A

{

DATED/DATE,

437004

=3/ <01226=7

% S
{“ing’i,,, Nation ol Library  Sibdinthdque nationat e CANADIAN THESFS HESES CANADIENIES _
va R of Canada du Canada UN MICROFICHE SUR MICROFICH ' ’!
. «
.
o ’\E <
\
. ; ‘
w» )
/
{ 1
f . !
. (:4 . »
NAME OF AUTROR/NOM DE 1 AUTEUR. é‘} e ’Zﬂﬂé,/ AU g
! L - . p PR ’ =
TITLE CF THESIS/TITARS DE LA THESE A ”C' “Mm 2 //zfu_#) v (el T o \>Uémgc Aaee o4
. ’ / /’ ) , ‘ n
N //C e r//1a7L —rLﬁ M’ (jﬁp/'?;)/?L() / ‘,;3_5:_5 ] —— — e .

v

UNIVERSITY/UNIVERSITE,

DEGREE FOR Wiii(

ICH
GRADE POUR LEQL:

VEAR THIS DEGREF CCN}'ERREb/ANth‘ D'OBTEN7ION DE CL GRADE

NAE OF

&~

“.; . o . . l .
CANADA ‘0 microfilp this thes;s and to lend or sell copies

of the {ilm,

Tne suthor teserves other publication rights, and neither the

hesis nor extonsive extracts frem it may be printad oi other-

“

wise reproduced without the author's written rermission;

M

¢ OF TTE ThESE FUT PRESENTEE

SUPERVISOR/NON DU DIRECTEUR DE THESE

11 'E‘“L, WAS PRESENTED/,

OUC"’Yopl

V‘ﬂ/Z/u('(fS’//q O\’1 /’/5[, (o . -
N I " ) )
WAAYS .
9,‘.
/ 74_’ Z — e

\‘Per(hission is hereby granted to the NATIONAL LIBRARY OF

/

PERMANENT ACRISS/RESINENCE F/Y[

SIGNCD/S/IGNE ' (

Af : QQMTQ B

L’autorisation est,

. de préter ou de vendre des exemplaircs du filn.

/

’/

par la présente, accordép A la BIBLIOTHE

*

QUF N.{\T/ONALE DU CANADA de microfilmeg cotte thase et

v

. 4 .
L'auteur se sdserve Jes autres droits de publication: a:i [z
théseni dz longs extrafis de welle-ci ne dojven: étro imp. ings

ou awrement reproduits sans /;aytor/‘sation écrite de 'guteur.

J(//nx

//<75§ Q/V/(/!(ﬂf/ry /40(7

7,
/':0/)10/’/0/\ /ﬂé Nr{ e

NI-9 1 18-74)

L

TCu 1Y)
J




l * - National Library of Canada

Collections Development Branch

Canadian Theses on

Microfiche Service "‘sur microfiche

NOTICE

The quality of this microfiche ‘is heavily ‘dependent
upon the quality of the original thesis submitted for
microfilming. Every effort has been made to ensure
the highest quality of reproduction possible. :

.. ’ . N .o
b pages are missing, contact the -university which
granted the degree,

{ Some pages may have indistinct print especially
if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopf).

Previously copyrighted materials (jourhal articles,
published tests, etc.) are not filmed.

Reproductidh in full or in part of this film is gov-
“erned ,by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Please read the authorization forms which
accompany this thesis.

: ~ THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

Ottawa, Canada ¢
K1A ON4 ‘

Service des théses canadiennes’

Bibliothéque nationale du Canada
Direction du développement des collections

"AVIS

La qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au microfilmage. Nous -

-avons tout fait pour assurer une qualité supérieure

de reproduction.

S’il manque des pages, " veuillez communiguer
avec l'université qui a conféré le grade.

La qualité d'impression de certaines pages peut
laisser & désirer, surtout si les pages originales ont été
dactylographiées a I'aide d'un ruban usé ou si 'univer:

- sité nous a fait parvenir ‘Une photocopie de mauvaise
*qualité. - ' ‘ :

. .

Les doduments qui font déja I'objet -d'un droit
d'auteur (articles de revue, examens publiés, etc.) ne
sont pas microfilmés. ) o '

La reproduction, méme partielle, de ce microfilm
est soumise a la Loi ca dienne sur le droit d’auteur,
SRC 1970, c. C-30. Veuilles prendre connaissance des
formules d’autorisatng qui accompagnent cette thése,

LA'THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'’AVONS RECUE



\ .
4

THE \UNIVERSITY OF ALBEETA

x

- THE PATHOPHYSiOLOGY AND TREATMENT OF SUBARACHNOID

, HEMORRHAGE IN THE CYNOMOLGUS MONKEY
. ' | BY

@ WILLIAM LEGGET RITCHIE

'S ‘ ‘ . N ' a i&&

) !~ A THESIS
SUBMITTED TO THE PACULTY OF GRADUATE STUDIES-AND .RESEARCH
IN PARTIAL FULFILHENT OF THE REQUIREMENTS FOR THE DEGREE

OF MASTER OF SCIENCE
IN EXPERIMENTAL V'RADIOLOGY

o | DEPARTHENT OF RADIOLOGY

EDMONTON, ALEERTA

FALL, 1979



P

THE UNTVERSI}Y OF ALBERTA
FACULTY OF GRADUATE STUDfES AND RESEARCH -

The undersigned certify'that they have read, and recommend
t? the Faculty of Graduate Studies and Research, f;r acceptanéé,l'
a thesis entitled THE PATHOPHYSIOLOGY AND TREATMENT OF SUBARACHNOID
HEMORRHAGE IN THE CYNOMOLGUS MONKEY submitted by WILLIAM L. R'ITV(:,HIE" ~

in partial fulfilment of the-requi;éments for the degreé,of Master

. of Science in Expgrimeﬁta]lRadiology. | | ,

---------------------------------

-----------------------------

Date ... W(5 ..... S 1979



AQSTBACT'

The effect of a treatment reglme comprising: .
hypertensmon induced with dopanmine, volume expan51on uslng
autologous blood and human serum albumin, and ventllatory
support om the pathopn151ology.of subarachnomd hemorrhage.

(SAH) in a cynomolgus monkey model has been studled. Two .

experlmental groups, a pllot group and maln treatment group

i

wlth a total of 22 monkeys are reported The anlmals from ‘.

: !i

the main treatment group with SAH are compared wWita a
comparable group of g.animals previouSly‘studied in this

labOratory.'Cerenral blood flow (CBF), vessel calibre,

1ntracranial pressure (ICP) and other pertinent»phys;ologic

parameters has been measured during all experiments.

Besults reveal a smgnlflcant 1mprovement in morbidity
~and mortallty of the anlmals treated post—SAH compared to
the untreated group. The 1mproved survmval is a55001ated

wlth return of CBF and vessel callbre towards- pre- SAH 7[

-

levels. The contrlbutlon of each treatment parameter to the-

¢

overall efflcacy of the treatment regime is not demonstrated

_1n the study. Linear - regressmon analy51s of vessel calibre

in relation to CBF reveals a. poor flt, desplte adjustlng for‘

changes 'in blood pressure, central venous pressure, and ICP.
This supports the hypothesis that.mlcrovascular changes have
a major role in the control of CBF poSt-SAH'Hhen moderate
vasospasm (30 - 35%) is present.

.Despite the increased CBF in the treatment,group

(3
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A

cbmpared ‘to-'the, "control" group, an increase in cerebral

~perfu51on pressure wlth treatment compared to. the "control"

grouP 1s not Seen. ThlS suggest that the. beneflt of the
treatment reglme may be the result of positive 1notrop1c
reffects on the neart or a local® eifect on the cerenral
yasculature.‘The 51gn1f1cant contrlbutlon of - ventllatlon to

the overall surv1v%£ is acknowledged.

&



»ACKNO?LEDCEMENTS

Flrst I would like to 51n6erely‘thank Dr. Tom OVerton
for his patlence adv1ce and cr1t1c1sm throughout thlst
1nvestlgatlon, and . for edltorlal comment lD regard to tnev
manusgrlpt I am 1ndebted to Dr. B K. Welr, Dr-QJ D._Mlller,_
\and Dr. B.C. Lentle for the opportunlty to work 1n thls

laboratory.

I express oy apprec1at10n of the competent technlcal

assrstance and technical adv1ce glven Hy ‘Mr. Stanley Bara.
\\A N

v s

I\also take this’opoortunity to thank ‘the foliowing:’

br. M., Grace for ais statlstlcal consultatlon and
a551stance.

Dr. Don Boisvert and. Dr. Charlés-RothbeBg r ayvice

~ ’

and encouragenment.
= . /

All the resource and auxiliary staff working in areas
. assoc;ated wlth thls research laboratory 1nclud1ng. Mr. Paul
Barrow, Ms._Sharon Page, Dr. Devidas Menon, Dr. Rlck Snyder,
..# Dr. chk Smlth Dr. Gordon Blinston, Mr. Peter Van Moll, Mr.
: -
" Isao Yamamoto,‘ﬂr. -Narce Ouelette,.ﬁr. Bob Heath, and Mr.
Rod Haaretad for their time; co-operation, and/orﬁequipmeht.
The‘vivarium‘and SMKEI steff} in particular Dr. D.

Secord and Mr. Ted Germ 1ne, for adv1ce and aid in the

, acgu;SLt

n, bleed1 g, and care of the anlmals Stﬂdledr

“vi



‘Mrs .‘nllzabeth d%vey and is. Darlene Dreger for the

EOAY
¥

cheerful typlng of the prellmlnary drafts of this

Danuscript.

L

- M"s 'Pat'Cartwriéhtb,Mrs. J Dakin, and Dr. K. Halker

\\ for adVLCe and ald in regard to transfu51on of the monxeys

- :and chemical analysis of the serun samples.Q
~ . ( : . ‘;
Mr. carl Veollrath for aid in maintaining and upgrading
the radiology equipment in this laboratory.’
The technologists in.the neuro and cardiaCareailbf the
department of Radiology at the University Hospital Zor their

attentive care in saving used catheters and other materials

which were later employed in this project.

« Flnally, I thank ny wife Beverley Anae for toleratlng
the many early mornlngb, lateenlghts, and trying moments

while llv1ng with me durlng this work.

vii



_ TABLE OF CONTENTS
.Page
| | )
CHAPTER ONE: INTRODUCTLON ..;..;.....,}.;.;,,;f.;_-;.l.l 1
I ANATOMIC 'AND PHYSIOLOGIC CONSIDERATIONS ovwwew..n. 3
II NATURE AND ETIOLOGY OF VASOSPASM -.........,.1;.,-‘6
II; CORBELATION OF VASOSPASH RITH rc?f' MORBIDITY J
© AND MORTALITY .....;;-.....;.........,....;,..... 8
IV TREATHENT OF SAH sueveceaccenSencdenmmmmmenneonns 11
" 4. Gemeral Treatmem;'fsﬂalities ..,....;.....;. 11
B. Treatment‘uith,ijertenSion,and Volume |
vﬁxpansion ..,...f;.......,......;.;.;.,;.... 15
V RADIOGRAPHIC CONSIDERATIONS ;._.;...;.;.;........ 19
CHAPTER TWO: MATEBIAL AND METHODS ....;....b............ 21
I ANIMAL PREPARATION ...,.‘............-Q...-...... 21
II SURGICAL PBEPARATIONu.....,.;...-.zfg-,;e.w-,-.-. 24
III 4ETHOD OF INDUCING SAH T S U
IV ANGIOGRAPHY ..........................i.......... 28
A. Technlgue ........,......-......‘........... 23
VBJ Measurenent. of Vessel Calibre e.eeeedeeeeeo. 32
C; Erfors id,Vessei‘Heasureﬁent ..;............ 34
V CEREBRAL BLOOD PLOW STUDIES -euvsmesnmanaionnenss 36
" A. Handling and DlspenSLng of 133 X€ wevenneawn 36

B. Admlnlstratlon and Detectlon of the

Radlosotope .....ﬂ-..‘....ﬂ..."..‘...‘\.‘lﬁb‘..‘ 36

»

viii



Page

CQ CaiCUIatiOu of CBF '.“.-‘-..“.....';...g;.t. “]

VI NEUROLOGICAL ASSESSMENT cee e cmeccncanssrccannaan 45

VII LALCULATION CF CEREBRAL PERFUSION PRESSURE seeaae W7 o

VIII LXPERIMENTAL DESIGN eccceccncnnennsencacomencsaaa U7

Ix EXPERIMENTAL. PBOCEDUB ....;..................... 48

CHAP‘LEI‘ THREEQ BESULTS ....O-QaaoC.-...-a-....---!oooﬂo‘y’ 50

a

I PILOT STUDY -‘..‘..‘\-".“....'...Q“.....-...‘.' 50

II.SUBGROUPS IN PILOT AND MAIN TREATMENT STUDY J.... 54

i

A. SAH Group from Pilot StUdY eeuicseescecesa.. 54
B. intracerebral hematoma Group'..........L.... 54
C. Subdumal Hemorrhage Group ..,....;..........'607

- D. Hlxed Hemorrhage Group: .......;.-........... 60

r

E. SAH Bx Group .Q..I......C.C.-...A.....-O.Q.. 68

F. subgroup Results relatlng to Hemorrhage

>

Inductlon .Q-....;......“ ok‘o-'- .“.‘.‘..--."v....“; 82
III ANGIOGBAPHY_Q.no.v‘-&...v‘\\n.\..0.-.‘.....‘_‘4.‘.-’0'.'....'- 85

IV INCIDENTAL BIOCHEMICAL%}ND HEMATOLOGICAL.

RESULTS .........Q'.'.‘-....“..-.‘-..-.Iv.‘...... 88

-

CHAPTER FOUR: DISCUSSION “..........‘.......,....“...... 90

N i

=

-

BIBLICGRAPHY ........;.......¢...............\i.........106

ix



10.

11.

12.

13.

14,

15.‘

16.

Seérum values for electroliytes and protei

POSt tragngSiOD; ;oon-..o;-o..b-;-o;no!-.-.q.;-ot-o 53'

Data

Da;a '
Data
" Data

Data

bata

Data

- Data

Data

Data

Data on monkey 19, mixed hemOrCrhage. eeeasceee.cnrmene

on

on

on

on

-on

Results

<

}'

.LIST OF TABLES ' >

e

{

.monkey 2, subarachnoid hemorrbage. s.ecaececee

1

monkéy/é, subaracknoid henorhage. .eeaeeseaa
monke& 8, subarachnoid hemorrhage; feieecien
méﬁkeyls, intraeeréan; hemorfhége. ...f;...
mohkey 14 i cerebral hematona. .-.;;....

\/ v . .
monkeyg, Sllbdllral hemorrhage eemsecvnnns L

monkey 16, supdural hemorrhage. .. 4%...... -
monkey 3,.mixed hgmorrhage. ...; ceeve e
moﬁkey 4;.mixed hgmorrhaée. .-..{..;.-....-.
monkey 7, mixea hemorrhage. ciecececsnccecsans

o~

for rCBF, MaBP, CVP, CPP, PaCc02, and

vessel Calibres in the SAH-RX gLOUP. .veeeeucaneceess

Correlation coefficients for individual vessel -

Calibres .o‘.“..p‘..-.Q-..Q.....Q...Q.0;...........~.,-

P

Regression analysis of CBF in relation to vessel

' calibres and CPP, adjusting and not adjusting for

Changes in CPP. '.'.'......b‘-.".‘.‘..."...‘..,."....>‘~"‘,.‘.

