Pressure Waves and Brain Stem Microcirculatory
Disturbance Following Experimental
Subarachnoid Hemorrhage
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EEREY  bETHIMIC X 2 ZIRWESENETER O, SEENEL VI BT 5 MO HHTERE
E Y FRHIE - OBEMNERET L 7z, HRERK 4 FERY, 77 3 7 — VEIRKE:, JEBHEATRRE L,
0FCHEMARMEEMER ETHBEAL, ERNCHETHREF VEERLL, BEAE
(intracranial pressure, ICP), £ &M (systemic blood pressure, SBP), EEFIE (cerebral perfusion
pressure, CPP) OZAL % B EEL, MET — 7 WEsZk L7, ICP QKR Carbon Black
(CB) 2 EMBENR L VEAL., o4 vk, fiziE L ) EHECE 28R 2FR L, BRE,
HE #:8 & U Nissl 2 THE, B TH 2 S0 MR OMMEREE 2 RFE L 7o, MKEAR ICP ik
1— 2RERE & DETHIC ER Uie, 20 7THRERE (77 + vl 105E, BUWERK 138, BWEHK6
E) OBESEER, 15—70 mmHg OFEXK ICP L _VIZBWLTHIRL 7. Control 4 BT CB 12NRE %19
— R LT, EESHEUBRRE T 2EAX ICP 15—40 mmHg (4 80) VRV TE, ERTEHREREHEE DR
RRIEIZ V72 B RN E SR CB i & 2 EMMEREEENICEM ko7, ERSERTI L LD
WCEKICP &8 EF 3% ICP40—70 mmHg (1088) T3, RWERNCEE 21 2 CBERXEHRR
(non perfusion area, NPA) #HERL, HETH CIBERMEL D YRIOFMEETICEI R, &
R NPA BFTIA W B TR ERBEIK A, PREREIC L 0, B LA £ COBMEER
~NEERLTRON:, EEAHELMMERE &2 - AR ICP70—100 mmHg (4 58) Tk NPA
BUR & D, BRI S L CEIVIKEER, FICEEEREORAMMAZ2HREEL, M
B IR0 CB OEFET 2R o7z, MIERE2Z8 L ICP, SBP L b W{ETFTLZ 24T, i
KRR THEENO CB OEMIZRD ok, EERHERCIE, RETHYE S U EHR, Fks &
U BRI #4033 IR E B L URIVINZEEROBREELBFE Lz, BN bETHES LUK
EREENICEEEREL 2R, NPA MEigIC /NS EE O A EMERES CB RE S OmMEE &N
TOEDOFFR %5, BEWHEI-IVEE ERTBCSEONXENBNIMASFEEL . DEoBERLY, £
ERAY < B ET MmO kA ICP ST NS OBRBE 2 £ L, Thi k2 HBNEEETROTLER
EHAEREOLRCEE L, EROHERFIHEREROSZ VLD LEL NI,

Key words FEENE, FEi, Mg, MHEERESE

CHBETHMEBWT, ZOTFRE2AEETIHELK %0, BEESEHIERE & 59,
&R BRI, HHIIEBREOMBHEL DIl EERAME, < LIETHIM, H20EEMD < SET
TREENETEC LS Z e a8% 0w, 20K R MEmE R EAL TET 2 R ICP TEDRK
HEHEAETEC SR D EE LA MMERIC I, Mg i, RIZKMAEEBRRERICHE S 2 WIREBIzsWT, #
ROWBARDBIFEW L BREN 2R 709 HERE FECERT 2 3B HEENELS, wbhO3ERD

(intracranial pressure, ICP) FUEMEER DL L% BENEenE»e, FRIEILSLOEHEE, £5M0EF
B2 BRELHE S BE WL, NMEEBFREDIRE & (systemic blood pressure, SBP), W%, EEFL# LD

Abbreviations : CB, carbon black ; CPP, cerebral perfusion pressure ; ICP, intracranial
pressure ; NPA, non perfusion area; SBP, systemic blood pressure.
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HEEEEOTEITL, MEORIEHFENTY, REEEED
BECLZHDEEZSNTVAYY, ERORBIR
MERD—BEEDIETHY, T DOERIE ICP L
HONBROEREE SRS L CHET 3 2 LoEE
ansd, Lo L ICP ALV~ L FEHEOTE £ %
BL, MEHCB D 2 MHETERESORELRTLIH
Eixdnn, EBHIZ, 1 X0 ETECEmMRIMEK
FHEATZIEICLD, IR ICP JUHEE 7 0 2 /FHL
L, FDHRICBITS ICP £ SBP OB E2HEL -, &
SICICPTEOEREICB - THBENR L D EH
(Carbon Black, CB) D %1T\y, K, KT
REHLIERIC BT 2 MHBEREED BE  ERHER
LOBEI B TREL .
HEE & UHE

HET~12kg OMERR 24 HEFEALL, 773
TN+ VT 47 510 mg/kg OFIREET I KEY
FLRET 2 —7RBALL., BEREERL > 2
U=vi 7874 R 1lmg/h #5112 & 0 IEELL A
TRRERICER L. VRN L CERCRFy 0
A4 R ER L THRRER L 7, SERR I SRR R (i
BEHBICEEL 2. 1 X 2HEEMuEER, M5LY
SEER & UUGA U MR SEED R, WIS EIAR, WG
MReRERL, B|IIC L 2MERCHR CZOELICK
BRENITIAINATA NI TEREE, ICP HI
BHAEERCEZ 0mm OBLE2%L, BWEL
WWE S A F 2 —4%— (Konigsberg Inst. P-3.5) %
#ELTICP 2EHHIL 72, SBP 0#IE I3 KEREIR
RKEISmMmORY 2F L rFa—T%EAL, Eb
7Y AT a—%— (HAEXEMP4) KHFELHEL
Tz, 3EDEEGET GRS PR3T, CDRI12-
A)ZUWINTE, 1 HIFEFEES 6 cm/h ICREL
TEHHYZ SBP, ICP %208k L, fthod 2 B3 2 cm/min
IZ®EL SBP, ICP, AL (cerebral perfusion
pressure, CPP) # [FIBFZGUSR L T, FhEFNLDEEL
DFHM % MET L /2. CPP (3 SBP #lE FHgig2E & ICP
HIE RS - ORI ZBEK A B TIHLE. o
s OBRFER TRBICHIS IS (SONY UFR-A)
L, BEROBAELAREIC L. ERPEILBY 70
W% 5ml/kg/h OEETHBEL, FE/SALEROT
BYOEBR% 37— 30°C ICHH L7 IMES O ET
e DEEIMARMERD AL McQueen &) ki
CHRENEITE L D SRl 2@ TRZ N 216
HERABEL . A4 R LD EERL A~ SN
% 5000 rpm 1= T 10 4HRE0 L sE, /MRS & Te
BHIBR &AL B & —20°C AR L, SIBICCmg
U TSI & ¥ 72 FRiin Bk 0.15-0.25 ml/kg #[F D8

WEBHRL T, 30—60 mmHg OF 2 THFHIZNE
OB TRICEA L TERINL QB THIME 1%
TFBEL 72, ZIREY ICP FUED R, Bi%% EBAGT
BED & & £HEHIREHEL 2 OMAN 19G ¥ —
NS EEAL T,

MR EBIREN BB %, Eb K EHKES
B & © 200 ml @ Carbon-Black (# 4 X { #BIE%
RSH, RFR0.1-0.2 ) 2 FHEIROT I TEA
L7z, CBEA &[RRI BRI 2 Y4 L #R CB
L an R A

HEIERZ CBEABDOICP LRALIZLI D TDE
Buaiie,

EIF . IE®A28E, B sham-control & LT

BRXEFRE TOMBERTLA 2EHD
5488,

1% . 438, CBEARICP 28 15—-40 mmHg.

