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In an experlmental nodel u51ng the cynomolgus nonkey
the patho hys1ologlcal résponses to 1nduced subarachn01d

hemorrhage and the effect1veness of treatment of tbe

,subseguent cerebrovascular abnorma11t1es Uere studled.

Usrng the 1ntra-ar*er1al 133 Xenon clearance technlgue
.

_ for reglonal cerehral blood flow measurement, the reg‘Fted

vork 1nvolves tuo najor 1nvesrlgat10ns. In the flrst,_the
Dathophys1010g1cal responses—to lncre351ng volules of
subarachn01d blood uere docunented. Comparatlve studles of
the acute effects of 1ncrea31ng volumes of subdural blood,
and of subarachn01d 1n]ect10ns Of a large volume of

LI

arrlf;cal CSF were-alsovperformed¢

The Second ma]or 1nvestlgat10n concerned the

_effectlveness of the treatment comblnatlon of sodlum : »f;)/f -

gnlrroprusslde and phenylephrlne in. 1mprov1ng cerebral blood

'vhemorrhaqe. : ;1. ,ﬂl ,5"”ﬂ”j;_f;

H;neurologlcal grade pOst subarachnpld‘and posthsu_dural

rcerebral blood flov thCh vas more narked and noré

' &
'{flov, cereErOVascular reslstance, cerebral vasospasm and

NS

: . , N
Sunarachn01d hemorrhage'caused a reducflon in’ reglonal

-ﬁ:per51stent in the larger hemorrhage voluue groups. Durlng

lfthe 1nmed1ate post—hemorrhage perlod (ca 2 1/2 hours)

‘reglonal cerebral blood flow generally recovered 1n the_'

‘louer henorrhage,volune groups, vhereas in the larger volune '

R



'~f;felevat10n 1n these groups vas als:'

C e N

1groups 1t remalned lov for the duratlon of the experlmont.f

PN "'
.

ther SLgnlflcant experlmental flndlngs 1n the

-

'1lmed1ate post hemorrhage perlod uere, decreased cerebral

perfu51on pressure.'lncreased cerebrovascular resrstance,‘f

-cerebral VaSOSPasm, and elevated lntracranlal pressure. The
) .

b -

;p‘larger hemorrhage volume groups shoued a more marked and a'

é;

-lomger duratlon of elevatlon of cerehrovascular?resxstance,

‘,and a longer duratlon of elevated lntracranlal pressure.,

v

‘Cerebral vasospasm uas 1n1t1alby 51m11ar fOr tnese groups,
o but aftar 2 1/2 hours a better recovery of vessel callber
‘was demonstrated by thf lower hemorrhaqe volume groups.' C

A

.vCerebral perfuslon pressure rec&vered in all groups.-

"

; Followlng the\1nsult 1n the\subduJLl hemorrhage‘groups
'h}reglonal cerebral hlood flou uas hnchanged for the lower
”fdvolume group but decreased at the larger hemorrhage voiume.
‘”Cerebral perfusxon pressure vas reduced 1n the 1mmed1ate

. post hemorrhage perlod but subsequently recovered for both

"groups. Cerebrovascular re51stance vas 1ncreased for the

.utflarger hemorrhage volume group buf reduced for anrnals

rece1v1ng the lower volume.'Vasospasm vas present 1n both

grOups in the post-lnsult perlod and to the same degree as

A.. .

gfor corresﬁondlng volume subarachn01d helorrhage groups.;v

vh-'?

fAfter 2 1/2 hours, vessel callber recovery uas more conpletei’

fﬂin the snaller volume subdural hemorrhage group than for the

N .

'[Lprger volume group. The magnltude of 1ntracran1al pressure

‘mllar to that 1n the

. ~
Y

TN

Ny LT
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~ subarachnoid be-érfhage ‘groups but was of shoiter duratiom..
In the post 1nsu1* perlod for the group rece171ng

"art1f1c1al CSF there was a m1n1na1 reductlon 1n reglonal

x

. ’cerebral blood flou, no chanqe in cerebral perfu51onifjf

".pressure, and mlnmmal 1ncrease 1n cerebroVasCular , R .
aureslstance. No change in vessel qallber vas found.

"Infracranial pressure;elevatlon uas 51m11ar to, but of
‘shorter duratlonvthan‘that occurrlng 1n the subarachn01d and‘

subdural hemorrhage groups.ffx

LI

Post 1nsult apnea was a flndlng common to all our'*
R . 1¢ - .
exper1mental studles, the duratlon and frequency of whach

»

uas greater in, the lar#er subarachnold henorrhage volume
qrouPS-k | «.}'.”flf“f“f'y. ,';»;]fd' S ,-71.y=_:~,',

In general, durlng the post lnsult perlod we found T

~"

hypoxemla,‘hypocapnla and elevated alveolar-arterlal oxygen L

dlrrerences vhlch were nore marked and of longer duratlon 1n‘dd.'

the larger Subarachn01d hemorrhage volume groups. The'f
changes observed 1n arter1a1 oxygenatlon were d1rectly

‘,related to. the duratlon of elevatlon of lntracranlal ‘1*5',““

Vi

1 pressure and of rlght ventrlcular pressure.'These*flndinQSlﬁ
generally correlated well u1th the pulmonary pathology,»'ff”-

con51st1ng of 1ntra—‘lv§515r and 1nterst1t1al edena.vﬁt e

.\ “
‘.-' o o

In general, those anlnals rece1v1ng largervolules of iﬂ%}“

\',A. ¢
: subarachn01d blood fared uorse 1n a11 respects than anllals

. 5
A A

Clin other groupsr :'."'ft ;f7}u e j”“v;3_3~v,,t7 \

P
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hese 1nvest'3ations a 1ota1 of 51x an;nals dled

o R ST
-gac W ‘vlthln/flve hourS'of?t:e 1ntracranlal 1nsu1t) all
o . ! e : v.

3 .

uithﬂiaggefs&haracﬁh'1d¥heiofrhage volumes. These an;nals

fdemouSt£E£Ed_deoreans.in reg1cnal cerebral ﬁlood flou,
O R B o e X

flncreases 1n ce ehr' ascular r051stance,”decreases in ";ﬁ°‘”

. "‘_,

arterlaieoxygen and lncreases'xn alveolar—arterlal oxygen

I °

".dlff,rehce of g eat'r uadﬁhtuae than the surv1V1ng anlmals._

‘ .

The degLee of vavos Fsm was not dlfferent for the two :

_ subgroups. . |
A .“g'. )
\ CREINRN

Iw_the secon

A
o

~ma'or 1nvestrqatlon reglonal cerebral

blood f oW ¥as; SLénlfrcantly decreaeed follovlng both
‘! T 4 \
‘subarac n01d and ubdural hemorrhage 1nsults.'Dur1nq the

comblnatlon treafment regmue of sodlun nltropru551de and ;'N'j‘"

phenylephrlne,, dmlnustered post hemorrhage,breglonal
: A

cerebral blood 1ow nenalned s1gn1f1cant1y reduced cerebral
: I ;
perfuslon press re reMalned lov, cerebrovascular re51stance

"“;elevatlon uas p$r51stent and cerebral vasospasm unchanged.f

1

_A,_The post lnsult cerebrovascular abnornalltles vere. not
4 o

’1:5d1fferent from those din: the large-hemorrhage VOlume =
e H.“%_h , R
,untreated groups.]'

'u) :

pressure recovered, eqlonal cerebral blood flou remalned

. ‘

51gn1flcantly belov controlr/cesebrovascular re51stance was

1»1-'

levated and cerebral vasospasu uas perlstent. No dlfference

/
P

'ffjn 1n the neurologlcal grade or survxval Has found betveeu the

2 9§

“sane Lnsult volule treated and untreated groups. ;:.

ﬂ;_;" ‘111;;?'”‘

3



“In the experlnental group that vas treated but dld not
brecelve an . 1ntracran1al 1nsult, regxonal cerebral blood flou

’ and cerebral perfus1on pressure uere sttghtly dlmlnlshed

'cerebrovascular resxstanc%ﬁhas unchanged and ‘no cerebral

3

. vessel spasm or’ vaspdllatlon was observed. On cofpletlon of
. l

_fthc therapy, both reglonal cerebral blood flow and CErebral

l(

3perfu51ou pressure remalned low, vhlle cerebrovascular Hsff,

re51stance and vessel callber romalned unchanged..

'
.

Our experlmental flndlngs suggest the £0&lov1ng

corclu51ons'i~

- -

- T Subarachnold hemorrhaqe is’ assocrared Ulth reuuced-
_cerebral blooi flov, eleVated cerebrovasular
rislstance and cerebral vasospasm.- | 2

:'_2:fSubar%chn01a hnmorrhage 1mpa1rs autoregulatron.fi

‘ija-The treatment reglme of sod*um nltropru551de and.

u.phenylephrlue' | e

i \“v.'_~(l) is 1neifec+1ve in 1mprov1ng both post;»

| ' 1subarachn01d hemorrhage and post subdural

;hemorrhage reduced cerebral blood flow,:e

”ﬂ:elevated cerebrovascular re51stance and'

*vricerebral vasospasm,_

R d7-3 :. (11) 1npa1rs autoregufatlon~ﬁv

(111) can be tox1c (lethal)

i u;;Cerebral vasospasu flays only.a snalllpart in the

| reductlon of cerebral blood flov and elevatlon of

'v*cerebrovascular re51stance, ulth the cerehral



v

.n1croc1rculatron pla;lng the ma]or role.o

',15; Pulmonary ﬂgkholoqy, glv1ng rlse to poor ;rterlal

- oxygenatlon, and resplratory centre dysfunctlon
ev1denced by post—lnsult apnea and ot»erl*f'ff
resplratory pattern aberratlons, are present 1n the
Qorlod 1mmed1ately follovlng both subarachn01d and
%ubdural hemorrhages. These pathothSLologlcal

1}reSponses are dlrec*ly related to the dnratlon of:
nelevatlon of the 1ntracran1al pressure.g]'

'_é; Horbldlty awd mortallty from subarachnold.

hemorrhage are,jat least in- partL related elther‘

"”rx51ngly or ‘in comblnatlon +o reduced cerebral

perfuglon, poor arterlal oxyqenatlon and

resplratory c=ntre dysfunctlon._'A

A
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CHAPTER I.
]iNTRODUCTIoN-
The surglcal management of patlents vlth ruptured

':1ntracran1a1 aneurysms has markedly 1nproved durlng the 1ast;l‘

decade Hlth the 1ntroductlon of the surglcal mlcroscop
. ' 7 _ ‘ N
~m1crosurg1ca1 1nstrumentat10n and technlques, lnproved post- "~

A operatlve management in 1nten51ve care unlts, and varlous

.therapeutlc agents in preventlng rebleedlng. Houever, at the

'”present tlme, thero lS llttle that can be done to 1nprove

the deterlorated neurologlcal status of those patlents

'Vusufferlng a recent subarachnoxd hemorrhage du° to ruptured‘

"1ntracran1al aneurysms (SAH(AR))..The present work 1s,
"‘T-concerneu wlth the pathophySLOloqlcal responses to 1nduced
‘f;jSAH in‘an- experlmental anlmal model. In partlcular, we areh
”'faconcernOd v1th eluc1dat10n of the mechanlsms respon51ble forvn?
:',dthe hlgh morbldlty and mortall;y resultlng from SAH(AR). :1e
'f.present 1nvestlgatlons are, also dlrected towards p0551b1e".
Jf{~treatment of reduced cerebral blood flov and cerebral

jfvasospasm followlng subarachn01d hemorrhage, in an attempt'

ito 1mprove cerebral c1rculat10n and outcone from thlS o

dlsorderf‘If the poor neurologlcal condltlon of patlents'
» N

"wlth a recent aneurysnal rup*ure can be 1uproved,:then, 1n

'ﬁassocxatlon vlth thé 1nproved neurosurg1cal technlques,

coms it

surv1val wlll be larkedly 1nproved.‘
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The 1nc1dence of 1ntracran1al cerebral aneurysms 1n thef

-

‘ populatlon has be n esr1mated, erm varlous general autopsy;v
‘serles, to range from;~.1 T 6%(1 2 3 u) The occurrence of
'unruptured aneurysms in th BSe serles varled from 30% to more

,fhan SON, houever,'ln general the najorxty of aneurysms

found had ruptured

Of all sudden and unexpected natural deaths u S% uere
~ydue to spontaneous ubarachn01d hemorrhage 91th the majorlty
of these resulflng from rupfured 1ntracran1a1 aneurysms ;f:r
‘1(5 6, 7). Pakarlnen (8) reported that spontaneous[‘
”‘subaracnn01d hemorrhage accounted for 1. 2% o‘ all deaths,'
"’durlng the perlod 19:& 1961 1n H=151nk1, and of these ;iuostr
were du= to ruptured 1nrracran1al aneurysms.‘Others reported'

a somevhat‘smaller 1nc1dence of less than 1' (9 10)._,ﬂ[”

~The annual 1nc1dence of spontaneous subarachn01d

~henorrhage has been reported by many 1nvest1gators and

y(8 10 11, 12). Intracranlal cerebral aneurysms have\been

d‘pranges from 7 16. 8 cases per 100 000 populatlon

‘vfound to be the n0st connon cause of spontaneous
\ subarachnoxd henorrhage (5 8, 13 1u;. HcK1ssock and Palne
'(1u), 1n thelr autopsy serles of 237 cases of Spontaneous

-subarachn01d henorrhage,]found 78% due to ruptured “;{%Q{*+;*;u5P=

aneurysms, 7% due to arterlovenous-lalfornatlon and 18%¢of

.




' Pakarinen (8) concluded that in general, the'causelof

lspontaneous subarachn01d hemorrhage uas a ruptured
1ntracran1§¥ aneurxsm ln 69% Pf the cases studled
_*anglograph%cally, dnd in 77 2% of the cases at autopsy. In

his own serles,_ruptured 1ntracran1al aneurysms uere ,,‘

BEECO N S

‘“eresponsable for spontaneous subarachn01d hemorrhage 1n 67 9%’¥1f;

© . of the cases at anglography and 82 B% at aﬂ*opsy_ The ;ﬁ_5<m_

‘tlncrease in 1nc1dence of Cerebral aneurysus as: the etlology e
found at autopsy 1n these studles is due to the relatlvely

.low mortallty rate followlng subarachnord hemor;&h'ev

= o

.'Marterlovenous malformatlons._iffif;‘ih““‘

Intracran1a1 hneurysms and Subarachn01d Hemorrhage;t
‘con51st1ng of 6368 cases of spontaneous-subarachn01d
”hemorrhage durlng the perlod 1958 1965 reported the

1nc1dence of cerebral aneurysmal rupture to be 51% both at

f:autopsy and anglography (15).';:

- The overall mortallty rate follovlng‘an 1n1t1al.
dsspontaneous subarachnord henorrhage 1s 1n the nelghborhood
;of 25- 50% (8114 15),:v1th approxlmately 50% of these dylnq
;‘ulthln fhe farst 2“ hours (8 11 16)Q After thls perlod of'
"ftlme the dally mortallty rate gradnally decreases (8, 15 16)..‘€h
'ltThe maJorlty of those patlents dylng (70%) had ruptured
ntracran1a1 aneurysms((B). The Cooperatlve Study reports.“;

'that of those patlents dylng vlthln the flrst 72 hours

'3follow1ng a. spontaneous subarachn01d henorrh' eif




' Cooperatlve Study dld not 1nclude those patlents dylng ‘ o
£ L

before hospltal admlSSIOn. Pakarlnen (8) reported that 3&%

of patlents dylng from ‘an- 1n1t1al spontaneous subarachn01d
hemorrhage dld not reach hospltal..‘:;fﬂ;fgixruhuor.-.i,.;..h“....nAJ

B The overall mortalrty‘rate.from ruptured lntracranlal

| aneurysms due to the 1nLt1a1 hemorrhage lS approxlmately 50@
(8 12 15 17).-The ma]or1ty of those,_SO 93% were dead S
vlthin thp flrst ueek (3 12 15 17) Pakarlnen (8) reported |

that of those patlents dylng from an 1n1t1a1 rupture v1th1n';=f=f?§

”;,i,,\,a veek of thg'lnsult,-7U% uere dead wlthln 24 hours.

.aneurysmal rupturefhas been varlously stated to"'f]f

range from 10 31 7% (8 15 1 ).>-

: ;fb_’rr_t, The mortallty of patlents wlth recurrent SAH(AR) ”?";*:;;i
: ” much hlgher than that of the 1n1t1a1 bleed and ranqes fron

33 64% of patlents surv1V1nq tﬁe flrst bleed and 6&-76% of_;;bsihﬂ
those wlth multlple recurrences (8 “2 15 18 19 20)..As u1thv‘ﬂﬁﬁ°"

>'the 1n1t1al hemorrhage, nortallty 1s hlghest Hlthln the

flrst week, espec1ally the flrst 2u hours. f,. 1 "'y:"

The 1nc1dence of ruptured 1ntracran1a1 aneurysms 1n the o
populatlon is snall hpvever, the nortallty 1s hlgh. Thei

“hf, greatest nortallty occurs durlnq the flrst ueek folloulng

"}the bleed, and u1th1n thls perlod the greatest nortallty

<-.'~.--‘ «--'=_v-~.-.-._‘-....,¢




a_portality feiloiinngAH(AB) include:

e '('i); ’»i‘-;.u;c'-efehrgi- héiaroma*(ﬁ ‘2-1-'-26_) | |
vkirr) lntraventrlcular hemorrhage (?2 23 27 28 9)H>} |

’[e(iﬁ) subarachn01d hematoma (23 ) | -
‘:;(i)wcerebral 1schem1a and 1nfarcf10n (21 22 3 26 3m

‘.vxviyjbraln swelllng, edema and elevated 1ntracran1al

/ :‘Aim;:‘f’.px_‘essure (3] 32 33) : |

(v11) hydrocephalu; (31 3& BU(a)).

“’—""ov.-'-.. . R

= . se Lo

Space occupylng leSLOns are" frequeﬂt flndiﬁgs at
’7,1“ autopsy for patlents dylng acutnly from SAH(/R) (21 26 35)«--v55”3

”7iTheae leSLOhs are’ con51aered as<the Gimmediate. cause- of ;ﬂﬁﬁ*““”

'¢fﬁeath, 31nce cerebral dlsruptlon (20),_tent£r1al hernlatlon

D

I'dand bralnstem le51ons (23 2 36) are found7 Intracerebral

"-{hematomas are assoc1ated wlth lschemla and[edematous changes
~vh1ch further aggravate the mass effect of;the hematoma

'1(23 35 37). Cycllc progreSSLOn of these changes v111 lead to.-

o . K _‘,/’ ’ l.'
the patlent’s demlse. .

-a".

Cllnlcal studles have demonSfrated that death due to

Qe TR e

'.;1ntracran1a1 space occupylng lesxons results 1n1t1a11y from R

”'rresplratory paraly51s (26 38 39) 4 f

SubarachnOLd hematomas‘are found.to be associared ui£5‘7h“
ﬂdeath 1n SAH(AR) and these elther act as space occupylng
'1e51ons or compress the bralnstem (26) Intravent?ﬁcnlar

"ﬂJ”henorrhage (dependlng on the degree) is generally knovn to

«be assoc1 ted vlth a unlversally unfavourable progn051s f SRR 4

TN



. 1nfarctlon folloulng an aneurysmal rupture have heen.

S

fﬂbeen lmpllcated 1n the development of 1schem1a and

S D o e e
. (2226272829) o ELL ST e e
L Ischemla and 1nfarct1on of cerebral tlssue in: patlent' '
;:"”‘dylng acutely from ruptured 1ntracran1al aneurysnsuweref_‘ff;
e general;} not recognt;ed-;s'rempllcatrons of thls.cond;taon3’

- ;?13 unt11 demonstrated by Robertson 1n 19&9 (2&).,51nce‘that
‘tlme, tho presence of cerebral 1schem1a and 1nfarct10n have
‘been found 1n the majorlty of early deaths from ruptured '7";

. 31ntracran1al aneurYSms, elther in assoelatlon Hlth massf. ‘
“tegaﬁ;;gsrons,'or by themselves (21 2 23 2u 26) '_;g_dl.};“{:?};n,i
Ischemla and 1nfarct1ve changes are consldered

r..<1;j lmportant causes of the‘morbldlty and mortallty of thlS

BEGRRN

N

dlsorder (22 23 2u 35) The" varlous\causes of 1schem1a and

attrlbuted to stretchlng and klnklng of the cerebral

.vessels, as well as dlrect compr9551on of the vessel lunen

H"( 3). Cerebral vasospasm follovlng subarachn01d hemorrhage

has been labelled a ma]or cause of the cerebral 1schem1a and

”firinfarctlon found pathologlcally at autopsy | _fﬁffff?tJ;iig

RPN R

S 2-23 2& 30 37 uo u1). Cerebral vessel thromb051s has also

i Y-

: »_;.n'f-a_r.ct-l_.on | (‘2;23'35) '. . . o ‘( R

dhvsuggest that cerebral vasospasn by 1tself uas not

Schneck (&0) and Schneck and Krlcheff (u1) found, atfhj‘

'v_autopsy studles of patlents dylng from subarachnold

‘henorrhage due to aneurysnal rupture, that in- up to 65%

cerebral 1nfarct10n vas a domlnant feature. These authors

DRI

N

‘. - “_"""\."..-'1 » : \ .._‘




@

respon51b1e fcr cerebral 1nfarctLon, but nay lead to -ev (g,,'

lscheula,‘vhlch ln the presence of other factors, such as:

v'1ntracran1al hypertens1on, systemlc hypoten31on and f;,,.u- e N

‘fassoc1ated space occupylng leslons w111 result in. ;";gw@’"

.N

"\

';1nfarctlon. The development of cerebral edema folloulng

«\'.

;,‘aneurysmal rupture ulll also lead to -a further conprOmxsed

o’

Sy
)
|
!

The presence of subarachn01d hemorrhage alone (vlthOut

Zj 1ts a55001ated effects) has been found 1n 5- RQ% of autop51es

dof patlents dylng acutely from aneurysmal ruotur° dependlng

7,‘on the partlcular serles (1 , 24, 26) F‘:Lther 1schem1a and

'7'1nfarctlon were not ev1dent, ‘or a rap1d 1ncrease 1n

h{lntracranlal pressure occurred and caused resplratory

»vparalysls and death.

T

Cerebral edema, braln swelllng and attendant elevated

>”1ntracran1al pressure (ICP), dependlnq oh the degree, are

”compre551on,‘result1ng 1n patl(nt deterloratlon. Efforts to .

<
.

ESSOClated wlth pcor outcome followlnq SAH(AP) (31 32 33).

These changes glve rlsa to both progre531ve cerebrovascular

N o = T
e e

z

T ey

'flmpalrment (1n j}Cl;cal fashlon), as well ‘as cerebral SR

‘L=ﬁ:reduce braln svelllng and edema, as Vell as ICP, Hlth

3 hyperosnolarvagents and ster01ds have met Vlth some success =

:patlent's.condltlonst
0 R

as ev1denced by 1nprovement or stablllzatlon of the
'ﬂ:'

The developnent of acute hydrocephalus followlng

SAH(AR) 1s vell knovn, and lay be assoc1ated ulth

el

. ccerebral'Cchulatlon'(30);;Ah';f B *j,p*gf;.;f;,~ fszL.iI-.

W



/S;fd;‘ : o . v S s
neurologlcal deterloratlon (31 3u 3U(a)).vThe occurrence oﬁ

"dhydrocephalus 1s belleved to result from blockage of the CSF

'-‘absorptlve pathvays._Cerebrosplnal fluld dralnage procedures

st T

2]

;ln patlents found to have hydrocephalus folldwlng SAH ha/e

:?;been shown to result in cllnlcal 1mprovenent (34 3u(a))u 'db

)
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d‘II,<CEP?BROVASCULAR DISTURBANCES FOLLOHING SUEAPACHNOID.
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Cerebral vasospasm frequently accompanles SAH(AR). Thef-~
":drelatlonshlps betveen cerebral vasospasm and neurologlcal
'grade,~cerebral 1schem1a'andv1nfarctlon, and-eventual

»»loutcome remalns controverSLal. COrrelatlon betveen spasm,

»

grade and outcomo followlng spontaneous 1ntracran1al

faneurysmal rupture has been found by lany c11n1ca1 observers

. . co - ?
.,.. s, ‘.' s TN 3 LRE K

3fdegree of - cerebral vasospasm is: assoc1ated Hlth neurologlcal

ddeterloratlon{ On the other hand 'others have not found such

;ja relat;onsh1@ betveen anglographlcally observed cllqlcal

'-ev1dence betveen spasm and neurologlcal grade, oﬁ¢come and o

Lspontaneous subarachnoxdshenorrhage also yleld confllctlng

?,vasospasm and neurologlcal status and outcome 158 63).>

:Tullllkan (58),”1n hlS comprehensize_gpalytlcal rev1ev of u6
;};papers betueen the years 1938 197& deallng ‘with the cllnlcal

- & .
':}glupllcatlons of cerebral vasospasm, d1d not flnd any flr&

ﬂ_'braln pathOIOQY- _7': '., di't "YTJﬁ S

Postlorten exanlnatlon of pat1ents dylng fron

.
1
i

LRSS

' (ﬂ2 56) Fergusson et al (57) commented that only 2 severe ;t,”';}vfj

pr v e



’ resultea Early 1nvest1gators suggested that cerebral

1schem1a and 1nfarct10n follovlng aneurysnal rupture lay ber

due to’ cerebral vasospasn (23, 2&).:Thls relatlonshlp uas'ﬂ{

.found by Crompton (37); He noted that vhen cerebral

_1nfarct10n and wasospasm c01n01ded it Has geuerally An the

terrltory supplled by the constrlcted vessels.;The flndlnqs .

.,of cerebral 1schen1a in thp area - of supply of the aneurysm

'e_bearlng vesselg suggests a. role for vasospasm in the

productlon of cerebral 1nfarctlon (30 6&) Hllklns et al
(65) found that followlng subaracnp01d hemorrhage, patlents

after 1 3 veeks demons*rated abnormal bralr scans,

’vpresumably due to cerebral 1nfarctlon 1n the dlstrlg\tlon of

\

ﬁvthe’constrlcted cerebralovessels. Others however, (HO u1)

v . ("3

’fdid-not flnd any con51stent relatlonshlp betveen lnfarctlon

-andisgasm. They suggested that bpasm lay result in 1schem1a,;

IR u,»«

g

.but an a55001at10n Ulth other factors 1s needea for the

davelopmen_.t, of Ce.‘f.erb?a-_l.-.J..nv,f.a-_:Ct_lpn; FT e \

. 4 g
In gentral, experlmental 1nvest1gat10ns of vasospasm
e

subseguent to 1nduced suharachn01d hemorrhage do not show a*””

causal relatlonshlp betveen cerebrovascular spasm and

::neurologlcal status and outcone (66 7u). Landau et al (75)

demonstrated in nonkeys, follonlng snbaé&chn01d helorrhage,

‘that neurologzcal deterloratlon correlated roughly Ulth

"spasm in that, at tlnes, both vere present 51lultaneously.“'
 ‘Hovever, thelr overall general 1npre551on vas: that vasospasm,

“dld not correlate vlth neurolog1cal status.
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‘Sim one et al (76) found that - in nonkeys, followlng an'

[

'f31nduced subarachnOLd hamorrhage. severe vasospaSﬂo at least

i

to less than 50% of control dlaneters, vas assoc1ated Hlth
;poor neurologlcal status and outcome. They sugges&ed that

'the lack of thls correlat1¥n in other studles ¥as due to the

'presence of a mllderAdegre%,ofxyasospasm 1nsuff1c1ent to

'produoe ischenia and asSociated neurOIogicalﬁabnorualigies. vl
hvfﬁeros"et.al (43) Support thls;#ie%.. -"} o -d'r-, | : "

\

i
Hashl‘et a1 (77) postulated that the poor neurologlcal
I skatus 24— u8 hours follow1ng subarachn01d helorrhage in
vbaboons was due to 1scnem1a resultlng froa vasospasm and to
-coupre551on of. the smaller 51stance vessels due to
'perlvascular edema.  f'va:_ta'!

’ POstmortemvcerebral pathology ‘has not been found toi"-

fcorrelate with experlmentally 1nduced cerebral vasospasn dun»‘_‘.‘f

\fto subarachn01d henorrhage (76 78); These 1nvest1gators d1d

L not flnd cerebral 1schem1a and 1nfarctlon related to varlous

. d_v
degrees of vasospasm. Slmllarly, Fraser et al (79)

\demonstrated a’ poor correlatlon betveen cerebral vasospasm

s \-_

o and perfu51on defects u51ng carbon black 1nfu51on follou174
’ »experlmental subarachn01d henorrhage 1n monkeys..f'

Cerebral blood flov measurements are nov bexng
téerforued more frequently in both c11n1ca1 and experlledtal"
:dsettlngs followlng subarathnoxd henorrhage. The general h‘*!“,;i
'\consensus 1s thaQ:ferebral blood flow. ls dlllnlshed |

'ﬂ‘follou1nq subarachn01d helorrhage. Cerebral blood flou o



A

' ' Q -
‘measurements a1d in the c11n1cal managelent/of patlents

L4

'gfollovlng aneurysnal rupture, vxz. dec151ons regardlng

”_ flmlng of aneurysnlsurgery (80) and are valuable prognostlc

»

1nd1cators (10).

There have been many c11n1cal studles denonstratlng

”post subarachn01d hemorrhage cerebral blood flou reductlon

"“-,that correlates both urth the neurolog1cal grade and. the h‘

teventual outcome (95 56 57 81 89). Several 1nvest1gators

V'have reported +hat reduced cerebral blood flow is assoc1ated--'

Hlth a poor neurologlcal covdrtlon (59 80), vhlle others -

have demonstrated that thls reductlon correlates Ulth a poor-

'-eventual outcome (90 91 92). Some of these observers have

also shown a d1rect relatlonshlp betveen cerebral vaSOSpasm .

"‘and reduced cerebral blood flou (55 56 57 82 83 86 87 89,

90 91 92). Others have not demonstrated sach’a relatlonshlp

‘,Ulth reduced cerebra& blood flov (55 57 59 61, 62 80 8u 88)..

i
Hellbrun et al (81) reported the-global reductlon in

'cerebral blood flow tollou1ng subarachn01d henorrhage in

'patients that was not correlated wlth vasospasm. However, (
ara=n : , N

~

chey did state that some patlents shoved a focal cerebral

. blood flow reductlon 1n the areas supplled by constrlctedv.

N

o blood flow: follov1ng subarachnOLd henorﬂhage that correlated’?

u1th spasn, but not u1th varylng degrees of - neurologlcal

abnorlalltles, graded fron llld to severe. Bergvall et al
D

_(62) delonstrated that reduced cerebral perfu51on follovlng

. subarachn01d hemorrhage was not cotrelated v1th elther

@

e *’é‘? v g

I

'gvessels.;Kutsuzava et al (93) found a reductlon 1n cerebral,,u'

C¥es o T
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‘cerebral vasospas& or the eventual outcome,

V,reductlor

'outcone{

3h Hlth a resultant decrease u ua hrs 1ater (99 100).

T

R

-

It appears that there is general agreenent that'

.""

'rcerebral blood flou lS dlﬂlhlsed £OIIOW1nq subarachn01d'

B ,m

w,hemorrhage due to aneurysnal tupture,:and that thls

"_

Varlous experlmental studles have demonstrated

reductﬂons in cerebral blood flow vxfhln 30 60 mlnutes of

oy

»‘f99). Followlng thlS 1n1t1a1 decrease, several 1nvestlgaforsv

o

‘phave deonstrated a tendancy for cerebral blood flou to

\

»'recover to pre 1nsult levels (67 76, 78 35, 96 97) uhereas

others reported a persxstent reductlon 1n blood flow'“'

”Zas con51stently seen exoerlmentally as 1t has c11n1cally

(98 99,190). Blpha51c changes in cerebral blood flov‘

lfollou1ng subarachnoxd henorrhage, con51st1ng of an 1n1t1al
decrease, recoveqy, and then a gradual reductlon; have also_
-vbeen seen (76 97) . Some 1nvestlgators have reported

.stablllty of cerebral blood flou followlng the henorrhage{’.

'ﬂf The invoIVenent‘of“cerebralfiasospaS|’in the réduction
.

' "of cerebral blood flov has been denonstrated by sevetal of

‘ # o
'these authors (76 78 9u 97, °9 100). 0thers-have¢noted the

.

.s as5001ated Hlth poor neuroﬂ%glcal grade andrliaA‘
Correlatlon betueen reduch cerebral blood flow and‘

"_cerebral vasospasm renalns controver51a1 and unresolved.,‘

ylnductlon of the subarachn01d hemorrhage (67 70, 74 76 78 94?_

"',_(70 74,776,178, 95 96 99). A dlmlnultlon in cerebral blood fiow‘p

"lmmedlately follovlng subarachn01d henorrhage has not been«h»

T



gaSSociation"ofvrehuCed'cerebral blood“flov;andfeleVated:

-intracraniairpressure'(95,98,99,100)fii£h'an,associated

137

o

.
1

- decrease in cerebrgl perfusion pressure.

oo

Lack of correlatlon of reduced cerebral blood flou and

‘»cer%brgl vasospasm has aISO been found experlmentally

1(70 74, 76 18, 95).‘Asano (96) has suggested that Spasm ;s'

s

,1nvolved wlth the reductlon of cerebral biood flou, but fhat v
:"1t is. not the only factor. Reduced flow followlrg E vf”'lh..
,subarachnomd hemorrhage has been found expnrlnentally to be

‘related to bo th neuroloqlcal grade (7u 95) and outcome.

j(70,7#,76,95,96).

Another'cause of'reducedfcerebral blood fiou=folloiinq\-

subarachnold hemorrhage 1s 1mpa1red autoregulatlon.:f N

t

'VExporlmental ev1dence of lnpalred autoregulatlon followlng a

.hemorrhage has been found 1n several stud1es\(67 s 16, 78 98,

 :99 100, 101), Autoregulatory 1mpa1rment has also been shovn '

'cllnlcally‘(59,81,88).ﬁ'

Autoregulatlon is the nechanlsm by whlch cerebral bloodﬁ‘

.

flou malntaxns constancy despite changes in cerebral

)

“{:perfu51°“ pressure (102). f thls nechanlsm becomesﬂd”

It

\;defectlver cerebral blood flov tends to pa551ve1y follov the;d'
'i,cerebral perfu51on pressure (103)._Thus, 1f the perfu51on

'gressurez;sfrednced, ‘so- is the cerebral flou (99).

Ty U N Sy

' Disturhediauforegulationﬁis generallyfhedieved to arise

from  tissue hypoxia and acidosis resulting from ischemia . .\

)



ELN
(59 81 1OU~108). Varlous\anesfldators haﬂe reported that
31th the loss of autoregulatlo there 1s/lax1ua1
:vasodllatlon (10“ 109) arls1ng\from tlssuehlscbeula and
uncoupllng of nornal netabollc c1rcu1atory control (99).
Others (99), have postulated that.lscheuxa and toxlc agents
bn 'dlsturb metabollsn awd disrupt- autoregulatory control. The

preSence of‘hydrocephalus'follouan'subarachn01d heuorrhage -

3 ﬁhas also been demonstrated to be assoc1ated vlth 1mpa1ﬁed

autoregulatlon (59 81).

i j . . . : , ,
With dlsturbances of autoregulatlon, increases'inf

1ntracran1a1 - sure . g1ve rxse to reduced cerebral blood

\
4

flov (99). Foll 1ng.arsubarachn01d henorrhage,llntracranlal:.
pressure bas been found to be elevated both cllnlcally ) |
*(50'57 1T01 and experli?htally (96 100 111 115) and resultsb
from subsequent cerebral edena (22 26 30 50 88 110 113 116),
.1ncreased cerebral blood volune (55), blockaqe of CSF
outflov pathuays due to blood in: the subarachn01d spaca :l
(111 112 11&) and 1ntracran1a1 hematoma (21 22 26 88 110);
Elevated lntracranlal pressure alone, as vell as follovlng
subarachn01d hemorrhage has been found to be assoc1ated u1ﬁbd
r 1npa1red autoregulatlon (117) Langtltt et al (117) have
demonstrated'that v1th marked-1ntracrau1al'pressure'
-Aidelevatlon there is loss of autorequlatlon uhlch 1s'
L per51stent desplte reductlon of the lntracranlal pressure.;
-Thus, with. autoregulatory dlsturbances, and'a decrease 1n’b

cerebral perfu51on pressure due to elevated 1ntracran1al

l_ pressure, cerebral blood flou Hlll be dlnlnlshed folloulng
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There has been experlne tal ev1dence shovlng that 1f
cerebral perfn51on pressure falls belov the louer

.autoregulatory ll!lt (35-&0 uan), 1n othervlse nornal

e e d e

anlmals wlth 1ncreases in 1ntracran1al pressure, cerebral

Y - B - : ;\13‘-41’—""0.. ob‘ ,’n,d-‘-~ 2o e B e
0

‘-f"blood flofw 1s r;éd'uced (102 ,103, 118—122).'" “Hia aiso been * 77

demonstraded that cerebral blood flow may be- dlmlnlshed in
cases ulth autoregulatory 1mpa1rment and ye* normal cerental

£

perfu31on.p;essure,(99)..\U . e - }:' :_ 5,

Several investigatbrs haﬁe c0nsidered disturbances'in

r

‘the m1croc1rculat1on followlng subarachn01d hemorrhage. ‘The

el

blood flow follovlng subarachn01d henorrhage has. led nany

¢
e

bbservers to postulate that the m1croc1rculat10n 1s
‘gesponslble for elevated cerebrovasculac reSLStance and

' dlmlnlshed cerebral blood flov (55 62 66 79 96 100 123).’
'vThey stated that dlsturbances in *he m1croc1rcu1at10n uere

-at- geast in part respon51ble for tho post subarachn01d

'_hemorthage dlmlnultlon 1n cerebral blood flou. Pathology -

- -

found 1n the llcroc1rculat10n after such an 1nsult con51sts‘
of perlarterlolar and perlcaplllary edema, 1nclud1ng -
'strogllal,bneuronal and endothellal suell;ng, as uell as
:;1ntravascular aggregatlon of red blood cells (96 100).'These
have been shoun to result 1n caplllary occ1u51on and non-’
.fllllng (96). Other 1nvest1gators n51ng 1schen1c anoxlc»f'
tnodels have denonstrated 51n11ar flndlngs of perfvascular

1

edena, caplllary 0ccln510n and 1utravascular‘
_ e e
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_ﬂhenoconcehtratlon and sluqung (12& 129), These Changes T";Tvq;m
‘fijresult from 1schen1a and are b011eved to qlve rlse t0'

-furtherwreductlon 1n cerebral blood flov and lschemla 1n

f'~*The durablon of Lscheula 1s related to the degree of

mlcroc1rculatory dlsruptlon (126). The preVLOdslj descrlbed
pathologlcal changes have been shovn to be rever51ble if

perfu51on 15 restored v1thln a certaln perlod of tlme (96).

Slmllarly,_Tweed et al (130) 1n an 1schem1c rat model, -

demonstrated partlal recovery of thlS "lov flow" state wlth

@
e ’

systemlc eplnephrxne. These fxndlnqs hade deflnlte

« ‘ e = .

therapeutlc lmpllcatloqs for 1mprov1nq post subarachnord

hemorrhage reductlon in cerebral blood flow.

» S A LI

The assoc1at10n of reduced cerebral blood follovlng
subarachnord hemorrhage wlfh neurolog1ca1 qrade, morbldlty
‘and mortallty is u1dely accepted. As prev1ou§ly dlscussed,

the correlatlcn of cerebral vasospasm With reduced cerebral’

K

- blood flov, neurologlcal status and ogtcone 1s not as uell

¢

' establlshed. Nevertheless, the na;orlty of. treatnent regLnes ;”ﬂ»
_ used for 1mprov1ng cerebral blood flov, neurologlcal grade

and quallty of surv1val are d1rected at the rellef of

cerebral vasqspasm,;;“

An excellent revleu of cerebral vasospasn follov1ng

° -

subarachn01d henorrhage has been recently publxshed by’ Herosr

\

et al (u3). Snndt et al (131) have rev1eved the.f

phy51ologlca1 lechanlsls of llportance 1n the control of
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"1nvolved vlth cerebral vasospasm (132). ,{,,j_«}g,‘t}'“Llﬂ-'

o III. mnmm or’-"ggﬁm’agyﬁs;gi&é COWPLICATIONS  POLLOWING - -

'-thSlOlOglcal ba51s, no- con51stent results have been

. e

Ve el

'.ﬂfcerebral blocd flow. The nechanlcs of smooth .uscle"“'if;ftwﬁﬂ

-contract1 on end relaXatlorr v:Lth respect to tﬁe cerebral""" e
’-vasculature have been reV1ewed by Sundt et al (131) and

:rlsNorwood (132). The 1attar 1nvestlga‘or has also reported On

‘the p0551b1e 51tes of actlon of var1ous spasmogenxc agents f‘v

Lot

T s < -
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‘ -In the llg%\‘of tho physxologlcal mechanlsms 1nvolved

__.1n smootn muscle relaxatlon,-varlous pharmacologlcal agents

have been used to pronote vascular relaxatlon and prevent

'h:spasm folloulng subarachn01d hemorrhage. It is to be
/etsreconc1led that vascular smooth muscle may be damaged by
llschemla and become myonecrotlc and may not reSpond to

‘vpharmacologlcal vasodllator therapy (131 133 13&), It is:

jhoped that ‘a perlod of qrace exlsts durlng 1schem1a, prlor

,

' to unresponsxveness, durlng which the therapeutlc agents lay

'_be effectlve. The prev10usly nentloned rev1ev artlcles

(u 131 132) outllne the current therapeutlc reglnes that
' re belﬂg 1nvestlgated both c11n1cally and experlnentally.,'

S
Although the treatmentureglnes have a sound

T;demonstrated. Alpha adrenerglc blocklng agents 1nclud1ng
,fphentolanlne and phenoxybenzanlne, adnﬁqfstered v1a varlous‘

- routes (1Iv, 1ntracarot1d,,1ntrathecal) have shovn sone




s

P

success 1n preventlng spasm due t u1nduced subarachn01d

«

henorrhage 1n experlmenta1 an1uals (135-1&2). Hashl et al
(139) have also 1mproved post subarachn01d heﬂorrhage "friQ
cerebral‘blood flov vlth alpha blocklng agents. Other

. experlméntal studles-have demonstrated no effect on d

'n vasospasm present follow1ng a subarachnomd henorrhage (1&3).

Hartlns et al (1uu) have reported a reductlon 'in post--
e B
hemorrhage cerebral blood flow followlng lnfrac1stermal S
phentolamlne. Cllnlcal studles thh these agents have 1n.-[>
. o -"1

|
general not echoed the optlmlsm reporfed by experlnental

obserﬁérs (1&5 1&6).,No amprovements 1n post SAH reduced

'cereoral blo d flow, vasospasn, norbldlty or. mortallty have'”

been noted However, Cunmlns et al (1u7) demonstrated

1mprovement 1n the post operatlve state of patlents treatel

\

as vell as follovlng c11n1ca1 deterloratlon.

“Beta‘adrenergicablockade'uithfpropanaloi'uas not5
effectlve in. 1mprov1ng the rorbldlty and nortallty of

patlents follou1ng a spontaneous subarachn01d henorrhage
(1&5). Recently naftldofuryl, a drug 51n11ar 1n-structure
v o

to both local anesthetlcs and beta adreperglc blocklng

‘ agents has been shoun effectlve 1n 1ncrea51ng cerebral blood,‘

NV

flow and decreasxng cerebrovascular re51stance ln nornal

vacats as uell as 1n cats folloulng a perlod,of occlusxve

'.cerebral 1schen1a (1&8).

.\‘

If glven as pretreatnent, 1soproterenol, a beta '/'""

\u1th 1n*racarot1d phenoxybenzamlne vhen used as- pretreatment'



i,

'L?;artery 1n blood (1&0). Bllklns (1&2) has demonstrated

flnduce& subarachnold henorrhage 1n g’perlmental anxmals

,(152 153). Srmllarly, thls foru of comblnatlon therapy has

duratlon of:vasospaSn resultlng from bathlng cat ba51lar Vﬁ_,,; -

B

' lnprovement 1n post subarachno1d hemorrhage vasospasm 'lth

. - V\
rllsoproterenol in- experlmental anLMals./Improvement 1n the

/

vneurologlcal condltlon of post-aneurysmal rupture patlents,
= deterloratlng elther pre or - post operatxvely due to
"vasospasm, has been demonstrated usxng a. treatnent -

f‘comblnatlon of 1soprot=renoL.and lldocalne (1“9 150).

: : SR R
'-Phosphodlesterase 1nh1b1tofs aione haVe not been

2

"effdbtlve 1n a11e71at1ng spasm elther experlmentally or .

cllnlcally (1“ 151). Houever, treatment comblnatlons of

.o

beta adrenerglc stlmulatlng agents (1soproterenol,\.‘

- salbutamol) and amlnophylllne,,a phosphodlesterase :;}sg:;*

’1nh1b1tor, hava been found to allevrate vasospasn follov1ng

.
AN .
TN

:

been reported t _1mprove post-aneurysmal rupture vasospasm
‘ —
/ ) E R
and neurologlcalﬁcondltlon (15& 155).‘_' o g_~’ e

Pretreatnen s vlth serotonln blockers fkananyCLn,,v

‘-reserplne, chlorpronazxne, lethylserglde) has been sbpfn
~fexper1nenta11y in vxvo and 1n v1tro to prevent—thé
';‘ developuent of vasospasn due to subarachnoid henorrhage and
sserotonln (156 157 158). Others havegshovn'nethylserglde_to2
b“reverse serotonln 1nduced spasn (1S§).‘Alpha adrenerglcvub'

: blockade (phenoxybenzan1ne)uhas been delonstrated to reverse



e el

@
.

R T T AR T
~in v1vo, and~block*;n_v1tro,,serotonrnmrnduced‘masospasn;,

’i"(1u1 158).,_

R A [

La

Prostaglandln E1° has been reported to 1lprove cerebral S

e reSLStance follo

:(160), but no im

~'blood flou, cerebral vaSOSpasn and cerebrovascular ‘

vlng subarachn01d henorrhaqe in, baboons

provement 1n these parameters or cllnlcal

grade. has. been found fold 31ng 1ts admlnlstratlon in post—'

D

~suharachn01d hemorrhagJ p tlents (161)'TY

.

R | |
The status of pros agLandlns ln a11ev1ating vasoSpasm'

- dand 1mprov1ng cerebral/blood flou remalns unsettled.

/

nxogenous cycllc 'AmMP has been shoun effectlve in

‘experlmental ani

nals/ln attenuatlnq cerebral vasospasm due
BRI S

 to. subarachnoxd henorrnage (152).“ SR

Smobth uuscle’relaxants have been used *o combat the'\

uhemorrhage. Papwverlne has been reported to: 1mprove

vasospasm unde

'"(163 nsu).151“11
'vlabofatory nlma
_ chloralphenlcol

“‘lechanls-s of ac

"et»als(168) have

&spasm and reduced cerebral blood flow follou1ng subaracnnordJ:

b

these c1rcunstances in- experlmental anlmalSvi'

arly, lldocar%e has - been found to 1nprove

’ post subarac'n01d hemorrhage spasm and—“)ood flow 1n

1s (165 166), and cerebral vasospasm 1n-m

1hulans (165).,Top1cal procalnanlde as uell as~v

have been shown to relleve acute vasospasn,

lnduced by basxlar artery puncture, in the dog (167). The

tlon of these agents relaln elusxve. Allen

denonstrated re11ef of serotonln 1nduced o
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: vasosnasm 1n v1tro. Allen (169) hashaisofreported‘the

';effectlveness of the comblnatlon of SOdlﬂl nltropru551de, a;
: ﬁsmooth muscle relaxant, and phenylephrlne in 1mprov1ng post-jn”
'operatlve neurologlcal deterxoratlon and vasospasn in -
'subarachno1d hemorrhage 5a*1£nts._ﬁeros et al (170) haveld

'shovn relleg of subarachnold hemorrhage 1nduced vasospasm lnh‘

ythe dog by n1troprussxde. Other 1nvest1gators haVe reported
_reductlon in cerebral blood flov folloulng n1tropruss1dev
‘admlnlstratlon 1n experlmental anlmals (171 172 173 17&) and
in patlents (17‘). Grlfflths et al (176), 1n humans, have
‘ noted reductlon in cerebrovascular re51stance and unchanged

-cerebral blood flow wlth nltropru551de. Others have observedd

_the effectlveness of sodlum nltropru551de in lnprovlng

h'2}1{-"

*cerebral vasospasm, anreased cerebrovascular re51stance and _'“

L reduced cerebral blood flov folloulng both: serotonln’]v

'.admlnlstratlon and induced subarachn01d hemorrhage 1n

E -baboonS»(j77)@.

Troatments other than those dlrected at the allev1atlon:
of vasospasm to lmprove cerebral blood flou have also been.
!used. Hashl et al (139) delonstrated that admlnlstratlon of‘
4'glycerol»(a\hyperosmolar agent) to reduce cerebral edena,
.oresulted .in only a teuporary 1ncrease in cerebral blood flowv

" and temporary decrease 1n cerebral vascular reslstancefrv
'follovlng subarachn01d henorrhage ln baboons. 051ng
'dhyperten51ve agents and blood volnue expan51on Kosnlk et al

(133) have reported 1nprovements 1n post operatlve

N
deterloratlon of subarachn01d helorrhage patlents due ko

. e
. )



fcerebral vasospasm. Broun et'alA(178(a)) demonstrated
'cllnlcal 1mprovement 1n'pat1ents u1th post—aneurysm cllpplng
.tand post SAH hemlplegla folloulng dopamlne—lnduced v
?hyperten51on,,mannrtol and_volumeAexpan51on. They belleved
: that_tﬁese improjements reSuited‘from an. increase'ln ‘
'fcerebral blood flov; van Dellen et al 0178(b)) reported ‘the
h;reventlon of cerebral 1nfa§ct10n, and the c11n1cal '1v ,'u !
ylmprovement 1n a patlent, vbo developed 1schem1c 51gns‘
‘“followlng a Dandy trap procedure for ‘a carotlco-cavernous.
‘flstula,;USLng metaramlnol 1nduced systemlc hyperten51on.f
They suggested thls mode of therapy 1n the management of
schemlc compllcatlons follovxng aneurysm surgery. 801svert
eﬁ>a1 (178(c)) shoued amprovement of reglonal cerebral blood.
'»yflov and dllataxlon of the major cerebral arterles,

'folloulng experlmental SAH 1n rhesus monkeys, vith

_;metaramlnol-lnducedvsystemlc hypertensron.

At +hls p01nt.1n tlne however, no therapeutlcbreulme
has ‘been shown ‘to be deflnlfely effectlve in 1mprov1ng post-."
SAh reduced CBF cerebral vasospasm,‘morbldlty and
-.mortallty.‘There 1s some entnvg;asm about several of . the'
'.aformentloned treatnents, but as yet, thelr deflnltlve roles

- ‘have not been demonstrated.



{NIY. PULMONARX COHPLICATIONS ¥ITH ELEVATED INTRACBANIAL'

_azgggz- e TR

’d?ulaonarinOnélications.conslstingvof nulmonarf
vascular'congestiOn, pulnonary edema,‘intraealveolar
hemorrhage and- resulta t ventllatlon perfu510n abnornalltles'
have been observed in sggglation;vlth'varlous 1ntracran1al
rdlsorders 1nc1ud1ng ke rebral trauma (178- 86), cerenral
:neoplasms (187—188) and 1ntracran1al'hemorrhage 1nclud1ngvf'

'subarachn01d hemorrhaﬁe (183, 189 190 191). A common featur=

1 4 . !

of these 1ntracran1al dlsotders is olevated lntracranlal

3pressure uhlcﬁ occurs‘at sdme p01nt in tlme durlng the

llnsult (192).,The pulnonary edema ‘ound 1n assoc1at10n vlth

‘-these dlsorders has been called "neuroqenlc pulmonary edema"

.(NPE) to dlStlthlSh lt from other varletles of . pulmonary

*edema and to empha51ze the role played by the central

nervous system in 1ts pathogene51s (193).A iﬁf _
ThlS form of edema has been produced in- experlmental

o

vvanrnals by cerebral trauma (19& 19§), hypothalamlc le51ons '

(179 196) and by both'rapld elevatlon and»hlqh levels of <if/f
:-1ntracran1al pressure (197 198 19q 200) 'The‘Characteristlcs.‘“
liof neurogenlc pulnonary edé%a and the p0551b1e uechanlsms of
,71ts pathogene51s are- dlscussed fully 1n 3 recent revxews
_'artlcles (192 193 201). In general. it is belleveﬁ that thegAd;.
centrally nedlated la551ve sylpathetlc'dlscharge subsequent’h
:to elevated 1ntracran1al pressure, in the face of nornal

'helodynallcs and cardr\\ifunctlon, results 1n varlous



changes 1n the pulmonary and systenlc c1rculatLons resnlt;ng'
in pulnonary edema. Follovlng the 1nsult and 1n the presencei

8

1of thls form of pul-onary edema, cardlovascular hemodynallcsf

~and cardlac functlon have been found to be nornal (193)._.

' Resultant neurogenlc pulmonary edema ftOl varlous
1ntracran1al dlsorders has been shown to be assocxated”vlth
abnormal alveolar—arterlal oxygen dlfferences and wlth ’
.hypoxemla (180 182,191 202,403 20&) Because of the knovn
_1n+racran1al pressure elevatlons subsequent to subarachnOLd
hemorrhage, the development of pu;monafy edema Hlth
‘shbseguent hypoxemla is felt to further compromlse the j"i

neurologlcal status folloulng subarachn01d hemorrhage.

\ v . . . - B . i :
Thc development of neurogenlc pulnonary edema follovlng

-1ntracran1al pressure elevatlons bqth 1n patlents and in
-Hexperlmental anlmals is 91dely accepted | N

”-v(180 182 185 202 203 205- 210). Th1 forn of pulmonary‘edela -
-‘Hlth 1ts assoc1ated hypoxemla has been suggested as one of |

‘uthe majon causes .of the poor surv1val of patlents Ulth head

."»1n]urles (180, 182 184 185 201 202 20& 205), 1ntracran1al

'hemorrhage (189 191 213) and other types of 1ntracran1a1

~pathology (203 209), as uell of Axperlmental anlmals v1th

1art1f1c1ally elevated ICP (

/’. =4

Varlous abnornal breath1 g pﬁﬁterns 1nclud1ng Cheynev~'
. ) .
Stokes re5p1ratlon,“perlod1c resplratlon, 1rre§ﬁ1ar
}breathlng, hyperventllatlon, Blot s resplratlon,'51gh1ng and

:gasplng have been descrlbed folloulng varlous lntracranlal
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;dlsorders (cerebral trauma, 1ntracran1a1 helorrhage,

)
r

h.lntr5cran1al neoplasms) (182, 201 205 211 212 213). These
fresplratory pattern abnormalltles have been shown. to result
from ln]ury and damage to the bra1n,-e$pec1a11y the
bralnstem as vell ‘as the hemlspheres (201 211 £12 21& 215).
-Patlents developlng abnormal resplratory patterns followlng
‘,1ntracran1a1 1nsu1ts have a poorer pr093051s than those’
wlthout abnormal breathlng (182 205 211 512).-Irregular

breathlng pﬂtterns tend to be more common 1n patlents u1th

.‘1over levels of consc1ousness (211 212)

o B
AT N N

Death follovan experlmental 1ntracran1al pressure

‘elevatlon in laboratory anlmals has heéern shoun to result'

o‘.

%
'1n1t1ally from resplratory arrest Folloued by cardlovascular

e »decompensatlon (38 216 217,418 219). Stelner et al (216)

_reported thlS sane sequence of events subsequent to repeatedr

subarachn01d hemorrhage 1n dogs. Resplratory fallure, :1§f
antlclpatlnglfardlac fallure v1th the subsequent demlse of

'Patlents v1th 1ntrac~a1 dlSOI‘d°IIS and elevated o /\i"'-

"flntracranlal pressure has beeh reported (39 220 221 227).v‘

- Furthermore, thls Sequence of events, 1n1t1ated by
' /.

resplratory arrest, is freguently seen in neurosurglcal prs

. ‘unrts; T

R

Thus, oatients‘vithfbrain’danaq$ from various

1ntracgan1al dlsorders developlng abnorlal resplratory

@ |
~patterns lay dle fron resplratory arrest because of tHe;
A [

1n1t1al daiage}to the resplratory centre further 1nsuﬂted ‘bv

cRea

SRR

>
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A

‘low cerebral blood flow and hypoxemia froe pulmonary edema.’ -
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uhlle much is nov ‘'known about the sequelae of SAH al
number of 1nportant guestlons-stlll remaln-
| 1) Hhat are the factors respon51ble for the norbldlty
'.and mortallty followlng SAH’ - ”b‘,l
b2)-Hhat are the pathophy51ologlcal changes durlng.the
'”hemorﬂhage, and what role do they play 1n determlnlng'c‘
:.the flnal outcone7 _' N - | ’
3)'Hhat factors are- respon51ble for the reductlon of

. cerebral blood flow follovlng SAH’ Ts v1suallzed

"~25cerebra1 vasospasm 1nvolved’ Do dls*urbances 1n the

W

Hcerebral m1croc1rcu1at10n play a role’
4) hou are post SAH . cerebral blood flow changes related’
to neurologlcal grade and outcone° e ”».‘v,”f ‘;g
fS)'Are the reSplratory centres 1n3ured ‘as-a- result of
SAH7 Hhat role do they play 1n the. quallty of
':surv1val follov1ng SAH? g L J; o f; . Ll
b6).Does pulmonary pathology (NP”)‘occur as a consequence

' of SAH° Is it 1nvolved in the p00r outcome of tnls

_'dlsorder7?
v )

Concernlng the therapy of neurolog1ca1 deterloratlon

bfollowlng bAH, much has been trxed but the results renaln

poor. Ihere has been a great deal of act1V1ty in thls f1eld,~,

Vv

hiand lany agents have been utlllzed,‘but no effectlve therapy‘
ihas yet been found. The problel renalns that ve do not knov

o enough about the. pathophy51olog1cal changes that result

e ———
“*\-

,stnf' o ',j L
5 RERR TR
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spéSeqdent E? SAH. Therapies known 'to be efféctive. under

other circumstances have not been found to be efficacious in
R S e s ‘ =

SAHK_possibly-bgc‘qseVOf,the_disfnpﬁed physiological

'fmechahisﬁs, qf ﬁh;ch we knov-vefj»Iittlé. :”‘f‘ ;/




'VI. THE PR ESENT STUDY

The Present study is. Spec1f1Ca11y dlrected to prov1de
12
ansvers to the posed questlons concernlng the

lépathophySLologlcal nechanlsms respon51b1e for th= uorbldlty
and mortallty folloulnq SAH In this study, we also tested
v the eff1cac1ty of a treatment reglme in 1mprov1ng post-SAH

-~

reduced CBF, vasospasm and surVLVal

An experlmental model u51ng the cynomolgus nonkey, has L

-'been developed durlng soveral years in thls 1aboratory hnd
lthis MOdel is: used for the reported studles. The \‘ _'g/

*experlmental study that was undertaken has 2 prlnc1pa1

;"component 1nvestlgat10ns.- he f1rs+ component is d1rected

'towards studylng the pathophy51ologlcal responses as. well

as the\degree of response, to 1ncrea51ng volumes of ';;_3' o

r_subaracnn01d blood. In thlS f1rst in vesthatlon,_ve also

Hsttudled the responsés to large volumes of 1n]ected subdural

‘:blood as woll as to a large volune of suharachnold

’ artlflClal CSF.

.

The second conponent 1s concerned vlth deternlnlng the'
:effectlveness of the treatlent conblnatlon of sodlum'

1tropru351de and phenylephrlne 1n 1mprov1nq post SAH

'f:reduced cerebral blood flow, 1ncreased cerebrovascular

ar 0

re51stance, Cerebral vasospasn and survlval In- thls study,;

\:'we also 1nvest1gated the effectlveness of thlS treatment
.‘progran in 1npr071ng the aforelentloned parameters in

-anlnals rece1v1ng a subdural henorrhage.

e
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The physxologlcal effects of sodlum nltroprus51de and
phenylephtlne in our experlnental ‘model were stud1ed in- a:
third group cf anlmals not rece1v1ng an 1ntracran1al 1nsu1t.
L The experlmental model, experlnental de51gn,

_ St :
1nstrumentatlon and nethodology for both of these nagor
7‘1n$est1gat10ns are’ descrlbed in deta11 in the follovlng\
_ chapter,_Chapter II xethods.ef /

The results of - both studles, coﬁt?&sféwand COmpafiSQns,
of .the vaﬁgous gronps, staflstlcal 51gn1frcance of the‘
flndlngb and correlatlons are complled and fully p;esented

in Chapter III Fesults.ﬂ

'



CHAPTER TI

' MATERIALS AND METHODS

N
A general descrlptlon of the exper1nental>techn1ques
xand’procedures followed in. thls 1nVestlgat1ve study and a
detalled experlmental deSLgn is presented belov. Hany of the_
technlques descrlbed are unchanged throughout the course of

dthe present stddy. However, sevoral varlatlons of the ba51c

'experlmental procedures_were used and these are spec1flcally

)
descrlbed uhere approprlate,

The flrst study to be descrlbed (Study A) vas an ; ;"

_1nvestlgat10n of the pathophy51oloq1ca1 responses to 1nduced
' SAﬁ in the spontaneously breathlng prlmate. The second study
.(Study B) examlned the effectlveness of treatment, wlth
"admlnlstratlon of 51multaneous sodlum nltropru551de and

phenylephrlne, 1n 1mprov1ng the rCBF reductlon subsequent to

[

f1nduced S AH and SDH.:

-

’”I.“ANIHAL‘PREBARATIOle S
Juvenlle and adubt fenale cynonolqus (ﬁaéaca“ifu;y:”{ -

Hd onkeys welghlng betveen 2. 2 and 4, 3 kg uere utlllzed

f,Anesthesla was 1nduced and nalntalned u1th 1ntranuscular

"
r

,lf phencyclldlne hydrochlorlde (Sernylan(R) ol Blo-ceutlc_, g

\

_YLaboratorles) 3 mg/kg. Sernylan(R) acts prlnc1pally on- the

K central nervous systém (223).n1t—does not have any

"f 51gn1f1cant effect on CBF (22“ éZS).‘Blood pressure and

- dresplratlon are in general not altered by thls drug



(223,226) ; ainiRm

'fdurationehave, hove ve ’ been reported (223 226)' Hlth
 Ser h.ylan (R) , the ’ti-n/e)"\t

o . £ \f
”12 mlnutes, and duration~

1umob1112at10n of the anlmal ls 8- -
~ ‘ LT

f actlon 1s 60- zuo mlnutes (227).
' In our experlments, Sernyl n(R) was generally adnlnlstered

' only once,”and by the tlme\

_he CBF determlnatlon prlor to g
,\‘ °

the 1ntracran1al 1nsu1t vas\ erformed, the peak effect of‘.

the d:ugvhad already passed.\ hUS, the 90551b111ty of any

\

.ﬁhtouard effects of tha drug o_ CBF and blood pressure in

”our'data~at this p01nt onvarﬁ o uld be ellmlnated.

. B

'e-IheﬂSernylan(R) vas admlnls ered to the anlmal at 4§: B
. v1var1um prlcr to transportatlon to the 1aboratory. The_
flnltlal experlmental procedur\\Vas to 1ntroduce an u“"Wl_

"endotracheal tube, and subsequently the anlmals were alloued‘.h

”to breathe spontaneously on a- mlxture 2 1 nltrous oxlde'.“-
~ . 1 . R
(N20) and oxygen (02) at a rate of 3 L/nln. Anesthesxa w;§§3 :

fmalntalned durlng the experlnental studles b} both

'-phencyclldlne and N20. There are confllctlng reports.

,v:foncernlng the effec* of N20 on CBF and 1ntracran1al

"'"pressure.‘ht present,tthe g°nera1 conseqsus is that N20
: P
:causes very nlnlmal, 1f an; changes at all 1n CBF and

1ntracran1al\pressure (228 229 230 231).;.'