Morbidity'and,mortality of- SAH-Rx and‘contfol

' group at 5 and 20'hdurs post;SAH.'};;...:...;;...Q.;

17. N

Changes in'ICP;'blood pressure, respiration, and
R -\ o o . . . o

b

X

“ : ‘ Page

55

56
57

58 .

59

62

. 64

 65

66

67

69

78

79

83 .

Mf??,



.heart'pate du

Y,

19

g hemorfhage induction in the four

/,

Page

’

major sub-groups. cececencceedeceaancecanniiomenenns Bl

~



LIST OF FIGURES
. , -0 ;],  : Page
1. Schematic representation of the cyclic nucleofideé
and sPooth muscie'functiop ---.-,.,.;...}.;;,;..;... 12
2. a) Latere; fiew of_carot;d angiogram and schemetic
diagram~of-cereb5;; anétomy in'ﬁheFCynoho;gus ¢
monkey ..,;.;;,..;....;..;;....L...;.;.;;.,,-;-.. 22
;bi~Basdl view of a carotid.dhgiogram‘?ndlschemdsdc°
‘.diagrad'of cerepbral ahatomy’ih the cYnomolgcs |
monkey .;.........;.ﬁ...m............,;...;...... 22
v 3. Schematic diaérem of intrdcraniai.pressure device - 26'
d.‘Cordis injector dsed todinject concrast_ﬁediud,.;;; 30
5;>a) ﬁadiograph of brass control plorei,..;.....f;...; 31
D) Schepatic‘diagram'of brasedcontrol plore weeeaces 31
6. iéteral angfogram‘witﬂcthe‘fourivessel'sigesuﬂ
measured lndlcated.v-..,l........;....Q....;...,....'33>-
7; Automatlc lnjector ueed in lnject 133 xenon( | |
rolloued by a sallne fldsh.'....;...;..;............ 37
8. Lateral anglogram rndlcatlng dlscrete areas v1eved
by the multlprobe detector. ceceessesssensccsnnccacnna 39'

2

9. Plastlc template in place on multlprobe detector

® carrlage. .......;.....;.,.....:.,......,.......,.;. 39
10. Isoresponse curves of multlprobe detector socmesases U0
11.‘Isoresponse curves of 31ngle probe detector. .....:. 42

12.chhemat1c dlagram of lnstrumeutatlon used for CBF

Studles. o..Ovv;'ooo{.'o‘.c.v--""onoo..‘e‘o.:a-orfooo.c‘.i'ncg-.?onua..'c l"3

xii



13.

14.

15.

16.

=% : Page

Photo of the base of a brain with a subarchanoid
hemorrhage. .l.--._.n\..d.‘.-..ﬂ‘.“-‘...-...-.Q'..-.".“-,‘ u6

Regioﬁal cerebral plood flow, mean ,arterial blood
[} ’ " o

: pressure, intracranial pressure, vessel calibre, -

and partlal pressure of carbon d10x1de plotted

against time for SAH-Rx and SDH-RX groups. ..-....;. 63"
Regional cerebral plood flow,’vessel'calibre, and

partial pressuré or carboh dioxjde plotted agéinst4

timg for SAH-Rx and.control grbups. eeamsscoacmeana 10

Heart rate, mean arterial blood pressure,g

N

- intracranial pressure, and cerebral perfusion P

17.

18._

’ 19‘

20.

’Example of changes in vessel. calibfe and regional

pressure plotted against time for SAH-Rx and

COthOl grouPSQ .’.-d.n-c...o-..-..o.q.q....-n-..

cerebral b460d £low pre-SiH, lmmedlately post-SAH,
and wlth treatment .;.‘.-‘-...‘..‘.......‘.»“....".Q 75

Example of changes in vessel calibre and regional

. .Cerebral blood flow pre-SAH, immediately post-SAaH,

* B f N
and wlth treatment. ....‘.u.‘..-a.‘.m.......;..-.'ao... 76

Linear‘regreSSion line for CBF with vessel calibre
of the internal carotid below the opthalmic
artery. \.-‘ooa'cn.,‘,‘...p.f‘-.o.-n.-m.nrv.aa-'...-‘-.-.a--.o 80

Linear regression line for CBF with vessel calibre

-of the internal'cafotid above the posterior

communiCating artery. LR IR B AR RU Y R R BRIV I I I R R AP IR T . X B W R ) 80

xiid



21.

Linear
of the
Linear
of‘the

Sample

tPage
regression line for‘CBF ﬁith vessel calibré
‘middle cérebral ALteLYas =~ esceccacasseannannas 81
regression line for CBF with‘vessél,caiibre
pericallosal Qrte:y. feetiectesaietenamesans 81

‘tracing of qﬂﬁnges in respiration,

intracranial pressure, blood pressure, and central

venous

pressure during the‘period of SAH

inductiona "-.'..l......a:.-.‘...-.'.OO-..-..,-...-.-.-Q.-.. - o =« 86

xiv



> 3‘ l“
CHAPTEs QNE : INTRODUCTION .

o

The.annual incidence of subarachnoid'hemorrhage (SAH)
has been réported as ranging from 7 to 16.8 cases per
100,600 population(l;Z), and the mbst common cause 1is a
. ruptured saccuiar aneurysm at the base of the“brain. With
the édvent of miérosurgical techniques, intfacerebral
aneurysms can be freéted. Hovever a lafge number of patients
die pre-and post;operatively or are léft crippled_by
ischenic infarctign of vital central nervous System
strucﬁuces. Althouépfthe.precise etiology of the~ischemia is
unknown; ﬁany workers attribute it tdﬁangiographic;lly |
demonstrable vasospasm. Much research in the past decade has.
been directed a£ improving cerebral blood flou’(CBF)‘post -
| SAH;in'hobe'of‘averting'the impending infarcts. ‘The majority 
of such treatments h#ve involved pharmacéloéic,‘mechanical,

operative and ventilatory mechanisms, and have'been directed

at controlling yaéospasm following SAH.
B . A v |
This present work conceiﬂs a'étudy of one of phe
(cufrent treatment regimes to asséss its effect on the
pathophysioiongof SAH; Previous work in this laboratory
(3;4,5) has[centered around the pathophysiology‘of SAﬁ in af
cjnomolgus~monkey model monitqring: CBF;‘vessel calibre; |
inlraqranial pressure (ICP){ b%éod pressufe; venyilation;
morbidity to various volumes of SAH; alterations in Paco2,
andAaltérations'in bloqd pressure. By usihg this-established

- model of SAH»and”by employing the findings of Rothberg et al -

1



A

(6) as a control, the effect of a treatment regime
consisting of hypertension, volume éxpan;ion and ventilatory
assistance will be evaluated relative to its effect upon the

pathophysiological sequelae of a given volume of SaH.-

L



Virtually alil tfeatmeﬂt regimes to prevent ischenmic.
infarction in the aftermath of SAH are based on theorles to
amellorate vasospasm. Thus it is 1mportant to. review the
current knowledge of cerebral vascular anatomy and
pﬁysiology,vand also to review the current status of
vasospasm. |

IC con _;DE_B,_A_I;[,QNS

. g S - et ey

e 0

Iwo general types of arteries comprise the cerebral
atterlal C1rCUlatlon, superf1c1al or conductlng arterles,
and the nutrlent or penetratlng arteries (7). Saunders and
Beil. (8), byvmeans of X-ray mlcrOSCOPY: demoastrated that‘
thecbenetrating vessels can be further subdivided into a
palisade-whict supply the cortical capillary bed, and longer
transcerebral vessels thgh enter the whlte ‘matter and
termlnate in a perlventrlcular plexus. These aﬁthors suggest
that although these vessels are connonly called cortlsal
arteries, they_should be Viewed as requlatory arterioles as
“the diameter ef‘most ranges from 30 to 70 microns. sundt (9)
, states that the presence of individual arterioles of this
'dlameter supplying the nutrient caplllary beds supports.a

L Y

functional role, and that they may be the prlmary site of

autoregulation.

~ The superficial or conducting arteries include the.
e . _
carotid, middle cerebral, anterior cerebral, vertebral,
' basilar, and posterior cerebral arteries, and their vast

networks of anastomosing branches on the brain's surface.



= .
Fluorescent and electron microscopy has supplied a great

amount of morphologic evidence of a rich nerve‘supply to
these large conducting vessels~(10,11,12,13). An'anatomic
asSociation of the noradrenergic nerve fibres with small
intraparenchymal blood VeSSeis has been established using

 dopanine beta—hydroxylase immunofluorescence and

catecholamlne hlstofluorescence (14, 15). Phys1ologlc studies .

Hlth regard to the prec1se effect of the- sympathetlc nervous
' system on, CBF 1s less convrnc1ng. Although many authors
support a role of the sympathetrc nervous system in the
-control of cerebrovascular tone, autoregulatlon, and -
,metabollc control of CBF (16 17, 18,19) other studies do not
“support this role (29?21). A recent study by Helstad et al
in nonkeys, cats,band‘dogs (22) demonstrates'an inability'to
conflrm any effect of -the sympathetlc nervous system on |
cereoral vascular tone, and also an 1mportant spec1es
variation in response to sympathetic stimulation which could
account for the controversial findings.in various studies
"~ and which guestions’the validity of extrapolating animal
results to the human_nodel in this topic. |

¢

In 1563‘ WOlff (22) in a reV1ev of the current
knowledge of the- cerebral cxrculatlon, called the hlghly
react;ve nla-arterlal vessels the "floodgates" of the
cerenral circulationvindfcatinglnis assumption that they had
a major role in the controi of»cérebral-biood‘flond More
recently, Hchedlishvillivet al (24) stressed the

‘s contribution-of each different part ofdthe.cerebral vascular



system'to'CBF. B ‘ \
B \ |
In 1971, Shapiro et al (25) performéd dynamic pressure
measurements in the cerebral circulation in cats and
documented that 39% of the fall ru‘presshre,is in the
vessels up to»the largefsurface vessels (egua;‘to er greater
than 45u micrens in»diameter).‘Then*there is a-relatively
bsmall pressure'ueaéyiosSubf 10% between these vessels and
»:the penetratlng arterioles (40’ to 50 mlcrons in dlameter).
ﬂme last 40% to 50% is lost in the mlcrovasculature below
. the surtace. Stromberg and Fox (26) confirmed thls finding
and further noted that as blood pressure 1s 1ncreased, a
greater pressure head loss is shlfted to the A .
microcircuiation downstrean from the surface arterial
vasculaturet However, Sundt (9{ feeis that thesefstudies on
the cat are invalid when extrapolatedite humans because of
the preseuce of tue‘rete mirabile in'the cat, and that‘a
ur0p of iO% to 18% between‘the'common'earotid and the
parietal pranches found by Bakey and Sueet (27)‘in humans ds
more valid. Thus, the majority of'the:resistance is distal
to the superf1c1al pla-arachn01d vessels in the pﬁ}srologlc
man and is most llkely in the &gnétratlng arterioles. The
work_of Shaplro et al does, nevertheless, support the-
concept that the:arterial network in theipia—araéhnoid
functions as a pressure equalization‘reservoir and acts by
maintaining an adequate perfus;on pressure for the. |

penetratlng arterloles. The anatomlc stud{es already

referred to demonstrate that it is these conduct;ng vessels



in the pia-arachnoid which receive the majority of the.

adrenergic‘nerve supply.

- These phy51ologlc and anatomlc studles do not bring one
any closer to reSOLV1ng the contrlbutlon of spasm 1in tne \.
4 conductmng‘vessels'to the ishcemic changes after SAH. Theya
do, however, giue an idea of the limitations of assessing -
»only anglgraphlcally demonstrable vasospasn, . and of . |
'dlrectlng treatment solely at vasospasm. Thus, with the»
develogpment of~accurate CBF measurement technlgues (28), a
.muoh more sensitive and direct method of~assessing the
coundition of‘the cerebral cmrculatlon has been developed.
.Further, the use of. CBF measurements can be useo/to |
accurately assess the pathophy51olog1c responses to "SAH and

to estaollsh optlmal treatment modalities ln the patlent ‘or

in the experlmental model of SAH.

1I NATURE ANQ EI_OL ! OF _A OS ASH

The nature and speoific cauSe'of vasospasm.isgstili tae
sourqe of-many eontradictions in the literature..Many
authors (29,30,3i;32) support a biphasic nature of vasospasm
which in experimental nodels occur‘within_S_to 10 minutes,
reiaxes in 30“minutes to 2 hours, then reoccurs 3 to 24
hours later,‘lasting up to one week orIUbre. other reports
(33 34) would support a pqu%nged lntense vasospasm which is
even ‘more 1ntense arter several days. Confllcts as to the
severlty and nature of vasospaspy seeh .is often dependant on
the amount of mechanrgal stlmulathn of the vessels in the

. . z
A .,
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separate experimental hodels. Severallclinical papersﬂt,)_
(35,36,37) do hot Support this’application of the bipaasic
 nature of spasm to man, ahd indicate that it is not seen in
the first 24 hours, 1is max1mal around 1 week and‘is usually
gohe by 12 days post SAH A shortcomlng in most of these

studles 1s aylack of correlatlon of the spasn Hlth CBF

measurements.

‘Mqltiple blood factors (norepinephrine, histamine,
prostaglandihs, serotonin,.hemoglobin}, are capable of
causing tasocohstrictionfof cerebral blood vessels 'in man.
The hypothesis thatla spasmogenicfsﬁbstancehmight,be
‘ produced by the blood Components 1in the subarachnoid Space
by seguential chemical changes, and Le related to the
cllnlcal time seguence of vasospasm has been con51dered 1n
the desxgn of many experlmental StUQleS (38). The gene51s of
early sospasm is suspected gsrbe the result of mechanlcal
\_Iactor‘s%i(BQ 40,41) ‘and chemlcal factors (42,43,44) in the
blooa, Serotonln has,recelved the greatest attention in the
literature (45,46,47,48,49)-as theiagent involved in acute
and late vasoSpasm. However, in-vlvo studies in this
laboratory using‘physiologic'doses of serotonin could not
corroborate its pre01se 1n-v1tro vasoconstrlctlve nature
(50). Other work (51,52) has supported the view that’
serotonln is 1nvolved in early tran51ent Vasospasm but not
in the more prolonged late vasospasam. Recent reports
2(53,54,55) suggest that hemoglobin -could he the major
chemical factor involved inyspasm seen“pOSt-SAH.’

<



The pliace of the sympathetic nervous system'in_the

etiology of vasospaém due to SAH is uncertain, and its

anatomic presence is, seen by some as simply a buffering

systeu ior‘circulatiug catecholamines in that the granulated_

vesicles aksorb the circulating catecholamines.

III CORRELATION OF VASQSPASM WITH CEF, MORBIDITY AND

MOSTALITY

Lo

. The cause and‘effect relationship between~va$o5pasmuandv

decreased regional cerebrai bloodﬁflou (rCBF)~and its
corre;ation withﬁmorpidity and mortality rrom SAH hasrbeen
iayesrigared_by uany workers in this field. |
"‘Tne 1nc1dence of radlographlc vasospasm folloulng
%aneurysmal rupture ranges ‘from 30 to 50% (56,57). The
1nc1dence is slightly greater, (40 to 65%% afterAthe

operative treatment of ruptured cerebral aneurySms (57,58) .

In a large co- operatlve study (59) no correlatlon was

2
¥ ,;’

~ found betueen the occurrence or severltyzoﬁcvasosphsn and
the age of the patient, the presence of hypertensron,
generalized arterloschler051s, dlabetes, or the saée of the
aneurysm.'Houever,‘lt has been found that the 1nc1dence of
vasospasm is greater in aneurysms of the. 1nternal carotld

artery, and least conmon wlth aneurysms of the mlddle

cerebral artery.

