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Abstract 
Delayed cerebral ischemiaゆCl)is a serio回 complicationofa田山ys醐 Isubaracb.noid hemorrhage (SAii). Matricellular protein 

perio山n(PO喧甘ぜ）has been fo凹 dto be up陀gulatedand linked with early b阻間町田yafter experimen阻lSAR相官aimof the 
p酷 entstudy哨 Sto inv品 ligatethe relatio凶 hipb国附四p也smaPOSTN levels and v印O凶 clinicalfa即時 includi.1gs町um

l制 elsof C-reactive protein (CRP), an inflammatory ma由民 m 109 cons配 utiveSAH pati町田 whosePOSTN levels w町e
measured at daysト12浦 町 制euiysmaloblit倒 tion.DC! developed回 16pati削 sass舵 isledwith higher incid阻田of朗 gio-

g四phicvasospa捌，ce陪bralinfu陀tion,and 90・daywo同eoutcom時 POSTNlevels peaked at days 4-6 before DC! development. 
C町ebrospinalfluid (CSF) d同inagc哨 sa目 的atedwith同duccdPOSTIぜlevels,but did not inOuen田 CRPle刊 ls.Th悶 W描 no

correlation betw割問POS＇祢Jlevels and o山 町 田atmeotsor CRP levels. To p陀dietDC! developmeo~ receiver-op間同gchar-
act白川iccurv凶 indicated出at出crr制け品加nablccutoff POSTN levels were ob脂血cdat days 1-3 in patients wrthoul CSF 

drainage (80.5 ng/ml；僻cificity,77.6%; s開 sitivity.85.7%). Multivariate analys時 usingvariabl田 obtainedby day 3 revealed 
由atPOSTN level was胡 indc11endcnlpredictor of DCl POSTN levels ov町出ccutoff value were a抽出iatcd明白 higher

inc id回 ceof DCI, but not angiogmphic vasospas且 Thisstudy sho明白or山飴sttime出atCS!' drainage may r仙 KCp恥m
POSTN kvcls, and血alPOSTN levels may m白国明priorto the dc-vclopm叩 tofDCiwr由加dwi由。utV出 ospasmirrespective of 

systemic inflammatory r曲目抽出国C凶曲ls目白gs.These fmdings sugg凶 POSTNas a new tl世間1peu1icmol田ulartarget against 

p師 t・SAHDC!. 

K町 Wo『dsCe陀brospinalfluid命混inage・ delayed cereb阻liscbemia ・ m:町i田llularpro匝in.肝riostin ・ sub副部加oidb開。π・bage

lntroducti。n
Aneurysmal subaracb.noid hemo口bage(SAH) is a life・ 

th問a回 ingd時出eev叩 inthese yea・s [ 1). Patients who山 －

vive組 閣lys脂製ofaneuiysmal SAH and have th付加問ー

iysms oblite悶ledarc still al ri.'k of delayed cereb悶］叫hernia
(DC！）蜘toften悶 ul鉛 insev附 di帥 rliliesor d岡山［ト3).

η1e mechar川msof post-SAH b目m町uiyare multi危c回rial,
bu1 neuroinflammation 白 co回id~問C酪岨 i血port佃t cause 

［牛・9].
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Perl師tin(PO宮TN)is a 90・kDaCX'岡田llularm脚色protein

belonging to the fasdclin family, which W'JS ori伊 ally陀po制
部部回bl副叩民，ificfuc蜘 2(10]. PO釘Nぉcl蹴 ly田1叫ed回

in fl剖nmation田 dmodul世田immuneand nonimm山市ecells酪

a幽凶回llularprotein (11 ]. 1h悶 fore,POSTN凶同町出d

alt回 tionto出 abiomark町 ora曲目ヨpeutic阻屯ctof inflar祖国・

toiy dis曲蹴 （II,12). Rec阻 tly,we repoπω削 P05TNW描

up陪思！la凶 incerebral ∞巾xafter SAH in mi出胡dw酷 re-
spo国 iblefor early brain inj町（印。也岡田ofbl~回出

版閉店(BBB)disruption [13). The陀 h酷 b田町。凶yone pa問

pubhshed田aclinical舵tt回g,m which admission阻 dF世K剖－

ment p出pheralblood levels of POSTN we児問lat吋 bclinical 
畑町ty,DCI，叩 dpoor outcor羽田 d町叩叫rysmalSAH [ 14) 

How＇町町.it町民畦旧sunknown bow p聞phemlblood POSηq 

levels ch師事Cwi血time，朗dif various u国加伺tsthat蹴 pc'T・
formed for姐朗.rysmaloblit闘 lionorprev阻 tionofDCl凶 .U・

回出戸riph田 lblood POSTN levek More impor拙 1tJy,it IS 
still uncl回rif peripheral blood l開 Isof POSTN iocrease in 
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前回ciationwith也edevel＇。，pm1阻.tofc田ebralvas剖•pasmor oth-
町 田国別蹴ul町 曲 U蛸 ofDCI, or are merely a ubiquitous or 

coofouoding factor 即日回世ngsyst聞 配 inflammation.In出IC

F問削剥dy，自民間m暗闇dpl！！！明taPOS別 l即 lschro-
nolog.icaUy from也e也1ypo蜘 a肌rysmalobliteration to 12由1ys

P田t-SAHand inv田t唱a悼dthe問lationsbipb国W宮間 plasma
POSTN levels佃 dvanous clim曲 Ifacto同 includingv品 0・

S開sm,DC！，町田岡田t,ands町田nI町 elsof C骨 組 問 pro臨in

(CRP）出anons問：Ifiesys世間cinfl刷 natmymark虹

Meth。ds
T百elnstirutional Ethics Comm即時app即時dthe srudy，，却 d

、.vrineninfonn凶 con捌 tu明 obtainedfrom the relatives. 

Study p。pulation
百epresent抽Jdymcl叫 剖印悶悶血vepan間 的問主i錦町志dm出e
prosp部品，er喝isbyfor民拙℃hi嶋田ediatorsof a削即時出ular

ev醐 after岨e叩 roalSAH (pSE印） (15, I伺制W揖 con-

du目。din9t＇剖 3町民伽四IC叩 ICl'Sin Mic prcfi即 turcin Japan 
(!is凶 mS叩pl町四回ryMaterial：八pp田dix)from S叩加巾町

2013 to May 2015. [n the R宅脇町，inaddition to clinical v叩－

ables, plasma samples問 時間iallycoll出国d肌ds白血dat-
78。＇C.In the I""'弘司I油.u!y,pla.=a POSη崎levelsw田℃m凶 ，

S旧時d田ingthe stoo'.ked p恥ma岨mpl民組d曲。relationship
between pl回maPOSTNl巳四 ls叩 dclim出 Ivariabl国 W出 町 田－

S戸はively柏町器対.The血cl回ioncrit自由W師踊folio時．三
20 y•田町 ofage at O附 tmodified Rankin拙 Je(mRS) 0-2 

befo毘 O出札 SAilon computed tomo』~pby<CD or lumbar 
pun由 m，抽出ularane凹ysm出血e回 U田 ofSAH confinned on 

CTaiゅographyor dゆtalsub刷出on阻1g.iogr司1phy，加d印刷－

rysmal ohli回世ionby clipping or coil白羽1bol阻むonwithin 48 h 
of制isetThe cxcl凶ioncritcna w田 asfolio同国!known叫iol-

。U 町 otbercau摘。fSAHsucb部 rup出血dfusiform, di時制ー

田島岡田国11弘mycotic釦 dart＇町iov・朗 ousmalformation-related 
aneurysms，匂国国entby parent artery田clusionwithout bypa詰

