Effects of Acute Intracranial Hypertension on the
Respiratory Center : Analysis of Phrenic Nerve
Discharges in Cats
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AUHFEERNETEOHERIBRARIETHELYRINTHDIBEDOX a2 HAWCER L. HEWE (intracranial
pressure, ICP) JUEX—M7 v + EFEEA LV — v HRHOCER S CHER L. RRAIREBREOTZCHET L 4
ORFOHFEEWT 27, HMAKEMEUBONEBEZHE L, EFE:, 8L, AR T CORRBMEKE (phrenic nerve
discharge, PND) ##&t Lic. ICP LR DKM TD PND D05 4 — 2 (B, BURE L o8, (Ri-HoEs X
CRAREMEE TOMAEE) 2EHLa v b e - LB L7z, ERICINEE (electroencephalogram, EEG), EEMEE — BiE
R IG (vago-phrenic response, VPR) DR R I OEAELLBE L. TOKR, EEC ORERSABEUMCHETS
ICP 20~40mmHg DK, PND QR KIRIE L £ OBAEEI N L, REKEHEMEREL oo 7. AR = v+
B EBEE LR, TOEBRLLALRL e, X BRINTRE 7. R VPR OFEE LA LE
AEXRLI. T ICP ¥ ER XD L, EEC ORI ITETHICHEM Lch, VPR OIRBIZET LT 7. PND
OHAEE LA LERARIBEDREWCET L, REKBHEHEINEALL. RUBEIEE LBADFTOEBHIAE ko
fo. BARRAEROERBE X, PND ORARIENER L AR BEERT L ORBD b, BILRR RS OB
BLHET 2 &, BARRHARCI: PND OBKIRIRE TOBAEEII LA LOMTEILL2BAERL, AYREOLEE
HEROFITE LML, BRI L ->TF v iTHABEDZEW /BB L HRE J O R MEME TR nK MBI RS+
o HMERERRD . DEL D, FREERBYA I SRBAFA~ETECEZEIA TV OERIZEWT, ICP LA

PHNC LR RIS TTHET 2 Z LA ER S it ThRPRFREEO AU TTERETH D, TAKRAMEET X5
M 5 OFEER L FITHK TR, FRIFRGRORENPEIMEAL T2 LEL LAt
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ELDEBR™ T, Fv L DOEEANIE (intracranial
pressure, ICP) JUHWC & b BRI OMEHEEEE & MIKIZBHIA &
RUFm~ETHCEEIRS. FO5T, ICP LEDOFLIC
R, s L O L~ TOREERS—BEAL, £
DEFOE— 213k b Yl ERCHE Lz v s @&
B BRTH, PMEREIESEBCL-TEETH
DY, TOTAMPE, BCRRER~OBE/EHI T
5% 4, Ak ICP AR L - THBO X W BRCELET
FREROBES P HBI DR RETHD, TV 1
LEMERE OB BB 81 2 EBEAEIE BHE (phrenic
nerve discharge, PND) D&t & i~ 7. R, EHi~ LHF
U< roBBcRETHI RAENE -—BBEERG
(vago-phrenic response, VPR), KM BEHEEDIEE & LT NI
(electroencephalogram, EEG), ¥7z, 7 v M E~A =7 DI
BCh oML R B L.

MHEELUHE

EEIZIL, AE 1.6~5.3 kg (F#53.03kg) D & = 352 (£
Lz, v bAAE 2 - V54 74 25~30 mg/kg D#k
HREBTCIEDHL, S8 =2 - VERALTALIERSE
model 665 (Harvard Apparatus, South Natick, Mass.,, U. S.
A) CHREMEREIT 7. ALFRO—EESER T ~17.3mi/
kg, MKEIK TS 30~40 @ & L, PaCO,30~40mmHg,
Pa0,90~100mmHg 1R -7z, KEBE BB IRICHE ) =5 L v
Fa-TEHAL, BREANIEL S Vv AF 2 =% — MP-4 (H
ANE, EF) KESRLEFME (systemic arterial blood
pressure, SAP) ZHIE L, BIRED SIZHEBR Y v A VK Y S1E
BEL.

FTRaeMBAE L, AR O WENFLRE ORRICH -
THRL I ERAaEL B L FMiEERME T iy L

Abbreviations: A, maximum amplitude of phrenic nerve discharge; BBB, blood-brain barrier; CPP,
cerebral perfusion pressure; CSA, compressed spectral array; CV of P, coefficient of variation of period ;
DLR, directly measured light reflex of pupils; D, duration of phrenic nerve discharge ; EB, Evans blue; EEG,
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-, BEHBLERE SEN-1101 (HAXE) £¢714 Y v—2%
SS-101] (AANXE) #AVTHSRNEBEER TESFM L N T
BRBEORIGHE Lo, B THIRE SN T2 8B TRE
LEDOFRME TN L, DBz v ALY 2 - RBne
T, Bibosvrza=v40.1ml/kg 2 EEBIRAEZS L TERK
EEB L& Lz, REORE, BB IUEHBEIFCloic
EhEBEHAEK TR LEBO/NFCH > THREL DD,
37~38CITHNR L7ciiBy-t 5 7 4 vRIZB LIc. RAEMRIILE
AT AR L S8 L TYINT L. BRI b R LR
tnx, HEFHELY AR TR O LcEER TRV K- F
74 VHRRB L. BOEHN»DDRER LORBEESICT
hlcoRBEOHARRY Y c®BETREL, BAALL. K
i, BEMIC Ay E A CES Y RECEEEBECEEL, B
BEAFCROIDEE TEHORRBREYHBEHRATAEL
o, BHTEROBRED D, BRHC L RE TEROEEITI
2 T EREEH S X O TRESCHER Y M TERSRAREL T
HRIZLIC.

I.ICP

ICP JU%E & WES A0 — v EEA DD E IR E W F10
BB TR P Y AR ECTER 5~6mm OFREIFR
Lic. 7 v+ F ICP @4 T Licd ik, HEEE R LR
HERAFHLE. BYEEBEE Lt fra=27
V—Z - ACTEZEFR»HLER3.5mm O ICP & V4 —
(Konigsberg Instruments Inc., Pasadena, Calif., U.S.A.) #E[&
FizHRBLE. BEICP v v —DRBEOMER I OCKEXTT
W, v — VIZRBRIRERTOKE L ICP 8% ICP & L
Jo. iz, SAP & ICP O BEOCEYRD, NEWKE
(cerebral perfusion pressure, CPP) & Lz, v F EFD
ICP #ARHICHIE LTIk, XOFBEDELIHN TV I ET
DOEEELBEH L. BELEEEA V-, 2 v F-a5%
WO T AR EY = F L VF 2 — T ORISR TEE O
TR L. BAROD LV — VRPN H MR A5 <
B, WAL B Hh Ut FIsE L%, fIBERERS R
~@EFEAL. vV v 2R v 7 SAGE model 341A (Orion
Research Inc., Boston, Mass., U.S.A.) # BT\ — v R4
BREEKEFHEMNCEALTICP 2 LR X -, EREEX
Iml/hr & Lic. ThEROBRRBITEE ARHEAcEH L.