-

For nost anllals, as nentioned'"Sernylan(R)*iasﬂgiveh:i'J”‘

Only once, prlor to the expe_llent- a fea anlnals had
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\J .

recelved the‘smaller SAH volules (1 0 and 1 33 ml/kg) and’

.they shoued 51gns of arousal 1n the later stages of the

experlmenta

Body tempe!iture uasjid:_
esophageal thermometer (Tele Thermometer Yellow Sprlngs o

‘Instrument Co.) and malntalned betueen 36° and 38°C v1th’

‘hismall heatlng pad underneatb fhﬁi

l.
R

:'electrocardlography uas utlllzed 1n Stu&? A (Becknan

B

L R ' R
Dynograph (Type. R) Recorder) and 1n Study Bo(Sadbarn Companyﬂ"f, e

ECG Recorder, Model 51),

-»Q"

7Respfratory rate and“t*dalkvolume werefrecorded.usfgb'a
{

Vertek pneumotachograph (Heulett Packard, "HP Vertek Serles vga'7;5,
& ' . : '

UOOO_VR, HP model u7‘03A) attached dlrectly to the
fendotracheal_tube. | | |
"II;‘SURGICALAPBEPQRATION_
'°Femor?1 artery-Catheteriiation vas berformed anduthe._ :_(V
"catheter was passed up to the mld thorac1c aorta level. :
-e_Arterlal blood samples ver° lnnedlately obtalned for blood . _';,ﬁ
'ufgas ana1y51s and pH deterllnatlon. (Instruuent Laboratory
vfInc., pH/Gas AnalyZer, lodel 113). In nost cases a flow of 1

S L/mln 02 and 2 L/lln NZO uas adequate to keep the pre 1nsult7
'arterlai oxygen partlal pressure (Pa02) Hlthln the ‘
phy51ologlca1 range. In those cases 1n uhlch paoz vas‘not"
'thrln norual phy51olog1ca1 linlts the 02 flov uas'ﬁ

.-approprlately adjusted and the breathlng leture remalned



flxed for the duratlon of the study. PIOZ, the 1nsp1red 02 '

partlal pres

sure, was: also recorded.

-

The alveolar 02, PAOZ,

ua;’calculated from the arterlal carbon d10x1de partlal

pressure (PaCOZ) and PIOZ values, v1z.

PaCO2

- ‘.PAOQh“ PIOZ “-——4 L

h

0-8 .

he alveolar-arterlal oxygen dlfference (A-aDOZ) vas

calculated as PAOZ - Pa02.

§r

Arterlal blood gases and pH were measured for alternate

resplratory

paraneters

vt and RR were stable and comparable’

‘ flovs 1n the pre SAH perlod £or the u volume groups 1f the

to those at the preV1ous flov, and if the blood gases were;

'

the othﬁr exper1mental qroups,pﬂ, PaCOZ and Pa02 analyses

uere nade during each pre—rnsult flov.'Blood gd&ianalysxs

and pH determlnatlon vere perforled for each CBF

calculatlon,

vere carrled out on average

'5. determlnatlon post—lnsult 1n all groups.l'

"-;evHematocrlt deternlnatlons, required

experlment- 2 deternlnatlons pre-SAH and

for. r’CBF' .
a tlmes durlng each

2 post-SAH, the,‘

flnal 1 at the completlon of the experlment. "t.'

The nean arter1a1 blood pressure (MaBP) was

contlnuously neasured u31ng a pressure traniducer (Statham ‘

P23dB) connected to t&e feloral artery catheter.

N

r-v\g,

'

E wlthln normal 11m1ts. If not, the ana1y51s vas repeated In C

NE]
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A burr hiole, vith“Z_opposing offsets 2 nn deep and 2 mm

.wide drilled into the adjacent bone, was made in the right

-

l} .

mid-parietal area'tojacconuodategthe intracranial"gressdre
(ICP)-deViCe (a modification of the ICP device described'by

de Rougement (232)). Ihls dev1ce was connected to” A Stathamb
RV

P23dB pressure transducer v1th a hydrostatlc column, and the

3
pressures graphlcally recorded - :
.@%iThe;systoliC right‘ﬁentricuiar-pressure yas_meaSured

e

xthroughoutastudy~8 and-for*theiartificial CSF group'ih Stddy

‘A via a- femoral veln cathe+er placed in the ‘Tight ventrlcle

.

and connected to a Statham P23dB pressure transducer. The

p051tlon1ng of thlS catheter vas verlfled by the recordlng

of 1arge systollc waves from the rlqht ventrlcle and also on.

postmortem oxamlnation of those anlmals dylng durlng the

experiment.
, KGR

All pressure transducers were callbrataﬁ prlor to, and

",at the termlnatlon of each experlment, u51ng a nercury

manometer.vZerovdr;ft on the chart recorder vas frequentle

‘checked during the experiment and adjdstedfas"required;

r.

.Fluid‘balahce vas:naintained'by'intravenoﬁsﬁ’

~ administcation of a solution of normal saline via a

.

peritheral vein. In Study B, the-drugsvverebadmiaistered in
5% D/W via a peripheral ara veinm. The fluids were
adlinistered'at‘a‘constant rate‘usinQean‘iVAC'500'(IVAC1(R)

Corporation) infusion puax. =~ - . o !
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'Por all animals reCeiving an'intracranialwinjection a

midline. cran1a1 twlst drill hole was lade (1 5 nn ‘in

\

dlameter),'o 5 to 1. 0 cm’ dorsal to the na$1on, through vhlch

\\fﬂ"» h

the needle for hemorrhage 1nduct10n and art1f1c1a1 CSF ST >
1nject10n was. passed. HemostL51s was lalntalned by
cauterlzatlon and bone vax appllcatlon, and the defect vas

_sealed,untll the time of the 1nsult.

-

S -~ Cervicadl dissection to the common carotid artery

bifurcatibn'was'performed vith the‘aid'of<an operating,

mlCEOSCOpe (Codman Mark II). The cerfical portion ofithe‘

Comy e
. X3 \

{.

: “ 'common carotld artery ¥as . exposed and a 7- 0 511k purse—“

| strlng vas placed 1n the uall of thls vessel approxlna:elj 2
Ned prox1mal tO»the blfurcatlon. The dlameter of the purse—.
strlng'was apyroxlmately 1 mm. Subsequently,,the external

@hy[carotld artery was cllpped at 1ts orlgln u51ng a nodlfled

N ,

{ Helfltz aneurysm cllp. A 20 qauge catheter (Hedlcut) vas’
then 1nserted, throuqh the purse-strlng, 1nto the common‘
carotld and pa?sed up to the orlgln of the rhternal carotrd:v
artery. This catheter vas then coupléd to a 16-guage
catheter uhlch vas connected to an autonatlc 1n]ector system
u31ng a 3—uay stopcock assenbly (flg. 1).'At the completlon
of the experlnental studles the carotld catheter uas relored

o and the purse strlng thhtened to close the artevlotomy.-a

M

AR '

\



t skull by a 5crew dev1ce through whlch the needle passes.

. . ‘ .v‘.» J
. - H ( .
N <

\';

' III. HETHOD OF SIMULATING SUBARACHNOID\HEMORRHAGE

ThlS technlgue vas 1n1t1ally descrlbed by Uelr et al
(71) 1n thlS laboratory. He have nodlfled thlS sllghtly as
descrlbed. A spec1a11y deslgned 19 gauge splnal needle, v;th

a c1rcumferent1ally uevelled tip and two side holes, vas

N

.1nserted through the mldllne frontal tvlst dr111 hole and

advanced v1th fluoroscoplc control, along the floor of the~

. anterlor fossa. The needle tlp vas advanced to the ';, R

Q

tuberculum solla and then 3 mm beyond thlS. Pnevlouslstudies'

had revealed cat thlS p051t10n, that t he S;delholééiare7ih"

I ) - ) o

the-chlasmatlc'cistern; The needle vas then secured'to'thei

Flgure 2 1llustrates the p051t10n1ng of the needle. ;f,*

1
.

In Study A Q dlfferént SAH volumes of fresh autogenous ‘

“,;

blood were used 1.0,1. 33, 1. 67 and 2. 0 ml/kg of body volght. -
E The SAH vas 1nduced by nanual 1nject10n at a rate of 1 ml/S

"sec.'The ICP level vas determlued%by the volume of 1njpcta¢e'

N

and- the rate of 1nject10n- 1t was: kept at least 10- 20 nm Hq

.below the MaBP; If, .durlng thewSAH 1nductlon, the ICP rose

to a level. close to the HaBP t;e 1nject10n rate vas slowed

'

so as to keep the ICP v1thn@§$h§ spec1f1ed range. The
. N\

1dent1ca1 technlque was us&d for éhe art1f1c1al CSF%group 1n

: Study 2 and the SAH group 1n Study B. The art1f1c1al CSF_

1n3ected vas Elllott's "B" soiutlon,'and was prepared as o
descrlbed by Elllott et -al (232(a)). The fluld aas 1n3ected

at\nornal pH ( 7 3&; and teuperature (37°C).

PR
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The subdural henorrhage (SDH) serles of studles A .and B
. . \ - N 1 i
. were performed 1n a 51n11ar -anner but the 1nject10n was'

made into the prechlasmatlc subdural space. In these latter

‘groups the sxde holes of the 1nject10n needle vere not in

“s»the chlasnatlc c1§;ern& ‘but rather in front of 1t 1n the

g prechlasmatlc subdural space.~"; ' ‘ ‘ S
- , , T : -

,iv.fHXNDLING‘AND DISPENSING oF 133 .XENON  3217;f_ | ;E;\f7'

Cerebral blood flow was measured by the 1ntra arterlal

%

133 Xenon clearance method of Lassen et al (233). 133 Xenon

gas’ 1s relatlvely 1nexp:\slve and chomlcally 1nert and has- al'

\ |
“phy31cal half llfe or ‘5.3 days. The 133 Xenon gas 1s

'obtalned from ORNL (Oak Rldqe Nablonal Laboratory) 1n 1
: Curle quantltles contalned 1n qlass, break-seal v1als. Slncg

‘an aqueous solutlon of 133 Xenon’ is requlred for lntra-"ﬁ“

arterlal rCBF determlnatlons, a spec1al handllng and
1rdlspen51ng ‘systenm 1§th hlgh transfer/recovery eff1c1ency
. (nearly 99%) vas constructed in thls lagzratory (23&).'For
the rCBF studles approxlnarely 50 60 mCi - 133 Xenon dlssolved

71n 5 ml. sallne ‘was dlspensed into an, glass syrlnge,'and
, R
Vthen transferred 1nto an autonatlc 1n)ector systeu.~

. . o
1. 3

V. ADMINISTRATION AND DETEcron-or,133ﬂxznou" R

e

A

An automatlc 1n3ector dev1ce uhlch vas utlllzed to

1nject 2.5-3 5 mC1 in approx1lately 0 3 nl of 133 Xenbn 1nto
. A
e the 1nternal carotld artery (235) is shovn 1n flgure 2. The

s

'

Sy ..
P
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" The . group of 6 detectors ‘was placed on ﬁhe left side of thewf

u add1t1onal 1. 5 cu thlck lead colllmator applled to the hlock Q_f

5

."’ v' .-
R o o
133 Xenon 1n]ect10n uas 1-med1ately followed by an O 8 nl

heparlnlzed saline flush. The 133 Xenon was dellvered in. 1 2

seconds and the sallne flush in 2 7 seconds.r
L - . - . ,:T'.'r'", .

The reqlonal clearance rates for 133 Xenon fron the

=

'braln tlssue vere neasured u51ng a - detector sc1nt111at10n’

counter ﬁssembly constructed in this 1aboratory (flg. 3). o

',The regxonal volumes of the braln "v1ewed" by the detectors?

e
14

AVere frontal parletal parleto occ1p1tal and - temporal '

5(d tectors 1,2, 3 and 5 respectlvely). De*ectors 4 and 6

( s

| recordeu rad10act1v1hy fron the orbltal and cerebellar

\ =y B

,ereglons respectxvely.‘The orbltal probe acted as ‘a control._]

\

':Flgure 4 shous the relatlve p051tions of the 6 detectors._f:

.'o

"head (1951lateral to the 51de of the 1njectlon). ?achx
f' sc1nt111atlcn counter conprlsed a 0¢60 cn dlameter, 1. 25 cm

E ,thlck ‘'sodium lodlde thalllum actlvated crystal (NaI(Tl))

-coupled to a 1 25 cm draneter photouultlpller (PhllllpS XP

‘101) Hlth -a truncated plex1glass 1lght gulde. Tbe detectors,‘

ﬁ“veach crystal recessed 7 5 cn from the block face. An |

ﬁl .
fagure 6; Badxoacleltyvﬁas also neasured from.the: ' .
R . B ‘ : o . S A

-

spaced at a dlstance of 1 co fron each other, ‘were' mounted

1n a stalnless steel collimator block ulth the front face of~

A

-}
' :

© _face ensured -easurement of radloact1v1ty fron‘dlscrete

volules of braln tlssue. A schenatlc d1agral of»the 6’

detector systen 1s shown 1n flgure S. The 1soresponse (1 e.'d

;socountlng) curves for 2 adjacent detectors are shown 1n'

e
..

!

Ca
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contralateral side u51ng a sc1nt111at10n counter v1th a 2 sn.

"vCl d1ameter and 1 27 ca thlcx NaI(”l) crystal. ThlS detector x

vas colllmated by a cyllndrlcal lead tube 11 cm long and 1 5-

cn thlck. The 1soresponse cnrves for thls colllnator
3 \

detector vas neasured with a p01nt source of 133 Xenon 1n _,:

vater and is shown 1n flgure 7 The multldetector system.yg
71ewed reglonal volumes of the braln, uhereas thlS large.;,

. . h
f"detectpr gave us ‘an overall v1eu of the braln.

)

ulses from each detector were sorted V1a a-
. ¢preamp11f1er and an alpllfler and 1nput into 51ngle channel
.analyzers uhlch accepted pulses equlvalent to tbe energy
;range 70 to 90 Kev. The outpnt (sampllng time of -2 seconds)
from each 51ngle channel analyzer (SCA) was fed 1nto tbef
,‘data acqu151t10n systen. V1sua1 dlsplay of the 133 Xenon
clearance rates fron each braln reglon vas provxded by a

small monltor 1n the laboratory. Data acqulsatlon and

sretrleval vas acconpllshed via a: control teletype also “

located in the laboratory. The radlolsotope clearance curves‘f

' fyere analyzed by an on-11ne d1g1ta1 comquter (HP 2100).L
'V:Flgure 8 shovs the general 1nstru-entat10n 1n our‘

laboratory.c_.

y\‘.. ] .‘ e 5

"For an experllentallneasurenent, background radlatlon

".hj(relalnlng actxvxty) Has recorded for a 2 llnute perlod and

r

.oa calculated lean value vas subtracted fron the clearance,

- curves prlor to the conputer calculatlon of cerebral blood

vflov values.

.
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Correct placenent of the lultldetector systen vas

h
- achleved by applylng a plastlc tenplate (v1th 6 radlopaque
. .
rlngs representlng the<detectors) to the left lateral =
/

surface of the skull. Hanlpulatlon of the monkey E head
fi&elatlve to the p051t10n of the template ulth fluorscopy
’ensured reproduc1ble p051t10n1ng of the detectors relat1Ve*“'

to the‘braln‘(flq.-9).
= v e ,

¢ : . - . - . H

- Mean reglonal cerebral blood flow was deternlned by

,.averaglng measured flou values (rCBF) fron the u_,

supratentorlal y pl ced detectors (probes 1, 2 3 and 5).
-Global Oor- gener henlspherlc cerebraf*blood flou uas
determlned from the contralateral detector.

VoL

VI. CA_I,CUDI\\_TION ,o.F“CERE,B_RAL";brconj'mow C e

Cerebral.blood flow values uere calculated by
'f blexponentlal (conpantmental),.stochastlc (helqht/area
-.(H/A))ﬁand 1n1t1al-slope-1ndex (ISI) nethods._A detalled
»dlscu351on of ‘these "3’ uetths of CBF calculatlon has been
presented elsevhere (223 236) and wlll only be brlefly _
rev1eved here. R l_.»_’*fv;ee“ | N 7*'\f-3 ”»:" e
| In the compartmental nethod of analy51s, 1t is assuned
'vfthat a selllogarlthnlc replot of the clearance curve of 133
‘2Xenon can be assu-ed as 2. exponent1a1 conponents. Fron these?iﬁ
'2 clearance phéFes, blood flov 1n the grey (fg) and white

(fw) natter caq be deternlned fron the zero tlne 1ntercept5“




. the c rebral tlssue under observatlon can b-

, follovs:¢ ok

S L :1 Coe o ; 42

-

of the 2 llnﬂf Knov1ng the perfusxon rates and the relatlve

fuelghts of each tlssue, the velghted lean of blood flou forer

?E’: g, fg + Uw.fw ml/100gm/m1n N

- where fc 1s -mean compartmental blood flov and the relatlve .

' welghts of the grey and uhlte matter are represented by Hg

and,wu_respectlvely._

1

The stochastlc or H/A method formulated mathematlcally}

'_by Zlerler (237) can be applled to calculate the nean ﬁlow

Pues from the clearance accordlng to the equatlon-”
. » (

| Ho-H10 B T L ¢
rCBr—H—— - = oA 100m1/1009m/m1n
R A10 Background o

Yoo

,f“vhere Ho corresponds to the total number of par*lcles

v(radloact1v1ty) to be cleared and H1O the’ level of the

2

_clearance curve at 10 llnutes.vThe area under the clearance

‘curve betveen zero t1ne and 10 mlnutes 1s denoted by A10 ‘and’”

4

 1$ determ!ned by 1ntegrat1ng the counts recorded durlng the""
»10 nlnute 1nterval. The nean tlssue blood solublllty

ftcoeff1c1ent for 133 Xenon 1s represented as h .-"

R

The 1n1t1al—slope-1ndex (ISI) lethod utlllzes Jhe

‘tcalculated slope of the flrst 1 5 to 2 0 nlnntes of the -

: {
logarlthn1c clearance curve. An estllate of the lean CBF can-

‘" be readlly deternlned u51ng-‘

. ECBE(ISI) = 100(hg)(2 30 p initial) !1/?0?gl/iin+:’



4 p B . .

.- - where \g corresponds to the 133 Xenon partition coefficient

of-qrey matter and,D:represents'the nunerical;ralue.offthe-p
"sloPe“0f the clearanceﬂcurueSgpy. | S | |
Arterlal carbonbdloxlde levels have a profound
. N
'1nfluence on CBF, and 51nce the anlmals in these studles
uere alloved to breathe spontaneously, Pa@o 2. fluctuatlons
vere p0551ble. Flow values corrected for PaCOZ and also p
huncorrected values have been calculated' the corrected
bivalues were ad]usted to a standard PaCO’ of HO mmHg. It has'_,
been shown (238) that for every mm Hq change in- PaC02'there
-,;15 a 2.5% cbange in’ CBV in the same dlrectlon, thls degree
'of adjustment'}as lncorporated 1n ‘he coupu+er progJLm.hIn:
'the present studles all anlmals vere alloued to breathe
'spontaneously and marked changes Ln resplratory pattern;and
,,ln PaC02 levels were found subsequent to the 1nsu1t. Hed:fl
'reasoned that aﬁter the 1nsu1t, the respon51veness of the
cerebral vessels nay be varlable and not predlctable. It'uas»
.therefore felt that correctlng the CBF values for PaC02 1n
:our exper1nents uould be of questlonable value and vould
' nost llkely lead to erroneous results.'Thls has been p01nted»

'p'out by Bruce et al (239). Thus,‘all CBF data and resnlts

‘f}reported are uncorrected unless otherwlse stated : \_:
3The partition coefficient'for'133 Xenon’ln7thei§reyﬁand-h
1 ' " ’
vhite matter uas calculated accordlug to the nethod of Veall

-vand nallett (2“0) u51ng the solub111t1es of 133 Xenon 1n:

-grey and vhlte latter of baboons (2&1). Slnce hélatOCJlt



: atmosphere out51de ‘the bulldlng, Correctlon for

..rec1rculatlon vas not perforled. i'f'

'aq'j

-

influences the solubility coefficient of 133 ienon‘invihole

lblood and - the blood braln partltlon coeff1c1eht, af“"

correctlon descrlbed by Veall and Hallett (2&0) vas
4.

'1ncorporated 1nto the CBF calculatlon. A nean partltlon,

coeff1c1ent for the braln vas calculated oqﬁthe ba51s of a
52 u% grey vhlte matter ratlo as determlned for the‘

baboon braln by James et a1 (2&1).' Co f}f‘ T

The calculatlon of CBF presupposes that the recorded
cleararce curve represents a 51ng1e tran51t of the tracer,a

and that the tracer does not recxrculate to the countlng

'fleld r"ven though the lungs functlon as a. very effectlve'

T

"fllter for, lnert gases vlth low solnblllty (90% of 133 Xenon

"fls cleared durlng the flrst passage through the lungs and

Hlth only 1&% of the rec1rculat1ng act1v1ty dlstrlbuted to

the braln) rec1rcu1at10n does occur.,However, only 1n tbe

'presence of gross pulmonary 1nsuff1c1ency or. v1th a
'”\rebreathlng ventllatlon systen does recxrculatlon become a .

’CL51gn1f1cant factor 1n CBF determlnatlon (238). In our

vexper1nents, exhaled 133 Xenon was reuoved by a hose to the

1

the renalnlng 10% 1s dlstrlbuted 1n the_total cardlac outpu* )
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“VII. CEREBROVASCULAR RESISTANCE - |

The cetebrpvascula:,resistance (CVR) ias-calcalapedﬁ’

from the'foraula:

S E o : Ce:ebrai Perfusion pressdre, :
Cerebrovascular Resistances—— e e e {(102)
: o o Cerebral Blood Flow '

| CPP (amHg) -
~ GVE = e —
! S . CBF(ml/100gm/min) -

’

Thtoughout this‘maauscriptfzhe'calcplated.CVR.g;ll be

d951gnated as ‘the CY# Lndex oBviating"the‘heeduto repeat

thc te51stance UnltS-

. VIII. ANGIOGRAPHICAL STODIES - -~ '~ "o

Cerebral anglograohy uas performed in all experlmental

‘studles by a manual 1n]ec*1on of 1.5 ml Meglu{éne

.

1othalamate (Conray 60) 1n -0 the Common carotld artery

‘cathetec..Only lateral cerebral anglograms]were obtalned and
care was taken to nalntaln a- constant magnlflcatlon factor :
' durlng each experxment.

~ o _=-,\[

I

Only those anglograms shoulng the arterlal phase nost

dlstlnctly uere selected for vessel dlameter measureuent

. : R

'putposes.-Only the large 1ntradural capac1tance vessels were",

: neaShredf 1ntradural 1nternal car0t1d artery (IDICA) above‘
and belov the Orlgln of the 90sterlor connunlcatlng artery

(CJ,CZ), n;ddle cerebral arterT (HCA) and the proxllal



. i
R

r.‘ . . ' ) . . . . - )

; o
. ’ . . . ‘V . e R

'perlcallosal artery (CA). These

‘ schenatlcally 1n flgure 10 and on the cerebral anglogram ‘in .

(

| vflgure 11 IR : f ) ;‘?:,"‘ ; .

Arterlal (1ntra lunlnal) callbers at these °

e s
' predetermlned flxed 10cat10ns were meﬂsured wlth an optlcal‘

‘mlcrometer lens systen (leon, Nlppbn, Kogaku K K, Tokyo,~"
Japan). Two fllls, 2 ta 3 llnutes apart were obtalned for'
“heach anglography study, and the vessels shovn on each fllm_.

*were neasured at’ the predetermlned 51tes.

’

The mean dlameterl'*

value for each artery obta1ned from the readlngs of the 2

7f11ms vas calculated and uTed 1n the statlstlcal analy51s..
CIX. nsAsUREnENT"‘o}i INTRACRANIAL PRESSURE b

extradural

il

self locklnq nenbrane dev1ce systen as shovn 1n f1gure (12)!'

~The ICP was measured us1ng an 1ntracran1al,

TblS system is a development of the. one descrlbed by de:"
.eougement et al (232), and attalns to the "coplanar

r1nc1ple" Plscussed by HacKay (202). Theuunlt“con51stsfof 5' v
eLJ shaped chanber vhlch 1s fllled vlth sallne and ‘
- c nnected v1a a hydrostat;c colunn, to a Stathan P23Dh

p'essure transducer. The lenbrane 1s sécured at the wlde end

and 1s flush vlth the surface. The device lS 1nserted 1nto a

: 11 -parletal burr hole v1th side exten51ons to accomnodate '
viiulngs, it 1s then rotated u5° to secure th;se
: app ndages under the ane' the locklng nnt secures the unxt

: :to the skull.nThe rubber lelbrane, as- shovn,'ls coplanar

neasurement sites are shovn-;
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‘Hlth the dura, and an- “0" r1ng seals the defect betueen the
4
bone edges and the dev1ce, supplemented ﬁlth BRTU adhe51ve to*
ensure an air tlght conpllngid
The response of thls pressure nggsurement systen 15

;lllnear drom zero to 300 mm Hg and 1+ is. unaffected by small'

.(1 €. phy51oloqlc) tenperature.changes.t :' ‘1.o o e

Ptlor to 1ts 1nsertlon ‘into; thevsknli the ICP monlton}'
vas callbrated to zero at atnospherlc pressur Thls system,
»allowed contlnuous‘ICP nonxtorlng and also 1nstantaneon5'
"measurenent of the- ICP durlng the lnductlon and after the
'heMOfrhage;bTmmedlately before SAH 1nduct10n the ICP zero
‘;boiﬁts-gegé checked and the approprlate ad]ustments nade 1f_~d

;neCessaryﬁ.Further checks and ad)ustments vere made durlng

‘the experlmental perlod. At the tetnlnatlon of each

".,experlment the ‘Zero poxnts ware aqaln checked and anyﬂf

changes noted vere corrected for in the ICP calculatlon. '

X. CALCULATION OF CEREBRAL PZRFUSION PRESSURE

The-cefebral penfnsion'preSSureJICPP)“Vasdcalculated
as,

'i>Cerebral Petfu51on Pressure Mean Arterlal Blood Pressure—‘

‘,Intracranlal Pressure 1‘j. 5

',CPB('“HQ)'; HaBP(ang) - iCP(nndé)'i_Q12§3{

B Hore accurately CPP is the. dlffékence between the uaBP

and the -ean ICP plus the nean cerebral venous pressure



(ncfé):‘_ . . ' :" o -'fr | ' v

CPP = MaBP - (nICP+BCVP) * = (66)

However, CVP was not neasured 1n our sfudles but, ve

belleve CPP. calculated as’ MaBP nlnus ICP to be an adeguate

0

and accurate reflectlon of the CPP, 51nce thevCVP‘under '3ﬂl*

normal condltlons lS approxxmately 5 L Hg (66) and"

” .
contrlbutes llttle to the CPPL The accuracy of thlsu_

deflnltlon of* CPP under_normal and near'nprmal,cirCumstances
has been Supported b 6tners (2u3I2uu) uIn-the"present

sfudles pathologlca<icbanges daia occur, and posslbly caused o 3
changes i cerebral blood volume, such as have been reported{'

by Grubb et al (5 2u5), vulch nay have 1nfluenced CVP.

 XI. NEUROLOGICAL ASSESSMENT
'NeurglcgicalvaSSessment vas made ﬁor'ailbaninals, o
surViVing at'5 hour's, and'agaih-for.tnedsurvivors at 20 hS
hourF post 1nsult.\A 5 d1v151on qradlng system uas utlllzed
. in the neurologlcal examlnatlon. : 14-??'

:Grade 1:-Alert;.act1ve, vocal neungloglcally nornal,

. accepts food and uater,‘aggre551ve._"

Grade 2* letharglc, somnolent, attenpts to.get up, sxttlng

. or standlng but unsteady and u1th poor balance:;.r

Grade 3- No. spontaneous attempts to becone uprlght. responds-
to stlnulatlon approprlately (VLSual, audltory, tactlle,;.

palnful)t

Grade u- Obtunded, no response to stllulatlon of any forn,'v

-,

P



" sigms.

remains inactive.

Grade 5: ﬁoribund, totallyiunresponsive,.faiiing vital

XII. ELECTRON EICROSCOPY;STUDIES

leatlon of monkey cereoral vessels vas performed by

-~

1ntracard1ac and 1ntracarot1d 1nfu51on w1th Krebs Rlnger

solutlon contlanlng u% qlutaraldehyde 1n Hlllonlg S

of glutaraldehyde) the braln was remOVed TAe veSSels

jonly the IDI€A“*!C#* CA and DPA vessels are used. The IDICA,'

Tstalnlng, sectlon'

phosphate buffet. Tuenty monkeys vere perfused 1n thls«

v'manner; 13 of vhlch were of - Study A and 7 elongedqto Study -

After perfu51od for approxlmately 15 mlnutas (500 600 ‘ml.

: examlned 1n thlS fashlon uere the IDICA, MCA,’CA, dlstal
]perlcallosal artery (DPA), ba51lar artery (BA), 1nterna1

carotld artery 1n the neck, and the vertebral arterles (Vh);

For 1llustrat1v§ and dbscrlptlve purposes in this study,

e

\

-MCA;and CA segments corresponded to the  sites used for.
B anglographlc demonstratlon and mnasurement of vessel

'?callber.’ ”ﬂ;" ':.ﬂd L | d':' o L.

All'samplesrvere plééed in_sndlliv;ais'contaiuiugxtﬁe

'ﬁperfusion fixatiVe'iunediately'upon~renoval'from the'brein.
*.Tlssues vere postflxed in 1% osnlum tetroxide solutlon,

”»rdehydrated Hlth ethanol and enbedded 1n Epon. After

ere v1eved wlth a JBH TA electron

I‘lCIIO‘SCOPG.
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‘1‘ palpatlon of the dura through the burr hole. The dura was

3

‘XIII. POSTMORTEMN EXRHINATION

-On removal’ of the ICP dev1ce elther pre -or postnortem,

'the state of the 1ntracran1al contents was assessed by

; graded as normal sllghtly full,,full or thht.,Atv

-postmortem the bralns'of all anlnals vere removed and -

'examlned grossly, and graded as normal, sllghtly svollen,

4

r_svollen or bulglng on'both observatlon and palpatlon./They

"

/’

vere then uelghed and photographed, and subseguently placed
‘in 10% rormaldehyde solutlon, The bralns perfused v1th

. glutaraldehyde were not welghed ‘and thus not 1ncluded uhen i //'
bralﬁktelght c0mpar1sons uere made for the dlfferenn group .
.lFollowlng at 1east a 2 Heek perlod 1n formaldehyde the v
bralns uere re—uelghed and then cut 1nto thlck sllces for'
:gross pathologlcal e4am1natlon and photography. ThlS thlck

'sectlon1ng procedure for pathology and photography vas, also

" follouex for the glutaraldehyde perfused bralns._'--.

The bralns of.3 anlmals 1n Study A vere-submltted for
hlstologlcal examlnatlon; Because of the expense, andualso
T t he time quULEEd for hlstolog1cal studles 1t va's not d
‘po551ble to. perfornrthese exanlnatlons for a. 51gn1f1cant

'.fractlon of the anlmals in thlS 1nveFt1gat10n, although thlS

) ‘possxblllty ex1sts for the future.’

-

The lungs of all anlnals in Study B and 1n the

'art1f1c1al CSF group of Stndy A were reloVed at postlortem.'

e Por those anllals not perfused with glutaraldehyde the lungs

.,\
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Qere.réﬁoved‘as_alﬁnitniith khe tféchéobroncBial tree aﬁd
Qere<eXamiﬁed ;g& aeigh;a.vThéy'§erg t§enxiﬁflate§ through 
-tﬁé'ﬁraéheaf%jtﬂy10%Jfo£naldehydé éha~£he ﬁraphedbrdnchial :
,tpee’éiéd-cffftb retain the‘fot@aldéhfdé in';hé_lungs. The
luggé weré‘ﬁﬁen]iﬁmetsed'iﬁ a 10% férmaldeqydé $o1utién fér _j;
A éeribdfof a&_le&siu2-3_veéks.'After this perrod:of'ti§e;
‘"Fhé3luhgs ueré séc;ioned; §£§ine§ §nd'exa@ihed\

' Hisfolodicall}. The 1ungs of the éiﬁtafa;deﬁydé pérfused |
animals';éré4examinéd in situ} bloéks qf'1ung fis§ue wéré
removed'and*sﬁofed ihf10i'fqtﬁaidehyae $6iution f&rJa'?/fZ§k

1petiodlbéfore'sectidniﬁé:qha_stéininq'f§f histologica1<‘
.‘.examinagion;}‘ A ;.J F't' . ¥ ' }S:l@  - ‘-':i '4,7-‘/

Al



_.XIV. EXPERIPENTAL STUDIES : S h D

. | c - e < -
Tvo major experllental lnvestlgatlons were carrxed out.

‘The flrst study was 1nvolved ‘with the dellneat1on of the
f : A

r

pathophy51ologlcal responses to 1nduced SAH and SDH, and the

» second vlth the treatment of reduced rCHf subsequent to the

)1nsult. Each of these major studles conprlsed 3 substudles.‘

ThlS sectlon is concerned v1th the detalled ob]ectlves
for each of the substudles 1n the 2 ma]or 1nvest1gatlons and
f'wlth the experlmental de51gn. Por all the substudles maklng
‘up the flrst najor 1nvest1qat10n the experlmental de51gn 1s.
the same.'In the second major study the exper1menta1 desxgn
'varles soneuhat from the first study,_and also, there are
‘ sllght varlatlons in the d051gn of the 1nd1v1dual :._‘J;‘
.substudles.'f'. o ;u;:t B ; ,'fth TR

~

d“u111 be fully descrlbed in the follovlng vlth partlcular

-

The ba51c de51gn of the experlnental 1nvestlgatlons':'

_reference to the flrst substudy of the flrst na]or

- 1nvest1gatlon. Varlatlons in experlnental des1gn fron th157

ba51c theme wlll be dlscussed Hlth respect’ tb the partlcular“

‘,substudy to Chlch 1t refers..‘fffa'

~



" A. 'STUDY A;:

r;‘changeS'

e

A
e

3

'B;th»thls

o ;

~

AﬂD'SDH AND SGBARACHNOIb ARTIFICIAL CSF IN THE

”

SPONTANEOUSLY BREATHING PRIHAT“ .,‘ .

3 . - L -
. v -
s .

Three substudles coupelse thlS anestlgatlon. (1)

'finduced SAH, (11) 1nduced SDH and (111) subanachn01d -

artlfuc1a1 CSF 1nject10n —ilth thls type of eXperlmental

de51gn ve are docunentlng the dlfferent pathophys1ologlcal

a4

' responses subsequen% to 3 dlfferenb‘types of 1ntracran1al

\
'1nsult. We. HlSh QO 1den¢1fy those pathophy51ologlcal

<

'responses uhlch a e° due to Icgfchanges alone' due to. the.

prnsence of blood in dlfferent 1ntrd§ran1al spaces-'dne to_d‘

~

the presence of blood (as conpareﬂ to art1f1c1a1 CSF) in the
snbargchnoxd space~ due 'to the varlous conb1nat10ns of - ICP

methods of changlng the: ICP and the type of fluld

nedlum 1n
/

1 . [
-

‘associate

vmecna is: respon51ble for the lorbldlty and uortallty of

SAH.-Hithféhlsklnformatlon a second najor 1nvestlgatlon

'(Stndy_s)fuas undertaken to exaline the eff&ctlveness of |

& -

_:treatnent;of one: of these nechanlsns 1n 1nprov1ng the'
T . , ,

outcone of SAH.‘,g(i}t
. 5l o

e

(ﬁ%~rhe Pathophysxological Responses To Induced SAH 051ng

.

Varylnq volunes of Autogenous Blood In The Spontaneously

Breathlng Prll te." - '.g7w"d~f53 low

THE PATHOPHYSIOLOGICAL RESPONSES TQ»INDUCED SAH

Sy

grouﬁlng of the 3 1ntracran1al 1nsults and thelr_

pathophy51oloq1cal responses “we v111 decument the

i

roduced 1nto the 1ntracraq1al subarachnoxd space.'
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' (af“The'development7ofjanméxperimental technigque for
‘»the_inuestlgation,of-indFCednSAﬁ in a spontaneously

breathlngfnonkey.' v o
v"(b) To exanlne the rCBF, vésSel caliber',Are"‘spi‘;r‘atory,j v
f pattern, pulmonary and’ other pathophy51oloq1cal responses to

lnduceGSAH. ‘:44. ‘:.‘ S ,‘ o v_'*.

(c) To document the pathophy51ologlcal responses ulth _4;'
l'1mCrea51ng SAH volume and thé deqree to whlch these i
:responses.yary‘wlrh ..voil,unu.e.‘fz

. (d) To eluc1date the nechanlsms for morbldlty and o

Vnortallty in SAH in order to ga1n some 1ns1ght 1nto the'”
‘;reasons uhy some patlents do uell and others poorly

‘ffollowlng aneurysnal rupture.f'

qe) To document the relatlonshlp betveen lethal ' -d{l

»mechanlsms and henorrhage volune ]'.i : "TYﬁ R -
(f) To deternlne a so called "LDSO SAH voﬁune" for the -
'“.fpresent experlnental lodel, 1.e. the volune tha& is ;ethal

V:dto 50% of our anllals..:

(go To exallne correlatlon betveen rCBP the

[pathophy51ologlca1 fesponses to tbe SAH, the volule used,_»l

- the neurolog1ca1 grade and sur71val.__‘f' f”

=

g(h) Toqenanine correlﬁtionbbetﬁeen.respirarory patters . .



gchanges, pulmonary functlon change, the pathophy51ologlcal
| ;

'respoﬁses to SAH‘ the neuroloqlcal grade and surv1val.g

,gggazgguu DESIGN ' .

-

B For thlS partlcular lnvestlgatlon 20 monkeys uere used.
'These anlmals were randomly aSSLgned to L groups, ‘each

}rece1v1ng a dlfferent subarachn01d hemorrhage v010me.
Four experlmental SAH volumes uere studled, v12. 1 0,
d_1 33 1 67 and . 2.0 ml/kg of body uelght. In the cynonolgus
“ahmonkey a dlrect relatlonshlp exlsts betveen body uelght and
ffresh braln velght. Hlth respect to. braln velghts the SAH
.volumes vere 0 05, 0907:.0598 and.0g11 n;/gn of,braln'
:velghtaﬂ, ‘V L B o
‘in each.expertmentai study u cerebral blood flow -;
Vdetermlnatlons, at 15 mlnute 1ntervals, were ;ade prlor to'
”the SAH.‘FolloulnB tne hemorrhage a- ﬁlov leasurelent vas
~made vlthln 10 nlnutes of thls 1nsu1t° a second post SAH
'yflow neasurement va; nade 15 nlnutes 1ater. Addltlonal rCBF*
;measurements uere then carrled out at 30 llnute 1ntervals*
f%durlng a2 to 4 hour perlod 'h f"'? ,dkf“ajet_:?;*égi-v'
| Cerebral‘angiography uas perforded prlor to the flrst
— e

.erBF neasurenent, after the fourth flov, post-SAH after flov

't6 and at the end of the exper1lental perlod.‘At thls tlle;i

. anesthe51a uas dlscontlnued and oxygen adllnlstered for

A i ‘
fapproxlnately 10 nlnutes afggr vbach the anllal uas alloved'

o .
1 ot . -



to~bféathe:rebm-aif; Durlne the fecovery perlod the anlnal B
‘vas earefully observed~'neuroloq1ca1 examlnatlon and gradlng;ﬂ
:}vere perforned at 5 hours post SAH. Surv1v1ng anxnals vere
 qraded at’ 20 hours post SAH and subsequently sacrlflced
u51ng Euthanyl (HTC Pharnaceutlcals) or qlutaraldehyde.“f
perfu51on. At postmorten the bralns vere removed and
Ig}aflned as noted prev1ously. 51x of the 20 anlmals were
‘sacrlflced via perfu51on Hlth glutaraldehyde for electron‘”
“ﬁnlcroscepy studles of the cerebral vessels. The protocols'

folloved for patholog;cal_exanlnatlon of the bralns and

cerebral vessels have been outllned 1n the prev1ous sect;on._
. _
- ‘ : '. Y : y . E

o e - R R PENER o
Aninals with significant subdural»or 1ntracerebra1

thorrhage vere excluded from the'serles- a total of 8" ‘,»'

oS




(11) The Pathophy51ologlca1 Responses to Induced SDH 051ng
Varylng Volunes of Autogenous Blood In The Spontaneously
Breathlng Prlnate,

TOBJECTIVES

———— e

‘_ S S ’e_‘}. s m..

(a) To examlne the rCBP, vessel“caliher, resplratory
,_pat*ern, pulmonary and other pathophy51olog1cal responses to

1nduced SDﬁ*\ R "' R
’f(b)‘To'doCument theathSiological responsesjuhth

. \

“m_d;ncrea51ng SDH volume and the degree to vh;ch these

. 4 o ."
j”responses vary ylth volume.
: J ’
l'f\ . L .
’ -( ) To. exaulne correlat1on between rCBF the -

pathophyslologlcal responses to the SDH, the volume used

' the neurolog1cal grade andlsu,v1val.

.
!

(d) To examlne correlatlon be+veen resp1ratjry patternf"

changes, pulmonary functlon chanqes, the pathothSlolog\Cal'.f 

yresponses to SDH, the volume used, the neurologlcal grade
pband_surv1va1.

’

-

lfresplratory pattern and pullon’ry functlon changes, the
"pathophy51olog1ca1 responses to" the lnsult, neuronglcal
:ugrade and surv1val subsequent to the 1n*racran1a1 1nsults of .

T‘lSAﬂo SDH' and art1f1c1al CSF 1nj§ct10n of the sa-e VOIume

'1 67 ll/kg of body ve1ght.}
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O

‘g'xPERruEﬁggl_,,DESIG‘N ST

'ﬁlk5total of 5 monkeys was . used in thls study and these

fvere randonly a551gned to 3 groups, 1 group contalnlng 1
? . N

anlmal,:and the 2 renalnln% g{oups, 2 anlmals each.\The "1

L3

anlmal" group recelved 1. 33 ll/kg and the remalnlng 2 groupso
recelved 1 67 and 2 0 nl/kq of body uelght of subdural blood':
'.respectlvely, . . . f'g -

The experlmental protocal folloved for thls group ¥as -

*'that of fhe pr@V1ous substudy of SAH : /

B . |
|-

exactly the. same'ﬂ

1nclnd1ng the rCBF measurements, cerebral anglography,_”v .~;f/_'

A
-

neurologlcal exam1nat1on and posfmorten study. Bowever 1nlu
thls partlcular study the blood vas Ln]ecxed lnto the pre‘" 5/1"
chlasmatlc subdural space as opposed to the subarachnould

,fspacea"f' .j” o
SO B

The anllal in the 1.33 ml/kg group died durlng}the.;f"fj

. experlment due to technlcal dlfflcultles.»ln the. 1 67. ml/kg

&
group 1 animal was perfused wlth glutaraldehyde and the e
other sacrlflced by Puthanyl. In the 2. 0 ll/kg group 1 ,@53

an1ma1 dled before the 20 hour p01nt, the other was:

.

o sacrlflced u1th Euthanyl. ”w T

N -

: - N “@ - . . s . ‘-\ * N
. el B . K . . .- >



|

(111) The Pathophy51ologlcal Responses To SubarachnOLd

’In]ectlon of Art1f1c1a1 CS” In The Spon;aneously Breathlng

.Prlmate.r_”;p e ,‘*'
'-"»gaggc_:z:z_s-g S e
:,Fv' (a) To eanine~the7rCBF, vessel'caliber;‘respiratory7 “

p'pattern, pulmonary and other pathdbhys101og1cal responses to
lthe subarachn01d 1nject10n of artxflclal CSF.

(b) To use: thls group as a- control for comparlng the
changes 1n rCBF,'respmratory pattern and pulmonary Eunctlon,
;‘\\pathophy51olog1cal responses, neurologlcal grade,_and
‘”.surv1val subsequent to the hemorrhage of both the SAH and

- SDH studles. " -

A‘totaf of. S nonkeys‘uas used 1n thls study.‘Ail
,,anlmals recelved a subarachn01d 1nject10n of art1£1c1al CSF.f
‘dThe expe;\nental protocol folloued for thlS group uas the
sfsanéyas that of the prev1ously descrlbed SAH substLdy,
‘éexcept ﬁor the 1nttoduct10n of subarachno1d artlflcal CSF :

' 1nstead of autogenous blood.

i

f t he 5 experlhental anxlals,vn vere per'used u1th

;p’glutaraldehyde after the 20 honr observatlon pe'lod. Asv.rph

. ‘. 4 e )
: descrlbed preV1ously the braln and cerebral vessels uere.

\renoved f r separate 1n 11tro studles. the lungs uere also

e anlned and then reloved fLr electron and llght llcroscoplo s

Cea



~examination.

The f1 th anlmal in thlS group dled beforo the end of

the 20fhour"bservatlon PerIOd' The braln and lungs of thls- (

 aﬁimal ‘were T moved examlned and vnlg&gd and prepared for .?V'

photographlc, athologlcal and hlstoloqlcal studles.'
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: . . . \ .
B. §_’gggg B TO STUDY Tr{E EFFECTIVENESS OF TREATING INDUC"‘D
“SAH AND SDH HITH SIHULTANEOUS INTRBVENOUS INFUSIONS OF
:-~' SODIUM NITROPRUSSIDE AND PHENYLEPHRINE IN THE .

SPONTAN?OUSLY BREATHIN& PRIHATE

.

ThlS stud? ConSlStS of 3 suhstudles (1)/(11)/(111).

Allen (169) has shown the s1multanpous 1ntravenous

admlnlstratlon of sodlum nxtropru551de and phenylephrlne 10

sl i

o aein

-

e offectlvo.ln 1mprov1ng postoperat1v$ cllnlcal
,deterloratlon and vasospasm in patlents v1th SAH due to
‘aneurysmal rupture. We 1nvest}gato the effoctlveness of thlS
“. form of treatnent in lnprOV1nq CBF,'allev1at1ng ce:ebral 3
WVasospasm, and 1mprov1nq the flnal outcome in the |
{:;spontan°ous1y breath1n¢-pr1mate u1th 1nduced (1) SAH and
(;1) SDH.’ 3 ~

S

ThlS sectlon con51ders tha ob]act1ves and expetlmen*al:
' des1gn of the study of treatnent of 1nduced %Ab and 1nduced
{SDH usxng bodlum nltropru551de and phenylepnglnl The flnal
substudy of thls sectlon, (lll), deals Ulth thp objectlves
| and de519n of the studles 1nvolv1nq the apprlcatlon of thls
' i‘treatnent nethod ‘to 5pontaneously breathlng prlnates that do
inOt receive any forn of 1ntracran1a1 1nsult.,&he |
'f exper1n?nta1 deSLgn for each of. the 3 substudles of tblS
”.najor lnvestlgatlon are bas1cally the sane, and Hlll be';
"V{Tfully outllned in éﬂ% ‘section deallng u1th the flrst |

: substudy. Any varlatxon 1n desxgn ulll be dlscussed 1n the

”7sectlon of the substudy to vhlch the varlatlon pertalns.‘5

‘



'tSpontaneously Breathlnq Prluate. o fj':ﬁ'v
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Infusmqns Of Sodlum NlttOPEUSSIde And Phenylephrlne Inv

& . . . . . L

IOB‘_J_E I Es .‘ Lo .

S
oo

.(af To determlne the effects of treatment vlth

Y

4f51mu1taneous 1ntravenbus 1nfu31ons of sodium n1tropruss1de_

:and phenylephrlne on. post-SAH rCBF,vossel callber and other

.

_;phy51ologlca1 parameters in th° spon*aneously breathlng E

aprlmate.

N

(b) To study the rCBF, vessel callber and other

- N

) 'pathophy51olog1ca1 responses post SAH Hl&h treatnent as

_'(Study A(l)). *vv‘ S )»[>, ?“ ,”:f

and cerebral vessel callber. :

.31n 1mprov1ng post SAH norbldlty and nortallty. w;“v"

'.o

' compared to those responses v1thout the treatment reglme

‘.." -

{c ) To deteruxne the effectlveness of sodlum

-

7fn1tropru551de and phenxlephrlne of 1mprov1ng post SAH rCBF

O

To determlne the effectlvess of th1s treatment reglme

N e
RER S

s

(d) To correla%e any changes in’ rCBP and vessel callberff:ﬂ

r»',ylth uorbldlty and nortallty. L '[ j f\i;W“

- e )

‘(e) To deternlne the effectlveness of thls treataent_»'t

"f'treglle.ln treatxng the effects of 1nduced SAH..At

A 2

- . . L S

(f) To docunent any changes 1n rCBF vessel catlber and”f”'

{other ph151ologlca1 paraleters follov1ng cessatlon of SodlullJ

e
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_nitroprusside and phenylephrine treatment.

EXPERIMENTAL DESIGN -

h total ofu8‘monheys-washutilized'in'thisfstudyi There, \»

uere 4 cerebral blood flow deternlnatlons pémformed at 15

minute 1ntervals prlor to the SAH as vas the ~case wlth STUDY
.A, A1l anlmals recelved ‘an SAH of 1.67 . ml/kg uelght of freshr
.autogenous blood:‘the 1o} called "LDSO" volume determlned

from STUD Y A, Thls ‘'volume was used throughout thls treatment
:serles. Tn thlS .way all the parameters of the treated serie

and the untreated seriss of the same hemorrhage volume could o
" be compared Pollowlng the hemorrhage, a. flfth flou |

N

measurement was‘made Ulthln 10 minutes of-the 1nsult. At the

"completlon of- thls flow 2 1ntravenous unlts vere set up 1nto'~f75

perlpheral leg or arm veins. Sodlun'nltropru551de ip a."
.concentratlon of 100 ugM/ml of 5% D/H vas. started flrst, fhedl
T rate belng slculy 1ncreased untll there vas a. drop in MaBP
Qof at least 10 20 fam Hg. There Mas also an lnérease in HR of;:'
_approxlmately 20 beats/mlnute.,Phenylephrlne, in a. ‘

r(concentratlon of 8 ugm/ml in. 5% D/H uas then admlnlste‘ed

%ﬁrou h the‘other 1ntravenous llne. These drugs vere '
oy R lh : & .
&

"§ édulnxstered 51multaneously and controlled u51ng IVAC

I APCIRE .

' systgps (IVAC(R) Corporatlon) by vhlch neans’ue atte-pted to.

'¢$&} l.qé}étaln the HaBP at pre—SAH levels. The dosaqes of the

o
!

. & drugs were con51stently *arled and balanced in. order to

: innalntaln a stahle HaBP. The dosages used ranged from 1 31-

ﬂolugu/hg/m;hi\for sod1u| nltropru551de Hlth a nean total

R SO AT < B s



[ 4

-dose of uug 6“180 76, ugn/kg over a uean total tlne of 146412
minutes, and 0 38 1. 15 ugn/kg/mln. for phenylephrlne slth a
- omean’ total dose of 107. 24113 17 uqn/kg over- the sane tlme
vperlod.‘we exerc1sed care_pot to exceed the recomnended
.maxlmum dose -of phenylephrlne because of the p0551b111ty ef..
hrenal 1schen1a and- renal shutdown. A mean tlne of
.approx1mately 25 mlnutes was needed to set up the

1ntravenous “and. IVAC systems to 1nst1tute the treatuent

comblnatlon and to attaln a stable HaBP durlng treatment.

_The 51xth flov was carrxed out vhen the HaBP vas
skable, approx1mately 50 ulnutes post SAH. The renalnlng u
cerebral bJood £lcw determlnatlons uere performed at 30

‘minutes 1ntervals as ‘was the case. in STUDY Al

.- "
’ RRN . B !‘
. ko

Thu sodlpn nltropruss;de and phenylephrlne therapaes

“were dlscontlnued followlng cerebral angloqraphy on’ g

bxconpletlon oﬁbthe tenth flov. Ten~¢o 15 nlndtes later an
eleventh CBP measurement vas nade and it was folloued by a

fxnal set of ce ebral ang;ograns.

Cerebral anglography vas performed prlor to.the flrst
A_rCBS after flov 4 (just prlor to the SAH), pOst SAH after_;
»(}ov 6 (treatlent Lnstltuted betveen flows S\and 6), after
"the tenth flov and after the eleventh flow when the,'
'treatnent had been dlsqbnt1nued. The protocol\for rCBF
‘deternlnatlons and cerebral auglography ‘is the sane as for;

_ STUDY A except that 1 nore r F and 1 lore set of cerebral

’ 'anglograns vere perforned on- cessatlon of the therapeutic' .

.

o
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‘regime. - . ’ ‘ ) >

On:completion of the'final cerebral angiooram,
fanesthe51a uas dlscontlnued and oxygen adlln;stered for
.‘approx1mately 1Ovm1nutes after uhlch the anlmal uas alloved

i to breathe room a1r. Durlng thlS perlod the anlmal was
..carefully ohserred-dneur01091ca1 examlnatlon'and gradlné*
were carrled out at 5 hours post- SAH. None of the anlmals of

thlS substudy survxved ‘the 20 hour observatlon perlod.

One an1mal vas sacrlflced by glutaraldehyde perfu51on
vhen lt became apparent that there was not 901ng to be a

'recoyery from 1ts state of falllng v;ta1"51gns (grade;S);

: ‘fThe remainingv7 animals.died-spontaneOuslyg

At postmortem’examtnatlon the bralns uere remoied in .
ftotal examlned ueighed and photographed iThey were storeﬂ
';1n 10% formaldehyde and subsequently, after at least 2 -
ueeks, re—welghed and cut into thlck sllces for gross
tdpathologlcal examlnatlon and vere photographed. The brain of
cgthe anlual perfused vlth qlutaraldehyde was treated in the n

..,_".

' same fashxon except that 1t uas not velghed

. The lungs.and tracheobronchlal trees vere renoved as 1
tnnitr.examlned uelghed and 1nfused ulth 10% fornaldehyde.,;
-J.}The tracheobronchlal tree vas then tled to prevent
'-fornaldehyde leaklng out and the vhole pnlnonary structure
was 1nnersed 1n forialdehy&e. After:at‘least 273 ueeks thed

[

elungs.vere sectloned,Asta;ned_and.underuent-histologioal
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examlnatlon Ulth the llght llcroscope. The lungs of bhe;‘

66

glutaraldehyde perfused anlnal were not welghed or 1nfused"

ulth formaldehyde but vere stored in fqualdehyde for 2

--,ueeks and Were: then sectloned, sta1ned and rev1ewed'

hlstologlcally as uere the other 1ungs.;

6

The cerebral vessels of the\anlmal perfused wlth

Y

qlutaraldehyde were removed and examlned Hlth the electron
microscope. :

Anlmals Hlth gn1f1cant subdural or 1ntracerebral
. 4

SO o

A)
hemocrhage uere excluded from the ser1e5'<a total of 8 \»

© N

anlmals were 1n thls cateqory. e o R
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(11) Treacaent Of Induced SDH Wlth Slnultaneous Infu51ons Of

'iSodlun ultropruSSLde And Phenylephrlne In The Spontaneously

. Breé@hlng grlaate.: f‘}',— 1",’

\\v:~. T S S

S =,

-~ ..\ E ,_ e
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\ . .

1““'\ (a) To detern1ne the effects of treatment Hlth
__sxmultaneous 1ntraveous 1nfuslons of sodlnn nltropru551de

:fand phknylephrlne on post-SDH rCBF, vessel ca11ber and other

oo

: phys1olog1cal parameters in the spontaneously breathlng

- monkey.

~

o . ‘_a S —— j‘fl\\ | e g
(b) To study the rCBF, vessel callber and other“v

 pathophys1o1og1ca1 responses pdbt SDH with sodlum

\

En1troprussxde and phenylephrxn@ as conpared Hlth thosef'

"responses wlthout the treatnent reglne (STUDY a\dl)).”_.ff

(c) To docunent and correlate changes in rCBF,‘vessel
s .

ﬂcallbev, neurolog;cal qrade and surv1val.

(d) To document any changes 1n rCBF, vessel callber and

. .'._the sod1$§\n1troprussxde and phenylephr;ne treatnent.uf@i\\,

Y

T
v

e e . et

the other phy51olbglcal paraleters follovlng CESSatlon of-‘””"

- o : S s T
o N s L

L R
K .

A totai of - 6 lonkeys ua§\ut111zed 1n thlS partlcular'
'n~1nvest1gatlon..lll an1lals in thlS serxes recelved an SDH

‘VOIUIe of 1 @7 -l/kg ‘of body velqht of fresh autogenous

blood. The experllental protocol and deszgn is the sale as‘“'



N '_\ o S i
.festndy~verezsacr1f1ced v1a Euthanyl. The bralns and lunqs Con

that descrlbed in. STUDY B(l)’except that the bldbd\was

-lnjected 1nto the subdural space as opposed to the zh,lr

‘ prechlasnatlc c1stern. The dosages of sodlum n1tropruss1de"
4;used/;anged fro: 0 93 3 1u ugl kg/nln., Hlth a mean total
§/"

‘%fdose of 329 SStu1 75 uga/kg over a ‘mean. total tlme of 4624

_nlnutes, and for phenylephrlne 0 38 1 60{)9ﬁ7kg/nxn. vlth a

'mean tOtal dose of 118.22132 08 uqm/k \o{er the same- tlme

.

“fperlod. Approxlmately 30 l1nutes,was re ulred to set up the -

Q‘

,1ntravenous and IVAC systens, to 1nst1tute the treatment R

-

; reglme and ‘attain a stable FaBP._,ﬂ7‘,“7ff\v'

. : S

. N,

. N R
S e : Sl \

:Bt The 51xth flov vas perforled approxlaately 62 n;nutes

RSN

*post-SDH. The renalnder of the study followed the de51gn'7"

'scrlbed 1n the prev1ous subsfudy (STUDY B(l)). :
A ..;((4, g _

The anxmals uere exan 1

5. hours and also at 20 hours post S

IVFvere renoved and processed as. descrlbed
- N \\ L

P

The 6 531£als 1n thls s

L v S VIO,
ed neur;2991ca11y and,gf/;z/ at Eas

T



> deternlne, 1n the spontaneously breathlng
2

"effects on rCBF~vessel callber and other‘ «
~a1 parametars of s1uultaneous 1ntravenou9

tlon of SOdlUl nltropru551de and phenylephrlne,'
j:cbnpéﬁ@?ahd‘cbﬁttast‘thé réfpﬁySés of rCBF;:‘
Lber and other phys1olog1cal paraneters to‘- : S Y o : :

oo . . [ o R PR
s SOdlUl nltnopr0351de and phenylephrlne Ulth the . ERME -
af,thgsg.pgpgngtersvpost-ShH,and'post-SDH g;th~.' ‘ = ,
_— S L P R P S KA
ment.s - oo T Tl T EREE T L R

oﬂdétefiiﬂéVthe efféctéféh"rCBFV-vegsel*éaiiber t 'vq ;‘ff‘;lﬂff'
physxologlcal paraneters of dlscontlnulng the . R “”jfff jf:f‘~3
roprussxde and phpnylephrlne after an 1nfuslon

approxllately 160 nlnutes..

lonkeys uera ‘-_for thls substudy‘ AS}inithé' *’f~1 Z ;  N

al protocol of‘thls na]or study group,‘ﬁ'CBF‘y-§~__ - e
1ons wero 1n1tia11y perforned. Thére uas nOff“
xnductxon 1n these 3 anllals and no. preparatlon'f~V;v .' :'ﬂ '”¥: ‘:;i'l'

sult uas perfarled ll.e. no tHlSt drllﬁ}hole orv-

% :



. »

~1nduct10n needln placelent. Otﬂer than the

Q.

e ‘p

“‘before the flfth rCBF dptermlnatlon vasldade, as iﬁ'a,

v/‘ v

- 10 nlnutes)._‘./',vf ft‘:‘,“':‘ ﬂsf;"7;“f‘ig
R e e B e
. RO / I . - . s P

(SR

As in the other subs&ud#es of thls partlcular na)or

’“5\*V_s;s,1nvest1gat10n a total of about 30 mlnutes vas . requlred to,fﬁ.

set up the 1ntravenous and IVAC systens, to inst1tute
ltroatment and to attaln a: stable HaBP. ‘Thé drug dosages for i?fj

'Q'gsodlum nltroptu551de ranged fron 1 02-3 33 ugm/kg/nln.'VLth
: ¥
o a mean total dose of 36u 23&915 10 ugl/kg over a nean total

Y jj“'-tlme of 151:6 mlnutes, and for phenylephtlne 0 59 1 51
.:ugm/kg/mln Ulth a nean total dose bf 158 05:“3 29 ugn/kg

_jover the same tlne perlod 'and vere con51st9nt1y varled and A
‘sbalanced to/ialntaln an adequa*e and stable BaBP as 1n the

'oghe:\qroups.‘

‘; Tﬁe-seialnlné CBF debermqgatlons uere perforned at 30
f%j »ninute 1ntervals; The thesgpeu*xc reglne va's dlscontlnued .
}« ';5 1‘-:éfllow1ng the cerebral andhography aftnr the tenth flow. The..
‘; ; 'eleventh CBF deternlnatlon ﬂas nade approx1matel';f~'15 : 't:
.;;f B 'fnlnutes after cessatlon of the therapy,', ;f '?7
:&f.. ‘ 'hé' . |

folloued by a flnal'set of cerebral angloqrals.

lrenalndar of the experlnent folloved the protocol prev10usly

-g,descrxbed.‘

73Thé53hildls~uéfe:néqtélogisallyfexaiiped_andbgrédédiatf



)

. falllng.rThe braln and lungs of these 2 anlmals vere'fﬂf , -~ff,_-'

'ﬂ"janllals dled spontaneously prlor to the 20 hour %w

obserVatxon tine;‘One anlnal vas sacrlflced ilth

4‘.,_1 :

qlutaraldehyde Lnfu51on vhen it became ev1dent at - 10 Qours j:

X s

post-"hypothetlcal 1nsult"' that it's v1ta1 functlons were7"'

RN : . . AR

R

‘ processed and examlned v1a the lethod prevxously descrlbedf”

1n these studxes.\_fﬁfmfz'::' -c,f; f .

e L rr-v’ .1'..

,’;v ' S . . o o :
It 1s to be noted that because of the tlme requlred to

1nst1tute the treatment reglme 1n SIUDY B,/;lou 6 1s delayed'

4

":'1n tlne when compared to flov 6 of STUDY A. In fact, flov 6

"f'of STUDY B corresponds 1n tlne to flov 7 of STUDY A. Thus

comparlsons of the parameters studled 1n the flovs of the Z
major groups v111 be lade taklnq 1nto account thls-'

dlfference 1n elme, 1. e.vthe para-eters of flov 6 fh STUDY B

f"wlll ‘be compared to those of flow 7 1n STUDY A. and flO' 7

of STUDY B to those of flovTS of STUDY A and so on,

‘”jf In the follovxng chapter, Chapter III,vthe results of -

- the 2 ma)or 1nvest1gatlons are presented In the flrst part, e

the pathophy51olog1cal responses to the varlous 1ntracran1a1

1nsults for the 7 groups O SAH volule groups, 2 SDH volune

groups and the art1f1c1al GSF group) are presented and

SDHRx and Rx alone groups.iIn addltlon, the effectlveness of

’ - s
-



thlS treatnent program vas assessed bx colparlng the post- s
f -
A

-1nsu1t cerebrovascular responses, as vell as, fhe';.p,"Vgt__

e

neurologlcal status of ‘the treated and nntreated SAH groups
"-'."(SAHRx vs 1.67, ml/kg SAH).,[ oy T o

. . :
Couparlsons are on. tbe ba51s of %rends and statystlcal

g o

.analy51s. The staxlstlcal tests used are the palred al d
r:;unpalred "t" tests. Slgnlfrcan%es are descrlbed as no
srgnlflcant dlfference (ns), 5% probab111ty (p<0 05) and 1%

_,/ T
p;

probablllty (p<0 01).