翁町・gcry，出 giogr却hico山田町 田t叩 latedcompli回 tions叩 ch出

C悶 bra!in白血tionor hemo拍age，担同ouspreroo巾，jdi即時S叫 h

出 h岨 1悶 p四t町 ，orrt.'Dal fail眠 出atprecluded閉 山gh四 ti-
DCI U祖国en~ and concomi刷 lin且担盟国崎ryd峰崎 摘 出 凪眠

known加 uprcgulatcPOSTN [ ll]. Timing，岡町田tm吋ality
(clipping or coil阻加H調 tion)of組側ry田 aloblit明 u。n，阻d

o由ermedical ma問 1gementor treatm聞何回怯即時出pendedon 
血eo出脂 血V国ligato時．

Clinical Variables 

B出 elinedemographic and clinical data included age, sex, 

existing co-morbid山田（hype民間sion,dyslipidemia, and 
diabetes mclhtus; p同 v1ouslydiagnosed or on medication), 

current smoking, preoperative World Federation of 

c Spdn&" 
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Neurological Surgeons (WFNS) grade, modified Fisher 

grade [ 17] obtained by CT on admission, acute by的 ・

cepbalus, and the loca11on of a ruptu田d佃 curysm（佃 te-

nor or pos胞rio.rcirculation). Acute hydrocephalus was 
r出:ordedwhen the問 wasan evidence of venlriculomegaly 

proved by CT on ad即時ion,which w封 印 刷deredto 

cause neurological impairments such as disturbance of 
consciousness: a catheter of cerebrospinal fluid (CSF) 
d阻 inagcwas p!a田 dat chpping or the day aft町 coiling

if ventriculomegaly w舗 continuedAs 紅白岡ent－問lated
vanables, the followmg facto回 wereevaluated: treatment 

modality (clipping or coil embolization) performed for 

aneurysmal obliteration, CSF drainage including vcntric-
ular, cistemal and spinal drainage to manage hydroceph-

alus and/or to promote hematoma clearance, medication to 
prevent DCI (intravenously administered fasudil hydro-

chlondc, or•l or cnteral cilostazol, c1cosapcntacnoic acid 
(EPA], and stalin), and rescue therapies for DC! (inten-

t1onal hypertension, and intra-arterial injections ofぬ抽出l
hydrochloride). Outcomes we時 assessedas 10 ocr. an-
giog同phicvasospasm， 出 向bra!infarction, and mRS at 
90 days post-SAH. DC! was defmcd as o由crwiseuncx-

plained clinical deterioration (i.e, focal n凶 rolog1caldef-

ic1臨，adecrease of剖 least2 points on the Glasgow Coma 
S伺 le,or both), which lasted自orat least I h (!]. Other 
potential causes of climcal detenoration were excluded on 

clinical assessment, CT, roagrtetic同sonanceimages, or 
la加ratorystudi悶 Angiog田ph1cvasospasm w出 defined

as 50% or m。 陀 問duction凹thebasel.ine vessel diameter 

of major cerebral arteries on CT angiog悶phyor digi阻l
subt悶ction阻 gilographyirresp削 iveof symptoms, which 

W田 performedaround 7 days post-SAH or at neurological 
deterioration Cerebral mぬrctionwas defined as newly 

developed infarct after aneurysmal obliterat1on on CT im-

ages出atwas Judged not 10 be 1a回 geruc,and occurred 
within I m。nthafter SAH. Determination of these factors 
was made at each center, and the or喜朗凶ngcommillee 

qualified也em.

Measurement of Plasma POSTN 

After胡 e町ysmalobhtemtion, blood姐 mplcswe陀 serially

collec蛇dwilhm担intals回目的ma vein at days 1-3, 4-6, 

7・9，剖dl（ド12after o問et.All拙 npleswe問 centrifugedfor 
5血皿at3000G，加 d也esupema阻n匝 werestored at -78。c
until a時ayedPlasma POS1N levels w町ede回mined田 inga 

com蹴 rciallyavailable enz戸田ーlinkedimmunosorbent assay 
kit for human POSTN (AG-45B-0004-KI01; Adipogen, 

Sw1t即 1聞の
As a control, blood samples were also obtained from 6 

pa ti佃怯 withun四1pturcdcc四；bralaneurysms who p同 vid。d
wri冊 ainformed cons削（m帥n,65.2 Y＇曲目old;f<開国le/male



Plasr田 Peri倒的andDela）＇＜姐 Ce陀bral肱herniaAfter Anrorys同 lSub貧困、noidH刷、orrh司e

= 115) bcfo問 anyinvaぉivcprocιlure，釦 dpla沼田 POSTN Results 

levels we問 de民何nioedas d田cribedabove. 

S智 umCRP

To det•古田ine 也erelationship b国we阻 plasmaPOSTN levels 

胡 ds町umlevels of CRP, CRP data we問問trospectivelycol-
l民同and剛 lyzed.CRP levels w問問相関dwi血anauto-

matic chemistry叩 拘置r出 ingthe抽 meblood s町 pl田 asthat 
ぬrPOSTN m同surem閉店ateach C佃町E

Volume。fCSF Drainage 
In pati佃 tswithCSF合志inagc、theduration and the volt即時of

CSF output we時制m印刷ivelycoll民ted.For evezy POSTN 
level, the to国lvolume of CSF命ainagewas ob祖国ed拙 the

阿国lCSF drainage volume by the POSTN m回却町田叩tpoint. 
T田p回目vely.Daily d田in国 VO凶neof CSF was cakulated by 

dividing the total volume ofCSF drainage （皿I)by也ed凶ration

伝m the day of aneurysmal obliter•tion to出atof blood描 m・
piing for the POSTN m蹴附脱出（day):if出眠時Sthe 
d山首ionof no CSF dr副阻ge,the volume of CSF drainage 

dur恒gthe period W晶 cal即 lated酪 0ml. 

S匂tist同 lAnalysis 

Continuous v釦ableswere exp陀sscdas m回口 士制 ndarddt>-

viation (SD）。rs担。ぬrde1Tor of由emean (SEM; for grapbs) 

胡 dwere compared b回weengro叩sby unp出向dt te蜘 after
conli.nniog that each population being compared followed a 
mπnal distnbut1on using Shapiro-Wilk W t出 tsCategorical 

variables were 時•port凶踊 percen回ge and、時間comp訂ed
叩 ngch1叫 U眠 orFisher's c阻 ctte蜘 Correlationbe阿 国泊

plasma POSTN levels組 dv町柏田 factorsw泡sevalu剖。dby 

F同時on’scorrelation coe節目entfor凹 ntinuousvariables or 
point bis町ialcor時lationcoefficient for categorical variabl曲 。

Receiver-operating characteristic (ROC) c町田町 dthe area 
under the c町ve(AUC) w白canalyzed for plasma POSTN 

levels and 刷協同U田 tDC! development. Multivariate logistic 

rct戸時ion朗 aly蹴 wi白 DCl酷 thedφ叩dentvariable were 
performed by the b叫kwar叫stepwi担 methodusing all vari-
ables exeept for o叫comev加 abl曲.For multivariate朗 alyse、
WFNS grade was divided into g回d田 1-Uland IV-V，組 d
modi日cdFisher g芭dewas catcg町izcd出 gn吋邸 1-3叩 d4. 

All s凶 istical制 aly掛 W町eperfonned wid出EZR(S剖taro.a

Medical Center, Jichi Medi国 lUniversity, S剖回ma,J句弛n),
which is a g悶phicaluser int世ぬccfor R (lhe R Foundation 
for S回出口calComp叩ng,Vi開 国 ，A山田a).Mo配 P陀cisely,it 

is a modified v師 ionofRcom瑚 ndcrd酷1gnedto add剖aus-

白calfunctions fre明 朗dy凶 edin bio由 tisti田［18].A signifi-
cant level w酷民＇Iatp value <0.05. 

c。mparisonBetween Patients Wi由 andWith刷 tDCI 

One bun命凶叩dthirty-six con叩CUl!VCp剖1cntsw町creg酔

畑町lin tb.is period. lo to回I,109抑制eotswe問 includedio the 

pr時間tstudy and 27 p胡即時 we陪 excluded(I 0 pat問 問，問

blo。dsamples; 9 patients, dissecting aneUJ)'sms町田tedby 
p町cnt町tczyocclusion; 4 patients，叩cuzysmaloblitc問t10n

after 48 h of onset; and 4 patients, preonset mRS;:: 3) 

(Supplemen回ryM世間al:Fig. Sl). Plasma POSTN levels at 
days 1-3岨 d4-6w町emea釦問dinall p剖ients,but由時eat 

days 7-9制 dI （トJ2we問即時間gin one patient, 間pe仰向•ly.

