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Tn many impoptant vespects, the pulmonary élroulation is
not 4 ledser ﬁ,rmmtim- it davrles the entire candiac outpu¥ and
thié volime of blood £low Yhrough the lungs equals the sun of that
through all other organs in the body, DTuring the last two decadén
the movement away from the standpeint that the pulmovary d¢lreulation
ia luvgely passive has g&t,h'em&‘mon;mtm and there has been an
increasing awatensss of the key vole jlayed by this oiroulation in
the course and oubooie o!’ hoth congenital snd sequived heart
disease, Its vasoulaturs vontaing ¥modth muscle which receives
innervation i'ﬁebm the sympathatic and pa,rwsympmhetia» pystons..
Under nomal conditions in the adult a preasure gradient of only
~ four or five millimetres of mewur? is suffictant 16 transodt
‘some five 1itres of blood per minute through the vireuite |
t_snaé.ﬁ nany eﬁaimammea’- it can oarry up to three times thin
volume per minate without a dompavable vhange in thig prossure
- gradient {1)(2)y yet in some coriditions a lesser intrease in flow
35 socompanied by an elovation of the pulnonary avierial pressure
and the rassons fopr this are not Always olears The denonwtration
of vasoaotlvity in the lungs of intact animals or in man hrd
proved difficuls becouse of the Eompamtivply aall pressure

gradients involved and the compliant nature, normally, of the.

Mrloonary vassulatures




The work hewe presunted wan csrvied oud with thyoe
objodtiven in view, flrat, 4o develop in animals & me_thfxi of
atudying prlionary Vaseaotos ativily which could bs applica in
clinieal prastice; segondy to Getormitng | sone of the Q&mayamaa
ondsr sihich pulronary vasenotes sotivity ooours, and. o
di.,atiﬁé?!imh; botweon the active and paseive ainponents of those
vonponoest and thixd, to measnre the tocal offcets of some drugs
and respiratory gasés on the pulmonowy elrculndions

_ 'the 1-9@#:1:»&1 of the puwlmonary oircalation préesents
apeedfic problens to the investlsator of its haomodynoanis
charaotaristicns It lieo betweon the $wo halves of the hoard
pasp and da pelatively inaccescible o the sonventioral nethods
used in the study of oiveulatony dynaviess lUost of the
technioues which have deon evaluated and proved in welation fo
the aystorie eireulatidn canmot readily bo applied in o study of
vy chroults |

the pulno -
One festure of the pulmonary cireulationy howevery s

advantazeous to the invastigstor. Compared with the systenmle
sizeulationy it %8 a volatively homogpnscus systany consisting of
nanervue idsntical units arranged in pagallels  Theso units,
sach made wp of 6 susll museulay srteryy artariolony ocapillary
beds venules and veinsy apposr $o be self«contained and for many
papiosoes aach is yeprosontative of the wholes  The unit pofopred

%0 18 the seotor subtended by o catheter 'wedged! in a suall

2s"




olmenary svtery (3).  The prindipal method used in this etudy
sxploits this subdivision of the pilmonary vasoulatuse, and
studies 4n detall astive and passive vasouotion as it affdcts the
‘gede segment',  These resulie ape snpplenented by measurenonts
thade an#he whole pulmorizry civeulation by iove conventional
fochpiguens |
Many of tho posponses of the pulmorory chrculution are

dlotated év modified by extra<vaséulsr Fastops op by factors
outwith the luhgos Necognition’ and quantitation of these haa
b‘ééﬁ- a necessayy part of the studye

fhe expevinental work wag conducted over a period of thres
yoard; and the resilte of doveval }iﬁn&r@(i sxpoviments in 158 doge
are progented and. as_acxifs‘jaiei.ég alony ﬁt&’r&%xmrﬁéé 1o felatéﬁ
worke The expsriments vre éeac'ifi;he& more or léss in the oxder
in which they wave dondy but poms of the earlior resulis have been
saplified with additional information dérived from later
axparimoniss N ‘

Do #irst three chapters are concerned with the methods
snployeds the form and inteviretation of the vecords obtained and
tha velovant dnatomy of the palmonsry eiveulations

In chaptor foury the relationship bétwden the pulmonary
avtoridal wedge pressure snd left atrial prossurs is exploveds ‘he
subsequent fouy chapters deal with the local actions of certain

Qrugs and vespiratory gases on the paluonory vasdulaturos
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Chophéy nine im concorned with the conssquenses of milmonary
awbolisny with pardiculsy rveferénce to the prosence or aboencd
of pualmonary wiacconstriotion indnced by wnbolism. Chaplbar ten
desaribes the loeal effect of cold on the pulondry ciresletion
and dn chapber eleven the Dwpdrtant influences of the aimway
prefoures off flow and pressuvs In the pulmonary eirouit are
digtupeads Conolusions dvawn fron the whole study ave progented
in chiépter twalves |

Wheve appropmateg moh ghapter ia al,vi&ad into fouy partss
an introauatorar paragIeph whiah dutlineg tbe objectivesy &
degeription of the sxparimental preparatione ussdy the results of
the experimenisy aﬂd & aiaeuéaian of theme results, along with a
voview of previous and asubgequént yublicationis

Hoot of the experdmental fiudings are preosented in the
text in the fomm of tables, end in these each animal proparation
has been given & muber in ordey to make clear how many
sxperiments wore dons on énvh animal. In addition, in those
axporiments whers the pattorn or form of the pressure records
elarify deseription; vhotocdpias of the origiral tracings hove
been reproduceds These recerds are contained eeparately in
Volume IXI.
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completed in the Uallcoms “iaaaareh Labopatorion :}.n Glagrow,, X am

indébted. to. Profepaor Wa A; “%’wkey ﬁfﬁﬁ, Munga-?lottmsn mteaﬁar, :

of Sungenys vn’mqmiw pf. Glasgon) and I’mﬁ‘asmr Vs, T Addns
{Chadrman of the Devariment of Surgerys University of ﬂmcaeeés g
am o mewhaps, of thele ataff for advics and guidamte in the .
woks
| The prineipsl experinentsl rethod used was devised by
lﬁm Hy J.c‘. Swan (Piviston of furgleal Soiencess Mayo, Clints,
Roohostor) and T an partioulardy arateful %0 Kin for: the courtesy
ho chowsd me Auring several. .sra,sna to bt depanbnent in 1961.

" Soma OF tha axperimenta gbuld mt bha done si.wlwh&.nded,
uné 1!} faw a*ssiatéd; in the ax@arimanta rafiorrad to i.n Ctmptams,
8 snd. 1.9,,- by rasidents in training and siudents in the mmyma&t.
of Garaiavasm'tar Surgery of the Undvensity of Chicego. The
work was graaﬁl.,r fwiuﬁama by 8 sevden of laboratovy t@éﬁhipians
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CHAPTER 4

Many nethods of asmessing pwimonavy vesomoton asobivity
have beon denewibeds. Thay range fron préperations of isolated
pérfused anipal lunss o the one hand, to studiocs made during
inventizativa procedures on pationtsy on the others  Yach
method offers 1te ow particulsr sdvantases, it few have no
sigoificant dissdvantagas  The ude of artificial preparaticns
gueh as igolated perfused lungs introduces deviations frem the
phyeiologicsl atate (1)(2){3)(4)s  Suoh animal prepavations
oy exhibit blgares responses (5)y or at leact responces which
are not rolevant in ¢liniosl practice, or found in othey apecies
of andmed {6)(T)e In deviding upon an oxporimental method,
som sompronise had 4o b rdached botweon highly ertificial
preparations in which all the known variablos con be contwolled
oxr measursdy and studles in intach, move shysiologleal systens,
which ave usually leas sasily coutrolieds

Ia- the work to be destribed the pulmonsyy oircwlahion hag
vesn atudiad in pituy with ite innervation intaet (except vheve
stuted), anc‘i in animals whooe honéoudatic mochanisns wemrd

working under as little atresp oo ls compafible with asnaegthenla
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and the mindmum of brawnas | Tké’prinaiyal-mathhdg basod upon
perfusion of a wedged catheter, was chosen for the furthor
réanon that it could he applied in elinicel prastice with Iittle
mdlfications In this mothod &4 sdgment of lung catt bo isolatad,
- ineofar 8 VB inflew pate is centrolled, yet vemain in sita
with its innervation and morphological relations undiaturbeaa
The principla ie aoaaytea thivk the intarpraﬁ ation of a chand
in rematance :Ln $erma of vascmctor aotivity is moat relia.’ble
when blood £low or Blood ﬁrassure are hald sonatant. (8}(9)(19)(11),
The*work waa carried-oit on daga far savarai Pasaonge
whe~anat0my ana muah ‘of the phyuinlogy of the canina pulmanuny
aix«mlat.ion has baen aaseribeds munh of the prevlous work on
pulmonary*vasometion baa'uaed dog8, and for purpbsas of
aamp%riann with gravioue work in the labnratory it aeemeﬁ

apprapriaﬁe to ule thia aaima1¢ |

Chaim of. 'anaes*ah' ) a3

ALl anaestheblo aaantﬁ moﬁify tne responses uf
9xnerimenﬁa1 snimals to some extent (12)(13}(1h)(15)- Tho Al
in this atuﬁy was to produce & ateady atata without undue
deprassion of ra£3¢x activity and other hpmeastwtiq mechanlengs
Tt was found that-taa-light a é@ata ﬁé anoenthesia wad as
disadvantwgeaua ae One that wag oo profaund. In the formén,

2} staady~etate could not be achieved haaauaa changsed in systamic

\raaamoﬁm; activﬂ.ty and cardiab m‘be and output followed athneous




stimald such as loud nolses i the laboratoryy or: touching the
aniwaly  In the lattery responses were blunbed op uholished
a;.lwgﬁther, in Bome Daness
| Chlopaloss wan tried but it proved dirficuly to uwe and
aid not yrovide n stendy states - Jobnson {16) ehobed that in
ity ather anasnthesis way assoslated with an inoyeass 4n the
snlonlated .pt_xmmizvy vaszaulw rosistance and & lmilay response
was noved when pyolopropand was used (17).  Uhiopentoney used ae
A continuous intraverous drip {abous 042 nov/kaw/ning) seeried to
offer no advantaaa ovaxr 'bhé Tongen &@xtitng%' pertoburbitones
'l’i;lmunar_y vgamfim in péspiise o gertain druge han hosh
Qamenetrated to persist in doge anaeathatised with pontobarbitons (18)+
?mtphwbgtmq {Newbutél) was the suaesthstic chiosen for
moat of the axperimeritm flo previedication was pivens
mwnag;a was mcluéed with &- 'méié intravenous dg:gé,- 20 to
25 mee/kees Whth the addition of oné increment afber about 30
miént,a,:s if the 'méazam palpobral roflek was still prosents ALl
the animals wers intubated with a cuffed Fagill tubes Respiretion
wos sggntanﬁe}ig‘: or- ﬂon‘cromqaand the adminiatersl gases wore
¥erisd according Yo the vequivements of the experiment. In all
the open-chast. ammala and in some of the closed-chest
preparationa, wenti;ié»tim was by Latermittent positive pressui-e
coritralisd by & Pslmer punpe  In thess snimals the ansesthetic

was supplemonted with suécinylcholing, administered by conitinuous




ineavenous ama ina dose of 4 16 5 mqug./!mum The
Palmezﬁ pu.mxz :i.r; & aunatmﬁ Wluma vantiiatw ami Ani agpmpriata
tiﬁial Wltxma and -nyeﬂ.e. et wére shosén in the fivit

Anstanes, ROGOTIANE to the Bize of the dog  Subsequant
chedks of artevial Fgu, were nade to conflm that Gorreot
ventilatory fadbors wera being wseds  Latberly ’ie:sxmagra?h*
(aarhnn dioxide amirfaam) was availabla and was used to
mouitw the COn pam:antag& in the expized aly throughoub oach
axp&riment@ In experiments in which the nirway uressupes
were not pesorded eontinuously, etundard Pactors were uaed within
tha i‘qllow:l,n{, rangess (e respiratory vabs was 20 do 26 per
Mintey tmal volums aﬂt‘,‘ 6 350 ke peah inflntion @reasum 8
to 12 maiHg. and the endmempim%nry prossure O $0 3 mudigs
Progressive aﬁeileﬁ'tzwsia-' 48 know b0 davelop in the dependent
negients of the lansd in andesthetised dogs (19)s  This wae
obgeryeds and 4 was Soen o couss & Takl in jung compliande
and & consequont vige in inflafion preseuresy It decurred

e Fus! ‘mpid}.y in antmeis ventilated with 100 pex oent wtyggeﬂ,
after the alvesalar nii::vogen ﬂqntan-& hé.c’l beon wwhed ot

’ ' Shanbing' of ve_nuuﬁ blood ﬁbmug,h ‘thebe atal&ﬂ&tm arens
canséd & £l 4n Arberisl Pogs iéhaae' Songsqronces; wors. avolded
by dnduchne an arbifioial teight, (fe6¢ n brief full 1nmmm
of the lungs), from time to tines |

10.




A,

. This wes the priveipel apoouidl feslniove useds 4 was
Sipet describid by Ha'«Cs Swan in 4961 (23); dut becauss an
Lmpontany artofadt same to gkt dudiyy the éaax'iity BEperiacnty
in this siudyy 4% woes nodified in waspaod tj?f he periusate and
© fop usn in oponmchedh prepsvationss. |

e method asstrow thek if 4 cathater which In ‘usdeed
in & poripheral 'wlmnr}&w dvbory iy perfused ab o congiant flow
pabt; then, ﬁhéz pregouny Ly the cathoter dan b rolated fo the
rsigtance to flow in thy porfussd aveas  The pulmonsxy artories
are eud arterien (84) and the fastovrs whdeh affaect the flow of
tlza-;;érfxmaﬁe Teom the cathator pra the vaseuloy resistanos in
the perfusdd segnenty fhe alvimy prossure fn the susyounding luwag
and the loPt atrinl prosture (Pige 1)y In alditdons the intras
thorasie préssurs and fopeesd duo o the clasbiolty of the lung
parenthymg oot ibdiréatly on the ‘@éfvmae& waldpo pegnohits  ‘The
gegment of pulmonnygy msmxlm b‘éﬁ“ which ¢an be verfused throvgh a
welged oatlioper cun be delinogted by aﬁg“i.s;e;m;:!gy and to the naked
éyey by 13@@?&151&213" 3% with the émii‘ém‘iatﬁ mediwy (Fig. 2o That
thery 1w no othepr grterdol 1nflow vo this sefnend io shown by the
Faet ﬁzza*::.\ tdye® will remain, £illing the ssghond, wntil the
wodgad cathetor iy sisimpacieds  foms dilution o0 the mediws
doas goetr neay the 168t atblun, sintg the paluonsey volns

draining adjacent segnents avo doniluendt ab that points {The




2.

dmportant influence of %aeﬁe veina on the xntﬁrpratat&nn of
| .’me ‘c‘ewu.'.lﬂitfz&t~ 6. somo wxg:eyj,megtxﬁia‘ iy discucaed in subsequent
swagtorss) .

| burther ﬁﬂﬁﬁﬁi?%&ﬂﬁ\ﬂf‘tba meﬁhaa will he faailaﬁa ved.
by de?inibian of msome of the terue useds  The Physiclogleal
sympgxs,;anﬁ_myaﬁ.pf.zha tevng uzed An the text and tables ars
%has@-réoﬁﬁmeﬁéed’ﬁy the Pappenheluer Comaittee (25)s . Vo terma
kgvg bemm ﬁeviﬁﬁﬁ;howéverﬁ-ia;ﬁglatiqn-tg-anme of the mathods,
applied ﬁn.%b&-aﬁu@y, &nﬁﬂﬁhéaéjat§ d§fingd helows Tﬁ& initiala
in yarantha 08 A tbo abwevia*iﬁns uae& in tHs ﬂab,aa of wasultn.

hip refars ¢o tho préasre

ﬁured inw fl&id«?il&ad crthetony the tip of whigh Lo wedged in
& perdvhoral pnlmmngﬁy.amﬁsrww,: his i the conventional
*pulmoﬂ@#ﬁ #@ﬁsa préaﬁuwé‘;\ﬁﬁf'pglmcgaﬁy cipiLiagy §fa$supe*.(26)
(27)(8)(20)(30).

Gross, Perfussd Vedpg Prassire (Gulule)s  This is the pressure

measured in o weodged catheter duriny perfusion of the satheter and
the mibtended vasealar beds  This prassune ie evoked by resiatence
to flow gt three sltes = the cathietery the vasonley bed and the
l@ft.atwial'gresauréi \ The-pxﬁagumé due to eathehor roslatance
was mepsuyed by papfusing the catheter alone in aiw (with ita

$i» at tho same level ag the tranqducar) belfore or after

each experimont and ie designated (GathuPn)¢




Since the catheter

itgel? offers voslatensa 4o flow snd contxibates to the mensured
tagropst perfused welye preisnrey the pressure ldevement from thie
stuipe w_aéa neted dn each axpeplwents - This prossure was
pubtrasted Trom the recorded gross paxfused wadge pilessurd o

@ive the *net perfused wedge pressuxa' for use in caloalating

resiotance Lo the wedge seghents

ealéulated ag fullowate

Vo P«ri‘%ed «Iedaé Preusure ~ Mean I-eft &trial Fyassure
Reslatance w .. . PR ¢ : "2

Qer.fuaien me Itata (mlafmim o
A:ltamtiwly, in some axpﬁrmenta. the rasistance o flow was
vslouldted Sor that portion of the wedge megnent which lay betwesn

the catheter tip and the confluence of veins from adjagent fecments.
This has been referrsd to sz the 'presvenous vesistance!, and was
devived by the Porwulsi~
Pra-yenous  Ney Permqaa Wadga Frqsaura - Statm Wedg& Pmsmra
RAsiatancs o e i

: Permalan Flmf Rata
wat In th:m study this refers to tha phasie o

maan (eleutrimily integmtsdJ pressie meagured in the t:mahaa

0;‘ 8 Dain bronchuu-

suureentsr
Pragsuren wére moasured with Statham givain gouge
transduders (Typs P23d and P23e), and yesorded on s Grags Polygraphs




I

The denping propeirdios of ﬁiﬁfﬁx‘gm‘; cannulds and lengths of
gatheter wore studied in conjunction with these trantdusers by
using  punp which produced a slne wave of vardlable

Prequency (fige 3)y and by bursting a balloon %o form a sguare

wave: Suitabla catheters wore ehée@p 48 5 result of thene

ahudieny and from the rescmnendations of Havsen (31) and Wood (32).

