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Venous anatomy of CNS
: Exploring the antireflux mechanisms without valves
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[spinal venous system]

1960 FR#FBIC(FX, Oswald ¥ Clemens, Vogelsang, Theron and Moret, Breschet [Cf{ZF&Rah
DIRR IRREZEZED, BIADIBENEEAREE (C casting material ZEEA L THBEAICRA LKW
EEFEB U2 ED S, radicular vein DERZRHLIET A" HNEEL TR ESINTLE. 1)

§ V. Des veines médulli-spinales (2). (M. Dupuytren. )

Jappelle avec M. Dupuytren, veines médulli-spinales, veines de la
moélle de I'épine ou du cordon rachidien , les veines qui naissent du pro-
longemeut de I'encéphale et des nerfs qui en sortent.

Ces veines ont-elles des rapports avec celles que nous avons déerites,
ou bien sont-elles tout-a-fait étrangtres au systéme que forment ces der-
niéres ? \

Isolées, comme elles le. sont, par la gaine méningienne, des veines
tant extérieures qu'intérieures de la colonne vertébrale, elles ne sau-
raient étre injectées, facilement au moins, par celles-ci, et onlestrouve,
le plus communément, vides au milieu des injections les plus heureuses des
veines. placées hors du canal de la méninge.

(Figl) isolated as they are by the meningeal sheath from both the internal and external
veins of the vertebral column, cannot be injected, easily at least, through these, and they are
most commonly found empty amidst the best injections of the veins located outside the
meningeal canal. (3X#k 1 & DiR#)

ULH\ULIRHYS, BE— Oswald 5(3#9 30%ICEERICHZROIzEREL TWLED, 2) ZNLNDIHAR
TREERICAZERULBRSERL, SHLEBVWERRLELZFANSNTL . Z0%, —RIEZ0D¥
TR LEEBDRHDEFEICDODVWTDRELIEIEN TV A, 1970 F(C Gillilan 5SHEMOREF(C K D3E
TRBALEDBLSZIRE L, 3) 1979 &FH'S 1985 £ Clemens, Crock, Yoshizawa 573 E DIRE P,
Dommisse (FEBEDEEE L TOATERL, HOLSLBEEZTDIDD, OFEZRIBIILLE,
BRHOERTHEBICOVWTEBURIEEZOREIEESDDCEERD. 4)ZLTID TFOLSK
BEEZ I 2D DERE(L, Tadié SICX>THSHICESNE. 5)6)7) KRS, MRINERTHRRIN
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EBECDVWTHRS L, ENEXTELSN TV EERDOBEE UTORDFECDOVWTHIOH TESEL,
radiculomedullary vein DERNIHDBREBEBDE L [CHFD KX SRKZENZRI-IBELNH D Z & Z3A
L, Znlcxd L T dispositif protecteur anti-reflux” (antireflux mechanism) &WL\5&fZE1RIEL
fe. 2UT, BAETH I D antireflux mechanism”®, HZEFLLVE COBBEICHWVWTOEMDER
[CRERBREKZFOEEZISNTWNDS.

5 E(&Z D antireflux mechanism”(CDWTH S UED TIFTLKL.

<antireflux mechanism>
*BEC DT
MNOTZOHR2ZRIB LK Tadié (&, RSDPTISHIRL TS,
“an obstacle caused by a very significant and inextensible narrowing of the vein in its course
within the dura mater [with a] clear and constant modification of the wall of the vein precisely
where it crosses the dura mater.”

Tadié 5(&, ZNLEICELCSNTE TV WD DI EHENGREMADEEZNOTESELL. ZUT
B BEIRD SIBRENEIRZ ETHNICTBIED T E(E, OIRNTOEMEDBEURVRDARIEETH
D, BERLEZELTH, BLBEBZNZRINERTETHDERS L. &5, radicular vein @
EAIFHBIRICERBT DO THELTHE D IND valve & U TOHEEZ R LTS &iSmTI7.

(Fig2) (Fig3)

(Fig.2) Dr.Lydia Gregg @ radicular vein DIBEE@LZRIBLIZA SR~ (OCHBR 15 K Dik¥)
(Fig.3) Flatpanel catheter angiography: sagittal reconstruction of a left L4 injection better
delineating the connection of the epidural pouch (large arrowhead) and draining RMV (small
arrowhead); the arrow points at the focal narrowing marking the incompetent ARM (arrow).