I.PND

BEHEF LD 2em AR CHAOCRERICEFTH - 2
RIRTIBAR N 7o, BRI L, ANCRIEEL Lo asme
R IOEREMEY RS, MHEOFREYHE 2mm ©OF
EIBEE L thEFhEelc, BREOBEMAYERLERYY
Slediz, BT 7 4 vEBE T ) VEMED LICEAR
L, MiR-t57 4 vRICEEB L. PND 2 £ 4ESHITEHIE
ZAVBI (BAXE)CALL, FiE2—4BEgr 2V dvem
A2—=7 VCI0 (HAXE) KLUV v v FE= & THREALL.
¥7:, PND 0o ah## (smoothed integrated phrenic nerve
discharge, int. PND) % g3 574, Bo28 S-9369 (B AN
B) L8R L, BERP0.2DICRE L. BRELIX, ICP %
5mmHg % 7% 10mmHg g T4F, int. PND &R Lo

ZOMD PND R EESHT L TR L. 40 PND i3, &
#E R (duration, D), EHAKER] (period, P), K MHE
(interval, I) 38 X O KIRIBME (maximum amplitude, A) D5
A =R (1), ICP LROZBMETEADNRT 14
ZREL, ERE LR TEOTHELEL L. I ICP oy
FThOBETDAT A —2DOFHEY 2V b r—{E (1.0) L
L, 2OBOZERMOFHEL = v = — A ECH TS HRT
FLl. RRARREDIEEL LT, PEOWTRTOEHE
¥ (POEHERZE/P OFIHE : coefficient of variation of P,
CVolP) b EHLESRTELL. ¥, DKL, A»ER
ELR=ZAROBEY RARIBCET S ETOHE, Thbh
PND DEAHEDIEREE L.

pupils

_ EEG OO
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Fig. 1. Schematic representation of the experimental
set-up, recordings of phrenic nerve discharge (PND),
parameters of PND, and smoothed integrated PND (int.
PND). Upstroke of the int. PND indicates inspiration.

electroencephalogram ; 1, interval of phrenic nerve discharge ; ICP, intracranial pressure; int. PND, smoothed
integrated phrenic nerve discharge; P, period of phrenic nerve discharge; PND, phrenic nerve discharge;
SAP, systemic arterial blood pressure ; VPR, vago-phrenic response
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LLEDFEMBIFCI T, FHABSICERIZLINY F
g4 yRESM L., EREORER2TC, BRERT0%THRD,
BIRIRAK S FIZ CTEBAGREA36~38CIlefRF Lic. &8
%7V 7 v 7 %E RMP-6008M (AAXE) * A, ICP &
SAP ZmEREFRHEIES AP 641G (HAXE), PND &int.
PND 12 E IS AD 601G (HANXB) wAAL, Zhb®xT
R, == T A La—F WS-681G (HAKE) Fi3BE
1&%WT%&}HK%%)K;DEﬁ%ﬁLh.it
235 — 7 Euék% DFR-3715 ( , B R VTR T —
TRBREL.

m.EEG

EEG ZB&ED 7, MHIOMER L HEATICR LEEITS
AAEE L. EEG LEMEHEF JE-101B (HAIE) 2 b
§it vy FE=% OEE-T102 (BAXE) AN L, 10~208C
LAY RN AR e EEG i (compressed spectral
array, CSA) % XY 7'r v & WX-T01B (RAKE) # AT,
FEAT ¥ THEMWICEE Lis. SET 0~32Hz OB T, B
ERIX0.1~0.3W & L.

V. VPR

REMEOFIBICIL, FIBEE SMP-3100 (HAXE) » 57
{4y v—2% SS101] (BAXE) 2L T, ##H 0.2~0.5
msec, 3~5V OB I DEHEBER XA 7. ICP EFD
10mmHg & & DEEEIZ BT, EfE L1z 2 ~28fD PND ©
BB E « 1 ~31EITDBAERB L 7o, RGO B R,
PORBRBNBRERE= o — 2%, 7 MEB-3102 (B AXE) &

100t

nEEE DAT 3202 (AANE) AT VPR 2 & L. W
ICP & EnAEBTHLILEYa v -1 EL, 2O
H®OICP FROE BB THE S M OB, RERks &
CHRIES 2 v b v — L & B s L.

V. &8 R

EEIZ, BB PND 2E%kT 5 ¥ TRFEI L, KBRKT
FRCHR(E D V7 ABIRAR S TBR L. BBA v —v
R RECTEDICKHE L TN L, 10%s1<) v
RIZB L TEE L, ARMRER L ORRErcoOlELy
BE L, ¥, 10 TRBRTE 7212 ICP LHBBIZR
T, M MEEFY (blood-brain barrier, BBB) BE OB E » &+
Bicyy, 2% =" A7 N— (Evans blue, EB) ¥ 4~5ml O#
RAHEE LT -7,

B &

[.ICP

1. %48 ICP

AN = VEABEC L )& ICP LR/ LT
BT Lic, #04) ICP i3, BARFRECMAMTY{F->7 16T
1% 16mmHg, XEMETMRICERRMESAET LA LTI
16mmHg TH b, “hbavBRA LA 33 LT, 894£519
mmHg (mean£S.D., LI T mean+S.D. % % #¥), CPP &
142.65+26.62mmHg TH » 7=

2. ¥V IFETE

BEEEEBTCOE v+ —DRBIERI L2605 D

o ;mmtw\n i A m ““h! ICP (supra)

|||||\|lll‘|l|' N i ,.

‘ o

i u‘_ﬁ_»ﬁ :"-_'1 u_x int.PND

100 -
4 sec
ol S r—r e =Y ""‘q'\,',“'\f :‘I‘} ‘]‘\\*»\\\W““ RN Wit ICP (infra)
0
pupils 00 o® (0JO]
DLR +/+ +/+ +/-
ICP (supra/infra) 109/76 mmHg
CPP 116 mmHg
press. differ. 29 mmHg
volume 0.46 m

Fig.2.  Simultaneous recordings of supra- and infratentorial intracranial pressure (ICP). A cat was bilaterally vagotomized and a
left supratentorial extradural balloon was continuously inflated at a uniform rate of Iml/hr. The right supra- and infratentorial
ICP were simultaneously monitored throughout the study. Anisocoria appeared when supra- and infratentorial ICP reached 109
mmHg, and 76mmHg, respectively, and balloon volume became 0.46ml. Arrows indicate the stimulation of the vagal nerve

during the inspiratory phase for vago-phrenic response (VPR).

