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KB < IR T HILIC 51T 2 EREE U & 2 F0%

EIRAAFE MR R S BE  (EAE L ILAME TR EEE)
s i BR
(FEFIS9%E 2 B 1 B 41))

AMHENETECE ) 3IRENEEFT 2 b b EEOHBEBFECOWTHELE. 1 X 2AY,

FA Y F — VERIRARE:, FEENME, ATFRO b iz, BMRMERO bETHEACLD, EEBIWL L
BETFHIME 7 V% ER L 72, £ HME (systemic blood pressure : SBP), BEZWJE (intracranial pressure :
ICP), BX#EBRHE (cerebral perfusion pressure: CPP), W% &K 7o 7 CHET 2 L 10/
[T — TR L, B OMAERZESNCHML, FORGERRE L. EEOEBY THME 2RI
LTHERRELZVR, H2VIEED TS, Ll $ETRICMEWE X EAL, BRNICER
DHET LIk s L, EREBIC X VERLEREELCS 2Lk d, EHESHESOERHE
MIfENE 0.05mA, 1msec Tix 20 Hz; 0.1mA, 1msec Tit 10 Hz; 0.2mA, lmsec Tit 2.5Hz ThH-
fo. RIBURE, BHREOHNCI>TREZRENMESNE LS5, My oA 5mm & 9 B 2
mm OB T 57 ATHIEETY, Boh s RIGH, BOERE, BOER, YUY RE, 77+
BO 4B MEI N, BOEER, RS 1030 TICP #SBP AL TLERETARIGTS
D, 24 FIZBWTHEFR SN, HMIERECREEICEIE L Tyl BOFEREE, 858 30 % — 34T SBP
BIEELTH 2, H2VEHEMBCTRTIRETHD, 8RB TERIN, MMUEREEEOLE
WHEEL T, UNY Y P ICPASSBP FIRICABMLT—BEFREL AR, 08— 38U sy R
RCERTAIRETHY, TRBOLENMIE 9 SCBLTER SN, 75 M7, BEN39»5 10
5T, RiEH 20— 60 mmHg 12T 2 b DT, SBPRE{RLE VD, H2W0IHMEHECTET 2, 444
BRAENBIEICER 2mm OMEE(E - 7=2Fliz 8T, SMUEREL ) — 7SRO 2 Soflgc T,
77 N VEBRFR N EXEREHEZOERIS, T RIS, 2o CrNERREORB T,
S5mmHg RifiORIGLo#R s s rol, DLEOBRL Y, ESAARERES X CIERSERES, i
ERRHEFCEE T EBINS,

Key words intracranial pressure, i, TBEAIE, WL, SMEEEREE

CHETHMIZBWT, 20FRICEETIHELR

BRMMEROEC L2 HDTHDY, BMRER

ERERIE, HEBEAETETH S, NEIRERA S
7 25EEWNIE (intracranial pressure, AT ICP & B&)
PEGWICEHE T 2 L HMERICELSEALLE
W, —ETET 2L, FUBKOEREZRT, Hil
E#O—KE ICP FHE A £ 2 4D TH L5,
ZWRHY ICP JTE 0 FRE I iR AR5 B W 13 BE IR R
WHROBEE 21 & 5 KB & 2, &4 ICP LD
T2 O UFRHICBW T ERE L ICPKER - T,
B ICPOEHT bbb EROEENASNS, [F

WHEH T 2 MFEDBRRTH B9, L, ZDKH
W, MMME L < Mg L 7z M E B O REE
iz, ICPXE£&INE (systemic blood pressure,
LAF SBP LE&) KEHICEET 5 D& L i 3992020
EHIE % O, SBP, B, B2 &0 EEEEED
BB O % 1022029, BRI, BRIC SV E S —
NENZ & o TR < Il & n22), INSESEERZERED
BVIEBEC LD LEZLNATVE, ERBEETHL
DB DRIBED B W IT R, ICPRELWEEL Y