(XER15&K DiR#)
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ZUT, BEBELRICHUTEAE UTHEET 2D, EENLBENLRICRAT 2BIMETRES (S
T (FIC EREBLEUENBWITEEELH D E BB, 5) 6) 7)

Z D%, Van der Kuip 5(&, 1999 FI(Z, 10 ROFEFRHEMAIC Araldite CY211 BEWMZEALL
B(CAESZ URSELTZHARDOP T, BME T CORETH, INTOEMET radicular vein [CHHERD
Sniam o7 &, BERO radicular vein R(C Araldite NMEITUTAD TWeZ EZRELTWVS.
8) Van der Kuip 5D#RE(E, BERADSRANDREDERHIERD 5Nz TE Tadié 5DITo>T
EEARBREE, TRICFBEIZBREL o/, Tadié SHBVSEAFIBOEIMEVZEBERATH
278, BEELBREAICERUBH >7ZOHNDEBHICDVWTEFHERT DI & UHNTERWVD, &,
MR (FARHEBEIRERCEE T 2MEQLHD. AHIMMIEMIICEDE, FICHEFERIICMBRIVEXRD. Z0D
EOMBERET DIEEDBEINMERZAREKEZIATCUT > LTEMLAH D EEIND. LWITNICELK,
Van der Kuip 5DRE TIE, "antireflux mechanism“hBEZZ SN TWELSIC, BRISERZRH
LETBHDTRRBVWENDSZENERS. e, ARFICHKS(E, BIMERZTRCE/H I ERFBLD
BIEREBE LTS TEEDH D, 4 DDBECOVWTERINILEH/RELTLS. 8)

@ The valve-like dural folds

(Fig.4) Microscopic section of a dural fold (small arrows) within the transdural part of a
radicular vein, filled with Araldite CY 221 mixture (asterisk). The direction of anterograde
blood flow is shown by the large arrow. (3X#E8& D 1k#)

Z MDdural folds(dradicular veinZZE2(CEAETERVKSICRZ DN, FEiTMEDM
RDIGE, BRedlRICEZDEEZSND. COIRISMERERDO LR %3]
ZRC L, ZOER, BMEEOEERBENDLENFHLTIDERBHONDS.

@ Meandrous configuration and widening of the radicular veins
radicular vein BBEODEMRIE, ZOEVBEEND <R>7ZFIRICEKD, radicular vein DIEE
ANDEIERZ R S BN H D7D, ERHEIHICHRENZRZLTVDTREENDHD.

® Narrowing of the part of the radicular veins
radicular vein HMBRZBB T DD ICHENFER SN, INSOBMOROHEVEH TE, I
> —4 Vit & meningotherial cell DIENINRO SNz, NS, Tadié 5H 1979 FICBEICIRS
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LTW3. COMBEDIRER, —RI2EENHOFEZRKRITDEHDD, Van der Kuip 5 DEFR
Tl&, INSOPAIICTFBEIMROERIRENGEN>Tc. LHL, Tadié 5 (1979) HRIEBLL
&S5IC, radicular vein DIEREBEBDIRE (L, FERBIERBEE HRT I ENTED. BERS, Z
DOMERZDOFA FMOERBENZBINSE, MREFRPSEDIIENTES

pSOh e .
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N PATNRay STR

(Fig.5) Microscopic section of the transdural part of a radicular vein, filled with Araldite CY
221 mixture (asterisks), showing extensive venous narrowing (arrows) at the point of
penetration of the dura mater. The schematic “3D”’ reconstruction of eight adjacent sections
demonstrates that this narrowing realy exists , and is not caused by misinterpretation of a
transsection of a tortuous vein.

