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AMEENEAECB Y S Cushing BRB L VEHOHEBFICODLTHEL L, 232/, ¥
17 35— VERIRERE:, FEEMLL, £BEEEAKO < LETEEAIC LD ERERICEENE (intracranial
pressure : ICP) %7l & €7z, ICP, £FIM/E (systemic blood pressure : SBP), [HiE (cerebral
perfusion pressure : CPP), WSEBNRMHZIERD (internal carotid nerve activities: ICNA), BHEEIES
(renal nerve activities: RNA), % & CHEBIIRIAFHETEE) (carotid sinus nerve activities: CSNA)
IR L >, METEHE £ RE L5810, ICP R BRFERT I T 2 ¥ CPP % 40 mmHg BTz %
%%, RNA ¥ ICNA I ICP OJFT#1IC & 3 CPP O THE K —BMEOREINE R L 258 5 R4 sl & iz,
SBP i3 RNA & ICNA 0O —@ME8EMREIC 15~20 OB % b > CRIGL, LR ETREEEIERL 22
SRR LR LT, L L CPP 23 0mmHg BITWZ2 % &, RNA & ICNA i3—@M gL 2%k L,
F &3 SBP X ABUC TR L 72, CSNA 13 ICP JL#IC & D 3T 3 SBP OB L 2 BT L RE %
RU7c, BBIEEFSEOEBNCERSERL, 20HEERES I~4BTH-%, TOEHKIE, SBP, CPP,
B L URBHRIEE ORI T 2 BNEE 2 £ o7, SBHANEEEIIZ ICP, SBP, CPP OIRTHIFED
THHED &, REMEREEO ANZEEOD Y — 213 CPP ORFNE#HORESIc—B LT, 447 3
S—VEEIZL Y, TREERERSRINE SN, BB I UM FABNES ML L. MEFESHEEE
WL 7z SIEQEITI, ERIEHERLT, Lo dBRENL ICP TTEK & > THER T 3 REMREBHO—&
HEEINE, MERSHREERFELIBS LV —BEHTH 7. UEOFERL D, Cushing HRTIE, T0D
SBP LHOEYIOERE X MEEEPREORE 247208, ZRIIKFELF, > TZDROE W SBP O
BRICIAEDESORMEOERENEZ 503, ZhEL, EROBERIE, MEOTREERE LIz,
ICP, SBP, X B MRS SIS0 AN EB OO FIIc L D HEL, MREMEBROZ LD EEL N3,

Key words pressure waves, Cushing phenomenon, sympathetic nerve
activity, carotid sinus nerve activity.
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Bt = DHE R %59,
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5970 R e 3R, TUE U EENER, BB, %
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DERIZ, FMHEBENETTE L ERHERIC, #EET
DBREDHD L EFBRT S,
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TLH# &, BAEM/E (intracranial pressure, LT ICP

Vasomotor Response to Acute Intracranial Hypertension. Sotaro Higashi, Depart-
ment of Neurosurgery (Director: Prof. S. Yamamoto), School of Medicine, Kanazawa

University.
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EBE), £BIMIE (systemic blood pressure, LA T SBP
%), BM#EEE (cerebral perfusion pressure, LT
CPP L B&), PISEBIIR#HEIEE) (internal carotid nerve
activities, AT ICNA & ), B1##Z¥E 8 (renal nerve
activities, AT RNA &), 8 L UBEEIRFEHIRISEE
(carotid sinus nerve activities, AT CSNA L§g),
DEEBEL, Cushing BR L EFHRICBES T2
EEETRE L VERFBREFOBE T OWTHREL
7z.

HEB I UFE

KRR, AE 2.6~5.1kg DA 2 21 LEFERL
72, U4 7 89— 10 mg/kg DENRAESIZ X D REE:
L, #IREEERER L, FAHXRZEFEEEEML T
BB 2R L7, Sz vh s Tuvwq FEEE
X DIEBEL, [EVBIC TEE LBEATRR 2T
v, BOESHECE 33 E, EERKEE Tml/kg KEE
L7, FAB X UERSICE1%Y) R4 4 > s
Uiz, EEFIIER% 27°C, BE%® 0% 2®b, B
IR Sy NI TEBR 36~37°CITHERF L 72,