Pressure Waves Produced by Bulbar Stimulation in Experimental Subarachnoid Hem-
orrhage. Tetsurou Tsuji, Department of Neurosurgery, (Director: Prof. S. Yamamoto),

School of Medicine, Kanazawa University.
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FEEHIZ, SBP, ICP 2548 L 72, 1513 2 cm/min i
BEL T, SBP, ICP, JMEEME (cerebral perfusion
pressure: DIF CPP L Bg) 2FIBFICECSRL T, #h 7
NOEZECOFM %M L 7z, CPP ik SBP fIERH
B3R L ICPHIEFANIER L OB EBERE B VT
FERL 7z, 8 SChM¥EET (BAEE ME-82) 2 AV,
SBP, ICP, CPP /L ER « L5 K& UdHE % MR 508%
Uiz, LRaBUd B LIaEH (B4OEE AT-601 G) 10 &
DEIE L. BB W EIEIE SRR o R 2
L, FEERIIAERERMCEEL TRFELL, &
o DHRFTHE TRIRFICRER SR (Sony UFR-A) L,
EROBEERTREE Lic, I8 ¥ —VHERETEL VA
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WTHEMARMEREMET C bETHICEALT, ER
B HBETHmMEFVEERUL. EAME L LTI,
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%, —20CICHEREL TB Wb DR EEICTINE
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BT EaEHRY L7, 0.4ml/kg DLETIREEERM 2T
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MFRIMEREARTER O BRI 8T, EBEOEIHIK
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%17, ICP, SBP KIG B L 7z, FIMEB I3 ERE
1254 DF700A=FT 427527 AT RO %S
FEEVEL, 200 4 3BHaE, 20 LD EAEAR
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BEOBCHEBANYLT/OFLESES, LRI,
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R OEWMARIAL, EELEKFCERIA X b
TERAL . THREMRE, ESFRLIOHBNICIE
BraE L CHvl, EERMABEERE (WP anapulse
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model 305-2) %>, RIEEHEEMEE LT0.1-0.2
mA, 1 msec, 10Hz OEFRE T, 5BHEOREE T
TR B L Lk, HIEERKRTE, 0.2mA OER%
BRREE L, BRAHRTICETELERL . Ei
KT, BEbiMeltl, mMBoMERRURMEA
DIENY 2 BRI, 0%ERF V=Y v CERER,
SEIVINE B W RE I EG I % /F5 L, Nissl #2147
v, BB IRORIMEN 2 D Tz,
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1. MiEMEEACEL 5 ICP XS

13 maRiEk 0.21 ml/kg (2.5 ml/12 kg) A
BOBEETT. 1EE&L D ICP 124 30 mmHg i
TRL, 28R L D ERESHR LD, 5 RS
IXEEFE L, 2 DIRIEIZ 20 mmHg 2T 2808 - 72,
9 FFEIRICIE I ICP 13 70 mmHg ML R FEL,
ORI 2 ICP E#i3 SBP REM & 0, IR
BOBRKEE L.

2RI ECBUSA - BRUCOEEIIIBT2
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NHOLOEHVER, I0B-35DbDEEVE
¥, 34-103DbDEF5 Y KE L& HOFE
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32,

MIEEAL D 4.5 BB 2EBL A (A) WBn
T, #R18 15 mmHg, 1 — 2 OB VEESESE
EIWCHIAL, SBP WERHL THEMTTREL, Lo T
CPP {2 15—20 mmHg O FEEETR L TV 3, 5.5 K§H
#(B) R o5 ERIGIRIE 20 mmHg, 5454 97,
BEOFKELELTEBD, 7S 7ETHE. A
FAL T SBP 14#9 20 mmHg F& L, CPP » Tl 40
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mmHg OFEWEFEHIEFE L, SBPIZFEHIL T#40
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Fig.1. Systemic blood pressure (SBP) and intracranial pressure (ICP) following sub-
arachnoid infusion of hemolysed red blood cells (hemolysed RBCs). ICP showed transient
rises called pressure waves, which appeared superimposing on a base-line of ICP, 4 hours
after infusion.
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Fig.2. Simultaneous recordings of SBP, ICP and CPP at various stages of A, B and C
shown in Fig. 1.
A slow waves. B: plateau wave. C: fast waves.
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Fig.3. Effects of electrical stimulation of the same portion of lateral reticular formation of
medulla oblongata. Stimulation was made 4 hours after infusion of hemolysed RBCs.
A: 0.05mA, 1 msec, 10—50 Hz.