(SCER8 &K D $h#%)

@ Smooth muscle fibers
radicular vein DERA (CHHEB O BEHIRENTES D L (3, EBNGMENL
REZIPBEIC K > TMERDENICTHE SN TNBRZEZRKELTWVNS. I
(&, BRICHIEFBICERMECMEEBEREIED > THD, MRERZHEENINIICH
BIDZENTEDEWS Zenker & Kubik SDIREICEELILTWS. 9)

X7z, Thron 5(F, &5 102 KOEREETE, BHEE DKL XL ANILOD radicular vein DIERE @Y
ZIRMIE CHR UL, 5IC, 26 KOMEZ, FEL/\YU D AZAWVWTERRNERE D ZX1TH (12
) RFETE (147F) ([SEEULEKC, WINOEESHRECKDANL. ZORSICKLDE,
REINTERD 60%H AU w R, 35%H LI BRSBEABRTH > ERELTWLWD., EOD
S%FEESDBRCHNFETERD o7, RU Y FEREBRIRIAETEIKERIND. JULVBXREE
TBENRNL, EICHBRBRBRHOSHIEERNT 2 KOBEHGROBOBEEZEBL TVNDIMETHD. 1
0) {&IC Komiyama (&, CODmXICXHLT, FInld, RV w REAWDHIDS radiculomedullary
vein TH O, INLIBIET (SIEERAD bridging vein THDZEZBHKT D, EMEREMNZTVWD. 1
1)

radicular vein DIERE@BIEDILZE(CDWVTIE, Tadié SH, BENZEOSEEEHNIEINTDE, <
HEN T DEERIC K DIRVWVBREBIFNRAL [CRHABSNERZRE, CnlckD, BERAIERBRED
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EEHSREIND. LHL, EBENBENLECERT 2#MEREEZ IOV RTARGEFEZHF
DFFRVERNTWVD, TOANDZXLDH > TWONIE, BRICPTITERNULZ/ULYBIE, Uy
RRILDEBREECS S ICHRITHDETE.

B73#(C Kiyosue 5(C &3 &, spinal dural AVF O KL F+—IRE&IE, EHID 77%TBV (VLY
) =RBL, RMV (slitB) RLF—IBHOINERTHDIERSELTWD. 12) Wb
Thron QFREDPTD/VLIED radicular vein DIEEL K D dAVF DR E DEEENH B H E SH
(FEEFRNE B THD.
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(Fig.6) a : slit B b: bulge B Structurally different types of blood vessel exit through the dura
mater. Histological sections, H&E, original magnification 60 x. (3Z#k 10 & D1k

* HREC DL T

Van der Kuip 5DRET, JEA U Araldite CY211 ;EEMHIELED radicular vein ([SE1THECTE
Banfz. 8) X7z, Meijenhorst 5AY, BHANILZF7DBECH LT, BRBEKDBERENGITEZE
FZURBR, WBIRA® sacral radicular vein MBEHE SN EZHRSLTHED, INIFEBNFHTTE
{RICH T radicular vein ZN U282 ROEFHNE LD EZREBLTWS, 1 3) 2D antireflux
mechanism“B1{k(&, Van der Kuip 5[, ERRCIEREZRICHSHDTIEIRL, HL X THEEA
DOBEREOBREBZARMOBELRELE, ELENSRETDILCOHCHEMOERZRAHITZ2ELDTHDE
BELTWND, 8) ERRIC, TRERDIEERIC XD EREEEADER CEMRMEICE S TERS L. 1
4)
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X7z, Zenker & Kubik 513, #EEFITED, SHEEREICAKERR (CSF) ZNLTERZAAT D
O DRI ENREZE[/ LTV EBRNTND, HBORBOEIRE oSN, WEHREB> T
WO SNEOHBEBRMENERAT IMRIE, RIKNCEREBREOMEKRCEEL, BIRIC CSF Z5
MITBENTES., 9)UHL, BSIFHEFES radicular vein NMEIET D EZEZ TWO, B8
ADOBEEIAROREIE EZEZ TV, ERICEANEFE LRV OB SNIEMRIIEREICTHAT ST
BEMD B D.

DED, antireflux mechanism“(&, EAREHLSVIREICSVWTIIMERIBENZIENSE, SHEZE5T
EHDSIRET BEENEBE T Z2—A T, FIBOFHRIZTRETH D, BHENESSCREDRSICEIER
U TWBTREEN D 2.