ICP (supra), supratentorial ICP; ICP (infra), infratentorial ICP;

press. differ., pressure difference of supra- and infratentorial mean ICP; volume, supratentorial balloon volume.
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1owT, Ar—vEEREOT v+ ETFo ICP, SAP,
PND o#Br 3 (K 2). FHEBBRCIEDbhich -7
5w+ +Fo ICP oF#Ex, v L ICP O LR & HITH
BPLTCE. BAARHARBCEF VI EBIVUF VY FTO
ICP it + 1 F# 109mmHg, 76mmHg TH b, £ DEKEIZF
# 29mmHg s -7, BBRPROZEL, 7V P FICP k7
vt ICP AL TES Liz. PND {HEETOEB % LT
¥ 35mmHg TH -7z,

I1.ICP £H & PND QXS A—4

1. =2vibr—1

197t PND D25 2 — 2 ®HE L. 2V e - BT
B35 A —2DFHEIZ, DX 0.73~3.35msec (2.12£0.67
msec), P 1.63~6.60msec (3.8310.98msec), I 0.74~3.26msec
(1.71£0.71msec), A 29.79~487.691V (144.86+124.954V) T
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K31, 1Tz RT5 ICP FEDKRERETO D, P, L Ao
FEO v+ e =L {E (1.0) TRTHHEOHBERLEY
DThHB. D, P, 1 ORBIZZERETSH H, ICP 40mmHg £
FCRROREEFEARLR TR Y b — L ERERIEFL
7=, ICP 50mmHg ##B2 AHI b2 v e -1 D 2L ko
ERLEEERTTOORRON, —F, Ak, EAEEM
#AL, ICP50mmHg iz E Tk, 2 v br— U EDOKERK
B Tieb DS 7. ICP 60mmHg 28X AEM S
v b= RCEDTHLONRHR L (K3).

3. HEG

R4 38R E o D, P, A DFBECHBEY R LELOT
BhH. FREROFEHEIZ Y b r—0{E (1.0) T 5 %
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Fig.3. Effects of ICP on duration (D), period (P), interval (I), and maximum amplitude (A) of PND.
The data were obtained from seventeen cats. The ordinates are normalized values compared to the mean values of control

period values (1.0). The abscissae indicate ICP.
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<%L#. D, P, 14, ICP 50mmHg ¥ TRIFLAEA Vb
ponEE LB L. ICP 50mmHg ##Bx 2E»HER
Ligw, ICP 65~70mmHg DEMECOF#HMEX, D 2.29, P
932, 1237 avitm—AD 2L ELisote. —J5, AR
[CP 20~40mmHg DBHETIZ1.24051.34THH 3 v I = —
At piERER L. ICP 60mmHg by b r— XD
LET LA, ICP 65~70mmHg BT O F#HEIX0.84T
»otc. EEG &t (K 4 D&H) i3 ICP 30mmHg THD b
n, AAMECRERS 2B LD, ZOREO<T 2 — 2
o¥isEz, D 1.10, P 1.13, 11.17, A 1.34THH, ADH
KD T A = FDER I DRE» T, BARRAER (B
A D&EED) 12 ICP 58mmHg TEHE S h, FEUOBEIRANR
bhiz. CORHIDT 2 — 2 DFG{ER, D 1.63, P 1.53,
1141, ALISTHY, AXa v b e — SRRl D2
SA—fRERERLE.

4. CVof P OF(L

Yoz b r—ndD CV of Pix, 2.40~17.82% (6.28%
3.82%) Th-t. B5ic, 2V b e —AfERI0BRETH -
EUEIE RT3 ICP LROEBETOESROBBELTRT. K

DORIZ, ICP 50mmHg #BX 2B I D I0K UL ERT B L
DOREbhiz (B5).

I.EEG

1. FEGIMERE RS B

EEG i 25 IETHifT X4, D 5 % CSA 13 23 IETHfilH:
ZEERE Lz, A= vEAIBARCERIBECETARS
L, ICP LRDBRMAREYTRTONEN - . REHRS
HBEARRTER 5T WT, ICP 20~43mmHg (31.67%
5.23mmHg), CPP 74~158mmHg (120.73421.94mmHg), -3
b~ 258 0.10~0.87ml (0.500.23ml) CREHIMIZ BB S 5
HB L. M6 ICP ERIC L5 CSA o%{kx xR+, ICP L
AOFIIIEERORIBIEH L D {ET LT, Al
= 10~15Hz OB —2D k& ¥ — 7% B, ICP
30mmHg, CPP 129mmHg, "4 — v & & 06Iml BHH» 5
5~10Hz OFEf /I E— s NHBE Ligni. Xbk3
ICP Bz X bR i ETHIC A L (R 6).

2. 1k

L CHIE LB 18D EEG FiE Lo ICP 1%
54~183mmHg (114.94+37.90mmHg), CPP —8~78mmHg

2.0r
1.5f anisocoria
——-- A,
g | e
> / .
il .0H4
5 . U B E \b'"A“‘A
<
Veetead A A----A
s 4.0+ 0.5 N
5 / o e
— Queia®
= I P
- 3.0t /la—n \
2 0 oo
b O——=0
& EEG change ° P
= 2.0r v
o) |7
= e = Do
5 )| S

15 25 35 45 55 656 75 85 95
S § § ! § ¢ § §
20 30 40 50 60 70 80 90 100

Fig. 4.

1 C P (mmHg)

Typical changes of the parameters of PND during stepwise increase of ICP by 5mmHg compared to the control values

(1.0). A left supratentorial epidural balloon was continuously inflated at a constant rate of Iml/hr in a bilaterally vagotomized
cat. The ordinate are normalized values compared to the mean values of the control (1.0). The abscissa is increase in ICP by
SmmHg. When slow waves appeared on electroencephalogram (EEG) bilaterally, D, P, I, and A were 1.1, 1.13, 1.17, and 1.34,
respectively, compared to the control (EEG change). When Anisocoria appeared, D, P, [, and A were 1.63, 1.53, 1.41, and 1.15,
respectively, compared to the control (anisocoria). A———A, A; @®— - -@, I; O——0, P; [ }——1, D
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(36.83+20.10mmHg), S/ — v A& 056~1.70ml (1.21%
0.32ml) TH - 7=.