B: 0.1mA, 1msec, 5—20 Hz.
C: 0.2mA, 1msec, 1 —10 Hz.
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FEREZEOEFOHBBEE I, B ERIE 29 Fd
2660, BOERIX 296IF 166 THBEDIIL, 75
PR 29FIF 6B A SN DATHD, REIZE
BTHol, ZEOEFEOHBEFZLTL b —T
BRiwv, LHLLAMERIZRsnEmE LT, BOE
W MBEAR L S REEE THOND Z L% b o
fo. BOERGFEERORIE & £ITEE « BIB L b
mL, Eh M ICP OFUEER SR L, =Rk ICP
TEE, LDRGBEERARED SN T vEIEE
ER & D RENCHIRT 2184 % S0, ESENICIE
BIES T —BNZSER T 2 DA Sz, NS wE
ORETH, BOERE - 75 byBizaonz <o
7.

II. MEGEARCH T EHESH SR

1. BB 85 2 —5 —

B 3 I3 I AR M 3R ¥ A # ICP A% 20— 30 mmHg iz
LR ULBERIC, FIX D 3 mm BT O S MEIEERE A A
MoR@EMtE, HRELLBVEFREOKA S £ 277,
0.05mA, 1 msec DX TIX, 10 Hz ORIBSERE T3,
FEEREEACRDENE WA, 20Hz ORIBIZ T
ICP ® 3 mmHg O L5 %58 7z, FIBSRE ORI & 1%
KRS RE 2D, 50 Hz ORI TIRERDORIE%
U, ICPIZ 15mmHg L& %24, £ (1/3E)
23 ThHY,SBPIF 15mmHg FREL. (A). 0.1
mA, 1 msec DFIETIx, 5 Hz ORFIZIE L A (LA
FHBNE VLY, 10Hz ORI T ICP ® 2 mmHg
OER, 20Hz T 13mmHg ® LR %5072, (B).
0.2mA, 1 msec DFBLTIE, 1 Hz TRZE(L23 0,
2.5Hz 2 TICPW 2mmHg £ &, 5Hz & T 10
mmHg L &,10Hzi2T15mmHg EE L7z, (C). BLE
DEER LD, LEFESHIBMEE,0.05 mA Tl 20 He,

SBP 250,
m™H9 2001
1501
100/

IcCP 80
mmHg 60+

04

0.1mA TW& 10 Hz,0.2mA Ti2 2.5 Hz ThH - 7. &
BHRENKRE BB NIRGIIAE {2 b, &
reRIBETEM K = { &k 258, (REEORNM TRIGH
BonsBizol. ZHIEHL, HED 5 X —F —
KWEDRIGOERNY — 2Bk e & T IR
otz B EX DRI 0.1-0.2 mA, 1 msec, 10 Hz
DHBDERAVBZ LT LTz,

2. KB X 3 SBP, ICP RicnfEss

I v A B8 O & R R IEBEE K% % 17\ > SBP,
ICP, CPP RIG%BE L7z, HhEE ICP #8517
L ESABIC X B SBP, ICP RISk k(D 4 BRIz 548
ahe. 1) RS 10 B-30 W THEEEL 7 SBP L&
B RIG (B ER), i ) JfEo 30 B — 34T SBP
WEEETHZ0, 520 TRET 2 KIECELER),
i) RIBEE L D SBP A5 10 DRI TR L, ICP i
SBP TR > T—ETRE L2k, 08— 35203
Ty FREERT B RE (U 5y > NED, iv) &
343—10 53T SBP M EZ{LTH 2 2, BBV TR
TERE (7 V) ThHA,

