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BRI & (R h, FORMESEE L
T, WREERKRE F—BREERIRE O &
3 2 ®F-6-fluorodopa (*F-dopa) &, &1
MR R R BT A PRI R T VA
R—%— DAT) ZTHI)TV FHFHL. ¥
F L ABEA SO RS VERD ARIIEL
DATH® F L= —Dih T, HIZP-F-CIT
LBL-FP-CIT AERL SN, MEMFIZBIT AT
WEBEOR Y AKETIX, SbhOTEMPOED
5 5P ®F-dopa PET bRREOHEAT 2 KBy
% surrogate marker & LC, FRIRHABTLIEH
ENTwBEY,

[] Braak & DREHERIREE
RIS BRI
Braak 5 3E#MIC TH a-synuclein ¥k %
- faEgets 17\, Lewy neurites 3 L U
Lewy bodies D206 & R A L, PD FIE
384 5 Lewy pathology DR (B 2) %
ORI (FR2) RIELAY. PD O
I B O KA AL & R & _EATIRIC
WREL (Stagel), 20k, WA W F
BAICERDSA SN S (Stage2). HIEEITH
AR USERIERATHIA T 5 D1 Stage 3 TH
B OB S T ST RMERLH LD, B
e IR R & A FEEENREIRAS Stage 1,
0 DIFEENL & B L CHBM TS D IFEICH
BRIEV, OB E & b IEEMER DT OIREE)
FERIZFETETHRERLZ L E RS 2D

2 Lewy pathology DRI
(Braak 5, KX b EIE)

IREECIE, PD OWMFEALIZRMRCTHILE & e
XN, FRREICIZEILERED Auerbach, Meiss-
ner #Wi#E# 12 Lewy pathology ®FTRAIA LIS
%%, Braak HIZBEOMREETDL o L IWHO
BB MR XL T0B E W) IREDIRBL T
WaY X 5ICHEPD 2B A BHEMERORK
WHRZES, FERICER SNTWA, L MIBG
2 vF 557 4 —% " F-dopamine PET 124 1),

FRATER D © OO FHIC BT B LIRSS R AR E "
Lk, RESAC S FMRESERE S LTw
%. Orimo &%, I DL BARE R EH KA
BB E A L, ThOBMEREKLMERDE
RLTO a-synuclein DERDT, HEEHILAER R
MR EITLTCWA T E &R LAY, F/ LT

% 2 Braak ORHH stage F4R

PALe E VIV

Stage 1 TR GREMNE N (=)
AT ER . (B3R, W)

Stage 2 18 (BERU, Bk FEH) =

Stase 3 S (+)
BN (RAbE, WM, Meynert FEE)

Stage 4. YRR MM % (anteromedial temporal mesocortex) (+)
Ammon £ C2 &

Stage 5 MEEIRZONK (B, FiRE) (+)

Stage 6 REMAH~OLBLER (+)
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T2 1 FE B85 OBIaRaE

g3 N—F2VURICR SN BIBEMER

b RUETRIS
9, apathy (Ei%{%), anxiety (F%), anhedonia (FBE - HRIKIHK)
EERNG, ZE, $BE, B, RMUE, WRETDH EREHM), KERRTD
L, CAR EHMoZELdB), Sovr Rk

MR s =
TP T HEEERE, B R
REM sleep behavior disorder (b 4 BEIRITEIESE), REM loss of atonia
non-REM EIRFESEE, HoaBIR, HWH2Z, R IEERIFRES

V. HRMROTITYS - BIE]

1 b
- Pl
REYIL, KSR, R
- R
- R IE

AR MHKIMLE & BIE L /-9=8, coat-hanger pain

- PetaemE

hypersexuality (FEHIECH 2 THEMAE V), #ERMEA Y HBF VR

K54 74 (OFEREE

BIEER (AEMREERE ;-\~ v 7¥3)
TEE, WETREE, 2. W B, Bo, @8 FRERHME Esit

LR R
A, RERE,
Z ook

WERE

Y, B BW RBE RERD, FEMN (B0 JEHH)

25 PD BEOREEAERICT, MEFECIYER
23T B RIBEAERHEDSIHE T4 Z LAVREN
TWZH, Bl CIIREREIGI COIEEE DR E
12T, ME BB R R O Lewy pathology (L
1) VBRL a-synuclein HiiE & Bl /- eE ) %
WEr L7clRENH 5, AL LTCORER, PD
GRAVEZ £ PDD d&T) BEIZBVT 0%
EENDY, HEENF10%THEI L 2ELEL
H¥bhE, PD OFREMETORBOMHL &£
2, BRIREZRE LCoFREEIC BFLW.
PDABETHLEETHDON L) Hwvig,
Braak 5K & & B ICHIE, KEEHZ2E
HTW5G,

