIE, BRI THEEEZBRETL L
W EBEOEEERFEZIRLANS, EFEIGEYRSE
TAHEWI)RMRKEEZ RO DBETH Y, FITHLE - MEEE
DR LT 5 & SN 5D (200, AFFSEIL, BEEETHVS
NTWVLMEIIELENEDLLVFTY A7 2 Av:, 300
DTVNR—=AF4 - 0BEOVFTHRERME - 70 E O R A
FR—AF 1 T [oxy-Hb] DZE{LE % Integral mode THIE
L7ze N—RT 4 VEIETIE, MABREL LT [H, v, 9, £,
Bl z#@VELBAD LT L. OMHOBREXE T,
ERBWEEL LT20MHITLIZ1ITFE (&, &, ], 2XF
Bl & wl 3xFH M, B, 2] #6552 TIX
FEFORBY, 3ODELFWMTIILELAEEL R L LIER
L7z 512, P AZETHOERGZEEOHFRGE L.
3. NIRS 4T

52F v ¥ 7V ONIRSE & (ETG-4000, HIL A 7 1 a4b8L,
B, HAR) % fAvy, {5IE Beer-Lambertlaw DEFRILED 20D
1% & (695nm - 830nm) T [oxy-Hb] Z#BIE L7z 70— 7ILERE
1020 D T3Fpz T4 D T 4 ¥ 2B FRAELAR S5 5 B
sEL, HIGHER - MIBEERICE52F ¥ VA NDH B L IZEHBL
Foo T THHREF ¥ A VET3em TH o 72, B REE
THBHFIZ X VlEERT o . BBREOEBCEROTE %
Ll T57:0, BBEWNFOE_y —IitEY— 7 2BRL,
BExFo9 CULALTERZREL, RIEBOBHEZER L.
HERA Y MEIF v AN H52F THEASETIZIEIZE
R (EL H2) EEI020FEICEOVERELEE,
F % v R VD EELIZ Montreal Neurological Institute (MNI) 2
BOZRTEMEE L OREENIS, KEE & B 2000
WHDHEESNTWE (M3)E). F72, FF v v A NVIINIRS#
fEIC & 0 RTSEER & MIBEERIS A4 S 7 [oxy-Hb] 12 0.1 848 125
B, BEiPHIsHEEMAL L, 5%, loxy-HblZLE
HMEHE SN, BHERMIZEBITS [oxy-Hb] 0 EBETH ESE
(RERGE) &, BEBEKRN>OBERTROREIIBT A
loxy-Hb] Bt EDEME EOP.LEETH 5 E0E (BIE G
)75, VFTLR—- M LTEHEITEH SN By —
F0IE, T—FT7 77 MRAPSVWEENDEF ¥ Y A V1h
5210 EE2B AR L, BIHEMBILF v > 2, HHEBHLE10

F v v AV, EAGERI0F v L AN OE3LF ¥ v RV THE

27
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LAa(E)e 7—F 777 FOgEIZIT Takizawa 5 A5 5 L 72
HE)7—F 7727 NRETLTY) X L% FEV(22), BB - &
BISEEE - ERIEMOFNENTEYDF v v 2 V6 U LD
F—¥ERA L.
4. FRARFIE

AN, ERIRSHT & NIRSHBHEI O —HE 4 W~/ KIC, 4#
R & JE4RATEIC 4T, Multiple data analysis % V> TH &
Fi I & FESRFUTE O (oxy-Hb) FH . & (ERL L (4), 015042
FRER SN/ [oxy-Hb]| ZE{LEDOUED 7 T 7 % BB L (K5), #
MR EEMEMZ P Tz S50, HFE L JRHLRME TRIGELS:
ISR O £31F v v AV OMSHE (RERICK), E.OE (RE
RIGHE) 2 B L, FREMMEICHET 2L/, T2
SRR L IERRBOLETF ¥~ A VOMSE (RIS RGR), El
il (BIE BUG ) & REFRIAR DAY 2 i<, RERIM o %
R VA
5. HEEtRRAT