i) BOEBR

4 13 IMFRIMER 0.23 ml/kg (2.5 ml/11 kg) EA
I2& % SBP, ICPEEIORETH 3, 5k MyEiEA
HID A 25 MIEHEA 9 BE%ZO EDEREIZE 0 2
Fi& D 3 mm YHIOSMENBISASEZS MRIER D RIBLZ X 2
SBP, ICP RiE %R 7. MMEAR (A) wBLT,
SBP 20 mmHg, ICP5mmHg O FE 28w/, MK
EA LEE# (B) TR ICP & 8mmHg FE U7, &
FIEH 20 mmHg T L 7-B#8(C, D) Ti ICP i3
15mmHg E& L, ICP RIGORIB I EAOER £
L. 9RMBOBEAS (E) T, ICPOEIEIR7
mmHg &7 o7z,

i) BLERK

i
v

, cC b
w0lA B ‘ !
AR WA P AP,
20{.},
I BT S —-

6 7 8 9
hours

Fig. 4. SBP and ICP following subarachnoid infusion of hemolysed RBCs. Fast waves and
slow waves were induced by stimulation of different portion of medulla oblongata in the
same animal.
Electrical stimulations were given at A, B, C, D and E.
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Fig. 5. Fast waves induced by electrical stimulation of the lateral part of lateral reticular
formation at various stages of A, B, C, D and E shown in Fig.4.
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Fig.6. Slow waves induced by electrical stimulation of the nucleus ambiguus and
surrounding structures at various stages of A, B, C, D and E shown in Fig. 4.
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6 EFRCEBYOR 4128513 A—E OB EY
HRAL D AU R R SAZGA 5 D RIS £ 5 SBP, ICP
FIiSET s, MBEARNEEE LRI L 0 SBP Ik
TRET2I2622b 5 TICP D LEREHA SN, A,
B, CERISIRIRICKE S oz, 3B OBS
(C) TIERBUC £ Y ICP i 20 mmHg F8 L ERIC
SBP @ 10mmHg O T2 - Twiz, SBPDO TR

LICPOERIZHEBFICHEZ D, SBP B FAIZE L
7:FICP i 10 mmHg &L T, 9RRI% (E)
T, ICPIZ SBP ZE#L TEBT 204 & o7,
iii) Vo R
TOA-EDZBEHICBEVTH LD 1mm W)
DFE S THFRBLEIMIIRRISIC & 2 KRG+ K 8 o5
3. rebound RO LR ZMOZRIC ORTREICE

SBP 2001
mmHg 150-
100
80 D
ICP
g 60- ? (f } E
401 L A_Apmwwpauﬂ*”'prkﬁ”\i
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Fig.7. SBP and ICP following subarachnoid infusion of hemolysed RBCs.
Electrical stimulations were given at A, B, C, D & and E.

S S
50

100 - W W LW BaE

S — §

1 min

Fig.8. Rebound waves induced by electrical stimulation of the lateral part of the
solitary tract nucleus at various stages of A, B, C, D and E shown in Fig. 7.
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DR 1R L 72, MMEHEE 2 2655 (E)
T ICP X SBPKAMIL CTFET 204 L k572,
iv) 73 bR
ERIMTT I P o2 0BLOE, KR
TEREROATHo7z, ZOPITE, BERHARELT
ICP 38 110 mmHg £ TEHE L7248, 54%i1ci3
1/3 DfEIZ 72 D, 20 43181213 10 mmHg ¥ CTEL, %
DB D HRLICEEER 2R L, 50 HMEIIE, TOE
WWR-7. ZOMSBP i&—@tic 20 mmHg 0 L&
BRLIZT &0, ERRTEROEBSRERI &
D SHEERRE P RIER I B 2 mm O MBS TS 5 h