ICP I, AEIRCREIL 2, QBT
EAEImMMmORY ZF Lo Fa—72KE2FAL,
ZO1ELDNERMERZENS Y AT 2a—%— (BF
HE, MP-)WCFHEL, 1D 1 K3 ICP 2 L€ 3
T DEEREAKEAKE UTHEALE. BHEILEE
A PTERBL, MEBROWH %51 L. SBP
DB L, ERBBEHIRCHE 1.35mm OKRY) =F1
VFa—TEBEAL, EFI VAT a—Y—ZFHEL
7o, BHEIEORELL D S BETHEREALLXY
FVrFa—T W, EEAMKE ANLEREERL,
WHEZEBREAC LR T2 2 LI VEERNEAEE T
NVEEELE, BECL-oTR, BEIEARY7%2FE
VOB AR R A L. AEAN K INE
B TIrCTIMRL THER L.

B R AEEAEL & U, ZARTSES M LS AR
- THRREYIRINZ, ELEWRE2EHL, W
REI L D AT 2 NEEIREEEBH L., ZOMR
BA~TEOMBEETHRS N, 20 1X2EEEW
NDEAITYI T3 2 itk b, BEEHICS~7
mm DK & DHRENFIRETE L BHE0B I,
B EEREAMIE L, ¥R L D5 em 2B T CHE
THE D10 cm OFPREYIRINZ, BEEERTAE
BCEL, BEBRCE-> TEMCAS RO 1§
EBRHUIML 7, EERAESSROBEL L, BEE
REBAGLE L, ARTESRCHRETI2MZ, RS
PRSBFREEH L, EERAL D EITUEESRICS
T 2 EEIRAEREREEL, YT 5 2 L2 g

FHEEL 7o, RSO MBI SO BRFR TRy
FMBEBETITO, BEEEEL, TORABEIIZ 3TC
IR L 7B/ 85 7 4 v &z L.

PEEBIR RS, B, B L UEBIRRME O B &
MEDEFHIZ I, BIEEE L, %@%(EK%
E, AVZ-8 B XU RB-2, B§ES 0.0180) 1 & D B4ig
L, Izt vyaoRra—7 (HARLE, VC- 9) T
BELL, BRBESBHL (FFES0.05%), i
T3 ELbio, Ty NHER (BANE, ATAC-450)
ERAVSVAAT S MEA NS ARFRILT,

TR, BRACHEET GEEE, CDR12-A) #H
W, SBP, ICP, 8L U CPP %, Yzv bRV 7
F08%ET (AAY¢E RIJ-1180) £MvT, SBP, ICP,
BIUBHROEBRE L 20OBA2EHT LY
2, W& 7—71va—¥— (SONY DFR-3715) iz
nNeDF—F EEeKL I,

EZFBRREC & 2 TRMEEH~OBE LN T
A2 EHMT, 3EOBY CHREIREMR S X UTHHES
PP 2 UM L 7.

o4 &
I. R (REEBREGE toUVCENE)
& UEBIRAMED BRHRE

WERENARE S & E RO B RNE IR, 50~100
uV OIRIEE & 2 1 FEOEENEL L D 20, [H2 DO
BLUWRICFEH LR EZ R L. B113, ICNA,
TR RIS B, 8 X U SBP ORISR TH %, ICNA
A OO FERL THRET 2 & & bz, HERES
ROBERHC = DIRIE & HEHE 2 HAL, [H2 0N
BerdREHLTHRELR, B2, ICNA, RNA,
1 & U SBP OFIEFEERTH 5. ICNA & RNA i#{#x
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Fig. 1. Simultaneous recording of internal carotid
nerve activities (ICNA), phrenic nerve activities
(PhNA), and systemic blood pressure (SBP) in a
control experiment. ICNA and PhNA synchro-
nize with each other. Calibration of nerve
activity : 1004V.
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Fig.2. Simultaneous recording of internal carotid
nerve activities (ICNA), renal nerve activities
(RNA), and systemic blood pressure (SBP) in a
control experiment. The patterns of ICNA and
RNA are almost the same. The abbreviations of
In-ICNA and In-RNA are integration of ICNA
and RNA, respectively.
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Fig.3. Simultaneous recording of renal nerve
activities (RNA), carotid sinus nerve activities
(CSNA), and systemic blood pressure (SBP) in a
control experiment. Grouped discharges synchro-
nous with heart beat are observed in ICNA and
CSNA. Note the phase difference between ICNA
and CSNA. The abbreviations of In-RNA and In
-CSNA are integration of RNA and CSNA,
respectively.