In'1975, Millikan (60) reviewed the literature on

vasospash and highlighted the many false assumptions nade

'



‘andathe.minimal»clinical and patholcgic_corfelation‘cited.
In‘his oD review of 198 cases he,demonstratesfa lack of
correlation between vasospasm and a specific clinical
picture'or mortality; However, it is'possible that a
correlation could have been found if the degree of
vasospasnm, rather than the presence or absence of vasospasm

"had been conSidered.

[

Many studies wnich aSsess - the correlation of
neurological status and mortality with vasospasm, have also
'utilized CBF measurements in the study of patients with
ruptured Cerebral‘aneurysms. A unanimous finding is that CBF
 15 decreased post¥SAH. Zingesser et al (61), in a study of
19 patients demonstrated a poor correlation between rCBF and
the presence of absence of spasm, although in some cases\the
correlation ¥as striking. Bergvall et al (62), in a study of
57 patients and Heir et al (63), in a- study of 32 patients,yﬁ

both employing 13BXenon clearance technique for CBF

measurement found no qorrelation betueen vasospasm and CCBF. °

Schneck (64) has suggested.that thewvasosnasm Seen
post- SAH is not the most Significant cause of cerebral
infarction and that the addition of therapeutic and
‘diagnostic.procedures, intracranial hypertenSion and
systemic hypotension.conninewvithvvasospasm‘to#pr:duce
cerebral infarction. R |

‘cther reports‘(65,66) support aicorrelation‘between

rCBF or morbidity with vasospasm vhen the more severe groups.

A~ . . . 4



are separated from those with mild to moderate vasospasu.

_Further Gruop et al (67) as weil as showing a cofrelation

. n

between severe vasospasm, decreased cerebral blood flow and“.

ischemic deficits, demonstrated that the cerebral vascular -
'VOlume 1s increased in the presence of vasospasn and
,deereased‘rCBF, which Suggesrdthat the smaller vascular' -
structures have dilated énd‘that'the'Superficial |

’extraparenchymal vessels are controlling the CBF. Ir a
'retrespective co-oberaﬁi@e studyA(S;) of‘27u parienrs with
SAH, a COrrelati;n.between ﬁeurologic cenditien andvthe
'presence of Spasm was notedr’Vasospasm was‘bresenr in 22% or

= \
grade 1 patlents, 33% of grade 2 patlents, 52% of grade 3

- patlents, 53% of grade u patlents, and 74% of grade 5,

patlents. In thlS Study, severe deflCltS were OCCa51onaliy
vpresent Hlth no ev1dence of vasospasm. Slnce this time the

cprrelatlon of CBF wlth Cllnlcal grade Drhi§gégplc def1c1t

in the more severe cases of vasospasm has been reported
¢

vldeky (68,69); These f;udlngs‘support the view held by

.
tng s

investigators in thisvarei that-if spasm is severe, then CBF .

is decreased and neurologlcal grade is generally poor' but"

z

1n cases Hlth less . marked spasm, a cornelatlon 1s more

difficult to make.

Similarly, in e%rly reports (59); a relafionship o

P

‘between mortality and vasospasm could not be establlshed.\_fh

| HoueVer, in a more- recent study, (65) when patlents dyzng
soon after,reachxng,hospltal,vere excluded from the

analysis, a highly significant'cofrelationrcould be
. _ . AL

rm



t'marked vasospasm and/or a poor cllnlcal grade'because of the

1
demonstrated.

IV IKEATMENT OF SAH

o~

The treatmeant of SAH,‘uhich includes a direct attack on

the aneurjsm~with nicrosurgical technigues and nethodi for
lowerlng théié??, has concentrated malnly on - 1ncreasf§§ CBF
by methods whlch reduce cerebral vasospasm. If cerebral
vasospasm and;the resultlngbcerebrah infarctiOn‘could be

,controlled'infthe period after SAH, then opEratiue

. l

lnterventlon could be carried out lmmedlately post—SAH
thereby minimizing the chance of=a rebleed. At thls tige, -

mawny neurosurgeons are reluctant to operate in the face of

poor gost operatlve prognos1s due to the 1ncreased rlsk of

cerebraIrinfarctlon.

SN ) R

A Gepe ;al I;egtment Modglities -
A good'review of all'agents and methods used in thea

treatment of 1ntracran1al arterlal spasm up to 1973 has been

made by R H. Hllklns (70).

Current studies (71 72) indicate that c%clic

: nucleotldes, 3'SJ adenosxne mbnophosphate (cAHP) and cycllc

"

3¢,5¢ guanos;ne monopnosphate (cGMP) are 1mportant in the

role of contractlon and relaxatxon of vascular smooth muscle

(Flg. 1). Increas;ng the cAMP results Ln blndlng of 1on1c

calc;um 1n the myoplasm, whlch decreasés the myoplas;c ionic

_ calcxum cau51ng relaxatlon of the actln and gyosin fll ments

A4

of the vascular smooth muscle. cAMP 1s‘decreased by

o

s
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activating the specificbphosphodiésterase system which
hydrolyzes it to S'MAMP. There;y, agents which activate or
increase the concentraiion of CAMP would result in.vqécular
smooth muscle relaxation. Conversely, increasin; the cGMP
increases the permeability of the cell to ionic calcium in.
the eitraéelluar fluid. Movement of the ionic calcium into
the myopiasn initiates'contr5ction of the actin aha myosin
filaménts. Inhibition of the‘enZYme'gUanyi cyclase which |
converts guanosine triphosphate to CGMP vould result in less

CcGMP and-therefore smooth muscle relaxation.

With this biochemLCAl base investigators have used

beta-adrenergic agonists (i.e. isoproterenol and

.salbutamdl), which activate the enzyme adenyl cyclase, thus

- /,"
/

stinulating the formation of cAHP, in an attempt to relax
contracted vascular smooth muscle. These agents have been
used alome (73) and in combination with agents which inhibit

phosphodiesterase (i.e. ahinophylline,_papaverine,.and

chloranphenicol) theoretically rediii?Lg in an even'largér

pool of CAMP because of the prevention of its metabolism.

Studies done in experimentél'animal models (74,75,76) using
isoproterenol and aminophylline in combination relieved
acute, and chropic vasospasm. Uncontrolled clinical trials

(77,78,79) generally demoﬁstrate favourable results,

however, CBF studies vere often not done and the study

grdups were small. A large control study has yet. to be

' published. Recently Sundt (80) has suggested that the

‘benefit of.these‘ageﬁtswmay have been through their



™

inotropic effect on the heégt rather than the postulatéd
effec; on CAMP. These neta—agoniéts’also have syStemic side
effects (particularly‘cardiacy which lave required the .
simultaneous use of lidbcaine HCL to preveht the dévélopment
of'éa}dlac-arrhythmia. Also recently, aminophylline has been
shown to be detrimental in the first 16 hourg foLlou;ng i |

, - A AR
~carotid iigation in an experimental animal model (81).

Aipha-blocking agents (i.e. phenoxybenzamine, and
phentolamine) inhibit guanyl cyclase and have been used in
. .
experimental models. Nagai et al (51) enployed an alpha-

blocxér in combination with an anti-serotonin agent and

‘found they relieved'early vasospasm but not late vasospagmaf//

»

'They also found that sympathectohy resulted in.less/ﬁ;fkea
eafly spasm. In other studies (82,83) phentolamine has been
shoin to. decrease CBF ahd the dse of phenoxybenzamide and
proprénolal (beta blocker) cduid not improve CBF in a SAH

experimental model. = v

Following Allen's proposal (84) that nifropruéside
could antagonize the contractile effect of sgrotohin on

~cerebral vessels, and that its systemic side effects coul

be selectively antagonized by agents such as phen

several studies of such treatment regimes have been

conducted. A good review of this topic has been made by C.

Rgthberg (3)- The experimental and clininal trials of this
regime, although inifially promising, have shown regently
the failure of this'regime to improve CBF t-SAH and in

\



tact, have demonstrated the regime to be detrimental -to

cerebral autoregulation.

Recently, Allen et al (85) has demonstrated tbe
relatlvely selectlve effect of nifedipine on the basllar
artery in dogs. leedlplne is a new drug which theoretically
blocks the influx of extracelluar-calcium into the smhooth
muscle cell (myoplasm). A trial of this drug on dogs as
shown it to rellege acute and delayed arterial vasospasn
POSt-S5AH (86). Further comtrolled animal and cli'nical trials

of this medication are needed.

. — —— .

B. Treatment ¥ith Hyperten sion and IQ:L.Q Expansion

The current literature supports a form of treatment
employlng controlled hypertens10n and volume expansion for
1schem1c symptoms post-SAH. The hxpothetlcal mechanism of
action of thls treatment reglme is based on the
demonstratlon that autoregulatlon is impaired post- SAH
(87, 88,89,90), Autoregulatlon is the ability of the CNS to
malntaln the CBF at normal levels over a wlde range of blood ‘
Pressures and 1ntracran1al pressures. B01svert et al (90),
in monkeys, have demonstrated the passive dependance of CBF
post—SAh on blood pressure. Therefore, by 1ncreasimg'the
blood pressure post—SAH, one could theoreticallf maintain
’ o

the CBF'above the critical level at which cerebral

infarction occurs.

The use of hypertension to treat cerebrovascular

ischemic symptons 'is not a recent idea by any means..Denny-~.
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Brown (91), in 195;, reconnended the use ef hypertension in
the treatment‘of'ischemic cerebrovascular symproms. In.1967
Farhat and Schneider (92) described four patients in wnlch
metaramlnol has been used to induce hypertension to treac
cerepbral ischemia due to SAH in two patients,’post—operatiie
tumor surgery in one, and atheroschlerotlc stenosis of the
1nternal carotid in another. In all four cases, treatment
resulred in marked 1mprovem2nt of the patients symptoms. The
treatment of post—ahgiographic hemiplegia with vasopressors .
hes‘also been reported (93);gsihce'this time'there;has been

DUREr ous Ireports of the beneficial effects of hypertensior

in impending cerebral infarction (94,95).

Three reports describing the beneficdal,effects of
hypertension in petients yhorare'in the post-operdtive
period after aneurySm surgery are of particular,importance.-
:In 1976, Kosnik and Hunt (96) described 7 patients who
developed post-operative 1schemlc symptoms and were treated
Hlth colloid volume expansion and norepinephrine to increase
the blood pressure; six of these patlents made a dramatic
récdvery; In 1977, Giannotta et al (97) reported 17 cases in
which controlled hypertension (using phenylephrine or
dopamlne), hyperventllatlon, and over transfusion with whole
blood or c01101d were used to treat 1schem1c neurological
def1c1ts likely due to cerebral vasospasm post-aneurysm
‘surgery. Prompt, complete reversal of the deficits occurred
in 12 patients, and partial reversal in 3 patients. In 1978,

Brown et al (98) described the reversal of aneurysmail -
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hemiplegié pfe and poSt—operativeiy in 4 patienté'using
dogamine,:large quantities of intravascular fluids,-and
;mannitol. The benefiqial effect of igtravascular volume
expansion alone, ih patients With néurologiéél defiéits
associated witﬁ SAH has also beéﬁ reported (99);;Qﬁjéc£ivé
support of the.need for‘volﬁmé expansion in patients on ped
rest or post opetaﬁive has been published over thé géars
(100,101,102,103,10#). ﬁaroon and Nelson (105) have recently

demonstrated in 15 patients that the red blood cell mass and

" the total blood QOlume are significantly decreased post-SAH

* . which suppoxts the use “of red blood cells and c01101ds in

the preventlcn and treatment of 1schem1c compllcatlons
associated with ruptured lntracranlal aneurysms._By
maintaining an optimsl hematocrit in these patients, more
oxygen may be transported to_theliSChemic areas with a given '
yoluﬁe of CBF. Another theoretical advantage of colloid

: tfénsfusion is to maintain the calloid'osmoiic'pregsuré;
within the ;irculation, and thereby,reauceAcerebra% edeﬁa,
Volume expansibn effécts the pre-load on the heart which’may
undér‘some'circumstances increase éaraiécvoutpﬁt

(106,107,108) and possibly‘thereby improve'céfebral,blood

flow.

Hyperveﬂtil;tion of these patients with cerebral
ischenia excépt in an effort to decrease ICP, is ofﬁ
questionable value because of the variablg responses of'
cerébrél blood véssels to chahges in PaC02 and pH post—SAH

(89;109,110,111). Hovever, it has been seen from previous



Work in this laboratory (3,4,5) thet fhe‘Spontaneohsly’
breathing nonkey has a poorer survival_postQSAHvthan an
jahimal whose ventilation is assisted thréuéhout. The use of
‘aSSisted~ventiietion as well as pre@enting any'prblongedé/
apnelc spelils, could maintairn’ Paoz above the normal range
‘(greater than 100 on Hg) while malntalnlng PaCOZ Hlthln the

phy51ologlc range. This would maxevmqfe oxygen ava;lable to

the tissues. I ' va

In'the articles rerewed concerning the use ef
hypeftension in the treatment of ischemic sxmpsoms,
different vasepressorﬁegeﬁts have'been enployed. The use of
. dopamine as a vasopressor in some of these studies is
‘unusual pecause 1ts alpha agonxst propertles are small in

L

comparlson to agents such as noreplnephrlne and metaramlnol
and often large doses must ee used in order to increase
blood pressure. However, dopamlne does have actions which -
‘could be strategic in its ablllty to improve rCBF and
relieve ischemic symptoms in these studies.‘ihe response or- -
vascular smooth mnuscle to doPaﬁine; either vesocohstriction
or vaSodilation is ﬁériable:depending on fﬁe anafomic.site
of the smooth muscle, the state of toheﬁin the smooth musclé,
and the concentration of dopamlne (84 112 113,114). Dopamlne
has been shoun to actlvate the adenyl cyclase
phosphodlesterase system 1n,man,iboth»;q ghe_kldneyv(115)
and in certain regions‘of‘thevbrain (116);jHouever, as yet,
_its.effect on CAMP in}cdéebrallvaSCular Smoqthkmuscle has

not been demonstrated._rhe ectivity,pf dopamine in causing
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,vasodllatlon had also been shown to act at:.a dlrferent A .
‘receptor 51te than beta adrenerglc, chollnerglc, and
adenosxne related agents 1n,coronary.(113), hepatic (112);
‘and cerebral vessels (114). These unigue receptors for

| dopamlne on vessels may allow 1tho act on cerenral vessels
 when other agents can not. FPinally, dopamlne has been shown
to 1nh1b1t the sympathetlc DeLVOus system,: the role of which

in cerebraysvasospasm has not.been well defined (117,118).

Aithough the treatment regimes employing hyéertension o
and volume expansion have avvalidbtheoretical,basis and
resuits which suggest it is beneficial, noicontrolled
_studles of its use in SAH have been publlshed.

v RA_ OGEAE_IC CONS;QERATIO S

In the>11terature; no good correlatlon has been
reported between mild to moderate vasospasm and changes in
rCBF post- SAH. Thls flndlng could result from a true lack of
correlation betwveen these parameters due to the contrlbutlon-
of microvascular changes to decreases in. r€BF post-SAH, or
possibiy from. the inabrlity of the angiography and I
measurement system to accurately reveal small changes. in
,veSsel size. In sone studles (68) though correctlons for
changes in x-ray magniflcatlon between films has been
‘greported,‘no correction for changes in'film,_screen;
developing, or exposure faotors has heen made. Further; the
p0551ble alteratlons in vessel calibre and CBF measurements

;

due to contrast nediun and type of 1njectlon has not been

?