V. BEFLFFR

1. BEATEHER

B LB 2oL LT, BWEERDONERERHE
S LFOBEARALR LSO 246, ox b d Lz
RADOHBEL S RERHLERER LD 1 6, RECKR
W OEABKIPRE 272 DB 281H 7. Thlstiid~
TEDOBALLE, FEEAOBANTEML » bk
B ETHY, TOBMERNIBEL, ERMCHEMBK
Lotz BAREEZRINKREEERITDDTRD LRI
A D ICP 11 45~11TmmHg (77.67+21.29mmHg), CPP 22~
133mmHg (80.76+36.37TmmHg), SN — v & & 0.45~1.32ml
(0.91+£0.35ml) TH -7z,

2. MHlELEKX

IR EWED 3P, RAUBEHIEXD 2 fl3 T~ TL 0k
BHECHEABAR Lt BAAROE X TRREZKT Lc
YONIFADoc. BELELISHIC BT, ICP 60~
140mmHg (100.47 +26.03mmHg), CPP 17~145mmHg (56.20+
39.83mmHg), S/ — vZ& & 0.62~1.77ml (1.22+£0.41ml) T
AT IE R AR B R R L.

V. PND ONNF A—2DEAL

PND @85 2 — & %IE Lh2 EEG R4 HE & AR
B OHE R TR 16/EZ B\C, EEG MM H
RS IOCEATRRERIEOZThENOREIZE T2 D, A
DFYER IO CV of P OE{LEF~/. D, A DFHEIZ =
Vb e —{E (1.0) KRt AR TRD, CVof P IIEFET
Elik. ¥k, ZAROBEOCHRYILE T 52D, FBET
avite—LDO=AF (RT7TTORBEAN) *EREbET
R~ L.

01

CVofP

60}
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Coefficient of variation of Period (%)
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[ VA TP D RO W TR TP S I TV
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Fig..5, Alternations of coefficient of variation of P (CV of
P) during each 5mmHg increase of ICP. The data were

obtained from eleven cats. The ordinate is expressed by -

percentage values. The abscissa indicates ICP. . The
control values were from 2.40% to 8.52%.

1. EEG Wtk #Ep 0 H B

Z ORHRD A OFHEIE 1.0~1.65 (1.26+0.19) TH b 4412
vk e =l (1.0) Bz L., DOFEEIL 093~15
(1.09£0.18) THo7= (7). 2EOFHEXLE TS L AR
1.26, D12 1.0 THh, D, A D2 EDOFHEL ThEhEY,
BERETHIZAROAER, =V e - L D=ABOAELY
BALEC (®T7TT).

CVof POz vt m—AfEIZ, 2.40~8.52% (4.98+1.90%) ¢
Y, THEMEREHBEL 0~6.14% (3.21£1.51%) Litoir.
ORI, 2HITHALIEUAMITNTa v br— ]y
HNEL ot (K 8).

2. EILREHERR

BHAREHBROEMNRME TIZ, ADTHEL 0.46~16

1.38

47 1.36

39 1.35
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84 1.18
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(l) 5I IID 11521)2%30‘ b é 1ID 115 21(]2I5 3‘0
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Fig.6. Compressed spectral array (CSA) of EEG during
raised ICP. A left supratentorial epidural balloon was
continuously inflated at a uniform rate of 1ml/hr. Frequ
encies are plotted along the horizontal axis, time on the
vertical axis and amplitudes on the third or pseudoaxis.
When ICP was 30mmHg, cerebral perfusion pressure
(CPP) was 129mmHg, and balloon volume was 0.61ml, slotﬂ
waves appeared on CSA bilaterally. CSA frequencies, it
the 0—32Hz ranges; sensitivity, 154V/mm ; time constant,
0.3sec; plot period, 10sec; calibration, 100sec=1504V ;
ipsi, ipsilateral side of ballooning ; contra, contralateral side
of ballooning.
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(1.06+0.33), D DOEH{ELE 0.99~9.18 (2.2942.12) TH -7z, A
DPHIE 6 = v b= —E (1.0) R4 L, DOF
BERTHTa Y b —ADLELECER L (KT7). &
EOTHEYRBE, A=Y e — A ECEME, D3y

2.0r A
1.5r . * [}
: t : *
20 e . e :
o H
£ . .
< 0.5 . .
0 1 I a B
9.0f
~ D
5.0r
4.5} . .
4.0
c
0
‘é 3.5¢ .
3
[a]
3.0r
2.5t
2.0r .
vl . ' r
i H
1 OT ° i * i
0.5
ot 1 M 2 2
control EEG change pre— anisocoria
anisocoria

4 4 4 47

Fig.7. The changes of D, A and the angles of the triangl-
es when EEG changed, just before and after anisocoria
appeared. The data were obtained from sixteen cats.
The ordinates are normalized values compared to the mean
values of the control period values (1.0). The abscissae
are each stage as the control, slow waves appeared on
EEG bilaterally (EEG change), just before and after
anisocoria appeared (pre-anisocoria and anisocoria). At the
bottom, the superimposed triangles on that of the control
are composed of D and A, and their angles indicate an
!ncrement ratio of PND. At the EEG change, the angle
Increased because an increment of A was relatively
greater than that of D. At the pre-anisocoria, a prolongat-

“ion of D and a small increment of A produced a reduction
of the angle. At the anisocoria, a large prolongation of D
and no increment of A produced a marked reduction of
the angle.

Fr—AD2EHUECEEL, EAROCAERX =V FR=-1D
bO LA LI (BT7T).

AL HER D A D {EE 0.38~1.56 (1.01+0.36), D @
EIMEIT 1.07~9.18 (2.55+2.34) TH » 1. BEARRHBEFH
DEEOMER LET S &, AOFHEIITFE IFIRBRETT
XHWEET LA, DOVHMEIL 2 FITRE, | BICEMLRE
N TRTELRIERYR L. 2O FHMEIR, A
1.01, D 2.55TH b, SAFOHERILEL L (BT
).

CV of P ik, BARRHROEMERE I, 0~39.77%
(11.26£10.75%) TH b, 6 HIAI0% LI Lcs#Em LA (K 8).
ATFRHBEMBEOBREY kT 5 &, RE 246, BT 3ALUN
ETRTI LML, BATRBRERCL, 245~39.77%
(13.34+10.43%) &7e» 1.

V. VPR

1. avie—in

VPR IOETRHEG LI, av e —A TR, T hE
i 3.5~6.5msec (4.75+0.92msec), # & K 2.4~5.0msec
(4.10£0.85msec) ¥ X V' E KIRIE 28.6~45.74V (38.09+6.07
uV) OB GER (RS E3h B D B 14.0~18.0
msec (15.71£1.67Tmsec), #HfekfE 15.0~23.6msec (17.74+
2.66msec), B AIEIE 42.0~180.04V (118.32+44.46pV) DK X
T S DY BEIRS) ¥ L OFOBD B3 HE O M H»
Bt ABEREMYEBL. LrL, BHMESWNEL ZOBELH
ERTERWHILED L.