150
SBP
mmHg 460
ICP
50
mmHg
0
100
CPP
50
mmHg
0
RNA
spikes/5sec.

10 20min

Fig. 4. Effect of stepwise elevation of intracranial pressure (ICP) on systemic blood pressure (SBP),
cerebral perfusion pressure (CPP), and renal nerve activities (RN A) after baroreceptor denervation.
Renal nerve activities increase at first and then gradually decrease after stepwise elevation of
ICP more than 50mmHg.
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DL R ERLTKREL, MEOBRERNIE
YA E—B L7, E31%, RNA, CSNA, B XU SBP
DOFEBFEEETH 5. RNA B0 -7 »oih% -
T, TORYEBCEL, HREOWIE TRET
LHEBRRER LI, Zhiextl, CSNA HHED
R —E L B R L2,

II. EEREIEC L 5 TREEER S L VR

RSN EL

1. MFEFHEHRER 0SS

443, TAERRERES & CTEAIERIREME 2 Y
Wi L 7B BT, ICP 2RI TTE S ¢S
@ SBP, ICP, CPP, ¥ XU RNA OZ{t % [FIRFFLEk
LizbDTH3.ICP DEEEIRL 10 mmHg THD,
ZhE 25mmHg KFEE ¥ 5 L, SBPIREIEEAY
g5 b7z ¢, $€>C CPP iX 100 mmHg & 85 mmHg
WWTFEEL 7208, RNA @B rsTBonihrol B
1z ICP % 55 mmHg i i & ¥ 3 &, CPP i3 —@tkic

45 mmHg i2 FHL, #0OEHE L D RNA ZBIILEAS,
40 Bl 2 fEIE L, ToRIEBRLACEDS LT, —
7,SBP i RNA OEIREICH 17T BOENnEboT
FRRKEERL, 20 SBP D LEREN CPP % 1
Hx¥%, CPPiZ 45mmHg » % 60 mmHg ic EH L,
ZDBBEU50mmHg £ TTFEL 7, Bz ICP 2ERE
B FOHE S ¥ TITE &, RNA B A0 — & EINR G
2BDIEL RSB L, CPP 45 0 mmHg T
L3k, RNA IE# 2.5 530, —BicHERE L&
SEe Tk Lz, Z OB T, ICP & SBP RN L,
Bk L 20, SBP I TFHL, BIEE -
7z,

2. MERAHREFOBE

543, MERSHELBEL BB T, ICP
% ERPERY I TUE & ¥ 1238 (D SBP, ICP, CPP, RNA,
B XU CSNA DE(LZERFTEHL b DTH 5. BIE
B ICP LHizxd$ 2 RNA 0% b, MEFRSHE:
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Fig.5. Effect of stepwise dlevation of intracranial pressure (ICP) on systemic blood pressure (SBP),
cerebral perfusionl pressure (CPP), renal nerve activities (RNA), and carotid sinus nerve activities
(CSNA) in the animal without baroreceptor denervation. Note the suppression of RNA and the
activation of CSNA during the Cushing phenomenon produced by the elevation of ICP more than
60 mmHg.
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W LR EEL T 508, FOBER ML DD,
ICP # 75 mmHg L& ¥ 3 £ T, SBP &£ RNA
WZERIEED 51208, ICP % 75 mmHg WX &
% & CPPid 40mmHg X FEL, #DE®% L D RNA
B L2 EOEI R —BEEMRGER L, 208
RN, [EFRETE 2 EW L 2B E & D&
EWHLDTH3, —H, SBPiZ RNA o —BH#EINK
BRKI0MENTEAERIGRRL, 2O SBPOLE
ERIGD 72z, CPP iz 40 mmHg 5 75 mmHg %
TER L7 EICICP 27U S ¥ TIT< &, RNA 138
iz —BESIMEIGEE DR L 2R oL E L,
CPP 7 0mmHg AT &% 5 & RNA 3% L:. oh
L, CSNA &, CPP ity %<, ICP iz & D
HIET 2 SBPEB L £ FIT L KB 2R L.