'-cOnsidered Also,'the limitations of each individual system
with regard to resolutlon and and reproduclblllty of the films
has not been documented. If one is only concerned with gross
bchanges (+30%) in vessel calibre,‘then these factors'may not d
be vital However, in the experimental model when small
vessels are to be measured’ and when small changes in vessel

i

callbre are to be con51dered then these factors should be

i «

assessed Further, to decide on the contrlbutlon of mild to
‘ moderate spasm to changes in rCBF in the post~SAH period,
the accuracy of the vessel measurements is of paramount

_importance. =

The contentionbthat severe vasospasn results in
decreased CBF, ischemic def1CltS, and increased nortallty,
1s supported in the literature. ,Most;treatments are directed
at relieving this vasospasm‘to improve CBF so thatbcerebralxb
infarction does not‘occqr.‘ |

The purpose of the presentvwork using a}cynomoigus
. monkey model isvto assess a'treatment.regime~employing'
hyperten51on 1nduced with dopamino volume expan51on u51ng
_ autologous blood and human serum albumln, and ventilatory
a551stance to,evaluate its effects on the_pathophysiology'of".

a specific SAH volume as demonstrated by Rothberg et alb(6).



CHAPTER THO : HATERIALS AND HETHODS

This section describes the méterial and methods used in
the two studies comprising.this wo#k;lstudy I ﬁs prelimina;y
work.invblving 8 monkeys thch served fo establish the |
‘treatment broéedute»andvprotocol, and to complete ﬁhe
development of the operative'skills required in this
experimental mddel. Study II‘ihvolves 14 monkeys aﬁd

concerns the. evaluation of the selected treatment regine.

Génerally‘the techniques described .were used during
both studies, exceptions are indidated as appropriate.

1 ANIMAL PBERARATION

Twenty—twd’female, cynomolgus (Maéaca fascicularis)
nonkeys with body weights in the range of 2 5 to 3 7 Kg.
were utlllzed 1 Monkeys vere used in the present
1nvestlgatloh because~of the close 51m11ar1ty of their
cerebral circulation to that of man (Flg. 2). The anlmals
were recelved 1nto the vivarium at least three veeks prlor
to experlmentatlon. Ten days to three weeks prior to an
experlment whole blood vas removed from each monkey and
stored at a tenperature of 2'to 6 C in sterile blood bags
using 7 mis df citrate phosphate deitrose‘or citrate
dextrose as ‘the anticoagulant. At the fime of bleeding 50-75

nls of 0.9% saline was infused to prevent a hypotensive

\

1. Obtained through Prinate Import COIPQIathD, Port 1
»Washington, New York

21-
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1. internal carotid L. middle cerebral
2. opthalmic - v 5. pericallosal -
5. posterior communicating

Fig 2a) 'Lateral angiogram and diagram of cerebral arteroes seen with a
carotid |nJectuon of contrast medium in the cynomolgus monkey

1. vertebral BN 5. internal carotid

2. basilar : 6. middle cerebral

3. posterior cerebral . 1. anterior cerebral
L, posterior communicating 8. pericallosal

. Fig 2b) Basal.-view of carotid angiogram and diagram of the cerebral
arteries in the cynomolgus monkey. Note: The anterior cerebral arteries
join to form only one pericallosal vessel
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‘episode and 100 mgms. of iron! was given. Blood samples for
hematocrit aud serun electroiytes were obtained and the

aqimal'weights were recorded.

Prior to the experlmental study the anlmals were fasted
for 6 hours, phencyclldlne HCL2, 3. mgm per Kg IM, was given
at tne vivariunm prlcr to transportatlon. At the laboratory,
the anlmals were snaved as. requ1red and 1ntubated with a No.
16 Ruscu or No. 5 Portex endotrachael tube and alrowed to
breath spontaneously a mlxture of 2 to 1 nltrous oxide to

.oxygen at a Llow rate of 3 lltres per minute.

In theipost—SAngeriod,'ventilation was assisted using
a Harvara ventilators3 Hlth gallamlne 1 mgm per Kg IV4 as tue
neuromuscular blocking agent In the prellmlnary study d-
_tubocurar1ne5,to.9 mgm per Kg IV was used as tane
neoromuscular blocker. Respiratory tidal volume and rate
were monitored ty means of a pneumotachograph6‘attached
direotly to the endotracheal tube; the.output was monitored
‘using a Beckman.Dynagraph;‘typelRi Reoorder.

- _ .e _ :

Bodyvtemperature.was maintained"between 36 -~ 380 by
~ neaas of‘a teating;pad underneath the_monkey} and recorded

using an esophageal thermometer?. Lead II of a standard limb

1, IMFERON, Fisons Pharmaceuticals

2, -SERNYLAN, Bio-Ceutic Laboratories :

3. Model No. 613 Harvard Apparatus Co. Ltd,

4. FLAXEDIL, Poulenc Ltd.

S. TUBARINE, Bourroughs Wellcome Ltd.

¢. HEWLETT PACKARD, Vertex Series 400 UR, HP 47303A

7. TELE-THERMOMETER, Yellow Springs Instrument Company
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lead electrocardiogram was utilized, and monitored'
separately on a ECG recorderl.

II SURGILAL PRnB ATION

vFehoral atterj catheriZation was carried out by means'.
of a cutdown, and a No. u‘polyethylene catheterbwaa
'1ntroduced,_Shortly after the placement.of the tip of this
catheter in the mid-abdominal aorta, 0.8 mls.'nlood uas
obtained in a heparinized syringe for gasanalysieé (PaQZ,
PaCoZ, pH). Adjustments'ih the dead space of the animal were
nade as necessary in order to keep the PaCo02 between 36 - 44

mmhg. The arterial catheter was coupled to a Statham 23 dB

pressure_t,ansducer for contlnuous monltorlng ot the blood

%ermlttent flushlng of the" catheter Hlth'OfZ ml
jne with heparlw (5 units/ml) wasecarrled'gut in
orde£ fevent‘clotting; This,catheter vas also used to

| \‘samples for hematocrlt and b1ldod gas analYSlS
;eacn CBF determlnatlon and also to taxe blood for.
sai infiltion. | )

No. 5 and No. 4 radiopague,polyethylehe catheter,ﬁere
n the ;ight,andk}eft femqfal'vein Feépectively.tTher

No. 5 cathezer was used for assessment of the central venous

pressure at the level of the inferior or superior vena cava.
The pOSlthD of the tlp of tnls catheter Was checked by

means of a cnest x-ray. The No. 4 catheter was phaced with

a

OMPANY Model 51
. 2. INSIR T LABORATORIES INC., PH gas - analyzer, Model 113
- f ’/
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its tlp in the ahdomlnal portlon of the vena cava and was
used: for the admlnlstratlon of dopamlne1 Both catheters
were coupled to Statham 23 dB pressure transducers for

contlnous monltorlng and recording.
_ .

PR

A purr hole in the right'mid-parietal region and two
offset noles uere made in: the bone with an air drlllz for
placement of an lntracranlal pressure recordlng devrce
.developed by Rothberg and co- workers (3) in thlS laboratOry
(Flg 3). Bleealng from the dlplorc veins was arrested by
means or bone wax. Two modlflcatlons in thls device were
maoe. Ihe 3~way stop-cock connected to the device was |
remdved‘to_prevent eScape of saline or entrance-o§ air»into
thedsystem at this point. Aiso-silicone cement was appiied%v‘
about the periphery of the membrane in'addition to;the "o“
rlng situated there, to‘assure a good seal between 1t and
the metalllc body of - the ICp dev1ce- A small amount of
sterile lubrlcant was placed on the dura to assure planar
:contract between the dura and the membrane of tne demlce.
Pressure was measured u51ng a. Statham 23 4B transducer and

' recordea on the Beckman Dynograph A screw on top of the
dev1ce assured solld flxatlon ot/the dev1ce to the calvarlum
and a trght seal was assured by means of an "o" r1ng and
?es1llcone cement. The scalp was then resutured about the

~device.

!. INTROPIN, Des Bergers Ltd. g
‘2. Hall Air Surgery R Instruments, Microdrill



- HYDROSTATIC COLUMN
T0 PRESSURETRANSDUCER

3-WAY STOPCOCK

MEMBRANE

%
FASTENING DEVICE. Z )
%/4

SALINE FILLED CHAMBER

i TIGHTENING NUT )

l"'O"RING //

Toedny 7 £ OIS

SKULL

s SN > , > ; g
Wine 2 B 7 (L /DURA
TR AR e ~—ARACHNOID
- MEMBRANE BRAIN

AT SURFACE

1

3 Intracranial pressure device deve loped

lby C ROthberg et al (see text for modjfications).

F 4

26



~

A twist drill hole was made in the frontal bone using a
1.5 mp diameter bit, approximately 1 cm cephalad to the
nasion of tne midline. The hole was then occluded with bone

wax to stop bleeding until placement of a needle for

induction of the SAH. , . .

The left cervical dissection was then begun using a

. surgical epicroscopel. The dissection was made centering over

the bifurcation of the common carotld and care was taken to
spare any vagal herve fibres in thlS region. The external
vcarotid wvas cllppea at its orlgln with an aneurysm clip. A
purse string suture, using 7-0 silk with a micropoint, with
an approximate diameter of 1ﬁmmiwas placed inithe adventitia
of the common carotid 2 centimeters proximal.from the
bifurtasfion. A No. 22 gauge teflon catheter? was introduced
through the purse string thch was then fully tlghtened to
stop bleedlng»wlthout occlu51on of the vessel. This catheter
was connected to an - automatlc injector dev1ce Py means of a

s.r’ \
PE 160 catheter aud a three uay stop cock. Intermlttent

flushlng of the catheter was carried out using heparinized.

salipe (10 units/ml).

The Beckman dypagraph used to record -all [ressures and
to record the respiratory rate and volume was callbrated

,lmmedlately prior to and after each experlment Intermlttent.

</cxlechs of the zero p01nts were made throughom‘ the

<
&

1. Codman, Mark II o
2, Quik~Cath R
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experiment to determine the magnitude, if any, of
instrumental drift.

III Metnod of Simulating the SAH

' The method of Weir.et al {119) was employed. A circun~
ferentially bevelled No. 19‘gauge needle was introduced
through the frontal twist drill hole and advanced 3 - 4 nm

beyond the anterior clinoid processes and at this point lay

within the chiasmatic cistern. In approximetaly 50% of cases

ready riow of cerebral spinal fluid could be obtained
through the needle. The position of the needle was checked
by the means of fluoroscopy end on lateral and basal films.
The”peedfe'was-fixed at this point by means of a screw
device. The hemorrhage was induced using,autoloéous blood
taken from the arterial catheter in a volume of 1.67'ml/kg

body weight. The hemorrhage was given as fast as poss;ble

whlle malntalnlng f%e 1ncracran1al pressure below mean

arterlal blood pressure.

Iv ANGIOGRAPHI

A. Techg;ggg

Five to seven angiographic sessions were conducted

during each experiment with hand injection of the contrast

‘medium used for the first 18 monkeys studied. At each

angiographic session two lateral films in good arterial
phase were obtained. Statistical analysis of measurements
for 67 vessel pairs were made to determine if differences

existed between the first apd second film obtained. Each

‘(;-u..t
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‘angiogram utilized 1.5 ml of diatrizoate meglumine! 60%

contrast mediuu. ‘

In order tofstandardize the %ilms further, a Cordis
injector was utilized in four monkeys, (Fig; 4) and each
film obtalned'wlth constant injection pressure (range 10 to
15 P-S. 1.),\constant exposure time (1mmed1atelj followlng
completlon'or the injection), and a constant volume of
contrast medium (ramge 1.5 to 3.0 nls). Measurements for.
forty vessel pairs from this sub-group were also’analyzed to

determine if differences existed between the first and

second rilms obtained at each angiographic sessioun.

The x-rayieguipment utllized was Philips2 with a 0.6 um
nominal focal spot. Two millimeters of added aluminum
tiltration was used. The films were exposed at 6 MAS and 45
"KvP wlth Kodak BP film and Dupont Par Screens. The film was
processed through a Kodak M4 RP converted with Kodak
cnemlstry. The tube-filnm dlstance used was 152 cms, and the
object fllm dlstance 2 to 3 cms. In order to ensure that
film quality, exposure, and developing were kept constant, a
radiopague brass plate with 1 mm holes and‘covered with
aluminum was designed (Fig. 5). Comparison of the hole
dlameter betueen the “"control" and later anglograng allowed
for correction for any. changes in these factors. Ghénges in

N 4

magnification were controlled between films by fixation of

1, Reno~M-60
2. Rot 250/40
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3 FIG. 4 CordisR contrast medium injector
' used to give a set volume -of contrast at
a set pressure.



FIG 5a) Radiographof control plate

¥

25— - S 4
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-y N fa=
]
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FIG. 5b) Schematic diagram of 0.5mm

. brass control plate with 4mm of
‘aluminum fixed to it. Each hole

measures 1 mm and the plate measured.
25 by 25mm. C
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monkey's head in relation to the film and tube throughout

the experiment,

B. Meas _geng gg.Vessel Cal;bre

All measurements on the films were made using a'JO
power micrometer lens sjsteml- A mean diameter for the holes
~in the "control" plate was establlshed from twenty
_measurements obtalned by measuring from left to rlght then
rlght to left across the 5 horlzontal-holes, then from top
to bottom and bottom to top for the 5 vertlcle holes (Flg.
5). Comparlson of the mean diameter of the holes on .this
’piate between films facilitates correctlon for ehanges in

film guality, exposure and developing.

._Intraluminal'diameters of the large capacitance Vessels
vere measured, viz: the internal carotid immediately below
‘the opthalmic artery'(ICBO),vthe internal carotid
inpediately above the posterier communicating (iCAP);‘the
proximal niddle cerebral (MCA), and the prdxinal |
pericallosal XPPC) (Fig;.e).'EaCh vessel was measureanii 7
times; each measurement requiring visual definitien of the
edges of the vessel, and'rhese'ialnes were nsed fe-calgulate
-a'mean'vessel diemeter. All measurements were mnde "blindiy"_
wlth the observer not xnowlng which f11m in a serles was
belng measured. For a s1ngle observer the average

coefficient of varlatlon (percent standard dev1atlon) of

o

t. NIKON, Nipon, Japan



- F1G. 6. Lateral Angibgra’m'wl_th ‘the foisr
sites for vessel calibre measurements marked.
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this meaéuremgnt systemn- was caiculated from the data on thg
first 96 vessels measured. Sub§e§uent to this |
~standatd12at10n procedure,Aany set of'measureménts with a.
coefficient of.Var@ation\greater fhan two standard |
deiiatioﬁs ftomAthe éstaoliéhed‘pbpulation'mean was

. remeasured.

" C. £rrors ib Vessel Measurement

e

//’As already descriped, a radiopague brass plate was
/p{aced'on each cassette to cbr;eCt'for changes in_filmL

screen, exposure ‘and developing factors.

