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Summary

The direct observation of the sympathetic vasomotor activity during increase in intracranial pressure (ICP) has
seldom been done, although the pressor response following increased ICP is presumed to be due to excitation of the
sympathetic nervous system. It is also interesting to know whether the sympathetic nervous system participates in
the development of vasoparalysis or plateau wave.

The activity of the sympathetic vasomotor nerve was assessed by measuring the efferent discharge from the renal
nerve of a cat which is known to be a good indicator for evaluating the sympathetic vasoconstrictor tone of the
whole body. '

ICP was increased stepwisely by infusing saline into the cistena magna. With each increment of ICP, the renal
nerve activity (RNA) was suppressed. Since the suppression of the RNA was not striking in the animals whose
baroreceptor nerves had been cut, it is convinced that a reflex mechanism via the baroreceptor depresses the
sympathetic vasoconstrictor tone during the initial phase of increased ICP. At cerebral perfusion pressure (CPP) of
30 mmHg, a sudden remarkable increase of the RNA was noted, followed by a significant rise of blood pressure
(BP). When increased ICP was lowered, the RNA was decreased to the level below the initial value. After the pro-
cedure of raising and lowering ICP was repeated, in one cat out of five, an abrupt disappearance of RNA for five
minutes was observed during the state of increased ICP. The renal nerve did not respond to the withdrawal of
blood, which usually causes the RNA to increase. The sympathetic vasomotor activity was considered to be
paralyzed temporarily during this phase. ‘

In other animals whose ICP were raised by infusing heparinized arterial blood instead of normal saline, the
increase in RNA from the suppressed state occurred at earlier stage, that is, at higher level of CPP. In one cat out of
five, the infusion of a small amount of blood caused a remarkable continous increase in RNA followed by a signifi-
cant rise in BP with tachycardia. These observations indicate the tone of the sympathetic nervous system may be
increased in subarachnoid hemorrhage.

In other five animals, ICP was elevated rapidly beyond the level of mean BP and maintained for seven minutes
and then lowered. After this procedure was repeated several times, in three cats out of these five, a gradual decline
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of RNA was observed following the stage of increase resulted from the elevation of ICP. Thereafter, RNA disap-
peared completely despite ICP maintained above the level of BP. The absence of RNA persisted several minutes
even after the ICP was lowered. The administration of 0.025mg/kg of norepinephrine at this stage resulted in a signi-
ficant rise in ICP following a rise in BP. Several minutes later, RNA was recovered spontaneously to the level more
than that before the procedure. The administration of norepinephrine at this stage of increased RNA resulted in
only a slight rise in ICP, while the rise in BP was similar. This phenomenon may strongly suggest the possibility
that the tone of the sympathetic vasoconstrictor nerve plays an important role for protecting the brain against the
change in BP by preventing the occurrence of sudden rise in ICP.

Key words: intracranial pressure, subarachnoid hemorrhage, sympathetic nervous system,

vasoparalysis, plateau wave
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1. IE%#E:dD RNA

B BRI, @ 50 ~ 100 4V ORI %
Fo 1 HOESHEM L Y 2V, HEx0O0HB X ORI
FHIL @R EEL (Fig. 1a)), 72, FEMREHI VA
EERICIR > T LT3 2 RBAIED 1 80 B R
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Fig. 1 a) Spontaneous activity of the renal nerve.
The activity was 50-100 £V in amplitude showing
groups of action potentials synchronous with the
heart beats and respirations

 Sup.Cenvical TS AP TRV TN A T
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0 mmHg
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b) Activities recorded simultaneously from the
renal nerve and a branch of the superior cervical
ganglion. Note synchronicity of activities of both
nerves
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- ¢) The effect of raising and lowering of blood
pressure on RNA. Raising of blood pressure by
intravenous infusion of 10 m/ of normal saline (bar
A) caused suppression in RNA, while blood with-
drawal (bar B) caused increase in RNA

Renal NA: renal nerve activity, RNA

BP: blood pressure

Integ. RNA: Integration of the renal nerve acti-
vity. The density of the oblique lines means the
amount of RNA

b, TheXF#MLBRER UL (Fig. 1b)).