3. NHENRFREE & BHRISE O Ll

6%, ICNA & RNA ¥R L -BIc B L
T, BRFERIC ICP % TS B LB OHEDOEL 2 1
HLI2bDTHB,ICNA £ RNA BB —BLHE
BRERL, ZOBEFRIZICP OFEICEDY R ®-h

200

72 (BE A, B). KRR TEROY 5 7%, ICP FiE#]
D 5 BEOFIREHE % 100% & L7zED ICNA &
RNA OENEAREZRFNCRLL OO TH S, T
DR ECRINL TRIL, BF—B L E®HER
L, b 4 EOETYH EHEORER %87, ICP 28
BRI ER S W25 E D ICNA & RNA ORNZE{LE
Z, BFLLBERIE—BLRws, ZheboT,
B o B s b BRI BRI E B D s
HBERDBLLDTIRE M -T2,

1. Ei

MEREEE2EBFE LY 18 EOBYD > 5 5 G
VT, ICP ORI L DEBHLFEES SN, Zh
WXL, SRR A T LB v T,
WEECLLDRZXIELREDRD -7, ZOEEOE
BIZES 1~4 [F(2.7140.59 [, FH{E +E#ES),
#RiE iz 5~57 mmHg (13.2+10.1 mmHg), EXES
MIE i 47.5~125 mmHg (64.8+17.2 mmHg) TH -
7z,

B 7%, ICP % 55 mmHg i #iF L T, 2 ORI 2244
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Fig. 6. Effect of stepwise elevation of intracranial pressure (ICP) on internal carotid (ICNA) and
renal (RNA) nerve activities. ICNA and RNA show the same behaviors as the change of ICP. The
neurograms of ICNA and RNA at arrows (A and B) are recorded by high speed in the right column.
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Fig.7. Spontaneous pressure wave at its beginning. The abrupt increase of internal carotid nerve
activities ICNA), shown by a little spike in the integrated recording of ICNA, occurs at first.
Thereafter systemic blood pressure (SBP) and intracranial pressure (ICP) rise simultaneously

(vertical bar).

CEENFEE LA -EATOSBP, ICP, 84U
ICNA ORISR T, SEBMORRMHEELRGRZ TR
T, B ICNA OEENBRD sh, ZhsE—
7 %R3EEW ICP & SBP R ER LS, ICP
£ SBPOIIH M) RFARTHBICHH ST, ICP »
IFE—7IEL, 08 2 MBI SBP Y — 7 10E
L7z (R TICP & SBP iz THET 228, HiEEBRED
T ETT 3 Z LR s, UBRESN2EOE
PAL I AR A

8 A 1%, ERBER L ICP JTH#EIC & > THIBR L2 ER
r, ZhIHEEL 7 SBP, CPP, 8 & RNA OFH]
HEB %= 7.ICP # 60 mmHg Iz L5 &% 5% & SBP,
ICP, CPP, B X U'RNA I21Z, » 2 BEOMHO TN
b ol BARNEESHEL ., EZICP TEEED
ELUICP # 110 mmHg XT3 ¥ 5 &, # 3 HRicE
EHHEBORIE L A ERICER L. ZORA
DEEEE LV EOAY — P THHL-DHBH 8B TH
%, &BENZENL, ICP, SBP, CPP, DJET 4~10
BORMEES b > THRL, RNA OFBNESHOE—

7 1% CPP 0 AiARIE BN O BRI Iz —E L e,

EgHHI L7z 5 OB B8 T 24 MEDEHEY
Beh, ZOHEE, FIE, EREENED 3 EHOM
RARE{R % 9 1257, ICP % 45 mmHg DA it s
2 LB TERMSHEBEL, #OHEEIRES 1~ 4H,
{RIEIX 5 ~57 mmHg ThH 503, HAFENLEDOKES
CHEEEB L UMRIE ORI 5 N EFEREIE o
72 (9 A, B). ZhizxtlL, EFHOEE LREDH
ik, Bs o AOMEBGES RS s, FHOFRK
PNEDIEREEIE A E WEAETLE (IO, i
ICP % 110 mmHg 12 LR & ¢/ 1Hlic B LT, HEH
41 A, IEEs 57 mmHg W R SERLEEIESN
7.