Ul IEESEIR

RKIIPD ICASNLIFEENERE T L7,

PD Tid, RHEE, BMER I8, IR
% &), REEE, BRI GEMMHRMmE,
PERFEE, MigseEE, A5, e EsEE,
FIFEELR L), HBIREE ORIE, BERERAEE,
HHoOMER), WEEELR LEYLIBEERE

(W™ & 51H)

K4 SS—F2U VROBEREET (premotor) |2
#HB5hBHIBERER

R

- B

- REM [EIRATBIR %

- ERE

MHEASTRIZ S N2HER. (TEF ¥ AVRVOE D)

(constipation)
(olfactory deficit)
(RBD)
(depression)

T RESRE . (restless-legs syndrome : RLS)
RS (apathy)
< (fatigue)
- R (anxiety)

L™ X W 5IA)

KT ehPEEMERY, L LAEBHERL Y
bEEDADL ¥ KE{EETLI LD H 5.
@ ESERFAELIAT (premotor) ICHBND

IERNER
FREEERO—ERE, EBPFEIROFRELRNCH
B2 T7 U A0H 5. ZNEIIFEMZHO

RS S S, BCEEIETS &Y.
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1.8 #™

James Parkinson &, 3T “GARERAH T
HolfEEL, DIRPHENLRTHRIZLEL S 56
WRET S 70 B, BRZIZTIE TEEMA ICHHME X ¢
RIXZELRIELHD." LEHLTWAEY. PD
BT LERIEEhOTEEET, FOEER
60~80% & X 5™, PD OHHMEREE L FRIEHE
EHE O ENERT 5. HILERESIZ
Braak 1R3i? Stage 1 OIFFHIIHIET L EFEZD
5D, FEEOWHLEMEEDORESD, il
FAFLTWADEI ML, EbOTERSRLA
T#A7. Braak SiREERRHE S HITHL
# %, “dual-hit hypothesis” ¥ T L Tw
5% Fhbb, {7550 neurotropic pathogen
B, AT VRN & T LE D o DR ¥
RERBI SR L, FhahEimse A L ¥
PR S CERET 2 LV KBRS TH S,
BaERAIC b TS PD OEBMERIZSEIT LTV 5
3% { A5, Abbott b OEMERE OMET
1%, BMEMEHDS1 H 2 B EOBITIZERPD %
BT AHEEH 3.8 A/I0 FN/AEICHEL, 1H
1R TORETIZISIANIOFN/ELFELS
WIEARENRTWAD,

2. REREE

PD 2 BT 2E DT, 3 CI2 1970 4
POIEINTWASY, BEEIE & R ED
AL bizaoh, B33 UAREOERE Sh
5. IhETOHEN»S, PD BETIIHRAHS
SEEEENAL SN, FHOBTICL 2EEEL
LALRL, BEDOTN~80%ICTERDLNEL
EHHORE o TR, BRICEETRE
Sl WEEEYE L PD BEORH 0% TiX
ZOERFEAE SN TRV ETHAH®. PD
DI TO Lewy AMED I S LLRio 5 G S
nTwa?, 3T, BREOFHIE PD 7]
OB, FOLWIBEL SO L HMBNHmEL L
T, BABHICOERTHLD LRI
TwWh, FBEETIE, 2480 PDBEDY
2w BB L 10%BDD EOWMELH B,
3. RBD

B —H L THLWTTEIRELZRIWET,
IR 797 (polysomnography : PSG) Tl
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REM sleep without atonia %4 & 414, parkin-
sonism D& SN VEESEME RBD OEH T,
U5 MIBG ¥ v F 75 7 4 — I CTHRBRT 258
FEN®, F -85 RBD OBEORE 3.7 4
DB T 38%DEETPD BFIEL /L OFED
» 5P, RBD #*PD ORIERERTH 5 THEME D
AR, FHINS.

4. ROREE

L0 MEE (apathy (&) - anhedonia (i
bR - PUBTHSR) - anxiety (%) B & U depres-
sion (92)) RIFEBEROLH,T, bobd
BEEEASENVEAEETR & L CIEE SN, depression
DI 40% £ &N B®. PD @ depression
T, BREURLEROBRT, %, EY, BEK
% EDEROFLERY, KIDHTAHALNDLE
A, HESECIHEERE BREHIHmEIN5.
depression b EBERAHIRT % BEERNIIHEAT
LTRET A Em6NE". PD O depres-
sion T+t =BG HFEEL SNEHD,
depression SEBITLTWA I Lid, F/33 V%
LR n b= ROBENIRE 0T 5
JRAEL RIB L, FEEICEBREY. F7/-PD BEOD
¥ 40%%, BRREICEBRAR XA TWAS L
xh, FEREROVEDELTHEREINRTY

6 35,36)

O #pl&ES
MEBIOZMIIEE L e snb s, Biflo
SWIEMECHREERBIZA % (kv PD &
BERSH SNz BE 100809 b, RESHTL
PD LHERENzDIL, T6 &I T L OHE
M BT, ETHR, B 0SEENE,
PREEIRR /NI ST, 54T E OB RER D B3]
8, BB OREFEERDZENZ L > TIEPD O
SWHAEAORBE LU EE Y, FOBIIITER
Wil COBHATOEETH 5.