2. ICP LRI X A%k

VPR O# S ORAIRFEOELL PND DADELEF
Ut —viEieste. Ticdbb, ICP 40mmHg 7 % TIXIER D
BAYRL, FOBIEALa v b e - f v, Ko
M2 EA—%2CHICP LRI L2 VPR OFELARLELD
Thsb. av e —ATOBRMRTIL, Tb LW DR
14.0msec, FXRIEME 424V OHBHBM TH - 72, FKBIZ
ICP tROBH»S5HM A% KL, ICP 25mmHg, CPP
135mmHg, 7 v b L FOE#ZEFY 20mmHg OB S TiX, £
RO OW S ENDEBREL 12msec £ 2 v br— LD
2msec S L7c. ZOOKF, #WIEIL 1514V i v BlFR LKA
& ¢ fe o7, ICP 2% 109mmHg DR A T HIE 4 DI 3R
BT K Tentedy, BERMIZIEHRI R TR, A — vt
fhEhse, BBBAL OOl EAIEE R
H, VPR O bBOHBEL T (K9).

3. EEG RS HE & OBER

1012, ICP FRBET CSA & VPR DOii# % RKHZHIE
Li—fBlTHA. VPR ORPHSORESIIEETH 7. =
v b e = TOBRBRSIET D L) B 1dmsec, FFEEHRR]
21msec, BUKIRIE 1500V OZBEHEMN TH-7. ICP LRI
BE - TEOIFIEILHEA L, ICP 35mmHg D& Til, B
13msec 125G L, JAEIEIL 250uV & v BT OB AEY
LTz, CSA & Z ORISR S OBABHR L, EEfo
BRI 2800V, RORE 1200V OKERE—-27RRL,
EEG #RER DAL VPR OIS O BAME D H BREF A
BE—H L. &b ICP LR L - T, VPR DIREIRK
BEIZET LTV < &4 CSA OBRERS TETHICHEALT
Wt BARABBEEHO ICP 69mmHg DR AT,
VPR OiRIEIL 924V S{ETL, CSA T 5Hz LI TFO&KED
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¥ — 2 MK L. EEG (ki ICP 84mmHg DEHEIICER D
bt (X10).

VI. FER{EIE

16VET PND DOk r#E L. PND HEAEHD ICP 1%
48~194mmHg (109.31£40.63mmHg), CPP 22~12lmmHg
(45.31+23.88mmHg), ~ N — v EE 0.53~2.14ml (1.22+
0.44ml) TH o fo. F D 48~2728 §) (745.691:765.16 ) D]
PND BBV E2HEL, EREET Lic. RTER
» ICP 1t 33~187mmHg (85.50+45.34mmHg), CPP 7~
56mmHg (26.06+12.72mmHg), S/ — v EEIZ 056~2.38ml
(1.42£0.46ml) TH-7=. PND HkEH L EEG FHE{LED
ICP, CPP B8 XU AN~ vEABOTHEL, MitEWcERE
DI 57 (Student’s t-test, p>0.1).

VI. BIRFAR

2 THRMEELT - . BEAESHRC—B LcBHEA
LA T EEER LT e dd, Bz AN— vEBAT

B

AERAIEECHESREE, N ERICEB I bEEL
o, £2fhcg, MREAR, FRE, MR S o&isg
bh, 7v I ORRE, BFRE, SRS IUABRSCREYR
Wiz, RERE TR EB ¥ 5 Lcd 0z 0 nB/HRILFE
BRLRME okt ICP EREBTC B WTHEE LicficiE
BRI IS EB ORHEZ RS (R11-1). ¥+
IR H MR IR Hivieh o fehd, MRS & RN
s T LE LN WHOEREELRD - (Fllok
M.

% 7=

R AR IR ER R IR L, A SRR
=2 —nVYRRAEIRTND P, = QR R R S ERE S
WA TITHOEERL, HRHREYRE X¥ 5 LR
LRETY. a2 OHRBHEHEER = - — 2 VXS OMY L
BRI HI - TRRPRALCRELTITTE D, TOREDOF

o CVofP :
PN .
35t
O
o
S 30 :
©
c 25'
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©
= 20t
>
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Fig.8. The changes of CV of P when EEG changed, just before and after anisocoria appeared. The data were obtained from
sixteen cats. The ordinate is expressed by percentage values. The abscissa is each stage as the control, slow waves appeared
on EEG bilaterally (EEG change), just before and after anisocoria appeared (pre-anisocoria and anisocoria). The mean values

are 4.98%, 3.21%, 11.26% and 13.34%, respectively, in each stage.
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Alteration of VPR during and after increased supratentorial ICP. The data was obtained from the same cat as in

Fig.2. The left vagal nerve was stimulated with an intensity of 5V, 0.2msec pulse duration of square-wave pulse and VPR

was recorded from the right phrenic nerve.
10 PNDs in each stage of increased ICP.

Stimulations were delivered from two to four times during the inspiratory phase of
In the control, the amplitude of late component of VPR was 42xV. When

supratentorial ICP was 25mmHg, it reached the maximum amplitude of 1514V. After deflation of the balloon, late component
of VPR reappeared and pupils recovered to the normal sizes. Calibration, 10msec and 504V.
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WL LTV A BB ON L HEEEOEECKE T Ko THBINT, BRARCERN LPR2 SO FABoN
59 BEM= L~ e VEBOTTHER, TTRERHNHTH DK —HETEH2. ZOL5FRFR-ER = 2 — = g,
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Fig.10. The relationship of CSA and VPR. A supratentorial epidural balloon was continuously inflated at a uniform rate of 1ml/
hr in a bilaterally vagotomized cat. The left vagal nerve was stimulated with 5V, 0.2msec and VPR was recorded from the
right phrenic nerve. Stimulation were delivered from two to six times during the inspiratory phase of 8—12 PNDs in each
stage of increased ICP. Early component of VPR was unrecognizable during the study. In the control, late component of VPR
began l4msec after the vagal shock and its amplitude was 1504V. When ICP was 35mmHg, its amplitude increased to the
maximum value of 250¢V. . At this time, CSA showed bilateral progressive increase in lower frequencies, consistent with the
maximum change of late component of VPR. When ICP was 84mmHg, CSA showed isoelectric. CSA frequencies, in the

0—20Hz ranges; sensitivity, 104V/mm; plot period, 10sec; time constart, 0.3sec; CSA calibration, 100sec=100xV; VPR
calibration, 20msec and 100xV.
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AR TOFRAT A —205L, BLRIELLLORR
EHEORAREETH Y, S — vIZEER L DAL ICP
20~40mmHg DR TR S K E < x>, ML, REK
EOEGRIEIBEERT A0 bD - fed B2 v b e
pELS, FOWMAHEREML, REKEMERDREL
hote. BHBHOERII= v r -2 X Db Lol
p, X0 BAIMRRR L5z, VPR OHHRS D iRIE S H
K LBAMERR L. VPR QPR AR ORI KIS REF
LCBET 5 2 &b h, ZORICIZFERFROBIESTT
ELTWARZ ERRBEh S, B ORRMEEEORME
g 3 b BIRREE L, REREDOERE O
%, FOHKEEOHME AR OEMR, Tiobh bR
EROWMAINbE. LirL, SEOKRE T, BRI
vir—E RIS L RBMERTORRER L. BREK
EOEIE, MACEHHEM S I OREKREOMARED <7
A— 2R AT LTELL?, REKREOME, MAOHE