<IEREEXWRRE(CH[F B antireflux mechanism”>
20204 (C[EPhilippe Gailloud(d, EFEH K UshuntmBICH (7 2 BHERRMDOME IR (C K DERKRBIRIC
& o T antireflux mechanism”Z EHRAESIZ9(CRUSEBALE. 1 5)

* the normal angiographic anatomy of the antireflux mechanism
(d)

(Fig.7) Angiographic anatomy of the antireflux mechanism in a 74-year-old man. (a) DSA, left
L1 injection (arterial phase), posteroanterior projection, documenting the artery of
Adamkiewicz (large white arrow) and the anterior spinal artery (small white arrow). (b) DSA,
left L1 injection (venous phase), posteroanterior projection, showing the anteromedian spinal
vein (small black arrow) and a left L1 radiculomedullary vein (RMV) (large black arrow). (c)
FPCA, left L1 injection, oblique reconstruction along the plane of the artery of Adamkiewicz;
note the course of the vessel between its take-off from the left L1 intersegmental artery
(arrowhead) and its intradural segment (arrow). (d) FPCA, left L1 injection, oblique
reconstruction along the plane of the left L1 RMV. The RMV drains into the internal vertebral
venous plexus (black asterisk), which is connected to the external vertebral venous plexus
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(white asterisk) by the intervertebral veins crossing the neural foramen (gray arrowhead). The
RMV is divided into intra- and extradural segments (black and gray arrows) by the ARM
located at its point of passage through the thecal sac (bracket). As shown in this example, the
ARM commonly appears as a focal opacification defect indicating the minute caliber of its
lumen. (3ZER15& DR

* The antireflux mechanism and high-flow spinal vascular anomalies

high-flow spinal vascular anomalies OERRIHOEEFRADNBEEANZD AT &K o T antireflux
mechanism”(C5 2 2 ENZE N> TL D, BIRADIETHD drainage Z# > high flow shunt D5
BEEMED LR ICLHAIT DIZEX TSRS B2 UBEMNH S, "antireflux mechanism” DHEFRIC DL
TIX, EAKEFEETHDD, BEOEMVPEN LROFHIABGEDERGEZEL TVDTRENDLD
3. —7A, BEAD high flow shunt DIHE, “antireflux mechanism” (FBER DEERRETR LT % TR
LEMELEN SEFMHZTS. LHL, REERRT DL, BEAKLF—IDEFRERSN, 7
antireflux mechanism” DBZNEIMET U TV S OTREHD D D

* The antireflux mechanism and spinal venous thrombosis

WEBHNEFET DL, EBRIETEERRNL F—YICREEZRITITUREMENDHD. BiEEEMORKR<
(FTEELRE(FEAM R (FIUAICHEVWTEMD D ME XVMISEDOBRRERFELRD. ZDIRRITNE
(CHESERRMO RN L F—Y DRAZFIPTE UL HSD. KR, Gailloud 5, low-flow DE
BEENERAED R L\ TN SN ERESENB (CHREREZITO &, BFRY vV MO RWCTEN
HMH5FRLF—IBECEET S perimedullary vein DILRAFER SN, TNSOBERBERN, I
BHEOMKLBELZRLTLDOD, FHEDKRE (BREBMALERLE) ZRULTVLWDDD, ZEhE
H low-flow BREENEFITE(CH SN D EREFIRA S OYHARRE ( NEALFAE BRRE) ZX/LTW20
MMIBASHTIHIRLY,

* The antireflux mechanism and low-flow spinal arteriovenous fistulas

BEAXZAD low flow shunt TEBRERAD KL F—I%&#SI5E, HEEY(C(E spinal venous
hypertension [C#tHR T 2ETHEREZE I D. $Z 5 < antireflux mechanism” OEEEEAETTIHIC
BETUECECEELTVWREEZS5NS. Low-flow BEESEMEDOR M EKE(E, LWInbmiglk
CXO>TRRIDIEDNDHDEEZIOSND. BHEFIMEICEL T, RENERESFMBORLE & Bk
(Z, ”antireflux mechanism” D MAEENENERARS ¥ > NERKICHEITT DUREMEAESVEEZSND. 1
5)

[cerebral venous system)

RERMO BRMERAZRICRVN. Z0®, R, BIEROBSHEICOVTIE, HLDR
EHNRBEINTVD. INSDsystemZziR5t 9 Da1IRE LT, MIFTEEB(CE DN, Monro-KelliedDix
AITHSNZED, BERNEOBEN—EEINTWS. Z0H, BMOETREBEIC—ANBZTND
BEEVNSZELDHBMEPEZNERE CHEINDIIOHLKREN. TNESFTZ, BEDRSD
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DT, NOBIERZAREYT Dsysteme UTHEREL TLWD T BEED H D, Chordae Willisii> 52 B E8AR
& ERIRERATE (SSS) DESTOMBNFIIEERE (CEB L@z L\ < Dhireviewd 3.