?p.rhe measured paraneters'are expféSsedginlggis7theSigﬂgsjg_;

'1nsult parameter values for each group'aréicompared-toftheirf
”respectLVevpre-lnsult mean (mpan'of the u pre 1nsu1t-.-
 va1ues). qu post-&nsult neasureuents, at corpéépondlng CBP
_3detern1patlons; are coupared across the varlous groups as

‘~;descr1bed. Slmllarly, the degree of change pos*-lnsult from-

a nean {x) and standard error of the mean (SEM=t). ALL pas£7-7jgx‘

;;7 mthe pre 1nsult mean for these paranet rs “is: afso compared‘

_across the groups.v'i f
: o

Concern1ng the recorded leasurenents, 1n order to

prevent the 1ntroduct10n of error due to lechanlcal

S

o : o S o
‘-£1uctuat10ns and/or env1ronuenta1 effects, changes 1n HaBP

4and CPP uere consldered real 1f they vere greater than 8
vang, and for IC 1f they vere lore a --Hg.
,inaihef;égf,'tne*cqtgbfal,bipodfflov-agéiguxtiop‘is_f;:

SR

':expressed”as,CBF(v);



'<3” grea;er than that‘of the CBF (3)

“'»feSAH}

1. sTiny

".‘v &

”Spdntaneously Breathlnq Prlmate.' *}x‘

stﬁg“

“Jﬂ‘(.'ffifjf}iCHF?TéF:fII.‘:}2””:t?1fe»b,ﬁfq'q*_j* Lot

RBSULTS

;A‘ THE PATHOPHYSIOLOGICAL RESPONS?S TO INDUCED

QMD SUBARACHNOID ARTIFICIAL CSF INJECTION IN

L TH" spou'rmzousu BREATHIN PRI,'«ATE. G L '

.\\’

(l,The PathothSJ.ologlca], Rasponges To Induced SAH USlng ‘ A

'<Va=y1ng Vo%umes Of Presh Autogenous Blood In The “_ﬁ,(;;

¥

(a) Cardlovascular de ;ntracranlai Pressure Responses PR

N

\“.

o)

The nean uelghts of-the uonkeys 1n each qroup are shovn,ﬂ'

1n table

these velghts._7

i .‘.i

1- thore are no szgnlfxcant dlfferences betveen

Y

.,_':g"

Heans, and standard errors of these neans (SEH), fdr”‘

MaBP HR,

tableeZL

ICP and CPP recorded durlng each of the pre SAH

-::rCBF determ1nat10ns for each volune group are presented 1n

Hlth each group ther° wa's no 51qn1f1cant dlfferencer_f?

inp naBP or HR durlng the 4 floms.,The ICP vas’flrst neasured'5

at the fourth flov. The CPP, a neasure of:the:prQSSurehhead

'-of blood

L except 1n group B (1 33 ll/kg) u

floulng to the cerebral tlssues,:vas'ﬁbtff

. -

'T 51gn1f1cantly dlfferent.durlnq the u flovs of each group,;r“

;re CBP at CBF (u) uas e

- Typlcal cardlovascular, ICP and resplratory responses

( to an 1nduced SAH are shovn 1n £1gure«13. The flrst

experlnental para-eter to respond vas, the ICP, then the HaBPf“»ﬂ

373; j



‘:folloved by resplratory pattern changes, and flnally EKG

changes. The hemorrhage tended to result 1n 1ncreases 1n t‘i

—

:“NaBP and ICP bradycardla and other arrythmlas, and

;ﬂ-resplratory pattern abnornalltles.

»

The mean t1me for the HaBP to respond to the 1nsult for~

Nthe u SAH volune groups “was 11 kS 1 seconds, the peag naBP

‘m

response occurred w1th1n SS t 5 seconds of the 1n1t1at10n of;”V

‘the hemorrhage, and the HaBD returned to norlal, restlng
L : . l v _— . .
‘}l'level at 296 x u seconds after the 1n1t1a1 haBP change. The Sl

'ptlmes, in the u experlmental groups, for "MaBP to change" f'
_ 5

':;"haBP to peak" and "MaBP to recover to nornal“ are presentedﬂ;n

2

. ;1n tables 3 and a. No statlstlcally 51gn1f1cant dlfferences o
'p‘1n these tlnes uere found between the a groups except that/”f'i
deFaBP "tlme to peak" for group D (2 0. ml/kg) vas ﬂﬂ,f t' "‘ |
‘Slgnlflcantly longer than that of group B {1. 33 ml/kg) ?L:-it
“75f(p<c 05). Also, the/larger volune groups tended to take'_-x.”‘”

’jj,;‘7;w:longer to peak and to recover than the other groups. c* o

In 8 of the 20 anluals 1n thrs substudy the 1n1t1al
ﬁ}hnaBP response uas hYPotensxon"3*of these anluals were 1n‘}3i'*
7]the 1 0 nl/kg qronp, 2 Ain the 1 33 nl/kg gronp,,z 1n the ,.;”

dw.f1.67 nl/kg group, and 1 1n the 2.0 nl/kq gronp._rhe 17 h;fﬁh
‘tjdecreases vere 27 + 9,_19 t 9 19 + 1 and 10 lm Hg B

"respectlvely..hll of these anlnals eventually responded u1th

_\
L4

":hyperten51on. The nean duratlon of hypoten51on uas 12 t 2 L

"fseconds and was 51u11ar for all a groups.‘vfff,:ﬁpg‘\h

“i;%In'thetrenaining712.anina1s>the”initialsresponseyvasg“V'
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e

. VIS
S . .

'mhyperten51on. The lax1nulx_or peak HaBP responses for the

7

i.:ghoups are glveu 1n table 3, and no signlflcant dlfferences .

".betveen these peak pressures vas seen.

RN

e v f
N R o R - ’

| The general response of HR follovlng henorrhage, for

v;'all gﬁpups, vas bradycard1a vithln 3819 secohds of the

’=‘1nsu1t. Sone dlfflculty vas encountered in EKG'

2

h*hj71ntezpretatlon sznce HR 1n these prlmates was. rapld and the"'

paper speed on the ava1lable recorder was not fast enough to.

fpprOV1de a clear, accur&fe recordlng. Further,'ue used llmb

ow

leads in: thlibftUdy and dur;ng the hemorrhage some of the f

-anlmals aSSuned an op15thoton1c posture with llnb exten51onf

hpcausxng manked artlfacts in the EKG record These parrlcular'

‘»hexperlmental problems were corrected (uSLng a rast reéegder

'f'pand by usxng chest leads) 1n the second najor 1nvest1gaé: n

- . :f“‘\_/ RS
'*andgln the ar£1f1c1al CSF group of thls study. Bearlng 1

',hhlnterpretatlons were° all anlnals 1n the 1 0 nl/kg gro P

- "‘.:‘,

r

-2

’7jm1nd the 11n1tat10n descrlhed for these EKG measurene

e
¢S

B .
?denonstrated bradycardlg and 1 had ventrlcular prem ture

beats (VPB),-ln the 1 33 nl/kg group all anlnals experlenced,

.- Y

Yradycardla, 2 had VPB's and 1 of these had a- run of’

'

‘Q,VQPtrlcular tachycardla. in the 1 67 nl/kg study 3 anlnals o

h”ghad bradycardla, 1 had VPB's, and another denonstrated

y

“r;ventrrcular tachycardla folloved by second degree A -V blOCk'r:

| 3 of'the anllals in thn 2. 0 ll/kg group had bradycardla,p_f;‘

{ of these shoved ventrlcular tachycardla and the thlrd

.,o», ", o

L

(usentrlcular blgenlny and ve\trlcular tachYcardla.;.f”\ A

o, o



u- . K . . : R : F

'“at peak uaBP are presented 1n table u. No 51gn1f1cant
fdlfference vere found for "

.of these 2 exper1menta1 t1

Ul

,zthe 2 0 nl/kg group (p(O 05).T,>%"'

The 1n1t1a1 response to the SAH vas bradycardla,}

folloved by the occurrence of other arrythulas (vhere

5noted). By the tlme of flrsf CBF deternlnatlon, post-lnsult, S

IS

*(approxrnately 10 nlnutes) the EKG for all anlmals had

‘returned to nornal. The HR of the " groups at peak ICP andﬂ

IS

et &

'The greatest decrease noted

‘o

‘in HR and tlme of occurrence subsequent to the 1nsu1t for
geach of the 4 groups uere not sxgnlflcantly dlfferent ﬁron
;,each other. The nean dacrease uas to 9115 beats/mln.aat [t

' 72111 seconds follov1nq the 1n1t1at10n of the hemorrhage.'

e
~

“

3 o
f.by at least u mn Hg was 1 7 + 0 2 seconds. These 1nd1v1dual¢ '
ntlmes tor each group are shovn in. table 3-‘no 51gn1f1cant o

']'dlfference betueen then vas noted The mean "tlme\to peak"_f»

"for the groups was 29 ¥y 2 seconds, and the 1nd1V1&ual tlmesfu?

for each group are. presented 1n table 3. These tlmes are

‘fﬁ151gn1f1cantly greater for the larger volune groups,than fore-pf-~
‘the 1 0 ll/kg group (p<0 05, p<0 01 for the 1 67 and 2 0 L
':ll/kg groups respectlvely)._ hey are also longer relatlve to .

-]hfthe 1 33 ll/kg group, but 51gn1f1cant1y dlfferent only forlwc

The lean peak ICP for the u groups uas 127 B 9 ‘AR Hg.

Table 3 docunents the 1ndiv1dual peak ICP levels for the T

_veen the u groups at elther R

‘In the 4 groups th° average tlme for the ICP to changa-ég;?



P

’{ml/hg group.‘”"

. several groups. Péak ICP values for the 1arg§¥ﬂvolume groupsfff

t

'lwere 81gn1f1cant1y greater than that of the 1.0 ll/kg group_fﬁ{

(p<0 05).'There uas ‘no 51gn1f1cant dlfference betveen peak

Y

4[»ICP values for the 2 louer voluue groups, nor betueen the i5»”

”7fvalues for the hlgher volume groups aé% that of the 1 33

PR

R Peak ICP occurred at the conpletlon of the nanual
: \

5in3ectlon.,After reachlng a peak level the ICP fell gulckly ff

'at flrst and then more grapually reachlng pre 1nsult levels

":gat the tlme of the flrst, post SAH CBF deternlnatlon. The

.

'.gonly;exceptlons to thls ICP pattern occurred 1n 2 anlmals, 1

‘fln each of the larger volume groups, in. vhlch the ICP *:T

5rena1ned elevated (at 28 ma Hg for the anlmal 1n the 1 67

‘for ICP decay, as descrlbed by Stelner et al (216), ls

7ml/kg group and at 36 an Hg for the anlmal dn - the 2.0 al/kg'_

'group) at the flrst post SAH flov measurelent. The half'tlne

Y

- tlme requlred for the ICP to fall to a level one-half'the
sdlfference betueen the peak value and the 1n1t1al restlng

"lvalua. These half tlues are docuuented for all the groups 1n{ .

v

"'ftable u- no sxgnlflcant dlfferences were seen betueen

;zgreups,_however, the tlnes for the lower volune groups L

tended to be longer than those of the hlgher volule groups.:;
SR Lol o o ' ' “ ,‘l :
The tlles neCeSSary for the ICP to return to a. steady

5 )
! X

: post—SAH leveI, i e..a newv restlng state, are shovu 1n table;_'

R

.These tlles are not dlfferent fro- one another but these

‘ values for the 1 33, 1. 67 and 2 0 -l/kg groups tend to be

JRREa N
. -
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y iépggrsfhah.tha£~pgﬂthej1;0<hlykg gtdup{j°'

Durlnq‘the hemorrhage the ICP vas naldfalned at a level
"”less than fhe MaBP, Slnce a cllnlcally spontaneous fiu~.;"
“‘subarachn01d henorrhage ceases at the p01nt Hhere the ICP
.approaches a- 1eve1 betveen d1ast011c and systollc blood

-pressure (110), im our 1nvestlgatlons the hemorrhage uas

"uperformed manually and consequently we vere able to control

uthe ICP elevatlon and nalntaln 1t at a level some 10 20 nm ;;‘

-~ Hg' belov raBP, thereby remalnlnq V1th1n a phy51010g1cal

.C'accoptable 51tuat10n.:

. Mean cerebral perfu51on pressure'fEﬁfi, (calculated as;.
'.naBp ILP dnrlng the tlme the ICP responds to: the lnsult
untll peak ICP) is an 1nd1cat10n o‘ the cerebral perfusldn.v
hlpressure durlnq the 1nsu1t. These values .are presehted 1n

'table u and no 51gn1f;cant dlfferences are ev1dent betieen

'them. Mean‘cerebral perfu51on pressure calculated durlng the'

'tlme from peak ICP UDtll the ICP returned to a steady state R

“}level (CPP1 (elther to pre 1nsu1t normal llmlts or a: neu

>

T“frestlng level as dlscussed for "tlme for ICP to rec°ver")

rf,are shown 1n table u- they are - not d1fferent from one -

v‘e.rapldly than HaBP, and thus, desplte an elevated ICP, CPP1

“‘another.‘The reason for CPP1 values lylng between “nornal"i'5-

~'-'and "hlgh" levels post-lnsult, durlng the perlod that both 1”l

i

the MaBP and ICP -are falllnq,_ls that’ the ICP falls lore

N

: renalns nornal or elevated durlng thlS perlod

'»xfter the,lnSultefhe[varibus~physiblogicalfparaieters T

-



fTreﬁurnea to new steady state levels' the values are shoun iln
Y ,

table'S Durlng CBF.(S) naBP for the u groups tended to be

N S

_‘1over than thelr respectlve '"e SAH values. Tha dlfferences'

- vere SLgnlflcant only _”r the 1 31 and 2 0 nl/hg groups
'*i(p(O 05) The decreases seen in the hlgher volune groups

‘”}tended to be greater than those for the other 2 groups.pj’

Byathe second post SAH flov HaBP values for the snaller l

*}fvolume SAH groups had returned to norn 1 and renalned at

o lower thau restlng level durlng th «6 post-SAH CBF ltﬁ~9

'f-_".-ml/kg group at CBF (6) (p<0 01)-' t CBF (7) th" "aBP vas

thlS level durlng the ensulnq 5 CBF d terulnatlons..ﬁlth L
O

térespect to the larger volume groups,‘MaBP tended to reualn ;5

L
r‘
~

3-evaluat10ns. Slgnlfxcant decreaSes uere seen for the 2. m

'fjulthln normal llmlts, but 1t reualned lower taan norual for"

-’ ;
. L e T
@ ] .

f‘gthe duratlon of thlS partxculartstudy. Gf.f:tf.ﬁ'f*ffwmugfgf

'The EKG and HR for all u groups had returned to nornal
fby the flfth CBF determlnatlon, and rema1ned thls.vay 'p;#v"f.:

‘V'throughout the studles. ?-Q-f. B eﬁf;.f&:flff.'f[*'l§9~'“”

Iu general the ICP 1n all u groups returned to restlng

SPWI

G_flevels at the tlme of the flfth CBF deternlnatlon. Iu the-_
1.0 ml/kg group n anlmals had nornal ICP at csr (5), bnt in.
;511 anllal the ICP remﬂfned elevated at appr011late1y 20 II Hg
'”untll CBF (7) at vhlch t1le 1t had returned to uorlal In -
'.fthe 1 33 nl/kg group -2 anlnals had nornal ICP at CBF (5)\ _h;; lxlf

\

ﬁbut then experxenced ah ICP 1ncrease durlng~CBP (6) vh1ch

-

"flper51sted throughout the study at levels o£ 20 and 30 ll Hg
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respectlvely. The renalnlng 3 anlnals 1n thls group had

o nornal ICP ﬁalues at CBP (5) for the renalnder of the study.."r'

-

Q'of the 1 33 ll/kg group returned to nornal for the duratlon':

*J; and renalned normal throughout the duratlon of the~

All anlnals 1n the 1.67 ll/kg qroup had normal ICP at CBF =

# .

(5). 1 of these denonstrated an ICP 1ncrease at CBF (6) (to :

i ]

o 30 1] Hg) that persxsted.

o ; : s

In the 2.0 nl/kg group 3 anlnals had norual ICP values .:4S

.«

. at CBF (5), u by CBF (7), and the remalnlng anlmal had a

per51stently elevated ICP (at us nu Hg) and dled durlng CBF o

b

(8). The remalnlng 4 anllals na1nta1ned normal§ICP values f»,l_'

A

for the duratlon of - the stud;es.~v7"

The CPP of>the 4 SAﬁ volume groups follovod the
comblned changes of both ICP add MABP. In the 1. 0 ml/kg

group the CPP returned to- pre-SAH resthg levels bx_CBF (5)

o
.g A

experlments. Durlnq CBF (5) the CPP values of the other 3 ,ch

of the studles. It shouLd be noted that the 1argest df¥;33hﬁuj

--,v'»~,, :".' : . 3

K2

R

Q-}relaxn lover than norlal and below that of the lover volume

R

grQUps relalned sxgn1f1#1~tly lover than thelr respeét1ve~;?~iyif'

restlng status (p(O 05) fgs. 1u 17 tables 5 and 6)-,Th15 :u,nﬂ'

sxtuatlon results fron 1o:s=%fP, since. the ICP 1n general “hf}V.fh

had returned to nornal by CBP’(S)J After thlS flov, the CPP evJ“‘

decreases 1n CPP are experlenced by the hlgher SAH volune d‘;_,'””:

qroups. ‘ﬁ;..m- f? Cw v
For these larger volule groups there vas sone recovery .;f[

°f the CPP: but a= Ias the case Ulth HaBP,:CPP tended to C:iit‘Y;

» LA ‘t RN el

s - ¥ 0 a



nals in the 1.67 ll/kg group had normal Ice at CBF

Jf these denonstrated an ICP 1ncrease at CBF - (6) (to

) that persxsted.

o
!

the 2.0 nl/kg group 3 anlnals had normal ICP values‘ ’

(5), u by CBF (7), and the remalnlng anlmal had a

antly elevated ICP (at us na Hg) and dled durlng CBF. S

2 remalnlng 4 anllals na1nta1ned normal§ICP values

duratlon<of,the-stud;es,~v7"

2 CPP of>the 4 SAﬁ volume groups folloved the
d. changes of both ICP aﬁd MABP. In the 1. 0 ml/kg

he CPP returned to- pre-SAH resthg levels bx_CBF (5)'

alned normal throughout the duratlon of the~ ':ﬂfgﬂf:7l

.g b

ents. Durlng CBF (5) the CPP values of the other 3

renalned sxgn1fié1~tly lover than thelr respeét1ve~"

status (p(O 05)

v L (s
on results fron 1o:\=5<P, 51nce the ICP 1n general

;gs. 1u 17 tables 5 and 6).lThls R

urned to nornal by CBP’(S)J After thlS flov, the CPPff‘J )

1 33 ll/kg group returned to nornal for the duratlonrl

studles. It shouLd be noted that the 1argest *7?V

‘

es, 1n CPP are experlenced by the hlgher SAH volune ]A;_,""'

J':' .
u)
P .

r these larger volule groups there vas sone recovery

CPP, but ae vas the case Ulth HaBP,.CPP tende& to flilt*yl

3 : & . . LN

1over than norlal and below that of the lover volume




82.
‘ivalueS'for Pacoé,iPaOZ, .pH. and A-aDOZ 1n each group. ‘The

overall nean values are also shoun.

- R ~;>-\, . . - S
w\ . ST . . o !

' The 1n$t1a1 changes an vt and in RR, subsequent to the o

) AN
:SAH, uere vartable‘ 1ncreases, decreases and no changes were
~demonstrated; The average tlmes for the resplratory pattern

'to change for each group are shown 1n table 3, and there 1s’
no’ 51gn1§3r?nt dlfference betveen then. In most anlnals theA
311nit1a1 resplratory responses progressed to further changes;ﬁa
dconslstlng of varylng perlods of apnea that began durlng the;
'hemorrhage and per51sted after 1ts conpletlon (flg. 13).:.5

h Subsequent to the apnea,’recovery of resplratlon occurred in

~all anlmals. Apnea occurred wlth 3 anllals in the 1 0 ml/kg
-

f‘group, u 1n the 1. 33 nl/kg group, and 5 1n both the 1 67 andk‘;~

i

f_2 0 nl/kg groups.vThe duratlons of apnea for these groups
"aiare shoTn 1n table 3.‘The larger volume groups experlencedid
”Eelonger perlods of apnea than d1d the lower volune groups;

h_Both the 1. 67 and 2 0 ll/kg groups had perlods of apnea ”

;"51gn1f1cantly greater than that of the 1 O nl/kg group,
Hhh(p(O 01, p<0f05 respectlvely). These larger volune groups ,h
’”also had longer perlods of apnea than d1d the 1 33 ll/kg
hﬁgroup but 1t uas 51gn1f1cant only for the 1 67 nl/kg group

’.Jp<0 01). There vas no 51gn1f1cant dlfference 1n these tlle >

'aperlods betveen the 2. lover SAH volune groups, or betueenv

'Lifthe 2 larger SAH volule groups.

Ihe 3 anllals not exper1enc1ng apnea developed

'  bradypnea and nonspec1fic respiratory rhythn 1rregu1ar1t1esu

A



'large 1ncrease 1n Vt.'

;durlng the henorrhage 1nduct10n.

.~

C o ) . . o P . . T N

-durlng the he-orrhage° ohepof“thesefalSO'deiodstrated"a“‘

' The ntime for resplratlon to recover" is deflned as the'

"vf.tlme from the 1n1t1a1 resplratory change subseguent to the

[}

’1nsult up untll the recovery of regular resplratory rhythm. _d

“jTh1s p01nt vas chosen 51nce we'belleve 1t to Lndlcate a
4vreturn to nornal 1n resplratory centre functlon (regular'

. rhythnlc resplratlons). Another factor 1nfluenc1ng thls .:L}
',ch01ce was the developnent of 1ncreased vt 1n the larger‘
gvolume groups on the resunptlon of resplratlons follovlng

-Vthe apnelc eplsode. The respectlve "tlne to recover" for the

v

"~groups are shovn 1n table ﬂ The larger volule SAH groups

?took longer to recover than dld the smaller volule groups. o

\
:|

';_Thls recovery tlne was statlstlcally 51gn1f1cant only for

the 1 67 nl/kg group relatlve to the 5'0 nl/kg group

\

.(p<0 01). No dlfferences betueen these tlmes vere found for

‘the 1 O and 1 33 nl/kg groups, or between those of the 1X67_p“‘

and 2 0 nl/kg groups. .

Hlth respect to the resplratory pattern changes L

”“-resultlng from SAH the hlgher vorune groups experlenced
‘-apnelc eplsodes nore freguently, and of longer duratlon, as

7'we11 as 1onger perlods of tlne to recover regular‘

I

‘resplratlons than d1d the louer volule groups."

[ 2

Arterlal blood gases and pH leasurenents vere not -ade_«°‘;
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Tables 8 and 9 nge the post SAH values of Vt,}ﬁRé«;
PaCQZ, Pa02, A—aDOZ and pH. The reSplratory pattern R

parameters and the arterlal glood gases are expressed asv o

'7§ percentaggs of the approprlate pre—lnsult values, and the A-“

‘and 19.-. r.ﬁ

aD02 and pH values are expressed 1n absolute un1ts. Pa02

:PaC02 and A- aDOZ ,pre and post Skﬂ, are shovn 1n flgures 18

Durlng CBF (5) Vt in the 1 O\ml/kq group Has sllghtly'

1‘\less (ns) than the reStlng 1evel, that of the 1. 33 ml/kg laf'
-gmoup\yas normal, and the values for the 1. 67 ml/kg and 2 0.

: dml}kg groups (1“8120% and 142t2u%) were greater (ns) than

A%
X

vthe respectlve restlng levels-'PeSplratory rate in: all
_groupsareturned;to-norual by CBF (5) (1112 mlnutes post—_vl

a.PaCOZ in the louer volume groups vas alvays v1th1n

normal llnlts by CBF (5). PaC02 1n the larger volune groupsg~

was louer than normal (ns). The largest PaC02 decrease at:

’,l:thlS flov vas experlenced by the 1. 67 nl/kg group (7619% of

?e3+13x of norlal.‘gy

E normal). Slmllarly Pa02 values of the lover volune gronps

'»_vere normal, and those of the larger groups vere 1ouer‘than

i‘resting (ns).»Paoz in the 1. 67 nl/kg group was lowest at

R

V“;A—aDOZ'in'the'1 0'll/kg-qrou'l'ncreased sllghtly above;‘;

'.“horial, whereas 51gn1frcant 1ncreases (p(O 05) uere"

:experlenced hy the hlgher volune groups. The 1 33 ll/kg |

group dld not develop any changes n A-aDOZ.,.'
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pH 1n the 1 0 ml/kg groups vas unchanged, that of the AR
_1 33 ml/kg group decreased slzghtly (ns), and those of the;

'hlgher voluue‘groups 1ncreased (ns).

.vi The'resplratory patterns in all b groups returned to'”
'h,vlthln normal 11m1ts by CBF (6) (2812 mlnutes post SAH).

'There vere fluctuatlons 1n both Vt and RR values (ns) _f
‘_”espec1ally in’ the h1gher volume groups, for the duratlon of
'ﬂthe_studles,_:"f' .‘“": o RSN b[l;.hlﬂ ;'Lg'vwvtitjt/fﬁig-

Pacoz ln the lover volume groups remalned normal for_;
.1the subsequent 5 CBF determlnatlons (flg.‘19(b)). In the f.“}
,1ar;er SAH volume groups PaCOZ remalned 1over than normal:v“

‘(ns) at CBF (6) but returned'to nornal at CBP (7) and for:

‘ the duratlon of the studles (flg.‘19(b)).g<

?aoz for the 1 0 and 1 33 nl/kg groups were normal

throughout the experlnent. For the hlgher volume groups, |
Pa02 renalned louer than normal (ns) up untll CBF (9) forlw”
the 1. 67 nl/kg group and CBF (8) for the 2 0 nl/kg group .

(flg.l 19(a)). B

' A aD02 for. the 1 Olll/kg group remalned sllghtly

'_feleVated (ns) at CBF (6,7 9 10) and vas norual at CBP (8)._

.,In the 1.33 nl/kg grou‘ A—aDOZ relalned sllghtly belov_gu

'norlal for the duratl'n of the studles.‘Th1s uas 51gn1f1can§

v t CBF (7 8 9) (p<0 05) (f;g. 18(a): tables 8 and 9). ;rt3~§; :diff

'_LfaDdégindthe<_.67 nl/kq”groupfrenained”elevatea (ngyf

M



s .,5

h -but gradually decreased durlng the ensulng CBF
‘lv‘deterllnatlons. A aD02 of the 2 O nl/kg group relalned I

' 'elevated (ns) up to and 1nc1ud1ng CBF (7), after thCh 1t

o
fell abruptly to normal levels (ng. 18(a). tables 8 and 9)._

The A-aDO2 elévatlons for the 2 smaller volume groups Here-f

"y

_51m11ar as uere those of the larger volume groups. The‘n

-

"latter vore cons1stent1y greater than the A- aDOZ elevatlons

experlenced_by thevlover-voluae groupslb r

LA
\

'\.- <

pH 1n the 1. 0 ml/kg group vas sllghtly docreased (ns) .

.durlng CBF (7),»and 1ncreased (ns) durlng CBF (0). Otherwlse

’ 1t remalned at normal levels. For the 1. 33 nl/kg group pH

o .remalned sllghtly 1over than resflng (ns) at CBF (778 9 40).‘.-"

R CBF (10) 1nclu51ve.‘._;.'Igiffgffsfj::f;JQ,th~

*iincreases 1n Vt and A aDO2,»and larger decreases 1n PaC02

land Pa02 than d1d the snaller volume groups. _\f

ftgFor the 1. 67 ml/kg group after CBF (5) pH fell sllghtly (ns)*"

S at CBF (7). butewas normal for the'other CBF determlnatlons.“ o

oo

-'pH in the 2 O nl/kg group relalned !ov (ns) for CBF (7) to

IS

The larger volume SAH groups experlenced greater

A

PR

' Subseguent to the helorrhage, u anlnals dled acutely, 23;

:1n each ‘of the larger volune groups. In each of these

- anlaals resplratory arrest occurred followed by'jpl

7card10vascular deconpensatxon and death In the 1 67 ll/kg

;,;group the 2 anlnals dled prxor to CBF (6). Both_of these,j'

......

';wanllals developed hypoxella post-SAH (56 and 18 li Hg).

- the tlle of the Pa02 deterllnatlons the anlnals vere~



~in the 1 67 ml/kg group had greater 1ncreases 1n A aD02 thanlhilff
) did'th'

ﬂnot‘

-:seen Ln the 3 surv1V1ng anlmals and thus, for the nost part

fexperlencing resplratory dlfflculty and uere deterloratlng
'frapldly. It uas therefore dlfflcult to establlsh uhether theﬂh

*_decreases noted 1n the paoz levels lere due to the

resplratdry dlfflcultles or due to. so-e other factors.v

N

:'p Calculatlons of the A- aDO2 help to dellneate the aetlology

hbof the hypoxemla.,Flgure Je(b) shovs that the anlnals dylng

survrvors. Also, A aDO’ for the anlmals dylng d1d

vecover vhereas A aD02 for the surv1vors gradually

‘a -

*,decreased towards nornal.}Thls 1s the mlrror 1mage of the

B

'3Pa02 values in thls qroup. Both the dylng and surv1v1ng

;anlmals developed decreases in PaOZ._Those anlmals dylng.'

e

. developed a greater degree of" hypoxenla that dld not recover4

"1compared to the surv1vors vhere the lou PaO’ returned to

e G'\'w.., o

- Of the 2 anxnals dylnq acutely in the 2 0 ml/kg group,,

°”~;{1 d1ed atter CBF (7) aua the other ]ust prlor to CBF (8).A,: i

1lThe Pa02 decreases in these 2 anlyals were. larger than those.

.

vere respon51b1e for the Pa02 decrease seen post SAH 1n thlsp

egroup*(&\g.-19(a); tables 8 and 9). Th1s explalns the rapld

Vreturn to nornal of Pa02 at the CBF (8). The slrght decrease

in Pa02 1n the surv1v1ng anllals had recovered to nornal by

G;CBF (7)' but- thlS fact 1s nasked by the lou Pa02 values for~1

-l

'fthe other 2 anlnals.bThls sxtuatlon ls also 1llustrated 1n‘

BETR

Lo e

“f&u% A= aD02 values for thls qroup, flgure 18(a). The 2.

..';

anllals dyrng had large increases 1n A-aDOZ post-SlH,_s_ff“
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b) for thls qroup and the rapld return to norlal

._:‘ e

at CBF (8) .

hose anlnals 1n ‘the larger volune groups had greater
ses 1n A-aDOZ and larger decreases 1n Pa02 than ’

enced by‘the,lover yolunevqroqps.
) Reg10na1 Cerebfal Blood Flov and Cerebrovascular

i . L e “ Lo R
‘ ’.-""" - v . . :
P I R N .

eglonal cerebral blood flow and the CVP gndex values

ance Changes.'

o

€ pre SAH CBP determinatlons are presented ln table 2.,

PN
PN 'l

nlflcant dlfferences ‘were oresent betveen the rCBF

or CVP 1nd1ces at the u pre-lnsult CBF determlnatlonsn

each group. The overall .mean values of these
U'

loglcal parameters are also presented in the table."

he pre and post-SAH rCBF values for all the groups,f*'

\

esented 1n flgures 1& 17 along Hlth thelr respectlve’
and CPP lewels at the t1ne of the CBF determlnatlon.

callber ‘is also shovn. The post-SAH rCBF values, ;

sed as percentages of restlng levels, are presented 1n__”_

he response of rCBP to the SAH 1nsu1t ‘was a reductlon af

o (flgs.“1u~17' tables 5 and 6). The f1rst CBF

!

‘@ ent«follouxng the 1nsult, CBF (5), vas.v1th1n 1112

¥-3 of the henorrhage 1nduot10n. Hean rCBP values at CBB;f:“

R

CTa,




[

;'groups.'

'determlnatlon.

i( ) for the u groups 1n order of 1ncrea51ng volunes vere,

3515 39f5 18:2 and 18:& 11/1009|/m1n. These rCBF values -

are’all less than thelr respectlve restlng values. The ;

decreases are statlstlcally 51gn1f1cant 1n the 1 0 ml/kg

.;group (p<0 05), ‘the. 1 67 ml/kg groug (p<0 05) and the 2 0"

"ml/kg group (p<0 01). The greatest decreases in rCBF uare

\}gerlenced by the larger volume groups.-

Flgure 20(a) deplcts CVR values pre and post SAH. All w

._f groups show” 1ncreases (ns) ln CVR at CBF (5). The largest

v"Au

'.*1ncreases 1n CVR were experlenced by the larger volume

~

' The IrCB¥ values ‘in- all groups shoved 1mprovement by CBF

:f(éf}hbut'remalned belov restlng levels.,Thls reductlon ‘vas L

t

'statlstlcally 51gn1f1cant for the 1 0 nl/kg group (p<0. 05)
jté‘and the 2; O nl/kg group (p<0 01). Thq rCBF in’ the 1. 0 nl/kg
'rgroup contlnued to 1mprove throughout the duratlon of the -
z_hstudles, but rema1n°d sllghtly less than restlng levels.-.

rh_Thls decrease was: 51gn1f1cant only a* CBF (7) (p<0 05).

In the 1. 33 nl/kg group rCBF returned to normal at CBP,t

5a(7) and remalned nornal durlng fhe followlng CBF'

e

The rCBF 1n ‘the 1 67 nl/kg group rela1ned lover ‘than

\

'; norlal (ns) throughout the en501ng 1nvest1gat10ns. . C_Y'

In the 2 Q ul/kg grouparCBF remained«lov throughout the.

experllental studles. These reductlons vere 51gn1f1cant at



'-;above restlng levels for the reuainder of the studles. One

~CBF (7) (p<0 05), CBF (a) (p<0 05),ana'c3F,(9).(§<0'01).
¢
There was an 1mprqvenent 1n rCBF in thls group at CBF (8) to

lBSiu% of normal but 1t was st111 slgnlflcantly louer than
.Irestlng. | o

B Flgure 20° and tables 5 and 6 demonstrate that the CVR
"1ndex of ‘the 1 0 ml/kg group remalned sllghtly greater (ns)
7lrthan restlng values and thlS wvas - 51gn1flcant at{;;F (8) h“vl.J’l'
(p<0 01) In the 1 33 ml/kq group the CVR 1ndex returned to 34‘
';normal at CBF (6) and remalned so for the duratlon. Hlth
e'respect to the 1 67 ul/kg qroup, the CVR 1ndex decreased
rsllghtly after the flfth flou, but reualned.elevated'(ns)'
f'value, at CBP (9) uas statlstlcally greater from\normal

1f(p<0.05).

The CVR in the 2 0 ml/kg gr up,remalned elevated (ns)
. ‘ :
above restlng, for CBF (6) and CBF (7). After CBF (7) CVR
returned to normal levels and reualned so’ for the ensu1ng

flovs,

ﬁThe.largern#oluue'SAH'grouusféxperipnoed-greater

" initial decreases in rCBF and larger 1ncreases lu CVB thanpg;;ff -

did the smaller value groups.‘In the 1 60 ml/kg group rCBF;;e~'f"V

‘Vvalues reuaxned lov, and the CVR values hlgher, than thosej
B of the 2 sualler value groups. ThlS vas also the case: wlthﬁf”t“'
'.rCBF and CVR in the 2 0 1l/kg group up untll CBF (8),fat

,whlch p01nt the rCBF showed soue recovery, and the CYR

"returned to norual. Hpvever, the rCBP values of thxs groupﬁ e

*



7d1d remaln 1ovet than restlng, but not 51qn1f1cantly
o

";dlfferent f:on the conparable values in- the 1 0 ul/kg group.:
In the 1..67 nl/kg group, 1 anlnaé\died befbte'and T

after the flrst post—SAH CBF neasurement. rCBF of the an1na1
¢
'dylng after CBF (5) uas 1u nl/1009m/m1nute, 22% of 1ts pre-

: nsult resting value.\Thls valﬁe vas. louer than that of thedv
‘<\\::her animals. 1n the gtoup at thls flou ueasurement. Flgure
‘(a) shows rCBF for each group for the anlmals survxv1nq
\the complete experlmental studles. Flgure 21(b) shous rCBF'“
-hfor each of the anlnals dylnq acutely._ks noted for‘the>
',1 67 nl/kg qroup, 1 anlnal dled before the CBF (5), and the.
-other, whlch survlved u8\11 the end of CBF (5) ‘had a louer =
'“rCBF than d1d the surv1V1nq 3 anllals. In the 2.0 ml/kg_gj'h"
:qroup, 2 anlmals d1ed 1mned1ately after CBF (7). The rCéF
i Nalues of these/anlmals at CBF (5) vere. less than the a
'»correspandlng flows for the remalnlng 3 anlmals of then
group. . These values uere T and 12 ml/1OOgm/m1nute £7
lrespectlvely,\represent1ng,_1u% and 33 of thelr restlng
levels. rCBF 1n these 2 anlnals remalned lov untll death and
Tiwere def nltely 1ower than the correspondlng flow values of
- the other 3 anlnals of thls qroup (flg. 21(a),(b)).'rCBF at
iCBF (1), just pnlor to thelr«denlse, ‘were 17 and A1
'h ll/1OOgn/n1nute respectlvely,_representlnq 3“% and 30% of
»fthelr norlal values. ThlS explalns the narked lmprovenent ln.l‘
vrCBF 1n the 2 0 nl/kg group durlnq the ttan51t10n fron CBF -
fl(7) ‘to. CBF (B) as seen in tables 5 and 6 and flgure 17._It

-"Lppears that the lov rCBF 1n these 2 acute deaths velghted

~.

\ -
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neangrcthafter CBF‘(7yf

v;vhlch the CVP uas normal

.the overall mean rCBF of the group durlng CBF (6) an& CBF

2

(7).'De5p1te the gradual 1g§rovement Ln rCBP 1n the

‘hsurv1v1ng an1na1= durlng CBF (6 7 8) as shovp in flgure'4:7fyqz

2§ya), 1t appears more narked 1n flgure 17 and tables 5 6

o

'v‘hbecause the 2 anlmals dled and no. longer contrlbuted ‘to the .

T

The an1ma1 dylng 1n the 1 67 ml/kg group experlenced a'

hgreater 1ncrease in CV? than d1d those surv1v1ng (flg. _hn:j

\ -l i

3 20(b)) CVR 1ncreased to 5 14 whereas the mean value 1n the:v"

_m'surv1v1ng anlmals at CBF (5& was. 3 4s,

A\
- RN : : : _
CVR for the 2 acute deaths in the 2 0 ml/kg group vere
greater than those of the surv1v1ng anlmals (flg. ZO(b)).

The 3 surv1v1ng anlmals experxenced a" CVB 1ncrease at CBF

=;kS) but 1t returned to normal at CBF (6) and remalned s0. for

'3the duratlon of the studles.‘Flgure 20(a) shovs the

4

'per51stent elevatlon of CVR 1n the 2 0 ml/kg group post—SAh»ﬂﬂ"
"eup until CBF (7) after vhlch CVR returned to normal. The
lreason for thls pattern,'ls 51m11ar to that prevrously
"explalned ﬁ%r the rCBF changes in the group. In thlS case.
thhe 1ncreased CVR in the dylng anlnals pulled the overall

-CVR ‘mean upward uutll the1r denlse (follov1ng CBF (7)) after

In the larger volume groups, those anlnals dylng

acutely had greater decreases ;n rCBF and greater 1ncreases Nf:

'f:j;n CVR'than;thosevsury;vrngr



7f(d)‘Cerebral AnéiO§tath-°'

f-;"As prev1ously dlscussed in chapter II (BethodsT iesself

callbre was measured only for the 1arge 1ntradural f@é“ff"

“

Acapac1tance vessels. 1ntradural 1nterna1 carotld artery

LI

‘A(IDICA) above and belou tbe or1g1n of the posterlor

~ S

'Q communlcatlng artery (C1 C2), n1ddle cerebral artery (nCA)

-and the proxxmal per1callosa1 artery (CA)..The data obtalned

from measurements of ‘the 1ntradura1 1nterna1 carotld artery
(C2) wlll be presented ln the text.‘Thls vessel vas lost
'con51st°ntly uell v1sua112ed on- the lateral cerebra1<'

“anglograms, and thus neasurements at this 51te prov1ded the'

most complete and accurate assessment of cerebral vessel

A

'_;callbre durlng the studles. Measurements of other vessels

(c1 MCA CA) revealed, that 1n'genera1,*they;re onded 1n,lf

1m11ar fashlon to the 1nsult of*subaraChnoid”henorrhaqe'as*_-'

'~d1d C2. Thus,'ve belleve that IchA, C2 measurenents
‘-accurately reflect the status of the cerebral vasculature

ﬁtdurlng the emper;nental 1nvest1gat10ns.;'

Cerebral anglography (1atera1) studles vere perforned

ﬁﬁllnedlately follovlng the neck surgery to demonstrate
-placenent of’the aneurysm c11p occludlng the external

‘carotld arterl~and prec1se p051t10n1nq of the connon carotxi

]

_artery catheter at the or1g1n of the 1nterna1 carotld artery

'(flg._22) Basellne cerebral anglography vas perforled
'uapproxllately 1512 llnutes prlor to the subarachn01d

.lhelorrhage 1nduction.-_:ﬂ ’ ff'_'ff‘f3f”

\_y

T3

em -
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The lean pre SAH IDICA dlaleters for the u groups are ."A\

_.H{f»shown 1n table 2.,These neasurelents are con51dered as

“'nornal restlng values. Follouing the 1nsult, the flrst set
o i
_of cerebral anglograms was perfoned 1nled1ately follov1ng
CBF (6). Tho second and flnal serles of anqlograns vas

'perfoned at . tbe conc1u51on of the experlnental studles,

vfr;after CBF (10). The post-:njectlon IDICA veSSel callbres for”;

j;the 4. groups are presen as-a percentage ‘of nornal 1nv_

12{_tables 5, 6..Actua1 vessel neasurements at thesel:.
‘”fvjedetermlnatlons are shoun graphlcally in flgures 1u-17
.T”Representat1ve cerObral angrograms for the u groups durlng
ithe pre and posh SAH perlods are presented 1n flgures‘

f5“23(a)'(b). «:) 26(a),(b),(c).,ﬁ,vh§rﬁ':

ny @

The 1n1t1al re5ponse to the 1nsu1t of the u groups uas

”“f;d1ffuse vasospasm. There was .no’ observahle dlfference in’ the -

6.
¢ . °
w7

There uas a SLgn1flcant rpductlon 1n the 51ze, from.
frestlng, of the IDICA 1n all the groups (1 -0, 1 33 1. 67—,1°f 
};p<0 01, 2. 0-p<0 05). However, the degree of spasm -\,“

r'fexperlenced vas npt 51gn1f1cantly d1fferent for the u volumef;;,f

o
E

Cerebral anglography follou1ng CBF (10) denonstrated

sone recovery of vessel dlaleter 1n a11 groups (flgs. 23c-
Zw“u e

.....

s 26cf.*thts~recovery appeared to be lore co-plete for the 2
1%

.‘_ .;..v_

”n_ <

‘"@fgilgyer wofune groups. rhe IﬁIC; dlaneter 1h&reé$ed but«

e renained idver than coa;rolqan all u groups. ThlS uas ;”7
L L A : R e E e ’
B ) MY '. ‘ _ -.‘,\ ;:ﬂi ’ '_“ T B . T v. e ."‘w ._ v/-‘-. * fk [
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,51gnlf1cant only for the 1 67" ll/kg SAH group (p<0 05). As

vas found at the flrst post SAH anqlographlc exallnatlon,

’V_the degrae of cerebral vasospasn observed at thls study vas

”*,"not 51gn1f1cantly dlfferent betueen thn u groups.'

[

¥l



(11) The Pathoph751olog1cal Responses To Induced SDH 031ng

Varylng vOlumes of Fresh Autogenons Blood In The :f.

o Spontaneously Breathlng Prlnate.

, \Thrs experrmental group¢c0lprlses 4 anrnels, Z-uithi
:,1 67 ml/kg and 2 ulth 2 0 nl/kg hemorrhages..ht post-lorten.r
iexamlnatlon of tbe brains, 1t~uas found that desplte uost of
"the 1n3ected blood belng subdural there-uas aluays sone'
*subarakhn01d blood He found 1t 1mp0551b1e to deterllne tne
’”i;ercentage or. ratlo of subarachn01d ko subdural blood. For

': thlS reason, as uell as the fact that the.nuaber of -
"experlnental anlmals 1n thlS qroup uoreﬁfeu, we are onl}
'presentlng the results of the SDH study for qeneral 3f£

"

: 1nterest, and are generally not comparlng thea to the \f?&

"jwresults'of the other groups. ‘No statlstlcal ana1y51s uas~‘f>*\¢{

“:”ffflnal CBF determlnatlon (CBF (10)).¢n ﬁ of the 2 0 ml/kg ;'

‘f,carried out on the results of thls qroup.

FR A

o Ti£7*s also to be noted that due ALK nechanlcal fallure,

Q-’ “ £

.._, Lo

>ve uere unable to reccrd the thSLOIOglcaI“parameters at theu o

- .

e ..
- e - o "_"“ L3 R AR . . S RN

'i(a) Cardlovascular and Intracran1a1 Pressure Responses

The nean velghts of - the Ionkeys 1n each group are shown

',ln table 1. The neans and SEH's for HaBP HR, ICP, and CPP

CREN re .

V-for each group recorded durlng each gre-lnsult CBF

w-a‘ t:u bt @ -~

1, . va P - -

S = e e Y
“_deterllnatlon are shoun 1n table 10._Typlcakvcardlovascular,

"5ICP and resplratory responses to an 1nduced SDH are’ shoun t0-“?



be 51m11ar to the SAH groups, and are. presented 1n frgure:‘
27. is. uas found in the SAH groups, th% flrst paraneter to: v
change vas ICP,‘followed by HaBP, and then the resplratory.
pattern changes. The EKG responses vere agaln last to occur,;'

02951st1n9 lalnly of SLnus bradycardla.g?:””’

The mean tlnes for ICP, HaBP and resplratory pattern to
Vpchange are shown in the table 11, and are. 51n11ar to those

“_ of the larger volume %AH groups., _ o , .

In the i 67 ml/kg qroup,‘1 anlmal reSponded to. thexs
stnsult wlth hyperten51on, andvthe other wlth hypotenSLOnr
The HaBP decrease was. 10 nqﬂg, 1ast1ng for 5 seconds, and
lwas then followed by hyperten51on.iTn the 2.0 nl/kg group, }
%fvboth anlmals responded with hypotensxon,'whlch vas then ;
H followed by a hyperten51ve response.'The mean decrease uas

L

1511 ang lastlng for 1611.ﬂ seconds. Peak MaBP values and;‘._j;uf~,j

- tlmes torpeak are shovn 1n»table 11 anq,haBP,t;nes;to ]]fﬂ~““

recover 1n table 122;3w;,ff;fiff:ﬁ

P

R TR ' . K : R P S

f;ii“,;—T%e‘generak HH‘response was 51nus bradycardra,‘The
: greatest decrease 1n HR was to 112:78 beats/lrnute occurrrrg;t'
at 91128 seconhs post-lnsult 1n1t1at10n. The HP at peak ICP_iv":d
-and HaBP for the 1 67 ul/kg qroup are shovn in table 12

both of the 2 0- ml/kg group anlnals, the EKG recorder‘

lalfunctloned at these tlles.

L ey RN .;';‘gkpfﬁ,twtn -
R, S e T G e T e T
N AR EERL N S O - RPN ) - S e e

[ fr o o s e i v ’

The tlues to peak and the peak values for ICP of the

SDH groups are shoun 1n tahle 11, and are 51n11ar to those



fof&the:larger'SAH‘voluue groups.fThe‘ICP-“halfétile'decay"

and "tine to recover" values'are presented in‘tablé*TZ. The

-

“tlne to recover" times for the SDh groups were shorter than"
those for the same volume S%H groups, and the ICP "haI¢ tlme'

decay" values Here 51m11ar..-

As was- the case u1th the SAH qroups;'ICP was nalntalnedglb
10- 20 mmHg belov HaBP durlng the 1n3ectlon. The CPP and
EEE?, values for the SDH groups are shovn in table 12 and
sare seen to bée sxmllar to those of the larger volume SAH |

Followlng the 1nsult, the varlous thSl°1°91031“
"iparaheters returned to new steady state levels.:The PQSt SDHZ.
{fuaBP,‘ICP and HR values are shown 1n table 13 Durlng CBF
7»?(5)' uaBP for both SDH groups tended’to he lover than thelrv'

”_jrespectlve pre~1nsult leVels. In the«1g67 ﬂl/K9'9f°upt Ha BP’

L :tended to recover durlng the ensulngvinvestigatiohsiwhereas-

hifi;that of the 2 O ml/kg group remalnedvsomevhat decreased.

The ICP 1n both groups returned relatlvely qulckly to:aw

i

:f”restlng levels and renalned so, except for 1 anlmal in the
' \

1 67 nl/kg group,lwhose ICP 1ncreased to. 18 ang at CBF (8)

o

v"yand renalned at thls level unt11 the end of the experlnent.

The CPP values folloved the conbxned changes 1n HaBP
h‘and ICP. These CPP levels tended to remaln lover than pre~.
'7pSDH values.iThls uas lore narked for the 2.0 nl/kg group

,than the . 67 nl/kg group.

ot
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(b)'Respiratory,Pattern-andfhrterial Blood‘sashéhanges,“'rg”

E

. Mean Lre-SDH Vt, RR,_ rterlal blood qas pﬂ and A-aDOZ,”

1

'values durlng each of the flrst u CBF determlnatlons for the“,

_2'groups'are shovn_ln table 1u;

The 1n1t1a1 changas in Yt and RR uere varlable,:as vas
documentpd for the SAH qroups. The tlnes for the reSplratory
pattern to change are shovn fn Table 11 All u anlmalstelf\

:developed perlods of annea. The. mean duratlons of apnea for.ii
_the 2. groups are shoun in table 11‘ and al _Seen: to bo
~‘shorter in duratlon than that experlenced by 51m11ar volumex~
VSAH groups. The tlnes to recover regular resplratlons are
,shoun in table 12 These tlmes are- shorter than those of thei
elarger volune SAH groups (faster recovery for the SDHf:ﬁ"

i

’groups).

'HArterial bloodbgas, pH_ande*aDQZ'determinations uere SO

fhot'uade duﬁinéjthe henorrhage.

o Table 15 qlves the post SDH vt, RR, PaC02 Pa02, pH and -

»

-vA-aDOZ values. The Vt,_RR, PaCOZ and Pa02 values are’

expressed as percentages of the pre-= 1nsu1t values, and the

:f‘pH and A-aDOZ values are expressed 1n absolute unlts. PaC02,

'Z.Pa02 and A-aDO2 absolute values both pre and post SDHfared

"graphlcally represented in fxgures 28(a)((b) and 29.~““-

. ,“(,.‘..,

In general vt for the 2 groups renal;e_fat 1east}:fifff‘:*”“’”

',Hglnitlally unchanged folloulng the 1nsu1t. Tovards thej}ffﬁ[:h

-



'_\ RR remalned unchanged 1n the,early stages followlng the SDd, = e
“dbut tended to 1ncrease_touards the end of the studles.i}:;;j_;ﬂfjﬁ
.;angﬁw ;-At CBF (5), PaCOZ of both groups vas lower than . :
frestlng, but followlng thxs, the values were essentlally nol
» -dlfferent frcm pre-lnsult levels (flq. 28(b), table 15"57g f

~

Slmllarly, Pa02 dld not change follovlng the SDH andffd

n‘ablé 13). «Ju,f;,,‘;”'“

Durlng the 6 CBF determinatlons after the SDH A= aDOZ ;ﬁ
.].’values tended tho remaln sllghtly elevated for both groups,"'

-fgcompared the pre 1nsult levels (flg.jzlf table 15).'

The pH values of the 1 67 ml/kq qroup"gid'.'nb-f .ch,,aa;;e,. -

;:whereas those of the ,.O ml/kg group vere;~infgenetal;"

':hheleyated.follov1ng_'he 'nsultlitablef151,.

" {c) Regional Ce tallalopd:FloiAandaceteb;ovascular'"

Resistance'changesv-

Reglonal cerebral blood flow and CVR 1ndex values for "
fthe y pre-SDH CBF deternlnatlons are shovn 1n table 10r
‘fThese pre and post-SDH values for the 2 groups, along vlth

g thelr respectlve IDICA dlaneters, CPP and PaC02 value:

The post-SDH values'fw

table ;-13.
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o s

reductlon 1n flov. Thls response vas uuch nore narked 1u the

2. 0 ll/kg qroup. The rCBF renalned decreased for the g
7l:rema1nder of the studles 1n “the 2 O nl/kg group, but-'~¥'

CoREL S e -

returned to normal follov1ng CBF (5) 1n the 1 67 ll/kg

group.fgi_;;pjr

.

R

The pre and post-SDH CVR values are graphlcally
'presented 1n flqgre 32. The CVR of the 1 67 ll/kg group

fﬁfﬁfdécreased slightly at CBF (57. an&avasnnprmal_foruthe

o e

e i

7fduratloq”0fithe studlz
*elevated followlng th'7

'“(flg. 32ﬁ'table 13).;h_;j{g,

EERTEY X - -

As has been nentloned because of the suall number of ,,ﬁg;f'

'5Van1mals in thls SDH study, as vell as the presence of both af :
'subaracﬁh01d and subdural blood ﬁo fltl statements about

these SDH)qroup results,ror hard conparlsons Hlth the SAH ,{[r;;_:;f

~groups of 51m11ar volunes can be made. Houever, some'“

'1u'def1n1te dlfferenccs and trends vere e11c1t1ed°

(1) Tlnes for ICP to recover vere shorter for the SDH
.fgroups compared to s1n11ar volule SAH groups.

a

(11) The duratlons of aphea and tlmes to recover

-regular resplratlou were shorter for the SDH groups conpared




o ,ih”.ljgz

Lo L

c e ‘.'q

(1v) The changes 1n arter1a1 blood gases and A-aDoz

: were -ore marked 1n the larger volume SAH groups conpared to

v;the SDH groups.:5“

LT Followxng the 1nsu1t, rCBF decreased and CVR:E

;lncreased ‘in the 2 0 ul/kg SDH group,zln 51n11ar fashion to

fthat of the larger volume SAH groups. In the 1 67 ml/kg SDH

‘-group, these paraneters both docreased sllghtly 1irediately /ﬂ?7

'43,follow1ng the henorrhage, and then qulckly recovered.hjfﬂ'7‘;'

L ek e . @ e - e véua‘-v,.-'

et

‘i;Edd).CerehraliAnQionaphvf

-‘¢,The lean pre—lnsult IDICA dlameters for the 2. groups
;f:are presented 1n table 10 Post SDH IDICA calxber, expressed

.as a percentage of restlng,’ls shown in table 13. The actual

pre and post—SDH IDICA neasurenents are graphlcally shown ln

flgures 30 and 31._'

T
Ve

| ?BN(a),(b) (c) are representatlve of pre and post SDH states

of the cerebrovasculature in the 2 SDH groups._;fﬁ”:f-fud7ii

Both groups demonstrafed cerebral vasospasm folloulng
the 1nsult,'51m11ar 1n degree to that seen 1n the same .3

’—voluue-SAH groups (f;gs. 30 and 31' tables 5. and 13).-.~’.

'The f1na1 anglograu and IDICA neasurelent shoved

c0np1ete recovery of spasm ln the 1 67 nl/kg SDH group,

: vhereas no recovery vas seen 1n the 2.0 ll/kg SDH group

!

'(flgs. 30 and 31j table 13).-Th15 1atter rESponse ls Sllllat

....g.o w.»

o %7

- - wre e
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S -t that sccurring in the largér volude SAH gioups (table -e.r‘-f:; .
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(111) Tne Pathophy51ologlca1 Responses To Induced SAH Hlth"xw'
’ 1 67 ml/kg Of Body He1ght Of Fresh Autogenous Blood
‘hh’\AndMTo The Subarachn01d In)ectlou Of 1. 67 ml/kg Of e 2
‘ Body Helght Of Art1f1c1al CSF (Blllott's "B" Solutlon)
In The Spontaneously Breathlng Prlmate. r'hﬁ"'”"f.sﬁ4w

C(a)” Cardlovascular anthntra;raulal Pressure'RequnSQst"'

The mean velght of the experlmental anlmals in: the e?7;**"

. artlflClal CSF group 1s shown in table 1' 1t 15 not

“a ‘

51gn1flcant1y dlfferent f om that-of ‘the 1 67 ml/kg SAH

w0\

14

‘The means’ d;n-forEHaBP; HR, ICP and CPP in both

gtoupﬁ.fbrwth? 'S pre-ln ult CBF determlnatlons are presentedf“
._.in-gable;j;; 1th1n the 1 éq nl/kg SAH group there were no

\agp values, HR or CPP recorded :f

V.;.signifieiﬁ‘,dlfferencea in’

| o durlng th se 4 flows._The ICP‘uaf flrst measured at CBF (a)
“%Qr the art1fiE1ai-CSF qroup, boﬁH\SaBP and CPP at tHé o
fourth ﬁlouwuere 51gn1f1cantly greater thah“the o
;rhgrcorrespondlng values at CBF (3) (p<0 05). The actual“”d'd';:ﬁf‘
dlfferences uere 8 and 9. mn Hg respectlvely. As dlSCﬂSSQd 1ng
Chapter II, ue con51dered true changes 1nrMaBP and CPP to be;
.present 1f there uas more. than an 5'10 Bm - Hg dlfference. The‘r;-
HR at CBF (u) vas 31gnlf1cantly greater than that at CBPL(1)"dﬂ
(p<0 05), but the dlfference 'was. only 12 beats/nlnute. The:'ajd
lean values of these paraneters over the 4 flows are also‘ uh»h?

shovn in’ table 2. No other statlstlcally 51gn1f1cant

. dlfferences vere found. The ICP, as for the 1 67 ll/kg



.Aféand*”ﬂaBP tq\recover to norual" foaf

- :ﬁln tables 3 and u1 There werj'

105

fﬁfgr_up;-vas'rebordedpduring;thellast pre—iusult-flou,f'__

o~

’ Typlcal cardlovascular, ICP, resplratory pattern and
- RVP responses to the 1nject10n of art1f1c1al CSF are'f
_docuuented in flgure 35. The flrst parameter to respond was

w},the IﬁP folloved 1n sequence by the uaBP, resplratory

":pattern,'RVD and HR. The 1nsu1t as alp/ady docuuented for

ddlthe 1 67 ul/kg SAH group, caused yncreases in- MaBP and ICP,1

) bradycardla and other arrythmlas &nd resplratory pattern
: x : / o . . , _
1rregular1t1es iAo : ///4. o SR _:*‘ N

f»t ..fﬁ'd

The RVP was anreased subgequent to the 1nJectlon.

}“After the’ 1nsult the HaBP, ICP,:and RVP graduaily returned

“,

‘ﬁgtognOrmalﬁlevefs as d1d the wKG ana HR

N .- ,." -
o . - :
LB e

The lean tlmes for the "HaBP to. chant,'
he" 2 groups are shown
0'51§n1flcant dlfferences

-abetueen these tlmes 1ujd“

“QS"MaBP to @eakﬁ tv ed to be 1onger for the 1 67‘ml/kg SAH

»i;'ﬂkt: ;#;p i?f‘ y.ep\;

The 1n1t1a1 response of HaBP 1n the art1f1c1al CSF

B

"itgrouP ln 2 an1mals was’ hypoten51on vrth //néan decrease of

bf17tS Bm Hg fron restlng levels vlth a duratlon of

. 4

':oapproxllately 1611 seconds.,,_ese‘partlcular anlnals‘

"recovered and progre sd - to a hyperten51ve state. The
I 1
rela1n1ng 3 nljals experlenced hyperten51on as the 1n1t1al

r-j,response, In the 1. 67 ll/kg SAH group there vere also 2

o e R S ;zm_... il e

;"FaBP to peak" o

e 2 groups, although the tlne for-tf



lgidéu' R

-
panimals'responding'initially'uith hypotension;'The mean ’if

- . . . o . \
~ . N S } - ) B . | . ’ N

-

“decredse vasﬂd9i1_mmlﬂo;»andlthe duration vas'lutzuseconds.]\f

i

: .f/'Peak:hahplresponses‘for_the 2 groups are shovn 1n table
3. Nohsignificant difference‘was present between the 2 peak

- préssures.

"The HR. response 1n art1f1c1al CSF group subsequent to

, the hemorrhage vas 1n1t1ally bradycardla,'ulth bnset 251“

seconds after the 1n1t1at10n of the 1nsult and subsequent to

- . 0 I

;the changes in 'ICP; HaBP and resplratory pattern. Thls ;”fp‘jj'

'_»sequence of events was sxmllar to *hat seen 1n the 1 67~

- E e 2 EE

- g
“ YN

A

cWe’ used a faster recordlng system, and chest l ads 1nstead‘

of llmb leads. ilth these 1mprovements in technlque e were

'fable to 1nterpret the EKG responses mo:e readlly.,The

e .
G

: Ubradycardla seen vas that of s1nus bradycardla. Other' > e S

; arrythmlas seen vere Junctlonal rhythms, supraventrlcular
A . '_‘.- &
- premature beats,:ventrlcular tachycardla and PVB s._ p

”ANonspec1f1c T vave chanqes and ST elevatlons ;%re present."
JtThe HR for both groups at peak ICP and peak MaBP are shouu

“1n table u The values at - the respectlve pressure peaks uere

1”

‘not dlfferent betveen the 2 groups. The HR 1n both groups : 55,
were slover at- peak uaBP than at peak ICP. The‘HR of the 2
t'groups at peak ICP tended to be qreater‘than thelr |

,;reSpectlve pre-lnsult restlng leveIS' the rates at peak MaBP

- P . . "‘

}'f_,ivere sllghtly less than . restlnq levels.

" The slovest HR for,the‘artificial CS?*grdupfuas 169113i:f

4

~{ml/kg SAH group»vfor the art1f1c1al CSF qroup 1nvestlgatlon5'ﬁ3 R



d'r5u19 seconds.

P

"pCBF determlnatlon ICP levels of all anlnals 1n the

“,(811 mlnutes after the 1n3ect10n)t the pKG and HR, of all.

elnjectlon peaked at the completlon of the 1n]ect10n..d_

~'beats/m1n. occurrlng u1t7 seconds post 1n3ect10n 1n1t1at10n. o

land for the 1. 67 ll/kg sAH group it was 90:6 beatS/mln at

<i .
//,

By the tlme of the flrst post-rnsult CBF determlnatlon'

.8

_the anlmals in: the art1f1c1a1 CSF group and the u surv1v1nqg*~f.ﬁ

Q

" f 1n the 1 67 ml/kg SAH group, had returned to nornal.

t

v The mean. tlmes-for the "ICP to‘change" and'ﬁICP'tous'

Ajpeak" are presented in table 3._There vere no 51gn1f1can*'

:'31d1fferences between the correspondlng tlnes for the 2

X . 8

,groups. The peak ICP levels of both groups are shovn 1n

”table;A vand there uere no 51gn1f1cant dlfferences be~r“'

e I ©

‘=5tnen;nfh'dna'1mum ICP response of the art1f1c1a1 CSF - grovuw*

L3

[

Aféer the peaks vere reached, ICP 1eveis fell rapldly

7_;'at flrst and then more qradually. By the flrst post-lnsuét

k

‘art1f1c1al CSP group vere norlal. In the 1 67 nl/kg SAH

”group the Ice of 4 anjnals vere v1th1n norlal 11|1ts by thls

t1ne but renalned elevated 1n 1 anxnal.

The half~t1:e ICP decay values for the 2 groups are.

- presented in table u, and are ‘not 51gn1f1cantlz dlfferent._

: However the tlne for the 1 67 ll/kg SAH group*tends to be

o



R /\ T e
~ donger ii;_i;‘a;i t hat forthe art",i_fié:lal_ CSP group.

e

_ The lean tanes for the ICP to return to nornal for the‘.

“5iart1f1c1al CSF group and to a steady state for the 1 67
h:nl/kg SAH group are shovn 1n table u For the 1 67 ml/kg SAH

'jgroup thlS tlne was: 51gnlflcantly 1onger than that ‘of the«y

.artif1c1a1 CSF group (p<0 05). _ | T S
T“\‘-? e ._~;,_ - ‘<h "ipfp'ffﬁ”"

The uean cerebral perfu51on pressures durlng the tlme )

"gh:of ICP change to ICP peak (CPP) for the 2 groups are shovn

hfln table u and these are not 51gn1f1cantly d1fferent. The

”;jmeau cerebral perfu51on pressures calculated durlng the

J“A r:perlod of tlme from peak ICP up untll the steady state level

:o post—SAH, (CPP1),.for both groups are recorded 1n table u

B and are not 51gn1f1cantly dlfferent from one another.;

After the art1f1c1al CSF‘lnsult, as vas found for SAH,
e voluae groups, the naBP, ICP and CPP levels returned tol

'Q a steady state. The values of these phy51olog1ca1 parameters.

o for the remalnlng 6 CBF deternlnatlons are shovn 1n tables .

o

| 5 6 as are those of of the 1, 67 ul/kg SAH group.,.