BB L IE M B O F S, BRI, BEEH VFTEHHE
REHROHBUIHIS D W tREZ v/, S & IR S
DELIE, FURMRENRLEO LB 2 EREEX HV /2,
7o, HMEF L IEEMBED [oxy-Hb] Z LR, HoME (BIE RS
fit), UM ORIE BUGHE) O HB i S o 2 v tiRsE & B v 7z,
BYMFIF & LT, AL LA O SIGH-D #4 5, GAF# 4,
JART T15 5 415 Estimated Full Scale Intelligence Quotient(#t
SEFIQ) {2 Mann-Whitney U f7E & v 7z AR & FFEMBT O
TR (BRE RUG ), FOE (BE UG ) & BmEIE & o
B - Pearson B R 5% F\ 720 & T OKEEHEATIZp <0.05 %
BHE Lo MEMENTIE Windows 7 b ™7 = 7 O Statcel3 % Fl
W THT o 720 tE 7 7 7 O 1E B 12 ETG-4000 @ multiple data
analysis & Fv 7z,

1. KEEEEAETLF v 2 2LV OERE
Fx ANV KEEHE EOWIRMENHAR, F v~
FN220552D£31F v v RV EEIEICH W,

28

KRR

6. fRIZHECHE

BRIz ET S, HBRECHEOTEY +oHM L LTXE
WL ARBEABTIT o, T2, AHEIIERERKEROMK
HEEERSIITERPEINTEY), HBEEOANEL TN
Y—OPEICEEL, REMMNECTSREL TITo 2,

& R

. —HBREBEER

ﬁﬁ%&wvﬁ%% ST & NIRS#Z Mo —E1320% T, —3K
FL1625% Th o7z BBITOME, EHEI7T—F 777 MEETLVT
) ZLDBATHRILNENF v > R o T RERREME
ORET2EIZFT LA, EMBI0% (5348, K714,
F19:353+11.38%), FEHEMBI0% (B: 44, K65 Fib:
407118/ ) TH o 720 11 FIAH ) 2K, 16FIVKRFTREE,
6 FIASHUREREE, Zofl, BERIECHAZELZ EEARL TV
Too MMM ORIEIE L, W1ERIKE8SR, H2EBE2RT, 2
D10 B DFEBNIK D DFtERE 6%, FERMERELLTH 72,

MO BETRERIOR L2 (). HHH L IFEEHBET,
G, RN, REEY VFTEOEREYK BRUE
HHRIENARILE, SIGH-D§ A, GAFf$:, JARTTEL N/
HEFIQIZAEEIRO N2 h - 70

ﬁnw#ﬁ#ﬁ-aaw.
® e e wwn e e e e

coolecssesel

2. &F v FIVEBELANESOY VBEELEREOMNER
ﬁﬁﬁﬁ*ﬁ(#‘%) L BIEEELS (ER) O &F31F v~ L bRk
L. f: B Ay lﬁ.%ﬁm&% (VFT) Jgﬁq:mﬁﬁﬂsl\:& Fu¥ /Zﬁﬁ
Eﬂ:m&% (i) 2RTo BF ¥ Y FANDFT T 7%, B (i)
EBFANETOE VIRERLE (Hihh) @ﬂﬂﬁ%% L, 24D
HERR (GRA) O HIASE B ERRRE (VFT) oI H L3,

b THEAERES

K3, &F x v $I) & REDELIZEATH AL
Montreal Neurological Institute (MNI) FEIZE & ORFED 5 A7 &
Fx ¥R ERREE ORISR Z R T,
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NIRS % Fv> 7o BUB M & D SRR DR SE