<chordae willisii>

Thomas Willis (&, ¥ RDERROBEIDE—-—AETHD, Willis EBffEmzRR UIhEEE <
MoNdECBTHD. RKIE 1664 FDORDEIE” Cerebri anatome’lC

BERORNIBOEEY & L THEH T Chordae willisii (CDWTER UIzAMITH S, 16)

(Fig8.) Thomas Willis
Chordae willisii (3EZATCRIAICE SN2 2HDRMEEDOEBEM TH D, ZOEBEZNERICDWVWTE
RRIZERD DD, —ZBTIIERIMDEMB LEHEEEICESD > TL\B3RHA H B.

1980 £ Schmutz (& SSS RICETET % Chordae willisii DFZEZHIRB DB NG DRBE T EHES
[CZDHBEICDVWTERLTWS. 5ICE&DE, Chordae willisii ZREMNRD$E%E T 2 & Valve-
like lamellae, Trabeculae, longitudinal lamellare @ 3 &M type H'dH D, valve-like type H* 49%
ERHELFBOHSN, cortical vein D SSSADRADZHDEEBSI I ENHDERSE LTS,

SSS A® Chordae willisii D27 (E, WLWINDRARD type BHRTEAESEX D RIEBRIEEL(CZL < RSN,
FRIRER & IR D AR D ERATD K if (ERATR (C BRI DFaICRIAIC@D L, EIUEOMEDOA@ & (X
WOAEZTRIVAATWNT, SSSHORBRAICANSIRE (FHECRD. ZDIHIDELDROZBD(F
EAER, BN SEITRNDHELZEE(CT S7=0HIC, Valve-like lamellae THEABHONTLD &
Schmutz (FZRULTWS. RN S Lacunae laterales ¥ L XREBMANEIZSNDI(C(E, FEAIRHN
CEWEADNRETH DI &% Browder & Kaplan, 1950 £ ; Browder, 1972 £ ; Ray 5, 1951
ENALTE D, InlE Chordae willisii MERZHCLREZRBE U THELTVWSZEZRLTEH
D, Ffc, valve-like type @ Chordae willisii HM8Z (CERARDAEOIDEL CHFEELTVBREBAREIN
TEHIENDCELTWS. Ff, Chordae Willisii @ Trabeculae type 4 longitudinal lamellare type
(SEAMRIDAREZIDNCIXD D Z & TRRZIBINIE, ZTORR, BHHNEHHIERFEOIBTETL,
ZOEBECE > TMREERSEIHETESD. (RNVFaU—2R) T, FHIMBOREEGEE
AC@ED > TRELBDBBEL EERMES DMRIIEFLZS7ED, Chordae willisii D
longitudinal lamellare type Z83 Z £ ICKDEREZSEE, BREBD I ETKITHEDMBRDOEEZ
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BIRLTWLWAB. DX D Chordae willisii DZNZNOFZEE (FEITCRER DK TR MFTOHEIZF ICEFNZEN
BELRBGKEHDERSELTVWS,. 17)

X7z, 2003 F Alicja 5IZ1RH S ADEFHADE W C K > T ERIRERATEICIRN D Chordae willisii
OABZLEFHEL, ZNSORBZASHNIC L. BSDIRSETIE, Lacunae laterales H, < HE
B Chordae willisii 6, BBRICIEIFELRGRV. ZOERMDAEKR E & BT bridging vein M SSS AD
MABECHEHIEE, Chordae willisii &FAE, FZE, 1BIT DI EH S Alicja 51% Chordae
willisii (FEEARDERICKEREZEIDHBDELTNS. 18)