The donnulas used in the left dtiviwms pulnonary artery and femoral
artery were 15 ami in Jength and 0.8 mmy bore (Folythana}; angd
they wers connected to the transiucers by 62 ome lengths of nohe
dintensible rylon tubing of 15 mm. bors. The wedie catheter
was usually o Nos Ty thinewalled {Lehman) endwsperiupe eardiac
catheter (20 oms in léngth, in the openwohent preparations, and
80 oms in the oclomed=chest animals)s  During most Of the
sxpariments the pedorded prasaurés wers ¢leciricaily integrated,
90 as tn yield mean pressures: | Thue,'tha only oscillations geen
in most of the perfused-wedge pressuve rérords ave respiratory in
oniglne In—qiﬁcumstandéﬁ in which the time yelationahip of
simltanovus avents was Leing stiudied, care wag taken to enasurs
that thoe damping chavactardistics and tlme constanis of engh of
the records way identical, bechvse it was found that comparisone
hatweon damped and undamped traclogs may be fallasious (Flaw 4).

The aldrway pressury wos regorded thyough a wide-bors
neadio in the twachea o main broncshusy conmacted to the

transducer by non-distensible nylon tubings The tubing and

Yas




tmnaduder, bat nod the needle, ware £11lad with balines A few
continatres of {he dubing adjagent to the neolle wera ulip alrp-
Filleds The salinesaiv interface in the tnbing was kept ot the
gung horizontal lavel ns bho transivosps

The. tranadusera wers oalibrated nsing mervcury oy saline
ooluiing. axd Zavoe prossure egqualled anbisont atmospherio prossures
In the enrlier experitents, the ihportance of staudardising the
position of the trahadtacess with vefscends 4o the heart and 4o
anch othor wus nod appracigted; but the oreor wae rootified in :
later experinentos This detail iy of basid duposbance in
atuldion in which the adatic wedse presxire, puluonary vepoul

pressure and left. atrlal presoucs dre belng oomparveds

Ferfusion of the Vedged Gathetors

The Hovar? pump®* used for this purpose produces & noas
pulsotile Llow, wnalteved by changes in the downstrewn pressure
within the range minug 30 to plus 500 muvllgs  The pevdugion
ehroult iz shoun ddagrasatically in fos 5 Yhe perfuced wedge
pragaure wan measuyed theongh the side atm on tho connsobing
tublings Pus othor Hwy taps wore intorposed in thia tubing,
so that drugy ecoudd be dntpoduceds The volumd botwesn theas
tups wan kuown, a0 that if the dpee of drug was inbroduced in -
$hat volime of saling thrbugh one of the ftapsy with the other

open o allow the Giaplacempnt of & like volume of Wloods the

* I’iqw:mi Instrunent Coay Dovor, Hasspachusgetis,

150




deug could. be dnsvodused n 8 lnows doss without xalising the
Progsirs fn the cvthorvwive cloged syatans

Saling was wssd do the perfusats in prelimindwy efpasiments,
bud provad uhsatisfadtory for parfudions lasting mone than a Tew
minutess.  Hintology of weddo pepments perfused with saling for
Imﬁ.‘eﬁi’*‘99&'16&%;&;&?1@?!@: Devdvasoular pedexas - Lb wag also -
songidersd that antxio changes and possibly vasonotica vould: -
oosud. in & vaaselsy bed perfused with & none-oxygen caraying
aolutione Thevaforsy ih all the expariments descithedy
subologous blood wan used as the perfukate. The dog's own venous
blopd was used, sxeapt in-the biperoxic expecsinentsy and the
paningion syringe was relfilled through s canmls in o fenoral
vains
The teaporature of the porfasate was opt nowial by
irtersing the connetding tubay hetmaen the pump and the dathetér,
in & wator bath ot 30%C.  The porfusion. Byringe; comneetors and
catheter systen wora silldonssoonteds . Sedlmentation of the
eellulay adomeonts of thoe blood in the oynlngg wan preveuted by

naing & nagaet 0 agitato o o%ool Malk 4n the bamrel of tha ..

syringss

Sonplosantany Qada vae obtained in pone of tho opanschest
antmals by measwring Fhe instantangous and kesn bloed Flow ina

nain pulnongsy arderys
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Fhese v wnisared WEEh & pabed EQUETReNANY elbatae
macrebiy Slowsetee® nud peawmted ou & Hroos Padgsmphe  Wie
detookdr of this Mowrader wd eukdard wedrd (e adesy Ih wiidol
Clow wae b5 bo nedsiweads  Hugoewse off o bad Senbitebde Tengsh of
washel won noceparry snd Tho arbory wael ens B datomedinte Lenheh of
e whabk sm:&ﬁ padsonery svdoxy te the dover Jobus, slioe bl
vansrl aeadd B expssed with i ooladoss 0F e {mpoaly Whe
fi’%i@ia&ifm af plowent seblociionsls  Dho Plowietur wan poseoalivnbed
by sasnlng hivod theough & apguend o axodied sedoiy 58 8 haown
Fhao Babae

¥ gong akngrinsnhs o Factor Dop dutal silnerstey Plow e
ohiuined Wy oudbhplylag the sdosured Ulow o ooe I0he By Powes
Vivkke S Slowve gainod by ﬁhm srbrbpolation will nob Be popolas
Lo ahivdute Borasy 55 30 Soliowsd Wheb L% WAL aawvs A
olrovastanesd whest ehangis dn Flow ave Bobiy owalledy slans she
dbabmibotion of Sha ontoul oF G plabity ventivla o dash off the
tabss bu approxitatoly seusd aud pslstively soantias 1 & puping
andend {33)s -
1, footeuod, (Cloue; Sntmalals(Figs 6
Toivihy Youd oo wond used dn Bhid ortuge AL vess adudd

aongnl dogy off seight between § and 15 Ko Yapon and old
Gops v nod utedy and the anluwaly were Tros fdowm dlosuse ono

aatend by olindend enbiowiss oy werd ausepthoblosd a3

¥ Gomoling Tedical laotponion, ‘ﬁi’msﬁmﬁ%%&imm; e Capolinds
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deoribed abovey &1 undebrechesl wibe was pessed and thay were
Tixed suping o an wmy ammw tables  The wystemie biéé&i
'  haoig f,f;;;,‘,'fi”;.j& tied dnto & Fenorel
(240 ) a8 sussed Ants 46 Antesios Yova cavay a8
fenoral voln. Ma ;;:.’j:‘;;‘;;i;‘f:.,:‘f::..:-;‘ ‘."ii;*'j::‘f.ii'fﬁj’f} wibh :’~f N | \

o B nle salive wx 1000 Tl Zzemriﬁf-
. figh e pateed o Lovered in relution %o
the dovel of thé &bg«» s ‘ -
{ty mravity) and 55 eould 3
tatuston of %mf Hpods 4 Bomss!

’ pmmx& was hxouh
vlap vein mia alrsa mae& A uaac!. L immmce
he Dutt end of this catheter wan donnsated
TR ;,‘ the aﬁthaﬁw and punp weps primed with
Bloods  The pressure in the oathoﬁw Lt

Under fluamam:gia @afmi the cathatar wal advanced Wil dds
: : r ooy usually in
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a lower lobes In some anivals, a second catheter with a
balloon ab its t1p wad passged jnto the right ventrioulaxr dutflew
Sradt, so theb it could be mﬁmmaa' into one opr cthar main
pulnonary arterys  The balloon wad £11led with rédicpagque
¢ontrast medium so that ity pobition could be geen on flucrossopys
Pagenge of this oatheter was facilitated by parsially inflstiog
the balloon wieh it veashed the cutflow traot of thé right -
vertricles.

Tmediately the wedge vatheter was Ampagted, parfusion was
stavted ab & low rate; 89 that Ploir through the wedge segment
was interripted for the mipimun tites - The perfasion rate was
inoréaged until the mean *ret perfushl wedms pressuns’ wag
batwaen 5 and 10 mueHge higher than the left sirial Hressurd.
Perfusion wag then conbimmed at this rate and vecords taken as
controlss. During the breaks in parfusion nscessary. for
veeharging the syplnge, the sbatie wedge prensuie was recordeds
Whon a steady perfused wedge pressuve hsd boeh racomied for sume
ten minuted; the stimulus under study was applied while
continuous pressurd records wers vbiained (using a »ecording -
papen apatd of 0w5 or 140 mne/seoond)e  After withlvawal of the
stimulun, further recoxrde wore taken to obperva peiurn of the
prasiures to control levels (whers this pocusrred)s - From ten to
fifteen suck experimentsl runs could usually be done on éach -

andmel becore shances in the control cbssrvations indicabed
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deterioration of the preparations
Ia gome anlmale at the énd of the series of sxperlmania.

thoe shent was opeted and the perfused gegnant of lung wae svelsad
for histologieal studye - In throe inatances the vassular bed of
the wodge sogment was fixed in situ hy perfusing it with a
10 yer cent solution of Pormalin in salings
eatal Protscol (I perechast, Andmale)s(Fig. 7)

Ihio group forms the tulk of the exporimental materisl and

one hundred and thivly ons doge werp useds  The- animaly weve
adult mongrel dogs and free of evident pulmonary disesse and
dimtempors a‘suaiss.théaia and veniilation (intermittent positive
praseurs) wers used ns deseribad ahoves - Tith the doz in the -
right anterior oblique. powitiony the plght henlthorax wes opensd
through tha Sth intergostal spadas  Jhen tﬁampléte haeupetasis had
bean decured, the animal was hepariniged (3 mge of -hﬁ;nmﬁ par kg
body welght)s  This doss 60 heparln wag repaated after one hour.
The systemic blond z‘éramzm way megsured throngh & oathetor ’
insertod inte g famoral ertery. A sedond canmile (wide-bore) wan
tied into a femoral velv and Jolnsd to the pexfusion sveten through
A taps & fine polythons canmula was advanasd inko the lefd atrium
thpough 8 fmall puloonany vein in the niddle lobe off the right Tungs
This cammula was sonmestod to a préssure transduser fov the
neasurement of Ieft abtrial prossure,  The indra<bronohiz) vressure

uas monitored through & needle in the pight main bronchus (o




a

trachea)s . Befora the wedpe oathetor was introducsly the
perfusion syrings in the Hasvawd puinpy the tap systew, eonnvsiory
and dathoter wers piiued with aubopencul venous bloody and come
was fRkan to evadudts alrebubblese In order to avold interference
ith the porivasenlsy nevves 1o the lobe which would contain the.
wadge segvienty the artevy to this lobe was. not cannuldted dirdstlys
the wedge cathetey (3. 20.cme length of $hinwwalled, Hos T Iehman)
was inteoduced centripetally theoush an srbory to the widdle lobe,
theon ddvanced centeifugally In one of the.apterien to the wight
loway (ov aub%ﬁ&tﬁigﬁ).1Qbﬁp~un$i15i¢ﬁ tin 'wedpged!s  Ls sovn as
the catheter wan wedgedy penfusion was gommenssd st & 'physiologicall
£low rates  Control voasordings wére. thon dulen and the
sxperimont conducted na dosdedbed fox tha. elosed~chent Troups

- In ouch experimont a vonsiderable anount of time wes spent
in wedglng the catheter and graat care wan faken $o ensure that
the eathetor tip wos in fact impactad in » sreld paldmonasy ardsnys
Loomis Boll has studied the position of the 'wodgedh cutheter tip
in patients undevgelng voutive. sathoter dnventigations (34} Ho
delineated the vesseln juot distal to fthe catheber Hp by
angiography and found that the eathetor was ¢$rmct-1;?.§r$fi§§e& dn
only 2 out of 68 casess  His cpiterion for corredt wedging wis
that the cathetior Hp be lnpached iu straicht dogment of artery
whith had a goomon axis with tha cathetor and was just amaller

than 1he  Study of injection~corrosion apstlmneny and arteriograms
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of the palmonary avtorded showed that in the dogdy thyée or Fouw

long btradght arteries of asbout 2 mus liminal didmetar aye

donstantly present in the risht lowss lobess  The catheter wag

wedzed in one of thess arterios in most experiments and the

following driterid were used as indidations of corrvedt weldging:

183!
~{2)

(3)
(4)

(5)

(6)

(1)

(8)

The Yfasl' of the vathater as 1ty tip wedgeds

An alxuph teansition Sron pulmonary arterial to '3eft
atrial! pressure in the cathetars

Phe appeavance on the pressure traclngs of lorger

pregoure gwingn, synchronous with veésplratichs

In closod-¢hest animals, the movement of the

cathetor t4p on flacvoscopys

Racognisable lef't atrisl pressure waves in undamped
reacords theoughaut the wesplratory oyele in both the
static and perfunsed wedge pressure tracings.

One vas able to get exygenated blood to drip fyom
the catheter by gravitzx if it wos corvectly wedgeds
It was not ueually poasible; however, to withdraw
blood with o syringds |

At the and :_;f the expardmenty the catheter M"anapped
bask" fyom the wedgo positions

Uth familiarity with the meshod, further confizmation
of tyue wadging would be geined when the catheter was

perfussd from study of the pressure and wave £ormss
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The foregoing outlines the methods used in thie study.
Some adaptions and modifications were made to suit the
requirements of individual experimeptsAanq these are de}ailed

in the chapters concerned.
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Singe perfueion of o wsdged catheter was & now fechniquey
- a serdes OF proliminapy studies wape cdrrled out %0 determine the
charaoter of thy péa‘sgum vostnds obtained, to estadlish muoch
fagtors ag the ,:gamawﬂiliw A8 rosulie undan dontrol eonditions
and the stubllity of fthe preparzations end to find and elininate
soutaes of artefact )

‘Perhaps: the wosh impirtant prevequisite fox the validlty of
t};,e';' parfussd wadga pressure m«;.‘tmda wog dorract wadging of the
cutheter, The messames taken to énsure this have beun desoribed
in the pra\ri.béaaghaﬁtam 1% would be relevant o describe hora
fhyse common soupses of emrer which wers encountered in this respect;
(1) It was found $hat the actowy in which the cetheter tip was
wodged could besome kinked duwing oertain phases of respleations
Thig was made avident by the appedvence of recurvent exbra
positlive wewes in She wecorded perfused wadge pressure. Thase
denoted a rhasic brief obatrugtion b0 perfusion and thoy usually
oaguered dJuving expization (figey 8 and 9)s  (2) Tho eatheter
could wedge ﬁim;- Lte Hp straddiing » blfurcation or adjacent fo

the point of oxdgin of 4 branths In such olroumshances the sige



of ‘the porfused segrant could alier as oneg or othery op boths of
the bragohes were perfuseds  This was manifest in the pectrds an
an abrupt indrease or desrease in perfusion pressures (3) he
third artefact wan Found %o otgur onder conditions in which the
volume of pulmondry bloed flow way abrupily incressed vosiveanm in
the arbéry within which the catheter was wedgeds Ihe cousequent.
distension of the paluonary rtorics 8owld allow dielupactdon of
the eatheter tip; with the sonveqent reappesrance on the recorded
traeing of pulmonaxy avtorial pressure waves (fige 30)e B

Tne ingluence of the airway pressires on bhe milnovary
pleoulation is discassed in Chapter 14, Dubt some genewal comnents
on Bhe sifecis of wespiration ave approprinte herves | |

‘Hhen the vathethsr tip wao correotly wadgeds the presduirs
mﬁﬁﬁa&'iu it aud the dominant wavest (:ht an undamped Pagord)
wore siudlar fo 4nd synéhronous with thuse resorded through &
gatheter in lJeft atrium.  Suporiuposed on these hig;h"fraqﬁaw
waved, larger slower waves ware vedorded due tou the phapic changés
1n the intxswthoracic and inkra-vasowlar pressires which accompanied
respiratione In ¢losed-shent prepirutions, when the aninal was
breathing axinméfséwémﬁ. {nippiration was acoompanisd By an increase
in negative préseure within the ohask and a £all in the perfused
wodge presmure (Fige 19a)i  In the opsu-chest anilmals, ventildation
was maintadded by internittent positive préssure and inflation of

the lubas was aé@émpania& By o $ine in perfused wedge pressure with

20



some obliteration of the Blgh freguency weves transmitied from
the 1af't heapt &% ?&&'i’ﬂ}?ﬁiﬁ‘b‘ipﬁ{(i’i@; 1h)e Similay pregstre
swings Jn zasponse fo ventilation weve sden in the static wedge
pragoures aod lefh atrial pressuresy but the danping effect of
alreolar inflotlon . wag seen ofily in.the fovmers  Sinoe the siudies
wera concorhed principally with nesn probaupsesy most of thé pressize
trsolngs ia Sabsequent exporivents vere dampsd so thay the. ouly
phasie deflcctions oy Waves veoiwdied wore thosw dué to changes in
alfvoy prossures A mﬂ;ﬂimﬁ&. change in.thé mean.dixwsy pressure
was assosiated Witk st slicrad resictanoe fo periusion and
supekliiants to danohstrnte this effeal. of sivksy. bressure on the.
vasmlar resisantey’ as measuped 1 the wadigp segmenty tre |

disswasal in Chapter 11«

The- perfusate in the erfused wedge catheber prapsxuiion
onetynters m:‘s‘imﬁagm- bo flow 4% threa levels, (1) In the
cathater i‘tseiaﬁ-"g thiis da conglent and deponds on certsln pwbtoria
sugh ae bonpegatare sud vigsouily of the perfusates thy slse of the
guthater and .-_*i_:ﬁén fiew rates . (2). In the vessele of the wedse
geoment, arbegiesy capillarvies and weinss . {3) A2 the outflow
Trom BHe welze S6gueHls. beos Bhe pressure dn the left atwiume