In addmon, the fol!owmg data w官。missmgin some曲 S時

current smoking (13 p•山町臼；）， acute hydrocephalus (I pa” 

t1c-nt），叩d相 giogr-.ph1cV品 ospru叩 （5pati倒ゆThe叩 alys出
W開 per命＞trnedexcept for the missingぬ且Therneana畠eof
patients was 65.2土12.6(SD) yea目old，佃 d77c曲目（70.6%)

W田-e.fe皿ale.The nu皿，berofpatientswi血p問。p町剖ive、WFNS
g刈田 IV-VW出 39(35.8%). DCI developed in 16 ca明 S

(days 1-3, 0 c畠e;days 4-6, 3 c臨時；days7-9, 9 cas眠 days

10-12, 2 cas田；andday 13 and l副首，2c邸時.）.Age,田x,co-
血orbidities(hypertension, dyslipidemia, and diabetes 

mell叫•）， currentsmoking，問。p田町・eWFNS grades, mod-
ilied Fish町 grad叫 acutehydro叫phalus,and ruptu同d佃 eu・

rysm location we問 notdi宵町聞tb臨時間 p剖1entsw1出 and
without DCI (Table l). Trea町田副 modality(clipping or 

coiling), CSF d問。age,剖 d叩 ti-DC!preventive medica岡田

｛回国V佃 ousfasudil hy曲。ehlorideヲ白lost躍。l,EPA，紅ids祖国）

were also similar between the 2 groups. However, pati町時

With DCI W町ea抽出iatedwith signi自由ntlyhigh町 田口d回 出

。f叩 giogr鴻pb.icva拍spasm,c町eb悶Iinfa応tion，制 d90-day 
wor.;c outcomes, al伽 ughintcn加nalhyp国 側 ionwas per・
fo1Tned in 5 patients developing DC! (3 J.3%吋 3.2%in ncト
DCI group, p = 0.002) and m回 ・訓 c'Tiali町田加 nsof fa,udil 

hy・也前hloridew悶 perぬITOedin 7 patients developing DC! 

(43.8%vs l.1%inno・DCIgroup,p<0.001). 

Relationship Between Plasma POSTN Levels and DCI, 
Other Clinical Variabl田町CRP

Compared with pla、maPOSTN level' in con回 lcas出（52.3土

4.0 [S郎伺og/rn1り，plasma levels of POSTN i恩師euzysrnal
SAH patients w眠 high血 P凶醐POSTNl前 elsp岨kcdat 

days 4-6, when the levels w町esignifi岡田lyhigher in patienぉ

with subs叫U叩 tDC! devel叩mcntcomp町。dm出tho皿 With・
out DC! (Fig. la). Serum CRP levels w町emea回開din86 

patie問 atdays 1-3, 84 p泣ientsat days 4-{i, 83 p誼ientsat 
days7-9，阻 d84 patients at days lか12:CRP levels w関口0[

sigmfic回 tlydilfc町田tbc'tW回 lp油entswith and without DC! 

剖 佃ysampling point (Fig. lb）.市川町correlationwas c油 m-

ined b世W血 npost-SAH plasma POSTN levels and clinical 
variabl回， plasma POSTN levels剖 days4-{i we時 W儲 kly

会Spcing≪
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Table 1 C.。血pari曲nofclinical 
All (n= 109) 市首abl田 3J>doutcoα闘 betw開2 DCJ (n= 16) No OCT (n = 93) p value 

p抑制tswith and witho叫delay剖
ccr曲限II叫lx.mia(DCJ) B蹴 linec抑制朗渦酎

Age(y曲Y功。me朗土SD 65.2土12.6 67.3企10.7 64.9土U2.9 0.4明

F朗 13Je 77 (70.6) 14 (87.5) 63 (67.7) 0 143 

Hyp伺柏田自 50(45.9) 9 (56.3) 41 (44.1) 0.423 

EゆJipidc凶a 13 (11.9) 3（同ι｝ IO (10.8) 0402 

(≫abet時間clb加S 4 (3.7) I (6.3) 3 (3.2) 0.475 

Cぽrcntsmo蜘 s 25 (26.0) l (20.0) 22(27‘.2) 。752

向。pcra町 cWFNS grade 0.545 

31 (28.4) 5 (31.3) 26 (28.0) 

n 30 (27.5) 4 (25.0) 26 (28.0) 

Ill 9 (8.3) l (6.3) 8 (8.6) 

四 20 (18.3) 5 (31.3) 15 (16.1) 

v 19 (17.4) I (6.3) 18 (19,4) 

IV-V 39 (35.8) 6 (37.5) 33 (35.5) L.0 

Mochftcd F，品crgra血 0.675 

9(8.3) 。（0) 9 (9.η 

2 4(3η 。（0) 4 (4.3) 

3 SS (SO.S) 9 (S6.3) 46 (49.S) 

4 41 (37.6) 7 (43.8) 34 (36.6) 

A叫tehydroccphahJS 43 (39.8) 5 (3 l.l) 38 (413) 0.583 

Ruptured組曲ry滋nl田副加

A回cnorc問ul曲。n 98 (89.9) 16(1帥｝ 82 (88.2) 0.362 

Tr怠atment

Cli即 時 8S (78.0) IS (93.8) 70 (7S.3) 0.187 

C匁＇d出回1;e S3 (48.6) 9 (S6.3) 44 (47.3) O.S93 

i.v. ras叫 lhydr田 blonde 』師（972) 16 (LOO) 90 (96.8) 1.0 

Cil田 凶 却l 93 (85.3) 14 (87.5) 79 (84.9) 』0

EPI、 54 (49.5) 9 (56.3) 45 (48.4) 0 599 

S匂皿 33 (30J) 6 (37.5) 27 (23.7) 0.559 

Int明白開albypcrt開sion 8 (7.3) 5 (31.3) 3 (3.2) 。002

i •. fa.5叫，lhydmchloridc 8 (7.3) 7 (43.8) I (I.I) <0.001 

Ou•come 

AnJ>iogra凶泌叫S拙抑制市 37 (3S.6) 13 (81.3) 24 (27.3) <0.001 

C釘ebr叫inla『引制on LS (13.8) 8 (SO.O) 7σS) <0.朗 l

90-血cymRS 0.伺3

。 33 (30.3) 2 (12.S) 31 (33.3) 

16 (14.7) 0 (0) 16 (17.2) 

2 18 (16.5) 3 (18.め 15 (16.1) 

3 9 (8.3) 4 (25.0) 5 (5.4) 

4 12 (LI町 I (6.3) 11(11.8) 

s 16 (14η 3 (18.8) 13 (14.0) 

6 5併の 3 (18.8) 2 (2.2) 

0-2 67 (6 1~り 5 (31.3) 62 (66.η 0.011 

Daia蹴 n凶nberof patterns (% of to凶 p油開tsper group）凶I田soft町 W1揖叩ec1且剖p"alue 附羽田市on
be則前aDCI岨dno-DCI by F総her’sexact test or凶pattedt 間＜.CSF = ce問＇brospmallluid. EPA = 
eぉ0拙peniaenoicacid. i.a. = int見込判阻止 ，v.=int岡、開。凶。mRS=mod泊。dRankins曲leSD＝、.Uln山rd
d町i副 on,WFNS＝、WorldF吋er問。nofN＂＇問 logi田lSu弔問問

butp国 itivelycorrelated with DC! and脱出sultantin田ntional 。bservedbetwe阻 plasmaPOSTN levels at days 1-3阻 dpre-

hyp聞 C酷 ion.In coロ回s~ W帥k佃 dnegative corrclat1加 W幽 。pe拍U叫 WFNSgrades or acute hydrocephalus, and between 
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• CSF drainage 