10 i3, ik HBERC Y4 7 2 5 — 3 mg/kg &
RS L, SBP, ICP, CPP, ¥ & U RNA @ FHIN
TEC S 2 2 HErEENHELLLOTHS., Y47
35— 5L D, RNA ORBHEERESL, 1
SiTiE 1/2 BIFER D, Lad RNA QN ESE
WhL7e. 2O Y, SBP, ICP, CPP O&AM
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Fig.8. Pressure waves induced by stepwise elevation of intracranial pressure (ICP). In Fig. A, Note
the remarkable pressure waves at the raised ICP of 110 mmHg. Fig. B: high speed recording of
Fig. A. Note the phase difference among oscillations of ICP, SBP, and CPP. The peak of RNA
corresponds to the trough of CPP. Vertical bars are drawn in order to be compared with each peaks
of the oscillating waves.
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Fig.9. Properties of pressure waves. A: plot of
frequency vs. mean intracranial pressure (mean
ICP). B: plot of wave amplitude vs. mean ICP.
C: plot of wave amplitude vs. frequency. Regres-
sion equations and correlation coefficients are
y=46.58—12.31x, r=—0.72, respectively.
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Fig. 10. Effect of thiamylal sodium on pressure
waves. Following the intravenous administration
of thiamylal sodium (3mg/kg, at arrow) RNA
decrease, and then pressure waves and other
oscillations disappear.
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L fi# 7>, Cushing 3SR ICIGIERED M E S P TR
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ST VB W9, Doba 591F, INERICERLEER
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THY, TNIFBESEHBCL > TIHERE24ETS
e RIE—B3 5 Z £ 2 7, Ranson 5'7iE, &
IDEAMEELXEFNE T LX), KEEY
fAsRER M E LR S %, FEESMEIO area postrema 12
METESAEFHRL 2, LA, BE2RIA L THE
B LD ERERBML, FRASMERG: £ 58
FLR RO BE B & CREKHE 28T 3 /Ml
ThHY, METHELXET20RKABRDOHTROBE &
DEADER, # 1mm icEAEET, IMHEOEE T
#L, Ranson 570D E > MELE AL & U TRAE,
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A

Rodbard %%, 4 X D ICP % &BIC I & & 12k
WHRT AMELEREESTL, 3EEOMEER
EDRBEL7, B1EEE, ICPLEERICHET
% Aifs SBP L& T, REFHR 2 1T 5 /NBIIRD IUHE
WkBbDE L, 52 EEL, ICP THD 10 Bk
HHY 2 SBP O LET, MBEPHRHEER S LI /L
IEAZVVECEC L VDL, F 3B,
RAME MR HIR T 2 BlREmasine & 2 B8
mEEOWRICEL B D E LT,

FPFETIE, ICP 2EREMICTHES ¥ T, Z0EE
CPP # 40 mmHg AT 2% % &, AWM TSI, ICP
T & 5 CPP O FBRE ML D 28 0 R L
5, R wiEla il SBP Id, REHRIESO—8
HERIEIGIZ 15~20 WOBILE b > TRIGL, LR E
TREE2EVRL2AS>HBLIZEREL, CPP OBEDOT
B & D RS ESICEIE T2 E TH W ES
MEFFL 72, ZOBEE L v, Cushing IR, BRI X
2 MEEB RO BENEHEORE THET 2205, 2
DHEERZ—BEDLDOTHY, TALILE, MBOR
EDEOMBHNERE L ERMEEE AL SBP O LR
ST 2 Z EsmEBEaN S,

BRAERARIY, ERODEESHTHICTL T
BEHEOHIHI A~ VA %% TWDB I e Tn
%% Kezdi 5335 & UF Ninomiya 5%, EERA S
LVRRABIRSOBIRE S LR S ¥ 2 L, RTEMERE
Bin et i4is g 2 & % 5, Downing 5313,