Tor eath flow yato used, the pressuve dus to the flvet
factor was meesured. for each experivent and wus found 4o rensin
sonetant, provided the tenpsrature and visaopity of the perfveate

woys wnniteveds The left atrinl prasmure vas meofureds The

i B
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e

flow tate wad kndmie  Thug, the propsuve dradient fpon sathebep
tip o loft atriwn could be saloulatedy gad the rosistuncs fo -
£low deriveds’

In sach aspariment, when Eﬁrﬁtwit_}ﬁfﬁaﬁ- eomponead thooush the
wodged cathobor, the zosorded precsups teiched 4 3.axré-'1 which
rouninsd constant for as long as verfusion was contimied o the
game wabds  Yhe eholed of the sorredt paxdision rate wug the
subjost of several off the' prelitdnary espsrimantd.  The alm was to
producs a8 gr@smzce; gradiont aérous the vessels of tho weldge wagment,
off betwoon 5 and 45 musge £ wad thougad thet too low o e of
porfusion nisht allay sponftancons active olosuse of sdny
vesgels (1)(2), with consequeny unpradistohle chingds in the
sapaolty of the perfused: aegnwn%axm ite vasculsr resistonces On
the othey handy rates af yaﬁuﬁﬁéﬁ which wers %o bigh mi,ght
damdge the segnent or &b least so sirehch the ;:étsmmlg vigo-aetive
vansals as b0 diminish or provont bhelr vesponses. Those
éonglderationy wers wiudied Lirst by plotiing the nat welge
prasdive sgainst Tlow, whélr the lattor wan incrsamed then degrdaged
in 3 stepwiss fasbion {(Figs 12)s

" hhe progsave/Slow velationshdy in the wedge segment during
intepmitient positive pregsiipe ventilation and during spontanedus
broathing srve shown in £igs 15+ - Such Surven ubtained by other
investicutors Hnve demonstratzd gome degres of quallfative

vaviability (3} Uost hbve had in comson a convexity towards



e prossure axis (AI(EN6X(T){8), whils vther workees hove . .-
produssd carves which aro conver to fhe Flov axis, both in
guimais (9) and in man (10){113(48X{13)s It is clear that the

molationshin batwean prégsmre and Flow in-bhe pudimonary

giremdation vaydes gosording o ths olrsumsbances ander which it
is studied nnd the Gaves. obiained when the progeuve is messneed
in ieolated porfuged lungs duping prograssive iadrensnts ol £low
ave ndh comparable with those obinined dn nan doring unilatoysl
pulmonnry onelugion, £or exsmplaes Further, the guelity of the
giave will vary Sopending on the factor dhoosp to vepresent
pulmondry grbertel pressuras  Thig may be ahsolute puluonsry
Prassane,y  Puinonony prosaee ninue Left atilal prozaurs, or
palitohayy pressuys minus Ywedge! prsssures.  In the duiven
raproduced in figs 12y the viegsdare dxly represents perfusion
presgure minus static wedge preossurey deee the prezsure gradient
poevons that part of the vascuiar bad in which £iow was kbhowna

- Mhat a gives flow would consisiently evoke a. constant
pregsure Sor & prodletable length of dine wan fusdamental o the
valug of the methods Hany control rune showed bthat thin was trues
Howavery when o low £low wag substifuted for & high flowy or vice
vorszs O where peefusion wag rvecopmmneed alter severn] minutes of
ne £low, the conscquent pressure did not platean for seveval
peconds §fig-, 1)y thig sugeests that dudng perinds of reduced

Pleswy the vesletive vessels adapbed by yadacing. thelr sapaclty



wtid on the vebumption of & bigaey flow, sole i;imf:e: elupsed belors
read Justwont v dong atabilined, af‘umr whloh the bomus of the
vessals pengingd ctnghante

I altemiative ewplarstion io thad whe chadgd in vressure
coprosants & dhanse i the nunbar of vasssly being pavfuseds
Foarn: hae sbown $hat vl all the pulmousry YeSeely Gre necossaally
bulng periised 8% oy given tine (2), oxd new vesssls may be opened
up Ry inovesged Derfusion ravey  Ouw wecords wouwld favsir the
Tovirer explaumiion, higs that bhe vessels ekhilLit sume Wystercols
dn dofwooi with ¢hher viasocadantis sysiong.

0 experdwents vhove the wedge sogient was porfused with an
éxqassiva&yﬂhigh-fxaw-ﬂdx guite ﬁﬁﬁ?ﬁ'pﬁﬁiﬁdaa'ﬂ.pﬁbgﬂeéﬂiﬂe.
inuraase dn pressuxe wad ratoided during-auhsﬁquéﬂ&-paﬁﬁu&iﬁn at
tphysiologhonl® $low watess MRurestopic exaninedion of o wedge
ﬁeg;ﬁien’& vliges Ahde had goouwred showed papivisculen oodoihe
Thia phenomenon of & olimbing progssued 30 respense o & conuiand
nornedt @Qﬁfnaiﬁn~ﬁata:waﬂ alao peen in expspluents whereln the

wotige segant had beon subjonted to & sudden suwge of predtuve (such

Ko 3

an oowld 2oeénly from varelass londing of the pevfusion mumpl{lfigs 15).

The Ferfused Kedgud

Lotiedbhiont Krepeanblonss

in olosed~chest animals the wolgsd opthetvy was indroduced
in 3 conventiondl numiey from a sydhenic vein fus:uz'a.lly thi 5&@11&&'} *
Aftow sevéral expuriments had boon doney 1% wap found thai the

grosenne of ab iutrarcsrdicd lovp of vatheter intreduced spocifio
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characteriatios into the pressire records of the perfuwed wedged
cathetor and that thase conntitiuted & potontial source of
ardefact under ¢ertsin exporimentnl conditions, Apart from
their impordtanse in the planning of thin study, tho observations
made from the pressure reasords obtained from a trans-cardiac
wedzol cathater have important applications in olinical vractice,
and fio we digrous here o wafer to them in pome detalls Plrsty
the experiments which led o the discovery of the artefact are
dasoribeds

A preparation using a trang-cardize wedzed cathetex was
uged in e‘xpéri‘mmta demigned to sasens the vesponse of the
pulwonsxy vasdular resistance 40 5 sudden inoreass in pulnonsry
blood £lov and to a repid increase or deorease in the circulating
blood volume 4s a wholes  An inorense in pulmonary flow wam
induced in one lung by occluding abruptly the contrasisteral main
ailmonary artery with an intva-lunminsl balloon. A wadge sogment
in the lpme-lateral lung was perfased at o constant rate and ao
oould not share in the passivae dilatation which one belisved wunld
ogcuy in the rest of this lung when its artaorial inflow was
approxinatoly doubled. Any change in the perfused wedge prossare
would thersfors wepresent an active changeé in vessel calibres
The records from s vepresontative sxpericent are shown in figs 16.
Prom these tracings it cun be seen that lmnedistely the balloon in
the lof't main pulmonary srtery was inflated, an gbrupt drop in
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presgure dtonrred in the yerfused wedged catheter it the right lungs
Unilateral ooclusion of a main pulnonaxy artery apparently aluo
Jovered the static wedge préssursd (fige 17)s .This was itaken into
aogount in caleulating the ohange in prewsure gradient acrosg. the
wedga ssgment,  Apparantly; & mwked f8ll 4n vesistancs poturred ~
go taloulsted from the rosulta of thond sxperimentss  This
ovidence would lead aue to conclude thet aobive veflex pulmonaiy
vasodilatatlon: asonsred in respanss to an ingredse tn pulwmonary
arterinl inflow.

A gecond stlmadus studied in the olemsd~chest experimonts
was the effent of s papdd incradape or dedrease of hload voliim,
Thé hypothesis which proopted this serion of experiments woo that
the pulmonaxy vassulay bed in itg capaiiy as one of the blood
paservolss of the body mieht dilate ov constrich sotively in
adapbation to B rapid change i blodd volumes It wag hoped that
thia could bo denonstrated by ubing the panfused wedge techrilaue.
The Blood yolume of the exporinental animal was amboly depletsd
by allowing 4% t6 bleed through 8 fenoral srbory canmila into s
meservairs  In each exporiménd; when this was done, the porfused
wadge pressire showed a #apid ride. The control perlusion
prossare in the wedged oatheter wan vegained when the same volume
of Blood was veinfused (figsd 18)s  Further experinonts werp .
oasriod outy in which the combined effects of changes in dlood
yolund and in the pulmenayy artovield inflow were studieds



A summation effeet of the two stinmuli was sedn (figs 19)s  The
loss 'of blood volime appeared 't ba atcompinied by pulusnary
vasoponstrletiong ihe lncreusse in voluney inducsd by contras
latevel pulnohery dvtery ocolusion with puluonavy Vasodilaistion.
Thous posullizy howdver, wers a¥ vapiance with other move
ivoet obsorvationss  Thup the »apid infusion of 250 mis of
bipod in the sane propavations wan usally assaciated with s
ey in palaonaxy srbery prosmure (flge 20), and even assuning
6 100 per cent inovease in dardine output; the fall in pulmonsyy
resiatance could not bo of the oiler taloudated from the
perfused catheler expovimentss  Furthery whon the pressure in
ong nain puldonary sxtery was nonitored while the othex was
oteluded, an abrupt rigd in presuups dsnvarisdly odourveds In the
exparinént depisted in figs 81y fthe mimdnsyy vagenlar mééiat&nw

Hofdra ooclusion an bo WrLbten as B; w siee and during

poelusion as Ry w mwx A Thin is 4u overweimplitiod
atatanent, and the amall fall in left atrial pressure whieh
acootipanien osclusion of & pultionary srfery is not talbn intd
desounts - It ddes show, Howovery an indrease of wésistance to the
irorsased flow in the wnosciunded lung, contrery to what the
porfasion experiments showeds o

Tha character of the prewsurs chinges in the trans-cardieq
péefuiged weldpo oxperimants slao gave pise to doubtgs The pressure
changsy geamed Ho be 100 abrupt $o be explained on & reflex basises



Fér theas peadong the prepuvation was npasexanined fop pources of
sryefasts o Movanent of the cathetor tip in the wodged position
s gean not o odtury bul 1t wes notloed that the auplitudg of
the dumivant wovés in the sinblo wedps 'pmsmm vaeords ware
inereastd 40 the lotp of the sathoter in the Maht ventricle whs
pnlapgeds  Thig phehomoron bovane novs provsunted when the
edgad cathaber was yerfused (figs 220

- T3 wny: then notkedy By walching the eirdine #ilhoustte on
£iuoroscopy, that both the stimdid used 3n the foregoing
sxpbmenta (Iee alterationg of blosd volwie and ocolusion of a
pulmonany apbery)s hal s magod effect on the size off the rdahd
vontiloley . Thus, when a4 pulmonary srbery Was abpuptly cscluded,
they ight vendrlole dould bo deen $o dilate and the anplituds of
Lo movenants beteoon eyatole nnd digstole jucrehseds  Conversely,
the rapid withdrawal of blood was mgmmr}mﬁ by & peduction in
the pige - of thi pight ventxdoles  Tho mapid infusion of Blood
{vhathor Ty the venous ov avieris) poute) wee algo £63lowed by
enlarpoingnt of the pight ventxlela .‘Eh.eée‘z changes in the capacity

of the ventricular cevity wepd anotonponied by o oorvesponding

ohange in the tadius of the indimeparddao loop of cathotors  The
gongiderable prosmire changes recurdad in o conventicnally wedged
{unperfusel) cotheter dusing these wancouvres ara shown in figv 23
Magther avidenes pointing o the source of the sxlefact vns golned

s Tollowns A =alinewfilled satheber, whose 1D was cogludad
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with plasticine, wog iudroduced and advanved o 8 vedged yosition
(donfivmed by subnsquent *snapsback® of the $1p o dlsinpaotion)s
fhe butt end of thig Gathetor e vonneoted to o prossue
Trensduser in the wauad way, & gressure of abouh 10 xine wag
induced using o syringe thamugh o oide avpy than this bide e
was eloseds - Whe pressure veorded in this Blind ended batheter
oauld bo xaised or lowersd by the stimali uped in the foregoing
oxporinentss

It wap: therefore eonoluded’ that the changes in porfused
wodge pressurs, observed in pésponse o altexations in dlood
volwie snd acelusion 6F 4 puluonavy avteny were die 4% loast in
park to chongen in the pled of the right ventrdole.

Pinel eonflmatlon of tha souked of the awrtofaet wou
pdned by ropentitg the experdments in openscheént prepsvotions)
ix which the catheter was inbroduced wia o pulnonacy artony
branchy; and id not paesue an Inteacurdize dourses  Under thase
sivcmotances the sinll changes in pérfused wedge preamuse
followsd thome in the loft atyium and the caloulotad vasmlar
rosiatance in the wadge sogmont was waltered in rasponse to these
stiandd (fige 24)s  Reviewing some of the phasie (unduopad)
progaure resordings obtained with o traoswcardise perfuscd
cathetier, one bollevas aloo that the wave forme (other than
respivatory fluctuations) are dus lergely t0 the soilon of the

right ventriole on the. oathater loop (fig. 25)s



- Chese sxperiuonisy then, failed ju theid objegt of + 0
denonptrating puluonnyy vasonotion 18 mgsponas o chabges: ia
puluionegy blodd volwas and flows fhey didy newevony. wevesl an
juporbant Tluitatdon la the porfused wedged colhdter iathold,
whon this wethod wiployed & trang-sardiay cathater and when the
stimuli applied wers wcbompanicd by altexations in the size of
hé right ventridla, vpr in 19 forde of contirsetions

- fhe exparinents alée demongtrated that changos in pight
vontrioular action conld plier the convendionul palmonaxy axkery
wedge predsuxe, and thig Piadiug ie of donslderable rolovance in
elipieal praddices Lk means that ths pressare changes in 4 wedged
dathatsr toy nob be dud spiiroly 40 changds dn the left atrial gx
Dalmonaey venous prédsuresy whan the redords are made durlng
shosubsiinoes which alier caprdiad uckion {eméh as oxereind or the -
adrdndstpation of vasceactive drugs)e

In supmarys the pidncipal ¢huraetordsilc of the pepfused
wedge cathétor, pelevant to this shudy; was that porfuision &% &
aungbany Llow yate evoked a consiond prossuve.  Somo hyoteresis
was noied when fargs changeyw in iﬁlaw._asc'cum*tsﬁs Tho pregsures
vacoydad $hrough @ dathelber which pursasd 2 hang=cacdiag course were
siendifienvtly modified by alberations dn heart i and adbions
Uhis obadrvativa dppiied to Dotk pertused and unpexfused wedged
cuthotowas  Docaugs oF Bhis, an open—chest prepavationy in wlieh
the periupal cathotor did nod txaversd Ve howrk, was uséd in nost of

the mubsequéent experimentss
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CHAPTER 34

ANATOMY.

A xwiew- of the anstony of the pulmonary vastulatuve was
a necensary preliminsvy 4o this studys In partioular, the size
and chavacter of the vessels perfused by a wedged cathetery the
nexrve supply of these vesselss and their counections with the
bronchial eirculation were relevant, and these aspeots are
dencribed hores

Agoording to the classifisations of Bremner (1),
Tdwaxds {2), and Bloom (3), tha cathoters used in this study
wodged At about the site of the transitlon from 'elastict to
“masoulont pilmonary arteries. Fig. 26 shows photosmicrographs
of mections of lungy tubt at poinks pesipheral fo the tip of &
wedged No. 7 ecatheters Using Hyland's nomenclature for the
pulmonary arterien in the dog, tho catheter wedges in a second
ordér arterys dnd the principnl arterias perfusdd are third order
arterion (i¢o. thoss with 8 lwsen of about 140 wae )(4)(5)
Injeation=corrosion epesinens showed that two or threa arteries
with a lumen dismeter of about 2 mms run & relatively long
straight courtie in the lower lobes of the Jung in the dog (6)s
end the catheter was wadged in one of these arteries in most

axporimonte,. - ‘fha.segmnt popfused by one of thesed vesanels



(and nenve the wedged cathetes) was conival in Bhaps«  The base
of the cone measared about 4 oms snd it was 5 omy in helght.

Qup vwn dyé dnjeotion and snglographic studisa confirmed the
findings of Bolt (7)y that these are end avteries.