O BEETRE

PD X 10 F A& 720 120~130 AicAabh, £
IR TH LD 10% K IERARSND.
HES T, PD ORAEA D =X LILEEN R
TR LBERTFOMEIEEICES L Tnwb EE



ZHNTVv5E, FHEEPD IEHAE PARK 1 2056
4 ETHMoND. MEFATOEERE 0%
LIEI) T levodopa UG HIF 2 BE T, &
ETFHRELRHTAILENDD. oL bE LA
LA DI, HMHEEIENTO PARK 2 (par-
kin) XBITLEETFERETHS. Lo L 5L
BCHE LREED 2 WEETYL, parkin &

BOWEEIRSULTICE LT LnHELH LY,

PARK 8 (LRRK2 : leucine-rich repeat kinase)
i, BEHEEOBRED S~6BICTEENALNR
FEHENZDS, Z0%, LRRK2D b - & HHE
DEWE—EETERIE, WEFD 1.6%I2HS
NBZEPHESNLY. PD BEDOHER )
A7 LT, LRRR2EEDAY ) —= v 734

% EHINLITREYrS L. L LBERETIE,

INOOFEETFEROMERE, FiEMD HWEE
FEWPD OBRHICE LT Y, IBEBI~DBEEIT
F /A BRI T o T e,

Ebh4IC

PD ZHBREHREBEOLITH o & bIREEN
FTELTWS. BT - BEICHAD, BENTE
WCHZ CHIMXICEL T2 & 2w, BICPD
FWNZ L 5 stigma (JEEN) OREI#HEE NS
RETHAH. BT COEMOFRDR X
DT E T, 2DHDOBEEOEFENE (Quali
ty of life : QOL) SEHEN D &) HENRDH
59 %7, PD BT S RBRE L BREY D
DF727 biomarker DREIFEAKTHA . B
AT OBEGHRE QWEMRELR & OME
R, @O BRFEMRL &EORBENKBE, @
BIZFEZW, © MEPHERERZ S 0ELER
BEORESDOT Tu—F5dY, ZPETOERE
DWFEROMESRITE L, EHITOERDEL R
WEEz L, BEBTE L LI, SHEEETREZ
7z disease modifying therapy OFEIIZANT T X
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Development of an indicator to estimate nursing staffing needs based

on patients’ care needs in acute care settings
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Tomoaki Ogata, Jimpei Misawa

E

=
=]
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oo BEBREFERRED 6 HEk25miE (MR, AR B4, ICU) OARBEEITEENRIC, BEEE
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£33 FHENOBFELEEORER

N %) EHRIEE mean=xSD

BB E ADLIE&EY HEER
A-1 149 (9 18.4 + 2.4 30.1 + 6.7 136.0 =+ 13.5
A-T 40 1D 16.4 + 2.3 24.1 + 6.3 118.9 = 15.6
A-M 36 09 154 + 1.6 159 =+ 3.8 1004 = 10.0
A-IV 15 (04 15.2 + 1.3 12.0 + 0.0 95.8 * 5.1
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care needs.

ABSTRACT

Development of an indicator to estimate nursing staffing needs based
on patients’ care needs in acute. care settings
Sayuri Kaneko, Nobuc Koinuma, Michiya Ito,
Tomoaki Ogata, Jimpei Misawa
Department of Health Administration and Policy, Tohoku University Graduate School of Medicine

The purpose of the present study is to develop indicators to estimate nursing staffing needs based on patients’