ロN。CSFd開 inage 

Plasma Peri田川andDelay咽 Cerebral恒herniaAfte< M制rys間 ISub＇＂総合noidHemorrh司e

• DCI 

ロN。DCI
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Fig. 1 Cbrooolo』pealcomparison of plasma p開。st岨levels(a) and 
抽 umC－醐曲vep同tein(CRP) I削除(b)betw蜘 pat蜘 ＂刷出制d
wuhout delayed cerebral ischemia (DC町.Penostin levels are 
signific間 tlyhigher in伊計四t;with l)CI compared明治t加盟 、吋thout
DCI a1 days 4-6 （乍＜0.05 ν•s noOCI；間開店吋H国t). CRP le時Is踊not

si畠11ifica11tlydi町釘~ntbetwe開 theDαand the帥・DC!gr。叩SData, 
me聞 士山 nd副 errorof the me眠 （），numbcrofp山崎
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Fig. 2 Ch同nol。島’calcomparison of plasrr泌阿出ostinlevels (a) and 
拙 umc醐山vep剛削 （CRP)le、els(b）肱tw帥羽patients、ゐ’1由釦d
without ccrcbrospinal fl、
s壇凹fie阻 【lyl。wer凹伊tientswult亡SFdrain唱eat岨Y臨甲h噌 P佃 t.
while CRP le＇叫sare崎町ficandyhigt師 国 pauentswult CSP d同制geat
days 7-9 (*p < 0.05.制・p<0.001四 110CSF ch山岨隣同岡田dIle叫
Data, me師 走描 n血nderror of the me田，（）.凹mber。fpabenl';

。。0.0 

CRP levels we問 notcarrel：.怯dw1出 pl国 maPOSTNl問 ls

at四 y拙 nplingpoint (Supplementary Material Table S 1) In 
coni回訓回POS1下Jl町els,CR.P levels匝nded回 behigher in 
pa ti叩阻刷出 CSF也祖国.gc.CRP levels we陀剖伊ificantly

higher也pati阻tswi白血組withoutCSF drainage at days 7-
9 (Fig. 2b). 

ROCCu問 eAnalyses for the Perf，。rm聞倍。fPlasma 

POSTN to Predict DCI 

The ROC curve analys邸 forthe peげorman回 ofplasma 
POSTN levels w町esepa岡崎lyperformed in p剖ien回 wi也

CSF dramage and m those without CSF drainage 
(Suppl町n白山ryMaterial: Fig. Sl). To p陀dietthe d肺 elop-

ment ofDCT in patient引.v1由。utCSFdr剖nage,the ROC C町 W

indicat。dthat plasma POSTN with a cutoff value of80.5 ng/ml 

問問1也din asp田ificityof77.6% and a sensitivity of85.7%前

days 1-3 (AUC, 0.770; 95% confid師叫int町val[CI), 0.581-

0.958), and that the sp民ificityw酪 65.3%割 d揖回itivityw.碕

会Spring≪

plasma POSTN levels at days 1-3 to days I(ト12胡 dCSF 
d同inage(Supplementary Material: Table Sl). Especially, 

pl出:maPOSTN levels w町esignificantly lower in parien回
with than without CSF drainage at any sampling point 

σtg. 2吋The問剖開＇ntmodality of ane町ysmalobliteration, 

胡 ＇giographicv出0平日m,cereb田linfarction, and 90-day out-
comes we問 notcorrelated with plasma POSTN levels 

(Supplemen凶 yMaterial: Table Sl). 
CSF drainage was performed in 53 patients (48.6%; 

S叩＞plemenぬryMa臨ial:Fig. SI）叩dthcd山由mw掛 4.9土

4.1 (SD) days （剛ge,1-12). The volume of CSF dr.制 agew描

missmgm2ca揖s;in addition, 15 cases underwent continuous 
C副emalinigation by art泊闘ICS！＇，阻d出町efore,the p悶C齢

CSF outp凶 volumecould not be m曲四陪dm出師epatients. 
ηlUS, da岨m曲。陀mainingpati岨ISw町 古 凶edto evaluate the 

問 lationshipbe棚田nplasma PO唱TNlevels胡 dthe CSF drain-
age volume剖叫chpcrio仕bothdaily drained volume of CSF 

and the阿国lvolume of CSF drainage were neg叩velycorre-

lated削 thplasma POSTN levels (S叩＇Pl町羽町1虹yMaterial: 
F¥g. S2）。



85.7% when a cutoff value of71.3 nglml was叫tatdays4-6 
(AUC, 0.770; 95% CI. 0.622-0.917; Fig. 3). However, at both 
days7-9岨dlか12,no reasonable cutoff value w酷 ob抽incd.
In patieots with CSF drain<lge，。or回sonablecu田町四1田 of
plasma POSTN w描 ob国m目itop阻 lictDCI at叩 y拙 npling
point (Supplem開国ryMa皆川副：Fig.SJ). 

Univariate Analy提sfot' DCI Development in Pati開 ts
With or With。utCSF Drainage 

Wh佃 CSFdrainage w踊 notperformed, DC! developm阻 Z

W割引gni日candyassociated with more amount of SA H 
assessed by modified Fisher grade (especially higher 
incidence of grade 4; Table 2) and higher plasma PO雪TN
levels a1 days 1-3 a皿l4-6 (Fig. 4a). CRP levels we同 also
significantly higher in patients with DC! at days 4-6σig. 4b）。
Although t同a1men1so由町 thanint阻 Ii恒ialhyper拍酷1onw町e
not signi自国ntlydill園田tbetw惜 npatien:回wi曲andwithout 
DCJ, p組 問 也withDCJ had別1gni日国同lyhigh町 incid四 ccof 
intentional hypertension，拍車iographicvas。sp酪 m,cereb悶l
infar世ion，四dWO四c9か<layoutcom出（Table2) 

：！蹴3I師良部.：~＂~山r-:e;:：~且e ’.o ~ 白川 ’・3

H Kanama同 etal 

CSF世間 agewas m附 fuxiu阻 llyperformed in p抑制S
with WO時ecli山calgrades (WFNS grades N.V, 54.7君臨時

17.9%回 noCSF世ai回ge,p< 0.001阻 dmodified Fisb町
g目de4,50.9%吋25.0~も inno CSF d悶inage, p = 0.009）胡d
acute hydrocc11halus (62.3% vs 18.2% in no CSF命-ainagc,
p<O.OIOJ), but the m口ideocε。fDC！凹 P国i町田 刷出 CSF
drainage was similar to those without CSF drainage 
(Supplementary Material: Table S2). In patients wi血 CSF
d田mage,出ed1百1...ttnce1n出camo叩 tof SAH as."'8scd by 
modified Fish町伊de(Table 2), plasma POSTN l肺 els,and 
s四 mCRPl開 ls(S叩plemen凶 yMaterial: Fig. $4) w踊 not
de加国edbetw四坦pati阻 tswi正handwit加utDCl.P剖ie凶swith 
DCI b.ad higher incidence of angiog悶.pb.icV碕ospasm剖 d
C町 曲 同lmfurction, but 90・dayoutcom品 W町t001 Si伊泊曲nl・
lydi宵 町 田tbe肺悶patie時 withand without DCIσable 2). 

Multivar泊teAnalyses for DCI Development 

To陀du四 potential唱electionbias出 much出抑制iblc,Vari・ 
abl田 formultiv岨眠 logisticregressi・。n柏 aly間 W闘記l目白d
by出cdowr川 町dst叩wi時 me出店i出 ingallvar凶，bl凶 thatw町芭

10 ~ 白”“
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Plasr同 Peri田tinand Dela）＇＜剖 Cerebr剖lschemiaAfte< Ane<Jrysmal Subara<才、noidHemorrh司e

Table 2 u血variatea回Jys田 tordelayed ca曲mlis噛幽 a(DCJ}relat吋 1柑 ors凶同開tswitlt制帆1h倒閣ebro叩凶E山d(CSF) drain都

CSF dra皿噌C れR。CSF凹祖n、cgc

OCT (n =9) No DC! (n = 44) p同Jue DC! (n＝η N<> OCT (n = 49) p value 

蜘!SChnccbarac即刷cs

Ab"' (Y•出馬＞）， m出n±SD 65.4土7.4 師 同 H.8 0.867 69.6土14.2 63事土13.9 0.3師

F叩叫e 8 (88.9) 31 (70.5) 0.416 6(85η 32 (65.3) 0.409 

H珂，crtc叩m 6(66.η 20 (45.5) 0.293 3 (42.9} 21 (42.8) 1.0 

Dys lipid匂ma 2 (22 2) 2 (4.5) 0.129 I (14.3) 8 (16.3) 1.0 

Diab<現時memtus 0(0) I (2.3) 1.0 I (14.3) 2(5.9) 0.335 

C回附抽出噌 2 (25) II (28.2) 1.0 I (14.3) 11 (26勾 0.665 

WFNS grade 0.733 0.409 

I 2 (22.2) 6 (13.6) 3 (42.9) 20 (40.8) 

n 2 (22.2) 10 (22.7) 2 (28.6) 16 (32.7) 