Z OIHIZHR SRR E MR S & UTTHE BRI MR
DYMFIC L > THET 2 LREL . #-T, MEHR
BIFRRE 2T U 12 B8 O KBRWR ISR, BIRRER
BED o OHIE 221 2 wINEESPAEE £ RHEL
TWwaefand, Zhiexl, NEREEREERESE
LBEicld, E ARG ESESRLHML, m
EREEE L COEES TR 2T 2, ICP L
EDEE TSR RIS 1218 % 18 2 JRE T,
MEFEHREOEE & & iz, SBP REE R -h 3,
LoL, ICPi#ic L2 CPPOREE 2 TREZ LD,
PAREERE DR D B VITTRE £ - 58I IE, ICP
E—EWfkoTH SBP i3z L& L T CPP #EE
EEED, HIVIEEOESKNET S, HIFEED
F42id, ICP, SBP, ¥ & URBHRIEEI O SEH D
O ThBEET 2 DL EbNS,

AT AT I CENKICE D L, MESOKES
IRz % adrenergic fiber BNEHE, WERKIHFHL,
Z DREDMHHERRIEAEBIRR IR L BEIE ., &
DTSR ITHBIRDE RN E R 2 1> TEEIR
ET3 228, 15~20 p OBBE/NEIIRIC bFEE L, S
OHEBERCROEE L b > THIF T 299,
Nielsen &%, FEHIRETEIMIC & D Zh o EIRD
HHAHERL, EHRBRERTHS 2 L RHEHL
fz. —7, adrenergic fiber I3 FIRATH AR, Kk
DEfE % D, Falck 5%, MBS 24753 3 1
FEARHE DSBAPY OFE#RIZ B3 D adrenergic fiber &4
5 Z L %FD7:, Edvinsson 5@ FHL R Eh oD
=7z adrenergic fiber SNEEAND/NMEITKD, %
DENITEMTRIHRTIITIC L o THHEE LRV &
ZF® 7z, Raichle &%, FEHORIEIC L D B
DEY & BHMNE O FERMEDTE LD,

FENE, A R/ NVZER T VU RBRELLES,
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THRECHEMEBDZEROEL NS, R2ICHHE
N7z, SBP i3, RWEMRIEEIO — @ISz H 2
BEOEBNLEL>TRIEL, LR THZEIELY
BEHL I LR L, CPP OBEOET I & b 28 BiE
WEEEILET 2 L ABUC TR L/:. CSNA W, ICP R
X DT 5 SBPOXEE & 2< PATLIEB 2R
L.

3) MEREHRE L2 REL BB LT, B
WICP 2S5 L EEVSHAL, ZOEKIIRE
RIEE B & UF SBP O RIHARNZEE) & £ o 72, RIEHAH
ZEhEz X, ICP, SBP, CPP DOIETHIMD FIL7358
& 51, RRMREE O AP E#HOE— 2713 CPP O
BHNEEORES T —ER L2, EHIE, KmEES
FREOIREED 2 I3 ¥ A 7 25— &5 THELL.

LLED#ER LD, Cushing BR T3, 2D SBP L&
OEFIOER R MEEHNTROBELET 508, %
NI KBS T, > TFOBROE SBP OHEEICIZE
EMEEOBRMEOERSEZ Shd, ZhicHl, ¥
WOBRRIZ, MO ERE L, ICP, SBP, &
RIS BZ0AHNEEOMHEO T L DEAEL,
HREEEROSWLDEEZHNS,

MERZ D ICHS, REHBELHEY L @R 5L )
F L7 BELAG AR REORELRL 7, 0K
W DZATIC B 72 0 YR EEE & HBCR & D - o4k
FEENEIR, R RERAT, MR AT R B O BRI
SREHEL &7,

b4 13

1) UA{EZER-MRE - ILASKES . AMIEENEITE,
fpig, 23, 259-267 (1971).

2) Yamamoto, S. & Hayashi, M.: Intracranial
hypertention following subarachnoid hemorrhage:
clinical and experimental studies. Excerpta Med,,
293, 93-94 (1972).

3) Cushing, H.: Some experimental and clinical
observations concerning status of increased in-




AMEENEREC BT 2 MEESRIT T 205 173

tracranial tension. Am. J. Med Sci., 124, 375-400
(1902).

4) Cushing, H.: The blood-pressure reaction of
acute cerebral compression, illustrated by cases of
intracranial hemorrhage. Am. J. Med. Sci., 125, 1017
-1045 (1903).

5) 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).