Data on the degrees of nursing néeds and patients’ classification was collected by a cross-sectional survey in
October 2006, including 3,827 in-patients of 25 nursing units in 6 teaching hospitals. The patients’ age was 66.8
+16.9 years and the length of hospital stay was 17.3+7.8 days. In regard to the degree of nursing necessities,
patients were classified under a nursing quantitative adjustment indicator, A~1 =15 B-1=14,C-1=13,A-1I
=13, B-I1=12,C-I=11,A-W=L11, A-IV=11,B-T =10, C-M=1.0, B-IV=10, and C-IV=1.0. The number of patients
with high care needs (A-T1) were 1.5 times higher than those with low care needs (B-, C-T1, B-IV, C-IV).
Keywords . degrees of nursing need, patients’ classification, nurse staffing
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Multiple system atrophy (MSA) is a neurodegenerative disorder characterized by prominent autonomic failure with ataxia and/or
parkinsonism. The leading cause of death in MSA is sudden death. We have shown that the early development of autonomic
failure is an independent risk factor for sudden. death. The depletion of sympathetic preganglionic neurons in the spinal
intermediolateral cell column (IML) and its afferent medullary catecholaminergic and serotonergic neurons has been proposed
to be partly responsible for autonomic failure in MSA. In this study, we investigated whether the depletion of neurons in any of
these autonomic ineuron groups contributes to sudden death in MSA. Out of 52 autopsy-proven patients with MSA, we selected
12 individuals who had died within 3.5 years after disease onset to define the accurate levels of slices and identify early
neuropathological changes of autonomic nuclei in MSA. Four patients succumbed to sudden death and eight patients died
through established causes. Serial 10pm sections were obtained from the 8th segment of the thoracic cord and the rostral
medulla oblongata. Sections from the medulla oblongata were: immunostained for thyrosine hydroxylase and tryptophan
hydroxylase. The total cell number in the five sections was computed for comparison. Compared with the control, the MSA
group showed a marled depletion of neurons in the IML (38.0 4:7.1 versus 75.2:7.6 cells, P<0.001), thyrosine hydroxylase-
jmmunoreactive: neurons in the ventrolateral medulla (VLM) (17.4 +5.1 versus 72,84 13.6 cells, P=0.01) and tryptophan
hydroxylase-immunoreactive neurons in the VLM (15.64:9.2 versus 60.83:17.0 cells, P-<0.01), nucleus raphe obscurus
(19.3+ 4.4 versus 75.3 4 8.6 cells, P< 0.001), nucleus raphe pallidus: (2.1+2.7 versus 9.0 3.4 cells, P<0.03), and arcuate
rucleus (0.4 4: 0.8 versus 2.3 4 1.5 cells, P< 0.05). Moreover, in patients who succumbed to sudden death, when compared with
patients who had established causes of death, we found a marked depletion of tryptophan hydroxylase-immunoreactive neurons
in the VLM (7.3 4: 3.5 versus 21.8 4 6.5 cells, P« 0.02) and nucleus raphe obscurus (15.0 £ 2.0 versus 22.54:2.1 cells, P-< 0.01).
The results indicate that the spinal IML and medullary catecholaminergic and serotoriergic systems are involved even:in the early
stages of MSA, and the dysfunction of the medullary serotonérgic system regulating cardiovascular and resplratory systems
could be responsible for sudden death in patients with MSA,
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¢ or. 3 multiple system atrophy; sudden death; medulla oblongata; serotonin; catecholamine

Iia i tions: IML = intermediolateral cell column; MSA = multiple system atrophy; TH = tyrosine hydroxylase; TrOH = tryptophan

hydroxylase; VLM = ventrolateral medulla

introduction

Multiple system atrophy (MSA) is a progressive and incurable
neurodegenerative disorder characterized by prominent autonomic
failure with ataxia and/or parkinsonism (Wenning el al., 2004).
The average disease duration is within 9 years (Watanabe et al.,
2002; Tada el al., 2007; O'Sullivan et al., 2008; Schrag et al.,
2008), which is shorter than that of idiopathic Parkinson's disease
and hereditary ataxias (Klockgether ef al., 1998). The leading
cause of death in patients with MSA is sudden death, which has
been documented in over a quarter of patients with MSA, and
frequently occurs during sleep (Papapetropoulos el al.,, 2007;
Tada et al., 2007; Shimohata ef al., 2008). Sudden death can
occur even in the early stages of MSA (Munschauer el al.,
1990). Although continuous positive airway pressure or tracheost-
omy has been proposed as a therapeutic approach to prevent
the obstruction of the upper airway, il is still unclear whether
these approaches are effective in preventing sudden death
(franzo et al., 2004; Shimohata ef al., 2006; Jin el al, 2007,
Tada el al., 2007). The pathogenesis underlying the episode
of MSA should be elucidated to help develop an appropriate
therapeutic strategy for preventing sudden death,

 Laryngeal stridor is an important and frequently observed clinical
manifestation in MSA (Isozaki el al., 1996). The obstruclion of
the upper airway due to impaired laryngeal funclion resulls in
laryngeal stridor, and has been suggesled o cause sudden death

in patients with MSA. Sudden death, however, also occurs in:

patienfs who underwent tracheostomy lo remove upper airway
obstruction (Papapetropoulos ef al., 2007; Tada el al., 2007,
Shimohata el al., 2008). Furlhermore, we have shown that the
presence of sltridor is not ‘a predictive faclor for either sudden
dealh or poor prognosis “in patients with- MSA (Tada ¢l al,
2007). These results indicate thal the upper airway obslruclion
might not fully explain the mechanisim of sudden death in patients
with' MSA.