The mussulax pulmonary dvterion Iié cXose to and dransh with
the bronchioles, vespivatory bronchiolss and alveclar ducts (2), so
that 3t ie not surprising to find that ohariges in alwway pressurds
van influence the resietancs to blowd flow throush thede vessolss

Pulnohaxy srierioles aod vemules sre very similay in
stiuctures Thoy have & single elastie laming, no musculsy media
and very Iittle adventitis (1) Thbre is, howavern, & tisele layer
in aowe of the mfai‘ialas for & shorh asgmant at their point of
origin from the maboular arterial stem (2)s  The amsll venulaes
which dvain the wadge depment pre fowmed sround the yesplrgtory
bronohicless These. Join to fomm veina whioh then lsave the

aimiays and, at lodulay veln sizey tecome confluent with veins

Wer.

from #djaoent segments. This anatomionl faed s blghly slgoifiocant

with regand to the downstraam poind of pressurs referéncs in ¥
wedied catheter; and this is conwidered in tho noxi chapieirs The
medivum aiged pulmonaxy veins contain & llttle smooth musele, bat
o411 much less ¥han arterien of sorrespondiing sizes - The
proegence of funstionsily significant muacular 'sphinctors' at the
palmonazy veinsleft atrial junction has boen described by several
workars (8 « 10) and there is an inoreasing weight of ovidente o
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show that pulmotayy venonttor activity doed Godur in- certaln
eivsunstanees {11 = 15)s.  Ceptainly the deft atrial muboulatuve
Lo prolonged. along the wills of the large vulmounyy veine for
1 o 2 omey 508 the presonee 07 bavopesepiors has baen described
here (12)s T 18 important to nobe; héwaver; that the
distribution snd gudntity of stooth missele in the palwonary . -
vomsels varlol markedly fpom spaoton to speosies (16){¥1h  For
indbance; it 13 probable that the ‘gnaslyt ¢onstriehion of the
smadl puloonssy srisriss whish has heen obverved in rabbits after
the administration off mp:-@drémﬁné- {18) 19 related 1o the fact
that: o pelabively thick mascle- layer is pragent in thead vesselwm.
The. Bronchinl Avteriess

- In contwast o the somll pulmonapy arteries, tha Lionshial
avteyies are provided with a thivk musule ovat and this Suggests
that they are dapsble of active changes in calibyes Vhether op
nbb they affeach tha haamodynaniss. oF the paluonspy éirculation
wnder physiologioal and experinentsl conditicne has been the
sehject of much controversye The présence of signifindnt bionehow
palncnary anaatoriosen would greatly lessen the valus of fHhe.
pavfuded wadped cathetep teshniged; sincd these anasbonoses. aould
ponid an aktrs (and unpredioteble) Inflow of blood-into the
wallps segmente - P this reaqol, some of the obmervations mude
by others on the bronchial srieries and the nature off bronchos -

faltoneyy anaetomes 4vd voviewed horas
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Tha bronchial arderies arise from iha aortgy from the
condave gspact of 'tht_s arch and upper descending aorta at abbut
the lavel of the £ifth thoracid vertebras  They vun to the bilun
of each lung, where thay foim a vasgular ring vound the main bronchus,
From this vascular snnulus, two distinot sets of hrenohes azise (39).
The ‘visderal pleural’ arteries ave of 1ittle interest in the
sentexd of this siudy, they supply the pleura and send branches
into the interlobular gepta tu mupply the interstitial tissus of
the alveolds The 'true bronohial artories' also arise from the
anpulus and wenally twé branches travel with, and divide with, each
bronchuss  Thasa brenches are jeined like tiza arcaden of the |
'.measntériﬁ arteries to form peridrenchinl and intrem~mitel networks
along the bronehi (20}

The sorresponding bronshial velns (21) arise on the walla of
tha respiratory bronchicles and mun centrally on the bronochi to
drain into the pulmonaxy veinsy op directly into the left atrium.
They communlcate freely with the pdnonary velns en route., The
pleuveehilar voins drain dnto the asyges or hanleasyzod veins.
theva is fres comminitation betwesn thore bronohial veins whigh

dvein into the pulmonary venous sirculation snd those which dralin

into the systemic veins.

These are Sreéquently found and ave of considerabla

funotional significancé in cestain diseuses of the lungs and 4n



congenital heart Gisoase {(28)s Uontrovarsy oxiste as to theiv
significance in the noswal lungy howsvers Vorloop (23) described
Lponchospulmonazy anadbouss in norsal lunes in the form of shoprt
thickswalled musoular acterlon ('spermsrtorient)s  Hapris and
Heath also subgeribe do the pressnde of such anastomen in noral
husan Jungy (24« On the dther handy many workera in caveful
attdion have falled to £ind ovidence of such anaptomvses (21,

25 = P9)s  The evidence to wuppoat the nontention that the
bronahial siroulation tan axert influente on the mlx,nm.w
¢lreulation in hasaodynanic and baged largely on the work of Taly
and His collabovators (30 « 32)s It mst e noted however that
thasa workers derived thely rasults from Hichly sedificial
prepavadions and their. resulta have hot been substantisted by

other atudies in the dozy in which Yronchial flow wae meamwred by

Conbroversy aléo exiets goncerning vhe physiclogisal
inportanes of pulmonsxy nrﬁemé«—wma ghunta,  Thus,
Potngmetal {36) has olatmed that glass spheves, of betnesn 100 and
180 miorin in diametsry could deach the plmonary velds when
injested into the pulmonayy avdory in dogs, but in sisdlar
expoviments 81so in anaesthetised doge; carried out by Ring and
bis co-workers, only 6 per cént of miopvo~spheres of 8 ui in diasmeter

traversed thé palmonury olveuid {37)s  Other mecent studiss on
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the subjeet which have beon reviewed by Fiskman (7B} lead 4o
the conalusion that palnopary apterio-vonpus shuants are net of .

fimetional significende in tho nowmsl man and doge

The Nezve Papply. to the Pulnonary Vessels: (32,39 - 41)

e ara asain dndebted o Daldy £oz much ddiatled information
Coneerping the innervation of the pulmonary Yasstulaturve, -The
presenes of both sympathetic and pars-aympathetle nerve supply to
the #oall pulionaey vessels (52)y and of pobt-ganglionis '
pympathetie fibras 4o pulnonary astéciolosy 'sapdllnyten (43) and
wolas (4 y hé;a heen danonatrotaly bat such obsspvations heve nod
Slarified: the »ole of thass nerves in the reégulation of pulmonary
blooed Slow (38)C4R),  That thoy sre potentlally aotive bas heen
denonatzateds - Daly apd bis oo-workews have ndduced evidsnce to
show that stimulation of the upper thovacke sympathetic outlflow
_:'U.S follavad by mlﬂiﬂnﬁ:ﬁﬁr vageronatyiotion in the dog {145 = KT)s
vhoreas stiualatlon of tho gistal out end of the warus seeps fo
svcke o dilator vesponse (42)y and Stumons hus shown that
bilateral cervical vagotony la asacciated with an ‘anrea_sé in f.hé
pulnonary vasdilay resistancy dn dogs (48)e - Daly hai emphasiged
an fuportant fundtion of the bronechisl clvreulation 1y fmaintaining
tha dntegrity of pulmonary vasoulsr innervatlion and this
observation mst be borne in mind in interpreting zesulis
ohtained from exphriments enploying fsolsted lung preparationss

Cn the chénf: handy intootuess of the nerve supply to the luvng is



by*nd'méaﬁs'&'ﬁﬁéémbquiwzia for pulnonaty’ vasaastion = which dan
BELLE ‘obcar quite dramatically 1w Uerdrvated lumis, both in
aidoals and i nan (L9). '

St gy the' Giatiibatlon of Badoth mivels and
sutononid Nedves in tha pulmonary vassulatibe would indicate that’
the véosols which are capable uf altestng their Ga1ilee are The
Tatge and dnsll peluonary afteriss and veias sod possibly the Venos
atrial junstictol aveas  The paltonayy artericlen in man and 4n
ho dog aré thlm-valled, nomsmusoalas wibeobures, conmpapsd with
corrasponding vesadls in the systemic civoulations {In the
sabbit and vowy thess pra-capillory vessels abe muntular)s

Yhe prepence of extia~vastular Soih musclo hay been
Qanonoyiated by histologionl teohniqués, both in the trachéo
brovichial ties and Ehrtnghout the Tung (50)(51)s ~ Phere is mo
ovidences ﬁawévér,. that this potiowlws plays any astive part in

nfluenclos Vasshotor sekivity (383



Bo

1T

G
T

Ba

504

ﬁmmﬁ, 0« Patlology 6f #he vissels of the pulmobery

Arch 1ntam. Yedy 56=211 sﬁ'f;’(slns'!éﬂ189“935‘-
BOVARDS; &B. | H‘unotiom}. pathology of the. wlmnw vasoulan
ETY ""-"".'Q;ﬂﬁ digenses |
Cieendation 1551643195‘?
mg m, ?A\JGEN. IM#-. mmm oft hiawlag;,u

Bl sdity ;93271*2794» Phimdomﬂm Baundersy "952#
CRYLRND,. FaWey SURTHy GaTsy MoOULRE, Dalh s HAERISONy DiGuy
. HAYNES, FaWisy DEXTER; By Uffect of seleotive scholisation

o pasions Bized pudmoia: y artopled in dogey
 htbrs Ty Phynsiols m:swngss.

HM’&H; 30@ A?A’m% J b?i\ th Kﬁthﬁlw Qf b.‘.rp@r'ﬁm&we

- palmohiry *vaac:u:mi* dimeases

o cimxlatim 1&:533&1956

AN HeduGs :emom comndoation 1961
ROLTy Wiy RMANKy He  The ﬁamm& milmonazy blogd msem
4n pozmal and. pethologhe anglogramse -

Fopkaohes Imntgenatr. 93:21: 196@-
BUROHy Gellsy ROMUAY, RiBe  Bunotional arstony sid
Y throttle valve' aotion of the pulmonsyy véins.

Amer, Hoand Jo  KTe53849544




51,

Da.  FITACTN, I, STHRN, Bsy NAHAN, M. . Bite of action of -
Wyperdonid ealine in the puluonayy oleeuletion.
Clrouluts Rose 9332741961,
10x  BORATRT, A van, TORRIDE,. R Experimental pulmovany
by perbennions | S . .
Tiobty Honrh Ta 25377431963,
T4y - AVIADO, Talle Jnms, CHRIEOTT; Auy ALANES, Jep DULLEg Pallsy
SORED, Cul's  Tffentn of drowis on presturs, resistance
pnd hléqﬁ.ﬂ?Bg}.?pigﬁe of palmonsiay verssls;
Amors Sy Physlols 169246031952,
12¢  HETANG, Coy FEEL, D Reflegogunle ovess of the
eardiovassnlaey gyateny pvB20. Bostons Titile Drown & Cos 1958.
13:  BUDOLSH, Asies COOTNAN, Beduy COLETEO, Raduy SCATDEDLT, M.,
Qbaémﬁatiﬂmﬁ ou @-gpﬁgﬁgiax_maa&aniam 2t the pulhtnavy venous
= lefy atrial jungtians
reulntion 244102711961
The  FREDy Hale, SONMIDT, Adfe, SQTHS, Tu, NECHD, Wl
houte palmontey oodems of wltitudes
Ulrenlstion 203020419624
19s  RUDOLDPH; Asla  Pulmonayy venoumotor activiiys
- ey Thoraos 19837611962
165 TOYIR, JoPos PADRIRSON; 7eLe Tnivn, WAURIN, JoV., DEDVRINER, D.K.
Ubgervations op the cireulation of domestid pattlo.

Crealate Rose Bl e10604



324

17+  HBOHT, HeB., TANGE, Rela, CARVNS, WeHey KUIDA, Hey BLAKT; J.7.

Brlsket diseass, L. UGdnersl aspects of pulmonsey
 hypertensive disense in eattle.
Toanes Angts Ameor, Phys, 72315721959

185 PADEL, Defey MURTON, A«Qs  Active constriction of small
mlaonazy artories in xabbite

| Oiroulat, Ros. 5162941957,

19 CUDROULOZ, Laey ARMSTRONGy J¢Bx  Obsoyvations on the normal

anatony of the bronohial srteriess
Thorax 6234301951

20s  ILEBOV, A.Asy BALHS, MRy LINDBKOG, G.Hs  fnlacgement
of the broxzqhial srteries and thelr anastomosis with

| miimonary -artdries in bronchieciasia.
Ameya Je Pathe 25321181940,

21, MAROCHAND, Py GIIROY, JuCsy WILSON; V.lle  An anatomionl
study of the bronchial vascular system and its variations
in dissades

Thorex 5120731950,

22, LIBBOY, AdAey HADES, MoRss BLOOMTRy WeBs Relation of the
bronchial %o the pulmonsry vasoular tress In "Fulwonany
Cirenlation” peT9e 58y Adams, ViR, and Veith, I,

New Yorks, Grung & Sirattony 1959



23

e

254

204

21

28+

20e

VERLOOP, MeCa Artorisd brohchiales and their anastonoses
with the artoria pulmonalic in the humsn Jungs A nhopos
annbomisal atudys

Aota Anat. 57141048,
HARRISy Pay HEATH, Dy "The Hunan Pulmonasy Clroulation™,
P:25T  Edimburgh. B & 8, Livingotone, 1962+
COCRET, Falley VARG, G.CNs . Gollateral -ciré:zglaﬁiqa %6
the lungs..

- Brit. Jv Purge 3319741950,

MILLER, WeSe In "The Iang", Znd ods pelifs

. Springfieldy Illincis. Thomaay 1947«

TUBNER-VARULCKy Mo Bronghial avtery pattervs in lung
and heart diseases FheDy Thesie. Unive of Donds 196%.

{€ited by Harrie and Hesthy "The Human Pulmonary Circulatien®,
- p«857. Edinburghs B & Be Mivingetond, 1962, )

BERRY, Falus BRALLOUORD, JoPy DALY, I de By Bronchial
vasoulap syatem in the doge

Brode roys Soos By | 100121421951,
TTEBON, Asdsy HALHS, Milley BIOOUER, WeBle,, HARHIOON, ey
LINDEKOG, GaBs  Studies on the lung after ligation of the
palmonaxy acterys 1Ls  Anatomical changess

Amors Js Paths 26117741950,

53f



31,

424

33«

Ko

9%

by

3T+

BERRYy Jabey DALY, Lo d& By Relation between the pulumonayy
and bronchial vasoular systeny,
Progs Roys Socs Ba 109131341931,
DALY, T+ de Bs Physiology of the brorchial vascular system,
Havvey lucturas. §11235#1§§5-{ G
(C1ted by Fishnony A«Fs Physiols Reve 41921431961,)
DALY, £+ de Bs Intpinsic mechsnisms of the lungy
fuare ¥ expe Dhysiols 431201950
BRUEERy - HiDsy SCHMEDT, €.F% - DBlood flow in thé bronchial
arbordes of -the ansesthetised doge |
Anere (h Physiel, 148264321947,
SALESHIRYy Pol'vy WHELy Pay SIATE, D Factors influensing
os1leteml blood flow to the dog's Tungs |
Uiraalats Rese 56303819574
STARHs Day. SALLSBURYy Paley WEEL, Re - Physiologic and
rharmacologie studies of collatersl pulmonaxy £lows
J+ Thoragic Buvgs 34459911957,
PRINZHEDAL, Mes ORNITZ, Mulley SEIKINg Boy BERGUAN, H.C. -
Avterio-vencus anastonoses in livery spleer snd lungds

dmore &y Physiols 15284881940

RING, GaGay BIOHy Asfivy KURDATOV; Tyy HOOS, WeGe, SOIH, W

Sige of miorospheres passivg through the palmonary ecirveult
in the doge |
Aimere. J4 Physiels 2001119921969,

5?%‘_



39%

LQs

434

ke

L5y

PLOUUAN, £WPe  Respiratoyy geses in the peguldtion of the
pulmosiaty cizeulations |
Phiystole Reve ' 41121431961

ECOHEDLy GabvGa Cavdiovaseulss Thnewvations.
Baidborghs IAvingstone; 1956, 0 0
AVIADG, Do Fhammatology of the pulmonary cipelations

5 ' Phawmadole Reve 12515541960,
DALYy To &8 Doy DALYy M Go By * The nexvous dontrol of tho

5%+

palmonany tlreulstions  Lu "Problecs of %Inﬁna#y Givoulation®.

Ciba Foundatdon Study Groups Nox 8¢ lLohdoh, Churshill, 1961.
DALY, I+ de Bs, HEBS, 0uDx ° Filmonary vasomotor fibrem in

the cervival vageenympathetio nerve of the doge

‘Quairts Jo expere physiols 3761919952,
LARSEELy Osy DOWy RuSs  The ingepvation of the human lung.
Amrs ¥ ¢ snats 5212551935,
RIVIRASGS(RANA, Cap SALOZUAN, Paffe, SLNGRR, Dey KADS, heife
Action of hypﬁxé.a on ‘the milnonsry vasdulatuves |
Ciroulats Res. 6:103195%3.
DALY; Te d& Ba, DUKB, H,0. Note on & method for the
Asmonstration of pulionary vascmotor Filtvess
(marts T expe Physlals 34415181048,
DALYy Lo do By, DUKS, Heily, HEUBBy C0., WENIHBRALL, Js
Falmonawy vasunmotor Pibpes in the sympathetic chain and its

assooiated ganglis in the dogs
tuarts Js o¥ps Physiols 34:285:5048,



A Y

48«

494

504

51«

56+

DALY, T. de By, WKW, Hula, FINZELL, J.Tep WEATHRRALL, Je
Palmonary vasomotor nerve activitys .
Cuorts do oxps Physiols 37614941952,
SIMIONS, DeHey HMEINGWAY, A Pulmomary chirenlation following
pneumothorax and wagotony in doge
Ciroulats Res. 719301959,
FRETDS, Helley HARRIS, Pap OLAUSH, ReHyy ODELL, JeXle,
COURNANDy A+  The offact of acetylcholine on tha pilmonapy
circulation under normal and hypoxio donditionss
T eline Tnvests 3719914958,
macxixﬁ,'c.ss Pundtional aspeots of bronshial mascle
and ealasiic fissue,
| Avche Surge 191421201929
IXTBOWy AuAvy TORING, oy FELTON, Wil  Musculature
of the lungs in vhronio palmonary diseasa,
Limere Js pathe 2§3885=1953.



2T

CHAPTER lie

HR RELATTONSHLP. BT IHS FUGIONARY SROTRY
DGR PRESSURE AND TR LT ATTIAL PIRSSURE.