Also, a calculation vas dopne of tae pqésible'variation
in magniticatioa of tﬁe vessels due to ¢hanges.in positioq
.of the monkey's head in relation to the tube and the
cassette. it was‘éstigated that the mazimum (aithough
unlikely) pqssible latéral_mOVeméntvof the monkey's head was
2 cp. in either direction. Hence, with a tube film distaﬁce
of 152 cm. and an average object film distance of 3 cm., the

magnification would be:-

TFD 152
_— = | e = 1.02
TOD 149

-

If there was 2 cin of movement in‘either direction the

respective magoifications of the object would be:-

152 B 152
107 | 151

Thus a possible difference between magnification of the 'l &m

vessel would be 0.02 nm, a value well below the resolution
\ .



of the film séreeh system’used, Althsugh an éxaét
méasureﬁeﬁt of the resolution in'line pairs'pér nm ror the
film screen‘coﬁbiBAtion ugéd wasS Dot made, it woﬁid‘be At
nost, 10 line'pairsvper'millimetéIJjHence the zone of
unShargneéé.about any givén.border of'cdntrést would be -
around £he value of 0;1 nm and.fhe edge  of any’image»'
meaéured would pe fakeu és the midway poiﬁt_of the zone of
‘unsharpness of 0.05 nm (120); wbich is puch ‘greater than the
possible changes‘duento magnifiéation as a result of

inadvertent lateral movement of the monkey's head.
. } -

~ The total resolving power of the systen is dependant on
~tire factors coﬁtribﬁting to the unsharppess of the image.
The facférs contfibutihg to this are géometric unsnafpﬁess
(penumnraland motiqn unsharpness) « absorption dnshatpnéss;
éhd unsharpness due to image conversibh (screen, film, and
radiographicvmottlé). The maQOr COnfribution is from screen.
film_;ombination. The best w#} measute‘this is by the |
modulation transfer function; but this parameter has not

 been measured in this’ study. -

P

As ﬁell as uasharpness of the Systen, éhanges due to
, ‘ ~
variation in magnif;cation, developing, exposure, and film-
screen charac%eiistics contributing to the inaccuracy of
meésuring fhe vessels, the observer characteristic response
" in interéretating the edge of the image each time also has a
very sigpificant contribution to the limitations-erthe

Deasurements.



V CEKEBRAL FLOOL FLOW STUDIES

The methods of handling,.diSpensing,‘admimistratiOn,
and detection of 133 Xenon (133 xe), and subseguent o
calculation of cerebral blood flow has changed llttle over
the past 6 years in this laboratory. Sincel these methods |
'have been descrlbed in detall elsewhere (5), only -a brlef

review will be glven here.

A. Hapdling and Dispensing _éi 133 . Xe

™

Intra—arterlal lnjectlon of 133 Xe.us1ng the techmlgue
or Lassen and Ingvar (28) for the measurement of CBF has —
oeen used in thls laboratory since 1972. 133 JXe lS a freely
diffusible radioactive gas with a phy51cal half llfe of 5 3
daysl. Siuce intra-arterial 1nject10n of 133 Xe is regu1red
it is necessary to dissolve the gas in dlstllled water us1mg
"a specmal apparatus developed 1n thlS laboratory (121).

B. Adpinistration agd Detectlon _ T

Q.. -
4
\

An‘automatic.injector device developed in this
laboratory was used to inject the 133 Xe into tme carotid-
artery (Flg. 7). ThlS device is capable of 1n3ect1ng varylng
amounts of 133 Xe (0 2 to 0.9 mls) over a short period of
tlme. The amount 1n3ected vas approxlmately 2.5 to 3.5 nCi s
‘per flow measurement, and the volume of SOlUthD was varied ‘

,from,experiment to experiment to give this amount of

1, Obtained from Oak Rldge National Llaboratories, Oak Ridge, .
Tennessee. : _ ‘ _
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7. Automatic Devl;é used to Inject

Xenon Followed by a Saline Flush.

bl
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radioact] Asle injection of the 133 Xe'ias follomed'by a
small'sa‘ ;i (0 2 to O 5 mls) to ensure that all the

:flushed from the catheter 1nto the cerebral

E b1 seven detectors were used to record 133‘Xel
cleari fates from the brain. Slx.of these detectors were:
moumt$‘ 55 an integral‘nnit and viewed the ipeilateral'side
'éd.as the 133 Xe was injected. The_data from the
Etors.uhich viewed the frontal, parietal, parietal-
’occipita?-?amd temporal\regions wvere used in the calcmlation
of mean cerebral blood flow (Flg. 8) . The remalnlng two
detectors wfewed the orblt and cerebellar reglons. Each

&

detector‘j' "ls assemply consrsted of a O 6 cm.‘dlameter,'

1.25 th <;1'(T1) crystal optlcally coupled through a
plexrglass llght gulde to a 1.25 cm. dlameter
‘photomugtlpllerl Tne detectors,'spaced 1 cm. from each
‘other, were mounted in. a stalnless steel colllmator olock
with therface of each crystal recessed 7.5 cm. from the
block face. An additional i . 5 cm.athick lead collimator
applled to the block face ensured measurement of -
radloact1v1ty from dlscrete volumes of braln tlssue. Ihea
1soresponse curve for this multlprobe detector can be:seen
in‘Fig; 10. This detector assemblyicouldlbe accurately

| rePOSitioned throughout'the study by using a radiopague
template aligned by means of‘fluorOSCOpy.and_filmsr(Pig.'9).

A

1. Philips X P1101

o



FiG. 8 Lateral Radlograph of Template whlch
. Indicates the discrete areas of the brain
”viewed" by the Hultiprobe detector

PR

FiG.S-Templef In posltlon on Hulltprobe
. detector car age lmmedlately adjacent to
- monkey s d.

39
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The seventh detect%r which viewed the contralateral

hemisphere consisted of a 2.54 cn in diameter, 1.25 cm.

n

thick NaI (TI) crystal/photomultiplier assembly, and was

: collimated by a lead cylinder with a 2.54 cn. dlameter

aperture. The lisoresponse curve of this single prone can be

seen - 1n Fig. 11.
. N ’ \
- . " O
Inmediately prior to each experimental study all

detecrors uerevcaiihrated for the 80 Kev .gamma ray from 133
Xe usiny a multichannel analfser system;,In en experimental
reaSurement, signdl outputs fromdeach detector vere routed
tﬁreugh an amplifier and pulse height analyzer Chain, and
recorded at 2 second_intervals using a CAMAC scaler-computer

System. Each.experimental measurement of 133JXe Clearance

o

~

'reqdired 15 minﬁtes' Z minutes background and 13 mlnutes

following the 1n3ectlon of“the radloactlve tracer. All

in prevrous publlcatlon from tkis laboratory (5).

counting rate data was accunmulated on a computer disc and
brocessed, in real-time, to display the individual clearance
curves on an oscilloscope monitor in the laboratory. A

schematic dlagram of the electronlcs of the system is shown

2

1n Fig. 12. . .
° C. cajcuiatiop of Cerebral Blood Flow

[

AD exten51ve hlstorlcal reviev and detalls of the b351c

theory underlying the calculatlon of CBF has been presented

- CBF ecan Le calculated by several different methods,

viz: ﬂheight over area" or stochastic (H/A);?"initial slope
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FIG. 11 Isoresponse curves for the single probe
detector with a point source of 133 Xenon in water,
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FIG. 12 Schematic diagrém of instrumentation for
cerebral blood flow:studies.



I
index“ (ISI), and biexporential or "compartmental". The
"initial-sliope index" method was used for all CBF
calculations presented in this report. These values may be
obtained ftom the first twa minutes of clearance data by
caleulating the "delay constant" fron the;approximately
~exponetial cleatance-curve. Then:

3

0.693

CBF (ISI) = - 100 g nl/100 gms/min.

T 1/2
g is the partition-.coefficient (tissue to.blood) of

the grey matter of the brain.

Comparison of the three metnods of CBF calculatlons in
the llterature (122) Treveal very SLmllar results, although
the values of CBF using the IS; method are usually sOmewhat
higher than those for the stochastic or compartmental.
methods due to a relatively.greater contribution from the
rapidly cleared regloms of the brain (grey matter) to the
initial period of data collectlon. The calculations of CBF
presupposes the recorded clearance curve represented a
single transit of 133 Xe, i.e. that tme tracer does not re-
‘c1rculate through the counting field. The lungs are a very
etfectlve filter for 133 Xe, and for these measurements re-
circulation can,be disregarded. In the presence of pulmonary
1msufficiency, however, or when a subject rebreathes his own .
ekpired'air, significant recirculation may occur and

correction must be nade in.the analysis.

Based'upon data obtained in baboons (123), CBF values
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corrected for hematocfit and PaC02 are calcuiated. HOerer,
ia:this study, the hncofrected ialues‘vere used because of .
the unceftainty of the exact response'of cerebral blood‘ |
vessels to PaCo02 after the SAH (89 '110) < Care was taken
during. study to keep tne .PaCo2 between 36 and 4y mmHg.

vl BEUROLOGICAL ASSESSMENT

Neurological assessment.of all animals'surViViag was
carried out at 5 hours and again for survivors at -20 hours
post-insult. A five lelSlon gradlng system, ‘described by
‘ Rothbery (3) was utilized. S T |
“GRADE 1 - alert, active, vocal, neurologically’sound,
accepts,food and water, aggressi?e.

GRADE 1(//— lethargic, somnoleat,rattempts to sitiup, ﬁ
\

sitting or standing but unsfeady with poor.

balance. - , o \
GRADE 111 - no spontaneous attempts to becomevuprlghf \
) g§,{  responds to stlmulatlon approprlately (v1sua;, '
| aud;tory, tactlle, palnful). \
GRAbﬁ'IV - obtunded; Do response to stimulation of anyt
form{‘remains inactive. : \
GRADE V - moribund, totallg unresponsive, failing vital |

signs.
Folloging the néurOlogical assessment at 20 hours tpe'animal
was.sacrificed and the brain examined grossly to esfablisb |
the prec;se site of hemorrhage (Flg. 13). The brains were

photographed, helghed, and placed in formaldehyde. Later the

bralns were sllced to assure than an 1ntracerebral hematoma

AN
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\ .

- FIG 13: Sdbargchnoid hemorrhage - basal view of brain
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had not beewu 1nduced.

Vil CALCULAIICN OF CEREBR_L PERFUSION PRESSURE

Cerebrail perfusion presSure'{CPP) or the pressure of

o

blood perfu51ng the brain can be calculated as follows.

CPP =  MaBp - (ICP + ICVP) |

- ICvp heing intracranial venous pressure
- In this study, cehttal venous pressure (CVP) was
neasured and is eghel to or less than ICVP (124) and is used
‘as an estimate of the iCVP in thetstpdy.'

| therefore, CPP = MaBP - (ICP + CVP)

‘»In the comparlson of ‘the CPP data with that of Eothberg et
" al. (6), the CPP was calculated excludlng the CVP values.

VIII EXPEBLMEHIAL.DESIGE

The present work is comptised of two separate studies:
study I, a preliminary studf of 8 anihals ueed to establish
the treatment pfoCedure and protocol; ehd study II, a series
<;of 14 anihais to assess the effeet of the treetment regime "
. on thevpathophysiology of SAH.} |
| Study I - Objectlves
1. to study the feas1b111ty of employlng SLmultaneous

hyperteh51on,.volume expansion, and ventllatory
assistance as a theFapeutic regimé postJ%AH in a
cynomolgus monkey model. ‘

2. to evaluate the pressor response of several

4

vasopressors (norepinephrlne, metaraminol, dopamlne)

'

~ post-SAH in theocynomolgus monkey model.



3. to evaluatelthe method,ot volume expansioun using .
autologous blood aud'human serun albumin and assure that
any untoward side effects could fre av01ded or treated if
necessary. (1 e. hypocalcemla or pulmonary edena.)

4. to evaluate the anglography and vessel measurement
process ln order to. 1mprove its accuracy, prec1510n, and
reproduc1b111ty.

Study II - ObJectlves : i : :_ -

1. to investigate tme effects of the 51multaneous use of

'hyperten51on 1uduced wlth dopamine, volume expanslon
using autologous blood and human serum albumin, and
ventilatcry assistance on theepathcphysiology of SAH in

‘a cynomolgus monkey model.

IX EXPEKIMENTAL PROCEDURE

Follaowing surgical‘preparation of the animal and

placement of the tip of the needle in the chlasmatlc |
/CLStern, a basellne CBF nmeasurement. and anglograms vere

obtained. On four monkeys in the prellmlnary study, CBF
measurements were nade prlor to any contrast studles, 10
mlnutes after the first anglogram, then after placement of
the needle t1p in the chlasmatlc cistern. The SAH (volume
1. 67 ml/Kg body velght) was then 1nduced and as51sted
ventilation 1nst1tuted 1mmed1ately because of the apnelc
SPell invariably occurring'post-SAH. In the initial amimalst
the ventllatory ass;stance was instituted 25 or .more mlnutes

post-SAH but this proved to be unsatlsfactory and the above

noted protocol uas gu;ckly establlshed. At 7 to 10 mlnutes

C L



post—SAH, a CBF;study vas,obtaihed followed by»an’
angiographic session. The‘?emainder“of“the treatment regime
was then 1nst1tuted by starting infusiouns of dopamlne, |
autologous blood and 4 gms/DL albumln. Every half hour up to
3. 5 hours post-SAH a CBF study was conducted, 3£d followlng
every second CBF study anglograms were obtained. A mlnlmum
of 10 mlnutes separated any - anglographlc session and the

v

forlowlng CBF study.

At 3;5vhoursipost-SAH,.treatment was oontinued uhiie .
Vthe probes ané catheters were removed and the wounds
reedtured. At 5 hours'post-SAH the treatment was Stopped and
_ the monkey assessed neurologically. Those aninmals surtiVing
were reassessed neurologlcally at 20 hours, then sacrlflced
to verlfy the site of the hemorrhage. Only the anlmals with
a 90% or greater SAH and no 51gn1f1cant 1ntercerehral

hemorrhage ‘were accepted into the SAH treatment (SAH—Rx)

group-
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CHAPT_E__ THREE : BESULTS

Although this work has two studyxgronps‘ a group of 8
anipmals in a pllot study, and a group of 14 anlmals in the
maln’:;eatment study for a total of 22 monkey the results.
of both groups overlap in certaln areas and have been

Y
comblnea in these areas to maintain coherence 1n the

- results.

Two exreriments were aborted necause of tecnnlcal
'problems. ln one case there vas failure to clip the external
' carotld adequately and repeated attempts resulted in the

demise of the’ monkey; in the other case the anlmal wvas

o
P

. sacrlflced When fully prepared surglcally for the experlment

because of an acc1dental loss of all avallable 133 Xe.
However, this later anlmal vas utlllzeg to. obtaln good basai
vzews of the cerebral arterlal anatomy, and several llve
peripheral nerves were provided to the physiology
‘department. All results on the.remainino‘ZO monkeys are
presented here. All values are given as mean % standard

dev1atlon, Unless otherwlse indicated.

I PILOT srun.

The purpose.of the pilotbstudyeias to establish the
'preCise treatment regime by.means or assessing eack
paraneter'i;e-,vtheptiming-of their intrdduction, the safety
of autologous blood in’;unan albumln in transfu51on, and the

pressor effe

of dopamine.



The introduction of assisted ventilation wasbinitially

carried out after the post-SAH CBF study and'angiographiq
session, i.e., 30 or more minutes post SAH. This protocol
vas changed after several»animals:and ventilatioh uash |
introduced'ln the lmmediatelj‘post-SAH petiod'because of the
.~ prolonged apmneic spell.observed inlsome,amimals. This
experimental situation simulates the condition in the‘home
or on the street vhere someqQne is given resplratory |
~‘a551stance by mouth tcgmouth resusc1tat10n after collap51ng

and havmng a resplratory arrest.

farious VaSOpressors (notepinephriue,'metaraminol,
depamine)‘were used in the posthAH period ip ap attempt to
'increase-the bloodbpreSSure in these animals. However, none‘
of these agents were effective as vasopressors, except in a
few cases, desplte hlgh doses of each 1nd1v1dual agent. A
. review of the experlmental methodology at this point led to
~ the dec151on that the d- tubocurarlne dose was llkely too .
hlgh resulting in massmve hlstamlne release and a "shock
llke" statej(125). Also the hypothe51s that the albumln
transfusmon was resultlng in the bludlng of the lOHlC
calclum, or‘the antlcoagulant used vas affectlng the ionic
.- calcium was. conSLdered. Further support for this second
hypothe51s was prov1ded by the development of selzures
-respon51ve to calcxum gluconate in twvo later monkeys. Also a
tachyphylaxls to the alpha propertles of dopamlne was seen
in many animals which responded to the<adm1nlstrat10n of

calcium glucopate. In four later monkeys (Table 1) serun




' vasopressor to be used because of recent literature =

52

calcium levels were assessed pre-and pOst4transfusion, prior
to the administration of any calcium'glucdnate, to try and

determine the contribution bf»hycocalcemia to this problen.