6) WAIETER- 3 - HARE : AEFEERMED
e, 448l 35, 2-8 (1973).

7) WAEZRR - KX -BEHIEL . BERAHMC L2
BEENE G, AHRRESRL, 4, 1125-1136 (1976).

8) Kijillquist, A., Lundberg, N. & Potén, 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).

9) Lundberg, N., Crongvist, S. & Kjill-
quist, A.: Clinical investigation on interrelations
between intracranial pressure and intracranial
hemodynamics. Prog. Brain Res., 30, 69-75 (1968).
10) #&E « HHFER - ANE - BHEZ - JREY - WL
AEZHS: MEMRBEZIC L 2 < L ETHILANEHD
ERREE LR, BrEE, 28, 57-66 (1976).

11) M=E - FHEB - fEIRHE— - SREW - HHFR) -
WAEZRR: EENTETERFICE 2 BEBEOE
b, BE1EMEE, 17, 188-193 (1980).

12) HE - EHER - AN - BHBL - RAE - LU
REZER: BT MR OBEENTLES S5 U
122, 3DEHIOEEIT O LT, R, 27,1331-1339
(1975).

13) Jackson, H.: The management of acute
cranial injury by the early, exact determination of
intracranial pressure, and its relief by lumbar
drainage. Surg. Gynec. Obst., 34, 494-580 (1922).
14) Weinstein, J. D., Langfitt, T. W. & Kassell,
N. F.: Vasopressor response to increased intra-
cranial pressure. Neurology, 14, 1118-1131 (1964).
15) Hoff, J. T. & Reis, D. J.: Localisation of
regions mediating the Cushing response in Clvo of
cat. Arch. Neurol., 23, 228-240 (1970).

16) Doba, N. & Reis, D. J.: Localization within
the lower brainstem of a receptive area mediating
the pressor response to increased intracranial

pressure (the Cushing response). Brain Res., 47, 487
-491 (1972).

17) Ranson, S. W. & Billingsley, P. R.: Vaso-
motor reactions from stimulation of the floor of the
fourth ventricle. Studies in vasomotor reflex arcs.
I, Am. J. Physiol., 41, 85-90 (1916).

18) IUAIETER: FEBAICH 5 MEESHIKIHL
T. +2EF£F, 54, 122-128 (1952).

19) Guertzenstein, P. G.: Blood pressure effects
obtained by drugs applied to the ventral surface of
the brain stem. J. Physiol., 229, 395-408 (1973).

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

21) Wang, S. C. & 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).

22) Chen, M. P,, Lim, R. K. S., Wang, S. C. & Yi,
C. L.: On the question of a myelencephalic
sympathetic centre. IV. Experimental localization
of its descending pathway. Chin. J. Physiol., 11, 385
-407 (1937).

23) Lim, R. K. S., Wang, S. C. & Yi, C. L.: On
the question of a myelencephalic sympathetic
centre. VI The depressor area, a sympatho-
inhibitory centre. Chin. J. Physiol., 13, 61-77 (1938).
24) Brown, F. K.: Cardiovascular effects of
acutely raised intracranial pressure. Am. J.
Physiol., 185, 510-514 (1956).

25) Eyster, J. A, E., Burrows, M. 1. & Essik, C.
R.: Studies on intracranial pressure. J. Exp. Med.,
11, 489-514 (1909).

26) Freeman, N. E. & Jeffers, W. A.: Effects of
progressive sympathectomy on hypertension pro-
duced by increased intracranial pressure. Am, J.
Physiol., 128, 662-671 (1939).

27) Meyer, G. A. & Winter, D. L.: Spinal cord
participation in the Cushing reflex in the dog. J.
Neurosurg., 33, 662-675 (1970).

28) Rodbard, S. & Stone, W.: Pressor mecha-
nisms induced by intracranial compression. Circula-
tion, 12, 883-889 (1955).

29) Willis, W. B. & Grossman, R. G.: Medical
neurobiology, 2nd ed., p353-367, Mosby Company,



174

Saint Louis, 1977.

30) Kezdi, P. & Geller, E.: Baroreceptor control
of post-ganglionic sympathetic nerve discharge.
Am. J. Physiol., 214, 427-435 (1968).