SEII%E 10 58, CB #EARFICP 48 40—70 mmHg.

SEIVEE | 438, CB AR ICP 25 70—100 mmHg.

BVEE . 288, SBP, ICP & b ITET L= BFERR

&, ‘

CBEAKTH, EbIKERDHL 10% k1<)
T I0HEEZEL, 2%y oo ¥ Al LR
S RN BB HRK, WK T % & tof# % 100
pBEUVNu DESTREER A 2EML 7=,

100 x ATEEWTEDA % 3 & U Lim'O @ B
IZf€vs R-25, R-21, R-20, R-17, R-13, R-2, C-5, C-10, C-
I5OMBEL VBB L CBERBEERE 2RO S
BRI 4 T RRAE L 72,

O!arhro—neRAFETSICCBOEREA SN
3,

Trace : FIERIIZIZ CB DIEEFIRIZ RO . HE
PFRAT A CIIAENC I bu—L L D& E
HL, BEEEREIEECHMEE 2 2FRREET
3.

1+ AR, BEARFEREEE T 2,

2+ FE2mm U EOBRFEERBEZELFE O
1/5 Kz G52 b0,

3+ JEERESHE® 1/5-1/3 ke 5523 b
D,

4+ D FEEETESLWIE O 1/3 LD b 0,

Nissl §45, HE $eftiic & 2 HBFRET 213 30 »
DYIFEFHWIz, '

157 i

1. MEMEEAC L 5 ICP EH
B1iER1:17TOERMIC B 2EMKRIMBKK
0.20ml/kg EABDSBP 8 LV ICPEE DRE %
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Fig.1. SBP and ICP change following subarachno-
id infusion of hemolysed red blood cells. Basal
ICP rises gradually according to the occurence of
pressure waves which are found at the pressure
range of 20 to 70 mmHg. Fast waves are found
for a while after disappearance of slow waves
and plateau waves. In such state after 15 hr and
20 min from infusion of hemolysed RBCs, Carbon
Black (CB) were injected into the left vertebral
artery.
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FT. EARB—B ES L7 ICP 3ESTTRT 22,
ZOBHBRICICP I EEL, HEAK2 — 3RHELY
ERsSHE LGS, T0HEE ST &4 ICP L%
LT3, FERIZERCEREN 10-30 B0 b0,
NH—33DbLD, BLUIDFLULEDHDOD IHEHR
MEEN, EREHRVCEE, BOEEBLIUTI by
s, HOEREEHL TMEDO LR ZH#:, B
WER, 75 b vEKICEVTIE SBPIEELLE VLR,
HrLEEREOTELR T, M2 2R UERMCEY
TEBHEELBOTHETHY, HhVv—RAEBH1D
BEOEMCHEY T2, EAK IORMLEE AR
A (™ 2-A) T, #REIE25 mmHg, FEE T 30 B -
9 AMBVER, BLURKERORETRR? 7Y
BraaBRovwbwsa 7S tvEksR 5, BEA
(2 2-B) DTBILEVERTSBP O TREEMES O
¥, ICP O &A@z ZE8 L, SBP icEbaRE 2L
LOEFRT. 12 EEEAL: CRA (B2-0) Thl
4 ICP 13#) 35 mmHg & %2 » #RIE 40 mmHg, #
W2 H0BOERISERL, ML TSBP K25
mmHg D FEEEL T 5. > T OEFEHHROR
it CPP X 50 mmHg O T2 L T3, £F
ICP #% 70 mmHg ## % 7 DR (B 2-D) TIIRIE
» 40 mmHg ChBLREWERO HEFEL CPPE
L TLEELTWS, ZOMTIRIOREATCB%E
EALR.
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Fig.2. Simultaneous recordings of SBP, ICP and CPP at various stages of A, B, C and
D shown in Fig. 1. A, slow waves and plateau waves ; B, slow waves without SBP
change ; C, slow waves with pressor response in the ICP peak ; D, fast waves.




KREREY < BT HINC 81 % EENEH & s ms 1059

SBP

mmHg
250
200
150
100

ICP

mmHg B C
80 l\ > =

ANy

O s I T Mw S !
0]

0

2 3 4 5 6 7 8 9 10
HOURS
Fig.3. SBP and ICP following subarachnoid infusion of hemolysed RBCs. Slow and
plateau waves show rhythmic sequence. A, slow waves and plateau waves; B,
high amplitude slow waves; C, plateau waves sequence. At the end of the
experiment, CB perfusion was done.
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Table 1. Summary of experiments and microcirculatory disturbance

Dog Inf Pressure w Exp CB-perfusion REGIONAL PERFUSION
No. vo. F S P time m-SBP ICP CPP type of IMPAIRMENTS
(ml/kg) (H:min) (mmHg) pressure w R-21 R-13 R-5 C-5 C-10

I 1—4 control

1 5 0.23 - - — 1:00 170 15 155 no waves trace 0 0 0 0

6 0.25 e 3:30 135 30 105 S tr 0 0 0 0

7 0.20 e 7:40 135 35 100 S tr 0 0 0 0

8 0.22 - + ++ 5:20 135 40 95 S&P tr tr 0 0 0

il 9 0.21 - - — 6:00 150 55 95 no waves 2+ 2+ 0 0 0

10 022 ++ - - 5:40 125 60 65 F 2+ 0 0 0 0

11 0.19 - + + 7:30 120 60 60 S&P i+ 24 + 0 0

12 0.20 - + ++ 4:50 170 60 110 S&P 4+ 3+ 24+ tr 0

13 0.21 - 44+ ++ 10:20 125 60 65 S&P 44+ 3+ 24+ tr tr

14 0.20 + — - 11:40 140 60 80 F 2+ 2+ 2+ + 0

15 018 ++ + + 4:30 170 60 110 S&P 2+ 0 0 0 0

16 0.22 ++ - - 5:40 160 65 95 F 3+ 2+ 24 2+ tr

17 0.20 +-+ ++ ++ 1520 135 70 65 F 24+ 0 0 0 0

18 0.17 - + - 2:30 145 70 75 CVP 3+ 24+ 2+ + tr

vV 19 0.18 - ++ ++ 7:40 190 80 110 CVP 4+ 3+ 24+ 24+ 2+

20 0.15 - 4+ ++ 6:20 215 90 125 CVP 3+ 3+ 24 24+ +

21 0.20 - + -+ 4:10 170 90 80 CVP 3+ 2+ 24 tr tr

22 0.21 - + + 9:25 145 100 45 CvVP 44+ 3+ 24+ 2+ tr
vV 23 0.22 - . - 7:20  terminal drop total
24 0.25 + - - 6:00 terminal drop total