Ill I (I I.I) 3 (6.8) 。（0) 5 (10.2) 

IV 3 (33.3) 12(27.3) 2 (28.6) 3 (6.1) 

v I (I I.I) 13 (29.5) 。（0) 5 (10.2) 

IV-V 4 (44.4) 25 (56.8) 0.715 2 (28.6) 8 (16.3) 0.596 

M叫泊剖 Fisherg叫e 0.1刷 0.046 

。（0) 3 (6.8) 。〈的 6 (122) 

2 。（0) 2 (4.5) 。（0) 2 (4.1) 

3 7 (77.8) 14 (31.8) 2 (28.6) 32 (65.3) 

4 2 (22.2) 25 (56.8) 0.076 5 (71.4) 9 (18.4) 0.008 
Acute hydn悶 ph>I国 4 (44.4) 29 (65.9) 0.272 I (14.3) 9 (18.8) 1.0 

R叩加red胡 e凶ysml叫油Oil

Antenor cm:ulation 9(1即｝ 36 (81.8) 0.324 7 (JOO) 46(93.9) 1.0 

rr℃stntcnt 

Clipping 9 (100) 36 (81.8) 0.324 6 (85.7) 34 (69.4) 0.66 

i.v.fas叫tibydrocbloridc 9 (I(同｝ 42 (95.5) 1.0 7 (100) 48 (98.0) 1.0 。1咽 lam! 9 (100) 36 (81.8) 0.324 5 (71.4) 43 (87.8) 0.259 

EPA 5 (55.6) 26(59.1) 1.0 4 (57.1) 円（38.8) 0429 

Sta回 5 (55.6) 9 (20.5) 。加4 I (14.3) 18 (36.η 0.403 

Int凹b倒 alhyp朗朗sion 2 (222) I (2司 0.071 3 (42.9) 2 (4.1) 0.011 

i.a. fasudil hy・命。chloride 6 (66.η 0(0) <0.凹 i I (14.3) I (2.0) 0.236 

OUtcomc 

Angi。草間cplticV時開予割問 8 (88.9) 14 (35.9) 。007 5 (71.4) 10 (20.4) 0.012 

Ccrcb聞lhぬtetoon 4 (44.4) 2 (4.5) 。005 4 (57.1) 5(10.2) 。.009

90-d町 mRS 0.2叩 。.006

。 I (I I.I) 11 (25.0) I (14.3) 20 (40.8) 

。（0) 4 (9.1) 。（0) 12 (24.5) 

2 I (I I.I) 9 (20.5) 2 (28.6) 6 (12.2) 

3 2 (22.2) 1 (2.3) 2 (28.6) 4 (8.2) 

4 I (I I.I) 9 (20.5) 。（0) 2 (4.1) 

5 3 (33.3) 8 (18.2) 。〈的 5 (10.2) 

6 I (II.I) 2 (4.5) 2 (28.6) 。（0)

仏2 2 (22.2) 24 (54.5) 0.142 3 (42.9) 38 (77.的 0.074 

0.旬 d陀 numberof pati削除（% 。ftu凶，P：.＇~削酬除割戸狩問F刷＂、up.”＞），；~less Olh白川嶋甲山自吋 pvalue, Fisher's臥蹴S闘 しのr山戸間dt test EPA = 
引開$叩開匂ono!cacid, 1.a. = in同4悶 nal, = m叫 ficdRan.k.in抑 le,SO＝調n蜘rddcviaa帆 WFNS= World F吋 師口明of
Neurologi曲IS町事同国
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Hκanama山 ctal. 

plasma POSTN levels剖 daysト3w町calso皿 mdcpcndc-nt

predic回•rof由e田bs明回目developmentofOCI：帥 ORwas 

23.800 (955もCl,1.900ー299.000;p=0.014) when plasma 
POSTN levels at days 1-3 we時制egorizedusing也6cutoff 

value of80.5 mglml d国間 nincdin Fig 3σable 3），皿dthe OR 

W踊 1.050(9:5% Cl, 1.000-1.IOO;p=0.031) when pl描ma

POSTN levels were used as a continuous variable 
(Supplem剛 aryM剖白羽I:Table $4）.、.Vb朗曲uttivariatelog白－

tic問g割問onanalys田 W町eperfonned m patiemts with CSF 
命祖国ge,pla盟国POSTNlevels剖 days1-3 w白enot佃 inde-

pendent predictor of DC! (Supplemen：回I)'M：＜惜tal:Table $5). 

• DCI 
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関 0

Clinical Significance of Eleva担dPlasma POSTN Levels 

In patients with no CSF d阻ina昌弘 山e 問lat1on.~hip bctwc叩
plasma POSTN levels ov町出ecutoff value doet町minedin 

Fi島3副 dclinical variabl問。ro国間mem崎山田was開制・

ined (Supplem>間同iyMaterial: Table $6). Higher POSTN 

l肝 elswe陀 a部。c則edwi由higherincideo叩 ofDC!, but not 
同l剖00WI出 angiog111phicV描ospasm，由lrcb団linfi虹叫ion,90・

day o国：comes.割問IIass町田nCRP levels at ho出days1-3 
釦 d牛同6

＊ 

b 
10目。

8目。

6.0 

4目。

｛－旬
、回

E）

2
．、，
E
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E
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The novel日ndingsof出ep間関ntstudy we陪由aヒI)pl醐 m
POSTN levels kept high剖daysl-1 2andp曲k。datdays~；

2) plaS1J1a POSη~ levels we同日goific阻tlylower in patien1崎
with CSF dramage comp町edwith tho舘 wi由outCSF d悶in-

age, altbou畠hCSF drainage was peバbonedin p剖ientswith 
p凶町 imbalch国calstatus; 3) m慨 CSFdrainage volume 

W出硝偶ia臨dwith l。werpl出maPOSTN levels; 4) pl出ma

POSTN levels we陪 sigm自白ntlyhi邑herin pat1en回 withth叩
without DC！副days1-3阻 d4--0 when CSF drainage was not 
p町formed,but CSF drai岡野lostthe difference; 5）信田町lCDl'
o也町lhanCS.F d問皿agedid not affect p恥maPOSTN levels 

befo問。ns因。fDCI;6) pl叩 mPOSTN levels were not co炉
開latedwith serum CRP levels; 7) plasma POSTN levels at 

days 1-3 W時胡 ind叩endent p陪die回rof DCI in pati聞 IS

without CSF命直皿age：，佃d8) plasma POSTN levels we時

not related to ang旧graphicvasospasm These日ndingssuggest 

Discus針。町

」~ー圃~·
4-6 7-9 

Days alto，。nset

Fig. 4 Chronological co曲抑risonof plasma帥ri<>SI岨levels(a) and 
拙 umC-r噛仰vep剛削（CRP)I削除（b）加tw蜘 patients、問山and
withoul delayed cerebral附chcmia(DC『） when山出bmspinalnuid 
drain噌CW剖 001pcrfonuoo. J>cri師同levelsat d町sl-3 and <Hi， 悶d
CRP levels at days 4-6蹴 si伊 r.削減yliigher lo. patie蝿刷出 OCl
(*p<0.05略的DC！、u叩a同dII銭。D制 ，me加 企 細川町derror of 
the冊e岨，（）.nwn肱＜Of同11朗 1S

2.0 

0.0 

obtained by day 3 p時t-SAH，加Cal出 mostof variables includ-
ing WFNS grade we：周回tsig削除制 on山 v間服組alys国
σ油l出 1and 2) and correlabon bctwc叩 V町ablesw出 、刊誌

(Supplcmen抽I)'M剖crial:Table SI). The analyses問vealed

that plasma POSTN level剖 days1-3酪 acontinuous vanable 

W描 lhesole independ阻 EP時dictorof也esubsequent deve!OJ>-
ment of DC! wllen苗持品edin all patients (odds ratio [OR], 

1.030; 95% Cl, 1.000-1.060; p = 0.034; Supplementary 

Material: Table 53). When multivariate logistic reg陪ssion
analyses we問 perfonncdin p油 開肱withoutCSF dr.ilnage, 