INXTREBAEDAEEIT Chordae willisii D#EEZFHI LI HDE > 72hY, 2004 & Mansoor 5 (348
RZRRBEEBLNDZE TTOBEZERIET DI LR BIMEARNZHER LIRS Uiz, SSS Z4EBRIEK
TERUTERZTo2ET 3, 27T chordae willisii DB T valvelike Y 45% & RHZ L, BS5H
INEFEZDSEH 50%(FEMDARADDIERECH D, FOLSBEINZRRLLTLWZERS LLEIO
REEBUULBRTH-. 19)

2009 £ Shao 5I(3ARERH SSS ADERZR & fFSIDM 7 T Chordae willisii DSz L,
Schmutz DIMSERICHAK (G 3EFEICHHINTED,  laminar BU(E SSS ADREEZ 2 DDIRIZ LT
BRICHFTULVZ, Valve-like B EERARD SSS NDORDOZLEBHEARL, EBIRDOPIE K VEIBDKIK
WHIAZME, MFARE FRMDABETLERKRBICHATSEIEZERL, InNHXEL, 8BiRFEO
ICHEWTERZNCAFBRBEZMT 7= Valve-like B2 Chordae willisii H'50EBRICETE U
SSS RDXKITHDRNICEAD > TWBE Uz, FZRIKIC Shao 51357V I RFAERRHITL, S
TV O R7% SSS BIGHSFAT D&, SSS HSFITHICAERICERDFTIESNICILHIC, Chordae
willisii DF & U TOEEE (SFEEIB R ELDD BBIB T TIE+HH T @BH BN &EZSFB L. 20)
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(Fig. 9) (A) Endoscopic view of a venous opening partially covered by a peripherally located
lamina. 1 = Valve-like chordae, 2 = hatch of the vein, 3 = sinus wall. (B) Endoscopic view of a
solitary cord in the lumen of the SSS. 1 = Trabecular chorda. (C) Endoscopic view of a laminar
chorda inside the sinus, dividing the lumen into two channels. 1 = Superior wall, 2 = side wall,
3 = laminar chorda, 4 = sinus lumen. (D) Endoscopic view of several arachnoid granulations in
the lumen. 1 = Arachnoid granulations, 2 = side wall, 3 = sinus cavity, 4 = superior wall. (E)
Endoscopic view of a laminar chorda inside the sinus, dividing the lumen into two channels. 1
= Laminar chorda, 2 = right channel, 3 = left channel. (F) Endoscopic view of a chorda inside
the torcular herophili. T = Laminar chorda in the torcular herophili, 2 = right transverse sinus,
3 = Laminar chorda. (G)Photograph of three chordae in the middle of a dissected sinus. 1 =
Laminar chorda; 2 = trabecular chorda, 3 = valve-like chorda. (H) Photograph showing many
arachnoid granulations in the middle of a dissected sinus. 1 = Arachnoid granulations, 2 =
Laminar chorda, 3 = valve-like chorda. (X#Et20&K D k#:)
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(Fig. 10) The superior cerebral veins (pale arrows) were filled in a retrograde fashion following
the intraluminal injection of blue latex into the superior sagittal sinus. (3Z@ER20& D $#k#%)

—7, Jean 5(&, Chordae willisii (E—EDIBMIICFEERITBIEEDLH D Cortical vein DFRAZBIC 24
FUHBFEELTLBDIF TRV ENS, INFETOEL DIRFREN Chordae willisi (F3EFRBHLEIC
FEQRIEZRIELTVWBREVWSHESELTED, HL<EXTHIREAD venous plexus D&% TH D,
FOMEEZ R IT®RIFTR L, EFBENBERRELBVELTWVWS. LHL, IniZ Alicja DRBIRIC
Chordae willisi Z53&BMN > EVWSHRERBEFET S, 21)

<Sphincter>

Jean 5(3 Chordae willisi ([3ERBHLEDKRENZHD I EICDVWTEFEENT, REFHMME ERIREIR

ﬂ (SSS) DEFEIWWDB\EICEB L, INIERBIEEEE U TEIVLWTWLDIREMEIC DL TERARTL
. LR Y YEESNIEBEDBERZ ARSI L, SSS (360 7 FEFHROEZES I ZHESF2M, BEF

El’\J, SEABIEZE, BIUBHIBBEHRRICK> THSHMICLE. 21)

* AREIFBVRF

SSS (&, ZF#k7%: bridgin vein & (IXRBIC, BULERESRTHSD. =5IC, SSSANDREEMMDHA
ORI, BARRENBHEAXBEDIER, IBHOEHETREICMEL TWS. BEIC(E cortical vein A
SSS [CRAT ZERIICFLENH D EHESN TV, Jean SDOIRETIELHIT, ML UESA
TWBESBEBEZR > TL\z. 2 Z TIE puffy-looking appearance” & &RIBL TULN 3.