Infusion volume of hemolyzed RBCs(Inf vo.). Pressure wave types(F, Fast wave ; S, Slow wave : P, Plateau
wave ; CVP, cerebral vasomotor paralysis.) and pressure waves quantity(—, no pressure waves ; +, moderate
number of pressure waves present ; + -+, neumerous number of pressure waves.) appeared in experimental
course. Experimental time(Exp time). pressure wave types at the time of CB perfusion. Scales(0, trace=tr,
1~4+ and total) for regional perfusion impairment upon examination of each coronal brain stem section.
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331 13 0EBRAICB T HHEMIRINEK0.21
ml/kg EABOEEETT, EAR—EER LR ICP
REASTTEET 2085, ZOBBKELICICPRERL 3
BtE & p &AICP Ik 20—30 mmHg & &2 DBV EHR
HREE UKD, 4.5 B2 EA Lz ARRICBL TR
18 30 mmHg, FE 2 — 8 AR BIRBLERB IV
75 N ROERPRS, RO TEICERD HBREE
EHET L L HICTRHTICP TS EITL T 5, 8.5
B B B A CIHIEIEH 40 mmHg, M3 4077
b ER S, OSEEBCRATIE, RIEHNS0
mmHg, EFH 5T BEIRT7 PVEERS.
OB TRMBEARE TBOERMEEL, HLE7
S hYEEBTSE R SEHMBEMUEE I Y
HOAHBEL, JOBEATCB 2EALL.

#£1 ]I~ VED 20FEOREBRNC B 5, Bk
MmkEAR (ml/kg), EBHOEERD HIRE, &
MAMBEAREL D CBER : COICPBHERM
(Exp time), CBEAROFIEIRIME (m-SBP),
ICP, CPP, CB EfMERNICR 5 NhEEROEB LUZ
NZENOEEF DR L ~NVOEREEDRE 2T

ICP
mmHg
100T—

T
T

v

801

60+

401

20+

0 ,

T, Mdiizarro—no l#xs iz CBERB
WHFERPIREE T H 2 VEEZBR < 1T, 11, IVEED 18 filic
o &, ElFRMEFEABROEAR ICP OREZR L CB
BREIOFERD/ Y — v 2nT., BINJAMEREAZ
W1-2EMOEBTICPIEHRAICER L 20-30
mmHg @ ICP L~V T—BREL 121, BEICP
T LR T AERER L, EROBERFIIEA
®i 2 — SEFMIEE L b HE L ICP EAREM 15-70
mmHg OEBEICTHRE L2, BOEE, 77 P VHER
HAICP 48 15— 70 mmHg OEBE I B8 WTHERL, &
12 20~40 mmHg THEE L 7 OHEE, REOEKE L
LiZICPAEEmE R L. B4 (RLS
~8), MEEI105H (F#1: 9~18) BT INS
DEEEBEL > CB 2ER LIz, HOERKIRLE
Bl 6 FllcsLTRoh, ZOWND5FIXIECE
L7z, ZOEFRZMBEAEREH»SREON, BOE
BhHrWE77 M 7RICERT2LDLH5H, HFE
T2 & DI HEERIAT ICP » 60 mmHg 28 2, &
WER, 77 bVEOBALRHICRES NS Z s
St MEEP3I@E (KL 116, 17, 18) TREID

10 15
HOURS

Fig. 4. Experimental time course of secondary increase in ICP and pressure wave
types from the time of subarachnoid infusion of hemolysed RBCs to CB perfusion.
The following symbols represent : ——X, no pressure waves; ' 8, slow waves;
------ ¢, slow and plateau waves ; ——@, fast waves; P, vasoparalysis respectively.
ICP rises gradually after 1-2 hours following subarachnoid hemorrhage. Slow and
plateau waves appeared in the range of mean ICP 15-60 mmHg. Fast waves
appeared under mean ICP 70 mmHg. Pressure waves disappered over 70 mmHg in

ICP.
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B CB RIEAL 7 IVEE4BH (B 1 1 19~22) Tt
HOEFESHERL I 2L, BoFEELIVIZ 7S
PR RO LRMIMEREORE S R L7 2 DR
CCBEWREITo/. VEE2TH (1 :23,24)i3 SBP
OET & & 312 ICP L {ET LBSEAPREEDREEE T CB
FHEALT.

II. & ICP L ~LE T o O MIRER

[#iarybo—n (LE).K5E3a> ro—1o
HIZRMTE DO ERIR & R T, UMD CB DERIZED T
BFTOEOSZWKEHERERKE, MED0LEVEE
RBEKEEELKAE, BEOBHOEZERTH S,
100 »2 DIEEGTHIFEMIEIF OMFBIC T LRI & 1 EEs
FHZES & TOMBIIEBER L & 3 ICEBRNOEMM
EHE~DO CBERITERFTH -7,

I3 ICP15—40 mmHg (338, #£1:5~8)

EFHRZREZCLO 1H, BOEEERE-HD 2
Bl, BLIUVBWEEL 7S 7EDRLUS 14, &4
PITH 5. B6IFEMIARIMER 0.25 ml/kg =A% 3B
f 30 43, ICP 30 mmHg, B\ > Eil BRI CB 23 A
LBl (F1:6) ORKTED 100 1 HIF (K 6-B)
zariuo—i (B6-A) L& L TR, R
I b= LR BKEICERE I, 3
BN I BB R B E 2 D (trace),
—WCBEAD/NMKEBEORON, ZOBZBVTIZ
RRTEICIRE L - — R e EROBEER 2T L,
TWRT J e 2 OEEFERIALBEEOR S T
R-20, 21 2H00Z R-25 DRFFFZ LI TR N, &
WA, BEAERE2SORERRCE S, oLl
DO CBERIZRIFTHoTz, BOFKETT b oS
R:18 (®1: 8) B ERORROMIZER 2k
ENRsh7,

Fig.5. Macroscopic coronal section of control
brain. The gray matter is homogeneously and
densely stained with CB.