2. FREHEH Fx ¥ AV 45 (p=0.032) THESE (MERIGE) 7/ &L, FF

SR LSBT, BEER - BEROE3IF Y AN TE 2BEEESBEOLN. ZOMOF ¥ v AV T, BHTES
SE(REGE), EOEEERGE) 28EHL, 2BTE B@EERSE) ICEEEABOON 2o/, 72, 2BO)
WA L7 (H5), £EHIE, FRBBICKEL THRERIIN BT, £ToFv YAV TELMEMRBERISGE) IZEEER
BT 2F ¥ 444 (p=0.009) L E T RIBERIREFHICHET 2 BOLNkdhol,

B R LOELE S ERERE

TN ™™ ~
g J ¥ V.
"y 2 £
. \\ : { ‘\ v # "'\t‘ ad ¥
! & ] i/ A . o
ke et ! | :
PR Y 4, £, & A \
» 4 F / |
2\ Y { \
f S N S
N | y

KBH ERME

H4. EMERHEEFEFRBEOREAT /O VIEELOFYEE
ETG-4000 @ multiple data analysis % i\, B L FEBBOEZTF vV A VOFEHERZER L. BF ¥ P ANVD Y T 713, BE (HEh)
EBFR(AEOC VIREELE () OBE 2 R L, 2ROHR (RAR) O M2 S BB HEE (VFD) 0fifMIcHY T, §F ¥y v 2D
75 7T, EMBOFYEF (i), FEBRROTFHRY kE) 27T,

H RS LUELE LRIz ER

B SAEEARE
FE 1% HEAKE

X5 &fMEFLFEMBFOUES 77
ETG-4000 ® multiple data analysis % vy, EfRFEL FERBEL IR TLINEO R VIRELIT:, SEMGERE (VFD) FoFEMER
VRO A ERBIIBVLTF ¥ Y ANVM(ERERE), Fv v A V4(ETHEBRER) ORIEFEEIN S Do (S
o BRENSREEKE, FEHI%FEKRE,

29
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3. BRHMEN FRI 57« —BREORFRR
ERBLIEEMBOLTOF ¥ ¥ AV THRSE (RERIG
), EOE RGO L REAMoMHEM L W/, SR
i3, JFERETMRIEOONEF Y VRNV M4ZED, £TO
F ¥ AV THAE (REGECE), EOERERCHE) &R
FEAMIC A B LM ERD S e h o0 —F, FERFMETIL,
HHTERIC ST 5 F ¥ » F V44 TORBME (RGBS &
TR - A OFM AR 57z (p = 0.001, r=— 0.860) ([X6)o
T/, FEEMBIL, £TOF v v A NVTEOME (BIERGE)
ERRAIMICE B AR SNk b o7z,

{mM < men)

PR MR O

p= 0.001]
r=-0.860

o 100 (T3 )]

wEHmm
6. FEWMIEBITBF v ) 44 OFSHiE & FERIT I o HIB
TEAAAM (W) & B LAE OV VBT (i) o BE
FRT. MOME & BAMMICAELAOEBERD,

R1. B LIERMBFOT U741

£ i JESRTRRE
AE (N 10 10
Bk k) 357 4:6
FHEMG (7%) 35.3+11.3 40.7+11.8
R (- B) 78.7+98.6 65.4%60.5
HEEH ) 15.5%+1.1 14.2%2.0
PR EAIR @) %2L) 1:9 6:4
FRERAR (CPIRS)  F150mgtimg  F35116.5mg=76.7mg
GAF3 4. 62.0+16.2 56.0+12.7
SIGH-D1& & 15.2%5.1 18.1%7.8
H£5EFIQ JARTIZL2) 105.3%7.1 106.3£7.9
VFTEHERE () 15.0%3.9 16.2+4.9

B EERBE CRETRIEEZEIZDON D o72.CP;
chlorpromazine, SIHG-D; Structured Interview Guide for the
Hamilton Depression Rating Scale, GAF; Global Assessment of
functioning, JART; Japanese Adult Reading Test.
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RE