In 1948 Hellamy and his co-workera postulated that the
prassurve measared in a cathetey which had baen wadiged in a
pexipheral pulmonary artery represented scoumatbely the pressurs
in the left atwium (1)(2)s Since then, the plmonary artery
wadge oressure has beon used extensively in place of the left
atrial pressuprd as ono of the factors used to caloulate 'p:t_ilmonaw
vagoulay reoslstance. Hany published works have added
sorroborative evidende to Hellems oviginal work (3 « 7)s  Duving
the last ten years, however, conflioting reports have sppsarsd
fron time o time concerning the relationship between the 4wy
Dressures (8 = 11), Besides pointing out the tochnical Aiffioulties
inherent in obtaining a valid ‘wedge' pressars {8)(12), reponts
have differed concerning the pattern of the pressure differential
between the wedge pressite and the left atrial pressurve, and
the machanisne which wdght acoount for &%+ Murphy (13) concluded
that the left atrisl prossuro was often higher than the wodgs
pressures while on the other handy Incheinger as the reeult of
& cavefully controlled study in wan. contended fhat the pulmonary
artery wedge pressure was ooneistently 35 per cent higher than
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the lety strisl prossure (1),  Other workers have noted o
positive gradient £rom the pulmoriaiy artory wedge prassurs to the
1&ft-ﬁ#riai pxeasaré and‘haﬁﬁ‘iﬁta&preﬁeé 1% as aﬁi&éneg.pﬁ
aotive venomotion (13 = 17)s  Gertainly the valmonaxy veins ave
subiaced by & layer of smooth misele at their junotion with the
1aft atriun (18) and presunshly are oapable of vga@mﬁt&oﬁ,

In the course of the présant astudyy simultaneds 1‘916035&8
of the palmonary aviery *?ﬁ?:e. éreasu:x'g (statid wedge pressups)
and the left atrial preasure were token under nany @iffarenx'
d,imsfandam and &% ‘nemme olmar early in the study that they
ware usally naﬁ identioal and further that their relationship
was nod maéﬁmt under shanging olraulatory c:oh&:htiénag
ﬁcmrﬁimzm vxpsriments werd planned to explore s-peciﬁcany
the relotionship hétw@ﬁn the two promsuies, and rocords avallabie
from other experiments in this study wére reviewed with these
faotors in mind.

In any aem@ariaon’of axperimental resultsy caveful
attention mist be paid to the standards of raforende usede This
princinle is particularly important when anall pressure differentials
guch ag that betweon the sitabic wedge and the left atriwm ave being
considered. In Barnatein's study, fox instance, the wero poind
of reference for the wedge pressure wag 5 oms dorsal to the mgla
Gﬁlﬁquis, twb was 10 ams dorenl to this point fgr.the.left atnial

pressure resords {8).
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Uatorial and Hethodss

ws;._u{.inre - oot Vi

The gpan=ehanxt prepovabtion wis wsed in these expardments
ol thé cathetor was introducssd in a manner which did nod |
 interfere with the lodal imneyvation. A sécond dathater was
Antrotnced into the 16f1 atrium through a smell pulnonaxy veins
Tn some snimals a thixd %thatér‘- wig advanced through the lefd
atrdun wntll ite tly Iay free within a8 laxge palmonsary v‘erin-,
B to koo fror the venosatrial jubebion. Progsuros were
measured through thess dathétors: Iweeph whera statody the
présoure transducers wepe held né the same level and zere
roferente was obudspheric prossures - A femoral srbery and vein
wera aimo cannulated and comiented to a Fesexvoly In such o way
that Blood oould be withdsmawn or resinfuseds In eomo aniuals
provigion was also mede to osclude abraptly one main pulmonary
Ertery with a 'ﬁ&lléan- cythetars
T eddition, some welevant data Diom experdwsinte done on
Slosed~ohast azﬁm‘ia- waro usedy with pavtieular vefevende to .-:;ﬁg
pfifects of plght. ventricular getion on the intraseardiac loop of
cathotarm
Using the forepving preparationsy the velstionship hetwesn
the atatic wedge presmure and the left adrial PYEESBTY Was
sdufdied undan four experimental amﬁdi‘biansz«.-
{1)  During 8 vepid intra-venous infusion of Bloods
(2 | Dring withdrawal of blood feom the femoral sriery.



(3) TDuring odclusion 0f the contra-latersl main
Palaonsry artory.
(4) During neate elsvation of the mesn Yeft atriel
| FrOsgsurs.
{This was Induced by causing mitzal ingompeteuces).

In oxder to minimlse any respinse spucifionlly related 40
the Anfuslan of 6 pex pent Daxtran, an exohangs trdnefioion was '
garridd ot 30 tu 60 mipmtes bafore the definitive experimenta, -
200 mls of Yextwmo (6 por cent %n 5 pex oant Dextrossswator) were
infused whils an equal volume of blend wan removed into &
heparinised sontainess | |

- In a furthér series of axpérxman%q; tho xolatichship hetween
the pressure iR & mxlﬁaanam vain and that in the left adrliva was
atudiedy while the sane ‘sﬁimii. ware appliods

Resultss

In all the preparations usedy ag 10:‘_13" a8 Pesting or sontrol
conditions prevaileds the relationshis botwasn the left atrinld
prossure ané tha stat.iu wadge pragsure pemained cmrxstant, ‘l’izé
lather va.rs the aama ney ar hichér thang the fqmér. *l‘he atatic
wedge prosmure Was nover lower than the loft atrial pressurss In
65 pmpamt#,m, in whioh raveated records of the m pwsmres
were taken; under mesting éondit&aﬁs; the statlc wadge pressure ﬂaa
the gane as the leoft atrisl pregsira 46 14, and was higher in 5S4
The dipfarence in prassuve ranged from O $0 5 mudlles, tut wae



Table 1.

Do N m;m ‘ ;‘ ;mdu Izmm;mﬁ 3
Ho. bt.}z_.l:. ;4_.!1,1’,_.&&. . %mwsﬂn a‘klﬁ\_!;.l_e_;"@g;‘}.}gf’ Aa?,
I IR N X I I B T B R
3 La$ L 1.0 545 “ 140 240 540
1| 0 10 30 . WO BB b
2| w0 20 2o | 0 Mime |10 10 3.0
2 5.0 20 50 ,3;9;30‘%;% 5.0 4O 5
2 5.0 4.0 ke inﬁjzggi;% Gl 25 GaB
51 40 10 30 o 120 k0 80
51 4.0 om0 20 2 4,0 z;.[a , ";.,.ﬂ

Tha rosults of ex;porimanta to show the effact of 5 yapid intras
venous infusicn {of autogenous biocd) on the wvelationshin
hotween the stotic wedge préssurs and the lef't adrdal prossura,
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ponstant for each animal under xdsting conditions.

The effent of intravencus infusions io shown i
Table 1 {opposite)s Then & voltme of aubogenows blood was
infused ropidlys both the static wedge preasure d@ud the left
strial prossure wore increaged, but the yise in the fowmer was
always @a@tam - The pressure differantial batween the statie
wadre prassure and left atrial prascurs indrensed duidng the
infusion and remained high durdng the perled of stabilisation which
followeds Fige 27 shows the pattern of change which was comon
to saoh of these experdmentse Aftor 3 to § mimubes both pressures
returned o control levelss The meaﬂ aimway prossurd was
He5 mmelizme (the significanced of thig factor is discusued 1ater)s

The results '-q‘r;‘ e“xpé;ﬁmenm in which Ylood was withdrawn
rapidly ave shown in Table 2.  In responss 0 this stimilus,
~ hoth the statio wedee :;m the left atiial pressuren fell. In
sach experimenty howeves, the fb&ii in the loft atrial pressurd
oxcoaded the fall in the static wedge pressures Tuping the
ensuing 3 ox 4 mimxbeny while the loff atrial pressure redurned
to near gontzol lqv;als; the static wedge prosture remained veduded,
taé that the net chinge when tho %‘zlrmlgtim had gtabilised wus
a pedustion in the progoure difz’:‘erem;al faom static vedge %o lefd
afpiume

In each of these preparations (after the withdrawal of
blood)y when blood £low o the lung in which the wedge catheter
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o ramydtn of ouoacammbs $o shoy e aflast of Intvonging
atmonnry Blood Plov (by ovolughon of tm uammﬁlﬁfzamu
odnonany aebor) on tho s¥atie wedss ey meyial j}%‘f’*ﬁ*’%?f«}
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The somnlls of vporinants 10 #hee the eP80od of douty
rakbped dndonpotensa an ttze:: relntionsiiy betyaun tho sbsdic
wadie prosours and t?:e laft adrind gmfsrmﬂm The meman
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The vesalis of experinsass so show the congeguances of
a ropid infusion of aujogensus biood on the prossures
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Tho oo lw of experipents ‘51» show uim wifeot of

inereasing wilmonayy blood flow (by encluaion of the

awrbra~laioral milponaey &x uory‘} on the pressiveh i
a palmonory vein and in the left atrpium.



lay was.iuoressed (by oocluding the contra~lateral pulmonary
artery)y thie nqu,ve/ loft atrinl sradient wag ixxcmaé‘ad £ the '.
gontral level ox Mtﬁr (Table 3)s

The vesulds of exporiments to show the relationship betwean
statle wedge prossure and lefd atrial prossures when the latier
wos roised in aguts mitral indompetence, are shown in Pable ka
The walve was rendersd incompetent by distorting the anterior
cusp with a probe which mfa‘- imrbduaed thrﬁugh tha -iafﬁ- atrium,
In our prepamtim it ma peaa,tbla to misa tha 1¢ft atrial ‘
PYaamins by about 35 pur earrl; in thia ms -In aa.ah axparMent
the static wedge progsure ro8e by a ¢emsx;anding a,mwnt,-.
*.bhat the ;émiasum difforentisl Lo stablo wellge pressure o laft
atrium remained ¢onptants

Compard uen ot‘ the :gxeeaux-a measured dimctly insa man
puimonnyy wein with thq- laft a#rmi pressure .during\mpm, inmaiam
also ylslded intoresting resultss They are shown in Table 5»
Undér ocontrol sonditions there was.a sall pressurd gradient from
the suall pulmonsyy veine %o the laft aipiume Then 100 or
500 mly of Blood wers infused rapidly, this gradient was increased
in each cases 4 sindlas re‘é'gona‘.e wag a06n in thoze experimonts
4n wh:tch th'a;- milxnonary venous pressure was being nonitored.
Oaelusion of one -gq;mangm artory caused a sndl £l :'m loft:

atwial presvure and & biee in ;gsilmaﬁ&w venous premiurs in the

6o
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oppbosite ung, with 4 ne¥ increans in the pulmonawy vein/
16t mtrdn preseure grddisat (Tuble 6)s
- Paoper placing of the o

Mlad was aifficult in some of
thess preparationsy and someé sxpevinonts wors discontinisd for

" toohnioal veasbhsa N other pattern of reaponss was sesn,
however, and ths wsults of 41X the experiments which weré -
without cbvions sfbefact bave been inoludeds

 Thems experiuents shows (1) that the mean static wedge
préfsuie 48 normaily higher than the mban loft atrial preseure
and ‘t;hét-l the pressure differentinl vemaing donstant undeér
contvol conditionss (2) the premsute momgured in o pulmondzy -
voin 2 to i oy rom the vano-utidel junction i slso highep
than the left airlal pressivey (3} acute elsvation of the left
atyial pressurve 18 adconpanded ‘by an incvease in the stadle
wedge voopsurs of tho sane magnitudes (4) the pressure differsntial
betwaon the static weddga and the Reft atyiunm ig inorodned by the
rapid infusion of blood inte g systenio vain and by ooglusion of
the contra~iatersl mein palmonary arterys (5) the pressupe
ditferentinl Betwacn a pulwonary vein and the left atmium %e
inorensed by the saue Proveduresy

‘Thasé resalts dall for o re-consideration of what is being

messured by the wedged pulnopary svtory catheters Whis presmue
has bean regarded s & damped peplica of the loft atrial prossures



Tt has beon acoepted that & segment of She pulmonary vasculsr bed -
comprising arteries, artorioleny caplllavles, venulss, velns s
batwesn the cathetor tip and the loft atrium, scts as an
axtenslon of the aathed:er to the latter chamber, so thut whén the
catheter is dmpaoted; flow through the. wedge segnent cesses and
there 48 & static column of fluid from the proasure \ﬁmnadéqex 0
the left atniome  The vemssls in the wedge segment ave sublect to
transmaral pressures, transmitted from the sirwayse, aad mey slso
'una az-g'o. iﬁtﬁm&c changes in %lfbi’ﬁg Wt thewse fastors should not
influsnce. the mean yresmuve while thers i no flows  Extemal
comprassion, O vassdonstriction of the vemaels, would only expel
some blaod into the leof4 atxium apd reduce the volumes contained in
the wedgss it would not alter the Ywelge pressivet.

~ How then ean ong expliin the pressure gralient from the
wadged @@"bmﬁézé- te the 108t atrium?  THe woiter balieves that one
mst intyoducae blond flow st some poind in the wedpe sepment; and
that the corcept of & statie column of fluid from catheter to lefd
atriun is untensdles  IP figs 20A ds vegoarded as represoutative of
the tip of & wedged cathetor and the vascular bed which it eubtends,
then blood would flow from the vegion of nighen presasures Unloss
4his blood was being veplaved continuously, the pressure gradient
would gradunlly dimindshe 1o oup sxperimenis where the vasoular
befl. of the wedge megment wag delineated with dye v radic-epaque
medium, we found ro evidende to suggest that blood flowsd in from

Blie



udjecent segnonts, and this ie in kespiug with the anglographic
stadive of ethers (19)s  In cdomon with Ponald (20)s however; we
Jdid observe wash-out of tho dys {rom tha veiusy 2 o2 3 sus {roum
whtore $hey Joined the lef§ abriwns A% fhis peint the weins
draininy severak contigntve segmante ave confiuent, and af thig
point Bleod £low dody ooour in thé wadge segments No {low ocours
batwaen thie polnt cud the catheter tip dpstvedanm, as that a truer
reprenuntation of the vasdalar bed in the wedgo sogment ia thad
shown in Dlge @88 This hypothenis suggestn that the pressurs
gradient is dus to the roalstancd 4o flow in the Jukta-atvisd ‘
palmonany voinay  Support is aiven o thie aoncant by the fact
fhut the gradient incrensed ln wonditions of incressed pulmonaxy
blood floiw (whethar dus to rapid intravenous i.énf‘aéﬁibn ox to
vaclusion of the contra-lateral pulmonary artery)s Thus, in the
pulnonary wadge seauent &b ih any other hasnodymanio systen, the
existence of & presmire gradlent other than that dus fo &raviﬁw
ifipiies the prossnse of flov throush o resistive aress  Since
fhow in the wedge segment ovcuxd only in the Jjuxtosabrial veéins,
this wist be the site of residtancds |

The contribution of the pulwontyy veins to the fotal
pilmonary vascular resistance bap déeh the subjeet of several
studdes (16)(17)(2% ~ 26)s  In 1949y Haddy observed that the
pulnonary verous pressursy moasuved 2 dme From the lof¥ atwium,
inovensed with the cardiac index (27)+  Aviado also found a vise
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in pulmonszy ventus peéssare when plnonary dloed flow was
iﬁ&ramsﬁﬁ'(Qﬂ}$ and: the sand group. anplified this stady hy
maaauxing.ﬁh@'ywaaauraﬂflﬁw walationshiy in both the inlieas
pulnuhary and edipa~minondny potions of the pulmonnsy vaing,
and showed that the latbenr conteibuied a significant proportion
of the total sépistonce to flow {28),  Ludelphy: in experivents
pimlioy to those weported héve, alad showed that. the pluonazy
voin / left alrial pronmiva gradient conld he intzeanad by
atelusion of. tho opptsite palnonaryy srtovyy and by coevtain drugs
{odveraling, serotonin}{25).  He attvibuted the inevease in
angdient to venous conatriedlony  ¥n the Jight of our
experinmite and those of Haddy ond Aviade, howdven, Radolph's
sosnite dould have beon due 3o the iporeade in pmalnonary flows
o @it not sev o chongo in the sailc wodge /166t atrial
raimtiaﬁéhip_&ﬁéiﬁﬁ the astion of adrenaline anud sgsotoning.
iﬂae;qhaptaw-ﬂn_ﬁrﬁgawl The domas of these drugs vesd in our .
sxpariments wore Intonded 4o have x ooyl aotion only, and aid
agt affect exodioc oubput in most prepavationss  IH would be in
keaping with cur Pindings to supeest that lavger doses of the
drugs influenced the. ;;reéama‘ difderential by allesing pulnohary
blaod {low..