5Bz R 1) B EFM ALK 10 m! O E2EFRIRAE S I
k325 MEERZELTIX, RNARRBY LE. 20
B2 IfiF 513 12 4 5.7 mmHg, RNA o )& 41355 +
16.5% G o7z, Eiz, 10ml Ofific X 5 E TR
BEL Tk, RNA @iz, mETHEIXEHI3 £ 5.7
mmHg, RNA o853 EH91 + 46.2% Cdh - 7= (Fig.
1 ¢)).

STHICR T 5 5 %CO, 5 FHZKATX, PaCO, ;330
+4.2 mmHg 35 5 53481213 52 + 12.0 mmHg |z L&
L, RNA @R ABE®RE 1,2, SFIcBWTHE EME
SR L7z (p<0.05). %7z, 54E0ENERIC X b PaCO,

%

Paco, 30+ 4.2 mmHg Paco, 52+ 12.0 mmHg

200 %S 40 uoljefequ)

uoijejiuaAsadiy

Paco, 18+ 0.8 mmHg

Paco, 28+ 3.3 mmHg

—~L

T
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Fig. 2 Changes in RNA caused by 5% CO, in-

~halation and hyperventilation. Ordinate: RNA

integrated for every one minute expressed in

percentage (RNA before the study is expressed as

100%), abscissa: time duration following initia-

tion of the procedure. Note increase in RNA by

5%, CO, inhalation and suppression bgr hyper-
ventilation
—mean

* significant change (paired t-test)
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4 28 + 3.3 mmHg 5 18-4-0.8 mmHg ~ L& T35
L, RNA %, EMPRBERIAH 3, 4 B W TEREORD
#7% L7z (p<0.05) (Fig. 2).

2. HEEAERERO RNA

1) BeEeyERENIETTE
BRScEENEY LR SE R SHE TR, EENEL
BHRIETBIic 2z RN T, RNA oD BRED LRI, 7
DR IEREE Lt - 7. Fig. 3 1cen | flesit
Ttk RNA X, HENELZ &b LA ST T2 0M
POERE L. LHL, BERE (fE—HENE)
HEH 29 + 5.9 mmHg 12725 &, WP LT RNA
I~ LB, ToRREENEE LRSI L
MEX EH Uz, BERECHGT 5 RNA o 8%,

Renial N A poeersmpirmememmrmerpopo - ¥y

WmegRNA'/7// 7/ /1111111101117 7107

BP - ]zu:

11 } 17
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Fig. 3 Changes in RNA caused by slight increase of
intracranial pressure (ICP). Note suppression of
RNA after the increment of ICP of 25 mmHg was
induced ( 1 ). No change was observed in BP
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EENE FFBEROMERZ100L LTRT L, Fig. 4A 0
T L Thb. RNA B~ & KT 208 ©ig, &6
EBWCTHRHEOBOBR b (E512 £+ 6.0/550 B
). 72 RNA 380U, SRENE L FRERARTE 2
T2 DR OBERES Fig. 4A L VR 2 L, T2+
5.7mmHg ¢H -7z,

NG, EENELERBE L 2Y, RNA 2EHIC
I L 7oiREE ¢ 5 RIS Lot BEENEZAREI
¥ AR THRSES L, RNA paflicsWIELRE
BIERBRIOEUTICETEAL, 3351 + 29.5%0
BYEFR L. TOHKN6 0% CHE LY, RNA X
BOLIcEEThoTe. FbBLTWIMER, EHE
NEZETSELERL ) TRELSED, 4HETIXSSE