Fig.1l. Photographs of sagittal sections of the brain after
supratentorial balloon compression. 1: A left supratentor-
ial epidural balloon was continuously inflated at a uniform
rate of 1 ml/hr. When ICP was 40—45mmHg, Evans blue
(EB) solution was continuously infused from the femoral
vein; 2: A left supratentorial epidural balloon was
continuously inflated at a uniform rate of 1ml/hr. EB was
not injected. After PND began to disappear, it was
confirmed that PND did not reappear during 1308sec and
the animal was slaughtered. Note transtentorial herniatio-
ns and marked displacement of supratentorial structures
and upper brain stems (1, 2). Extravasation of EB in the
compressed cerebral hemisphere is shown (1). Arrows
indicate small hemorrhagic lesions in diencephalon and
mesodiencephalic transition regions (1, 2).

LR R AR T AR L IRREINc b0 THE I L
bbb, TOBETOAS 2~ DE(LREFIRD.

KR TIE— DT v+ EEEA SV — vk R P &
BTAMEENETERELFR L. Zhil, 7V HEE~
N=T7EFNELTELDERTHG O T E IS &
LRECEEIN SO IXEEE FTORMEIE? TH D, RETM
EEREESASMHCHEL, EHETR I OEHOKER» R L
Tk D EERBRARGY ST HERESBIE I W D
BEENEEIN LY. 5K ICP RERATEE, RETHRSE~
BEARUOENSEEI LY, BRIZY 1+ ) ABIRKERDB D
BRI L VEB I TR Y MERROEY, EEC X hPAES
h, BERTHIESEOBCEEERZ Z iz &k h BRECEE
*FF A%, 512 ICP D LERAEL &, Fv HEKH, B
EENRAL, BARRAKVHEL, B»OE, T~ sl
2 HBRAINEENEST LT <M, ICP 20~40mmHg DEFHIC
2, REOROETY, REFBHOET, BREMKDE
TR, BEMPBOET™, EIREEBEOR I 7z EHRRE X
hTsh, AFROZOTS, KEROBEETML, R
RNz g CREENET LTV R EEDbRS.

KIMEBE IS { OMBGBMENTEE L, i ETHERRE
BRIERIIER V- VOEBICEETHA™, TV ITE~L=
7 = F AT LT EER A RCEE L ZY, TR
SBEEY & APRELD 2 H = X s IBREREROFTE DT
BHEY EEZLR TV, ARROFHEMILRERE DR,
b, RRGERERD LY BT 5 EHEREOBEED,
REREBEETORMC— B AET A ERREhE.
Leigh 513, BMKAOKRN T, BRESHIPREHEOEE
APNEL L HARIRER AR L, FOHRAMIZFRERC Y
LXxhiehote b Lz, Zhix, AFgeo ICP 20~40
mmHg ORI BT 2BEHRBREMOELE —FH L TR,
WRIR 0D 33 R (AR AR TRIE R O BEREREE & 4HBE T8 LW S ]
LOEXXTHETER, ¥, £F, TR, BIbx, HEN
BRI DR BT B L e T BN LR A f R & — R B
TR, AREBEIFROBEMNHEC L - TEETD
B pEE D T EERIIEBERERSAEERR Y8
D, REEEM OMRRE & OhhTETT A, MERMI L
FRTHBNELVETFE LS, BENRIERILE A LMRE
EhERARE D B EBCEEIREY. TOBEENTIE
B, ERERAcBE8rUETEn 0 Tk, T0HEEY
BEETRHANEL TEREMCEEYRIFTY, Thnrbb,
KR BERENZ ORHOREHEMENRICEES LIk
AEREV. AMEBORERFRERETHERZOVT,
Cohen®™ BRI X VA TORBMIKTER L 0, RS
AR LSS lsl Ry Bre s EFELL.
D3y OEEIII G, K4 ELE DRI AR IRIC BUE TR
HIERRHERAT A, HEEPRFR & ORMENER LIEBH R
TWw5. Rossi 5%, KEMEBEDRL » 1285 2 FHCBRE
L, RERRGHEEOBTELYBE LIER, ThbiZpE
WRREDIREA EDORPCERELE LM, KEREHEORRIT
e AR B & e E AR S R S hoic L s
Liz. Ibfon, HEMREEEIGEERED, PR,
DI RHEEE~ D B R A AT 5 BRSO R L EE
THILEREL, LAUEREROEHCIHETLLEX
o Zh i h, KPFEO ICP 20~40mmHg DRI, XM
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B OIEIEBOET &30 OMBRIBRE~OHBI L

L, BEREBENERLLEELLND.

A0 EEG O#Et ¢z, ICP 20~40mmHg ORI —
LCRERSHHBE LY. EEASV - vEEK I HHERT
12, EEG O&BEbAR S BICE I A" LW O RERDS.
MOBSEEOISETH S EEC™ R BMEE O BE ¥ KBt
T2 LEbR, BEEEORFIC > TANCEEIRAL,
2 OEF GG L CREDER L B AT Y. AL
xpmEE T AMEE, KNEE, BN, LHREOIRC,
EREEOEEE & EEC OBELAERILBY. ~1r =T %
Fco EEG Z{bh:, BREAMICRIBET & RE LR E
o h, EFTB & TR & HV . SEIORE T,
FEEflOEET AL — VEREE BB T LR EBHLh
EGE%R L. GERSOHIR, REE Rohifl
LB oto B ARERARHCERE RS, ICP LA
LT EEG ORBRBE{LMNELS &V 5HEY 2D 54, Wilson
503, T OGRELIZEAR ICP LRI X » TIIREST,
EgcIshth, NOKOER, MBEC L 2BF¥E L
z. Notermans 5%, EEG Z{LIZMFER L8 ICP &34
sk, BLARBEOMBREA L& Ehict
IR OB EE LTS HR L. EEG k%
hRE RS BHEE S BB, Jennett B L, HEMBEOLE(L
1, FORUALEEYRE LD TH D, KT LIKE
EEEENLS & AFNMOEZOEEC L > TRIHLEERL
7o, BBERBIOME® T, EEG B{Li2RREREEOHEEIC X 5
—EWOTHEBSEREY R LcbDEEX LR TS, X
NEEYBEESTH EREK - KBRS R T L -
T# 5 EEG ORFMEEE, B~ =7 OETIT X - T35l
R ShAWAKARERE L ORHHL, BHEDO~NV=T
S 7 v EEARECRREENTH Y. ThiD,
C OEO EEG FEHBIT, AREE, BRIV OEEE
YRR OBENEECRE VERTHDE VL LS.