Haaley (28) found that the pressuve gradiént betweon the
sl palmonsty veing and the left atriun it dogw aveiaged 5.0 mma,
while the total gradient from piluonery avbery v left strdum



was 169 e (avorage), under mosbivg conditiond, that is the
véin@ provided ab lonet one thiml of the weslalunce to flow in the
primonary vasomlor heds  Huramets and Rodbard atbributed an even
grenter povtion of the total rosistsnde o the velns ip some of
Bhidy. departmonts {23)4 |

The results feom experiments in whivh brasgure ic meamired
A amall puloonsey velno muot ba dnterprated with seriain
ronavrationdy T3 was oud sxperlones thad the ocorvedt positioning
of & Tine palmonary vouonw Sstheter wis tochnienlly diffbeslts
1+ was found Prequently that the catheday would partielly wedge,
and ‘theh neasure somathivg spproaching the puluonsyy artorial
presgirds  Lh aloo seems probable thad the presence of
cathétor, no matber how Mngy in 4 mlnonsry veln will §dnstituta
att ghatrustion fo Tlow and csuse A sparious clevation of the
magsueed pilmonady vanous poeseurds  Howewsyy due rogord o
éhig-pﬁteﬂtiai ﬁaun&g,ef.arﬁafaab was made in the prefent atudy,
and o balieves that the contlusions veached aré valide

There 48 good wvidende then thit thée puluonavy veins
Sontribute significantly to pulmonary vastular reésletancey and
thera 18 in addition some experimeontal svidénse fo ouggest that
they twe capable of mehivé vasomotlons

Under fosting conditions in animals and man, the nean
prossure mepoured in & wedgad cothoter is Higher Bhan the mean

188t atpdal orasswrss  The finding that the pessurs
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FLefarontial Lo iucvenrsd vhen the pulsonioy Slow inciehiion «
and mey ba ofluonosd by ceviain druge ¢ i of ‘Cousideradle - -
relevance. in olindenl pradibes. Unforfinately, corfimmtion © -
of these Tindidze An man #4111 be technisally dLLTiouly cnd the
putentisl arbalaots ndded hy the sation of the vishd venimicle
on 8 Lrant-taniind Qm’;ﬁw#w {Ohapber 2) wild make the zocowds -

ALMELouly to intorbrats

~The forvegoing dlgcussion has beon coapgerned with the
rolitionship batwoen fhe lefh adiial progeuney pulnchary VEnous:
pyvosmirs and the siadle wedge présmires The offect 8F changes
in thy fowmer faetoxs on the gerfused wedge proseure meriis
soparebe: consideration.
' - dp incidenta) £inding in “the expariments. repayted ghovey
v these in ﬁhgjgﬁﬁm‘ Ts win 'Lha;t g-raduction in the poviused:
wedge peesiure oupuirad when the 1o8t atrial prossure wag elavated,
hie he-in keeping widh observations in isolated periused cab
angs {29) dnd du dog Jungs 1o oite (30)(31)y which shoved that an
inovense in lefh atzdal praseure couild dietand the vessdls in the
jung and lgad S0 & Fall in vopistince: The hydeaulics of this
phancnemon have heen demonatrated very oleatly by Rodbard (32)«

Wo would conglude that four prossuves perteining do the

porfuged wedge segnont con b nesdureds (1) the perfused weige
progsuse, (2) the static wedge Prensite, {3) the pWlmopary
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venous prossure; and (4) the loft atial prossure, Undew
oontrol oondidionds with perfusion of the segment at a constant
ratey thess pressures malntsin a constant relation to each other
with & decrament in pressure from the first io the frmrz;h,a Thin
relationahip can be altered, however, by changed in blaod voluwme,
palmonary flow, left atpial presstire and alyway pressurs.
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The phaz-'zmcl@ay of the pulmonary ¢iroulation has been
studied -quﬁ,té em_ansivam and in a review of tho subjeot in 1360,
Aviado way 8ble to olte 854 raferences {1)s Yet agreenant has
not béﬁn vesched on the effocts on the mlmomry vasodature of
several comuonly used diugas The detailed avaluation of the
purely puimonssy effects of a deug is difficalt. MNost of the
arugs which may be active in the puluonszy ciroudt affect also
the airculation as 8 whole, and their distant effects often
profoundly alter pulnonary haemodynamics by chenging sush factors
a8 é&mlé.m outputy systanie avterial and venous pressure and
resiatance, pulmonary dblood volums and left atrdal pressure.

These distant effects iway exent thelr influonoe on the mlﬁ:onary
olreulation M‘m@ti&{ reflex vy thuough hommonal sctiony op by
induaing bronshomator m&iﬁ%y: Separation of the sotive from
the passlve scmponents of the plmonsry veseular response to
vaéosntiva druge can ho achieved to some. exient by expoériments
whish une isolated parfused Jungs; or preparations in which all

the variables can be messurad or controlled. But thie
nédessitates the uss of animal preparations and wmethods applicable
only %o animals. lowevery; many of the dvugs of potential clinleal
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:lnt»réa% Rave diffevent sotlons in different tpedies (2)s
Apeatyleholine; for m;{llag reducen the pulnonary vasoculsy
Mopeover, the action of some drugs varies with the atate of the
pulmonacy vessels, wad the proper-svaluation of a drug which le
oxpedted to shoy & vasodilator effact tan bo bast oarried out on,
veagels which are already constrieteds |

1’11 planning & .aﬁmw of the effect of dyugs on the plmonary
eiréulationy ona must {drst.define cbjeeblivess thiey i the
robults Of the éﬁt!.ﬁaf are o hove imoediate olindoal rolevance, 1t
im the totsl offect of the drug.on human subjocts whioh nust be
ooneidersd: . Ify oh thes other hand, one is looking for a drug
with o speoliic action, edfy the ability to reduce paimcpany.
hypertension, ¥hen wuch proliminavy wovis son be dons appropviately
on animal preparations. .. |

The aim in this siudy was -.ft;;a;.é#uay the stoietly loml,
effaot of vartain druge on the emall. pulnonary vesoelse . The
perfuned wedced oatheter technigue wag used boosuse it g;ﬁm ba
appiied both 4n anipal sxperiments and 4n men, ond because by 1is
usgy the druz under siudy omild bo introduced direstly to it
site of prosunpbive action; in 4 dose mnall enough t9 have little
or no actlon wheii it subsaquently venched the hosnt and systesie

- slrvenintions -




- Tt hon been assunad $hat the Bydraulie equivalent, of

Oy Law could be spplied with validity o the sall cireurmacribed
aroa of vastular bad, since the subshitnted valuss for flow and
pressune gradiant were measurnble with precisions |

The method was also uesd to combare the dirsst and the
sedondary affects of the same drugs  This was phesible with the
penfused wedged cathster techniquey sines a dwrug which had bheen
indwpoduced into the é&:&tamit% eivoulnhion aould noet alfect the.
vagsylaturs of the wadoe megmént direstly bosauss the Iatter wae
assparataly peefugsed with bloud which was froe of the dmigy  The
oniy relavant vardable which was not measursble in the preparations
uged wad the blvod volumé of the wegnent under studys

nd Dxpardnental Protocols

Mfty-aseven dogs womy uged in this sestion, and more than
ohe hundred experimants were dones  In foup animsls experiments
ward tarninated alter technieal ervoras  The aninals wera
anaesthetited with indravenous pentobarbitons, the traches was
intubated and .vmﬁi@&ﬁ%m win gontrolled by intermitient m's.iﬁivé
presaurey using & sixture of viyaen and adr, dontaining 30 »
40 per gany oxygens The open-shaat prepavation wap useds a8
desoribed in Chapter 1, and the parfusate was antogenous venous
hlaod at 30°0,

. TThe pressuras in the wedged vathetor and in the left atrdum

wore recorded continuously in sach sxpariment. = Dther frotons;

s



#ach as the aystonic arterial. prossizs, the maln pulnonsey

preseure, & stabie walge pressure (throush snuther wedged

cathater) and ¥he intyeshronshiod pressure, wero msasursd

uhere velevants In- some suppletentary experiments. palionary

viond flow was alss maasuded with an elschrosnagnatio Slowiehers
 Paoh exporimental xan was condugted e follows:

- Donbrel pecords wiva obiained, then the dmyp was introduced
into the pexiusing catheler through tups by cansing the
dinplusspent of an aqual volima of the perfusate;  Tho dmg was
dissolved in saline and the volums ingroducad was standardiseds
Phe. choles of donage. wan somewhat enplyicad and largely detennined
| by preliminary ézperiménts in whigh various duses ware bried.

The dosss uged in the definttive ekperiments are noted in the
results ﬁ&‘f}lﬁ&m Sinee . the trangit time through the lemgth of
eathetor uged In each experinont was ¥nown,s the finme of arrival of
the drag &b the cathster tip was prodictadble and oduld be vazied
on the voooxdas

Lisle of She Freisurs Racondst

- The methed ured for vecomilng the response of the perfused
wedge prescure to ench drug was standardized, sad the fomm of a
tyiieal préssuve pacond Lo shown in fige 2% fi%.‘.é:\ia; k3 g
forashortened deawing of the presaurs fracing pedorded thivugh the
wodned cathotere Savaen gactions of the trocing can ba deffinaed

a8 follownte

B



The static usdze precours, lete the "puluenary

o Gaptileny™ pressords . Tho gutheter is not Velng

2

£3)

(&)

porfutiod af this Lines
The perfused wadse presssres  The catheler is belng
porPisel. af » donstant flor Fate and thia 4y the

sowtrol pressars Por thin oxperinent.

Forfugion hag heeh interrinted briefly to allow -

Entroduction of fhe drug into the eatheters
Porfusion has heen restoried, and this- seguent

eatheber from the polut of introdustion to the

- satheter tips  The prémsuve 1o slightly lover

(53

{6)

(N

thay the contwzol vresmery besauce of p reduction .
45 fhe visoosity of the pevfunate in the atheton
whioh had now hoei dlluled by the deug and ita
galine vehickes

Tho arnow marics the point of sxeival of the drig

b the wedgs ssgments.

Tn $his sogenty & ohangs dn Drosmumo 18 wenvated

{4f the drug produced o changy in resistance to

interprated ua evidense of vapnoonstmictions

Perfusion his beon siopped and the pressare here is

' the static wedzs prescure {pulonsyy dsapillexy prassurs)

measured during activity of the dwugs
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Codn the cose of short eotivg dougsy continied porfusicn
ofr the weilge negnand wan-acconpanied by a return of tho wedge
pressuse 4o control levels:  In these aalmale, the sxperiment
could be repeated gevaral wludss

The vecuiling peper mpsed wuis D5 foe/gous unless stated
otherwisg, and the srid merkings ave § mne apard In the btracingg
which are reproduceds

The following dedgs were ptudiol in Wiy ways

Advenalines
Norwsdrenaling.
Doingoline (Priscol)e
Gehydzoxytryptanine (Herotonin).
Isospropylenoradranaline (Isuprel).
Adotyloholines | |
Thenphyllineathylenadianine (Aninophylline)s
| Metarauinol (Arsmirie)s
Since saline wag the common vohicle, the éffept of saline
alone was ptudied firets
The findings for eadh dmug piudied are presented as follows:
Thare 18 fipst a deseription of spesific adaptations of the method
to puit the vequirementa of the expeviments The vesulis of the
axpérizents are then detailsd in tabular fom with & phdtoémph

of & vepresentative resord to show the patshern of the responses |
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In sebtdng up dome of thaud cnperiuontn, -bhe prévsors trensduders
wors mounted vertivelly ome dbove The othor dnstesd of
hopteontally ab tha - send Yovels  Conodquently, vone of the
pressire velabionshins Cowte bebwaon stetic wodge and lefh
abeium)} e roalatlve snd not shsolute,. Hovever; the position of
the Sranaducdes was cimsiont £or cagh saporindnt, aud so the
yesults devdved from. the mersurensndy of changes in prigsurs aps
valdde Tor baeh drugy conclusions dre dvavn and digtussed

along with & véview of ofhop velovant work on the subject.

In the experindats whove tho effaet of & single dose of a

- druy wad shadied; it wan ngﬁbaqeéa into the wadgn soguent
bolagy using saline as the velielos The admimturs of tho holus
of aaline with the hlood porfunatys. by causing 3 radustion in the
visoosity of the Iatter; altorad the rslatlonship betwsen prossuve
aud £2ow in the uatheter and in the perfuped geaments isizwa' this
offost pon b6 could wodify the vecords of sxpevinents where (mgs
worg Introduned, ackezel rooondings were t#}:an to dempnstrate and
quantiltate the offect of o bolus of saline on the pesrfused wadge
pr&aaum%mciﬁga* An eeanple io show in fige 304 The focord
shows & dip in the pevfased wadite pressitrs tpocing which
sapresponds with the passaze ol tho galing through the wedge
oegments  The €ivet 17 mn. of the porfuned widge vresowre vecsrd

raprécants tranalt of the saline through the catheters This is
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£0llowed By m sharp fall ln pressure with 4 slower risg to 4
plateau which is about 05 mms bighox than et the beginning of
the ragerd - because at the end point both the ortheter and wedge
segnent were ngain being perfused with whole bloods

The luoal off'eet of adrenaline on the perfused segment wae
studied in 9 experiments in 5 dogas  In enoh experiment the dose
of aﬁrénaline-was:inxroduaed in 0.3 ml. #aline into the
porfusion catheter, while & dontimious record of the perfused wedge
presmire waé recorded. In two Purther sxperiments in 2 dogn, thé
offact of adranaline was atudied in a wadge sagment which had heen
perfused 9ra#iously with tolawoline,

Results: {‘“%J)
When, adrenaiina in & aingie doge of 0s001 nmge was introduced

jnto the wadge sesuent, a marked pise in thae perfussd wedge
presmupe ogourred (g 31)s Mo change ocourrsd in tha left
atrial pressurs or in the atadtic wedge pressure -« whetbher mespwed
in the same wedge segmenty in an adjncent wedge segmeént, or
directly throuph a satheter in the left atriume  The looal pressor
oftact of adweﬁalina lasted fop scme 15 « 20 minutes. Yhers was
no change in the intra-~bronehial pressuve during these
experiments (figs 32)

From the table ('7)s it can bha seen that the éffect of

adrenaling was 4o increase the resistance to blood flow in the
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w%&- s#&"-aéaﬁ from two o five fold. The degres of change in

resigtante was related divectly tu the dosa used, Wit the

zelationship was not lansors |

then adrenaline was givén aftar pexfusion of the wedg\a

sogaent with tolaseline (0417 mg,), i1e constrictor effect was

greatly ﬁﬁﬁ%"iﬁdr . The presults of these experimente are shown
in Table 1 (facing vage 92 )« Tho resulés desoribed later in
| thig sedtion show further that, tc:tmonneg when intreducad into

‘tha wadge segment after adranaiﬁ.m, wag oapabhle cr greatly

‘z-edumw a pressvr response to. tho latier (‘i‘a'bia 1,‘5, i’acm{f page N )

Df ‘sm: ‘sim*

Tb,e gmatiou of whethex‘ tha pulmomry veasela respond +o

. mubonomle stimuli and to gireulating adrenaline has basn
:.néesitigatea eéxtensively in %é?érm speies of snimal and dn
many  In 1890y Velich showed that the infoslon of adrenal
extraots gould produce a pise in pressuve in the pulmonary
artery (5)y . he studies of Taly and hls collaberators have
-ﬁaruc;nstmﬁa& ﬁhé,s;r_mmtheti;s irmervation of the rulmonary

- Vagoulatuve, (Qhapfe.r :5;),-;- and thena workers have shown that
slocirdcal a.tiwlatian of the upper thoragic sympathedic chain
ususlly bouses pulmomary yasoeonstriction in the dog (6)(7)(8).
Waarn hagi noted thak the local application of adrenaline to the
cat lung was asgodinted Pirst with conetriction; then dilatation
of the vomsels {9)s 2nd a oimilar biphasic response wos noted by




a1/

Tewin' in vabbite {10}y Bissll found that advehsline daused
dilatetion of arterivles in isolated lung preparctions in the tat,
tuy postulated thut the bronchedilator action of adromaline wighy
sange o fall in resistancs $o blood £low throwsh the lungs (1%).
In the dogs Familton (18) found no incpesase in puluchary vasoulsy
vesistanos 1 togponss to adrénalines But in dog lungwy
perfused by a pumgy Aviade Goroluded that adranaling was prodngtive
of vaéucbnsttiaticaféé3)w 'xa'a'aanﬁful&yfcﬁntrﬁlae& atudy Blso
L0 dogs, Pesley of als reported a vedustion in total pulsonavy
vamoulaw vesibtance with aﬂrammﬂa with & contomitant incroase
i pulnonsiy blocd volume (44)s

Xy huwnan subjecty, iafusions of adrenaline have besn shown
to Snoreass pilnonary Tlowy pulmonary pregsuve and pulmonary
wodee presoure (15)(16)+  The oslaulabed resistance did nod
dhEnge in & conpletent fashion in Powler's etudiesy while Witham
found that advenaline incressed resistande in nowmial mubjscta,
bub lowered it in cases with pre-existing paluwonsiy hypertension.
Prusy alvhough gavaral cuthoes have noted an inertasse in pulmonedy
prégoune consequent on the infusion of advenuline (16 = 19)y the
drig al€o guusén an indresse in pulnonary flow {18){2o)(e1), amd
ascording do some shudies an inorease in wedge pressure (17){22)
{€3)y pulniontzy venoms pressuve (24) and pulmonary blesd .
volume {14)(25)s  Harels donoluded wecently that advenaling wie

without sipnificant offdct on the pulmonsyy vasocular residtancs




1w the dntack aibmld or weg (36)s
Cup owry resulbsd ara not necessarily ab waviasnce with these

variéd condlugionss - (uy - oxgerinents wors doncerned with the
local efifaut of adrenaline dixaati& o the pulinoikey vasculature,
and the rosulis preseunted show thad 14 does haveé a powerinl -
popstriotor effact in slrcunsitnoes wheva the Vessels siudied
word protested fwom v ghonge dn flow or an elavation of left
siplal pregoumds  Gur $Ndings ara iu agreamant with the wonk
of Alovak {27) and Aviads (1), vwho alsd used preparadious in
vhioh the systemie op cardian effects of the drug wore allminated
o nodifieds The dlstinotion between the local snd overnll

effents of ndrenaline on. bhe mlnomary eiroulatlon vers recently.
| gonaidersd dnd studied by lesley {14}y who gonclufed that while
sdmeraline inorsased: the "stiffvess” of the pulmonory vesuels,
e effoot was opbosed by ai ducrease in the fransnural pressure,
g0 that digtenslon prejoninnted and was agoompaitied by 4
conmaquent inerease in palwonary dlood volume and o fall in totel
palmonary vastsalor yoesisitaness  This Dandanental coiedpt of the
net offeet of & drug depending on the sum of two or move. opposivg
fovess was postalated by Uigeers in 1900 (23)y The significance
of thase obmervatichi in viinleal precties is that although
civowlating adrenaline nny nod denonetrably elevaie the
esleulated puluonary vescular resistpncdy nin inorease i xight

vimbrloulay worl may be nocensary to overdome the lhcal
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copstrldtor offeat off the deug on the rulmonney veswalss

opssdrenalinet. Meterinl und Protosol,

The. gmé arparitnental plan was adopted an for adrenaling,
Tu 6. exporimonts dn 4 dogsy o fosp of nopadrenaling wes
i&iwéducaé‘intd4th9,p§r£ae$¢n'¢at&g€@? and the songequent ohonges
1n the pagfused waipe preasurs were racordeds  In fwo Lurthor
oxperiments in 2 dogs, the offect of tolawoline oh the regponss
1o nov-adranaling wag studiedy and in 2~@phﬁm*animalﬁy the dase
of nowmdrenaline wag introdnced aftey the weldge sesneut had been
panfhiged with blaa&,§Qnta&nin5vtaiﬁﬁaliﬁar