300
sep 7
mmHg 250

2004
150-

e

7z, VEMFROLER 0.15 m1/kg (1.5 m1/10 kg) FE A% ICP
B#9 30 mmHg DL 20, 2DHig% WWERL, 38
#1214k 60 mmHg & & -722%, Z OB X Y iEiE
30—60mmHg OEH L HHEHE L, 10 BERI% I
ICP i3 90mmHg o ER L, MMEMELEL7.
WIZAE-G-H- [OBSIBEVTALD 2mm
AR D SMUIRERR R A ) — 7 SRR O B %
AT MIEAR (A) WONT 1.5 K% (B) )
FEEAERIGRAE NG, BFREFRNES
BRI L>THSOE - G « HOBETIE, Rk
DICPDOERAREHNASNBEEIZ I o7, 4 Bfi%

(E) Ti, RIEERIC SBP 12 15 % 15 mmHg F
L, ZNIZEHEVTICPIXH 3 974 40 mmHg @ F

2.2 A LA LA
3?-;:;”\’*‘..WWMM | waU' édi.m b o
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Fig.9. SBP and ICP following subarachnoid infusion of hemolysed RBCs. A hematoma
measuring 2 mm in diameter was made artificially in the inner part of lateral reticular

formation by insertion of electrode.

Note an elevation in ICP at the left end of the trace,

which was presumably caused by this hematoma.
Electrical stimulations were given at A, B, C, D, E, F, G, H and L
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mmHMg 150
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Fig. 10. Plateau waves induced by electrical stimulation of the dorso-lateral portion to the
inferior olivary nucleus at 2mm rostral to the obex at various stages of A, B, E, G, H

and I shown in Fig. 9.
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Fig.11. The fast waves followed by plateau waves, which were induced by electrical
stimulation of the dorso-lateral portion to the inferior olivary nucleus at 5 mm rostral to
the obex at various stages of A, B, C, D, F and I shown in Fig. 9.
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HBE Ll MBEAROIMEC L 2 MITHRSE, &
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Fig. 12, Distribution of stimulated points in medulla oblongata from 5 mm rostral to 2 mm caudal

to the obex, which induced various types of pressure waves.

The following symbols represent : @,

24 fast waves; B, 8 slow waves; A, 9 rebound waves; %, 2 plateau waves; O, 14 small ICP

change.
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Pressure Waves Produced by Bulbar Stimulation in Experimental Subarachnoid Hemorrhage
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Lateral reticular formation
Abstract

Neurogenic mechanisms of pressure waves were investigated in dogs with acute intracranial
hypertention. Animals were lightly anesthetized, immobilized, and respirated artificially. After
subarachnoid infusion of hemolysed red blood cells, simultaneous recordings of both systemic
blood pressure (SBP) and intracranial pressure (ICP) were made continuously. ICP increased
gradually until 50 mmHg or more at the terminal stage. Pressure waves could be induced by
electrical stimulation of the medulla oblongata at the stage of increased ICP. These pressure
waves were classified into 4 types, consisting of fast waves, slow waves, rebound waves and
plateau waves. The fast waves had a duration of 10-30 seconds, being accompanied by a marked
increase of SBP. These waves were induced by stimulation of various portions of the lateral
reticular formation. The slow waves had a duration of 30 seconds to 3 minutes, being accom-
panied by a decrease or little change of SBP. These waves were induced by stimulation
of the nucleus ambiguus and surrounding structures in the lateral reticular formation. The
rebound waves had a duration of 30 seconds to 3 minutes, followed by a decrease of SBP. These
waves were induced by stimulation of the lateral area of the solitary tract nucleus. the plateau
waves had a duration of 3 to 10 minutes, accompanied by little change or a decrease of SBP.
These waves were induced by stimulation of the dorso-lateral portion to the inferior olivary
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nucleus. At the end stage of intracranial hypertention of 50 mmHg or more, electrical stimu-
lation of all of these sites induced changes of ICP depending on SBP, It is suggested from these
data that cerebral vascular tonus is concerned with the lateral reticular formation in the medulla

oblongata and structures near the solitary tract nucleus.