I 0 ICP40-70 mmHg (1088, £ 1 : 9~18)

COBTIHARMNIC+~4 +0 CB i RIB4EE
(non perfusion area, NPA) 2B anz k35 icn
5. K83 3 DKEM (1 :13)TICP60 mmHg
TT7 b7 B8RS LA CB %R L 72 ke
OMAERE R T, NPA 3#K (R 8A) kb L
B HB UIRBRA IR RS, ATAREE, SMUAEERIZZEL ¢
HEL, 20 NPA EGEIA T BANIER L T,
i (B 8-B) Cla RS hiAEREEC B X U, T
ik E OB & IR R A D, BRI
TR Ry, 15 (M 8-C, D) Tl &I, /NG,
EIVIEEIIMIS & U F Eiz#i25 CB BHOET
ERL. OB TIRERIZIE &R NPA DRI
Rohiw, MOREL I ITOERFAITHVEVLE
W, 77 b VHMBEFL o8, EOFROSSHEL
RHICCBREEALLRA OEETHE T 7.
NPA IR T BRI 5R CHR T 8R4 EIEF 2 & PUEIER
B L SPKIC NPA 280 2, Z0EFO NPA &
iz R-20, 21 K T TR A EICIRE T 2 28, WEIT
BHEACO 2BV REINBIC AT CGEEL TRD SR
7z, ZOPITIRERICEE (trace, 1 +) DOIEBEEE
2RO Y, PRUTOMS TRESRSFRIES
nkhotz, 10423 1 1 16 OFITHEMmFRMmER 0.22
ml/kg A%, B VECERO HEEL TES
#, 5B 40 SHBBEBEZR ICP 65 mmHg & % - 7205
Bz CB #EEA LT R21 SR FEi% R4, NPA 4]
FHRR T RRE SR 2 & AANERE % & TILEE, $Ric
Roni, ZOPOBREEIER, oL
THELERL Tz,

IVE£ 1 ICP70—100 mmHg (588, 31 :19~22)

B 11 ByEMmaRINER 0.18 mi/kg AL 7 B 40 4
BEL, BuEH, 75 M vESHEORBO%, M
MEEENFRE & 72 - 7o %8 ICP 80 mmHg i2 T CB %
EALEROIOTMEN ARG : =Y. Z ORI’
NPA 3R & D i, BizL8citn h, 2z BsIv
MR B & U, B R i 08 0 s s
ERPRICES L, EREL L CRIGER & TEIV
B IEHER & 0 BRI~ 13 EEEAERE R 0 PO BIER Vo s S B
A, SHAKERRE T3 trace BEOE(L 23D 72,

VEE  IMIDEEBIFRE 2458 L ICP, SBP & b 12{E
TUBOERREOREE (280, £ 1 123, 24). 2
#12, CB OIMMTEAIZ TS T, 8512 I EHIEE Rz
D5 CB DWW A%EH DI,

124311, I, IVEE 18 Bl e RolEE
TR & ftahic, CB WSO ICP 248 - LIz CB
BRFCR SN EROM% 79, ICP 15—40 mmHg
DEIHE T trace ¥ COME R, BETEH (R-21)
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LA (R-13) $TRANS. #§ (R-5) & VIEH rhicEEREEEE > TW A, PN, 8 ZE¥v~
(C-10) TR DICP v~ T3 CB ORI REFT VO CB#Esm b FAgOEAZRTH, AUICP L~
Ho7. ICP #50mmHg Bl £ X &2 NPA (+ TR TRMEBCT 3 twEEREIRI L, ICPR
~4 ) HYERR, BRTEEL D HEL, ICPOTLEE b ICHBROBERESS TUMBCERTET 2

B

Fig. 6. Microscopic view of hypothalamus in the same experimental model as Table. 1; 6.
The blood vessels are perfused with CB. A and B: Microscopic 100x thick sections of
hypothalamus. A, control photomicrograph ; B, capillary networks are very fine,
speckled and discontinuous. (X80).

Fig.7. Diagramatic representation of the impaired perfusion area (small dots: trace)
in hypothalamus of grade II experimental models in the mean ICP range from 15 to
40 mmHg. Impaired perfusion areas are present mainly in rostral hypothalamus.
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H2rRLTw S, EREROFRFITI 2 OEEEE
BEOERAERD Sk,

. FERHIBEC S T 2 R mRERES

®13 1R, O UWBEIEBWTEBLWERS LUV
75 b EHERIC CB 2FEALR 7HE (&1 : 6,
7, 8, 11, 12, 13, 15) 0 CB HEmEEMEE + =~ 7.
IEEDOBRETRTHAMIEEE O CB R EESES
(trace~ 4 +) #MULEHERL, BERAI=FLLE
HELCNPARONEMZ R, WEOHAIE
BIMEEER & D RIR T8, HRER, B4, 6, LEFEds
THECFET 5. BEOIMIIRK TEELER L v
MR CHEEZTIE % & CRINER S U < IREKH» & iy
AEREKAE S & OPiERsRcEs Y, Bictk
BEE TOBIVINE EEE MR ERT 2 DR
shfz, EWERKIZ ICP TEOFH D sz Y,

HrHEMMEESFHEDERCAD SN D ZDH
WONRY =2 3—FTR W, ZOEEHBRCCB %2
FEALLOIX4FETHY, 28 (R1 110, 17) 13K
8ITRT & 3 WK THRIC L4z NPA BEEL, fil
D28 (381114, 16) BHEKETEHE2E OB, #,
EATAERE L B etk ic b7 D LEEIC NPA BBFEHEL
A

IV. ¥R

B & 30 « OATTERIYTFA % Nissl #f8, 5 & OF HE %
B TSR 21T, 14 BB L, &
GEEASHEFELRL D16, M9 OEBRIICEIT AR
IRTEMEE OB R 2T, MESR< L ETHI
EWnLgAMKkoREThEilanTsh, RERT
I ERAR R CBOIR A B % of Loz RIFE A~ 2% 3 28R 2 il
REOBIEHESLL, CLETEO I ASOFRIZ

B

D

Fig.8. Photomicrographs of coronal sections (1004 thick) in the same experiment as Fig. 3
(Table1; 14). CB are perfused at the ICP level of 60 mmHg. A. R-20, section. The
central thalamus contains wide spread, bilateral and rather symmetrical non-perfusion

area (NPA). B. R-13, Midbrain section.