Table 3 M11ltivaria1e l崎山C
間S'＇＇＂紛na臨む田ぉ fo’p•cd1cting
delayed cerebral isch :mia in 
p副曲IS明白out官官cb町甲iaal
Ouid d岡山唱e

pvaluc 

0.263 

0.036 

0.014 

951るCl

0 964-1 140 

1.l“ト97.600
1.9(10-299.000 

OR 

LOSO 

to.600 

23.800 

Age 

Modified Fishe< !l'叫c4

Plasma p町時tinlcvelsalda)'l! l-3;,80.5 n~I 

Variables 

V問時1田町cselected by the downward •tcpwisc method "''ng all variahl四 Iha!arc obtained by day 3 p明ト

叫bat叫h問 idbcmo巾噌CMod桁吋 Fi曲erg古血is田町go市再出grad時 1-3and 4. Plasma per恥tinlevels al 
由•YS l-3arc帽 t唱（）（由dus凹gthe叫 oft'value伽 t明 sdetenn旧edin Fig. 3. CI= co世田阻 棺 皿財団I.OR＝。剖s
岡崎

c Spdn&" 



Plasma Peri酬 nancl Delayed Cerebral肱阿川崎町師判明間ISub0t拍 noidHemorrh司e

that plasma POSirN inc回路esprior 10 the developm阻 tofDCI 

w1tb and without angiographic v国ospasmIn addition, coo-

sider拍車配fmdings伽 tCSF d措tnageprecluded出eelev a-

tioo of pl出maPOSTN levels i.rresp削 iveof a oonsp悶 fie

systemic in日出田natorym町k町 CRPlevel, POSTN might be 

produ開 dio the intracranial spa開 PlasmaPOSTN levels may 

re目。dan in岡町祖国lpalhophysiology, and those at days 1-3 

may be useful to p悶dietDCl回gaz廿lessofv酪ospasmio pa-
ti叩 tswithout CS!' d阻inage 

Under normal conditions, POSTN is p毘sentat low levels 

in adult t時間関， b叫 highly叫 r開 edat引回ofinflammation 

or i吋町［19].POSTN is ch制 C町包ω酷 a削除uleeasily 

movmg or sec出 ：edfrom inflamed sites into various body 

自uidssuch酷 blood(20], urine [21], sputum [22], and 刷局

[23], although the mechanism of the movmg or sec陀tion拘H

rem剖nsunclear [ 11] Although it is not certain whether 

POSTN is upr略ulatcdio p。sr-SAHioj町edbrain, and tbeo 

S師団tedinto p討，pbc同lblood in a clinical setting, BBB dis-

ruptionmay m血E白白血ep自由eabilityofPOSlN.PO喧1N白

a90・kDaprotein, which 1s much bi!!b"-7 th四壬500D-• me>lc-
cul es出訓P揖SBBB easily (24). In伊1ientsm出 SAH,bow-

ever, BBB d同ruptionocc回 ［25],possibly allowing POS刊

to move品。rob摘出orCSf柏 peripheralblo。d,or vice v町田。

Ac'lually, the p陀 sent拍 1dyshowed that mo問 CS!'drainage 

volume w酪 sig,tificantlycoπelated with同ducedplasma 

POSTN levels without mfluencmg s田umCRP levels These 

findings sugg剖1由atPOSTN might be induced泊post-SAH

b悶 nor CS！＇問問 spondingwuh our陪centexpenmen回l

study, in which POSTN was up国：gulatcdin brain capill町y

end。thelial田 llsand neu即時間 a filament p町fo国企ionSAH 

model in mice (13]. CSF d岡田agem1ゆtd叫開制由。胴O刷

。fPOSIN曲atcould move宜omthe brain叩dCSF to the 
periphe同lblood in白JSstudy. In ω間酷Las CRP is synthc-

S隅din liver and inc間描bynonsp民 ificioflaroroatory問ac-

t1ons (26）， 岱Fdrainage could not reduce sc-rum CRP levels. 

The pr田ents回dy即剖ed出atplasma POSTN levels副g-

m日cantlyin町田scdbcfo出 品edc-velopment of DCI but not 

ass叫胤edwith angiog回1phicv畠田pasm也pati開ISwith。ut
CS！＇合副悶 geROC curve analys出 sugg田 ted出atpl出 ma

POSTN levels at days 1-3 and牛6co叫dbe us凶 酪abiomarlc-

er for p阻dietingOCI in pati聞 tswithout CSF drainage.τhe 

und町ly泊g血配h岨白roofDαdevel•。•proenth括的Sb田ncl町－

iii剖 exactly，制dnonv酪伺阿国icca田町 ofDC! have b問。

at回Clcdalt印 刷 柏 田 畑lly(4, 27, 28]. Howev町，inft町剛－

tion is consid悶 d回 bean iropor祖国白山eofDCI町田P目前e

ofv酬明sm(4, 27-30). A＇出拙川町田 dinflamma凶on

indu目 白eexpr閣 ionof POSTN，阿佐SAHn凹 roinll捌 na-

tion may曲山間釘N叩陀gularion(II, 19). In岬出men凶

SAH, POSTN caus均dfill! or BBB disruption via !he activation 

ofm1logcn唱曲vatcdprotein k1陥 S出（MAPKs）叩dma回xme-

回lloprotein蹴蜘仏11'）・9，凶明Clingwith岨池町四町田llul訂

protein剛蹴m・C(13). MAPKs and M岬 －9蹴 wellkn。m
to cau時由。degradationof c制 mlrnicrov時selbasal lain皿a

釦 d(J仰 juncti阻 p同1加油国師clud拙ーl，同suitingin BBB 

disruption and brain edema form油00a伽rSAH (31, 32). A 

由蹴蹴ぬ，1st uly als6 showed the possゐleinvolv拙拍1¥of 

POSTN聞出edevelopment of EBI or BBB disruptioo a世町

cxpc'fim叩凶SAH(28]. Th成 問 トSAH田町四畑mPOSTN 

may血U揖 EB!,whicll m回mmay lead to DCI wi出曲四Sか

S開澗l(13). In fa叫 ap問問。出clinfoalstudy re-ported p回 itJvc

correlation betwe回 ad血issionWFNS g沼化，whichmay問自副

首lCS町 crityofEBI，釦 dp問む祖師聞tp叩pb悶 Ibl＜剛IPOSTN

levels (14]. In 曲。pr閣凶 S如d民組roissi•。n WFNS grade岨d

pl酷maPOSTN levels at days 1-3 we田 neg胡velyco問 la出4
but this α町 bebe曲usepoor－~de pati＇阻.tsmo思量判U阻吐y

underw田 tCS！＇也剖阻 ge,問問clangin low町 plasmaPOSTN 

levels. On the oth町 hand,CSF d同inagereduced plasma 

POSTN levels that we陀 notdiffi師四tbetween pauents with 

叩 dwi出outDCL but DCI油lld町 elopedin恥 p問 削 蜘dy.

This品。 beexpl制 edby the s冊目dation出atCSF命ainage

同ducedplas醐 POSTNlevels th回ughp陀 V朗 tingPOSTN 

from moving to p凶ph田叫blood伽皿thee回国lnervous sys・

1聞 Lbut POSTN levels in侃 CSF凱 dbrain t附 UC'Smi柳
町mainbigh，国usingDC!. 

In hun祖n胡 dmo田e,POSTN is known to undergo alt町－

native splicing between exons L 6 and 22 in its C-t町minal

陀g1on,and expressed出中即日Csplicing isofonns, which 

血ayhave diffe同国 functionsdep阻 d泊gon a disease [33). 