Durlng CBF (5) MaBP 1n the art1f1c1al CSP group vas not

L S 3

: dlfferent fron restlng levels' for the 1 67 ll/kg SAH group

1Y a

HaBP was lover than uorual (ns). For the remalnder of the:
'p studles, HaBP levels 1n the art1f1c1a1 CSF grOup vere not o
dlfferent frou restiug levers vhereas those of the 1 67

ll/kg SAH group vere lover than nornal (ns) o

P ,‘4‘__ .',

ﬂ<;n_bothfgroups;'thehEKGfanﬁﬁgkfregﬂEnédﬂjﬁg!&rual,hpref o



",1nsult status, by the f1fth CBF determlnatlon. The HR for

0y

"'these 2 groups, post-1n]ect10n, are presented 1n tables 5 6.-f

'”‘For the art1f1c1a1*CSP group the HR was generally not

ﬂ"dlfférent fron rest:ng 187915 excgpt f°f Skﬂnlflcadx -;?‘

e

‘.‘:'1ncreases at‘CB?g(9) (p<0 05) and CBF (10)(p<0 01). For the

1. 67 ml/kg SAH group,»there uere no 51gn1f1can+ dlfferences
1n post “SAH HR values fron restlng. Hovever,{heart rates at
"V'CBF (8 9 0) tended to be greater than normal The 1ncreases |

‘9ffseen in. HR durlng these later flow measurements vere not

51gnlf1cantly dlfferent betveen the 2 groups.;

'lf The nean ICP in: the art1f1c1al CSF group returned to-
normal by the flrst post—lnsult flow and remalned at thlS
'p,level for the duratlon of the exper1menta1 studles (tables 5

:'~and 6). For the 1 67 nl/kg SAH group, the ICP returned to

restlng level by CBF (5) and renalned nornal for the ensulng

flows (tables 5 and 6) As dlscussed prev1ous 1 anlmal)

,*‘thls group experlenced a per51stent1y elevated CP. ) “//r\

e

o The post-lnsult CPP levels for the 2 groups arp

art1f1c1a1 CSF group, the CPP values returned to norual by jl

CBP (5) and remalned so durlng the experllental studles. In |

the 1. 67 nl/kg SAH group, the CPP at CBF (5) vas

,.‘

51gn1f1cantly lower than the restlng 1eve1 (p(O 05).-‘

Throughout the reualnlng flovs, the CPP levels of thls grdup e

| vere pegflstently 1ouer than nornal (ns).r

'Subseguent3tofthe'insult,fthefohanges in MaBP and.CPP-~

s

. ow »
LR N

documented 1n tables 5 6 and in flgures 16 and 37 For the"-'“
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-vere greater 1n the 1 67 ul/kg group than in the art1f1c1al

.‘CSF groups. R .1.1‘é

v_(bL Resplratory Pattern, Arterlal Blood éas, Alveolar -f R

C Arterlal 0xygen leference\and nght Ventrlcular -

Pressure Changes.

The nean Vt and RR values for both the art1f1c1al CSF

group and the 1. 67 nl/kg SAH groups are shoun in. table 7.
e.For the artlflclal CSF group no 51gn1f1cant dlfferences verefu
present between elther the Vt values or’ the RR values durlng:
the pre 1nsult CBF determlnatlons. In the l 67 ml/kg group

he only 51gn1f1cant dlfference noted vas 1n Vt wltb the
’5:.\‘value at CBF (u) s1gn1f1cantly greater[than that at CBF (3).
'v(p<0 05). ThlS dlfference hovever, vas qulte\small of the‘-'
order of 2 ml. The overall lean values for the 2 resplratory

'parameters are also docunented 1n table 7

.;,, The arterlal blood gases, pH and A aD02 values for each5
_ppre 1nsult flcw are presented in table 7 The overall means

are: also shoun. There uere no s1gn1f1cant dlfferences in thevf'

‘f'paoz, pH or A-aDoz for the u flovs 1n the 2 groups, except@,f

DA

‘vln the attlflClal CSF group, vhere A-aDOZ at CBF (1) vas

E 51gn1f1cant1y greater than ht CBP (Q) (p<0.05).:_

In the art1f1c1a1 CSF group the only 51gn1f1cant
'tdlfference 1n the u PaCOZ levels vas that at CBP (1),_thls'
":belng greater than that at" CBF (a) (p<6 OS).SThere vere no*"

151gp1f1cant d1fferences_hetveen»Pacozwfor_the‘u_predlnsulty“'”



111 -
,_flovs in the 1.67 nl/kg'SAH group. o

The pre 1nsu1t RVP 1evels for the artlflclal CSF gronp
‘are. presented in table 7 and there are no 51gn1f1cant
'~d1fferences. The overali mean RVP fon the°u flows 1s alsofpﬂ““fy,_

:documented 1n_tab1e»7.

B As‘vas the'case in SaH volune groups the'changes of‘ft
.fand RR 1n the art1f101al CSF- group subsequent to the 1nsu1t
uere qulte varlable. Agaln, no . spec1f1c pattern of

- resplr‘t ry changes vere demonstrated (flg. 35)-_In both

\‘groups, hese respxratory changes progressed to varylng

';.perlods of apnea (flgs..13]and 35)..‘“

The mean tlnes requlred for the resplratory pattern to
.fchange on 1n1t1atlon of the 1nsult are shovn in table 3.;
",There is- no 51gn1flcant dmfference betueen these tlnes. The

K

;nean duratlons of apnea for both groups are also shown 1n "'

"table 3r The perlod of apnea for.the 1. 67 ml/kg SAH grOUp
:(9516 seconds) uas 51gn1f1cant1y longer than that of the‘

'1art1f1c1al CSF group (2513 p<0 01)._The apnea 1n all

:_anlnals began durlng the 1nject10n and per51sted after 1ts

Icessathnpf)'

}T The nean tlmes for "resplratlon to recoVer"'to regular
frhythl are presented in" table u -thls length of tlle for the
’g1 67 ll/kg SAH group vas 51gn1f1cantly greater than of the

- P S

“:art1f1c1a1 CSP group (p(O 01). A

S L e L T T ‘
farterialﬂbloodpgases,%pﬂ_andfyfabozpanalyses-verefnot_ﬁ,»:



perﬁorled'during}the'insult.

The RVP responded to fhe jnsult vlth hypertensxon._Thezﬂl

' peak RVP response occurred aft r the_geak ICP Ihlch“! as at_ﬂ,

ﬂd - «,' e ."..,l,l’/..-,:g L 'J;f\“\’,"‘.* » ‘e 0. 5,.-"".- S

'the'completlon of the 1n3ectlon"1t then gradually re urned
‘tO'normal 1evels. 1he€RVP “tlme to change"' “tlue to peak"_
}and "tlne to.recover" for the art1f1c1a1 CSP group,_are

.5shown 1nltables 3 and”u.tTho "tlue to change" and "t1ne to{
.ﬁéak"'vereflonget'than thesertlnestforathe HaBP, ICP-and -
ﬂ;resplratory'patterns; Thet"tin ‘to recover" vas longer for_,l

, the RVP than for the ICP or resplratory pattern and less

ﬁ;than that for MaBP. Tha mean, max1mum RVP response 1s alson' -

lpresented in table_3.3_/;'-” e

The post 1nsu1t e, RR and arterlal blood gases,l.L o
:expressed as- percentages of restlng,’are shovn 1n tables 8

| and 9. he actual pH, A aD02 and RYP values are alsp shown.
‘t.For +hc 2 groups, the actual measured PaCQZ and Pa02 are R

‘shown graphlcally 1n f}gure 19, and A aDOZ 1n flgure 36..;

. The Vt of the art1f1c1al CSP group at CBF (5) vas_*s _
;fsllghtly abcve the restlng level and that of the 1 67 nl/kg:"'
'l_lSAH group vas more elevated although nelther of these Valuesif'l

:vas sxgnlflcantly greater than the control level./The RR of

. * .
o the art1f1c1al CSP group vas not 31gn1f1cantly dlfferent o

fron the resting level that of the 1 67 ll/kg SAH group was .

!

é sllghtly decreased (ns).

't"’.'»_ ..‘_

’i,ThelPaCOQeof;the'artificialgCSFfgroupwuas onlfgslightly




~

decreased at the flfth CBF detern1nat10n"that of the 1 67

nl/kg SAH group uas decreased to a greater degree but thls,‘

vas not statlstlcally 51gn1f1cant. The Pa02 of the‘

e B IR R R T N T e N AN P

1 67 nl/kg SAH group was lover than the restlng value (ns).

The pH cf both groups ‘was 1ncreased at thls flov, but

L not 51gn1 1cantly dlfferent fron restlng values. The noted',ff

'1ncreases in pH 1n the 2 groups vere not 51gn1f1cantly

fron each other, hovever,hthe 1 67 ml/kg group

@ - “. w: oo

o showed the greater 1ncrease.‘r B T ZF'hf'"

The A aD02 values of both groups uere 51gn1f1cantly
7V_elevated at CB{ (5) (p(O 05), wlth the anrease of;the 15 67

' nl/kg group belng 51gn1f1cant1y greater than that

experlenced by thelart1f1c1a1 CSF group (p<0 05). e f‘

i-f'% The RVP of the art1f1c1al CSF group t¢t:2?9d to a 1evel

51gn1f1cantly lcver than restlng (p<0 05);‘T/ s decrease,_,

ra

hoqever, wvas only 3 nm Hg.

o

- The Vt of the art1f1c1al CSP group remalned elevatedff/'»""

(ns) at CBF (6) but returned to nornal by CBF (7) for the"

reualnder of the studles. There vere hovever,,some Vt.

' T

fluctuatlons but tney Were ‘not statlstlcally 51gn1f1cant.;

;x'-' Tl e R o ;>T : T v
In the 1.67 ll/kg SAH group, the Vt returned to nornal'

by CBF (6),'but also dexonstrated snall fluctuatlons durlng
A .
the re-alnder of the experlnental studles (ns).

e -'art1f1cral CSP group remarned unchanged vhereas bhat of ther —f
vaox ’

w



The RR of the artrf1c1al CSF group remalned”uornal for.:ili:;;i

“5ﬂthe duratlon of the studles althouqh snall anreases at CBF‘“ZH“
'J;(9.10) vere noted. Resplratory rate- 1n 1,67 nl/kg §AH group i
rrvas also u1th1n normal llmlts durlng the followzng CBF

“*determln&tlons, bu*‘wlth small decreases durlng CBF (8 9). o

e e w R
oo o
R S P -

The" relatlve changes 1n Wt and RR - durlng the“postrlns t“;g‘jﬁyff.ﬁ”
: studles vere not 51gn1f1cant1y dlfferent betweon the 2'
: JFEOQPSdm~r' S _ : L '
'; The PaCO2 values for the art1f1c1a1 CSP group vere
, o

normal at CBF (6 7 8), but decreased sxgnlflcantly durlng
:--_CBF (9) (p<o 01) and CBF (10) (p<o 05)._'rhe PaC02 for ‘the.

1 67 ml/kg SAH group at: CBF (6) was louer than restlng

-

'(n.s.).'The PaCOZ values for the remalnlng CEF _v;j o
*. determ1nat1ons were normal except for a non 51gn1f1cant o

,decrease durlng ch (10)‘ j:p;

The Pa02 values in the artlflcal CSF group renalned"”
'normal for the duratldn of the experlmental studles. For t‘._ T
: e NG e
"' 1 67 ml/kg SAH group, Pa02 Ievels remalned lower than AR

”?"restlng up to and 1nc1ud1nq CBF (8), after—wlse they uere f’

. R

w]nornal. These decreases uere statlstlcally 51gn1f1cant..and;jﬂf‘

3the louest Pa02 value occurred at CBP (6) (flgure 19(a)).

- ] : . .
pH 1n the art1f1c1a1 CSP group remalned gﬁpve (n.s )
-jfrestlng level durlng the post-1nsu1t CBF neasurenents. In
fthe 1 67 ml/kg group pH relalned sllghtly belov restlng

ﬁ_levels d“rlng car (7 8; 9, 10) leasurelents. The changes seen‘?"“

'_1n arterlal blood gases and pH durlng the post-lnsult



'”f;studles vere not 51gn1f1cantly dlfferent betueen the 2

groups. e-ﬁf'

‘ A-aD02 of the art1f1c1al CSP group was sllghtly o
'jielevated (ns) at CBF (6 7 8 9) and 51gn1f1cantly so at CBF
(10)(p<0 01). In the 1 67 ml/kg SAH group A—aﬂoz fenalned
"lelevated (ns) at CBF (6) and durlng the follou1ng CBF
fdetermlnatlons.lnurlng these later flows A—aDOZ gradually
;decreased towards nornal (f1g.,36' tables 8 and 9). ‘The A-:li "
ﬁlaDOZ elevatlons of the 1 67 ul/kg SAH group tended to be't;
: greater than those of the art1f1c1a1 CSF group, but thls uasv
wfnot s1gn1f1cant;'tlf¥f :lf?fviff »f ef o | |
"ﬁ#éniaf£h§~;;+ifici51’ééf grouo,at'CBF”(G)sWas»norual;te
fand remalned so for the duratlon of the experlmental |

‘ studles.

The l 67 nl/kg SAH group experlenced greater l}:‘ 2
‘.resplratory abnornalltles durlng and after the 1nsult than ;i

‘dld the art1f1c1al CSF group, larger changes,ln arterlal
'leood gases and A-aDOZ values subseguent to the 1n3ect10n  3'

’;uere also ev1dent.'~‘ .

rf'(é)[kegibﬂai Cerebral'BloonEiovfand-CerebfoyaSQular;~u} -

: fﬁesistauce%ResPonses."

rCBF and CVR Values for the 2 groups durlng the pre-v
u ?1nsult perlod are presented 1n tahle 2. No s1gn1f1cant

,'dlfferences vere seen 1n these paraneters for each group._ -



o~ 7 Overall mean values for the rCBP. and CVR are also in_ the .
. ' . . L . [ e . SR . .

/o

Tables 5 and 6 docunent the post lnjectlon values of

_rCBF and CVR for the 2 group ‘rCBF's expressed a porcentagef

of norma5'4and CVR as . actual values. The pre and post-lnsuth

ey .
'gyalueSJQf'the 2'groups.j

rCBF values are presenbed graphlcally for the art1f1c1al CSF..

group and 1 67 ml/kg SAH group 1n flgures 37 and 16

respectlvely. Plgure 39 shows the pre and post-lnjectlon CVRp

&

S

Both of the groups experlenced a. slgnlflcant decrease'

1n rCBF at the CBF (5) (p(O 05)..The decrease in . rCBF in tne

R

1 67 ml/kg SAH group vas greater than that in the art1f1c1al
CSF group; however, the rCBP docreases uer not 51gn1f1cant

dlrferent fro- éach other. i guf»ﬁ'

: CVR in botﬁ"groups shoueu an’ 1ncrease-at CBF kS), only
the art1f1c1a1 CSF group elevatlon was 51gn1f1cantly greaterl'
than the restlng level (p<0 05). Houever, the‘absolute value
of the 1ncrease 1n CVR 1n the j 67 ml/kQASAF group vas
greater than that in the art1f1c1a1 CSP group. These CVR

1ncreases uere not slgnlflcantly dlfferent from one. another.

'ﬁrCBF at CBF (6), but it stili-uas*Iover”(h,s;) thanfresting

and 1t relalned thls vay for the duratlon of the studles.f-’

rCBF 1n the f 67 ll/kg SAH group also showed sone

ilprovenent at CBF (6).'Thls rCBF level as vell as those of"‘

- The~artificial_CSthroup,deuonstrateﬁ‘anlinprouenent';nhj‘



’;the follovlng determlnatlons uere per5151tent1y louer (n.s. )
: than nornal. The decreases were groater in thls group than

‘"iln the art1f1c1al CSF group, but not 51gn1f1cantly so."w

CVR in the art1f1c1a1 CSF group remalned sllghtly
',greater (n.s.) than restlng throughout the renalnlng

.studles.

In the 1 67 ml/kg group, CVR recovered somevhat at CBF j:<”

5-V(6), but remalned above‘normal levels (n.s.) for the

.

.

g_?duratlon of - the 1nvestlgat10n. These 1ncreases were larger Lo
than those of the art1f1c1a1 CSF qroup, but not

:A51gn1flcantly so.

The 1 67 ml/kq SAH group experlenced larger decreases
- 1n rCBF and greater 1mcreases in CVR than dld the art1f1c1al

“CSF group.

h,[ The nean pre-lnsult IDICA dlameters for both groups are/ v

-

;hpresented in table 2.-Post—1nject10n IDICA callbres,
'expressed as. a percentage of restlng, are shovn 1n tgbles‘k

”5 6. The actual pre and post insult IDICA leasur fents are

':presented graphlcally 1n flgures 16 and 37

The cerebral anglograns 1n flgures 39(a),(b),(c) are

'frepresentatlve of pre and post-lnjectlon states of the )

)]

art1f1c1a1 CSF group..rlgures 25 (a),(b),(c) shov cerebral_

8]

anglograns repreSbntlng these states 1n the 1 67 nl/kg SAHW
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- No changes 1n ang1ograph1c cerebrovascular status

7?occurred in the art1f1c1al CSF group 1n the post 1nsu1t
'perlod .as’ opposed to the pers1stent dlffuse vasospasn’ _
dexperlehced.by the 1. 67'nl/kg SAH qroup;-The»IDICA dlaneter
[,of the art1f1c1a1 CSF group renaxned unchanged 1n both post-
:1n3ect10n anglographlc studles. In the 1 67 ml/kg SAH group,'
',the IDICA dxameter uas 51gn1f1cantly reduCed at the flrst |
study (p<Q 01), as well as at the second study (p<0 05).t‘
_(es_Neuroiogical_Eranihatiou

Neurologlcal status of a11 experlmental anlmals in the,
u SAH volume groups, the 2 SDH volume groups and the
art1f1c1al CSF group vas assessed at 5 hours and 20 hours

'gpost 1nsu1t.. he gradlnq system used, as descrlbed

'*prevlously 1n Chapter I1 (Hethods),'vas a 5 poxnt scale (1-

i

S), descrlbxng 1ncrea51ng neurologlcal abnormalltles, from
51) . .

}normal (1) to morlbund (5).'td‘i“3 ‘tt;

The ‘mean grades at these observatlon perlods for a11

-*groups are shown 1n table 16.~In general in the a SAH

‘7.yvolune groups, the 1. 0 and 1 33 ll/kg SAH anllals fared

,better at both neurologlcal exaulnatlons, than dld the

.-';larger SAH volune groups (1 67 2 0 nl/kg). Tvo anrgals d1ed

. \1n each of the 2 louer volume groups betveen the S ‘hour and
the 20 hour observatlon perlods; The reaalnlng anllals 1n;“

theSe gronps at 20 hours were: neurologlcally norlal. In the_ )
o Co :/' ’



1arger SAH volume groups, 2 anlnals 1n each group died
h»before the 5 hour neurologlcal examluatlon perlod (grade )

A . »
and the remalnder uere dead by 20 hours post "SAH. - _' o “‘

In the SDH groups, the 1v6f ml/kg‘groupvshowedvnihihal
'fneurologlcal def1c1t at the 5 hour exanlnatlon, and the'-,o-'
"ml/kg anlmals were normal After 20 hours, the J 67 ll/ku:
group anlmals ‘were normal, and for the 2.0 ml/kg group,a

'anlmal vas normal and the other uas dead

Thé artificia17€SF”groub ahiuals; ih.geueral were
‘fletharglc at the S hour observatlon perlod. By'the.zd.hour

- examlnatlon, 4. anlmals recovered and were neurologlcally

: normal. The remalnlng anlmal dled of ECute perltonltls

*’betveen the 2 observatlon perlods, and was . not 1ncl ded 1n'

the 20-houroueau~neurloglca1-grade.for'thls.group.

Anlmals perfused ulth glutaraldehyde, prlor to the 20“‘

Qhour examlnatlon, uere sacrlfaced\qj’thls uethoa durlng

S

”there uould be no recovery. These anlnals uere con51dered.

" (f) Pathological Examination of Brain

'Exalination'OE the‘dura:by paloation,.on reloualfoffthev
ICP devxde,'supplled us urth 1nfornat1on about the

G 9 ' f
"f1ntracran1al status at that p01nt in tlne. h-'gradlng

scale, as prev1ously descrlbed in Chapter II‘(Hethods), for .

Sy
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'thevdura.wasg,no;ﬂal,jSquhtly full, full and tight. .

For the l'wer voluné‘SAH qroups (1 0, .33 ni/kg)}'the“
"status of the dura ranqed from normal to full. The dura was o

e tlght in any of these . experlmental anlmals;

. In the 1 67 and 2 0. nl/kq SAH groups, the dura uas f*,'

|-

tlght 1n all cases{ 1nc1ud1pg both those dylnq acutely and

not found to

e

' those surv1v1ng thg 5 hour observatlon perlod.
In the SDH gtOUps, the'dutafexamination ranged from:
:normal to full.

o

Slmllarly, examlnatlon of . the iura in the art1f1c1al

_ CSF group shoved 1t to ranqe from normal tq full

The appearance at postmortem of an 1nduced SAH 1s shown'

‘ip-f;gure UO. T

At postmortem examlnatlon, the bralns were removed and

'i"examlned rossl . The examlnatl scalp used as. rev10u51
g Y 89 P Y

fh‘descrlbed 1n Chapter II (Hethods), vas normal, sllghtly

-vsvollen, svollen and bulglng. In general, the bralns of the

- experlnental anlnals in- the 2 lower. v 1u:e‘SAH groups_

.pappearedislxghtly suollen. In 2. anlnals of t“ 1 33 ll/kg‘

 $AH group; the bralns vere swollen. In the hlg,et volune SAH*'"

J

0 ~—

'gbbups (1 67 2.0 nl/kg) the bralns vere svollen.'
{ - Por the sDHfgroups, ﬁﬁe,appearancesvof thevbrainsA
.Franged'f:om_nornél.tooslightiyjsgéiien_.lf,'ii
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In the art1f1c1al CSF group, the bralns vere generally

nornal except for 2 of then, vhlch vere sllghtly qullen.

Table 17 shous the)nean welght of the bralns_
- 1nmed1ately followlng th°1r removal from the cranlum,gfor
the 4 SAH volume groups ‘and the art1f1c1al CSF group (bralns

of the SDH group anlmals uere not volghted). These pean
. e -

‘welghts are also expressed as braln velqht 1n grans per
kllogram body velght 1n tho same table. There uere no.
51gn1f1cant dlfferences 1n the nean "vet“ braln welghts or.

‘in the moan braln uelght/body welght valnes.'

v

Follov1ng welghlng and photography, the bralns vere"
1mmersed in formaldehyde fon.at least 2 weeks, and were the&_
revelghed and sectloned '.“ o 5f”

|

The braln Velghts follow1ng formaldehyde 1mmer51on Has 57
greater than the respectlve fresh "vet" braln we1ghts. The
“, nean 1ncreases are shovn in tabLe 17 ;he numerals 1n‘

TN

parenthe51s 11a the table represexg:; th .&“gmber ‘of.,an_l-ma_ls N

(bralns) used 1n the calculatlonﬁf\‘:dgggapfnals-not‘
1ncluded, elther undervent glntaralfeh‘ ;Qperquion,gorgthem'&'*

. T g
Lo bralns vere not welghed. 'Zi;- S Do T

S
~

s
- '-..-,
i BN ..
. y ol

Three bralns fron thlS study were exanlned :
hlstologlcally. 1 ﬁron the 1%67 ll/kg SAH group and 2 from
‘vthe/z 0 ll/kg SAH group. These bralns 1n general shoved

dlffuse edena, and uultlfocal areas of 1schen1a and

. 1nfarct10n.

. 0‘5
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-

Intraventrlcular henorrhage vas present 1n some of the.p."

anllals of the u SAH volule groups under study. u in 1 O

"‘rnl/kg, 2 in 1. 33 ll/kg. 2 1n 1 67eul/kg._3 1n 2. ll/kq. )
Ventlcular d11atat10n vas. present 1n 3 anlmals,_and they all'

had 1ntraventr1cu1ar hlood There,uas 1 in° each of the 3
,1argerlvolune'groups (1.33,»1.67, 2 0 ql/kg)g LEe
R ‘,-': AT, o ' N Ty  __‘.>- L
The art1f1c1al CSP group anlnals dld not denonstrate;

elther 1ntraventr1cular blood or- ventrlcular dllatatlon.

Of the u acutely dylng anlnals, the 2 from the 1. 67
[ nl/kg SAH group dld not have 1ntraventr1cular blood, vhereas a

the 2 fron the 2 O -l/kq SAH group dld. Rone of %he these 4 , K

anlmals denonstrated ventrlcular dllatatlon.

. - :l" ’
= ! P
. Lo AR

;(éf.Eleotrohpnicroséopyp :p

Electron llCIOSCOplC exallnatlon of cerebral vessels

5 % o _

' \ uas carrled out J.n the an‘s perfused Ulth glutaraldehyde. T

, The vessels studled vere IDICA, MCA, PPA and DPA. The sxtes
exanlned 1n the 3 forner vessals uere those neasured at' 

The spec1-ens were exanxned -alnly for vasospasm,

‘*‘:e71denced by 1n fcldlng of tge 1ntlna and contractlon of thelf

'%,flntlla épd -egla luscle cells..Tr"‘

A u po1nt grad}ng systen (0 1 2 3) ﬁaS us _flr

descrzblng the undulatlons and lnfoldlng of thh
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>,thls sysrem, O‘vas con51dered to be nornal, and doculented a
:; fcompletely level 1ntlla. A value of 1 uas used to descrrbe

'"sllght undulat1ons of the lunen-endothellal border. This .;
"dgrade vas not con51dered pathologlcal because in nosr
"jcases, the sllght undulatlons present vere caused by an»
dunderlylng 1nt1mal muscle cell nucleus,lor segmentaaly thlckA'
“areas of the 1nt1|a oL 1nternal elastlo uenbrane (flg.'u1). vd
: Grades 2 and 3 vere:- con51dered as patholog1cal and“i} o

-descrlbe 1ncrea51ng deqrees of vasospasm. In these grades,{ -

ﬂ,dthere vas undulatlon of 1ncreasmnq severlty of both ‘the - ‘r\

l;’_lunlnal and advent1t1a1 surfaces of - the 1nt1na.vAt these»

Id-7hlgher grades of 1nt1mal change, the underlylng ledla_”ﬁfo

.nusculature, as vell as thaf—of the lntlnal layerp vas j* v

'bcontracted. 'fh‘d;"._;- L :;d;’e

Table 18 sbous thn electrou llCtOSCOplC evaluatlon of

"-cerebral vessel 1nt1na1 changes of the. 1nd1v1dual anlnals.

'studles 1n the SAH volune groups, th° 1 67 nl/kg SDH gronp :.""

:ft and the art1f1c1a1 CSP qroup. None of the experlnental

",lipoor greparatlon.d’

: v.anlmals of the 2.0 nl/kg SAH or SDH groupsi&ere exaalned 1n a'
e - \ . :
“fthls fashlon. Tlssue sanples excluded fron the table were .

"Tjelther not exanlned, or uere not interpretable because of

In the 1 0 and 1 33 ll/kg SAB groups, the anxnals;vere S
rkuperfnsed follov1ng the 20 hour observatlon perlod. In these-“'"
”rilower volule groups. the cerehral vessels studled uere f_":-»,j

'fi’norlal. ranglng fron grades 0-1. Plgures Hz(a) (b) are



»,representatlve of the appearance ‘of - the 1nt1na (grade 1) and
: the medla ausculature of these vessels. There 1s very
'”m1n1mal undulat1on of the 1nt1ma..The nnscle cells are’

“nornal; they‘are 1ong,'u1th smooth bordets, and the1r nucle;

I

'arejlong.andlslender;';"l" R i L
 In*£he 1atgetisnﬁ volune groupSQ 3*aniQAis ofbrhe;1 67'#“'
» ml/kg group were perfused Ulth glutaraldehyde at the p01nt |
:&f;of complete cardlovascular collapse, just prlor to death. In
32 of these anlmals: cerebral ang;oqraphy stndles uere
\vperformed 1mned1ately before perfu51on.?Both of these shoved'”
'v,marked cerebral vasospasn.ih” ST

Lo

Flgures 03(a) (b) are cerebral anglograns of 1 of theseee

'g_“an1mals. The pre SAF anglogram denonstrates normal cerebral

vessels,)and the anglogran performed prlor to the perfu51on: TN

"tshdvs cerebral vasospasm.
In the 1. 67 nl/kg SAH group, the'IDICX aﬁd”PPA'

J’., .
vconSLStently denonstrated marked lntlnal undulatlon and

.,\.-

;nfoldlng,,and the HCA and\DPA vessels ranged fron nornal to ,
'qrade 3.-F1gure$ uu(a),(b); shov the appearance of larked
';‘vasospasm (grade 3) seen 1n thls gronp. These cerebral

L

"vessels»are fron the sale anlnal as the prev1ously shown _gp

“.fycerehral anglograns (fxgs. ua(a) (b)), and the Sltes from ‘,“'l

'_uhzch the sanples vere taken are 1llustrated on the_f};VJ
fpanglogran that las perforned jnst prxor to the perfu51on
,(flg. u3(b)).,Severe infoldlng and undulaqlon of the 1ntxna

pls present, along u1th narked luscnlar contractlon of the
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”pnedla. The contracted nuscle cells are shortened and have

"

_‘fat' the borders have a serrated appearance, thelrﬂ’

e1 af bulky and kinked (flg. uu(b)). This plcture 1sf1:

-narkedly dlfferent fron that of tbe~f1at 1nt1na and long{“

1f1ne slender muscle cells of nornal vessels.l

~

- ,In the 1 67 nl/kg SDH qroup, the E. M; exanlnatlon of‘
.z‘the vessels showed grades 0 1. The/yntlna waélsllghtly

'_undulated at the 1um1na1 surface only, and vas: not throvn'
C»\ ) .

LR

flnto folds. (flg..MS(a)). The med‘a nusculature appeared S

fxbnornal. The muscle cells and thelr nucle1 vere flne, lOng" o

*fand'slender; The 1nt1na1 nuscle in flgure US(b) is not
3 contracted, and 1s norna1.43p'7
The cerehral vessels of the art1f1c1a1 CSF group arerff

u=“°fmalc and range from grades 0 1. quure UGca) shous thei{'

-

’f@pre 1nsu1t cerebral an91oqran, and flgure u6(b) the post~7

_:flnsult cerebral anglogran prlor to glutaraldehyde Perqulon; A

'-of the anlnaliuhose cerebral vessels are presented 1n flgUE81
e5u1 8 u7(a),(b). The area fron whlch the E H. sanples vere

'ftaken are shovn on rhe latter anqiogran. No cerebral .?~; r7

"dvasospas- is present on thls ang1ogran. The a1n1na1 1nt1nal'"}

."u‘/(b)). -

~n;.,_undulatlons at the lunlnal surface seen 1n flgure u7(a) are
due’’ to underlylng 1nt1la1 luscle cells.,The 1nt1na 1s seen

f'f,to be level 1n flgure 41. aedia lusculature is nornal (flg.~
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'(hf'Pulpphary Parhology

. uf the 5 anllals in thls group, 4 vere.sacrlflced by
glutaraldehyde perfusxon. The velghts of the lungs of these
4- anlnals were not recor&ed because they were perfused wlth
glutaraldehyde and the welqhts would not be 1nterpretab1e'

,compared to those of the Iungs of anlmals not: perfused.p;‘ )

K
Hlstologlcal examlnatlon u51nq H and E staln revealed he

. lung tlssue 1n these anlnals to be normal..Flgure UB

hidocuments the appearance of the lung txssue representlng

- ;thls group under low pover magnlflcatlon. The flfth anllal

'fln thls group dled from acute perltonltls. The post nortem

T

velqht of 1t's lungs together Was 26. 2 gns. Hlbtologlcally
A

‘vthere .¥as- mlld 1ntra-alveolar ‘and 1nterst1t1a1 edema.fﬁ‘/




1I. STO B-"szxugurvof~1nﬁ0cznisgn AND SDH wxma .

‘SIHULTANEOUS INTRAVENOUS INPUSIONS OF SODIUM
NITROPRUSSIDE AND PHENYLEPHRIN“ IN THE SPONIANEOUSLY
BRE‘ATHI»NG PRI{HAYT.E.

: ’ _."fy’ o ’ -

-

: i(i)»Treatlent of Induced SAH Hzth Slmultaneous InquLOns of' A
}Sodlum Nltropru551de and Phenylephrlne in the

.Spontaneouslm@ﬁreathlng Prlmate,

':t(ay.CardibﬁaScﬂlarfahd_Ihtraqhdhial-Pr9Ssure Respehses;f“
. ' S v . R
' Thls sectlon deals Ulth the results of the SAH treated D

'fgroup. Those of the 1 67 ul/kq SAH and art1£1c1a1 CSF groups

are also presensed for conparlsons*amd contrasts.i

\

" “The neenvweightsQothhe‘nonkeys”ih”these.drqups'are'-L
: Shoihfin teble;i;hThere_ueresnOisithfieent,differehces'”

" between these:ueights{‘”»'

ueans, and SEH, for HaBP, HR, ICP and CPP durlng each
’efpre 1nsult CBF determlnatlon for’ the 3 groups are presented
"'fln table 19. lthln the sau treated (sannx) group,‘the naBP
= of CBP (u) vas 51gn1f1cant1y qreater than that of CBF (2)

(p<0 05). The actual dlfference vas 9 nn Hg. There were no -

\

‘f ther 51gn1f1cant dlfference' in the pre 1nsu1t naBP 1evels.'

7;nor vere there any in the HR:or CPD values dnrlng thlS \Q E
, N
perlod. the overall leans for these paraleters are also 1n\

'rtable 19. The ICP uas flrst ‘» asured dnrlng CBF (uL. o : \3iff7
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: Typical’cardidvascular,4ICP, resplratory pattern and
PPP responses to an 1nduced SAH of 1. 67 nl/kg are shoun in
flgure 39 As occurred in the prev1ously dlscussed groups,;

the flrst experlmental parameter to change vas the ICP, p“

o folloued 1n sequence by MaBP, reSprratory pattern, HP ‘and -

l

PVP./The hemorrhage caused 1ncreases in ICP, MaBP and RYP;;
! . q . .

kK

abnornalltles.'

'

Tne 1n1t1al response of HaBP to the hemorrhage ln 2 of

\" the B,anlmals was hypoten51on vlth a nean decrease of 13:5

“mm Hg{“The duratlon of the hypoten51on was '’ 1015 seconds.-;
These values are not 51qn1f1cant1y dlfferent fron those of
theé- 1 67 nl/kg SAH and art1f1c1a1 CSF groups, but both the.

decreases and the tlue tended to be less than occurrlng ln

; these 2 groups. The hypoten51on 1n these 2 anlnals vas

folloued by hypertens1on, vhlch vas the 1n1t1al response of

- N %

the HaBP of all anlnals gradually returned to nornal levels.;

The tlnes, 1n these b experxnental groups, for the»"

R "uaBP to change“.f”uaBP to peak" and "HaBP to recover to

nornal" are shoun 1n\tables 20 and 21. No statxst1cally
51gn1f1cant dlfferences uere found in. these tlnes for the 3
groups.,As uas the case wzth the 1 67 nl/kg SAH' group,‘the
tlne for the "uaBP to peak"ltended to be longer than that of

the art1f1c1a1 CSF group.

bradycardla and other arrythmlas, and resplratory pattern_h}3i*

"‘i‘ the remalnlng 6 anlmals of the SAHRx group._followlng thls,,

\

: ”uThefnarinungHaBF'respo?seSNfor-the”groups'arepgiventinﬁ

S R ‘.,'Jvi‘_ b
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RO
.

.20: There vere no 51gn1f1cant dlfferences betueen

these values. That of the SAHRx Qroup tended to be qreater
tj'than the peak values of the other 2 groups.

The responses of HR to the 1nsult in the SAHRx group '

. uas bradyca{dla occurrlng 3&18 seconds after the start of L

":fthe hemorrhage. Sluus bradycardla Juas present 1n 2 an1nals,

ﬁge and Junctlonal rhythu bradycar1a 1n 3.-The bradi/ardla of
' the 3 renalnlng anlaals vas of un nown etlology. Four of |

Sl o TING

i these 8 anlmals also denonstrated othir arrythmlas
dcon51st1ng of PVB's,Jé}B\E}qenlny, prem,ture atrral

""contractlons (PAC? s), supraventrlcular bea s,

NG :
'1d10ventr1cular rhythn and ventrlcular tachycardxa..One

h‘anlmal showed ST seqment eleVatlon, and 5 anlnals had T wavead

o O : K
,changes of flattenlng, 1nver51on and peaked T vaves. Flgure :

1».50\shows some - of the arrythnlas and EKG pattern

tlrJegular1t1es seen 1n thlS group.
.-’_ . . ; L .

By the flfth CBF deterllnatlon, 911 nlnutes post-"
:flnsult, the EKG and HR returned to normal 1n 6 of 8 anzmals.

';In the relalnrhg 2, the T wave renalned 1nverted unt1L CBF
. ! .

“7-(7) 1n 1 and CBF (8) 1n the other. One anlaal developed

Hr;bradycardla and an uprlght T vave . durlng cardlovascular

S'._decoupensat1on Just prlor to death and CBF (9).

"ﬂ.iHaBP are. shoun 1n table 21. There are no 51gn1flcant

. ”\-

The HR values for the 3 groups at peak ICP and peak

=Y

e

"dlfferehces betveen these 2 rates of the SAHRx group, and

B they tended to be louer than the values of the other groups,ff
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Subsequént to iﬂe SkH, t@&ilgan«HR was slouest at 7ut7.;f'”

-

seconds post 1nsul+ 1n1t1at10n, at a value of 8&19

beats/mlnqte. Thls bradycardla o curredwafter the peak HaBPr'.

These values and flndlnqs are 51ufbu? fftgggg of;the othet r'

. 2 groups.--_."“

-

_ : o AR o
The moan tlmes for the "ICP to change" and the "ICP to
peak" for the 3 gr0ups are shoun 1n table 20. There .were no,

12

r519n1f1cant dlfferences 1n these tlnes betveen the 3 qroupsi}
- ."Ab . . g . . . i

The peak ICP responses are qlven 1n table 20. The

maxlnum ICP value subsequent to the 1nsu1t for the SAHRx .
group was s1gn1f1cantly greater than that of the 1.67 nl/kg
SAH group (p<0 05) and only tended to be qreater than that

: of the art1f1c1al CSF qroup. |
.:( After the peak the ICP fell rapldly at flrst and. then
‘more gradually to a steady state value. In 5 of the anlnals
1n the SAHRx group, the ICP returned to normal levels,kand

'1n imthe ICP renalned elevated,zz at 18 nn Hg and 1 at 28 [y

%fﬂg. The "half tlne ICP decay“ for the groups are shown 1n -

table 21. These tlues are not 51qn1f1cant1y dlfferent, but

e‘those for the SAHRx and 1 67 nl/kg SAH group are longer than'-"

o .that of the art1f1c1a1 CSP group., '_” jfdpf,

h} l\C‘ The tlnes for the "ICP to recover" to a post 1nsu1t
| steady svate level are shovn 1n table ZW Thls tlle for the
SAHRx group vas not dxfferent fron that of the 1 67 ll/kg‘

: SAB group,‘and the tlnes for both these groups Iere o

'
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N
,._..'

51gn1f1cantly greater than that of the art1f1c1al CSF group

<,(p<0 05). | - | |

The CPP and EF levels for all 3 groups ‘are presented

in table 21, and they are not sxgnlflcantly dlfferent

betweén the 3 groups. The CPP of the SAHRx g up tended to

be lower than those of the other 2 groups. The CPPl of the .

[

i SAHRx group tended to be lover than those of‘the other_ﬁ

'.“TheEhaBP, ; :-ICP:anchPP”ualues for'the 3 groups.d
durlng the post 1nsult CBF determlnations'are shown 1n’,able:7
A>;%2 The pre and post-lnsult CPP’ values are deplcte /
flgures 16 37$%nd 51.|For the SAHRx group, the HaBP a&gCBF

_(5) was 51gn1f1cantly lover than normal (p< .01). The HaBP o

o of the 1 67 nl/kg SAH groqp tended to be ower than restlng

and that of the art1f1c1a1 CSF group f5 unchanged‘ The HaBR o

decreasesnlnftheté SAH quUpS uere not 51gn1f1cantly,'
dlfferent from ‘one another.,_ }Jffng-*i'
\As was the case wlth the 1 67 ml/kg SAH and art1f1c1al

CSF groups,'VKG and HR of the SAHRx group vere nornal at CBF

“( (except for the prev10usly dlscussed T wave changes).

Hean ICP valdés of the 3 groups recovered to u1th1n.‘
nornal llllts by thls flou determlnatlon. Three anluals ln
: the SAHRx gronp,vas prev1ously descrlbed had elevated ICP
steady state levelg. Ihese per51sted durlng CBP (5), 2 at 18

ln Hg ahd 1 at 28 LY Hg. The ICP de71ce lalfunctloned 1n
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thls latter experlnental anlnal 1n the perlod durlng the

""flfth and s1¢th CBP datertinatlons,‘and-dld not funct;on

Ll
e

"correctly for the duratlon of the studles‘ In the otherlZ‘

'rjanlmals, the ICP returned to normal by CBF (6) §013‘minutes'
\ o

posﬁylnsult)., -At";‘ . o

.

The CPP at CBF (5) for the SAHRx group vas o '

t‘:’51gn1f1cantly louer than restlng (p<0 01), as was that of

,the 1. 67 ml/kg SAH group (p(O 05). The artlflclal CSF group,ﬁ"ﬁ

-ﬂ'CPP vas’ not dlfferent than normal. The respectlve decreases“.-
thn CPP tor the SAH groups were not sxgnlfxcantly dlfferent ;“

'from one another."
After'the fifth CBF deterninatiOn,'treatmentVVaSg
'*1n1t1ated 1n the SAHRx group.»The mean tlme regu1red to

1nst1tute an adequate treatment reglne (as descrlbed 1n the'

o prev1ous chapter on . MVTHODS) uas approx1mately 25 nlnutes;

.Hlth thrs delay, the Sthh rCBF determlnatlon 1n the SAHRx
' group corrosponded in tlme Vlth the seventh of the other 2 .
"groups. Conparlsons and contrasts of the Varlous"“

'_phy51olog1cal paramefers of these ? groups are thus carrled

‘out in this staggered fashron, as docunented 1n table 22.;

At CBF (6), the HaBP of the SAHRx group Has"> | |
51gn1f1cant1y 1ouer than restlng (p<0 01). The HaBP values:
T cf the<other 2 groups at CBP (7) vere louer, but not

'jsxgnlflcantly, than not.al. The decrease in’ HaBP of the

Y!ISAHRx group was greater than those of the other 2 groups,'

ﬁbut only srgnlflcantly greater than that of the 1 67 ll/kg
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SAH-group (p<0,05).' A

\ . / X o
The "HR of the SAHRx group was only sllghtly greater

“than restlng, and thoso of the other 2 groups uere

essentlally unchanged. E
uneaniICé of-the groups”was normal at this point im =
«time. In thz%SAHRx group, as,in the 1. 67'n1/ﬁg“ShH group;;
~the 1CP of only 1 an1ma1 reualued elevated' 28'nQ‘Hg in the

%
"foruer and 20 nm‘Hg in the latter.

At thls flow, the CPP of the SAHRx group vas
-T81gn1f1cant1y 1ouer than normal (p<0 01). The correspondlng

e

S * - ,

N CPP value for the 1. 67 ul/kg SAH group ‘was. lover than S

f normal but not 51gn1f1cant1y, and that of the art1f1c1al
"‘CSF group vas unchanged. The decreases experlenced by the 2

e,

'-SAH groups were not 51gn1f1cant1y dlfferent.

~

Durlng the CBF (7 8 9) for the SAHRx group, uhrch‘

:;pcorrespond to CBF (8 9, 10) of the other 2 groups, the HaBP
'}remalned signlflcantlm lover than restlng (p<0 01). For theh

vtother 2 groups, HaBP renalned lover than restlng, but not
l:f51gn1f1cantly, Ain. the Te 67 ml/kg SAB grqup for ‘the. duratyonhh 2
a'of the studles, vhereas that of the art1f1c1al CSF group :
'irenalned nornal, except for a sllght non 51gn1f1cant

vdecrease durlng CBF (7). Decreases 1n uaBP experlenced by

”}reSpondlng tlnes, ‘were 51gu1f1cantlj

-hgthe 2 SAH groups at f
greater for the SA x group durlng CBP (7) and CBF (8)

(p<0 05). At CBF (gf, of the treated group, there uere no vfﬁ.h



M'~;determ1nat10n ln u of - the 7 surv1vrng anlmals.-(ICP dev1cev

1§ignificantfdifferences_in the HaBP‘deoreaSes of the 2.

groups.

" The HR'of,the{SAHRxfgroupIreuained_norialffor CBF .

.~ (7,8,9), wi ‘”a-slight non-SiqnifiCantJincrease at CBF’(B).

' Durihg”th fst 3 flows of the 1.67 ml/kg SAH. group, HR
_'values were elevated, but not 51gn1f1cant1y,»above restlng

. In the art1f1c1a1 CSF . group HR of ! the f1na1 2 CBF

:determlhatlonc vere 51gn1f1cantly qreater than restlng

- ) -

“{p<0. 05).‘¢he relatlve HR changes in the 3 groups were not

'_Slgnlflcantly dlfferent.'“u'f L ,.f"f"

: 4 .
“

The mean ICP of the SAHRx group was nornar at CBF (7)
jband remalned wlthln restlng levels for the duratlon(of the *f“
studles. There.uas hov:ver a non- 51gn1f1cant 1ncrease 1n

-mean: ICP 1n thls group at CBF (8). to‘ﬁlia mn Hg. ThlS '2.

'1ncrease reflects tho 1ncreases 1n ICP levels at thls flov

0

v

u-l.malfunctlon in 1 animal,. and the Iéi‘remalned norlal 1n the -

=N

| S - :
,others)..Tvo of these u anlmals %&tﬁ elevated ICP had nornal Lo
: : va, s
'ICP values at CBF (9),‘and all anllals had normal ICP 1evels-_
~by CBF (10). T PO R R ',,‘ '

The 2 anlmals dylng acutely in- thls substudy d1d not

4ihave e%evated ICP valuas prlor to death;;slmllarly the 2

l’anllals dylng in the 1 67 nl/kg SAH group d1d not have
"'1ncreased ICP. Houever, the 2 anlnals dylng acutely 1n the
_SAHRx group vere the sale 2 anlnals that had per51stent ICP

'»selevatlohs (both at 18 am Hg) durlng CBF (5), Hlth a



'."ﬂ519n1f1cant.

[as

el A

‘ wsubseguent retgrn to norual level by the CBP (6) (5013

s

,mlnutes post—SAH).,

The CPP- levels gpr the SAHRx, group remalned .
-51gn1f1cant1y belov normal levels for CBF (7 8 9) 1n01051ve
(p<0. 01) (flg. 51' table 22). For the 1 67 ml/kg SAH group

'the CPP remalned per51stent1y, but not 51gn1f1cantly below

restlng..In the art1f1c1al CSF gr\hp, these values vere \ "./,", "ff_«ﬁz
,Ulthln normal llmlts, 1f not sllgh*ly elevated (except CBF , fl ﬁf
‘(') uhere lt vas normal), The correspondlng decseases 1n CPR

‘_for the SAH groups.were not 31gnff1cantly dlfferent fron’l37ﬂi PR

each otner.-m.ﬁwf_lv »‘-__w' SR T fﬂh

The tenth rCBF deternlnatlon vas the flnal flow before

. R ¢ U
‘the tr6¢tment reglme vas d15dont1nued The HaBP remalned -f*5 S f»'

....

v51gn1f1cantly below resting (p<0 01). The-ICP vas nornal. tf!{ﬂj‘f;;' jff

'*'There uas an’ non—51gn1f1cant elevatlon of HR at thls flou.dﬁ.f
As was .the case v1th the HaBP, the CPP renalned

BS 1
RN AN -+ K

. £ , T TR S
L 51gn1f1cant1y lower than restlwg (p<0 05). D L T
CBF (11) was deterllned at. least‘1’/15 llnutes after;

'_the cessatbon of the treatnent. The HaB? and CPP returned to

u-nor-al restlng levels. The BR vas sllghtly but not

s'51gn1f1cant1y elevated Table 22 shovs the ICP to relaln
ftnorlal, gut sllghtly decreased conpared to 1ts level durlng

‘*fithe treatlent. Th1s decrease was not found to be .'“fe“ -5 %

'7)fQQfauiyals‘died'aCutegbfiu.theLS!HRX}grduﬁ;“j at 947.3

~ -




A

:” anutes (20 nlnntes after CBP (7)) and the other at 1u9
nlnutes (10 nlnntes after CBF (9)) post SAH. ﬂaBP ICP and
CPP 1n these anlnals leasnred at the flov prlor to death |
vere not 51gn1f1cantly dlfferent frou thelr respectlve f"

_ :g~rest;ng‘levels. CPP 1n both anllals vas 70 na Hg.
'ti, g As noted*prev1ously, 2 anlnals dled acutely 1n the 1 67
C . 3 \—__‘ -
nl/kg gronp.v1 undervent catdlovascular deconpensatxon L
durlng CBF (5).'ﬂaBP was lou and the ICP norlal,'whlch

resulted in a- CPP of 32 nn Hg. The second anilal dled 18 ft

u}f;ﬁb,,lnutes (10 nlnutes after CBP (5)) post SAH. HaBP, ICP and
’ CPP levels 1n thls anllal vere normal The CPP uas 72 ln Hg..?f"'

The responses of naBP, HR, ICP and CPP to the 1nsult of

7

"}dthe SAHRx group uere 51h11ar to those of tBe 1 67 nl/kg SAd

'-fgroup, and vere lore larked than.those of the art1f1c1al CSF

'“%group.‘ﬁlth the 1nst1tut10n of the treatnent reglle, naBP

| sf;and CPP of the SAHRx group vere lover than those at the

other 2 groups. On cessatlon of the treatnent progran naBP

and CPP returned to norlal at CBF (11)r

R

(b) Resplratory Pattern, Arterlal Blood Gas, Afﬁeolar-:ﬁ'fjl-””

>

Arterlal Oxyqen leference and R1ght Vent1rcnlar

lvdg Ihe pre—insult respxratory pattern para-eters (Vt and

'YBB), arterlal blood gases, pH,;AanOZ and RVP for the 3 .f{ir‘
i:Qgﬁiups are shoyn in tab1e~23. There Vere no,51gn1ficant
';(ﬂfdlfferences found betveen Vt, BB, paoz, pB and A-aDOZ %



Lfsxgnlflcantly less than that of CBF (3) (p<0 05)- CBF (2)

9 .

neasur aents durlng the 4 pre-SAH flovs of the SAHRx group,L‘]

’pexcept for ,—aDOZ at CBF (u) berng srgnlflcantly greater

.° )

than that at CBF (2) (p<0 05), and PaCOZ of CBP (R) belng>

'(p<0 01),xand CBF (1) (p<0 05). The dlfferences range fron fih' f¢4wh

1-3 Bn Hg. Por RVP that of. CBF (2) uas 51gn1f1cantly f.r . ;szfr‘
‘rhgreater than that of CBF (u) (p<0 05). The dlfference was ..:f_:
zfonbyl5 F“‘Hgf,ﬂb : ; : : -ff

: A dlsous51onﬂof these phy51oioglcaloparane¢ers 6ur1ng ,nkﬁf

'“_the pre—lnsult pnrlod for the 1 67 nl/kg SAH and art1f1c1a1g .
'gCSF groups has'been presented 1n the prev;ous sectlon. Tne'

.overall neans for theSe paralnters of the 3 groups are also::
”h shOHn in table 23. } . “f T e R

As uas the case u1th the prev1ously dlSCuSSed groups,ﬁ;f'

.Vfthe 1n1t1al response of the resplratory pattern to the 3

"aflnsult vas qulte varlable, and no spec1f1c patterns vere.»"'

: fodemonstrated. In the SAHRx group, ‘as. 1n the other 2 groups,

B .

’.

the resplratory pattern changes progressed to varylng

S wgperlods of apnea 1n all anlnals. _[;1Y‘Jf',f1"'"_;;,f;wﬂ,:“

L B

The lean tlnes for the resplratory @attern to change "ﬁV

iﬁiifron the onset of the lnsult in these groups are shTun 1n ﬁ'f

"_;ftable 20. There uere no. 51gn1f1cant alfferences 1n these g 'fg”

"gf :trles for the SAH groups, but that of the artlflclal CS?

'C:ffgroup uas s1gn1f1cant1y 1onger than that of the SAHR: gronp

- (pe0. 01)-_1?*;;:;¢,-117‘*”:fif;‘ﬁ”f e




B Hean duratlons of the apnelc eplsodes for the 3 groups e

‘o

are shoun 1n tahle 20. Thls durat1on for the SAHR: group vash
51gn1£1cant1y longer than that of the art1f1c1al CSF group

' ~(p<0 osqtand 51gn1f1cant1y Shorter than that of the 1 67

v ,-;"

i FRT ml/kg SAH group (p<0 01)._':%7
RS “,r;ﬂ The lean tlles for "reSpiration to recover"_are

represented 1n tahle 21, and thlS tlne for the SAHRx

group
(116t12 secondS) xs 51gn1f1cantly shorter than that Jf the“

o138

1. 67 nl/kg SAR QIOUP (p<0. 05) and 51gn1f1cant1y longer than_f 1

A 5 R
'* that of the ar%g;1c1al CSF group (p<0 01). L /_

VS

Arter1a1 blood gases, pH and A- aD02 analyses

perform%“durlng the 1nsult.’ ”.,,p,’:f\_;‘:

\

As was the case ulth the RVP of the artrflcla CSF

gqoup, that of the SAHRx group responded to the 1n'u1t v1th ,uJQfa

hyperten51on,‘vh1ch gradually returned to norna% af'er the-~'”
| 1n3ectlon. The RVP ﬂtlne to chanqe" ]"tlle to peak" a'd

"tlne to recover" for tﬂe SAHFx and art1f101a1 CSF‘groups

1are recorded 1n tahles 20 and 21. The‘"tlne to change" for ~,:;¢,

both these groups uere’sllllar.‘The :9!9 ﬁor RVP of the

AHRx group to peak uas longer than that of the art1f1c1a1

l .

CSP gronp (ns), and so was the "tlne to recover" The “tller.frﬁéfi

: to change“ and 'txle to peak" were 1onger than these t1les

] Ki

for uaBP and ICP 1n hoth groups. It vas also noted that theigo””‘

RVP "tlne'ﬁo change" for these groups vas longer than thls
_ tlne for tht resplratory pattern; The "txle t recover" fobgy;jf'

RVP of the AHRx group vas longer than recovery tlne for.7



L=

'.ﬁﬂ}non-SLinflcant 1ﬁcrease and RR renalf‘

resplratlon, bnt shorter than thlS txie for uaBP and ICP. In

,the’art1f1c1al CSF group, RVP "tlne to recover"\uas longer

than for ICP and resplratlon recovery tlne and shorter than

1 the perlod for naBP to recover.q.

E The peak RVP responses are shogn 1n tablﬁ 20 and they
‘g»are not 51gn1f1cantly dlfferent.ﬁ.:a |

The post-lnsult Yt, RR and arter1a1 blood gases,

o

.fexpressed as percentages of rest1ng are shown 1n Eable 2&.

“'.The actual‘pﬂ A—aDOZ and RVP values are also shovn.»The

'aractual measured PaC02 and Pa02 for the 3 groups are shoun’{

z'graphlcally in flgure 52 and AvaDOZ 1n flgure 53'f h.f
At CBF (5) ‘the’ Vt of the sanax group was sllghtly |
7greater (ns) than restlng, and the PR less (ns) than
rdcontrol..Por the 1 67 nl/kg SAH group there vas a qreater-f

';1ncrease 1n Vt (ns) above restlng, and RR vas: less (ns) tha
1 :

flﬁﬁnornal. The art1f1c1a1 CSF group Vt denonstrated a’ sllg

rd unchanged. The

‘7'var10us 1ncreases 1n Vt of the 3 qro S, uere not-f»'

.f-f51gn1f1cantly dlfferent fron each other, and ne1ther uere ﬂ:u
I &y C e
'?*?the Sllght decreases 1n the RR of the SAH groups.-i’

There uas a sxgn1f1cant decrease 1n PaC02 of the SAHBx

'igroup at CBF (5) fron restlng (p<0 05). In the 1 67 ll/kg

| f\SAB group, pacoz was less (ns) than norlal, and there 'as'rdi.;ff;

only a sl1ght non-SLinflcant decrease of the pacoz of thef*r

art1f1c1a1 CSP group. These relatlve decreases uere not

-
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7.Sigﬁificaﬁflygdiffetent from one ahother;:'i'

7.'The Pa02 of the SAHRx and art1f1c1al CSF groups uere-?
unchanged at CBF (5) and that of the Ta 67 nl/kg SAH group

"was louer (ﬁs) than the rest1ng value. S f' 'ﬁ'?

h'“All 3 groups shoued elevatlons of A- aDOZ at “CBF - (5).w
:vhlch was 51gn1f1cant for the 1 67 ml/kg SAH and art1f1c1al'
CSE groups (p<0 05). The A- aDOZ elevatlons of the art1f1c1al 9
prCSF and SAHRx groups vere srmllar, and that of the 1. 67

~

'f;ml/kg SAH group was slgnlflcantly greater than thls value

':gifor the SAHRx group (p<0 05).

The RVP of the SAHRx group returned to nornal at CBF

”(5) aud that of the art1f1c1a1 CSP group was SLgnlflcantly

'_flower than restlng at thls flou (p<0 05).

N
@

As prev1ously dlscussed hecause of the t1ne necessary i

”1xito 1nst1tute the treatnent reglne, CBF (6) of the SﬁHRx"

"hgroup corresponds in’ tlne to CBF (7) of the 1467‘nl/kq and

D

x'lﬁartlflClal CSF groups. Thus, the phy51olog1ca1 paraneters.

tdlscussed 1n thls sectlon for CBF (6 7 8, 9) of the SAHRx

l“,j'group uzll be conpared uxth those of the 1.67 nl/kg SAH and

'*~art1f1c1a1 CSF groups at correspondlng t1les, CBF

'(7 a 9 10;, tahle 2u.,‘

The Vt of the SAHRx group\shoved non-51gn1f1cant

”f{“fluctuatlons throughout th° stud1es, consxstlng of 1ncreases

”'-at CBF f6 9), a decrease at CBP (7) and no change at CBF ‘p:

(8). Por the 1 67 ll/kg‘SAH group, the Vt vas sllghtly B



f‘i(B 9, 10). In the art1f1c1al CSF group Vt vas lou at CBF (&),3;

f,1ncreased at CBF (10) and unchanged at CBF (7 9).;H

ERI) B

R

: decreased (ns) at CBF (7) and sllghtly 1ncreased (ns) at CBF's‘h;;._

*

D
. \, . . .
g

The SAﬁRx group exper1enced no changes fron restlng in

}R In the 1 67 nl/kg SAH group, RR renalned less (ns) than
restlng for the duratlon of the studles. The artxf1c1a1 CSF

'group shoved no changes 1n RR durlng CBF (7) and sllght

"n-lncreases (ns) for the durat1on of the 1nvestlgatron. TheA L

varlous changes exhiblted hy these groups 1n Vt and 1n RR

”Qrvere not 51gn1f1cantl} dlfferent fron each other.

P 4
Y \‘_1‘,,\ .

X In the SAHRx group,.PaCOZ renalned less than restlng

ffor CBF (6 7,3 9)\but only 51gn1f1cantly at CBF (8) (p<0 01)"

”'fﬂand CBF (9) (p<0 05). Pac02 of the other 2 groups was less

{

':g_(ns) than restlng for the duratlon of the studles. The

vfif:ariﬁflclal CSF group Pa02 uas norlal for CBP (7 8 9) and low

'>Slgn1f1cantly dlfferent fron one another. d'f"‘ £y

j_(ns) at CBF (10). Pa02 decreases appeared to be greate;ffor

v_decreases~1n PaCO2 of the SAHRx group appeared to be greater

'_than those of the other 2 groups, but these changes were not'l ,

St I e

e SRR SO
Pa02 °f the SAHRX QIOHP was sllqhtly decreased (ns) for '773“

ZCBF (6 7 8 9); For the 1 67 nl/kg SIH group Pa02 renalned

"I;glow (ns) for CBF (7 8, 9) and nornal at. car (10). ‘The

:<ithe 1 67 nl/kg SAH group, but there vere no 51gn1f1cant P

‘Ld1fferences in the paoz changes between the 3 groups.gd_“iﬁi a

) "sTheﬁpH'levels'renainedfeievated (ns{jin the'SAHRi:group;”

N



for. CBF (6 7, 8 9), as-‘did that oﬁ the~arti£icial_CSF groupeﬁ'“

:Q:an) for CBP (7 8 9 10).'For the 1 67 ml/kg SAH g;oup, xhe_g”-”‘
‘pH renalned low (ns) for the duratlon ofdthehstudies.crhe_.
| varlous pﬂ changes exhlblted by the 3 groups uete not -

'351gn1f1cantly dlfferent from each other.-__

The A—aDOZ of the SAHB: group was elevated durlng CBF 4

>;(6 7, 8 9), and sxgn1f1cantly so. at CBP (9) (p<0.05). The A‘].:

1aD02 for the othec 2 groups vere elevated above :estlng

“1 67. ml/kg SAH group tended to be qreater than those of'the

-

“bdsnall and the naxlnum vas 6 1.5 Hg.'In the art1f1c1a1 CSF

fgroup, RVP was normal for the duratlon of the studles. The

A-aDOZ changes of the art1f1c1a1 CSF group.:m

"fxdurlng LBF (7 ,8, 9 10) and 51gnlflcant1y so at. CBF (10) for ‘ff:’
:1the art1f1c1al CSF group (p<0 01) (flg. 53' table Zh).’The ;~':W
-correspondlng °levatJ.ons 1n A aD02 at the e. CBF ' B

determlnatlons uete not slgnlflcantly glfferent betveen-the}'*

~

"3 groups. In general houever, the A-aDOZ eIevatlons ofltheuﬁ

SAHRx group, and these latter tendif—%o be greater than*ﬁhe

'“j,,

The RVP of the SAHRx group vas lower than restlng at

CBF (6 7 8 9),\and thlS dlfference was 51gn1f1cant at CBF "

'“1(6) (p(O 05) and at CBF (7) (p<0 OS)J The dlfferences uere

\

vQ<relat1ve changes in RYP of these 2 groups vere not

',dsxgnlflcantly dlfferent.;

Dutlng CBF (10) of the SAHRx group, prlot to thei

‘{pdlschtlnuatlon of the treatuent, Vt vas norlal and RR uas:',,.u.

'sllghtly decreased (ns). PaC02 uas 51gn1f1cant1y lover than

. \_A,



.‘j_.restxng (p<0 01) and Pa02 was sllghtly decreased (ns), pH ?”‘

i-f:relalned elevated (ns). A-aDOZ vas elevated (ns) at trls CBF7
,"deternlnatlon and RVP vas sllghtly decreased (ns). fl’

. i . . ) \. BN e
‘ After cessatlon of the treatnéht reglne, at CBF (11),555'

'both Vt and RB uere elevated (ns). PaCOZ uas s;qnlflcantly

X

’decreased (p<0 05). Pa02 was unchanged and pH relalned

' elevated (ns.) A-aDOZ vas greater than restlng (ns) and RVP_' o

[

ﬂAvas nornal..'_ R

In general ve found '1n the same SAHPx group, that L
'gjthose an1mals experlen01ng a lonqeq,duratlon of RVP
"?lelevatlon subsequent to the 1nsult shoved a greater decrease;

i“"ln Pa02 and larger xncrease in’ A aDOZ post-SAH..