NPAs of the rostral mid brain are seen in the

periaqueductal gray matter and the tegmentum. C and D. View of pons. NPA are seen

at the floor of the IV ventricle.
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BWILARIEREAR, 11 EEEOERAITT TIZAS
HEERREE L & b IRBEEERE 2D, 5 - 60§
ML TIMER 2RO ICES XU, $l, HIVIK
FRICL REFRBR S N, —RICEBERARERR
WEE, BIVINEELRIC L Roh sy, HIRT VR
iRE VBRI BERCH- 2. BI15-A ITE
Fi, 75 b osEsL2f (E1 1 13) ORKT
iz B 2 CB BREEEO Nissl a2 1Y, HRK
THEGN W RIMERBEO cell-cuffing, ¥ & UEH
nHfaEEY RL, CBOERTI2OMRETYT. K
15-B i3 Al—EEFIc B W TRIK THROIE » & FH
ACBHEH T2 RT. R 77 bvikE L
CEMKEEFEL-R]L 8 OEBRFIOFETINER
B¢ HE @557, SUNEETIC CB DERIR
ERTEHNEFEOENM N ERT. O
BIIERHEEAFOEN, FIVHE LXK TEIEK
o ohiz,

% =
< HET HMmOAMER L ICP kHmE—BETE

LTh, #OHEEHL VBT RN UES &7
LOHEHLY, ZRIVICP U L & bIZERBE S
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Fig.9. Photomicrograh of hypothalamus and thalamus (1004 thick) in the same experiment

as Fig.1 and 2 (Tablel; 17). NPA are present in lateral hypothalamus, supraoptic
nucleus and dorsomedial nucleus of hypothalamus. The central thalamus contains subtle,

fine perfusion defects.
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Fig.10. Photomicrograph of hypothalamus and thalamus (100x thick) in the same

experiment as Table1; 16. Severely impaired perfusion areas are seen in bilateral

hypothalamus.
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Fig. 11.

D

Coronal sections of the dog in which CB was perfused at the ICP level of 100 mmHg

in the same experiment as Table 1; 19. The columnar pattern of NPA extended from the
diencephalon through the tegmental structures of midbrain, pons and medulla oblongata.
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Fig. 12.

CB infusion.
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Relations between microcirculatory impairments and ICP level at the time of
Rostral 21 mm from external acoustics meatus (R-21), hypothalamus

and thalamus; R-13, mid-brain; R-5, pons; Caudal 10 mm from external acoustic

meatus (C-10), medulla oblongata.

The following symbols represent: X, no

pressure waves ; closed circle (@), fast waves; closed box (®), slow waves; open
star (v), slow and plateau waves; P, vasomotor paralysis respectively.
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DY X LR MEREESEZELCICPCES T 2K
MEEBICRBRL 2D & L, —RCERI3 A
ICPOTEL & b2 DIRIBLIEL, BEMEE 2 DA
Y5 Lnbib, Tindal®RETIMERZICE SN

Fig.13. Topographic representation of microvascular impairments of the diencep-
halon and the brain stem. The following symbols represent : smole dots shadow,
microcirculatory disturvance of 7 dogs with pressure waves at the time of CB
perfusion in group II and group Il : large dots, selective vulnerable NPA over 3

dogs with pressure waves.
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Fig. 14. MICI‘OSCODIC view of hypothalamus in the same experiment as Tablel; 16
Inflammatory polymorphonucear leukocytes are seen in the subarachnoid space and
hypothalamus. (30x. Niss] stain. x90)
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Fig. 15. Histological findings in the same experi-
ment as Tablel; 1 which represents long
sequense slow and plateau waves.

A Perivascular inflammatory cell-cuffing are
seen in NPA of hypothalamus with CB perfusion
impairment. (30x. Niss! stain. x90)

B: CB-leakage through the small vascular wall.
(30x. No stain. x90)
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Fig.16. Microscopic view of subependymal layer
of Il ventricle in the same experiment as Table
1; 8. Microhemorrhage is seen around capillary

with CB perfusion impairment. (30x. H.E. stain.
% 90)

[V o £



1070 i

Bt AT 2 1 T ORK T SRR THERET
EMMEBOELHE  EHL 2y, —HEB CB EIROND
RIEEBTAFEMBES N, EICEFICP50-70
mmHg QA i, A0 —B L TZ ORER
Sz 35 & CRGEEE P MRS % 0 5 RAEMERT
5242 NPAOHENRE S e, X, BIRMEET
ik CB QAL % 7T SHILE BB O LBRAIHH/N
Wi b bR, IhbOFRE, LROoRECR
595 SIMEERL L ERMS & CHEBITR L R<
—F LT\ 3, —7 ICP L DRBMEHRFEH O I
DBV HDIELHBOBRTEOE LLWERRED SN
7.

AR T®IE 2 EOMEETHED 5% 5T WD Z N
whEELGEER-TEEZLND, Kabat 550%
BT > & SR 22 A NEER I ESR
BicEh SBPOTEERE TS £ Lk, Stavraky®® i
BT K G OB, WARROBESRET
SBP 0 T8 & UBKEEIR DR £ 7. Eliasson™
i, ERTHOESHMCERSGOMERRIEI S
HREEL, GRTH»SHNERT, Efz oKX
BN T 2 £ BOME TR HER 2 HE L.
—EE A X pEWEERIN < b ETECmEYHE %
EAL ICP L 24 Uk B KR THANTFORE
SHETT T TSR s ¥, NEREEIRE
Bk A7z 53 Cushing RROR >0 2 =k BRI
FELETLES., AFRCHT, ICP FTEDLEK
HTEZ e & NIRR TR0 trace BEORREE
X, BOWEEBLUTZ b 2O HIRC A S »O®RE
PRITERRRT 5.

BRTE % &t EAINE & THREE 28BS & UR
MEES B USEER PO o h TV 3,
Wang & Ranson®® i3 #K T &4 HAIEF o M _E& H >
5O TR ESE D SEIRBERAIZE S L L7z, Kabat
5 ER T MFOBLMBIC CTIME LR 28
», =0 TR ERREREOR R EE ) flKa
BwwE2 kL7, Magoun®™® 3 RE THSMUIEF» 5O
Fregsi, FRAGEKEE, DKEEE BRETED
EESSMEERAIC E S £ Uiz, Enoch &5 R T AR
& OIE AR GO TR L RR T o Frfk &
D BIUMEOBEMER%E Y FRAGEPLKEED 5
RS BRI B & RPIREE & RAEF, AR,
WFEFRD 5 A D WRIFTEEE 28 D AR 2
2 AR LSTEAET B & L7z, Raichle 5593 FILR D
g X0, MOFEEORY £ BHMIEDEREDTT
5Dz, Edvinsson® 3 HFIRFER ELSB I o0
7RV YEEHESNEENO/NMIEICRDD, £
ORI EERARRHRYIRR I £ o THHRL 2V

S

7 %#R4 72, Ungerstedt & UBICTFET 2 €
07 s v e A teHiaREs > O R EITHEICRRTE
L, SRTESVEE2E2 £ LT, Langfitt 5
BRERESE L VBIVMEEL2RIEL TSBP L3
B - BRI BT O E Rz, T H OBERILE
BunUSROMEHABEBOEEEZTT HOTH
5,

Shalit 5213 A X % B\ 7 BT LALIERE, 18, iy
PRET 2 L MmMEEE L CETY 5 e, MmE
OECHALEEL Mk T 2B ER L. Rosner 593 2
aRFABEAMEERTT S Y EOHBEKIAL, 2
OHERFCEL, £7SBPOETIZL S CPPOE
T aiE s UNIME 8 O R Mo EOHRERL,
COBREICP 2 E® ZORENHZBER L
SBP DEERIGEZRL7ZI N VHIHEET 2 LR
L, fE->T 77 b 7 EOREIMDE B SHREECE
TLHDLERLL.