- HIETEREY, o l BciELAROEUTIRETT

M U7z Fig. 5 XHEZBENETRRO | HicBiF 381k
55,
IHBTRTOEBYICEE, ko RBIERENET
HEHRIER 1T - 7285, 2pFlicis T RNA 3#E & [
Fig. 4A e+ 2 L EB{LE R L. L L RNA O
Do LM~ KERL, FIEIORE L Y FERICEY, 5
49 £ 13.7 mmHg @ RERE T bh iz (p<0.05).
1z Wi, 3[EH 0 BRBHEENETEDR,
EENER LR Lidw 5 L, RNA IEIEIRERD Lz

150 =

100 r—

150 100 50 0
mmHg

L
150 100 50 0
mmHg

Fig. 4 Percent changes in RNA caused by increasing ICP. Ordinate: RNA change in percentage (RNA Before _
the study is expressed as 1009, ), abscissa: cerebral perfusion pressure. A: Infusion of normal saline. B: Infusion of

blood
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2, BEZLAEH 95 mmHg 55 110 mmHg ~ FH L
%, 130 RNA 238 bh, 2h LR mE 2
195 mmHg %% 150 mmHg # G LR L. LBLED

YTV . S — mme— 0Ly %, 2285 RNA 358% L, Zhat 45308z b e b Fgk
integ. RNA I I/ 00 10 A1 10 L7c (Fig. 6). MFEiF RNA BZHR LTV BM AL T
Bp , PR bHote. Eie, ZOMICH 8 mi o BLiniEL TV LE
— " Tomie  p TSz, RNA OHBRED bhid -
. 100 . 5 4 S 4

ICP , T HoH» U, HlOFREIRRMHES L OKEIIRME %
10sec. BT L7z 2B i3, BHEANE LR of#lic R 5 h 5RNA
Fig. 5 Change in RNA during the terminal stage of DOPPRNE C, ETRD D B HA~O KRS & Y FH
increased ICP after decompression. A: Before the 2, ThRbLI ) EVWRERET, 1¥E Tk 80 mmHg

stepwise increment of ICP. B: When ICP ap- <, o 1 51 70 mmHg ¢4 Cic il bz,

proximates BP, significant rise in BP accompanied
with remarkable increase of RNA was noted. After

2) BFRMLKREREAR X 2 BREEEENETE

decompression ( 1), RNA decreased to the level BRI FUERIF R, BRBARME A TfT -
less than the activity before the procedure (A) 7 4 BHIC BT BN ERE ¢ RNA ofl{%% Fig. 4B TR
accompanied by a fall in BP L7, BFMBEARETIE, RNA 238055 80~ K
" | | 50
Renal N A #i + Y ouv

nteg.RNA'//, /) ]/~ A

) B P ' ]OmmHg

_ 200
ICP ~ w]mo
| OmmHg
t 10sec.

Fig. 6 Sudden disappearance of RNA during the state of increased ICP. At the point of (1), ICP was raised
from 95 to 100 mmHg. A sudden disappearance of RNA was noted following a group of action potentials

' PURP O TP
Integ. RNA-——__—__—_// /i A
BP I A : ]300
OmmHg
100
' - ] OmmHg
1t
0sec.

Fig. 7 Remarkable increase in RNA with the infusion of blood in the cisterna magna. The blood infusion
was started at (1). Bar indicates the duration of the infusion. About 6 sec. after the termination of
the infusion of 1.4 ml of blood, RNA began to increase remarkably
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Fig. 8 Changes in RNA during the period of extremely elevated ICP and after decompression, and the effect of
norepinephrine during the stage of suppressed RNA and after RNA was reappeared. A:Before the procedure.
B: When ICP was raised beyond the level of mean BP, RNA increased markedly by 730%, of the state A. C:
Six min. after B. The increased RNA gradually decreased and finally disappeared. RNA remained disappeared
even after the ICP was decompressed at the point of (1). D: Two min. after C. RNAstill disappeared. The
administration of 0.025 mg/kg of norepinephrine (1) resulted in a rise in BP from 38 to 168 mmHg followed
by a significant rise in ICP from 28 to 98 mmHg. E: Three min. after D. RNA reappeared showing the activity
of 2189, of the state A. The administration of 0.025 mg/kg of norepinephrine ( 1) again resulted in a rise in
BP from 114 to 187 mmHg, while the rise in ICP was not striking, from 37 to 47 mmHg