Of the 2 acutely dylng anluals 1n the SAHRx group.

“-had a larger 1ncrease 1n A-aDOZ and a greater decrease ln

t:PaOZ compared to the surv1vfng anlmals (flg. 53(bl). Thls ,,}~

sane flndlng has been descrlbed prev1ously as occurrmng 1n
ffthose acutely dylng anlnals 1n the 1 67 nl/kg SAH group.-f

H‘T‘c) Regxonal Cerebral Blood Plou and Cerebrovascular

"?.rCBP and CVR for the 3 groups durlng the pre-lnsult CBFV;;

- '_. p o

. Re51stance Responses.i;.°

u*fdetermlnatlons are shovn 1n table 19. No szgnlflcant
g by

dszerences uere seen 1n these paraleters wlthln each group.;fr'

5v;The overall leans for rCBF and CVB for CBP (1 2,3 u) for _] o

':”:t;each qrouP are also shoun 1n table 19.'

weool
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Table 22 documents the post~1nject1on values of rCBF
erpressed as a pe;centage of normal and of CVR as actual
-',measurements-for all,3 groups. Actual pre and post-lnsult
| rCBF values are graphlcally presented 1n flgures 16 37 51.

“The lean CVR pre and post 1nsult for all 3, 1nclud1ng all
f;anlmals are, graphlcally represented 1nlflgure Sﬂ The nean‘

CVR for those anllals surv1v1ng the 5 hour observatlon |
‘fperlod 1n the SAHRx and 1 67 nl/kg SAB groups are" shoun 1n
‘-fdflgures 20(b) and\Su(b), along thh the ‘CVR values of the
anlmals dylng acutelyf

'«,_'
.

The 1nit1a1 response of rCBF of the SAHRx group
measured at CBF (5) was a 51gn1f1cant decrease to 2012
"pfml/100 gm/nznutem1p<0 01). The l 67 ml/kg SAH group also

.‘experlenced a’ 81gn1f1cant decrease in rCBF to 1812 nl/100
‘a gn/mlnute (p<0 05). The art1f1c1a1 CSF group demonstrated a_
mﬁ 51gn1f1cant decrease to 511“ ul/100 gm/mlnute (p<0 05). Tha _

rCBF decrease of the SAHRx group Has 51gn1flcantly greater"

than that of the art1f1c1a1 CSF group (p<0 01), and not

'd 51gn1f1cantly dlfferent frou that of the 1 67 ml/kq SAH

grdﬂp. The rCBF decrease of ‘the 1 67 nl/kg SAH group ‘was’
f
greater, but not 51gn1f1cantly dlfferent,’than that of the*

art1f1c1al CSF group.» g'ﬁ 1‘-ﬂ“

The CVR of the SAHRx group 1ncreased 51gn1f1cantly atfu

CBF (5) (p<0 01), as dld that of the art1f1c1a1 CSF group'

(p<0 05). rhe 1 67 -l/kg SAH group experlenced a non—i, _

R 51gn1f1cant 1ncrease 1n CYR at thls flov.
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The 1ncrease 1n CVR. of the SAHRx group vas'

";‘51gn1f1cantly greater than the 1ncrease noted 1n the

"art1f1c1a1 CSF group (p<0 O1),\and not 51gn1f1cant1y
‘dlfferent than that experlenced by the 1. 67 ml/kg SAH group.:
.The 1ncreases 1n CVR of the 1 67 nl/kg SAH and att1f1Clal

- CSF groups“were not 51gn1f1cantlyyd1fferent_from.each:other.‘ -

The followlng deals v1th rCBF and CVB 1n the SAHRx

r group at CBF (6,7, 8 9) and thOSe of the other 2 groups at
CBF (7 8 9 10). The rCBF of the SAHRx remalned SLgnlflcantly:_'
;llouer than restlng for CBP (6 7 8 9) (p<0 01). In the 1. 37 B

e‘nl/kg SAH group 1t remalned lower (ns) than normal for the'

_duratlon of the studles. The rCBF of the art1f1c1a1 CSF‘iF”-p =

fj-group uas sllghtly 1ouer (ns) than restlng for the remalnlng't-"

‘4

flnvestlgatlons. pecreasos in rCBF of the SAHRx group vnre _

' f»sllghtly greater (ns) than those of th°>1 67 nl/kg SAH -

;~group. They w&re also greater (ns) than'!hose ~of - the_"'.
'_art1f1c1al CSF group. rCBF decreases of the 1 67 ml/kg SAH ~'v“

"fgroup vere greater (ns) than those of the art1f1c1a1 CSF

ffgrOUPof:‘ o =

The 2 anlnals dylng acutely 1n the SAHRx Proup had

‘5Tgreater 1n1t1a1 deoreases 1n rCBF subseguent to the SAH (CBPf“ﬁﬂ.

' (5)) than d1d the surv1vors, both to 1612 n1/100 gn/linute.f

‘These rCBF values represent 29! and 55% of thelrvreSting“fh‘u
‘-levels. The rCBF of these anllals renalned loverithanjtheffb

fgroup lean, untll thelr dellse. ThlS seguence of eveéis-i;S" o

>-51111ar to that occurr}ng vlth the acutely dylng aniialstinh

e 3



Q r(5)“were not 51gn1f1cantly dlfferent fron each other,'

fﬁ”‘that of the art1{1c1a1 CSF group.‘

il g‘ularge 1ncrease in CVR at CBF (5) to 3 13 an‘

Lff/_,lh' . iﬂ.ﬂp,; 146

the‘i.67'll/kg~SAH.group. o

= The CVR of the S‘HRx group rehalned elevated (ns) for
;:fCBF (6,7, 8, 9).vThaf'of the 1. 67 nl/kg SAH group was elevated
“for the duratlon'of the studles, and was sxgnlflcantly so
"_only at CBF (p<0 05). In the art1f1c1a1 CSF group, CVR
g vas sllqhtly greater (ns) than restlng for the remalnlng
'.flnvestlgatlons. The varlou; 1ncreases 1n CVR experlenced by o

';the 3 groups durlng the correspondlng flovs followlng CB?,'

-

\iialthough CVR of the 2 SAH groups tended to be greater than

fe

Flgure Su(b)}shovs graphlcally the CVR of the acutely o
:gdylng anlmals as vell,as that of those surv1V1hg in the
SAHRx group. Wlth the CVR of the arlmals that dled removed
: from é%e lean of the group, it 1s no+ed that the CVR -
Lglncrease durlng CBF (6 7 8 9) Has btlll sllghtly greater
'h(ns) than restlng, but not as large as vhep they uere .

ﬂ;ncluded. One anlmal of thls group that d1 d acutely had a‘

1t-rema1nedj.V5
‘:elevated unt11 death (csr (6., 7))._The cvn of ,he other

_mortallty ln the group experlenced a snall 1nc ease at ln

'5_CVP at CBF (5), that renalned sllghtly ahove T st1ng at "CBF -

(6 7) and then denonstrated further 1ncrease' at CBF | (8 9);f

-

7v after vhlch 1t dLed. These latter 1ncreases vere greater.f

than the lean CVR of the sur71vors at these flovs.

:siniiaﬁ;y}“the“an;-al that'died'affbr ¢3r'(sy7iﬁi§5ép{'
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1;67”ni/kg-snﬁ’group'had a'larne increaseiin’CVR'10?5~1“ at -

*fthigfflog;d

| The rCBF and CVR changes subsequent to the 1nsu1t forfﬁ

_the SAHRx and 1 67 nl/kg SAH groups vere greater than those'

v | [

of the art1f1c1a1 CSP qroup.‘The responses of these

parameters in the 2 SAH groups were. 51n11ar.

. - Coml . e s
Those anlnals that dxed acutely 1n the 2 SAH groups/had T
R - _ ,
"greater ded%%ases 1n rCBF and greater 1ncreases in QVR than‘
2 > oo -4
tﬁose surV171ng the experlnental stndles.'[fr o

(d)~Cerebral.An§iography’flrr
'Anglograp;y in the treatment serles was performed 1n
,the same sequence and at the same. post-lnsult t1nes as the
-7SAH voluue and art1f1c1a1 CSF groups. A thlrd post ;x”ectlon
-[cerebral anglography study was perforned 1nned1ately on
Vconpletlon of CBF (11). As in the prev1ous study, the data,h
o of- IDICA neasurement v1ll be presented In general, the *“L.

o -.v

”7f_other moasured vessels (C1, HCA and CA) responded 1nv51n11ar

| ””fashlon as the IDICA.

. Lo T‘.» . - \ a ,. ' / F: A"..vv o .
The nean pre 1nsu1t IDICA dlaneters for the 3 groups
L . . - \

'Tare shown xn table 19. The post-lnjectlon dlaneters as
'7a1percentages of nornal are 1n table 22. Flgures 16 37 and 51-f'

*»denonstrated graphxcally the pre and post-;nsult IDICA

'-‘fleasurenents for the 3. gronps. Representatxve anglograls pre”

dand post-lnsult of khese 3 groups are shovn 1n thures"

RS
+ . v
e e : -
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25 (a), '(b)’. ”(s‘j:') . ?3_9 (a‘;;_~.(b)-, ). 'an"d 55 (e_z)‘“..:(b) ' f(c')','(a), \
. The 1n1t1a1 response to the SLB in the SAHRx group was
g‘dlffuse cerebral vasospasn. ThlS vas also the case vlth the;

1. 67 nl/kg SAH group._The cerebrovascular status,‘post- :

1nsult of the art1f1c1a1 CSF group appeared nornal

e

Hean IDICA dlameter of the SAHRx group.on the‘flrst jp
v‘post SAH determlnatlon vas 51gn1f1cant1y loverlthan restlug.j
lﬁg(p<0 01),,as vas. that of the 1 67 ml/kf SAH group (p<0 01).fd

" The' mean IDICA callber of the artzfﬂcxal CSP group vas, ,"Ld'
}1unchang d. There was no dlfference 1n the degree of IDICA

narrovlng %etueen thé 2 SAH groups.'le"

7 On the second set of oerebral anglograns of the SAHRx
"group perforned after CBF. (10) vlth treatment stlll 1n.
progress,.cerebral vasospasm had abated somewhat, but was:
gstlll present. Thls agaln is 51m11ar to the sequence of |
:events in the 1. 67 nl/kg SAH group.‘The cerebrovasculature
‘A;f the artlflelal:CSF{group.appearedwporual,e" ‘

" v.)

,‘/?he IDICA diameter, at thls cerebral ahglography

Vsittipg, fog/ e SAHRx gcoup recovered sllghtly[_but st111
"remaiued 51gn1.toantly below restlng (p<0 05), as vas the -

- case- v1th that of the i 67 ll/kg SAH group. The IDICA

'fcallber 1n the art1£1c1a1 CSP group vas normal. There uas nouj’;

‘:dlfference in the degree of spasn of the 2 SAH groups.._

d*&gt' The cerebral anglograns perforued follovlng treatlent
lscontlnuatlon (after CBF (11)) revealed that the vasospasn E

)



‘._’anlmals, 1 v1th 1ntra alveolar and 1nterst1t1al edena and

'had 1mproved but 1t Has s 111 present The IDICL dlaueter»
L : .

,ff(e)fpulmonary Pathologf

One anllal in thls study vas sacrlflced by

5gutara1dehyde perfu31on. The lean postmortel velght3of bothv

:dlungs together of the reualnlng 7 anlnals vas 2513 O'qm..On-

"'gross examlnatlon of the lungs,'3“an11als had a nornal

»,—" ;
“V.' N

nappearance,_3 had dlffuse small petechlal hemorrages, and

tAthere were larger hemorrhaglc areas 1n the flnal anllal.
N

. chroscoplc examlnatlon revealed the presence of llld to n

.moder te 1ntra-alveolar and lnterstltlal edema 1n 4 of the

”'vanlmals. Three anlmals had llld to moderate 1ntra-alveolar

hiedema only.yIntra alveolar hemorrhaqe vas: present ‘in 2

.‘the other vlth 1ntra—alveolar edeaa. Plgnre 56 deplcts the p»*<f.ﬂxﬁﬂ

o _
appearance of moderate 1ntra-alveolar and lnterstltxal

“edema.. (fotelnaceous fluld is present ln the 1nterstlces and I

-.jln the alveoll. The pullonary tlssne of the renalnlng anlnal

’f vas a poor preparatlon and uas unable to be accurately
: . B

: 1nterpreted.~_‘“‘-f 7-"t-»7;.,* . :'dvgfﬂii“f? 5p].x;w307§:+**

[N
4

Of the 2 anllals dylng acutely, 1 vas perfused Hlth
:vglutaraldehyde and had loderate 1ntra—a1veolar edela. The

'1ungs of the other acute nortallty weighed 17 7 gl uhrch 15

'~

'xnot dlfferent than the nean or fron the ve1ghts of the lnnqs.;‘

.of the sur71ving anlnals 1n thxs qroup. Histologlcal

e

e

o




. 'exanlnat1on of these lnngs shoved Iald 1ntra-alvaq1ar and

~“;finterst1t1a1 edela‘ The appearance of these lungs d1d not

‘;ftdszer frol that of the sﬂrvxvlng anllals.:'gf‘:_-f f”1‘f
There uere u an;naés in the treatnent erles,_sTUDY B
[ ¢ L&

ﬂtthat dld not tecover fron the‘apnea tesultlng fqgn thf Jﬁld_‘
";1nsult. Tvo of these anllals recelved 1 67 Il/kg and 2 2. 0

VS 2

4”f_»,of the 2.0 nl/kg anlnals the uelghts of the lnngs vere

vafthe lungs révealed several dlffuse he-orthaﬁlc areas and
vahelorthagic fluld pres nt 1n the résplratory tree.-f_f Jf,-g” :

j"f;iﬁﬂlstologlcal exallnatlon shoued loderate 1ntra-a1veolar

\‘~-

T S ey

edela and'g‘ ™ nterst1t1a1 edela, both ulth helorrhaglc '

sl

: ¢oaponents.‘rhekother 1unqs had a nornal gf ss appearancef’

7

}s

:,Uup.s gl an& 20.5 gl.:In the forler, th@ gross exallnatlon of"'u

”Tand l11d 1nterst txal °ddna.'rlguro 57 sbows the appearance-5-f7



””perfused vlth glutaraldehyde. The voluneﬁof SAH for these u }ﬂj.T

. ‘o
t

.fllntracerebral (IC) helorrhage. The lungs_of these anlnals'

‘}were re-oved and exallned. Pour of thesefan;-als uerev

‘fﬂlvas 1 67 ll/kg._The uelghts oﬁ the lunqs of the reualnlng 2.—
fanlnals uere 27 9 gl and 13.9 qn, and the SAH volune uas 2.01f5y

) xnl/kg. They uere oﬁ norlal gross appearance. chroscop1ca11y

Val:there uas yery llld to lllﬂ lntra alveolar andAinterStltlal

f

;edela present. Of the renalnlng - anllals, the lungs of 2 of

3

];;hem shoved llld to noderate 1ntra-alveolar edena, 1 had

ileedena seén in thlS group. T

’1ntra-alveolar helorrage and the pulldnary tlssue of the
.flnal anlnal was a poor preparatlon and not 1nterpretable._ ’

'jquure 58 deplcts the appearance of loderate 1ntra a&veolar 3g.,'

\



'ffrffSDHRx group uas 3 OtD 2 kq and 1s shovn 1n table 1. It isegf

.‘u«;,.ni:.;ﬂ‘.ﬁ.}_ﬁul *v":;fau_-}”oj'_‘{fd}d::ﬁii{:p f'ffi52fi ?
(11)Treatnent Of Induced SDH vxtb SllﬂltaREOUS Infuszons Oﬁ “:L{
"" Sodlnl Nltroprusslde And Phenylephrlﬁg In The

Spontaneously Breathlng Pr11ate.=

©(a)y CArdiova5¢ﬁlat*gnafxntractania1?pféssuréyaespaases;-,;"ﬂ=
Thls sectlon deals Ulth the SDH treated (SDBR:) group.

The reSults of the SAﬂRx group v111 be presented for»,rftf~/-” -

' comparlsons. o ' o

The lean velght of tho experlnental anllals ln the.*ffu 3

't*tnot sxgnlfxcantly dxfferent fron the velghts of the Otber‘f;dull

e PR TN ) i :
<groups.'v”-r”“ w@f”'i;;g.“v,ﬂf,;if“”ﬁ”,"ﬁ, ﬁfﬂ_;“

Heans, and SEH for HaBP, BR, ICP and CPP durlng Ehejff‘"”"

F"ﬁﬁpre—lnsult pericd are presented in table 25 ixthzn the

@

'f“fSDHHk group there uere no sxgn1f1cant dlfferences 1n ﬁaBP,

'”1n HR or in CPP neasured dur1ng the u pre-he-orrhage CBF
\. e

"Q?‘deternlnatlons. The overall neans for these paraneters are

’:jffalso shoun 1n table 25. The ICP uas ﬁlnst neasured at CBF

, ;g.:;;‘“).

A R i . . o e K : R :
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s '_db!_lbtil_azli'tie'__sx, el Eet U

‘!n 2 °f the 6 anl“Ais of the SDHRI group, the 1n1t1alf}°
tfgfreSponse of the naBP uas hypotens1on, vith a lean decrease“'“
.;;kjbf 2611“ nm Hg.vThe hypotens1on progressed to hYPertenSLoneF'"
"Q'ulthzn 121& seconds. Tuo of the 8 anlnals 1n the SAHRx

”fdeveIOped hypotensxon, uzth a nean decrease of 13:5 an ng{ge;ffz

'fflastlng 1015 seconds.~fd_ _ S U ”,y; e
L 9;--;::- B RO W’T
The 1nitial response of the renainlng u anlnals of the ‘

"5SDHRx group Vas hypertensxon.,kfter the laxlauu HaBP

L DT .g o . , 3

"Ydresponse vas reached, the HaBP teturned to nornal’levels.g R
S c_ R .v./ . o . . ; . . .

The lean tllea for "uaBP to changen 'ﬁﬁéﬁbﬁéoﬁpéAkﬁfahai~

"fm"uaBP to recover" for the 2 groups are




'3”£fth1rd anxnal had both sxnns and ju ctiondl rhythm

.”.fbtadycardxa._The renaxnlnq 3 anlnals developed slouzng of

-y

'giﬁR, bwt not to less than 100 beats/nlnute. Other arrythlxas
"Epresent were PVB's, ventrlcular tachycardxa, ventrlcnlar
lrblgemlny,v]unctlonal tachycardla, and ventrloular and . |
\']unctlone}’tachycasﬂea Ulth A-V block There vere T uave .;;v1“
~changes con31st1ng of peaks and flatten;ng 1n u anlmals. Thef}e‘
'T:EKG pattern returned to nornal by tBF (5)\1n 5 of the 6 "f=;f‘ee

”,eprmals. In the other, the EKG recovered bq CBF (7)...eﬂ

L

,f The EKG changes vere 51nllar to those of the SAHRx

j“qroup. - DRI A T U U T ST SR AL T
J{ﬁr?;;ze'@_ e Hean tlmes for "ICP to change"'and the "ICP to peak"

5§‘~ffor the 2 groups are shoun ln table 20. There 1s no

3 ¢

‘?F;51gn1f1cant dlfference betueen the correspondlng tlnes for’

e

D

Vf‘gﬁ}ﬂL  The nax1uun ICP responses are shoun‘lhﬁtable 20.}There 17”

515 no 51gn1f1cant dlfference betueen these, but that of the'f:fQ

L SAHBx group tended to be greater than that of the SDHRx

\
;M o

= 91‘011?- ..: s

: 3

After the ICP peak, ICP fell rapldiy at flrst.:and then;fff

| f.;gnore slowly to a steadyiltate level. The "half-tlte decay" L

7:,3and¢"t1|lfto recover" for theﬁzyqroups are presentﬁd}xn

'?ftable 21.;There.15 no sign1£1cant dszerence%between these'

tlne"ﬁof the 2 groups bu; those of the snﬂRx group tended to,a

Lbe longer:“

h“njthose of the SDHR QIOUP-;fA thls red'Hery;Qf e
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p01nt, ICP of 4 of the 6 SDHRx anllals vas nornal, and 1n‘f*“'
the relalnlng 2 1t vas elevated to 24 lm Hg. In 1 of these
ICP renalned elevated for the dura§1on of the studles, and \

..‘ . ‘x

'- 1n the other,‘lt returned to normal at CBF (7).

sl S . - : . .

' The CPP and CPPl levels for the 2 groups are presented
1n table 21. There uere no 51gn1flcant dlfferences in these

Q : ¥

"",

pressunes of;the 2 groups. Both the SDHRx and SAHBx e

_ exhlblted sipilar 1n1t1a1gi?sponses of HaBP BR, ICp and CPP“{'"r‘_;
to the 1nsult.:’-ef-. o : g

. . EY
.. : .

s"‘ .
HaBP, HR, ICP and CPP for both groups durlng the post—7,e7,

henorrhaqe CBF deterulnatlons are presented 1n table 26 The']7

pre and post— 1nsu1t CPP levels are recorded graphlcally 1n

flgures 51 and 60. ",5.?jfwi.f“ﬁ,- : jf”f‘_fs'fgf”j,f_’."t}]:i_~;f
x;ffél Por thh groups at CBF (5). uaBP was 51gn1f1cautly L
lover than restlnq, at p<0 05 for the SDHPx groqp, an?'at_
p<C 01 for the SAHR: group.;::_ffﬁ3xfu:f“rf’AAﬂ-djff»qed
HR was 51gn1ficant1y lower than restlngd?n the SﬁHRx‘ftffx |

*

group (p<0 05), and for the SLHRx group 1t was kess (ns)

: than nornal.forfslk:ki?” : O AN S
poperaals T g o .._3._,_;,,_;..-

pn ICP of both groups returned to mofwal by this . .




At CBF (5), the SAHRx gronp de-onstrated sllghtly
i greater (ns) decreases 1n uaBP and CPP. HR uas lore oy

o decreased (ns) 1n the SDHRx group. Treatnent sas lnstltuted o A

.2&>
1n both groups after CBF (5)._The duratlon necessary to

i,obtaln,adequate drug 1evels vas not dlfferent hetueen the 2

o groups, and the CBF deternlnatlons durlng treatnent uere {177

. perforned at 51nllar tlnas, Thus PhYSIOloglcal parameter T

[ = /

o compar‘sons can be made at the sane post-lnsult flov'

: X .
" deternlnatlons for the 2 grOUps."

MaBP 1evels 1n the SaﬂRx group rena1ned slgnlflcantly

louer than restlng for CBF (6) (p<0 01) and CBF (7 8,9 10)

¢

(p<0 05) as d1d these levels 1n the SAHRx group (table 26).a‘

:V“Q Thé relatlve HaBP detreases were sllghtly greater (ns) for

”*ff. #he SAHRx group.

of the s;;§! group renalned lover (ns) than restlug

g;fat CBF (6)//;d above (ns) restlng at CBF (7 8 9 10). In the

dv AHRx group,hHR-shoued the Sane pattern. and the changes

‘ZQuere not 51gn1f1camt. The HR varlatlons at correspondlng"
"{Qf:flous for the 2 groups wero not sanlflcantly dlfferent fron

‘“ffdeacm other.y;ﬁﬁfgffff"'

'T ICP of the S HRx group uas norlal for CBP (6 7) and

"ffelevated for CBF f8 9 10). Blevatlons 1n ICP uere found kﬁ 3
. A N

‘*T:f_*f_am-als at csr m in ¥ at csr (8),in 5 t cnr (9) and in &

ﬂfsxgnzfacant.- he 1nd111dua1 -aleu- ICP.elevatxon wqp to uo

.,.q

© at'cer (10) uean ICP elevations at cBe’ 18, 9, 10) were not ffag?ff
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. ' °v ] . o »_ ' -‘v . ( o . ) . . ' e y R
pinn Hg.’In the SAHRx gronp, ICP renalned norlal except fo;-'f*x

':,elevatlon (n.s.) at CBF (8).,At thls flow, 2 anlnals

‘_denonstrated an ICP 1ncrease. The 1nd1v1dua1 naxxnun uas 32f’

The CPP of the SDHRx group renalned 1over than restlngf.
5jat CBF (6 7 8 9 10) and the decrease was 31gn1f1cant at CBPig'

o

(6,9, 10) (table 26). For the SAHRx group, CPP renalned ;_}r"

;.51gnrf1cant1}.louer than nornal for the duratxou of tha [
faftreatnent studles (table 26). The respect1ve CPP decreaseslﬁ'.w
‘g;fexperlenced were noé 51gn1f1can*ly dlfferent fron each

'*;other.;_”

On cessatlon of the treatment,,naBP at CBF (11) for the
"f}SDHRx group returned to Ulthln normal llmlts as did that\at
: fﬁthe SAHRx group. No sxgnlflcant dlfferehces vere found

”;betueen these 2 pressures.-g —

HP for both gronps vas sllghtly greater (n.s.) than

zifrestlng, and there—uere no 51gn1f1cant dlfferences betweeﬁ o

=grfthem.f5

L. 1cP ln{the SDHRx group relalned elevated (n.s.) above_,-'”'

'5erest1nqv‘and that : the SAHRx group was nornal. At/thls




o Both the SDHRx and“SAﬂRx groups experlenced uaBP and
::CPP decreases subsequent to the 1nsu1t (CBP (5)). Durlng

1;_treatlent both groups denonstrated decreases in HaBPéand

‘CPP. On cessatlon of treatment, HaBP retnrned to nornal 1n B

:both, and cepp remalned lov for the SDHRx group and vas ‘
‘d;normal for the SAHRx group._In general ICP of the SDHRx:
,_group was elevated durlng the latter stages of treatnent,

: and remalned so after the dlscontlnuatlon of the therapy. In

-the SAHRx group,‘ICP tended to renaln normal durlng and

‘i:after treatment.-

N

The pers1stent decrease 1n CPP of the SDHRx group after'3>

'5“ftreatment, desplte normal MaBP,_ls explalned on the basls Of

:“elevated ICP.l,H o e

_(b) Fesplratory Pattern, Arterlal Blood Gasf Alveolar-j”‘
'diArterlal Oxygen leference and nght Ventrlcular Pressure
'f»Changes.“*

Pne4insu1t"Vt,1RB artmrlal blood gases, pH, A aD02 and
”fRVP for the 2 groups are presented 1n table 27 There vere

'VQno 51gn1f1cant dlfferences noted durlng the h pre lnsult CBF

R aDO2 and RVP. For Pa02, the only 51gn1f1cant dlfference

e s

'noted vas the paoz of CBF (3) belng less than that o£ CBF

'?;(u) (p<0 01);’The dlfference houever uas only 2 n- Hg. Thef'”'.

?€301era11 leans for the u flovs are also shovn 1n table 27.;;[1;

158"

LI

u'jx‘deterulnatlons 1n the SDHRx group of Vt, RR PaCOZ, pH,3A~T- o
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R

The pre lnsult phy51ologlcal paraneters for the SAHRx :

group haVe been presented 1n the prevlous sectlon.,;_~

- e
. ‘..,

The 1n1t1al resplratory pattern response to the 1nsu1t

"1n the SDHRx gronp, as uas the case wlth the other groups,_

consxsted of lncreases, decreases and no changes 1n Yt and

",RRL No spec1flc pattern was demonstrated. These changes

progressed‘in all anlnals to varYLng perlods of apnea.frapin

The mean tlmes for the resplratory pattern @b cHange 1n
both groups are presented 1n table 20. No s1gn1f1cant i‘”

dlfferences vere present.

’.éh ' Hean lengths of apnea are shovn 1n table 20. There uere

no 51gn1f1cant dlfferences, but the duratlon of apnea 1n the "_fa

SAHRx group, tended to he longer than that of the SDHRx B

group. Sl . ’

N 7 The nean tlhes for "resﬁhratlon to recover" are élso
V‘”‘” DU o Sl : :

5 Presented ln table 21.~ e

SDHRx group.-”,“'

L g T
~..n*-. [ T

Arterlai blood gases, pﬂ and A-aDOZ vere not doculented

PR ur1ng the 1nsu1t._.¢jufg;ﬁ<“""

e R

The response of RV’Tto the helorrhage for the SDBR:

group,’as uxth_the S!HR: group, vas hypertension. The RVP

"tlne to change".iﬂtrle to peak" and "tile to recover" for

S e

159

No 51gn1f1cant dlfferences vere present, but this tlue'“'

for the SAHRx group tended tofbe slxghtlx greater than the':'f




In the SDHRx group, RVP responded after ICP, HaBP and

‘51r the RR decreasqs,!put tfp

?;'for the SDBRx gronp._

Vfﬁboth groups are shoun 1n tables 20 and 21. No 51gn1f1cant

' dlfferences vere found between these t1les of the 2 groups..

«

. .
‘ﬂ-Hovever those of the SAHR: group tended to be longer than

-

"those of the SDHRx group. Hax1mum RVP resgonses are
-'documented 1n table 20 and that of the SDHkx group 1s

. gsllghtly greater (ns) than thlS value for the SAHRx group.

)-

'resplratory pattern, peaked after ICP and HaBP, and Has'

fsfaster to recover than ICP and HaBD but slover than the

‘..

'resplratory pattern. In- the SAHRx group, RVP responses 1n-'

7.fsame patterns as those of the SDHRx group RVP. Both the
*J-SDHRx and SAHRx experlenced 51m11ar 1n1t1a1 responses of

];resplratory pattern and RVP to the 1nsu1t.f‘--‘_f'“: f‘ﬁ"e

The post 1nsult Vt, RR and arterlal blood gases&

'fexpressed as percentages of restlnq are shown 1n table 28

\

'giThe actua@ post hemorrhage values for pH, A—aDOZ and RVP are

‘”n'alsggﬁresented in. table 28. The actual neasured PaCOZ and

'h )<
B »ilﬁ

gé-. o

*L-relatlon to those of ICP, naBP and resplratlon, followed the

—

i;\;_f'”iEr,'” ﬂ.ﬁ““ fﬂhé.. gp'16°'“-

e

':”PaOZafor the&%\groups are shovn graphlcally 1n flgure 52, u;lﬁ7”



: ':'1'61 |

v
[

The PaC02 at CBF (5) for the SDHRx group u'aj:i:.

51gn1f1cantly lover than restlng (p<0 05),}as was that fos 'hv

h‘the SAHRx group (p<0 05). These decreases vere not \

"3519n1f1cant1y dlfferent fron each other, but the SAH?x group
. AT UV ; -
= tended to experlence a greater decrease.

e

’:; The SﬁHRx group experlenced a 51gn1flcant'decrease in
Pa02 at gBF (S) (p<0 05) « Pa02 at»the SAHRX group»uas very
mlnlmally (ns) decreased, 1f a. decrease vas present at all.

”fchange 1n Pa02 for the SDHRﬁ group vasfgreater (ns) than;;

T'that of the other grodpn g

A
P

.. The pH of the SDHRx group vas unc'anged, and that of

;;Ethe SAHRx group uas s}lghtly elevate_

abowe (ns) restlng. !?“
,/ L E . .

. Lo i
'.,v : . . AR R
S o

}"f!iBoth the SDHRx and/S\HRx groups experlenced 1ncreases
.1n "A- aDOZ at CBF (5), and fhat for the SDHRx group uas

3p51gn1flcant1y greater’than restlng (p(O 05). Thls 1ncrease o
hlpfor the SDHRx group vas greater (ns) than that for\the SAHRx :

r

;, The RVP of both groups vastslightly louer (ns) than ;;ff~"

“hrestlng. These decreasns Here not 51gn1fxcant1y dlfferent.:_:'

'The Vt of the SDHR: group reco;:§ed to Hlthln nornal

‘[llnlts by CBF (6), but re-alned sllghtly elevated (ns) for-wirfﬁ,

:JCBF (6 7 8) and 51gn1flcantly elevated at CBF (9 10)

| (p<0 05). For the SABRx group, Vt uas sllghtly elevated (ns)

f CBP (6 9), sllghtly decreased (ns) at CBF (7) and norlal

e

o



"‘each other.'

- 1n the SDHRx\group than the SAHRx group. { f5g~'“

./(__

T . Coen v

at CBF (8 10).,The correspondlng Vt changes 1n the 2 groups

were not s1gn1f1cant1y dlfferent fron each other.:_"

o
o

. CBF (6 7 9 10) and normal at CBF (8).<For the SAHBx gtoﬂp,

162

The RR of the SDHRx group was sllghtly elevated (ns) at_7'

RR was normal for CBF (7 8 10) and sllghtly elevated (ns) at o

CBF (6 9).AThe RR varlatlons of the 2 grOups at
| -
o correspondlng flovs were not 51gn1f1cantly dlfferent from

e

PaC02 of the SDHRx group was rower\than restlng for the':

~

duratlon of the treatuent studles, and 51gn£facantly so at ;"

CBF (6, 8 g, 10) (table 28). Slnllarly, the SAHRx group
.‘experlenced a per51stently decreased PaCOZ durlng the
1 duratlon of the treatment studles, vhlch was 51gn1f1cantly
lower than restlng at CBF (8 9 10) (table 28). The |

et (I

\ correspondlng decreases 1n PaCOZ for the 2 groups were not

. B
)

s1gn1f1can+1y dlfferent from one another.

\‘.‘.....
. .

: at CBF (6 7 8 9 10) but only 51gn1f1cant1y so at CBF (9)

(p<0 01), and at CBF (10) (p<0 05). The Pa02 of the SAHRx ’

group renalned sllghtly lover (ns) than norna _for the’
duratlon of treatnent studles. The corres ndlng Pa02

decreases for the 2 groups vere Tlgnlflcantly dlfferent at

CBF 19 10) (p<0 OS) ulth greater decreases 1n Pag2 occurrlng

j;The”prof‘theySDHRt group ias SIightiyfel}

e

kY

”'“tA\ The Pa02 of the SDHRx group reualned lover than restlng

b

vatedfforgthef?‘h



; ;re.alnder °f the treatnent 1nvest19ations. The 1ncrease vas S

gdf,'slgﬂlflcant only at CBF (10) (P<0 05). In the SAHRx qroup’ “”e R

..‘:“""pﬂ "aS hormal at CBF (7) and sllqhtly elevat_ed (ns) for CBF
- (6, 8 9 10). The correspond1ng 1ncreases 1n pH for the 2 :;ﬂ%f.ﬁ

.-r

:“Jgroups uere not SLgnlflcantly dlfferent fron each other.‘*{‘“"

‘In the 2 groups; A~aD02 reaalned elevated\for CBF v ) ‘

1(6 7 8 9, 10). Thls was 51gn1f1cant fdr ﬂhe SDHRx group at\;}d::d  };;m
~cer () ‘P<° 05’ aﬂd at.CBE (9, 109 (p<os 01). The f.fﬁl”fjp‘d

delevatlons for the SDHRx qroup tended to be Sllghtly greater‘ffﬁ;fﬁ‘,

](ns) than the correspondlng elevatlons for the SAHRx group.

(p<0 05).

™

'but"onlyi7

'(‘<0 05) uxth the PVP dectease of the SDHRx group belng A v o
‘egrefter than that of the SAHRx group. ;:1:» "f.a'gpf_j.'ﬂQSva*”'

T ’“»794\e“:%“u IR
e T B e A e BT AP
Follovlng cessatlon of the treatlent, CBF (11) uas "7T“ﬁé ]
5 L . ~
‘/‘ \ g
2

perforned. At fhls flov. Vt and aa of both‘qroups were

5

. e / v
tlndreased. Th.‘only sxgnxfxcant 1ncrease ab ve teﬁtxng, Has LTS g
. - ‘ S "_."), KRN

Vt of the SDHRx gfoup (p<0 OS). Ihe incTease qu only 3 '1";f;iifi

The relatlve Vt lncreases for the 2 groups -ere not y_yiq"'- S

‘,f51gn1flcantly dszerent E”L. each,othet, and nelther vere jiﬁ“-f*”
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~

TR

. the Fﬁlncreases i

';3,'p-_, ";Qﬂif.l.l ,ujrw j.},lyfi' IR [

The Pacoz of the SDHRX group vas. s1gn1f10anﬁly lower “f"”'

S /
*a,gthan restlng (p<0 01), as. vas that of bhe SAHRx group

?g(p<0 05). These decreases vere not 51gn1f1cantly dlfferent

'f}from each other.ugp .f]f“if',m f- f ',x‘_f

paoz of the SDHRx vas less (ns) than restlng and that
of the SAHRx group vas nornal. A _,r'f :f'fx;:t'

P

xf The pH of both groups vas*elevated (ns) above restlng.

LjNo 51gn1f1cant dlfference vas present betueen these

e,

s ’ A ’ K o N

DS 5“%37?3f °'l'l fgﬁ?.Qf

' fjf5g A-aDOZ remalned elevated at th1s flow 1n both groups,

_:felevatlons. j>'_p5vﬁ~{‘: _,':»-

f %51gn1flcant1y so only fdr the SDHPx group (p<0 01). Thls.
‘elevat1on for the SDHRx group tended to be greater than that
( .
”;for*the SAHRx group. »

A ”‘Tfn’b¢fh~fhéquHRi\??d“élﬂRx,QtoupsfﬂiPriasinbe-alg“a*li:’

".\\‘ ',\‘ -

As has been noted 1n the SAHRx group, those anlnals in
'the SDHRx group experxencxug a longer duratlon of RVP

7rhfelevatlon follovlng the 1nsn1t shoved a greater reductlon 1n

.«_\\\

’Vf;PaOZ and a-larger elevatlon of h-aDOZ.;

vz'i ;

et A

The\SDHRx and SAHRx groups exhlbitef 51n11ar responses

“-”f?to thezlnsult -of Yt, RR, arter1a1 blood gas and pH, A aD02 ,J:L'

]

“and RVP 1nnedxately snbseguent to the henorrhage (CBF (S))

jfdur1ng the treatlent reglle, (CBF (6 7, 8 9, 10), and

'F_h;follovlng cessatlon of the therapy (CBF (11)). Houever,,the .

L
DI . : CA

SRR E A L A e
I s R - . . LR . . .
e e AT : .
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e —‘.’ -‘:'l.

SDHRx experlenced noce larked changes ffyv;géh&ﬂﬁ?béfﬁufih

lthe studros

‘}-'ch (u) belng g_{ater than that/of CBF (3) (p<o 05). The: :

.The pre~SAH rCBF and CVR values f0r SAHRX group 'er,fff'"‘

N

tjdls.uSSed in the prev1ous‘

Y AN . B : 3N el s
R The post 1nsu1t rCBF‘values for both qroups are shoﬁn;f,*

~

.-\4

\.J{

,asva perceutage of normal 1n'table\26. The,a& uallueasured

ﬁrCBF levels for the 2 groups are represente raphlcelly 1n

g_flgures 51 and 60. Actual CVR values for both*q oupe3

""sho&u ih iﬁﬁle.26faud}drapuioallyudeﬁonsrreteﬁ flgnre 62.

e e . . - . L

At CBF MS), follov1ng the 1nsu1t, both groups'lﬂ'{\ft

lexperlenced a hlghly slgnlflcant decrease 1n rCBF (p<0 01).“

../\ 3oL
W

7§;;;5u‘;Th9 SDHRx group rCBF vas. 2513 ll/lDOgn/nln aud that of the ,;::

| 1SAHRx group vas 20:2 nl/lOO gn/mlp.vThe relatlve decreaseS'l;f

’“}fof the 2 groups vere‘not 51gn1ficantly dlfferent, but that
lof the SAHRx group tended to be greater. Both groups also o
:shoved &, sxgnlflcant 1ncrease 1n CVR at CBP (5) (p<0 01).:;:ff

o 9
Ce rThe relatlve 1ncreases vere not 51gn1f1cant1y different fron



e | 166
feaCh:opher;;'f- -
D“““‘? “‘e ‘treatsent progras, _Csp (6,7,8,9,10), ©CBF of |
S p
”g the SDHRx group renalned 51qn1f1cantly lover than testlng,
(P<0 O1)._In the SAHRx group, rCBP also renalned ‘f_»‘
Signlflcantly bel°" f95t1n9 for thls perlod (p<0 01). The e

T correspondlng CBP decreases for these,2 groups were npt -

<,

-‘fip 51gn1f1cantly dlfferent frou\each other, hovever, those of

the SAHPx group tended to be gqpater._ -

~ ) N L

o In the SDHRiBgroup CVD vas sllghtly elevated (ns) above

. L‘

'5._normal at CBF (6) and norual at CBP (7 8 9 10){ The CVR for

: the SAHRx tended to be greater than the decrease e‘ﬁ%bltea:;ff

The relatlve rCBF decrease fron restlng vas not 1fﬁ,’/}3ef7“

"; by the SDBRx group.a'

the SAHPx group remalned above resrlnr

but thls uas only statxstlcally 51 nlflcant at CBF (10)
(p<0 05). The 1ncrease§ 1n CVR 1n the SfﬁRx group 'ere>?f##"

s1gn1f1cant1y greater than the CVR chanqe for the SDHPx
group at CBF (9 10)(p<0 05).;‘ '

On cessatlon of the treatnent,.rCBF of the SDHPx group

at CBF (11) remalned unchanged from CBP (10), and remalned

T e

51gn;flcantly lover than restlng (p<0 01). rCBF of the SAHRx *, e

group shoved sllght 1lprovenent at CBF (11) fron CBF f10),

but 1t was also 51gn1£1cant1y lower than control (p<0 01).,,73: .

~-

51gn1f1cantly dlfferent for the 2 qroups, hovever that ofp;fg

o

\’-

RN

'1jon ¢e$sation of ;ﬂgﬁigéa;iént,f

for csr (6 7, 8’9 10), R



- R

A X

(p(O 01).~_,.._,' i '

Both groups responﬁed 51lllarly to the 1usult vltb rCBF

'decreases and CVR 1ncreasesm1nmed1ate1y follov1ng the 1nsult

AN o IR ‘*,h A
/ (CBF (S)). The SAHR: group experlenced greater change 1n
/ % &; i

oy '{f,;elevated. Greater changes in these paraneters—vere agalnw_”ﬂ,_

) denonstrated 1n the SAHRx gronp compared to the SDHR: group.

ijgg.fgf The lean pre—lnsult IDIC% dlameters for the -2 groups

' jrjﬁare shoun 1n table 25. The post-lnsult callber leasumements

5fexpressed as a percentage of restxng are presented 1n table
”pQL7:ﬁ}H26 Actual IDICA neasurelents pre and post-lnjectlon for the :j“

'”72 groups are shovn graphlcally 1n f1gures 51 and 60._,,='r 

"fiyﬁﬁRepresentatrye cerebral anglograas for the 2 groups durxng

[}

Athe exper\&ental stud1es are shoun 1n f1gnres S

N .
-4r_\»v.. ) ': 'A\‘
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ihan restlng (p<0 01). Por the SAHR:

.juﬁﬂgroup,'the tesponse vas 51n11ar (p<0 01)., The' degree Qf//

narrowlng uas greater (ns) for the SAﬂRx groupt

afdllowlng CBFﬁ%10) for the SDHRx qroup denonstrates some

”vthls ang1ograph1c exanxnatlon. Hean IDICA dlaleter of the

C . Sl

flSDﬁRx 9ronp 1ngroved, bnt Stlll renalned shaller (ns) thau4

' ‘[:rest1ng. For the SAHRx qroup. -pan IDIE; callber re alned

 ff’s1gn1f1cant1y saallor“’han restlng (p<0 05). The cal 1ber ﬁ;- 

',i;rQCOVgpy,ga_fless -arked for thls latter group. ﬂ‘qﬁd

Folloﬁlng Cessatxon of the therapy, there vas lore
’}*,recovery of the cerebrovasculature in ‘the: SDHRx grouﬁ, but_ a~'
asospasn vas Stlll present. Thls was 51111ar to the

o

'f*-occurrences 1n th?‘SAH?x gronp.‘The SDﬂRx nean IDICA

e

'-;dlaleter leasurenent renalned less>(ns) than restlng.-

“-i fRecovery of IDICA dlaleter 1n the SAHRx group vas even 1ess

oLt @

"-arked.. T e R T R

R



a‘;e)EéniadnAry*Eafhplagy7_w‘ |
' Gross examlnatlon revealed the lungs of the anlnals 1n

'f 1nterst1t1al edema.-1 anlnal had narked lntrawalveolar edenafﬁ.j

',L

s e e et

22,3:,1s9.gm.§}a'-

/.
-:',» -

this group to be normal. The leaﬁ uelght of the lungs uas,

Hlstolqucally, 1 an1mal had completely norlal lungs~”2v

anlmals had very Illd to noderate 1ntra alveolar ‘and WL;QM;J"

&th hemorrage and mild: 1nrerst1t1a1 edena. and in the f1nal35ﬂ-

ianlmal 1 lung vas nofmal and the other had very m11d 1nt1a~-,j'

alveolar edema. The lunqs d1sp1ay1nq moderate to marked

1ntra-alveolar edema and/oro1ntefst1t1a1 edema uere heav1er'

(26:1 D gm) than fhe overall mean. Flgure 6u shovs the

appearance of moderate 1nterst1f1a1 edema seen 1n ‘this



'1fBreath1nq Prllate--ﬁwfr

.'3’____ ‘w‘” ‘ SORE IR
(a) CardxoVasqplar and Intracranxal Pressure Responses..'
‘7'5*“‘:v.5i7:3;*1~a;“?&.j¢f;f 1t._ l_y1t‘{‘ ‘
_ff_ Thls sectlon deals vlth the effects of the treatlent d;

\
. esults of the SAHPrﬂand SDHRx groups v111 also be prese

here for contrasts and comparlsons,-z

The'mean ue1ght of the exper1nenta1 anlnais in thlS
',gegFOup 15'shovn ln tpb1°-1\and lS not\51qn1£1cantly dlfferent

'f;from those of the other groups..qijf'rﬁ iP,ﬁ]f_: lFﬁ

S

'nedns, and SEM for naBP, FR, ICP, hnd cpp for CBF

A

(1 } 3, u) for the 3 groups are presented 1n table 29. Ulthln

..

”1che treatnent alone group, (Rx alone), there vere no

"TCPP For HR, the only 51qnif£bant dlfference w'svthe HR foriff“‘

BF (u) belng greater than that a' car (1) (p<0 01). The

.1foverall Ieans are also presented 1”; , ‘e729}“

Y r glme 1n 3 aninais that do not reoelve an 1nsu1t. The \Xx
n

,-

e

'3f51gn1f1cant dlfferences over. the u flous for elther HaBP orﬁjf”.

¢p;uas'fifs;f;"'

,;neasured at CBF (u).,These phy51ol glcal paraneters for thefef'

'-SAHRx and SDHRx group have been di:cnssed 1n the 2 brev1ous'y:;:~

Asectlons. i_j."”

The Rx élone group dld not recelve an 1ntracran1al {"-:

o dlnsult.,lfter an approprlate alount of tlle had elaPSed

;':the other,groups,:CBP (5) uas 1n1t1ated. Durlng thls tlle .

"*;;ecorrespondlng to the tlne necessary to perforn the 1nsu1t xnﬁ[:}rik



‘i'?and p<0 05 reSpectlvely).‘

restlng (p<0 05).;.

f’as prev1ously descrlbed.__,tf"‘

S e
_ Lo e

perlod tbere uere no changes 1n aaBP, H&:or'EKG}'lQPJor;;Jilj_7

" CPP, apart fron norlal pby51ologlca1 variatlons. i

.o_ R . o : _" R

1 - - . RS
At CBP (5), HaBP of the Rx alone group was u1bh1n :

e

nornal 11n1ts, uhereas the HaBP values of the SAHRx and

SDHPx groups uere 51gn1f1cantly less than restlng (p<0 01

e =
S

HR for the Rx ﬂlone group'at thls flov uas unchanged.', o

' For the SAHRx group, HR ‘was - sllghtly 1ess (ns) than nornal

‘and for the @DHRx groua 1t was - 51gn1f1cantly 1ou=r than

| 4 PR el
TCP for all 3 Qroups vas. nornal at CBV (5)- afi;,l9*yln

‘s .

o/

e e e

':r'v‘ CPP for the Rx alone group was nornal' 1t uas

- srgnlflcantly decreased 1n the SAHRX group (p<0.01) and less

RNTEEN

*l.thanb nornal (ns) 1n the SDHRx grdup. ,; fa

A uaBP,hﬂR; ICP and CPP for the renalnder of the studlesf~ .
L4 ’ PAIN

for the ‘3 groups are shown 1n table 30. The CPB levels for,u”l

":each group are also shown graphlcally 1n flgures 51 60 and

:, ’

Durlng CBF (5), the ph151olog1cal paraneters neasured

,,.7

, renalned nornal for the Bx alone group,~vhereas decreases 1n o

M

’;HaBP, HR and cpp Here present In the snunx and snnnx groups

‘.n
: . R

B _:( R

Hlth the 1n1t1a+1on of treatnent prlor to CBF (6), uaBP

\ g

‘Q[_of the Rx alone group fell. It relalned lover (ns) than

B A

- -.,1 .




g R ' [ I S

'fnon’al for the durat;on of the treatnent studles, CBF

(6 7,8 9, 10). HaBP of Both the SAHRx and SDHRx stmdles
. g 5

”reamlned =Lgn1f1cant1y lover than nornal for the duratlon of R

lddthe treatnent studles. The HaBP decreases present in the Rx

::?alone group uere not 51gn1f1cant1y dlfferent fron the
"correspond;ng decreases at the SAHRx and the SDHRx groups,

'.:Thp relatlve decreases of the Rx alone group tended to bev‘
,less than those pf the SAHRx groqp and slnllar to thOSe of

.i,the SDHRX grouP- "

R . R
v o v

HR of the Rx alonn tended to be sllghtly 1ncreased aua"'

'1at CBF (8) 1t vas 51gn1f1cannly greater than nornal
¥ D

j(p<0 01).,For the other treatment groups, HR vas decreased

’ fpw(ns) at CBF (6) and elavated (ns) at CBF (7 8 9 10). The‘

w‘&relatlve changes in- HR durlng thn treatment reglme for the 3.
d]'groups were not 51gn1f1cant1y dlfferen+ fron onc'another.;fv

ICP(of the Rx alone group tended to show elevatlons

\,) ‘.\»

"(ns) abofe restlng durlng the treatment program. Durlng thls .

. ’ -
f‘tlme 1 anknal showed a per51stent1y elevated ICP, and

ST

"‘”_anobher flucf?ated between nornal and elevated. The laxlmum

A

if;i-JCP uas 28 .m Hg, Tne Icp of tho renalnlnq anlnal uas nornal

; throughout. In the sAHRx group, ICP vas nornal except for an

tfelevatlon (ns) durlng CBF (8) in 2 anlmals._For ‘the" SDHvaﬁ-'

*.

f‘group,“sone of the experltental anlmals demonstrated'

"1re1evated ICP (ns) durlng'CBP (1 8 9, 10) as descrlbed 1n the‘”

‘l}.

' .prev1ous sectlon.;.jfil, ‘_lf/f__'

R :'cppf:qf’-t;tiie,_.' Rx alone group was less than normal for tha

- al




o

,duratlon of the treatlent studles. These decneases uere,V',}}3'5

51gn1f1cantly lover than nornal at CBF (7 10) (p<0 05). CPP 3”

. of the SAHRx group at’ CBF (6 7 8, 9 10) was 51gn1f1cantly
"1oner than restlng (table 30). In the SDHRx, CPP vas lower';“
BRY : . .

_“tgan normal for the remalnder of " the treatnent

flnvesthatlons, and san1f1c ‘*“ypso;at CBF (6 9 10) (tahlé .

ol T a

n:;ao);_The correspondlnngPP' 7ases for the 3 groups gerehgf
h,‘ndt'signifioantly;different _onfone%another;ﬁf:'”

bkfter ol contlnuatlon of the treatnent progran, ééF'

:(11);wasaperéirned.rAt thls flow, ‘MaBP. of the R - alone group
Cshowed an 1ncrease,"but renalned sllqhtly 1255 (ns) than
By control.151mllarly the uaBP of the other treatnent groups
al;eturnod to H1th1n nornal levels.“The small dlfferences.j
B presen* between CBF (11) iPBP and normal for the 3 groups

J~i'_uere no+ 51gn1f1can+ly dlfferent from one another.NT_;Lff AP

All 3 groups shoued sllght HR eLevatlons (ns) above V*i

nornal at thls flov. The relatlve ;rcreases of these group5fp‘5'

o ?ifikreenot-sagnxfloantly-dlfferentnfron_one,another,{ifify

3

Hean ICP of the Rx alone group uas sllghtly elevated'.

(ns) at CBF (11).-Increased ICP vas present 1n only 1 anlnal- .

(25 nnﬂg). Iin the SAHRx gr0up, the ICP vas nornal. For therM\

”;nvere present 1n u experlnental anlnals. The relatlve ICP
h‘increases for the Bx~alohe and SDHRx groups uere not

.”ﬂzgﬂSLQDIde!htly dlfferent fro- each other.,

-lSDHRx group, ICP vas sllghtly elevated (ns). ICP elevatlons f“”



P,

iig d%&al at CBF (11). CPP of the SAﬂRx group ias normal, and

"for the SDHRx group, 1t Was louer (ns§ than rest1ng. No
" e

Vd]':51gn1f1cant dlfference vas present betvee7 the relatlve CPP

\v.treductlon of the Rx alone group conpared to that of the

"'QZSDHRx group..The CPP of the Rx alone group renalned less -

'rthan nornal because of a sllghtly decreased lean HaBP and

. sllghtly elevated mean ICP. f

Durlng the treatment progran,'all 3 groups shoued =
F.fdecreqses in’ HaBP and 1n CPP, that vere not slgnlflcautly
'.gdlfferen+ from one another at correspondlng CBF

aﬁdeternlnatxons for *hese groups. In general, HR 1ncreases

were present durlng the treatment ‘or aLl groups, and agaln,j

\ .

'if“these elevatlons Here not 51gn1f1cantly dlfferent fron one

‘f_oanotherr'ICP 1n the Rx alone and SDHRx groups tended to: be

f-elevated, and that of the SAHRx group vas norua1L

v » . RN

-

On cessatlop of the treatment the HaBP levels of the 3

' Tvgroups recovered towards normal as d1d tﬁe CPP. Both theseVV

R

l.tvalues tended to be sllghtly decreased (ns) 1n the Rx alone

v

"T}dgroup.lﬂﬁ 1as sllghtly elevated for all 3 groups. Hean ICP

In the Rx alone group, the CPP relalned louer (ns) thanfig;rvj

oo

d*was nlnlnally 1ncreased 1n the Rx alone group (elevated in 1s”ygju‘

_an1mal and nornal 1n 2) and uas elevated (ns) 1n the SDHRx
etgroup. In/the SAHRx group ICP vas nornal at CBF (11).

e . g
s

..(b) Besplratory Pattern, Arterlal Blood Gas, Alveqlar—‘f' :
' f:Arterlal Oxygen leference and nght Ventr1cular Pressure

Ly




The resplratory pattern paraleters (Vt RR), arterlal

L blood gases, pH,_A-aDOZ and RYP for CBF (1 2 3,0) for all 3 Lo

'Tgroups are shown in table 31.,No 51gn1f1cant dlfferences
fwere found 1n these parametrlc measurements 1n the Rx alone

7Vgroup durlng the flrst a CBF deterulnaflons.r ’

Those phys1olog1ca1 parame*ers of the SAHRx and SDHRx

groups have been dlscussed 1n th° prev1ous 2 sectlons.

.)f, For the 3 groups, VthpPR,:PaCOZ and\PaOZ, of the

remainlng CBF studles, expressed as a percentage of normal

'.?are %houn in table 32. The pH, A aD02 and RVP are presented

//Q'Jas actual values 1n table 32.; he_ac*ual ueasured PaCCZ and

~

fiPaO2 values for all 3 groups are presented graphlcally ln

f”flgure 52, and A-aDOZ 1n flgure 66.3}ﬂéuﬁ,dn;f:]""d"
: ‘ ‘ .’-w o

'un. At CBF (5),lm=an Vt of the Rx alone group was nInlmally
7'elevated (iiy'above norlal, and RR vas nornal In the SAHRx

*a'and‘SDHRx. oups, mean Vt shoued 1arger 1ncreases above

TFg estlng; but they vere not s1gn1f1cantly greater than'n~e‘ﬂ -

‘fnnornal These 2 groups also shoued" decreases (ns) fron

ses 1n Vt of the 3 groups vere

-

jtﬁrestlng.‘The relatlve 1ncv:
i fferent fron one another, nor’ were the

-f:not 51gn1f1cant1 4

RR decr*df

PaCOZ of the Rx alope group ‘vas. norual at CBF (5), and
pthe PaC02 values at the SAHRx gronp and the SDHRx group vere

'751gn1f1cant1y lower than rest1ng (p<0 05).»jf‘”

R .
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Pa02 of both the Rx alone and SAHRifgroups vas uorlal _
and that at the SDHRx vas reduced (ns) fron norlal. _7h,3l~ff',d4-g?;
pH of the Rx alone group and SDBRx group at CBF (5) mj,ﬁ2‘f*:_?
”f:;vere norual and that of the SAHR: group vas 1ncreased (ns).«p;flwn'
“ . ‘. . . ".
: A-aDOZ of the Rx alone group showed ninlual elevatlon

(ns) above restlng.:These values for the other 2 groupsv' ﬁkf-a"

~

_shoued greater eleVatlons than the Rx alone gfoup,

{lSLgnlflcantly so for the SDHRx group (p<0 05).;Tﬂw7-’ﬁf4rzﬁf "'»ff,~

r:RYPfof the RX alone group was norual at CBF (5)\%nd uas,v:. .
e*rédﬁcéﬂ (ns). i ?the SAHR: and SDHRX QIOUPS.HH {7:""ﬁﬂ'7f‘vbr

e

“thtBP"(S)-the«SAHRx and sDHRx groups tended to shov.7 .

T‘greater Changesgln Vt,\FR, Pacoz, paoz, pﬂ':h aDOZ, QndeYPﬂf' o

| = Uurlng the treatnent progran, Yt of the Rx alone group
‘lfwas norual at CBF (6 7) and elevated (ns) at CBF (8 9 10).f
b'.flPor the SAHRx group, Vt vas‘sllghtly elevated (ns) at CBFxn‘dt:h
dg:;(ﬁ 9) sllghtly decreased at CBF (7} and norual at CBF 3
‘ir;(8 10). In the SDHRx group, Vt was norual at CBF (6) and
:pf;elevated for - the renalnder of the treatuent studles (table

‘glslgniflcantly dlfferent fron each other.]f_}_

/ K

332)._The correspondlng Vt changes for the 3 groups vere not b;jf‘jfff

e
Ny

RR for the Rx alone group vas slightly elevated (ns) at;f'f;;;ﬂ

- p'CBF (6,9 10) and sllghtly decreased (ns) at CBF (7 8). For

"f“the SAHR: group, RR was norral at CBF (7 8 10) and sllghtly



‘g sllghtl‘flower (ns)“than restlng for the’duratlon of the

(6 7 9 10). The correspondlng RR changes 1n these 3 groups iﬁi";

uere not 51gn1f1cant1y dlfferent fron one another..f
.;fjiw PaC02 renalned sllghtly less (ns) than restlng in: the
Rx alone group, as d1d the pacoz values of the\other 2

treated groups.:T e decreases 1n the SAHR: group at CBP.

<

PR 1 '

(9 10) tended to be greater than the Rx alone group. The

ﬂfﬁcorrespondlng PaC02 changes durlnq CBF (6 7, 8 9 10) for the'sﬂ.iﬁ

3 groups uere not 51gn1flcant1y dlfferent from one another. R

Pa02 durlng the treatment progran for the Rx alone

v

group was nornal at CBF (8) and sllghtly decreased (ns) at

-

CBF (6 7 9 10).‘The paoz of the SAHPx groun remalned

treatnent'studles. In the SDHRx grdup, PaOZ uas louer than

SR g
) restlng for the remalnder of the treatnent progral, and 1t .

was sxgnlflcantly decreased at CBF (9 10) (p<0 01,p<0 05

respectxvely). There vere no 51gn1f'

» correspondlng Pa02 decreases of the 3 groups, but those of fl”ﬁd"

the SAHﬁivand SDHR: groups tended to be greater than those fo"“

fof the Bx alone gronpqus_zu'

The Rx alone group had nornal pH at CBP (6 7 8) and

i*i.fisllghtly elevated (ns) pH at CBF (9 10). For the snnax

group, pﬁ uas nornal at CBF (7) and sllghtly elevateﬂ (ns)"lt

(6) and elevated at CBF (7 8 9 10); The pH elevatlon Has

RS A

<

(]

Tes

ant dlfferences 1n thefiﬂ}ff

__[‘at CBP (6,8 9 10). In the SDHRx group, pH vas norlal at cgp ;ic,,



51gn1f1cantly greater than rest1hg only at CBF (10)
(p<0 05). The corresponding 1ncreases 1n pH for the 3 groups\

were not szgnlflcantly dlfferent from ‘one:’ another.,

A aD02 vas elevated for the duration of/the treatlent
e studles in all 3 groups,’and the 1ncreases of the SAHRx andf;'h
SDHRx ggp#"”\tended to be greater that that at the Rx alone
groupi{ghls vas only 519n1flcant for the SDHRx group at CBFWv

(9) (p<0 05). .

o RVP in the Fx alone group waq sllghtly louer (ns) than
vnormal durlng the treatment program. For the SABRx group,._
ifVP'uas belov restlng,_and 51gn1f1cathy so at CBF (6 7)

(p<0 05). In the SDHRx qroup, RVP was also loaer than-n?

éytestlng, but sxgnlflcantly so at CBF (6) (p<0 01) and at CBrV*"4

(7) (p<0 OS). The correspondlng decreases 1n RVP experlenced
¥4 :

by the 3 groups vere not 51gn1f1cantly dlfferent from each :

other.fj..lgb-Q”

" “At CBF (11), follouiv;-dlscontlnuatlon of the treatnent

”“.7program,'Vt of tﬂe Rx a'one vas elevated (nS) above the-n'ﬁ":]v

'Z;{ accepted nornal and RR was nornal. For the SAHRx group both

' ﬁ_Vt and RR vere 1ncreased (ns) above restlng.bThe sane "-‘

q-.,

‘occurred 1n the SDHRx group, ahd the Vt 1ncrease'uas

’-:51gn1fxcant (p<0 05). The correspondlng changes 1p Vt were ',}TVﬁt

‘“=Qg;not 51gn1f1cant1y dlfferent betveen the 3 groups, nor were,

"7those of RR.‘ fﬁ i

nprhefPaCOZfof thezﬁx‘alpnefgrohofvaé-Slightiftdeorea5§d Ev



-\

'y(ns). Both the SAHRx and Sngﬁf groups denonstrated a

fe519n1f1cant decreaggglp PaCOZ at CBP (119 (p<0 05' p<0 01). SRR

ﬁ}}The correspondlng creases of &he 3 aroups vere not

Tsslgnlflcantly dlfferent from e@ch other. :1-

Pa02 at the Rx alone qroup was’ lover (ns) than norual,

| as ‘was that of the. SDHRx group. The correspondlng decreases

‘;vere not SLgnlflcantly dlfferent fron each other.,PaOZ_of l'

B 2N

\the SAHRx alone group was nornal.

T, pH of the Rx alone group vas normal, and that of the

K]

g,other 2 groups vas elevated (ns) above restlng.v'h

A~aD02 renalned elevated for the 3 groups at Zils flov )

*”(table 32). For the Rx alone group, A-aDOZ was sxgn1f1cantly ffi

Vgreater than restlng (p<0 OS)._No 51gn1f1cant dlfferences

Hnu vere present betueen the elevatlons at thls flov.u

RVP of all 3 groups uere normal at thls CBF

;ndetermlnatlon.,',

In general, the resplratory pattern,vPaCOZ, pH and RVRhf,Tj

%

7ifﬁof the 3 groups behaved sinllarly durlnq and after the f”

"‘~ftreatlent program. The Pa02 decreases present durlng the

ﬂ?,iSDHRx groups, and norlal for the SAHRx group.\fﬁ7l35”

B treatnent reglne tended to be greater for the SAHRx and

'fSDHRx groups than those of the Rx alone group. At CBF (11)(‘

3

‘iafter_the treatlent, Pa02 vas lov for both the Rx alone andﬂr?-

\

s ,
-3K-aDO2}tended toprenainreleuated‘during_the:treataeutft»--

~ .