AL =7 EFATIZ, ICP 40mmHg ¥ TIET v + EXXHA
BEELTWBD L Zh 5, ICP 30~60mmHg THEE 5
FUANMEBL T~ =T THHMEANRLAT A D, 7
v b ETOEARMEE A ERED DRI VR T REZ DTN
HF VI LEOBEIZL )~V TR AN, MRy —
FHEALLKRE? T, BMATRAEER LD R GEICHRBO
WHEMAHEBELTE D, ICP LRI v ErbR@A~EL
FEhbd. BN TERT Y MIE~L =7 TR R EEILY,
ICP 20~40mmHg ORIz, M T EOMEEBEEY, £ O
FEBET, ¥ IOOKET™ S5 ¥h Tk, ARED
= ORI b WIS LS g CHERRA TORATREE S
5.

BR T3 & ORRERkA I, PR AR IS L CIRHERIR T
F Rio oSO RN, EHAREORBREERY
Ho=.—uvERALTHBENRRENFELYRELTSE
h, REKBREEDRLHNTS = 2 — 0 VIZRKR TR
BAELEMERIZEFREEET Y. Hugelin 5%, HEKTH
LA OBEABC L D, EBREEOFREEREDOH
BHECh, BEABRa v e -l HRTE HAECRE
LIDBWLLETBEORRLTEY, KPFED ICP
20~40mmHg DRHTOREREMEMAMTR L —BT5.
EEaEkBrEZHTENORE = - -~ r vORER, K

B

T, hiNEEEOSIERIC L VTR I, WBRE~D A
:@ﬁ@%@:;~nvﬂ%b&ﬁ@ﬁﬁﬁ;b%vv&»m
ETARICTAYZEnh, AFRTH ZORIHEROBEN L
EMmotcBbhs. ¥, HN, RRERZ, ~r=7=z5
LTRICELIEBEENE U S FRBA THB . Ky
B3, EB MBS X AHBAALREL, 7V MiHO%
IRED S R CH & SR ME R & 0 LB IR ) SR
BAMO LA CRBEENT2RIKE, MEE» S5y
B ARNERTECR - TRER  TAR D FREEN+ 58
o, =0 BBB MEDEEMHL, MEARTLMS LY
BicEEIRD L EE L. Zierski®  Z ORI REAL,
BERTHEFRORFTMOFET & -V IZEUL TR, L
2 KRE R V-V TO MR < & — v 01%, Ty
SATOMBIRP 2 - EOTBEELBELNICRRLD LHE

Lic. SEOBRE TR, FBRTRICHERXTHT EB 2+
YRR B LB h o fotzidhy, FEERIARERRUS O 5
COMENMREFTRRIRECE o7, LA L, HRR IV
PR MR TR L Wi/ & R E 2 Fd . ZOR
Bz, Klug 5" OepRERBITH v -v 0 R i s E%e
P THB Lo Hmeg - Bo TREHLTE D, ARETLID
VLR B EE R I R R Licb oL
e &

ICP JifEIc X b, REER YA SRR & ETH
CEOBERET 2T OBRT, —Ekke T OBRENTTE
FTHZEABEINRTLE"™, FIBRE L 2HEFREOR
#2 T, RN OMRIEEIRROMREERIMET LED
% ICP 15mmHg 2 ST LR Ligw, ICP40mmHg fi
TE— &R LY. THICICP BLER LABDEBHMET Lia
¥ A I EA RS O R IR B A ETT T ER LigdTc. B
BEFREMATORF" T, TOBMIAER LIRESETL
2RTHET HERWEES, ICP 30~40mmHg DRI —
B R OEM L IEEOBRERD A, Lnd, ThbORE
Bor—2i3, ToufilvrgERuGRIcEBELTEY,
EELARUCBEYET IR L0 T SRl VAL TEOR
BEABAL 7> TV A", SEKRE Lic VPR &, ZOETH
2HEBRI B\ T ICP 20~40mmHg DEEIIc— @I £ 08
oG L BIEOHAER L. Zhib, KFEDOZORKH
1L BT EH 518 L~/ TORBIL BT, — @M
ERATIE LT AR I h 5. BREkkE O BEERICP
20~40mmHg THEZE XN 5, FoMmid ICP 40mmHg Th
2V b - ADB0K L R RIch TR D, * &2 EQmRET
BERETHEECR LhOBEYZT2 T, BYHRED
KR T, EROBE = » — = VTR 5 RENHRY
BRBNC & b BT A . MREBTUEORF L LT, RATRMMT
DERNEHINTE DY, ZDdREBRD > > 7 AMP#
OEBNEEHIN, —BEOHREROTENEI Y. L
AL, SEEPLFEOHNE T THT, FOBFIZRBETH-
%o, WBHE, EEG, VPR ¥ X UBIRFT A E@T 5 &, K
z2 ICP 20~40mmHg DOREICIL, FEESEC L5 TITEA
HO%L, BmKEE, ICP EABIChLART Y HELS
EEOBEE X, SERTH, HRfEkts L ARRECET0
BtE R O SRR & L. TR DRERHRIZ, X
BEEONHNEELRET S & L DRSS T EPD
b, T OBEICR SRR — R L T L8
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PTE5.

x5t ICP LR T2 L, REKBORKIERIRETET
Lavhe—AEffui, 005 2 — 2 TR LAD,
VPR OBERS ORIESKETE T La v b e —AREM
. BEKBEOHAREEL V- X DETL, REKE
eIt ie < a7, ICP 4% 40mmHg %A 2EHi%, EE
HEBOROERLET?, KEBEBOET®, BREMLOKE
RHOETEHBREIRTE Y, FROMEEHLMESET
L9, KREEED HERR L~V OBER & DTS5 AR
» ICP 40~60mmHg DBz &, EEG ORI S DHE &%
DEEETEREM L. OB, TV ETEE:RE
oEMAEE 0T, TEREBHER LY, S NAZOMEEDD
B LY, EEMEOOTETPHERIEREN LB LIBD D
ETh BB, 7z, ICP 40~T0mmHg THEMKR D BREH
BEeTaYLnosHEbd D, ZORIIE VY THE
BRATWETENESS S . —F, EMBRAREOMEES
i1, BRNREOBBRIEEIMET Ligd 5 ICP 40mmHg BHX b
BT ALTW& ICP 60mmHg fz T~ 2 &g 22,
VPR DHLIRS ORI, KEMENLIFEZ LA LEHE
KRBT - 7o T b AR S P O PR R M IR AR 2 8 L TR
REEAE S v+ 7 AMERIC L 50, APz, ICP L
Rzl o TEHEMBMARZOMEEES N KKRNL s ICP
40~60mmHg OEEIZ, FOEBCELEETARE = = —
rVBEEOTEN AL, TOBEAKEWEINhD VPR D
BRSO MS 7 7o 7. Redgate® 12 k5 &, HEKTH
b o EFERIRAEA~E 5 R BREROBEHIER TR LU~/ THE
2hal, PRE= . —n VRTERERRAHEFTELR, 20D
BRERERADER MG SN, RERXEETALEH= 2 —=
VORMBERERTS. Zh, BREKEOHAEEETIIHS
DR, D05 2 — &, HIZAPERECE OEBHERICE
{ELish o e B D Z ORIOREREF L L —HT5. =
hib, CORBREREEROMEIL, KKEEOIEIER
RELKETTZL00, FRTH VL REECEE S,
R & ORERERIEIC ¥ CEENAROMBENERSVET Lok
HEEZLNB. MRARIZHTH IO ORENIERIRE
KR3INhD &, EHPREEFOBHET TRIRRPRENE
DEBIIMHF I D THA 5.