Dysregulation of the autonomic function for the respiratory and
cardiovascular systems is another hypothesis in the pathogenesis
of sudderi death: Patients with’ MSA ‘exhibil impaired autornomic
respiratory * function, including ~central- sleep™ apnea. (Cormican
et al,-2004; Shimohata el al., 2007), reduced: chemosensitivity
{o -hypoxia: {Tsuda el al., -2002): and : dysrhythmic - breathing
(Shimohata et al., 2007). In addition, abtonomic: cardiovascular
dysregulation; including orthostatic hypotension, low RR variability
andwdenervation supersensitivity. of the vessels and heart; has been
observed in patients with MSA (Sakakibara ef al., 2000; Degtjchi
et al., 2004; Wenning et al., 2004). Subclinical cardiovascular
abnormalities have been observed evén in the early stages of
MSA (Sakakibara ef al., 2000). Pathologically, sympathetic ganglia
and cardiac sympathetic nerves are well-preserved in' MSA (Orimo
ef al., 2008), and autonomic cardiovascular dysregulation may

be caused by central rather than peripheral autonomic failure

(Deguchi et al., 2004; Wenning et al., 2004). Along with other
researchers, we have demonstrated that the early development of
autonomic failure is an independent risk factor for poor prognosis
or sudden death in patients with MSA (Watanabe et al., 2002;
Tada et al., 2007, O'Sullivan et al., 2008). From these results, it is
possible that the dysfunction of the central autonomic nervous
system regulating the cardiovascular and respiratory systems
might result in sudden death among patients with MSA.

Neuropathological investigations of MSA have’ shown wide-
spread neuronal cell loss in the central autonomic nuclei, including
neurons in the spinal intermediolateral cell -column (IML)
(Oppenheimer, 1980; Gray ef al., 1988; Sakaijiri ef al., 1996;
Benarroch, 1999), catecholaminergic neurons in the ventrolateral
medulla (VLM) (Benarroch et al., 1998, 2005} and serolonergic
neurons in the nucleus raphe magnus, nucleus raphe obscurus,
nucleus raphe pallidus and VLM (Benarroch el al., 2004, 2005).
These medullary aulonomic neurons project o the neurons in the
IML and mediale sympathetic aulonomic function (Strack ef al.,
1989). However, it is slill unclear whether the depletion of these
neurons is responsible for sudden death in patients with MSA.
This study seeks to determine whether neuronal cell loss in any
or both of these groups contribute to sudden death among
patients with MSA. We evaluated the number of these aulonomic
neurons in patients suffering from MSA, and made a comparison
between patienls who. succumbed to .sudden death and those
who died through established causes.

Materials and Methods

We reviewed the medical records of the 52 conseculive palients with
pathologically confirmed MSA {31 male and 21 female: 33 patients
with MSA will predominant cerebellar ataxia (MSA-CY and 19 patients
with MSA with predominant parkinsonism  (MSA-P) (Gilman et al,,
2008); ‘age 66.64 5.9 years]. who “were . referred to” the Brain
Rescarch Institute, Universily. of Niigata,” belween 1970 and 2003.
The  relative - predominance’ of - the ~phenotype: MSA-C - over: the
MSA-P-in this ‘series was consistent” with other large-scale’ clinical
studies - on . the Japanese - population. (Watanabe - ef  al., . 2002;
Yabe el al., 2006). Since the medulla’ oblongala’ of patients with

-long disease duration is. severely atrophic, it was difficult to establish

accurale meduliary levels in the histological sections for quantification.
Therefore, we retrieved. 12 individuals (six ‘male and six female! age
65.14 5.9 years): in whom the disease duration ‘was “~ 3.5 years,
correspondirig to half the median survival period for the patients
with MSA in general (7.0 years, range 1-19 years) or less, i.e. those
witht shorl disease duration. The prognosis of our patients seems
relatively poor in~ comparison with some clinical studies on MSA
(Wenning ef al., 1994; Testa el al., 1996; Watanabe ef af., 2002;
O'Sullivan ef al.; 2008; Schrag el al., 2008). This may reflect a case
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Table 1 Patient population
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Case Age/ PMD Clinical Initial Autonomic Disease  Cause Pathological
sex (h) phenotype manifestations manifestations duration of death diagnosis
(years) (phenotype)

Con 1" 80/M 3.0 NA NA None NA Abdominal Abdominal

haemorrhage haemorrhage
Con 20 49/F 3.0 NA NA None NA Hepatic failure Congenital myopathy
Con 3" 76/M 3.0 NA NA None NA Gl bleeding Rhabdomyolysis
Con 4" B57/F 2.0 NA NA None 'NA Pulmonary embolism  Dermatomyositis
Con 5" 422/F 65 NA NA None NA Tetanus Muscle necrosis
Con 6" 70/F 4.0 NA NA None NA Cerebral embolism Cerebral infarcts
SD 1M 63/F 45 MSA-P Parkinsonism OH,' NB dyshidrosis 3.0 Sudden death MSA (SND type)
sp 2t 61/M 4.0  MSA-P OH OH,' NB, dyshidrosis 2.0 Sudden death MSA (SND type)
sp 3™t G8/M 2.5 MSA-P impolence OH,' NB, impotence, 3.0 Sudden death MSA (SND type)