To date, 9 splicing variants have b田 nidentified, but the func-

tion of di除問usplicing variants h描 notb関aぬUyund世ー

stood (34). At present, clini国 llyimportant or well-known 

variants眠 asfollows: POSTN 1, a full-length fonn cont幽－

ing 23 exons; POSTN 2, which lacks ex。n17; POSTN 3, 

which lacks 臥 on21；阻dPOSTN 4, which lacks c油田 17

佃 d21 (34). For 回ample,POSTN' 2 exhib1削 neuroprotec・・

bve effoots佃 da田eler割edneurite outgr。w由m回酷ientfo-

calc町ebraliscberoia in m白描socia凶 withAkt phospbory-

lation (35）.伽theother h岨 cl,in expc-rim回凶lSAHin m叫

POSTN 1 C制民dBBB disruption aod brain edema formation 

(13). However, it孔明白nsunknown whc"lhcr splicing v叩 叩 隊

。fPOSTNo血目白阻 POS'fNI a同 upregulateda自白SA比
胡 dif so, how diffc-r田 tsplicing variants of POSTN f叩凶叩

alt町 SAH.A白羽ding抽出。m阻 ufac加院内dat描beet(hups:// 

www biomol.com/product_ Periostm-human-ELISA‘Kit 

h凶？aRelated=AG-45B-0004),the a蜘 ykit used凶 the

pr時間tstudy c岨 detectPOSTN isoforr酪 1-4旬＇geth町，but 

not叫p訂ately.As splicing v組曲ISof POSTN may have Op-

pos脂ぬnctio酷，thus，白民hers回diesa陪 n田dedto investigate 

由e曲ncoo町問。f阻 chv町iantof POSTN induction and the 

陪lationshlpamong each POSη~ splicing variant and p叫 t-

SAHneumva悶 liarevcnl' including DCI 

lhe時 a問 sev帥 Ilimitatio出 国 花hepres阻ts加dy.First，曲。
戸時間ts回dyus臥Ia pro中国；tivclym出ntainedpSEED data-

b括。butthis is a small-scale retrospective study with pot相 tial

担lectionbi出 Toconfirm the findmgs m the p陀悼同 期 dy,

血目℃fo即，加草。scalepros戸letives1Udi同町eneeded. Second, 
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CSF levels of POSTN we：時 notm儲sured.加 pati阻ctSwi也

CSF也ョinage,1t may be useful to measure POSTN level' in 

both peripheral blood阻 dCSF simult制的uslyto confirm 

whet!市 POSTNis mduc剖 mthe c四国1ruervo出 sy湘 mor 

曲 目clyre自民tssys回 ninflammatory問 a世io田.Third, plasma 

POSTN levels were not compa問dbetween befo問 and鳩町

CSF命租nagetomo即 clearlyshow effects ofCSF d同inageon

plasma POSTN levels Four廿Lthe method used in the p陪sent

st出 lycould not distinguish POSTN i叩 formsas d酷 crib出1

above. However, the p陀sentstudy sho問 dfor tbe first time 
that post-SAH in伽ctionof POSTN might precede血cdevel-

op血阻tofDCl時gardlessof y，砧 OS似smin a clinical setting, 

and叫腿品回 the抑制ibilityof POSTN出 anc-w thcr•peutic 
t町getag湾出stDC! not dir民tlyrela田dto v描ospasm.Further 

studies would prove the significance and usefulness of 

POSTN郎臨時b崎 mDCI a島町SAfL

Adtn肌•ledgments W’c thank Ms. Chiduru Nakamura (l)epar相 官ntof 
N山町 出屯 併y,Mic Univcrsity G市山ateScbool ofM吋kine)for bcTI叫h-
nical 叫叫剖回 η田、、ork明 sfund吋 by3 grant叫 aid品rSciemiftc 
R齢制h加 nla帥 Soc同yfor the Promotion ofS印刷ce(g酬 削 nber
17K10825）回Or.Suzuki 
Met坤crsalong with their a官iliationsl~t吋 inSupplcmcn町yMa回 ial

(Appendix). 

R叫ui制加th。rForms D叫 :losurcfoπ田 pmvidcdby the制 加 『..  出

町田lable明治thconl間叩ちionof this article 

Co:mpliance with Ethical Stan白川s

nie Institutional Edu・時 Cc開聞前田app即時dtl>e s加dy,..凶writt曲 ui-
品πnedc加 S朗tW拙 ob<ltinedf岡田 6・erelativ桔
Pu出納efs陶teSpringer Na相 時間iainsa曲ual帆 1hreg11td 10 jur凶 c-
oonal claims回publishedma酔胡d凶抽出ior叫 affilia出削

References 

1. Vergouw田 MD.崎町1刷 JenM.刊BG胆J• cl al. Dcfi凹tioo。f
delay剖即時国I出hemiaafter岨畑ysmalsubarac防1oidh田lOr・
rbage as an ou回 tneev，剖 1回cbnicaltnals attd observauonal蜘 d
ics: p町抑剖ofa mulridiscipli間 y開帥偲hgroupS同 kc2010;41:
239ト・2395.btt匹：／／doi.org/10.1161/＇由時国 ba.110.589275

2. Su加 kjH,Na岡田1kaY, y，剖吋aR,ctalDo胆－dependentinhibitol)' 
e自恥tsof cit師 慨 。Ion delay吋叩曲目lm白血~onafter an叩砂田al
知barac.加oidher帥 rrbage.T悶拙lSt聞kelt借 2018.hu開／／doi.釘宮f
10.1曲官、12明S-018065().y 

3. Su匁doH. Shiba M_ N也a出水aY.N也剖oF. Nishikawa H. Higher 
α:n:bm叩inalfiuid pH mayαm回、追leU> the development of de-
lay・吋 CCI油raliscbcmia after問問rysmalsubarac加oidhet0or・・
巾age.T1岡田lStroke R時 2017:8165-173.btt胆：／／doi.org/10LOCI?/ 
叫2975-016-05-008 

4, 0旧daT.S岨血jH. Toll・1批 即oeptor4 as • p側 1ble肱 m開utic
tarιet for delayed b間同国1juriesafter創1eurysmalsubar前加oid
h問。πhagcNeural R時間R田 2017;12:193-196httpo://doi切事／

I 0.410311673-5374.200795 
5. Atanii胡 aE, Sch刷出rUC,Blech眠 K,ct al lntn!V'd.o;cular infuun-

mation酎健闘 in回 ccn:bral即tivat町imicr。•gfoaod問。肘buics町

田C加申可brauimjUl)' afta回peon闘 踊 lsubara岨noidhetnortltage 

色Sprin&cr

H. Kanamaru et al. 

(cS>¥H). Transl Stroke Res 2017;8 144-156. ht恥 ／／doi.。rg/10.
1007/sl2975 016-0485-3 

6 Nishikawa H. Suzuki H Possible role of mfla血血ationand 
galectin-3 in b描湖 町uryafter如h<uaclno id hemo剖1age.Brdin 
Sci 2018;8:E30. h時.11.曲i個別0.339帥旭町ci80企0030

7. dcOli刊同M聞慣lAL, MaαlQnald良LN四時inOammation時 a
ta唱：ctfor intervention in su加racbnoidhcmo叶iagc.Front N印町 1
2018:9:29宮h質問；／／doi.org/l0.3389.吊h叫 r.2018.00292

8 Zheog vz. Wong GKC Neuroinll創出031剛附回路掛 aftersub-
制怠chnoidb白羽0πhage:a出viewJ Clin Ne山。sci20 I 7;42:7-11. 
h時s1/doi.oザt0.101剣J畑 2017.02.001

9. 1,.uck。WoldBP. togsdon ;¥F, Ma開 rnnj田 tl,ct al. Ancu明 mAI
suba回出回idhe血or由唱eand a印即凹血釦盟国tion:a comp四hen・
SJVe陀view.Int J Mol Sci 2016;17:497. bttpsi／•曲＇ org,110.339!1'
ijmsl拘4-0497

I 0. Hu F, $hang Xl', ¥¥I肌 gW,ctal町gh・levelcxprc:s剖開。fpcri岬 m
is sign出曲師lye。間同吋明也rumour佃1giog•α回首相d凹orprog・ 
a曲1<in醐伺臨曲目aIm J Exp Pa由012016.明：86-92.bttps1/c曲 i
org/I 0.1111月中12171

11. lzuha措 K,N山 omunlS, N回 nY, Cl aJ Pa白紙min infl仏市mation
and allcrg子CcUMol C,ife Sci 2017;74:4293-4303. btt匹。／／doi咽V
10.1007.油田18向。17-2制8・0

12. Sua剖 H.Nisl曲a哨 H.K帥 1誼ita正Ma岡田llularw刷白描描P曲 ，

制hiebi＜＞附ke同 forearly brain回j町 d釘血個別malsu回皿：h-
問 idhetnorrhagc. Ne師 iRegen R田 2018;13:1175-1178. h句s:ll
doi.。ig/10.4103/1673・5374.235-022