As seen in Table 1, serum calcium levels in these four

' animals fell (M-19, ¥-21, ¥-22, M-24) but not to what would

be coﬁside;edktetanic levels in the human. None of these

ﬁonkeysAhédbséizgres,.and~in thevtuo monkeys vhich did;have
seiiure—;ike!éctiVity, novsergm calcium levels were obtéined ,
prior to the admipistration‘df the calciunm gluconate;'

Aftér employihg_a lower dose of d—tubocurarinek(O_B

-

'mgm/Kg})uith a slightly better pressqr'r35ponse with the

dopamine, it was decided to change to another competitivé

neuromuscular blocker, galldmine."

In the latter part of the‘prelimina;y series, it was
decided to continue iith,the_dopamine as the single o
documenting itslempifical use in SAH (97,98) .

Volume expansion using autologous blood in hupman serum

‘albﬁmin vas found to be quite safe onsthis'acute‘Bésis in

the.Pilot.S£udy,‘éxcept fof the'questionablé effect on the

serum calcium levels. The véluﬁe transfused was usually

greater than 50% of;the'ankey's‘blood'VOlUme.'MonkeY 2 was

\

‘that developed\qvert’pulmonary gdema with
fun. The CVP during this episode rose to 16 nmn.
nimal did the CVP climb this high and in

ume expansion was slowved when the CVP
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reached 112 mmHg. In most anlmals thlS was not a problem, and
in fact. desplte the rapld (1 hour) admlnlstratlon of more .
than 100 mls of colloid, the CVP often did’ ‘not rise moreﬁw

~ ‘than 5 nnHg. |

II SUBGERQURS IN PILOT AND MAIN TREATMENE STUDY

‘Results on all anlmals have been tabulated and grouped

according to the autopsy flndlngs' SAH - pllOt study (o = 3,

‘Tables 2, 3. .and 4), 1ntracerebral hematoma (ICH) (n. = 2

Tables 5 and 6), suhdural hemorrhage (SDH) (n =2, Tables 7

'and 8),‘m11ed hemorrhage (n = 4, Tables 9,_10, 11»and 12), .

SAH-RX group (n = 9, Table 13). The results on the SAH-Rx

groups“have been tabulated‘as a unit ia Table 13 because of

" the srmllarlty of thls group vith regard to treatment and

2

type of hemorrhage.

;‘f A. _Ag GLoup from g_.g; Stu_y ,

‘ The results on the SAH Rx group from ‘the. pllot study,
'(Tables 2, 3 and a) are to be viewed wrth cautlon due to the
use of a toxic dose of d-tubocurarlne, the delayed ‘"'

ventllatory aSSLStance (usually 30 or more nlnutes _post-

SAH), conbxned Hlth the lack of expertlse of the operator at

. this ‘time. Hence the rCBF values are. lov and are reflected

Cin the hlgh norbldlty and uortallty of this group-

IRIIQESSQQIQI ﬂglﬁlgli QSQBB ilgﬂl
,A

The ICH group (Tahles 5 and 6) ConSIStS of two anlmals
vhlch are gulte different frou each other in respects other

:than the fact that one, cane fron each of the serzes. uonkey
\

A
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0

L
5 probahly had a ICH that occurred 51multaneously Hlth the
SAH lnductlon, resultlng in a high ICP. Monkey 14 probahly
represents a s;tuatlon in whlch the ICH accumulated slowly
or rapidly during the latter portion of the experiment. The
mortallty‘in these anlmals vas hlgh with both aninpals belng‘

dead at 5 hours. Also the wet bra1n welght was hlgher than

for the other groups (mean vet braln weight 71:1 gm) .

~ C. &L;e; He .m.rr_o ade Group (SDH)

The 'SDH group (Tables 7 and 8) consists*of two monkeys
Hlth 90% or greater SDH and are both from the\second series
when the experlmental des1gn had been establlshed The
results for these two monkeys for rCBF, NaBP, IcP, vessel
‘callbre (internal carotid above the posterior
‘}connunicating); and PaCOé”are shown in Fig.14 along with the
reSults from the SAH—Rx,group for}comparisonehhlthough it is
‘unreasonahle to make a statistical comparison between the
groups, it: Es apparent from this flgure that the MaBP, ICP
and the PaCOZ in the two groups are the same, but the rCBF
shovwed more narked 1ncreases in the SDH group with
treatment, and the vessel Spasm in the- SDH group was

conszderabiy less than in the SAH group. . .

D. Au.d Hemoprhage Group

The mixed hemorrhage group (Tables 9, 10, 11 and .12)
are those anlmals with' 1e§s than 85% SAH yet wlth no
‘1ntracerebral hematoma or purely SDH. These partlcular :

results qre to be v;eued cautlously hovever since a tox1C

v

A St €
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o—s ' SAH-Ry (n-9)
o= == SDH-Ry (n-2)

 1CBF - 40+
" (mI/100 gm /min}
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- MaBP 90
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FIG. lhi Regienal cerébral blood flow (rCBF),‘mean
arterial blood pressure (MaBP), intracranial pressure

(ICP), vessel calibre of internal carotid above the

posterior communicating, and partial pressure of carbon

 dioxide (PaC02) plotted against time for SAH-Rx and -

SDH-Rx groups. 'Note the marked differences in rCBF-
between the groups despite comparable changes in

. MaBP, ICP, and PaC02,
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' level or d-tubocurarlnehwas admlnlstered to three anlmals
with varylng experlmental procedure. However, one monkey (m~
19, Table 12) whmch was treated under the establlshed
experlmental de51gn, did well, belng a neurologlcal grade 1
at 20 hours although the rCBF dld not return to normal.

~ E. SAH- g;group S . R

Nlne of the 14 monkeys studled after the establlshment
of ‘the experlmental procedure are 1ncladed in the SAH-Rx
.group. The results on this group are those whlch attempt to
~ answer the prlmary questlon addressed in this work.}The mean

values for rCBF ‘MaBP, CVP, C&P, PaC02 ICAP, ICBoO, MCA, and
VPPC for each tlme perlod can?ge seen 1n Table 13 for thls
.,group. The results on thlS group are also shown in graphlc

form in Flgs. 15 and 16 together Hlth results for the

,"control group" - f o ,(h

The body uelght of the aqlgﬁds in thlS group was
3 1£0.4 Kg (range 24 5 to 3 7). The tlme rﬁgulred for

lnduction vas 0518 seconds (range 32 to 60). All

_ anlmals had an apnelc spell vlth the hemorrﬁage lnductlon,
the length of vh;ch was Q1110 secongs (range 2“ ‘to 55) and
".thCh uas usually ternlnated by the 1ntroduct10n of asszsted
.aventllatlon. Length of tlne hetween the hemorrhage and the‘

1ntrodUCt10n of - hyperten51on and VOlume expan51on uas 3115

‘nlnutes (range 26 to 40)._"

[*]

The volune of autologous hlood and total colloxd

"transfused ;mto each monkey Has 2816 nls (range 15 to 30),

o -

;o
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FIG. 15 Regional cerebr
calibre of internal carp

communicating, partial p
(PaC02) plotted against
groups. - Statistical com

Pre-SAH and post-SAH va)

al blood flow (rCBF), vessel ,_

tid above the posterior
ressure of carbon dioxide
time for SAH-Rx and control
Parisons were made between
ues for Rx group only,
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S?H
¥ sem ,
280 o—e SAH-Ry (n:9)
240 ® -» SAH-Control (n:5)
ns  Not Significant
HR 200+
beats
/min 160 /
120 T T T
1104

(=)
-

) T
1 TIME (N?

FIG. 16

Heart rate (HR), mean arterial blood pressure
(MaBP), intracranial pressure (ICP), and cerebral
perfusion pressure (CPP) plotted ag
and control groups.

ainst time for SAH-Rx
between pre-

Statistical comparisons were made
SAH and post-SAH periods for. Rx group only.
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and 136%15 ml (range 115 to 158) respectively. The CVP rose
fron 6+2 mmHg pre-SAH to a maximum of 1243 mmHg at .3 hours .
~ post-SAH. The HaBP fell from 84115 nnHg pre-SAH to 74112
mmHg lmmediately post-SaH, and‘then was elevated by dopamine
to a maxinum of 101+14 mmHg at 3 hours post-SAH. This ,
represenfs an increase in ﬁaBP.of 20% from the pre-SAH MaBP
and 36% from the post-SAHuMaBP. The ICP was ﬁiB:ﬂhHg pre=-
SAH, 1719 mnHg immedlately post-SAH, then gradually
increased io a maximum of 28111 mnHg at 3.5 hours post-SAH.
The CPP féll from 79+15 mmHg to 5316 mmHgAimmedlately post-
SAL, gradually increased to 70120 mmHg at 3 hours post-SAH
and then decreased to 60+17 mqu at B-Slhours posf-SAH.‘The
heart rate (HB) in the animals graduallyfiucreased
throughout the study and went from 172:17 beats per minute

. to a uaximum of 233i24 beats per minute at 3. S hours post-
SAH. The HB, ‘MaBP, ICP and CPP from this group can be seen .
in Flgure 16 along with the correspondlng values for the
"control group" of Rothberg et al The only apprec;able
difference is the much higher ICP values 1n the SAH-Rx
group. The CPP values in this figure alone haVe been,
calculated omlttlng the CVP in the equation in order to

_compare the results wlth the "control" group.

A
The rCBF in the pre—SAH period was 44+2 ml/1009ms/m1n.

;(mean tSEu), 2213 ml/100gms/min (meantSEM) immedlately post-
SAH, and 3814 ml/1OOgms/m1n (neantszu) at 2 hours post—SAH
This value at 2 ‘hours is not 51gn1f1cantly d1fferent |

(P)0.0S) from the pre-SAH flow. The LCBF remalned at 38:2
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nl/100gns/nin (mean +SEM) at 2.p and 3.5 hours which is

I

. statlstlcally lower (P<0. 05) than the pPre-SAH flow, then .

fell to 34:2 nl/100gas/min (mean tSEHN) at 3.5 hours post-

SAH. These rCBF -easurements are presented with comparable
data obtained froum the."control group" of Rothberg et al in
Fig. 15. The rCBF values in rhe present study are |

appreciably improved over‘the."controlbgroup"hafter the 2

hour period poSt-SAH, although statistical analysis of the
results betueén ‘the two groups has not been done in view of

 the small number of animals (n = 3) in the "control" group

during the time periods beginning 1 hour post-SAH.

In order to maintain a Pa02 greater than 100 mmHg and a
PaCO2 in the. region of 40 mmHg, the t1da1 volume was

1hcreasea from 3217 nls pre-SAH to 469 mls 1mmed1ately

: post—SAH, and from 49110 mls at 1 hour post-SAH £o 5116 nls

at 3.5 hours post-SAH‘.The resplratory rate did not change

_51gn1f1cantly from the pre‘!kﬁ value of 2915 breaths per

mlnute. Pre-SAH, the PaQ2 was 153t4 panHg and 1mmed1ately

. post~SAH, 143126 naHg, subseguently falllng to 137131 nmHg

*~

at 3 5 hours. Often the N20/02 ratio has to be decreased to

é
maintain the Pa02 > 100 man. Pre~SAH the PaC02 was 3914

mmHg and'lmnedlately post-SAH .fell to 3619 mmHg. The maximum

"~value of PacCo2 durlng the post~SAH per;od of u315vmmﬂg vas

- seen at 1" hour POSt-SAH. The mean values for PaC02 are o

presented 1n Pig. 15. The mean PaCOZ value for-the- "control"

group was different only in the lnmedlate post-SAH period. -

_;Ihe,hematoorlt fellgtromwammaxlmum of 0;@5i0;03 pré-SiH to a.
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bmlnimum of 0.31:0.05 at 3.5 hours. . - ;1‘

The decrease in vessel calibre seen with the'Seﬁ-was
most marked in the immediate post-SaH ﬁeriod. The
angiographic session held at this‘time was usually 25 to 30
minutes post-EAH. The spasm was greatést in the MCA, mean
vessel calibre being'65¢6% and least ln the‘PPC, mean»vessel
calibre being 78116%.of the preQSAH values. The mean vessel
callbre immediately POSt-SAH i the ICAP and ICBO was 70+13%
and 6819% respectlvely. All3vessels tended to return towards
pre-SAH srze durlng the first 2 hours post-SAH, and at 2.5
and 3.5 hours post—SAH the vessel callbre vas not
statlstlcally dlfferent (P>0. 05) from the pre-SAH Eallbre
(Table 13). In view of the fact that aIl,four vessel sites
measured reacted‘similarly; only the‘results fron the
1nternal carotld above the posterlor co plcatlng are
presented in the comparison with the “:%nt; wgroup" 1n Flg.
15. It can be seen- that at 2.5 hours the ve:Zels in the |
1"control group" are 20% decreased in callbre vhereas the

vessels in the SAH-Rx group return to normal

i’

An example of the changes in vessel callbre and rCBF

- with henorrhage induction and the response to treatmen -

4

shown in Flgs, 17 and 18 lefuse vasospasm can be .
inmediately post-SAH'with the retarn of the vessélsﬁyg|

normal at 2.5 hours with treatnent. o
Pearson correlation Cbeff1c1ents wvere calculated for e

&
-CBF VS;‘WGSSEI callﬁre for each indl?idual vessel 1gnor1ng

-
el



.a) X Flow 46
‘ PaC02 . 46
MaBP 96

b) X Flow 19
- PaC02 40
.. MaBP- 76
‘ "” . ] Q

AN

v l?‘-é)'lifflow ‘47‘
-  PaC02 41,
~ © MaBP 103

FIG. 17. Example of changes In.vessel calibre and regional .

T cerebral blood Fiow a) pre-SAH, b) immedistely post-SAH

and c) after 2 hours.of treatment. Mean.cerebral blood
Flow (X flow), partial pressure of carbon dioxide (PaC02):-

_and:mean arterial blood, .presfsgn;;:(mef),‘v:.;ﬁ"ﬂcate.d., e
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a) X Flow U6
: PaC02 41
MaBP 62

B) X Flow 16
~ PatO2 37
MaBP _ 63

PaC02 - &k

T ccnbrai ir ‘

") pre=SAH, b) immediately ppat-SAH,
and c) after 2. heurs of treatment. st blood -

Mean cerebral blopd

N o X Flow 36 «

mr 96,7

Exanptns of changcs ln vnssgl callbrc qod roglonal

- Flow, (i’flou)‘“ partial. prussﬂr:;z! carbon dlnxlauf(vacoz) .

and mean nrtérllt blood g,
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thé pre-saH value,vand using the other values as raw data or
~as a percentage of the pre-saj value (Table 14). A
31gn1f1cant pOSlthe correlatlon is found between CBF and
the vessel callbre for ICBO, ICAP, and MCA, but not for PPC.
 Little difference in the results wvas found whether or not

" the raw data, or the data as a percentage of.the control

value was used.