S s

"'bPeSLStance Changes.

o also presepted An, table 29.;5_ﬁ‘l”

progran fon all 3 groups‘ but lore so for the SAﬁRx and

SDHRx groups. Slnilarly. after treatment cessatlon,_&—aDOZ

fdr the 3 %roups ¥as’ elevated.gv?

H(C) Regnonal Cerebral Blood Flov and Cerebrovascular :

er: rCBF and CVR for all 3 groups durlng CBF (1 2 3,u) are,l_-u

R . o ‘}'
presented 1n table 29 No 51gn1f1cant dlfferences vere ,f4_

present Ln elther rCBP or CVR for the Px alone group

determ1wed over the flrst = CBF determanatlons. These_ff"“i

= p 1ologlca1 parameters for the SAHR: and SDHRx grouis aregwﬁ“

dlscussed 1n the prev1ous 2 sectlons.-The overall means are'"

rCB: expressed as.a percentage of normal for the qroups

-
g

» for CBF (5 6 7 8 9,10 11) are presented 1n table 30. The(

actual CVR levels for thls perlod are also shoun ‘in table :

‘fl30 The actual neasurenents of rCBF for the groups are

presented graphlcally 1n flgures 51 60 and GP, and- ahose for

CVD 1n flgure 67. Aﬁ L r/ |

At CBF (5), rCBF of the Rx alone group vas u1th1n:

'normal 11|1ts. or just nlnlnally decreased and for the SAHRx '

and SDHRx groups, rCBP vas SLgnlflcantly lower than restlng

(p<0 01); The decreases 1n rCBF of these 2 groups vere

A*{1 sxgnlflcantly greater than the changes in rCBP at CBF (5)

for the Rx alone group (p<0 01). lif;:*v
N - B . , .. . N ‘J »



CVR of the Rx alone group delonstrated a 51gn1f1cant

lnlncrease conpared to tho flrst u flov uglues (p<0 01) at CBFfE"

l.(S). The 1ncrease, houever, uas snall ‘in the nelghborhood
" of 0. 23 ““1t5"fepfesentlng an 1ncrease of 1u$.'and resulteuj
ﬁlpfrom a mlnlual decrease in- rCBF 1n 2 of 3 anllals at this 3*?

pflou. Both the SAH?x and SDHRx groups experlenCed a | |

- \. .
51gn1flcant 1ncrea§e 1n CVR at thls flou (p<0 01). These

\ . -

ilncreases were both\1 27 unlts above restlnq, representlng .
Q:elevatlons of 79% 1n the SAHRx group and 77% 1n the SDHRx
group, and uore both 51gn1f1cantly greater than the 1ncreasef
i':.Ln the Rx alone group (p(O 01, p<0 OS).“ ‘.x‘ ﬂfff/)7f-}

At CBr (5),,the SAHRx and SDHRx groups experlenCed

‘fjps1gn1f1cantly greater decreases 1n rCBF and 51gn1f1cantly

]

1arger lncreases 1n CVR than dld the Px alone group.»

Durlng the treatnent perlod, CBF (6 7 8 9 10),.rCBF of
che Rx alone group vas sllghtlg louer (ns) than nornal,

hguhereas rCBF of the SAHRx and SDHRx group remalned

51gn1flcantly louer than restlng (p<0 01){ The correspondlng*'

',reductlons in rCBF of the 3 groups vere not 51gn1f1cantly

N . ‘:
\ -

’f,dlfferent fron one another, except for the reductlon of the

"i'SkﬂRx group helng greater\than that of +he Rx alone group ati

‘3CBF (9) (p<0 05). In general houever, the reductlons present{f\f
L ' _
',1n the SAHRx and SDHR! groups tended to be greater than

1 those of the Rx alone group.vi

CVR for ‘the Rx alone group uas slxghtly lover (ns) thanfjh-
: restlng durxng thlS perlod (CBP~1€/; 8 9‘j0). In the SLBR:

-



T HX .a;]_»_one _ grQ.li_P-' .(P‘<0.‘ ’05_) °

group, CVR remalned above restlng but only sxgnlflcantly at?fg

-CBP (165 (p<0 05).vFor the SDHRx group, CVR vas sllghtly

elevated (ns& at ‘CBF (6), and normal at CBF (7 Bif 10)-.The1:;vT“'”

N

changes experlenced by the Rx alone and SDHPx groups at
. correspondlng flous were. not 51gn1f1cantly dlfferent from"

\one another. Por the Rx alone and SAHRxogroups,

{_correspondlng CVR changes vere not 51gn1f1cantly dxfferent,ﬂ'~5”"

'except at CBF (9 10) Ulth CVR of the SAHPx group belng

4?51gn1f1cant1y reduced conpared to the changes 1n CVR of the'

.\
After treatnent cessarlon, CBF (11) uas performed. rCBr
ffor the Rx alone group vas sxgnlflcantly lOVer than normal

SN
'(p<0 05). Por the SAHPx and SDHRx groups, rCBF at CBF (11)

.Q;uas 51gn1f1cantly reduced (p<0 01).}The correspondlng 'ff.p-*l

"reductlons vere not*s;gn1f1can*ly dlfferent from one

7

'5another, houever,»that of the SAHRxf'nd SDHDx groups tended

o be greater than the rCBF reduc+1o

of the Rx alone group.
-a/“;.“‘ : :

CVR at CBF (11) of the Rx alon, group vas sllgbtly
vAlncreased (ns) above norlal “The in rease uas only 0 17

unlts, representlng a- 10! 1ncrease/ In the SAHPx group, CVR

.vas 51gn1f1cant1y elevated above estlng (p<0 01). The %?vf

R ‘

1ncrease uas 1597 unlts, a 100% 1'crease above restlng. Fdf"

o : ! \,
the SDHRx groups, CVR uas elevat d (ns) above norlala The S

-~ _,_,.

restlng. The CVR 1ncrease of t e. SAHBx gronp uas

E slgnlfxcantly greater than th#t of the Rx alone group‘

'vhﬂ

I _-,‘ .....";v\.' Ll
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"(p<0 05),~and that of the SDHRx group only tended to be
“fmlarger than the CVR increase of the RX, alone group.

‘.}J -~ ‘u~[“ .-_.-_ : '-glélg_ﬂﬂg -

Durlng the treatnent progral, the SAHRx and SDHRx

”“-‘groups experlenced greater decreasns in. rCBP than d1d the Rx

~

":alone group. CVR durlng thxs perlod for the SAHRx group

\

‘.ﬁremalned elevated° nornal (except 1ncrease at CBP (6)) for

’«ﬂﬁthe SDHRx group, and sllghtly decreased 1n the Rx alone

rpgroup.

\_, Follovrng the alscont1nuat10n of the therapy, rCBF of

jthe SAHRx and SDHRx groups tended to be lower than that of

~'the Rx alone group.,CVR elevatlons of tbe 2 heaorrhage

" .

Hean IDICA dlameters at the flrst set of cerebral

'digpanglograms for the 3 groups are shown ln table 29. Thelgfiff”f

lujvessel callben leasurements as percentages of no@nal of the
:fremalnlng anglographlc exanlnatlons are presented for all Lf;[
~'the groups 1n table 30. ACtual dlameter neasurenents are fgk;

fashovn graphlcally ln flgures 51 60 and 65 Cerebral

"aanglograls representatlve of these 3 groups durlng the

-l &

"'experlnental 1nvestlgatlons are presented 1n flgures SS(a)-fL*

A.»;,(a). 63(a) (d) ana sé (a)-(d) G T AR
The ce;ebrovascular status of the Rx alone group s



"Areualued unchanged durlng the.studleS, CO'Pared to the ;r;:'
ﬁij:cerebral vasospasu experlenced by the otﬁer 2 treatlent
>"¥iggroups. The mean IDICA dlaneter of the second. third and
a";fourth sets of cerebral anglograns remalned unchanged frou
dpies*1ng 1n the Rx alone group.‘as conpared to the reductlon:fﬁ

Toin- callber prev1onsly descrlbed for the SAHRx and SDHRx
S : _ A s R

,Q‘”'(g)fgeurologiéai.Examinafion ;'f

'Neurologlcal assessment of all anlmals 1n the SAHRx,“gh
. }SDHRx and Rx alone groups vas carrled*out at the 5 hour and

’f°u20 hour observatlon perlods usxng the 5 p01nt gradlng systemvrw

,prev1ouslxmgesor1bed. Table 33 shovs the neurologlcal

'»,,rvwc.‘lﬁ,

Tassessments for these groups, as vell as those of the 1 67

'f,; ml/kg SAH and art1f101a1 CGF groups for comparlslons. jlr-i*w

- -—

e : . w e o T P R

f;* In the SAHRx group, 2 anlnals\dled acutely prlor to the

_,S‘hour exallnatxon. The renalnlng 6. anlnals vere obtunded/ R
All anlmals 1n thlS group uere dead at 20 hours post SAH,g

f_a.mhe poor neurologlcal status of the anlmals 1n thls group at_r)f¢ﬂﬁ
Vlogrofh assessments, ls sxnllar to that occurrlng 1n the 1 67
:f‘ml/kg SAH group.vff" .

:s'In'general, the SDHRx group anlnals were sonnolent and dﬂ""fw

FAREIN

HT,fwletharglc at the 5 hour neurological exanlnatlon.;kt the 20

. -._.J. )

onr assessnent, S anxnals were neurologlcally nornal-and T

S

"7mfvasndead. These results resenble those of the 1.67 ll/kg SDH




For the Rx aloue group, the experllental anlmals at the1;;7

'p 5 hour assessnent uere generally 1etharq1c..nll 3 anlnals
.idled before the 20 hour flnal exanluatlon. One anlmal
!observed untll 1t s deulse, developed severe -etabollc
:ac1d051s wlth hyperventlla*lon and a nornal Pa02 and_ o

fd;subsequently dled '

Ab vlth the uolule studles, tae‘aolmals perfused warh

'dgurtaraldehyde uere sacrlflced v1a thls lethod durlng thelrrd

b*fdownhlll course form whreh I felt there vas no recovery. j,“
"These anlmals vere consmdered gra e 5 ;;;'ey’ff:.v

| ) “*.%a d~~” | o

(h) 'Pétho_iogi'c;a..l_- Exawination.of «‘Brfa‘.-'i'n_._;:_ G

CSF groups, ﬁl

As Hlth the SAH volume, SDH and art1f1c1a>
ydﬁhe dura vas examlned after removal of the IC- devxce. The»f5 “

‘degradlng scale uas the same as prev1ously Fescrlbed

.‘f In the SAHRx group, examlnatlon by palpatlon, revealed

T.the dura ln general to range from full to tlght.
: _?;; S .. »é -', . |
The dura of the anlnals 1n the SDHRx qroup 1nc1uded

pnormal sllqhtly full and tlght.,

.n,,.

A In the ‘Rx. alone group of anlnals, the dura exanlnatlon o

-:ranged frcu nornal to full.;-

i .
.

Postnorteu braln exallnatmon in the SAHRx group,'u51ng

o

ﬁd;the pte71ously descrlbed gradlng system, shoved the bralnsiﬂ“:““

”;uto be svollen, and 1n 1 1t vas bulglng,'vhen the«dura uas




L f;136-

dpcised. . oy L

Inathe SBHRx group,jthe bralns appeared norlal._Two of

N the bralns 1n the Rx alone group appeared nornal and the:w

other vas sllghtly svollen.

Hean fresh braln uelghts for the 3 treatnent groups,

,,__;Lbe—4467 nl/kg SAH group and the artlflclal CSP group are

Bl

T shown in table 3& Tbe numbens in parenthe51s docuuent the S
‘r.numben of anllals 1n ihe calculatlon. The remalnlng anlnals.
’5"uere elther perfused v1th glutaraldchyde, or - thelr bralns_

*vuere not uelqhed.v

”J‘fv-r~' . R o TR L -
“vpkjﬂ:g Intraventrlcular hemorrhage vas present 1n 3 of the 8 f’f
o 8

}anlmals 1n the SAHRx group. Only 1 anlmal in thlS group had

“oventrlﬁpﬁar dllatatlon, and 1t also had 1ntraventr1cular
ool : . ,_’r}g, AT

“Liiblood.,-_v'

. . UK RN o
et . ..

In both the SDHRx and Rx alone groups, no -

}‘&fulntraventrlcular blood or ventrlcnlar dllatatlon was ;f

,\ -

Of the 3 acutely dylng anlnals 1n the SAHRx group, 2.]@

,'_‘ .

’i,had 1ntraventr1cu1ar blood ‘and none had ventrlcular *io."

”ﬂ\dllatatlon. f'“;j.“fjifgf Ff““ . _ )
‘53(9)gﬁiécttdnguictosbbpr»ﬁ o

o

In the treatnent 1nvestlgat10n, 2 anlnals“were perfused

wlth glutaraldehyde for E H. study of the cerebral vessels..‘

Tk TN



",;~.70(a),( ) demonstrate the sovere undulatlon and 1nt1mal

x'galnfoldlng present ln the Cerebral vessels of thls an1

o l'ﬂ'efi'}kulﬁl'i :.v ..j_ R H;;e _v_;.__i-&1872

AOne anllal uas fron-the SAHRx group, and.the other fron the :
Rx alonD group.‘The vessels studles vere IDICA, HCA PPA and
DPA.‘The gradlng of 1ntlla1 changes vas a u 901nt systen as

lprev1ously descrlbed for the flrst ma)or 1nvestlgat10n and ;-

"f’the results for thlS study are shovn in- table 35

d In the SAHPx group,‘there was marked 1nt1mal 1nfold1ng
hand undulatlon (qrades 2-?). The IDICA vas not studled
’jCerebral anglograms of thlS anlmal Ln the pre-SAH state and.

i 1mmed1ately prlor to glutaraldehyde perfu51on are shoun 1n<.d/f
'?flgures 69(a),(b).5rarked dlffuse cerebral vasosoasu 1s‘a’ghu'

‘-zpresent 1n the latter anglogram. The cerebral vessel 51teS‘ i

‘fstudled oy ' are shovn on- thlS anglogram. Flgures :

f_Intlmal muscle contractlon 1s also prpsent (flg.,70(c)). The_’u”

"f}fmedla musculature 1s narkedly contracted' the nuscle cells

' ”fhare shortened, the borders are serrated and the nuclel are

;vfolded and bulky. Flgure 71 demonstrates a contracted nedla'

'f'muscle cell 11th a. klnked nucleus.v,,”“

' The cerebral vessel appearance 1n thlS group 15 51-11ar
,wto that of the 1 67 ll/kg SAH qroup shovn 1n the prev10us
;Sectlon.ﬂ‘UV ' ‘ |
’fIn'theﬁnfralone“Qroué, the anllal studled uas 1n §e2;35
resplratory dlfflculty delonstratlng tachypnea, and narked

netabollc ac16051s (pH 7 11) before glutaraldehyde o

_;‘perfusxon. Cerebral ang1ograls perforled prlor to the e



perfu510n shoved e11dence of llld dlffuse spasn (flg.

.Yr 72(a),(b))..The E H.'studlns revealed llnlmal 1nt1na1

undulatlon (grade 1) 1n assoc1at10n vlth llld contractlon ofq,'fa

.the nedla musculature (flq. 73(a) Yb)). These changes fron all“

. Anormal presentatloh are con51dered to represent nlnlmal
sPasm. "‘ ﬂﬁ ;J?t;ié f.'_:\.} J_ﬁ..

b (hf PdlnonaanPatholbgj;_Jf

S R OE the 3 anlmals 1n thls group, 1 vas perfused Hlth

',:-
: /

qlutaraldehyde. The nean welght of *he lungs of the other 2’;

inlmals uas 17 9: 1 gn. Gross appearance of the 1unqs was.

normal Mlscroscoplc exanlnatlon rovealed the lungs of 2

‘ anlmals (lncludlng the perfnsod wlth glutaraldehyde) to be”“

~

) completely normal The lungs of the thlrd anllal were nornal
w1th some areas of very nlld interst1t1al edena._quure 7u:
.-shows the appearance of nornal pulmonary tlssue exenpllfled

by the experlnental an1-als 1n thlS group._"' -




CCHAPTER IV. -

DISCUSSION =~ .

to be the outcomes of subarachn01d heﬁorrhage 1n'
"dapproxlmately 50% of patlents,§uffer1nq ruptured

"1ntracran1a1 aneurysms..Th° mechanlsms respon51b1e for tE}S’\\\

u;hlgh morbldlty and mortallty remaln elu51va"

’ The 1n1t1a1 na]or LnVestlgatlon reported upon here has

'L_fattemp*ed to deflne and elu01date the processes contrlbutlng

LBl

'to the poor quallty of snrvxval follov1ng subarachn01d

'hemorrhage. In a. spOntaneously breathlng prlnate nodel the

fffpathOPhY51°1°glcal responses to 1nduced SAﬂ (prechlasmatlc

:»Vc1stern) were stud1ed u51ng u dlfferent volunes of fresh

- ...\

*j.autogennous blood. Twenty experlnental anlnals uere utlllzed
'Efor thlb partlcular 1nvest1qatlon (S 1n each volmne group)

':.dthe objectlves of uhlch vere tuofold~'"

ff~f (1) to study the pathophy51ologlcal responses\at

' 31fferent SAH volumes and to document dlfferences 1n

'response whlch are- related to 1ncreas1ng SAH volune-

Doy
'_.and‘ Ay

(ii) to deflne a so-called "LDSO“ volune £or our
f._experlnental -odel (’ e. the volune_ at Uthh surv:.val at".S." 3
Ahours vas’ 50%),'a volune that would be elployed 1n 3f' g,i?f?

AT

a -



The acute surv1va1 (5 hours) for both the 1 67 and 2 0,

,ml/kg SAH grohps Has 60%, and ue belleved the "LDSO"‘volune}“
to- be u1th1n thlS range. 051ng 1 67 ml/kg body Velght ue,
"subsequently studled the responses to subarachn01d in]ectlon

.

‘.of art1f1c1a1 CSF 1n 5 experlnental anlnals._:.'

The flnal study of the flrst na]or 1nvestxgat10n vas a

besubdural hemorrhage serles u51ng u anlmals~ 2 rece1v1ng 1 67

‘7fiml/kg body velgnt and 2 2 0 ml/kg.-The small number of

: exp°r1m°nta1 anlnals in. thlS partlcular serles does not
‘allow us to nake a- deflnlte statenent concernlng the
ffpathophy51ologlcal responses to subdural blood in. our:

“vrexperlmental nodel._-'

PN

-vTheSe 1n1t1al studles uere prlmarlly concerned u1th

e'?ﬁdeflnlng the 1nsult-responbeb that vere dne to I&P changes.;A"”k~v ,

?r;to the. node of 1n§fea51nq ICP- to the fluld medlum (blood or

"artlflclal CSP) in: ‘the: subarachn01d space- and to: the

-

'gtvarlous comblnatlons of these parameters studaed.:_f~

) -‘} L - L : S S
The second na]or 1nvest1gat10n carrled ont concerned
”;ithe treatnent of reduced CBF and 1ncreased CVR follovlng

7ﬁ}1nduced SAH/aud SDH. Three separate substudles uerp

3fperforled’f g’:ﬂddfﬁ' r»” ,;ﬂ~ f_:-ﬁd ,f<.;'Lj j} j_f'ﬁea:j@'

(1) a SAH serles con31sting of 8 experlnental anlnals

| rece1v1ng an’ 1nsult of 1 67 ul/kg body velqht folloued by

'treatnent.

Jf;af::six, . ‘T»‘e"",-;{!f*aﬁi‘f@”ﬁ = J“;~Z}nqn,; 'n19°“:?“

' \‘



'l_y]mff* x'fgi‘dﬂ7vw"‘;“};ﬁ"f,-Qfxtrfis ”fef' L ~‘ p{',fl . 1§131s_3
L (11) a SDH serles of 6-an1nals rece1v1ng 1.67 nl/kg

.

‘sfgnbody velght folldwbd by treatlent..{[iff”“

_an 1ntracran;a1 1nsult. ¢‘7*d;v'"v S L L,fﬁf_:,‘; 3?

‘,These xnvestlgatzons concerned the effects of the treatnent
AR . el v

*ﬁreqlme on othervlse nornal experluental anlmals and lts

"?7effect1veness 1n anrov1ng post 1nsu1t CVR 1ncrease, CBP
. : i . "(?,'A l\ .il ] ‘. "_‘ ‘ .,'.:1—« : : .' = U ,;'7': -
Throughout both major 1nvestlgatlons the cardlovascular

~_decrease and survxval.

'f

z.t;parameters documented were. HaBP, HR and pKG -Resplratory and

‘Fjpulnogary status vere nonltored by VJ RR, arterlal blood

""5gases, pH and A agoz. In addltlon RVP uas detergrned ln the- PR

”“”art1f1c1a1 CSF group and ln the 3 substudles of the
’Qtreatment,Jnvestlgatlons. ICP was neasured throughout the

'f'studles, and CPP was«calculated ‘as’ HaBP*ICP.»Reglonal CBF

-’a

rdd_was determlned u51ng the rad101sotope (133 Xenon) clearance o

'”ETAtechnlque descrlbed by Lassen et al (233). ngi*

Cerebral anglography documented the status of the

°

larger conductance vessels both prefand post—lnsult, and CVR

(calculated as CPP/CBF) ‘was used to assess the state of the’7

N . : o, O ;
{fchIplege cerehrovascular'tree 1nc1nd1ng the snaller i"'*
LA c “; B g T . '.. ., '-~ e nr \ N . - !
ot ‘?v ' s <'. ."."Q - - . ¢ ..'I.A'
5 : . L R L e " Ty - s ? .
. g LR S ' v\v __. '.,.--‘,"F»
.=gras§'p6§tiofté- ihaznhbaon wastperfoxped on: all
b ‘ '-’, Tl o X
PR a : Tl e b ‘ %g i e
S bralns,\and llcrOSCoplc exal1nat10n carrled out for 3 -

(111) a group of 3 anlmals rece1v1ng treatuent Hlthout__;‘



__fanlnals 1n the SAH volule studles. Electron nlcroscoplc

: ,evaluatlon of the cerebral vessels (ID*CA, FCA, CA, DPA, VA _fg;

“lﬁland BA) was carrled out 1n 20 anlnals perfused vxth

"'I

é:lglutaraldehyde (SAH volune ser1e5-38 SDH volume serles:_?ff?j'ﬂ,"

v”art1f1c1a1 CSF serles 4, SAHR: Ser1e5’°l; SDHRx serleSﬂ‘O,;

bRx alone serles:v1._Th= remalnlnq u an1mals s*udled uere

those that recelved 1ntracerebra1 hemorrhaqes ).,ﬂ,17*«"
‘ ln the art1£101a1 CSF group, as uell as 1n the'_ U EL

'3'treatment studles, the lungs vere'examlned both grossly and

| lgby llght nlcroscopy._‘”

~/..' S e .,"‘.,'

In general, the aeasured phy51ologlca1 paraneters ‘
. remalned unchanged dur1ng the u pre-lnsult CBF Qf"«h"
determlnatlons ln all grouos, demonstratlng stab111ty of the

experlmentai preparatlons durlw@ th;s,perloq; f

. The 1n1t1a1 part of thls dlscu551on wlll deal u1th tha’glll

pathophyslologlcal responses durlng and 1gm°d1ately

BT ‘“ e a’.‘w ‘“ci'a -1 e
followlng the varlous 1nsults.”1_'ff",g'i-jﬁ[ij"'&f:~5ﬁﬁﬁgg5u:;
e I NPT ST
E AND QanxonzspxaAzg 1-@BSPQE_§§§ B

.,N Y R

In our experilental stud1es,~peak ICP uas attalned at

~

7/

the conpletmon of the 1ntracran1al 1nject10n. FolloVLng thls
tlle, the ICP level fell spontaneously tovards restlng

5'1 levels._Thls tgpe of response 1s 51l11ar to "type l",ICP f

192

'@pattern,ﬂescxlbed by Norqes (110) 1n patlents followlng SAH:lf"



193

gradually lncreased after the 1n1t1a1 fall 1nd1cat1ng

cerebral ;schem1a and edema.-ﬁe d1d not observe thlS

secondary 1ncrease in our studles except 1n the treatment
. ‘ o :
' serles. He concluded hovever, that the secondary ICP "n

e

1ncrease was due,'notuto-edeﬁa, bu* to the cerebrovascular

responses to the treatnent reglne. o “"f

“>In general, the ICP in. all groups studled returned (at_
least 1n1t1a11y) to nornai restlnq 1evels soon after the‘

1nsult. There uere. hovever, several experlmental anlnals Ln

1

the larger SAH groups that had pers1stent1y elevated ICP
Vfd follovlng the hemorrhage. Recovery of ICP to-a steady stat=
near to or vlthln nornal pre-;nsult range follov1ng SAH has

been observed by Stelner et al (216) ulth repeated SAH 1n.

.

dogs. Other rnvestlgators have found 51m11ar ICP recovery
patterns folloulng. SAH' subdural and subarachnoxd

(convex1ty, chlasnétlc c1stern, c15terna magna and lumbar)

s - s V'ff - e L

.,-‘,,

1njoct10ns of saline and art1f1c1al CSF~~1ntraventr1cular »nﬂf,hs

.

- N vunule :0"r’_",

Lnfu51ons, and subdural balloon 1nflatxon (217 218 207 sy

A

*

2&8 2&9)91The ICP usually retnrns to restlng levels 1f the

,-._ __...,,":u cv.'jo"‘. '--u~

1nsult volume 1s not too large,land 1f ¢he ICP elevatlon 1s

not dellberately na;ntalned (11“ 216 2&7 2ue). The recovery
results fron the 5pat1a1 °°'Pe“sat°ry mEChanlsms v1th1n tha:?:

. cranlum. The'n;iﬁllntracranlal contents are braln, blood and |
CSP. Haxntenance dfma steady‘IC? Lﬂ‘tﬁe face oﬁ 1ncrea%}ng e

1ntracran1al volune resnlts frol spatlal reorganlzatlon of

"ﬂ' v

s

_KftheSe colponents. The 1n1t1al‘ih1n bufferlng lechanlsm has.fif;“{

[ been suggested to be t?e outflou of CSP along the }7;”fi

B 1



UL

”cranlosplnal axls.(ZSO 251). There is also CSF dlsplacement
into - the subarachn01d sheaths surroundlng the cran1a1 nervesf'
(252/253) and possxbly the spmnal nerves (252). Host llkely.v‘u

T_ﬁ the nornal absorpt;ve actlons of the arachno1d granulatlons

. are also 1nvolved (252). On exhaustlon of these mechanlsns,' ‘{d

cerebral blood volume and cerebral tlssue become |

o

v.'compromlsed, and ICP rlses and remalns eleVated (248)."

7Steiner et al (11#) demonstratf";n dbgs‘that‘repeated?

as well as red bloodf.f;“

subarachn01d ;njectlons of whole bdfod

cells alone,;;ere more effectlve 1p'ma1ntaln1ng elevated ICPf“,“:

_ thar 51m11ar 1njectlons of plasma and sa11ne.‘They

. postulated that these dlfferences resulted from an 1ncrease}l_f
4.1n CSF outflow resxstance by red blood Cells blocklnq CSF

ﬁd absorptlon over the convexlty. Slmllarly, HcQueen and Jelsmaff;l

(112) have reported a,snbarachn01d block to free flowzng CSF?i;iiﬁsfp

follou1ng 1nduced SAH ln dogs;\Other 1nVestlgato

s
I4>

demonstrated subarachn01d bloc‘ :follovlng Sﬁﬂiﬂhv*

p'

5,; 51te_of the~block has not as yet been deterilned (252 25&)._“d”

-'q.n\. " e "‘"Q
- : r-»‘;-.:,

’f Bradford‘et al (252) found' narked degree of blockage to
the free.passage of subarachn01d sallne post-SAH, and )
Wiﬁjsuggested that perhaps all CSF outflov routes uere affected.
| Obstrucg)on at the tentorlul and foranen -agnum elther by?fdt

-cerebral tlssue hernlatlon (250) or by Clottedﬁblood, lay

d;sturb the nornal outﬁlow CSP pathvays follovlng SAH._t_fif:}"”vj

Blth a subarachn01d block the CSP outflov reslstance

K . ,._h,,_v.-"« o

: lncreases»and the nor-al spat1a1 conpensatory lechanlcs are.



NN

disrupted Thls then results in greater ICP changes and

longer duratlons of IC? elevatlon follovlng 1ncreases in
lntracranlal volune. R R e hVYXV o
1. . : Lo S : U

' : Our results denonstrate that subsequent to subarachn01du,';

S e

”lelnjectlon of art1f101a1 CSF. ICP peaked at the completlon oti'

the 1njectlon and then rapldly fell to. normal levels.‘ﬁlrh

'V;the SAH groups, ICP tended to reualn elevated for longer

. perlods of tlme 1n the 1arger SAH volume groups than 1n the%”’

‘smaller SAH volume groups. Follovlng the 1nsu1t 1n the SDH
hgroups ICP vas elevated for a longer duratlon than that 1n
’1{rthe art;rlc1al CSF group, but shorter than thlS tlme perlod
fﬁln the snaller volun° SAH qroups. Spattal compensa+1on -

ﬁfffolloulng %DH was nost llkely by CSF outflow nechanlsms as -

'well as blood dlstrlbutlon throughout the potentlal subduralx”

\j:'.”h

Postmortem examlnatlon of the bralns of those anlﬂalsv

<

'hhfsub]ected totSAH revealed the dlffuse presence of blood and ;}
;ilblood clot over the convex1t1es as vell as throughout the
fbasal c1sterns. Larger anounts of blood vere observed 1n theg"iv
e subarachnoid space of anlnals 1n the 1arger volune groups.gpffdh”
‘fThxs'flndlng qay explaln the longer duratlon of ICP o
;elevatlon 1n the large volune SAH anlnals and also the
V]‘dlfferences in ICP changes exhlblted by the SAH grougeas

Q‘.{conpared 31th the SDH and art1f1c1al CSF groups reSultlngn'"'

ﬂrfron blockage of CSF outflow..'5wf.

SubSeguentfto:thevinSultfand’infassQolationhvith;f‘f.fr“""



;elevated Icpe, hyperten51on,voard1ac arrythnlas (espec1allp“
dbradycardla) and varlous resplratory pattern dlsturbances
'ileadlng to- apnea of varylng duratlon vas observed 1n all
.nexperluental groups. The conconrtant aSSOCIatlon of *ddgfatfri;
ancreased ICP,.arterlal hyperten51on; bradycardla and

4 Lt : R
r,resplratory 1rregular1t1es 1s generally knovn as the Cushlng“-aj o

o phenonenon (255) or the "Cushlnq trlad" (268). Astley

np‘_Coopor,_ln 182u (256) demonstrated the developneut of

K3

bradycardla and dlnlnlshed level of con dlousness Ulth crude""dvﬁ

flnger pressure :on the exposed surface of he bra1n of R “:§V

- experlmental anlmals._von Bergman,‘ln 1880 (257), shoued ln

Qlaboratory anlmals that bradycardla and slow resplratlons

“faccompanled 1ncreased ICP, and vhen ICP equalled the

‘5fsystollc hlood pressure death ensued.islmllarly, Naunyn andtﬁd‘“;; .
d:SChrelber'.1881 1253) delonstrated arterlal hypertensxon'ld
»_followlng ICP elevatlon,abovo Iean art°r1a1 b ood pressure.-u"

f;In both nonkeys and dogs, Cushlng (38 259) documented that

'”Veuhen ICP appr011lated or was greater than the systol c bloodg

o

':'pressure,'arterlal hyperten51on, bradycardla and varlous

'-f:anenla to the nedullary centres due to elevated ICP and

l,types of resplratory abnornalltles, ranglnq fron deep,

"stertorous respxratrons to resplratory slov1ng and apnea
_.occurred. He descrlbed these changes as reSultinq fron 5"f'"

?1pressure on the nedulla. Be later supported{h”‘



,,_ — P .' . ',/v

'.Tvasoconstriction, vhxch in: turn gave rlse to arter1a1

' hyperten51on. Vagus centre st;uulatlon resulted 1n ' R

‘controversy over uhe*her these phenomena really do occur,,

' and at what level of ICP elevatlon they are observed. In'

Sl

-y'experlmental studles ulth patlents, Brovder and Heyers (260)

'.5_were unable to e11c1t these responses’untll ICP surpassed

‘tequ1te varlable and not necessarlly in accord v1th the

‘c.f»cla551c pattern descrlbed by Cushlng (38). S1n11ar1y,

1ee1ther the dlastollc or mean arterlal blood pressure. They.i
fjdld report however, that uhen changes 1n blood pressure,”

"[heart rate and resplratory pattern dld occur, these vere

W

f.Premont Smlth et al (261) in patlents wlth varlous “"

_ lntracranlal dlsﬁrders,:dld not flnd a hyperten51ve response

| untll ICP exceeded that of the dlastollc blood pressure.gg{'

o Evans et al (255) uere not able to e11c1t the Cushlnq

B

phenomenon 1n patlents Ulth rapld artif1c1a1 elevatlo

-Othen 1nvest19ators 1n:the experllental fzeld'have :

D3 Rt

eI m I g L



demonstrated the vasopressor response ulth ICP elevatmon-not
7‘@-- ~ -
exceedlng uaBP (217 219 2“7 ZuB 262 263). the assocxatlon of

1evated ICP and arterlal hypertensxon has frequently beenfﬂ;_fddv
“ . ‘ o
iobserved 1n the cllnlcal sphere GObth et al (26u) have ”“"?3f3‘

reported thls\occurrence 1n pat1en+s sufferlng head

et e ‘-“4"_'v- LR . s e P

: 1n3ur1esy

S S R I

'?vféfJal hyperren51onvw1th 1ncreased

o"o'

_"unable to show?any dxfferences?an the vasopiessor response

BN ,_..

v{f_followlng slou or rapld‘ICP elevatlon. Slmllarly, Zldan et-:wv7f';A{

‘f al (265),_1n cats found the development of the Cushlng .f_nf*

I. I
t'f response“to be 1ndependent of the rate of expansxon of a ~]f

S e i

i;;f supratentorlal balloon, bnt_*o be dependen
volume"i\On the other hand Nakatanl et al (263) and Pathak_7
»f,et al (219) delonstrated greater vasopressor changes Hlth
,,;ap;d_as compared Hlth slou ICP lncreases;"'rf“d
'nTne'confllctlng results concernlng the occurrence of

'Jtarterlal hyperten51on, and 1ts developnent followrng ‘};_;‘;r;‘gfi

d\elevated Icp’ 1n both exper1nental and c11n1cal




- iy

'r~mefdlstort10n. Slullarly c1sterna naqna 1njectlons nay yleld !);
dlfferent results than basal c1stern or convexlty

S ,'- »'--,S-u,bapac:hnl.ol.d,-;:.1.111‘:9'5,_1‘905&7 S ,.-' -

L T SR ,"_-:_'_'_._'j.‘."--f s A

”;_ 12) dlfferent technlqnes of monltorlng ICP lay also 7f1?i175f‘

. . -,.“.‘.“ e e -',‘, :;-f';.‘v'-‘_;r"'-’;? S
lead to the dlscrepanCLes reported 1n the llterature.,_-ﬂ R R

-\;vv\

atf?’*ﬁmeasurements._Thls results from CSF flUld dynamxcs and ff;f; .

1ntracran1al pressure-volune relatlonshlps. Some of the
@ g
confllctlng results may be explalned on the ba51s of the:j

varlous technlques of ICP elevatlon and measurement used 1n

the studles.'

' Ih general, the assoc1at1on-of artem;allhypertenalon*

follovlng 1ncreased ICP lS uldely accepted..Hovtver, the
processes by vhlch the arterlal blood gressure becomes p
elevated also remalo oontrover51al As vas prev1ously noted,
Cushlng (38 259) descrlbed arterlal hyperten51on to result

from splanchnlc and perlpberal vasoconstrlctlon.:Brown (266)
supports thls theory, and has denonstrated the pressor‘fiyf

"ﬂ_,response to be assocxated Hlth lncreased peripheral vascular

;}gl;; resxstance thCh she helleved to result fron syfpathetlcva'

stinulatlon. Rodbard et a1‘(267 268) postuléted that




. release of eplnephrlne-llke peurohumoral agem%s rmtOnthe if}?

__-. a

_u*’

”7yic1rculatlon follovlnq elevated ICP.-Peerless and Grlfflths

N [ - -

(269) and Benedlct et al (270) haveﬂreported 1n6peases 1n‘,

plasna catecholamane levels follovlng SAH 1n patxents thUS».;fg

addlng plau51b111ty to the neurohunoraf theory of perlpheral

2 7 . (4

'~vasoconstr1ctlon. Slmllarly, Graf and R0551 (271 272) have

P e

fOUndulncseased blood and plasma Careeholanlne levels dnTTo

dogs vlth art1frc1a11y eleVated ICP,.*,,W

1}757 Freemanfet al (273) belleve that the vasopreSSdr f‘_”“f’¢iiic%id

response 1s of cardlac orqun. They theorlzed that neural

B -

and humoral synpathetlc effects on the heart cause lncreases
o 1n cardlac output Hltﬁ resultant arterlal hyperten31on.;.
o Other 1nvest1gators (27&-278) have demonstrated 1ncreases 1n
1a,.,ql - :

}cardlac output and arterlal blood pressure follovlng ICP

't}eleyat;on 1n assoflatlon Hlth no change or a decrease 1n
:\

:}‘Lls respon51b1e for the development'of arterlal hypf

follovlng elevated ICP.»j;;_ﬁWfdfff-ffjg”;ifﬁfiﬁfffg]fia°,Q.“‘:;eiq}ff"

In our experlnental 1nvest1gat10ns, using

"supratentorlal extradural ICP nonltorlng and a constant N

) » L
o t

valnsult 1nfus1on rate of approxllately 1 ll/5 sec, we found,dg-i}'

TIregardless of the volune or type of pnsult, that all groups

' ﬁddenonstrated 51l11ar vasopressor responses to elemated IGP._"““'

'Vfuean arter1a1 blood pressure response tlnes ("tlle to




L

*i~started to respond..The peak HaBP responses vere esseutlally

ao;»ldentlcal._The HaBP "t;ﬁes to peak" vere sllghtly shorter

for_the~louer wolume SAH"qroups and the art1f1c1al CSP

B

group.iuaxlmum ICP levels'reached vere 31m11ar for all

groups,'except for the 1 O nl/kg SAH group 1n thch ICP uas

,1ouer-tK§é the rest._Durlnq the lnsult ICP was malntalned

Le ¢ S -

t~appr0x1mately 10 20 mqu belov HaBD The CPP, calculated

durlng the 1nsu1t (untll peak ICP va‘ue vas reached) vas

.‘h.-.,..a' .

51m11ar for the larqor volume SAH groups,.the art1f1c1al Csp -

group and the SDHRx and SAHDx groups.'For the louer volume

SAH groups and the. SDH groups, thls value tended to be‘5

greater. The duratlon of naBP elevatlon was greater for the ;f

.,larger‘volume groups,'regardless of the type of 1nsult.

L4 P R
-

Durlng lCP recovery LPP1 vas 51m11ar for all the gIOUps 1n

- PR e -
m_,.-_.\..._.w e PN T b

'v,"the study. The 1n1t1al vasopressor responses for all the

“v.-

grpups 1n our study were sxmllar, desplte dlfferent volunes

e ,>“.,,.

BarintAt e . -

R A e - -
L - -

'responses uere related only to the absolute ICP elevatlon,

S,

thCh uas less than MaBP. The auratlon of MaBP elevatlon ngf$§ﬁif

follovzng completlon of the 1nsult vas dlrectly related to
hoth the volume used and to the %ength of tlne the ICP

'"}5 remalned elevatod.llff

Our flndlngs are 1n agreement v1th several other
o uorkers uho have also shoun vasopressor responses at ICP

' elevatlons helov dlastollc or mean arter1a1 blood pressure

(219 2u7 zue 262 263 279 280).vllthough our resufts confllctj“ﬁf

~

"»and'types of lnsult.‘ﬂlth the 1ansxon rate constant these- *7~17T
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'“Ihen ICP approaches or equals the arter1a1 blood pressure

;;://(38 222 259), ve belleve thaﬁ hlS theory of arter1al -

«*h hyperten51on as a response to nedullary anemia renalns»u

0 ot

credlble. As uas documented in Chapter III (Results), CPP

Lo

durlng the 1nsult for all gronps was lower than normal, and:‘

T ey T T R Lt et e e T T T L e e e

-—thlS possfbly nay have glven rlse to mednllary 1schen1a.,He""

also noted that durlng the 1nsu1t 1nduct10n, MaBP elevatlons? ;'"

,appeared to try to stay ahead of 1ncreas;ng ICP levels,f'"

perhaps demonstratlng an attempt t ;malntaln medullary

o perfusxon 1n the face of 1sche 3. Thls'e_
has also been reported by Cushlng (38 25v'

(2“8)-._1

Bradycardla result;ng from elevated ICP as reported by

Cushlng (38 222 259) has been observed both experlmentally

erlmental flndlngf ﬁ

1nvest1gators (218 266 281), have found varylng HR responsesﬁf:g:;kjt

e ‘,,..., e
Lilel :

5 ' bo 1ncreased ICP

xi*;change at all. Slmllarly, patlents v1th elevated Icgvmay

present ulth varlous HR changes. In our 1 vestlgatlons the

general response of heart rate was bradycar ja an'

arrythmlas and these v1ll be dlscussed 1n a fol

7Qi sectlon.ﬁcnshlng (38) also reported that 1f ICP was

773 1ncreasedf$lovly both HR and resplratory pattern renalned

¢

‘“t unchanged.zIt 1s nou generally accepted that dependlng ,jf
the rate and aegree o@ ICP elevat1on, HR reSponses ar ;}

varlable Hut tend to bradycardla Hlth rapld and hlgh ICP

‘1nclud1ng bradycardla,‘tachycardla,‘OI nofyi"'



: ':'ewl'eva:‘tio_.hsv.v’. s
: S : _ o
The reported 1n1t1al resplratory responses to 1ncreased

i

ZAVICP are also varlable. Varlous patterns of change;of Vt and
LffRR have been observed dependlng upon the rapldlty and the
- degree of ICP elevatlon (38, 216 218 , 219, 259 281).':]

Our studles also shoued that the resplratory pattern ~e\h4

.. - AR

‘ changes prlor to the development of apnea uere qulte l,-

'u“varlable. Apnea subsequent to the 1nsu1t vas nore frequent
.p‘and prolonged 1n the hlgher volume groups. The total

1duratlon of apnea uas dlrectly rela+ed to the length of tlne Vo
»A»W . «-m'»a"r' e _‘.,*_,"lw.m. o e -,.a

‘”3}~*that ICF :é’ ned eleVated but not . to elther peak ICP ot :

= IR
oy -

Cushlng (38) reported that 1f medullary anemla

- S o

:‘»."’

ﬁ*-!per51sted (1e fallure of the vasomotor response to nalntalnfijw,~*

_adequate medullary perfu51on 1n the face of elevated ICP)

f;s:resplratory arrest occurred.,ﬂ

¥

Other 1nvest1gat6rs have also shown the development of,
'3f'apnea subseqnent to sustalned ICP elevatlon 1n experlnental
o anlmals (216,417 218 219). Recovery of resplratlon followlng"

'V,apnea appears to be a funcflon of the degree of trauma. Hlth o

e prolonged ICP elevat1ons resplratory arrest does not recover? N

"7]7 (38 216 217 218 219).:,ﬂ hf7}:L_H5
In our studles those anlnals denonstratlng pers;stent,

s.

’51gn1f1cant ICP elevatlon dld not recover from apnea. One‘_f“

'anlmal 1n the 1 67’n1/kg SAH group, several 1n the SAHRx

L oy



' group and those anlnals rece1v1ng 1ntracerebral hemorrhages
‘dld not recover from the apnelc eplsode.ff'”
S o . R .

’ In spontaneously breathlnq experlmental anlmals o

“

.junder901ng ICP elevatlons, death results from the’(

developmen*,of resplratory arrest folloved by cardlovascular d~”
*jdecompensatlon (38, 216 217,218, 219). Stelner et al (216)
7'performed repeated 1ntracran1al hemorrhages in dogs and

: demonstrated thlS sequence of events prlor to death Vhen 'drj\nﬂ"'

‘Lart1f1c1al ventllatlon vas 1nst1tuted v1ta1 functlons

.;recovered and the anlnals surv1vod h,;fﬁ' o ",. S e
g CllnlcallY, resplratory fallure, ant1c1pat1ng cardlac e

thallure wlth subsequent denlse followlng 1ncreased ICP, has'yf”;"

3f'been reported by many 1nvest1qators -j'h7j_di}“"~j-i'.“”§f

;;;(39 110 11“ 220 222 2“6)- Th;S sequence of events is’
'?1trequently seen. 1n neurosurgrcal unlts' the developnent of.
‘jresplratory arrest Hltb malntenance of HR and blood l? i!;)/fﬂ
5pressure.*5urv1va1 of some of these patlents 1s 1mproved
'?vlth nechanlcal ventllatlon. The 6 anlwals dylng acutely 1n‘

':%our 1nvest1gatlons (u 1n the SAH volune serles, 2 1n the

r

' 7fJSAHRx group) dlsplayed resplratory fallare followed by

-’ . . - b

'“djcardlovascular deconpensatlon and death ' {:?f _:e;‘[_j‘].ﬁ e

Apnea and resplratory fallure developlng fron ICP

.xncreases uost llkely result fron lnsults and danage to the '5/;”

~

'“resplratory centres._The degree of trauma to, and

" dysfunctlon of these centres 1s related to both the ICP

f1ncrease and duratxon of 1ts elevatlon.'Recovery-df xM)17f” 2

T



'”7axresp1ratory enbarassment subsequent to elevated ICP is

resplratory functlon appears to‘depend upon the 1n1t1a1

degree of intracranlal trauna and the subseguent states of
. . 23 . L.
qfvcerebral affalrs (dalnly cerebral c1rcu1at10n and ICP).‘
infonr7in6estigations,,resplratory functlom recovered

; . Y

follourng theﬂlnsult~1f cerebral c1rculat10n was malntalned.'

J; On the other hand, those anlmals demonstratlng resplratory
reCOVery but per51stent1y lov CBF subsequently developed
’l_resplratory arrest and d1ed These observatlons show that

*

'erever31ble, but 1f further 1nsult (1ou CBF) 1s added to- thea‘:-“

e s

‘flnjury, reSplratory fallure occurs and death 1s 1nev1tableQ7:'

Respiratory arrest subsequent to elevated ICP has been;'
"ffShowP to recover Hlth relxef of the rncreased ICP
S 1 s _ _ :
‘f5(218 219 222,:51 280)._.;
t;“ In our studxes we . observed recovery of resplratlon

5]follow1ng spontaneous reductlon of *CP..Thus, bhe factors*  5:

N LT

‘lfflnvolved wlth resplratory dysfunctlon followlng 1ntracran1al

@

3 n1nsult appear to be the 1n1t1a1 degree of trauma and

'"fﬁrelalns controversxal Cushlng (33)rattr1buted,t?ese changes

'ﬂfsubsequent status of the cerebral 01rcu1at10n and ICP._
e N
p‘Comblnatlons of these prlnc1pa1 factors can lead to

i;resplratory arrest wlth subsequent card1ovascular'fi

‘ ‘ e
5ﬁdeconpensatlon and denlse.f“=»",+“‘~fif S

The etlology of the cardloresplratory résponse

fefconprlslng the Cushlnq phenoneqontjclﬂovfn.pi reased ICP :{;fffﬁ

R

B .l.
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"‘j cardxoreEplnatory changes occurred at ICP levels helow HaBP.‘

They theorlzed that u1th the pressure gradlent resultlng
from acute 1ncreases 1n ICP and flxatlon of the neurax1s byf

the dentate 1lgaments, acute dynamlc ax1al bralnsten

RN '.

dlstortlon results glv1ng rlse to the documented

e

/.:

cardloresplratory responses. If thls dlstortlon contlnues,n""

resplratory arrest occurs, and lS followed by decompensatlon”7
"} and death Thompson and Ma11na (280) also postulated that

v1th dlstortlon and buckllng of th° bralnstem, ba511ar

perforatlnq vessels may be klnked and torn loose 1n51de the:yd*:

s

;; stem,bresultlng 1n bralnstem henorrhages. Such a flndlng has'
o been demonstrated by Johnson and Yates (36) 1n patlents

‘,sdylng from 1ntracran1al space occupylng 1e51ons.,‘”ck (2“9)

_.:::agrees Hlth the development of - pressure gradl_
R ?\v “
‘»\\cranlum, and attrlbutes the cardloresplratory changes to

o _,\

s Vlthln thefq

shearlng stresses on neural structures.ov“:

\

\cher 1nvest1gators have studxed the etlology of the'ffcfdf

\

vasopressor response follou1ng elevated ICP. Rodbard et al

(282) e11c1ted a pressor response vlth cerebral anoxla, and

then demonstrated that a further vasopressor response could

- B 2

be superllposed ugon that due to anoxxa hy 1ncreased ICP.-f

These authors found that the response due to elevated ICP
E RN

"was faster 1n onset and of greater anplltude than the anoxro,«f5'3

'ﬂ”£ effect. They postulated the presence of 1ntracran1al



"baroreCeptors (51n11ar to the carotld 51nus) that are'Tt

frespon51ble for the yasopressor efrects.,Taylor and ' Page___

r;.(283) suggested that the pressor response folloulng

o - e R T A - KRR

» 1ncreased ICP vas due to a conblnatlon of baroreptor and 'Ef“'

'_anoxlc effects. Hcclllrcuddy et al (28&) demonstrated

’1exper1mentally that Cerebral 1schem1a ‘as. vell as hypoxemla,

_wlthout accompany1ng ICP elevatlon, resulted 1n a,

"h‘hyperten51ve response. They also shoved that the

m,‘ .

'.hyperten51ve Cushlng response was assoc1ated wlth 1ncreased

:ICP .and suggested that thls was due to dlstortlon and

w7;1schemla of braln stem areas.‘They felt tha+ cerebrai

:"lSCh°mla Hlth attendant hypoxla may play a role 1n the'}

o cla551c Cushlnq response.;V -

MbDoval@ et al (262) deflned these hypertensrve

responses to ICP 1ncreases (usmng an extradural ballon in

:Q:f}dogs and baboons) as due to elther (1) 1nadeguate_,‘

[

’mfysupratentorlal perfu51on pressure or (11) tor51on of the_

77'bra1nstem._we1nste1n et al (2&7), u51nq rhesus monkeys,;.kv

B dfound that the vasopressor response resulted from local

{npressure on, or 1schem1a of many parts of the central

”ﬂSplnal cord.. ;*Avﬂ*'

'*;',‘ﬁervous systeu 1nclud1ng the henrspheres, bralnsteu and,»f

s o RE ‘. . SRCE L . ‘Q_

All of the above noted mechanlsns have been shovn to be

1nvolved 1n the developnent of Cushlng phenomenon folloulng

. ICP elevatlon. It 1s obvxous that conb1nat1ons of these

.\_

nechanlsns are 1nvolved ln the productlon of the observed

\;: . " A



T compatlble Hlth surv1va1 from SAH and other 1ntracran1al

- camdiorespiratory changes Subsequentpto ICP elevation.
In our 1nvest1gatlons, as vell as 1n those of other

'**nofkers, fallure o6f reSplratlon antedate% ahd appears to T e
prec1p1tate cardlovascular decompensatlon and death

Afolloulng 1ncreased ICP. ese resplratory abnornalltles are

}rever51b1e 1f the 1nsu1t wa‘»not too destructlve, and afe‘b
1compat1ble Ulth llfenas 1ong as. other phy51olog1cal
?_Eparameters are Malﬁtalned. Adequate cerebral circulatlonv,,f“
'folloulng SAH 1s aSSOC1ated wlth resplratory recovery, |
'.fwhereas poor clrculatlon 1s fOllowed by resplratory arrest ;:‘l
';and death. Mechanlcal ventllatlon has been shoun to 1mprove
_cardloVasculan status and surv1val. Prolonged ICP elevatlon
ﬂils dlrectly related to resplratory dysfunctlon, and "5,Hglt;* \
;~reductlon of ICP has been found to be assoc1ated vlth .gf 3t

§,resp1ratory recovery..The preventlon of further lnsult to

'and already compronlsed resplratory centre appears to be

'bdlsorders assoc1ated Hlth 1ncreased ICP.

e

'i_C RDIAC RHYTHM AND EKG ABNORHALITIES

Vlectrocardlographré'abnornalltles occurrlng wlth _};»TL

;-

"1fsubarachn01d hemorrhage Here flrst descrlbed by Byer ‘et al

o . a / . \ T e »" X
'Wfln 19“7 (285).:These changes con51sted Of uprlght T vaves S

~

7kand prolonged Q-T 1nterva15. Slnce that tlme, EKG pattern L

nabnornalltles and arrythmlas have been found 1n assoc1at10n

i ulth the vlde spectrun of cerebral dlsorders. Conprehen51ve'%”-




'-‘rventrlcular tachycardla and ventrlcular flbrlllatlon

(286) ang Herd,le*r '(2,87),. ‘ *j,

e

The nost comnon EKG abnormalltles found 1n SAH 1n,

O

patlents are depressxon or. elevatlon of ST sogments, ,

. .. ‘v'".'.'.'- B

]fprolongatlon of Q T 1ntervals, T wave 1nversxon, uprlght T L3
pwaves and prom;nent u waves, exh1b1t1ng evidence of c;rdlae 17§f
1schem1a and 1nfarct10n (288 289). The most frequent

varrythmlas assoc1ated Hlth thlS dlsorder 1nc1ude 51nusi,'

-Zbradycardla, ]unctlonal rhythns, A V dlssoc1at1on, A-V

.,,y.s, B "

| block, atrxal premature beats;-vanderlng atr1al pacemaker,-f“k

ﬁ'idloventrlcular rhythh, Ventrlcular premature beatS.

hf(289 290). The varlous EKG abnormalltles exhlblted by the:

I
‘experlmental anlmals 1n our’ 1nv stlgatlons,gdurlng and

»v)

1nmed1ate1y follovlng 1ntracran a1 1nsulf, were essentlally

'fthe same as those descrlbed 1n c11n1ca1 SAH. There'vere f/;/f;jj

- .-/

Hessentlally no dlfferences in- the EKG pattern abnormalltles..'
“Jor the arrythnlas experlenced by the varlous groups
N rece1v1ng an 1ntra¢ran1al 1nsu1t.‘~

In general the EKG changes no+ed 1n our studles -

,”75,reverted to nornal v1th1n*10 nlnutes of the 1nsu1t,:whereas

'r31n patlents sufferrng SAH, the abnornalltles hame per51sted. v

'rfor hours to days after the hemorrhage.‘51m11ar to our ﬂ gs*x‘"

I

”flndlngs,eEstanol et al (291), follovrng SAH 1n dogs, found




.?fpremature ventrlcular neats and ventrlcular tachycardla
- }ulthln 1 3 seconds of the helorrhaqe and lastlng up to 3-'**'*5"

ol e Il&llftéS. o em we e et
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| Slnce the dlscovery of the assoc1atlon of EKG
.

.'abnormalltles ulth 1ntracran1al dlsorders there has been a
iﬂigreat deal of 1nvestlgat10n 1nto thelr etloloqy. Both the 4ffj'5-

1¥?sympathet1c and parasympathetic nervous systems have been ,;

,,,,,,

‘fffact1v1ty subsequent tb cerebrovascular acczdents'haye heen'“a
m:de51gnatea by some 1nvest1gators as dlrect causes of the ﬁb?&::f'”

#resultant VKG changes (287 289 29&).vnann1ng et al (293)

- TS ~r g\rx rxu By [ ’,-.‘ﬂ' i)

ﬂstate that 1‘kreased sympathetlc drlve causes a nonunlform
: v g

”1ncrease 1n the excxtablllty of ventrlcular muscle by
'cf“decreaSLng the vefractory perlod,_and thellncreased‘
.é:_parasympathetxc outflov depresses the flrlng rate of the -
~%automat1c atrlal cells. Under these 2 condltlons a nyr1ad of
tf arrythmlas 1s posslble..hlteratlong'Ln ST segnents,and T 2;*:
Qaves are explalned on the ba51s\of nonunlforn changes 1n

the refractory perxods resultlng/from synpathetlc ﬂ /4’

“Fstlmulatlon.“;», ':iY”JA' ST :>~?.“;.g~//z‘ L

Other observers attr1bute the changes in EKG rhythn andn';'”
vcffpattern due solely to one or the other of these 2 systels-
' synpathetlc (288 295 296) parasylpathetic (297 298 299).»The3-“

'fabnorlalltxes ‘are due to erther (1) changes 1n the:e;faff.‘ypf

w:electrlcal properties of cardlac nuscle, or (11) danage tofw”:

- sthe -yocardlul.g;nU: -



In 196u.

subendocard1a1 petechlal hemorrhages in the hearts of 3 - :QF"““

;;;  patlents wlth EKG abnorlalltles dy1ng of SAH. Greenhoot et.fﬁvff-t
- '_’ ; e I .- -
al (288) hypothes;zed that the la551xe szppathetlo dlscharge '

R e ol
" : » ».ﬁ\ -
g ., .l ” o - .

* ’». LTI e e T Ty

'Tffollovlng SAH was respon51b1e for the releasn of

- o

'fcatechloamlnes locally in: heart tlssue cau51ng cellular:

’;damage and myocardlal necr051s,,wh1ch 1n turn gave rlse to :’

o "
RGN PKG abnormalltles. They shoved that the area of the cell

':1n3uneo vas adfacEnt to the nerve term1na1 and attrlbuted
t?fthe damage to the metahollc effects of noreplnephrlne oaq
':lcardiac cells. The subendocard1a1 nectos1s 1n thelr o

ﬂexperlmental rats was. 51m11ar to that found 1n humans dflaq

"4;$from SAH An 1nterest1ng flndlnq 1n Greenhoot's studles was‘dﬁf

”'the development of pulnonary edema 1n 2 anlmals. Greenhoot

r'let al (288) referred\to Ducker s uork on pulnonary edema
,.ﬁ;'(301) and stated that 1f the catdlac danage vas suff1c1ent,?ii“"

?1eft ventrlcular fallure vould ensure, followed by pulnonary

- dema (to be dlscussed more fully 1n the SPCtlon on .

:ifpulmonary edena). Crulckshank (295) stated that 1n patlents 1ft”ﬂ;

'lvlth SAH, EKG abnormalltles tesulted from sylpathet1c )
5e!;l7;st1nu1atlon and c1rcu1atrng adrenal\catecholnlnes. He' R
“fyfltheorized that 1ncreased~c1rcu1at1ng cortxcdifer01ds deplete 1: |

:*myocardlal 1ntracellular pota551um potentlatlng the

ﬁcardlonecrotlc effects og catecholallnes.iﬂannlng et al

'7‘;(293) do not agree ulth the assocxatzon of EKG abnornalltles
'7jdur1ng 11fe and postn,rte;\card1ac changes.‘They feel that

5the subendocard1a1 helorrhages resulted fron the la551ve d



l'ﬂﬁsynpathetIC dlscharge occurrlng at the tern1na1 stage.,Thus

' “ﬁ{hlt 1s felt that EKG changes can occur Hlth a nornal heart,

: ;and on the other hand, the EKG could renaln nornal desplte
'7flyocard1al damage (1f not very exten51ve).
Cropp and Hannlng (297) squested that the EKG

"abnormalltles seen 1n patlents v1th Lntracranlal helorrhages

r'are due to vagal actlvxty resultlng from stlmulatlon of the

'héfrontal lobe (area 13) and anterlor c1ngu1ate gynus (area

‘~.

“~t;29) Shuster (299) supports the parasympathetlc system‘as ;Efﬁff;f

v'the respon51b1e factor for EKG changes wwth SAH.VHe vas able"'

to abolish the S T segment chanqes Hlth 1ntraﬁenous"

f'atroplneﬁ o

Arsen1 et al (298) postulated that w1th 1ncreased ICP,_=?f_,T

f\ .

ivagal hyperton1c1ty caused bradycardla and other EKG

'7h changes. They also felt that wlth the systemlc hyperten51on

H-follovlng elevated ICP left ventrlcular pressure 1ncreased
- N

‘T resultlng 1n local anoxia of the subendocard1a1 layer._If

- thls state per51sted subendocardlal hemorrhages Hould occur,i*f

;and these are demonstrated by\EKG lrregularltles of the

‘o

‘ff_lschenlc type. ThlS f1nd1ng 1s also supported by Koskelo et

Havklns and Clover (29“) reported that both the‘
:»fsyupathetlc and parasylpathetlc nervous syste:s and
h\*c1rculat1ng adrenal catecholanlnes uere 1nvolved vlthlthe
productlon of lyocardlal dataqe‘resultxng fron 1ntracran1al

~_henorrhage.3051ng llce, they found that the 1nc1dence of

L7



Tmyocardlal danage resultlnq fron 1ntracran1a1 henorrhage vas
“*nreduced by separately blocklng each of the aforenentloned
L}systems 1 e. pretreatment vlth reserplne, atroplne and S
e:;adrenalectomy. g'?.';‘;f:nfdf- '.’agﬂhfﬁd,f’"‘""‘
0fferhaus et al (302) u51ng rabblts, found EKG changes

L]

?followlng SAH 51m11ar to those seen 1n humans.vHowever, no .-
”iomyocardlal abnormah&tles vere observed They also foundwfhat
iZ‘the myocardlal tlssue catecholamlne concentratlon vas
'b;ncreased 'and that of the”adrenals decreased folloulng the.,
fjihsﬁxé; Increased plasma eplnephrlne and horeplnephrlne ad»*”

feafter SAH 1n aogs has been documented by Boddln et al (303)._

"fPeerless et al (269) and Benedlct et al (270) have found

’f-'elevated plasna catecholamlne 1evels 1n humans followlng

'oh_irole in the mortallty resultlng from SAH..

,SAb. Offerhaus et al (302) uere able to abollsh pOSt SAH EKG
"fchanges by pos;rlnsult admlnlstratlon of propanalol,vf '
.deemovs*ratlng that catacholamlnes uere 1nvolved 1n causxng

PR

these changes.»Vagotomy had no/effect.~ ,“

EhG abnormalltaes and uyocardlal danagevare deflnltelyu
:~*assoc1ated wlth 1ntracran1al henorrhages, most llkelx o
:through the effects of 1ncreased ICP. The autonoulc nervous.~n
*;.systen and c1rcu1atory catecholanlnes have been 1lp11cated
’ias dlrect causes of these chanqes. C11n1ca1 1up11cat10ns are

IT:that the nyocardlal danage and EKG abnorna11t1es lay play a

' rlore, delay

2;of def1n1t11g anenrysn surgery 1n SAH p‘:lents because of

"_atrythnlas and other EKG 1rregu1ar1ties Iay allou tlne for

PN



'uu_grebleedlng.qutlents vlth 1ntracran1a1 henorrhage should be

rnonltored for EKG abnornalltles, and lf present, treatment ;t

should be consxdered. The problel arlses whether thel¢

ey treatnent should enta11 beta adrenerglc blocking agents b

'hfalone, or these agents v1th atroplne.;Secondly, these drugsi'

,3may adversely effect the systemlc and cerehral c1rculat10nsv

:':Hlth resultant add1t10nal compllcatlons..Further "Q

S 1nvest1gat10n 1s needed to eluc1date the clinlcaI

R consequences of thes

~»1;£bene§;ts‘and.adverse'

,PKGpabnornalltles,‘as Welldas the -

ffe ts“of_p9551blertherapies}

" Another. problem is thaf transpladtatxon donors 31th

'ntracranial pathology may have damaged hearts thCh are j“ '

unsultable for transfer (30&). ThlS is another 1nd1catlon ﬂ‘;"'

”fOr close cardlac monltorlng of pat1ents vlth""
¢ - s
'agcerebrovascular and other 1ntracran1al dlsorders.

N : S .,A'.. R

RESPIR ‘I‘ORY PATT N g RULY ggg@gg_gucg; .