* YHBREE BV

BRUEFEME (TEM) ZRVCERICKD, COESHICHE(FTBI5—7 VS, MmOBLOE
R & (FXIIRY(C, BRRICER@ L TWB ZENKIESNTE. OMKRESD, IS5 -7 Vil DAD
HNEL, SSSHSENDICONTREICEIRDKRELRD I EZFHLTWS. IS5 -7 Vili#D
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RHRR DB, BRIGOECICELT D/I\RDELSIC, MEIRTALAE U THEL TLWSTIEMDD
3.

* HEIRF OV
bridging vein (< HRTREZETT L% SSS DEfRE8® L, RULBRAZEITLTSSS ICHROUL
fe. HES YR TIE, AFRAREE & BHET DBEREE XTI RT SMA Btz RUEL. REREEITAN
TORKDREFMTRAUNTHD (M2) , BREFMCTEIRFICZIESN. Bk SSS DRE
KRTE, FEHRENSETHERICKL, BMOABERZHLDSIETWE. ZDBS AR
(&, ”smooth sphincter” EIE(ENDEHDZERA L TULVE.

COFEEHIS, KEIMROBEICEIHREDOERIES L, BEANED LFEFOKMBZESNCIEC
T”smooth sphincter”(d, BCiREiEEZH DIREMENH B.
EBR, BENEEREBMECHICIZELRREEND D, REFBIMEFHEERNES D HH 2~5 mmHg
2LV, N, BEERETTERICKINERNBCMBL TWD. ZUTHYMERTIE, REFMMEEIC./
WP RLFYYEIUORTF RBRIGHEINFEL, WNEBIROBESBREXMZTRE L TVLWIBRENHS.

BLEMS, Jean 5(F, “puffy-looking appearance”, 35— Vil DIRNETZS, BhifiitDEED
5, cortical vein & SSS DIESERIC"sphincter’ E WSANEEBENH D, REEMME SSS DIESE

&, Y3vOPITV=—N=EULTEIFTRL, RYFaJ—PRICKDHFELEI—VELTHEREL, &
NARNERARDERBHIEY RTAE UTHEEBILTWD EER . 21)

Cortical vein SSS
2
3
l /_\mj
Venous blood flow >

« Pufty vein » « Sphincter »

(Fig.11) Schematic diagram illustrating the hypothesized mechanism of regulation. The
cerebral venous system is generally likened to a “Starling resistor model.” Intravascular
pressure is normally equal to perivascular pressure (CSF pressure), with transmural pressure
being approximately O mmHg (1). The diameter of the cortical veins increases just before their
openings into the SSS, producing a “puffy-looking” vein (2). This Venturi effect is a particular
effect of the Bernoulli principle, with fluid (blood) flow through a tube (cortical vein) with a
constriction in it (the “sphincter” observed at the junction between the veins and the SSS).
Blood velocity must increase in the restriction (3), causing a reduction in pressure. This
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pressure reduction is the result of energy storage—blood gains kinetic energy as it enters the
constriction, the energy being supplied by a pressure gradient force from behind. The
pressure gradient reduces the pressure in the constriction in reaction to the acceleration.
Likewise, as the blood leaves the constriction, it is slowed by a pressure gradient force that
increases the pressure back to the ambient level. (SZ#E 21 &K D t#k#%)