ARFLEIC 8 > T HEA ICP 28 40—70 mmHg O K #
EEBOTINBVLER, 77 b vEBNEREL, BEX
ICP TN R o NIz, ZORMATIE NPASHRKS &
CHEFETE I HE L, ICP Fi & 3R & D fifik
WREEER, ERSIVHKEER~L, EgEe
ML ERTHRT208R N, 2 s OFRER
TS L UhRY, EEMEIVMEETOERESIC X
2 2 S OEMOBEERE I KNE O B D RASROR
=y M ESROBERIGE 26T HOL
#2505, H5WIE, BHEMOERNT, EXICPR
Bz bie T, ZHERTI by EICEML EAED
B ICP TERBE L, SR A XD BET
AT E A & 2 ICP RO RHEERRE I TR
RFZARIMUBERICEMUT 2 ERB 2RI
&, 18, EBOMBIC TRV ERICERT 2 RS2k
fo. COBERMOEEHROFLER, oL
B REBIZ B\ T2 OB ORBIRIEEHEHRT Y
DrELOND, BHRTHEROZ% S THICE
J 2T L ERERERE R e IR ME D B
ARSI N O I EE PR, I TR
AUCHERT % £ LTz, 2o 0Bk LATRE O
R TR, MR L O TAIRNE R BRI S D K
L, Zhiz 2 PR g RO L ERE
PE RS IS T 2 WEER A RE T 5, LAIMEO
HRE NS SEREHA T B % A ICP 60— 70 mmHg ORI
S ERERT 5 T OBRKRE, MERO 5
p%pih, SBPESOFEFEREIC LD —BED
SBP L& ICPIcRIT2 4D EEHND, Ll
S ERIRREO &% &3 ICP FTEDHI BT
LEBNBILLHD, BB X UCEEOTEIC S




SKEREY < LR HIIC 517 3 BN & G s 1071

DEBICREZRBLIFELD, THMBOBIECHSE
THLDEEbND. ERERICP 49 70 mmHg %
B2 P BRRE T EBE MR I £ T NPA 230 e £k
OEBEENR SN, TRTOFRIIWEEL, ICP Ik
MEKRFEL 2 5,

PAEw & D, B b BET HImE O =k ICP A
BRMSROBREELA L, Zhic X 2B meEs
PO TLERENEROHIRICIES L, 0 KB
FIREEMEEROSZ VLD EEZ 5N 5,

#* Bl

1. 1 XD bETHABMAMBEREEATS I &
kD, ZIREYICP JTH#E 72 FBIL, HEAEER
FEET 5EEE (EE) 2BE L. BICPE
HEORRFHIC CB 2 HEBEINRE DiEAL, MEWIcs
5 MAIEREE O REL ERHR & OFBEICB LT
BEL .

2. EMARMBMFEABICPIZ 1 — 2BFMIE L v &
T ER LU, EROESKIL 1570 mmHg Q&K
ICP VXV THIRL 72,

3. MBOMMIEREEE, FESHELRLICHE
TR TH 5 EAKICP 8 15— 40 mmHg L~
TR, BURTEOBESNAD S BRI, TO
RIS BN D BRI E M1 B MM - e o e, [E
BEPEFHETHELLCEFICPHRABIC LR T 2
ICP40—70 mmHg L~ TW, WHRAYZ CB DIEE
i (NPA) 28R L 72, NPA BHKS L UOHET
EICHIEL, ICP OJTHE & & HICHEEK D & hNAEK
BERAHE, PRERECESD, B bERETcos
IVREESNLEHELTAsN., FROWMNET 2
ICP70—100 mmHg Ti3 NPA XHEE & D 8% =
KREZHRERL, ME®2h0 CBEBIRIET 2T 2.
FEB D HBREH SRR TEYE, b L < I3hpg, i
BRCiiys 5 S E B L IV EE RO BREEH
FIEEL 72,

4. ERFENICIE bETHS L UKEREEN %
PO SEE MRS, /NI 5 0 CB B SIS
B S EMRT IR 2 & DB E BT, SLERAIMN
HIMORr R % & 72,

REDERLD, B L ETFHMBO ZREY
ICP XN O MIMIEREE £+ 4 U, ik 3
B EES P O AR E B O B B5 L T
WALDEEZ sh T,

# F2d

WEMZ BB S, RIEHBELHEE E ARM D
FLRBEILAE R R EEOBEEET S, 1k

TROBRITIC D D BIEY 2 8 L R B 2 L
7RI AT E B O BRI R T 3.
FMROEEE, 543 EARMHERENBIES (1984) 12
BOWTREL.

X [

1) W=AEER, & £ HEEAHMCE T 281
MiERR. RSN, 3, 227-241 (1971).

2) WXEFEE, &K X, IWAKD: SMEENE
TUHE, BdTAR, 23, 259-267 (1971).

3) WAEIER M X, BHEZ fEERHme
& B HENETTHE, RAESR, 4, 1125-1136 (1976).
4) Hayashi, M., Marukawa, S., Fujii, H.,
Kitano, T., Kobayashi, H. & Yamamoto, S.:
Intracranial hypertension in patients with ruptured
intracranial aneurysm. J. Neurosurg., 46, 584-590
(1977).

5) Langfitt, T. W., Weinstein, J. D. & Kassell,
N. F.: Cerebral vasomotor paralysis produced by
intracranial hypertension. Neurology, 15, 622-641
(1965).

6) BHEZ: { QETmMEUEEAC L 2EEN
EFE +2ESEE, 86, 482-499 (1977).

7) W X, ¥HEB, BHEE— RF #H, &%
FRA, WHEEZER: HENETERIC 51T 2 B
DEAe, EEMEE, 17, 188-193 (1980).

8) RHLAER: MMIHENEHEIC ST B M EE
RIGwBd 2558, +&EREE, 92, 163-175 (1983).
9) #& £, A B, BHEZ, HHBR, 12k
B, WHREZER . SMmEMERH Mm% O ICP 7Tk &
iz 2, 3DEFOEECO>WT, Ry, 27, 1331
1339 (1975).

10) Lim, R. K. S., Liv, C. N. & Moffit, R. L.: A
stereotaxic atlas of the dog’s brain, p.1-93. In
Thomas, C. C. (ed.), Springfield, Illinoisis, 1960.
11) Nornes, H. & Maches, B.: Intracranial
pressure in patients with ruptured saccular
aneurysm. J. Neurosurg., 36, 537-547 (1972).

12) Hunt, W. E. & Hess, R. M. : Surgical risk as
related to time of intervention in the repair of
intracranial aneurysm. J. Neurosurg., 28, 14-20
(1968).