3 The larger SAH volune groups, the art1f1c1al CSF group

dh”gand the treatnent qroups all dnnonstrated 1ncreased Vt 1n

: ;assoc1atlon Hlth decreased or norlal RP on recovery of

‘;resplratlon rollouxng the 1nsu1t 1nduced apnea.wlcconpanylng

N

:,these changes, PaCOZ vas reduced A-aD02 lncreased and there
,‘ IR PR
:vas an 1n1t1a1 nlnlnal reductlon in PaOZ.;Hf]"

y

Hyperventllatlon per51sted throughout the exgerlnental
"1nvestlgat10ns, but not to the degree noted 1n the flrst 10

“1

‘fbnlnutes of resplratory recovery. The 1argest41ncréases 1n A-.



aDOZ'and greatest decrease; 1n Pa02 vere present
"g'approximately 15 llnutes follovlng the ‘most marked degree ofg
hyperventllatlon (lovest PaCOZ). ThrOughoutvthe experlnental‘o
’ studles, there uas some 1nprovement 1n both A—aDOZ‘and'PaOZI.
but the abnormalltles per51sted All groups demonstrated an.
lncrease 1n pH at the tlue of naxlmum hyperVentllatlon..t
7W‘Dur1ng the rest of the study, the pH of the larger SAH
‘[ volumo groups remalned louer, and that of the art1f101al CSF
group sllghtly hlgher fhan normal. For the SAHRx and SDHRx”
groups, pH tendnd to remaln elevated For the Rx alon groupn:
L pH renalned unchanged durlng the najor part oﬁ the stzéiyv

but tendeq to 1ncrease tovards the completlon.
'ﬁipf“ o - .‘. o

Changes inp resplratory pattern, consxstlng of 1ncreasedh’

Flnufe ventllatlon and decreased PaCOZ,.have been documented'

S followlng acute 1ncreases in IcP’ from varlous causes ranglng;

V1from cerebral trauma to spontaneous intracranlal hemorrhage
(38 182 201 205 210 213 222 259 305 306). The etlology of
"hyperventllatlon 1n patlents Hlth head 1njur1es has been
attrlbuted to central neurogenlc nechanlsns assocxated vlth &i
hemorrhages and other 1e51ons of the lldbraln and bralnstem
'3(182 201 212 215). Hypoxemla 1s also knovn to cause
'hyperventllatlonf However, 1n our 1nvest1gatlons, .
.hyperventllatlou uas at 1ts naxlnum prlor to the largest
observed reductlon 1n Pa02.3Re1at1ve hypoxemla per51sted

N

throughout the studles and thlS nay have been a factor pfﬁm”'

i

M

contrlbutlng to pacoz reduct1on durlng thls perlod. Pronan

'-» et .al. (306) found 1n hlS serles of patlents vxth



:;1ntracran1al helorrhage that CSF pH was lov and blood pH

'iehlgh. They felt these flndlngs due to the netabollsn and
.:hreakdoun of blood ln the CSF and postulated that the
l.ac1d1ty was the cause of the ensulng hyperventllatlon. Itpuy

"lso possxble that the 1n1t1al hyperventllatlou subseguent

1nsult, 1f per51stent, causes a. reductlon 1n CSF

l?blcarbon te wlth resultant ac1d1ty that will perpetuata the -

llncreased mlnute ventllatlon (307).-Froman (205) reported
ﬂ}}that the resplratory aberratlons observed resulted fron' a
o » e .
‘altered cerebral blood flov and metabollsm.riﬁ’ou;-t‘
"11nvest1qat10ns also, hyperventllatlon dld not correct the>
robserved hypoxemla. Thus, the reductlon 1n Pa02 vas not the

. &
_sole cause of the 1ncreased ventllatlon.-The lack of Pa02

f-correctlon durlng hypervent11at10n 1nd1cates that the

.’hypoxemla resulted from problems of adequate oxyqenatlon.ddeif

Several 1nVestlgators (305 306) reported a persxstently

?.*elevated blood pH -uhereas we d1d not f1nd such a con51stent' :

7,vpattern. Some of our:’ groups had normal ‘some decreased and

'flsome elevated pH values follov1ng the 1nsult.-A pOSSlble ,3

' explanatlon for th1s dlscrepancy 1s the developlent of

'?lvarylng degrees of lactlc ac1d051s due to shuntlng of blood

; vfrom the perlphery 11th resultant anaeroblc netabollsl such
%as descrlbed by Beruan (208); Lact;c acld051s lay haVe |

'd;negated:the resplratory alka1051s thus glllng rlse to the‘
i’fvarlous pH patterns observed. Blood lactate levelw houeve‘r,

‘.vuvere not neasured in our 1nvestlgat10ns.f g h

A



lﬁlrrltatlve effect of blood omn - the resplrato y centres (306).>:'

S 'l_ [ .

4

viw,From‘ourhixperlments, 1t 1s c%ear that the degree of):_

‘rresplratory pattern changes a d hypocarbla are related to

")The lower volume SAH groups dlh'not experxence ‘f l»fﬁ

\

A'hyperventllatlon nor resplratory pattern abnormalltles to

the degree seen in the larger volune groups. The ICP
-

A-[‘responses of a11 4 SAH volune groups were 51mllar except for

s
the ICP 1n the fgrger volume groups taklng longer to peak

f'case in the lower volume groups. Desplte these ICP
'“dlfferences, CPP durlng elevated ICP vas not 31gn1f1cantly
‘fdlfferent betueen the u volume groups. ICP elevatlon for a ?

_’longer perlod of t1me may 1nd1ca a greater degree of

N

”'abpormalltles. Furthermore, the artdf1c1al CSP group

l

7fexper1enced Vt 1ncreases and hypocarbla, but not to thei

x*ent of the same volule SAH grouplh

.‘“ the 1nsults in these 2 groupsﬁﬁere §1m11ar,'except for the

I

l, {loﬁger duratlon of ICP elevatlon 1n the SAH anlmals. ThlS

/

*;_fagaln may be consxdered as a greater degree of cerebral 1*
"trauma. Another observed dlfference was the presence of

‘hblood ;n the CSF uhlch alght have been respon51b1e for the

,

;effect of netabollc brnakdown products or 51uply fron an

[

It has been shovn that the greater the resparatory

217

Vboth the volume of the 1nsult ‘and to the fluld nedlum‘used;hﬁ'

fand to be elevated for a longer perlod of tlne than ﬁas the .

'.cerebral 1nsult, glv1ng rlse to greater resplratory -,f” o

The ICP responses to ,ff.\

yresplratory pattern abnornalltles, resultlng elther fron the '

'%1rregular1t1es follouxng 1ntracran1al 1nsult, the poorer the.al

R



S

.jhemorrhage, v1z. subarachnoxd blood, rCBP and hypoxemla, as

fulmbalances.75'"

-

< L e e

outcome (182,411 215).'0ur results are 1n general agreeuent";

Hlth thxs flndlng. The 1arger volume SAH groups and €hel' /.

-ﬁfSAHRx group (Hlth greater resplratory changes) tended to doifV
”*poorly vhereas the lower volume SAH groups and the ‘
' .art1f1c1a1 CSF group fared vell. The SDHRx group experlencod

_7fresp;ratory changes and levels of hypocarbla 51m11ar to

those of the SAH groups vhlch had ‘a’ poor outcone. In :
] ' '

d_*general, the SDHRx anlnals surV1ved vell desplte the

fresplratory abnornalltles._Thus, 1f 1s obv1ous that other

Coa

'”;factors are 1nvolved 1n the f1na1 outcome of 1ntracran1al

. 4

:Nwell as other. as yet undetermlned factors.,ﬁuﬁ?r,5'

PRI Sy

From our 1nvest1gatlons the degree of trauma,

':?fmanlfested by the volume and type of 1n]ectate, dlctates the e

-

degree of resplratory abnorualltles resultxng rrom the

hdlllnsult. The etlology of these changes could POSSlblY 1301“de'..

'bralnstem lnsult, hypoxemla;‘

vall of the preV1ously descclbed rheor§ s“~ medullary and
k ' i CSF ac:.d base

SN

Subseguent to the anult ('lthln 8 nlnufes), H?poxemla [f*”ﬁ'i

NS

o and 1ncreased A-aDoz values were found 1n the larger SAH

ivolune groups and the SAHR: and SDHRx groups. The greatestgcfl

- op—-

‘decreasi in PaoZ and increase 1n A—aDOZ 1n the SAH volule

'f'igroups were demonstrated at the second post-lusult CBP

'~:detern1nat10n (22 nlnutes post SAH). At thlS tlle 1n the
L)

treated groups the therapeutlc reglne uas belng 1nst1tutéﬂiﬁ

a/:u o j" B :’-:15'T:°$;~-' | :f},#,’



and arterlal blood gas analy51s and A-aboa calculatlon !ere

not perforned. It 1s nost 11kely that 51nmlar changes 1n‘fnf

these paraneters occurred at tth tlme for the treated

..‘vv s B «,. .
R follovlng the hemorrhage that gradually reqéwered to normal,
I}j?f ;fd - or near normal levels" 51gn1fy}ng relat1ve hypoxenla, durrng»”
,f’ the 1atter part of the 1nvest1gatlons. A-aDOZ of the 2 '

treated groups and the 1 67 nl/kg SAH group remalned

elevated'foilowlngathe'1nsu1t._As noted Chapter III

T e

groups. All of these L groups experlenced hypoxemla'iff;ft."’

(Results); the changes‘1n Pa02 and A-aDO2 exhlblted by the‘“fﬁ

- S
2 0 ml/kg SAH group were heavxly blased by the.changes

‘hhgf, demonstrated by the acutely dy1ng anlnals. For the 3

”'AsurV1v1ng anlmals Pa02 and A-aDOZ uere norma1.3~-5 B .
L . - : S L R ’. R ~. "-;v_ '; A " P ,- T . A . 6 !
D L;f"p The snaller value SAH groups and the art1f1c1al CSF-~.'“

Y

.,,3-

per51stent as those denonstrated by the other groups.‘f'”

,gtoup demonstrated decreases 1n Pa02 and 1ncreases 1n A-.' o

-'_,'-';naDOZ these changes how~ uere not as 51gn1f1cant, or 'as-f,

Touards the coupletlon of the studles the Rx alone group:g_["

o e

| ?ﬁjjrf-‘elevatlon. Thxs nay have resulted from atelectagls knoun to;@!

ttoccur durlng long perlods of alaesthe51a 1n spontaneously

) !

degrees of pulnonary edela 1n those anlnals exhlbltlng large

"”. changes 1n Pa02 and A-aDOZ subseguent to the 1nsult.uuf~

developad a. snall degree of hypoxella and nlnlnal A aD02fe‘“’

Postnorten exan1natlon revealed the presence of varylng'

breathlnganlnals \ I

A

Lo

fnypoxenia, arter1a1 oxygen desaturatlon.and elevated A-aDOZZ"



:*i}have been documented 1n patlents llth elevated ICP resultlng

o
x_from 1ntracran1al dlsorders rang1ng fron subarachn01d

. "fdh. ‘hemorrhage to cerebral trauma (180 182 191 202 20& 205 210).5

'i'a rabbxt at unspec1f1ed areas. Houtler, 1n 1918 (178)

ng51m11ar results have been obta1ned 1n experlmedtal anlnals 37;,1\

L wlth art1f1c1a11y elevated I”P (206 208 209 305 308).;(,

Nothnagel 1n 187“ (309) noted the develﬁ%ment of .
f

lfpulnonary edena and death folloulng problng of the braln of

K

vlobservem the occurrence of fatal, acute pulmonary edema

”‘Tgthafter cerebral trauma obtalned 1n battle. The assoc1at10n °f

”pulmonary edena wlth central nervous system LnJurles ls now"

“:%“;'wldely accepted Helsman (1“9) found at postnortem

’?lfpulmonary edema and congestlon.,ﬁe also\reported that

o

'7*exam1nat10n of 686 cases of 1ntracran1al henorrhage

'(spontaneous and traumatlc) that 2/3 of them denonstrated e

i'fpulnonary edema occurred v1th1n 30 nlnutes of the 1nsult;efﬁ

u;ﬂ51mmons (18&) perforned aut0951es on vletnam casualtles

"*ttfdy1ng of varlous types of head Lnjurles and found pullonary

’

5 iredema, congestlon and henorrhage in the ma]orlty of cases S

i‘nﬁtifstudzed.-Seventeen of 20 patlents dylng w1th1n nznutes of

ﬁls;the 1ntracran1al trauna had developed pulnonary edela.,Both

'7},?0f these observers connented that the resultant effects of

'hﬂthpnluonaryfedela contrlbuted to the lortallty of these

¢

'”‘j;patlents. Other lnvesthators have reported s;allar flddlngs

’-fof pnllonary edena 1n patzents w1th 1ntracran1a1 dzsorders

rh}cthe be11ef 1s that the effects of thlS forl of pul-onary

::”*ﬁand 1ncreased ICP (182 183 18u 191 202 210 310). In general.,gm:‘l

LT T e ey
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Thls forn of pulnonaty edcmalls characterlesed by

)'

*vascular congest1on, ‘and’ 1nterst1t1al and 1ntra-alveolar.
'ffproteln—rlch edema fIULd and hemorrhage-rrt has been called.A'
pt"neurogenlc pulnonary edena" (NPE) to dlstlnguzsh 1t from
.other forms of pulmonary edena..Dependlng upon the degree cf
"!edemaﬁ'the normal Ventllatlon—perfu51on relatlonshlp 1s
'?dlsrupted (physxologlcal shuntlng) g1v1ng rlse to varylng

o

"flevels of hypoxemla and elevated A aD02. ”j74'~”-_‘r,f

Hlth respect to the etlology of NPE, several
”wlnvestlgators (196 311) have postulated the presence of a4rl'”
vfhypothalamlc “eaenagenlc centre" )ust posterlor to the pre-'f.7

©

7*’opt1c reglon,_the aotlv1ty of whlch 1s normally 1nh1b1ted by

'4{ad3acent struqtures 1nclud1ng the preopt1c nuclel. On--"

_,;release of thls 1nh1b1t10n, by prégptlc 1e51ons, the "
*development of pulnonary edeua in- rats has been,ﬁfJ77"“"“

"gdemons*rated. It 1s postulated that thls "eﬂenagenlc centre" o

1u}1s respon51ble for 1ncreased synpathetlc outflov to the

ﬂ‘splanchnlc nerves. Thls results 1n constrlction of v1s¢eral

d'."

“}venous reserv01rs glv1ng rlse to a Shlft of bloood volunez"u

p*“from the systeulc to the pulnonary c1rculatlon, subsequently

'Hf}'cau51ng pulnonary edena. Thls pattern of evenﬁs can he

?prevented by synpathetlc pathuay destructlon u;th cer71cal

35ftcord sectlon at C8 (196 311). ,fl':;”-‘.'ﬂ Ia;-.ﬁﬁ

Reynolds (179) reports 51lilar flndlngs but dlscounts‘”'

'ijthe release of 1nh1b1txon of thls centre, and postulates

S



d-ffpulmonary edema.;?”:

”fgsubsequent to 1ncreasei ICP cou7

':ft]follovlng 1ncreased IC:

9 -

_that stlnulatlon of thls “edenagenlc Centre" vas respon51ble'~

Tpfor the ede-a. Rlchards (312), 1n a postnorteu serres of 88

'ff.assoc1atlon u1th the pulnonary edela, (1nclud1ng the’

nterlor hypothalaulc area). Rlchards also reported that

';Jhlstologlcal study of the anterlor hypothalaulc reglon 1n

£‘106 consecutlve patxents Ulth ruptured 1ntracran1al aneurysm

’ffalled to reveal any con51stent leslons assoc1ated w1th

y:f.:.-!"‘f’ -

campbell et al (308 313) denons rated that the

3occurrence of acute pullonary ede

be prevented by the

-

d'admlnlstratlcn of atroplne foilov1ng the 1nsult, as well as

3m1_by bllateral cerV1cal vagot'my’prlor to the IC? elevatlon.«f'

..They postulated that the
SN
causes bradycardla and decreased *

C ey

\-cardlac output, uxth;resultant 1nCreaSed pulnonary venousf

'pressure. Pullonarv edeua would then result from the
7fr1ncrease 1n pulm’nary caplllary f11trat10n pressure.;di;fi
‘;dacanpbell et alj(308 313) also noted that only 50% of thejf
4Hvexper1nental‘ nlnals vlth elevated ICP developed pulnonary

Caleﬁon and De (31u) denonstrated 1n rabblts and rats

1n gulnea plgs and dogs't

_ubsequent 1ncreased vagal tonefﬂfp=

d Wpatlents Ulth 1ntracran1a1 1e510ns, found pulmonary edema 1n

"~;52 3% of the cases- no specxflc cerebral 1°Slon uas found 1n'f.’

Ve

"4__the developnent of pullonary edela vxth 1ntrac1sternal 7»’5f”

'f_flnjectlons of flbrln. Vagotony prlor to the 1nsu1t prevented



w2 v

e

-fhe edema. They postulated that the 1rr1tat1ve effect of

~]f1br1n stlmulated the dorsal vagal nucleus, and tbe

' ]resultant lncreased magal tone vas respon51b1e for 1ncrea5ed'-

‘pulmonary caplllary perneabxlxty and subseguent edema.r

1

Other 1nvest1gators have not substantlated the role of

=.the parasympathetlc nervous system 1n the development of the\.

-
‘o

":lpulmonary edema assoc1ated Hlth 1ntracran1al dlsqrders. In -
f;fact, Parber (315) has denonstrated that sectlonlng of the
{vagl resulted 1n pulmonary edema 1n rabblts and gulnea plgs._fi

"iﬂe felt thls to be the result of red15tr1but1on of phllonary{rv

il'ghemodynanlcs subsequent to vagotony. uackay (19u) found

51milar results follovlng cer11cal vagotomy 1n gulnea plgs.

Observers 1n both the c11n1cal and experxnental fleldsl,

;{1mnllcate 1ncreased sympathetlc outﬁlou and the Cushlng
*;;response folloulng 1ncreasad ICP as respon51ble for the-olfl
‘development of pulmonary edena (183 18“ 190 191 195 198,3
;"“f199 200 208 209 316 317 318). The generally accepted theorydjf
j_*;s *hat 1ncreased ICP qlvés risa to a ma551ve synpathetlc |

outflow orlqlnatlng fron the hypothalamus.:The consequencesdl:
"Esof thls are perxpheral (1nc1ud1ng venous capillary bed
f;constrlctlon (266)) and vzsceral vasoconstrlctlon (38 259)
'ffresultlng in an. anrease of central core blood volnne and a’
"\p051t1ve 1notroplc effect on the heart, glVlng rlse to an_:”

iglncrease 1n arter1a1 blood pressure and cardlac output._ﬁlth-

wh

’thxs 1ncreased load on the left ventrlcle, there 1s a Shlft o

P .

"l~of c1rcu1at1ng blood volule frol the SYSte'lc t° the?j“

R
LTy



n‘ptransfer of f1u1d 1nto the i

e

Pl

.fpulmonary c1rculat10n vlth assoc1ated narked 1ncreases 1n

[ B
I

‘v'ileft atr1a1 and pulmonary venous and arter1a1 pressures._hs=,

. a consequence, the 1ncrease 1n pullon'ry caplllary pressure,

R '
' 'surpasses the plasma oncotlc pres

re v1th resul ant

, erstlces and alveo
_lungs, and subseguent developnynt of pnllonary ed

3g:workers have pﬂﬁhulated a: "tran51ent" left ventrlcular

'ffallure due to the 1ncreased left ventrlcular systollc and gdf"'

”:edlastollc load (183 193,301 316). Others have descrlbed
flnadequate left ventrlcular relaxatlon caused by the |

ffsympathetlc mechanlsm resultlng 1n relatlve left heart

l:fallure as respon51ble for the increased pressure 1n the

,pulmonary cxrculatlon (317).,:;

The role of the synpa*hetlc nervous system in. the

productlon of NPE has been substantlated by rts preventlon-'

f;rand abolxtlon u51ng alpha adrenerg1c blocklng agents,.

":ggangllonlc blocklng agents, general\anesthetlcs,.narcotlc

ST sedatlves and cervmcal cordotomy (19u 195 209 311 316 317)€ff

Hessler and Cass1n (319) found no 1ncrease 1n pullonary

'»ivenous pressure v1th lncreased ICP 1n goats,‘but d1d flnd

u

0 221 -

of the_‘-f""

'ﬂelevated pulnonary arterxal pressure and 1ncreased pulnonary

iascular re51stance.‘They postulated actlve pulnonary

};_vascular constrlctlon due to the sylpathetlc dlscharge..

J*fuallk (207) and Hoss et al (305) lave reported 51p11ar

-4

- COﬂClUSlonS frol thelr experlnental 1nvest1gatxons._ﬁessler '

leﬁfet al (319) and Halxk (207) found that alpha adrenergic




&

";-blockade Hlth phenoxybenzaulne prevented the lncreases in,
s - /\ :

f‘pulnonary Vascular re51stance and pullonary artery presSure.

b K o '; ; 2 . . A -

The occurrence of pulnonary edema ulth elevated ICP 1s
_vell knoun. The partlcrpatlon of tho sympathetlc nervous

-,system in: 1ts developaent 1s accepfed by nost 1nvest1gatorsﬁ

e The mechanlsms 1nvolved are thouqht to be OVErloadlng of the o

dﬁfprelated to. elther PaQ2 or A-aD02 changes or to the degree of

oﬂffkwlth dogs, that not all eXperlmental anlmals developed

'“;pulmonary c1rculatlon,'and possxbly elevated pullonary ’;*\”F”
uvascular resrstance resultlng from pulnonary

- LA

ﬂ;va50constr1ct10n of syapathetlc orlgln.lf"]vry"x_l*_;}’.;;pii:”"'

"Our 1nvest19atlons revealed that the length of tlne the

~

vflrlght ventrlcular pressure renalned elevated above rest1ng
rwas dlrectﬁy related to the degree of hypoxemla and A-aDOZ

f“,elevatlon._These parameters 1n turn, were dlrectly
N ane : W

M3

proportlonal to the severlty of pulmonary edema found at

»_d..

fﬁpostmorten examlnatlon. The ahsolute RVP 1ncrea5e vas notffi-ff;

fﬁrpulmonary edema. Ducker c198) reported 1n hls experlnents';‘

S : .o '

;_ffpulmonarywedema folloirng 1ncreased ICP;?SPElelcally, only

chose aulnals that experlenced larked elevatrons 1n

7mfpu1monary venous and arterlal pressures developed edema. In

L te

';these studles,;the puluonaryflenous pressure 1n1¢v111y

,o

;rfexceeded that of the pullonary arterlal pressure, supportlng

4r.the theory of" pulnonary °1r°“1at1°n °'iif§€dé':
Sl.llarly' not all °f our exP':llental anlnals ;753~T"“

dVdeveloped pnlnonary edela. ilthln ndlvldual groups of



77,_208 209, 316 317 318)

"T3ffshnnt1ng. Another p0551b111ty 15 the presence of llnllal
':{'degrees of pulnonary edela.

‘f}tjexaninatlon, and yet enough to cause ventxlatlon-perfn$1on

;_anlmals all exper1e’c1ng the same ICP patterns, sone _}fﬁff

’f;ﬂdeveloped greater' VP changes resultlng 1n edema and 1ts

G consequences,

fresponses unde‘
remaln unexplaf” d at present.:ﬁt'htjlf" \"

He are 1n agreement Ulth reports that have demonstrated

'J»,and postulated that pulmonary edela arlses from 1ncreased

L2260

ey

;pulnonary caplllary pressure exceedlng that of the plasna'7°:>

f;oncotlc pressure w1th subsequent novenent of flUld 1nto the,l Lo

"’ffpulmonary 1nterst1ces and alve011 (133 18u 190 195 198 199,

-

RN

: Some of the experlmental anluals 1n our study developed

‘ﬁ;hypoxemla and elevated A-aD02, bnt vere found to have only

”'7m1n1ma1, or no pulnonary changes at postnortem. A possxble

”explanatlon for thls flndlng (as has been shoun by Ducker

| ”1,(183)) 1s the resolutlon of puluonary edena 'lth a return °f

ﬁ,{;pfunctlon;to.normal follovlng rellef of elevated ICP.<Bernan.w.

"'}*(209) demonstrated the development of hypoxemla 1n dogs |
?*fif011091ng 1ncreased ICP, vlthout pulnonary edema. ﬂe'gvged“’ri
”?Eﬁpostulated that thxs resulted fron the openlng of anatonlcal

"el:shunts subseguent to the increased pulnonary c1rcu1at10n. ‘
”h»Poor oxygenat;on of blood vould then occur due to

";fventllatlon-perfu51on abnorlalzties snbsequent to the

3

@'.';

gnot observed at histOlOglcal Sl

.an d1d others. The dlscrepancies of the RVP p,"nf:

the sane c1rcunstances in dlfferent anrnalsf_v'ﬂ‘ )

. .
: l@
.
P [
i



B

old changes in.

:7{3~Tﬁ9 art1f1c1al CSF qroup dldrexperipn
PaOZ*and A-DOZ, but these vere not per51sté§t,tanﬂ the lungs A
‘ S 'Y hﬂ» el
. -uere normal at postnorten examlnatlon.,The ICP and RVP uere R

"elevated 1n thlS group for a shorter perlod of tlne than 1n

R 1ts SAH counterpart. These changes 1n Pa02 and A-aDOZ nay ';;f‘”"
‘ have been due to vent11at10n perfu51on abnornalltles that o
'fsf dld not per51st (2095 of to bulmonary edema that resolved
| (183), Thlsvsequence of events has also been found by Aﬂlﬁ. :

Maxwell (180) uho reported rellef of hypoxenla folloulng
:return to normal of ICP. ?ﬁfﬁ'df" ' RS

_ hus, on the ba51s of our results, the severlty of ;;*Q
B Y

pulmonary cbanges both pby51ologlcal and pathologlcal are:

related to the degree of trauna (duratlon of ICP elevatlon).d_ff

Thls has als" been’ 5h°“ bY MMwell (180).:’The lonqer the' et

'EICP remalns 1ncreased above nornal the longer the RVP stays

felevated,,resultlnq 1n qreater degrees of pulmonary edema,-*“f”*"

- z.—r

”:ﬁfhypoxemla and A aDOZ elevat1on._
Our lnvestlgatlons are 1n general agreenent vlth others

1 1n thls f1eld. Elevated ICP is- a55001ated vlth systellc
hyperten51on,.rlght Ventrxcular hyperten51on (1nd1cat10n of

pulnonary arter1a1 systol1c hyperten51on), pullonary edela,ﬂ*di‘.

o hypoxemla and elevated A-aDOZ.

I sof t'h;efrfs ' 'a'niii'a'i s.dying acutely in both major

ar 4



-:~ﬁhemorrhage no doubt play a role 1n the resultant

. spéce‘ ;

“f‘hcllnlcal and experlmental studles in an attempt to 1mprov=7
3l;pulmonary functlon.'hlpha adrenerglc blockade has been

‘fégeffectlve experlnentally 1n preventlng the developnent of

R B¢ K
,;--effectlve as pretreatlents 1n preventlng NPE (195). Beta'_

'vlnvestlgatlons, A—aDOZ was«elevated to a’ greater extent than

Jthat of=the experxmental anllals surv1v1ng the duratfon of
'_ithe experlmentai’perlod. He also found that the experlnental
'?&anlmals experlenCLng larger 1ncreases 1n A-aDOZ wlth
' ?greafer degrees of hypoxeula,:and wlth documented pulnonary
",edema ae postuortem, fared vorse follovlng the 1ntracran1al
hhlnsult than dld those ulthout such narked changes. These,tf

'_anlmals be10nged to the 1arger SAH voluue groups and the
.QoSAHRx group.-The experlnental anlmals in- the SDHR: group
Tdemonstrated Pa02, A-aDOZ and pulmonary changes 51n11ar to'

'“ﬁthose seen in the larger volume SAH groups and in the SAHRx

A"ggroup, how%}er ¢hey surv1ved the 1nsult nuch better Thus, s

.M.‘

"the pulmOnary changes assoc1ated wlth 1ntracran1al f; SOOI

i

"{g:outcome, but there are other contrlbutlng factors 1ncl"d1ng~

;fCBF,”cerebralznetabolasm and blood in. the subarachn01d‘

e

Varxous treatnents of NPP have been suggested~fi0m both

”iupuluonary edena (18& 193 19u 195 207 209 319). Hovever,_lnll'

’5these partlcular experlnents, the drugs vere adllnlstered

'}:;prlor to the 1nsnlt. The effectlveness of these agents when"‘

V_.adnlnlstered after edena has already developed renalns to be

’glnvestlgated. Slnllarly, gangllonlc blockers have been-7‘

.‘,-

.\.
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‘5_adrenerglc blockers have been found to—aggravate the edema’

o

;or to bave no effect atuall (207 209 319). At present, the“
=r‘only treatnents dlrected tovards 1mprov1ng post-lnsult

'pu}monary functlon 1nclude art1£Lc1a1 vent11at1 n 1f

,4
N

resplratory dlfflculty 1s present, proper tracheal careé 1f?’"M

J

-anvendotrachlal tube 15 1n place and assured adequate'

Lot
‘,4

“'farterlal oxygenatlon.

| v'effectlve means of reduCLng the edema, as- has been p051t1ve

K4 o i ] ‘ .o
“»Positive preSSure“ventilatiOn haS=been»suggeStedlas”an',
L

end explratory pressure (PEEP) (182 183). PEEP has also been

'shown to 1mprove oxygenatlon 1n patlents vlth NPE (186 201).

e~

A.'thucker (183) has demonstrated that ICP reductlon results 1u.jf

'ffrellef of pulmonary edema. raxwell (180) showed 1mprbvement

]

'1n oxygenatlon Hlth ICP reductlon. The present uork

: ”1nd1cates that\SLgnlflcant efforts should be nade to reduce

felevated ICP 1n order to both 1mprove pullonary functlon and

: .;prevent further or contlnulng cerebral 1nsult..General

f'iaquuestlonable,

ianesthetlc agents and narcotlc sedatlves haye been used

.effectlvely 1n experlnan*al anluals to prevent NP” both by
',thelr CNS depre551ve effect and by non-\spec1f1c reductlon.;u;h,:
of the synpathetlc dlscharge (193 195); These agents have |
also been shovn to reduce elevated ICP, and -ay 1nprove NPE
through thls node. The use. of such agents 1n.7at1ents that

are- already in: a co-pronised neurologlcal state relalns
:fQOther.problens‘iniolvedfin_thewtreatnent of NPE using a~

!



. hypoxemlggand elellted A-aDOZ is one of the prlnc1pal

Adrug reglme 1nclude the p0551ble cardlovascular and

P

'lgcerebrovascular effects uhlch may dlsturb the regulatory
V'duechanlsns nalntalnlng adequate cerebral c1rculat10n, or-

'_dlsrupt an already coupromlsed c1rculat10n.

.v‘f'

Deyelopment of neurogenlc pulnonary edema v1th
l

‘_‘factors 1nvolved 1n determlnlng the outcone followlng SAH&;

'uDesplte apparent experlmental success 1n preventlng edema

subseguent to ICP elevatlon, nb therapeutlc reglme has‘been

'effectlve cllnlcally 1n 1uprov1nq~pulmonary functlon once

"tNPE has developed.f_,kf‘ﬁ tg»r'

gggggg CULATORY DISTURBANCES

’.\‘ >

o Ev1dence of a qood experlmental preparatlon 1n our

';lnvestlgatlons vas prov1ded by the stablllty of the neasured;;dfi

;lparameters prlor to the 1nsult, 1;e.’during the fxrst:u'CBE-'ﬂ;fc

s

i*f;ddetermlnatlons. Reglonal cerebral blood flow vas\measrred

7l5u51ng the 1ntra arterlal 133 xenon clearance technlque of

"f Lassen et al (233)._ he nethod adopted for the calculatlon'“lrx'

N

Q~of these values vas thf:so called "1n1t1al—slope lndex“ aud;55

B qroups, there was:'

"lthese values vere not corrected for PaCOZ

fa:1;o, 1.67 and 24

N

Subsequent to the lnsnlt,'1n each of the u SAH volune

ireduction 1n rCBP (51gn1f1cant in. groups[f;~'

nl/kg). ThlS rCBF reductlon was

o LW ' ’
uacc0lpan1ed by a. decrease in CPP (51gnif1cantﬂfor qroups

‘1. 67 and 2. nl/kg). The art1f1c1al CSF group showed a
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- the artlfldlal CSF group,ngav.

"51gn1flcant decrease in rCBF followlng the 1n]ectlon; but

N 0 .. . .A"

CPP remalned norlak& All of these 5 groups shoved an
1ncrease ‘in calculated CVR but thls vas 51gn1flcant only for
The magnltude of the,rCBF reductlon a* thlS flrst post-_'

SAH ueasurenent tended to be greater for the larger SAH

._volume groups compared to the smaller volume groups,

Slmllarly the rCBP decrease of the 1 67 ml/kg SAH group vas

greater than that of the art1f1c1a1 CSF group.,-fﬁ"’;ﬁQﬂ;’:'“

L
~

The CPP reductlon of the Q SAH voluue groups uas ln thef;g‘

maln secondary to a decrease 1n MaBP and not to ICP

fr elevatlon. Relatlve CPP decrease and CYR 1ncrease uerei

‘ﬂ: slnllar for all of these groups, but due to the longer

greater for the larger SAH volume gr'ﬁps.;For the art1f1c1alf\ﬁ

CSF group, CPP remalned unchanged and the'CVB 1ncrease was

Followlng the 1nsu1t, ICP 131; .1arger volume SAH

4.,\* B

d% B . .
groups renalned elevated for a l ngé& perlod of tlme than I

B L
dld the ICP of the other 3 groups ﬁn the flrst najor'”

1nvestlgatlon. CPP durlng the perlod of elevated ICP uas -
N @ ..n“. .
.;*

duratlon of 1ncreased ICP, CPP uas conprb 1sed for a longer o
: ._5 - : :

perzod‘bf tlne 1n theflarger SAH voluae_gtoups."7

Reductlon of CBP durlng the acute stages of SLH has

f been uell doculented both cllnlcally (55 56, 57 59, so- 92) ‘and

_1._..,3:-4 :

experllentally (66 67 70 7&,76 78€?Q-99).,v
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Followlng the acute stage 1n our. studles rCBP 1n the

l*q lower volume SAH groups recovered° the 1 33 nl/kg SAH groupiﬂ:“"

returnlng to normal the 1 0 ml/kg SAH group to a sllghtly i

::sub normal level.vThe CPP durlng the studles denonstrated

1nprovement folloulng the 1n1t1a1 decreases in these 2
T »

'1,groups. However, CPP recovery of the 1 33 nl/kg SAH group o
x7‘uas ‘more complete than that 3% the 1 0 nl/kg SAH group.

"Desplte CPP recovery to. nornal 1n thxs latter group, rCBF
E Y

¥ ,rromalped louer than the pre—SAH control levels (%1gn1flcant

—

v at CBF 7 8)._The CVR of thls group vas elevated for the -fvf‘}{qé

-f.duratlon of the studles, uhereas that of the 1, 33 ul/kg SAﬂ

A‘-'\

:.f‘group was nornal or sllghtly less than pre 1nsult levels.':“#--

Por the 2 larger v lune SAH groups, rCBF renazned lowerﬂoﬁ;f

sffor the duratlon of the studles{'The CPP!f*

dip - the 1 67 ml/kg SAH group recovered to near nornal llmltb.' »
5f51m11arly, CPP of the 2 0 ul/kg SAH group recovered hut thenﬁ -

“pgfell agaln touards the end‘of the 1nvest1gat1ons, but the

e

o decrease was not SLgnlfxcantly lower tha:.norna‘,,Por.the 7@;" '

'4;ql/kgf3kﬂ groups was norlal ;pfl fyh"ffiffV‘“



e
Vo :
PP

Y

Lo

i

7”:;resu1t 1n CBF reductlons,fbut CBP calcula

> 4'.4 ’ < < = /
In the arblflc;al CSF group, CPP was nornal rCBF

relained nlnllally decreased and cvE: sliqhtly elevated.

.9hﬁpur1ng our studles, 1n the post 1nsu1t perlod, there

were only dinlnal changes 1n PaC02 fron restlng levels :|.n"~

the lover volume SAH groups and the art1f1c1a1 CSF group.-‘
et .

Calculat1ons of rCBF us1ng PaC02 correctlon factors

denonstrated that the CBF_reductlons 1n these groups verefﬁ

H*due to the effedts of theflnsult and not due to changes 1n:f

volume gronps, espec1ally}at CBF (5 6).“

ons, uslng

_,4 .'6

T correctron factors for PaC02 Levels shoved that, 1n

1nsult.-e

assoczaéuon v1*h the r”BF decrease due to pacoz reductlon,

rCBF vas dlnlnlshed due to +he effects of the henorrhage.,f”%'
Followlng CBF (6), PaC02 1nproved to near nornal, but rCBP
frelalned 1ov._$hus, hypocapnia folloulng the 1nsult is

virespon51b1e ln part for rCBP feductlon, hut the laJor part

L3

of the observed decreaSe results from the»mntracranlal

(1) larger SAH volule groups denonstrate rCBF

‘Q.tfteductions’that are 1nit1a11y greater,~and are of

ffgroups.qi;

These changes d1dAl_f&”

”PaCQZ. Ihere were gréaterf?acoz reductlons in the larger SAR@EV

: ‘”ﬁw2551n11arly, CVR elevatlons are 1n1t1ally greater, Aty

,éfa"d are of longer duratlon in the 1arge volu.e iwu;~“~'



'rvexl) the rCBF decreases‘&nnedxately followxng tbe
di?henorrhage uere acconpanled by decreases in CPP, as .
"Ewell as larked increases 1n CVF' 1nd1cat1ng that

g"f;frCBF was redqced by both reductlon of CPP and ;"

idelevatlon of]CVR. R _;;ﬂ : v 8

‘rrga::(lll) rCBF renaxned louer than nornal desplte

“lm}nornal or near norlal CPP durlng out studles. ThlS

"freductlon 1n rCBF vould then necessarxly resnlt

'Q@; fron 1ncreased CVR (CBF CPP/CYR)._-

(1v~) ICBF in’ the art1f1c1al CsE qroup vas. sllghtly

reduced desplte nornal CPP. This reductlon uas

.

rtlassoc1ated Hlth 1ncreased CVR. R
R U B AT PR AN AEE
f;ﬁ“j.[,»;sﬂkg(v) the PaC02 decreases seen snbsequent to the ~‘“l_[~ v

Avflnsult d1d cause sone rCBE,reduct1on, especxally 1n'fj3ﬂd
”'the larger SAH volulE‘gronps at CBF (5,6), bdt the -F?fﬁ‘

f{,greater part of the rCBF decrease was due to the

:’jlhtracranlal effects of the 1nsn1t. ,gﬁffd

B Y

v:f}VfTaCCepted. Kelly et al (60) usxng3dynan1c braxn s:annlng
'a,de;fonnd gp(i post-SAH patients had reduced cereb__l perfuslon.

ti;fOther 1nvestigators (87 91 320) found increased cerehral

_fifblood c1rcn1at10n tlnes 1n patlents v1th SAH. on the other»fdfffﬁ

,g}handf;“teiner et al (321) fonnd that CBF re-alned norlal 1n;fhe[ h

;;fdogs"nring the SAH and for 2 hours follouing the—

”tgf‘henorrhaget Our results:are‘xnfgeneral agreenent vxth thosefjﬁf}g;
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’fstqdies;shoainjjredncedch?ffolloiingnSEﬂ.ie;_.f“

N 1nc1udef§‘ '

“-r.ExPerlnentally;
: of Rlnger's lactate 1nto the c1

. i,"- ,,;i't};hl‘ ;

Lo

inf051on 1nto the c1sterna lagna,;;“

The.varlous etlologles of reduced CBF follov;nggsAﬂ_,j;_fvg

'eﬁii';:e-f(iirautoreoularoryhdrsturbances.;.:
Ll’ , ?kiifeautonoulc nervous systen, stlnulatlonib'

.f‘*..i*for dlstruptlon.,ﬂr-: .

| .kiiijncerehral vasospasn.

'?(iv);mlcrocnrculatory d1sturbances.‘ﬂ

o lIH“e(r)ﬂmetabollc changes.
Autoregulatlon lS Qhe term applled to the\nechanlsl byfy;:j;

SR v b A
ure (102)' Thls tYPe °f "autoregulatlon“ of CBF 1sl*.

"4'whr§E CBF renalns constant desplte changes of perfusxon

acconpanled by changas of CVR and &s'due to alteratlons ofhf

he callber of regulatory cerebral art

i“utoregulatlon has been shoun to remalnffh

s

: 1ntact to CPP levels as lou as 35-40 nan. ICP elevatzon 1ni_?ff

these stud1es uas by 1nfu51on of art1 e

J €

,_erna -agna and lumbar

i

subarachn01d spacef(102 108 Qf&;f

(121) found that autoregulatxon vas lost 1”'rhesus nonkeys

'CPP less than 50 nnﬂg }hen ra1sing‘ICP by 1ufusxon of

1soton1c sallne 1nto the parx'tal subarachnoid space. Synon‘f"

s

(109) reported autoregulatory fallure uhen the ICP was

ralsed to 70 llug, 1n baboons, Ulth Plnger's lactate
: 9:;’»'a-‘ém"iéi%t;:.ie;.t*.a;l~ “i("fz"z;;) “have stiows’ ‘that ;:e‘a;u{:;ﬁg',c:m?;%x_.iy

R e
: .

iroles (322 323).;f4c : f

'; fﬁor nock CSF'andfrf'h

‘;2 2&3 32“).,Hatakas et al:ﬂipc



'H 1over1ng the blood pressure‘uas assoc1ated vlth.lntect }i :..

ﬁautoregulatlon dovn to a level of 35-u0 lnﬁg. Hlller et a1
(102) denonstrated that there vas a fallure of

autoregulatlon follou1ng blood pressure reductlon te‘CPP

”;j( 1evels of uo 50 mnﬂg. They also noted that autoregulatlon f  
.L was nore effectlve 1f CPP was lovered by 1ncrea51ng the ICP

i;rather than redu51ng the blood pressure. Olesen (325) ‘t;%t'

’ &‘
:5demonstrated thPt CBF in hunans remaxns constant untll HaBP

is decreaged to betueen 50—70 man._

These 1nvest1gatlons vere carrled out 1n otherulse o
: normal exper1menta1 anlnals,'and 1n essentlally nornal

‘°7f§pat1ents.‘From our results, the rCBF reductlon séen 1n the |

'if}f'fSAH volune groups Has lnltrally (at least) acconpenled by a er ‘if?tf”

v'jreductlon 1n CPP thus indlcatlnq xnpalred hutoregulatlon.~

-

"Thls 1n1t1a1 CPP reductlgn vas due ‘to both an lncrease 1n ,ft; =

v

L ffICP and a decreege 1n ﬂaBP,'B_f-lnlgeueral, the latter was L

“f{the more prevalent cause of decreased CPP. Durlng the
"ensulng anestigatlons, 1n the lower SAH volune groups, ;PP
tended to recover. “In the 1. O nl/kg SAB group; CPP returned
S to normal, nd rCBF renalned lov.kThls indxcates an 1ncrease
u?,"ln CVR.:For the j 33:1/kg SLH group, rCBF returned to |
’nornal.,uhereas CPP renalned 1ou,_denonstrat1ng 1ntact';€?£,”

-i{ antoregulatlon. In the larger volule groups. CPP renalned

".fibelow restlng levels as dxd\rCBP. In these groups,j,?;ﬂ;;:ffr7,jt

ﬂffantoregulatlon vas 1npa1red. and relained so for the ‘ fofy-fﬁ'"uw

;duratlon of the studles._In»association vxth 1lpa1red '.fffu,e=f7'”

- “f¢fautoregulat10n. CVR uas 1ncreased. Thns, the etlology of



’1reduced rCBF post-SAH fron our 1nvest1gatxons 1nc1ndes both _
_ 1npa1red autoregulatlon and anreased cerebrovascular fff
' resxstanceﬁ the degree of whlch 1s greater for those groups if

'rece1v1ng larger SAH 1nsul€s.

Autoregulatlon has been fodnd to be 1lpa1red fOlloulng~"“

cffcerebral-trauna (239,326 327),'sau (59 81, 328), cerebral

fTLEgyghypox1a (329 330), cerebral 1 chemla {10“ 105 331) and

?cerebral coupresslon (117). I‘ patlents, followlng SAH

o ,g~ﬂe11brun et a1 (81) found a decrease 1n CBF and demonstrateddﬁu”f

‘f}ﬁloss of autoregulatlon, vhlch they felt resulted from .

. 1ffcerebral tlssue hypoxxa and ac1dosxs. Pleschl et al (10u)

;-.'

';f]fshoued in, patlents Hlth 1schen1c cerebral le51oqs,_”55'-“7:'“”

- if_decreased rCBP, and 1ppa1red autoregulatlon to elevated

‘ﬂ;dyblood pressure vhlch the" belleved to be due to tlssue f-om

J"!fposthypoxlc ac1d051s. Bruce et a1 (239) found xn patlents

o (nostly wlth head 1n3ur1es) that autoregulat1on=vasrfig‘t"

f.fiand that CBF tended to renaln 1ow. Thls uas tfue ‘of. patlentsf T

':.ﬂﬂlth and ulthout nass 1esxons. The found that u1th lass 'g:_”y'”

_le31ons, autoregulatlon vas 1npa1red over and adjacent to

_fthe leslon, and vas 1ntact 1n the rest of the cerebral

N

- Lhenlsphere.i;n thelr study. the teverse vas also seen. Bruce ff”"

di Vet al (239) suggested that focal edela nay decrease CBF

:,through coupre551on of the l1¢ro¢1tculat1on,‘and shoved CBF

“jrto 1ncrease follov1ng the adnlnlstratlon of -annltol....fjlﬁ-'m

. ."“

E:perxlental 1nVest19at10ns have shovn autorequlatlon

-:d_ﬁto be 1-paired following induced SAH in baboons (100 328),v3-efffj



lotxkeyS\(S? 99),_and cats (9u). Haslu et a1 (100 328)

'";; anlmals.

| hYpOXla and acidosxs due to ischelia.q"

A : "
delonstrated an 1ncrease 1n CBF rinedlately f011091ng SAH,--

and that autoregulatlon vas ;lpalred only when CPP vas f""

vas re du ced

decreased.suouever, za-ua hours post—insult CBF,

.and autoregulatlon uas totally lupalred. Yanagucbznet al

B

(94) and Feln (99) reported a. deCreased CBF and dlsturbed

autorequlatlon folloulng*xnduced SAH in experinental

“.9:’2- &
3

Varlous theotles have been proposed for the fallure of

Lo m,3$ o -
autoregulatlon under the pr°v1 usly descrlbed c1rcunstances."

Langfltt (117) has proposed vasoparalysis of the cerebral

~vessels resultlng from 1sche11a.iThls i&eafhas been i
. N _

that fallure of autoregulatlon occurs because laxlnal

vasodllatatlon of the re51stance vessels has already

o~ ol

occurred (104 109 328)‘?2vetnov (108) has shoun that the

cerebral netaboﬁlc—flow coupllng relatlonshlp 1s dlsturbed

14th thls couplxng nechanlsn.:ht prejent, the ev1dence

1nd1cates that the lechanxsus 1nvolv d in ualntalnlng

~:-

adeguate cerebral perfusion 4autoregu1at10n) are dlsturbed
follov1ng SAH. The et;ology Yf the dzsruptxon”is generally

be11eved to be 1nvolved vith the cerebral letabollc changes

subseguent to the 1nsu1t, lost 11kely resulting fron tlssne

-~ )

i ; at lov CPP levels. Feln (99) postulated that SAH 1nterferes /// fdr{fy



) Assoc1ated vith vand as a. result of dlsturbed

;{autoregulatlon, is - the "luXury-perfu51on syndrone" or

”d,hyperem1a found both cllnlcally (10& 332,333) and,_

et al (102) shoved, 1n dogs, that u1th 1npa1red

'Q’autoregulatlon, CBF was- hlgher than nornal desplte lou f

ufrlevels of CPP " We. dld not flnd any ev1dence of 1ncreased

‘:'f(rCBF or hypereula followlnq SAH 1n our 1nvest1gat10ns elther.f?gff

K‘Hltb lou or nornal”CPP valnes.-:fﬁd-V

As has been prev1ously documented. our results 1nd1ca‘ef*'

";1npa1red autoregulatlon ‘in- the largﬁi SAH volume groups.i {”?'““'

,exper1mentally (102 108,118) 1n severe braln dalage.:uiilerjggﬁ“A

Langfltt et al (117) shoued by experlmentally 1ncreasmng ICPdfff

pln rhesus nonkeys\ulth a supratentorlal extradural balloon,;ﬁlf“

that nore rapld and hlgher ICP elevatlons vere assoiffm

'ﬁulth greater decreases 1n CBF aud larger degrees of

'";1'vasopares1s. Slullarly ve have denonstrated 1arger rCBP

"ﬂf-reFuctxons and greater degrees of autoregulatoryﬂihpalrlentsj,f

"ﬁrln‘the 1arger SAH volune groups._These groups experlenced

””ﬁ751>nger duratlons of ICP elevatlon follbwlng the 1nsu1t than'ffff;f

:’H.dld the lover volun_ SAH groups or the art1f1c1a1 CSF group;fff‘d

j~?Thus, longer perlod of ICP 1ncrease are assocxated v1th

;greater reduct1ons in- rCBF and greater 1npa1rnent of

"3,autoregu1at1on. ThlS is. denonstrated by the recovery of rCBFfpfii”

'7u5;and antoregulatlon 1n the = e 33 ll/kq SAH group despzte a lovpﬁd?i’

ddff{dCPP as opposed to the persxstent rCBF reductlon and longer:fpffﬁ

~

”d7f.perlod of 1lpa1red autoregulatlon in the 1arger rolune _#7""'

AR : " .

o



S geaiips., o

In addltron to the loss of autoregulatlon as a cause ofa'“'“
. " “ Y .
"Vreduced rCBF 1n our experlments,\ve also found 1ncreases 1n

;3CVR. Thls 1nd1cates that the loss of autoregulatlon vas not
~Jthe only cause of decreased rCBP EOIIOV1ng the SAH. Greater

:1ncreases in CVR uere present 1n the largel'

”groups than 1n the smaller ones.»The art1f1c1al' SF group

“flfshoued a sllght elevatlon in: CVR in assocxatlon Hltb

'le{mlnlmally decreased tCBF 1mmed1ate1y followlng the 1usult.5
R “v%x-!'» \

The cerebral arterlal c1rculat10n 1s supplled by 2

ZFV:major types of vessels, (1) the larger superf1c1al or f”Q}f;“
v”:'{fV§conductance arterles and (11) the smaller nutrlent or s
"’l;penetratlng vessels (33&).,These sm%llex vess%is\and thelr

fraulflcatlons are con51dered to be the :es‘sta ce vessels- -f‘f‘e‘fn

‘sregulatlng cerebral blood Supply, The 1af,e.;conduct1ng SR

vessels generally functlon as a pressure:f ad reserv01r

’fdassuﬁlng adequate perfu51on for the"sﬁ’ller vessels (335).:,;l:QF“

BEIRN Hovever, 1t 1s felt, follovlng SAH and~the development of
"“-avasospasm, that the teservo;r functlon is lost and these
'”?;ﬁlarger conductlng vessels functlon as a re51stance system;‘~””

.Slnce the flrstvdoculentatlon of cerebral vessel f
'{fconstr1ctlon ln assocxation u1th SAH fro- ruptured
*:f_ﬁlntracranlal anenrysns as reported by‘ﬁobertson (2u)lln
,¥ v‘l9u9' cerebral vasospasn has been denonstrated freguently in: :jdglid

f-;uboth cl;nical and experllental 51tuat10ns. Subsequently,lgfflf,~ﬁ"w



'_;_L,r,;e=t‘.'_ R »;,,t,;‘; ErLS R
.Hlth exten51ve 1nwest1gatlon bf subarachn01d henorrhage,
;attempts have been made to correlate cerebral vasospasn vlth

fthe observed decreases 1n CBF and also vlth lorbldlty and _x'“?

. fond

'_nortallty of thls dlsorder.".

.“‘"
‘.It is very temptlng to attrlbute the 1ncreases in CVR
tand.assoc1ated decreases 1n rCBF seen 1n our 1nvestlgat10ns.
s_to cerebral vasospasm. In both cllnxcal and experlnental
7D;fsatuat10ns,»a case has been nada'both for and agalnst a
‘correlat&on betveen cerebral vasospasn and reduced CBF.lnf”7;§_
.p051t1v° correfatlon has been found in patlents vlth SAH {:.

‘;'from ruptured 1ntracran1a1 aneurysms by many 1nvestlgators f’“"ﬁ

7f?:(56 57 61 82 88'92_93). Th°se ohservers, 1n general have‘

Cshoun that‘tﬁe\ eductlon 1n CBF results from narrowlng of

f{cerebral blobd vessels demonstrated at anqlography. The nor=fi
f7severe the vasospasm, the greater the reductlon 1n flou.-
ffu;Pergusson et al (57) reported, usan a spasm gradlng system-g'

"ﬂ“of mlld,.loderate,‘severe, that marked CBF reductlon was

‘~f_present llth severe vasospasn.-ﬂowever, vlth'less severl,

‘ spasn, there ueremno consxstent blood flou changes. R R, ‘

N . - . PR

\

5 Okavara et al (87) and Kak et a1 (86 90) foundsihat 4,'\1
i P

-dfcerebral vasospasn correlated vlth prolonggd c1rculat10n u%z.‘7

LY

: tlme. Hllklns (65) has shoun that abnornalltles on braln'

Tl e,

.scans of patlents follovlnq SAH generally correlateduvell--ﬁ"

v1th the d1str1butlon of cerebral arter1a1 spasn.;’

. ER T ST

ConverSely, other c11n1cal 1nvestlgators d1d not flnd

\

‘fany correlatlon betveen cerebral blood flou reductlon and



tvasospasm follovlng SAH (59 61 62 88). 21nqesser et al (61)

.'ﬁfound reduced CBF even in patlents ulthout Spasn,'and ln 7'

bzf‘others ulth spasm CBF uas nornal. Hellbrun et al (59)

'fgteported a global reduct1on of CBF 1n thelr serles of post-x

“ oo
'SAH patlents.vThey dlscouutnd ‘any relatlonshlp to vasospasm

’H}.because spasm vas always locallzed 1n thelr stuiles.
f;tBergvall et . al (62) found a'poor correlatlon betueen CBF and;'
'cerebral vasospasn* decreased CBF was seen durxng the flrst
i %feu post sAH days, at a tlne vhen spasm had not yet reachedvlr
ths peak. Furtheruore, 1n soue‘cases there was a reductlon':”

'*of CBF 1n the absence of spasn,.and nornal CBF 1n 1ts S

dprpsence.‘Bergvall et - il (62) do’ quaIlfY thelr results bY"i

”ﬁ?suggestlng that CBr could be affected by a marked reductlou

{dln the callber of the conductance vessels. Matheu et al (88) R

T

3state that cerenral vasospasu follovlng SAH 1n patlents doesfv-- -

fn_play;a role 1n CBF reductlon, but 1t 1§\not the most ; ‘

'~‘1uportant cause.‘They deuonstrated rellef of vasospasm uxth.;m

'{»1ntracarot1d phenoxybenzamlne vltbout any concomltaut effect

' f«fon cerebral blood flov. Grubb et al (55) conclude €hat the

;51gn1f1cauce of cerebral vasospasn 1s unclear, but that lt

cfprobably sets the stage for further events that cause CBF

vﬂ7i~greductlon. Kelly~et al- (60) usxng Ynan1c rad101sotope braln5ffﬁf;f:

';scann1ng, found that reduced perfu51on vas present 1n‘

e

'“7‘pat1ents vlth severe spasn' 1n those patlents Hlth less'—u“

“.~

:fzgfsevere spasu perfu51on vas often nornal. Kelly et al (60)

“'ifalso reported that perfu51on could be reduced in the absence;t

_of vasospasm, < .



- '_2,4_3

In experlmental studles,‘spasn followxng 1nduced SAH

.has not, in general been demonstrated to cortelate u1th thel"”

ensulng decrease in. CBF (66 67 70 7U), unless there was
severe vasospasm (>50% reductlon of orlglnal vessel f‘
dd1aueter) (76). Follovlng an: 1nduced SAH 1n dogs, Suglura

.

“tg(97) found a blpha51c vasaspasm response that vas assoc1ated;;f

ulthha blpha51c reductlon of CBF.AFraserlet al (79), u51ng
'T”{carbon black 1n]ectlons, studled the perfu51on deflcltjffzz"-x
5subsequent to 1nduced SAH 1n monkeys. In general - there uasl*

L Lpoor correlatlon betueen cerebral vasospasm and perfu51onll
o N T

"defects. Hpvever,'ln those anlmals in vhlch spasm d1d
_ _ p :

"bcorrelate v1th gerfu51on abnormalltles 1t vas suggested that_p B

':72 pos51ble mecuanlsns exlsted These are' (1) severe ::;j:ﬂ“,,

. constrlctlon of-the conductance vessels transformlng them
' v, o
Hlntg reslstance vessels, or (11) propagatlon of spasn from“‘

‘the larger vessels to the snaller re51stance vessels. Asano

I_,?Jet al (96), 051ng a sxmllar technlgue 1n dogs, demonstratedb

TN

cfj;gsevere perfu51on defects d1rectly&dependent upon the

X*f]dutatlon of ICP elevatlon. They postulated that cerebral

S

5;{vasospasm d1d have a tole to play 1n decreased perfu510n,

uxibut the najor factor ‘was dlstnrbance of the
",nlcr001rculatlon. f ﬂf‘l",;v

Pollovxng SAH 1n,bahoons, Hash1 et al (100) observed a'i
1~’3decrease 1n CBF 1n assoc1at10n Ulth 1ncreased CVR, zu 08

' f‘hours post—lnsult. They attrlbuted thls 1ncrease in. CVR to

“vcerebtovascular spasn and perlvasculaﬂ\edena of the snalier

L. * \b', .
o



_l*demonstrated 1n assocxatlon V1th/CBF changes.vi"

26

izre51stance vessels denonstrated at E u. examlnatlon._Feln

(99) found CVR 1ncreased and CBF decreased 3-# hours post-bk

-USAH ln uonkeys. He postulated that the 1ncreased CVB was duei'

:_to vasagpasm, but the anglographlc data vas. not presented.,f"

It appears to be generally accepted that reductlons in.

'dfCBF do correlate Hlth cerebral vasospasm vhen the degree of

'spasm ﬁiasevere. The 1nvolvement of mlcroc1rculatory

-dlsturbances, not seen on cerebral angLography has alsp beenﬁj“"“

Varylng degrees ofrcerebrovascular narrowlng uere

“fpresent in- all experlmental anlnals of our‘u SAH volume‘ﬂ;f[
.groups at'&he flrst post SAH an91ograph1c examlnatlon. Both S
ﬁ?generallzed and dlffusa’spasm vas obserVed but thls vas notd?e;t.
?tidlfferent for any of the 4 groups. Qhe art1f1c1al CSF groupidﬁ‘pﬁw

sdld not show any ev1dence of vasospasm at thls txle.;Vessel

vqucallber neasurements (CA, HCK IDICA (C1 C2 - suprac11n01d

'ilnternal carotld artery and the petrous portlon of the'

f;”dlfferent for the h SAH volule grOups.p'lfd;;';f?ﬂw}fe:"Td-_lg75'

f"lnternal carotxd artery)) revealed no dlfference 1n the-f;

'v3;degree of narrovlng 1n the u SAH volune groups.

\

'—

IDICA callber measurenents at thls flrst angLographxc

'exan1nat10n denonstrated a 51gn1f1cant decrease 1n dlaneter""

pﬁ;éor all B SAH Wolune groups, but no chanqebfor the

\

 art1f1c1a1 CSF group.‘The rednction 1n callber uas no;v

SRt f;t?' Ath:e" s,éé-pp,q' and »fi,p-a-l. "ai!;éi'o'q‘t>59'h'i¢ examination all &4 -




grOUps shoued an 1mprovement 1n the v1sually observed

N

vasospasn«:and subseguently verlfled by vessel callber

measurenents. It uas found that the recovery of spasu (fromd"

W IDICA callher measurenents) was more complete 1n the 2 1owera‘[}i

SAH volume groups.,Agaln, the art1f1c1al CSw group dld not

v

' exhlblt any vasospasm, elther vxsually or on dlameter
’ measurement.-These flndlngs have also been verlfled hy E H.
X examlnatlon of the cerebral vessels._Greater iegrees of

ll“fuﬁ spasm vere - noted 1n the largeQLSAH volune groups whlle o

vasospasm vas absent in. the artaﬁ{olal CSB group. It should o

be noted, however, that the larger SAH volume groups vessels‘}"

were prepared for E u. examlnatlon just prlor to death
vhereas those of the lover SAH volune groups uere prepared
~'

"’follou1ng ‘a 20 hour su&v1va1 perloz-‘It 1s 90551b1e that g?;‘

cerebral vasospasm may have undeﬁ' v_nore attenuatlon‘.“ kﬁ

durlng thls perlod. E 1. study of cerebral vessels prep@red

. j at the sa-e post-lnsult t1me for thg varlous SAH

groups uas not performed._ﬂowever, preparatlon o£ the

cerebral vessels for E.M. study 1n¥ he lower SAH volume

‘7;;§a3“ groups, and 1n the art1f1c1al CSP group uas carrled ont at

the same post-lnsult tlne._It vas found thét Varylng degrees,_h]a

of spasn vere present in- the lover SAB volume group vessels

7@_gompared vlth norlal c rebral vessels in the art1f1c1al CSF
'_ ‘. ’ “. -'...’ . e . ;

\

"ted at these anglographlc exaninatlons that

Al dlsproportlonately greater degree of narrovlng than dld

[

k\\the proxlmal perlcallosal artery (CA) 1n sone anznals shouedr;fa



- j results 1nd1cate that the development of VaSOSpasm j_f
1 . . h

(no 4asospasm vas present Ln the art1f1c1al CSF group)._. .
’fﬁ-Furtheruore, post-lnsult vasospasn vas greater for the -:

€

CN

the surroundlng vesse15° no partlcular SAH group

denonstrated 1s phenonena. A possxble explanatlon of thlS e

”-Q' flndlng Ls the proxrmlty of th1s partlcular vessel to the

jet of blood exitlng from the needle plaCed 1nrthe pi,r7g“ _”f((\\”f

chlasmatlc c1stern through whlch the SAH vas 1nduced..y

Lo Another 1nterest1ng feature in our’ study vas

o~

_post 1nsult =

N

development of spasn 1n‘the cervlcal 1nterna1 carotld artery

A:ifln 80%- of the experlmental animals 1n the 2 1arger SAH

| volume groups, and 1n 40% of . those 1n the lover SAH volune\“”‘

a;\t the flrst anglographlc examlnatlon, the calculated
: CVP Has shown to he elevated 1n each of the 1 0 1 67 and

'Qt 2 O ml/kg SAH groups. DeSp1t° some recovery of spasm at the

%(;’l second anglographrc examlnatlon CVR 1n the’\ 0 and D 67

nl/kg groups remalned elevated at prev1ous levels.“ L

J R

larger SAH volune groups later an the experllent..Thus, the

K

development of vaSOSpasn appears to be due to the effects of

s

the conblnatlon of blood, and of the volune 1n3ected,1nto :ww

the subarachn01d space..if"

g

ie have shovn, 1n the larger SAH volune groups, that

both rCBP reductlon and degree of vasospasn were greater,
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;f'"jf and desplte sone recovety of the dlaneter of the cerebral

‘“ } vessels rCBP renalned per51stently lov and CVR elevaxed.:jf"7'w
In 3 of the & anmnals dyﬁng*ecutely vasospasn uas not

dlffetent fron surv1v1ng anlnals'~tne fourth anilal d1d

demonstrate lcre severe vasospasn. All of these "acute f5;*[;fﬁj
”"*f; death" anlnals exhlblted ;gjo“e_narked CVR elevatlon and a

‘ .