AL analy51s of the llneargcorrelatlon betueen CBF and
vessel calibre. was made u51ng the rav data and the data as a
percentage of the pre-SAH value. ThlS analy81s wasccarried
out twlce,‘controlllng and not controlllng,forachanges in
'CPP. The R2 value for each vessel (analyﬁed as a percentage
of the pre-SaH value), both controlled and not controlled
:for CPP is shawn in Tanle 15. In all vessels the correlatlon
with CBF improves uhe%bchanges 1n CPP are taken 1nto -
haccount. The best linear correlatlons are found for the ICBO
~and MCA with R2 values of 0.35_and_0.3& respectlvely. These
B2 values indicate that 35% and 34% of the variance in CBF
: respectlvely can be expla;ned by changes in anglographlc
vessel sxze uhen changes in CPP are controlled in the
analysis. A plot of the llnear regre551on lines for the
ICéO,dICAP, MCA, a d PPC can be seen in Flg. 19,20,21,22.

v ©

 The llnear regression analysis for Cﬁéiln relation to
CPP revealed a poor fit (R2 = 0 01), and the Pearson
’ correlatlon coeff1c1ents were not szgnlflcant (p = 0.14 and :

‘p = 0. 24« T
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FIG. 19 'Linear regression line showing the relationship of.
CBF with vessel calibre of the internal carotid below the )
opthalmic artery (vessel calibre and CBF values used were a | \“
. percentage of the control values).- . , . }
. . o . . . Ty ‘ . . Lo
. ' ! o S . o N C ) k
.!.‘
8 . 5
i
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. f&"& P
o . 2,
o R*0.14
. .o : 2
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~ . ( \ 3 -
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: .

'FIG. 20 Linear regression Ilne showing the relationship of =
vessel calibre of the Intéernal carotid above the posterior -
~communicating (vessel calibre and CBF values used were. a

_ percentage of the control, values)
3 8. - . : N : \



FIG. 21 Linear regression 1ihe showing the relationship
- of CBF with vessel calibre of the middle cerebral artery

(vessel calibre and CBF v
the control values).:

alues used were %96ercentage of

- e -

+

" .
PPC (X CONTROL)

Y
18

Y
128

©

FIG 22 Lingar regression line showing the relationship

,;ofmchfwith—the}vessel'calfbre‘of*the'périca11§531“értery“ ’
(vessel calibre and CBF val

the control values).

3

ues used were a pe
. _ L

rcentage of
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The mean grade of monkeys in the SAH-Rx group and the

"control group" ‘of Rothberg et al can be seen in- Table 16.

7,

A

: for the control group at 5 hours (P<0 05) and 20 hours

;(P<O 01) postr- SAH.' Thls flndrng conflrms the better health

status of" the SAH—Bx group at both these time perlods. Ad
test of proportlon was made betueen the. number of anlmals )

allve in the SAH—Bx and control group at the 5 hour and 20

"hour tlme perlods. At 5 hours a comparlson of the proportion

of anlmals alive in the SAH- Rx and "control group" (8/9 vs

N

'VS\O/S) ‘a SLgnlflcant dlfference (P(O 01) is found., . 1 %

.autopsy flndlngs. The SDH and ICH group'

' the mlxed hemorrhage group. The SDH group also has a

'54 to 68).'

i o

The ﬁet hraln wemght for thls group is 6014 gms. (range

‘ Lo
B ¥

F. _.hgreun Bssults Bﬁl.tsns ;. ﬂsmgrrhage lud .gn |

/

“In Tahle 17 some of the changes 1n ICP, blood pressure,w

s v R

h‘resplratlon, and heart rate durlng the perlod of s H vr—"”

| lnductlon havexbeen documented accordlng to the f nal 4f'

nake any deflnrte statements but ‘the. fln;

% . o

1fare dlfferent 1n certamn areas and these shoulé be noted.'ﬂ

| _are comparable except for the 1ncrease 1n half-tlme decay

(tlme regulred for ICP to fall to a level one half the ,r

dlfference betueen peak value and lniﬁral restlng value) 1n

' S
e

3/5) reveals no 51gn1f1cant difference, but at 20 hours (7/9
Es

N

 The results for the SAB group and the - mlxed emorrhage grj P ,>

~.‘The grade 1s szgnlrlcantly better for the SAH—Rx group than Q‘ o

I

oo
LW
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moaerately increased half-tinme decay for -ICP. waever, tae
halz-time decay for(the ICH group is‘markedly increased due
to the contribution.Of:one monkey (M=-5) in ﬁhich tne
hematoma ‘likely occurred immed?ately with hemorrhage \
iduction. It should also be noted that the peak ICﬁ in the
SAH greqp (193+10), -meantSEM) is cpnsiderably'higher fhan
that fpund‘in the "conrrol" group for‘this‘investigation.
(142£17, ﬁean 1SEHN) (3).\The heart;rates for each enimdl at
the peak HaBP was highly Varlable, ranglng from a s
bradycarala of 60 beats per mlnute to’ .a tachycardia ot 240 é

beats per mlnute, and hence a large standard error is often

S€eel.

B -
9

An example of .the changes in ICP, blood Fressure,
ventilation,/and C;P for an induced SAH can be seen in Fig;
23. 1In tuls flgure, it can be seen that the klood pressure
fell lhltlally before 1Pcrea51ng, typical of a SAH (126).
The apneic spell was 40 seconds and was only terminated by
the use of a respirator. Also of note, there is répidrfall
in the ICP back to LOH levels after cessatlon of- the
ln]eCthD of blood while the blood pressure very slowly

dr0ps down to pre- SAH levels.

Lo

- Findings relating to the‘changes due to contrast
pedium, and the accuracy and precisiom of the vessel calibre

measuremnents are documented briefly in this section.

*In the first four monkeys studied, rCBF measurements
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‘SAH Start

SAH Finish

TIME
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FIG. 23. Sample traging of
(Resp;),"intracrapi%] press
(BP), and central venous pr

changes in respiration
ure (ICP), blood pressure
essure (CVP) during the

period of SAH induction. Note the prolonged apneic

spell ' which was terminated
the rapid fall of ICP down
fall of BP after the hemorr

by use of the respirator,
to low levels, and slow
hage was given.
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were maae before ‘the 1n]ectlon of any contrast meolum, 10

1

mlnutes after the lDJeCthH of contrast med;um, and arter
the ‘placement of the tlp of the needle in the chlasmatlc
fcrstern. The mean rCBF values at thlS tlme were 4%16, Q714
, and 4117 ml/1009ms/m1n respectlvely. Altbough thls group
comprlses only 4 monkeys, tests of comparlson wltnln the

grbup’réuéals no statlstlcal dltference ‘in the flow' values.

) Ly . 9 . _ i '
L ' ) v

Statistical comparison of 20 measurements from the

.- radiopaque plate placed on the cassette to control for
- ‘ . . 5
Changes in film;-Screen, exposure and developlng

! *

characterlstlcs revealed no statlstlcal dlfferences between.’

~the anglograms during eacﬁk eparate experlment However; in

'one‘study the measuréments o the,standard Fevealed that
some factor has.chanued with t E result that the holes were
143 larger than average. throughout that partlcular |
experlment. The average coeff;crent of varlatlon for the
control plate measurements establlshed from 50 plates'{as‘

4,00, 7».

Comparisons were also made between the uessel ¢calipres
in the first and second fllms obtained at the anglographlc
se551ons, for 40 vessel pairs v1th automatic injection and
67 vessel pairs with hand lDJeCtlon. No statistical |
; , P

difference was found betueen the vessel calibres in the"
first or second films obtained at an angiographic session
using either method of injection. However, the automatic

v 1njection of contrast medium resulted in a less marked -

)



variation in the méasured vessel calibres and in vessels
that‘were éasierato measure‘by optical techniques. The
average Coeff1c1ent of varlatlon for this system of

measurement establlsned on'the rlrst 96 vessels measurea was

5.312. 1%. o : ,
| N ,
. IV INCIDENTAL HLMAT%@CAL AEQ BIOCHEMICAL EINDIBGS

a1l monkeys vere bled two to four veeks prior’to the
' procedure by neans of a 16 gauge catheter placed in. a ve1n~
‘on the dorsum of the leg. In{the initial monkeys, blqod
sampling for hematocrit alone was done at this time, and in
- later uonkeys saupling\for hematocrit and biochemical
analysis Was nade. |

,J.) > )
The‘nean volume of nlooj/removed from the 22 monkeys

vas/41t9 mls. The mean hematdcrit values at the tlme of

bleeding, and at the e erlment ) to 4 weeks later, was

. 0-3310.01 '(mean+9EM) and O. 3810 01, (meaniSEM) respectlvely..
4
A signlflcant 1mprovenent—1n hematocrit is seen following

the administration of parenteral.iron despite the removal of

a relatively large volume of blood (15% of the blood
volume) . ) //,

ln.14 monkeys, one milliliter of blood was allowed to
~clot and subsequently centrifuged to obtain tne serum. The
- Serum was later analyzed for calc1um, albumln,}iotal proteln '
“and when p0551ble, for sodlum, potassium, chloride, and

phosphate. In 5 mongpys, a serum sample was also‘obtalnedA

. following transfu51on‘0f nost of the blood and thé albumin,



and was use‘d for ‘a repeat 'analysis'of the ca;lcium and the

. i . RN . .
"'»al"b.umin. These 'values' can be seen in Table 1. As mentioned
v;_n:e%rj_.ouvsl.y, a fal_l',of ’Img/D.”La is seen in the mean serum
calciun 'post-transfusion’ , SRR W

-« FI ) . ‘ . . -



CHAPTER FQUR : DISCUSSION,

The purpose of this work was to study thae . .
pathoghysinogiC résponge"to g'treatment Tegine comprising

hypertension induced with dopamine, volume expansion, and

ventilatory suppott, in an experiﬁqntal nodel of SAH. The

efficacy of this ;egime'was to be assessed on the pasis of
chaﬁges ian re;iohal CBF, vesse}‘calibre, and éartlcularly,
morpidity ana mortality ih comparisonito ascomparable series
of 5 anlmais which received a subarachnoia hemorfbage but no
treatment. An initial pilot ;tudy of 8 anlmals was conducted
to dec1de on thé’pcecxbeiffeatment protocol, followed Dy tne

main treatment study. of 14 animals.

The treatment of the initial 8 monkeys studied is

confused’by several factors,, including the time ventilation

<

was introduced, the toxic dose of d-tubocurarine yiven to

each anipal, and a lack of expertise and familiarity orf the

operator with the experimental model. Hence no-conclusious

from this group with respect of CBF,&vasosp;sm, anig -

morbidity can be made. However, the results from the pilot

-

study greatly aided in the experimental design of tke

subseyuent Studies. A' - .

v

v

Ventilation of the animals in the post-SAH period was

an integral part of the,Qesign of this experiment. It'hasv

been demonstrated by previous work in this laboratory that
ventilatory disturbances are universal immediately following
the \emorrhage; Comparison between results from experiments

90
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. in whico the mom(ey vas ventllated (4 3) and wnich tne
monxéy was' oreathlng spontaneously (3) suggests that tuese
dlsturhances play a role 1n the demise of the anlmal This

2
suggestion was norne out in the pilot study ‘wherL the. need to

introduce ventilation ;mmedlately in order to reduce the
apneic spell to less than a'minute post-SAH, was ﬁound to ve
necessary. In many of the anlmals 1n HnlCh ventllatlonfwas

*
not supported 1mmed1ately post—SAH, the *CBF never~pecovered.-
" This may have been due’ to the other factors involved at that
'the such as the lack of expertlse of thl o;eratom and the
d- tuhocurarlne but Lomne the ledﬂ'when 1mmed1ate ventilatory
Support was 1ntroduced a marxed 1mprovement in the animals .
becane ag@arent. - o | ) - -

kS

The pilot study alsonverified that it was safgstO’bIeed
these animals then expand the 1ntraVascular cdmpartment with -
the autologous olood and human serum albumin amountlng to

volunmes up to 50% of each anlmals_blood;volume.an
. . h‘y *
~ The pilot study also served to confirm the use ,of
dopamine as'a mild vasopressor in this species of monkey.

. Further, it served to 1n1t1ate methods to 1mprov$ the

guallty of anglography.

The use of calcium gluconate to control the seizure— .
llke act1v1ty of the anlmals in the later portlon of the ,
study, was never verlfled by documentatlon of a hypocalcemlc

state in a selzurlng anlmal. Although the binding of the ‘ ;

FRST——

cailcium by the transfused albumin/was considered a possible



‘cause tor the seizures, no documentatiorn-of thie possioility
‘coudd bpe tound 1nvthe llterature. However, the po»:abltlt)
that the avallaﬁie calcium was decreésed 'but not to tetanlc
levels Dx the albumiu is supported'by the tachyphylaXiS'to
dopamine. The other pOSSlble cause of hypocalcemla is the

known errectiof ACD antlcoagulant on serum calc1um levels lD

kumans~ (127). The belzure llke activity was only seen in thd -
later anlmals voep the:ACD uas used but it was tranéfusedvln,
such small amounts that hypocalcemla is an unrlkely

complication of its use. The otner possibility that fﬁ

myocionic jerks were 51mply a direct result of the

A

subaracnn01d blood and tne cessation of the selzures 1n the .

two animals imn which they occurred'with the calcium

gluconate, was completely coincidental.

vAn interesting finding in this study;'is the increase
in the anlmals hematocrit between the time of qgeedlng and
‘the experlment. Thls suggests that many of the anlmals are.

iron derlclent when they arrive at the vivarium, and yerhapb

‘in future studies, all anlgals should be glven 1n}£apuscular

iron upon arrival. 0 -
. . : | .
The uniformly, rapidly fatal consequencés of -an
intracerebral hemorrhage’as indicated by this complication

in 2 amimals is comparable to the poor prognosis of this

- . evendt "in cllnlcal practice. In thlS 'gEOuf o anlmals,'”he

ICp remalned hlgh for a relatlvely long time after the -

hemorrhage induction and~thls was probably the major_factor



*

»." » : . . | . ' c"(; >
in tae demise of these animals. ‘
L g
fl
The SDH—Rx group, although small is interesting

\

because of }he ‘marked dlfferences Detueen thlS group ano tne
SAH-EX group{ The SDH-Rx group demonstated mlnlmal vessel
spasn 1mmed1atery‘post hemorrhdge (dlameter of ICAP at 7 to
10 mlnutes 92% pre-hemorrhage dlameter), which. rncreased
slightly at 1 hour. The rCBF.values in this group fell .
initialiy but then lncreased to hyperenic levels (CBF 150%
of pre-nemorrﬁage CBF), sith treatment@ This’hyperemia

contrasts markedly with the changes in CBF seen il animals

in the SAH—Rx group. These differences in CBF occurred

desplte no apparent dlfferences in e L arterial blood

@

' pressure, lntraqranlai ‘pgessure, or .-PaC0O2 between tne SDH-EX

“andASAH—Bx‘gpoupSu‘This'demonstrates an ability of tais

“ 4

treatment f%glme o) 1ncrease CBF above normal levexs in

It is possible that thrs lncqease in CBF would have been

seel - wlthout treatmeht and represents post- 1schem1c

" hyperenia (1z8). (The Lschemrc lnsult resultlug from tne

/

period or hemorrhage inductioq vhen ICP 'is very hlgh). hat

1t represents post-lschemlc hyperemla is unllkely as. it has

never been seen in previous experlments in this laboratory.