13 Uu L, Ka明 ki1'1f, Fuj回 otoM, et al Role of阿 t部国 凶 同 町

brain injury after subarachno1d hemorrhage m mice. S同 l<e
2017；特・1108-1111.h即ば／由i.oig/10.1161~回kc由..111.01師29

14. I.A岬 w,w，山富H.HuJ.恥心地出dctmc相官曲onof崎町pen酷tinis 
掲soc凶吋wilhpo。routcome of p拍阻・＂W岨 an•印ry拙舗制b·
arachnoid h闇 lOnh唱eJ Cl皿 LabAnal 2018:32:e22389 bttps:// 
doi.org/J O. l C旧U』cla22389

15. Nishikawa H, Nakatsuka Y, Shiba M, et al lncre描edplasma 
gal目 白n・3p！官αJing出cdcvel叩montofdclay叫 0＂由 ralinfi眠針。n
andcv四 国alp叩 V刷同mein non-severe回出町田al••bar田加＜＞id
h田 orrhage.Transl Stro肱 Res2018;9:11C>-119.btt開：／／doi.org/10.
1曲7ゐ12975.()17-0564-0

16. Nakatsuka Y, Shiba M. N油，ikawaH, et al. A印 ie-r治a岨 凶 畑 冶

Ost岨pon加叫anind叩crnkntpn泊何回r品rpoor ou＜四meafter 
MC山ysmal判bora油田idhemorrhage. Mol Ncurobiol 2018,S5. 
6制 1-6制9.https://doi.org/10.10仰＇Isl2035-018-0893-3 

17. Fro問団』Ac .... 島町 lS品midiJM. el al. Pr吋1c1ionof symptom 
aticv•抽平出m副1crsul沼間chnoidhemorrhage、themodifiod fisher 
scale. Ne世田urgcry’2006;59:21-27.b即s://d<>i.。rg/10.1227/01.
a問。0000218821.34014.lb 

18. K組曲1loves樋gRonofthe公明lyavailable easy<o use so世論•a出

'EZR・form剖icalst>tist回 BoneM師 帆 JT岡田pl却 t20日，：~8:

452-458. h町JS://doi.OC1!fl0.103宙b冊L2012.244
19 Liu AY. Z♂hcng H.. Ouyang O. Pcriostin, a multifunctional 

ma町田llulatprotein in inlla血曲錦町曲。 阻m<irrrucro開 V帥 0・
me附 Matr以B帥12014.37:150-156b叩S//doi.o『l)/10.1016/j.
m且tbio.2014.倒悶帥7

20. Ma匂U'8kaM, Kaba凶 H,Fukunaga K, ct al. Phcno乃'PCOf酎也ma
related w抽 ltigh.sermn pcriostin I肝 els.Allergol lnt 2015:64:17:5-
i回 ht司ps1/doi.oiBfI0.1016/j.aliL2014.σ7.003

21. Sat同開~B.W：岨gY.Chw曲erlinMP. et al Periootin：帥vell由同

and urinmy biomarkc-r of pr略目＂iven:可nalinjury ind田 esa町制r<l1-
uatcd me担ochyroalphenotype町 田bul<U"cells. Ncphrol D耐

Tu.I印刷t2012;27:2702ベl7I I. hnps://do叫がIO.I093/ndt/g師70
22. Bobo！曲I.Barr剖 coP. Del向zoV. et al. Sputum peri師 同 凶pa

ti・叩＂ with di『白蜘tSCV•田 asthma phcnot押酎 Al加'SY2015;70: 
540-546. https:/Jd。i.Ol)!/l0.111 llall. I 2.580 

23. fuji曲imal-l,Oh由民 M時 U刷otoK.. ct al 1bc use釦1即時 of
曲目Sl山 崎 将arperiostin品rthe diag白O拙岨dma回 軒 目 開tof 



Plasr旧 P<n凶 Inand Oda・卵割当C＜陀braI 匝h<mlaA加ぜA同国別問lSuba曲chnoidH師、oNhagc

ocular allc申cdlS崎町s.J Allagy Clin lmro凶 ol20L6;LJ8.459-
467.hu戸／／dciiot!VL0.1016/jJ抽 2015.L 1.039 

24 Abh哨 NJ,Pa帥 end1b'CAA, Dolm四 DE,Yu抽 fSR, Begley DJ. 
Stmcrurc and fun世；onof the blood brau，加而er.Neu町、iolo;, 
20LO;J7:LJ..-25. h即s://d。凶ザ10.101的且凶。初臥07.030

25 Sabri M, La剖 E,Macdonald RL. e.rly bruin inj町ya曲町四on
m田 h皿；，mmぉubar苗 hnoidhemorrhage聞 dglobal cも1・bral臨 he-
Olia. S町kt加 Trtot20JJ;20JJ:J倒036.b•即s://dci.org/10. 1155/
2013β94036 

26. Sp同Sl師、司LA曲W O叫llJRole of C同activeprotem at制esof 
inflammation and in恥町九Pnontlmmunol 2018;9:754. h時，:I/do;.。rg/I0.3389／釦nmu.2018.仰754

27 L叫しFujimotoM. Nak剖OF. eial Defi僻 叫yofte岨拍n.calle-
viatcおれ四 四国 l"P叩t開S田 dn凶 悶 inflammationdぽ叫pc-rim叩 e

tal印加用cbnoidhemorrhage in mice. Mol N叩 robiol2018;55: 
8346-8354.加胆：/Id例慣が10.1師7/sl20JS--018-LO師4

28 Okada T, k仙’alUtaF, Ni曲1kawaH. et al Select同 Tolllike同oep-
tor 4田腿 伊ni拘 prevent叫帥1伺帥ra.inba市町disrup針。na加
subaracbnoid h山。曲唱C回国間.MolNe四•biol2018. b・即s:f／，伽；.

o'!VI 0.1007/sl 2035-018-1145-2 
29 Kawakita F, Fuj1m俄oM, Liu L. ct al. Em泌総nfToll-hke代XヰB加r4

間 1agonistsagain羽田町b田Iv部開pasmafter cxpcrim開削拙b
aracbr回idbemo巾 agein凹 ce.Mol Neurobi。L2017泊。662←
6633. hup&://docorg/10.1007/sl初35--016--0178・7

30. fuj阻otoM, Shiba M, KawalUta f, ct al. Effects of t切蹴凶〈

knock阻ton明記：bra!明治叩asmafter e<per回路ntalsubaracltnoid 
hαno前iagein m船e.Mnl Ncumbiol 2018:55: 195 L-L 958. htip<:// 
doi”が附1007/sl2035--017・例66-x

31. Fuj田制OM,Shi国 M.Kawa.1<曲 F.et al Defic醐，cyof tenascin-C 
and叫 enuationof bl慌時brainb閣Tierd;,rupdon folio刷n耳目伊作

men凶印刷raehnoidhcmoO'hage in rnkc. J Neu町SU'l!2016;124: 
i剖』 1702.https:f，崎町”が10.3171厄OL5.4.jnsLS484

32. F組gJ, c民自 Y,Kuai L, ct al. lnhibi冊。。fblood-brain加"1'icr
disrupuon by拙 apolipo戸oteu>Eシ血imeticp叩udeameli団羽田阻r・
Ly brain ;njury m拙 penm朗 talsub制品附idh開。油age.Transl 
Stroke Re, 2017;8:257-272. b叩5://do；。rg/101(岡市1297！ト016・
0却7・1

33. Ho釘<ehS. Anclr富【le-NavarroMA. Periostin sh<>wS inc問asαle、完3・

l urioo•叩 pla副city in its al町m副吋lyspliced陀g句nBMC £vol 
Biol 20 IO; L 0: JO. hups://doc。唱／10.11踊／1471・2148・I l>-30 

34. Nishikawa H, S山 ukiH. lmplieation8。fpcriostin m the develop・ 
mcnt。f柑加rach問；dbcrn。ntiagc-induccdbrain injuri田 N曲 目l
Regen Res 2017;12；・1982-1984.ltttps://doi.org/10.4103/1673・
5374.22 LI SO 

35. Shi皿amuroM.両面持ruoY, Ka刷 rag1N. ct al. Role of ccu回1
neivous system periost回同時間b同Iisch創出aSt同ke2012.43 
1108-1114. h町＂／／doL。rg/10.1161/s同 k曲a.111.636662

会Spring≪