’ dyshidrosis
sD 4" G8/F 3.0  MSA-P OH OH, NB 3.0 Sudden dealh MSA (SND type)
Non-SD 1" 69/M 3.0 MSA-C Alaxia None 2.0 Gl bleeding MSA (OPCA lype)
Non-SD 2™ 70/F 5.0 MSA-C Alaxia OH, NB, dyshidrosis 2.5 Bronchopneumonia MSA (SND = OPCA
. lype)
Non-SD 3™ 71/M 160 MSA-P Parkinsonism NB 1.0 Bronchopneumonia MSy}\) (SND type)
Non-SD 4*"  65/F 400 MSA-P Axial dystonia  None 3.0 Complete A-V MSA (SND type)
‘ blockade

Non-SD 5"  7%/F 20  MSA-C Ataxia NB 3.0 Bronchopneumonia MSA (OPCA type)
Non-SD 6"  63/M 3.5 MSA-C Ataxia NB 35 Suffocation duc to MSA (OPCA type)

misswallowing
Non-5D 7" 50/M na MSA-C NB OH, NB, impolence, 3.0 Malnulrition MSA (OPCA type)

dyshidrosis

Non-5D 8 62/F 2.0 MSA-P Parkinsonism OH, NB, dyshidrosis 3.0 Bronchopneumonia MSA (SND = OPCA

type)

Con = control, D= group of patienty who succumbed o sudden death; non-5D

group of patients, whose causes of death were established; PMD = post-morlem delay;

nit = nol available; NA = non-applicable; OH = orthostatic hypolension, NB. neuropenic bladder; Gl = gastrointestinal.
a Cases adopled for quantitative analyses of {yrosme ot iyptophan hydioxylase-immisnoreactive cefls i the medulla oblongata,

b Cases adopled for quantitative analyses of neurons in the spinal 1ML
« Wilh recuient syncope

collection bias. The present study was canducied on aulopsied patients
only, who were examined over the past three decades.

A summary of the clinical characteristics of each subject is shown in
Table 1. Among the 12 sclected pationts, we identified four (two male
and two lemale: age 65.0 4 3.6 years) who succumbed to sudden
death. Sudden death was defined as death occurring  suddenly
and unexpecledly in patienls who had been slable before the
evenl (Groh el al, 2008), and when the cause of death could not
be clarified by clinical examinations and general aulopsy. Although
detailed pross: and histopalhological-examinations: were - performed
in all palients, we failed lo find any. evidence indicating possible
causes of death, such as suffocation, ‘dissecling aneurysm of
the aorla, severe pneumonia, septicemia, acute myocardial infarction,
pulmonary embolism and subarachnoid haemorthage. We classified
these patients as” the "SD “(sudden death) group. The other eight

patients (four maleand - four female: age 65.1-1 7.1 years) were -

defiried ‘as’ the non-SD group. There was: no significant inter-group
difference in‘the agé at onsel, gender or disease duration. All the
patients except one had"been. included:- in a previous: clinical study
(Tada el al., 2007). We also identified nine patients. (six. male
and three- female: age 68.7 5.1 years) who had died suddenly
and unexpectedly, in whom the disease duralion was over 3.5 years;
however, we did not include them in the present study.
Quantitative analyses of the IML neurons were performed in
10 patients with MSA (five male and five female: age 65.04 6.4
years) and five age-maiched controls (two male and three female: age

63.4 1 16.9 years). Similarly, quantilative analyses of the medullary

aulonomic nuclei were performed in seven patients with MSA (four

male and three Termale: age 66.7°1 3.8 years) and four age-matched
conlrols (two male and two female: age 65.5 & 14.9 years), as indicaled

.~ in Table 1. All the subjects.in the conlrol group had no history of

neurological symploms and had well-established causes of death.

All brains -and spinal cords were: fixed in formalin..Tissue blocks. from
the frontal, lemporal, parielal and occipital neocortices, basal ganglia,
thalamus, amygdaloid nuclets; hippocampus, midbrain, pons, medulla

~oblongata and cerebelluni were cul and- subsequently. embedded in

paraffin. All the cases were assessed for neuronal and glial synuclein
pathology. asing polyclonal rabbil- antibody against 7-synuclein; and
fulfilled” the pathologic  criteria 'for MSA- (Trojanowski and Revesz,
2007). Sections of 4-pm . thickness~ stained with haematoxylin® and
eosin were used for the semi-quantitative analysis of neuronal cell
loss in the striatonigral and olivopontocerebellar regions, using
the method described previously (Ozawa ef. al., 2004). The semi-
quantitalive analysis was carried out by one of the authors (M.T)),

—and reviewed by two-other investigators (T.O: and AK) to ensure

the consistency’ of evaluation.