More llkely‘there ‘has been some 1mpa1rmentkof autoregulatiou_

with the ischemic ‘episode and the treatment regime has been

able to increase CBF markedly because of the absence o

significant. vasospasm. =~ S S

\

anlmals‘ultn no SAH but with a space occupylng Leslwr; SDH.

it aabirais, R Pt i
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- Three of the four.agimalétuith a mixed hemorthage are
from the ihitiel'B ?X{;al group, thus leavihg oLly one
'anlual o/;he oompared Ulth the other anipals ‘in the serles,
© Any. conclusions or deductions from this 51ngle anlmal arev o .
. . ;

impossiole‘and hence there uill‘be no further_dlscu551on oiv'

this grogp.

[ | Comparison of the SAH."control group" (n = 5) of
Rothberqg et al (6) and the SAH-Rx'group (n = '9) reveals ‘ h\x '
supstantial differences. . | | ) |

C
The CBF values ore~SAH, immediatelj‘posh-SAH, and at
‘he.hour post-SAH wereﬂsimilar, but a{ter'this éime; the
SAH-RX group haa apprecxably higher .CBF than the control
'group. In v1ev of the fact ghat only values from 3 anlmals
are contrlbutlng to. the later values in the §AH "cohtrol A
.orouﬁ", it was felt thdt}SFatistioal analysis between the
_(jgfeﬁ%§>might_he misleadingf,Hoﬁever,_the“1ate;rflous_of the

SAH*Rx»are.statistically‘higher'than.for‘the SAH "control

‘group+(P<0.01).

.
The hlgher CBF values are’ assoc1ated in the Shh—Bx
v group Hlth the return. of vessel calibre to the pre SAH
~values at 2.5 and 3 5 nours, whereas vessel callbres remaln
at 80% of’the pre-SAH value ln the SAH "control group"
These changes are assoc;ated wlth a marked 1mprovement in
morbidity and mortallty of the SAH—Rx.treatment group as a

B wuhole¢



;The SAH~-Rx group (n =v9) served ds fhe‘sungroup of
. . . . ‘3 ,

animals to assess thé efficacy~of the treatment regime.

-

. The effectkof the treatment of these ahimals’with
‘ hype;tension;;iolume expénsioﬁ, and venfilatory sﬁppdrt Qas
marked iﬁprofement in the‘survivai and morbidity»Of_the
grdup;,asseciated uithvmoderate ihcreases in CBF ‘and vessel
rcalinre; fhe contribution‘of.eeeh modélity in the regime to °
' the overall beneflt cannot be dlstlngu;shed. Furtner, €ach
modality may have acted- synerglstlcally Hlth tne other

t

parameters.

The vehtilarorf suppbrt.of,these aniralsvin the
‘:iﬁmediétely‘pOSt&SAH perioﬁbcannet be UBderestimated; Soon
' after the 1ntroductlon of Ventllatlon post SAH the anlmals‘
would usually flght the ventllator,vsuggest;ng that tne a
1n1t1al resuscltatlve measures are needed to malntaln a good
.PaoZ2 only 1n the perlod lmmedlately post SAH. Beyond ‘that
stage, ventrlatory support is not cruc1al. Ia other»words,
lt may.be that toe apneic spell in assoc1atlon with tbe |
ralsed lntracranlal pressure and falllng blood pressure
U;gost~SAH, ‘may result in lrrever51ble changes in the brain
e;ghieh cah be preventep by’early support of the.Veptilatioh
"in this model. ‘
'If”disrurbaneeS‘ir”ventigation'ﬁave'avital'role~in tae
survival of this'model;‘then the need for a SAH "cOntrol"
'féroqpn in ﬁﬂichfenly veﬂtilatier was introduced eqdld_did

the assessment of the coatribution the other modglities‘in'
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|

. |
this treatment regine. The‘absénce of this group in this

study is_due to the paucity of time in which the
investigator has to work in this area, combined with the
expense.and scarcity of.non-human primates availablelfbr
Lesearch purposes.-Thgflack of this centrol group restsAas‘a
ﬁajer fiaw in this.Study and should be kept in m?yﬁ‘in the
assessment‘of'the results as a whole. ) !
E - : -
In the SAH- Rx‘group, the mean arterial blood pressure
was lincreased te a level 20% above‘Fhe pre—SAH value and cep
returned to the pre-SaAH Eange despite, substantial {ncreases
in ICP Qith‘treatment, as compared to the control grodp in
which the ICP was relatively coanstant. Neverthefkss, in the
SAH-Bx group, CéP is notddifferent from the SAH "cogtro%
group" values. This findinénsuggests that‘if dOpam. '1>?an‘
‘active agent in the treatment'regime its effect is unlikely
to be the resujt of its vasopressor properties. As indicated
‘in the‘introduétien,kthere is a nmoderate anount of evidence
suggesting a iocal effect‘of dopamine on vascular smooth
ﬁuscie. It has beeaishOHn to'activate adenyl cyclase in the
. bfain and kidney‘and thus jhcreases cAMP concentrations in
these areas (115, 116)- The receptors for dopanine onf
vascular smooth muscle ha;e also been shown to be dlfferent
than for beta-adrenergic and_cholinergic agents, which allow
it to be effective when otﬁer drugs are blocked or are in
efiectlve (112,113, 11“).nHovever, the precise action of

dopamine on cAMF concentrations in cerebral vascular shooth

muscie is unresolved and more research in this area is
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needed.

Another possible effect of dopamine on CBF relates to
it's inotrogpic proéerties.’when dopamine is infused in man‘
resuiting in increased blood flow to the kidney,'the'same ‘
proportion of cardiac Sﬁtput goes to the kidney (129).'ThUS'
if the éame proportion of cardiac output is going to the
brain, yet thae cardiac output is increased due top the

b

inotréyic effect of dopamine, then CBF will be
propbrtionally increaséd_ Von Es;én (130) has shown that
nigh doSes of dopamine in dogs will increasevCBF by 30%.
This finding suggests that dopamine invthis s&tfition

~supercedes tne normal autoregulation of CBF.

The contribution of volume expansion to this treatment
regime is likely multifactoridal. A recent paper (105) has
indicated that the red blood cell méss and total blood
volume are decréased in patients post-SAH. Possible causes
for these changes gn blood volume incluae bed rest, supiﬁe
diuiesis, pooling';h the peripheral'vaécular beds, negative
nitrogeu balance, decreased erythropoiesis, and iatrogenic
blood loss; Some of these factors are certainlj-present iﬁf
the animal model employed in this study. In particuiar,
there 1s the iatrogenié blqod loss, the equivalent of bed
rest as these animals have been confined to a small‘cage for
several months, and ‘the negative niFrogen bal;nce arnd
depreased erythropoiesis assopiated‘vith thg.confiuementiand

change in the monkeys' diet.

*
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Otaner effects of volune ‘expa'nsion could he to.&ucrease
,cardlac output whlchqmay occur under certaln circumstances
when the pre-load on the heart is 1ncreased (106 107, 108) -
This increase in cardiac output may in turn increase CPP and

X

CBF.

' The use of 4 gm per DL albuuin may have_acted in a
comparaple fashion as wannitol, and by‘maintainihg‘the
colloid osmotic pressure within-the circulation, it may have
aided iu maintainiug the ICP at lower levels. hs~aiready
bnoted, the intracranial preesure was markedly increased with
the treatment regime lowering the,CPP to levels comparable
to the SAH "ccntrol group". This underlines the need to
monitor ICP in patients in which this reginme isfusedaso that
1f marked increases in ICP are seen with'significaht falls"
in CPP, then approPtigte neasures to reduce the ICP uay be
taken.A |

& 5

Another factor involved in volume expan51on is the
maintenance of a good nematocrlt with the transfu51on of
whole blood or packed'cells. This increases the oxygen

carrylng ‘capacity of the blood and permits. the transport ot

more oxygen to ischenmic areas.

. v “’ N
The results have indicated that a significant positive
correlation between the vessel diameter of the ICBO, ICAP,
and MCA with CBF is present even though maximum vasospasm 11

these vessels was in the range of 30 to 35% of their pre~SAH
[N o ' .



_ vessel calibre. The factors thch may affect CBF in ‘the )
aftermath of SAh are multiple. As the PaCO2 has been kept
relatively constant and correction in the results for
changes in MaBP, ICP, &nd CVP have been made,'then'the
changes in CBF should then be dependent on either
angiographiéal vasospasm or changes in the microcirculation
‘ such as microvascular vasospasm or "sludging" ot-the blood
elementé. The regrgséioﬁ analjsislreveals that‘at most, 35%
of the variance in CBF is depeﬁdent'on-changes in
angiograpnicallj\?emonstrable vasospasm.;This means that
some other faatot or factbrs are havin@wa proportionately

)

greater effect on the changes in CBF.

_Tae logical conclusion ié that there have been changes
~at the microvascular level waich are altering the CBF 1in the
’ post-SAH period. This conclusion waﬁld support what previous.
workers in this laooratory have found (3,4,5); tbat
‘angiographic vasospasm is not ghe'most significaat factor
involved in the control of CBF post-SAH. However, the gooq//
correlation between CBF and vessel calibre‘demonstrated‘ﬁith
the€ Pearson cotrelation coefficients suggests that anxﬂg
changes occurring at the miCrovaséular level, are reflected
inh the angiographic vasoSpasm So commonlyAseen post-SAH.
Whetherﬁor;not the pechanisp for the'chanées at both levels
is comparable or if omne can occur without tﬁe other, is

undetermined.

Finally the vasospash seen in this study was moderate



Y

and in the range of 30 to 35% of the vessdl calibre. It is
possiblé that when vasospasm is more severe that it has a
‘proportionately more pronounced effect on the decreases in

CBF seen with_‘ SAH.
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In.this‘study, attempts were ﬁade to improve’the
techniyue involved in the ahgiography such that accufate
.repréducible'angiograms could bé made. Fufther it was of
concern that the contrast medium used did not alter the CBF

measurements.

The effect on CBF of~fﬁercontra$t medium was studied in
four of the initiai animals; no significant alteratibns in
CBF occurred Qhen these measﬁrements wefe made more than 10
@inutes following thé lAsf angiograh. The literature on thé
effect of confrést"medium on:bBF indicates Contrast medium |
will temporarily inc;éase CBF in the non-traumatized ktrain,
but can‘temporagily decrease CBF inntpe presence of
- subarachnoid blood (131;132,133,134). This sméil series
supports the accuracy of CBF heasurements if carried out
more thén iO.minutes followipg the:injection of contrast
medium. The use ofiﬁand\injeCtion of cdntrast,aé oppos§d to

the use of an éutomatic.ipjector was studied, Th automatic
injector resulted in angiograms which Qere easiér to assess
under optical magnification. Also there wefe lesélmdrked'
swings in vessel diameter on the two filmé thained_at each
éngiog:aphic session using the.autoﬁati¢ i;ﬁébtof, but
statistical anal}sis did not demonstrate dny significant ¢«
difference betwfen, the first and secohd film dsing either

‘method of injection. This suggeéts that«errors involved in

the image production d medsurement are of such a magnitude,
thatvsupériority of one system over the other can .not be

shown. The hand injection of the contrast results in the use
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A
, . \ - ‘
of less contrast medium and also prevents any mishaps
resulting in the injection of large voLemes of contrast froa
a malfunct;oning automatic injector. ‘\

.
~- \

The automatic injécto;‘is édvantageeUS because no oﬁef
needs to be near the enimal during the r%diographic;expoeure
and hence_reducesAiadiation exposure fo the operaters. Also,
it allows control over the.pressure oflinjectien, and the
tig;ng of the radiographic.exposure in ﬁelation to the
injection. Therefore, sone of the variables which could

possibly contritute to changes in vessel calibre are

contrdolled. As already noted, variatioﬁ in vessel calibfte

. ) -~

due to chﬁnges in these factors with hand injection
- ; :

not be shown, possibly as a resuitvof'limitations in

optlcal measurlng system comblned with the unsnarpne s of

the radiographic 1mage.-

The use of a braeé control piate fevealed thaf during
any giveh experiment, no significant change occurred in |
fiim, screen, exposure or developing factors. However, in
. view of the demonstration of 2310% change in the hoie' |
diameters due to an alteratlonrlg one of these factors in
one experlment, a plate of this nature is 1mportant if
comparison of the absolute vessel calibres is to be nade.
This also suggests that clinical studiee of Vasospask are
' 1fmited in their accutaey because control of fhése'ﬁactofs

:

is not carried .out.

’.
=3

The‘cqefficient“of variation, 5.3+2.1%, represents the -
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vafiahility in heasorements‘due;tbhali facto:s which alter
vths»image guality plus the observer characteriStic response'
(1 e. the overall ablllty to dec1de vhere the edge of the
vessel is in order to measure it). No changes in vessel
.catlore are likedly g§ be stgnificant unless they are twice -
the size of the coefficient or above 11 to 15%. In other
wvords, changes in,vessel size of 2 times the average "
coefficient of variation (%standard deviation) are -
sxgn;flcant vessel changes (1,e. unllkely to occur by chance

alone necause of the variability of measnrements)

.z\

The angiograms in this study are reproduc1ole using

' hand or automatic injection of the contrast medlum and the

selection of any film in good arterial phase’results in no
pias or significant alteration in the vessel calibres. The

control of factors such as changes in film, scréen,

‘€xposure, and developing are important if accurate

reproducible measurements are desired. Finally, the average
'coefficient of variation established in this study would
suggest that changes in vessel calibre of less than 15% are

naot significant.
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In sumpary our Cesults have demonstrated a oramaticr
1mprovement inffhe'morbidiiy and mortality of monkeys,post~
SAH when a treatment reglme of hypertension induced with
dopamlne, volune expan51on using autologous blood and human

!
serum alpuminy and ventilatory support are instituted.

-However,_there'are cettain_limitations‘to ﬁhe
~ extrapolation of this study to the human situation where
this regime is used to treat iscaemic complications post-
SAH. -‘The first of,these'limitations, as already noted,:is
‘the lack of.a ccotrol group 1in which ventilation only was.
introduced.yThere‘iS~a possibility that ventilatior 1is the
single, nost important parameter whioh results in.the
'1mproved morbldlty -and mortallty in this model ‘This
'p0551b111ty exists desplte the apparent beneflts of
controlled hypertenSLOn and voégpe expans1on in ischenmic
comp}flc;atlonc post-SAH documented in the llterature.._

The othet.major iimitation of this nodel is the “"acute"
7 . ' ‘ »
nature of these studies. The use of this particular
treatment regime in man is usually initiated several days to
a week post-SAH, and most often ip the post-operative
period. The fact that this treatment reginme iS’beneficial in
the acute situation does not guafantee its success in the
more delayed ischenic complications posi-SAH, The need for
the development of a chronic SAH model in'ehis IaboratorY'ie

.

acknowvledged.

Despite these limitations we are justified in"qaking‘
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the following conclusions from this study.

1‘;

pressor ‘agents such as dopamine nay have a local effect

The conbined regime of‘hypertehsibn induced with L

dopamine, yolume e;pansion, and ventilatcry’suppert.ére
efficacious in the t;eatment of acute cerebrovascular
disturbances post-SAH.‘ : |

The benefit of cbntrdlledlﬁypertehsiop,pos£;SAH'may not

be due to a ginmple pressor effect as no 51gn111cant

1ncreases in CPP Wwas. seen as a result of- the mo&erate

v o

increases in ICP post-SAH with treatment.’Bather,
bn the cerperal vaSculature, as well as it's positive

inotropic effects on the heart which may increase CBF.

-The'uniVersal ventilatory disturbances seen inmediately

followlng large volume SAH contribute 51gn1f1cantly to

the morbldlty in thlS -model.

’The mlcrovasculature plays a major role 1n the CBF .

disturbances seen post-SAH uhen the vasoﬁpasm of the

angiografphic vessels is of a moderate degree (30 ~

2

35%) .
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