BT ARMOMERER, £EAOSEKEARBC LA MED EF L RBIRIZZD Sh, FhizinT RNA o
BEiem< (p<0.05) ¥ 61 + 16.5mmHg TH Y, ¥ BEAARKHEARIMAHE L. 25 mFEIZ RNA o880

7c RNA pSSEENIE EABMRTEL & 2 TR 288 kwoh&bic ER&#I) 267 mmHg iz £ CE -7 (Fig

DORERE LR L, Fig. 4B X VR 5 L Fi548 £+15.2
mmHg ¢& - 7z,

TEHTRFEC THERME BRITEA Licds, HEAR
BREA10%, HAMMKE 1.4 m! CEEZENES 40mmHg
Lotk &, RNAZRALTW B b bbby ey

7). EENERLED FR IR 12 ERL, 75
mmHg [z E o7z, LA L RNAZEH 22 AR
B 153508 X VIR LEA®, IDRBICITIEE A ENK
Lc. &5 fEx RNA o iz b ki TREL 150
mmHg &L 72 ), HEBENE TS MECEIZEELTT
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Bl 40 mmHg &% o7z,

3) WEEZBNETE

STEIZBNWTIE, EENEZLHMELZ Z X5 E TR
Wi LR S®, 97 5F0 vV HERET 5 8BER <
VR ULAT- 7. BEENENEEMLESL 225 & RNA X
ABcEML, ¥ 394 + 24%oEmE R L. 28
MEERZH L & bicF 127 + 15.5 mmHg X Y 193+
26.0 mmHg £ ¢ EH L. RNARZOBRFEBENEL S
WUV LR 2 TH B Op 2D LT, F154
BEOVRBRD LR, £BFIEDREICTRE LAY 500
Bodbhic, FBRREBEZVRELEZSER, STETIH
wPnT, 1HETIx3EE, 1HETXSHEE, Mol
T 7 BB oBEBENETTEORE, @ RNA o iE—
BEHLRY, ELEABEBEYT SicknT RNA 2
LALHERT D EY, £FMERFEH 76 £ 10.1 mm
Hg $GIET Lic. 22 TRBEICNERZ R LILLZ 5,
¥ 20 BDRICEENEIIERERE L 2 Y P4+
13.9 mmHg ¥ CF# L. ZORKTHEM tube % B
$Tr L, EBEANEITDBLPICER LA 7228 RNA
BEELEEEChoTe. TR SHIZBWY THRESR
RNA ¥4 LT3[ iz norepinephrine 0.025 mg/kg
PEIRNCEET 5 &, 25 MEXFEH57+18. ImmHg
25 137 £ 21.9 mmHg £ ¢ ER L, ZOBEENER
fMED L& L FH LU TEY 41 + 13.9 mmHg 725 88+
9.2mmHg ¥¢kA L% RNA Zzotk BEZ1IS
40 B B 2 4y 40 oI FifeR 2R L L THER LI
ORI L L bl ZoRHIEV norepine-
phrine 0.025 mg/kg 2#RAICEET 3 &, 2FMER
SE#101 £ 28.9 mmHg X ¥ 151 4+ 26.9 mmHg £ ¢ E
F U, TR LEENED EFE/MEL, 36
+13.9mmHg X ¥ 44 + 4.4 mmHgE ¢ LA L E
* 57, Fiz, RNA X norepinephrine FiRNIREIZ X
BIELEFICR L TEEROZ L EB O EREFEML
7eEEThotz. Fig. 8ic 1 FloEe =Lk,

vz B

BRI, £ 0RiThT 00 BIRATRARMEEA L
T3 L Wb TW 5B, BEERRYIC I IS ISR 2%
PR MG IR L e Sh TR Y, ZOEBIOER
AR R R OTE B 2 T BIREL LT
Ao TE. BF, RRFHRKSICEL ToE
M L MRS B L, BRI X B
RIEEZENEZ Y 552 LBRHALMCShTE ], Lkt
> THEENMEICHHT 2 RBHEORKIGE D Tebic
13, BRI ZOBRBOEBRERLLETH I, £