13) #& X, 0 B, EHEBZ, LBES, S
FA, WWAEZAR: SUESNETTEOEE & R
IZ81J % Norepinephrine, Phentolamine D%h5,
448l 16, 305-311 (1976).

14) Yamamoto, S. & Hayashi, M. : Intracranial



1072 %

hypertension following subarachnoid hemorrhage.
Clinical and experimental studies. Excerpta. Med.,
293, 93-94 (1972).

15) WUA{ERR: fERcRAC & 2 METCE. BAS
§E, 70, 474-476 (1969).

16) WUA{EZER, #k %, HE4MAl: AUEEAN
BoOREER. BRMENARL 35, 2-8 (1973).

11 W% R NESEFCB T2 EHE L EKRE
&, BRI EIEE, 34, 339-347 (1973).

18) Ecker, A. & Syracuse, N. Y.: Irregular
fluctuation of elevated cerebrospinal fluid pressure.
Arch. Neurol. Psychiat., 74, 641-649 (1955).

19) McQueen, J. D. & Jeanes, L. D. : Influence of
hypothermia on intracranial hypertension. ]J.
Neurosurg., 19, 277-288 (1962).

20) McQueen, J. D. & Jelsma, L. F.: Intracranial
hypertention ; Cerebrospinal fluid pressure rises
following intracisternal infusions of blood com-
ponents in dogs. Archs, Neurol. Chicago, 16, 501-508
(1967).

21) Bagley, C. Jr.: Blood in the cerebrospinal
fluid ; resultant functional and organic alterations
in the central nervous system. A experimental data.
Arch. Surg., 17, 18-38 (1928).

22) Bagley, C. Jr.: Spontaneous cerebral hemor-
rhage ; discussion of four types, with surgical
considerations. Arch. Neurol. Psychiat., 27, 1133-
1174 (1932).

23) Hammes, E. M. : Reaction of the meninges to
blood. Neurol. Psychiat., 52, 505-514 (1944).

24) Lundberg, N.: Continuous recording and
control of ventricular fluid pressure in neuro-surgi-
cal practis. Acta. Psychiat. Neurol. Scand. 36
(Soppl.149), 1-193 (1960).

25) Kjillquist, A., Lundberg, N. & Ponten, U.:
Respiratory and cardiovascular changes during
rapid spontaneous variations of ventricular fluid
pressure in patients with intracranial hypertension.
Acta. Neurol. Scand., 40, 291-317 (1964).

26) Tindal, G. T., Iwata, K., Mcgraw, C. P. &
Vanderveer, R. W.: Cardiorespiratory changes
associated with intracranial pressure waves:
evaluation of these changes in 27 patients with head
injuries: Southern Medical Journal., 68, 222-231
(1975).

27) Wald, A. & Hochwald, G. M.: An animal
model for the production of intracranial pressure

plateau waves. Ann. Neurol., 1, 486-488 (1977).

28) Ketty, S. S., Shenkin, H. A. & Schmidt, C,
F.: The effect of increased intracranial pressure on
cerebral circulatory functions in man. J. Clin,
Invest., 27, 493-499 (1948).

29) Greenfield, J. C. & Tindal, G. T.: Effect of
acute increase in the intracranial pressure on blood
flow in the internal carotid artery of man. J. Clin.
Invest., 44, 1343-1351 (1965).

30) Johnston, I. H., Rowan, A. M., Harper, A.
M. & Jennett, W. B.: Raised intracranial pressure
and cerebral blood flow ; 1. cisterna magna infusion
in primates: J. Neurol. Neurosurg. Psychiat., 35,
258-296 (1972).

31) Higgendal, E., Lofgren, J., Nilsson, N. J. &
Zwetnow, N. N.: Effects of varied cerebrospinal
fluid pressure on cerebral blood flow in dogs. Acta.
Physiol. Scand., 79, 262-271 (1970).

32) Harper, A. M.: Autoregulation of cerebral
blood flow : influence of the arterial blood pressure
on the blood flow through the cerebral cortex. J.
Neurol. Neurosurg. Psychiat., 29, 398-403 (1966).
33) Miller, J. D., Stanek, A. & Langfitt, T. W.:
Concepts of cerebral perfusion pressure and vas-
cular compression during intracranial hypertension.
Prog. Brain. Res., 35, 411-432 (1971).

34) Sagawa, K. & Guyton.: Pressure-flow
relationship in isolated canine cerebral circulation.
Am. J. Physiol, 200, 711-714 (1961).

35) Langfitt, T. W., Kassell, N. F. & Weinstein,
J. D.: Cerebral blood flow with intracranial
hypertension. Neurology, 15, 761-773 (1965).

36) Lundberg, N.: Monitoring of the intracranial
pressure In M. Critchley, J. L. O'Leary, & B. Jenett
(eds.), Scientific Foundation of Neurology, lst ed.,
p.356-371, William Hetheman Medical Books Ltd,,
London, 1972.

37) Langfitt, T. W., Weinstein, J. D. & Kassell,
N. F.: Cerebral vasomotor paralysis produced by
Intracranial hypertension. Neurology, 15, 622-641
(1965).

38) Lundberg, N., Crongvist. & Kjillquist, A.:
Clinical investigation on interrelations between
intracranial pressure and intracranial hemodyn-
amics. Prog. Brain. Res., 30, 69-75 (1968).

39) Ames, A. Il[, Wright, R. L., Kowada, M.,
Thurston, A. B. & Majno, G.: Cerebral ischemia.




KERR < b BT HIC 5103 2 BENE I & S nEE 1073

II. The no-reflow phenomenon. Am. J. Pathol., 52,
437-447 (1968).

40) Chiang, J., Kowada, M., Ames, A.Il,
Wright, R. L. & Majno, G.: Cerebral ischemia. III.
Vascular changes. Am. J. Path., 52, 455-476 (1968).
41) Fischer, E. G. & Ames, A.Ill,: Studies on
mechanisms of impairment of cerebral circulation
following ischemia : effect of hemodilution and
perfusion pressure. Stroke, 3, 538-542 (1972).

42) Fischer, E. G., Amea, A.Ill, Hedley-whyte,
E. T. & O’gorman, S.: Reassessment of cerebral
capillary changes in acute global ischemia and their
relationship to the “No-Reflow Phenomenon”.
Stroke, 8, 36-39 (1977).

43) Wade, J. G., Amtorp, O. & Sorensten, S. C.:
No flow state following cerebral ischemia. role of
increase in potassium concentration in brain inter-
stitial fluid. Arch. Neurol,, 32, 381-384 (1975).

44) Cantu, R. C. & Ames, A.Ill,: Experimental
prevention of cerebral vasculature obstruction
produced by ischemia. J. Neurosurg., 30, 50-54
(1969).