ICP %% 60mmHg Ml E&ind, REKRBEORAREILZ= v
FPR=ALTIETL, D5 2 — 2 3EBHCEE L, PFR
TELEEC L. BATREAHE LT v M E~L =74
HET 28T 5. ICP T0mmHg TIX, FREM DO KBRS
DEE®, HBMFEOERY, REDOMEFHOML tRe
hTED, BERTH, BML~LizEEIh, BHEL L2
BRRGOBMEL T TEHELY, BREPTHMOBELEE
REEIAY, B—-IEHER R OB LEL Lifn 5Y. EHE
IR O E T B2 ICP 60mmHg L& 4 BT+
A PREMREEORAIBEMBO M HBY 2 Enbd
b, BHISERICES LBECEEA &7 - RO = Ok
Wiy, TRV N EEEENRAT W EELbRD. ¥
k, 4@ EEG 0#EfTh, ICP 2% 60mmHg % #8% 58I
BEBS D - 72851k E 8D aO Y — 7R BR L
. EEG DHREH S OMKICERT, VPR OHIRS 1 Z%RE
REFTLTW &2 T%k Liz. VPR ORERS OREE,
ARG SRBOMREY THLBHCELS o F 7 ARRBKIC

L0 REMERORERERFBC L 2HEHREOFRER
JEE, AR DMERRHERIIN T8 b A A BUS O — R IR R & A
LTEDH?, MOBFREMOKRF" T, Zv+ 7 AEOS
LB FTARNDOLODENR L D BRCEEIRS. §EOD
B Th, BRI REHRS L vk THRAEhSERK
Bt

T M EANL =T ORE LMBRAOCERE R AV - VDR
CEEEES LU FONBNEETH Y, Iwetnow H24L,
FaDF v+ RSN - R R EE e, BRI
HEROBEYFENBEDESRTHRF L. TORBR, ¥
TEFOBA, CREOET, mED LRIHEERAROTY
5.6% CHE L, MRE{LI X OMRRE AL — v OIERE
EwBRLCHEAZBCL—BRLTHRAT S L L. E
2~dkg DF 2 DEEENAEIL, 15~25mP™ Th b, AWFET
BEILIBETIOARE Lz LS. LAL, $E
OBRE TIMEGENKE L, Lol — VAR TR
RIPNERE L REMARE R LY T500LH 0, A
N— VR PR 5 & ORIR A IR ARRE LA o
fo. Elr, SHUMERER L AMEBRERECRI, ToBERHE
BB T 5™, ICP i & NEREEORE I ICP L
BOEXTHRAH™, 0.02ml/min LT OEE CREZEHNEL
EXHBE LW WO HRENRD D, AWROBEEEL
HI DB o, ICPEFkI AL, EHIBTLMD~1
=7 EF N TOHREDDO L 13 IT—HLLFTREZE, $ERW:
FEETLTHEENERELF VI EE~ v =T R RITI L
MTE. 1.Iml/hr & 4.4ml/hr & DAL — v OIIERE B
ATV OMEEAOARE IR LB LCRETL, ZOBRE
DEEETIET V ME~N =7 DREICKERLWY, &
to, A= VEARMICOWT, FIBEEE QB E 0E® 2R
WIhTW3, 7V MIEI X D ECEERTO AL — vk
DFHFEHTO A — VR L VPR TR EbAERE
FIARALT A%, R 2 ORBOBILIZIEE >TTHY, TV
PR P DR k) B E MR D, X
RSP FDOAHRENELRY. APFROEKR T, §
HHOHEB~DORAR L HASMALOEEREEIhFb R
LBhtedt, FIEH DI DR LB O ZITER Ligh -
7.

FvrE~AVE TOREBBICOWTT v ETOERE
DEAHNEETH BB 5o | | T ICP REHI AL

LCEET A, Goodman H® i, TRTDFRITF v+ bk

ToERZRBC LR, TRLLY, TOERZIERBOMER
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Effects of Acute Intracranial Hypertension on the Respiratory Center: Analysis of Phrenic Nerve Discharges in
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Abstract

The aim of this study is to investigate the effect of acute intracranial hypertension on the respiratory center of the brain
stem in cats. Intracranial pressure (ICP) was increased by continuous inflation of a balloon placed in the supratentorial
epidural space. To reduce various influences upon the respiratory center, bilateral vagotomy was first performed. The ani-
mals were unanesthetized, immobilized with pancuronium bromide, and artificially ventilated throughout the experiment.
For monitoring the function of the respiratory center, phrenic nerve discharge (PND) was measured. Each component of
PND was compared to that of the controls at various levels of increased ICP. The compressed spectral array of electroen-
cephalogram (EEG) and vago-phrenic response (VPR) were simultaneously monitored. Pupillary changes were also exam-
ined. The results showed that there was an inverse relationship between PND and EEG. As slow waves appeared on EEG in
the bilateral hemisphere, the amplitude and increment ratio of PND increased. The amplitude of the late component of VPR
reached the maximum level at this stage. Although the period of PND remained unchanged, its variation became less promi-
nent and appeared more rhythmic. By increasing ICP beyond this level, both the amplitude and increment ratio were
reduced. In contrast to previous findings, the PND period began to prolong and its variation became larger. When anisocoria
was observed, there was a severer reduction in both the amplitude and increment ratio in most of the cases and the period
showed a more irregular thythm in 50% of them, as compared with those immediately before pupillary dilatation. On histo-
logical examination, there were neuronal damages in the areas near the tentorium. Secondary hemorrhages were seen in the
diencephalon and mesodiencephalic transition regions, caused by possible disruption of the blood-brain barrier. These find-
ings suggest that early deterioration of upper brain stem plays an important role in the secondary functional activation of the
medullary reticular formation in the lower brain stem. Transient functional activation of the respiratory center might also be
influenced by both the cerebral inhibitory system and the rostral reticular formation, such as the hypothalamus and midbrain
facilitatory systems.