NEERSCES ey, BBRBRW TR, 225
RohsZL<, REMREE L Y AEBIRICZ->TE
T3 % R BAE L B L OFEOHEEEAS R L 7221k
BRTILED, BHRESOEL O 5
TR I B IR AR DIEBh & HERIS B e,

ek, BT A3 A3 B ARIRAHR 0 X ML i ok B 8
BHEHRHIIPRVLDLEZLRTERLD. L2L, B
ERAT AR D IR A hypercapnea DFFAET Tk Y
%8 G % = &R, norepinephrine DEEIRAEE D
ZhEN, H 6 A L catechol-o-methyltransferase % fHE
LTRLZLICEVERLRD LY ML, MR
BFic X 2 0B RFHEER I X v Efish,
FORER, HRARFE TRA SR o TV BRI
Exzbhb., ZOBNRPD, TEZOMENERNER
fah, BEESNOMEPHRERESIZZT TR L
X, £ OWEELICIVBELORD LI B LR -
P iz, MEBNOMBFICAHTAHED, M
ERBECEETAHEZR L, ERA0MEO TN
LIRS, MR L LToBEEE2E T3 L0 LT
EhTn3®,

AEBRIC X Y EENETENERE ORI, B IHE
HROESIL LABET LTS Z EXHL » & 72 o
7. Lad, ZoETR, TRSESIRRAMSERE, K8k
B %O LB T Th Y, ZOEENERET
HEOBA O IS 0K TR, EREREMT
IR ThHBEELDND. BEDH SEENETHEIC X
Y NEEIRD D EBN A~V A TN 3 i oS B
L, Fhicttd NEEMRNEDCEE © LA R EZ AL
ALTRaShIcERLHEESR S, WTFhict X, ®
ENEFEPSEE OB, MEFIEHROESOETIC
YO MmEOBREMMET L, Mz RFL LS T3
KRBV TWB Z ERHEENS., ToZ L, i
P autoregulation RFFHBENEL FLESEHZ LItk
MEREL KT S®BE0FN, Bzt ) &FMmE
P TRIEMEREZET SEREEICES, X VR
IYERIEIC 72 5 E TR 5 L 5 RO MRERF
DHTHAT HFRARPL 25D THB.

T, EENELERS D VIVETELLBIRD
h3egiED LRERKFIZE LT, e OMIBNHE
ENTVWB RO, Bk Iz 1338 RRAsRR M 1 B IR febies
PREDERETHS LEDI, AEROBRIITHEH
BRICR L7e, EREBTAREZ L, mEUEHREORE
BB RN B RO BB E A%, — R B
@ autoregulation 2SREEET B & X DMERE (30 mmHg
R —FH L TWBZ & Th Y, BENETEICE S
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MED EAREORERICIHELSEE L TnwaZ a8
WTFREN T,