For the quantilative analyses, 5mm-thick transverse slices of the
8th segment of the thoracic cord and medulla: oblongata al the level
of the Olszewski and Baxler plate XIV (Olszewski and Baxter, 1982)

V. REMSROTT- BRI
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were prepared. The sections were embedded in paraffin, and serial
10 pm-thick sections were cut. Five sections, each separated by
100 pm, were subjected to Kitver-Barrera (K-B) staining. The other
sels of five sections, each separated by 100um, were subjecled to
immunohistochemistry to identify calecholaminergic and serotonergic
neurons in the medulla oblongata.

paraffin-embedded sections of the medalla oblongata were immuno-
stained using primary monoclonal antibodies against tyrosine
hydroxylase (TH) (clone TH-16, Sigma, Sainl Louis, MO, USA,;
1:2000) and tryptophan, tyrosine, and phenylalanine hydroxylases
(clone PH8, PharMingen, San Diego, CA, USA; 1:500). A monoclonal
antibody against phosphorylated 2-synuclein (clone pSy#&d, Wako,
Osaka, Japan; 1:10000) was also used. As PH8 binds to Lryplophan
hydroxylase (TrOH), but not to TH in paraffin-embedded human
tissue, it can be used lo identify serotonergic neurons (Haan el al.,
1987). Tissue scctions were pre-treated in a microwave oven for

18min in a 10-mM citrate buHer (pH 6.0) for TH and with formic -

acid for phosphorylated s-synuclein. Immunolabelling was detecled
using  lhe  avidin-biotin-peroxidase  complex  method  (Veclor,
Burlingame, CA, USA), and visualized with diaminobenzidine/H,O.
solution. Counlerstaining was carried oul with Mayer's haematoxylin.

Aninvestigator, who was blinded to the clinical and newopathological
diagnouis, performed the cell counts,

The IML was defined as a tianpulan area of grey matler inaccor-
dance with the method described by Oppenheimer (1980). Newrons
were ideniified by the presence of Nissl substance. The number of
neurons with nuclei in the bitateral IML was counted, and the tolal
number in the five sections was compuled for comparison.

TH-immunoreactive (ir) cells in the VLM and TrOH-ii cells in the
VLM, nucleus raphe obscurus, nucleus raphe pallidus and arcuale
nuclous were also counled. These areas were identified on the bisis
of the atlas of Paxinos and Huang (1995). Only immunolibelled cells
with nuclei were “mapped and tounted 1o avoid the duplication of
single cells in'the count. Al the level of the medulla oblongata adopled
in the study, TH-ir cells were subdivided into two groups according 1o
their spatial relationship with the nucleus ambiguus. Although tyrosine
hydroxylase  does not allow  the  discrimination of  cpinephrine-
synthesizing neurons from the norepinephrine neurons, most ol the
TH-ir neurons located ventrolaterally to the nucleus ambiguus were
considered: as- opinephrine-synthesizing neurons,. and were. treated. as
{he: 'C1" group (Pearson’ el al.; 1990). Only the. number: of neurons
ohscrved in this region was counted: We counted: TH- or TrOH-ir celis
i medulli oblongata bilaterdlly, and the fotal number in the five sec-
lions- was compuled: for: comparison: To: demonstrate the distribution
patlerns of. the TH- or TrOH-ir cells; all the cells observed in ‘both the
right and left sides- of medulla: oblongata in the. five sections: were
mapped lor three cases i each group (SD and non-SD. groups and
control).

Data were. analysed using. SPSS. version. 11.5 soflware  (SPSS Inc.,
Chicago, 1L, USA). Cell numbers.[mean + standard. devigtion (SD)]
were compared . between: the controland patients with. MSA, and
between the MSA SD and non-SD groups. To. compare the neurons in
the IML and TH- or TrOH-ir cells in the. VLM and nucleus raphe

Brain 2009; 132; 1810~1819 | 1813

obscurus, the Student's i-lest was used; for TrOH-ir cels in the
nucleus faphe pallidus and arcuate nucleus, the Mann-Whitney U-test
was performed. The value of P<0.05 was considered as significant.

Results

N . 4 .-
cion| eatLres

All the four SD-group patients exhibited the clinical phenotype of
MSA-P with severe autonomic dysfunction. In the non-SD group,

- five patients exhibited MSA-C phenotype and three patients

exhibited MSA-P phenotype (Gilman et al., 2008). Two of them
showed no autonomic symptoms during life (Table 1). Two
patients in the SD group underwent tracheostomy.