©. Tesponsible £or CBF aberrations ‘_fssi;déih-ggisfnfa e

 5ﬂn1crovascu1ature 1n post-SAﬂ 1ncreased CVR and decreased CBF

‘7f;ihas heen the expetlnental delonstratlon that the snaller

‘*7f‘res1stance vessels have a role 1n thp effects subsegnent to,-nf‘x

.,'

al exanlnatlon has shovn that the shall

[ eneral, Support for the"Lﬁvdlvelent of the .]Q?f°jfff{{f‘




'"w"development of vasospasu (269). Thusc the denervatlon

4'if:=cerebral vessels 1ndlcates the pOSSlbllltx of these

:eicatecholanlnes (3uu) as’ well as c1rcu1§t1anblood

‘:catecholanlnes‘(269 270) vhlch appears to be relatedtto theu'“

‘7fvsen51t1v1ty post-hemorrhage nay be 1n part, at least,:f
ffrespon51b1e for the reduced CBF and xncreased CVR. The

&;presence of adrenerglc 1nnervat10n of the penetratxng

smechanlsms operatxng at the re51stance level. f?ﬁe‘

°There 1sfalso the p0551b111ty that anglographlcalA




.é . ‘.4. ) ..

’atxents Hlth SAH that 1ntracarot1d phenoxybenzanine

1nproved}vasospasn. bnt not CBF,'vhereas 1ntravenous 10%

glycerol uas effectlve 1n 1|prov1ng CBP.<These anthors

-.suggest factors othor than cerebral vasospasn to, be ”""ﬁ“"‘nﬁ'ﬁ*

“;Fra er et al (79) delonstrated a poor correlatlon"V' |




;,nor@al levels, the deranged caplllary systens recovered, and

. CBF returned to nornal. These results are 51111ar to our ownjfff

bcﬁiln that we found a longer duratlon of ICP elevatlon 1n the

‘fdlarger SAH volule grcups vhlch was assoc1ated uith larger di@
'v :1ncfea§9s in CVR ani‘gregter decreases 1“ CBP‘ These gronpsdzeiﬁf
'fi‘;dld notfgxperlej:2 rhe degree Of recévery 1“ these Y
""T:LParameters seen in. the lover volune SAH qroups thh shorterf

"f.;duratlon of xncreaSﬂd ICP.;q'ﬁ;;Q‘"Q.¥};ffﬁfﬁ>3p-'

5fhas been prevlously docnnented and has been teru

“edhy Haltz et al{§

3[;(3u5) f°11°'139 llddle cerebral arterxal‘occ1u51dtﬁﬁl'




'*:appears that lzcrovascular abnornallties do play a; AN
CEN

“Qs1qn1f1cant and najor tole 1n pogk-SAH 1ncreasea CVR and

.ﬂfreduced CBP. Cerebral vasospasn, dependlng on the severlty,  ‘:5 

f?ﬁ;s 1nvolv:2 but the najor culprlt appears to be the

crovascular systen.;f :j7~

ca .
R
s

norbldlty and nortalltynfollovlng«SAH have been

';a”trlbuted hlfthe assdczated reductlon 1n CB?., erebral };fﬁs'fifﬂﬁ/f

’dlscussed 1n the prevxous_'éctlon our results, as well aSrrﬂng*

”'*those of others. ‘%oved CVR rﬁcrease 1n5assoc1at10n_ulth CBF R

o ..‘.




uftreatnent conblnatlon of 1ntfavenous phenylephrlne and
;ﬁsodlum nltropru551de 1n 1lpr071ng post-aneurysn surgery‘
fivasospasn and poor neurologlcal condltxon 1n 2 of 3 patlents;ffg

L

Phenylephrlne 1s ‘a sympathomlnetlc anlne vxth allost

';fpute alpha act1v1ty (348). It 1s a vasoconstrlctor of IOSt
'7~'g2vascu1ar beds 1nc1ud1ng puluonary, renal, splanchnxc and

fﬁpef}gperal vessels. Phenylephrlne alnost complete&y lacks

ffboth chronotroplc and 1notrop1c cardlac act1ons. Follovlng ]~;*

‘&_1ts admlnlstratlon,_pe;}pheral vascular re51stance

1ncreases, folloved by artnrlal_hyperten51on and teflex |

-{bradycardla. In v1tro, phenylephrlne has been found to be

ﬁlrelatlvel '&neffltlent in conttact1ng the cerebral vessels

~f;of'both hunaps and experxlental anlmals (168 3&9 350). In

.t¢9v1vo, 1t does t have any effect on the cerebral

:"i{ fpf[vasculatu e (351). Chlko#anl et al (352) found that CBF,pas ;:%“

S Lunafafcted by phenylephr1ne adnlnlstratlon 1n dogs under j




'n.(170 356 358 359). At present, lt 1s belleved that sodlul

'exc1tat10n—coutractlon conpllng by 1nterfer1ng Hlth both the

"-,nltropru551de relaxant effects result fron 1ts action on "f“<r'1f7i”

g 1nflnx and the 1ntrace11nlér actlvatlon of calclul (35“)-‘vfffﬂfffff

. Sodlum nltropru551de 1nduces hypoten51on hecause of 1ts
‘fjvasodllator property. The blood pressure has been found tor
1‘x:return to nornal Hlfhln 5 ninutes of the cessaflon of thg}.ltr

drug (170 355 357 358,360).,

e

In v;tro,_sodljm nltropr0551dewhas been shoun to

: relleve vasospasm d

(168,170). It has also been effectlve 1n rellev1ng cerehr

vasospasm 1n v1vo due to SAH both experimgnta}ly (170 177y

and cllnlcally (169)..Because of its vasodllator propertles

o Zbe effect1Ve An 1lproving post SAH CBF and surV1val.wf

jvasospasn. CVB, CBP and surv1Va1

e to blood, serotonxn and norep1nephr11f :r%*7r¢

',and usefulness 1n relxevan spasm, sodlun nltropru551de nay “Z_f*VT

f The éffects of the

S 4‘3




_ . e : ;oo S ”‘f_ ‘
.fyar}ﬂss ph131ologlc neasurements dur1ng the fLrst 4 flou

}'deternlnatlonsrg-;f]*'*hajfﬂaf"ﬂﬂgf;f‘gjf“Vifga&fa;f#if,?-ffj

”*fﬂﬁfor the SAHRx and SDHRx groups were 51n11ar to those

t-"

The pathophy51olog1ca1 responses followlng the 1nsult 55

“coccqrrlng 1n the 1 67 ll/kg SAH group.-I-nedlately £ollow1ng
'fgﬂfthe 1nsu1t (CBr (5), there vas a 51gn1f1cant decrease Ln "fﬁgg
‘”rrCBP,avhlch uas aSsoc1at°d Hlth decreases 1n CPP

*ff(51gn1f1cant 1n the SAHRx group). vas the case 1n the f:5”77

“”ffa1 67 ml/kg SAH group, thesa changes demonStrated dlsturbed -

\

Hiautoregulat1on follouxng the hemorrhage. CVR vas also found

"fQ;ngo be 51gn1f1cant1y elevated above restlng levels 1n these 2"*

ﬂ‘7treated groups. Thus, the post-lnsult rCBF reductlons uere g{x’
'"7g2_assoc1ated u1th bothfa:fallure of autorequlatlon and a CVR

-flncrease. Those experlnental anlnals not recelvingjaffffniﬂf'

"1e?jhemorrhage experlenced a n1n1nal decrease 1u rCBF at thiéjj;;:“

>°;t1ne?lCPP uas nornal and CVR SllghtIY increased. Thefcja;jf?f**

31ncrease vas slganlcantl&;abOvo restin“ 1eve1§ but as

f{;ifLT“;ﬂescr1bed 1n ChaptetmIII (Resulté), thls 1ncrease;1n lean

'~5§JfCVR and decrease in ean,rCBF were dueffl} 1n1la1 reductlomr;ff

"fofﬂrCBF 1n 2 of the?35an1nals. Hevertheless, the*lncrease

';;.CVR andedecrease 1nfrCB?‘of the SAHR: and SDHRx groups “e e{f




SAH (66 93 328). It 1s p0551ble that 1ou PaC02 values,kyhﬁt
dl least 1n part,‘nay be responsxble for the reductxon 1n7ff55iﬁf;f;f-
seen post SAH.;In th1s study, follov1ng correctlon forffpi _ﬂj{~p?”

o PaCOZ, we found that rCBF contlnued to renain reduCed.~_we

_/.

'3s§'effects of lov PaC02 vere nlnlnal and the rCBP reduct1 ns
seen vere nalnly a dlrect result of the ;ntracraniel 1'~ult.

He have already shoun 1n the prev10us study that rCBF i;S?fi S

‘\,.

low desplte nlnlual or no change 1n Pacozfxn the lover fﬁf»l

| ¥olume SAH gr°“PS° Furthernore, in the larger volune | H.o:kiltﬁT'.

groups, rCBF'remained reduced desplte a return to nor xl of‘;ﬁf:f\f

PaCOZ. Thus, 1n our studles, PaC02 changes played on-,uehfjfoiﬁfﬁff]

sual,‘part 1n post-SAH CBF reductlon,~u1th the na]or

contrlbutor belng the mntracranlalllnsult._p_,‘=-~‘“

ﬁ[fﬁﬂp_ Thus, the pathophy51ologxcleresponses to the in_ult 1n!fl,f~"

S f*tbe SAHR: and SDHRx groups, seen at t§; flrst post-l:v

‘_helorrhaqe CBR determlnat1%n, are 51l11ar to those t :t

occurred ln.t e

't67 nl/kg SAH qroup;'Because of these

“‘slmllarltfes

,pn the results for the 3_qroups, ue bel eve 7£}f%g“§f

'fhﬁthat ue can dlrecth compare the effects of treatn~ﬂ;

on ey

f2 insult treated groups ufth the results of the'unt'agted.fi:su



Allen (169), Brovn et al (175) and Heros et al (170).
r

Follov1ng ‘an approprlate reductlon 1n HaBP, ph nyi%phrlne

f‘uas started. He attenpted to elevate the HaBP to pre-lnsult

" I

L levels Hlth thls drug but,41n general, ue uere unable to do

Ma;so; even though phenylephrlne dosages 2 3 tlmes those used

Bl - >

by Allen (169) were embloyed- We did not °°"t1““e to

'Hf 1ncrease the phenylephrlne level beyond tth p01nt,.because

of the poss1b111ty of. rendl vasoconstrlctlon vlth subsequent
1schem1a.-Furthermore, sodlum nltropru551de has been found
to have only a veak vasodllatory effect on the renal :
vasculature, and does not provxdo adequate protectlon to the

klduey agalnst renal 1schem1a assoc1ated wlth arterlal ”l:”ﬂ‘ 

‘"fevthus concerned that furthor

e, vasoconstrlctlon; and thls, Ulth the effects of sod1um

S nltropru551de; desplte any p0551b1e 1ncreases 1n blood




- ~MrCBF renalned sxgnlflcantly lover than nornal and CVR

”}gta persxstent decrease (albelt Sllghf)oln rCBF durxng the

'7;fafter CBP (6), at a tlme vhen the treatuent vas already 1n

'32fgeneralxzed and dlffuse

;:gdeternlnatlons,'and 1n the other 2 groups for several of the

'ujCBF neasurenents. The etlology of the denonstrated decrease

‘ .

'1sllght 1nprovements noted<in'rCBF and CVR folloulng CBF (5)

< -

_vere felt not to be the result of the treatlent, bd( rather

5;“:to bg due to the progression of the 1nsult 1tse1f 51nce

Jg&fSImllar changes vere observed 1n the untreated 1 67 nl/kg

~ﬂ[trema1ned elevated 1n both theuSAHRx and SDHRx groups. The »Qg”"

'T;fln CPP was ‘a- conbxnatlon of decreased uaﬁP and elevated ICP. )

”ﬂfTSAH group.:Touards%the end of the expérlments, CVR 1n the\-f7f:;*‘

. «

4Q'SDﬂRt group graduafiy returned to normal desplte a

;V;per51stent decrease 1n rCBF. In the Rx alone group there‘yas f@?-.

: R T
;;;treatnent' CVR 1n thxs groug was hormal.

x./ﬁ\.w

Cerebral anglography follovlng the 1nsu1t uas perforned

,f

A',fprogtes&..hs uas observed in: the 1 67 nl/kg SAH group,ﬁg-"w“:

et

“ 1,

%rffSAHRx and SDHRx‘groups. Sinllar degrees of v1ﬂfa'ly observed:fdﬁfﬂ,:

’frcerebral vasospasn uere preﬁent 1n a11 experlnent anlaals ofj{;;gﬁ,f




' durlng the treatnent reglne and sone rnprovenent Ln

”"vasospasm vas seen but IDICA callber neasurelents renalned

;¢fuas no dlfference 1n the degree of vasospasn, elther

‘-snaller than nornal (51gn1f1cant for the SAHRx group). There\\\

"'Tijfobserved O neasured, betveen the SAHRx and 1 67 nl/kg SAB

o

't*r,”fgroups-‘ fﬂ'E?:f'fi;“ ]E-¢+;:ﬁp<:?;5~."*“i_;f-'f 779Lf

';'5gfspasm but IDICA dlameters vere Stlll snaller than pre—lnsult

v":.’or follovlng the treatuent.,«f

=

gt

The thlrd anglographic examlnat1on, perforned after the

N

'”fthafapy uas dxscontlnued demonstrated further 1nprOV9ﬂent lﬂ

i
v -

‘values.-xxj
No cerebral vasospasn or vasodllatlon uere deuonstrated f
" . L '_
'1n the Rx alone group at ang1ographmc examlnat"

ﬂ: durlng,
' On cessatxon of the treatnent reglne, CPP recovery was}fr7'

- .““ék
m'noted 1n the SAHRx and SDHRx groups. to Ievels slightly

"ﬁ;ibelou and sllghtly above norual respectlvely. CPP 1n the Rx;ﬂi;f}

ufalone group shoued a slight 1nprove ent, but renalned louer

':than nornal. These lmprovenents rn CPP resnlted fron a

A
r?covery towards restlng 1evels for both HaBP and ICP.

R

. In the SlBRx and SDBR: groups, rCBP renaaued P

'°'s1gn1f1cantly lover than norna‘ éollovxng the cessatlon of

A

':.;reatlent°

ithat oﬁ the:Rxfalone!group fell to belov the

AN



",_.-_

(signlflcant for the SAHR: group).“f;f,’e'

From our"results. 1t 1s apparent that the treatnent ‘”i1’9ﬂf

conblnatlon of 1ntravenous sodzul n1troprussxde and Qﬂf”

phenylephrlne Has not effectlﬂb 1n 1lprov1ng post~henorrhagei?ﬁji-

cerebral vasospasnfor rCBF.-‘ |

{,.“

the Rx alone group denonstrates that thlS xtEaxnent qu1le

mealrs autoregulatlon. The greatest decrea‘e 1n CPP 1n thrs; fﬁf;“

x gtcup durlng the studles

above the accepted lover 1f

18, e groups. It‘Lsfuell known that antorequ;

The tCBP reductlon 1n assoc1at19n v;th decreased CPP 1“'ﬂf3~“”




-~

’

B

nltroprUS51de vas the aqent réspon51ble for dlsturbed "

- ,J—— . e T PN : . e

) autoregulatlon, in the Rx alone group, and probably uas, -at - -

least 1n part, responsxble for the fallure of autoregula@aou'

-

1m the SAHﬁx and SDHRx groups. ﬁnf 'ﬂ:

- Ty Y

P

CrockArd et al ($71); u51ng rhesus monkeys, found a'

T—

' loss of autoregulatlon v1th the admlhlstratlon of sodlu%

. .

nltroprussxde. U51ng thlS drug to cause S 10% 10 20% and

20 MO reductlons in MaBP, they found that as MaBP was

~
<

reduced, CBP feli 1n an esseutlally 11near fashlon. A 5%

reductlon 1n MaBP uas associated ulth a~16 015 0% decrease

"_1n CBP. Ivankov1ch et al (363) reported that sodlun -

nltropru551de,\1n doses too snall to affect the perlpheral

c1rcu1at10n, and admlnlstered to the cerebral c1rculat10n 1n';

goats, resulted in CBP reductlons Vthh Here dlrectly

related to the dose glven. They also observed that, ulth

&

f recommenaed cllnlcal dosage of 1ntravenous sodlum

nltropru551de (3 8 ugn/kg/mln); arterlal hypoten51on

occurred and CBF renalned unchanged. Thls result uaslf-‘

‘”‘attrlbuted to the cereoral vasodllatory effect of the drug;

However, Hlth a test dose of ang1oten51on 1n the awake goat

A}

-

'rece1v1ng 1ntravenous n1troprussxde, both HaBP and CBF roseg_v'

conchrrently.’Angloten31on glven to avake goats notvv ,
\ S -

recelving SOdlUl nltropru551de shoved an: 1ncrease in’ HaBP

but CBF renalned constant. Ivankov1ch et.al (363) concluded;g

d' -

that SOdlul nltropr0351de not only had alcerebral

vasodllatory effect, but also 1npa1red autoregulatlon. Othertv

el e

;exper;nental 1nyestlgat;ons haye‘also delonstrated-the

!



ol

"“1npa1rment of cerebral autoregulatlon u1th sodlum'n

‘nltropru551de (172 36“ 365). ‘Brown’ et al (175) Studled the -

‘effects of sodlum nltroprus51de on CBF in patlents under o

"_lgyestlgat1on for varxous neurologlcal dlsorders. Those
'jipaflents stpected of hav1ng 1mpa1red autoregulatlon or
.{cerebral vasospasm uere exeluded from the study. They
vreduced the HaBP in ghase patients‘by 10 33% wlth
k'flntraVenous sodxum nltroprussrde in- dosages 0 27 u u
A}Augm/kg/mln, and found a mean CBF reductlon of 15 915 6»,
bi‘uhlch was 51gn1f;eently lower than normal thus demonstratluu

vautorequlatory 1mpa1rnbnt due to thlS drug. These.

1nvesthators suggested that sodlum n1tropru551de was\no*vas
o \

i,effectlve in dllatlng the cerehral vessels as it was ‘for \the -

perlpheral vasculature, W1th a resultant decr/ése'ln‘the

amount at carg}ac output to the cerebral c1rculat10n.f
/ . AN

\ v
1nt~rpretat10n of ﬁielr results.

A

" :

Grlfflths et al (176) reported on’ the results of the»_t
\

use of sodlum nltropru551de in patlents undergolng operatlvef

vcllpplnq of cerebral ar r1al aneurysns under general

i anesthes1a.’0f the 20 patlents studled, 19 vere cllnlcal

't_grade I and II, and 1 vas qrade III, u51ng the Hunt and Hess:_

‘fsystem; A nean HaBP decreasé to 67 2 nm Hg vas fou d

[representlng a uzx reductlon. The duratlon of the drug

flnfu51on was 17-93 nlnutes,_and the total anount glven 3 5—2'

/

_16 0 mg. Thelr Lesults, in general delonstrated a decreaser“

R

.Unfortunately, these authors d1d not report ICP, CPP or CVRvﬂ'f

- in thelr studles; parameters that vould be useful in the =;?“

.



‘grey natter CBF pa551vn1y follovlnq the blood pressure

(Y

“‘phenoperldlne, dro

| admlnlstered 1n doses of 80 300 Tgn/kg/aln caused CBP

- . . N Vo

[V

\/ ' ‘ ' ‘
'_1n CVR and preservatlon of grey matter CBF, 1nd1cat1ng

' 1ntact autoregulatlon. Hovever,'Ln patlents uho had elevated

grey flou prlor to the sodlum nltropru551de, a decrease in.

[hCBF uas noted followlng the drug admlnlstratlon. It was‘

'»;postulated by these authors that the cerebral vasculature in

& : »

’"Z:‘these patlents vas already maxlmally dllated resultrng in

(dlsturbed autoregulatxon).. ‘7_ o ',. '37~

[ S P

Stoyka et al (356) shoved in doqs,.anesthetlzed vlth‘

”thlopentone and ketamlne, that autoregulatlon renalned
‘1ntact to decreased arter1a1 blood préssure followlnq

L admlnlstratlon of sodlum n1troprus51de. With a reductlon of

X

CPP to 60 mm Hg, there vas 8% decrease 1n CBF. Houever,

"dfurther decreases\to 30 mm Hg ueﬂe assoc1ated ulth steadlly g

decreas;ngACVR,_malntalnlnq CBF at a stable 1eve1.

v&-“ h',-jv~~=e~

Akernan etlal (1 7) tound 1n baboons anesthetlzed uxth

_r1dol and ketamlne, that 7— 0 ugm/kg/mln

~

of sodlum nltropru551da 1nfu>10n was assocxated°w1th a.
stable CBF and a decreased CVR.'Doses hlgher than thlS level
resulted ‘in decreas;nq CVR and eleVatlon 1n CBP. Both of

these parameters returned to restlng lebels on cessatlon of’

.:'the drug{ With further dosage 1ncrease't//;0 80 uqn/kg/mln
n'slnllar results vere obtalned, but-on conpletlon of the N
lttherapy, 3 of 5. anlnals denonstrated steadlly 1ncrea51ng CEF

’;values, and 2 shoued decreaSLng CVR. Sod1un n1troprP551de

Vo o S . N
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'Hg,'w;th the dose ;angc 6-50 uqm/kq/mln of sodlum"

cow

l

wl e .k
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' lncreases and the anlmals d1ed fron severe ereversxble

i

hypotensrpn. These 1nvest1qafors concluded that f. ; ﬂ

autoregulatlon uas lalntdlned untll MaBP tell to about 50 lm

3

nltropru551de. ngher doses vbre accompanred by erratlc CBF

responsos and death of the experlmental anlmal.

MR E “'.

" ?’,' S J B . . | . g Ol . . ,

Inveétlgatlons u51ng sodlum nrtropru551de in* laboratory o

anlmals,/and in patxents u1th nlhor cerebral dlsorders, have

.

‘shown that thlS drug, 1m—general does not 1mprove cerebral

s

c1rculatlon. Purthermore, many studles, 1nclud1ng our'oun,i.v

”>1nd1cate that sodlum nltropru551de 1mpa1rs cerebral

T_autorequlatmonr'

| o e
Akerman et al (177),.as-a continuation'of their
¢

s experlnental studles in baboons, reported that c1sterna

l..~

.'Jmagna 1nject10u of both blood and serotonln resulted 1n

“‘improvement in cerebral vasospasa. -

;cerebral vasospasm, 1ncreasnd CVR and decreased CBF.

”Adminlstrat;on of sodlum nlthErusside in dosages 8-195'

ugm/kg/mln was assoc1ated with a decrease 1n,arter1al blood

pressure, reduced CVR, 51qn1f1can* CBF 1ncrea

e and rellef

erebral-vasospasm. Our results do not support these

drggsg He found a persxstent reductlon in CBF and

\

e increase};n CVR‘follov1ng both SAH.aud SDH, v1thpno

VAN B

I3 o . e

These confllctlng results nlght be explaln

na]or dlffesekces betveen the 2 experlnental 'odels. Akerman

v by the Sy

.0“' :

let al d1d not use phenylephrlne as a part of the therapy,-, }dl



'\:_. - R [ R

':and CBF calculatlon uas nade usrng the stochastlc (H/A) ;lddt:

‘uethod hovever these dlfferences are unlikely to cauSe the"

R

e

flarked dxfferences 1nth1 results obtaxued 1n the 2 studles.:

The dose of sodlum'nltro ru551de in_ our serles was 2 4 tlnes
:less than the 1ouest mean dosage in thelr work and the'h
7fdurat10n of therapy 1n Qur 1nvestlgatlon vas: t11ce as long7

as thelrs. The . SAH vas lnduced 1n Akerman's study by the'

.'1n3ectlon of 1 2 ml of blood 1nto the c1sterna magna of the

Ababoon, vhereas ue used 1. 67 ml/kg of. body velght 1nto the
¢

~gch1asmat1c c1stern of the nonkey. They did. not report the o

, type of- blood or whether 1t<was heparinlzed or. not. MaBP

-

'-'reductlon in Akerman s study followlng the 1nsult uas”,ff:"

51m11ar to that obtalned 1n our: studles/ but CBF reductron
ca S
u,and CVR elevatlon uere narkedly less dramatlc than observed
'1n our expernental preparatlon. Akernan demonstrated a CBF
..decrease ‘of only 5 ml/100gm/m1n represnntlnq only 12 5% of
hrestlnq value. In our nodfl mean CBF reductlon vas 33 d

'm1/100gm/m1n 1n both the j 67 ml/kq SAH-group and SAHRx

.group,'and 27 m1/1009m/n1n 1n the SDHRx group, representlng

‘f_60%, 56% and 56% respectively of the control values.._f
i'SLn;larly,‘they docunented a CVR 1ncrease of only O u CVR
ltunlts followlng the henorrhage,'whereas Ve found .CVER. '

11ncreases of greater than 1 0 unlts;_It 1s our bellef that

dlfferences 1n}the degree of 1nsult and 1ts assocxated\

v

k;ffects betueen the 2 experlpental nodels explaln the

‘ ﬁconflxctlng results. He contend that our lodel (exh1b1t1ng a

\:orertranatlonlnsult, greater decreases 1n CBF and 1ncreases
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© . in. CVR) more closely approx1nates the 51tuatlon occurrlng
c11n1ca1Ly, and. that sodlun nltropru551de (v1th:

phenylephrlne) 1s 1nadeguate 1n 1nprov{ﬁ% post-lnsult CBF

and.does 1mpa1r-autorequ1at;on.A"‘,' ”.j &
B S TR . " ) P . » . ‘ o Co P

-

' .;H;fas et'al‘(1ib), followlnq c1sterna nagna lnjectlon.
‘ﬂof 2 0 ml of fresh autogenous blood at a rate of 0. u nl/nln‘y
in the dog,‘found an acute reductlon ln the ba51lar artery
_callber to- a meah of 681&% (SFM) of pre- 1nsu1t value. Hlth
vlntravenous sod/um nxtropruSSLde u51pg a- mean dose of 3. 0

L AN

ugm/kg/mln they demonstrated, w1th1n 15 m1nutes,‘an 1ncrease;
41n dlameter to 961“% (SEH) of normal On cessatlon of the"
5drug,‘spasm returned v1th1n 30 mlnutes to the pre drug
v_,degree. Angloqraphlc exanxnatlon durlnq 1nfu51on of the‘drug'
"was performed anyvhere from 30 90 mlnutes after the
hemorrhage. Our observatlons revealed that the 1n1t1al y

vvasospasm, folloulnq the 1usu1t in the untreated 1 67 ml/kg

‘SAH group shoved some 1mprovenent at 5 mlnutés po>t-1nsu1t.>“'

"yf;The ﬁreatment vas not effectlve fh 1mprov1ng cerebral vessel

N 4callber beyond that occurrlng spontaneously vlth tlme.v;

»Kuuayama et al (367) u51ng the _same_mo mel ‘Heros’ et al e
U(170), demonstrated that "within the flrst feu hours" of the7r
ISAH. the ba511ar artery callber 1nproved spontaneously to

: more than 70% of control In these studles, 3 of 9 anlmals,

l

7after 90 nlnuth, had recovered vessel callber to ulthln 80-‘

.

It90% of control. He observed spontaneous recovery of IDICA

dlaneter to- 801&% of control 1n the untreated 1 67 ml/kg SAH
'5group by approxlnatély 173 nlnutes post 1nsu1t. Heros et al
' : s _ - ' NERS



(170) reported that SOdlﬂl nitropru551de vas effectlve in ;

1mprov1ng post-SAH vasospasn to a degree greater than uould

X L.

. ~\A‘

;if;have occurred spoutaneously. leferenFes betueen thelr dlﬁ

' dexperlmental model and ours 1nclude thelr use or.a snaller .
l‘fSAH volune and‘;nductlon rate, as well as an specxes
1d1f£erence- drug dosages uere srmllar.AThese factors nay be

reSpon51ble for ‘the dlscrepancxes betveen the results for'

. Jthe 2. serles. Heros' group d1d not measure CBF, nor dld they
: . R Lo B .
},jcorrelate the neurologlcal condltlons of the experlmental"

fdanlmals-wlth,vasOspésm,;l,” . _'ff-fgf ;?] _.p" ”;' . fft‘{
. Allen (169) has used the treafment‘codblnatlon of ‘
fsodlum introprussﬂde (2 5 5 5 ugm/kg/m1n) ‘and phenylephrlne:
(O 30- 0.38 ugm/kg/uln) 1ntravenously in 3 postoperatzve‘:-vbl

-g,aneurysm patlents that demonstrated 1ncrea51ng neurologlcal»T

,deterloratlon vlth assocxated cerebral vasospasm. With thlsl. :

'-gjtreatment, he reported 1mprovem'nt 1n the cllnlcal cond&tlon--:

’ and .a concurrent recovery of vas Spasm. One of the patlents
. developed ceTebral 1nfarctlon and dld not 1mprove wlth the;,

ftreatnent program.vHovever, close 1nspect10n of the cerebral

D

janglograns presented in- hls paper reveals that the reported
"dranat1c" 1ncrease 1n dlameter of the large cerebral

o .&.‘ .

. vessels vas not as narked as. he had 1nd1cated Inprovement

©o.in vessel callber of soue vessels vas denonstrated,,but
' others renalned unchanged or vere even reduced. The dlstal e

'Lcerebral vessels,.espec1a11yA1d case-z of hlS serles, do not ]g."

‘shov allev1ation of spasn. CBP:neasuronents were not

‘7pfper£or!ed- As previously.f”

f ssed in Chapter I



L . AR - N | * \.

(Introductlon), cllnlcal status 1s dlrectly related to CBF,*
I . | . ‘L‘
fand for a reduo¢1on in’ CBF to occur, vessel callber of the.

g large cerebral vessels must*be reduced by more than 50% of

‘- \

,the orlglnal dlameter. The allevratlon of spasm reported 1n'

Allen s serles, under these condltlons, does not appear t04

1-be solely respon51ble for the 1mprove1gnt in neurologlcal
'dstatu5° spontaneous recovery qf these'patlents remalnsga'"xu
p0551b111ty. As Allen admrts 'the selles 1s small,vtheh
correlatlon of cllnlcal 1mprovement and: observed spasm
dyallev1a+10n 1s 1nconc1051ve, and further 1nvestlgat10n-1nto

-

'”the effectlveness of sadlum n1tropru551de and phenylephrlne

a

as a, treatment regrme is needed Jf‘ 9_"-*,‘Hv-'g" S bf B

e

: He observed that ICP became elevated 1n the treatment

hserles (SAHRx, SDHRx and Rx alone) follourng 1nst1tut10n of
‘the treatment program, and remalned so far the durat10n°o{
_ the treatment. In general. durlng th1s sane post 1nsu1t tlme 7

»”

.perlod in the untreated SAH groups, no 1ncrease ln ICP was
N

“c:found. On cessatlon of the treatnent, &CP decllned but dldbg'

I

\ o
’not return conpletely to restlng 1evels 1n the SDH“x and Rx e

-‘

"'alone groups. Unfortunately, of the lnvestlgatlons 1nyolved

‘fv1th the relatlon of sodlum nrtroprussrde 3nd fn"Vi

"7f‘cerebrovascular henodynamlncs,-only several of them reported ‘

'ICP changes. As 1n our studles, Akerman et al (177) a&so

i report an ICP elevatlon v1th sodrum n1troprussrde that

jrecovered an cessatlon at the drug.,They also report CBF ld

' 1ncrease and CVR decrease wlth thls drug, thls vould,;ln
. ‘J ]

.;part, explaln the 1ncrease in ICP. on the other hand,_ln our«i.ﬁ'u

a.

FY RN



_inuestlgatlon, ICP va’s elevated vhen CBF remaxned lov and

6
/.

”TCVﬁ hlgb. Broun et al . (172), u51ng nltroprusside in. rhesus_

Qnonkeys, d1d not shpu any chanqe 1n ICP or CVR v1th thls N _3;-<%
v . ; C :

R -‘4drug. Other 1nvestlgatorf (36& 368 369 370) have reported

ICP elevatlon, 1n patlen.s and experlmental anlmals, '] ,llv o

» al (370) 1n cats,'shoued that after 10 15 nlnutes of

elevated ICP, 1t spontaneously returned to normal desplte

*‘contlnuatlon of n1troprussrde. Candla et al (36&)
, demonstrated uslng cynomolqus monkeys, that following-an
flnltlal rlse 1n ICP,,1t returned to an 1ntermed1ate level

o 1v1th1n 3 mlnutes. The 1ncrease was postulated to result from;fr"

2

'CVR reducthn, and 1ncreased cerebral blood v61ume due to f

g 2

: the cerebral vasodllatory effects of the drug._These authors
”'.con51der the use of. sodlun nltropru551de hazardous 1n states
S : € .
N H,of already elevated ICP. ‘

.
'

ICP 1ncreases found in our treatment studles most

R

lrfﬂlkely resulted from some cerebral vasodllatory effect of

‘sodlum nltropru551de. Thls effnct was not seen at cerebral o
S
anglography, and ‘thus must have occurred at the snaller noq-

.t

’vlsuallzed Vessel-lével..ﬁouever, although thls relatlonshlp

»‘7 Lo

may be 50351b1e, the overall effects of thlS drug 1n our

K]

Jtnodel uere not effectlve in 1mprov1ng post-lnsult CBP.

.:2,{'Instead,-1t 1npa1red autoregwlat1on and was d1rect1y

'respon51ble for the CBF decrease 1n the treated anlmals not

sub]ected to a henorrhage (Rx alone group)..



'group had- post—SAH rCBP levelsxthat renalned low 1n the'

'range 4~ 18 ml/1OOgm/m1n. These flev values are in the

”.ulthout reQOVery, un™

"the:surv1vors. ICP chanqes for the acutely dylnh

severe vasospasm than d1d the surv1v1ng anlmals.;”

. 270 ¢
/,f R g ‘)_." )

In the SAHRX group, 2’an1mals dled acutely. The IEan o

-neurologlcal grade of thls group at 5 hours was h and at 20,"

'hours all anxmals uere'dead. These surv1val results are

‘SLmllar to those of the untreated 1 67 ml/kg SAH group.1As

was the case wlth the acutely dyrng anlméls 1n the 1 67

ml/kg-SAH.group, those anxnals dy1ng acnjely n~the.SAHRx

reglon of the "crlt;cﬁ " flov level as dlsCUSsed prev1ously"

in'this chapter; In“ E anlmals, rCBF remalned lov,.

death.
A

- Slmllarly, those anlmals dylng acutely demonstrated!ﬁ‘f

; great g 1ncreases 1n CVR folloU1ng the SAH than\las seen in-

¥

anlmalej:j

lyere ‘no dlfferent from those of the remalnlng an;mals 1npthe
"TSAHRX group. All of the experlnental anlmals, except for 1?'l"
_had s1m11ar post—lgeult CﬁP 1evels.,The exceptlon Was 1‘A
- anlmal that shoved a per51stently 1ow cPp throughout the

-complete experlment. “,“f- : "‘} Iit;ﬁ-l,f Zj'-'w-r

-

'vAs vas. found in the 1 67 nl/kg SAH group, the acutelyn

'dylng anlmals in the SAHRx group d1d not demonstrate nore

i

i '_;_.
o

: Thus, lt appears that thos anlmals 1n the SAHRx and

h_1 67 nl/kg SAH groups that dled acutely (vlthln 5 hours on
'rthe 1nsult) behaved salllarly durlng thelr post-SAH

'deterloratlon. It was also shown that those experlmental



animals‘Surviving‘thethhournobservation'period%in theSe 2
groups were of 51nilar poor neurolog1ca1 status at the flrst

neurologlcal examlnatlon and uere all dead by 20 hours post-7
o et : ——

1nsult. Therefgre, our results demonstrate that the' _"'rgf
. - .

treatmont reglme ag sodlum nltroprus51de and phenylephrlne

y

-1s totally lneffectlvelln 1nprov1ng post SAH rCBF, CVR

vasospasm, morbldlty and nortallty.;

'ThevSDHRi'group 1n general presented a neurologlcal-- '

.statusfof gradejz’in both observatlon perlods, 51m11ar to“jl
‘the.behaViour“offthe untreated‘SDH anlnals. Agaln,,the
ftreatment¥regimeris shown to be ineffective.

‘Three anlmals in the inalone group were grade 2 after

o

5 hours. Two.vere dead at 20 hours and 1 was sacrlfled at'

h? aPprox1mately 10 hours. at a‘po1nt vhere there UéS“"@rkédt“

deterloratlon and when death appeared 1mm1nent. These-tineh;,h'

R e A‘(
perlods are taken in relatlon fo th

‘tlmlng of-the inSult‘inzﬂ

S
g o

t e

r\the other treatmont groups.»The pooruo tcomegof those
undergoxng an 1ntracran1a1 1nsu1t ralsed doubts as to the
_isafety of thls treatment reglme 1n cynonolgus monkeys.
However,:the anlmals 1n\the SDHRx group surv1ved both the A,{Eh
Tf 1nsult and the treatnent teglme. The experlmental anlmals of
,1 the Rx alone group vere 1n no physxologlcal dlfflculty
durlng the 5 hour observatlon perlod and. the cause of death

Ain all 3 cases could not be attrlbuted to elther the

L experlnental desxgn or procedure, a51de erm p0551b1e



jadverse effects of the treatnent reglme.; L

..the~11terature. Jack (371) reported the death of a

'normoxemla.‘The patxent subsequentlxpdeveloped resplratory

. }
]idevelopment of metabollc ac1dosxs 1n a- patlent underg01ng

dgstapedectomylvlth routlne qeneral anesthesxa and SOdlum

xfhé

[.
|

Tox1c and 1ethal effects of sodlum n1tropru551de 1n

- both patlents and experlnental anlmals have been reported ln'

A

r> ‘7-‘
m, :

"prev1ously healthy patlent followlng general anesthe51a of

vthlopentone, suxamethonlum,'nltrous oxlde and halothane,

”7dur1ng uhlch sodlum nltropru351de vas admlnlstered to obta1n5

g

"‘hypoten51on. Re51stance to the*hypotenslve effect of sodlumv‘p”

\

: nltropru551de was encountered and 1arger than Lsual doses

>

~overe glven. Follovlng the procedure, blood gas ana1y51s

*

f~demonstrated severe uetabollc ac1d051s, hypocapnla and

i 1

arrest and dled Hasﬂae and’ Owen (372) reported the‘

2
s

n1tropru551de for lts hypoten51ve effects._51m11arly,<;_,'

res1stance to nltropru351d° hypoten51on vas encountéred, and,f

Y 12

fthe dose was: 1ncreased The patlent's condltlon lD the

--.recovery room was poor, resplratlon uas rapld, and

PR

'1nvest1gat10ns showed severe- netabollc ac1d051s, nornal Pa02

RS

and zypocapnla in alsoc1atlon w1th lou standard blcarbonate.j"
cidosis Has treated effectlvely wlth blcarbonate and

'the patlent recovered Pertulset et al (373) have reported

-upon the deaths of 2 patlents undergoxng aneurysm surgery
_each of whom rec1eved qreater than."recomlended" dose of

.'tsodlum nltropru551de because of phy51olog1c re51stance to

1ts hypoten51ve effects.
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-
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Samllar problems have been encountered experlnen‘aify;p-
rcDouell et al (37&) us1nq baboons anesthetlzed uxth

,phencyclldane, halothane and nitrous 011de, andvlecha”rcally
1 o L ’

'fventllated found that in 4 of, these anlmals'hypotension iaS"

vea511y attalned vlth‘a nean dﬁse of 1. 2510 22 ng/kg/hr and a fﬁi'A

ltqtal dose of 26 Z&S 2 ag. of odlum n1troprussxde.-0n_r

'Vh;cessatlon of the drug, the bl od pressure recovered and thefi

vanlmals remalned stabl Four other baboons deuonstrated
'hr951stance to the hypotensrve effects of nltropru551de, and:
_ito obtaln the reqnlred effects, the mean dose was 7 291*?74
pmg/kg/hr and the total dose. 108 7129 2 mg. In these

pexperlmental anlmals the blood pressure d1d not recover on»”

fﬂcessatlon of the drug. Investlgatlons showed the presence of

'metabollc ac1d051s as vell as ac1dot1c CSF, esultlng from"_'f

.'ngocumented lactlc ac1dosls and anaeroblc letabollsu, CHROZ

’[calculatlons in these anlmals demonstrated poor oxygen'

“idutillzatlon. These baboons fared poorly.HOn the other hand,

~

_:the flISt group of u babOOns that showed blood pressure
urecovery vere found to have only m11d degnees of systemlc-

.metabollc and CSF ac1d051s and they d1d vell.

The common features of thes° cllnlcal and experllental

;1iobservatxons are re51stance to the hypoten51ve effects of

;7¢sod1um matropru551de, 1ncreased dosage and subsequent

'netabollc ac1d051s. ‘
' Sodlum nltroprussxde [NaZ[Fe(CN)S(NQ)] 232 ], 1n v1vo

is in1t1ally netabolled non- enzylatlcally by 1ts lnte-rﬁ.d’:“



”actlon ulth sulfhydral groups 1n red blood cells and other L
;tlssues, Ulth release of cyanlde radlcals (355 3751. Cyanlde‘
is detox1f1ed by enzynatlc Llnkage to sulfydral groups'v' |
'formlng thlocyanate by the hepatlc enzyme rhodanese;
If(transsulfurase) (376) Thlocyanate is removed almost
'exclu51vely by the kldney, wlth a normal half llfe ofv'
approx1mate1y 1 ueek (377)._If there is a bulld up of l ;l «v
ithlocyanate, it is ox1dlzed back to cyanlde by thlocyanate |

Efox1dase found ain red blood cells (?78)

Lyanxde is. a uell knoun p01son +hat dlsrUpts cellular T

'vresplratlon by c0mb1n1ng v1th Cytochrome ox1dase formlng a

'cytochrome oxldase—cyanlde complex. Cytochrome ox1dase plays a}"

:an 1mportant role 1n cellular utlllzatlon of oxygen, and

'when lnactlvated by comblnaflon v1 b cyanlde, cytotox1c-

. : '

"l hypoxla results leadlng to cellular dysfunctlon and death

t;q(379) Cytotoxxc hypox1a.refers to cellular hypoxla 1n the

'vpresence of a, nornal blood oxygen content. ﬂltb dlsruptlon

-

:of the normal aeroblc processesw anaeroblc metabllsm occurs,
‘resulting 1n metabollc ac1d051s. Levxne et al (380) have
|
" shoun tbat folloulng cyanlde admlnlstratlon to. rats,_
‘;sneuronal necr051s OCCULE.. They felt thls to result from hjwmh
'cyanlde 1nh1b1tlon of cytochrone ox1dase 1n\the central

'nOrvous system wlth ensu1ng celluar hYpOXla,\Uthh 1n turn ke

‘jfglves rlse toytlssue and CSF ac1d051sr

£

.f,It is- probable that the systenlc letabollc and CSF

,hac1d051s reported in cllnlcal and experlnental studles

u
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result from these netabollc changes. In the prev1ously

in metabollc ac1d051s from the effects of cyanlde

reported 1nvestlgat10ns, blood lactate, cyanlde and
thlocyanate levels uere ‘not docunented ’and only HcDovall et'

al (37“) reported lactate levels in CSF v1th sodlum

'nltropru551de. Nevertheless, these varlous 1nvest1gators

postulated that large doses of sodlum nltropru551de resulted
o

.accumulatlon Vthh was’ nost llkely respon51ble tor the

observed morbldlty and mortallty.

Our results denonstrate a progresslve fall 1n PaCO” for'

the 3 treated groups durrng sodlum nltropru551de

L

-“Hlth Sllght 1mprovement follou1nq cessatlon of the drug."
‘ ‘Small decreases in PaC02 vere found touards the completlon

'ﬁof the exper1nents 1n the 1 67 ml/kg SAH group and the

1

art1f1c1al CSF group, but not to the extent seen 1n the

'vtreated groups. All ‘3 groups 1n the treatment serles showed

F

'1ncreases 1n vt and RR towards the end of the studles. Thls.

f treated groups uere sllghtly greater than restlng but

was not seen in the untreated serles. The pH values for the

: renalned vlthln(/he accepted llllts of normal. Ihe

~_ assoc1at10n of hyperventllatlon and nornal pH leveIS*

,indlcates metabollc ac1d051s vlth resplratory alka1051sv9”

'conpensatlon.\ .-*,?:ft

SR
A “,f ,,v'-\ o

Lho anlnal in the Rx alone group that vas sacrlflced at

'flo.hours "post hypothetlcal" 1nsult shoved severe netabollc‘”

- . . . RN

‘admlnlstratlon (51gn1£1cant for the SAHRx and SDHRx groups), .

.

@
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”-ac1d031s that remalned uncompensated desplte marked
"hyperventllatlon. The remalnlng 2 anlmals in this group were.
dead ‘at 20 hours. on cessatlon of the treatment reglme, the‘
;arterlal blood pressure of these anlmals d1d not recover.

151m11ar f1nd1ng§1have been reported by McDovall et al (374).

.It ﬂhus app'ars that the poor outcome for anlmals in the Rx

alone group esulted from,the tox1c effects of sodlum -

Q T
nltroprussxde. -
‘d.

_h As documented 1n the Results sectlon, the dosage~of

,,sodlum nltropru551de, total dose and- duratlon of treatment
AN
were s1m11ar for all 3 treatment groups. .The dosage-

.(u§m>hg/m1n) and total dose'(ugm/kg) in our’stUdies uere:
_factors of 5—10 less than those used by "cDouall et al (37&)
in the babofns that showed recovery. Duratlon of therapy was'
asrmllar in the 2 1nvestlgat10ns. HacRae et a1 (372)
demonstrated the development of metaoollc ac1d051s in. a‘f;
'wpatlent Hlth re51stance to sodlum nltrdpru551de1 but
vrecelv1ng an amount far less than that glven to "recoveryﬁ’
,*bahoons,ln McDouall s*study. They belleved that patlent
d,response to the drug vas’ unpredlctable, but that adverse
ﬁ",effects appeared to>resu1t in patlents shovlng re51stance to;p

sodlum nltropru551de. In our serles, only 3 exper1menta1

t
s -

anlmals,‘1 1n each treatment group demonstrated relatlve ::_
re51stance to the hypoten51ve effects of sodlum
‘,nltropru551de. BRI 'i‘-;AV

']aghus} despfte the faﬁtt?hatﬂdeath-of‘thép3f@niﬁaisvinjﬂjff



'the Rx- alone group most. llkely resulted fran the tOXlC
"effects of the drug, ve have not been able to denonstrate an
;overdose of sodlum nltroprus51de, ‘or resxstan e_to\lts

hypotensxve effects. o

Vltamln B12 (hydroxycobalamln) has been shown to be a
»potent cxanide antedote (381). Hxlson.et al (382) commente¢
'that patlents vlth v1tam1n 812 def1c1ency from malnutrltlon
or other drsoraers are more susceptlble to the t011c effectsl
- of sodlum nltropru551de. Cautlon should therefore be 4
*utlllzed vhen u51ng nltropru551da in patlents Ulth V1tam1n.
.B12 def1c1ency (383). The tru° state of nutrltlon of our -
'nonkeys was evaluated by general appearance, Ualght,‘: |
hemoqlouln concentratlon anH phys1ologlcal measurements. The
3 monkeys of the #x alone group vere\from a dlfferent
':.shlpment of monkeys than those of th other treatmentu
Zgroups. Two of" the 3 anlmals velghed less than the overall

. mean of the other groups._Hemoglobln concentratlon 1n these

.2 was also lower than the accepted norm 1n the cynomolgus_v‘

. monkey. It 1s 1nterest1ng that these 2 anlmals were those

ha”rthat falled to shou recovery of arterlal blood pressure

_ VAR
—folloulng cessatlon of the treatmen+ reglme.”

4

I 1s probable that the lonkeys of the Rx- alone group

. 1

"were of poor nutrltlonal status vlth resultant def1c1ency 1n
gv1tam1n B12 as well as the cyanlde detroxlfylng enzynes. I

*lconclude, therefore, that the denlse of these 3 anlmals most
’ .

'.probably was due to the knovn tox1c effects of sodlum.
/o
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N\
nit:oprusside. ' .-
There has been no conclusxve ev1dence that SOdlum

blnlttopt0531d° alone, or -in comblnatlon vlth phenylephrlne 1Sm'

‘efféctlve in 1mprov1ng post SAH cerebral vasospasu, CVF,;C F‘

'-.and outcome Our results demonstrate that ‘the treatment

1

'.reglme of sodlum n1troprussxde and phenylephrlne not only is
_1neftect1ve, but also dlsturbs cerebral autoregulatlon, and

‘that the toxlclty of sodlum nl*ropru551de is an ever

prOblem.  .-'} | C _:WT

'ent~”
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He have studled the pathoph751olog1cal respoxsesvtol
.lncreaSLng v lumes of subarachn01d blood in an attempt to
ldetermlne some of the factors respon51ble for the hlgh
amorbldlty and mortallty folloulng SAH. Our 1nvest1gatlons
“have sgdun that "poor outcome“ subseguent to 1nduced SAH
results from decreased rCBF,_resplratory centre dysfunctlou.
and poor oxygenatlon, elther 51nqﬂy or in comblnatlon.
‘fReduced rCBW followlng the lnsult uas a conseggence of
__elevated CVR and dlsrupted autoregulatlon. The etlology‘of
uflncreased CVR was: in the maln due to. dlsturbances of the'

fcerebral m1croc1rculat10n. Cerebral vaSOSpasm followlnd the .

o

SAH - vas 1nvolved, but was shovn not to’ play a ma)or role 1n

rvga:CVP changes. ResplrJtory centre dysfunctlon vas demonstratedff

-
by the occurrence of apnea and hyperventllatlon follov1ng .

"jgthe 1nsult' thls cond1t1on was shovn to result from ICP

?”changes durlng and folloulng tne SAH. Abnormal blood

‘otygenatlon uas occa51oned by the development of phy5101oglc
=

pulmonary shuntlng and NPE subsoquedt to ICP elevatlon. s

These factors, elther 51ngly or 1n comblnatxon, are’at

- least in part respon 1ble for a poor outcome folloulng SAH.DV

fother factors, such vs cerebral uetabollc changes subsequent'
- to: SAH, are nost llk'ly 1nvolved but vere not 1nvestlgated

Vin thevreported;stulles.'

A p0551b1e le_hanlsm by vhxch the several noted factors

IOttalltY of SAH(AR) 1s as follous-““”

) BEEE

are involved lnithr
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o resplratory centre dysfunctlon follovlng SAH is knoun to
-occur (because of the subanuent resplratory pattern

”abnornalltles). Furthermore, from prev10us vork 1nclud1ng
_ o .

out oun, death follov1ng SAH is 1n1t1ated by resplratory

";arrest and then folloued by cardlovascular decompensatlonai
lThus, subsequent to SAH, 1"rCBF reualns decroased and 3v”fy

‘hypoxemla per51stent, cerebral 1schem1a and hypox1a wlll |
reSult, addlng 1nsult onto 1njury of the resplratory centres

: ulth suosequent'cessatlon of functlon and death._ ‘

)

Another p0951ble mechanlsm for mortallfy folloulng SAH
-1s the development of per51stent cerebral 1schem1a and -

zhypoxla leadlng to cerebral edema, ICP elevatlon and

, 3

'chrebral‘compre551on.'If not allev1ated 'these events u111
‘contlnue in cycllcal fashlon ulth subsequent deeompensatlon"'
.fof v1tal centres and death ,4,531\_§b?vb5 S ””n,’t-;fi

_ : S . ) . f)'_:."i".
In fhe present uork ve also studled the effectlveness

'of the treatnent comblnation of sodlum nltropru551de and
L
phenylephrlne 1n 1mprov1nq post SAH reduced rCBF,~eLevated

e - IR PP

dCVF _cerebral vasospasm ‘and surv1val Thls treatnent reglma'f"‘

iwas found to. be totally 1n=ffect1v In addltlon, ve<found‘ jf””
“fthat thlS drug comblnatlon not only dlsrupted cereoral

'autoregulatlon but was also lethal to some of our :' 7'T; b

t.

§

,experlnental anlmals. These adverse effects were . nost llkely

;due solely to sodlun nltropru551de.

In the c11n1cal 51tuat10n of SAH, deflnltlve efforts

'should be nade to reduce ICP, to 1nprove cerebral perfus1on

e Lo . . et e . o D
W e ST AR P8 : ST SR
’ - B . et g

e B B



»Uand'toAmaintain adeguate oxygénation..For the reduCtion‘of

‘s

flICP, hyperosmolar agents, barblturates, hypocapnla and total j

-body coollng should be 1nst1tuted if 1ndlcated The
_]developnent of hydrocephalus followlng SAH- should be:‘v
charefully monltored and 1f present relleved by ‘a shuntlng
f‘procedure.;Reductlon of ICP will 1mprove cerebral perfu51on.
:As\descrlbed prevxously other modes of 1nprov1ng post SAH
‘pxcerebralgblood flow have beenvattempted but at present a.
.!;deflnlte effectlveness of such efforts has not beem

:demonstrated. Volume expan51on 1n comblnatlon wlth arterlal
'hyperten51on has been shoun to ‘be - effectlvelln 1mprov1ng
»rreduced rCBF followlng experlmentally 1nduced SAH,'as vell

.as 1n patlents v1th a deterlorated neurologlcal condltlon

.post aneurysm cllpplng. Houever, thlS form of therapy in. thc:

T

‘ early perlod of patlents ulth SAH(AR) could bj hazardous.;eij;

@@eguate oxygenatlon and tracheo bronchlal care- in

e WL T -

T“r\Jpatlents ulth SAHiAR) is. mandatory. If pulmonary shuntlng

' and NPL are. present, oxygen admxnlstratlon, mechanlcal T

.."’

a ventllatlon and PEEP are. the only means at present for tf”wf;f

acombatlng the problem. ﬂovever, Hlth mechanlcal venllatlon

1”and PEPP, one runs the rlsk of 1ncreasrng ICP.

From these lnvestlgatlons, ve have documented that

\\Eodlun nltropru551de can be a dangerous drug.,It contlnues

to be used freguently in patlents for 1ts hxpoten51ve
effect, espec1ally 1n neurosurgery.lﬂe suggest that vhen 1t

-

1s used,,adequate assessment of the patlent S nutrltlonal

. R .o B . SR S R -

IR

¢




"status, renal and hepatlc functlon and v1tan1n B12 leﬂels be

made.- pec1a1 precautlons, 1nclud1ng observ1ng for p t1ent'
re51stance to 1ts hypotens;ve effects, total dosage and rate
e

of admlnlstratlon, should be taken durAng the admlﬂlstratloniv

- of sodlun n1troprussxde.

_For the future, further research needs to ne 1n51tutea"“

to unravel the etlology of ele&ated CVR and reduced CBF

/T

- .
follov1ng SAH 1n an: attempt/to develop a. therapeutlc krogram

‘to 1mprove these parameters for better surVLval. Volumo l

~.expansxon and controlled hypertensxon, in assoc1at10n Hlth -

'iantlflbrlnolytlc agents, althouqh hazardous, may yleld good

e’results in patlents ulth recent SAH(AR) 1f used )ud1c10usly.

4 . i . . .
g R L . . .

The mechanlsms respon51b1e for thf devolopment of NPE
/o
followlng SAH nbed to be eluc1dated,‘and treatment of thls

el

condltlon requlres detalled study. T

The present uork has been dlrected tovards the

' Outstandlng problems of uorbldltv and nortallty followlng

-

-“SAH(AR). The prlnc1pal results of these 1nVestlgatlons

'1nd1cate the 1nportance of ICP, CBFL'rESp1ratory pattern ana

1

S

.

oxygenatlon, elther SLngly or in comblnatlon, 1n determlnlng_f

“the outcome folloulng SAH. t xs to be reconc1led that nany

Other_factorS'could als

[

-,lay strateglc roles.:?’

thle ansvers to some of the questlons 1n1t1ally posed

IVhave been found,»others remaln to be clarlfled. In(fact,'h

N

viany nore questlons are now ralsed in the vrlter s nlnd

b

it
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Coﬁgernfng'phe phenomenpn ‘of SAH.
e e : . - . - :

ot _ . : 4
It 1s hoped that some of the questlons both 1n1t1ally

4

posed in. thls the515 as vell as those that have arisen as a"

result v111 be 1nvest1gated by future research workers.
"ﬁt‘\”' - e S '
boeg

» . ' -
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‘ \'Figuréﬁ22 Latera] cerebral ang1ogram show1ng pos1t1on of common caro-f
AR - tid artery catheter, with its tip at the origin of the in- - 2

;;,__ + ternal carotid artery; and the aneurysm clip. occ]us1on of
\\ ' the externa1 carot1d artery at its or1g1n
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..\ Figure 24 (c): Post-SAH (164 minutes) Yateral cerebral angiogram for the
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Figure 33 (b):  Post-SDH (42_m1’_nute's).;]"a cereblfvfal’.angjograh for the 1.67
s - mi/kg SDH.group. - NS . ’ o -
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‘Figure 33 (¢): Post-SDH (163 minutes) Tateral cerebral angiogram for the 1.67
s - ml/kg SDH group. L e e Y .

o



361

S
./'.
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Figure 39 (c): " Post-insults (166 minutes) lategal angioaram'for - . .
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Figure 43 '_(a) : Pre-SAH Tateral cerebral angiodram for the 1.67 ml/kg
ST group. : S ST



‘FﬁQUfe“43'(b):
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"Latera] cerebra] ana1ooram for same an1ma1 as-in- F1q-

ure 43 (a) just prior to alutaraldehvde nerfusion.

. S1tes marked are areas .at wh1ch the cerebra] vesse]s
Awere stud1ed at F M.. - _ oo
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éfFiQUre:44f Arter1a1 u]trastructure of the PPA (nrox1ma1 ner1—a :'_>
o ' callosal artery) for 'the 1.67 m1/kg SAH oroup at R
5 Qame an1ma1 as in F1gure 43 R s

( ) Marked 1nt1na undu]at1on
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i”(a) M1n1ma1 1nt1ma1 undu]at10n
’(b) Nor a1 med1a muscu]ature '
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: .Arter1a] u]trastructure of the IDICA . (1ntrédural>
internal’ carot1d artery) for the art1f1c1a1 CSF
igroup. -

v



* Figure 48:
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H1sto]og1ca1 sect1on of pu1monary tjssue from an-
animal 1n ‘the art1f1c1a] CSF group Normal lung. )
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" Figure 51:

Pre and post- SAH rCBF VC (vessel ca11ber), CPP
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Figure 55 (a) . Pre-SAH -]a"ce_ré] ,c"ereb_'rﬂ ‘angiogram for .fﬁ,éi;SA}.{R)’( érou"p i S ‘\
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: ".ﬁ;gUre” 55 .(b)w_: - Post-SAH (65 minutes) lateral ’c'ere'bra,]'v'an'g'i"ogramk for the
S SMHp group. o o



Flgure 55 (c) Post SAH (207 m1nutes) 1ateraT7¢erébréiﬂah§idgfam'forfthé
: SAHR group S e Ty
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‘, F1gure56 .

Histo16§{¢éfzseCtion of pUVnonary ‘tissue from an -
animal in the SAH,_ group - monstrating moderate , »
1ntra a]veo]ar ang 1nterst1t1a1 edema R

Vool
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F1gure 57 H1sto]og1ca1 sect1on of pu]monary t1ssue from an

, an1ma1 in the SAHRx. group that died immediately

following the insult demonstrat1ng moderate hem-*
.:orrhag1c 1ntra a]veolar edema

% .
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Figufe~58::‘Histo]ogical sectidniof‘puTmonary'tissue frbm an
S . animal in the intracerebral hémorrhage-group’dem--
. onstrating moderate intra-alveclar edema. - 3
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~ {CBF mi/100g/min (IS1)

Ve (mm).

CPP (mmHg)

' -_ Pacoz(m}ﬁﬁg),. .
R .
o

. Figure 60:

80 -

60-

" Sodium Nitroprusside &
; » Phenylephrine: - S
. SDH .. - SDH1.67mi/kg . '
. . . . n=6 " . Lo
- I=SEM: -

<‘R; ‘start

. =R, stop

2.01
. ._1.6-
12{
o8]

1204 -
100+

60{ -
404

gof . ¥ . |

Pre and post-SAY rCBF, VC‘(vessel caliber), CPP
_..and PaC0, in the SDHp, group. ..~ = . .
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“Figure 63 (a): Pre-SDH Tatera® cerebral ‘angiogram .f_'o'_rwthe-_ SDH Rx. grbdp. |

3



- Figure: 63

(b)

)

P'OS'C-S,XD_H'- (77. m'1'und'\cjes)

[

lateral cerebral angiogram for the

Lor
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 Figure‘63v(c)

Post -SDH. 21£ m1nutes) lateral Cérebra]~ahgio§réh for

SDH RX group
 M



[N . . : . . L

’

Figure 63 (d): Post-SDH' (25_8 minutes) lateral cerébral _‘a'ngio,g'rva'r'ri for th.e'-
.~ - SDH Rx group.. - T

!
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'.F1gure 64 H1sto1og1ca] sept1oﬁ of pu]monary tlssue from an’’
: an1mq1 in -the SDHRx. group demonstrat1ng moderate BT
. 1nterst1tJa1 edema. o _ _ R
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Figure 68 (a): Pre- hypothet1ca1 insult' 1atera1 cerebra] ang1ogram for
L  the Rx alone group. :

Lo
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F1gure 68 (b): Post hypothet1ca1 (75 m1nutes)
_ : Z gram for the Rx alone group

e,

v

lateral éefebré] angio-

L3



- Figure 68

(t):_Post4hyp6theticé&;féf5'minutes)
' gram~ﬁor the Bx aTape group.
. . : { .:,.’ @@ g .

Tateral cefebral‘angﬁo—.v""
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Figure 68 (d)
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PoSt—hypéthetita]q(Zﬁo minutes)
“gram for the Rx .alone group.

lateral gékébral'angi
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o Figure 6§ ,(?): _P'r"‘e—‘SAH_ 1a‘.te?‘a].“ ce;rfeb?al arigiogram for. the SAHp  group. S

A . » A



Figure 69 (b):
N  fJ.marked are areas’ at. wh1ch the cerebra] vesse]s were Stud-u
.r;-'led atEM . h the, ceret "

b3

Latera] cerebra] ang1ogram for same an1ma1 as in F1gure
69 {a) just-prior to g]utara]dehyde perfusion. £§1tes
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Fig¢re 70 Arter1a1 u]trastructure of the DPA (d1sta1 per1-'
\ - callosal: artery) ﬁoy the SAH & "group. ‘

_:.ﬁ ',f7 , @a)s*(b); Marked 1vt1ma1 undu]at1on o »”':.¢ :";:_~- ,»’“.

B



“(c): Markedly contracted media muscul a_-tdre‘



Figure 71: Mafked1y~00ntracted media muscle.cell with kinked-
s nucleus from:the DPA {distal’ per1ca1]osa] artery)
of an an1ma] in the SAHR group

3.
1
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Figure 72(a): Pre hypothet1ca] 1nsu1t 1atera1 cerebra] anglogram of an.
L ' SRS an1ma1 ;in- the Rx a]one group

o
‘.r' - . L. .
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: F1gure 72 (b) Latera] cerebra] ang1ogram of the same’ an1ma1 Just pr1or
_ L -to glutaraldehyde perfusion.

Sites marked are areas-. at
wh1ch the cerebra] vesse]s were stud1ed at E M
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Figufe 73 Arter1a1 ultrastructure ‘of the IDICA (ihfradural S
© o 77 internal. carotid artery) for ‘the Rx alone, group R b
(a): M1n1ma1 1nt1ma1 undulation = - S . IR

~(b) Mild contract1on of the med1a muscu]ature

RN
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Figure 74 ; H1sto]og1ca] sect1on of « pu]monary ‘tissue from an.

animal in the Rx alone group demonstrat1ng horma]
1ung t1ssue o
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1.67 ml/kg s o e BRI N

2.0 mi/kg BT a5 5.0

6T mikg 2 B T
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GROUP,

SAH (ml/kg) -

ol

,4'; ..
1.33

167

2.0

- SDH (m1/kg]\

1.67

‘

2.0

ARTYFICIAL

- CSF

K
s

SAﬁ Rx

SDHRx

. Rx alone

Table 18:

carot1d artery, MCA - m1dd1e cerebral artery, PPA -.orox1ma1

-per1ca1]osa1 artery and DPA - distal. ner1ca1105al artery)

. N
.! = /
) !
Y
~ A}
IDIcA R . o DeA _
] T 1 1 -
1 O 0 S0
3 2 3 R o
.\'- - . ) ’ .
- - .\ = = . B ' : o
~ ™~ |
] 0 0 - SN
S R, 1 0 1 -
. - 2 3 3
— \ :
- . - N -
A 1 . 1 1 ) )
Degree-of vasocdnstr} i A of cerebra] vesse]s stud1ed at’ E M
‘for ‘all groups " in this stde (IDICA - lntradural 1nternal
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