RE OREEBICRE+ 5 2MERERE EFCE LT
Langfitt X vasoparalysis W S #ESF BB L, FHA
B & 2BERBIED OB X 3 LR LY. —
¥F, AHERBRRTEOMBERIC L > TH R IRE
BRETDHZ LEWREL, MR nEESTEED
BELZHEEL TWEY., AERICBITH5EHBECHEENE
TLERIC R SN2 B IERIZBIOE ML, & 0S8R
EROBERFCHEL CRELZHREE L. MBI
R PRI BNE S5 1%, norepinephrine # RN E M4
FmEL & b EENECER 2 LA ERT 20K
L, Zhicfi < MG sh ez 1,
BIRAH S X 22 MED LRI bbb b FHEEN
JED LRIIBECH o722 L ThHDH. TihbL MBI
PRI BHYE SRR I I AT 13 2 & B D% ) T
IR S oicw L, {EEEINRC e E LS
DEBLPRIZT RN LPEZLN, TDOZ LT, &
D bR S THIERRERIC T 5 M IE RIS S
DEEMZMEIRT IO LEbNS. LEi-T, &
HRERI Wb % vasoparalysis 12 1 5 b o chiid,
Z OFEBIC I MEETRERBOBIEPIEE L TnD L
HrEshs.

Flo, EBENETERELZ VR UTo BRI W
T, FELF® EiCZRmE IEHRIEESNHEEL, 20
RIBPK S b VT 2 08RBw bz, Zh
i, BEEBNEITHEEREEIC B W T—BME 0B ERE K
TREZV S22 LeRmTHETHY, oL ) 20E
INHERRRIE B D 2R DI =i & B MIME DHLAREDS, THEE
WIETCED b B IREEEST L, BERCBEN: &1 X 5 IREHE
ARRRICELEE ZhE, EENERZH I LR
THLbDLEZONS. 2 LTI o—iBMO mE IS
RIEBOFEFKE, BIEKRR, MERfRLEoHT vwb
& % plateau wave® |z—B L, plateau wave HSpEfR:HE
Fie XV RBEL S 2F[EHERBRT 500 L Bbh 5.

EBRA 7 =ETHDOBIC, KENEENAEKE
Al X 5HEENETEOL AT T, Fig. 4A L 4B
WRL7eZ L, BHREEE, X E#ic, +2bb
XV EVEREOR X D B0 LA, Ui dEEEN
EFETHICRONDBO Db ote, T 02 L h
5, 7 EETHIMRHCIIEENETEIC L 288 L
W MRS I & BRI Y, KRR o BEIRAS N
LTWaZ LR Sh. 7 e ETHIM I, ER
RFIC e~ IR IZ 34 % hypercapnea BRI D2V T
EBRBEIRTVDEY. RER»LHEREN S XY 2,

norepinephrine

7 BT H I I3 RBAR RO BESIML TR Y,
MHEESN O & 17 2 BER LR LT3 L i,
BREORFIBZCHAL 25 THB5. Fi, 1T
BOEOMBEADNDATEZLEDELENEES X2 &
RN, FELWENORHRMBEIIED bhiz. h
BEELEASRICIEDOBERMOZIL LD LD L
ExbhBN, NeBiF57 e THILOBI L, FiE
ﬁ&@%@+@ﬁ§@§%ﬁ%mm%#57%ﬁ@&5
ZEERDLLYBFRTH S,

VvV # E

HENETTHER X U7 ST H Mz 8 1) 3 g
%@ﬁmé,*zmgﬁﬁ%%%Mﬁ?é:kkiDﬁ,
gL

L. BFEENETESRE G AHIE, BHERE O
HRED bR,

2. HENETEIETL, MEREXRSSIETT
%L, BERREIIIEML, FRCER2ED LA %
&L,

8. WEOCHENETERICIE, BHEINILE M
RKL, ZOBBOHEML 20, BEEEBOHR, +h
DML TW3 & Eiz Y, norepinephrine #ARAE S
X BME A TR 2FEENE LS X ) 28
Tholc. TOZEXY, RIEOBRBERER VT
BIEHR OB NEERBELRZ LTV LE2 D
h, BENEROBICR S 2 vasoparalysis D% 3 1z
i, HRMERTRBEELTWE D L ESh .

4. RELTHEEBEAEAEZERSES L, ELER
LI R R D — R R R R B 1283, T O
RER D—IBME D FRERARIL plateau waved HER & i %
FoLtBbhix.

5. 7 EETH MR ISR O BESHM L T v
BT LR pRbhk

X #k
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