All the four brains -in the SD group exhibited striatonigral
degeneration (SND) type, whereas .in the non-5D gi‘oup, four of
the eight patients showed olivopontocerebeliar atrophy (OPCA)
type, two showed the SND type, and two were considered
to have similarly severe pathology in both the systems (SND =
OPCA lype). In all the cases, regardless of the clinical and patho-
logical phenotypes, many -synuclein-immunolabelled glial cylo-

plasmic inclusions were encountered in the medullary autonomic

nuclei, and only a few were found in the ML (dala nol shown),
consislen! with the features of MSA.

in MSA, alrophy of various degrees in lhe IML was observed
{Fig. 1A). There .were significantly fewer neurons in the IML in
the MSA group than in the control (38.0:7.1 versus 75.2 1 7.6
cells, P- 0.001) (Fig. 1B). This finding was common in all the
palients wilh MSA, with a short disease duration. There was no
significant difference in the number of IML neurons belween the
SO (33.8 4 7.5 cells) and the non-SD group (40.8.1 5.8 cells)
(Fin. 1B).

Examples of the medullary sections adopted are shown in Fig, 2A.

TH-ir neurons were distributed in the intermediate reticular zone
(IR) (Fig. 2B and C), and the patlern was consistent with earlier
descriptions (Paxinos ef al., 1990; Benarroch el al;, 1998). There
were significantly fewer TH-ir neurons in the VLM in the MSA
group than in the control (17.4:5.1 versus 72.84:13.6 cells,
P<0.01) (Fig. 2D). A marked loss of TH-ir neurons was also
observed consistently in”all: patients with- MSA, regardless - of
the age at death or post-mortem delay. There was no significant
difference in the number of TH-ir neurons in the VLM between
the SD and non-SD groups (14.7 % 6.7 versus 19.5+ 3.1 cells)
(Fig. 2D).
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Figure 1 (A) Photomicrographs of representative sections of the IML at the 8th segment of the thoracic cord in the control (Con),
SD group (SD: patients with MSA who succumbed to sudden death) and non-SD group (non-5D: patients with MSA whose causes of
death were established). Each panel was taken from a histological section of patients listed as Con 6, SD 1 and non-SD 3 in Table 1.
The lateral area of the grey matter separated by an oblique line is defined as the IML; Kliver—Barrera (IK-B) stained: Bar = 100 pm.
(B) Mean (4:5D) numbers of neurons in the IML on both sides. There is significant depletion in MSA compared with the control.
*P- 0.001; n=five for Con, ten for MSA, four for SD and six for non-SD. ‘

Majority of the TrOH-ir neurons were identified al four locations,
corresponding o the nucleus raphe. obscurus, nucleus raphe
pallidus, arcuate nucleus and VLM (Fig. 3A~C). There were sig-
nificantly fewer TrOH-ir neurons in the VLM in the MSA group
than in the control (15.6 4 9.2 versus 60.8+ 17.0 cells, P~ 0.01),
which was also observed in the nucleus raphe obscurus (19.3 4 4.4
versus 75.3 + 8.6 cells, P~ 0.001) (Fig. 3D). Again, a marked loss
of TrOH-ir neurons was also observed consistently in all patients
with MSA, regardless of the age at death or post-mortem delay.
Intriguingly, a comparison of the number of TrOH-ir neurons
in the SD group with that in the non-SD group demonstrated a
significant reduction in the former, both in the VLM (7.3 435
versus:21.8+ 6.5 cells, P+~ 0.02) and the nucleus raphe obscurus
(15.0£2.0 versus 22.,5::2.1 cells; P=0.01) (Fig. 3D). Similarly,
a- marked: reduction. inthe number ‘of TrOH-ir ‘neurons was
-observed in the MSA group compared with the control, both in
the nucleus raphe  pallidus (2.1+£2.7 versus 9.04+3.4 cells,
P<0.03) and arcuate nucleus (0.44:0.8 versus 2.3£1.5 cells,
P<0.05) (Fig. 3D), although the TrOH-ir neurons in both the

nuclei were sparse. Because of the scarcity of TrOH-ir neurons
in palients with MSA, il is difficult to draw a statistical significance
between the SD and non-SD groups based on the numbers of the
nucleus raphe pallidus and arcuate nucleus. However, there is
a tendency that TrOH-ir neurons are more reduced in the SD
group than in the non-SD group, both in the nucleus raphe
pallidus (0.7 0.6 versus 3.343.3 cells) and arcuate nucleus
(0 versus 0.8 4 1.0 cells) (Fig. 3D).

Discussion

This study indicates a significant depletion of the serotonergic.

neurons in the VLM and nucleus raphe obscurus in patients with
MSA who succumbed to sudden death, when compared “with
patients ‘who  died through : well-established  causes. On the
contrary, neurons in the IML and the catecholaminergic neurons
in the VLM are affected in close severity in both groups of patients
with: MSA. Although - a - depletion - of _medullary’ serotonergic
neurons. has already: been reported in MSA (Benarroch: et al.,
2004, 2005, 2007a), we have demons@rated that: the depletion
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