<the Starling resistor >

EEOFBMEROAENL, LEXTICENTELEEANLBHDREFTEERLS, BBZL, XRE, B
EBEVSHBIRE, BEARE, NEHREBRENSSICERINDIDENDHD. ZOXIBXHNZX
LAD—DI[C TRY—-D VTR IHD, BEBATHEELTWS. RY—-VVJiEHSE (&, Z
[CBEINEF v VIN—AICREBSNICRE TR SNIZERTTERF 21— THBRSNZEKETH
3. FrYN—ADEKIERF21—TOEMRZFIEHT DHCERSN, TXIENISEE UTHET 3.
CDIEMBBE, 1912 FCEBEEP—RRL - RY—VUVTCX>THBESINL. 22) 1948 F, ¥
BRRENNBIRICREITHECDVTERI 2P T, Kety 5iF 'RY—UVTiRNES ZHLBIE
UTIRELRZ. 23) Z0%, NETRERY—U VY JIERETLS WO D EMROIEERF 1 —T DER
BEBE(X, 1980 FIC Fry 5lc k> TEHBICERBAS e, 24) W5 (F, ERERENEENRBEICHDDE
NZzTOABZEENEMT DI EZHERLUL., LA >T, REZADEHELOENHDECIKEE
9, KD, REGADEHEEERABOENDECEKE LERDOREDRNZAELTWLWDEL
. COBRRE "RY—-VUITEHBER) ELTHASNTED, COXAZILIMERTZ2EELDH
FRlE TFa3—OMRa4 Vb ELTASNTWS. 24) Iz FORRKICHTIEHD E, MEEEEE
WSEBWESEICEFN, <HBERTRELCEVWTHKEKR (CSF) [CEENTLS. NEENATE B EARH
5OMRIFMHEARICTRAL, FHOERCHINAL. EHOERNSDODMBRDTRL(E, ZREEMMEED
fEpAtE @ L TiThnsd. Z2EEMEAIA/NECHEESN, ZIHSEROEVEITECHRNAHA, 8
EEDSEFBMEEBRBMACRNGED. WERE < BRETRZER T 2780, BABEO CSF (CLD4
EEZ(FT3. DEDLKBHETHEA%EBBI B bridging vein M SSS & DFESEH WHDD F3—I7K
AV by ERBD. BURBPICERRBIKAOENNMET T DL, SLNEEERENKIRETEN DR
sz EB T DI OEBMMMD Y 1 7 4 VIERAHBFIE S NEMOBRIARLEZRES. BEFIC, RY—-—DUY
TIEMELAAIOMEIRE (L, RETDELCKIDHUEBRELD BEVWILNILICHREND. CDXS
(Z, 29—V VTIEHERE, KEADKRRZRAEIVIN—K XY KOEDDOEEIENN, TRHOEEIRR
AE > iEEIRE > < DR TRERE > RRBMEEZH#ET IR ZRICLTVNS. ChiCK
D, EHABHIFEHRSN, RIREBIMANDMNEHEROREIMBEEND. 25)
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(Fig. 12) Schematic illustration of hierarchy of pressures of various liquid components of the
intracranial space. Arrows indicate Starling resistor at lateral lacunes (the junction between
cortical bridging vein and sagittal sinus). Arterial inflow pressure (Pa) is higher than CSF
pressure (Pcsf), which in turn is higher than pressure in the superior sagittal sinus (Pss).
Pressure in the upstream cerebral veins (Pcv) is always maintained above Pcsf due to
constriction effect by the Starling resistor, this phenomenon also prevents venous
overdrainage during upright positioning when Pss falls. The bridging vein is surrounded by
CSF; thus, cerebral perfusion is dependent on the difference between Pa and Pcsf. (3Zf#t26
KD R¥)

[cerebrospinal venous system]

Cerebrospinal venous system(CSVS)(IZBEHA S B/ X THRUTHED, AHBRVW-HBBICRET
28R BMEOESHETEREINTND. COYRTLADOBRERD 1 DB(IBEEARMMT, REE
iR, WERERE, JERERATRE, BRERRASEND. 2 DBIL vertebral venous system(VVS) T, BHODL
RICB> TRNDHEBBRMENEEIND. BEARIRIE, RETRETVVS LEECYETD. Ef
TlF, CSVS [XMUBERAR, BEEEMR, Z U CRIZREME S BARISER L TWLWS. CSVS (F, WAMEIC
MEHiND, MICEZRBRVKRBTEDOADRVEIREZEBAL TS, CSVS (&, ERE(ICHSE
ENEDORE PO S DAL ICEVWTEBZREREZRZ LTV, E M PHOBHEEYICH TS
NSDARINTHS, CSVS DEEIEBHIBOBDOYE(F, BEDZELICIHU TEERNEMRDOE
NEBUZHRT D LTEERRIZRILLTVDEEZISND. 27)
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