* =

1. —BERIUEREF

EREREHT L X PR Y T 7 4 —REORBEIEFLO—BuE, K
WERETH 1% & s ST (23) 25, REFFERHO—F= L
62.5% & &Ko 720 T AVILRTEHERIRIL ASEA © 2> 72 BRI REE /¥
F—VERBLEHEORIBEL, &6 I\IHMELLEL BT
ToTHREBE LD EZZONDL, HEROETIIHE
B2 RIS X B3 b K&, RBFFRD & 5 120 2 Bafil ki
OB & HBRENIBEFE TR

7o, ffh, BAHM, HEEK BLUE HHEMREAR

Eixnhor. T LAFRAFIX, XHEOERICITKE L
FEEZHEZ TW2RWEEZ LN,

2. BEMEILE#:

U B % SR & IR o 2B IC T, R ET T
7 4 — AL T OMTHER O R (RIS RS ) & BL.OME (RIS R
) & B Lo Cld, B CHMIBEME L A TRIBEE O
- E (RIERGE) 2N S, FELBEENRD bR/,
BLOERERCE) TIAEZEED N0 /2, HAME
(BRIERGHE) (&, REERITICE ) REE ROy 1 I v 7 %R
LThh, HoE RERGR) 3 FREZAT I M miE R
OEERT, 2F 0, BRBEORE L, FERTEHORMDED
HRATEMER & ETF AR CIHERMBEORE LD LENEE
Zbho —HT, VFTORITHOMMEOWMAD Y 4 3 7122
37 <, VFTORRUC D HEEIIRBD SNL o7,

BREEEIBWTE, GREEROEEOREI LT —F 27
AR —ICEAOHMAEA LN (24) 2 L, DURMEEE & A HEE
BEOBEZRETAMENALLONT VD, T, BREBRE
RREEFICE T 2 RN A EBEEOMETIE, H¥EROR
TITBRERICES T3 (2526 Z &2 5, BURMRE & A5
DBEHTRE SN TV B A, KIFROEFRO— b FUREREE
LHEFFROMHEZRL T,

HWEOBTBMEREDORIZETIE, #FiEnd 2 BEBRIIREE
FEMED 2 WAZBEIC B L, Magnetic resonance imaging (MRI)
THTRBEEOARAKEVE ZNTVES (27, ZiUdBiEK
T RIEEOERE(LTHLEEZLNTEY, KiFRED
HERITZDRHE ZFHT 50

F72, VETZ W/ RKgE T, HFERTH A2 HERHET
FEEFBRDLI, BE, SHELBIZEL T BFEKLD
EARHELTH B, FEEREEE TIEVFTROLFRD
EHIHPETLTVE L X ©28), HIHREREROMS IR
BENTEY, BFEOMEO—HEEAH L TVD, KR
774 —REXAVWAREEREAROMATIE, &8I2Lko
TIEFIRTOSEFRDHALN, HERIZLZ2SEREORK
EARENTVE Q). COETEET L L, FELRBEOE
ETIE, FORBBEIFEEREI VIR THTHILEEZL S,
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NIRS & AV 7 BB E O R RERE O R

oz, REOBRERIBEENSKE VYD, RIEEFELES
RLZEE LSS, VFTOREOEE L CEHEHEIZEN,
o 72T REMEDSH B o
3. BREEERINRI ST —BREOFRR

ERBRBETHIVTNOF Y VIV TLESE(RERNGE), E
LoE (BIER ) L BRAMICAE2MBERED SN h o
Tro FFEBBECIEMERIINIGT 52 F ¥ Y AV 44 TORED
1 (RERGE) & BREBICROMEIES b, Jhid,
REEBREOLVWIUEEEE TR, BRIESE 2DII00
TEAEEOBBEICENNSC 2AEERLTBY, EBTH
DBALERZ LI EDNTE B,