45) Cantu, R. C. & Ames, A, III, : Distribution of
vascular lesions caused by cerebral ischemia.
Neurology, 19, 128-132 (1969).

46) Cantu, R. C., Ames, A. Ill, Dixon, J. A. B. &
DiGiacinto, G.: Reversibility of experimental
cerebrovascular obstruction induced by complete
ischemia. J. Neurosurg., 31, 429-431 (1969).

47) Asano, T. & Sano, K.: Pathogenetic role of
noreflow phenomenon in experimental sub-
arachnoid hemorrhage in dogs. J. Neurosurg., 46,
454-466 (1977).

48) Crompton, M. R.: Hypothalamic lesions
following the rupture of cerebral berry aneurysm.
Brain, 86, 301-314 (1963).

49) BEURK : BAINEENE O EERRFLE, ISR T 5R
BUREER O MMEEIC D\ T, EESAR, 11, 939
946 (1975).

50) ILUgBEER, 4k x, £#—%, EHEFER, WXk
BBR : BAIMEENEIC & B SR RIBE DR,
RSB, 24, 335-342 (1984).

51) Kabat, H., Magoun, H. W. & Ranson, S. W. :
Electrical stimulation of points in the forebrain and
midbrain. Arch. Neurol. Psychiat., 34, 931-955
(1935).

52) Stavraky, G. W.: Response of cerebral blood

vessels to electric stimulation of the thalamus and
hypothalamic regions. A. M. A, Arch. Neurol.
Psychiat., 35, 1002-1028 (1936).

53) Eliasson, S., Lingren, P. & Unas, B.: The
hypothalamus, a relay station of the sympathetic
vasodilator tract. Acta Physiol. Scand., 31, 290-300
(1954).

59) ZR—th: REN LETHMZB T 38ET
MELRBIC & 2 EROHE, +2ELE, 94, 108-121
(1985).

55) Wang, S. G. & Ranson, S. W.: Descending
pathways from the hypothalamus to the medulla
and spinal cord. observations on blood pressure and
bladder responses. J. Comp. Neurol,, 71, 457-472
(1939).

56) Magoun, H. W.: Descending connection from
the hypothalamus. Resp. Nerve. Ment. Dis., 20, 270-
285 (1940).

57) Enoch, D. M. & Kerr, F. W. L. : Hypothala-
mic vasopressor and vesicopressor pathways II.
Anatomic study of their course and connections.
Arch. Neurol,, 16, 307-320 (1967).

58) Raichle, M. E., Hartman, B. K., Eichling, J.
O. & Sharpe, L. G.: Central noradrenargic regula-
tion of cerebral blood flow and vascular permiabili-
ty. Proc. Nat. Acad. Sci. U.S.A., 72, 3726-3730 (1975).
59) Edvinsson, L., Lindvall, M., Nielsen, K. C. &
Owaman, ch.: Are brain vessels increased also by
central (non-sympathetic) adrenergic neuron? Brain
Res., 63, 496-499 (1973).

60) Ungerstedt, U.: Stereotaxic mapping of the
monoamine pathways in the rat brain, Acta.
Physiol. Scand.,  (Suppl.367), 1-49 (1971).

61) Langfitt, T. W. & Kassell, N. F.: Cerebral
vasodilation produced by brain stem stimulation :
neurogenic control vs autoregulation. Am. J.
Physiol., 215, 90-97 (1968).

62) Shalit, M. N., Reinmuth, 0. M., Shimojyo,
S. & Scheinberg, P.: Carbon dioxide and cerebral
circulatory control. Ill. The effect of brain stem
lesions. Arch. Neurol., 17, 342-353 (1967). ‘
63) Rosner, M. J. & Becker, D. P.: Origin and
evolution of plateau waves. J. N eurosurg., 60, 312-
324 (1984).

64) % %, tHES, KSR, =% B, EH
Bz, & Ak, WHEZ: 75 by BHOEEERE
BT 2 —EE—BHIMN 2 FIOBEENELZ & —,



1074 i N

B & 44, 31, 169-176 (1979). 66) MBI BmE O BRMERCHEE T 2 M
65) |A M AMEBSNEERCST 2HEN HF., TeESEE 90, 88-100 (1981).
EEHOMEEE. TeESH, 88, 53-67 (1979)

Pressure Waves and Brain Stem Microcirculatory Disturbance Following Experi-
mental Subarachnoid Hemorrhage Masaaki Hashimoto, Department of Neurosurgery,
School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med. Soc., 96, 1056—
1074 (1987)

Key words : intracranial hypertension, pressure waves, brain stem, microcirculatory dis-
turbance

Abstract

The present study was performed to examine the relationship between acute intracranial
hypertension and the topography of impaired microvascular perfusion of brain stem with special
attention to the pathogenesis of pressure waves. Experiments were carried out on 24 anesthetised
artificially ventilated adult mongrel dogs. Intracranial pressure (ICP), systemic blood pressure
(SBP) and cerebral perfusion pressure (CPP) were continuously recorded. Progressive
intracranial hypertension was produced by the intracisternal infusion of hemolyzed red blood cells
in 20 dogs. ICP increased gradually after 1-2 hours from the infusion and in some dogs reached
about 100 mmHg. In 17 of 20 animals pressure waves were observed in the basal ICP range of
15 to 70 mmHg (plateau waves, 10 dogs; slow waves, 13 dogs ; fast waves, 6 dogs). In various
stages of increased ICP, the brain was perfused with carbon black (CB) injected to left vertebral
artery. Subsequently, the brain was embedded in celloidine and the microvascular perfusion was
examined serially from anterior hypothalamus to medulla with sections of 30 and 100y thick;
histological examination were performed using hematoxylin eosine and Nissl stains. In 4 control
dogs the brain stems were perfused fully with CB. In 4 dogs of 2nd group (ICP, 15-40 mmHg),
in which pressure waves appeared and showed rhythmic sequence, fine and coarse capillary
networks were observed in rostral hypothalamus. In 10 dogs of 3rd group (ICP, 40-70 mmHg),
in which basal ICP increased progressively with many pressure wave sequence, macroscopically
scattered non-perfusion area (NPA) were found in thalamus, rostral hypothalamus, mid brain
periaqueductal gray and tegmentum of midbrain and upper pons. In 4 dogs of 4th group (ICP,
70-100 mmHg) which showed vasomotor paralysis, impaired perfusion arca extended downward
to pons and medulla along to the floor of the IV ventricle and tegmentum. In the terminal stage
after vasoparalysis, diffuse non-filling states were observed in whole brain. Histological
examination revealed leptomeningeal and parenchymal inflammatory changes, hyper-vascular
permeability and microhemorrhages in NPA lesions. The results show that microcirculatory
disturbance in brain stem, especially rostral hypothalamus, periaqueductal gray and the floor of
the IV venticle, play a role on the genesis of pressure waves which are derived from the dysfunction
of the vasomotor center in the brain stem.