In onder to gonfisn that the sffaots obsepvsd following
paxfusion ofF the wedoe gegnent with A doss of noresdvenaline wore
loeally npdiated; theé preparntlon was nedifisd in furthes
sgpopinents itn whioh nodsadraualine was infused tntraveously ak.
n sontwollad pates whilo tho wedge sogmand was paniused with
previously dwawn blond wh&éh_dia nob contain apreadeenalings  The
pedn of Antpavenous infusion of the drug was adiisted 8o a9 to
stefodn o riss of moan systenie Blond pressurs €0 a level of aboud
50 pex senh abovae the sontzal level (4 axperiments in 2 dogs)s
The nean Palmonary. preseurs (measured throngh & gothoter in the
nain pulaonary artory) was alde monitored in thuse experimeniss

The gunlitative efffeot of ﬁnm&r@a}g&ine Introduesd

dractly into the vegsals of the waedga seswent was simdlaz to
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that ¢f odrsnating {(Yedble 8)y . Whe doug toused & Sustsined
{20 % 30 minuten): pise in the paciused walps protsung and hents
in the calealoted pesintonco. - “ﬁs-@h&n@a-¢c¢uréa&;iﬁ.ﬁitherethe
nst:a;tié wedygs pressurs o the lofd ateisl prosegeas.  When a ddse.
.a§~%ﬁi@z¢1iﬁé}wagfaaﬁa§Qﬁem%iy introduced ingo. thy ﬁaﬁg@~
sognonts the parfused wolge progeurs rolurned Yo tha contrel
2avol {ase Table 18)s  In tho two anlmnls whorels the wellas
sagmant had heen doset piﬁﬁﬁﬁﬁly.wi‘t}z tolansling, hopwidrenaline
had a+&g§h~$$ﬁﬁa$éf§§fé§ﬁ}?ﬁhﬁ’p?ﬁfﬂéﬁﬁ'Wﬁﬁgé peessune wose by
sody 1.0 mms ends .*sm? enleulated weaiotaned i_fﬁc:_:ea:séd by OAly,
1 ver ganbe .&heureéuzaa»ﬁbtginﬁﬁ;ﬁhéa nor-adrenaline Wil
snfused iubo & tistonie veln are show in Tz*ble By A rlen in
syoténio artenisd pwésﬁaré“waﬁfﬁﬁﬁe& (iha infusion wae adjunted
g6 88 to mabniain thls progsaed at e mwaﬁlwtel)‘ <Ak the
SOID tiﬁa;fthaxmganrﬁﬁimmﬁamy artordsl nréscuns mém¢fﬂhﬁ1m the - . .
teft dtriad px@aéwre?gﬁﬁ;atati@ wodgs pregoure £a1l slishilys
The pob .;pa}z?fi;ﬁeé wedoe :}i}mﬁ‘:mﬁf@g mipad the otetld welss pressinrs,
howovsr vas unthavigeds (the groos porfubed vedge preszida
roflottod the smll fall-in left strinl prodtute)
geuaslor
“As with a@réﬂaiiﬁ@y the elfuct Qﬁ-naxwﬁdmenﬁi%ué-bn the -
pulnonsry circalotion in e intadk anihal prepatation or in man,
ia compounded of ity local effest plus 1te effootiion the
systonic elvsulution and ite inotropie sfPech ‘on canding

attion (29)
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Nadion in pationts with o ladistosright shunt thyough a
ventaleuwlar septal dedest Bave thown thal the wratonic notion of .
the deag 3% donknonty dn that dha bt vee fbresssd in o 16
Hoepiaht ddrection fn vesplney 0 ah lnfusion of weweadveaniine (30).
Hout wurkors have found thab Inbrsveious infusiony of nop=
ddoenaling i ihe indaot Ao asd wan Vauss o pine i Yhe pminorsny
srtepial prasaes (17 = 193(313(58)s i woong ‘tie nove detulléd
tavestigatione covcsening resiatancs; fosulin dve sonflictings
Thae Fowler {(31) found that the wedge pressurd and pulnonsay
prégsare Doth ooy With se lucreawse In fulnonaxy $low and no
ghongs in the calenlated puilnensiy vasculoy reslatouca, Thile
Fa.tesi (3%), studying 18 normal subiostay foand a vasiabla changa
iy pulnopayy Flow snd oy inoreassd vasculay revistanses  In foge,
Seilund found olther u dadpedde 0f #¢ shange In the pulmonagy
vastulan cemiatangy 1n wesponss t0 homenadrennlineg (33}, wheorsas
in & perfused dog Tung propaeation Rorst (34) asd Fetel (35)
foand on ineresys 10 rebielance.

D poanite show that the losal sotion of aosirenaline
oh the pulnonsng venselp 18 consbelétor whon the blodd Llow o
tha aved undar study is held congtands  In thw exbarlments in
whidh the drug wae dufused Into & syalemic Yelny the loft atrial
- ard static wedge proagures fells  Thede resulty ddsagree with
thoas of Teeley (T4)s who Sound & marked rise L loft ddeial

prasgare under dlmkidr exporiwenial oondilloas. Bagauss of
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thiy wdeg Dn Moft stvial prdssiare In Peeley's cxperduonts, the
predgurs geadient notosy the Tungs win 1360l chenged sid $he
polenlated raesindinos wad warinblies  Uar failuve Lo cause & rice
1. et plvtal  progiuds In stmé dkperimenis nay bo attribubed lo
the emall doged wsale - Bupgbrs degiven to Feeloy's chuesvations
on the ePfest of lunger dodes by bhe work of Shadls (HS) and
Rushmer (373; who hove shows Qat one of the sifecty of adronaline
and nomadronaline is to elewads the lefd ventricular end~
diantolic pregsuze and honge he loft alidal prossuces
s Materdal and Peotoogle

Tronty-Eour eipardionds wora done on 19 dogds  -The open
chopt prapainbion was plop nsed for theésd exparinonbs sad the
dymig $on dundrodoged Iude the wedde geguont as & single-bolus in
mogn sad 8e 5 a@?ﬁ%ﬁuoa&'pﬁxfusian~1astin$ some ekglt or nine
nifchag 40 othonde  Tim effoats wove shudied on the nomal vodge
megneny and on svgnents whioh had beon perfused provicously with
adronaling and nor-adveialinas -

$he egtent. o vhtel L4 moddfiad the response o adronaline,
ngsadrenaling, sorotonin and & wilsed slveclar Pogo was rocorded
when those widmall were mpplicd wubsequently to o soguent vhich
had Beon perfused with folaeslilios

T o anirols, pulnohary. Lleod 110w and Lreseurd wers
pegsured during tha aytente Infusion of tolagoline, in ordep 0

aasens the overall &ffees of thls diug on the olreulailons
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Thn & single holus of talesoline wes intradured into the
wadpe: sognond, we offddt athidutoble o the dwug was obaerved
('E.’a’b}p 10)e - Wo chenpe in the perfossd wodee pratsre onouvred
other thap that dug o thy dilvant effect of the. saline vehlcls,
dopits the tan of wlatively Xama dossl (0.5 mze- and T e Yo
e recorda frow one oapevdment ape shown in flge 35

In 7 sxperiwctds in 7 dogny dosen of folsanling wevs piven
ne & sontimons Anfusion thiovdh the wedped petheter ovar 4
porigd. of seyecnl wetoss Oiﬁ mitvy 2D W ‘j-a{) ey 00 25 mge
of the diig wirs added fo 90 wls of blood and this e used ag
the porfusate, | (Pour of these doge wane pred in subsequent
arporluentsy)  The vesulta ore telwlatel epposite (Table 41),
Tha het pewrfsed wedme pma%su.j;valdz‘,ﬁ. not chonse olgpdficantiy In
wiz of the f'se%'.?en- experimentss v one 4% £a1) end this eonld
have busn Sua 4o $he mechanioal offact of & pigs in the dovnstrean
pregsive oo disguesed In CHopdew ke sinee the welntively larma
dawe of ml&m:;ﬂinﬁ nand way amwoelated with o vise in the left
stial proseinoy.

Whon 2t321 larasr dosas of tolnztling ware infusod (30 mo.
total dosed; profound sirculsiory chonges outupredy  Tn the
-smpmr{mmf LInsbrated in Ligs Hy the maln mlnonary DRenSId
and Blood 2lap bo the wighi dowen lobe wers r‘acm‘!ﬁmréﬁ;- du

»

pRdibion o the perfeved welpe presouce wmdl Jefh atrial praseuras
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The wost mozied chags coourrsd in the puluonary low, vhlch
£011 ab Tivasly then dxoceasod 0 190 ped ¢ént of ihe contedl
level dupdng Fhe woewh fov pinnbése Tide ugpease in flow Wao
malntalned wnill weoopdy werd atopped 55 minubed laters  Thig
effeat wae oondivmad in anobber andunals Toluszoline in o é.eaa :
OFf 295 mEe/Kae coustd 4 50 pep cent dneveada iy palucasny bleod
Dowe |

he effect of telakoline on vessals provliously constnioted
by othew sgewks is shown dn Tables 12 end 15 The oxporinents
desoritod covlier. in this section huve shown that the resistince
to parfugion in L.im wedge gagnent aould bo incrasacd by the Yocal
action bf ddvansline and nog-advenalines  The subscquent local
notion of bolagoline is ddseihed hore.

o twe experdnents du two aniwelsy vesocongleicliony as
evidenced by o swatalooed ied ijun tho perfused wodge prasture, wak
paroduesd by dntrodueiig 0«0005 mys advensline iuto the catheter
as e sivele dosos Hubbsquent perfusion ?ii_i;h tolasotine added
10 the perfusate wae acconpanded by a rsdudtlon ln 'fi;ix@- parfugad
wodge presaure to nesy conbrel lovelss

in anebdhar bwe aninals {he sane procefurs was Followod,
undng noreadrgnaline sp the cunstelobor agerts  Subseguent
pazfasion with tolaucline agadn radueod the perfugad vailge
pres,é;z;:&' o eontrol levolse The wolévank vart 0F the records

fpon-sach an experlient is shom lu fige 35s

91a
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DB effoay of prgstrdatnont of the wodgd ssgmont with
tologollne Le phoien da Table b Ty thene cxporifenis,. the-
wbgucnt wader sludy ves fiash porfussd with blood tontéluing
toladoline (G053 wgw/s *al* fotal dope 0TS mge) 2nd the gffge_g- of &
,..im:*saqaxem single duse of ;’ﬂ'.i:‘ sraling, ner-advenaling, gerotonli,
er slevabion of the alveolay Potiy was thep racorded 1y doparale
e_»;zmaa*;’mentag

| Advengllne and howsadeshaling:  the congiyiclor Deuporis
WO & Sikugl;;zv bodus. oF gach nf thége agoants waa maiyke 1;5: adtomated
(4 expeviments in 4 auimals ~ Dige 56, 37 )-

ﬁﬂm%ox_xim The Indroduoiion of sexvbomin into the walns

BOZIenY was sﬁill asaooistod with o wigked eleg in the pesfused
xav';;-.cisra prassure, despive pra~tpantmend with tolduoline. The
increase 1 caloulated reglghongs due 0 sorobonid was not Ho
gweal as ;irx L‘mﬁm@‘i@& %ﬁaﬂmqm but o inse{ficd mf' wbhar of
experdnente wars dong. B0 poundd of oonslusions on & cg.m.z‘z*o:ii:m;iye
hawkes
| . Carbon dioxides @ Bleovhere Jn this study ((Bz;mt gp 6)A%
w.u.l b shown thub by indrease 1n slvaolay 1”@{);3 criused & Pise in
perfused wedge predsaves Prlow nex‘:ﬁ‘uﬁﬂ.ﬁn of the wedgs sagient
with 'h&lﬁﬁ@?.afim did not medify his vesponas (£ cxpeximeniy i
2 doge)s  (Beo flgs 384) '
a____taza‘ ) 13

A drug whioh could soleatively redude the pulmonnny



erfortal pressued yould be of geent talug dn the thayayy ol many
ceass of heunt dladisey Tt gongenital and sequired; ond o
netutal faous Do the vffovis of dony Investigators has hosn the
sympntheticokyiie ngonds ond in seebicnlsy %olancline (30 « 43).
Halnagyd avpessted thet mmpathetde aobivity mivht bloy & pazt
I the adtiolozy of plnonayy hypertenslion (M) and thare-ds
anptomtosd and exporimental etidence thod shimlstion of the
sympathetic Dinsrvation of £hé puTnonary vastulaturn s
agsobintod with elavsblon of the miluonawy prassims {8)» O
oy Shuddan b show Shet adzeeline sad nofendeannlive hove
4 nired logal eodwbridtor etlon on the yulmonary venselss

Danw ag%hbr@'haﬁa7fauﬁ&fthaﬁ tolasolivg sffgatively levars
tha pelpeieryy seberind pragaucd Shaed thils o ralagd Sn caknsg
of eongaritnt (W) and nogeived hawet Atsaans (42)(438) and prdnexy
ploonsry hyoesbminion (38)(30)s  On the other hend, Yo {46)
Tound 1% 4P 14t41a waloe tn the latter conditisn, and Rudelph {47)
Poundl B4 50 ke of no honsflt in padlents «lith poluayy plmobary
Byperbenaton, dor in potdewbs with Dulmonsny Ripestonsion
pocoudayy to conaenital shimtme  Hollmmon (48)y dn h ecioes of
pbtaal stoanoste, found Shat both mwlagnang S omd prsswave PHI6
sombahat sftor tha adniniptvation vl tolareling,  Seearal reamons
gan he afferad 4o srplain thage conflicting findinges soma oF
h sirthors 414 0ol mensere ha welge provsurs op tho 1ot atnial

progsursy the wge of $he Pldle maghod to_a@ﬁerﬁiue gardlan sutout




during 4 changing state is questicmable {particularly in the
study voportad by Orover (41), who estimated oxygen uptake from
tha body sapfade ares)y some of the pulmonapy pathology trested
may have reached 4 atate of jrreversidility snd in other casen
the pulmotiary hypertension may have besh due in part to an
oxcensive pulmonsry lows

In our experiments, we used dogs with normal pulmonary
vaam;amﬁ and we studied oniy the effect of tolazolineg as an
antaganiet to advenespdo diugs, snd so the rosulis dan hamdly
be rélated to those peviewad aB@#9§ phtained in patients with
cardiospulmonary disesses  Ouxy pesulis do showy however, that
tolagoline san redude and pvovent the pulmonary constrictor
offects nf aivanaling and norwadrenslines This suggenta that
the deag would be of valus in those states whore vasceonstiriotion
19 considered o he mediated Shrough lecally velased ox
oirenlating satecholanines (49)(50)y such as after cardiom
ralmenary bypasss

The fact that tolasoline did net modify the consirictor
astion of rained alveuler Fgop is further evidence that this
locsl desponse to tarhon dloxide is not mediated through the
velaase of these catecholaminos,

The inopease in plmonery blood flow which followed the
infusion of large donds of tolagoline was probably s consequande

of 4t actions on the systemlc girenloation with an inoroased

Ghpo
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able 16,

Dog | coﬁ@ﬁéﬁ o *3 {wmﬁu f’i :;;;a:@ m Vgx.m)
Hos E%’;‘-’*"’ .'z) 1% z}wu.r’ }:A.}T "“"}gf‘*" Pkl &dw :,.zw.
KO| 470 120 1940 3.0 180 15,0 19,0 5.5
KO| 155 15,0 2D 5a0 160 175 2045 5.0
M| 160 1.0 230 2.0 | 170 £0.0 250 2.5
42| 125 140 180 5.0 10 200 180 (a0

P P Al At bl i s (RTINS o o A

The wepulds of experiments to show thoe effecis
of a contimous infusion of serctonio ilnto
cyatenic vein.




carding oubpute

Powr doge wery usedy and the experiments folloved the
same Yedteorn as hag been deseribad for the prévioun druzss. Do
experiments wepe done on saoh andmals In foup experiments,
seroionin. waa: introducan :di,iﬁaﬁflbf into the porfused welye sepente
in tha Qtﬁﬂr foury it wag alven as o continuous intrsvencis
infuniony while the wedge segmeint wae perfused with venous blood
.(x%!iﬁhuufa gerotoninls  In the latter experiments the main
mlmonayy pressure ond systapic blood preswure weve also revorded.