PREEEZ, ERHzE602TOBRT, SiEE, oE
FBATH e VIREI R ERANRREE SRR S B Y 30), £4 T
Ev— FOERPLEREAME L QICEELECIEETBR LD
BB ESET 2 L ORENDH S (25, —FH T, T
LB OMEITIC L BB~ ORBIIHEL AT RVED
H®ELH D G

Ik, FBEEEORFHMIC L L RMEE~OEE
oW T—EDRMRIT RV, VRT# W RIFE T, £755
CRERBRTRAUEBOBENEL>TBY, BEOHETHR
BEBEOROEEF—E Lo ERE L TEAEHEED
HErEZONL, KHIEOKE* LT LEL, 4BOFET
IETRRAN L ROBROERIFTEEREOFETHT TER
FTHIEDPARTAREEZ o

T/, INEFTICRBEEBEOAETIEEREDKMEE
B R LAREI 2V, §0, RMNRFI 71 -BREXA
WTRRRBEE#BETIELZY, BRI 71 —RBRERRE
DHRED S KB ERETHET 2 - ORBENES T
b, REIFETIE, FIEEBEOFETRNE B L BrHiE
LOBBIIEENED SN, BEOMRIFE TCIIREER
HOBETERTHENTORRICHEEE R o, FiEsE
BHEOEECHEENRELD I LRI TEBY (32), &
EOFE,P LD, FUIBERETH REERBEOHFETEY
HWEEERSEZL2TREYNH 5, SRIT L) BEDHEEC
ENAIMRIZEDFEEZHR IR 70 —RBIZEEL, K
BHEEEOEYZNEEERTHSPIIL T LEND 5,
4, £

REFeCld, BERRZH X NIRSZBHA—H L - UEERED
BEFFREEREOFET2RIIAT, RIRISF 74 —BE
OEEEL - WEHEAT R 2 MRE Lo, EHBEERREMICED Y
7o {ABIEERE & A T RIEBIRE S o Sl (RIFRIGE) 255
X<, FEREREAUTHOBSE(RERSE) & BREN
TEOHENED iz, THLOEE,S, B LIEERE
THHRBEEBEOFET, WEEZT TR, ZOBELES
ATEREMEATRIE S Lz, T/, AMIROERP S, — 1%/
EEREEE L SEEANLFILEBEFROON, FNEE
HYICOETELLEER b,

FHEOHIFIE LTIE, FERMLHEEL LT, NIRSEED
[oxy-HbILAERMETIZ 2 <, N—2 T { ¥ REZRITE:D 5 DAH
HETH ) BROBICEESLETH D, T/, LEHEED
IOREDEENEL, BED) DREOBETHELAFTR
PRERE 22013, SROBHEVPLETSH 5o M2 D RELHE
BOERVETERLZI L, ARBEOFENIERTERV
APEHROBFLIN, SBROVBEEREOHETIX, RikE
EE2CLEENEREZZR LR TY A Y HPULETH 5,

& B

RERTT 74 —BEERCTRBEREOREREMEIZO
VT, SRR, RAEEICED Y 2 BT RTEERE
B AABEROESE (RERISE) PEEIC N E ol FFE
MEETIE, GHIEEOESE (RELCE) EBFRERICERSR
BOHMzRDI. KFEOERD> L, RREREIRESRE
HOEETEYFHETRERN?E 2 5T RENTRES Wz,

FZAAR OB
ARTIET 5 E ORI RV

FERRBIH), HIEES L ORI & & LAREEw
MR EHEONNEIAEIRICRE o LE T, 72, BiRo#
T8 & URERICH L TEREEEz w28 F LENME
BEHEOEDR—EHEMICHLE LR E 3, 72, HEgvue
REEELBHMERNSEHESMICHETRL ET. REWE, KA
FAHI L TT S o BB OBRISOC L DEH L I3, Rk
— TP 24 FEARET MEZMEAHEMEZTRES i
e MERESENE] 0B 20T,

X £
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