31) Ninomiya, I. & Irisawa, H.: Summation of
baroreceptor reflex effects on sympathetic nerve
activities. Am. J. Physiol., 216, 1330-1336 (1969).
32) Downing, S. E. & Siegel, J. H.: Barore-
ceptor and chemoreceptor influences on sympa-
thetic discharge to the heart. Am. J. Physiol., 204,
471-479 (1963).

33) Owman, C. H., Falck, B. & Mehedlishvili, G.
I.: Adrenergic structures of the pial arteries and
their connection with the cerebral cortex. Fedn.
Proc. Am. Socs. Exp. Biol. (translation suppl.), 25,
612-624 (1966).

34) Nielsen, K. C., Owman, C. & Spporong, B.:
Ultrastructure of the autonomic innervation
apparatus in the main pial arteries of rats and cats.
Brain Res., 27, 5-32 (1973).

35) Falck, B., Nielsen, K. C. & Owman, C. H.:
Adrenergic innervation of the pial circulation.

Vasomotor Response to Acute Increased Intracranial Pressure

Scand. J. Lab. Clin. (Suppl.), 102, 96-98 (1968).

36) Edvinsson, L., Lindvell, M., Nielsen, K. C. &
Owman, C. H.: Are brain vessels innervated also
by central (non-sympathetic) adrenergic neurons?
Brain Res., 63, 496-499 (1975).

37) Raichle, M. E., Hartman, B. K., Eichling, J.
0. & Sharpe, L. G.: Central noradrenergic regula-
tion of cerebral blood flow and vascular permeabili-
ty. Proc. Nat. Sci. USA., 72, 3726-3730 (1975).

38) AmMW=: MO OFRERICES T 5 HRE
F. TE£EZESEE, 90, 88-100 (1981).

39) Preiss, G. & Polosa, C.: Patterns of sym-
pathetic neuron activity associated with Mayer
waves. Am. J. Physiol., 226, 724-730 (1974).

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

41) FHFEZ: < BETHRMBERWEEACESHEERN
EFfiE. +&EFEEEE, 86, 482-499 (1977).

42) FEH: SUBEBENETNERFIBS T 2HENE
EBO#HF., +EEFEE, 88, 53-67 (1979).

Sotaro Higashi, Department

of Neurosurgery (Director: Prof. S. Yamamoto), School of Medicine, Kanazawa University,
Kanazawa 920 — J. Juzen Med. Soc., 92, 163 —175(1983)

Key words: pressure waves, Cushing phenomenon, sympathetic nerve activity,
carotid sinus nerve activity

Abstract

The mechanism of pressure waves and Cushing phenomenon was studied by the observation of
vasomotor response to acute intracranial hypertension in cats. Animals were lightly anesthetized,
immobilized, and respirated artificially. Intracranial pressure (ICP), systemic blood pressure
(SBP), cerebral perfusion pressure (CPP), sympathetic nerve activities (SNA) in renal and
internal carotid nerves, and carotid sinus nerve activities (CSNA) were recorded simultaneously.
ICP was raised stepwise by subarachnoid infusion of saline. The denervation of bilateral carotid
and aortic baroreceptors was performed in three animals.

When CPP was lowered less than 40 mmHg by stepwise elevation of ICP, SNA increased at
first and then gradually decreased concomitantly with each decrease of CPP. Cushing phe-
nomenon occurred with delay of 15-20 sec. after SNA began to increase. When CPP was main-
tained less than 0 mmHg, SNA disappeared and then SBP decreased. CSNA showed proportional
relation to the change of SBP. Renal and internal carotid nerve activities showed the same
behaviors as increased ICP.
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In five animals with intact baroreceptors, ICP showed rhythmic oscillations in moderately
increased ICP (pressure waves), The frequency of pressure waves was 1-4 per minute. Syn-
chronous oscillations of SBP, CPP, and SNA were observed during pressure waves. There was a
phase difference among oscillations of ICP, SBP, CPP, and SNA. The peak of SNA corresponded
to the trough of CPP., Following the intravenous administration of thiamylal sodium SNA
decreased, and then pressure waves and other osillations disappeared.

The results indicate that Cushing phenomenon is produced by the direct activation of the
vasomotor center, and pressure waves are produced not only by dysfunction or instability of
brain stem but also by the phase difference among oscillations of ICP, SBP, and SNA.