gggu_g,;_g: S | |
| These ave shown in Tables 15 and 16,  The lo#al effost
of sorotonin on the tuluonnry vastulatuie was oonstrictors the
response of the perfused wedge presmure was ey sinilar to that
obtained when adpensling wag infuseds The oalcklated resistance
was incrensed by move thon 100 per cent and the offest lasted
for 40 to 90 minvtes (£igs 39)s  Previous perfusion of the
pagnent with tolazoline Qid not nedify the patiern of responsa.
When perotonin was sdministered systemically by the intravencus
roube, while the parfusate in the wedge gw;mant, containsd noney
no shange in the nat perfuiled wedgy pressura ocourreds Tha
aystenie Hlood pressuve and lefs atrial pressuve rvose to & mpall
axbent, the pulmenary pressure 10 & grester extent. Theme

changes weye acosmpanied by an inorentis in heunt rate




- What gexotonin g a potent vonstpletor of pulmonary
véspela in the dog has heen anply dosumented {(15)(34)(51 » 60}
Retd (59) firpt notod thud the intyavenous injecticn of this dyug
vad followed rapidly by & $48¢ id pulnonary arterinl - prdssure,
and it hes heon claimsd that serotvnin is the only substance
which sets ok the pulmonary sivodlation in doser insufficient €0
infiuencd the systenic oiraulation (60)«

Cuntroversy still éﬁiﬁtﬁ;":'hWé?ﬂi*q.“-aéﬂ to ita moede of action,
although most studies indicate thst the dwug aets lowally on the
Dalmonary vessels (34)(52)(54), tive have lmplicated
bronghosonntriation &8 o sondributory fastor in the pesponss
(61 = 63), but Boxst {3h) found rio chsnge in dirwsy pressure during
pulmotiary vasooonstriation induced by sevetonins  Dutedd and

55,

Avdado (64) have sugpested that the prassor response is augnented

by an increasd in palmonary bleed flow mediatsd thyough the
aympathetic nepvous syetemy Wit 4o Vitole's studien the

pulmonary hypertensive ¢ffest of the drug was not modifled by
bilatoral adrenslectomy or the aduinistration of hexavethonium (52)
Braun (65) mlso implicated a yeflex action by an impovtant bavé

off 4he affests of mevotonin on both the aystenda and ‘lnonary
airoilationss He injaoted seretonin into the desvanding soxta

and - obssrved two dluarets poriods of slevation of -the aystenio
arterigl pressives 4 »ise in the pulmonary avkorial pressure



s

. avsompanted. the: second (lazger) wise in systenmdo pressure and he
attributed this to 1:&:;_9 agtion of sevotonii on the aortle and
earotid chomorsceptores  Oonstxdotion of the pilmonary vedns by
gepotorin hay alse been suzgented by the resulis of soms studles
(58)(65 ~ 68)s

0w atudies havo added 1ttle inforsations They

sonfhen that sevotonin Ie & nost potent constrictor of the
pulinonayy vossels in 1hy dog, and thad 1te polot of sction ds
Todndy

Ws 4 net find ou dricyoase in the wiatic wedse/left
atriol pressure gradient; snd thie éugoests that no. constriction
of $he longe pulmonary veins securreds

I oomoon with some other drugs, the effact of
derotonin in man appenrd to dAEfer entizely from itw offect din
dogggs.  Bamwis showsd that an infusion of serotonin into the
slstonaxy estery in npimal #ibJects was withost offoch on the
polnonary presswere (69700

Leo-progylenorsadzonaling (Tnuprel)s

o &fﬁ“ﬁﬁ"ﬁﬁ‘ expeprinents were done to afudy the effecths
of Tsuprels  In ono {goven oxpevinents, thres dogs) the drug
was intzoduced in swll dosage directly inte the woedge seguect
Yhaovgh the perfused wedged catheters  In the other group
(our experimontsy two dogs) the drug in u done of Ouf ugws
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wne given iatmvmaum in ofder that the sumation of its
| sfffactn nn the eirculation m;l.ght be obaemea in 8¢ far as. thoy
affeoted the wzmomy e.irwlati.nm Tn this eepond groupy
- pepordy were taken of pulmonary blood flow, the mean Pulonssy
" pressure and the menn z.m afrisl piressure.

; Remuliar

hen mm aaaaa ot :taupml (0wl = 6.0006 Ugy) were
irzﬁraduuad inta the pamﬁzaed wedga eegment onl;r, & ma, in the
paleulsted vesistanus was noted in six put of asavern
.mumama (T’a’b‘.}a WJa - Tné pesistance 414 not change with
the suallést doad used (ﬁsWG. u'gu')u Mo statle wedge pressure
and left atz'ial PRABUITS Were mrmnma (£igs 40)s

The #ffwt ar Isuxsz*el was aislly ut aonsiatanm Lt s
of interest to aomma eqmwﬂva tmcinga takm 4o conirast

'Ithe offent of Touprol with that 92‘ a similar volunme of maline.

- Thase are. shom. in fige bl ﬁl!ha,y‘ show thad whemgaﬁha
perfused w&dag_. prasaurs retursis to a level which As higher than
the contral level after waline has passed through the wedge
(bocause he perfusiste is then more viscous), the perfused wedge
prrassure Plp,ta&ua at & lower level after Isuprely, and so the |
ca-imlaiaag resiatance has ta:uari,

In the second group of oxperdmente; to study the overall
effout of the dwugy the injeotion of Isuprel (Oud ugs) into the

. famoral vein was folloved By quite marked changes in mzmm;f
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The vesults of oxveriments o show the affant
of Louprel (m?mmmuewci pysvenienlly) on the
tmenaay cloculations
s dotal pelmonasy vasculoan rosiobaics,
caleulotod ag Pefel « LelaT

Mlow
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Plon and vrowsuse (Tsble 18)s - Howsver, thoy wews of & tranlent
nadire mad ke fastors nessied doturned $o coptrol Jeveln in
fﬁﬁwfm&ﬁﬁﬁ%Su T the expertusnt Dllustratsd du fige §E;Aﬁh§
e ot m‘i vz zote, w1 ths [E P p——
Fell brdieflys

__*Ewi&*n | _ :

B 1957 Avido decrdbod & new 1)!.’0},3'%:;'1}3’ to the drug Taupoel,
when ha noted thad it dilated pdmoneny vessels (13)s  Pis
findings ward ‘léi'r"f"‘éiy i agvammont with the previows wed of
Habb {71} "'ém Qug and 1ta e.nawbuea hava. heon usasd olinically
for gome tine ag Bronohoddiatoni, iﬂéee::d Hoprdg has recdntly
sugzested that the roduotlon in mosn puluotary bregsure yhich
acovidpendan 148 wuse ia peslenty with emphysens {72) @msy be dua bo
$ty astion on tho hronahioluy (‘"?_32‘5 Baveral workers hava shom
$hat Lt doos indpease pulkosary Wood flow in nomal man {Th)§
in eongenbive heard fadllure (75); in complete heart bleck (76)
and 10 eénses of wevere paluonasy hypestension {77)s . Bvidence hns
not besn adducedy howavery do demonsbrate an active dilstor
effeot on the puluovacry Todsals, as distingt from the passive
A Inpabion which would ancompony un incredse in pulnonayy Llows
TH hag Yeon argired that $he dnovaass in puldonary £low shich i

a domdnent effect of Isuprel {F7)018) eowdd per e aveownd for the

£411 in prluonsiy vansdlar vésistance which acue awbhors hava
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obaceved {(19)s.  Howevary the savky abudy of Hetb and Yonzeuy {71),
urdng an depleted perfumed chnive Jung prepastition, wusghisted thas
the ding dotlyely dileted the polmonely vastnlor Yed and thieg
conolunlon was weached move vevontly by Hyian (80) veing ogsys.

and by Milnow oad bls wollaboretors in twn {81)  The labler
group vf workews mads further studles on the effacts of Lauprel,

. uelng dogs (40 Uith an apdnsl preparation, nvre detailed
messurenont e porsible; and di ctuuon wiih wthews they wvted au
inorgase In condiag cutpnidy o 3498 An paluonsyy pyesture, wd &
gmadl £adl in lofd atmal poesswres I addition they found a
vige in the gredient Sodn poaeell padnoneny veln to dhe left
afpinn 4nd en indipane dn Jung volumes  Yhe éalculated pulmonary
vagoular reshatanges (Woth fron the mein pducnsoy sclery w8
puliacnary veln, and fool o prliionaxy vain tu the lefd atwdun)
£elle Bud 1 vlew of whe labge inckesse da pulwoiary flow which
otowrredy Miely conbluplon thot the ohange in reslsbance wes due
to aplive vascaoiion 1a ops bo question.

Hhe Piadiag of & predsure gradient betwoen the miall
golnoneny velng npd the Iofh wivlum was of svual lntovests. © Uhe
messusonenty of Poeley andl s eowsoxisars (14) suggesiod that
ghout oné thlvd of they pulvonary vastular resisbance peslded dn
the veings - That the pilacnsry velns and venosetrisd junction
pley n stgnificandy pard in detowiiriing pulionsay vavealey

vasletunes bad Doen sugpostod in neversl sludiess  Thewe have




101,

been discuseed in the previouns ¢chaviers; along with an assessnent
of the methods used to messure the pressura gradient; fvom the
amall pulmonary velns to the lefy adrlum,

Dun own studies demonmtrate that the divest loval effact
of Touprel 18 o reduce pulamchary vaséulor pesknthnce ot some
point between the wedged catheter 41y and the left atwvlume They
do not permit conclusionas as to whal vessels wara affechod.
Towever, the experdimente in which the drug was admindetered
pystenionlly show thot ity effect on cowdine outint sreatly
perabadows Lte apall lodal offect on the pulanonary voaseln.
ytertal and Prodocol,

Tods drug 4¢ rapldly destroyed in the clreulation and so

Aoutyloholine: I

sévarsl exporiments could be darried o suotessively in the ona
apimals  Soven definitive experiments wave dove in dwo dogas
Tha open-chest preparation was used, and the acetyloholine was
introdused only into the perfused wedged ocathoters In two
animals who rageived lnrgen dosesy plmenary £lov wae also
measureds This drug was not studied extensivelyy howevery
bocause some of Lte notions in the dog differ so greatly fvom
those 1n men.
Resulise

Tri the experiments in whieh the dosa of aastylchollne

was smally the perfused wedsze prespure pose und the left atrisl

pregsuve Toll slichtly (fige 43)s  Vith lavger doses, the same
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lobal effect was observed buy move marited affeots oocurred when
the dig weached the lefu heart (or goronaxy oirculation)(fige 4h).
The heart pate slowed and then venbricular asystole cosurredy the
systemic artévial pressuse fel) precipitately and the left atrial
pressure. rose. When the left atrdal pressure rose, the

porfuned wadge pressure fell.

Thése results show that agetylcholine, in minute doses,
aste lovally on the pulmonary Yessels in dage to producs vaso-
congtriotions  This action has been notad by several
workoers (1)(82 «Bl)y who used leas direct methode and ban been
confisgmed yecently by Locmis Hell, who also uaed the perfused
wedge teohiniqus (85) "

In the anaeéﬁ experiuentay the subneguent fall in
vasoular :msiajtaéaﬂ in the wedge sement which socompanied the
bradyoardia and asystols; im probably a passive conseauence of
the pise in laft aipda) pressure which odourred at that time.

Some workers have described a Mall in pulmonary artorial
presoure in animal preparations (24)(84)(86), but only in
ciyeunntancas whers dbradycardia noouryed |

The loeal effect of acetyloholine on the pulmonary
cireulation in man is diletor (3)y and this effect has been
demonstzated in nowmal poople (W)(87), and in those with pulmonary
hypertension due to congenital heart dlssose (88) and mitral




1035,

stenosis (89)(90)s The latter suthors have also noted, however,
that an infusion of sootyleholinég ia accompanied by & fall in the
artarial oxygen saturaiion in mome patients with mitral atenooiss
Thin ghservation has prompted noveral studisa comosrnivz the
effaot of acetylcholine on the distxibuiion of blaod fiow in the
lunge and its offect on local vantilation/perfusion ralationships.
These effects have bosn voviewsd by Harris (91)s  They aswe nob
gormane to this atudyy hovévery and are nob dlstmssed further

hera,

The effects of this dxug wers studled In an effort to
distinguish its locally-medisted pulmonary vasomotor actions
fron its bronchomotor effecta

The dpenschest praparation was used in five dogss (Two
of thene ware used in the worotonin experimentss) The factors
measured wera the statio and perfused wedge pressuresns the loft
atylal pressure and the intya-bronshial presurs:; Ventilation
was maintained at a conatant rate and volumes In esch experiment
soiinophylline (iv a single bolus of 042 mge) in saline was
introduced direatly into the parfused wedged catheter. In four
of the sxperiments, the perfusate contained 0425 uge serotonin/ml. .

Some actions of this drug in the hunan wers also studied
and the results of these obpervavions (made in 0 pattents

undergeing thorsootomy) are included. In these patlents, blond
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£low 44 the madn pulmorary avtery was messurad continnously
during the sdbhindetration off 0425 gy of aninophylline
intpevenouslye Flow was measupsd with an glsctronegnetic
Flowmeters ‘K‘ha mban préosures in the puldonary apbery and
lof't utzdun were alto veondeds |
 Bemultes

| Thuge are detalled in Tables 19y 20 and 21 In the -
parfused wodge sognenty aoinophyiline connintently redussd the
saleulated vancular resistance by & soall whounts In the
soguents where previous trdatient with sevotonin had induced
sonstydotiony amdnophylline caused a welatively steater vedudtion
in the p@w#uSQQ wédge presaure and thence the pesictance (£ig. 45).
Ho henge was observed i& ¥he-left atmal pressure or the
intrashronohiad pyossuré in thess sxperdmonis.

in %ﬁa~human‘ataamés; & popid inltavenons indesiion of

Ov2l Gia am&nophyizine-?xeaueaa o matked incceand in yu&manany
biobd flow (up o 5O per cent) and an initisl £all in the
pulncnany axbery to loft atriun pressure gradients This &ffect
wag bransient howevery and five mimuton afloy the injestiony :
While palonayy flow remained about 20 pspr cent gram‘s&f than the
conbrol value, the saloplated pulmonary vagscular resistonoes was
not sigwiticsntly altered. (fig. 46),
seugeion and Revis

e obfect of ths auimal experiments was to sssess the
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Lacal offoct of srminepliylling on the pulmensry vaseular bods
1t ig recomaitedy howavéry. that tha rather improcics techiique
of wonmardng the fotal isira<bronchiel prossuve during consdang
volwag vendiletion weuld probably avh detect 4 lovalined change
in Bronchial toney sud slihoush the bronehisl vegsels fould notd
- pocelve any significant dese of the drugy the temingl
bronchioles which redalve ‘thals b30od aupply From, the pulmonawy
vasenladiure could Yo aflettods . I this rvespedly then the
gvidence fop & dirent wasodilotor netion of aminophylling 4o
not conslusives

Thg sppavent Alntor offact of aninophyliing in the
sagnenty previously constricted by serdionin de Interastings .
Again, one-caniot tull whethor this is a vasoulor effect or due
to loeal hrouchodilztations - The fall in pexfusion prossures

howevery bagan to osony pracively at the polnt op the reconds

where he dsse of the drug pesobad the cathebor tips and this im
aus*gastwe of & Jogal wasoular offeots - Other authors have
fnerdhed » pulnonasy vasedilator action to aminophyliine {1)(92),
Tud mont of these studies wars dous on majiantes and a dilator
aotion wap dnferred from measuvenand of the pulmonaxy and ledt
atplal pragoires, (on wedge prospure) and the capdilas outrute
The labieyw factoy incpeased in thewe studies: Dn o gtoup of
cages With mliral etenomid studied by Storetein (93)s the

pulmonary prgssuve fell withoud s chanae in fulvovary flow or
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widge pressices O own measurementa iu patlents, demonatrated
8 mivked inovesse in Piludnary blood flow, bub no significant
changé 4n the calpuiated Vastnlar vesistance. | |
poast o N |
" Apanine (metavamifiol) is o vasopressor agend whioh 4
wi&'é},:? used 4n the emeriency treatient of hypotension, bub 1ts

effect on the pulmomazy chrowlstion {9 nob well dodumenteds
The porfused wedge methud was used to assess it ‘local palmonsry
effects, and in supplenentary sxperliiénts, the drig was
adidiniotered thvough a sydtenis vein while pwlmonasy Flow and
Jromire werd vecordsd, in Ay S2drh tu delinéate it oveiall
effouts | R | | |
* Uging the perfused wedge methody four memw wors
done ik thres dogge : Dhé Wtandexrd openwchest préparakion was
ugeds  Control vedopds were taken, then 0J0F wgs Ataming in
saline was intsoduved. into the sethetor wid furkher Tetonds were
taken while perfusion of the wedge ssgmant was sonbimieds  In
snobher two shimale; the right hemihovax waw opensd anid ewtheters
| inserked to masmive pnlronnry artebisl pressusy and 1eft atrial
pressures A f_zdmem probe was applied arcundt the intermediate
arbery to the wifht Yower lobes  While continucus yebordd wers
taken, Aramine (140 ngs) was injeotod into s Ffemoral veiny
Hesuites |

Heué are detailed in Tables 22 and 23+  In the perfused
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g axperimontay drelval of the drug ab tho eatheter Thp wal
Sollawad By & Fiab I $he pestuned wodge yrascuss (Eia A7) fh
cach vagss - Uho balealhted vesietante was indveasel by igbe

- ¥han 40 pox owuby

G the aedond group off skpbriustitey the single dose of

- At vt inteavensasly pdeond o mall madathel Hod In $he
pulmonary artordal proswire snd & mmaller inovdsso dn iflows Io
chaige i 1oft atried progsure wap revorded (fige 480y  the.

coleulafed vasoulay rasistance wag incrensed i onvh oxperiment.

2l

BAt#10 hag boen pubidshod showh the milnonary veecdlax
olferts of Aramlne; althoudh it